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An unusual kind of stereoisomerism termed E/Z isomerism without a double bond or general-

ised E/Z isomerism is discussed for the first time. Examples are given of pairs of synthesized

and separated compounds related by this kind of isomerism (4a/5a and 12a/15a), which were

obtained by an unusual rearrangement of substituents on a bicyclobutane ring system. Condi-

tions for the occurrence of generalised E/Z isomerism are defined.
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INTRODUCTION

In a recent book on molecular structure the question is

asked whether all causes of stereoisomerism are known,

and the answer given is »probably no«.1 The purpose of

the present article is to point to a type of stereoisome-

rism which (though known as a rare complication to a

few specialists active in the synthesis of aliphatic

polycycles)2–5 was widely overlooked. In particular, it is

not mentioned in Eliel’s book6 nor in any other stereo-

chemistry text known to us. We here try to define the

realm of this type of stereoisomerism, dubbed E/Z iso-

merism without a double bond or generalised E/Z iso-

merism, and for the first time present examples, pairs of

synthesized and isolated E/Z isomeric compounds lack-

ing a double bond.

Several years ago we aimed at and finally achieved

the synthesis of the third and last possible saturated

(CH)8 compound, octabisvalene 1,2 the other two being

cubane and cuneane.7 That work was motivated by the

unusual and presumably highly strained nature of the

octabisvalene ring system.8 The ring system was obtained

from trisoxirane 2 by a stereocontrolled route (Scheme

1), a sequence of three epoxide opening steps and three
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1,3-eliminative cyclization steps. For the known SN2

stereochemistry of epoxide opening together with the

known cis configuration of 2, there was no doubt that

two reagent molecules LiCH2SO2Ph would attack the

cyclohexane ring from the same side and that the two

phenylsulfonyl groups in disubstituted octabisvalene 4a
therefore are on the same side of the rigid ring system.

This assumption was later confirmed by an X-ray struc-

ture determination of 4a.2b

RESULTS AND DISCUSSION

There is, however, in principle room for stereoisome-

rism in such disubstituted octabisvalenes, as shown in

formulae 4/5 (Scheme 2). This stereoisomerism called

for a descriptor to distinguish the isomers.

By the IUPAC nomenclature rules9 1 is pentacyclo-

�5.1.0.02,4.03,5.06,8�octane, accordingly the bicyclobutane

bridgehead positions within one bicyclobutane moiety

are numbered 3 and 4, those in the other 7 and 8. There

is no rule as to the relative arrangement of 7 and 8 with

respect to 3 and 4, see 1' and 1''. Therefore both 4 and 5
are 3,7-disubstituted.9c,10 We decided to call 4 the Z and

5 the E isomer, in analogy to disubstituted ethenes 6/7.

The tertium comparationis obviously is a rectangular ar-

rangement of four positions equivalent by symmetry and

available for multiple substitution or replacement.

Though the synthesis of 4a, its X-ray structure and

some of its chemistry were published in detail,2 this type

of stereoisomerism still seems to cause difficulties even

to the experts at Chemical Abstracts Service. Thus the Z

isomer 4a is registered by CAS as RN 96362-89-9 under

the name »Pentacyclo�5.1.0.02,4.03,5.06,8�octane, 3,7-bis-

(phenylsulfonyl)-, stereoisomer« (i.e. the manner in

which stereoisomers of unknown configuration are reg-

istered), and its structure is given as 8 (Scheme 3) in the

Registry File. Drawing 8, on the other hand, may well be

interpreted as a legitimate representation of E isomer 5a.

In the Beilstein database compound 4a is registered

no less than three times, BRN 5311362, 5311363,

6243622, each with its own structure drawing, 9, 10, 11,

respectively. What kind of drawing, one may ask, will

be assigned by these agencies to the E isomer 5a if it is

ever described?

Here we report on the unexpected isolation of com-

pound 5a. Upon treatment with n-butyllithium in THF at

dry ice temperature, disulfone 4a is lithiated at positions

4 and 8 as well as at the phenyl ortho positions. Treat-

ment of such a solution with common electrophiles (D2O,

TMS-Cl, TIPS-Cl (iPr3Si-Cl), CO2, PhCOCl, DMF) re-

sults in mixtures of products substituted in bicyclo-

butane bridgehead positions and/or in phenyl ortho posi-

tions, e.g. 12, 13, 14 (E = D, TMS, TIPS, COOH, PhCO,

CHO) (Scheme 4), the product ratios depending on the

amount of n-BuLi and on the temperature during lithia-

tion and capturing.2,11,12

As an exception, when at least two equivalents of

n-BuLi are used for lithiation, followed by triisopropyl-

silyl triflate (TIPS-OTf) as the electrophile, then along
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Scheme 1. Reagents: a) 3 eq PhSO2CH2Li; b) 3 eq PhSO2Cl; c)
3 eq PhSO2CH2Li; d) Na/liq. NH3

Scheme 2.

Scheme 3.



with products of type 13 and 14 two core-monosilylated

bis(phenylsulfonyl)octabisvalenes are obtained, separable

by HPLC on silica (20 % EtOAc in hexanes). Initially,

these compounds were tentatively considered rotamers of

12a (12, E = TIPS), based on their almost superimposable

MS and NMR spectra.2c However, on thermal activation

(80 °C, 17 h) there was no sign of interconversion of

these isomers, casting some doubt on their identities.13

Their true nature was revealed when they were treated

with a solution of tetra-n-butylammonium fluoride in wet

THF for desilylation, resulting in two silicon-free very

similar compounds, separable by HPLC on silica (40 %

EtOAc in hexanes). One of these proved to be the well-

known 4a, the other is assigned structure 5a for the fol-

lowing evidence:

(i) The mass spectrum is superimposable to that of 4a;

(ii) the 1H NMR spectrum differs from that of 4a
only in a few small but reproducible chemical shift dif-

ferences, the overall habitus and even the coupling fine

structure of the core hydrogen signals being identical;14

(iii) the 13C NMR spectrum differs from that of 4a
in a few small chemical shift differences only.14,15

This structure assignment is corroborated by NOEs

observed in the 1H NMR spectra of the monosilylated

precursors:16 In the Z isomer 12a (Scheme 5), a weak

NOE is observed between the TIPS hydrogen atoms and

the ortho hydrogens of one phenylsulfonyl group. In the

E isomer 15a, precursor of 5a, along with a weak NOE

corresponding to the above another strong NOE is found

between the TIPS hydrogen atoms and the ortho protons

of the second phenyl ring. Further, in 12a only another

NOE between the TIPS H atoms and 8-H is observed.

The detailed mode of formation of 15a from 4a, � 2

eq. n-BuLi, and TIPS-OTf awaits further study. We pro-

pose a »symmetrical« intermediate such as the bicyclo-

but-1(3)-ene 16 or the thia�1.1.1�propellane 17 (Scheme 6).

Bicyclobut-1(3)-enes are known to result as short-lived

intermediates from base-induced elimination of bridge-

head-halosubstituted bicyclobutanes,4 elimination of

LiO2SPh to form cyclopropenes was observed.17 Hetero-

atom analogs of the well-known �1.1.1�propellanes were

targets of calculations.18 The driving force for reversible

formation of 16 or 17 from the 4,8-dilithio derivative of

4a might be the cumulative effect of better separation of

two negative charges and of better accomodation of a

negative charge on oxygen than on carbon.

The isomerism discussed here is to be differentiated

from the usual cis/trans isomerism observed with sub-

stituents on a ring system, e.g. cis- and trans-1,3-dichlo-

rocyclobutane. In these isomers each chlorine atom is at-

tached to its carbon atom in one out of two possible po-

sitions, whereas in 4 and 5 at each carbon atom there is

but one possible position to be occupied by a substitu-

ent. In contrast to the 1,3-dichlorocyclobutane case, in

fact the substituents in 4/5 are not even necessary for

isomerism to occur, they simply label the respective C

atom. Another kind of label is e.g. isotopic or hetero-

atomic replacement, so that 3,7-di-13C-octabisvalene or

3,7-diazaoctabisvalene or a 7-substituted 3-azaoctabis-

valene likewise may come as two E/Z-isomers, though

experimentally this has not yet been observed.5 Like-

wise, E/Z isomerism without a double bond is different

from the cis/trans or syn/anti isomerism of nonaromatic

ring systems, where the isomers differ in the relative

steric arrangement of fused rings.

The present kind of stereoisomerism occurs in the

following situation: Three geometrically well-defined

positions (necessarily in one plane) are occupied by in-

dividual atoms A, B, C, such that C is not on the line

perpendicular to and halfway dissecting line A-B. (C
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may be identical to A or B, and the triangle may be sca-

lene.) Then there are two different rigid arrangements as

shown in Scheme 7. The broken lines represent geomet-

rical relations rather than chemical bonds. The simplest

chemical framework supporting such an arrangement is

a double bond, so that the common E/Z isomerism is a

special case.

However, there are other molecular skeletons sup-

porting such an arrangement, a few are given in Scheme

8, most taken from the hydrocarbon collection compiled

by Shields,19 their similarity to the octabisvalene frame-

work is obvious.

Two compounds derived from such a skeleton by ap-

propriate substitution or other labeling as described above

are general E/Z isomers unless there is another covalent

linkage between the right and left molecular halves out of

the plane defined by the two central bonds (which is per-

pendicular to the ABC plane). If there is such an addi-

tional linkage, then the compounds are constitutional iso-

mers, see hypothetical compounds 18–21 (Scheme 9):

Isomers 18 and 19 are Z/E isomers without a double bond

and thus stereoisomers. On the other hand, 20 and 21 are

constitutional isomers.20 This example demonstrates that

the notions of constitution and configuration are not al-

ways so clearcut as one might expect.21

The stringent conditions for two compounds to be

generalised E/Z isomers explain why this phenomenon is

not well-known to chemists: In many planar ABC cases

there is a central double bond, resulting in the common

(special) E/Z isomerism, in many others (polycyclics)

there is an additional linkage as in 20/21, resulting in

constitutional isomerism, e.g. in substituted dodecahed-

ranes or in fullerene adducts.

The case of a general triangle ABC in a plane result-

ing in generalised E/Z isomerism without the need for a

double bond is completely analogous to the case of a

general tetrahedron ABCD in 3D space resulting in

enantiomerism without the need for a chiral center. In

both the 2D and the 3D case stereoisomerism is not

caused by the presence of a particular structural feature

such as a chiral center or a double bond, but by the lack

of a certain symmetry.
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E/Z izomerija bez dvostruke veze – neobi~an primjer stereoizomerije i dosada nezabilje`ena
izomerizacija u biciklobutanu

Christoph Rücker i Gunter Haftstein

Prikazan je po prvi puta neobi~an primjer stereoizomerije nazvan stereoizomerija bez dvostruke veze ili

poop}ena E/Z izomerija. Dani su primjeri parova spojeva koji posjeduju tu izomeriju, a koji su dobiveni neobi-

~nom predgradnjom supstituenata na biciklobutanu. Odre|eni su uvjeti pod kojima dolazi do poop}ene E/Z izo-

merizacije.
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