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DRAFT VERSION



Provisional version of DIENDRAL. Part III

 Complete Chemical Graphs; Embedding Rings in Trces.

_.This prelinminary version is releascd at this time in order to

facilitate the programming of DENDRAL for ringed structures, in particular

the embedding of rings in trees.

Tbe-cxtqrnal notation is subject to further revision. A more compact
one'can casily be deviscd that also provides for iﬁplicit data and merges
some of the lists.' For canonical ordering, it ﬁay be necessary to
expand such a compact formula back to the explicity LISP lists of the

generator programs, for example the edge crunt list, path modifier list,

and vertex wodifier list could be unified

For the'purposes of this report, we focus on the internal notation and
the combinatorial and automorphism problems that have to be faced by
the gencrator progrem. Formulas will be lists that can be read by a

, . _ I -
LISP language precessor. Note that commas are redundant, "." is, however,

in'gg case the dot of a LISP dotted pair, and this charactér should be
translated ‘at input—outpﬁt. ,

This.change of emphasis modifigs some oﬁ the hief;rchical chejees,
bﬁt none‘of the fundamental ideas developed in DENDRAP I (acyclic

molecules) and DENDRAL I1 (general survey of regular cyclic trivalent

graphs).
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. INDEX

Section 3.1 is a glossary that should be consulted together with

Table 3.1 as an authoritative definition of DENDRAL valuation,
Section 3.2 elaborates the completion of ring dcfinitions as mappings
" on the n?des and edges of one of ﬁhe VG's'listéd in Dendral II.
Section 3.3 spcéifies how.rings are e&beddéd in trces to complete the
L _ .notation outlined in Dendral I.
Section 3.4 deals with some problems of chirality

Sections 3.5, ff, will be completed at a later date. -——-

They will cover such topics as

. . abbreviated notations for human interaction
‘Permanent labels and special mappings for frequently
encountered rings
Special treatment of aromaticity
Efficient algorithism for dealing with symmetrics
Optional hierarchies of DENDRAL classification
- Heuristic questions of plausible structures
Rings with tetravalent (spiro) vertices
%, A00 CANONICAL FORMS . -

In general, the canonical choice among automorphisms is the
lowest valued vector description of the structure, evaluated cell by
cell. It is important to follow the standard hierarchy of choice,
as given in Table 3.1. For example, the pendant radicals are listed

" first, in ascending DENDRAL order, before the lowest locant vector is
selected.,

This conventfon is consistent with DEXDRAL I and facilitates
interfacing the computer programs for linear and cyclic DENDRAL.

Le




RING. A molecule which is a pure cyclic structure, with no

appended twigs,

RINGﬁD COMPOUND. A trée, pos;ibily degenerate, in.which a ring
~is embedded.
R-TREE. A representatiéq in which any ring is represcnécd as a
supefatom.
SUPERATOM. A node xeprgsenting‘a preQiously defined complex of
o atoms, treated as an it;% by the gencrator
VERTEX GROUP,.VG, CUBICAL GRAPH. An abstract, cubical (trivalent)
graph, summarized in DEﬁDRAL 2, on wvhose nodes and edges ;re
mappcdlthg vertex atoms and connecting linéar paths of the
. © ring. |
COMPOSITION. List of atoms comprising a molecule, e.g. (C3N102U1)
~.or (C3H7NO2).
}k—COM?OSITION. A composition in thch ring étoms are remo;ed and
allocated to ring identifiéfs; In effect,!the composition
... of an R-tree. |

LOCAKNT. An ordinal number specifying an atom or a bond in a

molecule for the purpose of attaching a radical. of substituting
a hetgroaton . -

CHIRALITY. Structural information not given by the topological
connectivity. This usually concerns the orientation in space

of tetrahedral carbon atoms with asymmetrically attached

-radicals,

CGENERATOR. A program to generate a complete bg}{fpedundant list
of isomers of a given composition.
ORTHOMESH. A particular ring system presented as if all heteroatoms

are rcpléced by C atems. It is specified by a VG plus an FCL

in canonical order.

-




GLOSSALY (continued)

I4
_EDGE COURNT LIST, ECL A mapping of path length;on to the edges

-of a VG,
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A RING DEFINITION

A ring will customarily be defined (as a superatom) at the head
of a formula. That is to say, the generator will allocate progressively
larger numbers of atoms to one or more rings, then build all possible
R~trees compatible with that R-composition. This canonical sequence
can, of course, be rearranged for heuristic purposcs.

Each predefined ring will be given an arbitrary temporary label,
x2, etc. Some rings may be permanently defined, since they occur so

_frequently. The most prevalent eﬁgmple is the aromatic, benzene ring

which is defined under the name Z5as

ok B ' - l(:) <:>] v
Zé behic?ﬁe X : . . \/l ql/ ‘chq
) i ' : .

26% = ((0) 6%0)0)) o N alow paphthalon

N = ((20) (0%, &%, 4%)()())
As 1llustrated by this example, a ring definition will have the

{ -form -

ortrepmesnly

) . /—;——\——-"w.—\ . . . .
' : - v Ll viH P
' . \ '

xn = ((vertex group} (edge count list)(vertex modifiers) (path modifiers))

| where Xn is the temporary label, or Zm for a permancnt one.

-
-

) 2 ORTHOMESH
N The Orthomcsh consists of the VERTEX GROUP, VG, and the EDGE COUNT

LIST, ECL. Together these elements define a planar mesh whose shape has
become conventionalized by chemical usage - it corresponds to a carboeyclic
ring system on which changes from C to other atoms can be mapped by exception.
Examples which anticipate later notation follow:

RO —
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In 3.2'1, the VG is (0), i.e., the single ring, sans vertices,
on which is mapped a single path.

-

\> |

. 0 . .
— \ \* aromatic character of the ring,

i.e., a path with alternating

BN single and double bonds;
' c:c.c:Cc.c:cC,

Chemical evidence shows that in such a case, each band is equivalent

and has a character intermediate between "." and ":"., We indicate

this by the notation * which might be denoted in a radical as

®CACAC*CC*C* or implicitly as 6%,

More complex rings have 2(r-1) vertices, where r is the nunb21 of
included ring units (inscribed faces) as conventionally counted by
chemists. Dendral II elaborates all possible vertex groups. The
majority of organic ringed molecules fall in the category VG=(0), and
r &4, v 6 covers zs large a scope as the unpecialized generator
is likely to be able to handle. These are reproduced here for
convenience as Figure 3.21 and 3.22,

The v vertices implied by the VG must now be specified, and then
the 3v/2 edges whose lcngths are given by the ECL.

//A\\ ' The inscribed O stands for the

—_—
i1
2
L.

¢

VERTEX MODIFIERS, VM.

The EDGE COUNT LIST, ECL, has a higher priority than the vertex

modifiers, VM, list an implied list of the vertex atoms which _
specifies (a) their’ composition and (b) their chirality. Since the
most usual situation is all carbons . - S

we Jocate cexceptions to that standard.
The VM list and its value is the 3-ple (vcctor)
1) the non-carbon atoms in DENDRAL order, expressed as a
composition, e.g., N2, or NIL,
2) A vertex locant list for these atoms.
3) An explicit list of the chirality of successive vertex
atoms ~ (".", "+", ”—", "A") referring to "unspecified",
"dextro", "ova', "racemic"; see section 3.4 for details.
At any place, the omission of a list or the value NIL, implies
"unspecificd".

-




" Tables of symmetries to elicit canonical forms will be provided or
can be deduced from the VG (sce Figure 3.1). Tor the moment the simplest
algorithm will be to try all the automorphisms exhaustively, and save only
the canonical representations. ’

>0t .EQIE_£1§Z' . :
- [The ring definition is now completed by mappigg.linear paths
onto the cdges of éhe VG. 1In taking account of the symmetries, the sense
of the path must be considcrcd; Several representations are possible;
iq‘previous specifications, we displayed a vector of all paths in edge-

number sequence: thus (.) (.C.C.N.) (.C.C.C.C.) for

<

N
()

Each edge of a path list was mapped with a linear, two-ended radiceal,

123 4567

I
presented in previously defined notatiocn]

The_ring atoﬁs are all enum’érablc; first the vertices, V1, V2,
etc., then the path atomé in the order of their presentation in the
formula. ’ . . ' . |

. Wb:now find it more convenient and cénformablc to chemical
| notation toﬂmap'riﬁgs by exception. The path list will then consist
of 3 parts:' |
3. 2L ECL .(al¥eady in orthonesh)

1) A vector that assigns a count to each edsge in scquence. Each

node is Implicitly numbered by its sequence in the formula

H

2,23 PATH MODIFIERS  PM

2) A composition indicating atoms replacing the implied C's.



This includes doublc.bonds as U's. (abbreviations are available

for aromaticity)

E;j)“/ﬁ[ "3) A locant vector for .these 1ep1aC1ng atoms and bonds
Example 3. 241 then becomes: ff‘
. yit
[ locant veckon

. /. : ect L AsX
YT 4 L/LMJ | ' ((ZA)- ((0,3,4)-N. (1)))

;;thomesh s AA (0.3.‘{).
s. - ' |
- ((ZA) ((0,3,4)-Ns (2,4)))
2.4$ % r ] ' _ ' n

. . ' fozowd veelra
. ECL

Mt
: : | ((ZA) ((0,4,6)-00 (2, (VL,5))))
24s 3 \\J . : -
' v Caution: in internal notation all bonds are
- " numbered as nodeairs. When the pair is (n,n+1)
only the lower node need be numbered in external.

notation.

Note: in man-rmachine~interaction displays, parentheses can be replaced

by form acted labels and indentations to facilitate editing and commands.

Ve can visuvalize a display I
. v : o /
, G 2AA ’ ' \\u. I
_‘ W - /
245/, PLECL (0,4,4) '? {/3
JpiM NU
N 1

SR ORI
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Vertex numbers can be replaced by arbitrary integers, e.g. numbered

after all the'path atoms. In this example, V149, V2¢10,

. By giving the cdge count list ‘a higher priority than the i,

We facilitate the storing of common orthomeshes under a familiar

ring label. This can then be edited there for specific compoundo.

Thus, 3. 2453can be input as

ovharasth

. . ' alrl, .
/\/\ . . = \‘/Cr,l?d,. P \2—
\ \ \ . i (DECALIN m\’l 5))) /\ vl \
il o o 7 /

The chemists name for .this 45

A(1), 8-aza-decalin, 3. dqufk*bww:i:
since he followus a soncuhat dlffcrent numberlno system, <zt should not
| be dlfflcult to construct algorithins foz interconverting many DENDRAL \X-

i names with conventional chemical notation. /)\\\

)\) | ot b, A S
~- ‘—Q%-W., |

wv,\.,lts (Dﬁ,u«\*':ﬂ ,\/(\\)



~ DENDRAL III

Example of a complete definition with canonical numbering:

t -
e \'\\Ié\f s
3 AL i - o> z
y ._\"\//’\ I

7/‘-/() Embcélding the ring in a tree.

L]

The ring as now defined may be regarded as a superatom.

(

VG ECL \4¥ PiM

YHEN the sromatic ring is detected,

o -

((428) (0,0,%, 2,k k*) (1) (5;20) )

will, in general, have its own symmetries. Different locations have to

be indicated for attaching further radicals. For example, the three

amino-phenols are all special cases of

N

N o
L\:EI:: O K -

}

Z . i oM

We will, then first list all of the attached radicals in DENDRAL

order without reference to position of attachment. Then ve will write

a vector of locants describing the successive positions of attachment.

For example,

However, it

N\l O -EE¥\| PJ O |

(han) (0,0,0 2,1 43 (§,1) (513 (10,¥3,5,7)) )

this reduces
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There are, of course, nany automorphisms for the locant vector. In this

- lexample the locant vector is (1,%,3):

N
"Canonical ' Automorphisms
.2(1,4,3)..0c.N A .Z(1,3,4)..cN 0
th ‘;' : T e © Lz(b,1,2)..0C.N
+2(3,6,5)..0C.N
. ete.

The cenonical form
1) lists tke radicals in DENDRAL order, the afferent link bcing implied es
. "'\.‘-\'S); .

first, end y.u09 L;.)r_;:\a':}:'.l:’:'-{ H S }L'C.‘.,\n\ [,{l'_.\-:
g : A

2) emong the automorphic permutations of the locants, selects the least vector.
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Resolving the ambiguities of the locant vectors is again a
messy prospect and the simpliest general solution is to test all
the symmetry operations seriatim and compare the locant vectors.
More efficicnt rules will soon emerge for the frequent cases.
However, as one suggestion, the pendant radicals night be replaced,
during computation, by ordinal numbers in ordexr to siwplify cowmpari-
sons. ) _
When a - Cll, - appears in a ring, two substitutions are possible
at the same path“atom. For the moment they are not distinguished.
Chirality at vertices and path nodes is discussed later, 3.4,




CRIRALITY

For many purposes we emphasize the topological and.can overlook the
3-dimensional spatial aspects of molecular structure. In real molecules,
the'lenéths and.rotations of bonds are understocd to a widely varying
precision, and may be greatly influenced by the history, energy-state, and
immediate context of the molecule. In this sensc, the topological
connectivity is only a formal répresentation of 5 genus of states which
can sometimes be inferred from it. |

Howéver, onc aspcct;of stereo-chcmiséry generates distinctions among
chemically stable species of very great importance, especially for
biologically interesting compounds. }his is chiréligx, wvhich rests upon

the alternating symmetry groups of the valence bonds of the C atom.

The symmetries of the valeuces of carbon. The topolopical tetrahedron

has the symetry S4, that is all 4= 24 permutations of its vertices
(table 3.41). The carbon atom behaves, hoﬁe&cr, as a steric tetrahedron,

. 80 that two enanticmorphic, mirror images, must be distinguished for
(C...abcd).' These corresponding to odd and even alternating groups (table
3.410). ‘ ’ -

He éan'now regard the chirality of asymmetric carbons as a special case
’
of thellocaﬁt lists which specify substitutions on superatoms. The D~

and L- isomers of, say, glyceraldehyde would be described (with implicit

H's given leading locants, Lrntra ring locants)

4

ClHC)

‘g:—’_c-‘(")_';;“,) \ Q\OH 2 H 3K

|
\ W on Craou C\u:o - clon Cho
. T - R L T -".- e st _‘._—-‘-‘/ ?J '

V C(“‘r‘,r"ild)"“
D~7'\1c<rafc!c§‘_-‘-ﬂc

NG,

-

—— ———
l——
1
-



In view of the biscction of S,

each locant list has 12 automorphisms (table 3.401).

713

into the two Aa's, even and odd respectively,

We can abbreviate

©(1.2,3,4) .as C(0) or “even", and C(1,2,4,3) as C(1) or "odd" respectively.

We do not use the terms D-,L- or R-,

S-, as these are based on a different

set of rules for ordering the radicals (cf. Eliel, 1962; Prelog, 1966).

However, the absvlute configuration is fully dcfined in the

\ which 1lists the radicals in DENDRAL-hierarchical ordef. It

radical-generation.

) asymmetric carbon, are: \

el 1)

12| 2)

13 3)
4)

program a translation between these systems, but DENDRAL is

present system,
is ~asy to

preferred for

The rules, which are specially adapted for

Radicals in DENDRAL sequence; however,
The afferent link, if any, takes position 4
Implied hydrogens are assigned implicit, leading locants

D-glyceraldehyde is taken as the prototype of the even group.

-

t 2 ’
‘.,‘ . H b{
/! ’ /i
\ RN Yl
AN e A
/ \\\ \‘-/ \/
\\\ 3 »,
{ T N 3 2 > ks
N N
VAR \
SN Ly
7/ . O -~ \\' \‘ / p o‘s‘ *\\\~
- ’,._,, —— N S, ol ) ‘\\~
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3. )

It is elementary that C(0):'C(l) only when the C is asymmetric,
i.e., the four substituents are all different. The genecrator program

needs know only this, However, translation to D/L and R/S notation,

-

and conservation of chirality may be important in analytical manipula-

tions and in programming stereospecific reactions.

PATH ATOM ATTACIN{ENTS

Each H~aton of the path atowms of the pure riﬁé is a candidate
for replacemeat by a radical. If the path atém is a saturated C, (-CHZ—),
the two H's are not necessarily c&uivélcnt in chirélity i:e., ﬁhen the
image of the rest of ;he ring differs, as seen from the C atom, via the
afferent and cffcr{nt bonds; The image is obtained by cutting the bond;

the attachment to the C is replaced b& an H; the other cut edge then leads

. oy
to a radical vhich can be evaluated by DENDRAL rules. Thus in

I|EXT at  (3), th; image is (C.0.C.C.C.) afferentl} and C.C.C.0.C,
efferently, Hence, any difference in the further substituen;s at (3)
will make fhat aton asymnetric.

Customary notation falls to unify the several aspects of chirality:
asymuetric C atoms in ac%i%ic molecules, ring vertices and ring path

atoms, DENDRAL furnishcsha systematic evaluation of radicals and (2)

a convention for absolute configurattions by the allocation of the sct

-~



. of radicals to the even or odd group, respectively,
| At a trivalent ring vertex, the weights at the C arc ordered by the
canonical numbering of the VG edges defined by the orthomesh and further
substituents (Paragraph 3.22-3.24) in the ring. |
The chirallty of the vertices of a ring is designated by a chirality
status vector displayed in the VMY list. This will be a string of O and 1.
bits, Other characters may be used to designate “unspecified" and racemic
conditions (statistical mi*turcs). fC(O)." can be economically replaced .

, . by llc+" “C(l) n by "C II

\ For a path atom, a the afferent and cffcxent paths in the rlng count
as heaviest bond; Further substituents are then weighed as in Paragraph
. y u,{) :
) 3.41,
1 x/ CL
-3 - " X1 \
31,,{ 3 CIS-TRANS TSOLERISYM
T 4 .
| DENDRAL notation overrldes the dietlnct*ons of CIS- and trans-

,conflgurations of adjacent vertices in rings, which appears in customary
.9,
notation., In molecules of sufficient symaetry, decqlin.we will find an
, anbiguity: CIS will correspond to the chirality status vector (10) as well

as (01); trans to (11) or (00), as we shall see:

- o e e
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chirality at V1: V1(1,2,3,4) .... H E1 E2 E3 in canonical order. Theswe..
V2 will be V2 (1,2,4,3) .... H E1l E2 E3. Ve thus have V1(0), V2(1) or
the status vector (01).

The symmetry, however, also permits the molecule to be inverted,

i.e., .ta

which gives the vector (10). The former is

However canonical. By a'correSponding argument, trans-decalin is
-(/\] (00) or (11), the former canonical.

/

Note that the automorphisms of vertex chirality are resolved, and the
path numbering fixecd, before locants are established for path modifiers

and appended radicals.

. CIS/TRANS Isomerism at double bonds.

~ (Revision of 1 . 72)

The same approach of producing an absplutc valence éssignments
can be used to describe geometrical isomerism at C = C,

The doyble bgkd is taken to occupy two andjacent positions of the
first C atom encountered, postulated as EQQQ; chirality status C(0).
The second is then matched to the first. It will be C(0) or C(1) in

an absolute, canonical description, and only one of these if the

conditions for geometric isomerism are met. e.g.

. »

- e
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AXIAL AND FQUATORIAL

Hexagonal rings often adopt a chain-like configuration in which

one of the H's at a path -CH_- may be found to lie either close to the

2
plane of the ring (equatorial), the other above or below it (axial).

. These labels are part of a steric rather than topological description,
but can sometimes be referred from the absolute configuration.

. I .

4

3,IL?/6 'Reyisibn of edgg—nggpcriqg canons for twin edges.
; (Revision of 2.34)

Accérding to 2.34, the edges of a vertex group are numbered by
circuiting the polygon (Hamilton circuit), than the chords as first

encountered. lence the numbering and polarity of these exanmples.

Y 3




7 I¥
2A-1,2 LARG -1 and -7, eNey,
Edges £2 and-3, and {7 are twin edges, i.e., correspond to a span of 1.
The elaboration of symmetries 1s simplified if twin edges are not

treated as chords, but are brought together in the sequence. Hence w<g

Nor Laocans ,
o 3/

i 3/9\& /q\
l<?42>3 \ d '\‘ “r1s

| N a?;\ \

| L N
AA

AT

The revision of edge order may influence the c¢dge count list, cenonical

orientation of the orthcmesh, and node-numbering in certaein situations. For'

\
exanmple

{/A\T._j> now becones | ! ;n place of
A ¥ 4

'5/\,\,,,_,| | sl/\/ é?—
Ay
9 ,

NAR 12 1969



Table 3.1
CANONS OF DENDRAL ORDER (nmodificd from DENDRAL (1)

Hierarchy of Vector Valuation in Decreasing Order of Significance

- The DENDRAL-VALUE of a radicél is a vector comprising:

R~-COUNT

Rings
Other atoms (except )

COMPOSITION OF RADICAL

~ Rings ,
Compositjon .. CROPSU* ' 4 : g
Orthomesh ' ' .
Vertex Croup VG
Edge Count List ECL
Y Vertex Modifiers VM ; chirality status

Path modifiers PM

Other atoms by atomic number

C"".IOIP."S .
U (unsaturation is counted as a lowest-valued atom) :

1

* ' APICAL. NODE . -

Degrece: Number of efferent radicals i
~ Composition of node:ring (by valuc), R C)\\/’O)PS
_ Afferent link: (i, :, .) )

' - !

APPENDANT RADICALS ~ attached to apical node

vector of radicals in order of ascending® value
- |

locant list (ring) or chirality (atom) on apical node

The sequence might be reversed
%%
to conform to chemists’ potation which tends to assign higher-valued

-substituents to lower-numbered atons, and orders atoms by valecnce
as well as atoaic number. i :

-’y . B ’ r©
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TABLE 3.410

The alternating groups A4 (even) and (odd)

even

.
»

permutation

1234
1342
1423
2143
3214
2431
3124
3412
3241
4132
4213
4321

ceo)

cycles

(1)(2) (3) (4)

(1) (234)
(1) (243)

- (12) (34)

(123) (&)

- (124)(3)

(132) (4)
(13) (24)

(134)(2)
- (142) (3)
. (143) (2)

(14) (23)
N

. 0dd

permutation

1243
1324
1432
2134
2341
2413
3142
3421
3214
4123
4231
4312

c() .

cycles

(1) (2) (34)
(1) (23) (4)
(1) (24) (3)
(12) (3) (%)
(1234)

. (1243)

(1342)
(1324)
(13)(2) (4)
(1432)
(14) (2) (3)
(1423)

Together, these constitute the symmetric group, 84.

Example: 1234 = 2143
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Ring-symnetrics in DINDRAL.

The input problem is to "produce all isomers of
one benzene ring." The verbose output displays
the permutation group and other characteristics
the isoners., Chirality is disregarded for this

C(ISOMERS (QUOTE Cl!BH14))
(MARCH-8-1963 VERSION)

C4%#PHEN=:H1 4 ' .
COMPOSITION (U « 40) (C « 6¢)) VAL

(RING %#PHEN:%
1¢) SYMMETRILES ((2+¢ 3¢ 4¢ 5¢ 60 1e) (3¢ 4¢ 5. 6o
¢ 3¢) (S5¢ 60 1o 2¢ 3¢ 4e) (60 1o 2¢ 3¢ 4o 5.3 (6
& 3¢ 26 1o 6e) (4o 30 24 1o 6o 5¢) (30 2¢ 1s 6o
e 3¢) (1e 60 5S¢ 4¢ 3+ 2+42) UNIOGUE-NODES (1.3
MOLECULES NO DOUBLE BOND LQUIVS
1e CH2+.e C2HS  CH2. (*PHEN% 14)HS ,
2. CH2.. C2HS (HPHEN% Jo 24)H4.CH3
3. CH2.. C2H5 (#PHEN» 1o 3e)H4eCH3 »
4. CH2.. C2H5 (xPHEN#% 1e 4.)H4.CH3 »
Se (x=PHIN= 1. 2.)H4.. C2HS C2Hs ,
6 (#PHEN= 1e 3s)H4ee C2HS C2HS5 »
Be CHe oo CH3 CH3 CH2. (2PHEN® 1«)HS5 »
90 CHooo CH3 CH3 ("PHEN”- 1- 20)!‘[4-0”3
1@0 CHooo CH3 CH3 (*PHEN'; 10 30)HA=CH3
‘10 CH. e e CH3 CH3 (EPHEN:= 10 4o )H/{o CH3
12. CHe oo CH3 (xPHEN:= 1+)HS C2HS »
130 (*PHEN* lo 2. 30 )H3o P CH3 C}{3 C2H5
14. (=PHEN* le 2¢ 4¢)H3.ee¢ CH3 CH3 C2HS
15. (HPHEN® 1e 3¢ 26)H3¢es CH3 CH3 C2H5
16. (2PHEN# le 3¢ 4¢)H3... CH3 CH3 CaH5
17. (xPHEN#* 1+ 3¢ Se)H3e.ses CHS3 CH3 C2HS
18. (xPHEN# le 4¢ 2¢)H3.6e« CH3 CH3 C2H5
19. Ceeee CH3 CH3 - CH3 (:PHEN% 14)3HS »
20. (*PHEN= Jo 2o 3¢ 4.)H2e... CH3 CH3
21, (=PHEN* 1« 2+ 3. Se)dHZ v e 0o CH3 CHS
22. C(HPHENS 1o 2¢ 4¢ SedHZ2eees CH3 CH3

DONE

(3]

C10!14 contajning at least
the pregram's listing of

of the ring, Lefore listing
exanple (e.g. at #12).

EIQCE (1' l. 1. 1. 1.
1e 2¢) (4e 5. 60 1o 2
e Se 4o 3. 2. 1s) (5.
Se 4s) (26 1e 6o Se 4
.

4

L

[

» 7

> -

»

,

s v

K L

2

b 4 ‘

» v

CH3 CH3 » <«

CH3 CH3 » =~

CH3 CH3 » _
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The cangnical numbering details then become: \ASS “'<(" AL 5

vb % L’-CL-

)
g\/\\v; I 3 ‘ \ . : (o‘s,o,g‘o,zllo,’z'o) |
' i
B LN NP L) %
¢ e

VM: No heteroatom substitutions; the chirality vector is given by:

vl....H18 2 (1) , vh..=b 56 (3)
v2....H1 23 (0) v5....H5 6 7 (0) (100300)
v3....0 349 (0) v6....H7 89 (0)

(3) at v4 refers to the abrogation of chirality at a double-bonded vertex.

PIM: No heteroatoms, but a double bond at (v4,5).

The complete ring is then (x1 = nor- L\S—androstene)

(x1 ( 6ACA (0,3,0,2,0,4,0,2,0)) (100300) W ( w4,5) )

————— orthomesh-——=———=—m—=  ==YM==== =—==-PLM-—--—-
VG ECL

In the whole molecule, the canonical center is at? and we have:

cts |
‘ - .C3H6.CH..CH3 CH3 CH..CH3 x1(1,vl,v5,7)...CH3 CH3 OH
Kzé C":/( c ,C -3 M S ¢ 7 ® 4 TS TR P
- c ‘ |
/ NV
oK {\ ¢’ Ne

ard €7
We have still to consider the chirality at x1(1) and xl(7)/./ These prove to be

_9% » . .
(2 240,(%1 affyre & giving the completed formula:

,/N\\ //“\\ ’
| ! ' ' !
o1t = CHy .C3H6.CH,.CH3 CH3

\ |

*‘ﬁ.ﬁ‘;&_ ‘%((,) RE CH+.CH3 x2(1+,v1,v5,7-)...CH3 CH3 OH
x| ('D RN (7> . e
rf" Q:— QY€ = + QJEH\'F

((uv((u)(a%.ra.Q ) H<°K<((’)4(R’> B
Heen3 ()M)e‘l-c_ < ‘_{{_Ya_,}\



AR
( \jo»e
* l /| g
vl \/51'11
v
' 7\7 c,e/w«»; f
\ E o 5 3 . _,.j:. )
| ) \* 2 A "Q}#‘F ZT“&) s_:;;c-.-,_‘)
PN v.5/\’ \“y;\ <« s g J
P Y AN " 2 L ),,1(&»1
rx\ '\« \\ > " '/ *© ' c-v’\’\*”‘”"’x/)'
Y AN
K
veg,, é&,) e o

,/' . - ' b
4 4 N Y ’\J /
. vi LA b ' | c/

\rélg\ -~ o XA

g2l = 0150%0&22!0%0
-.VM_: I'S*‘\\"“'S

Pr= (VA u:l-(h%,'/!,q)) o
TN -

_C '
N
P G

NEH3

ezis s 200 x(1). 23
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Corrextions (see 3.246 o

3.221 The vector for ECL of becomes
(0,4,1,0,4,1)

(5,0,,4,3)

3.2490 renumber to 3.3

The paragraph immediately preceding this should be numbered 3.2456

new ECL

| (00,04 2)

V*&:(N,H)
oLr: (5uz (19, v1,1,3))

ov, aS an CMJ’}"./\O:*‘\.C. '

((HA‘TS) (o‘\’,q*)op,w\z)_(r!,vﬂ (5‘(’03\) .

new numbering

F‘{é 3,‘ "/ KA slonnd bt : -

-2 vd ' corresponding change in
.aéw\~ permutation table.
4 .
2 (\l ‘\\) »
mnanet &
:‘ 6 vH
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