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Exocyclic Alkylidene Carbenes - An ab initio Theoretical Study.
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Summary: ab initio calculations were carried out for three exocyclic alkylidene carbenes.

Cyclopentadienylvinyl carbene is predicted to be highly electrophilic while the cyclopropenyli-
denevinyl carbene may provide the first example of a nucleophilic alkylidene carbene.

Unsaturated carbenes 1, where the divalent carbon (carbenic center) is an integral part
of an unsaturated system have recently attracted the attention of both experimentalistsl and
theoreticans.2 New synthetic methods now provide easy access to this novel and useful class of
reaction intermediates.l Of special interest synthetically as well as mechanistically are exo-
cyclic alkylidene carbenes such as 2, 3 and 4. Carbene 3 for example, could provide an enetry
to the unknown 5. In conjugation with experimental efforts to generate 2 - 4 we have also
investigated these species computationally in order to provide basic information on their stabil-

ities and to gain insight into their properties. The results are reported in this communication.

3a b

Calculations were carried out using the ab initio SCF-MO Gaussian 70 and Gaussian 763
series of programs. Complete geometry optimizations, assuming sz symmetry, were carried out for
2 - 4 with the minimal STO-3G basis set.ha Single point calculations with the optimized STO-3G
geometries were carried out using the split-valence 4-31G4b and the augmented 6-316* (i.e. con-
taining d-type functions on carbon)ac basis sets. Only the singlet electronic states of 2-4 are
considered here because the corresponding triplets are considerably higher in energy. The

optimized geometries and the total energies of the singlet carbenes 2 - 4 are given in Table 1.
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Table 1: Optimized Geometries® (ST0-3G) and Total Energies of the carbenes 2, 3 and 4.

Parametsb 2 3 4
1(C;- C)) 1.287 1.295 1.320
1(Cy- C,) 1.493 1.475 1.489
1(C,- C,) 1.499 1.284 1.328
r(C,- C) — — 1.482
t(Cy- Hy) 1.09 1.078 1.080
r(C,- H,) —_ R 1.081
<H,C,C, — 151.92 128.20
<H, C,C,°© 151.91 — _
<H,C,Hp 114.28 — 124.044
Energy (STO-3G) -151.73240 -150.47108 -226.53803
Energy (4-31G) -153.39584 -152.15673 -229,03511
Energy (6-31G*%) -153.62634 -152.39582 —_

2 Assuming CZv symmetry. b Bond lengths in A°, bond angles in degrees, total energies inhartrees,

c d
Hll\ is the bisector of the ch3H1\ angle. The HZCI’C.5 angle.

Do exocyclic rings stabilize or destabilize unsaturated carbenes? Comparisons with the

parent alkylidene carbene 1, R=H are made by means of the isodesmic reactions 1, 2 and 3 respect-

ively, along with the effect of a gem-dimethyl substituent, given in equation 4.
= 1
D=C: + HZC‘CHZ > D==CH2 + HZC C 1
6

M(6-31G%) = 4.7 keal/mol’

2
ﬂ>===c: +  HCecH, ~—— [I>'CH2 M S )
3 7

AH(6-31G*) = -3.2 keal/mol®

©=c: +  H,C=CH, —_— ©=cu2 +  HyC=C: 3)
8

4 ——
AH(4-31G) = -0.4 keal/mol’

= = C: 4
(H3C)ZC =C: + HZC-CH2 — (CHS)ZC CH2 + B.ZC C )

9 AH(4-31G) = -0.7 keal/mol’
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Substitution of the B-hydrogens in HZC-C: by an exocyclic cyclopropane ring stabilizes the carbene
by 4.7 kcal/mol; 2 is also more stable than (CH3)ZC-C: by 5.4 kcal/mol.5 The stabilization of 2
results from hyperconjugation between the empty carbenic pr orbital and the filled antisymmetric
Walsh orbital of the cyclopropane ring.6 Hyperconjugation is accompanied by electronic and struc-
tural changes: In 2 0.14 electrons (ST0-3G) occupy the formally empty 2px(Cl) orbital compared to
only 0.07 electrons in 9. The ¢,~C, and the €3-C, bonds of 2 are sh;rtened and the €,-C; and the
CZ—C4 bonds are lengthened compared to the corresponding bonds in 6. The si?bilization of 2 is
however much smaller than in the isoelectronic cyclopropylidenemethyl cation, emphasizing that
the presence of a charge is essential for efficient hyperconjugation.Zd In contrast to 2, 3 is
found to be 3.2 kcal/mol less stable than HZC-C:. The destabilizing effecz of the exo-cycloprop-
ene ring is not the result of ineffective hyperconjugation'or ring strain. The structural
changes in 3 (relative to 7) are similar to those found in 2; 0.11 electrons occupy the 2px(Cl)
orbital of 3. Obviously, destabilizing interactions (see below) outweigh the favorable effect of
hyperconjugation, resulting in a net destabilization of 3 compared to 1 and 9. Hyperconjugation
is relatively unimportant in 4 as indicated by the relatively low population of the 2px(Cl)
orbital (0.09 electrons) and the similarity of the structures of 4 and 8. The cyclopentadienyl-

vinyl carbene 4 is therefore comparable in stability to H,C=C: and to (CH3)ZC=C:.

2

Alkylidene carbenes can rearrange to the isomeric acetylenes.l’9 Are 2,3 and 4 expected to
be thermodynamically stable towards this facile rearrangement process? Our calculations show that
2 and 3 are considerably more stable than the corresponding cyclic acetylenes (e.g at 4-31G 2 is
58.4 kcal/mol more stable than cyclobutyne) so that such a rearrangement is unlikely. Carbene 4
on the other hand is 14 kcal/mol (4-31G) less stable than o-benzyne and rearranged products might
be observed. Drastic changes in the electronic properties of the carbenes result when the exo-
cyclic three membered ring is replaced by a five membered ring. All known alkylidene carbenes,1
like most saturated carbenes,10 being electron deficient are electrophilic, and possess a positive
-1y charged carbenic carbon. Our calculations predict that 4 is a stronger electrophile thanother
1 the total charge at C1 1s +0.11 compared with only +0.04 in (CH3)ZC=C:.

In 3, on the other hand, C1 is negatively charged,making it the first example of a nucleophilic (or
an ambiphiliclo’l1

alkylidene carbenes;

) unsaturated carbene; and is therefore expectedlo to behave differently than
other alkylidene carbenes. The opposite charges at C1 in 3 and 4 can be ascribed to contributions
of the resonance hybrids 3a and 4a respectively. In 3 the 2py(Cl) orbital contains 1.03 electrons
compared with 0.93 electrons in 9, 0.88 electrons in 2 and only 0.82 electrons in 4. The n-polar-
ization and thus the resulting "aromatic stabilization" 1is smaller in 3 than in 7 (but larger in
4 compared to §)}2 The loss of part of the "aromatic stabilization"’ in going from 7 to carbene
3 contributes to the destabilizing effect of the cyclopropene ring (reaction 2)12 in alkylidene
carbenes. We stress that the wy electrons, although orthogonal to the carbenic empty 2px(C1)

orbital, can effect considerably the stabilities and other properties of unsaturated carbenes.

c: — b '6:@
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