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Abstract: Epoxidation of di- or trisubstituted cyclic (Z)-alkenes of 10-15 members having an a-alkyl substituent occurs by 
least hindered attack on a geometry such as 1 having the allylic substituent pseudoequatorial. Similar selectivity is seen for 
a-branched ^-trisubstituted cyclic alkenes. The ii-disubstituted alkenes react with lower, but still useful, selectivity with MCPBA. 
However, osmylation of is-disubstituted cycloalkenes of 10,12, and 15 members affords diastereomer mixtures with poor selectivity. 

Medium- and large-ring alkenes are flexible molecules which 
have many conformational options. However, the local ring 
segment containing the alkene tends to adopt only certain geom
etries according to solid-state evidence.1,2 Further restrictions 
in conformational options arise for molecules having an allylic 
alkyl branch point. In the case of (Z)-alkenes, a local confor
mation is favored where the allylic alkyl group can occupy a 
pseudoequatorial orientation, as in structure I.1 Pseudoequatorial 
allylic alkyl is also observed in the (E) -olefin series, and the local 
olefin conformation can be described by a crownlike geometry 
as in 2.2 We have studied cis-addition reactions of representative 
cyclic alkenes having allylic methyl substituents to determine 
whether the stereochemistry of products can be correlated with 
transition-state geometries resembling 1 and 2. 

Our approach assumes the local conformer effects will dominate 
the effect of remote substituents. We expect this assumption to 
hold in molecules that are sufficiently flexible to avoid serious 
transannular interactions. Still and Galynker have developed a 
computational method which can estimate the relative importance 
of many individual conformers of the entire molecule.3b This 
technique has been used to predict the effect of remote substituents 
on carbon bond forming reactions of medium-ring ketones and 
lactones and should also be helpful in evaluating olefin addition 
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Scheme I. Selective Addition Reactions (Bold Arrows) of 
(Z)-X,3-Dimethylcyclododecene (la) and Correlations 
(Light Arrows) 
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reactions. Our study is more specialized and deals only with the 
effect of allylic substitution, but the results show that predictions 
can be made in most instances without knowing the details of 
medium-ring conformation. Least hindered ("peripheral")3b attack 
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on local conformers 1 and 2 correlates very well with epoxidation 
or osmylation transition-state geometries inferred from the be
havior of (Z)-olefins and trisubstituted (£)-olefins (R = alkyl). 
More ambiguous results are observed in the reaction of is-di-
substituted olefins with the sterically demanding OsO4 reagent. 
However, epoxidations occur as predicted from peripheral attack 
on local conformer 2. Inspection of molecular models is sufficient 
to evaluate the relative importance of alternative local conformers 
such as 3. 

(CH2L 

Scheme II. Selective Addition Reactions (Bold Arrows) of 
(E)-1,3-Dimethylcyclododecene and Correlations (Light Arrows) 

#9 
Results 

Addition reactions of 3-methyl-cyclododecenes la, 2a, 14, and 
15 have been examined in detail. In all cases where high selectivity 
has been observed, the stereochemistry of products has been proved 
by unambiguous synthesis. The geometry of alkenes has been 
confirmed by NOE studies for trisubstituted derivatives and by 
vicinal olefin coupling information in the case of disubstituted 
alkenes. Epoxidation and osmylation results are presented below 
in outline form, together with chemical correlation schemes to 
prove stereochemistry. 

As shown in Scheme I, (Z)-l,3-dimethylcyclododecene (la)7 

is attacked exclusively on the /3-olefin face by w-chloroperbenzoic 
acid to give 7 and by OsO4 to give 9. Hydroboration occurs with 
approximately 9:1 /?-face selectivity, but the products include an 
unusually large amount of tertiary alcohol and the total yield is 
only 43%. This reaction was done as part of the stereochemical 
correlation scheme and has not been investigated in other systems. 

The correlations in Scheme I rest on the identity of di-
methylcyclododecanols 4,5, and 6. meso-5 is the only symmetrical 
isomer which can be formed by hydroboration from (Z)-olefin 
la. The symmetrical isomer obtained by reduction of 2,12-di-
methylcyclododecanone8 must therefore be 4 which is formed 
together with d,l isomer 6. Stereochemical assignments for ep
oxidation as well as osmylation use 8 as the key correlation 
compound. Of the two possible exocyclic alkene diastereomers, 
only 8 can give 5 by hydrogenation, and therefore 5, 7, and 8 must 
have two asymmetric centers of identical relative stereochemistry. 
Similarly, the mixture of epoxide diastereomers 10 must have the 
same methyl and hydroxyl stereochemistry at corresponding 
carbons as do 8, 9, and 11. All of the addition reactions of la 
occur with predominant or exclusive attack on the same olefin 
face. 

Correlations in Scheme II employ the same key reference 
structures as before. A comparison with results in Scheme I shows 
that the relative stereochemistry of attack at olefin C2 with respect 
to olefin C3 is the same in both (E)- and (Z)-alkenes. Only the 
stereochemistry at the carbon derived from olefin C1 changes 
depending on olefin geometry. A similar analysis leads to the 
conclusion that allylic hydroxyl in the E,Z mixture 13 must not 
be sufficient to anchor either isomer into local conformations 
resembling la or 2a. Both 13-£ and 13-Z would be expected to 
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(7) Prepared by mesylate elimination from 4. The mesylate of 6 did not 
eliminate under the same conditions. 
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mixtures. Product mixtures were assayed by 270-MHz NMR. Excellent peak 
resolution of methine and methyl signals allows detection of <5% isomer 
contaminants. 
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give 6 upon catalytic hydrogenation if the usual local conformers 
as shown above with pseudoequatorial hydroxyl were dominant 
in the transition state. This does not occur, partly because of 
unfavorable gauche or eclipsing interactions due to the adjacent 
olefinic methyl substituent, and a mixture of 5 and 6 results. Other 
factors may also be involved in this more complex substrate. These 
include the relatively small size of hydroxyl and the possibility 
that neighboring group participation by hydroxyl plays a role. 

Correlations for the reactions of disubstituted 3-methylcyclo-
dodecenes in Scheme III are based on conversion of epoxides or 
diols into the known 2-methylcyclododecanol diastereomers 17 
and 22.10 High selectivity for the same relative stereochemistry 
of epoxidation is observed as in Scheme I and Scheme II. Os
mylation remains selective in the usual sense with (Z)-olefin 14, 
but E isomer 15 reacts with low (1.9:1) and unknown selectivity. 
Among the reactions used for correlation purposes, the conversion 
of 20 into a 1:1 mixture of epoxides 24 and 25 is significant in 
the context of local conformer control. This result again suggests 
that allylic hydroxyl is not a reliable conformational anchor. The 
effect of allylic methyl remains dominant with disubstituted 
(Z)-olefin 14, but the (is)-olefin 15 reacts with significant con
tributions from more than one transition-state geometry. 

Because the behavior of disubstituted alkenes 14 and 15 suggests 
a more delicately balanced conformer population than for the 
trisubstituted alkenes, we have briefly explored two other ring sizes. 
As expected from the analogous reaction of 15, osmylation se
lectivity is poor with (i^-S-methylcycIodecene (1:1 mixture) and 
(£)-3-methylcyclopentadecene (2:1 mixture). Product stereo
chemistry has not been proved in any of these marginally selective 
reactions. 

Epoxidation of (.£)-3-methylcyclodecene results in a 5.5:1 
preference for the same relative stereochemistry as in 15 —* 18. 
In the more flexible (is)-3-methylcyclopentadecene, the analogous 
epoxidation preference falls to 3:1. In all three cases studied (10-, 
12-, and 15-membered (£)-3-methylcycloalkene epoxidations) the 
NMR spectrum of the major epoxide has a singlet (!) for the C3 

methyl group due to accidental equivalence with strongly shielded 
C3 methine hydrogen. Comparison of chemical shifts in the spectra 
of 18 and 19 (Scheme III) suggests that each epoxide adopts that 
crownlike local conformation which places epoxide oxygen 
"outside" the ring. Neighboring pseudoaxial substituents are 

(10) Sicher, J.; Svoboda, M.; Pankova, M.; Zavada, J. Coll. Czech. Chem. 
Commun. 1971, 36, 3633. 
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Scheme III. (£>and (Z)-3-Methylcyclododecenes 
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significantly shielded relative to their pseudoequatorial counter
parts, an effect which is also seen in the CHOH proton of 25 (2.98 
ppm) vs. 24 (3.63 ppm) and in simpler analogues."11 

In the (Z)-olefin series, epoxidation of 3-methylcyclooctene,14a 

3-methylcyclodecene, and 3-methylcyclopentadecene occurs with 
high selectivity6 as in the 12-membered ring case. Osmylation 
affords a single diol with the 8- and 10-membered rings and a 
4:1 mixture with the 15-membered analogue. The stereochemistry 
of osmylation products in these examples has not been rigorously 
proved, but the usual preference as in 14 —* 23 can be assumed 
by analogy to the (Z)-alkene epoxidations. Correlations in the 
epoxidation experiments have been performed by the same 
methods used in Scheme III. 

Summary 

Epoxidation selectivity is good with medium-sized-ring 3-methyl 
(i^-alkenes and can be rationalized by least hindered (peripheral)311 

attack on a crownlike local conformer such as 2 (pseudoequatorial 
allylic methyl).11 The same transition-state geometry can be 

invoked for the reaction of OsO4 with £-trisubstituted 212 but not 
with disubstituted 10-, 12-, or 15-membered (£>alkenes. Sig
nificant osmylation of both olefin faces suggests that pseudoe
quatorial C3 methyl in 15 may interfere with approach by bulky 
OsO4(L)2. Alternative geometries where the C3 methyl is in the 
olefin plane may become more reactive. For disubstituted E 
olefins, reasonable possibilities include the crownlike local con-
former 3 (R = H) with CH3 in a pseudoaxial orientation or 
noncrown variants where the CH3 group remains eclipsed with 
the olefin /3-substituent. Such local conformers are unlikely for 
trisubstituted (is)-alkenes (3, R = alkyl), and transition-state 
geometry 2 is strongly favored. It may be significant that a 

(11) Other examples: (a) Corey, E. J.; Weigel, L. O.; Chamberlin, R.; 
Cho, H.; Hua, D. H. J. Am. Chem. Soc. 1980,102, 6613 (allylic methyl and 
OH substituents). (b) Itoh, T.; Jitsukawa, K.; Kaneda, K.; Teranishi, S. Ibid. 
1979, 101, 159. (c) Cicala, G.; Curci, R.; Florentine M.; Laricchiuta, O. J. 
Org. Chem. 1982, 47, 2670 (allylic OH substituent only). 

(12) Other examples: Corey, E. J.; Hopkins, P. B. Tetrahedron Lett. 1982, 
23, 1979; also, ref 3g. 
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crownlike geometry with pseudoaxial methyl is observed as the 
preferred local conformation of the minor epoxides (19, for ex
ample) obtained from 7s-disubstituted 3-methylcycloalkenes. 

Transition-state geometries resembling any of these (£)-olefin 
conformers will encounter considerable transannular interactions 
as rehybridization proceeds. Thus, several factors complicate the 
correlation of favored ground-state and transition-state local 
conformation in reactions involving £-disubstituted cycloalkenes 
and bulky reagents. As noted earlier, our generalization is intended 
for use only with (£)-olefins having allylic alkyl substitution. 
Although there are examples in the literature where allylic OH 
directs epoxidations in the same stereochemical sense as in our 
system with allylic CH3,llb'c the effect is smaller and not as reliable. 
This is evident from the nonselective epoxidation of 20. Predictions 
in the (ZT)-olefin series must be made with caution.13 

On the other hand, the behavior of medium-ring (Z)-alkenes 
having an allylic (C3) branch point is easily predicted as long as 
olefin C2 does not have additional substituents. In all such cases 
described in this paper or in earlier work,3g'llb'c'14 the major product 

(13) We have described an example of osmylation of an £-trisubstituted 
alkene which occurs with high selectivity opposite to what is predicted using 
a local geometry as in 2.3g A transannular electron-deficient 7r-system appears 
responsible for the anomaly. 

(14) (a) Cope, A. C; Wood, G. L. J. Am. Chem. Soc. 1963, 85, 3601 
(allylic methyl), (b) Poulter, C. D.; Friedrich, E. C; Winstein, S. Ibid. 1969, 
91, 6892. (c) Friedrich, E. C; Biresaw, G. J. Org. Chem. 1982, 47, 2426. (d) 
Kawabata, N.; Nakagawa, T.; Nakao, T.; Yamashita, S. Ibid. 1977, 42, 3031 
(allylic OH). 

can be rationalized by least hindered attack on a local conformer 
similar to 1. Similar results have been observed for systems having 
either allylic hydroxyl or alkyl substitution, so the effect must be 
relatively large. 

We believe that consistently high selectivity results from a good 
match between preferred local ground-state and transition-state 
geometry. Both CH3 and R occupy innocuous locations near the 
olefin plane in conformers such as 1, and there is sufficient 
flexibility to minimize transannular effects as rehybridization 
occurs. The selectivity is often large enough (>20:1 product ratios) 
to justify stereochemical predications based on the dominant local 
conformer even in more complex systems where other important 
conformational factors may not be known. 
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Abstract: This paper presents a description of CC bonds in hydrocarbons in terms of the properties of the charge density p 
at a bond critical point. This is the point (rc), where p attains its minimum value along the path of maximum density (the 
bond path) linking the nuclei of neighboring atoms. A bond order is defined in terms of pb, the value of p at rc. A measure 
of the deviation of the charge distribution of a bond path from axial symmetry is provided by the bond ellipticity e = X]/X2 
- 1, where X1 and X2 (IX1I > |X2|) are the two negative curvatures of p at rc. The value of e is zero for the CC bond in ethane 
of order 1 and attains some maximum value for CC bonds of order 2. The ellipticity thus provides a quantitative measure 
of the -IT character of these bonds and the plane of the ir distribution is uniquely specified by the direction of the axis associated 
with the curvature of smallest magnitude, X2. The values of pb and e enable one to translate the electronic effects predicted 
by orbital models into observable properties of p. Conjugative interactions between single and double bonds are reflected by 
n > 1 and e > 0 for the CC bonds of formal order 1. The major axes of the ellipticities induced in the single bonds are parallel 
to the corresponding axes of the double bonds. The largest effects are found for systems with an aromatic delocalization of 
TT electrons. Antiaromaticity is reflected by a decrease in the value of n and e for the intervening single bonds. Hyperconjugation 
is also reflected by a value of n > 1 and an e > 0 for the participating CC single bond. The CC bonds of a cyclopropyl fragment 
also exhibit substantial ellipticities as a consequence of the proximity of a ring critical point to the bond critical points in 
three-membered ring systems. The conjugative interaction of a three-membered ring with an unsaturated system as rationalized 
in terms of the Walsh orbitals for cyclopropane is here given a physical basis in terms of the topological properties of the charge 
density. 

The topology of a molecular charge distribution yields a single 
unified theory of molecular structure, one that defines atoms, 
bonds, structure, and the mechanisms of structural change.1'2 The 
same theory defines all average properties of an atom in a mol
ecule.3 

One may unambiguously assign a chemical structure to a 
molecule by determining the number and kind of critical points 
in its electronic charge distribution, points where Vp = 0. The 

* McMaster University. 
'Universitat zu KoIn. 

same information enables one to determine whether or not the 
structure is topologically stable with respect to the making and/or 
breaking of chemical bonds. If it is unstable, one may predict 
the possible ensuing structural changes. The determination of 
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