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Abstract. A highly stereoselective four-step synthesis of (Z)-1,2-di(1-adamantyl)ethene (1a, overall
yield 64%) which employs methyl 1-adamantanecarboxylate (2) as starting material is described. Com-
pound 1a is isomerized quantitatively to the corresponding E- isomer (1b) by reaction with molecular
iodine. Some features of the X-ray crystal structures of 1a and 1b are described.

Introduction. There is considerable current interest in the synthesis, structure, and chemistry of steri-
cally congested alkenes.1.2 Sterically congested 1,2-dialkylated ethylenes might relieve strain caused by non-
bonded interactions between the bulky alkyl groups via, e.g., pyramidalization, twisting, and/or stretching of the
carbon-carbon double bond:1:2 Another, less energetic alternative involves in-plane bond angle deformation.1®
In an effort to further explore the effects of steric crowding on the structure and reactivity of the carbon-carbon
double bond in 1,2-disubstituted ethylenes, we have synthesized (Z)- and (E)-1,2-di(1-adamantyl)ethenes (1a
and 1b, respectively).

Syntheses of 1a and 1b. The method employed to synthesize 1a is shown in Scheme 1. Thus, sodium
promoted acyloin condensation of methyl 1-adamantanecarboxylate (2) afforded 3, mp 224-225 °C (lit.3 mp
224-225 °C) in 85% yield. Sodium borohydride promoted reduction of 3 afforded a mixture of the correspon-
ding meso and d,! pinacols (4a and 4b, respectively) in essentially quantitative yield. Integration of the lH NMR
spectrum of this mixture revealed the product ratio to be da:db = 15:1. Pure 4a, mp 273-274 °C,4 was isolated
from this mixture in 93% yield via column chromatography on silica gel by using 2% EtOAc-hexane as eluent,

Conversion of the major product, 4a, into 1a was performed via application of the Crank-Eastwood
elimination reaction sequence.S First, 4a was reacted with triethyl orthoformate to afford the corresponding
cyclic orthoformate ester, 5, as a mixture of diastereoisomers. Subsequent stereoselctive cis cycloelimination3
was performed by heating § with benzoic acid at 200 °C for 4 h, thereby affording 1a, mp 139.5-140.0 °C,% in
90% vyield (from 4a). The structure of 1a was established unequivocally via single crystal X-ray structural
analysis (vide infra).

The impressively high degree of stereoselectivity which accompanies NaBH4 promoted reduction of the
acyloin (3) merits comment. It was suspected that intramolecular hydrogen bonding in 3 might be the primary
factor which is responsible for this result. Further evidence to support this suggestion has been obtained via a
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study of the corresponding reduction of AAC(O)-CH(OAC)Ad (6, Ad = 1-adamantyl), which was obtained as a
colorless microcrystalline solid, mp 129-130 °C (85%)4 via reaction of 3 with AcyO-dimethylaminopyridine.
Since this compound lacks a free hydroxyl group, intramolecular hydrogen bonding cannot influence the pre-
ferred ground state conformation of 6. Unlike NaBHy4 promoted reduction of 3, the corresponding reduction of 6
proceeds with low stereoselectivity, thereby affording a 60:40 mixture of erythro- and threo- AJCH(OH)-
CH(OAC)Ad [7a (mp 187.0-187.5 °C)% and 7b (mp 195.5-196.5 °C),4 respectively; see Scheme 2) in 80% yield.
Unequivocal assignment of the structure of 7b was secured via X-ray structural analysisS of a crystalline deri-
vative, AGCH(OH)-CH(OArAd, (Ar = 3,5-dinitrobenzoyl; mp 195-196 °C).4
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Iodine promoted isomerization of 1a7 afforded the corresponding E-isomer, 1b, mp >278 °C (dec.)¢
[1it22 mp »>260 °C (subl.)], in essentially quantitative yield. Its structure was verified via single crystal X-ray
structoral analysis (vide infra). The driving force for the isomerization of 1a to 1b most likely is thermodynamic
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in origin (i.e., relief of steric strain arising via nonbonded interaction between the cis 1-adamantyl moieites in
1a). This suggestion receives support from the calculated heats of formation of 1a and 1b.8,9

Some Features of the X-ray Structures of 1a and 1b. Salicnt features of the X-ray structures of 1a and
1b are summarized in Figures 1 and 2, respectively. The Z- isomer (1a) contains a symmetry plane on which the
ethylene moiety rides. The fact that the C=C double bond in 1a is perfectly planar, irrespective of the severe
steric congestion presented by the bulky cis 1-adamantyl moities, is probably a consequence of crystal-lographic
symmetry constraints. Steric congestion in 1a is effectively released by widening of the C=C-C bond angles. A
similar effect has been observed previously in the X-ray structure of (Z)-2,2,5,5-tetramethyl-3,4-diphenyl-3-
hexene.2¢ The remarkably large C=C-C bond angles observed in the X-ray structure of 1a are well reproduced
by the results of MM3 calculations!0 which were performed by using the observed molecular struc-ture as the
starting structure. The MM3 method also well reproduces the observed length of the "normal” C=C carbon-
carbon double bond in 1a.

Observed (X-ray) _Calculated (MM3)'°

dy 1.34 (DA 1.345 A
d 149(HA 1.518 A
d, 1L50(DA 1.529 A
6, 139(1) ° 140.1 °
6, 138(1) ° 137.7°

Figure 1. Selected X-ray structure data for 1a,

The E- isomer contains (i) a symmetry plane on which the ethylene moiety rides and (ii) an inversion
center in the middle of the ethylene C=C double bond. The C=C-C bond angles are essentially normal, in con-
trast with those observed for the corresponding bond angles in the X-ray crystal structure of the Z- isomer (1a).

The length of the ethylene C=C double bond in 1b is slightly shorter than that which is predicted by the
results of MM3 calculations (i.e., 1.314 (5) A vs. 1.342 A). This shortening of the C=C double bond is most
likely an artifact due to an unresolved disorder in the crystal and/or to a bond vibration which is similar to that
reported for (E)-stilbenes (for which unusually short C=C bond lengths have been reported in crystals). 11

Observed (X-ray) Calculated (MM3)'

d, 1.314 (5) A 1.342 A
d 1.500 (4) A 1.51SA
6, 1282 (4 ° 127.1°

Figure 2. Selected X-ray structure data for 1b.
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Complete X-ray structural information for 1a and 1b will be presented and discussed in the full paper. In
addition, the results of studies (currently in progress) of the mechanism of addition of uni- and biparticulate
electrophiles to 1a and 1b will be reported.
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