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The stersochemislry of catenanes, knotted molecules, and Borromean riogs is dise lesed,

An nugmentation of the Cahn-Ingold-Prelog convention for designating ahaclute sonfigura-

tion i:dprq . A oonventign iz propoted for desigoating the abasolute configuration of
tckaculas,

knott
of melesularly dissymmetric disatereomers.

Proposals of rules for designsting absclute con-
figuration bave been put forth by Cahn, Ingold, and
Prelog ! and by Terentiev and Potapov? Tha rules
of the latter workers nre deliberately linked to nomen-
clature. Those of the former workers rely entirely
on structure and have found wide acceptance among

ic cherniete. In their closely reasoned paper
Cahn, Ingold, and Prelog properly claim to have
covared by their rulea all known typea of dissymmetry
deriving from tetracovalent snd tricovalent atoms.

Work aiming toward the establishment of 5 mopjor
sE:hem for handling chemical information requires
the abihity precisely to desiznate chemical structures
without recourse to structural formules. A number
of notation systems have been devised for represent-
inghchamicnl structures by linear arrays of symhals,?
elthough nona of the syatems has yvet baen perfeeted
even for o ic compounds.t BSince an adequate
information bandling sy=tem must accommaodate not
only ell known structural types but also those strue-
tural types which have to data baen merely speculatad
oh, sn examination of more esoteric sterecchemistey
was undertaken. 1 now wish to propose an aug-
mentation of the Cahn- ﬂld—Prelof {C-I-P} rules
and tha addition of a new (apecialized) set of rules to
cover & wider range of molecularly dissymmetric
structural types.

The molecularly dissymmetric structures for which
further rules are neresssry are of two types: (1) sub-

stituted catenanes’ which are & ¥ re-
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A sugprestion & made eomoerning the eiting of the absolute confizucation

lated to substituted allenes and spito compounds,
and {2) knots,* ' eompounds whose dissymmetry
is due entirely to topology, independent of substitn-
tion, * 7 The C-]-P convention is inapplicabls to
knots and before being spplied to catenanes requires
a further convention for defining the “near groups”.

Cuatenanes

Because of free rotation of each ring of & catenane
about its own axis, compounds such as [34.34]-
catenan-1,18. 17,18 -tetraone 1,1"-dioxime, I of which
two enantiomeric configurations are pﬁﬁiiﬂﬂ, could
exist in any mumber of conformations related to
the angle of rotation about the axes of the rings.
Some of the eonformations of one of the enantiomers
are ahown in figure 1. X the two rings are not iden-
tieal, as in [36.34]-catenan-1,19,17,18"-totraons 1,1°-
diexime, 1T, then some of the conformations of figure
1 correspond to two distinet conformations; eg.,
conformstion la corresponds to conformastions Lla
and ITb (fg. 2). The choice of an “axiz of asym-
metry” under gection 5.1 of Cahn et al! {such that
the dissymmetry elemant contain the maxmum mun-
ber of atoms, with the widest possible distribution,
and most preferred by the sequence rule) would

uire b the desipnation of the con ation of
{3434 ]-catenan-1 18 1°,18"-telraona 1,1°-dioxime on
conformetion Ic, Id, or Ie. Aflgicatiun to these
threa conformations of the C-I-P sequenca rules
does mot lead to sssignment of the same ahsolute
configuration (=f. ig. 3).

For a compound such ss [36.36]catenan-i,10,-
18,1°,10%,19"-hexaone 10,10°-dioxims, IIT, an attempt
to chogse an axis of dissymmetry under section
5.1 of Cahn ot al. would be thwarted because the
carbonyl oxygen atoms would have to Jie on_the
axis, and the molecule would then heave a plans
of dissymmetry instead of an axis of dissymmetry
{cf. fig. 4). In this case it would be necessary to
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choose not only the appropriete side of the plane | hydrogen atoms, sre pairwise identical (positions 9
of dissymmetry from w%mﬂn to view the molecule am:l 11, 8 and 12 2 and 187, ete.) under the saquence

but, becanse the three atoms specified by seclion
5.3 of Cuahn et al! (the oxime C, N, and O—cf,,
hnluw} lm in & plane purpcndlcu]a,r to the plane of
B0 the appropriate quadrant on
thn.b mde 'f‘lus ought to the quadrant mearer
the atom in the plane of dissymmetry moest zenior
by the sequence rule. However even for a specific
conformation, e.g., IIIb, the designation of absolute
co ation would differ according to whether
the plane of d d}rmmetrf ba chosen to contain rin
A or ring Note that in (236, EB]g
catenan-1, lﬂl 1'9 17, 1I]’ 18f hexmna 10,10/ «lioxirne the
methylena carbon n,tc-ms, and the corresponding

It j= therefore m:-nessarjr to base the designa-
t.mn of unnﬁfumtmn on atoms net bound directly to
tlhe plane of dissymmetry. A similar situafion ob-
taing when the considerations of section 5.3 {planar
asymmetry) of Cahn ot al, are applied to & com-
pound having s pol ulﬁde bridge instead of a
polymethylene other bridge lying in the plane -::rf
dissymmetry. Thus the stoms determining the son-
figuration of 2.3,4,56,7.8.9,10,11-decathiabicyelo-
o2, Z]hexadena-ﬂ 1-1 15- tnene—la-carbuxyhc acid ?
IV, are the 13, 14 and carboxyl carbon atoms.

1O A M, Pastarson, L. T, Capell, and Ir. F. Walker, The ring index, 34 ed.,
ATDEELan Emm.'h:a.lﬁnﬂatr Washingeon {1960, TLET 66,
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I thevefare propose the following rule 1o govern
the choice of tha alement of dizsymmatcy:
DHssymmetry Element Rule, Seolect an element of

disaymme by applying in turn the followiog
hjermthnn criferia:

(1} element of dissymmetry be of mindimum
dimensionadity;

{2y Tt contain & maximum number of atoms;

(2) The atoms have maxmum distribation;

(43 The element of dissymmetry contain the atom
oru;at of atoms most senior by the sequence ruls;
A

{5y The atoms on the clement of dissymmelry most
sendor by Bhe mequence rule have the mamimum sepora-
ton.

The philosophy of first difference of the C-I-F con-
vention 8 maintained; the substantive changes pro-
poged appear in italics.

Application of subrule {i} resolvea the ambiguity
with respect to compound I, causing conformation
Is to be tha Hrﬂper ose from which to determine the
absolute configuration end thus ﬂausini the enantio-
mer reprasented to ba the (8)-form.  Application of
subrules (1) and (5} to compound III requires con-
formuation Ille {fig. 6) to ﬁ the basia for deter-
mination of the absolute com ationn, and the
enantiomer shown of compound III is the {(&)-form.

Knots

It waz pointed out at least as early s 1933, by
Ambs,* thet a simple eyclic compound could exist as
an enantiomeric pair ¥ it were in the form of a
trefoil knot, The same observation may be seen to
apply to most other knots. BSince sych molecular
dissymmetry may euist oven in molecules all of
whose carbon atomne are identicsl—indeed all of
whose atoms are identical—the C-I-F convention
cannot be made to spply.

The designation of the absoluta configuration of &
knotted molecule st necessarily depend on the
topology of the corresponding knct. serviceahle
convention can he based on the normalized knot
projectione. For each knot there exists & planer
projection  having & minimum number of inter-
zections. Normalized projections of the trefoil knot
and of the fipure-eight imot are shown in figure 7.
That which projects sa an intersection in the planar

jection shall be called a doubdle poind in the knot.

t each double point one segment of the knot passes
over another segment of the kmot. If a direction is
agcribed to the knot, then at each double point two
sitruntions are possible {ef. fig. 8). The projection
of the upper zegment must be rotatad either elock-
wise or counterclockwise through an angle of less
than 180° to bring it into coincidence with the
Lactiﬂu of the lower segment. A characlerisfic ¢

¢ ascribad to each double point; e=<1 il the pro-

I K. Hajdemeister, Knotentheorbe, fulins Bpringsr, Boelin (18331 repobi.
Chelwa Fublithing Geo., New York (1ed%), 0_ 18 8. pe
U acfuplly & st of eqniralent. projacdlaos.
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jection of the upper segment tnust be rotated clock- It is now po=sibls to form the sum Z¢ over all
wisa to bring it into eoincidence with the projection | double points of the koot. [ propose that the abso-

of the lower line sspment, and e=—1 if it must be | lute configuration of 6 knot ba deaignatad ;
rotated countercloclewise, Exammation of figure B . -
reveals that the charactaristic of g double poing iz (B) if Ze>0

invariant: If the knot is turned over (viewed from | 204 g if

the cther side} or if the direction aseribed to the knot (8) i Ze< 0.

is reversed, then the walue of the cheracteristic iz | By this convention the knots in figure O dealgnated
atill unehanged. az (a], (), {e}, (g, (b}, and (i) ere in the {E)-form -

2€s +2 2€:+8 2e=-2
{h) (¥} {i}

Figurk 9. Erxamples of fnols whick differ fromt their mirror images.
(A o gl ipd ohbbd wach donble poiot with m valws of the charapberistlt 4===1. ‘Tha kobal of the vnlosd of the chumeborstiet & iodlepted noder ech dnct, The
g parimpnsed ki)

i1 theg ot g Ior e of detsrmming Yo yoahaes of the chameteristics noed see s ao, stirlbuts of the
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(a)

and kaotz (b}, (d), {f}, and (j) are in the (§)-forw.
Knots (n) ond (b, (o) and {(1}, and {e} and {f) arc
enantipmeric paira. i

For certain knots Ze=0 (ef. fipg. 10}. This s
exactly as it should be, for precisely these knots are
identical with their mirror imeges (ef. fig. 11). Notc
howeaver that although knot (b} of figure 10 is not
per e optically active, if the koot has an intrinsic
direction then it exists as an cnantiomerie pair {cof. fig.
11B}. Fﬂf this situation l?; fiurther convantion 1;
necezsary for assipning an abaslute configuration.
proposa the following directed fnot convention:

1) Assign the positive dirsction to the kootted
molecule such that one proceeds #n tha atom most
genior by the sequenes rule jfrom its more senior
neiphbor.

{(2) Determine the largest possible number of suc-
cespive double points along the knot in the positive
direction which have e=+1. Define the molecula
a8

(B) f an equal number of svecessive double
points follow which have ¢e=—1, and

(8 if & smaller number of successive doubla
points follow which have e=—1.

The two atems under subruls (13 are to be membera
of the eychic portion of the molecule when possible,
otherwise they are to be the niomz ncercst the
eyelic portion which can define the dircetion. Thas

lactone ¥V has its positive direction defined hy
proceeding from the cerbonyl carbon atom to the
0Xy OXygen atom, and consequently, under subruls
{27, it 18 the (8 wWomer beciuse after double points
A B C, and D (with e=4-1} only double points E
and F follow with e——1 before doubls point B is
again reached. The positive direction of the chlo-
roolefin VI is defined by proceeding from the termina]
hydrogen atom to the chlorine stom, and the moleculs

owT is the (&) isomer since double points A, B, C,
and A are followed by I, B, F, and D1 .

It is worth noting thet a set of Borromesn rings
iz identical with ite mirror image even if each ring
Las a direction atirbuted to it sod each ring 1=

{b)

Frevre 10. Erampler of knols whick ore {dentical with thetr mirror fmager.

A

2€e=0
{c)

different from the others, s.g., in the frilactone VII,
3,2, 8 . triketo-1,17, 17~ trioxa [67.6 3. 509] bellantane.
The identity of mirror images is more readily ap-
porent when a set of Borromean rings is ropresented
not as a “well-known brewer'a symbaol” ¥ (fig. 12)
but in the slternative representation of figarc 13,

Molecularly Dissymmetric Diastersomers

The designation of the abzolute conflguration of a
compound i3 fived entiwely by the stereochemical
atructure of the compound. However, for purpossas
of eiting the absolute confizuration it is penerally
necessary to couple the symbol (B or (5} with the
pama of the compound and, in the case of compounds
having several asymmetric centers, with the designa-
tion of the center of asymmetey. Thus we use such
names as {28:38)-3-amino-2-butanol or (25:3K)-3-
hydroxy-2-butylamine. In the case of disstoreomera
mvolving molecular disspiometry und 8 center of
ssymmetry, ns in (B:58)-5-methyl23-hepladiene,
VILL, it is readily epparent from the absence of a
positional designation which symbol refers to the
sense of the molecolar dissymmetry, Nor ean con-
fusion cxist in oaming compounds having two
similar axes or planes of diss etry, which would
take the prefix (H:K)-, (8:8)-, or meso- for (R:8)-)
to thelr names,

Posaible eonfusion occurs when the abaolute con-
ﬁ%fal:;'ntiun of a molecnle having dissimilar axes or
plenes of dissymmetry is cited. For names of such
compounds T urpe the [ollowing practice:

(1} For compounds named fragment by fragment
cite the sepse of disyounetry together with the
fragment; ap., (R)-tmethyl-4-((S}-d-ketocyelohex-

Lieyelohexanone dioxime and (R)-4-(2-(F:285-3,4-
Eexadienyl}c}*clohamuna oxlme,

(2) For compounda named as a-unit site the senses
of dissyinmetry in the same order as that in which
the pariz of molecala are eited; thus (S:R)-2,3,

W B, Wisitmat, Sel, Avd. 307, Ma, £, M {Hov, 192},
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. but in the neming of very complex etructures this can
* become excesslvely cumbersorme, Paper 6746245}
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