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Preface

XIMTEX and Interdisciplinary Chemistry /Mathematics Books

The development of theMTEX system highly reflects the personal history of my researches aiming at the
integration of chemistry and mathematics. In 1991, | published an interdisciplinary monograph for linking
chemistry and mathematics:

S. Fujita,Symmetry and Combinatorial Enumeration in Chemi§Bpringer-Verlag, 1991),

where the BEX/IATEX system was used to typeset the manuscript. Because of interdisciplinary nature, this
book contains many structural formulas of organic compounds along with mathematical equations. Such
mathematical equations were successfully typeset by means of the original utilities gKftagX system.
However, the structural formulas contained in this book were drawn manually and pasted on the camera-ready
manuscript, because thgXJ/IATEX system supported no reliable utility for drawing structural formulas at that
time.

For the purpose of pursuing my interdisciplinary researches, it was desirable to develop a rdble L
tool for drawing structural formulas, so that th&VREX system was developed and released in 1993. The
manual was published as a book in 1997:

S. Fuijita, IMTEX—Typesetting Chemical Structural Formu{@sidison-Wesley Japan, 1997).

In 2001, | published a monograph on the concept of imaginary transition structures (ITSs), which serves
as computer-oriented representation of organic reactions:

S. Fujita,Computer-Oriented Representation of Organic React{dshioka Shoten, 2001).

Although such ITSs can be regarded as extended structural formulas with colored bonds (par-bonds, out-

bonds, and in-bonds), th&MTEX system at that time did not support utilities of coloring bonds. It follows

that the ITSs contained in this book were drawn manually and pasted on the camera-ready manuscript.
After the PostScript-compatible mode of th8VKEX system was developed, it was applied to typeset

structural formulas of high quality, which were incorporated in a book for surveying organic compounds for

color photography:

S. Fujita,Organic Chemistry of Photograpl{gpringer-Verlag, 2004).

Along with chemical or mathematical equations, this book contains 480 figures, each of which consists of
several structural formulas drawn by th&/KgX system.

More recently, | have published two monographs on combinatorial enumeration of compounds as
three-dimensional structures. These books contain many mathematical equations as well as structural for-
mulas because of interdisciplinary nature, where the mathematical equations were typeset by the original
TEX/IATEXutilities and the structural formulas were drawn by tH®XeX system.

e The book published in 2007 deals with a new coneephdalaswhich | have proposed as a basis for
rationalizing enumeration of three-dimensional structures:

S. Fujita,Diagrammatical Approach to Molecular Symmetry and Enumeration of Stereoiso-
mers Mathematical Chemistry Monographs Series Vol. 4 (Kragujevac, 2007),



e The book published in 2013 is concerned with greligand method which | have proposed to
enumerate three-dimensional structures:

S. Fujita, Combinatorial Enumeration of Graphs, Three-Dimensional Structures, and
Chemical CompounddMathematical Chemistry Monographs Series Vol. 15 (Kragujevac,
2013).

This book indicates that the proligand method for enumerating three-dimensional structures can be
degenerated into thedB/a’s method for enumerating graphs.

Because the present version of th&VIXgX system (the PostScript-compatible mode and the PDF-
compatible mode) supports utilities for coloring structural formulas, the book published in 2001 would be
rewritten with maintaining bond colors (par-bonds, out-bonds, and in-bonds). This will be briefly discussed
in Section 39.4 in the present manual.

By the publication of the interdisciplinary chemistryathematics books described above, tHiITEX
system has been proven to be a reliable tool for publishing books of high printing quality which contain
structural formulas along with mathematical equations.

About the Present Manual

The present manual consists of 10 parts, each of which subdivided into several chapters.

e Part | (General Principles and Conventions) consists of six chapters (Chapters 1-6), where ba-
sic techniques of the ITEX system are discussed. TheMREX system supports three modes
(TEX/IATEX-compatible mode, PostScript-compatible mode, and PDF-compatible mode) as described
in Chapter 1(Introduction). To obtain structural formulas of higher quality, you should select the
PostScript-compatible mode or the PDF-compatible mode according to the setting of your computer.
Chapter 2(General Principles of ¥ITeX Commands) briefly describes the substitution technique
based on (yl)-functions, the addition technique for drawing fused rings, and the replacement technique
for drawing spiro rings.Chapter 3()XYMTEX Commands for General Use: Syntax) deals with three-
to six-membered heterocycles and others BgT¥X commands for general use, where general fea-
tures of required arguments (e.g., substitution Ksteslis} and atom listgatomlisy) and those of
optional arguments (e.g., bond ligtsondlisp, skeletal bond listgskelbdlisy, and deleted bond lists
(delbdlisp) are discussecChapter 4(Fusing Units: Syntax) describes three- to six-Membered fusing
units, which are used in the addition technigChapter 5(Size Reduction) anChapter 6(Fonts and
Related Matters) deal with additional items for general conventions.

e Part Il (Carbocyclic Compounds) consists of seven chapters (Chapters 7-13), where commands
for specific use are discussed to draw carbocyclic compounds. These commands are regarded as
short-cut commands, which are defined by fixing one or more arguments of commands for general
use: Chapter 7(Six-Membered CarbocyclesChapter 8(Five- or Lower-Membered Carbocycles),
Chapter 9 (Carbocycles with Fused Six-to-Six-Membered Rin¢cChapter 10(Carbocycles with
Fused Six-to-Five-Membered Ring:Chapter 11(Fused Tricyclic CarbocyclesChapter 12(Chair
Forms and Further Carbocyclic Compounds), Chapter 13(Steroid Derivatives).

e Part lll (Heterocyclic Compounds) consists of five chapters (Chapters 14-18), where commands for
specific use are discussed to draw heterocyclic compounds. These commands are regarded as short-
cut commands, which are defined by fixing one or more arguments of commands for general use:
Chapter 14(Six-Membered Heterocycles Chapter 15(Five- or Lower-Membered Heterocycles),
Chapter 16(Heterocycles with Fused Six-to-Six-Membered Rin(Chapter 17(Heterocycles with
Fused Six-to-Five-Membered Rings), eChapter 18 Pyranoses and Furanoses).

e Part IV (Aliphatic Compounds) consists of three chapters (Chapters 19-21), where commands for spe-
cific use are discussed to draw aliphatic compour Chapter 19(Aliphatic Compounds of Lower
Carbon Contents) discusses commands for drawing planar forms of tetrahedral compounds and for
drawing trigonal units.Chapter 20(Tetrahedral Units with Wedged Bonds) discusses commands for
drawing tetrahedral units or trigonal bipyramidal units with stereochemical configuraChapter 21
(Zigzag Polymethylene Chains) discusses commands for drawing zigzag polymethylene chains of
carbon content 2 to 10.



e PartV (Other Building Blocks and Utilities) consists of two chapters (Chapters 22 anChapter 22
(Polymers) introduces delimiters for polymers, a polymethylene unit, a polystyrene unit, and so on.
Chapter 23(Lone Pairs and Radicals) deals with various commands for drawing lone pairs.

e Part VI (Techniques for Combining Structures) consists of five chapters (Chapters 24-28), which
develop more detailed discussions on the substitution technique, the replacement technique, the ad-
dition technique, and other related techniguChapter 24(IATeX Picture Environment for Combining
Structures) deals with most basic techniques for combining two or more moieties by usifAghe L
picture environment. Chapter 25(yl)-Functions and the Substitution Technique) discusses the sub-
stitution technique by declaring a (yl)-function in tkgubslis} of a command.Chapter 26(Linking
Units Coupled with (yl)-Functions) discusses commands for inserting a unit between a parent struc-
ture and a substituent due to a (yl)-functicChapter 27(The Replacement Technique for Drawing
Spiro Rings and Related Techniques) discusses the application of (yl)-functions to the replacement
technique for drawing spiro ring:Chapter 28 The Addition Technique for Ring Fusion and Related
Techniques) deals with the application of fusing units to the addition technique for drawing fused rings.

e Part VII (Advanced Techniques for Drawing Structures) consists of four chapters (Chapters 29-32).
Chapter 29 Stereochemistry) contains more detailed discussions on stereochemical expressions based
on wedges, hashed wedges, wavy bonds, and sChapter 30(Drawing by Low-Level Commands)
deals with low-level commands for straight-lined bond, wedges, hashed wedges, etc., which are used
in the BTEX picture environment or themTEX XyMcompd environment. In particular, regular pen-
tagons, heptagons, etc. are constructed as building blocks for drawing structural foiChapter 31
(New Commands for Drawing Five-, Seven-, and Eight-Membered Rings) discusses the definition of
commands for drawing regular pentagons, heptagons, etc., which are applied to draw complicated nat-
ural products such as maitotoxin and ciguatoxChapter 32(Dirty Tricks) discusses non-standard
applications of the replacement technique and the addition technique.

e Part VIII (Molecular Formulas and Reaction Schemes) consists of five chapters (Chapters 33-37).
Chapter 33(Arrows) deals with arrows used in chemical equations or in diagrams of electron shifts.
Chapter 34(Compound Numbers and Compound Boxes) discusses compound numbers and deriva-
tive numbers as well as environments or boxes for giving such compound or derivative numbers.
Chapter 35(Commands for Printing Chemical Formulas and Environments for Printing Chemical
Equations) deals with théhemEquation environment etc., which correspond to such mathematical
environments as thequation environment Chapter 3§ Formatting Reaction Schemes) discusses the
drawing reaction schemes which contain structural formulas drawn b&rMITEEX system.Chapter 37
(Math Versions) deals with new math versions “chem” and “boldchem” in addition to the usual math
version “normal” and “bold”.

e Part IX (Coloring Chemical Compounds and Reaction Schemes) consists of three chapters (Chapters
38-40), which discusses variou¥\VRgX utilities for coloring structural formulasChapter 38(Col-
oring Substituents and Substitution BoncChapter 39Coloring Skeletal Bonds and Double Bonds),
and Chapter 40(Coloring Chemical Schemes).

o Part X (Appendices) consists of two chapters (Chapters 41 aniChapter 41(EPS Files Containing
XIMTEX Formulas) discusses the generation of EPS (encapsulated PostScript) files, which have the
data of bounding boxes. And then the incorporation of the resulting EPS files into chemical documents
is demonstratedChapter 42(PDF Files ContainingWTEX Formulas) is devoted to the generation
of PDF files, the evaluation of their bounding boxes, and the incorporation of them into chemical
documents.

If readers pursue a short-cut to practical features of #\MTEX drawing of structural formulas, they get
along well by reading Parts | and VIII selectively (and Part VI desirably). The chapters contained in the
remaining parts are independent of each other, so that they may be referred to when they become necessary
to the readers.

Kanagawa, Japan Shinsaku Fujita
September 2013
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Chapter 1

Introduction

1.1 Backgrounds for the Development of the WTEX System

The text formatter gX developed by Knuth [1] is widely used in preparing manuscripts of scientific papers
and in the typesetting processes of several scientific journals and books (for an example at the beginning
of the 1990s, see [2]). In particulahTEX, a TeX macro package that was released by Lamport [3], has
expanded the society ofX users because of plainness.

Since the beginning of its historygX (IATEX) places special emphasis on mathematics typesetting.
Hence, it has been accepted by scientists who have to write mathematic equations. In conti@stAmEXT
typesetting is less popular in chemistry than in mathematics and other fields. One of the reasons is that there
are few BX/IATEX utilities for typesetting chemical structural diagrams.

Although BTEX provides us with gicture environment for drawing simple figures, its original com-
mands are so primitive as to be directly applied to the drawing of structural formulas. Hence, the commands
should be combined to produce more convenient macros.

Pioneering works by Haas and O’Kane [4] and by Ramek [5] have provided such macros that allow us
to typeset structural formulas. The macros of the former approach are available in the public domain, being
named ChemgX. Although they are easier to use than the originat ture environment of ATpX, they still
have some items to be improved. The most inconvenient item is the incapability of accommodating 10 or
more substituents. It stems from the fact that one argument is used to assign one substituent (or one object)
in each of the macros of Haas-O’kane’s approach. Note that the direct usage of arguments enables us only to
assign 9 or less substituents, because a macneXfATEX is capable of taking 9 or less arguments.

For example, th&steroid macro reported for typesetting a steroid skeleton takes 9 arguments [4]:

\steroid{A1}{A2}{A3}{A4}{A5}{A6}{A7}{A8}{A9}

where Argument 1A1) can take ‘D’ (a second bond between positions 1 and 2), ‘Q’ (no action),'dr (&
substituent on position 11 and the corresponding double bond); Arguma&2it @ah take ‘D’ (a second bond
between positions 3 and 4), ‘Q’ (no action), oF'Ra substituent on position 3 and the corresponding double
bond); Argument 343) can take ‘Q’ (no action), or ‘R (a substituent on position 3 and the corresponding
single bond); and so on. Through the total statement of arguments, only six substituents are specified, while
the skeleton have 20 or more substitution positions to be considered.

Moreover, the specification of the arguments is not systematic, so that many functions are included into
the macro within the restriction of the direct usage of arguments.

1. One argument (Argument 2) specifies objects of twiiedént categories.g.,inner double bonds and
outer double bonds.

2. Arguments 2 and 3 specify a substituent attaching to the same position (position 3).
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3. It is difficult without a reference manual tofidirentiate between one argument for specifying bonds
and another argument for specifying substituents.

4. The argument ‘Q’ is selected to show no modification because this character is hardly ever found in a
chemical structure formula. However, the use of this character may become necessary in future. Such
explicit description of ‘no action’ should be avoided.

As a result, the formats and contents of arguments dferdnt from one argument to another and from
one macro to another such that a typigaKTiser, a secretary or a chemist author, may give up to memorize
such macros. Hence, more systematic and convenient macros are desirable in order to spread the typesetting
of chemical structures withgK/IATEX.

The XIMTEX system as a package $étvolves convenient macros for typesetting chemical structural
formulas [6]. These macros are based on techniques in which inner bonds, substituents, and hetero-atoms on
a skeleton are separately assigned without such limitation of numbers. The packaﬁdTngNvill be a
more versatile tool if it is coupled with the macros which the author has released in a book [7].

1.2 Development of the WTEX System

1.2.1 History of the XMTEX System

The history of the ¥TEX system is summarized in Table 1.1. THBXEX system has been improved step
by step, where there were three epochs if we focus our attention on final files for browsing and printing:

1. The early versions (up to version 3.00) have been based opithtire environment of ATpX and
theepic package, where bonds of chemical structural formulas are drawn by usihigteeommand
enhanced by thepic package. Hence, these versions can be used within the ndiedystem, so
that the resulting dvi files can be browsed and printed by means of such an appropriate dvi-ware as
dviout. These dvi files can be converted into PDF files by using the dvipdfm(x) converter. This mode
of drawing is now supported adlse EXWIEX-compatible modin the present version of IMITEX.

2. The next versions (up to version 4.06) have been based on the utilities supported R Ttioks
package, where an appropriate dvi-to-ps converter (e.g., the dvips converter) is necessary to convert
dvi files into PostScript files. This mode of drawing is now supportethasPostScript-compatible
modein the present version ofIMITEX.

The resulting PostScript files can be browsed by using the Ghostscript system (coupled with
Ghostview). The PostScript files are further transformed into PDF files by using an appropriate
converter (e.g., Adobe Distiller). It follows that the PDF printing 3MXEX structural formulas is
available via such a route as

) TEX/LAT; . dvi istill
< tex with XIMTEX codes> BEE < dvi > 2% < ps> P2 pDF .
On the other hand, structural formulas drawn by tABIEX system can also be transformed into
EPS (encapsulated PostScript) files by using the Ghostscript utilities so as to be incorporated into PDF
files. This means that we are alternatively able to use the dvipdfm(x) converter in order to convert
IATEX document files with XVITEX structural formulas (EPS files) into PDF files, i.e.,
) ! TEX/LAT; . dvipdf
< tex with XMTEX EPS files> o < dvi > V25 - ppFs.
The PDF printing of ¥ITEX structural formulas has been discussed under the title “Articles, Books,
and Internet Documents with Structural Formulas Drawn BYTEX — Writing, Submission, Publi-
cation, and Internet Communication in Chemistry.” [8], where such state-of-the-art routes as described
above have been compared to prepare PDF documents WilieX structural formulas.

a|ATEX 2guses the term ‘package’ to designate a file with .sty extension, wHNEEX version 1.00 has used the same term to
indicate a set of sty files. In order to prevent confusion, we now use the term ‘package set’ to indicate a set of sty files and the term
‘package’ to designate each sty file.

b©(1993, 1996) by Shinsaku Fuijita, all rights reserved. The present manuaf\6iEX is not permitted to be translated into
Japanese and any other languages.
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Table 1.1.Versions of XMTEX

version package files and comments
1.00 (1993) (for ATpX2.09) See Ref. [9,10] aliphat.sty, carom.sty, lowcycle.sty, hetarom.sty,
hetaromh.sty, hcycle.sty, chemstr.sty, locant.sty, xymtex.sty

1.01 (1996) (forAIpX 2¢) See Ref. [11]. ccycle.sty, polymers.sty, chemist.sty
1.02 (1998) (not released) Nested substitution by ‘yI'-function.

2.00 (1998) Enhanced version based on tHil Xlotation. See Ref. [12,13,14]. fusering.sty,
methylen.sty

2.01 (2001) (notreleased) Size reduction, sizeredc.sty (version 1.00)

3.00 (2002) Size reduction (sizeredc.sty, version 1.01), and reconstruction of the command system.
See Ref. [15]

4.00 (2002) (not released) PostScript printing (xymtx-ps.sty, version 1.00 and chmst-ps.sty,
version 1.00)

4.01 (2004) Theymtx-ps package for PostScript printing and length-variable central atoms [16]

4.02 (2004) PostScript printing and wedges bonds for stereochemistry

4.03 (2005) PostScript printing and wavy bonds for stereochemistry. See Ref. [17]

4.04 (2009) Macros for drawing steroids (steroid.sty, ver 1.00). See Ref. [18]

4.05 (2009) Macros for drawing Lewis structures of fheissturc package (lewisstruc.sty, version
1.00), revised and improved macros added tactienist package (ver 4.05) [and the
chmst-ps package (ver 1.02)], and the first release of themtimes package (ver
1.00)

4.06 (2009) Thehmst-ps package (ver 1.03) for supporting bent (curved) harpoons. See Refs.
[19,20,21]

5.00 (2010) Theymtx-pdf package (ver 5.00) for supporting PDF printing, bloadcolor package
(ver 5.00) for coloring double bonds and skeletal bonds as well aadfgrela-
texmode package for assuring compatibility of the three modes. This version also
contains thehmst-pdf package (ver 5.00) for extending tbieemist package to sup-
port PDF printing and thassurechemist package for assuring compatibility of the
three modes. See Refs. [22].

5.01 (2013) The present version: Addition of several macros and the release of an integrated
manual (this manual).

3. Because PDF files become more and more popular in writing, publication and internet documentation,
and because the dvipdfm(x) converter becomes the de facto standard for preparing PDF files, it is
highly desirable to develop a direct route for processing dvi files prepared #¥ArTEX documents
with XIMTEX codes, i.e.,

TEX/IAT] dvipdf
< tex with XIMTEX codes> B <dvi> 25 * < PDF>.
The latest versions (up to version 5.01) have been based on the utilities supportegdiyphekage,
where an appropriate dvi-to-pdf converter (e.g., the dvipdfmx converter) is necessary to convert a dvi
file into a PDF file. This mode of drawing is now supportedresPDF-compatible moda the present

version of XMTEX.

Recent books orfTEX 2. have referred to the TITEX system, e.g., pages 520-540 of [23] and pages
551-598 of \Vol. 11 of [24].

1.2.2 The Name of the Package

The word ‘chemistry’ stems from an Arabian root ‘alchemy’, which is, in turn, considered to come from
Greek, yuueia. The XM of the name XMTEX is an uppercase form ofuu. This conforms to a rule of
coinage, because the namgXTis also a word of Greek originr€y).

The pronunciation of YTEX is recommended to be ‘Kimtekh’, in which the ‘kh’ sound may be a
Russian ‘kh’ or more simply an English ‘k’ and the symbol 'y’ is expected to be pronounced like a German
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‘. The logo XMTEX should be used to refer to thédMTEX system, because the commaXkyMTeX has
been defined in theYi((ITEX package to output the IogoYMTEX. If the logo is not available, the simplified
form ‘XyMTeX’ is allowed.

1.3 Three Modes of XMTgX for Drawing Structural Formulas

The XIMTEX system (version 5.01) consists of the package files listed in Table 1.2, where the inner package
xymtx-ps.sty has been developed to realize the PDF-compatible mode; and the inner papka&gedf.sty
has been developed to realize the PDF-compatible mode.

The XIMTEX system (version 5.01) supports three modes of structural drawing. They are switched by
loading either one of theXXITEX utility files collected in Table 1.2, i.e.,

e thexymtex package \usepackage{xymtex} for the TeX/IATpX-compatible mode),
o thexymtexps package \usepackage{xymtexps} for the PostScript-compatible mode), or
o thexymtexpdf package \usepackage{xymtexpdf} for the PDF-compatible mode).

The TX/IATEX mode and the PostScript-compatible mode can be switched in a tex file. On a similar line,
the TeX/IATEX mode and the PDF-compatible mode can be switched in a tex file. It should be noted, however,
that the PostScript-compatible mode and the PDF-compatible mode cannot coexist in a tex file, because the
PostScript-compatible mode depends on utilities based oR3fiecks package, while the PDF-compatible
mode depends on utilities based on ply@TikZ package.

Because the commands defined in the package files onﬂ?I@EX Structural Files (Fig. 1.2) are com-
mon in the three modes, they are unnecessary to be rewritten even if one selected mode is changed into
another. It follows that the PostScript-compatible mode and the PDF-compatible mode can be switched only
by exchanging the declarationgusepackage{xymtexps} < \usepackage{xymtexpdf}.

1.3.1 TEX/IATEX-Compatible Mode of XXMTEX

The declaration of\usepackage{xymtex} in the preamble of a tex file results in the reading of all the
package files listed in thelMTEX Structural Files of Fig. 1.2, which permitdTEX drawing according to
the BTEX picture environment and thepic package (modified slightly).

Preparation of TEX Files

Whenxymtex.sty is input, all of the package files of thdMTEX system (exceptymtx-ps andxymitx-pdf)
are loaded. A typical template for theX/IATEX-compatible mode ofWTE>( is shown as follows:

%testl.tex
\documentclass{article}
\usepackage{xymtex}
\usepackage{xcolor}
\usepackage{graphicx}

\begin{document}
(formula)
\end{document}

To reduce formula sizegpic.sty is automatically loaded. This mode dragbonds as thick lines ane-
bonds as dotted lines. To draw chemical equations, the packageHdesst andassurechemist are also
loaded automatically. The packageslor andgraphicx are loaded separately to enhance graphics.

ATEX Processing
For the purpose off[EX processing, you should type the following command in the command prompt:

c:> latex testl



1.3. Three Modes of ITEX for Drawing Structural Formulas 7

Table 1.2.Package Files of XITEX and Related Files

package name

included functions

XIMTEX Structural Files

aliphat.sty
carom.sty
lowcycle.sty
ccycle.sty
hetarom.sty
hetaromh.sty
hcycle.sty
chemstr.sty
locant.sty
polymers.sty
fusering.sty
methylen.sty
sizeredc.sty
steroid.sty
lewissturc
bondcolor

assurelatexmode

macros for drawing aliphatic compounds

macros for drawing vertical and horizontal types of carbocyclic compounds
macros for drawing five-or-less-membered carbocycles.

macros for drawing bicyclic compounds etc.

macros for drawing vertical types of heterocyclic compounds

macros for drawing horizontal types of heterocyclic compounds

macros for drawing pyranose and furanose derivatives

basic macros for atom- and bond-typesetting

macros for printing locant numbers

macros for drawing polymers

macros for drawing units for ring fusion

macros for drawing zigzag polymethylene chains

macros for size reduction

macros for drawing steroid derivatives contained indteeoid package
macros for drawing Lewis structures

macros for coloring double bonds and skeletal bondS{¥X Version 5.00)
dummy declaration for compatibility of the three modedMXeX Version
5.00)

Packages for PostScript- and PDF-Compatible Modes

Xymtx-ps.sty

xymtx-pdf.sty

macros for PostScript printing ¥MTEX Version 4.02). These macros are
substituted for several macros contained indhemstr package.

macros for PDF printing (MTEX Version 5.00). These macros are substituted
for several macros contained in tbieemstr package.

Related Files
chemist.sty

assurechemist.sty

chmst-ps.sty

chmst-pdf.sty

commands for using ‘chem’ version and chemical environments

dummy commands for compatibility of the three modes (Version 5.00)

macros for PostScript printing. These macros are substituted for several macros
contained irchemist package.

macros for PDF printing. These macros are substituted for several macros
contained irchemist package.

XIMTEX Utilities for Switching

Xymtex.sty

Xymtexps.sty

xymtexpdf.sty

a package for calling all package files (listed MXgX Structural Files)
as well axchemist andassurechemist.

Without loading xymtx-ps.sty and xymtx-pdf.sty (for theXJIATEX mode)
a package for calling all package files (listed MEX Structural Files)
andxymtx-ps (for the PostScript-compatible mode)

as well axchemist, assurechemist, andchmst-ps.

Not with xymtx-pdf

a package for calling all package files (listed WWXgX Structural Files)
andxymtx-pdf (for the PDF-compatible mode)

as well axhemist, assurechemist, andchmst-pdf.

Not with xymtx-ps.sty

Thereby, we obtain the corresponding dvi file named “testl1.dvi”, which can be browsed or printed by using
a dvi-ware such as dviout. The dvi file can be further converted into a PostScript file (e.g., by using dvips)
or a PDF file (e.g., by using dvipdfmx).

The above procedure is a traditional one, in which a tex file is prepared by an editor and processed by
using a command line of the Windows command prompt. Note thatihX brocessing depends on your
system, if your system is an integrated one which combines an editor arfdKeslstem.
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1.3.2 PostScript-Compatible Mode of ¥VTEX

The declaration ofusepackage{xymtexps} in the preamble of a tex file results in the reading ofith@tx-
ps package as well as all the package files listed in th@T¥X Structural Files of Fig. 1.2. The drawing of
structural formulas is based on thégX picture environment and tHeSTricks package [25].

Preparation of TEX Files

Whenxymtexps.sty is input, all of the package files of theT, X system (alsoymtx-ps.sty exceptxymtx-
pdf.sty) are loaded. A typical template for the PostScript-compatible modéMTgK is shown as follows:

%test2.tex
\documentclass{article}
\usepackage{xymtexps}
\usepackage{xcolor}
\usepackage{graphicx}
\begin{document}
(formula)
\end{document}

To draw chemical equations, the packagiesmist, assurechemist, andchmst-ps are automatically loaded.
The packageszcolor andgraphicx are loaded separately to enhance graphics.

This mode drawg/a-bonds in one format selected from a pair of wedged bvadhed dash bonds
(default), a pair of wedged bontieshed wedged bonds, and a pair of dash hbadked dash bonds.

ATEX Processing

Then the file (named “test2.tex” tentatively) is compiled by means of AfgX&ystem by inputting the
following command in the command line of a personal computer.

C:> latex test2

Thereby, theATEX processing starts to include thgmtx-ps package along with all of theXMITEX struc-
tural files collected in Table 1.2. The/mtx-ps.sty package internally includgsstricks.sty, pstricks.tex,
andpstricks.con, which are distributed as part of tiRSTricks package. After the processing, we obtain the
corresponding dvi file (“test2.dvi”).

Conversion of dvi Files into PostScript Files

The resulting dvi file (named test2.dvi) should be converted into the corresponding PostScript file (named
“test2.ps”) by inputting the following command:

C:> dvips test2

The resulting PostScript file (“test2.ps”) is browsed or printed by an appropriate PostScript viewer (e.g.,
Ghostscript and GSview) or printer.

Conversion of PostScript Files into PDF files

PostScript files such as “test2.ps” can be converted into PDF files by using the Adobe Distiller or the pdfwrite
converter which is acceptable from the GSview.

1.3.3 PDF-Compatible Mode of XMTEX

The declaration ofusepackage{xymtexpdf} in the preamble of a ztex file results in the reading of the
xymtx-pdf package as well as all the package files listed in tRdT¥X Structural Files of Fig. 1.2. The
drawing of structural formulas is based on thEK picture environment and thegf package [26]. A dvi

file produced by EX/IATEX processing should be further converted into a PDF file by dvipdfm(x) in order to
browse or printing YMTEX structural formulas.
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Preparation of TeX Files

The macro codes for the PDF-compatible mode BfI:X are defined inkymtx-pdf.sty, which is incom-
patible withxymtx-ps.sty for the PostScript-compatible mode. The following template (named “test3.tex”)
indicates a typical format for loadingmtexpdf.sty for the PDF-compatible mode of thedMTEX system.

%test3.tex
\documentclass{article}
\usepackage{xymtexpdf?}
\usepackage{xcolor}
\usepackage{graphicx}
\begin{document}
(formula)
\end{document}

This mode drawg/a-bonds in one format selected from a pair of wedged bvadhed dash bonds
(default), a pair of wedged bontiashed wedged bonds, and a pair of dash hbadhed dash bonds.

When you load the utility package/mtexpdf.sty by using\usepackage as above, all the package files
listed in )@VITEX Structural Files (Table 1.2) as well agmtx-pdf.sty for the PDF-compatible mode of the
XIMTEX system are loaded to draw structural formulas. In addition, the packhgesist, assurechemist,
andchmst-pdf are automatically loaded to draw chemical equations. The packagks andgraphicx are
loaded separately to enhance graphics.

ATEX Processing
For the purpose ofIEX processing, you should type the following command in the command prompt:
c:> elatex test3

where the extended gX version of BIpX is used. Thereby, the corresponding dvi file (“test3.dvi") is
produced.

Conversions by dvipdfm(x)

The dvi file is ready to be processed by the dvipdfm(x) converter by typing the following command in the
command prompt:

c:> dvipdfmx test3

Thereby, we obtain a PDF file (named “test3.pdf”), which contains structural formulas drawn BXM@O(
system.

The resulting PDF file (“test3.pdf”) is browsed or printed by an appropriate PDF viewer (e.g., Adobe
Reader) or printer.

LATEX Processing With “dvips” Option

The standard PDF-compatible mode described above produces a dvi file suitable to the subsequent processing
by the dvipdfm(x) converter, where the dvi file is converted into a PDF file. The PDF-compatible mode can
alternatively produce a dvi file suitable to the dvips converter, which generates a PostScript file.

For the latter purpose, you should use a tex file in accord to the following template (named “test4.tex”),
where thexymtexpdf package is loaded with the option “dvips”:

%test4d.tex
\documentclass{article}
\usepackage[dvips] {xymtexpdf}
\usepackage{xcolor}
\usepackage{graphicx}
\begin{document}

(formula)

\end{document}

For the purpose of[EX processing, you should type the following command in the command prompt:

c:> elatex test4
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where the extended gX version of ETX is used. Thereby, the corresponding dvi file (“test4.dvi”) is pro-
duced. The dvi file is ready to be processed by the dvips converter by typing the following command in the
command prompt:

c:> dvips test4

The resulting PostScript file (named “test4.ps”) contains structural formulas drawn byMfigXksystem.
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Chapter 2

General Principles of XMTEX Commands

2.1 How to Communicate Information on Organic Compounds

As found in textbooks on organic chemistry [1-4], information on organic compounds is communicated by
the pairwise use of IUPAC names [5] and structural formulas. It follows that students, teachers, researchers,
and engineers in the fields of organic chemistry are expected to be able to draw a structural formula by
hearing an [IUPAC name and reversely to remember an [UPAC name by glimpsing a structural formula. This
way of communicating information on organic compounds suggests that an ultimate target of a drawing tool
is to develop utilities of drawing structural formulas by inputting an IUPAC name. TMIpX system
pursues the ultimate target with appropriate and rational modifications for meeting the methodology of the
TEX/IATEX system:

Main principle : The main and most important principle of th&VKEX system is that a WATEX
command is consistent with the way of the IUPAC nomenclature as far as possible.

The way of constructing IUPAC names consists of two steps:

1. A parent structure (or more specifically a parent hydride) is first selected and named in order to
characterize an organic compound to be named.

2. Additional information on atoms, bonds, and others is specified by attaching prefifesgsLetc. to
the name of the selected parent structure.

Various operations for dividing the structure of a given organic compound into a parent structure and
additional information are defined in the IUPAC recommendations [5].

According to the way of the IUPAC nomenclature, the way of constructin"évﬁ'gx command consists
of two steps in drawing the structural formula of a given organic compound:

1. A XﬁVITEX command for specifying a parent structure is first selected.

2. Additional information on atoms, bonds, and others is treated by means of argumeotsoatidnal
arguments attached to thé\RFEX command.

The main principle of YMTEX commands provides us with an advantage that the inspection ®E=X
command enables us to reproduce the structural formula without drawing it. This mear8vifigX Xom-
mands can be used as a communication tool for digital communication. TAUSEX commands can be
regarded as linear notations, so that they are systematized to givéMhroXation [6], which is further
sophisticated to develop thdMML (X markup language) for internet communication [7,8].

It should be emphasized again that structural formulas are not merely diagrams but have their own chem-
ical meanings. Hence, codes for drawing structural formulas in themselves are desirable to aim at having
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chemical meanings, aSMTEX commands are aiming at. In contrast, note that codes for drawing diagrams
have no chemical meanings in themselves. In this context, it is worthwhile to mention that the selection of
the XMTEX system (i.e., the selection of codes having chemical meanings) in preference to other systems
based on commands of basic levels (i.e., codes having no chemical meanings) is akin to the selection of
IATEX in preference to plain gX as well as the selection of programming languages of higher level (e.g.,
the C-language and the Java language) in preference to an assembly language as a low-level programming
language.

In addition, an educational advantage of tH&TR=X system should be mentioned, because the process
of learning the IUPAC nomenclature is parallel to the process of conducting!#e=X drawing. For the
purpose of teaching compounds of a given type, for exampleMEpK command corresponding to the
parent structure of the type can be used to draw a compound at issue. At the same time, this drawing process
can be linked to the naming due to the IUPAC nomenclature.

The following examples demonstrate the above-described featurdsffEX commands.

Example 2.1A cyclic saturated hydrocarbon of carbon contenf#l) is calledcyclohexangwhich is re-
garded as garent structure, or more specifically as parent hydride (P-12.1 of [5]). The structural
formula of cyclohexane as a parent structure is shown as follows:

2-1
This formula is drawn by the following®TEX command:
\cyclohexanev{}

where the sfiix v of the command,cyclohexanev specifies the vertical direction of the printed formula.
The empty pair of braces represents the absence of substituents to be specified.

Example 2.2In order to name a compound, various forropkerations must be carried out (P-12.1 of [5]).
For example, the structure shown belldvd) is named-chlorocyclohexanone

O

H f a
e‘ b

cl d c

2-2 2-3

In this naming, the parent hydride ‘cyclohexane’ is selected first. Then ffie ‘smne’ and the prefix ‘chloro’,
indicatingsubstitution of the hydrogen atoms of cyclohexane, are attached to the name of the parent hydride,
where the locant number 1 for the ‘one’ (in the full naBiehlorocyclohexan-1-onés omitted because such
omission provides no confusion.

The formula2-2is drawn by the YMTEX code shown below:

\cyclohexanev{1D==0;3==C1}

where 1D==0 corresponds to the ik ‘one’ and 3==C1 corresponds to the prefix ‘chloro’. The locant
numbering of the commantkyclohexanev is given in the diagram shown &3. Although the carbonyl
group and the chloro substituent ar@eliently expressed by thefit ‘one’ and the prefix ‘chloro’ in terms

of the IUPAC nomenclature, the abovREX command regards them as substituents in a unified fashion,
where such substituents are written in the attached pair of braces.

Example 2.3The mode of unsaturation is represented by tHisiene’. For example, the structure shown
bellow (2-4) is nameccyclohex-2-en-1-ol
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OH

2-4
The formula2-4 is drawn by the following WTQ( command:
\cyclohexanev[b] {1==0H}

where the optional argumeifib] corresponds to the fix ‘ene’, while the regular argumerti==0H} cor-
responds to the $iix ‘ol’. Because the sffix ‘ene’ is considered to represent a ‘substitution’ on a bond (not
on a hydrogen or not on a vertex diagrammatically), tRT¢$X command uses the optional arguméhi

with a pair of bracket, where the letferepresents a double-bond modification of the bond specified by such
alocant alphabet ag b, .. ., or £ (2-3). The stfix ‘ol’ is treated as a usual substituent on a hydrogen (or on
a vertex diagrammatically), which appears as a regular argument in the pair of bracés-+eH}. O

Example 2.4The most common way to represent spatial configuration is through the insertion of special
bond types, e.g., bold, hashed, dashed/@nedged, among an otherwise planar depiction of straight-lined
bonds [9]. For example, the compound nantragis-1,2-dichlorocyclohexaris depicted below.

Cl

el
2-5

The formula2-5is drawn by the following YTEX command:
\cyclohexanev{2B==C1;3A==C1}

where the prefixtrans-1,2-dichloro’ corresponds to the argumeRB==C1;3A==C1}. Note that the bond
modifierB is used to output g-bond depicted by a solid wedge, while the bond modHiex used to output
aa-bond depicted by a hashed bond. Thus, the combination of a solid wedge and a hashed bond is selected
as a default way to represent spatial configuration in thé@TEX system (the PostScript-compatible mode

and the PDF-compatible mode). Note that the commaredigehasheddash is globally declared to select

the combination of a solid wedge and a hashed bond under a default condition.

Example 2.50n the other hand, the combination of a solid wedge and a hashed wedge is selected as a
preferred representation of spatial configuration in the IUPAC recommendations 2006 “Graphical Repre-
sentation of Stereochemical Configuration (IUPAC Recommendations 2006)” [9]. Although an unwedged

hashed bond is recognized to be acceptable, the majority of the IUPAC recommendations 2006 [9] is
concerned with the proper use of hashed wedged and solid wedges bonds. If we obey the IUPAC
recommendations 2006, the structural formul#&rahs-1,2-dichlorocyclohexane is depicted below.

Cl
(e
2-6
The formula2-6is drawn by the following ¥VTEX command:
{\wedgehashedwedge
\cyclohexanev{2B==Cl;3A==C1}
}

where the commangwvedgehashedwedge is locally declared to select the combination of a solid wedge and
a hashed wedge. If the commaxiedgehashedwedge is globally declared in the preamble of a tex file:
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\documentclass{article}
\usepackage{xymtexpdf}%%PDF-compatible mode
%\usepackage{xymtexps}¥%%¥PostScript-compatible mode
\wedgehashedwedge%global declaration
\begin{document}

\cyclohexanev{2B==Cl;3A==C1}

\end{document}

the combination of a solid wedge and a hashed wedg® (s selected as a default mode of drawing spatial
configuration in the YITEX system (the PostScript-compatible mode and the PDF-compatible mmde).

2.2 Parent Structures and Parent Hydrides

Chapter P-2 of the IUPAC Provisional Recommendations 2004 [5] summarizes vpamrg structures

(or more specificallparent hydrides). Although the ultimate target of thellT pXsystem is to be equipped

with commands for drawing respective parent structures, the state of the art GMRgX6ystem supports
representative parent structures, which aim at the preparation of papers and books on organic chemistry, e.g.
[10]. Note that the selection of parent structures is concerned with the first step itemized in page 11, because
such parent structure are linked with the names of #\&T¥X commands.

2.2.1 XMTEX Commands for Specific Use

Among such parent structures, Fig. 2.1 collects examples of monocyclic parent hydrides and heterocyclic
parent hydrides, which have been selected from the lists of the IUPAC Provisional Recommendations 2004
[5, P-22.1 and P-22.2]. As shown below the structural formulas in Fig. 2.1, & commands corre-

spond to the parent structures of specific kinds, which are designated by the IUPAC names. They have the
abstract syntax:

\ComSpec [(bondlish] {{subslis}}

where the command namgomSpec corresponds to the IUPAC name (or an appropriate related name) of
a compound to be typeset. It is usually attached byflxsu or h, which respectively denotes a vertical
or horizontal representation of the structural formula, eé\gy,clopropanev (2-7) and\cyclopropaneh.
The command name is attached by a furthdfisu, e.g.,\cyclopropanevi and\cyclopropanehi, if
alternative orientations are possible. If the optional argunieendlisp is not declared, a preselected bond
pattern is typeset, dependent of the IUPAC name based on the com@@ani8bec. The optional argument
(bondlis} is used to change the preselected bond pattern. The argysabstis} is used to list substituents.
More details of the syntax will be described later.

Remember the two steps itemized in page 11. The command RasmSpec corresponds to the first
step, while the argumexisubslis} as well as the optional argumefiitondlis} is concerned with the second
step.

Commands for Monocyclic Compounds

As examples of\ComSpec, the XMTEX commands listed in Fig. 2.1 are capable of drawing monocyclic
compounds in accord with the way described in Section 2.1.

Example 2.6The compound name2Hluoropyridineis drawn in various ways:
F F N F
- - N
©/ ©/ Q/ [
2-20 2-21 2-22 2-23
\pyridinev{2==F} \pyridinev[bdf]{2==F} \pyridinev[ace]{2==F}

a

1
2

[v]

Qém ov\—n
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Monocyclic hydrocarbons(P-22.1 [5])

2-7 2-8 2-10 2-11
\cyclopropanev{} \cyclobutane{} \cyclopentanev{} \cyclohexanev{} \benzenev{}

Heterocyclic parent hydrides(P-22.2 [5])

2-12 2-13 2-14 2-15 2-16
\pyrazolev{} \imidazolev{} \oxazolev{} \isoxazolev{} \pyrrolev{}
= | ZAY /Nw
NN N N
2-17 2-18 2-19

\pyridinev{} \pyridazinev{} \pyrimidinev{}

Figure 2.1. Examples of monocyclic parent hydrides. ThB¥gX commands shown below the structural formulas
correspond to the respective IUPAC names, where each vacant pair of braces is used to specify substituents if necessary.
These commands are categorized B4T¢X commands for specific useqomSpec).

The formula2-20-2-22are drawn by theWTEX commands shown below the respective structural formu-
las, where2==F corresponds to the prefix ‘2-fluoro’. The optional argumg@randlis} is used to change the
bond pattern 02-20 (with no (bondlis}), which is preselected by settingdf] in the argumentbondlis,

as shown ir2-21 The preselected bond pattern can be changed into an alternative expressidp(ate:

a bond list) as well as other expressions described below (cf. mancude-ring systems).

Commands for Fused Ring Systems

On the other hand, Fig. 2.2 collects examples of fused cyclic parent hydrides, which have been shown in the
lists of the IUPAC Provisional Recommendations 2004 [5, P-25.1]. TMTEK commands shown below
the structural formulas have the abstract syntax shown ab@em§pec), where the names fofComSpec
correspond to the respective IUPAC names. Each vacant pair of braces is used to specify substituents if
necessary.

The )@MTEX commands listed in Fig. 2.2 are capable of drawing derivatives in accord with the way
described in Section 2.1.

Example 2.7Caffeine, the IUPAC name of which is 1,3,7-trimethy#purine-2,6(8,7H)-dione, is
represented by the following structural formula:

CH3\N N/CH3

I

CHs
2-35

The formula2-35is drawn by the following XMTEX command:
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Fused hydrocarbons as parent hydridegP-25.1 [5])

SONGORdY

2-24 2-25 2-26
\decalinev{} \naphthalenev{} \indanev{}
2-27 2-28
\anthracenev{} \phenanthrenev{}

Fused heterocyclic parent hydridegP-25.1 [5])

2-29 2-30 2-31
\quinolinev{} \isoquinolinev{} \quinazolinev{}
N~ ‘ N
N Li; Nﬁjj
2-32 2-33 2-34
\indolev{} \isoindolev{} \purinev{}

Figure 2.2. Examples of fused heterocyclic parent hydrides. TH&T¥X commands shown below the structural for-
mulas correspond to the respective IUPAC names, where each vacant pair of braces is used to specify substituents if
necessary. These commands are categorized\E=X commands for specific usgomSpec).

\purinev[aj]{4D==0;6D==0;3==CH$_{3}$;5==CHS$_{3}$;7==CHS$_{33}$}

where a purine skeleton is selected as a parent structure.
The locant numbering of the IUPAC name of puri2e3g) is rather irregular, because it is regarded as a
six-membered pyrimidine ring fused by a five-membered imidazole ring.

2-36 2-37
IUPAC numbering XIMTEX numbering
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The XMTEX numbering shown in the formula-37is selected to be good for at other 6-5 fused rings.
Thus, the locant numbering dburinev (2-34) shown in2-37is common to those ofindanev (2-26),
\indolev (2-32), and\isoindolev (2-33. O

Mancude-Ring Systems as Parent Structures

Aring having (formally) thenaximum number ohon-cumulativedouble bonds is termechancudd11, page
1348]. A mancude ring system or a fully saturated ring system is selected as a parent structure in the IUPAC
nomenclature [5].

When a mancude ring system is selected as a parent structure, its preselected double bonds are printed out
by using a ¥MTEX command for specific use without declaritigondlisp (cf. Figs. 2.1 and 2.2). Because
such a mancude ring system can be drawn as alternative diagrams with one or more modes of printing double
bonds, it is convenient to draw these alternative diagrams optionally within the methodology &FEXX
system. The output mode of double bonds can be changed by designating locant alphabets one by one, as
found by comparing betweeti20 (with no (bondlish) and2-22 (with the(bondlisy [ace] as a bond list).

In addition to theone-by-one declarationf (bondlish, another mode of declaration fond-pattern
declaratior is available in the usage oﬁMTEX commands of specific use.

Example 2.8In place of no declaration @bondlis) (2-20 as well as a one-by-one declaratigsil£] (2-39),
a bond-pattern declaratidir] (aright-hand bond pattern) in thgondlish of \pyridinev[r]{2==F} is
permissible to draw the same structural form@&3@) as a mancude ring system.

F N F N F
| $ O
N =
2-38(= 2-20) 2-39(= 2-22 2-40

\pyridinev[r]{2==F} \pyridinev[l]{2==F} \pyridinev[A]{2==F}

In place of a one-by-one declaratidlace] (2-21), a bond-pattern declaratiofil] (a left-hand bond
pattern) in the(bondlisy of \pyridinev[1]{2==F} is permissible to draw the same structural formula
(2-39 as a mancude ring system.

When a bond-patterrfA] (an aromatic bond pattern) is declared in tRbondlisy of the code
\pyridinev[A]{2==F}, a structural formulad-40) is obtained as an alternative expression, in which an
inner circle denotes a conjugated double-bond system.

2.2.2 XMTEX Commands for General Use

It is impossible that YITEX commands for specific use cover all of the parent structures listed in the IUPAC
nomenclature [5]. Hence, it is desirable to develdXcommands for general use, which support a wider
range of compounds at the cost of additional specification. They have the abstracfsyntax:

\ComGen [(bondlish] {(atomlisd} {(subslis}}

where the command nam€omGen corresponds to the name of a compound type to be typeset. The above-
mentioned sffixesv andh along withi are also &ective to this type of commands. If the optional argument
(bondlis} is not declared, no preselected bond pattern is typeset. The optional argloedis} is used
to change the preselected bond pattern. The argutagsmlisp is used to list atoms for replacing skeletal
vertices. The argumersubslis} is used to list substituents. More details of the syntax will be described
later.

Remember again the two steps itemized in page 11. The command\@amGen corresponds to the first
step, while the argumentatomlisy and(subslis} as well as the optional argumefttondlis} are concerned
with the second step.

aThis syntax is a simplified format, where optional arguments non-essential to the present discussions are omitted. The full form of
the syntax will be discussed in Chapter 3.
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Examples of YMTEX commands for general usgQomGen) are collected in Fig. 2.3, where the arguments
(atomlisy and(subslis} are vacant and the optional argumémbndlis} is omitted.

Y n O U

2-41 2-42 2-43 2-44
\threeheterov{}{} \fourhetero{}{} \fiveheterov{}{} \sixheterov{}{}

2-45 2-46
\decaheterov{}{} \nonaheterov{}{}

Figure 2.3. Examples of parent structures drawn by ti®TK=X commands for general us§CpmGen), where each
vacant pair of braces is used to specify skeletal atoms or substituents if necessary.

Example 2.9By using the ¥MTEX commands for general use, 2,2-dimethyloxira®(), 2,2-dimethyloxe-
tane @-48), 2,2-dimethyltetrahyrofuran{49), and 2,2-dimethyl-3,4-dihydrok2-pyrane 2-50) are drawn
as follows:

2-47 2-48 2-49 2-50
The modes of specifying arguments are shown below:

\threeheterov{1==0} {2SA==CH$_{33}$;2SB==CH$_{33}$}
\fourhetero{1==03}{2SA==CH$_{3}$;2SB==CH$_{3}$}
\fiveheterov{1==0}{2SA==CH$_{3}$;2SB==CHS$_{3}$}
\sixheterov[e]{1==03}{2SA==CH$_{3}$;2SB==CH$_{3}$}

Heteromonocyclic parent hydrides are named in terms of the Hantzsch-Widman system, e.g., oxirane and
oxetane [5, P-22.2]. These examples can be regarded as demonstrating replacement operations, which will
be discussed laten

2.3 Operations in the IUPAC Nomenclature

Operations in the IUPAC nomenclature [5, P-13] are structural modifications, by which parent structures
are modified to give the IUPAC names of their derivatives. The modes of such operations correspond to
the modes of structural modifications in th&/KgX system. Note that such operations are concerned with
the second step itemized in page 11, where they are linked with the arguiselostis}, (bondlisy, andor
(atomlisy appearing in MMTEX commands for specific usaComSpec) and for general usé (omGen).

The argumentsgsubslis}, (bondlispy, and{atomlisp in the )Zﬁ\/ITEX system respectively support the sub-
stitution technique, the addition technique, and the replacement technique, which are linked to the respective
operations in the IUPAC Nomenclature.
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This section is devoted to a brief explanation on operations in the IUPAC Nomenclature in order to give
an introduction to the techniques of th@\M’EX system (the substitution technique, the addition technique,
and the replacement technique).

2.3.1 Substitutive Operation

The substitutive operation [5, P-13.1] involves the exchange of one or more hydrogen atoms for another
atom or group of atoms, as already described in Sections 2.1 and 2.2. Substitutive operation in the general
principles of XMTEX commands would be demonstrated more clearly by referring to complicated natural
compounds as examples. Let us consider steroid derivatives as such complicated compounds.

Example 2.10CholestaneZ-51), which is a kind of steroid, is regarded as a parent hydride [5, P-101.2.5]).
Such a complicated structure can be drawn by inputting a simpEEX command, i.e.\cholestane{}.

IUPAC name: cholestane
XWTE)( command: \cholestane{}

2-51

The command.cholestane is a XMTEX command for specific use. The configuration at the 5-position
is denoted by the argumeggubslis} as shown irR-52and2-53

IUPAC name: 5a-cholestane
XWTEX command: \cholestane{5A==H}

IUPAC name: 58-cholestane
XWTEX command: \cholestane{5B==H}

H 2-53

The cholestane structure as a parent hydride is used to draw a derR<&#with a double bond at the
side chain by specifying the optional argumémindlish. The Sx-configuration is specified by the argument
(subslis}. In a similar way, cholesteroR(55), the IUPAC name of which is cholest-5-eB-8l, is drawn by
using the optional argumeftiondlisy and the argumenrsubslis}.

IUPAC name:
(23E)-5a-cholest-23-ene [5,P-101-6.2]
XIMTEX command: \cholestane[@{Zd}]{5A==H}
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common nhame: cholesterol
IUPAC name: cholest-5-en-3-ol
XWTEX command; \cholestane[e]{3B==HO0}

2-55

A XIMTEX command such ascholestane for specific use can be regarded as a short-cut OfNTRK
command for general use or of a set of commands of lower level. This point will be discussed later in detail.
Note that the inpuf@{Zd}] contains an ad-hoc declaration @f,'which avoids an erroneous result during

the processinga

2.3.2 Replacement Operation

The replacement operation [5, P-13.2] involves the exchange of one group of atoms or single non-hydrogen
atom for another. Example 2.9 shows several examples by starting from the parent structures drawn by
the XIMTEX commands for general use (Fig. 2.3). Although the case of Example 2.9 is categorized to be
substitution operation in [IUPAC Provisional Recommendations 2004 [5], it is discussed here for the sake of
convenience.

Skeletal Replacement (‘a’) Nomenclature

Skeletal replacements of carbon atoms by O, S, N, Si, etc. produce organic compounds regarded as subsidiary
parent structures [5, P-13.2.1]. So-called replacement (‘a’) prefixes (e.g., oxa, thia, aza, sila, etc.) represent
the elements being introduced [5, P-15.4].

Example 2.11Let us draw silacyclohexan®-66). The XMTEX command\cyclohexanev for specific
use (ComSpec) is incapable of specifying skeletal replacements. Hence, we should usM@O@om—
mand\sixheterov or \sixheteroh for general use\(ComGen), where the argumeratomlis} is used to
accomplish the skeletal replacement.

<:>in IUPAC name: silacyclohexane
XIMTEX command: \sixheteroh{4==SiH$_{2}$}{}
2-56
The ‘a’ prefix ‘sila’ represents the replacement of the carbon atom for a silicon aom.

Example 2.12L et us next draw diethylene glycol dimethyl eth2¢g7), which is named ‘2,5,8-trioxanonane’
in terms of the IUPAC replacement procedure. We use IMTpEX command\nonamethylene for general
use {{ComGen), where the argumeriatomlisp is used to accomplish the skeletal replacement.

common name: diethylene glycol dimethyl ether
/O\AO/\/O\ IUPAC name: 2,5,8-trioxanonane

2-57 XWTQ( command: \nonamethylene{2==0;5==0;8==03}{}

The ‘a’ prefix ‘trioxa’ represents the replacement of three carbon atoms for oxygen atoms. For an educational
purpose, we are able to define a neWXgX command\nonane, which demonstrates more clearly the
correspondence between thBXEX command and the IUPAC name ‘2,5,8-trioxanonane’:

\let\nonane=\nonamethylene
\nonane{2==0;5==0;8==0}{}

This code typeset the same structural formul2-&3. o

Hantzsch-Widman Names

As shown in Example 2.9, heteromonocyclic parent hydrides are named in terms of the Hantzsch-Widman
system [5, P-22.2]. Following examples use tABHX command\ fiveheterov for general use, where
the argumengatomlisp is used to specify skeletal replacements.
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O
o) IUPAC name: 1,3-dioxolane
Xﬁ%ﬁ;(connnand: \fiveheterov{1==0;3==0}{}

S IUPAC name: 1,2-oxathiolane
o~ XIMTEX command: \fiveheterov{1==0;2==S}{}

2-59
NH
S‘ IUPAC name: 1,2,3-oxathiazolidine
o~ XIMTEX command: \fiveheterov{1==0;2==S;3==NH}{}
2-60

2.3.3 Additive Operation

The additive operation involves the addition of component parts without loss of original atoms or groups
[5, P-13.3].

Use of an Additive Prefix

One way of additive operations [5, P-13.3.1] is exemplified by the derivation of 1,2,3,4-tetrahydronaphthalene
from naphthalene, where the prefix ‘hydro’ means the addition of one hydrogen atom.

common name: tetraline
IUPAC name: 1,2,3,4-tetrahydronaphthalene

561 Xﬁwné(conwnand: \naphthalenev[fhk]{}

The command\naphthalenev[@]{} for specific use cancels all the preselected setting, when the vain
argument[@] (as{bondlisp) is declared. Hence, the resetting[dhk] is necessary to draw the left-hand
aromatic ring.

Because\tetralinev and \decalinev are equipped asITEX commands for special use, the
following codes depict the same structural formul2 &&l:

\tetralinev{}
\decalinev[fhk]{}

Use of an Additive Sufix

Another way of additive operations [5, P-13.3.2] is exemplified by the derivation of pyridinium from pyridine,
where the sffix ‘ium’ means the addition of oneH

H
+ IUPAC name: pyridinium
\ XIMTEX command: \pyridinev[{l+}ace]{1==H}
=
2-62

The designatiod 1+} in the optional argumerbondlisy prints out a plus charge. The designatiae] is
necessary to revive the double bonds of the pyridine ring.

If the bond between N—H is not desirable, theXXITEX command\sixheterov for general use can be
used as follows:
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H
N
/
2-63
IUPAC name: pyridinium
XWTEX command: \sixheterov[ace]{l==\upnobond{N\rlap{$"{+}$}}{H}}{}

H
The designatiomupnobond{N\rlap{$"{+}$}}{H} prints out the group N at the top vertex of the

hexagonal diagram.

2.3.4 Other Operations

Chapter P-1 of the IUPAC Provisional Recommendations 2004 [5] describes other operations, e.g., conjunc-
tive operation [5, P-13.5], multiplicative operation [5, P-13.6], and fusion operation [5, P-13.7]. The latter
two operations will be explained after naming methods of monovalent substituent groups are discussed.

2.4 Monovalent Substituent Groups and a (yl)-Function for the
Substitution Technique

Chapter P-2 of the IUPAC Provisional Recommendations 2004 [5] has discussed the general methodology
for naming substituent groups [5, P-29.2].

1. Interms of ‘specific method’ [5, P-29.2.1], thefBxes ‘yI', ‘ylidene’, and ‘ylidyne’ replace the ending
‘ane’ of the parent hydride name, e.g., ‘cyclohexane’ is converted into ‘cyclohexyl'.

2. Interms of ‘general method'’ [5, P-29.2.2], thei®u'yl’, ‘'ylidene’, or ‘ylidyne’ is added to the name of
the parent hydride with elision of the terminal letter ‘e’, e.g., ‘propane’ is converted into 'propan-2-yl’.

Such a monovalent substitution group is supplied to substitution of a hydrogen atom of a parent structure.
For example, cyclohexylbenzene corresponds to the following structural for@v6id:(

2-64

where a benzene ring is selected as a parent structure and the substituted cyclohexyl group is a monovalent
substitution group derived by the ‘specific method’ [5, P-29.2.1].

The XIMTEX commands of specific and general use suppgyl)afunctionin order to treat
both the specific method [5, P-29.2.1] and the general method [5, P-29.2.2] for generating
substituent groups.

For example, suppose that a (yl)-function is declared in the argugsenslisi of the command
\cyclohexaneh. Then, the original control point (0,0) of the drawing area assigned to the command
\cyclohexaneh is moved to the position designated by the (yl)-function, as shown in Fig. 2.4. The par-
ent structure2-65is drawn by inputting\cyclohexaneh{1==H}, where the hydrogen to be substituted in
terms of the ‘specific method’ [5, P-29.2.1] is designated explicitly. By declaring a (yl)-function as found
in \cyclohexaneh{1==(y1) }, the control point (0,0) is shifted onto the new vertex of locant number 1, as
designated by a red solid circle 2366.

Thereby, the resulting cyclohexyl group-66) is ready to occupy an appropriate position of a given parent
structure.

Example 2.13Let us draw the structural formula of cyclohexylbenze®&{). What you should do is to
include the code of the cyclohexyl grou-66) in the code of benzene as a parent structure. Thereby, we are
able to obtain the following structure:
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H IUPAC name: cyclohexane
XWTEX command: \cyclohexaneh{1==H}

2-65

IUPAC name: | XIMTEX command:
Y )

control point (0,0) IUPAC name: cyclohexyl
XIMTEX command: \cyclohexaneh{1==(y1)}

2-66

Figure 2.4. Substituent produced by a (yl)-function. The original control point ofITm'DEX command is shifted to a
new position to be attached.

IUPAC name: cyclohexylbenzene
XWTE)( command: \benzeneh{4==\cyclohexaneh{1==(y1)3}}
2-67(= 2-64)

The control point (0,0) o2-66is located at the endpoint of a single bond of a parent benzene.
A monovalent substituent group generated by a (yl)-function is used as a moiety of -ylidene along with a
moiety of -yl, as shown in the following example:

O

IUPAC name: 3-cyclohexylidenecyclohexanone
R XMEX command: \cyclohexanev{1D==0;
3D==\cyclohexanev{6==(yl)}}

2-68

Note that such a moiety @66 retains no valence bond on the vertex of the control point (0,0). Whether
a linking bond is single or double is determined by the absence or presence of a bond rbodifiee
argumengsubslis} of the parent structures

As shown in Example 2.13, the declaration of a substituent generated by a (yl)-functior sulistis}
of a parent structure is a versatile methodology for drawing a substitution derivative of the parent structure.

Substitution technique Hereafter, the methodology using tteubslis} of a parent structure is called
the substitution techniquéecause it mimics the substitutive operation of the IUPAC nomenclature (cf.
Subsection 2.3.1).

Example 2.14L et us draw the structural formula of cumene (IUPAC name: propan-2-ylbenzene). A propan-
2-yl moiety as a substituent group is generated by using a (yl) function TM&X command\1trigonal

for specific use, which draws a central atom with three substituents through bonds. One of the three sub-
stituents is a hydrogen to be replaced in accord with the ‘general method’ [5, P-29.2.2], so that the declaration
of a (yl)-function produces a propan-2-yl moiety as a substituent group:
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CHs

CHe—— (0,0) control point
CH3/ IUPAC name: propan-2-yl
XIMTEX command:
2-69 \ltrigonal{0==CH; 1==Cyl);2==CH$_{33}$;3==CHS$_{3}$}

This code is involved in the argumegstubslis} of \benzeneh for drawing a parent structure. Thereby, we
obtain the structural formula of cumene (IUPAC name: propan-2-ylbenzene).

CH;s common name: cumene
\CH IUPAC name: propan-2-ylbenzene
/ XIMTEX command:

\benzeneh{1==%
2-70 \1ltrigonal {0==CH; 1==(yl) ;2==CH$_{31}$;3==CH$_{3}$1}}

In order to write a succinct code, we can define a short-cut command:
\def\propanIIyl{\ltrigonal{0==CH;1==(yl);2==CH$_{3}$;3==CH$_{3}$3}}

Then, the new commancbropanIIyl is used in place of the original code due\tbtrigonal, so as to
give the same structure as70.

CHs

\CH common name: cumene

/ IUPAC name: propan-2-ylbenzene
CH;s

XWTE)( command: \benzeneh{l==\propanIIyl}
2-70

By using such a short-cut command\as-opanIIyl, the correspondence between the IUPAC name and the
XIMTEX command becomes traceable easily.

Example 2.15The general method [5, P-29.2.2] is applied to all mancude rings and ring systems (man-
cude: maximum number of non-cumulative double bond), as described in [5, P-29.3.4]. For example,
7-methylnaphthalen-2-yl is derived from 2-methylnaphthalene in term of the general method by declaring
a (y)-function in the argumenrsubslis} of the )ZﬁVITEX command\naphthalenev.
CHs .
(0,0) control point
IUPAC name: 7-methylnaphthalen-2-yl
XIMTEX command: \naphthalenev{2==(yl) ;7==CH$_{3}$}
2-71
Let us consider oxirane as a parent structure, which is drawn by using W@&=X command

\threeheterovi for general use. The above-mentioned code for drawing 7-methylnaphthalen-2-yl is in-

volved in the argumentsubslis} of \threeheterovi. Thereby, we obtain the structural formula to be
drawn:

Q
CH;s A\ IUPAC name: 2-(7-methylnaphthalen-2-yl)oxirane
XIMTEX command:
\threeheterovi{1==0}{%
3==\naphthalenev{2==(y1) ; 7==CH$_{33}$}}

2-72

Note that the locant numbers (1 to 3) of the commatkireeheterovi are fixed in a clockwise fashion by
starting from the top vertex of a triangle.

2.5 Fused Ring Systems and the Addition Technique
The fusion operation involves the union of two rings or ring systems so that atoms or atoms and bonds are

common to each. Spiro systems have one atom in common; fused ring systems have both atoms and bonds
in common [5, P-13.7]. More detailed descriptions on fused and bridged fused systems appear in [5, P-25].
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2.5.1 IUPAC Fusion Names

IUPAC fusion names are constructed in terms of the combination of a parent component with attached com-
ponents [5, P-25.3]. The parent component is selected by applying criteria of seniority [5, P-25.3.2.4], where
the name of the parent component is used as the stem of a fusion name. The names of attached components
are formed by replacing the last letter ‘e’ by ‘0’ in the name of the attached component.

As an example, let us construct an [IUPAC name for the structure represertetbbiye., H-pyrido[2,3-
d][1,2]oxazine. Because one of the criteria of seniority [5, P-25.3.2.4] is to select a component containing
the greater number of heteroatoms of any kind;B2-oxazine 2-73 is selected as a parent component,
which is characterized by locant numbers for the six vertices as well as by locant alphabets for six edges
(bonds). On the other hand, pyridine is selected as an attached component, which is also characterized by
locant numbers for the six vertices and by locant alphabets for six edges (bonds).

a f

. ‘2 5 Ring Fusion
" 5,5 (IUPAC)
c d
273 274 -
(6H-1,2-oxazine) (pyridine) (5H-pyrido[2,3-d][1,2]oxazine )

The ring fusion between the two rings occurs at thibond of the parent componeBt73 and at the
2,3-bond of the attached compon@a?4, so that the numbers and letters are enclosed in square brackets,
i.e., [2,34d], and placed immediately after the designation ‘pyrido’ of the attached component. Finally, an
indicated hydrogen atom, i.e.H5is added to the name, using a locant number characterizing the fused
system2-75 Thereby, we are able to obtain the IUPAC namid:f8yrido[2,3-d][1,2]oxazine.

XIMTEX commands for ring fusion mimic the above-mentioned methodology of constructing IUPAC
names for fused rings, except that locant alphabets are used to designate both the fusion positions of parent
components and attached components.

2.5.2 XIMTEX Commands for Ring Fusion

To treat fused ring systems, theNA, X system supports several commands for typesetting three- to six-
membered cyclic fusing units. They have the abstract syhtax:

\ComFuse [{bondlish] {(atomlish} {(subslis}} {(fuse}

where the command nam€omFuse corresponds to the name of units to be typeset. The newly-introduced
argumentfuse indicates the locant alphabet of a bond (edge) at which the fusion of the unit occurs.

Example 2.16Let us draw Bi-pyrido[2,3-d][1,2]oxazineZ-75), where the parent compone2i73is drawn
by using\sixheterov (as\ComGen), while the attached compone2{74is drawn by using\sixfusev (as
\ComFuse).

2-76 2-77
(6H-1,2-oxazine) (pyridine)
\sixheterov[bf]{5==0;6==N}{} \sixfusev[ace]{1==N}{}{}

These commands have the common locant numbers and alphabets, which are fixed as desigqi¥died in
and2-77. The locant alphabets are attached to edges by starting from the top vertex of the hexagon in a
clockwise fashion, where each edge is characterized by a lowercase alphabet, while the two endpoints of
each edge are characterized by a pair of lowercase and uppercase alphaketg\}i.th, B}, ..., or{f, F}.

bThis syntax is a simplified format, where optional arguments non-essential to the present discussions are omitted. The full form of
the syntax will be discussed in Chapter 4.
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The XMTEX command\sixfusev with the valuee or E for the argumentfuse results in the printing
2-78o0r 2-79. The declaration of the argumefitise results in the selection of a control position and in the
deletion of a skeletal bond, as shown in Fig. 2.5(a).

(a) Attached components produced\mi x fusev with the valuee or E

NS
IUPAC name: pyrido[2,3-?]
control point (0,0) — XIMTEX command: \sixfusev[ace]{1==N}{}{e}
2-78
N
control point (0,0)—-o/ N )
IUPAC name: pyrido[2,3-?]
_ XIMTEX command: \sixfusev[ace]{1==N}{}{E}

2-79

(b) Parent component produced Yyixheterov

IUPAC name: 61-1,2-oxazine (thel-double bond deleted)
N~ XIMTEX command:
\sixheterov[{f%
{b\redx{\circle*{50}}1}%
2.80 {B\bluex{\circle*{50}}1%

1{5==0;6==N}{}

Figure 2.5. Mechanism of ring fusion in theMTEX system. The correct fusion is accomplished by the superposition
of the red solid circle oR-780n the blue solid circle 02-80or by the superposition of the blue solid circle79on
the red solid circle o2-80.

The lowercase and uppercase alphabets of each pair correspond to the endpoints of the edge at issue (cf.
2-77). Their positions of the endpoints are selected as control points, each of which is designated by a red or
blue solid circle in2-780r 2-79,

On the other hand, thelMTEX command\sixheterov for general use prints out a red solid circle
in 2-80 by designating{b\redx{\circle*{503}1} in the optional argumentondlish, while it prints out
a blue solid circle by designatinfB\bluex{\circle*{503}}} in the optional argumentbondlist (Fig.

2.5(b)). Note that the locant alphabets are attached to edges by starting from the top vertex of the hexagon in
a clockwise fashion, as described above Ze7.6).

By keeping the above discussions in mind (Fig. 2.5), let us drawp¥rido[2,3-d][1,2]oxazine, where
we consider the ring fusion between ttidond of 64-1,2-oxazine 2-80, the d-double bond deleted) and
the 2,3-positions of pyridine ring2¢78 or 2-79). To realize a correct fusion for generating fpyrido[2,3-
d][1,2]oxazine, the\redx{\circle*{50}} of {b\redx{\circle*{50}}} can be replaced by the code
for generating2-79 or alternatively the\bluex{\circle*{503}} of {B\bluex{\circle*{503}}} can be
replaced by the code for generatig/8 The following formula is drawn by the combination 279 and
2-80(cf. {b\redx{\circle*{503}1}3}).

IUPAC name: Bi-pyrido[2,3-d][1,2]oxazine

XIMTEX command:

\sixheterov[f{b\sixfusev[ace] {1==N}{}{E}}]1{5==0;6==N}{}
(or\sixheterov[f{B\sixfusev[ace]{1==N}{}{e}}]1{5==0;6==N}{})

2-81(= 2-75)

The same compound &s81 can be alternatively drawn by using th&RgX command\decaheterov
for general use, which supports the drawing 6-6 fused ring systems.
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=
'TI ‘ o~ IUPAC name: Bi-pyrido[2,3-d][1,2]oxazine
_ XIMTEX command:
\decaheterov[achk] {1==N;6==0;7==N}{}
2-82(= 2-81)

Although this shortcut drawing does not mimic the IUPAC nomenclature in this case, there are many cases
in which such a shortcut drawirdpesmimic the IUPAC nomenclatures

As shown in Example 2.16, the declaration of a fusing component ikbitvedlish of a parent structure
is a versatile methodology for drawing a fused-ring derivative of the parent structure. The ring fusion of the
IUPAC nomenclature can be regarded as a kind of additive operation described in Subsection 2.3.3, because
the ring fusion is common to the additive operation in the fact that it is based on the addition to a skeletal
bond.

Addition technique: Hereafter, the methodology using tlleondlish of a parent structure is called
the addition techniquebecause it mimics the additive operation of the IUPAC nomenclature (cf.
Subsection 2.3.3).

A parent component can be fused with two or more attached components. Two representative examples
are shown below:

Example 2.17The structural formula of dipyrido[1,2-&;2’-c]pyrazine is drawn by the scheme»>6«6,
where the central six-membered pyrazine is attached by two pyridine rings.

‘ o IUPAC name: dipyrido[1,2-a’2l’-c]pyrazine
) XWMTEX command:
AN N \sixheterov[c%
‘ {a\sixfusev[ace]{4==\null}{}{D}}%
N_ = {e\sixfusev[ace]{3==\null}{}{B}}%
1{2==N;5==N}{}

2-83

Note that the locant set ‘1,2-a’ in the IUPAC name corresponds to the combination a—D in the argument
(bondlis}, while the locant set “21’-c’ corresponds to the combination e—B in the argungbonhdlisp. The
declaration of\null in each inner commangsixfusev assures an open space for a nitrogen atom, which
has been already drawn in the pyrazine ring by the outer comi@ixheterov.

The same compourt83can be alternatively drawn by usindecaheterov and\sixfusev as follows:

IUPAC name: dipyrido[1,2-a’2l’-c]pyrazine
XIMTEX command:

\decaheterov[cegi¥%
{a\sixfusev[ace]{4==\null}{}{D}}%
1{2==N; {4a}==N}{}

This construction is schematically represented by-666which is not directly linked to the [IUPAC name.

Example 2.18The structural formula of dibenzajjJantheraceneX-84) is drawn by the scheme-66-6-6—6
as follows:

IUPAC name: dibenz@jlantheracene
XIMTEX command:
\anthracenev[cfhlo%
{a\sixfusev[ace]{}{}{D}}%
{i\sixfusev[bdf]l{}{}{C3}1{}

2-84
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The parent component 6-6-6 is drawn by using tHeTEX command\anthracenev for specific use. Each
of the two attached components is drawn by using the fusion comiwindusev. O

The XMTEX system supports fivefusevi as a command\ComFuse) for drawing five-membered at-
tached components. The following examples show the construction of 5-6 and 5-5 fused ring systems by
using the commangfivefusevi. Note that\fivefusevi outputs the upward mirror image of the structure
drawn by\fivefusev.

Example 2.19The structural formula of cyclopenta[b]pyran is drawn by the schem8 &s shown below:

‘ IUPAC name: cyclopenta[b]pyran
N XIMTEX command:
\sixheterov[bd{e\fivefusevi[ad]{}{}{B}}]1{1==0}{}
2-85
The parent component ‘pyran’ is drawn bygixheterov, while the attached component is drawn by
\fivefusevi. O

Example 2.20The structural formula o2H,5H-[1,3]Joxathiolo[4,5€]pyrrole is drawn by the scheme-5
as shown below:

S
— W IUPAC name:2H,5H-[1,3]oxathiolo[4,5€]pyrrole
XIMTEX command:

HN —
\/ \fiveheterov[ac{b\fivefusevi[]{1==S;3==0}{}{d}}]1{5==HN}{}
2-86
The parent component ‘pyrrole’ is drawn Bfiveheterov, while the attached component is drawn by
\fivefusevi. O

2.6 Spiro Ring Systems and the Replacement Technique

If a spiro-ring system is regarded as a parent ring with an attached ring unit, the process of constructing such a
spiro-ring system resembles the skeletal replacement (‘a’) nomenclature described in Subsection 2.3.2. This
resemblance is a basis of the replacement technique.

2.6.1 IUPAC names of Spiro Ring Systems

A ‘spiro union’ is a linkage between two rings that consists of a single atom common to both rings [5, P-24.1].
A typical procedure for naming such a spiro ring system is the specification of both the rings accompanied
by a specification of a spiro union at issue [5, P-24.5].

Let us examine a spiro fusion for generating spiro[cyclohexaneiiigene] -89, in which a spiro
union is a linkage designated yand1’. The spiro ring system a2-89 is generated by combining the
indene component2(87) and the cyclohexane componeft&8), where the positiorl of 2-87 is super-
posed onto the positiohof 2-88to give the spiro union represented byl’, as shown in the IUPAC name:
spiro[cyclohexane-1;lindene].

g h i a d c
ﬁ Spiro Fusion
b + e b
o B
c
e d f a

2-87 2-88
(indene) (cyclohexane)

2-89
(spiro[cyclohexane-1;dindene])
XIMTEX commands for spiro ring fusion mimic the above-mentioned methodology of constructing IUPAC
names for spiro ring systems.
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2.6.2 (yh-Function Applied to Spiro Ring Fusion

A (yl)-Function has been described to draw a monovalent substituent group (Section 2.4), where the mono-
valent substituent group is contained in the argumenbslis} of a XIMTEX command for specific use
(\ComSpec) and for general use\ComGen). The same monovalent group can be used to construct a spiro
ring system, if it is contained in the argumeatomlisy of a XIMTEX command for general us&omGen).

Note that the monovalent group can be produced froniMTEX command for specific us&\¢omSpec) as

well as for general use\ComGen).

Example 2.21For example, the indene componet7) is drawn by using the commandlecaheterov

for general use, while the cyclohexane compongrmg) is drawn by applying a (yl)-function to the com-
mand\cyclohexanev for specific use. The resulting commakdyclohexanev with a (yl)-function is
contained in the argumeriatomlisy of for the command\decaheterov, where an atom locantl)] with

an atom modifierg), i.e., 1s, is used for specifying the cyclohexane component. Thereby, we obtain the
following structural formula to be draw2{90= 2-89).

IUPAC name: spiro[cyclohexane-1;thdene]

XIMTEX command:
\nonaheterovi[bdfh] {1s==\cyclohexanev{4==(yl)}}{}

2-90(= 2-89)

It should be noted that the spiro fusion is akin to the skeletal ‘a’ replacement described in Subsection 2.3.2,
where the use of th@atomlish corresponds to the skeletal specification of the ‘a’ replacenment.

Example 2.22Heterocyclic spiro compounds are named by skeletal replacement (‘a’) nomenclature in order
to specify the hetero atom at issue. For example, the name ‘6-oxaspiro[4.5]decane contains’ the prefix ‘oxa’.
In the XMT, X system, the prefix ‘oxa’ and the prefix ‘spiro’ can be treated in a parallel way according to the
replacement technique usidatomlisb.

@)
IUPAC name: 6-oxaspiro[4.5]decane
XIMTEX command:

.91 \sixheteroh{3==0;4s==\cyclopentanehi{l==Cy1)}}{}

Thus, the skeletal oxygen£=0) and the spiro component§==\cyclopentanehi{l==(y1)}}{}) show
such parallelism, because they are declared ifatmmlispy of \sixheteroh. O

As shown in Examples 2.21 and 2.22, the declaration of a spiro unit generated by a (yl)-function in
the (atomlish of a parent structure is a versatile methodology for drawing a spiro-ring derivative of the
parent structure. The spiro ring fusion of the IUPAC nomenclature can be regarded as a kind of replacement
operation described in Subsection 2.3.2, because the skeletal ‘a’ replacement is akin to the spiro fusion
described in Examples 2.21 and 2.22.

Replacement technique Hereafter, the methodology using ttaomlis of a parent structure is called
the replacement techniqubecause it mimics the replacement operation of the IUPAC nomenclature
(cf. Subsection 2.3.2).

2.7 Substitution Technique, Replacement Technique, and Addition
Technique

The above-mentioned features of the IUPAC nomenclature [5] provide us with important guidelines in de-
veloping the syntax for drawing structural formulas. As conclusive remarks of this chapter, we should recall
the three techniques supporting th&I¥gX system.
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1. (Substitution Technique Usingubslis}) Atoms and any substituents are attached to the positions of
a given parent skeleton through a bond. These processes are referred to as the IUPAC substitutive
operations, as described in Subsection 2.3.1, where character strings such as OH areld&idlared
in the (subslis} of a XIMTEX command. Moreover, substituents generated by (yl)-functions can be
declared insubslis} to be attached to the positions of the parent skeleton through a bond, as described
in Section 2.4. Such modes of derivation us{sgbslis} are calledhe substitution technique

2. (Replacement Technique Usiggtomlisy) Atoms and any substituents directly occupy the positions
of a given parent skeleton. These processes are referred to as the IUPAC replacement operations, as
described in Subsection 2.3.2, where character strings such as O, NH, arateS@eclared in the
(atomlisy of a XIMTEX command. Substituents generated by (yl)-functions can be also declared in
(atomlisp to be attached directly to the position of the parent skeleton, so as to exhibit spiro fusion
as described in Section 2.6.2. Such modes of derivation atagnlisy are calledthe replacement
technique

3. (Addition Technigue Usingbondlish) On the other hand, ring fusion described in Subsection 2.5.2 is
regarded as a kind of bond occupation, just as unsaturation is expressed by the addition (occupation) of
a line to a skeletal bond, e.g., C—€ C=C. These processes are referred to as the IUPAC additive op-
erations (Subsection 2.3.3), although the process & C-C is adopted in the IUPAC nomenclature,
strictly speaking. Such modes of derivation us{hgndlish are calledhe addition technique

It should be emphasized that the development of the three techniques gives a rational basis to the

installation of(subslis}, (atomlish, and(bondlis.
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Chapter 3

XYMTEX Commands for General Use: Syntax

In Subsection 2.2.2 (page 17), the simplified format of the commands for generatusédn) has been
discussed briefly. The full form of the syntax is discussed in this chapter, where the commands of this type
(stored in théhetarom package of theWTE>( system) are described in detalil.

3.1 Command Names and Syntax

XIMTEX commands for general use, which are representegiComGen in general, are designed to have a
variable set of skeletal heteroatoms. Their command names are selected in accord with parent structures to be
drawn (cf. Fig. 2.3), where they are based on commonly-used terms\(gigheterov for six-membered
cycles). Most user commands of\KTEX are suffixed with v’, ‘ vi’, ‘h’ and ‘hi’. The sufix ‘v’ means that
the command prints a structural formula of vertical form. Thfisih’ means that the command typesets
a structural formula of horizontal form. When alternative orientations are poss#EEX commands are
differentiated by an additional §ix ‘i’. Further additional sfiixes b’ and ‘t’ are used to specify six-to-six
fused rings. Note that the commakflourhetero has no stfix.

The list of XMTEX commands for general use is shown in Table 3.1, where all of optional arguments are
omitted. Several examples of structural formulas drawn by these commands are collected in Fig. 2.3, where
no optional arguments are declared.

Table 3.1.XYMTEX Commands for General Use (cf. Fig. 2.3),

vertical type horizontal type

\...v \...vi \...h \...hi

\threeheterov{}{} \threeheterovi{}{} \threeheteroh{}{} \threeheterohi{}{}
\fourhetero{}{}

\fiveheterov{}{} \fiveheterovi{}{} \fiveheteroh{}{} \fiveheterohi{}{}
\sixheterov{}{} \sixheterovi{}{} \sixheteroh{}{} \sixheterohi{}{}
\nonaheterov{}{} \nonaheterovi{}{} \nonaheteroh{}{} \nonaheterohi{}{}
\decaheterov{}{} \decaheterovi{}{} \decaheteroh{}{} \decaheterohi{}{}
\decaheterovb{}{} \decaheterovt{}{}

To show diferent outputs due to the ffixes v', ‘vi’, ‘h’, and ‘hi’, the command\sixheterov and
the related commands are used to draw hexagonal diagrams characterized by the respective sets of locant
numbers (for vertices) and of locant alphabets (for edges).
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b b
R
3-1 3-2 3-3 3-4

\sixheterov{}{} \sixheterovi{}{} \sixheteroh{}{} \sixheterohi{}{}

The locant numbers (alphabets)\afixheterov for vertical drawing 8-1) start from the top vertex and
are placed in a clockwise fashion, while the locant numbers (alphabéts)giieterovi for inverse vertical
drawing 3-2) start from the bottom vertex and are placed in an anti-clockwise fashion. On the other hand,
the locant numbers (alphabets)\afixheteroh for horizontal drawing §-3) start from the leftmost vertex
and are placed in a clockwise fashion, while the locant numbers (alphabatsjxifeterohi for inverse
horizontal drawing §-4) start from the rightmost vertex and are placed in an anti-clockwise fashion.

The syntax of aWTQ( command of general use (Table 3.1) is represented as follows, where the symbol
\ComGen is used to represent each command:

Syntax:
\ComGen ({skelbdlis}) [(bondlis}] {(atomlish} {(subslis}} [(delbdlish]

Arguments:

o (skelbdlis} for specifying modification of skeletal bonds (option),
e (bondlish for specifying unsaturation (option),

o (atomlish for specifying modification of skeletal atoms (required),
e (subslis} for specifying substituents (required), and

o (delbdlisp for specifying deleted bonds in a skeleton (option).

Compare this full syntax ofComGen with its simplified syntax shown on page 17, which has one optional
argumentbondlisy and two required argumengatomlisp and(subslis}.

3.2 Specification of Required Arguments

The specification of each argument in WXgXcommand is based on list-treating macros [1]. Thus, items
to be specified are listed sequentially with or without appropriate delimiters.

3.2.1 Substitution Lists(subslisf)
Construction of (subslisf)

The argumentsubsilis} lists substituents with bonds. The information on each substituent with a bond is
described by a character string, which is delimitated by a semicolon, as represented below:

{ (locNoy{bdmodifiep==(subsvalug; - - - }

Each character string consists{@cNo) (locant number){bdmodifie) (one or two characters as a bond
modifier), a double equality symbai£), and(subsvalug(substitution value). The total list of such character
strings with semicolons as delimiters constructs an argufseabslis}, which is surrounded by a pair of brace
to serve as a required argument of IXgX command.

For example, thésubslisy argument{1==C1;3D==0; . ..} means that position 1 takes a chlorine atom
(CI) through a single bond, position 3 takes an oxygen atom (O) through a double bond, and so on. Thus,
a character string before every semicolon represents a mode of substitution, where a locant number with a
bond modifier is separated from a substituent by means of a double equality syadolTthe following
example shows the output produced by specifyingubslis} argument ag1D==0;2Sa==C1;2Sb==C1}
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Table 3.2.Locant Numbering and Bond Modifiers fggsubslisy

Bond Modifiers Printed structures Ex.

norns exocyclic single bond at-atom 3-6, 3-7

nD exocyclic double bond at-atom 3-8

nA alpha single bond at-atom 3-9

nB beta single bond at-atom 3-10

nSa alpha (not specified) single bondraatom 3-11

nSh beta (not specified) single bondratitom 3-11

nSA alpha single bond at-atom (hashed line or hashed wedge) 3-12

nSB beta single bond at-atom (wedge or bold line) 3-12

nSd alpha single bond at-atom (hashed line or hashed wedge) with an 3-13
alternative direction taSA

nSu beta single bond at-atom (wedge or bold line) with an alternative 3-13
direction tonSB

nFA alpha single bond at-atom (hashed line or hashed wedge) for rin@-14,3-16
fusion

nFB beta single bond at-atom (wedge or bold line) for ring fusion 3-15 3-17

nGA alpha single bond at-atom (hashed line or hashed wedge) for the oth&¢15 3-17
ring fusion

nGB beta single bond at-atom (wedge or bold line) for the other ring fusior8-14, 3-16

nU single bond ah-atom with unidentified configuration (wavy bond) 3-18

nSuU alpha (not specified) single bond at-atom with unidentified 3-19
configuration (wavy bond)

nsv beta (not specified) single bond at-atom with unidentified  3-19
configuration (wavy bond)

nFU single bond ah-atom with unidentified configuration (wavy bond) for 3-20
ring fusion

nGU single bond an-atom with unidentified configuration (way bond) for 3-21

the other ring fusion

in the command\sixheterov, where the other required argumeatomlisp is vacant{}, while all the
remaining optional arguments are omitted.

o)
I
cl IUPAC name: 2,2-dichlorocyclohexanone

XIMTEX command: \sixheterov{}{1D==0;2Sa==C1;2Sb==C1}

3-5
Bond Modifiers

Each bond modifietbdmodifiey consists of one or two characters listed in Table 3.2, where the letter
represents a locant number and the remaining one or two characters represent a bond modifier. The diagrams
listed in Fig. 3.1 illustrate these bond modifiers by using a cyclohexane skeleton thiexte terov.

No specification of a bond modifier or a modifier ‘S’ outputs an exocyclic single bond 8e6@and3-7).
A modifier ‘D’ outputs an exocyclic double bond (e.8-8). When two substituents attach to a common
skeletal atom, they are characterized by bond modifiers ‘Sa’ and ‘Sb’IeL ).

When one substituent is selected to specify the configuration of a skeletal atom, it is characterized by a
bond modifier ‘A’ (e.g.,3-9) or ‘B’ (e.g., 3-10), which represents aw- or S-substitution.

When a pair of two substituents is selected to specify the configuration of a skeletal atom, it is charac-
terized by a pair bond modifiers ‘SA and ‘SB’ (e.8-12), which represents a@ andgs-substitution. The
reverse specificatiory vs. downwardupward) is possible by using bond modifiers ‘Sd’ and ‘Su’ (e.qg.,
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1 1S 1D
6 2 6 2S 6D 2D
N
=
5 3 5 3S 5D ‘ 3D
4 4S 4D
3-6 3-7 3-8

1Sd 1Su

4SB 4SA 4sd 4Su
3-12 3-13

1FBa_ .- 1GA

",
|

3-16 3-17
1Ssv 1suU
1FU 2FU 6GU .. 1GU
\?@i\ 6F 3FU 5GU 2GU
5FU "4FU 4G 3GU
4SV 4SU
3-18 3-19 3-20 3-21

Figure 3.1.Locant numbers and bond modifiers {subslisi. Examples drawn by the commakstixheterov.

3-13. Sucha (downward) bonds are expressed as hashed lines or hashed wedges according to a default
mode of the WTEX system. SuclB (upward) bonds are expressed as bold lines or wedges according to

a default of the XMTEX system. The default mode can be changed locallyanglobally. In particu-

lar, hashed lines (default in this manual) can be changed into hashed wedges by declaring the command



3.2. Specification of Required Arguments 35

\wedgehashedwedge. Compare the two diagrams ofyUs)-cyclohexane-1,4-diol shown belo-@2 and

3-23:
HO & A OH  JUPAC name: (%, 49)-cyclohexane-1,4-diol
H"\,. ./ ™ H XIMTEX command: (default mode)
\sixheteroh{}{1SB==HO; 1SA==H;4SB==0H;4SA==H}

3-22
HO oH IUPAC name: (%, 4s)-cyclohexane-1,4-diol
H oo “uy 14 XIMTEX command: (locally changed)
\wedgehashedwedge
3-23 \sixheteroh{}{1SB==HO; 1SA==H;4SB==0H;4SA==H}

For the purpose of designating substitution at such fused positions!¥figX system supports further
modifiers, ‘FA (e.g.,3-143-16), ‘FB’ (e.g., 3-15, 3-17), ‘GA (e.g., 3-15 3-17), and ‘GB’ (e.g.,3-14, 3-16).

Bonds with unidentified configuration are emphasized by using wavy bonds. Bond modifi€-13},(
‘SU’ (3-19), and 'SV’ (3-19 are supported to draw wavy bonds for the purpose of emphasizing unidentified
configuration. Fused positions with unidentified configuration are specified by bond modifiers3®20’ (
and ‘GU’ (3-21), which output wavy bonds.

Although the positions 9 and 10 of a 6-6 fused ring drawn by tAéT¥X command\decaheterov for
general use are fused positions, it is unnecessary to use a modifier ‘FU’ or ‘GU’, because each of the 9- and
10-positions is capable of accommodating only one definite substituent. For example, 9,10-difluorodecaline
with unidentified configuration is drawn by using the bond modifiers ‘B’ and ‘U’, as follows:

common name: 9,10-difluorodecaline
IUPAC name: 4a,8a-difluorodecahydronaphthalene
XIMTEX command: \decaheterov{}{{103}B==F;9U==F}

3-24

Note that modifiers such as ‘FA, ‘GA, ‘FB’, ‘GB', ‘FU’ and ‘GU’ are used in the cases that operations of
ring fusion are taken into consideration.

Values of(subsvalue

The substituent value assigned(smbsvalugis a substituent represented by a character (e.g., H, F, and O),
a character string (e.g., Cl, OH, and BHand a substituent component generated by a (yl)-function. A
predefined command for coloring (e.yredx, \bluex) can be used to the substituent coloring.

The structural formula of 2-cyclopentylidenecyclohexan-1,3-di@25j is drawn by\sixheterohi, in
which the(subsvalugvalues of the argumersubslis} are found to be two oxygens (carbonyl groups) as
well as a substituent component generated by applying a (yl)-functiofiteeheterohi. These substituent
values are colored by usingedx and\bluex.

O
IUPAC name: 2-cyclopentylidenecyclohexan-1,3-dione

— XIMTEX command:
\sixheterohi{}{1D==\bluex{\fiveheterohi{}{1==(y1)}};%
2D==\redx{0};6D==\redx{0}}

O

3-25

A substituent declared for the value ¢fubsvalug is output in a right-handed or left-handed manner
according to the substitution position specified by a locant number. If the substitution is represented by a
long character string, e.g., GBH,CH,CHjs for a butyl group, a default setting produces the right-handed
output in the position 1 of the commangixheterov, as shown by the formula-26. If a left-handed
output is desirable, théTgX command\11lap can be usedftectively, as shown by the formuB27.
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CH,CH,CH,CHs CH3CH,CH,CH,
3-26 3-27
\sixheterov{}{1==% \sixheterov{}{1==%

CH$_{2}$CH$_{2}$CH$_{2}$CHS_{3}$} \1lap{CH$_{3}$CH$_{2}$CHS$_{2}$}CHS_{2}$}

If such a long character string has a one-character union (e.g., an oxygen atom gEB{CHH,CHy),
its left-handed output can be embodied by usingTgX command\lmoiety. Moreover, such a code
asOCHS$_{23}$CHS_{2}$CHS_{23$CHS_{3}$ can be simplified intd ChemForm{0OCH_2CH_2CH_2CH_3} by
using the ¥MTEX command\ChemForm. The following structures show a default right-handed outB2g)
and the corresponding left-handed out@+20) due to\1lmoiety.

OCH,CH,CH,CH, CH,CH,CH,CH,0O
3-28 3-29
\sixheterov{}{1==% \sixheterov{}{1==\1moiety{%
\ChemForm{OCH_2CH_2CH_2CH_3}} \ChemForm{CH_3CH_2CH_2CH_20}}}

3.2.2 Atom Lists{atomlist)
Construction of (atomlist)

The argumentatomlisp lists skeletal atoms or spiro components aiming at spiro fusion. The information
on skeletal atoms etc. is described by a character string, which is delimitated by a semicolon, as represented
below:

{ (locNo)(spiromodifiej==(atomvalug; - - - }

Each character string consists ¢dcNo) (locant number) (spiromodifief (one character for a spiro
union), a double equality symbctf), and(atomvalué (atom value). The total list of such character strings
with semicolons as delimiters constructs an argunfatamlisp, which is surrounded by a pair of brace to
serve as a required argument of &/XgX command.

For example, théatomlisp argument{1==0;4==S; ...} means that the vertex of lacant number 1 is
occupied by an oxygen atom (O) after vertex truncation, the vertex of lacant number 4 is occupied by a sulfur
atom (S) after vertex truncation, and so on. Thus, a character string before every semicolon represents a mode
of skeletal replacement, where a locant number (with a spiro modifier if necessary) is separated from an atom
value by means of a double equality symbekj. The following example shows the output produced by
specifying aatomlisp argument ag1==0; 4==S} in the command sixheterov, where the other required
argumentsubslis} is vacant{}, while all the remaining optional arguments are omitted.

6 ! 2 IUPAC name: 1,4-thioxane
5 é 3 XWTEX command: \sixheterov{1==0;4==S}{}

3-30
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Spiro Modifiers and Values of(atomvalue) in the (atomlist)

The substituent value assigned(e@omvalué is a skeletal atom represented by a character (e.g., O and S),
a character string (e.g., NH), and a spiro component generated by a (yl)-function. Predefined commands for
coloring (e.g.\redx, \bluex) or for other purposes can be used to give coloring or other prinftiegts.

When a character or a character string contained in the argui®emilisy is concerned with a skeletal
atom, the(spiromodifie} is not required, i.en==(atomvalug, as exemplified ir8-30. The truncation of the
substitution vertices occurs to assure the spaces for outputting O and S.

If a character string (NH) is assigned @@omvalu¢ of \sixheteroh (i.e., \sixheteroh{4==NH}{}),
the letter N of the NH is typeset at the substitution vertex at issue. The truncation of the substitution vertex
occurs to assure the space for outputting the N (of the NH), as found in the structure of pip&i@ibe (

NH IUPAC name: piperidine
XIMTEX command:

\sixheteroh{4==NH}{}
3-31

A skeletal atom fogatomlisy may be given in the form of a control sequenceAlgX command). For
example, the structural formula of morpholiBe€2can be drawn in such a way as aligned vertically with no
vertical bond. The commandlownnobond{N} {H} is assigned t@atomlis) to output N

s 1o Common name: morpholine

5 3 IUPAC name: 1,4-oxazinane
ﬁ Xﬁ%ﬁ;(connnand: \sixheterov{1==0;4==\downnobond{N}{H}}{}
H

3-32
H
Because the reverse counterpart@bwnnobond{N} {H} is \upnobond{N}{H}, it is used to output N
where no vertical bond is depicted between N and H. The exaBif@is drawn by using the command
\sixheterovi, which is the reverse counterpart\agfixheterov.

H
N Common name: morpholine
s 43 IUPAC name: 1,4-0xazinane
6 2 Xﬁ%ﬁ;(connnand: \sixheterovi{1==0;4==\upnobond{N}{H}}{}

3-33

If a character string contained in the argumétbomlish is concerned with a spiro component generated
by a (yl)-function for aiming at spiro fusion, either

e aletter s’ (for a direct spiro union) or
e aletter h’ (for a non-carbon atom spiro union)

is selected as a value @piromodifiep, i.e.,ns==(atomvalué or nh==(atomvalug.

If such a spiro component attaches directly to a counterpart component, the spiro metli§iersed to
generate a correct spiro union, as showB-B4. On the other hand, if a spiro union consists of a non-carbon
atom (e.g., Si), the spiro modifieli”is used to generate a correct spiro union, as shova3a.

@)
IUPAC name: 2,5-dioxaspiro[4.5]decane
XIMTEX command:

]

3-34 \sixheteroh{4s==\fiveheterohi{2==0;5==0}{1==(y1)}}{}

S/i IUPAC name: 1-silaspiro[4.5]decane
\ XIMTEX command:

3-35 \sixheteroh{4h==\fiveheterohi{1==Si}{1==(y1)}}{}
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3.3 Specification of Optional Arguments

3.3.1 Bond Lists(bondlist)

The optional argumenbondlisy which is surrounded by a pair of square brackets lists the unsaturation of
skeletal bonds, if necessary. Each descriptor oftleadlis} is a locant alphabe&tocAlph), a pair of braces
containing a locant alphabet and a fusing yribcAlph){fuseuni}}, or a pair of braces containing a locant
number and & sign {{locNo){+ sign}. The specification ofbondlis} in a XYi\/ITEX command for general

use is conducted by the one-by-one declaration of such descriptors aligned sequentially:

(locAlphy) --- {{locAlph){fuseuni}} - -- {{locNo){+ sign} ---

The structural formul®-36 of naphthalene-12)-one is drawn by setting the argumebbndlish cegi
with a pair of square brackets in thé\KieX command\decaheterov for general use. Note that the locant
alphabetsq to k) are attached to the respective skeletal bonds, as shown in the f@B6la

IUPAC name: naphthalene-1¢2)-one
b XWTE)( command: \decaheterov[cegi]{}{1D==0}

3-36

The construction of fused ring systems has been briefly discussed in Section 2.5, where the mechanism of
the setting{(locAlph){fuseuni}} has been explained. The unit representedfbgeuni} is generated by a
cyclic fusing unit\ComFuse (e.g.,\fivefusev and\sixfusev), as shown in Subsection 2.5.2. The follow-
ing example3-37is drawn by a schemg— 6-6 «— 6, where dive-membered fusing undue to\fivefusev
and asix-membered fusing undue to\sixfusev are used in the settinf{locAlph){fuseuni}}. The two
modes of setting along with usual locant alphalaetghk are contained in the optional arguméhbndlisp
of the XMTEX command\decaheterov for general use.

IUPAC name: H-cyclopenta]phenanthrene

XIMTEX command:

\decaheterov[acfhk% (usual locant alphabets)
{a\fivefusev[b]{}{}{e}}% (5-membered fusing unit)
{c\sixfusev[bd]{}{}{F}}% (6-membered fusing unit)
1{3{}

3-37

Another setting{<locNo){+ sign} is used to draw a plus or minus charge on a skeletal hetero atom. For
example, the Nlunit of a quinolizinium ion 8-38) is drawn by settind 9+} along with usual locant alphabets
acegi in the optional argumerbondlish of the )ZQVITEX command\decaheterov for general use.

‘ ILYJJ\??C name: quinolizinium ion _
/+N _ XIMTEX command: \decaheterov[acegi{9+}]1{9==N}{}
3-38

3.3.2 Skeletal Bond Listgskelbdlist)

The optional argumeniskelbdlis} which is surrounded by a pair of parentheses lists skeletal bonds with
configurations. Each descriptor of tkekelbdlis} is a pair of braces containing a locant alphabet and a
descriptor of configuration (A for am bond or B for g3 bond), i.e.,{{locAlph)(AorB)}. The specification
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of (skelbdlist in a XIMTEX command for general use is conducted by the one-by-one declaration of such
descriptors aligned sequentially:

( {(locAlph)(AorB)} - - )

This declaration means that the skeletal bond specified by a locant alglad#dph) is changed into a
bold line wher{AorB) is B, or into a bold dashed line whéAorB) is B.

The 1,3-dioxane represented By39is alternatively regarded as the methylene acetal of pentane-2,4-
diol. Because pentane-2,4-diol has stereoisomers, the corresponding methylen8-aeasatiesirable to
be drawn as a structural formula with configurations. For this purpose, the optional argskedbtllis} is
used as follows:

CHgs CH;s ,
< common hame: pentane-2,4-diol methylene acetal
\/\l/ IUPAC name: 4,6-dimethyl-1,3-dioxane
o._© XIMTEX command:  \sixheterov({bB}{eA})%
3-39 {3==0;5==0}{2==CH$_3%;6==CHS$_3$}

3.3.3 Deleted Bond Listgdelbdlist)

The optional argumenrdelbdlisy which is surrounded by a pair of square brackets lists skeletal bonds to be
deleted, if necessary. Each descriptor of ¢thendlis} is a locant alphabelocAlph), which is declared in
(delbdlis in a one-by-one fashion:

({locAlph) ---

For example, (E,3Z,5E)-cyclodeca-1,3,5-trieng-40is drawn by the following code, where the last pair
of square bracketgk] indicates the deletion of the skeletal bond (fused bond) specified by the locant alphabet
k. For the locant alphabets gflecaheterov, see3-36.

IUPAC name: (1E,3Z,5E)-cyclodeca-1,3,5-triene
XWTEX command: \decaheterov[bdj]{}{}[k]

3-40

As a more complicated example HBE,9E)-cyclododeca-1,5,9-trien&{41) is drawn by the technique
of ring fusion (Section 2.5).

TN
‘ IUPAC name: (E,5E,9E)-cyclododeca-1,5,9-triene
XIMTEX command:
N \decaheterov[ae%
{j\sixfusev[e]{}{}{C}[d]}%
= 1{3{}[1jk]
3-41

The parent componer®-42 is generated by usingdecaheterov (as\ComGen), where three skeletal
bonds are deleted by specifyingk in the optional argumenidelbdlisy. On the other hand, the attached
component3-43is generated by usingsixfusev (as\ComFuse) where one skeletal bond is deleted by
specifyingd in the optional argumertlelbdlish. Note the bona is deleted because it is the position of ring
fusion, which is specified by the argumerfor (fuse of \sixfusev (as\ComFuse). Then, the combination
of 3-42and3-43produces the trieng-41to be drawn.
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d c
3-42 3-43
\decaheterov[ae]{}{}[ijk] \sixfusev[e]l{}{}{C}[d]

The bold line and bold dashed line 839 can be replaced by a wedge and a hashed wedges after bond
deletion by(delbdlisy. Thus, the setting die for (delbdlisp and the setting of the commands:

2s==\WedgeAsSubst(0,0) (0,-1){150} (wedged bond, slopéd,-1))
6s==\HashWedgeAsSubst(0,0) (0,-1){150} (hashed wedged bond, slope,-1))

in the argumentatomlish produce the structural formula represented3bd4. Note that such declarations

as2s==... andés==. .. in (atomlisy are rather dirty applications of the spiro fusion described on page 37.
CHs CHs common name: pentane-2,4-diol methylene acetal
IUPAC name: 4,6-dimthyl-1,3-dioxane
H XIMTEX command:
O\/O \sixheterov{3==0;5==0;%
2s==\WedgeAsSubst(0,0)(0,-1){150};%
3-44 6s==\HashWedgeAsSubst(0,0) (0,-1){1503}%

}{2==CH$_3$;6==CH$_3$}[bel%

A structural formula due to the default setting of the present manual (wedges and hashed ling€)5i.e.,
can be drawn by mixed usage of the techniques describe3i38and3-44

CH3 CHs common name: pentane-2,4-diol methylene acetal
\/\‘/ IUPAC name: 4,6-dimethyl-1,3-dioxane
6\/0 XIMTEX command:

\sixheterov({eA}) {3==0;5==0;%
2s==\WedgeAsSubst(0,0)(0,-1){150}%
3-45 }{2==CHS$_3$; 6==CHS$_38} [b]%

3.4 Details and Examples of ¥MTEX Command for General Use

3.4.1 Drawing Three-Membered Heterocycles

The XMTEX commands\threeheterov and \threeheterovi for general use, which are defined in
hetarom.sty for drawing three-membered heterocycles of vertical direction, have the following formats:

\threeheterov ({skelbdlis}) [{bondlish] {{atomlish} {(subslis}} [{delbdlis}]
\threeheterovi ({skelbdlis}) [{bondlish] {(atomlish} {(subslis}} [(delbdlish]

The horizontal counterpartsthreeheteroh and \threeheterohi for general use, which are also
defined inhetarom.sty for drawing three-membered heterocycles, have the following formats:

\threeheteroh({skelbdlis}) [(bondlish] {(atomlisd} {(subslis}} [(delbdlish]
\threeheterohi ({skelbdlis}) [(bondlish] {(atomlish} {(subslis}} [(delbdlish]

The required argumentsatomlish and (subslis} (cf. Section 3.2) as well as the optional arguments
(skelbdlisp, (bondlisy, and(delbdlisy (cf. Section 3.3) can be declared according to the general format
of \ComGen (page 32).

The locant numbers and the locant alphabets assigned to the structures depicted by these commands are
shown in Figs. 3.2 and 3.3. In each structural diagram, the original control point (0,0) of the drawing area
is shown by a red solid circle, and the beginning point of drawing is shown by a red open circle. Note
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that the XMTEX system is based on thé&TEX picture environment, where the unit length is changed into
\unitlength=0.1pt. Hence, the coordinate (4@40), for example, represents (40pt). The locant
numbers (1 to 3) and the locant alphabetsd(c) are also shown in the diagrams.

(a) Output of\threeheterov

3sh(l 2Shb(r)
0y 20 3Sa(l)— %24 23a(r)
\3;/ c\&/a
| ; /\ :
. 1(Ir) E(‘)‘OOO)'Z"'O) . 1Sb() 1Sa() 53000)1240)
(b) Output of\threeheterovi
1(In) 1Sb(l) 1Sa(r)
| \/
N oha
T2, o @o0za0) | o> 8 228l o1 (400,240
S0 207 50,0)' )| asng 25b(r) . Eo,O)’ )

Figure 3.2.XWTE>( commands for general use, which output three-membered heterocyclic rings of vertical type. Rep-
resentative declarations ¢gubslisy are shown, where the symbol (r) or (I) denotes a right-handed or left-handed in a
default setting. The symbol (Ir) outputs a right-handed substituent but permits a double-sided output.

(a) Output of\threeheteroh

3(n 3Sa(r)
\ 3sb()._] .
D110 o] 1 10
> )/Q/a ™ 1Sa(r)
/ o (200,240) | 2SP(7" | o1 (200,240)
o 201 «: (0,0) o 2520 «: (0,0)
(b) Output of\threeheterohi
3S
{3(r) c ;g%b(r)
1(I)—1/\ 1Sb(|)\1/‘ b
~g 1580 "y
\ . [o: (400,240) | _~2Sb(r) o1 (400,240)
. 20 |.: (0.0) . 25a() «:(0,0)

Figure 3.3. XTMTEX commands for general use, which output three-membered heterocyclic rings of horizontal type.
Representative declarations(gstibslis} are shown, where the symbol (r) or (I) denotes a right-handed or left-handed in
a default setting. The symbol (Ir) outputs a right-handed substituent but permits a double-sided output.

The argumengsubslis} describes each substituent with a locant number and a bond modifier, as described
in Subsection 3.2.1. Representative modes of outputting substituents are shown in Fig. 3.2. The remaining
modes (e.g., wedges and dashed lines) are common to those collected in Table 3.2 and Fig. 3.1. The hand-
edness for each oriented or double-sided position is shown with a character set in parentheses, i.e., (), (),
or (Ir). In accord with the default definitions of the macythreeheterov, the right-handed position (2)
is designed to take only a right-handed substituent, while the left-handed positions (3) is to take only a left-
handed substituent. Such positions (designated with the letter ‘r’ or ‘I') are referred to as ‘oriented’ positions
in this manual. In contrast, the bottom position of the cyclopropane ring (designated with the string ‘Ir’) can
accommodate a substituent of both handedness. It is referred to as a ‘double-sided’ position in this manual.
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Although the default definition is to put a right-handed moiety, a left-handed substituent can be printed by
means of the macrglmoiety.

According to Subsection 3.2.2, the argumétbmlish takes a usual format with respect to heteroatoms
attached ton = 1 to 3,e.g, 1==N for a nitrogen atom at 1-position.

The following examples indicate the declaration of the required argunigutbslis} and(atomlisp in the
commands for drawing three-membered heterocycles.

\threeheterov{l==\downnobond{N}{H}}{2Sa==COOCHS$_{3}$;2Sb==COOCH$_{33}$}
\threeheterov{1==0} {2Sa==CO0OH ; 2Sb==COOH}
\threeheterov{1==S}{3Sa==H$_{33}$C;3Sb==H$_{33}$C}

For the commanydownnobond, see the code for drawir®332 These codes produce the following structural
formulas:

COOCH, COOH  HeC

Vécoocrg VLCOOH chQv
H

3-46 3-47 3-48

The absolute configurations &) and R)-propylene oxide3-49and3-50) are drawn by declaring bond
modifiersSA andSB shown in Table 3.2.

3-49 3-50
(S-propylene oxide (R)-propylene oxide
\threeheterov{1==0} \threeheterov{1==0}

{2SA==CH$_{3}$;2SB==H} {2SB==CH$_{3}$;2SA==H}

Although the optional argumerbondlisy obeys the criterion described in Subsection 3.3.1, several
modes added tythreeheterov and\threeheterovi are collected in Table 3.3, along with the modes
of the criterion.

Table 3.3.Argument(bondlisy for commandsg threeheterov and\threeheterovi

Character Printed structure

none saturated

a 1,2-double bond

b 2,3-double bond

c 3,1-double bond

A aromatic circle

{n+} plus at the n-hetero atom &1l to 3)

n = 4 — outer plus at 1 position
n = 5 — outer plus at 2 position
n = 6 — outer plus at 3 position
{O+} plus at the center of a cyclopropane ring

Two expressions3-52 and3-53) of a cyclopropenium cation, which is generated by the attack of ShCl
on 3-51, are drawn by the declaration ¢1+} or {0+} in the(bondlisy of \threeheterovi.

Cl
A A foN
3-51 3-52 3-53

\threeheterovi% \threeheterovi% \threeheterovi%

[b1{}{1==Cl} [b{1+}1{}{} [A{O+}1{}{}
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3.4.2 Drawing Four-Membered Heterocycles

The XIMTEX command\ fourhetero is a command for general use, which is capable of giving skeletal
atoms as an atom ligatomlisy. This command is designed for drawing four-membered heterocycles by
using the following formathetarom.sty).

\fourhetero ({skelbdlis}) [(bondlisy] {(atomlish} {(subslis}} [(delbdlish]

Note that the sflixesv, vi, etc. are not attached because of the equality of the four directions. The
required argument&@tomlisy and(subslis} (cf. Section 3.2) as well as the optional argumestelbdlis},
(bondlisp, and({delbdlis} (cf. Section 3.3) can be declared according to the general form@befien (page
32).

The locant numbering and the setting of locant alphabets are shown Fig. 3.4. The handedness for each
oriented or double-sided position is shown with a character set in parentheses.

43h( 3Sb(r)
Ay 530 4Sa(lk)\4c3/38a(r)
d| |b
=2 1Sa(lk<1a228a(r)
1) 20 [o: (400,240) 1Sh(l 25h(r) o: (400,240)
e : (0,0 ® e: (0,0

Figure 3.4.XYMTEX command for general use, which outputs a four-membered heterocyclic ring of horizontal type. See
the caption of Fig. 3.2.

For general aspects dfondlisp, see Subsection 3.3.1. The optional argundeandlisp of \ fourhetero
is used for the bond specification shown in Table 3.4.

Table 3.4.Argument(bondlisy for Commandsg fourhetero and others

Character Printed structure Character Printed structure
none mother compound (fully saturated)

a 1,2-double bond b 2,3-double bond
c 3,4-double bond d 4,1-double bond
{n+} plus at then-nitrogen atomif = 1 to 4)

According to Subsection 3.2.2, the argumésbslis} takes a usual format with respect to heteroatoms
attached taon = 1 to 4,e.g, 1==N for a nitrogen atom at 1-position.

The argumengsubslis} describes each substituent with a locant number and a bond modifier, as described
in Subsection 3.2.1. Representative modes of outputting substituents are shown in Fig. 3.4. The remaining
modes are common to those collected in Table 3.2 and Fig. 3.1.

The required argumentsubslist and(atomlisp in the command for drawing four-membered heterocycles
are declared as shown below:

COOH COOH
’j DLCOOH ’—’LCOOH
H /N O o0—oO
3-54 3-55 3-56
which are generated by writing the following codes:

\fourhetero{1==N}{1==H}
\fourhetero{1==0}{3Sa==CO0H; 3Sbh==COOH}
\fourhetero{1==0;2==0}{3Sa==CO0H; 3Sb==COOH}
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The following example illustrates a combination of the addition technique, the substitution technique, and
the replacement technique.

Example 3.1The structural formula of cephalosporin &%7) can be drawn by inputting the following code:

\fourhetero[%

{b\sixfusev[c]{1==S;5==\null;%
3s==\pentamethylenei{3==0}{1==(yl) ;4D==0}}{4==COOH; 6GA==H}{e}}%
1{2==N}{1D==0;4Sd==H;%
4Su==\heptamethylenei{7==\downnobond{N}{H}}%

{7==(y1) ; 1W==HO; 1D==0; 2B==NH$_{21}$;6D==03}}

Thereby, we obtain

0 H
H NH"'._ E S
HO/\‘/WHI‘/
NH; 0 oF AN

COOH O
3-57(cephalosporin C)

The code for drawin@-57 is an application of the ring-fusion mechanism described in Section 2.5 (the
addition technique). As described in Subsection 3.3.1, the bon¢blisidlisy is capable of containing a
code of an attached component for ring fusion. The above code consists of a four-membeB8gagja
parent component and a six-membered Ba§9 as an attached component. The former is drawn by using
\fourhetero and the latter is drawn by usingixfusev.

O
H H, Y s
N i
HO/\‘/\/\/HTb i
NH, o) O/ N = \/O\/
COOH (@]
3-58(parent component) 3-59 (attached component)

\fourhetero[]% \sixfusev[c]{1==S;5==\null;%
{2==N}{1D==0;4Sd==H;% 3s==\pentamethylenei%
4Su==\heptamethylenei% {3==03}{1==(yl) ; 4D==0}1}%
{7==\downnobond{N}{H}}% {4==COO0H; 6GA==H}{e}

{7==(y1) ; 1W==HO; 1D==0;%
2B==NH$_{23}$;6D==0}}

The setting ofb in the (bondlisp of \fourhetero corresponds to the setting efin the (fuse of
\sixfusev, i.e., [{b...{e}}]. This correspondence is illustrated by the locant alphblmt3-58 and the
locant alphabet of 3-59

The side chain in the parent compone3vsg) is placed by the substitution technique, i.e., the declaration
of \heptamethylenei in the(subslis} of \fourhetero. On the other hand, the side chain in the attached
component3-59) is placed by the replacement technique, i.e., the declaratigpenftamethylenei in the
(atomlish of \sixfusev. O

3.4.3 Drawing Five-Membered Heterocycles

The XMTEX commands\fiveheterov and \fiveheterovi for general use, which are defined in
hetarom.sty for drawing five-membered heterocycles of vertical direction, have the following formats:

\fiveheterov ((skelbdlis}) [(bondlish] {(atomlish} {(subslis}} [(delbdlish]
\fiveheterovi ({skelbdlis}) [(bondlish] {(atomlish} {(subslis}} [(delbdlish]
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(a) Output of\fiveheterov

3sh(r)

4Sa(l)—4—>—3—3Sa(r)
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(b) Output of\ fiveheterovi

1Sh(l) 1Sa(r)

ssb) ./, ,2Sb(r)
SSa(IP)\S/ 1\2/—28a(r)

ssb(ly © /Zg\a \2sb(r) ~(400.240) 4sb( 3sb() : (400,240)
. 1sb() 1sa(n) " 00) . . (0.0)
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Figure 3.5.XIMTEX commands for general use, which output five-membered heterocyclic rings of vertical type. For the
meanings of the symbols, see the caption of Fig. 3.2.

(a) Output of\fiveheteroh

3sa(l)  2Sa(l
SSb(I)i(;)b | j%gb(r)

(b) Output of\ fiveheterohi

2Sa(lr)  3S
ZSb(I)i( ; )b g j&%b(r)

. a_1Sh(r) 1Sb(l)\gl/ .
L N 1Sa(r) 1Sa(l)~" e\
4— 5—4
4Sh(l d T™53p : 5Sh(l d [™4sb ;
. 4(8);(I‘r) S‘Sa(lr) © i §(2)400),400) . 5(S)g(l‘r) JlSa(r) K . 8400)'400)

Figure 3.6. XYMTEX commands for general use, which output five-membered heterocyclic rings of horizontal type. For
the meanings of the symbols, see the caption of Fig. 3.2.

Table 3.5.Argument(bondlish for commandg fiveheterov, \fiveheterovi, \fiveheteroh, and\fiveheterohi

Character Printed structuneCharacter Printed structure

a 1,2-double bond| A aromatic circle

b 2,3-double bond| {n+} plus at then-nitrogen atomt = 1 to 6)
c 4,3-double bond| {0+} plus (or minus) at the center

d 4,5-double bond

e 5,1-double bond

The horizontal counterpartfiveheteroh and\fiveheterohi for general use, which are also defined
in hetarom.sty for drawing five-membered heterocycles, have the following formats:

\fiveheteroh ({(skelbdlis}) [(bondlish] {{atomlish} {(subslis}} [(delbdlish]
\fiveheterohi ({skelbdlis}) [(bondlish] {(atomlisd} {(subslis}} [(delbdlish]

The required argumentsatomlish and (subslis} (cf. Section 3.2) as well as the optional arguments
(skelbdlisp, (bondlisy, and(delbdlisy (cf. Section 3.3) can be declared according to the general format
of \ComGen (page 32).

The locant numbers and the locant alphabets assigned to the structures depicted by these commands are
shown in Figs. 3.5 and 3.6, where the locant numbers (1 to 5) are attached to their vertices and the locant
alphabetsq to e) are attached to their edges.

The required argumen@atomlisy has been discussed in Subsection 3.2.2. A typical embodiment of
(atomlisy is a list of heteroatom®.g, 1==N for a nitrogen atom at 1-position.

The required argumersubslis} for these macros takes a general format, in which the bond modifiers
listed in Table 3.2 are used. The respective modes of output are collected in Fig. 3.1.

The option argumentbondlish is a character string in a pair of square brackets, where each character
indicates the presence of a double bond at the edge specified by the character (Table 3.5).

Examples of\fiveheterov:
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\fiveheterov{1==0}{2D==0;5D==0; 3==CH$_{3}$;4==CH$_{3}$}\qquad
\fiveheterov[b]{1==03}{}\qquad

\fiveheterov{2==0;5==0}{1D==0; 3B==CHS$_{23}$CH$_{3}$;4B==CHS$_{3}$}\qquad
\fiveheterov{2==S;5==S}{1Sa==SiMe$_{3}$;1Sb==Li}

produce
CHs CHs CHjs CH,CH;3
[ ] ) S
0 0 O S>(

0] Li SiMes

Examples of\fiveheterovi:

\fiveheterovi{1==03}{2D==0;5D==0; 3==CH$_{3}$;4==CH$_{3}$}\qquad
\fiveheterovi[b]{1==0}{}\qquad

\fiveheterovi{2==0;5==0}{1D==0; 3B==CH$_{2}$CHS$_{3}$;4B==CHS$_{3}$}\qquad
\fiveheterovi{2==S;5==S}{1Sa==SiMe$_{3}$;1Sb==Li}

produce
(H) Li SiMes
° © [ j o~ Mo s><s
‘
CHjs CH;s CHs” YCH,CHs

Examples of\fiveheteroh:

\fiveheteroh{1==0}{2D==0;5D==0; 3==CH$_{3}$;4==CHS$_{3}$}\quad
\fiveheteroh[b]{1==03}{}\quad
\fiveheteroh{2==0;5==0}{1D==0; 3B==CH$_{2} $CHS_{33}$; 4B==CH$_{3}$}\quad
\fiveheteroh{2==S;5==S}{1Sa==SiMe$_{3}$;1Sb==Li}

produce

CHs o) CH,CHs

— o S .
%o 33 J:O>o [S>< ;'iMes
CHs

—

CHs @)
Examples of\fiveheterohi:

\fiveheterohi{1==0}{2D==0; 5D==0;3==CH$_{31}9$;4==CH$_{3}$}\qquad
\fiveheterohi[b]{1==03}{}\qquad

\fiveheterohi{2==0;5==03}{1D==0; 3B==CH$_{2}$CHS$_{3}$;4B==CH$_{3}$}\qquad
\fiveheterohi{2==S;5==S}{1Sa==Me$_{3}$Si;1Sb==Li}

produce the following structures:
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CH;3 CH,CH;3

o)

O% OF O<O Me I;i ><S]
— p- o\ s

)

CHs CHs

Example 3.2According to the ring-fusion mechanism described in Section 2.5, the bongdistlis} is

capable of containing a code of an attached component for ring fusion, as described in Subsection 3.3.1. For
example, the structural formula oH3pyrrolizine (3-60) can be drawn in terms of the scheme5 shown

below:

Z\ IUPAC name: 3H-pyrrolizine
b | D(d) ‘ XWTEX command: \fiveheterovi[ce%
{b\fivefusevi[b]{5==\null}{}{D}}%
3-60 1{2==N}{}

The code for drawing-60 consists of a five-membered ring (drawn Y§iveheterovi) as a parent
component and a five-membered ring (drawnfliyefusevi) as an attached component. The setting of
b in the (bondlish of \fiveheterov corresponds to the setting dfin the (fuse) of \fivefusevi, i.e.,
[{b...{D}}1, whereD is set in place of the locant alphakkto select the alternative endpoint of the bond
(edge) as a fusion union.

The left five-membered ring of the resultinglJyrrolizine 3-60) can be used as a parent structure for
further ring fusion in order to draw the structural formuBg1) of 1H[1,4]oxazino[3,4,5cd]pyrrolizine
[2, P-25.3.3.2.1].

IUPAC name: HJ[1,4]oxazino[3,4,5ed]pyrrolizine

XIMTEX command:

\fiveheterovi[ce%
{b\fivefusevi[b]{5==\null}{}{D}}%
{a\sixfusev[b]{1==03}{}{D}[c]}% (added)
1{2==N}{}

3-61

The code based on the commays xfusev is added to the thébondlish of \fiveheterovi, where the
setting ofa in the (bondlish of \ fiveheterovi corresponds to the setting bin the (fuse) of \sixfusev,
i.e,[{a...{D}}]1. O

3.4.4 Drawing Six-Membered Heterocycles

The XIMTEX commands\sixheterov and \sixheterovi for general use, which are defined in
hetarom.sty for drawing six-membered heterocycles of vertical direction, have the following formats:

\sixheterov({skelbdlis}) [(bondlish] {(atomlish} {(subslis}} [(delbdlish]
\sixheterovi ({skelbdlis}) [(bondlish] {{atomlish} {(subslis}} [(delbdlish]

The horizontal counterparigixheteroh and\sixheterohi for general use, which are also defined in
hetarom.sty for drawing six-membered heterocycles, have the following formats:

\sixheteroh ({skelbdlis}) [(bondlis}] {(atomlish} {(subslis}} [{delbdlis}]
\sixheterohi ((skelbdlis}) [(bondlish] {(atomlish} {(subslis}} [(delbdlish]

The required argument&@tomlisy and (subslis} (cf. Section 3.2) as well as the optional arguments
(skelbdlis}, (bondlisy, and(delbdlisy (cf. Section 3.3) can be declared according to the general format
of \ComGen (page 32).
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(a) Output of\sixheterov (b) Output of\sixheterovi
1Sba) 1sa(r) 4de) 4Sa(r)
6Sb(), | / /28b(n) 5Sb(), | / /38b(n)
6Sa ayfa//\\z 2Sa(r) 5Sa ayfs//\\s 3sa(n)
SSa(Iks\ /3b 3Sa(r) GSa(Ikﬁ\ ‘ i —2Sa(r)
ssby ¢ X \asb) ssb(y ¢ K¢ \ZSbU)
. 4sb() 4sa() fgg%3240) . 1sb() 1sa() fgg%3240)

Figure 3.7. XYMTEX commands for general use, which output six-membered heterocyclic rings of vertical type. For the
meanings of the symbols, see the caption of Fig. 3.2.

(a) Output of\sixheteroh (b) Output of\sixheterohi
2Sa(lr) 3Sa 3Sa(l) 2Sa
2Sba>\ﬂ0b \//égbﬂ) 3Sba;\ﬂ0b \//ggb«)
1Sb0y\\/ ¢ _ 4Sb(r) 4Sbay\ﬁ/ a_ 1Shb(r)
1suo/}\ F . asa(n) 4san/?{ - 15a()
GSbGT/\ e [ ™5sb(n) o+ (240,400) 5Sbay/\ = [™6sb() 57 (240,400)

e 6Sa(lr) 5Sa(lr) e D5Sa(lr) 6Sa(lr)

«: (0,0 *: (0,0)

Figure 3.8.XYMTEX commands for general use, which output six-membered heterocyclic rings of horizontal type. For
the meanings of the symbols, see the caption of Fig. 3.2.

Table 3.6.Argument(bondlisy for commandg sixheterov, \sixheterovi, \sixheteroh, and and sixheterohi

Character Printed structure  Character Printed structure

a 1,2-double bond| r mancude-ring system (right-handed)
b 2,3-double bond| | mancude-ring system (left-handed)
c 4,3-double bond noneorHor[] fully saturated form

d 4,5-double bond| A aromatic circle

e 5,6-double bond| {n+} plus at then-hetero atomr{= 1 to 6)

f 6,1-double bond

The locant numbers and the locant alphabets assigned to the structures depicted by these commands are
shown in Figs. 3.7 and 3.8. The locant numbers (1 to 6) and the locant alphabetf) @re also shown in
the diagrams.

The required argumenatomlisy has been discussed in Subsection 3.2.2. A typical embodiment of
(atomlisy is a list of heteroatom®.g, 1==N for a nitrogen atom at 1-position. It should be emphasized that,
in order to typeset a heteroatom at a given position, the edges incident to the heteroatom are automatically
truncated to put space for printing the heteroatom.

The required argumergsubslis} for each of theseMTQ( commands takes a general format, in which
the bond modifiers listed in Table 3.2 are used. The respective modes of output are collected in Fig. 3.1.

The optional argumenrbondlis) is an character string in a pair of square brackets, where each character
indicates the presence of a double bond at the edge specified by the character. The bond-specification is rather
arbitrary in some cases but conforms to chemical conventions as faithfully as possible if such conventions
are presence (Table 3.6). The default prints a fully saturated form and an option argumnérdan be used
to prints out a mancude-ring system.

Examples forsixheterov:

\sixheterov{1==0}{2D==0;6D==0;3==CH$_{3}$;5==CH$_{3}$3}\qquad
\sixheterov[b]{1==0}{}\qquad
\sixheterov{3==0;5==0}{4D==0; 6B==ICH$_{2}$;2B==CH$_{3}$}\qquad
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\sixheterov{3==S;5==S}{4Sa==SiMe$_{3}$;4Sb==Li}

produce
@) 0] ICH; CHs m
o) S
CHs CHs O Y

0] Li SiMes

Examples forsixheterovi:

\sixheterovi{1==0}{2D==0;6D==0; 3==CH$_{3}$; 5==CH$_{3}$}\qquad
\sixheterovi[b]{1==0}{3}\qquad
\sixheterovi{3==0;5==0}{4D==0;6B==ICH$_{2}$;2B==CH$_{33}$}\qquad
\sixheterovi{3==S;5==S}{4Sa==SiMe$_{31}$;4Sb==Li}
produce

O Li SiMe3

CHs CHs o o . Xs

0 0 |(:H2)\/kc:H3 v

Examples fosixheteroh:

\sixheteroh{1==03}{2D==0;6D==0;3==CH$_{33}$;5==CH$_{33}$}\quad
\sixheteroh[b]{1==0}{}\quad

\sixheteroh{3==0;5==0}{4D==0; 6B==CH$_{23}$I;2B==CH$_{3}$}\quad
\sixheteroh{3==S;5==S}{4Sa==SiMe$_{3}$;4Sb==Li}

produce

Examples forsixheterohi:

\sixheterohi{1==0}{2D==0;6D==0;3==CH$_{3}$;5==CH$_{3}$}\qquad
\sixheterohi[b]{1==03}{}\qquad

\sixheterohi{3==0;5==0}{4D==0; 6B==ICH$_{2}$;2B==CH$_{33}$}\qquad
\sixheterohi{3==S;5==S}{4Sa==Me$_{3}$Si;4Sb==Li}

produce
CHs O CHjs

S RGOSR

CHs 0] ICH>

49
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The commands\sixheterov and \sixheterovi can yield the equivalent results if the modes of
numbering are altered atomlisy and(subslis}. For example, the following two statements

\sixheterov{4==S}{1D==0} \qquad
\sixheterovi{1==S}{4D==0}

produce the same structure as follows.
ﬁ O

J U

However, the latter is preferred to the former because the numbering of the ring atoms conforms to the
chemical nomenclature. This is the reason why we have made such macros of inverse type.

Example 3.3The command,pyridinev (or \pyridinevi) places a nitrogen atom on a fixed position of a
pyridine ring. For printing a nitrogen atom on another position, the comrRaigheterov should be used
as shown in the following examples of drawindgfdient formulas of pyridine N-oxide.

\pyridinevi[r{1+}]1{1==0$"{-}$} \qquad
\sixheterov[r{2+}]1{2==N}{2==0%$"{-}$} \qquad
\sixheterov[r{3+}]1{3==N}{3==0$"{-}$} \qquad
\pyridinev[r{1+}]{1==0$"{-}$}

o
o |
= | = N7 = = |
N \ S N o X
|

o

A charge on an inner nitrogen can be alternatively typeset by putting a charged atonqatothésy of
the\sixhetrov command.

\sixheterov[r]{4==N$_{+}$}{4==0$"{-}$} \qquad
\sixheterov[1]{2==N$_{+}$}{2==0$"{-}$} \qquad
\sixheterov[A]{3==N$"{+}$}{3==0$"{-3$3} \qquad
\sixheterov[ace]{1==N$"{+}$}{1==0$"{-}$}

= ‘ \\\Nf/o_ <:::> ‘ i\
N P NI o P

+

o

Note that thgbondlisy of \sixheterov is capable of takingr], [1], or [A].O

3.4.5 Drawing Heterocycles with Fused Six-to-Five-Membered Rings

The XmﬁﬁgK commands\nonaheterov and \nonaheterovi for general use, which are defined in
hetarom.sty for drawing 6-5 fused heterocycles of vertical direction, have the following formats:
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(a) Output of\nonaheterov
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(b) Output of\nonaheterovi

43b()) 4Sa(r) 7Sb(|) 1 1Sa(n)
5Sh(l 3Sh(r) 6Sh(l /9 2Sh(r)
5Sa (IFS/ 5 3--3sa(n) 6Sa (IF)\G/ ! hg/\l/ 2/ 23a(r)
GSa(Ike\ /9]\ ‘b —2Sa(r) 58a(|k5\ /8] 3138a(r)
6sb(ly’ /5\ K /\ 25h(r) 5sh(ly © 6\"2‘3 3Sh(r)
. 7Sb() 7 1 1Sa(r) |°: (400,240) . 4sb(l) 4sa(r o (400,240)
e: (0,0) e: (0,0)

Figure 3.9. XIMTEX commands for general use, which output 6-5 fused heterocyclic rings of vertical type. For the
meanings of the symbols, see the caption of Fig. 3.2.

(a) Output of\nonaheteroh

(b) Output of\nonaheterohi

3Sa(ln) 2Sa 2Sa(ln) 3Sa
38b(|)i( \r)b | /ggb(r) ZSb(I)i( \r)b | /ggb(r)
N a_1Sh(r) 1Sb(l)~ o/ i
i ™ 1Sa(r) 1Sa(l)i\
8—8—g—9 9—9—8—
4sb(y 9/ h _ 7Sb(r) 7Sb()"/ d _ 4Sb(r)
asa(ly” e‘{ | 7Sa(r) 7sa(y” 97\ . asa()

5Sb(ly” \ " \\GSb )

6Sb(ry” \ " | S5Sb(r)

5Sa(lr) 6Sa(lr) o: (400,800)
° : (0,0 ®

6Sa(lr) 5Sa(r) o: (400,800)

«: (0,0)

Figure 3.10.XIMTEX commands for general use, which output 6-5 fused heterocyclic rings of horizontal type. For the
meanings of the symbols, see the caption of Fig. 3.2.

\nonaheterov ((skelbdlis}) [(bondlish] {(atomlish} {(subslis}} [(delbdlish]
\nonaheterovi ({skelbdlis}) [(bondlish] {(atomlish} {(subslis}} [(delbdlish]

The horizontal counterpartgionaheteroh and\nonaheterohi for general use, which are also defined
in hetarom.sty for drawing 6-5 fused heterocycles, have the following formats:

\nonaheteroh ({skelbdlis}) [(bondlish] {(atomlish} {(subslis}} [(delbdlish]
\nonaheterohi ({skelbdlis}) [(bondlish] {(atomlisd} {(subslis}} [(delbdlish]

The required argument@atomlish and (subslis} (cf. Section 3.2) as well as the optional arguments
(skelbdlisp, (bondlisp, and(delbdlisp (cf. Section 3.3) can be declared according to the general format
of \ComGen (page 32).

The locant numbers and the locant alphabets assigned to the structures depicted by these commands are
shown in Figs. 3.9 and 3.10. The locant numbers (1 to 9) and the locant alprab®e§y are also shown in
the diagrams.

The required argumeratomlisy has been discussed in Subsection 3.2.2. It takes a usual format with
respect to heteroatoms attachedhte 1 to 7,e.g, 1==N for a nitrogen atom at 1-position. Hetero atoms
at 3a- and 7a-positions are represented as to bel8dor 8==N) for a nitrogen at 3a-position, Z&N (or

==N) for at a nitrogen at 7a-position, and so on.

The required argumerisubslis} for each of these ITEX commands takes a general format except that
the locant numbers 3a and 7a are replaced by 8 and 9. The bond modifiers listed in Table 3.2 are used.
The respective modes of output are collected in Fig. 3.1. The handedness for each oriented or double-sided
position is shown with a character set (r or I) in parentheses.



52 3. XMTEX Commands for General Use: Syntax

Table 3.7.Argument(bondlisp for commandgnonaheterov, \nonaheterovi, \nonaheteroh, and\nonaheterohi

Character Printed structure | Character Printed structure
noneorHor[] fully saturated forn

a 1,2-double bond b 2,3-double bond
c 3,3a-double bond | d 4,3a-double bond
e 4,5-double bond f 5,6-double bond
g 6,7-double bond h 7,7a-double bond
i 1,7a-double bond | j 3a,4a-double bond
r right-handed mancude ring (six-membered ring)

A aromatic circle (six-membered ring)

B aromatic circle (five-membered ring)

{n+} plus at then-hetero atomr{= 1 to 9)

The optional argumerbondlish specifies edges with a double bond (Table 3.7).
Examples foAnonaheterov:

\nonaheterov[bjg]{1==N;3==N;5==N; 7==N}{1==H; 5==H; 4D==0}
\nonaheterov[bjge] {1==N;5==N;7==N1}%

{1==H;3==C$_{63}$H$_{53}$;4==NHCH$_{3}$}
\nonaheterov[bjge] {1==S;2==N}{3==C1}

produce the following structures:
NHCHs

O
H\N H N N CgHs Cl
SelCuidw]
H H

Examples foAnonaheterovi:

\nonaheterovi[bjg] {1==N;3==N;5==N;7==N}{1==H; 5==H;4D==0}

\nonaheterovi[bjge] {1==N;5==N;7==N}%
{1==H;3==C$_{63}$HS_{5}%;4==NHCHS_{3}$}

\nonaheterovi[bjge] {1==S;2==N}{3==C1}

produce the following structures:

N o
H/N H N\ CeHs Cl
(@) NHCH;

Examples foAnonaheteroh:

\nonaheteroh[bjg] {1==N;3==N; 5==N; 7==N}{1==H; 5==H; 4D==0}

\nonaheteroh[bjge] {1==N;5==N;7==N}%
{1==H;3==C$_{63}$HS_{5}%;4==NHCHS_{3}%}

\nonaheteroh[bjge] {1=="S;2==N}{3==Cl1}

produce the following structures:



3.4. Details and Examples off {TEX Command for General Use 53

CeHs Cl

Note that the position of a sulfur atom in the last structure is adjusted by inpLiiats in place of1==S.
The width of the letter ‘N’ is calculated to be 7.22pt by inputtifigsetbox®=\hbox{N} \the\wd0}, while
the width of the letter ‘S’ is calculated to be 5.56pt by inputtingetbox®=\hbox{S} \the\wd®}. The
adjusted input™S’ has the width of 8.06pt, which is compatible to the width of ‘N’.

Examples foAnonaheterohi:

\nonaheterohi[bjg] {1==N;3==N;5==N;7==N}{1==H; 5==H;4D==0}

\nonaheterohi[bjge] {1==N;5==N;7==N}%
{1==H;3==C$_{63}$HS_{5}%;4==NHCHS_{3}%}

\nonaheterohi[bjge]{1==S";2==N}{3==C1}

produce the following structures:

CeHs Cl
H—N H—N S
N\\;N —0 N\\;’\{>—NHCH3

Note that the position of a sulfur atom in the last structure is adjusted by inpl##gj in place of1==S.

Example 3.4A configuration at a bridgehead position can be designated by a bond modifier, which is de-
clared in the(subslist of the \nonahetrovi command. As exemplified by the structural formgl&2 of
loganin, the bond modifieB in the setting of8B==H;9B==H (cf. Table 3.2) produceg-hydrogens at the
bridgehead positions &-62

glucoses-O CH;3

common name: loganin

XIMTEX command:

\nonaheterovi[e] {6==03}%

{1B==CHS$_{3}%;2B==0H;4==CO0CHS$_{3}%;%
H 7B==\1moiety{glucose-$\beta$-03};

COOCH; 8B==H; 9B==H}

3-62

In the structure3-62 the B-glucose moiety colored in red is represented by a character string
“glucoseg-0O”, which is generated by\lmoiety{glucose-$\beta$-0}, where\lmoiety produces a
left-handed output of the character string.

In order to print out th@-glucose moiety 08-62in the form of a full structural formula, a (yl)-function for
\sixheterov is combined with th& 1yl command, as found in a red-colored part of tATR=Xcommand
in the right-hand side of the formug63
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CH,OH

common name: loganin

XIMTEX command:

\nonaheterovi[e] {6==0}%
{1B==CHS$_{3}9$;2B==0H;4==COOCHS$_{33}%$;%
7B==\1y1(8==0) {3==\sixheterov{2==0}%
{3==(yl);1B==CH$_{23}$0H; 3GA==H;%
4A==\1moiety{HO}; 5B==HO;6A==H0}};%
8B==H; 9B==H}

COOCH;
3-63

The the red-colored part is declared in ttsibslis} of the command\nonaheterovi according to the
substitution techniquea

Example 3.5The structure3-64 of N-formylsaccharin as a new formylating agent [3] is drawn below by
using\nonaheterov.

9 -
common name: N-formylsaccharin
XIMTEX command:
/N\ /O \nonaheterov[r]{1h==%
S C .
/ \ | \dtrigonal{1==(yl) ;0==S;2D==0;3D==0};%
o o 2==N}{3D==0;2==%
\Utrigonal{3==(yl);0==C;2D==0; 1==H}}
3-64

In the (atomlisy of \nonaheterov, the code due tddtrigonal is declared to output the SOnoiety
according to the replacement technique. In{ggbslis} of \nonaheterov, on the other hand, the code due
to \Utrigonal is declared to output the formyl moiety (&D)H) according to the substitution technique.
The declaration of in the (bondlisy of \nonaheterov aims at outputting a right-handed mancude-ring
system (an aromatic six-membered ring) according to TableB.7.

3.4.6 Drawing Heterocycles with Fused Six-to-Six-Membered Rings

The XMTEX commands\decaheterov and \decaheterovi for general use, which are defined in
hetarom.sty for drawing 6-6 fused heterocycles of vertical direction, have the following formats:

\decaheterov ({skelbdlisy) [(bondlish] {(atomlisd} {(subslis}} [{delbdlis}]
\decaheterovi ({skelbdlis}) [{bondlish] {{atomlish} {(subslis}} [{delbdlis}]

The horizontal counterpartglecaheteroh and\decaheterohi for general use, which are also defined
in hetarom.sty for drawing 6-6 fused heterocycles, have the following formats:

\decaheteroh ((skelbdlis}) [(bondlish] {(atomlish} {(subslis}} [(delbdlish]
\decaheterohi ({skelbdlis}) [{bondlish] {(atomlisd} {(subslis}} [(delbdlish]

The diagonal counterpartglecaheterovb and\decaheterovt for general use, which are also defined
in hetarom.sty for drawing 6-6 fused heterocycles, have the following formats:

\decaheterovb ((skelbdlisp) [(bondlish] {(atomlish} {(subslis}} [(delbdlis}]
\decaheterovt ({skelbdlis}) [(bondlish] {(atomlish} {(subslis}} [(delbdlish]
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The required argument@atomlish and (subslis} (cf. Section 3.2) as well as the optional arguments
(skelbdlisp, (bondlisp, and(delbdlisp (cf. Section 3.3) can be declared according to the general format
of \ComGen (page 32).

The locant numbers and the locant alphabets assigned to the structures depicted by these commands are
shown in Figs. 3.11-3.13. The locant numbers (1 to 10) and the locant alphabeis) @re also shown in
the diagrams.

(a) Output of\decaheterov (b) Output of\decaheterovi
Sa(r) Sh(l) Sa(r) Sh(l)
88b(l) 8 1 1Sa(r) SSb(I) 5 4 4Sa(r)
7Sb(i) /2Sh(n) 6Sb() /3Sb(n)
7Sa(IF7/ 8 V 1 2‘ 2Sa(r) 6Sa (IFG/ 5 E/ 4 3‘, 3sa(r)
K b K
GSa(I%G\5 /9\ /3 3Sa(r) 7Sa(|k 8 /IJ_‘OI\ 2= 25a(r)

N—
N—

esb(y X °g /\ \3sb(p) 7sby’ " X' 0 N> \2sh(
5Sb() 5 4 4sa() | (400240) | “gepi) 8 1 1sa@ |°F (400.240)
sa(r) Sh() *: (0.0) sa(r) Sh() *:(0,0)

Figure 3.11.XIMTEX commands for general use, which output 6-6 fused heterocyclic rings of vertical type. For the
meanings of the symbols, see the caption of Fig. 3.2.

(a) Output of\decaheteroh (b) Output of\decaheterohi
Ir
25b2(§3(\ ), B0y 3Sb‘°z§'i‘\ ), %80
1Sb(l)~_ / c _ 4Sh(r) 4Sh(l)~_ / ¢ _ 1Shb(r)
1Sa(|)1€ J:\ OL /i; 4Sa(r) 4Sa(l)/ J\ /d\ 1Sa(r)
88b(l)\ﬁ X - 53b(r) 5Sh(l / SSb(r)
SSa(I)/hi 7 : N 5Sa(r) SSa(I))> \ \ 8sa(r)
7Sh(y” \ B | >S6Sb(r) 6Sh(ly” \ O | \7Sb(r)
7Sa(lr)  6Sa(r) o: (400,800) 6Sa(lr) 7Sa(r) o: (400,800)
° : (0,0) ° ¢: (0,0

Figure 3.12.XIMTEX commands for general use, which output 6-6 fused heterocyclic rings of horizontal type. For the
meanings of the symbols, see the caption of Fig. 3.2.

(a) Output of\decaheterovb (b) Output of\decaheterovt
7Sb(l) 7Sa(r) 2Sb(l) 2Sa(r)
6Sb(N o/, /8Sb() 1Sb(), Y, /3550
GSa(IFG/ ~g/ 85a(r) 1Sa(l ‘1 ?‘, 3sa(r)
i 10
5Sa(|%5\ 180 1918b() 8Sb(X™ 0. A445a0)
5Sb(y’ fdg/ 1‘:1$a(r) 88a(lk ‘ \4Sb(r)
45;(;%)/4\ / —2Sa(r) 7Sa(l77 6 5\ 5Sa(r)
OEVAN \2shb(r) _ 7sbly. ¢ X" \ssb( _
. 3sb() 3sa( ° 8500)'240) . 6Sh(l) 65a() ° Egooc;,240)

Figure 3.13.XWTE>( commands for general use, which output 6-6 fused heterocyclic rings of diagonal type. For the
meanings of the symbols, see the caption of Fig. 3.2.

The required argumeratomlisy has been discussed in Subsection 3.2.2. It takes a usual format with
respect to heteroatoms attachechte 1 to 8, e.g, 1==N for a nitrogen atom at 1-position. A hetero-atom
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Table 3.8. Argument(bondlisy for commands\decaheterov, \decaheterovi, \decaheteroh, \decaheterohi
\decaheterovb, and\decaheterovt

Character Printed structure | Character Printed structure
none or [H] or[] fully saturated form

a 1,2-double bond b 2,3-double bond
c 4,3-double bond d 4,4a-double bond
e 4a,5-double bond | f 5,6-double bond
g 6,7-double bond h 7,8-double bond

i 8,8a-double bond | j 1,8a-double bond
k 4a,8a-double bond

r mancude-ring system (right-handed)

A aromatic circle in the left ring

B aromatic circle in the right ring

{n+} plus at then-nitrogen atomm = 1 to 10)

on the 4a-position is designated to4we==N or 9==N; and a hetero-atom on the 8a-position is given as to be
8a==Nor {{10}}==N.

The required argumerisubslis} for each of these ITEX commands takes a general format except that
the locant numbers 4a and 8a are replaced by 9 and 10. The bond modifiers listed in Table 3.2 are used.
The respective modes of output are collected in Fig. 3.1. The handedness for each oriented or double-sided
position is shown with a character set (r or I) in parentheses.

Each character in the optional arguménondlish specifies an inner (endocyclic) double bond as shown
in Table 3.8.

Examples of\decaheterov:

\decaheterov{7==0} {6D==0;9A==H; {{10}A}==CH=CHS$_{23}$}
\decaheterov{5==0}{9==0H; {{10}}==0H}

\decaheterov[ch] {1==0}{9A==\1moiety{HOC\rlap{H$_{2}$}};{{10}A}==H;%
4==CHS$_{319$;7==H$_{3}3C}

produce the following structures:

CH=CH;, OH
HsC

Examples of\decaheterovi:

\decaheterovi{7==0}{6D==0;9A==H; {{10}A}==CH=CHS$_{2}$}
\decaheterovi{5==0}{9==0H; {{10}}==0H}

\decaheterovi[ch] {1==0} {9A==\1moiety{HOC\rlap{H$_{2}$3}3}; {{10}A}==H;%
4==CH$_{31}$;7==H$_{333$C}

produce the following structures:

OH

OH
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Examples of\decaheteroh

\decaheteroh{7==0}{6D==0;9A==H; {{10}A}==CH$_{2}$=CH}
\decaheteroh{5==0}{9==0H; {{10} }==HO}
\decaheteroh[ch] {1==03}{9A==CH$_{23}$O0H; {{10}A}==H;%
4==CH$_{3}$;7==CH$_{33}$}

produce the following structures:

HO OH

CHs

Examples of\decaheterohi:

\decaheterohi{7==0}{6D==0;9A==H; {{10}A}==CH=CHS$_{2}$}
\decaheterohi{5==0}{9==H0; {{10}}==0H}

\decaheterohi[ch] {1==0}{9A==\1moiety{HOCHS$_{2}$}; {{10}A}==H;%
4==CH$_{3}$;7==CHS$_{33$}

produce the following structures:

CHs

Examples foAdecaheterovb:

\decaheterovb{7==0} {6D==0;9A==H; {{10}A}==CH=CHS$_{2}$}
\decaheterovb{5==0}{9==H0; {{10}}==0H}
\decaheterovb[ch]{1==0}{9A==HOCH$_{2}$; {{10}A}==H;%
4==CH$_{3}$;7==CH$_{33}3$}

produce the following structures:

OH

Examples fondecaheterovt:

57
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\decaheterovt{7==0}{6D==0;9A==H; {{10}A}==CHS$_{2} $=CH}
\decaheterovt{5==0}{9==0H; {{10}}==HO}
\decaheterovt[ch] {1==0}{9A==CHS$_{23}$0H; {{10}A}==H;%
4==CH$_{3}$;7==CH$_{33}$}

produce the following structures:

HO

OH

CHs

3.5 Enhanced Functions of Commands for General Use

This section is devoted to additional examples for explaining enhanced functiodsmf%ommands for
general use, which mainly stem from the optional arguments added to the expanded forniskeila)isp
and(delbdlis}.

3.5.1 Simplified Format vs. Expanded Format

As found in the comparison between the simplified syntax o¥MT¥X command of general use (Subsec-
tion 2.2.2 on page 17) and its expanded format (Section 3.1 on page 32), we add a top optional argument
(skelbdlisp to treat stereochemical information (Subsection 3.3.2) as well as an end optional argument
(delbdlisp to treat a bond-deleted skeleton (Subsection 3.3.3).

The argumentskelbdlis} contains pairs of two alphabets in braces, where each pair consists of a bond
specifier (a lowercase letter) and an uppercase letter (A or B). The letter A represerftoamward) bond,
while B represents A4 (upward) bond. For example, dskelbdlisy, ({aA}{cB}), represents that bond™
is ana bond in a dotted form and that bond is a8 bond in a boldfaced form. The argumedelbdlis} is
a list of bond specifiers, each of which designates a bond to be deleted. As a matter of (sketbd]isp
and(delbdlish take ho common bond specifiers.

3.5.2 Boldfaced and Dotted Bonds

The following example shows that theixheterov command takeg{eB}) as an optiona{skelbdlis},
which typesets a boldfaced bond atin the resulting tetrahydropyran ring.

\sixheterov({eB}){6==0}{1D==0;2A==\null ;4A==\null;%
==\tetramethylenei{}{1W==HO; 1D==0;2B==\null; 3B==0H;4B==\null;4==(yl1)}}

3-65

This is an example of the substitution technique (cf. Section 2.7), in which the side-chain is based on
\tetramethylenei written in the(subslis} of the outeA sixheterov command.

The almost same structural formula can alternatively drawn by means of the replacement technique (cf.
Section 2.7), in which thébondlish of the \sixheterov command is used for specifying the side-chain.
Thus, the code,
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\sixheterov({eB}){6==0;%
5s==\pentamethylenei{}{1W==HO; 1D==0; 2B==\null; 3B==0H;4B==\null; 5==(y1) }%
}{1D==0;2A==\null ;4A==\null}

generates the following formula:

3-66

Compare betweeB-65and3-66with focusing on the lengths of the exocyclic bonds at the locant number
5. Then we find that the bond length 8f65is shorter than that 3-66. The bond length 08-65 due to
the substitution technique is assigned to a bond linking a skeletal position with a substituent. Note that the
chain moiety generated Bytetramethylenei is regarded as a substituent attached to the skeletal position
5. On the other hand, the bond length3s66 due to the replacement technique is assigned to a skeletal bond
contained in the chain drawn Bpentamethylenei.

Example 3.6To clarify the diference between the substitution technique and the addition technique, we
examine further examples in which theixheterov command takes an optiongkelbdlist. The following

two examples show the comparison between the substitution and the replacement technique, giving formulas
of chemically equivalence with slightly fierent bond lengths.

The substitution technique:

\def\thickLineWidth{3pt}
\sixheterov({bA}{eB}){3==0;5==0}{1A==Me;4Sa==\null;4Sb==\null;%
6==\hexamethylene{}{1W==MeS; 1==Cl; 3B==0Me ; 4B==Me; 5A==0Ac; 6A==Me; 6==(y1) };
2==\hexamethylenei[bd] {}{1==(yl) ; 1B==Me; 5==CO0Me}}

Me Me Me me COOMe

Cl OMe OAc O>(é

Note that the declaration aflef\thickLineWidth{3pt} changes the thickness of a bold bond (as well as
the thickness of a dashed bond) into 3pt.

Me

The replacement technique:

\def\thickLineWidth{3pt}

\sixheterov({bA}{eB}){3==0;5==0;%
6s==\heptamethylene{} {1W==MeS; 1==Cl; 3B==0Me ; 4B==Me ; 5A==0Ac; 6A==Me; 7==(yl1) };
2s==\heptamethylene[ce]{}{1==(yl) ; 2B==Me; 6==CO0Me}%

}{1A==Me;4Sa==\null ;4Sb==\null}

Me l\_/Ie

Cl OMe OAc o><é

I\_/Ie Me COOMe

Me

= =
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Compare again betwe&a67 (due to the substitution technique) aBw#8(due to the replacement technique)
with focusing on the lengths of the exocyclic bonds at the locant nuthed6. For a further modification,
see Example 3.151

Example 3.7The following structure shows the use(gkelbdlis} in drawing a spiro ring.

\sixheterov[be]{%
1s==\fiveheterov({aA}{eB}) {4==N1}%
{4==PhCH$_{23}$0C0; 3SB==H; 3SA==COOCH$_{23}$Ph; 5D==0; 1==(y1) }%

}{4D==0}
H
PhCHOC
e 4 COOCHPh

For a further modification of the skeletal bonds, see Example 8116.

3.5.3 Bond Deletion

The (delbdlisy argument of each command for general use is used to draw a large ring. The following
example is a simple case in which one bond is deleted:
\decaheterov{9==0}{4D==0;8D==0; 5==CH$_{3}$} [k]

O

CHs O
3-70

The absence and presence of ¢helbdlisy argument give dierent formulas as follows.

\decaheterov[{k\threefuseh{}{}{b}}1{}{}
\decaheterov[{k\threefuseh{}{}{b}}1{}{3}[k]

3-71 3-72

Example 3.8Acenaphthylene3-73) is drawn by the technique of ring fusion (Section 2.5), which has been
once applied to the drawirgs41 The present cas73uses\fiveusev in place of\sixfusev for drawing
3-41

' IUPAC name: acenaphthylene
XIMTEX command:
\decaheterov[r%

{j\fivefusev[c]{}{}{a}[e]}%
{3}

3-73
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Compare3-73with 3-41under focusing your attention on deleted skeletal bonds.

Example 3.91-Oxa-4,8,11-triazacyclotetradeca-3,5,5,9,11,13-hexaene [2, P25.2.2.1.2] is also drawn by the

technique of ring fusion (Section 2.5) in accord with the scheme-&;6vhere\decaheterov is combined
with \sixfusev.

IUPAC name: 1-oxa-4,8,11-triazacyclotetradeca-
N X 3,5,5,9,11,13-hexaene
‘ XIMTEX command:

NM P \decaheterov[acegi%
3.74 N {b\sixfusev[c]{1==0;4==N}{}{E}}%

1{5==N; 8==N}{} [bk]

The(delbdlish of \decaheterov is declared to b&bk], which deletes skeletal bonds at the fused positions
S0 as to generate a peri-cyclic 14-membered ring.

Example 3.10A complicated case contains a ring fusion as follows. First, the code
\decaheterov[cegi] {2==\null}{6==Me0;8==0Me; 1D==0}[b]

generates the following formula:

MeO
3-75

where [b] indicates the deletion of bond”and 2==\null indicates the truncation of the positiGn A
similar mechanism is also available in a fusing unitixfusev. The code,

\sixfusev{6==0}{3}{E}[b]

generates a formula:

e(E) b

o -
\/
3-76

where bond ¢’ is deleted by means of thduse argument E) and bond b’ is deleted by means of the
(delbdlish argumentk). Finally, we obtain the structural formuBa77 of zearalenone:

\decaheterov[cegi¥%
{b\sixfusev[%
{b\sixfusev{}{3D==0}{E}}%
1{6==0}{}{E}[b]}%
1{2==\null%

}{6==Me0; 8==0Me; 1D==0}[b]

OMe

MeO = @)

3-77

where two ring-fusion processes by the commasikk fusev are involved in a nested fashion (the blue and
red componentsia
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Example 3.11Intermediates for steroid synthesis via intermolecular cycloadditiorsafinodimethane
derivatives (Kametani, et all. Org. Chem.1980,45, 2204; Grieco, et alJ. Org. Chem.1980,45, 2247)
can be drawn by the bond deletion\afecaheterov and\nonaheterov.

\decaheterov({jA}{dB}){%
2s==\fourhetero[{b\sixfusev[ace]{}{2==0Me}{e}}]1%
{H1==(yD }%

}{6B==H0;9A==H;{10}B==\null; 1D==\null}[a]

.
o
o
K

HO

3-78

\nonaheterov({dA}{hB}){%
6s==\fourhetero[%

{d\sixfusev[bdf] {}{5==Me0}{b}}1%

{3 {3=0GD 1%

}{3B==0H; 8B==\null; 7D==\null;9A==H}[g]

g
MeO X ‘

3-79

Each 6-4 fused ring i8-78 or 3-79is constructed by the addition technique and then attached to a 6-6
fused ring (with bond deletion) in a spiro fusion (due to the replacement technimue).

Example 3.12A remarkable merit of using a skeleton with deleted bonds appears in drawing a starting
compound with an acyclic part along with the resulting product via cyclization, since their codes are akin to
each other.

\decaheterov[{4+}%

{c\fivefusevi[e] {5==\null}{4D==0}{E}}%
1{4==N}{1D==\null;9B==H; {10}B==H}[ab]
\hskip2cm

\decaheterov[%
{c\fivefusevi{5==\null}{4D==0}{E}}%
1{4==N}{1B==0CHO;9B==H; {10}B==H; 3FA==H}

3-80 3-81

The latter compound was obtained by the cyclization of the former (D. J. Hart, 6t Aim. Chem. Soc.
1980,102 397).0

Example 3.13Some polymethylene chains are drawn in a folded form. The bond-deletion technique can be
applied to drawing such folded formulas.
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\sixheterov{%
3s==\fiveheterovi{1==0;4==0}{5==(y1) };%
6s==\dimethylenei{}{1D==\null;2==(y1)};%
5s==\trimethylenei{}{1W==Et0; 1D==0;3==(y1) }%
H3 el

Note that the omission ofe]’ from the last part of the code results in the revival of a spiro ring.

Example 3.14The following formula, which is an intermediate for synthesizing steroid skeletons, can also
been drawn by this technique.

\decaheterov[k%
{f\fivefusevi{2==\null;5==0}{}{A}}%
{a\sixfusev[d%

{b\fivefusevi[d%

{a\sixfusev{%
3s==\trimethyleneila]l{}{1==(y1);2==\null}%
}{6==\null}{D}[c]}%

1{3{3{D}}%

1{}{3G==\null1}{D} [c]}%
1{5==0}{{10}Sb==\null;2G==\null}[ej]

3-83

If the bond deletion is not considered, the code is based on a nested ring fusion, which is represented
schematically by 5 6-6 — 6 «— 5« 6.0

3.5.4 Combination of Bond Deletion with the Replacement Technique

The outputs of Examples 3.6 and 3.16 can be refined so as to avoid simultaneous appearance of a bold bond
and a wedged bond.

Example 3.15The bold line and bold dashed line 68 can be replaced by a wedge and a hashed wedges
after bond deletion bydelbdlisp, just as3-39is redrawn to give3-44 by using \WedgeAsSubst and
\HashWedgeAsSubst. Hence, the code for drawir®}68 (Example 3.6) is rewritten as follows:

\wedgehashedwedge

\sixheterov{3==0;5==0;%
6s==\heptamethylene{}{1W==MeS; 1==Cl; 3B==0Me ; 4B==Me ; 5A==0Ac; 6A==Me; 7==(y1) };
2s==\heptamethylene[ce]{}{1==(yl) ; 2B==Me; 6==C00Me} ;%
6s==\WedgeAsSubst(0,0)(0,-1){150};%

2s==\HashWedgeAsSubst(0,0) (0,-1){150}%

}{1A==Me;4Sa==\null ;4Sb==\null} [be]
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Thereby, we obtain the following structural formula, where the commatedgehashedwedge is declared
to change the default setting.

Me COOMe

= =

Cl OMe OAc o>(6

3-84
Thus, the bold skeletal bond 8f68is replaced by the wedge bond3r84. o

Example 3.16Along a similar line 3-69 (Example 3.7) is converted in®85 where the bold line and bold
dashed line o8-69are replaced by a wedge and a hashed wedges after bond deletieitiylisy.
\wedgehashedwedge

\sixheterov[be]{%

1s==\WedgeAsSubst(0,0) (-3,2){160};%

1s==\HashWedgeAsSubst(0,0)(3,2){160};%

1s==\fiveheterov{4==N}%
{4==PhCHS$_{2}$0C0; 3SB==H; 3SA==COOCH$_{23}$Ph; 5D==0; 1==Cy1) } [ael%

}{4D==0}

H
PhCHOC
N «uCOOCHPh

/J ‘\\\°

o

!
3-85

Note that\WedgeAsSubst, \HashiedgeAsSubst, and\fiveheterov are declared in théatomlisy of the
command\sixheterov. This means that they are based on the replacement techmque.
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Chapter 4

Fusing Units: Syntax

In Subsection 2.5.2 (page 25), the simplified format of the commands for ring fugiomKuse) has
been discussed briefly. The full form of the syntax is discussed in this chapter, where the commands of this
type (stored in théusering package) are described in detail.

4.1 Command Names and Syntax

Xﬁ\/ITEX commands for ring fusion, which are represented\fygmFuse in general, are designed to have a
variable set of skeletal heteroatoms. Their command names are selected in accord with parent structures to
be drawn, where they are based on commonly-used terms\gigfusev for a six-membered fusing unit).

The commands of ring fusion arefiiMed with ‘v, ‘vi’, “h' and ‘hi’, just as the %\/ITEX commands for

general use are fliked with with 'v’, ‘vi’, “h* and ‘hi’.

Table 4.1.XYMTEX Commands for Ring Fusion

vertical type horizontal type
\...v \...vi \...h \...hi
\threefusev{}{}{} \threefusevi{}{}{} \threefuseh{}{}{} \threefusehi{}{}{}
\fourfuse{}{}{}

\fivefusev{}{}{} \fivefusevi{}{}{} \fivefuseh{}{}{} \fivefusehi{}{}{}
\sixfusev{}{}{} \sixfusevi{}{}{} \sixfuseh{}{}{} \sixfusehi{}{}{}

To show diferent outputs due to the ffixes V', ‘vi’, ‘h’, and ‘hi’, the command\sixfusev and the
related commands are used to draw hexagonal diagdatnd-4, which are characterized by the respective
sets of locant numbers (for vertices) and of locant alphabets (for edges). Note that the locant aipiabet *
declared in the argumerfuse (see below) to delete the bonal !

f a d c b b
1 4 a 2 3\c c/3 2 a
. 6 2 b . 5 3 b 1 4 4 1
5 4 3 6 1 f\6 5/d d\5 6 /f
d c f a e e
4-1 4-2 4-3 4-4

\sixfusev{}{}{a} \sixfusevi{}{}{a} \sixfuseh{}{}{a} \sixfusehi{}{}{a}

The modes of numbering for fusing units are based on those of IM§EX commands (e.g.,
\sixheterov) for general use described in Chapter 3. Thus, the locant numbers (alphabetsxffisev
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for vertical drawing 4-1) start from the top vertex and are placed in a clockwise fashion, while the locant
numbers (alphabets) akixfusevi for inverse vertical drawingd(2) start from the bottom vertex and are
placed in an anti-clockwise fashion. On the other hand, the locant numbers (alphabetsxfifseh for
horizontal drawing4-3) start from the leftmost vertex and are placed in a clockwise fashion, while the locant
numbers (alphabets) §bixfusehi for inverse horizontal drawingl¢4) start from the rightmost vertex and
are placed in an anti-clockwise fashion.

The syntax of aWTEX command of ring fusion (Table 4.1) is represented as follows, where the symbol
\ComFuse is used to represent each command:

Syntax:
\ComFuse ({skelbdlis}) [(bondlish] {(atomlish} {(subslis}} {(fuse} [(delbdlish]

Arguments:

o (skelbdlis} for specifying modification of skeletal bonds (option),
e (bondlish for specifying unsaturation (option),

o (atomlish for specifying modification of skeletal atoms (required),
e (subslis} for specifying substituents (required),

o (fuse for specifying a fusing bond (required), and

o (delbdlisp for specifying deleted bonds in a skeleton (option).

Among these arguments, the required arguméattamlisy, (subslist, and(fuse) as well as the optional
argumentbondlisy are frequently used in the form of a simplified format, as discussed in Subsection 2.5.2
(page 25).

4.2 Specification of Required Arguments

As found by the comparison between the syntax@mFuse and that of\ComGen (page 32), the former
has an additional argume(fise and the remaining arguments are identical with those of the latter. For the
specifications of the required arguments other ttiase), see Section 3.2.

4.2.1 Substitution Lists({subslisf

For the construction glubslis}, bond modifiers (Table 3.2), and valuegsidibsvalug see Subsection 3.2.1.

4.2.2 Atom Lists{atomlist)

For the construction gfatomlis}, spiro modifiers, and values ¢&itomvalué in the(atomlis), see Subsection
3.2.2.

4.2.3 A Fusing Bond Designated byfuse)

The argumentfuse consists of one locant alphabet (lowercase letter) or its upper-case letter, which indicates
a bond to be deleted for the purpose of ring fusion.

{aorA(borB,---)}

As shown by the diagran®s5-4-10for \sixfusev (Fig. 4.1), the lowercase alphabet indicates one termi-
nal of the younger locant number as the control p6iht®) of the fused bond, while the uppercase alphabet
indicates the other terminal of the senior locant number.

The mechanism of ring fusion has been described in terms of the addition technique in Subsection 2.5.2.
For example, the structure11 of a benzoxazole [1, page 469] is drawn by the addition technique, where
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1
6 b

5 3
. 2B

4-5 4-6 4-7
\sixfusev{}{}{a} \sixfusev{}{}{b} \sixfusev{}{}{c}
\sixfusev{}{}{A} \sixfusev{}{}{B} \sixfusev{}{}{C}

4-8 4-10
\sixfusev{}{}{d} \sixfusev{}{}{e} \sixfusev{}{}{f}

\sixfusev{}{}{D} \sixfusev{}{}{E} \sixfusev{}{}{F}

Figure 4.1.Effects of the argumenrfuse of the commandsixfusev.

a benzene nucleus generated\ay xheterov (the control point: the lowercase letter) is regarded as a
parent structure, while an oxazole ring generate§fiwefusev (the control point: the lowercase letter)
is a fusing unit. The superposition of the former 6nto the latter &' results in the ring fusion of the two
rings at issue.

\sixheterov[ace%
{a\fivefusev[b]{2==N;4==0}{3==CH$_{3}$}{e}}1%
{3{5==C$_{163}$H$_{33}$0}

C1eH330
4-11

4.3 Specification of Optional Arguments

As found by the comparison between the syntax@mFuse and that of\ComGen (page 32), they have the
same set of optional arguments, i@ondlish, (skelbdlisy, and(delbdlisy. For the specifications of these
optional arguments, see Section 3.3.

4.3.1 Bond Lists(bondlist)

See Subsubsection 3.3.1. This argument provides a tool for adding skeletal double bonds.

4.3.2 Skeletal Bond Listsskelbdlist)

See Subsection 3.3.2. This argument provides a tool for drawing boldfaced and dotted skeletal bonds for
specifying stereochemical information.

The first example shows that the commaddvefusev with a(skelbdlis} generates a formuk12with
dotted bonds at fused positions.

\nonaheterov[%
{e\fivefusev({bA}{eA}) {5==0}{3B==\null;4D==0}{A}}%
1{1==N3}{1==COO0Me; 8A==H; 9B==H;%
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6B==\trimethylene[a]{}{3==(y1)};%
7A==\dimethylene{}{2==(yl); 1==0H}}

OH
4-12

The next exampld-13 shows the use of théskelbdlisy of \threefuseh or \fivefusevi to indicate
stereochemical information.

\sixheterov[%

{b\threefuseh({aA}{cA}){1==03} {3} {B}}%

{d\fivefusevi ({bB}{eB}){3==N;5==0}{3==BOM;4D==0}{A}}%
1{1==0} {6A==PMPO-CH$_{2}$}

PMPO-CH,

o,
",
.

4.3.3 Deleted Bond Listgdelbdlist)

See Subsection 3.3.3. This argument provides a tool for deleting one or more skeletal bonds. In contrast,
note that the bond specified by ttfase is deleted automatically.

Larger Rings from Two or More Three-Membered Rings

To draw a fused four-membered ring, we can use\twlreefuseh (i) commands in a nested fashion. Four
example, the code

\threefusehi [{b\threefuseh{1==0}{}{b}}1{} {3} {c}[b1%

generates a four-membered unit:

\>0

The resulting unit is used to draw a four-membered fused riFgid, as shown below:

\sixheterov[%
{c\threefusehi[{b\threefuseh{1==0}{}{b}}%
1{3{3}{c}[b1}%

1{3{}



4.4. Details and Examples of Fusing Units 69

4-14

In a similar way, a five-membered fusing unit can be drawn by combining thtaeeefuseh(i)
commands, as shown in the following example for dravwdnth

\decaheterov[%

{d\threefuseh[%

{a\threefusehi[%
{a\threefuseh{1==\null;3==\null}{2D==0}{c}}%
1{2==0; 1==\null}{}{c}[al}%

1{2==0}{}{C}[al}%

1{3{}

Open Chains of Specific Arrangements

An open chain is sometimes drawn by a hypothetical ring rearrangement. For example, the strd&ure
contains two &N-Ts groups, where €N---N=C is a part of a hypothetical six-membered ring generated
by \sixfusev with the declaration ofdelbdlisy. The equivalent structuré-17 can be drawn by using
\decaheterov with the declaration ofdelbdlis}.

\sixheterov[ace%
{b\sixfusev[ac]{2==N;3==N}{2==Ts;3==Ts}{E}[b]1}]1{}{}
\decaheterov[acfhk] {2==N;3==N}{2==Ts;3==Ts}[b]

@CN/TS ©CN/TS
= N\Ts = N\Ts
4-16 4-17

4.4 Details and Examples of Fusing Units

4.4.1 Six-membered Fusing Units
Vertical Units of Normal and Inverse Types

In XIMTEX version 1.01, we can usesixunitv and\fiveunitv as building blocks, where one or more
bonds can be omitted. INYMTEX version 2.00 and later, we prepare such commandssasfusev an
\sixfusevi, producing building blocks with only one deleted bond. These commands can be used in the
(bondlisp of another command so as to give a fused structural formula, as described in the preceding chapter.
The commandssixfusev and\sixfusevi have formats represented by
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\sixfusev ((skelbdlis}) [(bondlish] {(atomlish} {(subslis}} {(fuse?} [(delbdlish]
\sixfusevi ((skelbdlis}) [(bondlish] {(atomlish} {(subslis}} {(fuse?} [(delbdlis}]

where the argumenfuse is an alphabetical charactea—f) or the uppercase counterpakt¥), each of
which is a bond specifier representing one bond to be omitted. A lowercase chasaf)erepresents the
younger terminal of the omitted bond (df£5-4-10in Fig. 4.2). The corresponding uppercase charaste)(
designates the other terminal of the bond to be omitted}&f4-10in Fig. 4.2).

The arguments other thafuse have the same formats as described in the general conventions. See
Sections 3.2 and 3.3 in Chapter 3 as well as Sections 4.2 and 4.3 in this chapter.

The locant numbers and the bond specifiers (locant alphabets) of the commiarfihsev correspond
to those of the commansixheterov, which are shown in Fig. 3.7 (cf-1). The command sixfusevi
is the inverse counterpart §bixfusev and corresponds to the commaxsiixheterovi (cf. 4-2 and Fig.
3.7). Moreover, thgbondlisy is capable of accommodating the ring-fusion function due to the addition
technique. théatomlisy can accommodate the spiro-ring function due to the replacement technique, and the
(subslis} serves a method producing substituents ((yl)-functions) by means of the substitution technique.

Example 4.1For example, the last argumeit of the \sixfusev appearing in each of the codes,

\sixfusev{}{3==C$_2$H$_5%;4==CH$_2$COOCS_2$H$_5$3}{F}
\sixfusev{l==\null}{3==C$_2$H$_5%;4==CH$_2$CO0CS$_2$H$_5$}{F}

results in the deletion of the bond ‘between atom no. 6 (younger terminal) and atom no. 1 (older terminal)
from a hexagon (cf4-10). Note that the dference between these codes is the absence or presence of the
designation in théatomlisp (none orl==\null). Thereby, the following building blocks are obtained:

CH,COOGHs CH,COOGHs
4-18 4-19

where the reference point (control poitt) for superposition in each building block{18 or 4-19) is the
older terminal (i.e. atom no. 1 designated by a red solid circle) of the bndhe codel==\null added
in the (atomlish of the second code causes truncation to assure a vacancy at the position of atom no. 1, as
found in4-19

On the other hand, the code\put(0,0){\redx{\circle*{40}3}}} in the argumentbondlish of
\decaheterov for generating the parent structu4e?0 places a red circle at the control point, which
specifies one terminat’ of the bond ¢’. For the locant numbers and locant alphabet§ddcaheterov,
see Fig. 3.11.

\decaheterov[£fhk%
{c\put (0,0) {\redx{\circle*{40}}}}
1{3==N}{6==CHS$_3%$0;7==CH$_330}

4-20

Let us replace the codg\put (0, 0) {\redx{\circle*{403}}}} by the code of the building block-19
(the second one), i.e{c\sixfusev{1l==\null}{...}{F}}. Thus, the code of the second building block
4-19is declared in thébondlish of the \decaheterov for drawing4-20, as shown in the code:

\decaheterov[fhk%
{c\sixfusev{l==\null}{3==C$_2$H$_5%;4==CH$_2$CO0C$_2$H$_5%$3}{F}1%
1{3==N}{6==CH$_3$0;7==CH$_330}
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Thereby we obtain the following structure:

CH,COOGHs

4-21

The ring fusion for generating-21 is based on the addition technique applied to the baridof
\decaheterov (cf. 4-20 and the bond £’ of \sixfusev (cf. 4-19), where the control pointt’ of the
latter is superposed on the the control poiritdf the former. If the bond descriptor* is selected as above,
the selection of £’ for (fuse results in an incorrect fusion between the berehd f. If the bond descriptor
‘C’ is selected, the selection of“for (fuse results in an incorrect fusion between the berahd £, so that
the combination ofC’ with * £' should be selected to assure a correct fusion.

Example 4.2Let us use\decaheterovi in place of\decaheterov for the purpose of drawing the bicyclic
mother skeleton. Then the last argument ‘F’ of ¥s@ xfusev can be changed into ‘f’, as found in the code:

\decaheterovi [ fhk%
{a\sixfusev[]{1==\null}%
{3==C$_2%$HS$_5%;4==CH$_2$CO0CS$_2$HS_5%3{£}33}1{2==N}{6==CH$_3$0;7==CH$_3$0}

Thereby, we have the following structure,

CH,COOGHs

4-22

For the locant numbers and alphabetséécaheterovi, see Fig. 3.110

As shown in page 66, the argumefiise consists of one locant alphabet (lowercase letter) or its upper-
case letter, which indicates a bond to be deleted for the purpose of ring fusion. In a similar way to the
diagrams4-5-4-10 for \sixfusev (Fig. 4.1), the diagramg-23-4-28 (Fig. 4.2) show the fects of the
argumentfuse of \sixfusevi, where the lowercase alphabet indicates one terminal of the younger locant
number as the control point®,®) of the fused bond, while the uppercase alphabet indicates the other
terminal of the senior locant number.

Example 4.3The formula4-29 opposite vertically ta4-21 and4-22 can be drawn by the combination of
\sixfusevi and\decaheterovi with no other changes of designation (in comparison with the first code
of 4-27), i.e.

\decaheterovi [ fhk%
{c\sixfusevi{l==\null}%
{3==C$_2%$HS$_5%;4==CH$_2$CO0CS_2$HS_53$}{F}}]1{3==N}{6==CH$_3%$0;7==CH$_330}

Thereby we have
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C
2 2 4

5 3 5 3B 5 3(¢

6 . 2l 6 . 2 6 . 2

4-23 4-24 4-25

\sixfusevi{}{}{a} \sixfusevi{}{}{b} \sixfusevi{}{}{c}
\sixfusevi{}{}{A} \sixfusevi{}{}{B} \sixfusevi{}{}{C}

4-26 4-27 4-28
\sixfusevi{}{}{d} \sixfusevi{}{}{e} \sixfusevi{}{}{f}
\sixfusevi{}{}{D} \sixfusevi{}{}{E} \sixfusevi{}{}{F}

Figure 4.2. Effects of the argumerfuse of the commandsixfusevi.

CH,COOGH;5
CoHs

CH30 A

CH30O
4-29
To assure correct fusions, you should select the correct combinations described abowe/ Ee(pf
‘C/)f) for 4-21; ‘a’/ £ (or *A'/'F’) for 4-22 and ‘¢’/'F’ (or ‘C'/'£) for 4-29. In practice, if you select
an incorrect combination, what you have to do is the changing of either one of bond descriptors into the
uppercase or lowercase letter.

Horizontal Units of Normal and Inverse Types

For drawing horizontal fusing units, we can use the commapdsfuseh and\sixfusehi, which are
represented by

\sixfuseh ((skelbdlis}) [(bondlish] {(atomlisd} {(subslis}} {(fuse} [(delbdlish]
\sixfusehi ((skelbdlis}) [(bondlish] {{atomlish} {(subslis}} {(fuse} [(delbdlis}]

For the argumenffuse), see the specification of the commandd xfusev and\sixfusevi (page 70).
The arguments other thafuse have the same formats as described in the general conventions. See
Sections 3.2 and 3.3 in Chapter 3 as well as Sections 4.2 and 4.3 in this chapter.
The diagramgl-30-4-35shown in Fig. 4.3 show theffects of the argumenrifuse of \sixfuseh, where
the lowercase alphabet indicates one terminal of the younger locant number as the contr@ jirdf the
fused bond, while the uppercase alphabet indicates the other terminal of the senior locant number.
On the other hand, the diagrams36-4-41 shown in Fig. 4.4 show theffects of the argumenfuse
of \sixfusehi, where the lowercase alphabet indicates one terminal of the younger locant number as the
control point(®, 8) of the fused bond, while the uppercase alphabet indicates the other terminal of the senior
locant number.
The locant numbers and the bond specifiers (locant alphabets) of the commiarfihseh correspond
to those of the commangkixheteroh, which are shown in Fig. 3.8 (cf-3). The command sixfusehi
is the inverse counterpart §6ixfuseh and corresponds to the commaxxl xheterohi (cf. 4-4 and Fig.
3.8).
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A b B c
2 3 2 3 2 3
a 1 4 1 4 1 4,c

6 5 6 5 6 5

4-30 4-31 4-32
\sixfuseh{}{}{a} \sixfuseh{}{}{b} \sixfuseh{}{}{c}
\sixfuseh{}{}{A} \sixfuseh{}{}{B} \sixfuseh{}{}{C}

2 3 2 3 2 3

1 AN 1 4 /1 4

6 5, 6 5 (8.5

E e

4-33 4-34 4-35
\sixfuseh{}{}{d} \sixfuseh{}{}{e} \sixfuseh{}{}{f}
\sixfuseh{}{}{D} \sixfuseh{}{}{E} \sixfuseh{}{}{F}

Figure 4.3.Effects of the argumenrfuse of the commandsixfuseh.

A B b .
3 2 3 2 3 2
4 1a 4 1 Ca 1
5 6 5 6 5 6
4-36 4-37 4-38
\sixfusehi{}{}{a} \sixfusehi{}{}{b} \sixfusehi{}{}{c}
\sixfusehi{}{}{A} \sixfusehi{}{}{B} \sixfusehi{}{}{C}
3 2 3 2 3 2
d’4 1 4 1 4 1°F
L5 6 5 6 5 6,
e E
4-39 4-40 4-41
\sixfusehi{}{}{d} \sixfusehi{}{}{e} \sixfusehi{}{}{f}
\sixfusehi{}{}{D} \sixfusehi{}{}{E} \sixfusehi{}{}{F}

Figure 4.4.Effects of the argumerfuse of the commandsixfusehi.

Moreover, thebondlish is capable of accommodating the ring-fusion function due to the addition tech-
nique. the(atomlisy can accommodate the spiro-ring function due to the replacement technique, and the
(subslis} serves a method producing substituents ((yl)-functions) by means of the substitution technique.

Example 4.4The horizontal formula of normal type, which are related to the tricyclic formgia&4-29
described in the preceding subsection, can be drawn by the combinatistixdffuseh and\decaheteroh
with few changes of designation (G& to OCH), i.e.,

\decaheteroh[£fhk%
{c\sixfuseh{1==\null}{3==C$_2$H$_5%;4==CH$_2$CO0CS_2$HS$_53$}{F}}%
1{3==N}{6==0CH$_3%;7==0CH$_3%}}

Compare this code with the code for drawihg1 described above. Thus, this code typesets the following
structure:
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OCH; OCH;
4-42
where the control point” of the fusing component (generated Yyixfuseh) is superposed on the control

point ‘c’ of the parent structure (generated Ydecaheteroh). For the locant numbers and locant alphabets
of the commanddecaheteroh, see Fig. 3.120

Example 4.5The horizontally opposite formula can be drawn by the combinatiosbkfusehi (in place

of \sixfuseh) and\decaheterohi (in place of\decaheteroh) with slight changes concerning the hand-
edness of substituents. For locant numbers and locant alphabets of the colteaaiteterohi, see Fig.
3.12.

\decaheterohi [ fhk%
{c\sixfusehi[]{1==\null}%
{3==C$_2%$HS$_5%;4==C$_2$H$_5%$0COCHS_2$}{F}3}]1{3==N}{6==0CH$_3%;7==0CH$_3%}

Thereby we obtain:

CoHs

C,HsOCOCH

OCH; OCH;

4-43

To assure correct fusions, the correct combinations described above should be selected;H.€gr*
‘') £) for 4-42and for4-43 o

4.4.2 Five-membered Fusing Units
Vertical Units of Normal and Inverse Types

To obtain a vertical five-membered building block, we can\uSevefusev and\ fivefusevi:

\fivefusev ((skelbdlis}) [(bondlish] {{atomlish} {(subslis}} {{fuse} [(delbdlis}]
\fivefusevi ((skelbdlis}) [(bondlis}] {(atomlish} {{subslis}} {{fuse} [(delbdlis}]

where the argumenfuse is an alphabetical character (a—e) or the uppercase counterpart (A—E), each of
which is a bond specifier representing one bond to be omitted.

The arguments other thafuse) have the same formats as described in the general conventions. See
Sections 3.2 and 3.3 in Chapter 3 as well as Sections 4.2 and 4.3 in this chapter.

The diagramg-44-4-48listed in Fig. 4.5 show theffects of the argumerifuse of \fivefusev, where
the lowercase alphabet indicates one terminal of the younger locant number as the conti@ j@irtf the
fused bond, while the uppercase alphabet indicates the other terminal of the senior locant number.
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4 3 4 3B 4 3|°
5 1 2 A 5 1 2 b 5 1 2
4-44 4-45 4-46

\fivefusev{}{}{a} \fivefusev{}{}{b} \fivefusev{}{}{c}
\fivefusev{}{}{A} \fivefusev{}{}{B} \fivefusev{}{}{C}

4 3 4 3

05 | 2 els 2
E

4-47 4-48

\fivefusev{}{}{d} \fivefusev{}{}{e}
\fivefusev{}{}{D} \fivefusev{}{}{E}

Figure 4.5.Effects of the argumerfuse) of the command fivefusev. The symbol * indicates a forbidden ring fusion.

On the other hand, the diagrams49-4-53 listed in Fig. 4.6 show theffects of the argumenffuse
of \fivefusevi, where the lowercase alphabet indicates one terminal of the younger locant number as the
control point(®, ) of the fused bond, while the uppercase alphabet indicates the other terminal of the senior
locant number.

5 2 5 2b 5 2
4 3 4 3, ol 3],
4-49 4-50 4-51

\fivefusevi{}{}{a} \fivefusevi{}{}{b} \fivefusevi{}{}{c}
\fivefusevi{}{}{A} \fivefusevi{}{}{B} \fivefusevi{}{}{C}

1 e 1
D5 2 5 2
d4 3 4 3

4-52 4-53

\fivefusevi{}{}{d} \fivefusevi{}{}{e}
\fivefusevi{}{}{D} \fivefusevi{}{}{E}

Figure 4.6. Effects of the argumenfuse of the command fivefusevi. The symbol * indicates a forbidden ring
fusion.

Among the diagrams shown in Figs. 4.5 and 4.6, the asteriskedlei@and4-51 cannot be used in ring
fusion. Although the bond corresponding td or ‘' C' is deleted, the adjustment of the control point (0,0)
is not accomplished in the diagrafin46 or 4-51, so that the following ﬁvlTEX warning is typed out in a
display as well as in a log file.

XyMTeX Warning: Not-used fusion at bond ‘c’ on input line 1497
XyMTeX Warning: Not-used fusion at bond ‘C’ on input line 1501

The locant numbers and the bond specifiers (locant alphabets) of the corfriaredusev correspond
to those of the commandfiveheterov, which are shown in Fig. 3.5. The commaxflivefusevi is the
inverse counterpart offivefusev and corresponds to the commayfiiveheterovi (cf. Fig. 3.6).

Moreover, thebondlish is capable of accommodating the ring-fusion function due to the addition tech-
nique. The(atomlish can accommodate the spiro-ring function due to the replacement technique, and the
(subslis} serves a method producing substituents ((yl)-functions) by means of the substitution technique.

Example 4.6The following examplel-54is derived by the use of thefivefusevi command by itself (cf.
4-53), where its(subslis} contains some substituents:
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\fivefusevi{4==0}{2D==;3D==0}{E}
\fivefusevi{4==0}{1GA==H; 5GB==H; 2D==;3D==0}{E}

e H .H
e EX
‘ € Xe =
o—\E
S0 O No
4-54 4-55

To show hydrogen substitution at the fused positions, we add the designatiGA-6f; 5GB==H to the
(subslis} of the \fivefusevi command, givingt-55. Then, the latter code is written in tkbondlis) of a
command\decalinev according to the addition technique (colored in red), as found in the code:

\decalinev[h%
{c\fivefusevi{4==0}{1GA==H; 5GB==H;2D==;3D==0}{E}}%
1{6D==0; 5A==;0FB==;0GA==H}

Thereby, we obtain

K
ot
K

=
§
o

4-56

where the red-colored portion corresponds to the fusing unit represente8%y

Example 4.7Fusing units such agfivefusev can be multiply nested in itself and in other types of fusing
units. The following example shows such a triply-nested case.

\decaheterovi [AB%

{b\fivefusev[{a\sixfusev[ce%

{c\sixfusev{3==0}{4D==0; 5SB==H0; 5SA==Et}{F}}]1{1==\null}{2D==0}{£}}1%
{2==N3}{}{D}}1{1==N}{}

Thereby, we obtaid-57.

4-57

where the applied addition technique is represented by the scheme 56 6 — 6.0

Example 4.8When all of the commands in the above code are changed into the inverse counterparts with
a sufix ‘v’ in place of ‘vi’ (i.e. \decaheterovi to \decaheterov; \fivefusev and\fivefusevi; and
\sixfusev to \sixfusevi), the code is transformed into another code,

\decaheterov[AB%

{b\fivefusevi[{a\sixfusevi[ce%

{c\sixfusevi{3==0}{4D==0;5SB==H0; 5SA==Et}{F}}]{1==\null}{2D==0}{£f}}1%
{2==N}{}{D}}]1{1==N}{}
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Thereby, we obtain the formula of vertically inverse type:

4-58

where the applied addition technique is also represented by the scheme®H6 6 «— 6. O

Horizontal Units of Normal and Inverse Types

Horizontal five-membered building blocks are obtained by usifigvefuseh and\fivefusehi:

\fivefuseh ((skelbdlis}) [(bondlish] {(atomlish} {(subslis}} {(fuse?} [(delbdlis}]
\fivefusehi ((skelbdlis}) [(bondlis}] {(atomlish} {(subslis}} {{fuse} [(delbdlis}]

where the argumenfuse is an alphabetical character (a—€) or the uppercase counterpart (A—E), each of
which is a bond specifier representing one bond to be omitted. The other specifications have the same
formats as found in the preceding section.

The diagramg-59-4-63shown in Fig. 4.7 show thefects of the argumerfuse) of \fivefuseh, where
the lowercase alphabet indicates one terminal of the younger locant number as the conti@ iraf the
fused bond, while the uppercase alphabet indicates the other terminal of the senior locant number.

On the other hand, the diagrams64-4-68 shown in Fig. 4.8 show theffects of the argumenfuse
of \fivefusehi, where the lowercase alphabet indicates one terminal of the younger locant number as the
control point(®,®) of the fused bond, while the uppercase alphabet indicates the other terminal of the senior
locant number.

Among the diagrams shown in Figs. 4.7 and 4.8, the asteriskedde®tand4-66cannot be used in ring
fusion. Although the bond corresponding to or ‘ C' is deleted, the adjustment of the control point (0,0) is
not accomplished in the diagrar61or 4-66.

Example 4.9The examplet-56 given for a vertical commangfivefusevi is changed into the one using
the horizontal counterpaxtfivefusehi as colored in red:

\decalineh[h%
{c\fivefusehi{4==0} {1GA==H; 5GB==H; 2D==;3D==0}{E}}%
1{5A==;6D==0}%

This code generates the following structure of horizontal type:

4-69
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A B b c

3 2 3 2 3 2
va 1 1

4 5/ 4 s o4 s

4-59 4-60 4-61¢

\fivefuseh{}{}{a} \fivefuseh{}{}{b} \fivefuseh{}{}{c}
\fivefuseh{}{}{A} \fivefuseh{}{}{B} \fivefuseh{}{}{C}

3 2 3 2\
1 1

E

4 5 4.5,
d D
4-62 4-63

\fivefuseh{}{}{d} \fivefuseh{}{}{e}
\fivefuseh{}{}{D} \fivefuseh{}{}{E}

Figure 4.7.Effects of the argumerfuse) of the command fivefuseh. The symbol * indicates a forbidden ring fusion.

A b B c
2 3] 2 3 2 3
a1 1 1
\5 4 5 4 5 4.
4-64 4-65 4-66

\fivefusehi{}{}{a} \fivefusehi{}{}{b} \fivefusehi{}{}{c}
\fivefusehi{}{}{A} \fivefusehi{}{}{B} \fivefusehi{}{}{C}

2 3 /2 3
1 E’1

5 4 5 4
e

4-67 4-68
\fivefusehi{}{}{d} \fivefusehi{}{}{e}
\fivefusehi{}{}{D} \fivefusehi{}{}{E}

Figure 4.8. Effects of the argumenfuse of the command fivefusehi. The symbol * indicates a forbidden ring
fusion.

where the red-colored portion is generated by the commdiidlefusehi according to the addition tech-
nique. Note that no changes of other designation (cf. the code for drawhtyare necessary except that
\decalineh and\ fivefusehi are used in place of the vertical counterpart described almve.

Example 4.10The multiply nested exampk-57 described above for drawing a structure of vertical type
can be changed into the corresponding one of horizontal type, if all of the commands for dda®ithg
are changed into horizontal typeglecaheterovi to \decaheterohi; \fivefusev to \fivefuseh; and
\sixfusev to \sixfuseh).

\decaheterohi [AB%

{b\fivefuseh[{a\sixfuseh[ce%

{c\sixfuseh{3==0}{4D==0; 5SB==0H; 5SA==Et}{F}}]1{1==\null}{2D==0}{£f}}1%
{2==N}{}{D}}1{1==N}{}

This code generates the following structure of horizontal type:
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4-70
where the applied addition technique is represented by the scheme 56 6 «— 6.0
Example 4.11When all the commands for drawiny70 in the above code are changed into the inverse

counterparts (decaheterohi to \decaheteroh; \fivefuseh and \fivefusehi; and\sixfuseh to
\sixfusehi), the code is transformed into another code:

\decaheteroh[AB%

{b\fivefusehi[{a\sixfusehi[ce%

{c\sixfusehi{3==0}{4D==0;5SB==H0; 5SA==Et}{F}}]{1==\null}{2D==03}{£}}1%
{2==N3}{}{D}}1{1==N}{}

Thereby, we obtain the formula of horizontally inverse type.

4-71

where the applied addition technique is represented by the scheme 56 6 — 6.0

4.4.3 Four-membered Fusing Units

To obtain a four-membered building block, we can i$eurfuse:
\fourfuse ((skelbdlis}) [{bondlish] {(atomlisd} {(subslis}} {(fuse} [(delbdlish]

where the argumenfuse is an alphabetical character (a—d) or the uppercase counterpart (A-D), each of
which is a bond specifier representing one bond to be omitted.

The diagramgl-72-4-75shown in Fig. 4.9 show theffects of the argumenifuse of \ fourfuse, where
the lowercase alphabet indicates one terminal of the younger locant number as the conti@ jmirtf the
fused bond, while the uppercase alphabet indicates the other terminal of the senior locant number.

The assignment of characters (a to d) and locants (1 to 4) for the comxfandhetero is applied
in the same way to this case. The other specifications have the same formats as those of the command
\fourhetero.

For example, the code,



80 4. Fusing Units: Syntax

7 3 7 38 4 3 d7—3
1 2 12, 1 2 51 2
a A

4-72 4-73 4-74 4-75

\fourfuse{}{}{a} \fourfuse{}{}{b} \fourfuse{}{}{c} \fourfuse{}{}{d}
\fourfuse{}{}{A} \fourfuse{}{}{B} \fourfuse{}{}{C} \fourfuse{}{}{D}

Figure 4.9.Effects of the argumenrfuse of the command fourfuse.

\sixheterov[{e\fourfuse{}{}{b}}1{3}{}
\sixheterov[{b\fourfuse{}{}{d}}1{3}{}
\sixheteroh[{b\fourfuse{}{}{a}}1{}{}
\sixheteroh[{e\fourfuse{}{}{c}}1{}{}

produces the following structural formulas.

A hetero atom at a fused position is designated in{dtemlish of \ fourfuse, which is associated the
code\null in the(atomlisy of a command for drawing a parent structure. For example, the code

\sixheterov[{e\fourfuse{3==N}{}{b}}]1{6==\null}{}
\sixheterov[{b\fourfuse{4==N}{}{d}}]1{2==\null}{}
\sixheteroh[{b\fourfuse{2==N}{}{a}}]{3==\null}{}
\sixheteroh[{e\fourfuse{3==N}{}{c}}]{5==\null}{}

produces the following structural formulas.

| | )

L

Example 4.12The structuret-76 of penicillin G can be drawn by using thefourfuse command in the
code:

\fiveheterovi [{d\fourfuse{2==\null}{1D==0;4Su==PhCHS$_{23}$CONH;4Sd==H}{b}}1%
{1==S;4==N}{2Sa==CH$_{33}$;2Sb==CH$_{3}$;3SA==CO0H; 3SB==H; 5GA==H}

which typesets the following formula:

H, H

PhcwCONHﬁ
N

O
4-76

The bridgehead nitrogen correspond4ieN in the (atomlisp of \fiveheterovi as well as t@==\null
in the (atomlish of \ fourfuse. O
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4.4.4 Three-membered Fusing Units
Vertical Units of Normal and Inverse Types

To obtain three-membered building blocks of vertical type, we can tiseeefusev and\threefusevi:

\threefusev ({skelbdlis}) [(bondlis}] {(atomlish} {{subslis}} {{fuse} [(delbdlis}]
\threefusevi ((skelbdlis}) [(bondlish] {(atomlish} {({subslis}} {{fuse} [{(delbdlis)]

where the argumenrifuse is an alphabetical character (a—c) or the uppercase counterpart (A—C), each of
which is a bond specifier representing one bond to be omitted.
The diagramg-77-4-79listed in Fig. 4.10 show thefiects of the argumentuse of \threefusev, while
the diagramegl-80-4-82listed in Fig. 4.11 show thefkects of the argumerfuse) of \threefusevi. Note
that the lowercase alphabet indicates one terminal of the younger locant number as the contr@l,80int
of the fused bond, while the uppercase alphabet indicates the other terminal of the senior locant number.

35 A B b c 3

%7 4 7

4-77 4-78 4-79
\threefusev{}{}{a} \threefusev{}{}{b} \threefusev{}{}{c}
\threefusev{}{}{A} \threefusev{}{}{B} \threefusev{}{}{C}

Figure 4.10.Effects of the argumerifuse of the command threefusev.

a C
4-80 4-81 4-82

\threefusevi{}{}{a} \threefusevi{}{}{b} \threefusevi{}{}{c}
\threefusevi{}{}{A} \threefusevi{}{}{B} \threefusevi{}{}{C}

Figure 4.11.Effects of the argumenrifuse) of the command threefusevi.

The assignment of characters (a to ¢) and locants (1 to 3) for the comiK@nedeheterov or
\threeheterovi is applied in the same way to this case. The other specifications have the same formats as
those of the commandthreeheterov or \threeheterovi.

For example, the code usinghreefusev,

\sixheteroh[{a\threefusev{}{}{a}}1{}{}
\sixheteroh[{e\threefusev{}{}{b}}1{}{}
\sixheteroh[{c\threefusev{}{}{c}}1{}{}

produces the following structural formulas.

X )

The use of the inverse type is shown in the code,

\sixheteroh[{F\threefusevi{}{}{a}}1{}{}
\sixheteroh[{B\threefusevi{}{}{b3}}1{}{}
\sixheteroh[{D\threefusevi{}{}{c}}1{}{}

which produces the following structural formulas.
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LA (A

Hetero-atoms at fused positions can be typeset by designating atortatistslisy. For example, the
code,

\sixheteroh[{a\threefusev{1==N}{}{a}}]{1==\null}{}
\sixheteroh[{e\threefusev{2==N}{}{b}}]1{5==\null}{}
\sixheteroh[{c\threefusev{3==N}{}{c}}]{3==\null}{}

produces the following structural formulas.

O Y

Horizontal Units of Normal and Inverse Types

Three-membered building blocks of horizontal type can be obtained by using commands witk @'sor
‘hi’, i.e., \threefuseh and\threefusehi:

\threefuseh ({skelbdlis}) [(bondlis}] {(atomlish} {{subslis}} {{fuse} [(delbdlis}]
\threefusehi ((skelbdlis}) [(bondlish] {(atomlish} {{subslis}} {{fuse} [{(delbdlis)]

where the argumenfuse is an alphabetical character (a—c) or the uppercase counterpart (A—C), each of
which is a bond specifier representing one bond to be omitted.

The diagramg}-83-4-85 shown in Fig. 4.12 show theffects of the argumenfuse of \threefuseh.

On the other hand, the diagrams36-4-88 shown in Fig. 4.13 show theffects of the argumenfuse of
\threefusehi. Note that the lowercase alphabet indicates one terminal of the younger locant number as
the control point(®,8) of the fused bond, while the uppercase alphabet indicates the other terminal of the
senior locant number.

The assignment of characters (a to ¢) and locants (1 to 3) for the comiN@nedeheteroh or
\threeheterohi is applied in the same way to this case. The other specifications have the same formats as
those of the commandthreeheteroh or \threeheterohi.

For example, the codes usikghreefuseh,

\sixheterov[{F\threefuseh{}{}{a}}1{}{}
\sixheterov[{B\threefuseh{}{}{b3}}1{}{}
\sixheterov[{D\threefuseh{}{}{c}3}1{}{}

produce the following structural formulas.

The use of the inverse type is shown in the codes,
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s > e
A b
4-83 4-84 4-85

\threefuseh{}{}{a} \threefuseh{}{}{b} \threefuseh{}{}{c}
\threefuseh{}{}{A} \threefuseh{}{}{B} \threefuseh{}{}{C}

Figure 4.12.Effects of the argumenrifuse) of the command threefuseh.

B c
A b
4-86 4-87 4-88

\threefusehi{}{}{a} \threefusehi{}{}{b} \threefusehi{}{}{c}
\threefusehi{}{}{A} \threefusehi{}{}{B} \threefusehi{}{}{C}

Figure 4.13.Effects of the argumerifuse) of the command threefusehi.

\sixheterov[{a\threefusehi{}{}{a}}1{}{}
\sixheterov[{e\threefusehi{}{}{b3}3}1{}{}
\sixheterov[{c\threefusehi{}{}{c}}1{}{}

which produce the following structural formulas.

Hetero-atoms at fused positions can be typeset by designatioiglisy. For example, the codes,

\sixheterov[{F\threefuseh{1==N}{}{a}}]{1==\null}{}
\sixheterov[{B\threefuseh{2==N}{}{b}}]{3==\null}{}
\sixheterov[{D\threefuseh{3==N}{}{c}}]1{5==\null}{}

produce the following structural formulas.

Example 4.13The structuret-89of an aziridine derivative [2] is drawn by the code:
\sixheterov[{B\threefuseh{1==N}{1==CO0CS$_{23}$H$_{5}$}{bI}1{3{}

N—COOGHs

4-89

This code is based on the addition technique, where the fusinytinite fuseh is declared in thébondlis)

of \sixheterov. O

83
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The configurations of skeletal bonds can be specified by uskeglbdlisp, as discussed in Subsection
4.3.2 (e.g.4-12and4-13.

Example 4.14For the purpose of showing th&ects of the(skelbdlis} of the command threefuseh, the
structuregt-90and4-91 of cyclohexene epoxides [3, page 668] are drawn by using the addition technique:

\cyclohexanev[%

{F\threefuseh({bA}{cA}){3==0}{}{a}}%
1{1B==CH$_{3}$;4U==\dtrigonal {0==C; 1==(y1) ; 2D==CH$_{2}$;3==CH$_{3}$3}}
\cyclohexanev[%

{F\threefuseh({bB}{cB}) {3==0}{}{a}}%
J1{1A==CH$_{3}$;4U==\dtrigonal{0==C; 1==(yl) ; 2D==CHS$_{2}$;3==CH$_{3}$3}}

These codes produce the following structures:

CHs CHs
O :
C C
CH3/ \\\CHg CH3/ \\‘CHZ
4-90 4-91

The 2-propenyl substituent is depicted by the substitution technique apphéditagonal. O

4.5 Special Hfects by Optional Arguments

4.5.1 Further Rings by the Argument(delbdlist)

A combination of the addition technique with a bond deletion is capable of depicting a large ring, as found in
Examples 3.9 and 3.10. Because this method has wide applicability, several illustrative examples are added
here.

Example 4.15A six-membered ring fused by a four-membered unit gives an eight-membered ring as
follows:

\sixheterov[%

{b\fourfuse{}{}{d}}%

1{3{}[b]

4-92
Note that the red-colored portion df92is the four-membered unit generated YWfourfuse (colored in
red).o

Example 4.16The bond b’ of the four-membered unit in the resulting rifg92 is deleted and used as
an acceptor ring of a six-membered fusing unit according to the addition technique. Then, we obtain a
twelve-membered ring:

\sixheterov[{b\fourfuse[%
{b\sixfusev{}{}{e}}%
1{3{3{d3 [b131{3{3[b]

4-93



4.5. Special Hects by Optional Arguments 85

Note that the red-colored portion 4f93is the six-membered unit generated\®i xfusev (colored in red).
mi

Example 4.17After applying the bond-deletion technique to the twelve-membered ridgdd this is used
as an acceptor of a five-membered fusing unit. Then we obtain a fifteen-membered ring:

\sixheterov[{b\fourfuse[{b\sixfusev[%
{b\fivefusev{}{}{d}}%
1{3{}{e} [b1}1{3{3{d3[b]131{}{}[b]

4-94

Note that the red-colored portion df94 is the five-membered unit generated \ofivefusev (colored in
red).o

Example 4.18The fifteen-membered ringr94 undergoes a further fusion of a six-membered unit to give a
nineteen-membered ring:

\sixheterov[{b\fourfuse[{b\sixfusev[%
{b\fivefusev[%

{a\sixfusev{}{}{f}}%

1{3{3{d}[al}%

1{3{3{e} (b1} 1{}{3{d}[b]1}1{}{}[b]

N
4-95

Note that the red-colored portion 4f95is the six-membered unit generated\®i xfusev (colored in red).
O

4.5.2 Nested Ring Fusion

A linear propagation by the multiply-nested addition technique is capable of generating a linearly-fused
structure, where th&elbdlisy of each fusing unit is not used.

Example 4.19As an example of a linear propagation, a pentacyclic aromatic compdt8tinamed
pentaphene can be drawn by the code:

\hanthracenev[acehjmp%
{a\sixfusev[bf%
{a\sixfusev[bf]{}{}{D}}
1{3{3{D}}%

1{}

with no use of thedelbdlisp in each of the two fusing units.
The mode of nesting is designated by 6666 «— 6. where 666 represents an anthracene ring«agd
represents the fusion of a six-membered unit.
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4-96
4-96

The formula4-96 is drawn by the default unit length (0.1pt) of théVREX system. The formulat-96
appearing in the right-hand side is drawn under decla(ittgingeunitlength{0.07pt}. O

Example 4.20This is another example of a linear propagation. The formula of anthra[2,1-a]nathphacene
can be generated by the nesting that is represented to be®6- 6 «— 6 «— 6 « 6.

\decaheterov[dfhj%
{b\sixfusev[df{b\sixfusev[ac%

{a\sixfusev[bf%
{b\sixfusev[ac{b\sixfusev[ac]{}{}{E}}1{}{}{E}}%
1{3{3{D}}%

T{HHERIT{3{3{E}}%

T{3{3{3

4-97 4-97
The right formulad4-97 is drawn under declaringchangeunitlength{0.07pt}. O

On the other hand, a non-linear propagation requires the use @fehmllis) of each fusing unit, as found
in the following example.

Example 4.21The fusion of a six-membered unit on the formula of pentapheh®6( generates
benzofstlpentaphend-98 which is drawn by the code:

\hanthracenev[acehjmp%
{a\sixfusev[bf%
{a\sixfusev[bf]{}{}{D}}%
1{3{}{D}}%
{m\sixfusev[f]{}{}{D}[bc]}%
1{}

4-98

4-98
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The right formula4-98 is drawn under declaringchangeunitlength{0.07pt}.

Note that the bay area representeddtyn pentacene corresponds to the bond ‘m’ of the mother skeleton
\hanthracenev.? The last optical argumerfibc] in the codem\sixfusev[£]{}{}{D}[bc] designates
bonds to be deleted

Example 4.22A further fusion generatedBdibenzofle,rsipentaphend-99as follows:

\hanthracenev[chojp%
{a\sixfusev[d%
{a\sixfusev[bdf]{}{}{D}}
{b\sixfusev[bd]{}{}{E}[£]}
1{3{3{D}}%
{m\sixfusev[ae]{}{}{D}[bc]}%

1{3

4-99
4-99

The right formulad4-99 is drawn under declaringchangeunitlength{®.07pt}. O

Example 4.23Enumeration of Kekd structures of dibenzo[b,n]picene by Fujita’s method has been reported
[4]. The structuretl-1000f dibenzo[b,n]picene with no specification of double bonds is drawn by the code:

\decaheterov[%

%first series
{i\sixfusev[{a\sixfusev[{b\sixfusev[%
{b\sixfusev[{b\sixfusev{}{}{E}[d]1}]{}{}{E}[cd]}
TH{H{3H{E[cd]1 3 1{3{}{D}[c]1}1{3{}{D}[c]}%

%second series
{a\sixfusev[{b\sixfusev[{b\sixfusev{}{}{E}[d]}
J{}{}{E}[cd]1}1{}{}{D} [cel}%

%third series
{b\sixfusev[{b\sixfusev{}{}{E}}1{}{}{E}}%
1{3{}

4-100

The above code contains three series of nested fusions: the first is a series starting from theokedge
\decaheterov, the second is a series starting from the edgand the third is a series starting from the

agjnce the bond ‘m’ is not considered as a proper fused position under usual derivaffdlEXXvarning appears in the present
drawing. However, there is no problem to draw such improper fusing.
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edgeb. For example, the first series of nested fusions is demonstrated by commenting out the remaining two
series, as found in the code:

\decaheterov[%

%first series
{i\sixfusev[{a\sixfusev[{b\sixfusev[%
{b\sixfusev[{b\sixfusev{}{}{E}[d]}]1{}{}{E}[cd]}
T{H{H{E[cd]1}1{3{3{D}[c1}1{3{}{D}[c]}%

%%second series
%{a\sixfusev[{b\sixfusev[{b\sixfusev{}{}{E}[d]}
%] {{3{E}[cd]}]1{}{}{D}[ce]}%

%%third series
%{b\sixfusev[{b\sixfusev{}{}{E}}1{}{}{E}}%
1{3{}

Thereby, we obtain the following diagram, in which unnecessary skeletal bonds are deleted by using the
respective optional argumen@elbdlisy, i.e., [c], [c], [cd], [cd], and[d].

The remaining two series can be demonstrated in a similar way.
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Chapter 5

Size Reduction

5.1 Historical Comments

The EX/IATEX-compatible mode of the ITEX system depends on th&TEX picture environment and the
epic package. The mechanismejic.sty for obtaining the slope of a line sometimes provides an erroneous
result so that it occasionally gives a split line. For example, the commeadidsiline (0,0) (171, 103)
and\drawline(0,0)(171,-103) of epic.sty under\unitlength=0.08pt give the following split lines

if we encounter the wrongest situation:

P

AN

This is because thelMTEX system version 2.00 and before has adopted\tiw tedline command only
and has not adopted th@lrawline command of thespic package. This means that the previous ver-
sions of XMTEX before 2.00 have no methods of reducing the size of a structural formula into less than
\unitlength=0. 1pt, because the original picture environmentAJEK 2 cannot draw a short line. The
XIMTEX version 3.00 [1] has avoided the drawback of the orightatawline of the epic package, so that
an enhanced function for reducing sizes of structural formulasredc.sty) is available, even if you use the
TeX/IATEX-compatible mode.

On the other hand, the PostScript-compatible mode (supported by!¥E=X system 4.00 and later)
as well as the PDF-compatible mode (supported by ﬂh@l’@( system 5.00 and later) is free from such a
drawback. Hence, size reduction is freely available. if you use the PostScript- or PDF-compatible mode.

5.2 Basic Functions

5.2.1 Changing Unit Lengths

The default unit length of theXXITEX system is equal to 0.1pt. This setting can be changed by the command
\changeunitlength, which is defined in theizeredc.sty package:

\changeunitlength{({unitlength}

The argumen{unitlength denotes the unit length to be applied to the sizes of structural formulas, where
its default value is decided to be 0.1pt. As shown in the following code, the settinghlanngeunitlength
can be done in the preamble of a document if the value is used in the whole document.
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\documentclass{article}
\usepackage{xymtexpdf}%PDF mode
%\usepackage{xymtexps}¥%PostScript mode
%\usepackage{xymtex}%TeX/LaTeX mode
\changeunitlength{0.08pt}

\begin{document}

\bzdrv{1==0H;4==0H}

\end{document}
OH
OH

Compare this formula with the counterpart with the standard unit length (0.1pt).
OH

OH

The command changeunitlength can be declared at any place of a document, where the setting of the
command is ffective after the declaration place until an alternative declaration is carried out afterward. The
grouping technique can be used to limit tHéeet of the setting within a pair of braces. For example, the
code represented by

{%grouping by braces
\changeunitlength{0.06pt}
\bzdrv{1==0H;4==0H}}
\aqquad \bzdrh{1==0H;4==0H}

produces a size-reduced formula as follows:

OH
i OH OH

In the PDF-compatible mode offMTEX Version 5.00 and later, the commasletxymtxpd£[0.05pt]
can be also used in place of the commantangeunitlength{0.05pt}.
{% OH
\setxymtxpdf[0.05pt]
\bzdrv{1==0H;4==0H}
} OH

5.2.2 Size Reduction of Carbocycles

When the\sizereductiontrue is not declared (i.e\sizereductionfalse), the original picture envi-
ronment of ATEX 2 works. The following example shows the comparison between cases with and without
the use obizeredc.sty. Note Version 4.00 (or later) requires the declarationafiginalpicture.

\begin{table}
\caption{With and Without \textsf{sizeredc.sty}}
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Table 5.1.With and Withoutsizeredc.sty

withoutsizeredc.sty  with sizeredc.sty
0.08pt

9

0.07pt

9
SNe
s

0.06pt

g

\label{tt:300c}

\begin{center}

\begin{tabular}{11}

\hline

without \textsf{sizeredc.sty} & with \textsf{sizeredc.sty} \\
\hline

0.08pt & \\
{\originalpicture\unitlength=0.08pt \bzdrv{}} &
{\changeunitlength{0.08pt}\bzdrv{}} \\

0.07pt & \\
{\originalpicture\unitlength=0.07pt\bzdrv{}} &
{\changeunitlength{0.07pt}\bzdrv{}} \\

0.06pt & \\

{\originalpicture\unitlength=0.06pt \bzdrv{}} &
{\changeunitlength{0.06pt}\bzdrv{}} \\

\hline

\end{tabular}

\end{center}

\end{table}

This code gives the results shown in Table 5.1. Withsiméredc.sty, the resulting formulas (0.07pt
and 0.06pt in the left column) have no slanting lines (inner double bonds) in agreement with the original
specification of theAlpX 2¢ picture environmertt. By usingsizeredc.sty, the slanted lines are revived, as
shown in the right column of Table 5.1.

The following examples show the application of ¥#hangeunitlength command to steroid derivatives
in their size reductions.

\steroid{3B==HO;5A==0H}%default unit length = 0.1pt
{\changeunitlength{0.08pt} \steroid{3B==HO;5A==0H}}
{\changeunitlength{0.05pt} \steroid{3B==HO;5A==0H}}

aNote that XMTEX is based on theATEX 2¢ picture environment without usingjzerede.sty. The slanted lines of the benzene ring
are drawn by th&line command with slopes (8) and (5-3).
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OH oH HO/@SJQ

OH

Note that font sizes are also changed during the size reduction. The direct changédfength causes
no change of font sizes. In this cad@ubstfontsize should be redefined (cf. Chapter 6).

\steroid{3B==HO;5A==0H}%default unit length = 0.1pt
{\unitlength=0.08pt \steroid{3B==HO;5A==0H}}
{\unitlength=0.05pt \let\substfontsize=\footnotesize \steroid{3B==HO;5A==0H}}

OH

5.2.3 Size Reduction of Heterocycles
Table 5.2 shows thefkect of size reduction to the drawing of 4-chloropyridine, whgueitlength is
changed from 0.1pt (default value) to 0.04pt by usinjangeunitlength.

Table 5.2.Size Reduction of 4-Chloropyridine

0.1pt 0.08pt 0.07pt 0.06pt 0.05pt 0.04pt
(default)

Cl
Cl
= Cl
ﬁj 7 pZ i al
S N - fj < 4

5.2.4 Nested Substitution
Formulas by nested substitution can be totally reduced in size by the following code:

\changeunitlength{®.07pt}
\decaheterov[]{4a==N}{4D==0;7B==H0; {{10}A}==H;%
5==\bzdrv{3==0Me;4==0Me; 6==Br; 1==(y1) }}

This code produces the left formula shown below:



5.2. Basic Functions 93

OMe

OMe

The right formula is drawn by the same code with the standard unit length (0.1pt).
A cyan dye releaser will be drawn by using two or maggrl and\1yl commands in Section 26.3. We
here discuss the size-reduction of the cyan dye releaser. First, we Qefiunedyereleaser as being

\def\cyandyereleaser{%
\bzdrv{1==0H; 5==CH$_{33}$;4==0C$_{16}$H$_{33}$;%
2==\ryl (4==NH--S0$_{21}$) {4==\bzdrh{1==(y1) ; 2==0CH$_{2} $CHS$_{23} $OCHS_{33}$;%
5==\ryl (2==NH--S0$_{23}$) {4==\bzdrh{1==(y1) ;%
5==\ryl (2==S0$_{23}$--NH) {4==\naphdrh{1==(yl) ; 5==0H;%
8==\1y1 (4==N=N) {4==\bzdrh{4==(y1) ; 1==NO$_{2}$;5==S0$_{2}$CHS_{3}$}}3133333}}
Then, we write down the commangyandyereleaser. Thereby, we obtain a target formula:
—0.1pt (default)
OCH,CH,OCHs
OH

NH-SG

CH, NH-SO;

OCi6H33 SONH O
NO, N=N O OH

SO,CHj3
The size of the formula can be reduced by declaring the comiemthgeunitlength.
—0.07pt: (\changeunitlength{0.07pt})

\changeunitlength{0.07pt}
\cyandyereleaser

OCH,;CH,0OCHg
OH

NH-SO

OCieHa3 O
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—0.08pt: (\changeunitlength{®.08pt})

\changeunitlength{®.08pt}
\cyandyereleaser

OCH,CH,0OCH;z
OH

NH-SO

CHs NH-SO;

OCieHas oK O
NO, N=N O OH

SO,CHs
A further reduction is possible. The following example shows the caseraftlength=0.05pt.
—0.05pt: {\changeunitlength{®.05pt})

\changeunitlength{®.05pt}
\cyandyereleaser

OCH,CH,0CHy
OH

NH-SOy
0Cy6H
16M33 SOp-N O
NOzQN=N O OH

The structural formula of adonitoxin will be drawn in Section 26.3. We here discuss the size-reduction of
adonitoxin, which is drawn by the code defined as follows:

\def\adonitoxin{%

\steroid{{{10}}==\1moiety{OHC}; {{143}3}==0H;%
{{13}}==\1moiety{HS$_{33}3$C};{{16}}==0H;%

{{17}}==\fiveheterov[e] {3==03}{4D==0;1==(y1) };%

3==\1y1(3==0) {8==%
\pyranose{1Sb==(yl) ; 1Sa==H; 2Sb==H; 2Sa==0H; 3Sb==H; 3Sa==0H; 4Sb==HO0; %
4Sa==H;5Sb==H; 5Sa==CH$_{3}$}}}}

Then, we write down the defined commayationitoxin. Because it is necessary to reduce the size of a
formula, the commantichangeunitlength is declared.

—0.1pt (default)
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0]
X O
NN
HsC
OHC
OH
N
OH OH
—0.08pt (\changeunitlength{0.08pt})
O\ N
NN
Hs3C
OH
OHC
OH
OH OH
—0.06pt (\changeunitlength{0.06pt})
O,
o]
N

OH

5.3 Switching to the Original Picture Environment

Even if the PostScript-compatible or the PDF-compatible mode is selected, the origpélpicture
environment can be used by a switching declaratioi gnalpicture:

\orignalpicture
which becomes féective after the declaration. For example, in the present book that has included the

xymtexpdf or xymtexps package, we write down following code:

\changeunitlength{0.08pt}
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\steroid{{173}D==0}
{\originalpicture
\changeunitlength{®.08pt}
\steroid{{17}D==0}}
\steroid{{17}D==0}%}

The declaration oforignalpicture is efective until another switching declaration will be inputted.
The above example shows that a grouping restricts fiieeteof \orignalpicture within a pair of braces,
where the second formula of a steroid is typeset by virtue of the orighfeX Ipicture environment and
the remaining two formulas are drawn by PDF (the PDF-compatible mode by usimmthmackage) or
PostScript (the PDF-compatible mode by usingRi&dricks package).

Although the original ATEX picture environment gives an inicient result of reducing formula sizes,
the latest version of the TMITEX system gives sficient size reduction, because it includes 8ie-
eredc package automatically by declaringisepackage{xymtex} (the original BX/IATpX-compatible
mode),\usepackage{xymtexps} (the PostScript-compatible mode), \arsepackage {xymtexpd£f} (the
PDF-compatible mode). Once tkzeredc package is additionally included, the origin&lgX picture en-
vironment can be used by a switching declaratiseducedsizepicture in order to reduce the sizes of
formulas:

\reducedsizepicture[(unitlength]

where the optional argumetunitlength represents a unit length (the default value: 0.1pt). For example, a
minimal set of packages are used in the following code:

%400test3.tex
\documentclass[draft]{article}
\usepackage{xymtexpdf}% PDF mode
%\usepackage{xymtexps}% PostScript mode
\begin{document}
{\cyclohexanev{1D==0;4SA==CH$_{3}$;4SB==F}
\changeunitlength{0.08pt}
\cyclohexanev{1D==0;4SA==CH$_{3}$;4SB==F}
\changeunitlength{®.06pt}
\cyclohexanev{1D==0;4SA==CH$_{3}$;4SB==F}}
{\reducedsizepicture
\cyclohexanev{1D==0;4SA==CH$_{3}$;4SB==F}
\changeunitlength{0.08pt}
\cyclohexanev{1D==0;4SA==CH$_{3}$;4SB==F}
\changeunitlength{®.06pt}
\cyclohexanev{1D==0;4SA==CH$_{33}$;4SB==F}}
\end{document}

Thereby, we obtain structural formulas with various sizes. The top three formulas are drawn in PDF (or
PostScript) and the remaining three are typeset within the picture environment amicthbackage.
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F CHs F CHy F o F CHs F Ch " o

The declaration commangreducedsizepicture can take an optional argument, by which the unit
length of the picture environment is specified.

%400test4. tex

\documentclass{article}
\usepackage{xymtexpdf}% PDF mode
%\usepackage{xymtexps}% PostScript mode
\begin{document}
\pyridinevi{4==CH=CHS$_{2}$}
\reducedsizepicture[0.08pt]
\pyridinevi{4==CH=CHS$_{2}$}
\end{document}

This code produces the following two formulas. The first formula is drawn in PDF or PostScript at the
standard unit length of 0.1pt, while the second one is typeset iATR¢ picture environment (plus thepic
package) at the unit length of 0.08pt.

CH=CH,

CH=CH,
/

NN

If the text mode is run undéyoriginalpicture, the declarationsetxymtxpdf is used to return to the
PDF drawing mode (or the declaratigpetxymtxps is used to return to the PostScript drawing mode).

\setxymtxpdf[{unitlength] (for the PDF-compatible mode)
\setxymtxps [{unitlength] (for the PostScript-compatible mode)

%400test5.tex

\documentclass{article}
\usepackage{xymtexpdf}% PDF mode
%\usepackage{xymtexps}% PostScript mode
\begin{document}

\begin{center}
\originalpicture¥%original picture environment
\indanevi{1D==0}
\changeunitlength{®.05pt}
\indanevi{1D==0}
{\reducedsizepicture[0.05pt]
\indanevi{1D==0}} \\

\setxymtxpdf%PDF drawing
%\setxymtxps%PostScript drawing
\indanevi{1D==0}
\changeunitlength{®.05pt}
\indanevi{1D==0}

\end{center}
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\end{document}
These codes produce the following formulas.
O]

The first two formulas in the top row are typeset within the origifgEX_ picture environment, while
the last one in the top row is typeset by the picture environment pluspibgpackage. In contrast, the two
formulas in the bottom row are drawn in PDF (or PostScript).

It should be noted that the declaration:

\originalpicture%original picture environment
\changeunitlength{®.05pt}

indicates that the utilities of the original picture environment are adopted withowizbeedc package
(including the modifiedpic package). On the other hand, the declaration:

\reducedsizepicture[0.05pt]

indicates that the utilities of theizeredc package (including the modifiegbic package) are included along
with those of the original picture environment.

The declarationsetxymtxpdf (or \setxymtxps) can take an optional argument, which specifies the
unit length when returned to the PDF or PostScript drawing mode.

%400test6.tex
\documentclass{article}
\usepackage{xymtexpdf}% PDF mode
%\usepackage{xymtexps}% PostScript mode
\begin{document}
\reducedsizepicture[0.06pt]
\bzdrv[A]{1==0H;4==0H}
\changeunitlength{0.08pt}
\bzdrv[A]{1==0H;4==0H}
\setxymtxpdf[0.08pt]%PDF mode
%\setxymtxps[0.08pt]%PostScript mode
\bzdrv[A]{1==0H;4==0H}
\changeunitlength{®.06pt}
\bzdrv[A]{1==0H;4==0H}
\end{document}

The top two of the resulting formulas are typeset within tigX_picture environment and thepic pack-
age, while the remaining two after the declaratigretxymtxpdf[0.08pt] (or \setxymtxps[0.08pt])
are drawn in PDF (or PostScript).

PNote that theATEX picture environment is incapable of drawing short lines. Hence, the inner slanted lines disappear in the benzene
ring of the second formula.
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OH OH
@ OH OH é?
5.4 Utilities Supported by thegraphicx Package

By using thegraphicx package, the commanscalebox is available for the purpose of size reduction.
After the declaration ofusepackage{graphicx} in the preamble, the following codes:

\scalebox{1}{\pyridinevi{4==Cl}}

\scalebox{0.8}{\pyridinevi{4==Cl}}
\scalebox{0.7}{\pyridinevi{4==C1}}
\scalebox{0.6}{\pyridinevi{4==C1}}
\scalebox{0.5}{\pyridinevi{4==C1}}
\scalebox{0.4}{\pyridinevi{4==C1}}

produce structural formulas of reduced sizes:

Cl

Cl
= cl

Cl

=
N = cl

which correspond to the formulas listed in Table 5.2. Note that the sizes of characters (N and Cl) and the
thicknesses of bonds are reduced in accord with the values declared in the first arguistdlebox.
Compare these formulas with those collected in Table 5.2, where the thickness of bond is not reduced even
in the case of 0.04pt.

The \scalebox command of thegraphicx package can also be used to change the sizes of structural
formulas. Thus, essentially equivalent results to those of the preceding subsection can be obtained as follows:

\steroid{3B==HO;5A==0H}
\scalebox{0.8}{\steroid{3B==HO;5A==0H}}
\scalebox{0.5}{\steroid{3B==HO; 5A==0H}}

OH o O/CI?Q

OH

The \scalebox command is capable of taking an optional argument, by which the aspect ratio of a
structural formula can be changed, as shown in the following examples:

\scalebox{0.8}[0.5]{\steroid{3B==HO; 5A==0H}}
\scalebox{0.5}[0.8]{\steroid{3B==HO; 5A==0H}}
\scalebox{0.8}[1.5]{\steroid{3B==HO;5A==0H}}
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Chapter 6

Fonts and Related Matters

6.1 Fonts and Font Sizes

The font for drawing substituents and atoms in a default mode is selected by the following setting:

\let\substfont=\normalfont
\let\substfontsize=\normalsize

According to this specificatiof,the font and its size can be changed by substitutiegbstfont and
\substfontsize. The declaration is globallyfkective if the above setting is done in the preamble before
\begin{document}, e.g.,

\documentclass{article}
\usepackage{xymtexpdf}%PDF mode
%\usepackage{xymtexps}¥%PostScript mode
\let\substfont=\sffamily
\let\substfontsize=\small
\begin{document}

(text)

\end{ducment}

The command substfont is redefined by usinglet or \def, where the three kind of properties can
be changed:

o (family) \rmfamily (roman),\sffamily (san serif), and ttfamily (typewriter).
e (series\mdseries (medium) and\bfseries (boldfaced).
o (shape)\upshape (upright),\itshape (italic), \scshape (small capital)\alshape (slanted).

Note that\normalfont represents the combined font which stems frgpmfamily, \mdseries, and
\upshape.

The command substfontsize is redefined by usinylet or \def, where the font size is selected from
\tiny, \scriptsize, \footnotesize, \small, \normalsize, \large, \Large, \LARGE, \huge, and
\Huge.

For example, the following modes of setting are typical, where the declaration is local for the sake of
convenience.

8This specification is dierent from that of the previous versions (version 3.00 and the older versions).



102 6. Fonts and Related Matters

e \nomalfont (default):

\purinev{4==0H}
{\let\substfontsize=\small
\purinev{4==0H}}
{\let\substfontsize=\footnotesize
\purinev{4==0H}}

OH OH
N~ N N N
g g
N N
(\normalsize) \small \footnotesize
e \bfseries
{\let\substfont=\bfseries
\purinev{4==0H}
{\let\substfontsize=\small
\purinev{4==0H}}
{\let\substfontsize=\footnotesize
\purinev{4==0H}}
}
OH OH
N~ N N N
g gw
N N
(\normalsize) \small \footnotesize
e \sffamily:
{\let\substfont=\sffamily
\purinev{4==0H}
{\let\substfontsize=\small
\purinev{4==0H}}
{\let\substfontsize=\footnotesize
\purinev{4==0H}}
}
OH
N N
L§§ ;§J
N N
(\normalsize) \small \footnotesize

e \sffamily and\bfseries:

{\def\substfont{\sffamily\bfseries}
\purinev{4==0H}
{\let\substfontsize=\small
\purinev{4==0H}}
{\let\substfontsize=\footnotesize
\purinev{4==0H}}



6.2. Bond Thickness 103

}
OH OH
N~ ‘ N N ‘ N
NP> NP
N N N N
(\normalsize) \small \footnotesize

The declaration of fonts and font sizes is local if it is surrounded by a pair of braces or involved by an
appropriate environment (e.g., thenter environment). A more local setting is available as shown in the
following codes:

\purinev{4=={\sffamily\bfseries OH};3==H}
\purinev{4=={\large OH};3==H}
\nonaheterov[aegj]{1==N;3==NH; 5==N; 7=={\sffamily\bfseries N}}{4==0H}

OH OH OH

N~~~ NH

U U QU

6.2 Bond Thickness

The thickness of bonds in a default mode is selected by the following setting:

\def\thickLineWidth{1l.6pt}
\def\thinLineWidth{0.4pt}

According to this specification, the thickness of bonds can be changed by redefining these commands. The
declaration is globallyféective if the above setting is done in the preamble befbrgyin{document}, e.g.,

\documentclass{article}
\usepackage{xymtexpdf}%PDF mode
%\usepackage{xymtexps}¥%PostScript mode
\def\thickLineWidth{2.8pt}
\def\thinLineWidth{0.8pt}
\begin{document}

(text)

\end{ducment}

The following example shows the changiXghinLineWidth.

\purinev{4==0H; 3==H}
{\def\thinLineWidth{0.8pt}
\purinev{4==0H; 3==H}}
{\def\thinLineWidth{2pt}
\purinev{4==0H; 3==H}}
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OH OH OH
NZ N NZ N
L P P

The following example shows the changing\ahinLineWidth along with the changing of fonts.

{\def\substfont{\sffamily\bfseries}
\purinev{4==0H; 3==H}
{\def\thinLineWidth{0.8pt}
\purinev{4==0H;3==H}}
{\def\thinLineWidth{2pt}
\purinev{4==0H;3==H}}}

The declaration of bond thickness is local if it is surrounded by a pair of braces or involved by an
appropriate environment (e.g., thenter environment.

An absolute configuration is represented by a pair of wedges and hashed-dashed bonds (the de-
fault setting of the WTEX system: \wedgehasheddash), a pair of dashes and hashed-dashed bonds
(\dashhasheddash), or other combinations (cf. Chapter 29). The thicknesses of dashes and hashed-dashed
bonds can be changed by redefinkidhickLineWidth. Thus the codes:

\cyclohexanev{1B==0H;4A==C1}
{\def\thinLineWidth{0.8pt}
\def\thickLineWidth{3pt}
\cyclohexanev{1B==0H;4A==C1}
{\dashhasheddash
\cyclohexanev{1B==0H;4A==C1}}}

generate the following results:
OH OH OH

O umn
Q nin

Cl
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Chapter 7

Six-Membered Carbocycles. Commands for Specific Use

XTIVITEX commands for specific useomSpec are short-cut commands of those for general GseGen,
where appropriate arguments are selected from the required and optional arguments of the latter (cf. Section
3.1 for the syntax). This chapter is devoted to introduce commands for drawing benzene derivatives as well
as cyclohexane derivatives. These commands are short-cut commapdsivéterov etc. for general use.

7.1 Drawing Benzene Derivatives

7.1.1 \Vertical Forms of Benzene Derivatives

The XMT, X command\bzdrv (or synonymousl\\benzenev) for specific use is used to draw benzene
derivatives of vertical typecarom.sty). The format of this command is defined as follows:

\bzdrv[{(bondlish] {(subslis}}
\benzenev [(bondlish] {(subslis}}

The name and arguments of this command conform to the general conventions described in Section 3.1.
Thus, the sffix ‘v’ indicates that this macro produces a vertical-type structural formula. Locant numbers for
designating substitution positions in tfeubslis} are represented by the following diagram:

1(Ir)
6(1) 2(r)

5(1) 3(r)
4(Ir)

o: (400,240)
o: (0,0)

in which a character set in a pair of parentheses represent the handedness of each position. In accord with
the default definitions of the macikbzdrv (\benzenev), each of the right-handed positions (2 and 3) is
designed to take only a right-handed substituent, while each of the left-handed positions (5 and 6) is to take
only a left-handed substituent. Such positions (designated with the letter ‘r’ or ‘') are referred to as ‘oriented’
positions in this manual. In contrast, the top (and also the bottom) position of a benzene ring (designated
with the string ‘Ir’) can accommodate a substituent of both handedness, where the position is referred to as
a ‘double-sided’ position in this manual. Although the default definition is to put a right-handed moiety, a
left-handed substituent can be printed by means of the mdar@iety.
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The symbols ando in the diagram respectively represent the reference point and the inner origin of the
macro. Since we seletunitlength to be equal to 0.1pt as a default value, the value 400, for example,
corresponds to 40pt.

Although the syntax of bond listbondlisy principally follows the specification described in Subsection
3.3.1, the specification of a bond pattern is permissible as an alternative mode of setting. The optional
argumentbondlish specifying a bond pattern is shown in Table 7.Thereby, a wide variety of bond
patterns (such as two patterns of benzene double bonds as well as an aromatic circle) can be depicted, as
illustrated in Figure 7.2.

The argumentsubslis} is used to specify each substituent with a locant number and a bond modifier
shown in Table 3.2 in whiclm is an Arabic numeral between 1 and 6. For the syntax of substitution lists
(subslis}, see Subsection 3.2.1. For example, the statements,

\bzdrv{1==Cl;2==F}

\bzdrv[c]{1==Cl;4==F;2==CH$_{3}$}\qquad

\bzdrv[pa]{1D==0;4D==0; 6==H$_{3}$C}

\bzdrv[oa] {1D==0;2D==N--S0$_{2}$CHS$_{33}$;4==0CHS$_{33}$;5==H$_{3}$C}

produce the following structures:

Cl Cl
i F i _CH3 H3C. :: :: ;N —-SQ,CHs
F

In order to designate the handedness of a substituent explicitly, you cayrmseety or \1lmoiety
commands. Thus, the statements,

\bzdrv[pa] {1D==0; 4D==\1moiety{CH$_{3}$S0$_{23}$--N};2==CHS$_{33}$}
\bzdrv[pa] {1D==\rmoiety{0};4D==\rmoiety{N--SO$_{2}$CHS_{33}$};2==CH$_{3}$}

produce the following structures with left-handed and right-handed methanesulfonimido groups.

Lo L o

CH3SO—-N N-SG,CHj;

The macrobzdrv is used also to draw benzoquinone monoacetals and diacetals. The handedness of a
substituent attached at such a tetrahedral position is determined in the light of chemical conventions. For
example,

\bzdrv[pa]{1D==0;4Sb==CH$_{33}$0;4Sa==0CH$_{33}$;2==NH--S0$_{23}$CHS_{3}$}
\qquad \gquad
\bzdrv[pa] {1Sb==CH$_{3}%$0; 1Sa==0CH$_{33}$;4Sb==CH$_{3}$0;4Sa==0CH$_{3}$3

produce the following structures.

aWhen the optional argumexibondlish specifies a bond pattern (not locant alphabets), the mechanism of ring fusion (the addition
technique) is not permitted.
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Table 7.1.Bond Patterns Due to the Optional Arguméhondlisp for Commands\bzdrv (\benzenev) and \bzdrh
(\benzeneh)

Character Printed structure (Bond pattern)
none orr  right-handed set of double bonds
I left-handed set of double bonds

C aromatic circle

p or pa p-benzoquinone (A) (Oxygen atoms at 1,4-positions)
pb p-benzoquinone (B) (Oxygen atoms at 2,5-positions)
pc p-benzoquinone (C) (Oxygen atoms at 3,6-positions)
o oroa o-benzoquinone (A) (Oxygen atoms at 1,2-positions)
ob o-benzoquinone (B) (Oxygen atoms at 2,3-positions)
oc o-benzoquinone (C) (Oxygen atoms at 3,4-positions)
od o-benzoquinone (D) (Oxygen atoms at 4,5-positions)
oe o-benzoquinone (E) (Oxygen atoms at 5,6-positions)
of o-benzoquinone (F) (Oxygen atoms at 1,6-positions)

Mancude-ring systems @ @ @
\bzdrv[r]{} \bzdrv[1]{} \bzdrv[c]{}

\benzenev[r]{} \benzenev[1]{} \benzenev[c]{}

Para-quinones O © ©

\bzdrv[pal{} \bzdrv[pb]{} \bzdrv[pc]{}
\benzenev[pal]{} \benzenev[pb]{} \benzenv[pc]{}

0 O C

Ortho-quinones \bzdrv[oa]{} \bzdrv[ob]{} \bzdrv[oc]{}
\benzenev[oal{} \benzenev[ob]{} \benzenev[oc]{}

SENORENG

\bzdrv[od]{} \bzdrv[oe]{} \bzdrv[of]{}
\benzenev[od]{} \benzenev[oe]{} \benzenev[of]{}

Table 7.2.Endocylic bond patterns by tibondlisy argument ofibzdrv (\benzenev)
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0] CH;O OCH;
H NH-SGQ,CH;s

CH;O OCH; CH;O OCH;

In place of the bond patterns collected in Table 7.1, the commandrv (\benzenev) can take locant
alphabets to show the unsaturation of skeletal bonds. Because thedeisaused to print out an aromatic
circle, the unsaturation of the 2,3-bond (locant alphafés specified by inputting@c], where a dummy
letter ‘@’ is added at the top afbondlisy. For example, compare the following codes:

\benzenev[c]{}
\benzenev[@c]{}
\benzenev[@ce]{}
\benzenev[ec]{}

These codes produce:

Q U U ©

7.1.2 Horizontal Forms of Benzene Derivatives

You can use the ITEX command\bzdrh (or synonymously\benzeneh) to draw benzene derivatives of
horizontal type ¢arom.sty). The format of this command is as follows:

\bzdrh[{(bondlish] {(subslis}}
\benzeneh [(bondlish] {(subslis}}

The name and arguments of this command conform to the general conventions described in Section 3.1.
Thus, the sffix ‘h’ indicates that this macro produces a horizontal-type structural formula.
The locant numbering and the handedness of substitution are designed as follows:

2(I) 3(n
1) 4(r)
¢ o: (240,400)
6(Ir) 5(r) . (0.0)
For example, the diagrams:
CHs CHs
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are typeset by inputting the statements:

\bzdrh[pa] {4D==0; 1D==CH$_{3}$S0$_{2}$--N;3==CH$_{3}$} \qquad
\bzdrh[pa]{1D==0;4D==N--S0$_{23}$CH$_{3}$;2==CH$_{3}$}

It should be noted the the commandszdrv (\benzenev) and\bzdrh (\benzenev) are based respec-
tively on the command§cyclohexanev and\cyclohexaneh that will be described in the next section.
Hence, structures drawn with the former set of commands can be also drawn with the latter set of commands
(see Figs. 7.2 and 7.1).

7.2 Drawing Cyclohexane Derivatives

7.2.1 \ertical Forms of Cyclohexane Derivatives

The macro\cyclohexanev is used to draw cyclohexane derivatives of vertical tyqaedm.sty). The format
of this command is as follows:

\cyclohexanev[(bondlis}] {(subslis}}

Locant numbers (1-6) for designating substitution positions and characters (a—f) for showing bonds to be
doubled are represented by the following diagram:

1Sh(l) 1Sb()

o: (400,240)

4Sb(l) 4Sa(r) e (0,0)

Each character set in parentheses represents the handedness of the corresponding position, which is fixed in
this type of macros.

The option argumenbondlisp is an character string in a pair of brackets, where each character indicates
the presence of a double bond at the edge corresponding to the character. The bond-correspondence is rather
arbitrary in some cases but conforms to chemical conventions as faithfully as possible if such conventions
are presence (Table 7.3). Several examples for drawing endocyclic double bonds are listed in Fig. 7.1. Note
that Fig. 7.1 provides alternative ways for designating endocyclic double bondbZdrv (\benzenev).
Compare this with the results collected in Fig. 7.2.

The argumentsubslis} for this macro takes a general format, in which the modifiers listed in Table 3.2
are used. Suppose you input the commands:

\cyclohexanev{2D==0; 1Sb==H$_{3}$C; 1Sa==CH$_{33}$;%
3Sb==CH$_{33}$;3Sa==CH$_{3}$} \gquad\gquad
\cyclohexanev[b]{1D==0; 5Sb==CH$_{33}$;5Sa==CH$_{3}$}

The first example illustrates the case thayclohexanev accompanies no optional argument. On the other
hand, the second one takie] as an optionalbondlish, which prints an inner bond between 2 and 3 positions.
Thus, you can obtain the following diagrams:

HsC CHg o)
O ‘

CHs CHs
CHs CHs
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Table 7.3.Argument(bondlisy for Commands cyclohexanev and\cyclohexaneh

Character Printed structure

none cyclohexane
1,2-double bond
2,3-double bond
4,3-double bond
4,5-double bond
5,6-double bond
6,1-double bond
aromatic circle

O
-
)

\cyclohexanev{} \cyclohexanev[a]{} \cyclohexanev[b]{} \cyclohexanev[c]{}

O
O
O
O

\cyclohexanev[d]{} \cyclohexanev[e]{} \cyclohexanev[f]{} \cyclohexanev[A]{}

-
O
O
)

\cyclohexanev[be]{} \cyclohexanev[cf]{} \cyclohexanev[ad]{} \cyclohexanev[ce]{}

O
)
O
W)

\cyclohexanev[df] {} \cyclohexanev[ae]{} \cyclohexanev[bf]{} \cyclohexanev[ae]{}

-
O
W)

\cyclohexanev[bd]{} \cyclohexanev[bdf]{} \cyclohexanev[ace]{}

Figure 7.1.Endocylic bonds by théondlisy argument oficyclohexanev. For locant alphabets, see Table 7.3.
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Since the macrdcyclohexanev is the basis of the macrgbzdrv (\benzenev), structural formulas
depicted with the latter command can also be written by the former one. For example, the quinone acetals
described above are also typeset by the following statements.

\cyclohexanev[be] {1D==0;4Sb==CH$_{3}$0;4Sa==0CH$_{3}$;2==NH--SO$_{2}$CHS_{3}%}

\qquad \qquad
\cyclohexanev[be] {1Sb==CH$_{3}$0; 1Sa==0CH$_{33}$;4Sb==CHS$_{3}$0;4Sa==0CHS_{3}$}

These commands are completely equivalent to those describe above and produce the following structures.
@] CH;O OCH;
H NH-SG,CH3

CH;O OCH; CHz;O OCH;
For the purpose of depicting the stereochemistry of a cyclohexane ring, input the following:

\cyclohexanev{2B==CH$_{3}$;3B==CH$_{3}$}\qquad\qquad
\cyclohexanev{2B==CH$_{3}$;3A==CH$_{33}$}

Thereby, you can obtain:

CHs CHs

CHs " CHs

Example 7.1Let us draw the structural formula of limonene, the IUPAC name of which is 1-methyl-4-
(prop-1-en-2-yl)cyclohexene. The prop-1-en-2-yl group is generated by a (yl)-function. For example, the
\dtrigonal command for drawing a trigonal skeleton generates the prop-1-en-2-yl grel)fby using a
(yN-function in the commanddtrigonal.

(0,0) control point  [TUPAC name: prop-1-en-2-yl
N\ XIMTEX command:
CHgz CH, \dtrigonal{l==(yl);%
7.1 0==C;2D==CHS$_{2}$;3==CH$_{3}$}

An alternative skeletal expressioi-2) can be drawn by declaring a (yl)-function in the command
\trimethylene.

N (0,0) control point [UPAC name: prop-1-en-2-yl
N XIMTEX command:
7.9 \trimethylene[b]{}{2==(y1)}
Then, the substitution technique (cf. Section 2.7) is applied to either of these expressions.

First, p-limonene (IUPAC name: @-1-methyl-4-(prop-1-en-2-yl)cyclohexene) is drawn as follows:

\cyclohexanev[a]{1==CH$_{3}$;4A==\dtrigonal{1==(yl) ;%
0==C;2D==CH$_{2}$;3==CH$_{3}$}} \quad
\cyclohexanev[a]{1==\null;4A==\trimethylene[b]{}{2==(y1)}} \quad
{\wedgehashedwedge

\cyclohexanev[a]{1==\null ;4A==\trimethylene[b]{}{2==(y1)}}}
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2 &

Secondg-limonene (IUPAC name: @-1-methyl-4-(prop-1-en-2-yl)cyclohexene) is drawn as follows:

CHs

CH3/ \\‘CHZ

\cyclohexanev[a]{1==CH$_{3}$;4B==\dtrigonal{l1==(yl) ;%
0==C;2D==CH$_{23}$;3==CH$_{3}$}} \quad

\cyclohexanev[a] {1==\null;4B==\trimethylene[b]{}{2==(y1)}} \quad
{\wedgehashedwedge
\cyclohexanev[a]{1==CH$_{3}$;4Sd==H;4FB==\Utrigonal {3==(yl) ;%
0==C;2D==CHS$_{2}$;1==CH$_{33}$}}}

CH3 CH3

) _CHe
C AN ‘

N
CH3/ \CHz CHs

T I,,"

The last example adopts th@trigonal command to generate a prop-1-en-2-yl group. For the bond
modifiersSd andFB, see Table 3.2 and Fig. 3.4

Example 7.2The command cyclohexanev serves as a parent structure for the addition technique, where
its (bondlisy accommodates a fusing unit. For example, the codes:

\begin{XyMcompd} (500,650) (250,250) {}{}
\cyclohexanev[{a\fivefusev{}{}{e}}]{1FB==H;2GA==H}
\end{XyMcompd}

\qquad

\begin{XyMcompd} (500,650) (250,250) {}{}
\cyclohexanev[{a\fivefusev{}{5FB==H}{e}}]{2FA==H}
\end{XyMcompd}

generate the following formulas with a six-to-five fused ring:

Note that the absolute configurations at bridgehead positions are designated in twaways.

7.2.2 Horizontal Forms of Cyclohexane Derivatives

The macro\cyclohexaneh is used to draw cyclohexane derivatives of horizontal tygaeom.sty). The
format of this command is as follows:
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\cyclohexaneh[(bondlish] {(subslis}}

Locant numbers for designating substitution positions are represented by the following diagram:

| |
2Sb2(%a( " 38aéz'rs)b(r)

4Shb(r)
4Sa(r)

1Sh(l)
1Sh(l)

® 6Sh( 5Sb :
6(S)a(lr) 5Sa(lr) ) i %40(;,400)

Each character set in parentheses represents the handedness of the corresponding position, which is fixed in
this type of macros. Thésubslis and the(bondlisy format are shown in Table 3.2 and 7.3, respectively.
Several examples for designatikigondlisy (Table 7.3) are collected in Fig. 7.2. Note that this figure is
obtained by the slight modification of Figure 7.1, where thiistv’ of the command\cyclohexanev is
changed intoh’ to input the command cyclohexaneh.

The following examples show the designationsidiblisy and(bondlisp.

Example:

\cyclohexaneh{3D==0; 5D==0; 1Sb==CH$_{3}$;1Sa==CH$_{3}$;%
4==CH$_{2}$C0$_{2}$H}\gquad\gquad
\cyclohexaneh{4D==CH$_{2}$;3SB==CH$_{3}$;3SA==H}

These commands produce:

CHs

CHs

CH,COH — CH
CHs LbCO, b

7.3 lllustrative Examples of Drawing Six-Membered Carbocycles

7.3.1 Generation of Substituents by (yl)-Functions

The XMTEX commands described in this chapter are able to generate substituents by using the (yl)-function
technique.

Example 7.3For example, g-tolyl group is generated bybenzeneh{1==(yl) ;4==CH$_{3}$} and a cy-
clohexyl group (or a cyclohexylidene group) is generatetidyclohexaneh{1==(y1) }. They are declared
in the (subslis} of \benzeneh or \cyclohexaneh according to the substitution technique:

\begin{XyMcompd} (1150,400) (300,200){}{}
\benzeneh{4==\benzeneh{1==(y1) ; 4==CH$_{33}$}}
\end{XyMcompd}

\qquad
\begin{XyMcompd} (850,400) (300,200){}{}
\benzeneh{4==\cyclohexaneh{1==(y1)}}
\end{XyMcompd}

\qquad
\begin{XyMcompd} (850,400) (300,200){}{}
\cyclohexaneh{4D==\cyclohexaneh{1==(y1)}}
\end{XyMcompd}
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.
.
(]
@

\cyclohexaneh{} \cyclohexaneh[a]{} \cyclohexaneh[b]{} \cyclohexaneh[c]{}

9
C
.
©

\cyclohexaneh[d]{} \cyclohexaneh[e]{} \cyclohexaneh[f]{} \cyclohexaneh[A]{}

(J
C
9
@

\cyclohexaneh[be] {} \cyclohexaneh[cf]{} \cyclohexaneh[ad]{} \cyclohexaneh[ce]{}

o
C
(]
C

\cyclohexaneh[df]{} \cyclohexaneh[ae]{} \cyclohexaneh[bf]{} \cyclohexaneh[ae]{}

9
U
®

\cyclohexaneh[bd] {} \cyclohexaneh[bdf] {} \cyclohexaneh[ace] {}
Figure 7.2.Endocylic bonds by théondlisp argument oficyclohexaneh.

Thereby, the following structural formulas are obtained:

O OO OO

Note that a substituent produced by a (yl)-function is size-less (with no dimension), so that the resulting
structure occupies no correct domain. In the above codeXythempd environment is used to estimate the

size of such a substituent due to a (yl)-function so as to assure the correct domain of each structure with the
substituento

:

Example 7.4p-Tolylhydroquinone as an auxiliary developer in instant color photography [1, page 376] and
its oxidized form are drawn in a similar way:

\begin{XyMcompd} (950,950) (3600,0) {}{}

\benzenev{1==0H;4==0H; 2==\benzenev{5==(yl) ; 2==CH$_{3}$}}
\end{XyMcompd}

\qquad

\begin{XyMcompd} (950,950) (300,0) {}{}

\benzenev[pa] {1D==0;4D==0; 2==\benzenev{5==(yl) ; 2==CH$_{3}$1}}
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OH CHs o CH;
H
|
@)

OH

\end{XyMcompd}

O

Example 7.5An o-sulfonamidophenol is oxidized to give the followingquinone monoimide [1, page 465],
the structural formula of which is drawn by the substitution technique using a (yl)-function ang-he
command.

\begin{XyMcompd} (1800,1100) (0,0){}{}

\benzenev[oa] {1D==0;4==\ChemForm{OC_{16}H_{33}};5==\ChemForm{CH_3};%
2D==\ryl (5==\ChemForm{NSO_2}) {4==\benzeneh{1==(yl) ;%
2==\ChemForm{OCH_2CH_20CH_3}; 5==\ChemForm{NO_2}1}}}

\end{XyMcompd}

OCH,CH,OCH,
NSQ,

CH, NO,
OC,gHg5

The codé\ChemForm{0OC_{16}H_{33}} etc. is declared in place of a usual caxes_{16}$H$_{33}$ etc.,
where a roman alphabet with a subscript is automatically printed out by \ShregnForm. O

Example 7.6Substituents generated by the (yl)-function technique can be used in spiro fusion (cf. page 37),
as found in the following codes:

\begin{XyMcompd} (1000,450) (250,200) {}{}
\sixheteroh{3==0;5==0;4s==\benzeneh[pa]{1==(yl) ;4D==03}}{}
\end{XyMcompd}

\qquad

\begin{XyMcompd} (800,450) (400,200) {}{}
\fiveheteroh{2==0;5==0; 1s==\cyclohexaneh[be] {1==(yl) ;4D==03}}{}
\end{XyMcompd}

\aqquad

\begin{XyMcompd} (1600,450) (0,200){}{}

\sixheteroh[be] {4s==\sixheteroh{2==0;6==0}{1==(y1)}}{1D==0;}
\end{XyMcompd}

These codes produce:

(X0 L0 <OXD

The last example is drawn by tw@ixheteroh commands declared in a nested fashion.

Example 7.7A moiety generated by a (yl)-function can be declared in\tiiel command to insert a linking
divalent unit, e.g., -NN- (azo group). The following diagram shows an example for drawing an azo dye of
2-naphthol.
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\begin{XyMcompd} (1500,750) (300,250) {}{}
\naphthalenev{1==\ryl (8==N=N) {4==\benzeneh{1==(y1) ;4==S0$_{3}$Nal}};2Sa==0H}

\end{XyMcompd}
N:N@— SO:Na

OH

This code produces:

O

Example 7.8A scavenger for color photography reduces an excess of oxidized color developer. The fol-
lowing structural formula represents such a scavenger incorporated in a multilayer structure of a color
photographic film [1, page 19]. The structural formula is drawn by the substitution technique, where a
(yl) function and the\ryl command are used to draw each of the sulfonamido substituents.

\begin{XyMcompd} (1650, 1000) (300,-100) {}{}

\benzenev{1==0H;%

2==\ryl (4==NHSO0$_{2}$) {4==\benzeneh{1==(y1) ;4==0C$_{123} $HS_{25}$3};%
4==\ryl (0==NHSO0$_{23}$) {4==\benzeneh{1==(yl) ;4==0C$_{12} $HS$_{253}$}}}

\end{XyMcompd}
OH
NHSOZO OCizHos
NHSOZ@— OCizHzs
O

7.3.2 As Parent Structures for Ring Fusion

This code produces:

Structures which are drawn by th8TEX commands described in this chapter are able to participate in ring
fusion as parent structures, where attached structures are generatedMl@é eommands for ring fusion
(cf. Subsection 2.5.2).

Example 7.9For example, Spirostomin A separated as a defence toxin 8pimostomum tere@ kind of
ciliate) [2] is drawn by a ring-fusion scheme-66 « (spiro) 6 as follows:

common name: spirostomin A

XIMTEX command:

\cyclohexanev[be%

{b\sixfusev{ls==%

\sixheterov({cB}{dA}) [a]{5==0}{4==(y1l) ;3D==0;6D==03}%
}{4B==\null}{E}}%

1{1D==0;4D==0; 6==\null}

7-3

The configurations of the skeletal bonds in the spiro component are drawn by ggtBig{dA}) in the
(skelbdlis} of \sixheterov, where the bonds are expressed by a bold line and a bold dashed line. These
bonds can be changed by usixigedgeAsSubst and\HashWedgeAsSubst, as shown below:
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common name: spirostomin A

XIMTEX command:

\cyclohexanev[be%
{b\sixfusev{ls==\sixheterov[a]{5==0;%
4s==\WedgeAsSubst(0,0) (3,2){165};%
4s==\HashWedgeAsSubst(0,0)(-3,2){120}%
}{4==(y1);3D==0;6D==03} [cd]%
}{4B==\null}{E}}%

1{1D==0;4D==0; 6==\null}

References

[1] S. Fujita, “Organic Chemistry of Photography,” Springer-Verlag, Berlin-Heidelberg (2004).
[2] Y. Uruma, Y. Sera, Y. Usuki, and H. lioduki Gosei Kagaku Kyokai-Shil, 207-215 (2013).






Chapter 8

Five- or Lower-Membered Carbocycles. Commands for
Specific Use

This chapter is devoted to introduce commands for drawing 5- to 3-membered rings as embodiments of
XIMTEX commandsomSpec for specific use (cf. Section 3.1 for the syntax). These commands are short-cut
commands of fiveheterov etc. (the embodiments @bmGen for general use).

8.1 Drawing Five-Membered Carbocycles

8.1.1 \Vertical Forms

The )@\/ITEX command\cyclopentanev and the corresponding inverse macro are used to draw five-
membered carbocyclic compounds of vertical type. They are defined iovthgcle package of the YUTEX
system. The formats of these commands are as follows:

\cyclopentanev [(bondlish] {(subslis}}
\cyclopentanevi [(bondlish] {(subslis}}

The following diagrams show the numbering of the commands for designating substitution positions (1-5)
and bond descriptors (a—e):

1Sb(l) 1Sa(r)

o1 (400,240) o1 (400,240)
e: (0,0 ® : (0,0

1Sb(l) 1Sa(r)

The optional argumerbondlisp shows bonds to be doubled as shown in Table 8.1. The default structure
is a fully saturated form.

The argumentsubslis} is used to specify each substituent with a locant number and a bond modifier
shown in Table 3.2, in which is an Arabic numeral between 1 and 5.
Examples foAcyclopentanev and\cyclopentanevi:

\begin{XyMcompd} (600,650) (250,30) {}{}
\cyclopentanev{1==COOH; 3==CH$_{33}$}
\end{XyMcompd}
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Table 8.1.Argument(bondlisy for Commandgcyclopentanev, \cyclopentaneh, and Their Inverse Macros

Character Printed structure

mother nucleus

1,2-double bond

2,3-double bond

4,3-double bond

4,5-double bond

5,1-double bond

aromatic circle

+} plus at then-nitrogen atomif = 1 to 5)
+} plus (or minus) at the center

>
o
>
¢

SS >0 Q000w

\quad
\begin{XyMcompd} (500,650) (250,30) {}{}
\cyclopentanev{1B==Ph;3A==Ph}
\end{XyMcompd}

\quad
\begin{XyMcompd} (500,550) (250,350) {}{}
\cyclopentanevi[b]{1D==0;2==Ph}
\end{XyMcompd}

\quad
\begin{XyMcompd} (1050,550) (250,350) {}{}
\cyclopentanevi{1D==0;2Sa==CH$_{3}$;2Sb==CH$_{2}$CHS_{23}$CO$_{2}$CHS_{33}$}
\end{XyMcompd}

These statements produce the following structures:

CHs Ph

.
o
K

O @)
;f @ P
(O

COOH Ph

The command is capable of typesetting a delocalized and a localized form of cyclopentadienyl anion as
follows:

\begin{XyMcompd} (300,350) (250,250) {}{}
\cyclopentanev[A{0{$-$}}1{}

\end{XyMcompd}

\qquad

\begin{XyMcompd} (300,350) (250,250) {}{}
\cyclopentanev[bd{1{\lowerl.2ex\hbox{$-$3331{}
\end{XyMcompd}

where the charges are designated in terms ofltbadlis) (Table 8.1). These statements produce

o U

The macros\cyclopentaneh and\cyclopentanehi are used to draw five-membered carbocyclic com-
pounds of horizontal type. They are defined in lihecycle package of the ITEX system. Their formats
are as follows:

8.1.2 Horizontal Forms
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\cyclopentaneh [(bondlish] {(subslis}}
\cyclopentanehi [(bondlish] {{subslis}}

The following diagrams show locant numbers for designating substitution positions as well as bond
descriptors for showing double bonds:

| | |
3569’(361( " X Zsaggb(r) 25b2(§a( " SSag%b(r)

1Sh(r) 1Shb(l)
1Sa(r) 1Sa(l)

4Sh(l 5Sh(r) [o: 5Sh( 4sb(r) [
. 4(S)a(lr) 5Sa(Ir) w i %40(;’400) . S(S)a(lr) 4sa(r) K . 2(2)400),400)

in which the same macro is used to typeset both saturated and unsaturated derivatibsndiis), see
Table 8.1.

Examples foAcyclopentaneh and\cyclopentanehi:

\begin{XyMcompd} (750,550) (250,250) {}{}
\cyclopentaneh{1==COOH; 3==CH$_{33}$}
\end{XyMcompd}

\quad
\begin{XyMcompd} (550,550) (280,250) {}{}
\cyclopentaneh{1B==Ph;3A==Ph}
\end{XyMcompd}

\quad
\begin{XyMcompd} (450,550) (80,250) {}{}
\cyclopentanehi[b] {1D==0;2==Ph}
\end{XyMcompd}

\quad
\begin{XyMcompd} (850,550) (80,250) {}{}
\cyclopentanehi{1D==0; 2Sb==CH$_{3}$;2Sa==CH$_{2}$CHS_{2}$CO$_{2}$CHS_{3}$}
\end{XyMcompd}

These statements produce the following structures:

CHs Ph CH,CH,CO,CHg

CHs

Ph
:>—COOH :><Ph 0= Oo0—

8.2 Drawing Four-Membered Carbocycles

The macro\cyclobutane is a command for drawing four-membered carbocycles by using the following
format (owcycle.sty).

\cyclobutane [(bondlish] {(subslis}}

Locant numbers (1-4) and bond descriptors (a—d) are shown in the following diagram:
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4sb(l) 3sb(r)
45a(|Fd—CF38a(r)

1Sa(l)7:—a—28a(r)

1Sb(l) 2Sb(r) o: (400,240)
. «: (0,0)

The handedness for each oriented position is shown with a character set in parentheses. The optional
argumentbondlis) specifies double bonds as shown in Table 8.2.

Table 8.2.Argument(bondlisy for Command\cyclobutane

Character Printed structure Character Printed structure
none mother skeleton (fully saturated)

a 1,2-double bond b 2,3-double bond
c 3,4-double bond d 4,1-double bond
{n+} plus at then-nitrogen atomtf = 1 to 4)

The argumentsubsilis} is filled in to specify each substituent with a locant number and a bond modifier
shown in Table 3.2, in which is an Arabic numeral between 1 and 4.

Examples foAcyclobutane:

\cyclobutane{2Sa==CHS$_{3}9$;2Sb==CH=CHS$_{3}$}
\cyclobutane{3D==0}
\cyclobutane{3SA==0H; 3SB==CHS$_{3}$}

produce the following structures:

CHs
CH=CHj

8.3 Drawing Three-Membered Carbocycles

8.3.1 \Vertical Forms

The )Z(MTEX command\cyclopropanev (the same as\cyclopropane) and its inverse counterpart
\cyclopropanevi (the same as\cyclopropanei), which are defined inowcyclo.sty for drawing
three-membered carbocycles, have the following formats.

\cyclopropanev [{bondlish] {(subslis}}
\cyclopropanevi [(bondlish] {(subslis}}

Thus, the locant numbering (1-3) and the bond description (a—c) are common as shown in the following
diagrams:

(a) Output of\cyclopropanev (b) Output of\cyclopropanevi
3sb(l) , ,2Sb(r) 1Sb(l) 1Sa(r)
3Sa(l 25a(r)
Cc a C a
————— 3Sa(l) 25a(r)
o: (400,240) o: (400,340)

o 18b() 182 |00 3sb() 2500) |, (0,0)
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The handedness for each oriented position is shown with a character set in parentheses. The optional
argumentbondlish is written down to specify double bonds as shown in Table 8.3.

Table 8.3. Argument (bondlisp for Commands\cyclopropanev, \cyclopropanevi, \cyclopropaneh, and
\cyclopropanehi

Character Printed structure

none saturated

a 1,2-double bond

b 2,3-double bond

c 3,1-double bond

A aromatic circle

{n+} plus at the n-hetero atom &1l to 3)

n = 4 — outer plus at 1 position
n = 5 — outer plus at 2 position
n = 6 — outer plus at 3 position
{O+} plus at the center of a cyclopropane ring

The argumentsubslis} is entered to specify each substituent with a locant number and a bond modifier
shown in Table 3.2, in which is an Arabic numeral between 1 and 3.

Examples foAcyclopropanev:

\cyclopropanev{2Sa==CO0CH$_{3}$;2Sb==COOCH$_{3}$3}\gqquad
\cyclopropanev{2Sa==CO0H; 2Sb==CO0H}\qgquad\qquad
\cyclopropanev{3Sa==H$_{3}$C;3Sb==H$_{3}$C}

produce the following structures:

COOCH; COOH HsC

VLcoocH:, VLCOOH chQv

Examples foAcyclopropanevi:

\cyclopropanevi{2Sa==CO0CH$_{3}$;2Sb==CO0CH$_{3}$3}\qquad
\cyclopropanevi{2Sa==CO0H; 2Sb==C00H}\qquad\gquad
\cyclopropanevi{3Sa==H$_{3}$C;3Sb==H$_{3}$C}

produce the following structures:

AvcoocH; AVCOOH H3c7A

COOCH; COOH HsC

These macros are based on the magtdseeheterov and\threeheterovi in which the(atomlisy of
the latter commands are set beforehand. In order to draw a carbon atom on a cyclopropane ring, you can use
the command threeheterov (or \threeheterovi) instead of\cyclopropanev (or \cyclopropanevi).

Examples fonthreeheterov and\threeheterovi:

\threeheterov{1==C;2==C;3==C}%
{1Sa==H; 1Sb==H;2Sa==CO0CH$_{3}$;2Sb==CO0CH$_{3}%$;%
3Sa==H$_{3}$C; 3Sb==H$_{3}$C}\aquad\qquad\gquad
\threeheterovi{2==C} {2Sa==COOH; 2Sb==COOH?}

produce the following structures:
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H3C\ /COOCI-b
H;C—C—C—COOCH

N/
fi Zﬁ>}7COOH
H H \COOH

8.3.2 Horizontal Forms

The XMT| pX command\cyclopropaneh and its inverse counterpaytyclopropanehi for drawing three-
membered carbocycles of horizontal type have the following fornhaigycle.sty).

\cyclopropaneh [(bondlish] {(subslis}}
\cyclopropanehi [(bondlis}] {{subslis}}

The locant numbering (1-3) and the bond description (a—c) are common as shown in the following
diagrams:

(a) Output of\cyclopropaneh (b) Output of\cyclopropanehi
3S 3S
3Sh(l) () . %@uo
b 1Sb(r) 1Sb()) b
1Sa(r) 1Sa(l)
2sb()” | @ o1 (200,240) 2] 28003 (200,240)
s 25a(r) . (0.0) o 25a(r) . (0.0)

The handedness for each oriented position is shown with a character set in parentheses. The optional
argumentbondlisy is written down to specify double bonds as shown in Table 8.3. The argusdrglis}
is entered to specify each substituent with a locant number and a bond modifier shown in Table 3.2, in which
nis an Arabic numeral between 1 and 3.
Examples foAcyclopropaneh:

\cyclopropaneh{2Sa==CO0CHS$_{3}$;2Sb==CH$_{3}$0C0}\qquad
\cyclopropaneh{2Sa==CO0H; 2Sb==H0CO}\gquad\qquad
\cyclopropaneh{3SA==CH$_{3}$;3SB==CHS$_{3}$}

produce the following structures:

CHa

CHsg
ahoco/$:> HOCO/$>>

COOCH; COOH
Examples foAcyclopropanehi:

\cyclopropanehi{2Sa==CO0CH$_{3}$;2Sb==COOCH$_{3}$}\qquad
\cyclopropanehi{2Sa==COO0H; 2Sb==C00H}\qquad\qgquad
\cyclopropanehi{3SA==CHS$_{3}$;3SB==CH$_{3}$}

produce the following structures:

CHs

i ,CHs
~COOCH >~ COOH

COOCH COOH
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8.4 lllustrative Examples of Drawing Five- or Smaller-Membered
Carbocycles

8.4.1 Generation of Substituents by (yl)-Functions

The XIMTEX commands described in this chapter are able to generate substituents by using the (yl)-function
technique. The resulting substituents can participate in substitution due to the substitution technique.

Example 8.1For example, a conjugate dieBel which extends between two rings [1, page 605] is drawn
by the substitution technique, where a (yl)-function is declared in the comi@and obutane to give a
cyclobut-1-enyl group. This substituent is declared in{ghebslis} of the outer comman¥cyclohexanev

to give 1-(cyclobut-1-enyl)cyclohexene.

\cyclohexanev[a]{2==\cyclobutane[a]{1==(yl1)}}

N

8-1 5
Example 8.2The structureB-2 of a conjugate diene [2, page 395] is drawn by the replacement technique,
where the commantBiFunc is used to draw a parent structure and the two commangslohexaneh
and\cyclopentanehi are used after declaring (yl)-functions.

\BiFunc(1,0) {250}
{\cyclohexaneh[e] {4==(yl); 1D==\null;4GA==Me}}
{\cyclopentanehi{1==(yl) ;5D==\null; 1GB==Me}}

8-2

O

Example 8.3The following structure3-3 of a spiro compound is drawn by the replacement technique, where
the commanddecaheterov is used to give a parent structure and the commayd1opropanevi is used
to give an attached component by declaring a (yl)-function.

\decaheterov[a]{5s==\cyclopropanevi{l==(yl)}}%
{{10}B==\null;9A==\null;2==COO0CH$_{3}$}

COOCH;

8-3

O

Example 8.4The structure8-4 of a double spiro compound [2, page674] is drawn by the replacement
technique, where the commaNthreeheterovi is used to draw a central parent structure and the two com-
mands\cyclopropanev and\cyclohexanev are used after declaring (yl)-functions to draw the right-hand
and left-hand attached components.

\threeheterovi{1==0;%
2s==\cyclopropanev{3==(yl)};%
3s==\cyclohexanev{2==(y1) }%
H3?
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8-4

O

Example 8.5The structure3-5 of a spiro compound having a cyclobutanone moiety [2, page674] is drawn
by the replacement technique, where the commasickheterov is used to draw a parent structure and
the command\cyclobutane is used after declaring a (yl)-function to draw the attached four-membered
component.

\sixheterov{2s==\cyclobutane{l==(yl);2D==0}}{}

b\o

8-5

O

Example 8.6The structure3-6 of a spiro ketone is drawn by the replacement technique, where the command
\sixheterov is used to draw a parent structure and the commandlopentanev is used after declaring
a (yh-function to give the attached five-membered component.

\sixheterov{3s==\cyclopentanev{4==(y1)}}
{1D==0;5Sa==\null; 5Sb==\null}

8-6

8.4.2 As Parent Structures for Ring Fusion

The XMTEX commands described in this chapter are able to serve as parent structures for ring fusion in the
addition technique.

Example 8.7A photorearrangement of 4,4-diphenylcyclohexa-2,5-dienone gives 6,6-diphenylbicyclo[3.1.0]hex-
3-en-2-one [1, page 1037], the struct@¢& of which is drawn by the addition technique for ring fusion,

where the commangcyclopropaneh is used to draw a parent structure and the commgdieefusevi is

used to draw an attached component.

\cyclopropaneh[%
{b\fivefusevi[d]{}{1D==0}{B}}%
]{1Sa==Ph; 1Sb==Ph}

0]

[ <n
Ph

8-7 5
Example 8.8The product3-8 of photodimerization [1, page 1035] is drawn by the addition technique for

ring fusion, where the commarktyclobutane is used to draw a parent structure and the two command
\fivefusevi is used to draw two attached components.
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\cyclobutane[%
{b\fivefusevi{}{1D==0}{d}}%
{d\fivefusev{}{1D==0}{B}}%
14}

@)
8-8 .

Example 8.9The structureB-9 of a product of photocycloaddition [1, page 1034] is drawn by the addition
technique for ring fusion, where the commaXxdyclobutane is used to draw a parent structure and the
command\sixfusev is used to draw an attached component. As for the commsaixifusev, the skeletal

bond of the attached component at the locant alphabet ‘b’ is deleted by declaring the optional arfdgument

in its (delbdlisy and the skeletal bond ‘f’ is changed into a dashed line by declaring the optional argument
({£fA}) inin its (skelbdlis}.

\cyclobutane[%
{b\sixfusev({fA})[a]{}{6GB==CH$_{3}$;5FU==H;4D==03}{e}[b]}
1{}
CHs
i
(@]
8-9 -

Example 8.10The structure8-10 of a 5-4 ring-fusion system [2, page 981] is drawn by the addition tech-
nique and the substitution technique. T\®yclobutane draws a four-membered ring which serves as a
parent structure. The commakdivefusev is used to draw a five-membered attached component by the
replacement technique, where the inner substitution technique is applied to draw a cyclohex-1-enyl group by
declaring a (yl)-function in the commangdyclohexanev.

\cyclobutane[%

{d\fivefusev{}{3F==\cyclohexanev[d] {4==(y1)}}{B}}%
1{3D==0}

/\
NN
@]
~
8-10 .

Example 8.11The structuré-11of an interesting and usefgtlactam [2, page 994] is drawn by the addition
technique for ring fusion, where the commaXxdyclobutane is used to draw a parent structure and the
command\ fourfuse is used to draw an attached component.

\cyclobutane[%
{a\fourfuse{2==N}{1D==0;2==H}{C}}%
1{1SA==H; 2SA==H; 4B==HO}
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HO

H sevens o H
.

o) N\H
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Chapter 9

Carbocycles with Fused Six-to-Six-Membered Rings.
Commands for Specific Use

This chapter is devoted to introduce commands for drawing naphthalene derivatives and related com-
pounds. These commands are short-cut commanddeahheterov etc. for general use (cf. Section 3.1 for
the syntax).

9.1 Drawing Naphthalene Derivatives

9.1.1 \Vertical Forms of Naphthalene Derivatives

The macrd\naphdrv (or synonymouslyynaphthalenev) is used to draw naphthalene derivatives of vertical
type (carom.sty) as well as various naphthoquinone derivatives. The format of this command is as follows:

\naphdrv [{bondlish] {(subslis}}
\naphthlenev[(bondlish] {(subslis}}

Locant numbers for designating substitution positions are represented by the following diagram:

8 1(In
7(1) 2(r)
6(1) o 3(r)
o1 (400,240)
. 5 4(Ir) - 0.0)

The handedness for each oriented or double-sided position is shown with a character set in parentheses. The
optional argumentbondlis} is used to specify a bond pattern as shown in Tablé 9.1.

Several endcyclic bond patterns typeset bythendlisy argument of thénaphdrv (or naphthalenev)
command (Table 9.1) are shown in Figs. 9.1 and 9.2.

The argumentsubslis} is used to specify each substituent with a locant number and a bond modifier
shown in Table 3.2, in which is an Arabic numeral between 1 and 8.

Examples foAnaphdrv:

a\When the optional argumettiondlis} specifies a bond pattern (not locant alphabets), the mechanism of ring fusion is not permitted.
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Table 9.1.Argument(bondlisp for command$naphdrv (\naphthalenev) and\naphdrh (\naphthaleneh)

Character

Printed structure

none
A

naphthalene (mancude-ring system)
aromatic circle

p or pa
pb

1,4-quinone (A) left aromatic, right quinone
1,4-quinone (B) right aromatic, left quinone

ooroa
ob

oc

od

oe

of

o-quinone (A) (Oxygen atoms at 1,2-positions)
o-quinone (B) (Oxygen atoms at 2,3-positions)
o-quinone (C) (Oxygen atoms at 3,4-positions)
o-quinone (D) (Oxygen atoms at 4,5-positions)
o-quinone (E) (Oxygen atoms at 5,6-positions)
o-quinone (F) (Oxygen atoms at 1,6-positions)

gorga
gb
qc
qd
ge
gf
a9
gh

2,6-quinone (A)
2,6-quinone (B) (actually 3,7-positions)
1,5-quinone (C)
1,5-quinone (D) (actually 4,8-positions)
1,7-quinone (E)
1,7-quinone (F) (actually 2,8-positions)
1,7-quinone (G) (actually 4,6-positions)
1,7-quinone (H) (actually 3,5-positions)

P or Pa
Pb

: 1,4,5,8-quinone (A)
1,2,5,8-quinone (B)

Q

1,2,3,4-quinone

OorOa
Ob
Oc
Od

1,2,5,6-quinone (A)
1,2,7,8-quinone (B)
1,2,3,5-quinone (C)
1,2,3,7-quinone (D)

\naphdrv{}
\naphthalenev{}

\naphdrv[pa]{}

\naphthalenev[pa]{}

\naphdrv[A]{} \naphdrv[p]{}
\naphthalenev[A]{} \naphthalenev[p]{}
\naphdrv[pb]{}
\naphthalenev[pb]{}

Figure 9.1.Endocyclic bond patterns by tbondlisp argument of the commanghaphdrv (\naphthalenev).

\naphdrv{1==CH$_{2}$CH=CHS$_{2}$;2==0H} \qquad
\naphdrv{6==H$_{3}$C;2==COCH$_{2}$CHS_{23}$COOH} \hskipl.5cm
\naphdrv[o]{1Sb==Cl;1Sa==Cl;2D==0} \\
\naphthalenev{1l==\ChemForm{CH_2CH\mbox{=}CH_2};2==0H} \qquad
\naphthalenev{6==\ChemForm{H_3C}; 2==\ChemForm{COCH_2CH_2COOH}} \hskipl.5cm
\naphthalenev[o] {1Sb==Cl;1Sa==Cl;2D==0}

These commands produce:



\naphdrv[oa]{}
\naphthalenev[oa]{}
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\naphdrv[q]l{}
\naphthalenev[q]{}

\naphdrv[qc]{}
\naphthalenev[qc]{}

\naphdrv[gf]{}
\naphthalenev[qf]{}

9.1.

\naphdrv[ob]{}
\naphthalenev[ob]{}

\naphthalenev[oe]{}

\naphthalenev[ga]{}

\naphdrv[qd]{}
\naphthalenev[qd]{}

\naphdrv[qg]{}
\naphthalenev[qg]{}

Drawing Naphthalene Derivatives

\naphdrv[oc]{}
\naphthalenev[oc]{}

\naphthalenev[of]{}

\naphthalenev[gb]{}

\naphdrv[qge]{}
\naphthalenev[qge]{}

\naphdrv[gh]{}
\naphthalenev[gh]{}

133

Figure 9.2. Endocyclic bond patterns by th@bondlish argument of the commanghaphdrv (\naphthalenev).

(continued)

CH,CH=CH,
OH

3
3

HsC

COCHCH,COOH

Cl Cl

o
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CH,CH=CH, cl cl

OH COCH,CH,COOH 0
H,C ' ‘

The top three outputs are based on usyd/FTgX-modes of giving stfixes, while the bottom three
outputs are based on the commaGhemForm of the XMTEX system. The input\mbox{=} of
\ChemForm{CH_2CH\mbox{=3}CH_2} prevents mathematical spaces before and after the equality symbol.
Compare this input witltH$_{2} $CH=CH$_{2}$.

9.1.2 Horizontal Forms of Naphthalene Derivatives

The macro\naphdrh (or synonymouslj\naphthaleneh) is used to draw naphthalene derivatives of hor-
izontal type €arom.sty) as well as various naphthoquinone derivatives. The format of this command is as
follows:

\naphdrh[{(bondlish] {(subslis}}
\naphthleneh[(bondlish] {(subslis}}

The format of the argumeribondlis} is the same as that &haphdrv (Tables 9.1).
The format of the argumeks$ubslis} is the same as collected in Table 3.2, in whidk an Arabic numeral
between 1 and 8. The locant numbering and the handedness of substitution are designed as follows:

20 3(n)

[
0

7 60 o: (400,800)
. «: (0,0)

1(l) —<

-

Examples foAnaphdrh:

\naphdrh{4==NH$_{23}$;5==S0$_{3}$H}\qquad
\naphdrh{5==N=NC$_{63}$H$_{4}$S0$_{3}$Na;6==0H}

These commands produce:

OH
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9.1.3 Diagonal Forms of Naphthalene Derivatives

The XMTEX command\naphdrvb (or synonymously\naphthalenevb) is used to draw naphthalene
derivatives of diagonal typecérom.sty) as well as various naphthoquinone derivatives, where two six-
membered rings are aligned in a right- and downward direction. The format of this command is as
follows:

\naphdrvb [(bondlish] {(subslis}}
\naphthlenevb[(bondlis}] {(subslis}}

On the other hand, theMTEX command\naphdrvt (or synonymoushnaphthalenevt) is used
to draw naphthalene derivatives of another diagonal tgpeotn.sty) as well as various naphthoquinone
derivatives, where two six-membered rings are aligned in a right- and upward direction. The format of this
command is as follows:

\naphdrvt [{(bondlish] {(subslis}}
\naphthlenevt [(bondlis}] {(subslis}}

The format of the argumeribondlisy in each command is the same as thatmfphdrv (Tables 9.1).

The format of the argumenrisubslis} in each command is the same as collected in Table 3.2, in which
is an Arabic numeral between 1 and 8.

The locant numbering and the handedness of substitution are designed as follows:

(a) Output of\naphdrvb (\naphthalenevb) (b) Output of\naphdrvt (\naphthalenevt)
7(Ir) 2(Ir)
6() 8(r) 1 3(r)
I
50) 1(r) 8(1) a0)
4(1) % 2(r) 7(1) = 5(r)
o: (550,240) o: (400,240)
N 3(Ir) « (0.0) ° 6(Ir) « (0,0)
Examples foAnaphdrvb:

\naphdrvb{4==H$_{2}$N;5==H0-S0$_{2}$3}\hskip3cm
\naphdrvb{5==Na0-S0$_{2}$-C$_{6}$HS_{4}$-N=N;6==HO}

These commands produce:

HO

HO-SG NaO-SQ-CgHa-N=N

H,N

Examples foAnaphdrvt:
\naphdrvt{4==NH$_{2}$;5==S0$_{3}$H}\qquad
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\naphdrvt {5==N=NC$_{63}$H$_{4}$S0$_{3}$Na;6==0H}

These commands produce:

NH;

SG;H N=NCgH,SO;Na
OH

9.2 Drawing Tetraline Derivatives

9.2.1 Vertical Forms of Tetraline Derivatives

The macro\tetralinev is used to draw tetraline derivatives of vertical typarom.sty) as well as various
naphthoquinone derivatives. The format of this command is as follows:

\tetralinev[{bondlish] {{subslis}}

Locant numbers for designating substitution positions are represented by the following diagram:
8(Ir) 1Sb(l) 1Sa(r)

7() 2Sh(r)
2Sa(r)
3Sa(r)
o0 3Sh(r)
o  5(I) 4sb() 4sa() > §3000),240)

The handedness for each oriented or double-sided position is shown with a character set in parentheses. The
optional argumentbondlish is used to specify a bond pattern as shown in Tabl® I:Be locant alphabets

a—-k are not recommended, so thidcalinev etc. should be used to specify such locant alphabets. also
permissible.

Table 9.2.Argument(bondlisy for commandg tetralinev and\tetralineh

Character Printed structure

none tetraline

A aromatic circle
eorea 1,2-double bond
eb 2,3-double bond
ec 3,4-double bond

A bond madifier in the argumerisubslis} for n = 1 to 4 can be one of the bond modifiers shown in Table
3.2, which allowsx- or g-orientation. On the other hand a bond modifier in the argursmtslisi forn = 5
to 8 should be vacant. If there appears the overcrowding between 1- and 8-substituent or between 4- and
5-substituent, the bond modifiesSb’ or ‘ 8Sb’ is allowed to avoid such overcrowding.

Examples foAtetralinev:

PWhen the optional argumetttondlish specifies a bond pattern (not locant alphabets), the mechanism of ring fusion is not permitted.
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\tetralinev{1Sb==H$_{33}$C;1Sa==CHS$_{33}%$;%
4Sb==H$_{3}$C;4Sa==CHS$_{31}$;7==Br}\qquad
\tetralinev[ea]{1==CH$_{23}$0Si(CH$_{3}$)$_{23}$C(CHS_{3}$)$_{33$;
2==C$_{2}$HS$_{5}%;5==0CHS$_{3}$;6==0=CH}\qquad
\tetralinev{3D==NOH;4Sb==H$_{3}$C;4Sa==CH$_{33}9$;5Sb==C1}

These commands produce:

H3sC CHj CH,0Si(CH;),C(CHs)s
\C@? C2H5 i;@
H3C CHs HsC CHs

9.2.2 Horizontal Forms of Tetraline Derivatives

The\tetralineh is the horizontal counterpart of the commaqktralinev:
\tetralineh[{bondlish] {{subslis}}

Locant numbers for designating substitution positions are represented by the following diagram:
2Sa(l) 3Sa(r
é%b(r)

2Sb(l)
1Sb(l) 4Sh(r)
1Sa(l) 4Sa(r)
8() 5(r)
7(In) 6(r) o (400,800)
. «: (0,0)

The handedness for each oriented or double-sided position is shown with a character set in parentheses. The
optional argumentbondlish is used to specify a bond pattern as shown in Table 9.2. The argysudasiis}
is the same as that Qftetralinev.

Examples foAtetralineh:

\tetralineh[eb] {1D==0;4D==0;5==0H} \qquad
\tetralineh[eb] {1SB==H$_{3}$C; 1SA==H;4SB==CH$_{31}$;4SA==H}

These commands produce:
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9.2.3 Diagonal Forms of Tetraline Derivatives

The XIMTEX command\tetralinevb is used to draw tetraline derivatives of diagonal typar¢m.sty),
where two six-membered rings are aligned in a right- and downward direction. The format of this command
is as follows:

\tetralinevb [(bondlish] {(subslis}}

On the other hand, theMTEX command\tetralinevt is used to draw tetraline derivatives of another
diagonal type ¢arom.sty), where two six-membered rings are aligned in a right- and upward direction. The
format of this command is as follows:

\tetralinevt[(bondlish] {(subslis}}

Locant numbers for designating substitution positions are represented by the following diagrams:

(a) Output of\tetralinevb (b) Output of\tetralinevt

2Sh(l) 2Sa(r)

o: (550,240)
o: (0,0) .

o1 (400,240)
o: (0,0)

3Sh(l) 3Sa(r)

6(Ir)

The handedness for each oriented or double-sided position is shown with a character set in parentheses. The
optional argumentbondlish is used to specify a bond pattern as shown in Table 9.2. The argysudaslis}
is the same as that Qftetralinev.

Examples fontetralinevb:

\tetralinevb[eb]{1D==0;4D==0;5==H0} \qquad
\tetralinevb[eb] {1SB==CH$_{3}$; 1SA==H;4SB==CH$_{3}$;4SA==H}

These commands produce:

HO

Examples foAtetralinevt:

\tetralinevt[eb]{1D==0;4D==0;5==0H} \qquad
\tetralinevt[eb] {1SB==H$_{3}$C;1SA==H;4SB==CHS$_{3}$;4SA==H}

These commands produce:
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OH

9.3 Drawing Decaline Derivatives

9.3.1 Vertical Forms of Decaline Derivatives

The macro\decalinev is used to draw decaline derivatives of vertical typar¢m.sty). The format of this
command is as follows:

\decalinev[(bondlish] {{subslis}}

Locant numbers for designating substitution positions and characters for showing bonds to be doubled are
represented by the following diagram:

Sa(r) Sb(l)

o1 (400,240)

(
5Sb() 5 4 4Sa(r) _
sa(r) Sb() *:(0.0)

The handedness for each oriented or double-sided position is shown with a character set in parentheses.
The option argumentbondlis} is based on the assignment of charactes5-{(k’) to respective bonds as
shown in the above diagram. A bond modifier in the argunisabslis} for n = 1-8 can be one of bond
modifiers shown in Table 3.2. The substitution at the bridgehead positions is designated as shown in Table
9.3.

Table 9.3.Bond Modifiers of(subslis} for Bridgehead Positions itdecalinev and\decalineh

Character Printed structure

{10}A alpha single bond at 8a

{10B beta single bond at 8a

{10V unspecified single bond at 8a
9A alpha single bond at 4a

9B beta single bond at 4a

9u unspecified single bond at 4a

Example for\decalinev:

\decalinev{1D==0;9A==H; {10}B==H}

\decalinev{1D==0;9U==H; {10}U==H}
\decalinev{1B==CH$_{2}$0SiR$_{3}$;3D==0;4A==COOCHS$_{3}$;%
9A==H; {10}B==CH$_{3}$}

These commands produce:
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0 CH,OSIRs
o

9.3.2 Horizontal Forms of Decaline Derivatives

The macro\decalineh (carom.sty) is the horizontal counterpart ofdecalinev. The format and the
assignment ofbondlisy and (subslis} of the former macro are the same as the latter (see Tables 3.2 and
9.3).

\decalineh[(bondlis}] {(subslis}}

Locant numbers for designating substitution positions are represented by the following diagram:

2Sb2(|s)'a(lr) 38a§%b(r)

1Sh(l) 4Sb(r)
1Sa(l) 4Sa(r)

10(r)- o(r
8Shb(r 5Sh(r)
8Sa(l 5Sa(r)

7Sb(l) 6Sb(r

7Sa(lr) 6Saf(r) o: (400,800)
. (0,0)

The handedness for each oriented or double-sided position is shown with a character set in parentheses.
Example for\decalineh:

\decalineh{1D==0;9A==H; {10}B==H}

\decalineh{1D==0;9U==H; {10}U==H}
\decalineh{1B==R$_{3}$Si0CH$_{2}$;3D==0;4A==COOCH$_{33}%$;%
9A==H; {10}B==CH$_{3}$}

These commands produce:

0= R3SIOCH,
H H CHs

9.3.3 Diagonal Forms of Decaline Derivatives

The XMT, pX command\decalinevb is used to draw decaline derivatives of diagonal tygeErdm.sty),
where two six-membered rings are aligned in a right- and downward direction. The format of this command
is as follows:
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\decalinevb[{(bondlish] {(subslis}}

On the other hand, thelMTEX command\decalinevt is used to draw decaline derivatives of another
diagonal type ¢arom.sty), where two six-membered rings are aligned in a right- and upward direction. The
format of this command is as follows:

\decalinevt [{(bondlish] {(subslis}}

Locant numbers for designating substitution positions are represented by the following diagrams:

(a) Output of\decalinevb (b) Output of\decalinevt

7Sb(l) 7Sa(r) 2Sb(l) 2Sa(r)

o: (550,240)
o: (0,0) .

o1 (400,240)
+: (0,0)

. 3Sb(l) 3Sa(r) 6Sb(l) 6Sa(r)

The handedness for each oriented or double-sided position is shown with a character set in parentheses. The
assignment ofbondlisy and(subslis} are the same as those\afecalinev (see Tables 3.2 and 9.3).

Example for\decalinevb:

\decalinevb{1D==0;9A==H; {10}B==H}

\decalinevb{1D==0;9U==H; {10}U==H}
\decalinevb{1B==CH$_{2}$0SiR$_{3}$;3D==0;4A==CH$_{3}$0-C0O;%
9A==H; {10}B==CH$_{3}$}

These commands produce:

I

Example for\decalinevt:

\decalinevt{1D==0;9A==H; {10}B==H}

\decalinevt{1D==0;9U==H; {10}U==H}
\decalinevt{1B==R$_{3}$Si0OCH$_{2}$;3D==0;4A==COOCH$_{33}$;%
9A==H; {10}B==CH$_{3}$}

These commands produce:
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o) RsSIOCH,

o,
",
e,
.

9.4 lllustrative Examples of Drawing 6-6 Fused Derivatives

9.4.1 Substituents Derived by (yl)-Functions

A (yl)-function declared in thésubslis} of \decalinev or the related commands generates a substituent
which is capable of participating in the substitution technique as well as the replacement technique.

Example 9.1Spiroannelation via organobis(cuprates) is a versatile method for synthesizing spiroketone
derivatives [1]. The list of products containd3 H,4'H-spiro[cyclohexan-3-one-1haphthalene]q-1),
the structural formula of which can be drawn by the replacement technique for spiro fusion.

i
IUPAC name: 2H,3'H,4’'H-spiro[cyclohexan-3-one-1/haphthalene]
XIMTEX command:

\sixheterov{3s==\decalinevt[acK]{8==(yl)}}{1D==0}

9-1 o

Example 9.2The commandBiFunc(1,0) {200} {A}{B} generates a linking bond of thelength of 200

unit lengths and the slop1, ®) (the horizontal direction) between A and B. The linking bond is regarded

as a parent structure, the two endpoints of which accommodate the moieties A and B. When A and B is
substituents derived by applying (yl)-functionsrtaphthalenev etc., the comman¥BiFunc is capable of
supporting the replacement technique. Thereby, the structural foB¥itd 1,2 -binaphthalene [2, P-28.2.1]

is drawn as follows:

O IUPAC name: 1,2binaphthalene (PIN)
XIMTEX command:
\BiFunc(1,0){2003}%
{\naphthalenev{2==(y1)}}%
{\naphthaleneh{1==(y1)}}
9-2

The above construction is consistent with the construction of the IUPAC namdidgphthalene, which is
regarded as a PIN (preferred IUPAC name) [2, P-28.2.1].

If we obey another IUPAC name, 1-(naphth-2-yl)naphthalene (not a PIN), we are able to draw another
diagram9-3 by following the substitution technique:

IUPAC name: 1-(naphth-2-yl)naphthalene
XIMTEX command:
\naphthaleneh{l==\naphthalenev{2==(y1)}}

2
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Compare9-2 with 9-3 under focusing attention on the bond lengths linking two naphthyl graups.

Example 9.3The structural formulé9-4 of 1,4a(2H)-binaphthalene (PIN) [2, P-28.4.2] is drawn by
following the replacement technique.

IUPAC name: 1,4a(2H)-binaphthalene (PIN)
XIMTEX command:

\BiFunc(0,1){200}%
{\naphthalenev{1==(y1)}1}%
{\decalinev[acfi]{9==(y1)}}

9-4

If we obey another IUPAC nameH24a-(nathth-1-yl)naphthalene (not a PIN), we are able to draw another
diagram9-5 by following the substitution technique:

l l IUPAC name: M-4a-(nathth-1-yl)naphthalene
XIMTEX command:
\decalinev[acfi] {9==\naphthalenev{1==(y1)}}

Compare9-4 with 9-5 under focusing attention on the bond lengths linking two naphthyl graups.

Example 9.4Enantiomerically pure binaphth8t6is used as a chiral auxiliary to generate chiral aluminum
hydride reducing agents [3], as reviewed [4]. The structural formul@-@is drawn by applying the re-
placement technique. Because the arguniekelbdlis} is necessary to draw bold-lined skeletal bonds, the
XIMTEX commands\decaheterov and\decaheterovi for general use are used as shown below:

IUPAC name: 1,%binaphth-2-ol

XIMTEX command:

\BiFunc(0®, 1) {200}%
{\decaheterov({aB}{bB}{cB}) [acfhk]%
{}{1==(y1);2B==0H}}

{\decaheterovi ({fB}{gB}{hB}) [acfhk]%
{}{1==(yl);2A==0H}}

Example 9.5An azo-dye releas&-7is capable of releasing afflisible magenta dye after oxidation, so that

it is used in instant color photography [5, page 428]. The structural forma7a$ drawn by the multiple
usage of (yl)-functions andryl commands. Thus, the substitution technique can be multiply applied in a
nested fashion: i.e\ryl « (yl) « \ryl « (yl).
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OH
CON(GgHz7-n)
SO;NHC(CH;)3
e o
CH3SO,NH O
9-7
XIMTEX command:

\naphthalenev{1==0H;2==CON(C$_{18}$H$_{373}$-$n$)$_{2}%;%

4==\ryl (0==NHSO0$_2%) {4==\benzeneh{1==(y1) ;%

4==\ryl (4==N=N) {4==\naphthaleneh{1==(yl) ; 4==0H;%

3==S0$_{2} $NHC(CHS_{3}$)$_{31}$;%

8==CH$_{3}$SO$_{2}$NH}}}}} O
Example 9.6A cyan bisazo dye for silver dye bleach photography has the structural fo8¥&i[&, page
550], which is drawn by the multiple application of the substitution technique. The central phenylene group
of 9-8is regarded as a parent structure, which is attached leftwards by a substituent generated by the scheme
[phenylenellyl « (yI) « \1yl « (yl)[phenyl] and rightwards by a substituent generated by the scheme
[phenylenelryl « (yl) « \ryl « (yl)[phenyl].

OCH;
CONH OH OH NHC SO,CH3
KSO3 SO:K OCHs  KSO; SO:K
9-8
XIMTEX command:

\changeunitlength{0.09pt}
\benzeneh{3==0CH$_{3}$;6==0CH$_{33}$;%
==\1y1(4==N=N) {5==\naphthalenev{2==(yl) ; 1==0H; 3==S0$_{33} $K; 6==KS0$_{3}$;%

8==\1y1(8==CON\rlap{H}) {4==\benzeneh{4==(y1)}3}3}};%

4==\ry1 (4==N=N) {5==\naphthalenev{7==(y1) ; 8==0H; 3==S0$_{3} $K; 6==KS0$_{31$;%

1==\ryl (8==NHCO) {4==\benzeneh{1==(yl) ; 4==S0$_{2}$CH$_{33$31}3}} -
Example 9.7A magenta dye developer for instant color photography has the structural fodr8Us page
380], which is drawn by the multiple application of the substitution technique. The left-hand hydroquinone
residue is regarded as a parent structure, which is attached rightwards by a substituent generated by the
scheme\ryl « (yl) < \ryl « (yl) in a nested fashion.

CHZCHZO N=N

9-9

OH
OH

OH OCH(CH,),
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XIMTEX command:

\benzenev{1==0H;4==0H ;%

2==\ryl (4==\ChemForm{CH_2CH_2}) {4==\benzeneh{1==(yl) ;%

4==\ryl (4==N=N) {4==\naphthalenev{7==(yl) ; 8==0H; 5==\ChemForm{OCH(CH_3) _23}3}}}}}

9.4.2 As Parent Structures for Ring Fusion
The argumentbondlis) of \decalinev or related commands is capable of setting ring fusion due to the
addition technique.

Example 9.8For example, the structural formula oH-naphtho[2,3d][1,2,3]triazole §-10) [2, P-25.3.8.1]
is drawn by declaring fivefusevi in the(bondlish of \decalinev as follows:

H
N\N IUPAC name: 1H-naphtho[2,3d][1,2,3]triazole
I XIMTEX command:
\decalinev[acfhk%
{b\fivefusevi[b] {1==\upnobond{N}{H};2==N;3==N}{}{D}}
1{}

9-10

[}

Example 9.9By setting\sixfusev in the (bondlisy of \decalinev, we are able to benzgjquinoline
(9-11) [2, P-25.3.8.1] as follows:

N IUPAC name: benzagjquinoline
XIMTEX command:
" \decalinev[dfhj%
{b\sixfusev[ace]{1==N}{}{E}}]1{}
9-11

O

Example 9.10As an additional example of the addition technique, the structural formula of naph-
tho[1,8a]azirine 9-12) [2, P-25.3.8.4] is drawn by declaringhreefuseh in the(bondlisy of \decalinev
as follows:

N
IUPAC name: naphtho[1,8a]azirine
XIMTEX command:
\decalinev[bdfh%
{j\threefuseh[c]{3==N}{}{A}}%
1{3{}
9-12

O

Example 9.11The restricted-subduced-cycle-index (RSCI) method for enumerating &ekulctures (or
equivalently perfect matchings of a graph) [6] has been developed as a specialized application of the USCI
approach [7]. To show the versatility of the RSCI method, the number of Kektnlictures for pyrene is
calculated by the RSCI method. One of such Kékattuctures is depicted as follows:

\begin{XyMcompd} (650,1100) (250,-80){}{}
\decaheterov[bg%
{i\sixfusev[ace]{}{}{D}[cd]}%
{d\sixfusev[ace]{}{}{A}[af]}%

{3}

\end{XyMcompd}
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9-13

By starting from the above code for drawing the structew&3 of pyrene, all of the double bonds are
changed into single bonds and the inner bonds are delete¢d@hmllish: [deijk]). Thereby, a pericyclic
skeleton remains to give a 14-membered ring.

\begin{XyMcompd} (650,1100) (250,-80) {}{}
\decaheterov[%

{i\sixfusev{}{}{D}[cd]}%
{d\sixfusev{}{}{A}[af]}%

1{}{}[deijk]
\end{XyMcompd}
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Chapter 10

Carbocycles with Fused Six-to-Five-Membered Rings.
Commands for Specific Use

This chapter is devoted to introduce commands for drawing indane derivatives and related compounds.
These commands are short-cut commandsmhaheterov etc. for general use (cf. Section 3.1 for the
syntax).

10.1 Drawing Indane Derivatives

10.1.1 \Vertical Forms of Indanes

The XIMTEX commands\indanev and\indanevi, which are included in the package filewcycle.sty’,
are applied to draw indane derivatives. The formatiofdanev is:

\indanev [{bondlish] {(subslis}}

The locant numbering (1-9) and the bond description (a—j) have a common format as shown in the
following diagrams:

4(Ir)
5(1) 3(n

6(1) : ' 2(r)

N

2Sb(r)
(400240) | ygpi 701 1saqy |° (400240)
[ B (0,0) Sa(l’) Sb(l) [ N (0,0)

7 1(Ir)

The handedness for each oriented or double-sided position is shown with a character set in parentheses. Each
character in the optional argumefiondlisp indicates a specific double bond as shown in Table 10.1. The
default setting ofbondlish produces a fully unsaturated structure, when the ogtiamdlish is omitted. If
you want to draw a fully saturated structure, you should write down a null opfibnof [H]. because the
command\indanev adopts a mancude-ring system as a default setting.

The argumentsubslis} is used to specify each substituent with a locant number and a bond modifier
shown in Table 3.2 (cf. Fig. 3.1), in whialis an Arabic numeral between 1 and 7. Substitution on 8 (3a
position) or 9 (7a position) can be assigned in the same way.

Examples foAindanev:
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Table 10.1.Argument(bondlisp for Commands indolev and Related Commands

Character Printed structure Character Printed structure
none orr  aromatic six-membered ringH or [] fully saturated form
a 1,2-double bond b 2,3-double bond

c 3,3a-double bond d 4,3a-double bond
e 4,5-double bond f 5,6-double bond

g 6,7-double bond h 7,7a-double bond

i 1,7a-double bond j 3a,4a-double bond
A aromatic circle (six-membered ring)

B aromatic circle (five-membered ring)

{n+} plus at then-nitrogen atomif = 1 to 9)

\indanev{1D==0} \qquad

\indanev[H] {1D==S;2==CO0H}\par
\indanev[egj]{2D==0;3Sa==H;3Sb==Ph}\qquad
\indanev[A] {2D==0;3Sa==H; 3Sb==Ph}

I : N7 COOH

produce the following structures:

o) S
Ph Ph
H H
0 0

The macro\indanevi for drawing indane derivatives of inverse vertical type has the following format
(lowcycle.sty).

\indanevi [(bondlish] {(subslis}}

The locant numbering and the bond description are common with the vertical counterpart as shown in the
following diagrams:

700 1(In) ISh) 7 1 15a(0)
. 3sa(r)
50) i 3() 3Sh(r)
. A ° Eg?oo)'z“o) . 4sb(l) 4sa() Eg?o?z“o)

The handedness for each oriented or double-sided position is shown with a character set in parentheses; this is
however omitted in the overcrowded position (between 7 and 1). The optional arg(boadtis) specifies
bonds to be doubled as shown in Table 10.1
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Examples fonindanevi:

\indanevi{1D==0} \qquad
\indanevi [H] {1D==S;2==CO0H}\par
\indanevi[egj]{2D==0;3Sa==H;3Sb==Ph}\qquad
\indanevi[A] {2D==0; 3Sa==H; 3Sb==Ph}

produce the following structures:

o S
i |__coon
0 0
H H
Ph Ph

10.1.2 Horizontal Forms of Indanes

The macro\indaneh for drawing indane derivatives of horizontal type is definetbincycle.sty to have the
following format.

\indaneh[({bondlish] {(subslis}}

Locant numbers (1-9) for designating substitution positions and bond descriptors (a—j) are represented by
the following diagram:

3 2(I) s E;S(%a(lr) ZSaggb(r)

o 1Sh(r)
: 1 1Sa(r)
o 4Shb(l) 7Sb(r)
W=\ /" 4sa(l 7sa(r)
5Sh(l) 6Sb(r)
5(r)  6(Ir) |o: (400,800) 5Sa(lr) 6Sa(lr) o: (400,800)
° e: (0,0) ° e: (0,0)

The handedness for each oriented or double-sided position is shown with a character set in parentheses. The
optional argumentbondlisy gives the description of double bonds as shown in Table 10.1

Examples foAindaneh:

\begin{XyMcompd} (500,750) (450,300){}{}
\indaneh{1D==0}%}

\end{XyMcompd}

\quad

\begin{XyMcompd} (500, 900) (450,300) {}{}
\indaneh[H] {1D==S;2==COOH}

\end{XyMcompd}
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\quad
\begin{XyMcompd} (500, 900) (300,300){}{}

\indaneh[egj]{2D==0;3Sa==H;3Sb==Ph}
\end{XyMcompd}

\quad
\begin{XyMcompd} (500, 900) (300,300) {}{}
\indaneh[A] {2D==0;3Sa==H; 3Sb==Ph}

\end{XyMcompd}

produce the following structures:
COOH H o H o

— Ph / Ph /

\ 2 O

The macro\indanehi is the inverse counterpart §indaneh, which aims at drawing indane derivatives
of inverse horizontal typddwcycle.sty).

\indanehi [(bondlish] {(subslis}}

Locant numbers (1-9) for designating substitution positions and characters (a—j) for describing double
bonds are shown in the following diagram:

| |
2 3(Ir) ) sz(%a( r X 3Sa§g)b 0
o 1Sh(l)
10 1Sa())
— —8
7Sb(l 4Sh(r)
=\ /% 7sa( 4sa(r)
6Sb(r) 5Sh(r)
6(I)  5(I) |o: (400,800) 6Sa(in) 5Sa(r) o: (400,800)
° : (0,0 °® e: (0,0

Examples foAindanehi:

\begin{XyMcompd} (500,750) (250,300) {}{}
\indanehi{1D==0}

\end{XyMcompd}

\quad

\begin{XyMcompd} (500, 900) (250,300) {}{}
\indanehi [H] {1D==S;2==COOH}

\end{XyMcompd}

\quad

\begin{XyMcompd} (500, 900) (400,300) {}{}
\indanehi[egj]{2D==0;3Sa==H; 3Sb==Ph}

\end{XyMcompd}

\quad

\begin{XyMcompd} (500, 900) (400,300) {}{}
\indanehi[A]{2D==0;3Sa==H; 3Sb==Ph}

\end{XyMcompd}

produce the following structures:
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H H H
COO (@] Ph @) Ph

S:

\ L) O

10.2 lllustrative Examples of Drawing Indane Derivatives

10.2.1 Substituents Derived by (yl)-Functions

A (yl)-function declared in thésubslis} of \indanev or the related commands generates a substituent which
is capable of participating in the substitution technique as well as the replacement technique.

Example 10.1The structural formuld0-1of 1H,1’H,1,Y-biindene [1, P-28.4.1] is drawn by the substitution
technique.

IUPAC name: H,1'H,1,T-biindene
XIMTEX command:
\indanev{l==\indanevi{1l==(yl); 1F==H}; 1F==H}

H

10-1

The commandBiFunc (0, 1) {200} {A}{B} generates a linking bond of thelength of 200 unit lengths
and the slop(®, 1) (the vertical direction). The linking bond is regarded as a parent structure, the two end-
points of which accommodate the moieties A and B, so that it supports the replacement technique. The two
moieties may be substituents generated by (yl)-functions, as found in an alternative drawing of the biindene.
Thus, the following construction of the structural form@:2is based on the replacement technique.

IUPAC name: H,1'H,1,T-biindene
XIMTEX command:
\BiFunc(0,1){200}%
{\indanevi{l==(yl);1F==H}1}%
{\indanev{1==(yl); 1F==H}}

I
I

10-2 o

Example 10.2Another example of the replacement technique appliedBRbFunc gives the structural
formulal0-3of 3a,3a-biindene [1, P-28.4.1].

IUPAC name: 3a,&-biindene
XIMTEX command:
\BiFunc(0®,1){500}%
{\indanevi[aceg]{8==(y1)}}%
{\indanev[aceg]{9==(y1)}}

)4

/\(\

10-3 .
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Example 10.3Spiroannelation via organobis(cuprates) is a versatile method for synthesizing spiroketone
derivatives [2]. The list of products containsH23 H-spiro[cyclohexan-3-one-1Andene] (0-4), the
structural formula of which can be drawn by the replacement technique.

IUPAC name: 2H,3'H-spiro[cyclohexan-3-one-1Andene]
XIMTEX command:
\sixheterov{5s==\indanev[egj]{3==(y1)}}{1D==0}

10.2.2 Indanes as Parent Structures for Ring Fusion
The argumentbondlisy of \indanev and related commands serves as parent components for ring fusion.

Example 10.4For example, the structural formul®-5 of 9H-fluorene [1, P-25.1.1] is drawn by applying
the addition technique to the commaxithdanv (cf. Section 2.7), whergsixfusev is used as an attached

component.
IUPAC name: $-fluorene
XIMTEX command:
\indanevi [dfh%
10-5 {b\sixfusev[ace] {}{}{E}}]1{} .
References

[1] IUPAC Chemical Nomenclature and Structure Representation DiviBi@vjsional Recommendations.
Nomenclature of Organic Chemist004).
httpy//www.iupac.orgreportgprovisionalabstractOfavre 310305.html.

[2] P. A. Wender, A. W. White, and F. E. McDonald, in “Organic Syntheses,” ed. by A. |. Meyers, Organic
Syntheses Inc. (1991) Vol. 70 pp 204-214.



Chapter 11

Fused Tricyclic Carbocycles. Commands for Specific Use

This chapter is devoted to introduce commands for drawing anthracene derivatives and related compounds.
Because there are no general commands which correspond to the commands described in this chapter, they
should be constructed by applying the addition technique to a 6-6 fused ring and a 6-membered fusing unit
if necessary.

11.1 Anthracene and Perhydroanthracene Derivatives

11.1.1 Drawing Anthracene Derivatives

The macro\anthracenev is used to draw anthracene derivatives of vertical tyga@dm.sty) as well as
various quinone derivatives. The format of this command is as follows:

\anthracenev[(bondlish] {(subslis}}

Locant numbers for designating substitution positions are represented by the following diagram:
8(In  9(I)  1(In

7(1) 2(r)

6() o 3(n)
5(r) 103y 4(r)

o: (400,240)
«: (0,0)

The handedness for each oriented or double-sided position is shown with a character set in parentheses. The
optional argumengbondlisy is used to specify a bond pattern as shown in Table A Thereby, we obtain
the skeletal structures collected in Fig. 11.1.

The argumentsubslis} is used to specify each substituent with a locant number and a bond modifier
shown in Table 3.2, in which is an Arabic numeral between 1 and 10.

Examples foAanthracenev:

\anthracenev[pa] {9D==0; {{10}D}==0;2==COOH}\hskipl.5cm

a\When the optional argumettiondlis} specifies a bond pattern (not locant alphabets), the mechanism of ring fusion is not permitted.
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Table 11.1.Argument(bondlisp for Command\anthracenev

Character Printed structure
none orr  right-handed mancude-ring system
I left-handed mancude-ring system

A aromatic circle

p or pa 9,10-anthraquinone (A)

pA 9,10-anthraquinone (circle type)
o] 1,2-anthraquinone (A)

oa 1,2-anthraquinone (A)

0A 1,2-anthraquinone (circle type)
ob 2,3-anthraquinone (B)

oc 1,2-anthraquinone (C)

a 1,4-anthraquinone (A)

ga 1,4-anthraquinone (A)

gA 1,4-anthraquinone (circle type)

\anthracenev{}

\anthracenev([pa]{}

\anthracenev[o]{}

\anthracenev[ob]{}

\anthracenev[q]{}

\anthracenev[1]{}

\anthracenev[pA]{}

\anthracenev[oa]{}

\anthracenev[oc]{}

\anthracenev[qa]{}

\anthracenev[A]{}

\anthracenev[oA]{}

\anthracenev[gA]{}

Figure 11.1.Endocyclic bond patterns by tbondlis) argument of commanthnthracenev.
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\anthracenev[pA]{9D==0; {{10}D}==0;2==COO0H}

These commands produce:

H COCH H COOH

@) 0]

11.1.2 Drawing Perhydroanthracene Derivatives

The macro\hanthracenev (carom.sty) is a more general macro thamthracenev, where the latter is
actually a short-cut command of the former. Nimnthracenev command takes the following format:

\hanthracenev [{(bondlish] {(subslis}}

Locant numbers (1-12) for designating substitution positions and bond descriptors (a—p) are represented
by the following diagram:
non O
SasSb SaSh
8Sb() 8 9 9 1 1Sa(n)
11F 25b(r)
2Sa(r)

5Sb(l) 5 10 10 4 4Sa(r)

sasb Sasb o: (400,240)
0O OO0 o: (0,0)

The handedness for each oriented or double-sided position is shown with a character set in parentheses. The
option argumentbondlisy is based on the assignment of characters (a—p) to respective bonds as shown in
the above diagram and Table 11.2.

Table 11.2.Argument(bondlisy for Command\hanthracenev

Character Printed structure| Character Printed structure
perhydro-anthracene
1,2-double bond
3,4-double bond

>
o
>
(0]

b 2,3-double bond
d 4,4a-double bond
10,4a-double bond | f 10,10a-double bond
5,10a-double bond | h 5,6-double bond
6,7-double bond j 8,7-double bond
8,8a-double bond I 9,8a-double bond
9,9a-double bond n 1,9a-double bond
4a,9a-double bond | p 10a,8a-double bond
right aromatic circle| B central aromatic circle
left aromatic circle

OrPO0ogx—"Q@oO0W

A bond modifier in the argumerisubslis} for n = 1-10 is selected from those shown in Table 3.2. The
substitution at the bridgehead positions is designated as shown in Table 11.3.

Examples foAhanthracenev:
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Table 11.3.Bond Modifiers of(subslis} for Bridgehead Positions ithanthracenev

Character Printed structure

11FA alpha single bond at 9a
11FB beta single bond at 9a

11FU unspecified single bond at 9a
11GA alpha single bond at 4a
11GB beta single bond at 4a

11GU unspecified single bond at 4a
12FA alpha single bond at 8a

12FB beta single bond at 8a

12FU unspecified single bond at 8a
12GA alpha single bond at 10a
12GB beta single bond at 10a

12GU unspecified single bond at 10a

\hanthracenev[C]{5==\1moiety{CH$_{3}$0};%
8==\1moiety{CH$_{33}$0};9==CN; {{10}D}==0}\qquad
\hanthracenev[hjp] {{{11}FA}==H; {{11}GA}==H; 1A==0Bz;4B==0H; 2D==0}

These commands produce:

CHs0 CN

CH30 0]

11.2 Phenanthrene and Perhydrophenanthrene Derivatives

11.2.1 Drawing Phenanthrene Derivatives

The macro\phenanthrenev is used to draw phenanthrene derivatives of vertical tgpeofn.sty) as well
as various quinone derivatives. The format of this command is as follows:

\phenanthrenev [(bondlish] {(subslis}}

Locant numbers for designating substitution positions are represented by the following diagram:

. 8y 9(Ir) <.> 53002,240)
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Table 11.4.Argument(bondlisp for Command\phenanthrenev

Character Printed structure
none orr  right-handed double bonds
A aromatic circle

p or pa 1,4-quinone (A)

pA 1,4-quinone (circle type)
0 or oa 1,2-quinone (A)

0A 1,2-quinone (circle type)
ob 2,3-quinone (B)

oc 3,4-anthraquinone (C)
gorga 9,10-quinone

gA 9,10-quinone (circle type)

The handedness for each oriented or double-sided position is shown with a character set in parentheses. The
optional argumentbondlisp is used to specify a bond pattern as shown in Table 11.4.

The argumengsubslis} is employed to specify each substituent with a locant number and a bond modifier
shown in Table 3.2, in which is selected to be an Arabic numeral between 1 and 10.

Examples foAphenanthrenev:

\phenanthrenev[q] {9D==0; {{10}D}==0;2==COOH}\hskipl.5cm
\phenanthrenev[qA] {9D==0; {{10}D}==0;2==COOH}

l COOCH : COOH
‘ 0]

These commands produce:

@) @)

11.2.2 Drawing Perhydrophenanthrene Derivatives

The macro\hphenantherev (carom.sty) is a more general macro thahenanthrenev, where the latter
is a short-cut command based on the former. The format ofihRenantherev command is as follows:

\hphenanthrenev [(bondlish] {(subslis}}

Locant numbers (1-12) for designhating substitution positions and bond descriptors (a—p) are represented
by the following diagram:

PWhen the optional argumetttondlish specifies a bond pattern (not locant alphabets), the mechanism of ring fusion is not permitted.
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Table 11.5.Argument(bondlisp for Command\hphenanthrenev

Character Printed structure Character Printed structure
none perhydro-phenanthreng

a 1,2-double bond b 2,3-double bond

c 3,4-double bond d 4,4a-double bond

e 4a,4b-double bond f 4b,5-double bond

g 5,6-double bond h 6,7-double bond

[ 7,8-double bond j 8,8a-double bond

k 8a,9-double bond | 9,10-double bond

m 10,10a-double bond | n 1,10a-double bond

o] 4a,10a-double bond | p 4b,8a-double bond

A right aromatic circle B central aromatic circle
C left aromatic circle

3sb(l) 3Sa()

gsb() 8 9 9Sa(r)

Sb Sb .
(400,240
® 0 . Eo 0) )

The handedness for each oriented or double-sided position is shown with a character set in parentheses,
where the designation of overcrowded positions is abbreviated.

The option argumengbondlish is based on the assignment of characters (a—p) to respective bonds as
shown in the above diagram and Table 11.5. A bond modifier in the arguisigdlis} for n = 1-10 can
be one of bond modifiers shown in Table 3.2. The substitution at the bridgehead positions is similar to that
designated in Table 11.3 fohanthracenev.

Examples fonhphenanthrenev;

\hphenanthrenev[acgikm] {{{11}F}=={\kern-3em\raiselex\hbox{H}};%
{{12}F}==\1moiety{H" "}}\hskipl.5cm
\hphenanthrenev[acoj]{7D==0; {{12}FB}==}

These commands produce:

O
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11.3 |lllustrative Examples of Drawing Tricyclic Carbocycles

11.3.1 Generation of Substituents by (yl)-Functions

The command\anthracenev is capable of generating the corresponding substituent by declaring a (yl)-
function.

Example 11.1A red vat dye derived from 1l-amino-4-chloroanthraquinone and 1-chloro-2-chloroanthra-
quinonecarboxylic acid chloride [Beyer, BP762888 (19%8)em. Abstr.52, 7719 (1958)] has the structural
formulall-1, which is drawn by the substitution technique. An inner substituent is generated by declaring a
(yD)-function in the(subslis} of \anthracenev. It is further included in th&ryl command to add a linking
divalent unit (NHCO). Then, the resulting substituent is declared igghieslis} of anotheAanthracenev.

Cl O

11-1
XIMTEX command:
\anthracenev[pa] {9D==0; {10}D==0;4==C1;%
==\ryl (8==NHCO) {4==\anthracenev[pal%
{7==(y1) ;9D==0; {10}D==0;8==C1}}}

11.3.2 As Parent Structures for Ring Fusion
The argumen{bondlish of \hanthracenev is capable of setting ring fusion.

Example 11.2For example, the structural formula of aceanthrylelde @) is drawn by declaring fivefusev
in the(bondlisy of \hanthracenev as follows:

. IUPAC name: aceanthrylene

XIMTEX command:

\hanthracenev[acegikm%

{n\fivefusev[c]{}{}{a}[el}%

1{}

11-2 -

Example 11.3The structural formula of benzo[1f24,5¢']diindole (11-3 is drawn by double ring fusion
of five-membered units due ¥fiveheterov and\fiveheterovi, which are declared in thdondlish of
\hanthracenev as follows:

IUPAC name: benzo[1,2:4,5-¢']diindole
XIMTEX command:
\hanthracenev[bdfhkm%
{a\fivefusev[bd]{4==N}{}{e}};%
{i\fivefusevi[ad] {4==N}{}{B}};%
1{}

The argumentbondlisy of \hphenanthrenev is capable of setting ring fusion.
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Example 11.4For example, the structural formula of acephenanthryleiie4 is drawn by declaring

\fivefusevi in the(bondlish of \hphenanthrenev as follows:

IUPAC name: acephenanthrylene

XIMTEX command:
. \hphenanthrenev[bdfhjln%
{n\fivefusevi[b]{}{}{E}[d]}%

1{3
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Chair Forms and Further Carbocyclic Compounds.
Commands for Specific Use

12.1 Drawing Chair Form of Cyclohexane

12.1.1 Standard formula

The XIMTEX command\chair for specific use is defined to draw cyclohexane derivatives of chair-form
(ccycle.sty). The format of this command is as follows:

\chair[(bondlish] {(subslis}}

Locant numbers for designating substitution positions are represented by the following diagram:
5Sa(r)

o: (400,500)
«: (0,0)

Each character set in parentheses represents the handedness of the corresponding position, which is fixed in
this type of macros.

The optional argumerbondlis) is an character string in a pair of brackets, where each character indicates
the presence of a double bond at the edge corresponding to the character. The bond-correspondence is rather
arbitrary in some cases but conforms to chemical conventions as faithfully as possible if such conventions
are presence (Table 12.1).

The argumengsubslis} for this macro takes a general format, except that modifiers are selectedsttbom *
for an axial substituentSe’ for an equatorial substituenty” for an unknown configuration, and®" for a
substituent through an double bond.

Examples of\chair:

\begin{XyMcompd} (1150,700) (230,0) {}{}
\chair{1D==0;2Se==H$_{3}$C;2Sa==CH$_{3}%;%
6Se==CH$_{3}$;6Sa==CHS$_{3}$;4U==C1}
\end{XyMcompd}
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Table 12.1.Argument(bondlisy for the Command§chair and\chairi

Character Printed structure
none cyclohexane
1,2-double bond
2,3-double bond
4,3-double bond
4,5-double bond
5,6-double bond
6,1-double bond

D QOO TwW

\qquad

\begin{XyMcompd} (1250,700) (230,0) {}{}
\chair[b]{1D==0;4Se==CHS$_{3}$;4Sa==CH$_{33}$}
\end{XyMcompd}

produce the following diagrams:

(@] 0]
N\ CHs AN
HsC %CH?’
CHs Cl
CHs CHs

12.1.2 Inverse formula

The XMTEX command\chairi for specific use is used to draw cyclohexane derivatives of inverse chair-
form (ccycle.sty). The format of this command is as follows:

\chairi [(bondlish] {(subslis}}

Locant numbers for designating substitution positions are represented by the following diagram:
6Sa(r) 4Sa(r)

o: (400,319)
o: (0,0)

Each character set in parentheses represents the handedness of the corresponding position, which is fixed in
this type of macros.
The optional argumerbondlish has the same meaning as the counterpart of¢thair command (Table
12.1). The argumensubslis} for this macro takes the same format as described in¢hair macro, i.e.,
‘Sa’, ‘Se’,‘U'and D'.
Examples foAchairi:

\begin{XyMcompd} (1150,700) (230,100){}{}
\chairi{1D==0;2Se==H$_{3}$C;2Sa==CHS$_{3}$;%
6Se==CH$_{3}$;6Sa==CH$_{3}$;4U==C1}
\end{XyMcompd}

\qquad

\begin{XyMcompd} (1250,700) (230, 100) {}{}
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\chairi[b]{1D==0;4Se==CH$_{3}$;4Sa==CH$_{3}$}

\end{XyMcompd}
produce the following diagrams:
CHs CHs
CHjs I
CHs CHs

/" HC V4
o) o

Example 12.1The following example shows the ring flipping of two chair forms, which are drawn with the
macros\chair and\chairi.

\begin{quotation}

Let us consider \emph{cis\/}-1,4-dichlorocyclohexane (\cref{cf:chair-06})

as an example. This derivative is generated by putting chlorine atoms on

the 1- and 4-positions. Thus, we take account of the following pair

of conformers (\cref{cf:chair-06a} and of \cref{cf:chair-06b}):

\end{quotation}

\begin{center}

\nocompd\label{cf:chair-06}

\cdtwocell{0Opt}{160pt}{\chairi{1Se==Cl;4Sa==Cl}\vspace*{-25pt}}%
{Conformer A (\derivlabel{cf:chair-06a})}

\reacteqgarrow{Opt}{50pt}{ring}{inversion}

\cdtwocell{0Opt}{160pt}{\chair{1Sa==Cl;4Se==Cl}\vspace*{-25pt}}%
{Conformer B (\derivlabel{cf:chair-06b})}

\end{center}

Let us considecis-1,4-dichlorocyclohexanel-1) as an example. This derivative is gener-
ated by putting chlorine atoms on the 1- and 4-positions. Thus, we take account of the following
pair of conformers12-1laand of12-1b):

Cl Cl

ring

Cl inversion

Conformer A 12-19 Conformer B {L2-1b)

In this code, we use the countammpdandderivwhich are available from the commandsocompd and
\derivlabel of the packagehemist.sty. The counters can be referred to by using the commamé £
defined in the packagehemist.sty. The command\cdtwocell{Opt}{160pt}{A}{B} is to generate a
box with the width of 160pt and the vertical adjustment Opt (no shift), which accommodates A and B in a
vertical alignment. The commangeacteqarrow{Opt}{50pt}{A}{B} is to generate an equivalent arrow
of length 50pt and the vertical adjustment Opt (no shift), which is accompanied by an upper comment A and
a lower comment Bo

12.2 Drawing Bicyclo[2.2.1]heptane

The XIMTEX command\bicychepv for specific use is used to draw bicyclo[2.2.1]heptane derivatives of
vertical type in a flat fashion. The format of this command is as follows:

\bicychepv [(bondlish] {{subslis}}

Locant numbers for designating substitution positions and bond descriptors for assigning double bonds
are shown in the following diagram:
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Table 12.2.Argument(bondlisp for Commandsbicychepv and\bicycheph

Character Printed structure
bicyclo[2.2.1]heptane
1,2-double bond
2,3-double bond
4,3-double bond
4,5-double bond
5,6-double bond
6,1-double bond
aromatic circle
7,7-dimethyl

>
o
>
)

N> Q0 oo

o: (400,240)
o: (0,0

Each character set in parentheses represents the handedness of the corresponding position, which is fixed in
this type of macros.
The optional argumerbondlis} is an character string in a pair of brackets, where each character indicates
the presence of a double bond at the edge corresponding to the character (Table 12.2).
The argumentsubslis} for this macro takes a general format, in which the modifiers listed in Table 3.2
are used.

Examples of\bicychepv:

\bicychepv{2D==0}

\bicychepv[b] {2==0Me; 3==0Me}
\bicychepv{3B==0H; 2A==0H}
\bicychepv[7]{1==CHS$_{33}$;2U==0H;3U==C1}

produce the following diagrams:
CHs

0] OMe OH

OMe Cl

The )Z(MTEX command\bicycheph for specific use is used to draw bicyclo[2.2.1]heptane derivatives of
horizontal type in a flat fashion. The format of this command is as follows:

\bicycheph[(bondlish] {{subslis}}

Locant numbers for designating substitution positions along with bond descriptors are found in the
following diagram:
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ZS)a(Ir) 3Sa§| Qb(r)

6Sb(l 5Sb(r)
. 6(S)a(lr) 5Sa(ln © g400),400)

Each character set in parentheses represents the handedness of the corresponding position, which is fixed in
this type of macros. For th@ubslis} and the(bondlisp, see Table 3.2 and 12.2. .

Examples of\bicycheph:

\bicycheph{2D==0}

\bicycheph[b] {2==0Me; 3==0Me}
\bicycheph{3B==0H; 2A==0H}
\bicycheph[7]{1==CHS$_{3}$;2U==0H;3U==C1}
produce the following diagrams:

O OMe OMe OH Cl

For the purpose of depicting the stereochemistry of bicyclo[2.2.1]heptane derivatives, you can use the
command\bornane instead of the commandgicychepv and\bicycheph. The format of this command
is as follows:

\bornane [{bondlish] {(subslis}}

Locant numbers for designating substitution positions are represented by the following diagram:

o: (200,240)
e: (0,0)

Each character set in parentheses represents the handedness of the corresponding position, which is fixed in
this type of macros.
The option argumenbondlisp is an character string in a pair of brackets, where each character indicates
the presence of a double bond at the edge corresponding to the character (Table 128)b3lrs format
is shown in Table 3.2.

Examples of\bornane:

\bornane{2D==0}

\bornane[b] {2==0Me; 3==0Me}\par

\bornane{3B==0H; 2A==0H}
\bornane{7Sa==CH$_{3}$;7Sb==CH$_{3}$; 1==CHS$_{3}$;2U==0H}
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Table 12.3.Argument(bondlisy for Commandgbornane

Character Printed structure
bornane
1,2-double bond
2,3-double bond
4,3-double bond
4,5-double bond
5,6-double bond
6,1-double bond
1,7-double bond
4,7-double bond

>
o
>
D

oQ th"DO Q0O To

produce the following diagrams:

/O OMe
OMe

CHs CHs

CHs
OH OH

.
““““

12.3 Drawing Adamantane Derivatives

The XMTEX command\adamantane for specific use prints adamantane derivatives (vertical formulas) by
means of the following format:

\adamantane [(bondlis}] {(subslis}}

where(bondlisy is not dfective in the present specification.

o1 (550,300)
¢ : (0,0
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Table 12.4.Argument(subslis} for Commandg adamantane and\hadamantane

Character Printed structure

forn=1,3,5, and 7 (bridgeheads)

norna exocyclic single bond aatom
forn=2,4,6,8,9, and 10 (bridges)

na exocyclic single bond at n-atom (axial)

nb exocyclic single bond at n-atom (equatorial)
nD exocyclic double bond at n-atom (2 and 6)

The argumen{subslis} is slightly different from general conventions, as shown in Table 12.4.
Examples of\adamantane:

\adamantane{2D==0; 6D==0}
\adamantane{2D==0; 6D==0; 1==F ; 3==C1}

produce the following diagrams:

0] 0]

The XMTEX command \hadamantane for specific use prints adamantane derivatives (horizontal
formulas) by means of the following format:

\hadamantane [(bondlish] {(subslis}}

where(bondlis} is not dfective in the present specification.

o (400,319)
° e: (0,0)

The argumentsubslis} has the same meanings as thatadamantane, as shown in Table 12.4.
Examples of\hadamantane:

\hadamantane{2D==0; 6a==0H; 6b==CH$_{3}$}
\hadamantane{2D==0;6D==0; 1==F ; 3==C1}

produce the following diagrams:



168

12. Chair Forms and Further Carbocyclic Compounds. Commands for Specific Use
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7 7

CHz Cl

N

OH



Chapter 13

Steroid Derivatives. Commands for Specific Use

13.1 Numbering and Ring Letters of Steroids

According to the IUPAC-IUB nomenclature of steroids [1, 3S-1.1], the carbon atoms of a steroid skeleton
with a 17-side chain are numbered sequentially and the four rings are designated by alphabets A-D.

24

13-1

The old locant numbers 28 and 29 have been replaced by the new locant numbarsi 2# in the
IUPAC-IUB nomenclature [1, 3S-1.1], because the numbers 28, 29, and 30 are assigned to the additional
methyl groups at C-4 and C-14 in triterpenoids.

According to the [IUPAC-IUB nomenclature [1, 3S-1.2], if one or more of the carbon atoms shdsrilin
is not present and a steroid name is used, the numbering of the remainder is undisturbed. The locant numbers
adopted for drawing steroid derivatives in th&/XgX system obey this principle, so that the locant numbers
of the skeletal part are selected between 1-17, while those of the chain part are selected between 20-25
(except 21). The numbers 18, 19, and 21 are not selected as locant numbers, because they are respectively
regarded as the substituents at the C-13, C-10, and C-20 ifl#igX system. Moreover, the locant numbers
26 and 27 are regarded as the substituents at C-25, so that they are incapable of accommodating further
substituents.

13.2 Basic Skeletons for Drawing Steroids

This section is devoted to introduc@NKTEX commands for specific use of drawing basic skeletons of
steroids.
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13.2.1 Macros for Drawing Basic Skeletons
List of Names of Basic Commands

The following XMTEX commands for specific use are defined to draw basic skeletons of steroids, which
are printed out in Table 13.1. Each of these macros is capable of accommodating substituents in a required
argument (subslis}) as well as bond descriptors (locant alphabets) in an optional arguthbent(is):

\steroid[(bondlish] {{subslis}}

\steroidethylchain[(bondlisp] {(subslis}}

\steroidchain[(bondlish] {(subslis}}

\steroidChain[(bondlis}] {(subslis}}

\steroidshortchain[(bondlish] {(subslis}}
\steroidShortChain[(bondlish] {(subslis}}

\steroidspiro[{bondlish] {(subslis}} \steroidfuros[(bondlish] {{subslis}}

Skeletal Ring Parts of Steroids

Locant numbers (1-17) for designating substitution positions and bond descriptors (locant alphabets a—t) are
common to these commands. They are represented by the following diagkareabid:

12Sh(l) 12 17 17Sa(r)
13

4sb(l) 4 6 6Sa()

o: (400,240)
o: (0,0)

The handedness for each oriented or double-sided position is shown with a character set in parentheses (r, |,
and Ir), where the designation of overcrowded positions is omitted.

The optional argumentondlis} is based on the assignment of characters (a—t) to respective bonds as
shown in the above diagram and Table 13.2.

A bond modifier in the argumenrisubslis} for n = 1-17 (except fused positions) is selected from the list
of bond modifiers (Table 3.2). The substitution at the fused positioasy 8, 9, 10, 13 and 14) is similarly
designated as for fused bicyclic or tricyclic compounds (Table 13.3).

The following examples ofsteroid illustrate the specification gbondlish and(subslis}, where each
locant number of two digits is surrounded by a pair of braces according to the methodolqe)/IBTEX.

Examples of\steroid:

\steroid[ackhf]{{{13}B}==\1moiety{H$_{3}$C}; {{14}A}==H}\hskiplcm
\steroid[d] {3D==0;9A==Br; {{11}D}==0;%
{{17}B}==COCHS$_3$;{{143A}==H;%

{{13}B}==\1moiety{H$_3$C}; {{10}B}==\1moiety{H$_3$C}}

According to the IUPAC-IUB nomenclature [1, 3S-1.4}bonds are shown as broken lines.:), while
B-bonds are shown as wedges«). The above codes produce:
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Table 13.1.Basic Skeletons for Drawing Steroids

Sal

\steroid{?} \steroidethylchain{}
\steroidchain{} \steroidChain{}
\steroidshortchain{} \steroidShortChain{}

o

\steroidspiro{} \steroidfuros{}
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Table 13.2.Argument(bondlisp for Command\steroid and Related Commands

Character Printed structurg Character  Printed structure
none steroid skeleton

a 1,2-double bond | b 2,3-double bond

c 3,4-double bond | d 4,5-double bond

e 6,5-double bond | f 6,7-double bond

g 7,8-double bond | h 9,8-double bond

i 9,10-double bond | j 1,10-double bond
k 5,10-double bond | | 9,11-double bond
m 12,11-double bond n 12,13-double bond
0 14,13-double bond p 8,14-double bond
q 14,15-double bond r 15,16-double bond
s 17,16-double bond t 17,13-double bond
A aromatic A ring B aromatic B ring

C aromatic C ring

Table 13.3.The Argumentsubslis} for Fused Positions ifksteroid and Related Commands

Character Printed structure

norns exocyclic single bond at n-atom

nA alpha single bond at n-atom (boldface)
nB beta single bond at n-atom (dotted line)
nuU unspecified single bond at n-atom

According to the [IUPAC-IUB nomenclature [1, 3S-1.4 Note 1], angular methyl groups, which are written
out explicitly in the left formula, may be indicated by a bond without lettering as in the right formula, if
there is no ambiguity. For this purpose, the declaratjbmoiety{H$_{33}$C} is replaced by\null. The
hydrogen atoms at the bridgehead C-8, C-9, and C-14 may be omitted if they are orgr@edahd 14v.

\steroid{5U==H;9A==H; {14}A==H; 8B==H;%
{10}B==\1moiety{H$_{3}$C}; {13}B==\1moiety{H$_{3}$C};%
{17}B==R}

\hskiplcm

\steroid{5U==H; {10}B==\null; {13}B==\null; {17}B==R}

In order to avoid the overcrowding of substitution, you can yg€frimitive commands such agaise
and\kern.

\steroid[fhm] {3A==HO;5B==H; {{10}B}==\1moiety{H$_{3}$C};%
{{13}B}==\1moiety{H$_{33}3C};%

{{14}A}==H; {{17}B}==\raise.5ex\hbox{COCHS$_{3}$};%
{{17}SA}=={\kern.5em\lowerl.5ex\hbox{H}}}

This command produces:
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COCH;
:’H

HsC

A similar adjustment is also available by using the commeme: of the BTEX picture environment. For
example, the settingput (40, -60) {H} represents a shift of horizontal 4pt and vertiept from the origin
located at the terminal of the respective valence bond.

\steroid[fhm] {3A==H0;5B==H; {{10}B}==\1moiety{H$_{3}$C};%
{{13}B}==\1moiety{HS$_{33}3C};%

{{14}A}==H; {{17}B}==\put (0, 30) {COCHS_{33}$};%
{{17}SA}==\put (40, -60) {H}}

COCH;
HsC :‘H

Chain Parts of Steroids

The macro\steroidchain (carom.sty) is to draw a steroid derivative with the side chain. Locant numbers
for designating substitution positions and bond descriptors for the side chain are represented by the following
diagram of\steroidchain:

22Sh(Ir) 22Sa(r)

24 24Salr)

o: (400,240)
° e: (0,0)

The handedness for each oriented or double-sided position is shown with a character set in parentheses,
where the designation of overcrowded positions is abbreviated.

The option argumentbondlisy is based on the assignment of characters (a—t) to respective bonds as
shown in the above diagram and Table 13.2. The locant-numbering of chain carbons is also designated with
the(bondlisp in the form of two-character indicators (Za—Zg) as collected in Table 13.4. A bond modifier in
the argumen{subslis} for n = 1-25 (except fused positions and terminal positions not to be sped@figd,
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Table 13.4.Argument(bondlisy for Chain Carbons\steroidchain)

Character Printed structurg Character  Printed structure
4 no action

Za 17,20-double bond Zb 20,22-double bond
Zc 22,23-double bond zd 23,24-double bond
Ze 24,25-double bongd zf 25,26-double bond
Zg 25,27-double bong

18) can be one of bond modifiers shown in Table 3.2. On the other hand, a bond modifier in the argument
(subslisi forn=15, 8, 9, 10, 13, 14, or 25 (fused positions etc.) can be selected from bond modifiers shown
in Table 13.3.

For example, thasteroidchain macro prints (2B)-24-methyl-m-cholestan-B-ol (campestanol) and
Sa-lanostane only by replacing substituents in the argurgiiislisy. Thus, the statements

\steroidchain{3B==HO0;5A==H; {{10}B}==\1moiety{H$_3$C};9A==H;8B==H;%
{{17}SA}==\1owerlex\hbox{ H};{{13}B}==\1moiety{H$_3$C};{{14}A}==H;%
{{20}SA}==H$_3$C;{{20}SB}==H; {{24}SA}==CH$_3$;{{24}SB}==H}
\steroidchain{4SB==\1moiety{H$_3$C};4SA==CHS$_3$;5A==H;%
{{17}SA}==\1owerlex\hbox{ H};%
{{10}B}==\1moiety{H$_3$C};9A==H;8B==H; {{13}B}==\1moiety{H$_3$C};%
{{14}A}==CHS$_39%; {{20}SA}==\1moiety{H$_3$C}; {{20}SB}==H}

typeset the following structural diagrams:

-
HsC CH;s

The following example of drawing cucurbitacin | illustrates the designation of double bonds in the side
chain. Thus, a single macro is capable of covering a wide variety of derivatives by altering the description in
the argumentgbondlisy and(subslis}.

\steroidchain[ae{Zd}]{2==HO; 3D==0;4Sb==\1moiety{H$_3$C};4Sa==CH$_3%;%
9Sa==CH$_{33}$;{{113D}==0; {{13}}==\1moiety{H$_3$C};%

{{143}}==CHS$_39%; {{20}Sa}t==\1moiety{H$_3$C}; {{20}Sb}==HO0;%
{{16}Sa}==0H; {{22}D}==0; {{25}}==0H}

produces
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H3;C CHs

13.2.2 Modes of Basic Derivations

Substitutions

In the pregnane series, the stereochemistry at C-20 was formerly designated by the so-caR28d 20
convention, which is now discouraged in favor of the CIP (Cahn-Ingold-Prelog) priority system.

In the process of applying the 2203 convention, the side chain of a pregnane skeleton is placed in
agreement with a Fischer projection. Such a Fischer projection can be depicted by an equivalent expression
using wedged and bold dashed bonds. To exemplifyaas2stituent, the following formula is depicted by
nesting theé\tetrahedral command in th& steroid command, where a (yl) function oﬁMTEX is used.

CH 5a-pregnan-2a-ol (formerly)
3 (20S)-5a-pregnan-20-ol

\begin{XyMcompd} (1200, 1250) (300, 150){}{}
\steroid{5A==H;%
{10}B==\1moiety{HS$_{3}$C};8B==H;9A==H; {14}A==H;%
{13}B==\1moiety{H$_{3}$C};
{17}==\tetrahedral{3==(yl);%
0==C\rlap{\raisebox{5pt}{$"{20}$1};%
2B==H;4B==0H; 1==CHS$_{33}$}:;%

{17}GA==H}

\end{XyMcompd}

In the above program, thieyMcompd environment of thechemist package is used in order to secure
an adequate drawing area (the argum@r200, 1250)) for accommodating the formula to be drawn. The
second argumer@300, 150) indicates thex- andy shift values applied to the drawing area.

For the purpose of the strict adoption of a Fischer projection, the 2Bl ; 4B==0H; should be replaced
by the code==H;4==0H; in the main argument of the inn&tetrahedral command. To exemplify a 0
substituent in this way, the following formula is depicted:

| 20
Hw—C —=OH

20B-chloro-5-pregnane (formerly)
(20R)-20-chloro-B-pregnane

\steroid{5B==H;%
{10}B==\1moiety{H$_{3}$C};8B==H;9A==H; {14}A==H;%
{13}B==\1moiety{H$_{3}$C};

{17}==\tetrahedral {3==(yl);%
0==C\rlap{\raisebox{5pt}{$"{20}$}};%
2==C1;4==H;1==CH$_{3}%$};%

{173}GA==H}

Even for the purpose of naming pregnane series, the CIP priority system is now preferred to designate the
stereochemistry at C-20, where a Fischer projection is no longer necessary. Moreover, methyl substituents at
C-10 and C-13 are frequently expressed by wedged bonds without the explicit specificatiog; ah@Hy-
drogens at C-8, C-9, and C-14 along with their incident bonds are sometimes omitted. However, a hydrogen
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at C-5 is always designated by a wedged borf) (6 a bold dashed bond & (with the specification of the
atom H), because the configuration at C-5 is not contained in the name of the basic gxelgtame

H.

(20S)-5a-pregnan-B,20-diol

\steroidethylchain{5A==H;3B==H0;%
{10}B==\null; {13}B==\null;%
{203}Su==HO; {20}Sd==H; {17}GA==H}

Unsaturation

To specify double bonds in a steroid skeleton, the optional argurtiemndlisp) of each command is used.
For example, estra-1,3,5(10)-triene is depicted by using sheroid command with the optional argument
[ack], where the locant alphabet’ ‘denotes the unsaturation between C-1 and C-2, the locant alphkabet *
denotes the unsaturation between C-3 and C-4, and the locant alpkiatetotes the unsaturation between
C-5and C-10.

estra-1,3,5(10)-triene

\steroid[ack]{8B==H;9A==H; {13}B==CH$_{3}$:%
{14}A==H}

Strictly speaking, another set of double bonds can be selected, i.e., 1(10),2,4, to show the aromatization
of ring A. According to the IUPAC-IUB nomenclature [1, 3S-2.5], we select 1,3,5(10) by considering that
the sequence of locant numbers (containing implicit ones such as 1(2) and 3(4)) is not disturbed as far as
possible.

On the contrary to the IUPAC-IUB nomenclature, the ring A of estra-1,3,5(10)-triene exhibits aromatic
nature. The explicit expression of aromaticity is available by decla#ihign the (bondlis) as follows:

estra-1,3,5(10)-triene

\steroid[A]{8B==H;9A==H; {13}B==CH$_{31}$;%
{14}A==H}

Estrone was isolated from the urine of pregnant women as the first isolated one of estrogens (female sex
hormones). The structural formula of estrone is drawn by using the comygzaraoid.
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3-hydroxyestra-1,3,5(10)-trien-17-one
estrone

\steroid[ack] {3==H0;{173}D==0;%
8B==H;9A==H; {13}B==CH$_{33}$;{14}A==H}

Estradiol, which is a much more potent estrogen than estrone, is drawn by using the coxsmarud d
as follows:

estra-1,3,5(10)-triene-3,8diol
estradiol

\steroid[ack] {3==HO;{17}B==0H;%
8B==H;9A==H; {13}B==CH$_{3}$;{14}A==H}

HO

If there is a choice of locants, single ones (e.g., 5,7,9 for the aromatization of ring B) are preferred to
compound locants (e.g., 5(10),6,8). For example, the following set of locants generated by the argument
[acegi]:

estra-1,3,5,7,9-pentaene (preferred)

\steroid[acegi]{{13}B==CH$_{3}$;{14}A==H}

estra-1,3,5(10),6,8-pentaene (not preferred)
\steroid[acfHk]{{13}B==CH$_{3}$; {14}A==H}

which is generated by the argumdnicfHk]. Note that the bond indicatdérputs a double bond inside ring
B, while the lowercase indicatdr puts a double bond inside ring C. On a similar line, the selection of a
further set of locants 1(10),2,4,6,8 in not preferred.
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The following example illustrates a method for drawing double bonds, where the lowercase irldicator
place of the uppercase one puts a double bond inside ring C. It shows also a method for drawing substituents
with an undetermined configuratiog-bond), where the alphab#tin the descripto{14}U==H means an
undetermined configuration:

56,13¢,14¢-pregna-6,8,11-trien-20-yna3ol

\steroid[fhm] {3A==HO;5B==H;%
{10}B==\1moiety{H$_{3}$C};%
{13}U==\1moiety{HS$_{3}$C}; {143U==H;%
{17}B=={C\triplebond CH}; {17}GA==H}

Note that the commandtriplebond has been defined in tlehemist package. The commandmoiety
is used to draw a leftward substituent at a site having an implicit rightward substituent.

The formula of mifepristone (RU-486), which is a synthetic steroid used as an abortifacient in the first
two month of pregnancy, is drawn by using the commsanelreoid.

11B-[4-(dimethylamino)phenyl]-13-hydroxy-
‘ 17a-(1-propynyl)estra-4,9-dien-3-one
(RU-486, mifepristone)

----- C=C-Ch \steroid[di]{3D==0;8B==H;%

‘ {11}B==\bzdrv{3==(yl) ;%

6==\Dtrigonal {0==N; 1==CH$_{3}$;%
b 3==CHS$_{3}%;2==(y1)}};%
{13}B==\1moiety{H$_{3}$C}; {14}A==H;%
{17}GA=={C\triplebond C--CHS$_{33}$};{17}B==0H}

Other commands for drawing steroid skeletons (Table 13.1) are also capable of putting double bonds by
using their argumentéondlish, which are prepared as optional arguments. The following compound is
drawn by using\steroidChain with the descriptoh{Ze} in the optional argumenti§ondlisp). A double
bond in the 17-side chain is specified by an alphabet with the {eg.,{Ze}).

36-hydroxy-43-methyl-5v-cholesta-8,24-dieneasdcarboxylate
or 38-hydroxy-30-norlanosta-8,24-dien-28-oate

\steroidChain[h{Ze}]
{3B==H0;4SB==\null;4SA==C00$"{-}$;
5A==H; {10}B==\null; {13}B==\null;%
{17}GA==H; {20}A==\null}

The resulting compound can be named as a derivative of cholestane or as a derivative of lanostane (one
of triterpenes). The prefix 30-nor in the latter name means that the 30-methyl (at the C-14 position of the
steroid numbering) is deleted from the parent name lanostanex-Tdreds-methyl groups at the C-4 of the
lanostane skeleton are numbered to be 28 and 29 respectively. The end -28-oate of the name stems from this
convention of locant numbering.

HO 1
-
coor

13.2.3 Stereochemical Modifications

As for the systematic nomenclature for stereochemical modifications of steroids, see IUPAC-IUB (1989)
3S-5[1].
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Enantiomers—Use of the Prefixent-

When either steroid derivative of an enantiomeric pair is referred to by using a systematic name (or a trivial
name), the other one (its enantiomer) is designated by using the prefifa contracted form oénantio),

which means the enantiomeric relationship between the two derivatives at issue. It should be noted that this
prefix denotes inversion at all asymmetric centers whether these are cited explicitly or are implied in the
name. For example, the descriptoiBlid the name of the latter derivative is in fact inverted intax1@s

found in the corresponding formula. See IUPAC-IUB (1989) 3S-5.1 [1].

OH OH

@)
17B-hydroxyandrost-4-en-3-one ent17p-hydroxyandrost-4-en-3-one
(testosterone) (enttestosterone)
\steroid[d] {3D==0;8B==H;9A==H;% \steroid[d] {3D==0;8A==H;9B==H;%
{10}B==\null;% {10}A==\null;%

{13}B==\null; {14}A==H; {17}B==0H} {13}A==\null; {14}B==H; {17}A==0H}

Use ofa and g for Inverted Bridgeheads

Suppose that not more than half of the asymmetric centers whose configurations need not be specified in a
name of the parent compound are inverted into opposite configurations. Then such inverted centers are spec-
ified by usinga andg-descriptors. An example (lumisterol) is depicted as follows, which also exemplifies
double bond specification at a side chain. Note tifaa®d 1@ are such inverted asymmetric centers to be
specified. See IUPAC-IUB (1989) 3S-5.2 [1]. The trivial name ergosterol is used to refer ta @9
stereoisomer, which are not explicitly specified in the corresponding systematic name, because the parent
name ergosterol implies the configurations af )3, which are not explicitly specified, as found in the
second formula below.

HO
\steroidChain[eg{Zc}]% \steroidChain[eg{Zc}]%
{3B==H0;9B==H; {10}A==\null;% {3B==H0;9A==H; {10}B==\null;%
{13}B==\null; {14}A==H; {17}GA==H;% {13}B==\null; {14}A==H; {17}GA==H;%
{20}A==\null; {24}A==\null} {20}A==\null; {24}A==\null}

(22E)-98,10x-ergosta-5,7,22-triengol (22E)-ergosta-5,7,22-triengol
(trivial name: lumisterol) (trivial name: ergosterol)

The name of the following derivative is based gifiregnane-3,20-dione, whose bridgeheads (implied
by 92 and 1®) are inverted into opposite configuration, as denotedpgartd 1&. See also IUPAC-IUB
(1989) 3s-5.2 [1].
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56,98,10x-pregnane-3,20-dione

\steroidethylchain{3D==0;5B==H;8B==H;%
9B==H; {10}A==\null; {13}B==\null; {14}A==H;%
{17}GA==H; {20}D==0}

The enantiomer of the above derivative is named by using the gmafixThe name based om&pregnane-
3,20-dione (in a pair of parentheses) is not suitable because the number of inverted centers is more than half
of its asymmetric centers.

ent53,98,10x-pregnane-3,20-dione
(not 5,8a,13x,148,17a-pregnane-3,20-dione)

\steroid{3D==0;5A==H;8A==H;%

9A==H; {10}B==\null; {13}A==\null; {14}B==H;%
{17}GB==H;%

{17}A==\trimethylenei[a] {1==0}{2==(y1)}}

Selection of Starting Structures for Assigninga/8 and ent-

Suppose that just the half of the asymmetric centers whose configurations need not be specified in a name
of the parent compound are inverted into opposite configurations. The youngest sequence selected from the
series 8, 9, 10, 13, 14, and 17 is adopted to decide whether the @néfi used or not.

8a,10x-androsta-5,14-diene ent8a,10x-androsta-5,14-diene

(not PB,13v-androsta-5,14-diene)
\steroid[eq] {8A==H;9A==H;% \steroid[eq]{8B==H;9B==H;%
{10}A==\null; {13}B==\null} {10}B==\null; {13}A==\null}

Note that &,10x has preference ovepd3x for the /B specification of inverted bridgeheads, because
88, 9, 13, and 1B are the implicit configurations of the starting steroid, i.e., androsta-5,14-diene.

13.2.4 Steroids with Additional Rings

The commands listed in Table 13.1 serve as parent skeletons for the addition technique, whirerttiksf
accommodates fusing components.
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Steroids with Fused Rings

Steroid skeletons listed in Table 13.1 are capable of accommodating fused rings itbtmallisy. For
example, #,3a-dihydroxyl groups of pregn-5-ene¥ZBa-diol can form a 1,3-dioxolane ring. The resulting
1,3-dioxolane ring can be drawn by usiR@ivefusevi in the (bondlisy of \steroid, as shown in the
following structure:

HaC—H,C H 2a,3a-(methylenedioxy)pregn-5-ene

\steroid[e%
{B{\fivefusevi({aA}{cA}){1==0;4==03}{}{b}}}1%
{2GB==H; 3FB==H;%
{10}B==\1moiety{H$_{3}$C};8B==H;9A==H; {14}A==H;%
{13}B==\1moiety{HS$_{3}$C};
{17}SB==H$_{3}$C--H$_{2}$C; {173}SA==H}

For the nomenclature, see IUPAC-IUB (1989) 3S-10.1 [1]. By usingthregnane command, a simpler
program is available as follows:

2a,3a-(methylenedioxy)pregn-5-ene

\pregnane [e%
{B{\fivefusevi({aA}{cA}){1==0;4==03}{}{b}}}1%
{2GB==H; 3FB==H}

Fusion of a furan ring component to a steroid can be named by means of a modification of fusion nomen-
clature. For a modification of fusion nomenclature to be applied to steroids, see IUPAC-IUB (1989) 3S-10.2
[1]. The following example exemplifies such a fusion as described by the descrig®r444,5,6], where
the former three integers indicate the fusion positions of the furan ring, while the latter three indicate those
of the steroid skeleton. The latter ascending sequence (i.e., 4,5,6) of the steroid is preferred so as to result
in the descending order of the former sequence (i’€3,,Z) of the furan ring. The furan ring component is
drawn by means of thefivefusevi command, which is incorporated in the optional arguméridlish)
of the\steroid command.

furo[4',3,2":4,5,6]androstane

\steroid
[{c{\fivefusevi[ad] {3==0}{}{e}[al}}]
{{10}B==\null; {13}B==\null}

Fusion of a naphthalene ring component to a steroid can be also named by means of a modification
of fusion nomenclature. The following example exemplifies such a fusion as described by the descriptor
[27,1:2,3], which shows that the locant numbers involved in fusion are ordered in accord with those (i.e.,
2,3) of the steroid skeleton.

The naphthalene ring component is drawn by means of\iafusev commands, which are nested by
using the optional arguments.
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naphtho[2,1":2,3]-5z-androstane

\begin{XyMcompd} (1600,1100) (-250,-50){}{}
\steroid[{B{\sixfusev[bdf
{D{\sixfusev[cel{}{}{a}}}]1{}{}{b}}}]
{5A==H; {10}B==\null; {13}B==\null}
\end{XyMcompd}

The following example shows fusion of a heterocycle (a [1,3]oxathiolo unit) to a steroid skeleton at the
bond between the C-16 and the C-17. The fusion of the [1,3]oxathiolo unit is depicted by means of the
\fivefusev command.

2a-methyl[1,3]oxathiolo[5,4':16,17]-5x-androst-6-en43-0l

\begin{XyMcompd} (1600,1100) (0,100){}{}
\steroid[%
f{s{\fivefusev[e]{2==0;4==S}{}{e}}}]
{2A==\null;3B==HO;5A==H;%
{10}B==\null; {13}B==\null}
\end{XyMcompd}

The numbering of the steroid moiety is retained and the atoms of the attached component are identified by
primed locants. As found in the descriptor,8:16,17], the locant numbers involved in fusion are ordered
in accord with those (i.e., 16,17) of the steroid skeleton.

The descriptor ‘H in the following IUPAC name is an indicated hydrogen to specify the unsaturation

of a fused cyclopropene ring. The descriptor [2,3] for designating the fused position is an abbreviation of
[1,2:2,3].

i

3'H-cyclopropal2,3]-@-androstane 2a,3a-dihydro-3H-cyclopropal2,3]-2-androstane

\steroid
[{b\threefusehi({aB}{cB}){}{}{b}}]
{5A==H; {10}B==\null;{13}B==\null;%
2A==H;3A==H}

\steroid[b{b\threefusehi{}{}{b}}]
{5A==H; {10}B==\null; {13}B==\null}

Additional Rings Formed within the Steroid Skeleton

A cyclopropane ring fusion is exemplified by the following structure, where\ttheree fuseh command is

used as an optional argumetitgndlish). The bond identifiel (uppercase) is used in placeioflowercase)

to assure the correct ring fusion at a bond between 9 and 10. The designator, 9,19-cyclo, in the IUPAC
nomenclature (cf. IUPAC-IUB (1989) 3S-2.10 [1]) means that the 19-methyl (at the C-10) is linked to the
C-9, forming a cyclopropane ring.
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9,19-cyclo-%,93-androstane

\steroid[{I\threefuseh({bB}{cB}) {}{}{a}}]
{5A==H;8B==H; {13}B==CH$_{31}$; {14}A==H}

Note that the optional argumen{gbB}{cB}) specify the boldfaced bonds of the fused cyclopropane
ring. Because the 19-methyl is linked implicitly througjg-#ond to the C-10 of &-androstane, the IUPAC
name does not contain the designation of the C-10 position. On the other hand;ahdrdstane implies a
9a-configuration so that®is explicitly declared in the resulting IUPAC name.

The linkage between the 19-methyl (at the C-10) and the C-11 results in the formation of a cyclobutane
ring. The resulting ring is depicted by using two commandsreefuseh and\threefusehi, as shown
in the following example.

118,19-cyclo-m-androstane

\steroid[{I\threefuseh({bB}) {}{}{a}[c]}%
{I\threefusehi ({cB}) {}{}{b}[a]l}]

{5A==H; 8B==H;9A==H;%
{13}B==CH$_{31}9%;{143A==H; {11}A==H}

The descriptor “12,19” means that the configuration of C-19 (the methyl substituent at C-10) is specified
implicitly by the parent name,&eandrostane.

The linkage between the C-3 and the C-5 results in the formation of a cyclopropane ring as well as a
cyclopentane ring. The linking bond is drawn by uskRptDashedBond for drawing a dashed bold line,
which is declared in thébondlisp of the outer\steroidChain command according to the replacement
technique, as shown in the following example.

3a,5-cyclo-av-cholestan-g-ol

\steroidChain[{b\null}%dummy
{b{\PutDashedBond(6,0) (336,0) {2pt}%
33

{6B==0H; {10}B==\null; {13}B==\null;%
{17}GA==H; {20}A==\null}

Note:

1. The command\PutDashedBond(6,0) (336,0){2pt} can be used in the PostScript-compatible
mode and the PDF-compatible mode as well as §%¢/IFTEX mode of the XMTEX system. The
command is essentially equivalent to the commapslline of the PSTricks package, so that it can
be replaced as follows if you work in the the PostScript-compatible mode.
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\steroidChain[{b\null}%dummy
{b{\psline[unit=0.1pt,linewidth=2pt,%
linestyle=dashed,dash=1pt 1.5pt](6,0)(336,0)
13

{6B==0H; {10}B==\null; {13}B==\null ;%
{17}GA==H; {20}A==\null}

2. On the other hand, the commaRButDashedBond is essentially equivalent to the commaxdkraw
of the pgf package, so that it can be replaced as follows if you work in the the PDF-compatible mode.

\steroidChain[{b\null}%dummy

{b{\tikz{%
\pgfpathrectangle{\pgfpointorigin}{\pgfpointorigin}
\pgfusepath{use as bounding box}

\draw[dashed,line width=2pt,dash pattern=on 1pt off 1.2ptl]%
(.6pt,0) --(33.6pt,0);}

131

{6B==0H; {10}B==\null; {13}B==\null;%

{17}GA==H; {20}A==\null}

3. Finally, the commandPutDashedBond is essentially equivalent to the commaxdbttedline of
the epic package, so that it can be replaced as follows if you work in the gXgATEX-compatible
mode. This setting works well in the PostScript-compatible mode and the PDF-compatible mode.

\steroidChain[{b\null}%dummy
{b{\linethickness{2pt}\dottedline{30}(6,0) (336,0)%
13

{6B==0H; {10}B==\null; {13}B==\null;%

{17}GA==H; {20}A==\null}

The linkage between the C-5 and the C-7 results in the formation of a cyclopropane ring as well as a

cyclopentane ring. The linking bond is also drawn by usiRgtDashedBond, as shown in the following
example.

5,7a-cyclo-5x-cholestan-4-ol

\steroidChain[{b\null}%dummy
{d{\PutDashedBond(6,0) (336,0) {2pt}}}1%
{4A==0H; {10}B==\null; {13}B==\null;%
{17}GA==H; {20}A==\null}

The descriptor “8,5” or “5,7¢” means that the configuration at the C-5 is specified implicitly by the

steroid name, so that the locant 5 needs not be attacheddry3. On the other hand, the basic name
5a-cholestan-4-ol requires o.

The following structure is formed by means of a direct link between two carbon atoms of the steroid
skeleton (C-18) and the attached side chain (C-21), as found in the descriptor “18,21-cyclo” of the IUPAC
name. The bond between the C-13 and the C-18 is drawn by means\¢fefigeAsSubst command.
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(20R)-18,21-cyclo--cholane

\steroid[{T{\sixfusev
{4s==\WedgeAsSubst(0,0) (-1,2){158};
2s==\WedgeAsSubst(0,0)(5,3){171};
2s==\put(171,103) {%
\trimethylenei{}{1==(yl)}}%
}{2FA==H}{c} [del}}]

{5A==H; {10}B==\null; {17}GA==H}

Additional Rings Formed within Side Chains

The formula of gorgostane is drawn by a rather dirty technique, which is based on nested ring fusions by
\sixfusev and\threefusehi. Because the straight-forward function of ring fusion on a 17-side chain

is not supported in }TEX, the side chain and the fused cyclopropane ring between C-22 and C-23 are
drawn by usind\sixfusev which is combined witih\threefusehi. The construction of the side chain is
represented by the nested scheme-@) < 6. After the following definition of the commangjorgostane,

\def\gorgostane{%

\begin{XyMcompd} (1950,1350) (260, 140){}{}
\steroid[{s{\sixfusev[%
{a{\threefusehi{}{1Sd==H;2Su==CH$_{3}$}{a}}}%
{b{\sixfusev{3==CHS$_{3}$}{1A==CHS$_{3}%;2==CHS$_{3}$}{E}[cd]}}%
1{}{6A==H$_{33}$C}{D}[bc]}}]1{5A==H;8B==H;9A==H; {10}B==CH$_{33}$;%
{13}B==\1moiety{HS$_{3}$C};%

{14}A==H; {17}SA=="H}

\end{XyMcompd}}

we use\gorgostane so that the following formula is obtained:

\gorgostane

CHs

CHs

CHs

Bridged Steroids

A peroxide bridge between non-adjacent positions of a steroid skeleton cannot be drawn by standard
techniques supported by theNRTEX system. But raw commands of th&TgX 2 picture environment

can be used in the arguments ﬁ\MEX commands. The following program involves the command
\put (20,20){\1ine(5,-1){403}}, which draws a straight line between two oxygen atoms. For the
nomenclature, see IUPAC-IUB (1989) 3S-10.1 [1].
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36,68-epidioxy-Gr-androstane

\steroid{5A==H;8B==H;9A==H; {10}B==CH$_{31}%;%
{13}B==CH$_{31}9$;{143A==H;%
3FB==0\put (20,20) {\1ine(5,-1){403}};6B==0}

Such a peroxide bridge can be also drawn by meansPatBondLine, which is supported in the
three modes of theXKITEX system, i.e., the PostScript-compatible mode, the PDF-compatible mode, and
TeX/IATEX-compatible mode.

38,66-epidioxy-5v-androstane

\steroid{5A==H; 8B==H;9A==H; {10}B==CH$_{3}$:;%
{13}B==CHS$_{3}$;{14}A==H;%
3FB==0\PutBondLine (20,20) (403,-60){0.4pt};%
6B==0}

Drawing a peroxide bridge between the C-3 and the C-9 requires a combined\IRe:BéndLine and
\PutDashedBond, where the latter specifies a dashed line for linking between the C-3 and the oxygen atom.
Although these commands are used in the argumelpuot in the following program, théput can be
omitted after appropriate adjustment of output positions.

O
CHsH 3¢,9-epidioxy-m-androstan-17-one
\steroid{5A==H; {10}B==CHS$_{3}$;8B==H;%
{13}B==CH$_{3}9%;{14}A==H; {17}D==0;%

9A==0\put (0,0){%

\PutBondLine(-80,40) (-178,40){0.4pt}}%
\put(-171,0) {%

: \PutBondLine(-80,40) (-171,40) {0.4pt}}%

H \put (-392,40) {\makebox(0,0) {0} }%
\put(-392,40){%

\PutDashedBond (-40,-30) (-155,-108) {2pt}}}

H

As for the name of this derivative, the configuration at C-9 is implicitly determined taxta germs of
the name of &-androstane. As a result, the locant number 9 witlwistcontained in the above name.

A epoxymethano (O—CH) bridge linking C-17 and C-14 is recognized to form a tetrahydrofuran ring. The
bridge is also drawn by a combined use\BfitBondLine and\PutDashedBond. For example, because the
control position after the output ¢fl4}A==CH$_{2}$ is the end of the Ckigroup, the positior{- 100, 100)
of the subsequenPutBondLine is located at the upper right position of the C of theGjroup, from which
the straight line due to thePutBondLine starts, aiming at thé-40, 200) position.
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178-methoxy-1#,14-(epoxymethano)ebandrostane

\steroid{5A==H; {10}B==CH$_{3}$;8B==H;
9A==H; {13}B==CHS$_{31%;%
{14}A==CH$_{21}$%
\PutBondLine(-100, 100) (-40,200){0.4pt}%
\PutBondLine(-15,250) (10,300){0.4pt}%
\put (15, 350) {\makebox (0,0) {0} }%
\PutDashedBond(15,400) (15,520) {2pt};%
{173}B==0CHS$_{3}$}

The configuration at C-14 is implicitly determined to bexlih terms of the name ofd&androstane so
that the resulting name contains the locant number 14 witliout

The following structure shows a Diels-Alder adduct, which can be derived by a cycloaddition between
an N=N double bond (at the N-1 and N-2 of 4-phenyl-[1,2,4]triazoline-3,5-dione) and the 5,7-diene moiety
(at the C-5 and C-8 terminals of the diene moiety of ergosterol). The descriptor “5,8-[1,2]" indicates the
location of the Diels-Alder addition. To specify substitution positions in the Diels-Alder adduct, the locants
of the steroid skeleton is denoted by an integer without a prime, while those of the triazolinedione is denoted
by an integer with a prime.

(22E)-36-hydroxy-4-phenyl-5,8-[1,2]epi[1,2,4]triazolo-
5a,8a-ergosta-6,22-diene-% -dione

\steroidChain[f{Zc}%
{d{\PutDashedBond (0,0) (250,-250) {2pt}%
\PutDashedBond (435, -140) (342,200) {2pt}%

\put (250,-250) {\fiveheterovi%

{1==N;3==N; 5==N}%

{5==(y1) ;2D==0;4D==0; 3==\bzdrv{6==(y1)}}}}}1%
{3B==H0;9A==H;%

{10}B==\null; {13}B==\null; {14}A==H;%
{17}GA==H;%

{20}A==\null; {24}A==\null}

The “5,8-[1,2]"” moiety of the structure is drawn by usinButDashedBond and\put, where the inner

original point(0,0) is located at the C-5 (i.e., the terminal carbon of the double bond denotéd e
width of the dashed lines between 5 arid@d between 8 and &re specified by the last argument to be 2pt.

Steroids with Spiro Rings

The macros for drawing steroids in the present status do not support the atomlist functions so that spiro rings
attached on the steroid skeleton cannot be directly drawn by using such atomlists. There are three alternative
(non-standard) methods for drawing steroid with spiro rings.

The first method is a rather forcible one, where a spiro Ofif feheterovi) is described in the substlist
(the main argument as a substituent list) as follows:

CHs

5B-androstane-3-one ethylene acetal
\steroid{5B==H; 8B==H;9A==H; {10}B==CH$_{3}$;%
{13}B==CH$_{31}$; {14}A==H;%
3F==\raisebox{-80\unitlength}{%
\fiveheterovi{1==0;3==0}{3==(y1)}[abl};%
3G==}

According to the traditional nomenclature, the above compound is hamed as an acetal (kegal) of 5
androstane-3-one, which may be reacted with ethylene glycol so as to produce the ethylene acetal.

The second method for drawing spiro-steroids is a more plausible one, which uses the optional argument
for treating unsaturation. For example, the descript¢or B) for designating a double bond between the
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C-2 and C-3 utilizes the, y-coordinates of the C-3 (or C-2) during the process of setting the double bond.
Hence, we can put a spiro ring (due to ¥fE veheterovi command ok threeheterovi) on the C-3 atom
by virtue of the descriptds, as exemplified by the following two structures.

(4 R)-4'-methyl-(35)-spiro[5x-androstane-3;41,3]dioxolane]

\steroid[%

{b{\fiveheterovi ({bA}){1==0;3==03}%
{2==(yl);5Su==\null;5Sd==H}[a]}}%
{b{\WedgeAsSubst(0,0) (-5,3){120}}}]
{5A==H; {10}B==\null; {13}B==\null}

spiro[5x-androstane-3;icyclopropane]
also 3,3-ethylene<r-androstane

\steroid[%

{b{\threeheteroh({cA}) {}{1==(y1)}[al}}%
{b{\WedgeAsSubst(0,0) (-5,-3){168}}}]
{5A==H; {10}B==\null; {13}B==\null}

H

The names of the two compounds shown above are based on the nomenclature for spiro union. For
example, the name “spiro[- -3,2-- - - ]” means that the position 3 of the first unitfandrostane for--) is
linked the the position’2f the second unit ([1,3]dioxolane for-).

The third method for drawing spiro-steroids is a more systematic one, i.e., the replacement technique,
where the(atomlisy of a spiro ring (e.g.,\fiveheterovi) is used to put a steroid moiety as sub-
stituent, which is generated by by declaring a (yl)-function in {abslis} of \steroid. Thus, the code
2s==\steroid{3==(yl); in the steroid moiety specifies the joint position of the spiro union, which is
represented by “spire{--3,2----]" in the IUPAC name.

5B-androstane-3-one ethylene acetal

\begin{XyMcompd} (1450, 1000) (250,300) {}{}
\fiveheterovi{1==0;3==0;2s==\steroid%
{3==(y1l) ;5B==H;8B==H;9A==H; {10}B==CH$_{3}$;%
{13}B==CH$_{3}$;{14}A==H}}{}

\end{XyMcompd}

(4 R)-4’-methyl-(3S)-spiro[xx-androstane-3;2
[1,3]dioxolane]

\begin{XyMcompd} (1500,900) (-400,-200){}{}
\fiveheterovi({bA})
[{b{\WedgeAsSubst(0,0)(-5,3){120}}}]
{1==0;3==0;%
2s==\steroid{3==(yl);5A==H;%
{10}B==\null; {13}B==\null}}%

{2==(y1) ;5Su==\null;5Sd==H}[al%
\end{XyMcompd}

spiro[x-androstane-3;icyclopropane]
also 3,3-ethyleneds-androstane

\begin{XyMcompd} (1250,800) (300, 150){}{}
\threeheteroh({cA})%
{1s==\steroid{3==(yl) ;5A==H;%
{10}B==\null; {13}B==\null};
1s==\WedgeAsSubst(0,0) (-5,-3){183}}{}[al%
\end{XyMcompd}
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13.2.5 Vitamin D,

Irradiation of ergosterol (and lumisterol) described in Subsection 13.2.3 causes the opening of the B ring to
produce previtamin Phaving a conjugated triene, which is a precursor of vitamjn@gocalciferol), as
shown in Fig. 13.1.

hy

ergosterol previtamin B

lumisterol vitamin D,

Figure 13.1.Photochemistry of ergosterol and lumisterol

These two photochemical conversions are conrotatory pericyclic processes, which are symmetry-allowed
[2, Section 5.1] and proceed smoothly because of no steric hindrance betwees tineth@! and the 8
hydrogen in ergosterol and between ther 10ethyl and the 8 hydrogen in lumisterol. On the other hand,
the 9B,1QB-isomer ((2E)-98,1(B-ergosta-5,7,22-trieng3ol) and the &,10a-isomer ((2E)-9«,10x-ergosta-
5,7,22-trien-B-ol) do not undergo such ring openings because of steric hindrance, although these conrotatory
pericyclic processes are symmetry-allowed. Instead,glE)8-isomer and the®,10x-isomer undergo other
symmetry-allowed photochemical processes so as to give cyclobutene rings.

To draw the scheme shown in Fig. 13.1, the programs for drawing lumisterol and ergosterol shown in
Subsection 13.2.3 are used to defilemisterol and\ergosterol as follows:

\def\lumisterol{%

\begin{XyMcompd} (2050,1150) (0,250) {}{}
\steroidChain[eg{Zc}]1%

{3B==H0;9B==H; {10}A==\null;%
{13}B==\null; {14}A==H; {17}GA==H;%
{20}A==\null; {24}A==\null}
\end{XyMcompd}

}

\def\ergosterol{%

\begin{XyMcompd} (2050,1150) (0,250) {}{}
\steroidChain[eg{Zc}]1%

{3B==H0;9A==H; {10}B==\null;%
{13}B==\null; {14}A==H; {17}GA==H;%
{20}A==\null; {24}A==\null}
\end{XyMcompd}
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}

The commandprevitaminD is defined to draw the intermediate, previtamipn Dhe command consists
of a multiple nested fusion, which is schematically represented &y« 6 «— 5 « 6 « 3. The last step
(« 3) is an application of the replacement technique for drawing a spiro compound.

\def\previtaminD{%

\begin{XyMcompd} (2050,1150) (0,250) {}{}
\sixheterov[{b{\sixfusev[ace%
{a{\sixfusev[{b{\fivefusevi[{a{\sixfusev[a]l{%
2s==\trimethylene{}{1==(yl) ;2A==\null;3==\null;3W==\null}
}{6A==\null}{D}[bc]l}}1{}{1GA==H}{D}}}%

1{}{2FB==\null; 3GA==H}{D}} } I {}{}{E}[£]1}}1%

{}{2Sb==\null; 5B==HO0}

\end{XyMcompd}

}

Output of\previtaminD without size reduction:

HO

(62, 22E)-(3S)-9,10-secoergosta-5(10),6,8,22-tetraen-3-ol
(previtamin @)

To draw vitamin B (ergocalciferol), the commangvitaminDii is defined as follows. The command
consists of a multiple nested fusion, which is schematically represented-b$6- 6 « 6 « 5« 6 « 3.
The last three steps (6 5 « 6 « 3) are common to the comman@revitaminD.

\def\vitaminDii{%

\begin{XyMcompd} (1650,1750) (0,250) {}{}
\sixheterov[{a{\sixfusev[ce%
{f{\sixfusev[b%

{a{\sixfusev[

{b{\fivefusevi[

{a{\sixfusev[a]{%
2s==\trimethylene{}{1==(yl) ;2A==\null;3==\null;3W==\null}
}{6A==\null}{D}[bc]}}

1{}{1GA==H}{D}}}

1{3}{2FB==\null; 3GA==H} {D}

1}
1{3{3{C3[def]3}1{}{}{D}[ab]}}]1{}{5A==HO0}
\end{XyMcompd}

}

Output of\vitaminDii without size reduction:
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(5Z, 7TE, 22E)-(3S)-9,10-secoergosta-5,7,10(19),22-tetraen-3-ol
(vitamin D, or ergocalciferol)

Finally, the newly-defined commands are arranged by usingTh¥ P¢ tabular environment, where the
size of each formula is reduced by meansefalebox supported by thgraphicx package. The commands
\reactrarrow, \reactnearrow, and\reactdarrow, which are defined in thenemist package, are used
to draw arrows representing chemical reactions.

\begin{tabular}{ccc}

\scalebox{0.7}{\ergosterol} &

\reactrarrow{Opt}{lcm}{$h\nu$} {\strut} & \scalebox{0.7}{\previtaminD} \\
ergosterol & & previtamin D$_{23}$ \\[10pt]

& \reactnearrow{Opt}{lcm}{\raisebox{10pt}{\rlap{$h\nu$l}}{\strut} &
\reactdarrow{Opt}{lcm}{$\Delta$}{\strut} \\

\scalebox{0.7}{\lumisterol} && \scalebox{®.7}{\vitaminDii} \\

lumisterol & & vitamin D$_{23}$

\end{tabular}

The output of this tabulated scheme is shown in Fig. 13.1.

13.3 Parent Structures for Steroids

13.3.1 Fundamental Parent Structures without a 17-Side Chain

A fundamental parent structure for a series of steroids is selected to be nearly full saturated and to contain
acyclic hydrocarbon groups that occur in most of the series. Table 13.5 lists the commands for drawing
gonanes, estranes, and androstanes, which are most fundamental parent structures without a 17-side chain.
They are diferentiated according to the presence or absence of methyl groups at C-10 and C-13.

The commands listed in Table 13.5 ar8XgX commands of specific use, which have the following
formats:

\gonane. . . [(bondlis}] {(subslis}}
\estrane. .. [(bondlish] {(subslis}}
\androstane. .. [(bondlish] {{(subslis}}

where the symbol . . of each command name represents réixsor the siffix alpha or beta.

Locant numbers (1-17) for designating substitution positions and bond descriptors (locant alphabets a—t)
are common to the commangteroid. The optional argumenbondlish is based on the assignment of
characters (a—t) to respective bonds as shown in Table 13.2. A bond modifier in the argsurbslis} for
n = 1-17 (except fused positions) is selected from the list of bond modifiers (Table 3.2).
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Table 13.5.Gonanes, Estranes and Androstanes

5-unspecified 5a series 58 series

\gonane{} \gonanealpha{} \gonanebeta{}
S5a-gonane 5B6-gonane

CHs CHs

\estrane{} \estranealpha{} \estranebeta{}
S5a-estrane 5B-estrane

CHs CHs

\androstane{} \androstanealpha{} \androstanebeta{}
5a-androstane 58-androstane

The formula of norethindrone (or norethinsterone), which is used as a component of some combined oral
contraceptive pills, is drawn by means of the commaasitrane.

| .+ C=CH 17a-ethynyl-1B-hydroxyestr-4-en-3-one
norethindrone (or norethinsterone)

\begin{XyMcompd} (1700,1100) (0, 150){}{}
\estrane[d] {3D==0;{17}B==0H;%
{17}GA=={C\triplebond CH}}
\end{XyMcompd}

o)

The formula of ethynylestradiol, which is also used as a component of some combined oral contraceptive
pills, is drawn by means of the commaksiteroid in place of the commangestrane, because the latter
command draws the Behydrogen automatically.
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17a-ethynylestra-1,3,5(10)-triene-3A-diol
ethynylestradiol

\begin{XyMcompd} (1700,1100) (0, 150){}{}
\steroid[ack]{3==HO;8B==H;9A==H;%
{13}B==\1moiety{HS$_{3}$C};{17}B==0H;%
{14}A==H;{17}GA=={C\triplebond CH}}
\end{XyMcompd}

HO

Androsterone is the first isolated androgen (male sex hormone). The structural formula is drawn by the
command\androstanealpha.

3a-hydroxy-Sy-androstan-17-one
androsterone

\androstanealpha{3A==HO; {17}D==0}

However, testosterone isolated later was found to be a true male sex hormone (androgen), which promotes
the development of secondary male characteristics such as the growth of facial and body hair and muscular
development. Androsterone is a metabolized form of testosterone so as to be excreted in the urine. The
structural formula of testosterone is drawn by using\tlidrostane command as follows:

178-hydroxyandrost-4-en-3-one
testosterone

\androstane[d] {3D==0; {17}B==0H}

0]

An alternative program for drawing testosterone has been described in the preceding chapter (Use of the
prefixent?.

The formula of w-androst-1-en-1&o0l is drawn in two ways by usingandrostane (for an unspecified
5-configuration) andlandrostanealpha (for a 5e-configuration):

CHs CHg3
(@]

i

—=H: \steroid[a]{5A==H;
\androstane[a]{5A==H; \androstanealphala] {10}B-—\null:

{16}U==0H} {{16}U==0H} {13}B==\null;{16}U==0H}

5a-androst-1-en-16o0l
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The implicit configurations of hydrogens at C-8, C-9, and C-14 are permitted to be omitted. To draw such
a simplified formula, we start from the basic commaderoid without no modifiers, as exemplified in
the last structure.

Adrenocortical hormones secreted from the adrenal cortex include steroid derivatives. The adrenocortical
steroids are involved in the regulation of biological activities such as the metabolism of carbohydrate, protein,
and lipid. The formula of cortisone, which is an adrenocortical hormone, is drawn by using the command
\androstane.

17a,21-dihydroxypregn-4-ene-3,11,20-trione
cortisone

\begin{XyMcompd} (1700, 1300) (0,150) {}{}
\androstane[d] {3D==0;{11}D==0;%
{173}GA==0H;%
{17}B==\tetrahedral {3==(y1) ;%

0==C; 1D==0;4==CH$_{2}$0H}}
\end{XyMcompd}

The formula of cortisol (hydrocortisone), which is an active form of cortisone, is drawn also by using the
command\androstane.

118,17a,21-trihydroxypregn-4-ene-3,20-dione
cortisol (hydrocortisone)

\begin{XyMcompd} (1700, 1300) (0,150) {}{}
\androstane[d] {3D==0; {11}B==H0;%
{173GA==0H;%
{17}B==\tetrahedral {3==(y1) ;%

0==C; 1D==0;4==CH$_{2}$0H}}
\end{XyMcompd}

13.3.2 Fundamental Parent Structures with a Short 17-Side Chain

Table 13.6 lists the commands for drawing pregnanes and cholanes, which are fundamental parent structures
having a short side chain at the C-17 of the steroid skeleton.

The commands listed in Table 13.6 ar8VXgX commands of specific use, which have the following
formats:

\pregnane. . . [(bondlish] {(subslis}?}
\cholanE [(bondlis}] {{subslis}}
\cholane. .. [{(bondlish] {(subslis}}

where the symbol .. of each command name represents niixswr the siffix alpha, beta, Alpha, or
Beta.

Locant numbers (1-17) for designating substitution positions and bond descriptors (locant alphabets a—t)
are common to the commangteroid. The optional argumenibondlish is based on the assignment of
characters (a—t) to respective bonds as shown in Table 13.2. A bond modifier in the argsurhslis} for
n = 1-17 (except fused positions) is selected from the list of bond modifiers (Table 3.2).

The following structure can be drawn by using the commaptegnanealpha with a filled substlist,
where the implicit substituents atd,0L33, etc. are printed automatically even if unspecified.
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Table 13.6.Pregnanes and Cholanes

5-unspecified 5a series 5B series

CHs|¢

\pregnanealpha{} \pregnanebeta{}
Sa-pregnane 5B-pregnane

\cholanE{} \cholanealpha{} \cholanebeta{}
5a-cholane 5B-cholane

Modern Type

\cholane{} \cholaneAlpha{} \cholaneBeta{}
5a-cholane 5B-cholane

(20S)-5a-pregnan-B,20-diol

\begin{XyMcompd} (1400, 1200) (0, 150) {}{}
\pregnanealpha{3B==HO; {20}Su==HO0; {20} Sd==H}
\end{XyMcompd}

HO

Progesterone, which is an important progestin (pregnancy hormone), is secreted after ovulation occurs
to prepare the lining of the uterus for implantation of the fertilized ovum and to complete pregnancy. The
formula of progesterone is drawn by using the commegickgnane.
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pregn-4-ene-3,20-dione
progesterone

\pregnane[d] {3D==0; {20}D==0}

O

The formula of cholic acid, which is a bile acid, is drawn by using the comm@mré@gnanealpha or
\pregnaneAlpha. The latter command should be combined with a dirty technique during placing a COOH
group at the terminal position of the side chain.

\cholaneBeta[{s\null}%

\cholanebeta {s{\put(513,303){%
{3A==HO; 7A==0H;% \Dtrigonal{3==(y1l);0==C;%
{12}Sd==\1moiety{HO};% 1D==0;2==0H}}}}]

{24}D==0; {24}F==0H} {3A==HO;7A==0H;%

{12}Sd==\1moiety{HO}}

3a,7a,12a-trinydroxy-53-cholan-24-oic acid
cholic acid

13.3.3 Fundamental Parent Structures with a 17-Side Chain
Chain Folding of Classical Type

Table 13.7 lists the commands for drawing cholestanes, ergostanes, and campestanes, which are fundamental
parent structures having a side chain of classical-type folding at the C-17 of the steroid skeleton. The bond
between C-22 and C-23 is suitable for drawing a cisoid double bond.

The commands listed in Table 13.7 ar8XgX commands of specific use, which have the following
formats:

\cholestanE[{(bondlish] {(subslis}}
\cholestane. .. [(bondlish] {{(subslis}}
\ergostanE[(bondlis}] {(subslis}}
\ergostane. . . [(bondlis}] {(subslis}}
\campestanE[(bondlish] {(subslis}}
\campestane. .. [{(bondlish] {(subslis}}
\poriferastanE[(bondlish] {(subslis}}
\poriferastane. .. [(bondlish] {(subslis}}
\stigmastankE [(bondlisy] {(subslis}}
\stigmastane. .. [(bondlish] {(subslis}}

where the symbol . . of each command name represents thfé>salpha or beta.
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Table 13.7.Cholestanes, Ergostanes, Campestanes, etc. with Chain Folding of Classical Type

5 unspecified 5a series 58 series

\cholestanE{} \cholestanealpha{} \cholestanebeta{}
5a-cholestane 58-cholestane

\ergostanE{} \ergostanealpha{} \ergostanebeta{}
Sa-ergostane 5B-ergostane

\campestanE{} \campestanealpha{} \campestanebeta{}
S5a-campestane 58-campestane

\poriferastanE{} \poriferastanealpha{} \poriferastanebeta{}
S5a-poriferastane 5B-poriferastane

\stigmastanE{} \stigmastanealpha{} \stigmastanebeta{}
Sa-stigmastane 58-stigmastane

Locant numbers (1-17) for designating substitution positions and bond descriptors (locant alphabets a—t)
are common to the commangteroid. The optional argumenbondlish is based on the assignment of
characters (a—t) to respective bonds as shown in Table 13.2. A bond modifier in the argsurbslis} for
n = 1-17 (except fused positions) is selected from the list of bond modifiers (Table 3.2).
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Although cholesterol occurs widely in the body, the full information on its biological functions is not yet
obtained. The formula of cholesterol is drawn by using the commahdlestanE, which gives a 17-side
chain of classical-type folding.

cholest-5-en-3-ol
(cholesterol)

\cholestanE[e]{3B==H0}

The formula of campestanol is drawn Rgholestanealpha or \campestanealpha.

\cholestanealpha{3B==H0;% \campestanealpha{3B==HO}
{243}SA==CH$_{3}9%;{24}SB==H}
(24R)-24-methyl-S-cholestan-B-ol (trivial name: campestanol)

Similarly, two ways for drawing ergostanol are shown as follows:

\cholestanealpha{3B==H0;% \ergostanealpha{3B==HO}
{24}Su==CH$_{3}$;{24}Sd==H}
(24S)-24-methyl-m-cholestan-8-ol (trivial name: ergostanol)
The formula of a B isomer is drawn bycholestanebeta or \campestanebeta.
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\cholestanebeta{3B==HO;% \campestanebeta{3B==HO}
{243}SA==CH$_{3}9%;{24}SB==H}
(24R)-24-methyl-B-cholestan-B-ol

Chain Folding of Modern Type

Table 13.8 lists the commands for drawing cholestanes, ergostanes, and campestanes, which are fundamental
parent structures having a side chain of modern-type folding at the C-17 of the steroid skeleton.

The commands listed in Table 13.8 ar@\/ISKEX commands of specific use, which have the following
formats:

\cholestane. .. [(bondlish] {{(subslis}}
\ergostane. . . [(bondlis}] {(subslis}}
\campestane. .. [(bondlish] {(subslis}}
\poriferastane. .. [(bondlish] {(subslis}}
\stigmastane. .. [(bondlish] {{subslis}}

where the symbol . . of each command name represents rtixsor the siffix Alpha or Beta.

Locant numbers (1-17) for designating substitution positions and bond descriptors (locant alphabets a—t)
are common to the commangteroid. The optional argumenibondlish is based on the assignment of
characters (a—t) to respective bonds as shown in Table 13.2. A bond modifier in the argsubslis} for
n = 1-17 (except fused positions) is selected from the list of bond modifiers (Table 3.2).

The bond between C-22 and C-23 is suitable for drawing a transolfl) @&uble bond, as found in the
second formula below.

\cholestane[e] {3B==HO0} \cholestane[e{Zc}{Zg}]{3B==HO}
cholest-5-en-3-ol (22E)-cholesta-5,22,25-trieng3ol
(cholesterol)

Even if a compound has a systematic name based on cholestane, the coxsmard dChain is some-
times necessary to complete a correct structure. For example, the following structure of ecdysone shows that
the 7-ene is inconsistent with thg-Bydrogen of the commangholestane, which hence cannot be used
for this purpose.
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Table 13.8.Cholestanes, Ergostanes, Campestanes, etc. with Chain Folding of Modern Type

5 unspecified

5a series 56 series

\ergostane{}

H CHs

\cholestaneAlpha{} \cholestaneBeta{}
5a-cholestane 58-cholestane

H CH, H CH,

\ergostaneAlpha{} \ergostaneBeta{}

Sa-ergostane 5B-ergostane
H CH, H CH,

H H
\campestaneAlpha{} \campestaneBeta{}
Sa-campestane 58-campestane
H

R

/

\poriferastaneAlpha{} \poriferastaneBeta{}

Sa-poriferastane 5B-poriferastane
H H

\stigmastane{} \stigmastaneAlpha{} \stigmastaneBeta{}
Sa-stigmastane 5B-stigmastane
(22R)-28,38,14,22,25-pentahydroxygscholest-7-en-6-one

OH

ecdysone

\steroidChain[g]{%

2B==HO0; 3B==HO; 5B==H; 6D==0;
9A==H; {10}B==CH$_{31}$;
{13}B==CHS$_{3}$;{14}A==0H;
{17}GA==H; {20}A==CH$_{31}$;
{22}A==0H; {{25}}==0H}
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Stigmasterol is a plant steroid, which is obtained commercially from soybean oil. Hel2finic func-
tion requires the command for drawing a 17-side chain of modern-type folding. Its formula is drawn by using
the command stigmastane or \steroidChain.

\steroidChain[e{Zc}]{3B==HO;8B==H;%

9A==H; {10}B==\null; {13}B==\null;%
\stigmastane[e{Zc}]{3B==HO} {14}A==H; {20}A==\null;%

{17}GA==H; {24}B==%

\dimethylene{}{1==(y1)}}} \\

(22E)-stigmasta-5,22-dieng3ol (stigmasterol)
The 2Z-olefinic function requires the command for drawing a 17-side chain of classical-type folding.

Two different expressions with and without designating methyl substituents explicitly are depicted as follows.
Its formula is drawn by using the commanstigmastanE or \steroidchain.

\steroidchain[e{Zc}]{3B==HO;%
8B==H;9A==H;%

{10}B==\null; {13}B==\null;%
{14}A==H; {20}A==\null;%
{173}GA==H; {24}A==%
\dimethylenei{}{1==(yl)}}

\stigmastanE[e{Zc}]{3B==H0}

(222)-stigmasta-5,22-dieng3ol

13.4 Steroids with Heterocyclic Substituents

13.4.1 Cardanolides

The formula of B-cardanolide is drawn by usingsteroid, where the 14-configuration and the 2
configuration are implicitly determined in the name. Note that the configuration of C-20 is the same as that
of the C-20 of cholesterol, as the locants indicate. The formation of the lactone ring doedfantise
specification olRS-stereodescriptors at the C-20. The priority sequence 21(CHH)(CCH)> 22 (CHH)

> H for 58-cardanolide provides aR-stereodescriptor just as the counterpart 17(CEH2(CHH) > 21

(HHH) > H for cholesterol provides aR-stereodescriptor.
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Bp-cardanolide

\begin{XyMcompd} (1300, 1400) (250,150 {}{}
\steroid{5B==H;8B==H;9A==H;%
{10}B==CHS$_{33}%;{13}B==CHS$_{3}$;%
{143}B==H; {17}GA==H;%
{{17}}==\fiveheterov{4==0;%
1s==\WedgeAsSubst(0,0) (0,1){140};%
1s==\put (0, 180) {H}}{1==(y1) ; 3D==0}}
\end{XyMcompd}

The formula of digitoxigenin, which is a cardiac aglycon isolated by hydrolysis of digitalis, is drawn by
using\steroid.

38,14-dihydroxy-B-card-20(22)-enolide
digitoxigenin

\begin{XyMcompd} (1500, 1400) (50,150) {}{}
\steroid{3B==HO;5B==H; 8B==H;9A==H;%
{10}B==CH$_{3}9$;{13}B==CHS$_{3}$;%
{14}B==0H; {17}GA==H;%
{{17}}==\fiveheterov[a] {4==0}%
{1==(yl1);3D==0}}

\end{XyMcompd}

Digitalis contains digitoxigenin in the form of a cardiac glycoside, which is known as digitoxin. The sugar
molecules joined in acetal linkages to the 3-OH of digitoxigenin can be drawn by the substitution technique,
where three nestedlyl commands are accompanied with (yl)-functions, so as to complete the formula of
digitoxin as follows:

HO,

CH3"‘“‘

digitoxin
\begin{XyMcompd} (3600, 1500) (-2000,50) {}{}
\steroid{%
3B==\1y1(3==0) {3==\sixheterovi{1==0}{2==(y1) ; 2GB==H; 4B==0H; 6A==CH$_{3}$;%
5B==\1y1(5==0) {5==\sixheterov{1==0}{2==(yl) ; 2FA==H; 4A==0H; 6B==CH$_{3}$;%
5A==\1y1(3==0) {3==\sixheterovi{1==0}{2==(y1) ; 2GB==H; %
4B==0H; 6A==CH$_{3}9$;5B==H0}1}%
1331;%
5B==H;8B==H;9A==H;%
{10}B==CH$_{3}$;{13}B==CH$_{33}$%;%
{143}B==0H; {17}GA==H;%
{{17}}==\fiveheterov([a] {4==0}%
{1==(y1);3D==0}}
\end{XyMcompd}

The structural formulas of strophanthidin andxistrophanthidin are drawn by usirgeroid, where

\put (50,20) {\1moiety{0=CH}} (in the left formula) oN\lmoiety{0=C\rlap{H}} is used to adjust the
position of the C-10 substituent.
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\steroid{%

{13}B==CH$_{31}$;%
{14}B==0H; {17}GA==H;%

\steroid{%
3B==HO; 5B==0H; 8B==H;9A==H;% 3B==HO; 5B==0H; 8B==H;9A==H;%
{10}B==\put (50,20) {\1moiety{0=CH}};% {10}B==\1moiety{0=C\rlap{H}};%

{13}B==CH$_{33}$;%
{14}B==0H; {17}GB==H;%

{{17}}==\fiveheterov([a] {4==0}% {17}A==\fiveheterov[a] {4==0}%

{1==(y1);3D==0}}

strophanthidin

{1==(y1);3D==0}}

17a-strophanthidin

36,5,14-trihydroxy-19-oxo-3-card-20(22)-enolide

38,5,14-trihydroxy-19-oxo0-8,17a-card-20(22)-enolide

Strophanthidin is the aglycon of corchoroside A, whose formula is drawn by ssiewpid. The sugar
molecule joined to the 3-OH of strophanthidin can be drawn by using a n&$tddcommand so as to
complete the formula of corchoroside A as follows:

HO,

CHB,“‘“

corchoroside A

O\begin{XyMcompd}(ZZ@@,14®®)(—65®,150){}{}
7 \steroid{%
3B==\1y1(3==0) {3==\sixheterovi{1==0}{%
g 2=
2GB==H;4B==0H; 6A==CH$_{33}$;5B==H0}};%
5B==0H; 8B==H;9A==H;%
{10}B==\1moiety{O=C\rlap{H}};%
{13}B==CH$_{3}%;%
{14}B==0H; {17}GA==H;%
{{17}}==\fiveheterov[a] {4==0}%
{1==(y1);3D==0}}
\end{XyMcompd}

The oxygen-linkage between C-16 and C-21 gfcardanolide generates another five-membered ring.
Although a straight-forward method for drawing such an additional ring is unavailable, the formula can be
drawn by means of a dirty technique as follows:

168,214-epoxy-B,205-cardanolide

\steroid[%

{r{\sixfusev[%
{f{\fivefusev{3==0}{4D==0;2SU==H}{a}}}]
{1s==\PutBondLine(®,0) (150,-150){0.4pt};%
4s==\WedgeAsSubst(0,0) (1,1){150};%
1s==\put (160,-240) {0}
}{6SU==H}{d}[abc]}}]

{5B==H;8B==H;9A==H;%
{10}B==CHS$_{3}%;{13}B==CH$_{3}$;%
{143}B==H; {17}GA==H; {16}GA==H}

Note that the skeletal bonds C-16—C-17—C20—C21 of the furan ring stem from the six-membered
ring generated by the commaidixfusev, in which the bondsd’, ‘b’, and ‘c’ are deleted by setting the
(delbdlish ([abc]). As a result, the bonddl’, ‘ e’, and ‘£’ remain to give the skeleton C-16—C-17—C20—
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C21 of the furan ring. The other skeletal bonds of the furan ring are drawn by \RirtondLine for a
straight-lined bond angifedgeAsSubst for a wedged bond, while the oxygen atom is placed by using.

13.4.2 Bufanolides

Bufanolides belong to the squill-toad poison group of lactones, where the configuratiogsafd 2R are
implied in the name. The lactone moiety can be drawn by the substitution technique, where the command
\sixheterov with using a (yl)-function is declared in tReubslis} of the command steroid.

56-bufanolide

\begin{XyMcompd} (1200, 1600) (250, 150) {}{}
\steroid{5B==H;8B==H;9A==H;%
{103B==CHS$_{3}%;{13}B==CH$_{3}$;%
{14}B==H; {17}GA==H;%
{{17}}==\sixheterovi{5==0;%
1s==\WedgeAsSubst(0,0) (0,1){140};%
1s==\put (0, 200) {\makebox (0, 0) {H}}}%
{1==(y1);4D==0}}

\end{XyMcompd}

Note that the3-hydrogen located at the C-20 is drawn by combining the commakrdgeAsSubst for
drawing the wedged bond with the commangsit and\makebox for placing the letter H. The latter two
commands are supported by the picture environment o kystem.

Unsaturated derivatives with two double bonds are named by replacingfthe-adienolide. In the IU-

PAC name of the following compound (trivial name: bufalin), the configurations of the two hydroxyl groups
are diferently specified, i.e.,Bhydroxy (an explicit specification) and 14-hydroxy (an implicit specification
in the name “bufadienolide”).

The structure of bufalin 314-dihydroxy-B-bufa-20,22-dienolide) is drawn by the substitution tech-
nique, where the lactone moiety is generated by declaring a (yl)-functigsiixheterovi.

38,14-dihydroxy-B-bufa-20,22-dienolide
bufalin

\begin{XyMcompd} (1400, 1600) (50,150) {}{}
\steroid{%

3B==HO; 5B==H; 8B==H; 9A==H;%
{10}B==CH$_{3}$; {13}B==CHS$_{3}$;%
{14}B==0H; {17}GA==H;%
{{17}}==\sixheterovi[bf]{5==0}

{1==(yl) ;4D==0}}

\end{XyMcompd}

In the IUPAC name of the following compound (trivial name: telecinobufagin), the configurations of the
three hydroxyl groups are fikerently specified, i.e.,Bhydroxy (an explicit specification), 5-hydroxy (an
indirect specification as shown ig$ufadienolide), and 14-hydroxy (an implicit specification in the name
“bufadienolide”).

The structure of telecinobufagin £%,14-trihydroxy-B-bufa-20,22-dienolide) is also drawn by the
substitution technique, where the lactone moiety is generated by declaring a (yl)-functxixheterovi.
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36,5,14-trihydroxy-B-bufa-20,22-dienolide
telecinobufagin

\begin{XyMcompd} (1400, 1600) (50,150) {}{}
\steroid{%

3B==HO; 5B==0H; 8B==H; 9A==H;%
{10}B==CH$_{3}$;{13}B==CHS$_{3}$;%
{14}B==0H; {17}GA==H;%
{{17}}==\sixheterovi[bf]{5==0}

{1==(yl) ;4D==0}}

\end{XyMcompd}

Unsaturated derivatives with three double bonds are named by replacingfiiixe-gwienolide. The
structure of scillarenin (3 14-dihydroxybufa-4,20,22-trienolide) is also drawn by the substitution technique,
where the lactone moiety generated by declaring a (yl)-functidsixheterovi is placed in th&subslis}
of the outer commanysteroid.

36,14-dihydroxybufa-4,20,22-trienolide
scillarenin

\begin{XyMcompd} (1400, 1600) (50,150) {}{}
\steroid[d]{%

3B==HO; 8B==H;9A==H;%
{10}B==CH$_{3}$;{13}B==CH$_{31}$;%
{143}B==0H; {17}GA==H;%
{{17}}==\sixheterovi[bf] {5==0}
{1==(y1);4D==0}}

\end{XyMcompd}

13.5 Steroids with Spiro and Fused Heterocycles

13.5.1 Spirostans
Flat Spiro Rings

In one stereochemical convention, spiro junction in spirostans is expressed by a flat formula (a projection on
to the plane of the paper) using a wedged bond and a dashed-line bond. Such flat formulas are supported by
the commands listed in Table 13.9.

The commands listed in Table 13.9 ar8VXgX commands of specific use, which have the following
formats:

\spirostan. .. [{(bondlish] {(subslis}}

where the symbol . . of each command name represents néxsor the sifix nor, alpha, orbeta.

Locant numbers (1-17) for designating substitution positions and bond descriptors (locant alphabets a—t)
are common to the commangteroid. The optional argumenibondlish is based on the assignment of
characters (a—t) to respective bonds as shown in Table 13.2. A bond modifier in the argsubslis} for
n = 1-17 (except fused positions) is selected from the list of bond modifiers (Table 3.2).

The commandpirostan is used to draw a spirostan with an unspecified configuration of the 25-methyl
group. To draw a 25-derivative, we overwrite a wedged bond at the C-25 by using/$hbslis} of the
\spirostan.
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Table 13.9.Spirostans

5 unspecified nor

\spirostan{} \spirostannor{}
a spirostan norspirostan
5« series 56 series

CHs

\spirostanalpha{} \spirostanbeta{}
Sa-spirostan 5B-spirostan

\spirostan{} \spirostan{5B==H; {25}B==CH$_{3}$}
a spirostan (25S)-58-spirostan

For the purpose of drawing a R&lerivative, the overwriting method usingpirostan gives an insffi-
cient result, as shown in the first formula below. Instead, we use the comsamfostannor to obtain a
more acceptable formula, as shown in the second formula below.

CHs

\spirostan{5B==H; {25}A==CH$_{3}$} \spirostannor{5B==H; {25}A==CHS$_{33}$}
(25R)-58-spirostan (instiicient) (25R)-58-spirostan
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Epimerization at the C-25 results in the formation o6528nd 2% stereoisomers of@spirostan-B-ol.
They are diferentiated by the prefixes 3%and 2R, as follows:

\spirostannor{3B==HO; 5B==H; \spirostannor{3B==HO; 5B==H;
{25}B==CH$_{3}$} {25}A==CHS$_{3}$}
(25S)-58-spirostan-B-ol (25R)-58-spirostan-B-ol

sarsasapogenin

Chair-Form Spiro Rings

In another stereochemical convention, the spiro pyran ring is expressed as a chair form, which is perpendic-
ular to the plane paper. To draw such an expression, we apply the replacement technique to the command
\pyranoseChairi after declaring a (yl)-function as follows.

\steroid[%

. . {s{\fivefusev{2==0;%
ngiilvefusevéi—foz?{éln( 1)1} {e}% 3s==\mbox{\changeunitlength{®.08pt}%
7 pyranosethatiiii==ly e \pyranoseChairi{1==(y1)}}}{}{e}%
P43 1114}

\steroid[%

The size of the pyran ring can be reduced by usinbangeunitlength, as exemplified by the sec-
ond formula depicted above. It is safe to use the commaibdx, so that the change of a unit length by
\changeunitlength is limited to the argument ofmbox.

Because the name spirostan specifies the configurations shown for all the asymmetric centers except po-
sitions 5 and 25, the prefixe5 and B is added to specify the configuration of the C-5 according to steroid
convention, while 2R or 25S is added to specify the configuration of C-25 according to the sequence-rule
procedure. The following formulas illustrate twdigrent expressions of (2b53-spirostan, where the con-

figuration of C-25 is not determined, as shown by a wavy line in each expression and by the grafixizb
name.
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CHs

\steroid[%
{s{\fivefusev{2==0;%
3s==\mbox{\changeunitlength{0.07pt}%
\pyranoseChairi{l==(yl);%
4U=={\normalsize CH$_{33}$3}3}}} \spirostannor{5B==H; {25}U==CH$_{33}§$}
{4A==CH$_{3}$}{e}%
}3}1{5B==H; {10}B==CH$_{31}$;
8B==H;9A==H; {13}B==CH$_{31}$;
{14}A==H; {17}GA==H; {16}GA==H}
(25¢)-58-spirostan

A fixed configuration at the C-25 atom of the spirostan skeleton is depicted as follows by using the
(subslis} of the commandpyranoseChairi or \pyranoseChairii, which is defined in a similar way to
the commandahairi for drawing chair-form derivatives of cyclohexane.

\steroid[% \steroid[%
{s{\fivefusev{2==0;% {s{\fivefusev{2==0;%
3s==\mbox{\changeunitlength{0.08pt}% 3s==\mbox{\changeunitlength{0.08pt}%
\pyranoseChairi{l==(yl) ;% \pyranoseChairii{l==(yl) ;%
4Sa=={\normalsize CH$_{3}$};% 4Se=={\normalsize CH$_{33}$};%
4Se=={\normalsize H}}}}% 4Sa=={\normalsize H}}}}%
{4A==CH$_{3}$}{e}% {4A==CH$_{3}$3}{e}%
}31{5B==H; {10}B==CH$_{3}$; }}1{5A==H; {10}B==CH$_{31}$;
8B==H;9A==H; {13}B==CH$_{31}$; 8B==H;9A==H; {13}B==CH$_{31}$;
{14}A==H; {17}GA==H; {16}GA==H} {14}A==H; {17}GA==H; {16}GA==H}
(25S)-56-spirostan (22R, 25S)-5a-spirostan

The following formulas of cyclopseudoneogenin (flat and chair-form types) show a stereoisomer of
(22R, 25S)-5a-spirostan depicted above, where the configurations of C-5 and C-20 are inverted. The pre-
fix (20R, 22S, 25S) of the systematic name contains the specification of the configuration at the C-20, which
is different from the implicit configuration of the name spirostan.
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+CHs

\steroid[%
{s{\fivefusev{2==0;%
3s==\sixheterovi({eA}){%
1==0;
6s==\WedgeAsSubst(0,0) (5,-3){140}%
}{6==(y1l);3A==CH$_{3}$}
}{4B==CH$_{3}$}{e}}}]
{5B==H; 8B==H; 9A==H;%
{10}B==CH$_{33}$;%
{13}B==CH$_{31}$;{14}A==H;
{17}GA==H; {16}GA==H}

\steroid[%

{s{\fivefusev{2==0;%
3s==\mbox{\changeunitlength{®.08pt}%
\pyranoseChairii{l==(yl);%
4Se=={\normalsize CH$_{33}$};%
4Sa=={\normalsize H}}}}%
{4B==CH$_{3}$3}{e}%

}31{5B==H; {10}B==CH$_{3}$;
8B==H;9A==H; {13}B==CH$_{31}$;
{14}A==H; {17}GA==H; {16} GA==H}

(20R, 22S, 25S)-58-spirostan (trivial name: cyclopseudoneogenin)

Yamogenin ((25)-spirost-5-en-B8-ol), an aglycon of a saponin extracted from yams (Yamanoimo), is
shown below, where structural formulas of two types for yamogenin are drawn.

CHz

\steroid[e%

{s{\fivefusev{2==0;%

3s==\mbox{\changeunitlength{0.08pt}%

\pyranoseChairi{1==(yl) ;%

4Sa=={\normalsize CH$_{33}$};% \spirostannor[e]{3B==H0;%
4Se=={\normalsize H}}}}% {25}B==CHS$_{3}$}
{4A==CHS$_{3}$}{e}%

}3}1{3B==H0; {10}B==CH$_{3}$;

8B==H;9A==H; {13}B==CH$_{31}$;

{14}A==H; {17}GA==H; {16}GA==H}

(25S)-spirost-5-en-B-ol (trivial name: yamogenin)

Formulas of two types for diosgenin (Rpspirost-5-en-B-ol), which is the C-25 epimer of yamogenin,
can be drawn similarly by exchangidga and4Sb in the first program and by placing25}A==CH$_{3}$
in place of{25}B==CH$_{3}$ of the second program.

RS-Stereodescriptors for configurations at the C-25 of spirostans are influenced by substituents around
the C-25 atoms, even if the carbon skeletons around the C-25 are unchanged to give fixed configurations.
The following three compounds are typical examples, where Rfgistereodescriptors varies in accord with
the priority sequences, although their configurations at the C-25 are chemically unchanged.
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255

26(0OHH)> 24(CHH)> 27(HHH) > H
(25S)-58-spirostan-B-ol (sarsasapogenin)
2R

26(O(C)HH)> 27(O(H)HH) > 24(CHH)> H
(25R)-58-spirostan-B,27-diol

255

27(BrHH) > 26(OHH)> 24(CHH)> H
(25S)-27-bromo-B-spirostan-B-ol

\steroid[%

{s{\fivefusev{2==0;%
3s==\mbox{\changeunitlength{0.08pt}\pyranoseChairi{l==(yl) ;%
4Sa=={\normalsize CH$_{23}$--X};%

4Se=={\normalsize H}}3}3}{4A==CH$_{33}$}{e}%

}3}1{3B==HO; 5B==H; {10}B==CH$_{3}$;8B==H;9A==H; {13}B==CHS$_{3}$;
{14}A==H; {17}GA==H; {16}GA==H}

13.5.2 Spiro Lactone Rings Other Than Spirostans

Steroids with a spiro lactone function, other than spirostans, can be drawn by putting a command for a spiro
ring in the optionakbondlisy of such a command assteroid according to the replacement technique
where the fused component is generated by declaring a (yl) functigsiixheteroh.

3B-hydroxy-52-cholano-24,17-lactone

\steroid[%
{s{\sixheteroh({eA}) {5==0}
{6==(yl) ;4D==0; 1Sd==\null}}}]
{5A==H;3B==HO; {10}B==\null;%
{13}B==\null}

HO
H

The name B-hydroxy-Sx-cholano-24,17-lactone is based on the corresponding hydroxy-carboxylic acid,
which can, for example, be drawn in the following two ways. Thus the name of the lactone contains the
locant 24 of the acid group and the locant of the 17-hydroxyl group, where the lactonized hydroxyl group is
not explicitly stated.

HO
H
\steroid[{s{\sixheteroh \androstanealpha
{4==C}{6==(y1l) ; 4D==0;4G==0H;% {3B==HO; {17}GA==0H;%
1Sd==\null}[de]}}] {{17}}==\trimethylene{1ls==%
{5A==H;3B==HO; {10}B==\null;% \PutDashedBond(0,0) (-171,103) {2pt}%
{13}B==\null; {17}SA==0H} }{1==(y1) ; 3W==COOH} }

38,17a-dihydroxy-5-cholan-24-oic acid

Note that the ring D due tgsteroid and the six-membered ring dueteixheteroh are fused at C-17
in the left structure so as to form a hypothetical spiro ring system (an irregular application of the addition
technique), where the bondd 'and ‘e’ of the latter ring are deleted by setting tkdelbdlisy ([de]). As a
result, the bondsa’, ‘b’, * ¢’, and ‘£’ remain to give the side chain C-1#-C—'a'-C—'b'-C—'c’-C(=0) in
the form of a folded line. On the other hand, the right structure depicted above is based on the substitution
technique, where the commandrimethylene is placed in the(subslis} of \androstanealpha after
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declaring a (yl)-function. The double usage of pairs of bra¢€$7} }==) or an addition of a harmless letter
such as$’ ({17}S==) is necessary because of the inner treatment of arguments iﬁMTg)Xsystem.

Because a steroid skeleton with a short side chain up to C-21 is named pregnane, a derivative having a
carboxylic acid group at the C-21 is called a pregnane-21-carboxylic acid. The following lactone is named as
a lactone of such a pregnane-21-carboxylic acid, where the linkage between the C-21 and the C-17 is brought
about by the unit -COO- in the lactone ring.

7a-acetylthio-3-oxo-1@-pregn-4-ene-21,17-carbolactone
(internationally non-proprietary name: spironolactone)

\begin{XyMcompd} (1550,1250) (50,200){}{}
\steroid[d%

{s{\fiveheterovi({cA}) [%
{d{\WedgeAsSubst(0,0)(0,1){160}}}]
{5==0}

{4==(y1);1D==03}[d]}}]

{3D==0; {10}B==\null;%
{13}B==\null;7A==SCOCH$_{3}$}
\end{XyMcompd}

13.5.3 Furostans

Furostans are steroids with a fused furan ring. Commands for drawing furostans are listed in Table 13.10.
The configurations of the C-(or 8) and the C-22R, S, or &) as well as the C-25R, S, or ¢ if necessary)

should be specified afterwards in the prefix of a systematic name, while all of the remaining asymmetric
centers are implicitly involved in the name furostan. In particular, note that the configuratiorSat 20
implied by the name furostan.

Table 13.10.Furostans

5 unspecified 5a series 56 series

\furostan{} \furostanalpha{} \furostanbeta{}
Sa-furostan 5B-furostan

The commands listed in Table 13.10 afIXgX commands of specific use, which have the following
formats:

\furostan. .. [(bondlish] {(subslis}}

where the symbol . . of each command name represents réixsor the siffix nor, alpha, or beta.

Locant numbers (1-17) for designating substitution positions and bond descriptors (locant alphabets a—t)
are common to the commangteroid. The optional argumenibondlish is based on the assignment of
characters (a—t) to respective bonds as shown in Table 13.2. A bond modifier in the argsurhslis} for
n = 1-17 (except fused positions) is selected from the list of bond modifiers (Table 3.2).

The structural formula of (23-58-furostan is easily drawn by usingfurostanbeta, where the
descriptor{22}U==H outputs a wavy bond of a 2zhydrogen, whose configuration is unspecified.
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(22¢)-58-furostan
\furostanbeta{{22}U==H}

It should be noted that the side chain drawn\fyrostanbeta is linked to C-22 through a straight-lined
bond while the the hydrogen at the C-22 is linked through a wavy bond. If both of the bonds are desired to
be drawn as wavy bonds, the commaygtramethylene is used with3U (a designator for a wavy bond)
in the(subslis} of the command fivefusev, as shown in the following example:

(22¢, 25R)-5a-furostan-g,26-diol
dihydropseudotigogenin

\steroid[{s{\fivefusev{2==0}
{4SA==CH$_{3}$;4SB==H; 5FA==H;3FU==H;%
3U==\tetramethylenei{}{1==(yl) ;%
3SB==CHS$_{3}$;3SA==H;4W==0H}}{e}}}]
{3SB==H0;3SA==H;5A==H;%

8B==H;9A==H; {14}A==H;%
{10}B==CHS$_{31}%;%

{13}B==CHS$_{31}%;%
{203}S==CH$_{3}%;{16}FA==H}

The first formula below requires a more complicated combination of commands sugtesoid,
fivefusev, and\pentamethylene. The trivial name pseudosarsasopgenin indicates the relationship to
sarsasapogenin, which is a synonym of§p53-spirostan-B—ol. The second formula below, which is a
diastereomer of the first one, can be drawn in a similar way. The trivial name pseudotigogenin indicates the
relationship to tigogenin, which is a synonym of &a-spirostan-B—ol.

\steroid[{s{\fivefusev[c]{2==0;%
3s==\pentamethylene{}{1==(yl) ;%
4SA==\null;4SB==H; 5W==0H}
}{4==\null;5FA==H}{e}}}]

{3B==HO; 5B==H;%

{10}B==\null;%

{13}B==\null;%

{20}S==\null; {16}FA==H}

(25S)-58-furost-20(22)-en-B,26-diol
pseudosarsasapogenin

\steroid[{s{\fivefusev[c]{2==0;%
3s==\pentamethylene{}{1==(yl) ;%
4SB==\null;4SA==H; 5W==0H}
}{4==\null;5FA==H}{e}}}]

{3B==HO; 5A==H;%

{10}B==\null;%

{13}B==\null;%

{20}S==\null; {16}FA==H}

(25R)-5a-furost-20(22)-en-3,26-diol
pseudotigogenin

13.5.4 Fused Lactone Rings Other Than Furostans

A derivative having a carboxylic acid group at the C-21 is regarded a pregnane-21-carboxylic acid. The
following lactone is named as a lactone of such a pregnane-21-carboxylic acid, where the linkage between
the C-21 and the C-18 is brought about by the unit -COO- in the lactone ring.
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(20R)-38-hydroxypregn-5-ene-20,18-carbolactone

\steroid[e%

{s{\sixheteroh{2==0}%
{5==(y1);3D==0;4Sd==\null}[aef]}}%
{o{\WedgeAsSubst(0,0) (0,1){240}}}%
{o\PutBondLine(®,240) (-30,400){0.4pt}}1%
{3B==HO0; {10}B==\null; {17}GA==H}

HO

Note that the skeletal bonds C-17—C-20—&210 of the lactone ring stem from the six-membered
ring generated by the commandixheteroh, in which the bondsd’, ‘e’, and ‘£’ are deleted by setting
the (delbdlisp ([aef]). As a result, the bond®*, ‘c¢’, and ‘d’ remain to give the skeleton C-17—C-20—
C21*—O0 of the lactone ring. The other skeletal bonds of the lactone ring are drawn by\@sitBondLine
for a straight-lined bond andiedgeAsSubst for a wedged bond.

13.5.5 Steroid Alkaloids
Spirosolanes

The structural formula of spirosolane is drawn in a similar way to spirostan. Because the bond between N
and H is not drawn usually, the commaxdownnobond is used to place N and H up and down without a
bond. The name spirosolane does not imply the configurations at the C-22 and C-25 (in addition to C-5)
so that these are explicitly specified by the prefixes. The other asymmetric centers are implied in the name
spirosolane.

(22S, 25¢)-ba-spirosolane

\steroid[{s{\fivefusev{2==0;%
3s==\sixheterovi({eA}){%
1==\downnobond{N}{H} ;%
6s==\WedgeAsSubst(0,0) (5,-3){140}%
}{6==(y1) ;3U==CH$_{33$}
}{4A==CH$_{3}$}{e}}}]
{5A==H;8B==H;9A==H; {10}B==CHS$_{3}$;%
{13}B==CHS$_{3}$;{14}A==H;

{17}GA==H; {16}GA==H}

CHs

The name tomatanine has been used in place of spirostan. According to this convention, the above
compound is named (& 25¢)-5a-tomatanine.

Tomatidine and solasodine are systematically named as spirosolane derivatives, where the configurations
of C-22, C-25 and C-5 are explicitly specified in addition to the configuration of a newly introduced C-3 sub-
stituent. The drawing of their structural formulas is straightforward after the above code for the spirosolane
skeleton is available. What we have to do is the specification of double bonds and substituents as follows:

(22S, 25S)-5a-spirosolan-B-ol

\steroid[%
{s{\fivefusev{2==0;%
3s==\sixheterovi({eA}) {%
==\downnobond{N}{H};
6s==\WedgeAsSubst (0,0) (5,-3){140}%
}{6==(yl);3A==CHS$_{31}$}
}{4A==CH$_{3}$}{e}}}]
{3B==HO; 5A==H; 8B==H;9A==H;%
{10}B==CHS$_{31}%;%
{13}B==CH$_{31}$; {14}A==H;
{17}GA==H; {16}GA==H}
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(22R, 25R)-spirosol-5-en-B-ol

\steroid[e%

{s{\fivefusev{2==0;3s==%
\sixheterovi({eA}){5==\1moiety{HN};%
6s==\WedgeAsSubst(0,0) (5,-3){171}%
}{6==(yl);3A==CH$_{33$}[f1%
}{4A==CH$_{3}$}{e}}}]

{3B==HO; 8B==H; 9A==H; {10 }B==CHS$_{31}$;%
{13}B==CH$_{3}$;{14}A==H;

{173GA==H; {16}GA==H}

Solanidanines

The parent skeleton named solanidanine (CAS name: solanidane) is dravgtdyoid in combination
with nested commandsfivefusev and\sixfusev. The stereodescriptors 32and 25 for the following
compound should be described in the prefix of the systematic name. Note thdt 1%yH, and 266 (in
addition to usual implicit locants of a steroid skeleton) is implied by the name solanidanine or solanidenine.

(22S, 25S)-5a-solanidanine

\steroid[%

{s{\fivefusev[%
{b{\sixfusev{5==N}{3A==CH$_{33}$%:;%
6GB==H}{e}}}]
{2==\null}{4A==CH$_{3}$}{el}}}]
{5A==H; 8B==H;9A==H; {10}B==CHS$_{33}$;%
{13}B==CH$_{3}$;{14}A==H;

{17}GA==H; {16}GA==H}

For the purpose of obtaining a systematic name for a solanidanine derivative having a double bond, the end
-anine is replaced by -enine to give solanidenine as the name of the skeleton. An additional set of substituents
is represented usually as exemplified in the following compound.

(22R, 25S)-solanid-5-enin-B-ol
solanidine

\steroid[e%

{s{\fivefusev[
{b{\sixfusev{5==N}{3A==CH$_{3}%;%
6GA==H}{e}}}
1{2==\null}{4A==CHS$_{3}$}{e}}}]
{3B==HO; 8B==H;9A==H; {10}B==CH$_{31}$;%
{13}B==CHS$_{3}%;{14}A==H;

{17}GA==H; {16}GA==H}

The structural formulas of rubijervine and isorubijervine can be drawn in a similar way, where the
respective substitution listggubslis}) of \steroid are slightly modified.
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\steroid[e% \steroid[e%
{s{\fivefusev[ {s{\fivefusev[
{b{\sixfusev{5==N}{3A==CHS$_{33}$;% {b{\sixfusev{5==N}{3A==CHS$_{3}$;%
6GA==H}{e}}} 6GA==H}{e}}}
1{2==\null}{4A==CH$_{3}$}{e}}}] 1{2==\null}{4A==CHS$_{33}$3}{e}}}]
{3B==HO; 8B==H;9A==H;% {3B==HO; 8B==H;9A==H;%
{10}B==CH$_{3}$;{12}A==0H;% {10}B==CH$_{3}$;{13}B==%
{13}B==CH$_{31}9$;{14}A==H;% \1lmoiety{HO--H$_{2}$C};{14}A==H;
{17}GA==H; {16}GA==H} {17}GA==H; {16}GA==H}

(22R, 25S)-solanid-5-enines3 12x-diol (22R, 25S)-solanid-5-enine3 18-diol

rubijervine isorubijervine

The following compound can be regarded as the 1-oxo derivative of rubijervine, so that only the code
1D==0 is added to thésubslis} of \steroid in the abovementioned program for drawing rubijervine.

(22R, 25S)-38,12x-dihydroxysolanid-
5-enin-1-one

\steroid[e%

{s{\fivefusev[
{b{\sixfusev{5==N}{3A==CH$_{33}$:;%
6GA==H}{e}}}
1{2==\null}{4A==CH$_{3}$}{e}}}]
{1D==0; 3B==HO; 8B==H;9A==H;%
{10}B==CHS$_{3}%;%

{12}A==0H; {13}B==CH$_{3}9%; {14}A==H;
{17}GA==H; {16}GA==H}

Conanines

The name conanine impliesdl and 20S in addition to the other asymmetric centers of the steroid skeleton.
The formula of &-conanine is drawn as follows:

CHs Sa-conanine

\steroid[{T{\sixfusev
{4s==\WedgeAsSubst(0,0)(-1,2){158};%
1==\upnobond{N}{CH$_{33}$}
}{2B==CH$_{3}$}{c}[del}}]
{5A==H;8B==H;9A==H; {14}A==H;%
{10}B==CH$_{3}$; {17}GA==H}
The introduction of a double bond between C-5 and C-6 gives con-5-enine, whose structure is drawn as
follows:

con-5-enine

\steroid[e{T{\sixfusev
{4s==\WedgeAsSubst(0,0)(-1,2){158};%
1==\upnobond{N}{CH$_{33}$}
}{2B==CH$_{3}$}{c}[del}}]
{8B==H;9A==H; {14}A==H;%
{10}B==CHS$_{3}$; {17}GA==H}
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13.6 Tetracyclic Triterpenoids Related to Steroids

13.6.1 Lanostanes

Tetracyclic triterpenoids can be regarded as 4,4,14-trimethyl-substituted steroids, where the methyl groups
at 4 and 4 are numbered as C-28 and C-29 respectively, while the methyl group at the 14-position is
specified by the locant 30. For exampley-Banostane represents a compound which is designated by a
systematic hame 4,4,d4rimethyl-S¢-cholestane. The configurations ofat4and 2@ (in addition of the

other configurations specified by the steroid convention, e.@,ab8 1) are implied by the namedd
lanostane, when this is used as a parent molecule in the process of naming further derivatives. The formula
of 5a-lanostane is drawn by using the commagderoidChain.

----- [ 5a-lanostane
3 4,4,14-trimethyl-52-cholestane

\steroidChain{4Su==CHS$_{33}$;%

4Sd==CH$_{3}9$;5A==H;%

8B==H;9A==H; {10}B==CH$_{33}$;%

{13}B==CHS$_{3}$;{14}A==CH$_{33}$;%
5 {17}SA==\raisebox{-4pt}{"H};%

Chs CHs {20}SA==H$_{3}$C; {20} SB==H}

The trivial name &-tirucallane is used widely. Because the configurations at the C-20, C-13, C-14, and
C-17 are inverted in comparison with the impliedR&c. of the parent lanostane, the prefix of the following
systematic name contains the descriptorS 2.

5a-tirucallane
(20S)-5a,132,143,17a-lanostane

\steroidChain
{4Su==CH$_{3}$;4Sd==CHS$_{3}$;5A==H;%
8B==H; 9A==H; {10}B==CH$_{33$;%

3 {13}A==CH$_{3}$;{14}B==CHS$_{3}$;%
CH, CHy {17}GB==H; {20}SB==H$_{3}$C; {20} SA==H}

The trivial name &-euphane is widely used. The name lanostane for the systematic name impljes 20
which needs not be specified in the prefix of the following name.

S5a-euphane
5a,13x,148,17a-lanostane

\steroidChain
{4Su==CH$_{3}$;4Sd==CHS$_{3}$;5A==H;%
8B==H;9A==H; {10}B==CH$_{31}$;%

N {13}A==CHS$_{3}$;{143}B==CH$_{3}$;%
CH, CHy {17}GB==H; {20} SA==H$_{3}$C; {20} SB==H}

The structural formulas of dammarane, cycloartane, and protostane can be drawn in a similar way by
usingsteroidChain.
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dammarane
8-methyl-18-nor-o-lanostane
4,4,8,14-tetramethyl-18-nor5cholestane

\steroidChain{4Su==CHS$_{31}$;%
4Sd==CH$_{3}$;5A==H;%
8B==CH$_{3}%;9A==H;%
{10}B==CHS$_{3}$;{13}B==H;%
{14}A==CH$_{33$;%
{17}SA==\raisebox{-4pt}{"H};%
{20}SA==H$_{3}$C; {20}SB==H}

cycloartane
9,19-cyclo-B-lanostane
4,4,14-trimethyl-9,19-cyclo 98-cholestane

\steroidChain[{%
I\threefuseh({bB}{cB}) {}{}{a}}]
{4Su==CHS$_{3}%;4Sd==CHS$_{3}$%;%
5A==H;8B==H; {13}B==CHS$_{3}%$;%
{14}A==CHS$_{31}%;%
{17}SA==\raisebox{-4pt}{"H};%
{20}SA==HS$_{3}$C; {20}SB==H}

protostane
4,4,8,14-tetramethyl-18-nom58a,98,13x,143-
cholestane

\steroidChain{4Su==CH$_{3}$;%
4Sd==CH$_{3}$;5A==H;%
8A==CH$_{3}$;9B==H;%
{103B==CHS$_{319%;{13}A==H;%

$ {14}B==CH$_{3}%;%
CHz CH;s {17}SA==\raisebox{-4pt}{"H};%
{203}A==H$_{33}$C}

The same compound (protostane) with an alternative folding of the side chain can be drawn by using
\steroidchain in place of\steroidChain, where any modification of thgsubslis} is not necessary. The
result is shown below:

protostane
4,4,8,14-tetramethyl-18-noe58e,98,13x,145-
cholestane

\steroidchain{4Su==CHS$_{31}$;%
4Sd==CH$_{3}$;5A==H;%
8A==CH$_{3}%$;9B==H;%
{10}B==CHS$_{3}$;{13}A==H;%
{14}B==CHS$_{31}%;%
{17}SA==\raisebox{-4pt}{"H};%
{20}SA==H$_{3}$C; {20}SB==H}

13.6.2 Biosynthesis of Steroids

Lanosterol, a tetracyclic triterpenoid, is an intermediate for the biosynthesis of cholesterol from squalene, as
summarized in Fig. 13.2.

To draw the scheme shown in Fig. 13.2, commands for drawing respective compounds are defined by
using the commands supported by th&MKeX system. First, the commangsqualene for drawing the
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cyclization

A

H+

CHs

squalene

HsC_ +

rearrangement several steps
—_—> _—>
_H+
HO 3 HO' 3
CHs CHs CHy ChHs
protostane-type intermediate lanosterol

cholesterol

Figure 13.2.Biosynthesis of cholesterol from squalene

starting compound squalene is defined by the multiple nesting @« 6 « 5 « 6) of sixfusev and
\fivefusevi in the(bondlish of \sixheterov.

\def\squalene

{%

\begin{XyMcompd} (1800, 1300) (250,0) {}{}
\sixheterov[bd{B{\sixfusev[a{A{\sixfusev[{B{\fivefusevi[d%
{A{\sixfusev[e{c{\dimethylenei[a]{}{1==(y1l) ;2==CH$_{3}$;2W==CH$_{33}$}}3}]
{3{6==CHS$_{33$}{d}[cI}}1{}{}{d}[el}}1{}{3G==CHS_{3}$}{d}[c]}}]
{3{2F==CHS$_{3}$}{e}[£133}1{3{4Sb==CHS$_{33}$;4F==CHS$_{3}$;2F==CH$_{3}$}[c]
\end{XyMcompd}

}

Output of\squalene without size reduction:

CHs

Second, the commangsqualeneepoxide is defined for drawing squalene-2,3-epoxide, which con-
tains arrows for representing electron shifts during cyclization. Each of these arrows is drawn by
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using \electronlshiftarrow or \electronlshiftarrow[1], which is placed in thgatomlisy of
\threefuseh, \sixfusev, or \fivefusevi. Each arrow is drawn from the midpoint of a starting dou-

ble bond to the midpoint of a single bond to be formed according to a convention of organic chemistry. The
epoxide ring is drawn by usingthreefuseh, so that total multiple nesting is represented by the scheme, 6
(«3)—6<—6«5«6.

\def\squaleneepoxide

{%

\begin{XyMcompd} (2000, 1300) (50,-50) {}{}
\sixheterov[b{D{\threefuseh{2==0;%

2==\put (-150,-150) {H$"{+}$};%
2==\electronlshiftarrow[1] (-50,-30)(75,70);%
H3{c}}}%
{B{\sixfusev[a{A{\sixfusev[{B{\fivefusevi[d{A{\sixfusev[e{c{\dimethylenei%
[al{}{1==(y1);2==CH$_{31}$;2W==CH$_{3}$}}31{%
5s==\electronlshiftarrow(-85,-50) (-20,100) ;%
}{6==CHS$_{3}$}{d}[c]}}%
1{4s==\electronlshiftarrow[1](-85,-50)(50,100);%
H{3{d}[el}}%

1{}{3G==CHS_{3}$}{d} [c]}}%
1{1s==\electronlshiftarrow[1](-85,-60)(85,-95);:%
}{2F==CH$_{33}$}{e}[£]13}}1%1
{3s==\electronlshiftarrow(-85,-50) (-40,100) ;%
}{5A==H;4==CHS$_{3}$;4F==CH$_{3}$;2F==CHS$_{3}$3} [c1%3
\end{XyMcompd}

}

Output of\squaleneepoxide without size reduction:

o
ot
K

H+

The intermediate of protostane-type is drawn by usipgotostaneintermediate, which is de-
fined on the basis obteroidchain. This formula contains arrows for representing electron shifts
during cyclization. Each of these arrows is drawn by using the commaidctronrshiftarrow
or \electronrshiftarrow[1], which is placed before a substituent (H or £Hn the (subslis}
of \steroidchain. This technique is based on the specification \@flectronrshiftarrow or
\electronrshiftarrow[1], which outputs a curved line having no size. According to a convention of
organic chemistry, the starting point of each arrow is the midpoint of a cleaved bond, while its end point is
the site (atom) at which a new bond is formed or the midpoint of a double bond to be formed.

\def\protostaneintermediate

{%

\begin{XyMcompd} (1800, 1300) (50,0) {}{}
\steroidchain[{Ze}{s{\put(®,250){+}}}]1{3B==H0;4Su==CH$_{3}$:;%
4Sd==CHS$_{3}$;5A==H;%

8A==\electronrshiftarrow(50,-80) (190,-50)CH$_{3}$;%
9B==\electronrshiftarrow[1](50,160) (130,170)H;%
{10}B==CHS$_{3}%;%
{13}A==\electronrshiftarrow(50,-70) (190,-40)H;%
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{14}B==\electronrshiftarrow(50,160) (50,420)CH$_{3}%$;%
{17}GB==\electronlshiftarrow(-160,130) (-70,20)H;%
{20}S==H$_{3}$C}

\end{XyMcompd}

}

Output of\protostaneintermediate without size reduction:

HO

CH; CHs
The command lanosterol is defined on the basis §teroidchain.

\def\lanosterol

{%

\begin{XyMcompd} (1800, 1300) (50,0) {}{}
\steroidchain[h{Ze}] {3B==HO;4Su==CHS$_{3}$;%
4Sd==CH$_{3}$;5A==H; {10}B==CH$_{3}$;{13}B==CH$_{3}$;%
{143A==CHS$_{33}$; {17}GA==H; {203 SA==H$_{3}$C; {203 SB==H}
\end{XyMcompd}

}

Output of\1lanosterol without size reduction:

HO )
CHz CHs

The command\cholesterol is defined by a rather straight-forward use\@holestanE, which is
supported by the preset version of th®XgX system.

\def\cholesterol

{%

\begin{XyMcompd} (1750,1100) (50,200) {}{}
\cholestanE[e] {3B==HO0}

\end{XyMcompd}

}

Output of\cholesterol without size reduction:
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HO

Finally, these commands are arranged by using ATX2s tabular environment, where the size of
each formula is reduced by means \afcalebox supported by theraphicx package. The command
\reactrarrow, which is defined in thehemist package (ochmst-ps or chmst-pdf) automatically loaded
by means oflusepackage{xymtex} (or \usepackage{xymtex-ps} or \usepackage{xymtex-pdf}), is
used to draw an arrow representing a chemical reaction.

\begin{figure}[h]

\begin{center}

\begin{tabular}{cccc}

\scalebox{0.7}{\squalene} &
\reactrarrow{Opt}{2cm}{[0]}{\strut} &
\scalebox{0.7}{\squaleneepoxide} &
\reactrarrow{Opt}{2cm}{cyclization}{H$ " {+3}$} \\
\noalign{\vskip5pt}

squalene & & squalene-2,3-epoxide & \\
\noalign{\vskipl5pt}
\scalebox{0.7}{\protostaneintermediate} &
\reactrarrow{®pt}{2cm}{rearrangement}{$-$HS$ " {+}$} &
\scalebox{0.7}{\lanosterol} &
\reactrarrow{Opt}{2cm}{several steps}{\strut} \\
\noalign{\vskip5pt}

protostane-type intermediate & & lanosterol & \\
\noalign{\vskipl5pt}
\scalebox{0.7}{\cholesterol} &&& \\
\noalign{\vskip5pt}

cholesterol &&&\\

\end{tabular}

\end{center}

\caption{Biosynthesis of cholesterol from squalene}
\label{ff:Steroid-Biosyntheis}

\end{figure}

The tabulated scheme is incorporated in ftigure environment of theAlpX 2 system. The output of
the scheme is shown in Fig. 13.2.
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Chapter 14

Six-Membered Heterocycles. Commands for Specific Use

XTIVITEX commands for specific useomSpec are short-cut commands of those for general GseGen,
where appropriate arguments are selected from the required and optional arguments of the latter (cf. Section
3.1 for the syntax). This chapter is devoted to introduce commands for drawing pyridine derivatives and
related compounds. These commands are short-cut commanslsabfeterov etc. for general use.

14.1 Drawing Vertical Forms of Six-Membered Heterocycles

14.1.1 Using Commands for Specified Use

The )Zﬁ\/ITEX command\pyridinev and related macros are used to draw six-membered heterocyclic com-
pounds of vertical typehetarom.sty). Each of these commands typesets heterocycles with the specific
arrangement of heteroatoms on its skeleton. The formats of these commands are as follows:

\pyridinev[(bondlish] {(subslis}}
\pyrazinev[(bondlis}] {(subslis}}
\pyrimidinev [{bondlish] {(subslis}}
\pyridazinev[(bondlish] {(subslis}}
\triazinev[(bondlis}] {(subslis}}

By using the commandpyridinev as an example, the mode of locant numbering for designating sub-
stitution positions is shown as follows along with the bond descriptors (locant alphabets) for assigning inner
double bonds:
1(Ir) 1Sb(l) 1Sa(r)

\/

6() ‘ 2(r)
=

50 N a0
A(r)

o1 (400,240) o1 (400,240)
: (0,0 e : (0,0

The optional argumenondlish specifies bonds to be doubled as shown in Table 14.1. Since a specific
character is assigned to a specific bond of each heterocycle, the concrete meaning of the chaféetents di
from one heterocycle to another. However, the methodology is common in drawing all heterocycles so that
the commands of JKITEX are easy to use.

4sb(l) 4Sa(r)
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Table 14.1.Argument(bondlisp for Commandspyridinev, etc.

Character Printed structure
none orr  pyridine (right-handed)

| pyridine (left-handed)
Hor[] fully saturated ring
1,2-double bond
2,3-double bond
4,3-double bond
4,5-double bond
5,6-double bond
6,1-double bond

aromatic circle

plus at then-nitrogen atomif = 1 to 6)

>0 Q0 oTw

El
+

The argumentsubslis} shows each substituent with a locant number and a bond modifier shown in Table
3.2, in whichn is an Arabic numeral between 1 and 6.

The XMT| X command\pyridinevi and related macros are used to draw six-membered heterocyclic
compounds of inverse horizontal typgeearom.sty). The formats of these commands are as follows:

\pyridinevi [{bondlish] {{subslis}}
\pyrazinevi [{bondlish] {{subslis}}
\pyrimidinevi [(bondlis}] {(subslis}}
\pyridazinevi [(bondlish] {(subslis}}
\triazinevi [(bondlish] {(subslis}}

By using the commandpyridinevi as an example, the mode of locant numbering for designating
substitution positions is shown as follows along with the bond descriptors (locant alphabets) for assigning
inner double bonds:

4(Ir) 4Sb(l) 4Sa(r)
5(1) _ 3(1)
-
6(1) 2(r)
| . |
. 1(In) ggoo(;'mo) o 1Sb(l) 1Sa(n) 8000)’240)

The optional argumentbondlisy specifies bonds to be doubled as shown in Table 14.1. The argument
(subslis} shows each substituent with a locant number and a bond modifier shown in Table 3.2, imwhich
is an Arabic numeral between 1 and 6.

The locant numbers and alphabets of tABTHEX commands with the dfix ‘v’ are compared with those
of their inverse macros with the ix ‘vi’ (Fig. 14.1).

For example, the statements,

\pyridinev{2==Cl;6==Cl;4==F}
\pyrazinev{2==Cl;6==C1}
\pyrimidinev{2==Cl;6==Cl;4==F}
\pyridazinev{6==Cl;4==F}
\triazinev{2==Cl;6==Cl;4==F}

produce the following structures:
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f a

f a f a f
51 5 N 5t
b e5 3b 95 S‘b e b e5 3‘b
N X4 N NN NS4 N
d c d c d c d\/c

\pyridinev{} \pyrazinev{} \pyrimidinev{} \pyridazinev{} \triazinev{}

d c d c d c d c
N
= ) 745N Ng™4 3N
e6 b e6 2b e6 z‘b e 66 2‘b
NN N N1 N1
f a f a f a f a

\pyridinevi{} \pyrazinevi{} \pyrimidinevi{} \pyridazinevi{} \triazinevi{}

Figure 14.1. Locant numbers and alphabets OMQ( commands of vertical type for specific use of drawing
six-membered heterocycles. The first row collec®HX commands with sflix ‘v’ and the second row collects the
corresponding ones with §ix ‘vi’.

Cl Cl Cl Cl Cl Cl
2 2 /Nw/
ISERGENE
F F

Cl N Cl N C
NN \( Y
N NYN
F
It should be noted that the default setting of thendlis) is to depict a fully unsaturated ring (so-called a
mancude-ring system, usually an aromatic ring). By setting an appropriate character string, a single macro is
used to typeset both partially saturated and unsaturated derivatives. Moreover, a fully saturated ring can be

obtained by setting a null argument or HK{bondlisp. This specification can be illustrated with the following
examples.

\pyridinev[be]{1==H;2==Cl;6==Cl;4D==0}\qquad
\pyridinev[ce]{1==H;4==Cl;6==Cl;2D==0}\qquad
\triazinev[H]{2D==0;4D==0;6D==0; 1==H; 3==H; 5==H}

produce the following structures:

H H H

Cl ‘ Cl Cl ‘ O (@) ‘ (@]
) | Y

\@/ = TN N

(@) Cl (@)

In order to depict a charge on a nitrogen, you write the statements, for example:

\pyridinev[r{1+}]{1==H;2==Cl;6==Cl;4==F}\qquad
\pyrazinev[1{1+}{4+3}]1{1==H;4==H;2==C1;6==C1}

Then you obtain the following structures:



228 14. Six-Membered Heterocycles. Commands for Specific Use

| |
Cl N Cl Cl N Cl
—+ ‘ \[+j/
+
Q )
F H

In these cases, a charactet 6r ‘1’ should be added to the argumeiondlisy, because the defaults are
hidden by writing other characters in tllwondlisp.

14.1.2 Using Commands for General Use

As already described in Subsection 3.4.4, tABIDEX commands\sixheterov and\sixheterovi for
general use are general macros for drawing six-membered heterocyclic derivatives of verticaletype (
arom.sty). Itis especially useful to draw heterocyclic compounds having other skeletal atoms than nitrogen
atoms.

Examples of\sixheterov:

\sixheterov[ce]{1==03}{2D==0}
\sixheterov[be]{1==S}{4SA==;4SB==}
\sixheterov{1==S;3==Se}{}
\sixheterov{1==0;4==\downnobond{N}{H}}{}
\sixheterov{l==\upnobond{A1}{H}}{}

produce
H
(@]
~
/

Examples of\sixheterovi:
\sixheterovi{1==S;3==As}{}
\sixheterovi[bdf]{2==P;4==P;6==P}{}
\sixheterovi{l==\downnobond{Si}{H$_{2}$};%
==SiH$_{2}9$;3==SiH$_{2}$;%
4==\upnobond{Si}{H$_{23}$};5==H$_{23}$Si;6==H$_{2}$Si}{}
\sixheterovi[ace] {1==B;2==P;3==B;4==P;5==B;6==P}{}
\sixheterovi{l==\downnobond{B}{H};2==PH;3==BH;%
4==\upnobond{P}{H};5==HB; 6==HP}{}
produce

Ho H

P Si
As = W HoSi > SiH, B B He~ " BH
. 5 | | | |
S) P\/P HZSI\Si/Sle P\ = HP\B/PH
Ho H

It should be noted that the same compound can be drawffarett ways. This fact is obvious because all
the commands\pyridinev, \pyrazinev, \pyrimidinev, \pyridazinev, and\triazinev, are based
on the macrd\sixheterov.
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Examples foApyridinev vs.\sixheterov:

\pyridinev[H]{1==H;4D==0;2==CH$_{3}$;6==CH$_{3}$}\aqquad
\raisebox{1l.5cm}{\em vs.} \qquad
\sixheterov{1==N}{1==H;4D==0;2==CH$_{3}$;6==CH$_{3}$} \par
\bigskip

\pyridinev[be] {1==H;4D==0;2==CH$_{33}$;6==CH$_{33}$}\qquad
\raisebox{1l.5cm}{\em vs.} \qquad
\sixheterov[be]{1==N}{1==H;4D==0;2==CH$_{3}$;6==CH$_{3}$}

produce
H H
CHs | CHjs CHs | CHs
VS.
| |
@) )
H H
CHs | CHjs CH;s | CH;s
| .
| |
@) o]

14.2 Drawing Horizontal Forms of Six-Membered Heterocycles

14.2.1 Using Commands for Specified Use

The macro\pyridineh and related macros are used to draw six-membered heterocyclic compounds of
horizontal type fietaromh.sty). The formats of these commands are as follows:

\pyridineh[(bondlis}] {{subslis}}
\pyrazineh[(bondlish] {{subslis}}
\pyrimidineh[{bondlish] {(subslis}}
\pyridazineh[{bondlish] {(subslis}}
\triazineh[(bondlis}] {{subslis}}

The following diagrams show the numbering for designating substitution positions as well as the bond
specification for placing double bonds:

2(r)  3(I) R )

1Sa(l)~";

4SDb(r)
4Sa(r)

- 6Sb(l 5Sb .
o oln sy |7 A0400) 2ai ssaln | oo

Each macro can be used to typeset both saturated and unsaturated derivatives. For example, the statements,

\pyridineh{2==C1;6==C1;4==F}
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\pyrazineh{2==Cl;6==C1}
\pyrimidineh{2==C1;6==Cl;4==F}
\pyridazineh{6==Cl;4==F}
\triazineh{2==Cl;6==Cl;4==F}

produce the following structures:

Cl Cl Cl

z

\
i
z
z
z

\
.

\

Cl Cl Cl

Cl

N— :>N

{ : K )F

N\ / >\ %

N
Cl Cl

The XM, X command\pyridinehi and related macros are used to draw six-membered heterocyclic
compounds of inverse horizontal typgeearom.sty). The formats of these commands are as follows:

\pyridinehi [{bondlish] {{subslis}}
\pyrazinehi [{bondlish] {(subslis}}
\pyrimidinehi [{bondlish] {(subslis}}
\pyridazinehi [{bondlish] {(subslis}}
\triazinehi [{bondlish] {{subslis}}

The numbering for designating substitution positions and the bond specification are shown in the following
diagrams:

3 2(n SStf»(ls)u'sl(lr) 2san 0

4Sh()) a_1sb(r)
40 \ /Nil(r) 45a(l) 1\ 1Sa(n)
: 5Sh(l 6Sb :
. 5(n & f Eg40(;,400) > 5(S)a N (1) i 2340(;,400)

The locant numbers and alphabets of tABIHEX commands with the fix ‘h’ are compared with those
of their inverse macros with the §ix ‘hi’ (Fig. 14.2).

Each macro can typeset both saturated and unsaturated derivatives, where the default produces a fully
unsaturated (aromatic) one. For example, the statements,

\pyridinehi{2==Cl;6==Cl;4==F}
\pyrimidinehi{2==Cl;6==Cl;4==F}
\pyridazinehi{6==Cl;4==F}
\triazinehi{2==Cl;6==Cl;4==F}

produce the following structures:
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b b

b b
a/2 3\c a/2 3\c SN a}\|273 c a/273Nc
N1 4 N1 4N 4 N1 4 N1 4
£\6 @/d \6 5/d 6 @/d \6 5/d £\6 ?(d
e e

e e

\pyridineh{} \pyrazineh{} \pyrimidineh{} \pyridazineh{} \triazineh{}

Q

N,
|=

o

-z
=

b b

b b b

c/3 2\a c/3 2\ cN372 a c 372’\(3 cN372\a

4 N N4 1 4 N 4 N 4 N

A\ 6/t d\s 6 A\ 6/t A\ 6//f f%ﬁ &/t
e e e e

e

\pyridinehi{} \pyrazinehi{} \pyrimidinehi{} \pyridazinehi{} \triazinehi{}

~Z

Figure 14.2. Locant numbers and alphabets oﬁ\M@( commands of horizontal type for specific use of drawing
six-membered heterocycles. The first row collec®HX commands with sflix ‘h’ and the second row collects the
corresponding ones with §ix ‘hi’.

Cl Cl Cl
N N
= = =\ =
Cl Cl Cl Cl

14.2.2 Using Commands for General Use

As already described in Section 3.4.4, tABXeX commands sixheteroh and\sixheterohi for general
use are general macros for drawing six-membered heterocyclic derivatives of horizont&letgpen{.sty).
It is especially useful to draw heterocyclic compounds having other skeletal atoms than nitrogen atoms.

Examples of\sixheteroh:

\sixheteroh[ce]{1==0"}{2D==0}
\sixheteroh[be] {1==S"}{4SA==;4SB==}
\sixheteroh{1==S";3==Se}{}
\sixheteroh{1==0";4==NH}{}
\sixheteroh{1==HA1}{}

produce

(@)
\ — Se
O O {5 (Om w0

Note that such an input ds=0" (in place of1==0) is necessary to assure an appropriate position of output.
Examples of\sixheterohi:

\sixheterohi{1==S;3==As}{}
\sixheterohi[bdf]{2==P;4==P;6==P}{}
\sixheterohi{1==SiH$_{2}$;%
==SiH$_{2}9$;3==H$_{23}3$Si;%
4==H$_{2}$Si;5==H$_{2}$Si;6==SiH$_{23}$}{}
\sixheterohi[ace]{1==B;2==P;3==B;4==P;5==B; 6==P}{}
\sixheterohi{1==BH;2==PH;3==HB;%
4==HP;5==HB;6==PH} {}

produce
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stl SIH2

S D D . W 4

Note that such an input a@s-="S (in place of1==S) or 4==P~ (in place of4==P) is necessary to assure an
appropriate position of output.

@S /= AR A N

14.3 lllustrative Examples of Drawing Six-Membered Heterocycles

14.3.1 Generation of Substituents by (yl)-Functions

Example 14.1The structurel4-1 of a 2-phenylpyridine derivative [1] is drawn by dual application of the
substitution technique. One substituent is drawn by declaring a (yl)-function itsthoslis} of the com-
mand\pyridinevi. The other substituent, which is generated by declaring a (yl)-function i¢sthzeslis}

of \benzeneh, is further included in the,ryl command to add a linking divalent unit (O-CO). The two
substituents are declared in ttwubslis} of the outer commanygbenzenev.

\benzenev{2==\pyridinevi{6==(yl)};%
3==\ryl(4==0-C0) {4==\benzeneh{1==(y1) }}}

=

|

o-c@

14-1 .

Example 14.2The structure 4-2of boscalid developed by BASF as a fungicide for speciality crops is drawn

in a similar way to the above-mentioned dual application of the substitution technique. One substituent is
drawn by declaring a (yl)-function in thsubslis} of the inner commanybenzenev. The other substituent,
which is generated by declaring a (yl)-function in tsaibslis} of \pyridinev, is further included in the

\ryl command to add a linking divalent unit (NH-CO). The two substituents are declared {sutbslis}

of the outer commangbenzenev.

\benzenev{%
1==\ryl (8==NH-CO) {4==\pyridinev{5==(yl) ;6==C1}};
6==\benzenev{3==(yl);6==Cl}}

Cl
o

cl NH-CO—\x_

14-2 .

Example 14.3The structurel4-3of a pyrimidine derivative is drawn by the substitution technique. Because
the command§pyrimidineh and\pyrimidinehi (Fig. 14.2) print out pyrimidine structures having two
skeletal nitrogen atoms at undesired positions, the mesigheteroh as a XMTEXcommand for general
use is used to draw the desired pyrimidine strucie

\benzeneh{1==\sixheteroh[bdf] {2==N; 6==N}{4==(yl) ; 1==R};4==R$ " {\prime}$}
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14-3 O

Example 14.4The structurel4-4 of an enamine derived from cyclohexanone and morpholine is drawn by
the substitution technique, where a morpholine substituent is generated by declaring a (yl)-function in the
command\sixheteroh as a XMTEX command for general use.

\cyclohexaneh[c] {4==\sixheteroh{1==N;4==0}{1==(y1) }}

=8
N O
N4
14-4 |

Example 14.5The structurel4-5of a-morpholinostyrene [2] is drawn by the substitution technique. where
two substituents are generated by declaring (yl)-functions, i.e., a morpholine substituent generated from
\sixheteroh and a phenyl substituents generated fiimanzeneh.

\Ltrigonal{®==C; 1D==CHS$_{23}$;%
2==\sixheteroh{2==0;5==N}{5==(y1) };%
3==\benzeneh{3==(yl)}}

14-5 O

Example 14.6The structurel4-6 of a dimethylammonium salt [3, page 678] is drawn by the substitu-
tion technique, where the comman@enzenev is used to draw a parent structure and the command
\pyridinevi is used to draw a substituent by declaring a (yl)-function. A pair of charges (X7) is
printed out by means of a rather dirty setting based on the replacement technidue fabf Table 14.1).

\benzenev{%
2==\pyridinevi [H{1{+\kern20pt X$ " {-3}$3}}1%
{6==(yl) ;1Sa==Me; 1Sbh==Me}}

+ X~

/\

Me Me
14-6 o

Example 14.7The structurel4-7 of kanamicin as an antibiotic is drawn by the substitution technique, where
one red-colored substituent is generated by using the comiaridand a (yl)-function (the red colored
code), while the other blue-colored substituent is generated by using the coriinanand a (yl)-function

(the blue-colored code),

\cyclohexanev{1A==0H; 3A==NH$_{2}$;5A==H$_{2}$N;%

2B==\ryl(5==0") {5==\sixheterov{5==0}{6==(y1) ; 1A==0H; 2B==NH$_{23}$;%
3A==0H;4B==CH$_{2}$0H; 6GB==H}};%

6B==\1y1(5=="0) {5==\sixheterov{3==0}{2==(yl) ; 1B==0H; %
4A==CHS$_{23}$NHS$_{2}$;5B==HO; 6A==H0;2GA==H}}}
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OH OH OH

CHzNH, CH,OH
14-7 -
Example 14.8The structure 4-8of an intermediate for synthesizing)aloperine [3, page 967] is drawn by
the replacement technique, where the commeatret ramethylenei is used to draw a tetramethylene unit
as a parent structure and the commapgridinevi is used to draw two piperidyl moieties by declaring
(yD-functions.

\tetramethylenei[b]{%
1s==\pyridinevi[H]{2==(yl) ;1==H};%
4s==\pyridinevi[e] {5==(yl);1==Ts}}{}

14.3.2 As Parent Structures for Ring Fusion

Example 14.9The structurel4-9 of caffeine is drawn by the addition technique, where the command
\pyrimidinev is used to draw a six-membered parent structure, which is attached by a fusing unit generated
by \fivefusev.

\pyrimidinev[e%
{e\fivefusev[d]{1==N;4==N}{1==CH$_{33}$}{b}3}%
1{1==CHS$_{3}$;3==CH$_{3}$;2D==0;4D==0}

CHs

Lo
7
“ H om
CHs O

14-9

Compare this drawing with that @35 o

Example 14.10Ln a similar way, the structurb4-100of adenine is drawn by the addition technique, where the
command\pyrimidinevi is used to draw a six-membered parent structure, which is attached by a fusing
unit generated by fivefusev.

\begin{XyMcompd} (650,750) (-100,150) {}{}
\pyrimidinevi[ace%

{e\fivefusev[d] {1==\downnobond{N}{H};4==N}{}{B}}%
1{4==NH$_{2}%$}

\end{XyMcompd}
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NH;
N ‘ SN
LA
H
14-10

O

Example 14.11Four ways of drawing pteridine [4, Table 2.8] are shown below. First, the right pyrimidine
ring is regarded as a parent structure, which is drawn by ughygimidinev. An attached ring for the
addition technique is generated by usixgixfusev. Thereby, we obtain the structural formuld-11
Second, the left pyrazine ring is regarded as a parent structure, which is drawn bypgitaginev. An
attached ring for the addition technique is generated by ugngfusev. Thereby, we obtain the structural
formula14-12 Third, we are able to use th@MTEX command\decaheterov for general use so as to
generate the structural formulad-13 Finally, a single commantpteridinev is already prepared for
drawing the structure of pteridiriel-14

\pyrimidinev[ac{e\sixfusev[ace]{1==N;4==N}{}{B}}1{}
\pyrazinev[ace{b\sixfusev[ac]{1==N;3==N}{}{E}}]1{}
\decaheterov[acegi] {1==N;3==N;5==N;8==N}{}

\pteridinev{}
N N N N N N
OO OO OO
N/ /N _ /N N/ /N \N /N
14-11 14-12 14-13 14-14

[}

Example 14.12The structurd4-150f xanthopterin and the structutd-160f leucopterin contain a common
azanaphthalene skeleton. They are drawn by the addition technique, where the azanaphthalene skeleton is
generated by usingpyrazinev and an attached ring is generated by usiafjxfusev.

\begin{XyMcompd} (1100,700) (-350,0) {cpd:xanthopterin}{}
\pyrazinev[ac%

{e\sixfusev[bdf] {1==N;5==N}{4==0H; 6==H$_{2}$N} {B}}%
1{3==0H}

\end{XyMcompd}

\qquad
\begin{XyMcompd} (1100,700) (-350,0) {cpd:leucopterin}{}
\pyrazinev[ac%
{e\sixfusev[bdf]{1==N;5==N}{4==0H;6==H$_{2}$N}{B}}%

1{2==0H; 3==0H}
H2oN H2oN OH
\\Téj ‘ :iil\\ \\Téj ‘ :iiI::
N s N /
N OH N OH
OH OH

\end{XyMcompd}
14-15 14-16

O

Example 14.13ln a similar way, the azanaphthalene skeleton in the strud#nEs of folic acid is drawn by
the addition technique. The side chain is depicted by a nested use afrfiacommands, which provide
substituents according to the substitution technique based on a (yl)-function.

\begin{XyMcompd} (3400,700) (-350,0) {cpd: folicacid}{}
\pyrazinev[ac%
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{e\sixfusev[bdf]{1==N;5==N}{4==0H; 6==H$_{2}$N} {B}1%
1{3==\ryl(3==CH$_{2}$---NH) {4==\benzeneh{1==(yl) ;%

4==\ry1 (4==C0) {4==%

\put(120,-10) {\tetramethylene{1==NH}{1==(y1) ; 2A==COOH ; 4W==COOH} }%
1133

\end{XyMcompd}
H2N
:j\ COOH
\ CH—N H@ C(%NH/\/\COOH
14-17
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Chapter 15

Five- or Lower-Membered Heterocycles. Commands for
Specific Use

This chapter is devoted to introduce commands for drawing 5- to 3-membered rings with skeletal hetero
atoms. These commands are short-cut commanys$iofeheterov etc. for general use.

15.1 Drawing Vertical Forms of Five-Membered Heterocycles

15.1.1 Using Commands for Specific Use

The XMTEX command\pyrrolev and related macros typeset five-membered heterocyclic compounds of
vertical type betarom.sty). The formats of these commands are as follows:

\pyrrolev[(bondlish] {(subslis}}
\pyrazolev[(bondlish] {{subslis}}
\imidazolev[{(bondlish] {(subslis}}
\isoxazolev[{bondlish] {{subslis}}
\oxazolev [(bondlish] {(subslis}}
\furanv [(bondlish] {(subslis}}
\'theophenev[{(bondlish] {(subslis}}

The following diagrams based on the commapglrrolev show the numbering for designating
substitution positions as well as the bond specification for writing double bonds:

4sa(l)———(—3sa()
d b
| | 5Sa(ly—2_ 1 2—2Sa(r)
5(1) | 2(r) 5Sh(y © /N\a 2Sb(r)
. 1(Ir) i 53000),240) . 1sb() 1Sa(n) f Egooc;,zm)

Each of the macros is capable of typesetting both saturated and unsaturated derivatives. The optional
argumentbondlish specifies bonds to be doubled as shown in Table 15.1. The default setting is to produce
a fully unsaturated ring (a mancude-ring system); on the other hand, a null argument gbéhdiis
produces a fully saturated ring.

The argumentsubslis} is used to specify each substituent with a locant number and a bond modifier
shown in Table 3.2, in which is an Arabic numeral between 1 and 5. For example, the statements,
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Table 15.1.Argument(bondlisp for Commandspyrrolev, etc.

Character Printed structure
none mother nucleus (a mancude-ring system)
Hor[] fully saturated form
1,2-double bond
2,3-double bond
4,3-double bond
4,5-double bond
5,1-double bond
aromatic circle
+} plus at then-nitrogen atomif = 1 to 5)

S>PO0Q0 T

\pyrrolev{l==H;2==CO0H; 5==CH$_{3}$}\qquad\qquad\qquad
\pyrazolev{1==H;3==Ph;5==Ph}\qquad
\imidazolev{1==H;2==CH$_{3}$} \par
\isoxazolev{3==CH$_{3}$}\qquad

\oxazolev{2==CH$_{3}$} \qquad
\furanv{2==CH$_{33}$;3==SCH$_{3}$} \qquad
\thiophenev{2==CN}

produce the following structures:

Ph
N
N W W
CHs ‘ COOH Ph l‘\l/ ‘ CHs
H H H

CHs N SCHs
ol | OA | |
o CHs CHs S CN

Note that these structures exhibit fully unsaturated rings (mancude-ring systems), becaybersdiid} is
omitted.

The XMT, X command\pyrrolevi and related macros are used to draw five-membered heterocyclic
compounds of inverse vertical typleetarom.sty). The formats of these commands are as follows:

\pyrrolevi [(bondlis}] {(subslis}}
\pyrazolevi [{bondlish] {(subslis}}
\imidazolevi [(bondlish] {(subslis}}
\isoxazolevi [(bondlish] {(subslis}}
\oxazolevi [(bondlis}] {(subslis}}
\furanvi [(bondlish] {(subslis}}
\theophenevi [(bondlish] {(subslis}}

The locant numbering and the bond specification are shown in the following diagrams based on
\pyrrolevi.
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1(In) 1Sb(l) 1Sa(r)
\/
5() 2(r)

4()) S 3(r)

o (400,240) o (400,240)
° e: (0,0) ° «: (0,0)

The argumentgbondlisy and (subslis} have the same formats as above (Tables 15.1 and 3.2). The
following examples show thefiiect of changing the shix ‘v’ into ‘vi’ by using the corresponding inverse
commands.

Examples fo\pyrrolevi etc.:

\pyrrolevi{1==H;2==COOH; 5==CH$_{3}$}\qquad\gquad\qquad
\pyrazolevi{l==H;3==Ph;5==Ph}\qquad
\imidazolevi{l==H;2==CH$_{3}$}\par
\isoxazolevi{3==CH$_{3}$}\qquad
\oxazolevi{2==CH$_{33}$} \qquad
\furanvi{2==CH$_{3}$;3==SCH$_{3}$} \qquad
\thiophenevi{2==CN}

produce the following structures:

Oy, oﬁ/cH3 CH; S._ _CN
| ] [ |
SCHy

CHs

The locant numbers and alphabets of tABTHEX commands with the gfix ‘v’ are compared with those
of their inverse macros with the §ix ‘ vi’ (Fig. 15.1). The first and second rows of Fig. 15.1 colleBfReX
commands with sfix ‘v’, while the third and fourth rows collect the inverse commands withixsvi’.

The numbering in YITEX commands with sfiix ‘v’ collected in Fig. 15.1 is selected to be anti-clockwise,
while the numbering in YMTEX commands with sflix ‘vi’ is selected to be clockwise.

15.1.2 Using Commands for General Use

As already described in Subsection 3.4.3, tHelX commands\ fiveheterov and\fiveheterovi for
general use serve as general macros for drawing five-membered heterocyclic derivatives of vertical type
(hetarom.sty). It is especially useful to draw heterocyclic compounds having combinations of skeletal atoms
other than nitrogen atoms.

The following structures are cited from Chapter 2 (P-22) of IUPAC nomenclature [1] in order to demon-
strate a variety of heterocyclic compounds accessible by using®™&X command\ fivehetrov for
general use.

Examples fonfiveheterov:
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C C CN C
alld 3l d‘4 3‘b all? 3‘b d‘4 3‘b
5 42 5 1 2 5,2 5 1 2
e~N"a eN/a e a eo/a

\pyrrolev{} \pyrazolev{} \imidazolev{} \isoxazolev{}

c c c
N
alld 3, a4 3, a4 3,
5 42 5 42 5 42
e a e a eSa

\oxazolev{} \furanv{} \thiophenev{}

eNa eN\a e a eo\a
5 12 5 1N 5 12 5 1N
d‘ b d b d b d ‘b
4 3 4 3 4 3 4
N
C C C

\pyrrolevi{} \pyrazolevi{} \imidazolevi{} \isoxazolevi{}

e a e a eSa
5 12 5 12 5 12
dly  SllP A, SllP A, &P
N
C C C

\oxazolevi{} \furanvi{} \thiophenevi{}

w

Figure 15.1.Locant numbers and alphabets M@( commands of vertical type for specific use of drawing five-mem-
bered heterocycles. The first and second rows colEdfX commands with sfiix ‘v’ and the third and fourth rows
collect the inverse commands withfBx ‘vi’.

@ NH HN—NH
| | |
PH S HN NH
o~ o~ SN
H

\fiveheterov \fiveheterov
{1==0:2==PH}{} {1==0;2==S;3==NH}{} \fiveheterov
1,2-oxaphospholane 1,2,3-oxathiazolidine {1==\downnobond {N}{H} ;%

2==NH; 3==NH; %
4==HN;5==HN}{}
pentaazolidine

/H
] -
. W
/N
HHH
\fiveheterov[bd] \fiveheterov
{1==I1}{1==H; 1Sa==H; 1Sb==H} [bd]{1==0;3==P}
1H-12%-iodole {3Sa==H; 3Sb==H}

1,31%-oxaphosphole

The following examples show thdfect of changing the stix ‘v’ into ‘vi’ by using the corresponding
inverse commandfiveheterovi.

Examples foAfiveheterovi:
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H
OpH s HN T SNH
| | |
NH HN——-NH
\fiveheterovi \fiveheterovi \fiveheterovi
{1==0;2==PH}{} {1==0;2==S;3==NH}{} {1==\upnobond{N}{H} ;%
1,2-oxaphospholane 1,2,3-oxathiazolidine 2==NH; 3==NH;%

4==HN;5==HN}{}
pentaazolidine

HHH
\I\/ oW
N L.
\H
\fiveheterovi[bd] \fiveheterovi
{1==I}{1==H; 1Sa==H; 1Sb==H} [bd]{1==0;3==P}
1H-12%-iodole {3Sa==H; 3Sb==H}

1,315-oxaphosphole

The following structures of dipropylvinylene carbonate (4,5-dipropyl-1,3-dioxolen-2-one) [2] require full
entries ofbondlish, (atomlisy, and(subslis} in the usage of fiveheterov or \fiveheterovi.

\fiveheterov[c]{2==0;5==0}{1D==0;%
3==\ChemForm{CH_2CH_2CH_3};4==\ChemForm{CH_3CH_2CH_23}} \hskip2cm
\fiveheterovi[c]{2==0;5==0}{1D==0;%
3==\ChemForm{CH_2CH_2CH_3};4==\ChemForm{CH_3CH_2CH_2}}

I

O
OY CH,CH,CH,” “CH,CH,CH,

0]

CH,CH,CH,

The structure of 4,4-di(hydroxymethyl)-1-phenyl-3-pyrazolidone as a developer in instant color photo-
graphic films [3,4] is drawn in two ways. One is based\@yrazolev with preselected positions of two
skeletal nitrogens. The other is based\diiveheterov which is able to select the positions of two skeletal
nitrogens.

\pyrazolev[H] {1==\benzenev{1l==(yl)};2==H;3D==0;%
4Sa==HOCH$_{2}$;4Sb==HOCHS$_{2}$} \aqquad\gquad
\fiveheterov{1==N;5==HN}%
{1==\benzenev{1l==(yl)};4D==0;%

3Sa==CH$_{2}$0H; 3Sb==CHS$_{2} $OH}

HOCH, CH,OH

0 o)
HOCHzﬁ X CH,OH
N HN._

H

The structure of 5-(2-cyanoethylthio)-1-phenyltetrazole as a development inhibitor in instant color
photographic films [3,4] is drawn by usingiveheterov.
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\fiveheterov[bd]{1==N;3==N;4==N;5==N}%
{1==\benzenev{1==(y1) };2==SCH$_{2} $CH$_{2} $CN}

N——N

|
N |
SCHCH,CN

15.2 Drawing Horizontal Forms of Five-Membered Heterocycles

15.2.1 Using Commands for Specified Use

The XMTEX command\pyrroleh and related macros are used to draw five-membered heterocyclic
compounds of horizontal typéétaromh.sty). The formats of these commands are as follows:

\pyrroleh[(bondlish] {(subslis}}
\pyrazoleh[(bondlish] {(subslis}}
\imidazoleh[{(bondlish] {(subslis}}
\isoxazoleh[({bondlish] {{subslis}}
\oxazoleh[(bondlish] {(subslis}}
\furanh[(bondlish] {(subslis}}
\'theopheneh[{(bondlish] {(subslis}}

The following diagrams show the numbering for designating substitution positions:

3Sa(l 2Sa(l
3(Ir) 2(r) 38b(|)a( ") ) aggb(r)
— a _1Sh(r)
o B N—1(r) oc *'é< 1Sa(r)
i o (240,400) |  4Sb()” | ¢ | "5Sb(r) [ (240,400)
o 4(Ir) 5(r) . (0.0) o 4Sa(lr) 5Sa(lr) «: (0,0)

For (bondlish, see Table 15.1. The argumestbslis} has the same format as shown in Table 3.2. For
example, the statements,

\pyrroleh{1==H; 2==COO0H; 5==CH$_{3}$}\qgquad\gquad\gquad
\pyrazoleh{1==H; 3==Ph; 5==Ph}\qquad
\imidazoleh{1==H;2==CH$_{3}$} \par
\isoxazoleh{3==CH$_{3}$}\qquad

\oxazoleh{2==CH$_{3}$} \qquad
\furanh{2==CH$_{33}$;3==SCH$_{3}$} \qquad
\thiopheneh{2==CN}

produce the following structures:
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CHs

CN
%S
_/

243

The XMT X command\pyrrolehi and related macros are used to draw five-membered heterocyclic

compounds of inverse horizontal typgeetaromh.sty). The formats of these commands are as follows:

\pyrrolehi [(bondlis}] {{subslis}}
\pyrazolehi [{(bondlish] {(subslis}}
\imidazolehi [(bondlish] {(subslis}}
\isoxazolehi [(bondlish] {(subslis}}
\oxazolehi [(bondlis}] {{subslis}}
\furanhi [{(bondlish] {(subslis}}
\theophenehi [(bondlisy] {(subslis}}

The locant numbering for designating substitution positions and the bond specification for setting double

bonds are shown in the following diagrams:

2(In - 3(n
1) —N
o O(n 4 i 840(;,400)

The argumentgbondlisy and (subslis} have the same formats as above (Tables 15.1 and 3.2).

example, the statements,

|
2sz(|“§’a( " X 38a§%b(r)

1Sh(l)~_?

1Sa(l)"o
5Sb(l)y” | ¢ 4Sb(r)

e DSa(lr) 4Sa(r)

(]

\pyrrolehi{1==H;2==COO0H; 5==CH$_{3}$}\qquad\gquad\qquad

\pyrazolehi{1l==H;3==Ph;5==Ph}\qquad
\imidazolehi{1==H;2==CH$_{3}$}\par
\isoxazolehi{3==CH$_{3}$3}\qquad
\oxazolehi{2==CH$_{3}$} \qquad

\furanhi {2==CH$_{3}$;3==SCH$_{3}$} \qquad

\thiophenehi{2==CN}

produce the following structures:

o1 (240,400)
¢: (0,0)

For
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COOH

The locant numbers and alphabets of tHef¥X commands with the gfix ‘h’ are compared with those of
their inverse macros with the §ix ‘hi’ (Fig. 15.2). The first and second rows of Fig. 15.2 colleBfReX
commands with dftix ‘h’, while the third and fourth rows collect the inverse commands witfi>sthi’.
The numbering in WTQ( commands with sfiix ‘h’ is selected to be anti-clockwise, while the numbering
in XIMTEX commands with sflix ‘hi’ is selected to be clockwise. Compare Fig. 15.2 with Fig. 15.1.

b

(¢}

‘-b P
o N
=
o Z o
(¢}
N
o N

Lz
o Z
(¢}
=z
N
ol
o N
=
o Z
(¢}
N
o
o Nz
6%

\pyrroleh{} \pyrazoleh{} \imidazoleh{} \isoxazoleh{}

a a a
c 10 c 10 c 1S
e e e

d d d
\oxazoleh{} \furanh{} \thiopheneh{}

o

b b
a/2 3 a)\IZ 3 a
N1 c N1 c N1 c
4 e\5 4 e\5 4

b b
/ﬁN a}\1273
\5_4 elu :
d

d d d
\pyrrolehi{} \pyrazolehi{} \imidazolehi{} \isoxazolehi{}

b b b
—N — —
a/2 3 a/2 3 a/2 3
1 c 1 c S c
e\5 4 e\5 4 e\5 4
d d d

\oxazolehi{} \furanhi{} \thiophenehi{}

Figure 15.2. Locant numbers and alphabets OfMKEX commands of horizontal type for specific use of drawing
five-membered heterocycles. The first and second rows collEEEX commands with sfiix ‘h’ and the third and
fourth rows collect the inverse commands witffisu hi’.

15.2.2 Using Commands for General Use

As already described in Subsection 3.4.3, tHelX commands\ fiveheteroh and\fiveheterohi for
general use serve as general macros for drawing five-membered heterocyclic derivatives of horizontal type
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(hetarom.sty). It is especially useful to draw heterocyclic compounds having combinations of skeletal atoms
other than nitrogen atoms.

Examples foA fiveheteroh:

PH HN— HN—NH
B D )
0 O /NH
HN—NH
\fiveheteroh \fiveheteroh
{1==0;2==PH}{} {1==0;2==S;3==HN}{} \fiveheteroh
1,2-oxaphospholane 1,2,3-oxathiazolidine {1==NH;%

2==NH;3==HN;%
4==HN;5==NH}{}
pentaazolidine

N

*\ /H ‘\O

_ /S _
\fiveheteroh[bd] .
{1==""I}{1==H; 1Sa==H; 1Sb==H} \fiveheteroh
1H-115%-iodole [bd]{1==0;3==P}

{3Sa==H; 3Sb==H}
1,31%-oxaphosphole

Note that the setting==""1 is adopted in place of==I to adjust the position of | in the printed-out
structure of H-11%-iodole. This is because the width of the letter | is narrower than the default setting of the
XIMTEX system, which is suitable for accommodating usual letters such as N, O, and S. In addition, the hand-
edness of each position should be taken into consideration. We should manflietlrdiate betweelH and
HN in \fiveheteroh as well as betweexupnobond{N}{H} and\downnobond{N}{H} in \fiveheterov.

These results of theXlMITEX command\ fiveheteroh for general use should be compared with the
inverse counterpaktfiveheterohi listed below.

Examples foNfiveheterohi:

A

HN—NH
\fiveheterohi \fiveheterohi \fiveheterohi
{1==0;2==HP}{} {1==0;2==S;3==NH}{} {1==HN:%
1,2-oxaphospholane 1,2,3-oxathiazolidine 2=—HN: 3==NH:%
4==NH; 5==HN}{}
H pentaazolidine
ot
N N
\fiveheterohi [bd] \fiveheterohi
{1==I""}{1==H;1Sa==H; 1Sb==H} [bd] {1==0;3==P}
1H-11%-iodole {3Sa==H;3Sb==H}

1,31°-oxaphosphole

Note again that the setting==I"" in place of1==I is to adjust the position of | to be printed out in the
structure of H-11%-iodole.
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15.3 Drawing Four-Membered Heterocycles

15.3.1 Using Commands for Specific Use

The XMTEX command\oxetane and related macros are used to draw four-membered heterocyclic
compoundshetarom.sty). The formats of these commands are as follows:

\oxetane[(bondlish] {(subslis}}
\azetidine[(bondlis}] {(subslis}}
\thietane [(bondlish] {(subslis}}

The locant numbering is common in these commands as shown in the following diagxaxeafine:

30) 4Shb(l) 3sb(r)

4(1) c
\F 4Sa(|)QF3Sa(r)
b

0 1Sa(|)—d@T—25a(r)
1) 2( 5. (400,240) 15b(y’ 25b(r) 5 (400,240)
° «: (0,0) ° e: (0,0)

The handedness for each oriented or double-sided position is shown with a character set in parentheses.
The optional argumenribondlis} is used for the bond specification shown in Table 15.2, which is essentially
equivalent to Table 3.4 for thelMTEX command\ fourhetero for general use. The default setting is to
produce a fully saturated ring. The argumésiibslis} is used to specify each substituent with a locant
number and a bond modifier shown in Table 3.2, in whids an Arabic numeral between 1 and 4.

Table 15.2.Argument(bondlisp for Commands oxetane and others

Character Printed structure Character Printed structure
none mother compound (fully saturated)

a 1,2-double bond b 2,3-double bond
c 3,4-double bond d 4,1-double bond
{n+} plus at then-nitrogen atomif = 1 to 4)

The XIMTEX version 5.01 provides three commands of specific use for drawing four-membered
heterocyclic compounds, as collected in Fig. 15.3.

C C C
AEEEIN AEEEIN AEEIN
O1 az Nl az Sl az

\oxetane{} \azetidine{} \thietane{}

Figure 15.3. Locant numbers and alphabets ofMKEX commands for specific use of drawing four-membered
heterocycles.

Examples foNoxetane etc.:

\oxetane{3Sa==CH$_{23}$C1;3Sb==CHS$_{23}$C1}
\azetidine{2B==COOH}
\thietane{3==CN}

produce the following structures:
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CH.CI

o ul
COOH

CN

15.3.2 Using Commands for General Use

As already described in Subsection 3.4.2, tABITEX command\ fourhetero for general use serves as

a general macro for drawing four-membered heterocyclic derivathetarpm.sty). It is especially useful

to draw heterocyclic compounds having two or more skeletal atoms at given skeletal positions, e.g., 1,2-
dioxetane, 1,3-dioxetane, 1,3-diazetidine, and 1,3-dithietane.

Examples fon fourhetero:

\fourhetero{1==0;2==0}{3Sa==Et;3Sb==Et}

\fourhetero{1==0;3==0}{} \quad\gquad

\fourhetero{1==N;3==N}{1==0CN- (CH$_{2}$)$_{63$;3==(CHS_{23$)$_{6}$-NCO;%
2D==0;4D==0} \qquad\gquad
\fourhetero{1==S;3==S}{2Sa==F; 2Sb==F ; 4Sa==F ; 4Sb==F}

produce the following structures:

F

’_’LEt fo Oy (CHa)e-NCO Afs
0—0 OJ /NJ\O szF

OCN-(CHy)s F

15.4 Drawing Vertical Forms of Three-Membered Heterocycles

15.4.1 Using Commands for Specific Use

The XIMT, X command\oxiranev and related macros typeset three-membered heterocyclic compounds of
vertical type betarom.sty). The formats of these commands are as follows:

\oxiranev [(bondlish] {(subslis}}
\aziridinev [{bondlish] {{subslis}}
\thiiranev[(bondlish] {{subslis}}

The locant numbering is common as shown in the following diagrahosfranev:

3Sh()) 2Sb(r)

30)V2m 33a(|>4#25a(r)
i(Ilr) °: (400.240) 1Sb(6 \18a(r) o1 (400,240)
° o (0,0) ® o (0,0)

The handedness for each oriented or double-sided position is shown with a character set in parentheses.
The optional argumenrbondlis) specifies double bonds as shown in Table 15.3, which is essentially equiv-
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alent to Table 3.3 foxthreeheterov etc. described in Subsection 3.4.1. The default setting is to produce a
fully saturated ring.

Table 15.3.Argument(bondlisy for Command\oxiranev and Related Ones

Character Printed structure

none saturated

a 1,2-double bond

b 2,3-double bond

c 3,1-double bond

A aromatic circle

{n+} plus at the n-hetero atom 1l to 3)

n = 4 — outer plus at 1 position
n = 5 — outer plus at 2 position
n = 6 — outer plus at 3 position
{O+} plus at the center of a cyclopropane ring

The argumentatomlis) takes a usual format with respect to hetero atoms attached-ta to 3, e.g,
==N for a nitrogen atom at 1-position. The argumésiibslis} describes each substituent with a locant
number and a bond modifier shown in Table 3.2, in whiék an Arabic numeral between 1 and 3.

Examples foNoxiranev etc.:

\oxiranev{2Sa==CO0H; 2Sb==COOH}\qquad
\aziridinev{1==H;2Sa==COOCH$_{31}$;2Sb==CO0OCH$_{3}$3}\qgquad\qquad
\thiiranev{3Sa==H$_{33}$C;3Sb==H$_{3}$C}

produce the following structures:
COOH COOCH; HsC

VLCOOH Vﬁcoocw H?,(:Qv

H

The XMTEX command\oxiranevi and related macros typeset three-membered heterocyclic compounds
of inverse vertical typehetarom.sty). The formats of these commands are as follows:

\oxiranevi [(bondlis}] {{subslis}}
\aziridinevi [(bondlish] {(subslis}}
\thiiranevi [(bondlish] {(subslis}}

The locant numbering is common as shown in the following diagraho®iranevi:

1(In) 1Sb() 1Sa(r)
| \/
/& @024y | >Rl 2sa 5 (400,240)
B0 20 00) 35b() 25b() e (0,0)

The argumentgbondlish and (subslis} have the same formats as above (Tables 15.3 and 3.2). The
following examples show theffect of changing the stix ‘v’ into ‘vi’ by using the corresponding inverse
commands.

Examples foNoxiranevi etc.:
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\oxiranevi{2Sa==CO0H;2Sb==COOH}\qquad
\aziridinevi{1==H;2Sa==CO0CH$_{3}$;2Sb==CO0CH$_{3}$}\qquad\gquad
\thiiranevi{3Sa==H$_{3}$C;3Sb==H$_{3}$C}

produce the following structures:

H
|
&TCOOH Avcoocrg ch7A

COOH COOCH; HsC

The locant numbers and alphabets of tABIHEX commands with the gfix ‘v’ are compared with those
of their inverse macros with the §ix ‘vi’ (Fig. 15.4). The first row of Fig. 15.4 collectS™MTEX commands
with suffix ‘v', while the second row collects the inverse commands wiffixsvi’.

b b b
(Wa cgé?a c?é?a

\oxiranev{} \aziridinev{} \thiiranev{}

c a c/1\ a c a
é A 32 /3~
b b b
\oxiranevi{} \aziridinevi{} \thiiranevi{}

Figure 15.4.Locant numbers and alphabets OVKEX commands of vertical type for specific use of drawing three-
-membered heterocycles. The first row collecl®TReX commands with sflix ‘v’ and the second row collects the
inverse commands with ik ‘vi’.

The numbering in?i\/lTEX commands with sffix ‘v’ collected in Fig. 15.4 is selected to be anti-clockwise,
while the numbering in YMTEX commands with sflix ‘vi’ is selected to be clockwise.

15.4.2 Using Commands for General Use

As already described in Subsection 3.4.1, tHeMEX commands\threeheterov and\threeheterovi
for general use serve as general macros for drawing three-membered heterocyclic derhatives (sty).
They are especially useful to draw a broader range of heterocyclic compounds.

For example, three-membered hetrocycles with two hetero atoms can be drawn by usfgrigéecom-
mand\threeheterov, e.g., dimethyldioxirane (derived from acetone), a commercially available diaziridine,
and the first isolable dithiirane [5].

\threeheterov{2==0;3==0}{1Sa==Me; 1Sb==Me} \qquad
\threeheterov{2==NH; 3==HN}{1Sb==CF$_{3}$;%
1Sa==\benzenev{6==(y1);3==I}} \qquad
\threeheterov{2==S;3==S}{%

1Sb==Ph; 1Sa==\ChemForm{C(CH_3)_2CH_2C(CH_3)_{2}COPh}}

(§<o HN—NH s§<s
Me Me CFs Ph C(CH,),CH,C(CH,),COPh

An aziridine-1-carbonate [6] is drawn in twofférent ways with and without a linking bond between a
nitrogen atom and a carbethoxy group, where the former applies the substitution techniquéstinstie}
of \aziridinev, while the latter applies the replacement technique tqdtimslisy of \threeheterov.

\aziridinev{3SB==\benzenev{4==(yl)};3SA==H;
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2SA==H;2SB==CH$_{33}%;1==COOCH$_{2}$CHS_{3}%}
\threeheterov{l==\downnobond{N}{COOCH$_{23}$CHS$_{3}$}}
{3SB==\benzenev{4==(y1)};3SA==H;2SA==H; 2SB==CH$_{3}$}

\ COOCHCHjs
COOCHCH;z

15.5 Drawing Horizontal Forms of Three-Membered Heterocycles

15.5.1 Using Commands for Specific Use

The )szTEX command\oxiraneh and related macros typeset three-membered heterocyclic compounds of
horizontal type fietaromh.sty). The formats of these commands are as follows:

\oxiraneh[(bondlish] {(subslis}}
\aziridineh[(bondlish] {(subslis}}
\thiiraneh[(bondlish] {(subslis}}

The locant numbering is common as shown in the following diagranoeiraneh:

3(n 3sh() 3SCa(r)
1Sb(r)
1) ° aO< 1Sa(r)
. 2Sb(l) .
o: (200,240) o: (200,240)
, 20 . (0.0) . 2Sa(r) . (0.0)

The handedness for each oriented or double-sided position is shown with a character set in parentheses.
The optional argumentondlis) specifies double bonds as shown in Table 15.3. The default setting is to
produce a fully saturated ring. The argumébslist has the same format as above (Table 3.2).

Examples foNoxiraneh etc.:

\oxiraneh{2Sa==CO0H; 2Sb==H0-C0}\qquad \qquad
\azir