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Provisional version of DENDRAL., Part 11T

Complete Chemical Graphs; Fmbedding Rings in Trees.

" This prelininary 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.

The'extgrnal notation is subject to further revision. A morc compact
onercan easily be devised that also provides for implicit 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 count list, path modifier list,
and vertex modifier list could be unified

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

LISP language processor. Note that commas are redundant, "." is, however,

in no casc the dot of a LISP dotted pair, and this character should be

translated at input-output.

This change of emphasis modifies some of the hierarchical chejces,
—
—————

but none of the fundamental ideas developed in DENDRAL I (acyclic

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

——

graphs).



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 claborates the completion of ring definitions as mappings
" on the nodes and edges of one of the VG's listed in Dendral II.
Section 3.3 specifies how rings are embedded in trces to complete the
notation outlined in Dendral I.
Section 3.4 deals with some problems of chirality
Sections 3.5, £f, 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 symmetries
Optional hicrarchics of DENDRAL ¢lassification

- Heuristic questions of plausible structures
Rings with tetravalent (spiro) vertices

\

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 convention is consistent with DENDRAL I and facilitates
interfacing the computer programs for linear and cyclic DENDRAL,




GLOSSARY.

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

appended twigs.

RINGED COMPOUND. A trée, possibily degenerate, in wvhich a ring
is cmbedéed.

R~-TREE. A representation in which any ring is réprescnted as a
supefatom.

SUPERATOM. A node representing a previously defined complex of

| " atoms, treated as an itgﬁ by the gencrator

VERTEX GROUP,.VG, CUBICAL GRAPH. An abstract, cubical (trivalent)
graph, summarized in DENDRAL 2, on whosc nodes and edges ;re
mappcd.the 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 which ring atoms are remerd and

allocated to ring identifiers; In effect,ythe composition
- of an R-trec. |

LOCANT. An ordinalrnumber specifying an atom or a bond in a
molecule for the purpose of attaching a radical. or substituting
a hetgroatom . :

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

of tetrahedral carbon atoms with asymmetrically attached

radicals.

CENERATOR. A program to generate a complete bu}{rredundant list
of isomers of a given composition.

q& ORTHOMESH. A particular ring system presented as if all heteroatoms

are replaced by C atems. It is specified by a VG plus an ECL

in canonical order.



GLOSSARY (continued)

EDGYE COUNT LIST, ECL A mapping of path lengths;on to the edges

- of a VG.
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RING DEFINITION

A ring will customarily be defined (zs 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-trecs compatible with that R-composition. This canonical sequence
can, of course, be rearranged for heuristic purposes.

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 eﬁﬁmple is the aromatic, benzene ring

which is defined under the name Z%as
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As illustrated by this example, a ring definition will have the
-form
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xn = ((vertex group} (edge count list)(vertex modifiers) (path modifiers)),

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

ORTHOMESH

The Orthoiresh 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 carbocyclic
ring system on which changes from C to other atoms can be mapped by exception.
Examples which anticipate later notation follow:
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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.

. - ﬁ* \* aromatic character of the ring,
= - j.e., a path with alternating
\§§7// N single and double bonds;
: C:C,C:C.C:CL

//\\\ 4%9\\ The inscribed O'stands for the

Chemical evidence shows that in such a case, each band is cquivalent
and has a character intermediate between "o oand Vi, We indicate
this by the notation ¥ which might be denoted in a yadical as
#CHCHCHCHCHCY or implicitly as 6%, _ .

More complex rings ‘have 2(r-1) vertices, where r is the number 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 as large a scope as the unpecialized generator
js likely to be able to handle. These are reproduced here for
convenicnce 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 lengths are given by the ECL.

VERTEX MODIFIERS, VH,

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

“modifiers, VM, list an implied list of the vertex atoms which

specifics (a) their” composition and (b) their chirality. Since the
most usual situation is all carbouns : . . o
we Jocate exceptiouns to that standard.
The VM list and its value is the 3-ple (vector)
1) the non-carbon atoms in DENDRAL order, expressed as a
composition, e.g., N2, or NIL.
2) A vertex locant list for thesec atoms. _
3) An explicit 1list of the chirality of successive vertex
atoms — ("', "+", "=", "A") referring to "unspecified",
"Jextyo", "tevo!, "racemic'; sce section 3.4 for details.
At any place, the omission of a list or the value NIL, implies
"unspecified".




3.1

3,24

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

 PATIL_LIST.

: [The'ring definition is now completed by mapping linear paths
onto the edges of fhe VG. TIn taking account of the symmetries, the sense
of the path must be considercd; Several representations are possible;
in previous specifications, we displayed a vector of all paths in edge-
nuﬁbcr sequence: thus (;) (.C.C.N.) (.C.é.C.C.) for
\

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

)

123 4567

e

(

\N/

\
presented in previously defined notation]

The ring atoﬁs are all enum'érablc; first the vertices, V1, V2,
etc., then the path atoms in the order of their presentation in the
formula.

We now find it more convenient and conformable to chemical

.
notation to map'rings by exception. The path list will then consist
of 3 parts:
ECL .(already in orthomesh)
1) A.vector that assigns a count to each edge in scquence. Each
node is implicitly numbéred by its scquence in the formula
PATH MODIFIERS P

2) A composition indicating atoms replacing the implied C's.
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‘. \\r o This includes doublc.bonds as U's. (abbreviations are available

for aromaticity)

{ 5‘f#( 3) A locant vector for these replacing atoms and bonds

Example 3.2&1 then becomes: g
i

.
drthomesh s XA (0,3

2,2 HS %

Note: dn man-machine-i

by form atted labels an

We can visualize a disp

VG

Q_, ‘ | VA
;5.7,5_{\’1{. PL ECL
g" PLM
N
U

J/ [ P Jocanl vecden
ECL NN
((ZA)- ((0,3,4)-N.(1)))

C(GA) ((0,3,6)-NS (2;4)))

| (\.‘.«Z‘;' Ve ek
EC L /‘\//L_,—’---

CGAY ((0,4,6)-NU (1, (V1,5))))

.
Caution: in internal notation all bands are

numbered as nodeyairs. When the pair is (n,n+l)
only the lower node need be numbered in external

notation.

nteraction displays, parentheses can be replaced

d indentations to facilitate editing and commands.

lay

7V u

(0,4,4) TN N3
NU @ Mo



8.
) (-' Vertex numbers can be replaced by arbitrary integers, c.g. numbered
after all the'path atoms. In this exanple, VI¢9, V2¢10.

By giving the edge count list “a higher p;iority than the Vi,
We facilitate the storing of common orthomeshes under a familiar
ring label. This can then be edited there for specific compounds.

Thus, 3.2453can be input as

ovThoene r‘x(,

e NN - - \lxﬂclfkfctfw/"dﬂ«ﬂ / / \L

e el S L 6,9 |
TDECALY | ' : \/\/

The chemists name for this 4s

A(l), 8-arza-decalin,

s bt .

_ ) ) A

‘.’ ' Ao gz tﬂ“e'Jqﬁkéykhf“*
since he follows a somewhat different numbering system, (}t should not
be difficult to construct algorithms for interconverting many DENDRAL JL

-names with conventional chemical notation. /)w\ g’
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| DENDRAL I1I - 21
# Example of a complete aefinition with canonical numbering:
L _ L A i suzs (10 v3 5 7)) ).
ll/\l‘\lg,/(,\g A o ((}+'AA) (O) 0)0)2)1[)4) (I’l) (513 20 ?
" e 2CT, Vi PiM
3~ L \'h/ s v > ' : T 4l educes
S g \\ v wr U UNEN the aromatic ring is detected, this re ©

N - .
"1 B \// l 15(\ \ tf to A
! \ \f"” Y ((kan) 0,0,7, 2 i) (n,1) (8520) )

2, 7/L/L) Embedding the ring in a tree.

The ring as now defined may be regarded as a superatom. However, it
will, in general, have {ts own symmetries. Different locations have to
be indicated for attaching further radicals. For example, the three

- 1
amino-phenols are all special cascs of

Nt F b ol «L 2.NO
\ “l'"‘OHV 3

‘.' ' We will, then first list all of the attached radicals in DENDRAL
order without reference to position of attachment. Then we will write
a vector of locants describing the successive positions of attachment,

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

example the locant vector is (1,4,3):

' Canonical Automorphisms
.2(1,4,3)..0C.N .2(1,3,4)..C.N O
.Z(4,1,2)..0C.N
z(3,6,5)..o¢.N

etc.

The cenonical form
1) lists the radicals in DENDRAL order, the afferent link being implied as
bt s By 1 ten S

first, &end kkyuoujf’\b‘“b v“\l\ N

2) emong the automorphic permutations of the locants, selects the least vector.



1.

Resolving the ambiguities of the locant vectors is again a
messy prospect and the simpliest gencral solution is to test all
the symmetry operations seriatim and compare the locant veclors.
More efficient rules will soon emerge for the frequent cases.
However, as one suggestion, the pendant radicals night be replaced,
during computation, by ordinal numbers in order to sinplify compari-
sons. )

When a - CH, - 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,



CHIRALITY

Tor many purposes we emphasize the topological and.can overlook the
3~dimensional spatial aspects of molecular structure. In real molecules,
therlengths and. rotations of bonds are understood to a widely varying
precision, and may be greatly influcnced by the history, encrgy-state, and
{mmediate context of the molecule. Im this sense, the topological
connectivity is only a formal répresentation of a genus of states which
can sometimes be inferred from it.

However, one& aspect‘of stereo-chemistry generates distinctions among
chemically stable species of very great importance, especially for
biologically interesting compounds. This is chirality, which rests upon

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

The symmetries of the valences of carbon. The topological tetrahedron

has the symmetry g4, that is 21l 4= 24 permutations of its vertices
(table 3.41). The carbon atom behaves, however, as a steric tetrahedron,

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

3.410).

We can now regard the chirality of asymmetric carbons as a special case

of the locant lists which specify substitutions on superatoms. The D-
and L- isomers of, say, glyceraldehyde would be described (with implicit

H's given leading locants, gfnrntra ring locants)

i |
| C HO ; C }‘1\'2‘0 H
LT = et Sl . 1 i }
= /:\ . | )
\ WOy CHR.oN TYaag ClL 08 : C WO
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In view of the bicection of S4 into the two AA‘S’ even and odd respectlvely,
each locant list has 12 automorphisms (table 3.401). We can abbreviate
c(1,2,3,4) as C(0) or "even'', and €(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 absolute configuration is fully defined in the present system,
\ which lists the radicals in DENDRAL-hierarchical ordef. It is easy to
program & translation Betwecn these systems, but DENDRAL is preferred for

radical-generation. The rules, which are specially adapted for

L asymmetric carbon, are:
B-L{ll 1) Radicals in DENDRAL sequence; however,
-
Z.L{’le 2) The afferent Jink, if any, takes position 4
,?S.Lflg 3) Implied hydrogens are assigned implicit, leading locants
3 ;L{/L/ 4) _E:glyceraldehyde is taken as the prototype of the even group.
2
e 0 ” “
4 X .
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I¢ is elementary that C(0)#C(L) only when the C is asymmetric,
i.e., the four substituents are all different. The generator program
needs know only this. However, translation to D/L énd R/S notation,
and conservatign of chirality may be important in analytical manipula-

tions and in programming stereospecific reactions.

PATH ATOM ATTACHMENTS

Faclh H~atom of the path atoms of the pure riﬁg is a candidate
for replacement by a radical. If the path atom is a satﬁrated C, (wCHz-),
the two H's are not necessarily eduivélent in chirality i:e., Qhen the
image of the rest og the ring differs, as seen from the C atom, via the
afferent and effergéé bonds. The jmage is obtained by cutting the bond,

\ : ‘ :
the attachment to the C is replaced by an Hj the other cut edge then leads

to a radical which can be evaluated by DENDRAL rules. Thus in
////O
I\\\
0 2

$ z

S~

YIUENEH at (3), the image is (C.0.C.C.C.) afferently and €.C.C.0.C.

efferently. Hence, any difference in the further substituents at (3)
will make that atom asymmetric.
Customary notation fails to unify the several aspects of chirality:
asymmetric C atoms in ac%f%ic molecules, ring vertices and ring path
1 .

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

a conveation for absolute configuratticns by the alioccation of the set
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of radicals to the even or odd group, respectively.

At a trivalent ring vertex, the welghts at the C are ordered by the
canonical numbering of the VG edges defined by the orthomesh and further
substftuents (Paragraph 3.22-3.24) in the xing.

The chirality of the vertices of a ring is designated by a chirality
status vector displayed in the VI list. This will be a string of 0 and 1
bits. Other characters may be Qsed to designate "unspecified" and racemic
conditions (statistical mi*tures). "C(0)." can be economically replaced
by "'C+", ”C(l);" by "C-";

For a path atom, a the affercnt and efferent paths in the ring count

$
as heaviest bond; Further substituents are then weighed as in Paragraph

3,41, | ! LJ\Y{J'
/

CIS~-TRANS TSOMERISH

DENDRAL notation overrides Lhe d:qtinctlonv of CIS- and trans—
configurations of adjacent vertices in rings, which appears in customary
.9,
notation. In molecules of sufficient symmetry,\decqlin we will find an

ambiguity: CIS will correspond to the chirality status vector (10) as well

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

N -
\}»" .
\ N § i 0O S ;
\ \ ’ Ho efeds aan Pl \r,(} %lgl =2
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chirality at V1: v1(1,2,3,4) .... H E1 E2 E3 in canonical order. These
v? will be V2 (1,2,4,3) .... HEL E2 E3. We thus have v1(0), v2(1) or

the status vector (01).

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

'i.e., e @i)

which gives the vector (10). The former is
however canonical. By a corresponding argument, trans—decalin is

(00) or (11), the former canounical.

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

and appended radicals. S

CIS/TRANS Isomerism at double bonds.

(Revision of 1 . 72)

The same approach of producing an absolute valence assignments

can be used to describe geometrical isomerism at C = C.
2]
The double bind is taken to occupy two ardjacent positions of the
h ‘:‘vn«vﬁ3

first C atom encountered, postulated as heavy chirality status C(0).
The second is then matched to the first. It will be C(0) or C(L) in
an absolute, canonical description, and only one of these if the

conditions for geomebtric isomerism are net. e.g.
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AXTAL AND EQUATORIAL

Hexagonal rings often adopt a chain-like configuration in which
one of the H's at a path -CH2- may be found to lie either close to the
plane of the ring (equatorial), the other above or below it (axial).

k These labels are part of a steric rather than topological description,

but can sometimes be referred from the absolute configuration.

3,24¢ | Revision of edge-nunbering canons for twin edges.
(Revision of 2.34)
L According to 2.34, the edges of a vertex group are nunbered by
circuiting the polygon (Hamilton circuit), than the chords as first

encountered. lHence the numbering and polarity of these examples.
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Edges £2 and-3, and £} are twin edges, i.e., correspond to a span of 1.
The elaboration of symmetries 1s simplified if twin edges are fniot

& treated as chords, but are brought together in the sequence. Hence W

NeeeE™ Aroaas

S T e Y ot T R e R 8 A LN s AN ¢ A s

The revision of edge order may influence the edge count list, canonical

! . . . . .
L orientation of the orthomesh, and node-numbering in certain situations. For

} exanple

| -
\\ T“' \ now becomes in place of
2 /""—” L/

¢ T L )s 7‘
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Table 3.1
CANONS O DENDRAL ORDER (modificd from DENDRAL (1))

Hierarchy of Vector Valuation in Decreasing Order of Significance

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

R-COUNT
Rings
Other atoms (except 1)

COMPOSITION OF RADICAL

Rings
Compogition . CNOPSU*
Orthomesh
Vertex Group VG
Edge Count List ECL
, Vertex Modifiers Vi{ ; chirality status

Path wmodifiers PM

Other atoms by atomic number

C,UJO(G§$

U (unsaturation is counted as a lowest-valued atom)
APICAL NODE
Degree: Number of efferent radicals ‘
© Composition of node:ring (by valuc), B C%VJ)C%QDE,
~Afferent link: (i, 1, .) )
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' notation which tends to assign higher-valued
-substituents to lower-numbered atoms, and orders atoms by valence
as well as atomic number.
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TABLE 3.410

The alternating groups Aé (even) and (odd)

even

permutation

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

c(0)

cycles

(1)(2) (3) (4)
(1) (234)
(1) (243)
(12) (34)
(123) (4)
(124)(3)
(132) (4)
(13) (24)
(134) (2)
(142) (3)
(143)(2)
(14) (23)

odd

permutation

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

C(1) .

cycles

(1) (2) (34)
(1) (23) (4)
(1) (24)(3)
(12) (3) (4)
(1234)
(1243)
(1342)
(1324)
(13)(2) (4)
(1432)
(14) (2) (3)
(1423)

Together, these constitute the symumetric group, SA'

Example: 1234 = 2143



Ring-symmetrics in DINDRAL.

f The input problem is to "produce all iscumers of C10iUl4 containing at lecast

&h- onc benzene ring.'  The verbose output displays the program's listing of
the permutation group and other characteristics of the ring, before listing
the isomers. Chirality is disrcgarded for this example (e.g. at 712 .

Ao QI ISOMERS COUDTE C10H14))
" (MARCH-8-1968 VERSICN)
C4%PHENsH1 4 :

(RING #PHEN# COMPOSITION C(CU o 4o) C(C « 6¢3) VALENCE (le 1o 1o 1o 1e
1.3 SYMMETRIES (2. 3¢ 4o 5a 6o 1¢) (3 4c 5 6o 1o 2.3 (4o Se 6c 14 2
2303 (5. 6o 1o 2o 3e 4e) (6o le 2o 3e 4o 5.3 (6o 5e 4o 3¢ 2. 1¢) (5.
4 B e 1. Ge) Cde Be Do lc 6o 5¢) (3r 2¢ 1a 6o 5¢ 40 (24 1e 6o 5. 4
. 3.) (le 6+ 5¢ 4o 3o 243 UNIOUE-NODES (1+))

(voLECULES NO DOUBLE BOND EQUIVS _
1. CHZ2.. C2HS  CHZ2e (HPHENZ 14)HS ‘
2. CH2e. C2HS  (%PHEN# 1o 2¢)H4.CH3 »
3. CHZ2.o C2H5  (#PHEN# 1. 3.)H4.CH3
4. CH2+o COH5  (#PHEN# 1. 4.)H4.CH3 »
5. (%PHEN# 1. 2o)H4eo C2HS5  C2HS ,
6 (%PHEN# 1o 3s)H4e. C2HS  C2HS , —
7o (#PHEN#% 1. Zeo)H4eo C2HS  C2HS
, g, CHeoo CH3  CH3  CH2e (#PHEN#® 1.)H5 » &
| 9. CHeo. C€H3 CH3  (#PHEN% 1. 2.)H4A.CH3 » &7
10 CHeeo CH3  CH3  C(#PHEN#% 1o 3.)H4.CH3 » o
- 11 CHeoo CH3 CH3  C(#%PHEN% 1o 4edHA.CH3 » <
W Q.,ie. CHeoo - CH3  C#PHEN: 1.)HS  C2HS , 1
§ 13 (#PHEN% 1. 2. 3+.)H3ese GCH3 CH3  C2HS5 » 7
g 14. (¥PHEN# 1+ 2o 4.)H3ec¢« CH3  CH3  C2HS » 7
\ 15. C¥PHEN% 1. 3e 2e)H3e0s CH3  CH3  C2HS5 , o
%- 16. (“PHEN® 1. 3e 4A¢)H3ess CH3 CH3  C2H5
(L 174 (%PHEN# 1+ 3. Se)H3e.. CH3 CH3  C2H5 » -
g 18 CxPHEN#% 1¢ 4o 2¢)H3ecoc CH3 CH3 C2H5 s v~
19. Covwes CH3  CH3 - CH3  (%#PHEN#® 1.)H5 , ,
‘ 00, (<PHEN% 1o 2o 3. 4e)H2es0. CH3 CH3 CH3  CH3 , «— -
! 21 (5PHEN# 1. 2o 3« 5¢)H2¢ewece CH3 CH3 CH3  CH3 , -
\

22, (H#PHEN% le 26 4¢ SedH2e0 o CH3 CH3 CH3 CH3 » _
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The orthomesh maps onto
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The canonical numbering details then become:

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

Covl....H 182 (1) vh..=4 5 6 (3)
¢ v2....H1 2 3 (0) v5....056 7 (0) (100300)
‘hﬂ v3....H 349 (0) v6....H 789 (0)

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

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

The complete ring is then (x1 = nor- é?—androstene)

(x1 ( 6ACA (0,3,0,2,0,4,0,2,0)) (100300) (U ( (v4,5)) )

L_ . VG ECL \

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

: .C3H6.CH, .CH3 CH3 CH..CH3 x1(1,vl,v5,7)...CH3 CH3 OH
KgC 1 /(— /C -3 H A 7 4 q , Jo N (2

L ' auJ\CV

We have still to consider the chirality at x1(1) and xl(7l/,These prove to be

Aﬁg(@' ;ﬁ el giving the completed formula:
‘ \
/- , o H___.x____cH .C3H6.CH.,.CH3 CH3
a%(” (x\) CH+.CH3 x1(1+,v1,v5,7-)...CH3 CH3 OH
x! (7> cr

ever -~ +

Qyen = +
peot 4| ()< (%)
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Correztions (sece 3,246

3.221 The vector for LECL of

C

becomes

(0,4,1,0,4,1)

(3,0,0,4,3)
3.249 renunber to 3.3
(.r The paragraph immediately preceding this should be numbercd 3.2450
4
i f
RO _%//Sﬁgé:\b 10 new LCL
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new numbering
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corresponding change in
permutation table.
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