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SOME APPLICATIONS OF THE CONFORMATIONAL 
DISSYMMETRY RULE 

J. H. BREWSTER 

Department of Chemistry, Purdue University, Lafayette, Indiana 

THE twisted chain of four atoms (I)’ is not superposable on its mirror image and so is 

dissymmetric;2 as such it might be expected to be, of itself, optically active.3 This 
optical activity will, of course, be observable only when enantiomeric conformational 
units are present in unequal amounts because of restraints on rotation about the cen- 
tral bond. Such restraints can be provided by structure (as when the central bond is 
part of a ring), by steric hindrance (as in the optically active biphenyls) or by a dissym- 
metric environment which makes one conformational unit more stable than its 
enantiomer.4 The concept that conformational dissymmetry may be an important 

X 

x\ c-yy - - & ,_.- -Y 

d[M],= thxr 

source of optical activity in organic compounds in general has been explicitly employed 
in many discussions of optical activity, among which may be mentioned those of 
Kuhn5, Kirkwood6, Eyring’ and Bernstein and Pedersens. Whiffens reduced this 

A[M],= kXY 

1 This simple chain of four atoms will be referred to as a “conformational unit”. 
* G. W. Wheland. Advanced Organic Chcmrsrry (2nd Ed.) p. 151. John Wiley, New York (1949). 

Properly speaking, this unit is asymmetrtc only when X and Y are different. 
* See K. Mtslow, 7ran.r. New York Acad. Sci. 19, 298 (1957). for rcfercnccs to some of the early ex- 

pressions of thts idea and for references to examples of optically active conformational cnanuomers. 
’ WC will continc our attention to cases in which the dissymmetric environment is provided by one or more 

asymmetric atoms withm the molecule contammg the conformational unit. 
s W. Kuhn, Trans. Faraday Sot. 26.293 (1930); comment on p. 352. 
’ J. C. Kirkwood,/. Chcm. Phys. 5.479 (1937); W. W. Wood, W. Fickett and J. G. Kirkwood. Ibid. 20,561 

(1952). In the latter paper the rotatory propcrtics of 1.2-dtchloropropane are constdered to be controlled 
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kc bHJ 
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by the relative prevalence of the dextrorotatory conformatton o and the levorotatory conformatton b as 
influenced by solvent properties and temperature. 

’ See W. J. Kauzmann, J. E. Walter and H. Eyring. Chcm. Rer. 26.338 (1940). This review cmphasues the 
potnt that the large rotations of many cyclic compounds reflect the dtssymmetry of relattvely rigld con- 
formations. 

’ H. J. Bernstein and E. E. Pedersen. 1. Chrm. Phys. 17. 885 (IY4Y). 
’ D. H. WhitTen, Chem. & Ind. 964 (1956). 
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Conformational dissymmetry rule 107 

principle to a convenient rule which, in modified form,l0 appears to be rather widely 
applicable. The modified rule, for which the name: “Conformational Dissymmetry 
Rule” is proposed, can be stated as follows: 

(a) The “conformational unit” I is dextrorotatory” in the absolute configuration 
shown. 

(b) The magnitude of this rotatory effect is proportional to constants characteristic 
of the terminal atoms, X and Y :l* 

(c) The rotatory power of a full conformation (as II) is the sum of the rotatory 
contributions of the six constituent conformational units. 

X + 

H-., 
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,‘,,Y 
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[MID = k(XY - HY - HX + HH) = k(X 

X 

K-l, 
3 

n 

WY - W 

W 

This conformation will be dextrorotatory when X and Y are both more polarizable 
than hydrogen (compare conformations a and b6). Numerical values for representa- 
tive full conformations have been obtained empirically;lO some of these values are 
shown in II. 

Whiffen showed that his form of this rule could be used to predict the sign and 
magnitude of rotation of the polyhydroxycyclohexanes and the pyranose sugars and 
pyranosides. The modified rule,‘O using somewhat different constants, permits similar 
predictions in the carbohydrate series and has been extended to open-chain, saturated 
carbocyclic, endocyclic unsaturated and deuterium compounds. In certain cases 
additional effects resulting from gross asymmetry about a carbon atom or from general 
molecular dissymmetry must also be taken into account. It is the purpose of this 

I0 J. H. Brewster, J. Amer. Chcm. Sot. 81, 5475. 5483, 5493 (1959); Terrahcdron tirrcrs No. 20. 23 (1959). 
I1 This rule is designed for use with rotations measured at the sodium D line. In general. however, a center of 

optical activity which produces a positive Cotton ctfect at the wave length of an “optically active absorp- 
tion band” will produce dextrorotation in longer wave length regions oftransparency. Dispersion meaaure- 
ments. even if they produce only plam curves, are therefore recommended as a means of checking up on 
mterprctations made by use of this rule, particularly when a substance may bc expected to contain several 
optically active absorption bands at different wave tengths. 

I2 While Whitfen’ considered this effect to be determined by the terminal atoms, he did not propose this 
simple proportionahty. In consequence, his empirical numerical values could be added and subtracted 
but not factored; this placed a severe limitation on the extension of his treatment. Theempirical numerical 
values obtained m the prexnt author’s treatment roughly follow the expression: 

A[MJn = 165R”‘R”s = I 

where Rx and R, are atomic refractions of the terminal atoms. A priori. it seems likely that diaerent 
constants might be needed when the central atoms differ significantly from carbon in polar&ability. 
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paper to illustrate the mechanics of the application of this rule, a clear understanding 
of this point being necessary if significant tests and criticisms are to be made. Some of 
the present limitations of this rule will also be pointed out. 

Relatively rigid cornpounds. 

The lupine alkaloids. The application of this rule to rigid saturated compounds is 
straightforward; each bond is examined in turn and its expected rotatory contribution 
noted, the sum of these contributions being the predicted rotation. We may illustrate 
the mechanics of this rule, and some of its limitations, by atttempting to predict the 
absolute configurations of the lupine alkaloids. It should be emphasized that until the 
limitations of this rule have been defined all such predictions require independent con- 
firmation; we are then, at best, making only tentative assignments of absolute con- 
figuration. 

-390 - 404 
Thsrmopslne Anogyrins 

-163 
17 -1solupanine 

-201 
Lupa,nine 

Anagyramlde 

25.5 
Oaorparteme 

\ 
129 

o-Irorpatdnr 
41 

Sporteine 
b 

- 

-36 
Spartaluplns 

16.6 

Aphyllidme 

25-5 

Aphyl line 

Ghan I. 

R=H -227 
R=CH, -451 

R = ii Cytisine 

Chart I shows the relative configurations of these alkaloids as deduced by Marion 
‘ W. F. Cockbum and L. Marion, Conad. J. Chcm. 29, 13 (1951) 
b H. R. Ing. J. Chem. Sot. 504 (1933). 
c F. Galinovsky and E. Stem. Err. Dfsch. Chrm. Ges. 76. 1034 (1943); 77, 132 (1944). 
cl L. Marion and N. J. Leonard. Canod. 1. Chcm. 29, 355 (1951). 
’ L. Marion, F. Turcotte and J. Ouellet. Cunod. J. Chem. 29, 22 (1951). 
’ G. R. Clemo, R. Rapcr and C. S. Tenniswood. 1. Chrm. Sot. 429 (1931). 
’ hi. Carmack, B. Douglas, E. W. Manin and H. Suss, 1. Amu. Chem. Sot. 77.4435 (1955). 
9 A. Orckhov. 1. Cm. Chcm. (U.S.S.R.) 7, 2048 (1937). 
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and Leonard13 and as confirmed by an X-ray diffraction study of ct-isosparteine14(III). 

In 
(I -1sorpwteine 

The rotatory effect of each of the bonds of the all-chair form of a-isosparteine is shown 
in Fig. IV; the molecular rotation predicted for this conformation and configuration 
is 120”, there being a net excess of two dissymmetric conformations of rotatory power 
k(C - H)(C - H). The close approach of the two nitrogen atoms in this conformation 

0 
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mng confwmoioon MC M, 
B C 

chair chdr 120 bcovo) 
clo* boat I20 
boat cnoi I20 
boal boat 120 

0 -Iroapartrlne 
JJ! 

suggests that rings B and C might adopt boat conformations in each of the epimeric 
sparteines. These conformations can be analyzed if it be assumed that the conforma- 
tional unit V has the same rotatory power as I (this would be true if the magnitude of 

I* L. Marion and N. J. Leonard, Canad. /. Chcm. 29,355 (1951). 
I* M. Przybylska and W. H. Barnes. Acru Crysf. 6, 377 (1953). 
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the rotatory effect varied with the sine of the angle 4). As seen in the tabulation under 
Fig. lV, all of the conformations of a-isosparteine are predicted to have the same 
rotation; this value is in reasonable agreement (in magnitude) with rotations reported 
for the hydrate, [Ml, 129 (abs. alc.),rs 141 (methanol).16 

A similar analysis of conformational dissymmetry in sparteine (VI) and spartalu- 
pine (VII) indicates that these epimers should have smaller rotations, with sparteine 

6 C 

dmk cfmlr 0 bboval 
d301r 
mot z 60 

mot boat 2 
sportrlnr 

Yl 

having the same sign of rotation as a-isosparteine aod spartalupine having the oppo- 
site sign. The configurationally related alkaloids do, in fact, have rotations of 
the predicted sign and order of magnitude [sparteine [Ml, 41 (abs. alc.);ts sparta- 
lupine, [Ml, -36 (abs. alc.)]t7JB. 

This rule is not applicable at present to lactams (as lupanine) or fused ring aro- 
matic compounds (as thermopsine) in part because reliable rotation constants for 
bonds near highly unsaturated groups are not yet available. Perhaps more important 

lb L. Marion, F. Turcotte and J. Ouellct. Cutwd. J. Chcm. 29.22 (1951). 
I’ N. J. Leonard and R. E. Bcylcr, J. Amrr. Chem. Sot. 72, 1316 (1950). 
I’ R. Gaahalgh and L. Marion, Cumzd. J. Chem. 34.456 (1956). 
I* M. Catmack, B. Douglas, E. W. Martin, and H. Suss,I. Amer. Chcm. Ser. 77.4435 (1955). 
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is the likelihood that in these compounds the whole molecule forms a single dissym- 
metric pattern of polarizability (“permolecular dissymmetry”) the rotatory effect of 
which is dominant. Thus, the alkylation of cytisine (Chart 1) produces an enormous 
rotatory shift which cannot be explained at all by the Conformational Dissymmetry 
Rule. It is the author’s opinion that the approach exemplified by the Octant Rule may 
be needed to account for such long-range “permolecular” effects in unsaturated com- 
pounds; a possible alternative is analysis of such patterns of polarizability as extended 
dissymmetric conformations. 

Flexible compounds 

An estimate of the relative prevalence of each possible molecular conformation 
must be made if the Conformational Dissymmetry Rule is to be applied to a flexible 
compound. The following rules*0 permit a convenient but approximate conforma- 
tional analysis of open-chain compounds: 

(a) Only staggered conformations are “allowed”. 
(b) The five atom conformation VIII is “prohibited” when the terminal atoms are 

larger than hydrogen. The strain in this conformation would be equivalent to that 
found in the corresponding I ,3-diaxial cyclohexane. 
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(c) The conformation 1X is “prohibited”. The cis conformations of 1,1,2-tri- 
chloroethanels and of 2-methylbu&te20 are less stable than the corresponding skew 
forms by at least 4 kcal. By the same argument, the two conformations X and XI, 
which in 1,1,2,2-tetrachloroethane1g and 2,3-dimethylbutanea have almost the same 
energies, must be “allowed”. 

(d) All “allowed” conformations are, in the first approximation, equal in energy. 
This rule is the weakest of the four and, in many cases, can obviously be relaxed; it is 
really only needed in the conformational analysis of compounds with long flexible 
chains. 

r 
c,-cz-t,-c.-c,-cs 

c 
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____.__+.--_ __..__. _3+ 

+ .-__ __ ._._ _._ +_:::._____ 

“-Q_ ._...... ______2+ 

._..t:.-:.;I 
__~.__...t--.- -.------,+ 
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__.. 
__-. ___..- ...- 0 .._.... ____ 0 

-..__ 
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--_ ._____.--. 

____ ____ 0. -_..._ _... 2_ 

.-.--._,_ 
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These rules, used systematically, permit a simple, if approximate, conformational 
analysis of a compound such as (+) 3-methylhexane (XII). Bond G-C, is “allowed” 
to have two conformations having rotatory powers of 60” and -60”. When this bond 
is in the dextrorotatory conformation the only “allowed” conformation of bond 
C.&Z, is also dextrorotatory (rules b and c). When the conformation at C-&Z, is 
dextrorotatory the levorotatory conformation at C&-C, is “prohibited” (rule b), 
the others being “allowed”. (These restraints on rotation at bonds C&J, and C,-C, 
are readily seen by use of ball-and-stick models.) For the case when bond C,-C, has 
its dextrorotatory conformation, there are, then, two molecular conformations having 
rotatory powers of 180” and 120”. When the conformation at C,--C, is levorotatory 
the rest of the molecule has greater rotational freedom. Both the dextrorotatory and 
the levorotatory conformations at C,-C, are “allowed” and for each of these cases 
two conformations are “allowed” at C,-C,. These four molecular conformations 
have predicted rotations of 60”, O”, - 120“ and - 180”. This analysis is summarized in 
a convenient form by the branching diagram shown under XII. Note that if each con- 
formation is considered equally probable the net rotation of the mixture would be IO”; 
this compares well with the observed value of 9*9°.21 In effect, the asymmetric atom has 
provided a dissymmetric environment for the ethyl and propyl groups and prevented 

“J. R. Thomas and W. D. Gwinn, /. Amer. C’hem. SOC. II. 2785 (1949). 
lo D. W. Scott. J. P. McCullough. K. D. Williamson and G. Waddmgton. /. Amer. Chcm. Sot. 73, 1707 

(1951). 
*I R. E. Marker, J. Amer. Chem. Sot. 58,976 (1936). 
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them from acting as cylindrically symmetrical substituents. The sign and magnitude 
of rotation of a large number of simple open-chain compounds can be predicted by 

this method.iO 
Freudenberg ** has pointed out that the acid phthalate of a secondary carbinol 

having the absoluteconfiguration XIII (S is a small alkyl group, L is a largealkyl group) 
is moredextrorotatory ([Ml,) than the parent carbinol. The “Phthalate Rule” can be 
rationalized by use of the Conformational Dissymmetry Rule: this analysis suggests 
a more general “Benzoate Rule”. 

S 

L 

XIII 

A benzoate ester will tend to adopt the planar conformation XIV in which reso- 

nance effects are maximized and steric interactions between the phenyl group and the 
alkyl group are minimized. The carbonyl oxygen atom has appreciable steric require- 
ments and will tend to align itself so that it is flanked by the two smallest substituents 
on the carbinol carbon atom. Thus the benzoate of XIII will tend to assume confor- 
mation XV about the bond C*-0 (the shaded circle represents the l+axis of the 
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Ii. 
I’ 

4 
‘\ 

i 
XY 

L\ -T ‘\ ,’ 
?I4 

i 
nil 

benzene ring). This conformation, which is, ofcourse, not found in the parent carbinol, 
should be strongly dextrorotatory since the alkyl group, S, will be more polarizable 
than the hydrogen atom. If the steric requirements of L and S are grossly different, 
conformation XV will be predominant; as the steric requirements of the two 
groups, L and S, become more nearly alike, more of the levorotatory conformation 
XVI will be present. Accordingly, if L and S are similar in polarizability, the magni- 
tude of the rotation difference between the benzoate and the carbinol (A = [M]ben_te 

- WI car,,,no,) will be related to the difference in the steric requirements of the two 
groups. This will not, however, be a simple relationship since benzoylation will alter 
the conformational freedom of L and S and so produce additional (but probably small) 

** K. Freudenberg. Swrcochemie p. 696. Deuticke, Leipzig (1933). 
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conformational dissymmetry effects. This analysis indicates that similar rotation 
shifts should be observed when the benzoate group carries m- or p- substituents. 
Acid phthalates might be expected to follow this rule because they would probably 
tend to have the hydrogen-bonded structure XVII, which would reinforce the required 
rigidity of the benzoyl group. It would not be surprising if other o-substituents pro- 
duced anomalous rotation shifts. This rule would be expected to apply equally well to 
open-chain and cyclic saturated carbinols. 

As seen in Tables I and 2, m- andp- substituents do not interfere with the operation 
of this rule; electron-withdrawing o-substituents increase the magnitude of the rota- 
tory shifts. There is a regular variation in rotatory shift as a function of the relative 

steric requirements of the two alkyl groups (Table 3). This effect is also seen in the 
2-methylcyclohexanols (XVIII), the borneols (XIX), the cholestanols (XX), the men- 
thols (XXI) and the carvomenthols (XXII). In the last two series the shifts are not 
always as large as might be expected, perhaps because of conformational mobility 
of the ring. These regularities suggest that configurational assignments might be 
based on the occurrence of large rotation shifts of this nature. 

TABLE 1. MOLECULAR ROTATIONS OF BENZOATES OF ( ! ) ~XTTANOL 

X 

NO, 

CO,H 

Temperature I o- I t?l- 
- _‘_ 

20 

30 

90 

20 

90 

1224 

115’ 

33” 

45” 

134 (alc.)b 

I 19 (chf.)* 

108’ 

97” 

94” 

90” 

P- 
--- 

_- 

Bcnzoate 78’ 

D H. G. Rule and A. H. Numbers. /. Chem. Sot. 2116 (1926). 
* R. H. Pickard and J. Kenyon. /. Chem. Sot. 99.45 (1911). 
c J. Kenyon and R. H. Pickard. /. Chrm. Ser. 107, I I5 (1915). 
All rotations positive. Unless otherwse noted all esters in homogeneous state. 
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TABLIZ 2. MOLECULAR ROTATIONS OF BENZOATLS OF ($1 MENTHOL 

X 

NO, 
CO,H 
CO&H, 
I 

CH, 
Bf 

Cl 

Temperature I 

381’ 
332b 
26Y 
2466 
231e 
205’ 
195’ 

OCH, 20 145t 

N(CHA 20 1 206L (ale.) 
-_- - -. - -- 

Benzoate 236” 
a-Naphthoate 246’ (ale.) 
/3-Naphthoate 283’ (benz.) 

65 
20 
20 
20 
20 
20 
20 

O- 

I 

I 

25P I 

m- 

235. 

/ P- 
I I 

2- 

259 
246’ 

235‘ 241d 
2w 246’ 
239’ 23?’ 
237’ 237’ 
247’ 239’ 

258’ I - ---- 

l J. B. Cohen and H. P. Ames, /. Chcm. Sec. 87, 1190 (1905). 
* J. B. Cohen, D. Woodroffe and L. Anderson, 1. Chem. Sot. 109, 222 (1916). 
r J. B. Cohen and H. S. de Pennington.1. Chum. Sot. 113. 57 (1918). 
d J. B. Cohen and H. S. Raper.J. Chem. Sec. 85, 1271 (1904). 
* J. B. Cohen and H. W. Dudley. 1. Chcm. Sot. 97, 1732 (1910). 
’ L. Tschugacff. J. Russ. fhys. Chcm. Sot. 34.606 (1902). 
’ J. B. Cohen and S. H. C. Briggs. 1. Chem. Sot. r%?, 1213 (1903). 
I H. G. Rule and W. E. MacGillivray, 1. Chcm. Sot. 401 (1929). 
6 H. Rupe and M. Silberberg. Liebigs Ann. 327, 193 (1903). 

Unless otherwise noted all rotations on fused (supercooled) esters; for the most part, 
these values are not strongly influenced by temperature changes or solvent effects. All of this 
work was actually done with esters of (-) menthol; the benzoates all have the same sign of 
rotation as the parent alcohol. 

[Ml 
Acid 

42 (homog)*s I5 (homog)ss 

I66 (bcnz.)” 101 (benz.)** 
phthalate 

A I24 

XVIII 

86 

[Ml 58 (toluene)s’ -33 (toluene)“ 

Acid 
phthalate 171 (alc)s’ -234 (ale)** 

XIX 

*’ 0. A. C. Gough, H. Hunter and J. Kenyon. /. Chrm. Sot. 2052 (1926). 
*’ A. Haller. Ann. Chim.. VI. 27. 392 (1892). 
*’ R. H. Pickard and W. 0. Littlebury. 1. Chcm. Sot-. 91, 1973 (1907). 
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117 Conformational dissymmetry rule 

a-OH /?-OH 

-_~--~ -- - ~ ---.- -7 -‘~ .-_-- 

Position Carbinol I Benzoate A Carbinol 

I I 76 

3 97 114 j I7 90 
4 I2 -98 ; -110 II3 

6 136 307 I71 

7 43 -108 

I 
-ISI 202 

xx 

A 
HO," Y / 

Benzoate A 

I -75 

98 8 

280 167 

428 
I 

226 

HO 

-Q. \ 

VG*’ 

a A b A, c A d A 
_-- 

----- -- -i 
-- -_.-~ --- 

OH --77 32 -40 ’ - 3.5 

PNB - 232 - 155 55 23 -76 -36 I6 19.5 

DNB .-278 -201 lw 52 -95 -53 33 36.5 

OH, carbmol; PNB, p-nitrobenzoate; DNB. 3,Sdinitrobcnzoate. 

XXI 

Ia A(b Ale A d A 

OHI-_ --- - 
.-_ _. _ 

65 
26-r 54 

PNB -158 -II5 
1 

69.5 4.5 83 55 72.5 18.5. 
DNB 
Aph 1 I ;;: 1 1;:: 1 1: 1 : 94 ! 66 , 56 2* 

OH, carbinol; PNB. p-mtrobcnzoate; DNB. 3,5-dmitrobcnzoatc; APh. acid phthalate. 
l The purity of this isomer, neoisocarvomenthol. is uncertain; these shifts are in a dlrection opposite to 

that predicted. 
XXII 

p’ Data cited by J. P. hlathieu and A. Petit in Tables de Conrtanfrs l I Donnrrs Numerrques. 6. Conrronrcs 
Srlccrionces. Pouuoir Rorofoirc Norurel. 1. Steroida. Masson. Parls (1956). 

*‘J. Read, W. J. Grubb and D. Malcolm, 1. Chcm. Sot. 170 (1933); J. Read and W. J. Grubb, J. Chcm. 
sot. 313 (1934). 

** R. G. Johnston and J. Read, J. Chem. Sot. 1138 (1935). 
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A parallel analysis indicates that when the two substituents at the carbinol center 
have similar steric requirements but differ in polarizability then the carbinol having 
configuration XXIII (P is the more polarizable group, R is the less polarizable group) 
will show a dextrorotatory shift (compare XXIV and XXV). Millsa has already 
pointed out that such shifts do indeed occur in the case of allylic alcohols of the terpene 
and steroid series; the example shown in XXVI is typical. 

P 

H-C-OH 

R 

XXIII 

A 6 

xxu? XXY 

(1 a/b a’ 
-- 

OH 104 
PNB 540 I 

165 
436 

I I 

494 329 
DNB 518 404 MO 335 

I 

XXVI 

This rule cannot yet be safely applied to the phenyl alkyl carbinol series where the 
highly polarizable phenyl group is usually also the most bulky substituent. Very large 
solvent effects are noted in the rotations of the acid phthalates of this series. 

Cyclic ketones 

We are attempting to establish the Limitations of the Conformational Dissymmetry 
Rule by testing its applicability to groups of conformationally simple compounds of 
known configuration. The thorough work of Djerassi er ~1.~’ has made it possible 

“J. A. Mills. 1. Chcm. Sot. 4976 (1952). 
lo D. T. C. Gillespie, A. K. Macbeth and J. A. Mills, 1. Chrm. Sot. 996 (1948). 
‘I Reviewed in C. Djerassi, Optical Rotarory Disprrrion. McGraw-Hill. New York (1960). 
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(indeed, necessary) to try out this rule on cyclic ketones. For the most part it gives 

predictions equivalent 32 to those made by use of the Octant Rule.= The cases in which 

the two rules give opposite predictions are of especial interest as they indicate an area 
where experimental testing is needed. Although the tests we propose have not yet 

been made (Jan. 1960) it seems desirable to bring this discrepancy into the open since it 
indicates a limitation of one or the other of the rules. 

An equatorial substituent at position 2 of a cyclohexanone is almost coplanar with 
the carbonyl group (see the shaded portions of XXVII); this nearly symmetrical con- 

n 

xxal 

formation would be expected to produce little rotatory effect. An axial substituent at 
the same position forms a highly dissymmetric conformation with the whole carbonyl 
group; this particular conformation and configuration has the same geometry as V 
(let X be the axial substituent and Y the carbonyl oxygen atom) and so should produce 
a positive Cotton effect at some absorption band of the carbonyl group.S2 This will, of 
course, only be observable if the axial substituent at position 6 (which is in an enantio- 
merit conformation) has a lower polarizability. It is to be expected, then, that while 
alkyl, chloro and bromo groups in the configuration shown in XXVIII will produce 

Ball-rt,Ck mod.1 ot an axial 2-i&Stduti 
cycknamm, Thr shaded balls show fh. highly do- 
,ymm.t,ic ,xnfamatton tomYd by Wt. oxiol wbstl- 

tuti. two rhg carbon ot~mr and th. corbmyl OXY- 
ga” otan 

** This equivalence is rather rough. The Conformational Dissymmetry Rule does not take into account the 
geometry of electronic transitions and so cannot be used to predict which absorption bands wll be 
opttcally active. It can only be said that a dextrorotatory effect in the visible will be related to a posuive 
Cotton effect at the wave length corresponding to zomc absorption band of a chromophore that forms a 
part of a dissymmetric conformation. 

” See ref. 31, pp. 178-190. 
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positive Cotton effects, a fluorine atom (less polarizable than hydrogen) will produce a 
negative Cotton effect; such results have been observed.” Thus the two rules appear 

to give concordant predictions for equatorial and axial substituents at the 2 position. 
An equatorial substituent at the 3 position lies in a plane containing the carbonyl 

carbon atom (position I) and the carbon atoms at positions 2 and 3. While this plane is 

per se, symmetrical, it is skewed relative to the double bond of the carbonyl group (see 
the shaded portions of XXIX). The substituent, then extends the dissymmetric con- 
formation about the bond C,-C, and might be expected to have some rotatory effect; 

this effect would probably be relatively small in the visible since the substituent is at 

some distance from the carbonyl group but its importance would increase as the opti- 
cally active absorption band was approached. The direction of this effect, as predicted 

from XXIX, is in basic accord with the Octant Rule. Further extensions of this con- 
formation should produce larger rotatory effects. Several steroid ketones contain long 

extended conformations of this sort (see the heavy lines in XXX and XXXI); these 

Positive cottcx effect 
xxx 

Neqotmve cotton effect 

XXX1 

m C. Djerassi and W. Klyne. J. Amer. Chum. Sot. 79, 1506 (1957): C. Djerrssi, J. Osiccki. R. Riniker and 

B. Rinikcr. /bid. 80. 1216 (1958). 
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ketones show large Cotton effects of the predicted sign.36 Figures XXX11 and XXX111 
show that, in this respect, the 4- and 6-ketosteroids have similar dissymmetric con- 
formations and so should give similar negative Cotton effect curves; this is observed.% 

These predictions are similar to those made by use of the Octant Rule. 

ii 
Negative cottm effrct 

The two rules give different predictions when it comes to axial 3-substituted cyclo- 
hexanones. As seen in XXXVI an axial substituent makes a dissymmetric conforma- 
tion with the carbonyl carbon atom; the carbonyl double bond extends this conforma- 
tion but is not an integral part of it. The relationship between the geometry of the 
conformation and of the electronic transition is, therefore, different here and we 
cannot safely predict at which absorption band this conformation will produce its 
Cotton effect.s2 It is, however, a matter of some interest that if this conformation 
were to produce a positive Cotton effect at about 300 rnp then simple explanations 
would be provided for the dispersion curves shown by (t) isomenthone (XXXV; 
XXVI) and (+) 3-methylcyclopentanone (XXXVII). Under the Octant Rule, the 
positive Cotton effect of (+) isomenthone is explained= by assuming that the con- 
former XXXVI, in which the isopropyl group is axial, has the dominant rotatory effect 
(suggesting that XXXVI is present in larger amount than XXXV). Under the other 
rule, both conformers would be expected to show positive Cotton effects. In the case 
of (+) 3-methylcyclopentanone (XXXVII), which shows a large positive Cotton 
effect, the substituent itself, under the Octant Rule, would be expected to produce a 
negative Cotton effect. It becomes necessary, then, to assume that the substituent 
favors a particular mode of ring-puckering and that it is this twisted ring structure 
which produces the large Cotton effect. Under the Conformational Dissymmetry Rule 
the substituent has the proper orientation for producing a positive Cotton effecP* 
even if all puckered forms of the ring were equally probable (in which case the time- 
average conformation of the ring would be effectively planar, as would the bulk- 
average conformation). 

The Octant Rule interpretations of the dispersion curves of these two compounds 
are not unreasonable and may well be correct; the author is not aware of published 

IS Ref. 31. pp. 42-49. 
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Bdl-rtcx moar of ttm mar co”- 

fo,mat,m of a 3-wbsttltutrd cycl nton. Thii 
,hou&,j o~porlmot@ to the time-OYO OI CO”- 
formatlolr if ring pudtrr~ng n rat fin rd by 
th. pcrum. of ti sawtlturrt 

data which unequivocally establish this point. The al 

3 

rnative explanations, using the 

Conformational Dissymmetry Rule, seem simpler b t must be regarded with caution 
because, in the relevant conformations, the carbon group plays a role different from 
that it does in the other cases. It is, thus, possib that the predicted positive rotatory 
effect of XXXIV is in fact associated with a sho er wave length absorption band of the 
carbonyl group. 32 These are, clearly, points o be settled by experiment rather than 
words. If this discussion, by calling atte ,ion to this disagreement, leads to the 
finding of facts which define the limitations of these two rules it will have served its 

purpose. 

Nore added in proof (Jun. 1961): Preliminary results of our tests of this point 
indicate that the Octant Rule does, indeed, give correct predictions of the sign of the 
rotatory effects of axial 8-alkyl groups. 


