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with 4-31G calculated values of ECXYLUMO.7 (CH3O)2C does not add to simple 
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less, it serves to locate the m region in which nucleophilic carbenes re­
side. 
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CH=CHMe, and Me2C=CH2 (i.e., these could be termed "nucleophilic" 
additions). However, with Me2C=CMe2, (Ec: 
less than (Eai 
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(CH3O)2C to Me2C=CMe2 could be characterized as "electrophilic", If 
it occurred. In fact, even the smaller, dominant differential orbital energy 
is still quite large (as it also is for Me2C=CH2 (13.0 eV) and NMeCH=CHMe 
(12.9 eV)). Consequently, these three addition reactions do not derive 
enough transition-state stabilization to become energetically competitive 
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Carbene Rearrangements of 2-Vinylcyclobutylidene 

Sir: 

Few carbene-carbene rearrangements1 have been reported 
in which the divalent carbon retains its identity. With one ex­
ception2 all known examples involve the conversion of vinyl-
cyclopropylidenes 1 into cyclopentenylidenes 2. 

^ - O \ ^ 0 
We expected that 2-vinylcyclobutylidene (3) would undergo 

an analogous carbene-carbene rearrangement.4 Furthermore, 
3 makes possible the study of two competitive pathways in the 
cyclobutylidene-methylenecyclopropane rearrangement of 
an unsymmetrically monosubstituted cyclobutylidene. 
Cleavage of the C3-C4 bond in 3 affords vinylmethylenecy-
clopropane (5),5 whereas rupture of the C2-C3 bond leads to 
allylidenecyclopropane (6).6 We find that the latter process 
predominates and that no carbene-carbene rearrangement (3 
—• 4) occurs. 

2-Vinylcyclobutylidene (3) was generated either by de­
composition of the dry 2-vinylcyclobutanone tosylhydrazone 
sodium salt (7c) in a flash pyrolysis system at 200 0 C or by ir-
ridiation of 7c in ethereal solution. The desired 2-vinylcyclo­
butanone (7a) was synthesized from 2-bromocyclobutanone7 

Table I. Product Distribution from Decomposition of 7c 

^ ^ 
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7a X = O 

b X=NNHTs 
c X=NNNaTs 
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via ketalization (yield, 77%) and then introduction of the vinyl 
group with vinylmagnesium bromide (61%) followed by de-
ketalization (66%). Reaction of 2-vinylcyclobutanone (7a)8 

with tosylhydrazide gave the corresponding tosylhydrazone 
7b in 76% yield. 

The product distributions recorded in Table I indicate that 
1,2-hydrogen migration amounts to <5%, affording 1-vinyl-
cyclobutene (8).9 The parent cyclobutylidene produces 20% 
cyclobutene.10 Decomposition (methods a, b) of 7c yields 
1,3-butadiene in trace amounts. 

Depending on the method of generation, 6 and 5 are formed 
in ratios 53:1, 41:1, and 23:1, respectively (Table I). It should 
be taken into account, however, that 3-methylenecyclopentene 
(9),6-1' as well as the methylcyclopentadienes (1O),12 stems from 
thermal rearrangement of 5.13 The yield of 9 decreased when 
a stream of nitrogen was passed through the pyrolysis system 
(b), and no secondary products were observed in the photolytic 
experiments (c). The available kinetic data14 suggest that 6 
does not rearrange significantly under the conditions of our 
pyrolysis studies. Thus, 6 and 5 may be actually produced in 
a ratio as low as 5:1 at 200 0 C. 

1,3- and 1,4-cyclohexadiene, the products expected from the 
carbene-carbene rearrangement 3 —• 4, were not detected 
among the compounds obtained.15 This observation is in stark 
contrast with the formation of 84% cyclopentadiene from 2-
vinylcyclopropylidene (1). 

Assuming that the divalent carbon in its singlet state ap­
proaches sp2 hybridization, thermochemical estimates show 
3 to be considerably less strained (~10-13 kcal/mol) than 1. 
Conformational effects and(or) different methods of genera­
tion16 may also be responsible for the divergent behavior of 1 
and 3. 

We are currently exploring the chemistry of other vinylcy-
clobutylidenes and their tendency to undergo carbene-carbene 
rearrangements. 

Acknowledgment is made to the Deutsche Forschungs-

method" 8 10 7a 11* unidentified products total isolated yield, % 
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85.3 
60.7 

1.4 
2.1 
2.6 

3.8 
3.9 
1.3 

12.8 
4.9 

0.4 
0.4 

28.9 

5.4 
1.9 
5.3 

2.1 
1.5 
1.2 

63 
71 
4' 

" a, 200 0C, 10"3 Torr; b, 200 0C, 0.9-0.7 Torr, N2; c, hv, 0 0C, ether, 6 h (125 W, Philips HPK). * The more NaH is used for the formation 
of the sodium salt 7c, the more 11 is obtained in the reaction of 7c (methods a, b, c). Under the reaction conditions 11 is not formed from 6. 
c The difference in the total isolated yields (methods a, b vs. c) is due to the different methods (reaction times and workup procedures) ap­
plied. 
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Absolute Configuration of 
(-)D-Tris(2,2'-bipyridine)cobalt(III) 

Sir: 

A direct determination of the absolute configuration of 
(—)D-tris(2,2'-bipyridine)cobalt(III) complex ((—)D-
[Co(bpy)3p+) presented here concludes a A configuration. 

The absolute configuration of [Co(bpy)3p+ has been con­
troversial. The CD spectrum of the enantiomer of this partic­
ular complex exhibits two CD bands of opposite signs in the 
bipyridine (7r,7r*) absorption region at ~32 000 cm - 1 . An 
application of the exciton theory to the analysis of the CD 
bands of (—)o-[Co(bpy)3p+ yields a A configuration.1'5 On 
the other hand, an alternative procedure, which should be well 
devised for the prediction of the absolute configuration of the 
coordinated ligands especially of those lacking the conjugated 
system, is based on an empirical analysis of both CD and ab­
sorption data of the (d,d*) ligand-field band and its application 
in a traditional way assuming the CD intensity-dominant E 
state predicts a A configuration.6~8 In fact, Hawkins and co­
workers assigned a A configuration to (-)D-[Co(bpy)3]3 + .7 

4739 

Figure 1. A stereoscopic view of (—)D-[Co(bpy)3p+. 

The enantiomer used in the earlier stage of the present work 
was prepared by chlorine oxidation of trisbipyridinecobalt(II) 
(-l-)D-bistartaratoantimonate(III) dispersed in carbon tetra­
chloride and deposited as crystals of (-)D-[Co(bpy)3p 
(ClCU)3-IH2O. Several trials with these perchlorate crystals 
did not give sufficient structural information because of the 
pseudosymmetry in the tetragonal unit cell. The anion was 
replaced by mixing the aqueous solution of the perchlorate 
complex with that of potassium hexacyanoferrate(III). The 
CD spectrum did not vary significantly before and after the 
anion exchange. 

The prismatic crystals of (-)D-[Co(bpy)3] [Fe(CN)6]-8H2O 
are triclinic with a = 12.174 (3), b = 16.742 (7), c = 10.651 
(3) A; a = 103.25 (3), /3 = 104.09 (2), 7 = 94.71 (3)°; V = 
2027 ( I )A 3 ; space group P1. The density measured by flota­
tion is 1.46 g cm - 3 , whereas the calculated density is 1.45 g 
c m - 3 if the crystal is assumed to have two formula units in the 
unit cell. Intensity data up to 2d < 55° were collected on a 
Rigaku four-circle diffractometer with Mo Ka radiation 
monochromated by graphite. A total of 6348 independent re­
flections, ( |F 0 | > 3<x(|F0|)), were obtained. The structure was 
solved by the heavy-atom method and refined by the block-
diagonal least squares, the final R being 0.076. 

The absolute configuration of the (-)D-[Co(bpy)3]3 + ion 
was assigned to A by the anomalous dispersion technique. 
Figure 1 is a stereoscopic view of the cation along its pseudo-
three-fold axis. Average Co-N and N-Co-N are 1.932 A and 
83.2°, respectively. The other bond distances and angles are 
in good agreement with those of [Ni(bpy)3]2+.9 '10 

Corresponding to the A configuration of (+)D-[Co(bpy)3p+ 

determined in the present work, a A configuration has been 
suggested for (+)D-[Co(phenanthroline)3p+ ((+)D-[Co-
(phen)3]3+) on the basis of the sign of the optical rotation at 
the D line observed upon fast oxidation of the equilibrium en­
antiomeric mixture obtained in the presence of {S)-(—)D-malic 
acid." 

The absolute configuration supports the conclusion of ex­
citon splitting analysis of the CD spectra in the lowest ligand 
(7r,7r*) transition. The same theory also correctly predicts the 
A configurations of (+)D-[Ni(bpy)3]2+, (+)D-[Ni(phen)3]2+, 
and (—)D-[Fe(phen)3p+ which were already established by 
X-ray studies.10'12-13 On the basis of the CD in the lowest li­
gand (7T,7r*) transition, the absolute configurations of 
(~)D-[Fe(bpy)3p+ and (- )D - [Fe(phen)3p+ are assigned as 
the A configuration as well as those of the ( + ) D isomers of the 
ruthenium(II) and osmium(II) analogues, whereas the sign 
of the CD spectra in the visible charge-transfer band is not 
conserved. In the case of Ni(II) complexes, sufficient empirical 
relationships between configuration and the CD spectra in the 
lowest (d,d*) ligand-field transition have not been obtained 
because of the difficulties of resolution of labile optical iso­
mers. ' 4 It should be noted, however, that the sign of CD spectra 
in the lowest (d,d*) transition (3A2g —• 3T2g in Oh symmetry) 
exhibited by the A isomers, (+)D-[Ni(bpy)3p+ and ( + ) D -
[Ni(phen)3p+, is consistently opposite to the sign observed in 
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