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ample, with PdCl,(PhCN),, the reaction of 1 and 2a gave
8'5 (11.9%) in addition to 3a (40.0%) by refluxing in ben-
zene for 3 hr. At room temperature, however, the reaction
of 1 with 2a catalyzed by PdCl,(PhCN), gave 3a (27.5%)
and 9'6 (8.5%) after 3 days. Similarly with PdCl,(PhCN)»,
the reaction of 1 with 2b gave both 3b (19.3%) and 10
(14.5%)."7

We are actively exploring the related reactions and the
details will be reported in a forthcoming paper.
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Inversion of Configuration in a Bimolecular Homolytic
Substitution at Saturated Carbon
Sir:

Despite the many studies of reactions of both organic and
inorganic free radicals with organic compounds, it is only
recently that apparent bimolecular homolytic substitution
reactions at saturated carbon have been reported'-3 (eq 1
and 2).

MeColchelate-1) + Cof(chelate-2) ===
MeColchelate-2) + Colchelate-1) (1)
Cr®*(ag) + RCo(dmgH),(aq) —
RCr’*(ag) + Co(dmgH),(aq) (2)°

ANV Ay
" g\/ N’°| 1: o\j\j; "

Figure 1. Transition state for bimolecular alkyl transfer reaction.

We now report kinetic and stereochemical studies of one
such homolytic substitution (eq 3) which indicate that it in-
volves effectively complete inversion of configuration at the
saturated carbon center through a highly restricted transi-
tion state. Thus, under anaerobic conditions at 0°, a solu-
tion of bis(dimethylglyoximato)pyridinecobalt(11) (I, 1072
M) in methanol reacts with an equal concentration of meth-
ylbis(cyclohexanedionedioximato)pyridinecobalt(111) (Ila)
to give, within a few seconds, a mixture containing the cor-
responding methylbis(dimethylglyoximato)pyridinecobalt
(III) (I11a) and bis(cyclohexanedionedioximato)pyri-
dinecobalt(I1) (IV), such that at equilibrium the concentra-
tions of I-1V are the same (eq 3):%i.e, k3 = k—3.

ColdmgH),py + RCo(chgH),py j—g:‘
I I s
RCol{dmgH),py + ColchgH),py (3)°
I v
IIa, R = Me IIla, R = Me
b, R = »n-Pr b, R = n-Pr
¢, R = n-Oct ¢, R = »n-Oct
d, R = threo-PhCHDCHD g, R = {-BuCHDCHD
e, R = erythro-PhCHDCHD h, R = CH,:CH(CH,),
f, R = PhCH,CH, i, R = ¢-C;H,CH,
j, R = C'CGHii

The rates of exchange of alkyl groups in the correspond-
ing reactions of a series of alkylbis(dioximato)pyridineco-
balt(I11) complexes were determined®'? from the rate of in-
crease of III in the total organocobalt(I1I) complex (II +
I11) isolated at intervals prior to the establishment of equi-
librium, in the manner well documented for isotopic ex-
change reactions.!2.!3 The observed rate of exchange (R) in
the case of IIb was shown to be first order in the initial con-
centrations both of the organocobalt(I1I) complex (II) and
in the inorganic cobalt(II) complex (I),'* and a second-
order rate coefficient k3 (Table I) for the forward path of
reaction 3 was derived from R.

The variation of k3 for several different alkyl substitu-
ents, shown in Table I, strongly supports a mechanism in-
volving bimolecular displacement at the saturated «-car-
bon, though it does not distinguish between retention and
inversion of configuration at the carbon center.!*'® The ap-
preciable steric compression in the transition state is evident
from the large characteristic influence of both «- and §-
substituents on the rate of the reaction.

That an inversion of configuration is involved (Figure )
was demonstrated by the formation of a mixture of 11d (/; »
= 5.3 Hz)!7 and Ile (/) » = 12.6 Hz)!7-'¥ in the reaction of
the latter with the cobalt(II) species IV (eq 6). The pres-
ence of the single diastereoisomer in the reagent and of the
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Figure 2. *H decoupled 'H nmr spectra of (a) 11d + 1le, and (b) lle.

mixture of diastereoisomers in the product mixture is clear-
ly seen in the 2H decoupled 'H nmr spectra (Figure 2).20

Ph
D H v
+ Co(chgH),py =;=
D v :
Co(chgH),py
Tle Fh
H D
ColchgH),py + (6)
v H D
Co(chgH),py
1Id

As the rate constant (k’;, Table I) for the formation of
the threo from the erythro diastereoisomer in the presence
of IV (eq 6) is the same, within experimental error, as that
(k3) for the alkyl transfer between the 'H analog IIf and I
(eq 3), it is apparent that each act of exchange involves an
inversion of configuration at the carbon center.

Alternative mechanisms involving prior disproportiona-
tion of the cobalt(Il) into cobalt(III) and cobalt(I) species
followed by reaction of the latter with the organocobalt(I1I)
complex II can be ruled out not only because the cobalt(I)
species is Jess reactive for alkyl transfer but also because
the alkyl transfer between Ilc and I takes place only 12
times faster in methanol than in methylene chloride. The
latter solvent is known to react readily with such cobalt(I)
species. The high rate of reaction in methylene chloride also
indicates that prior electron transfer does not take place to
a significant extent and that charge separation in the transi-
tion state is minimal.

Reaction through free radical intermediates, though un-
likely to be stereospecific, can be ruled out because (a) sec-
ondary alkyl cobalt(II) complexes react slower than pri-
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TableI. Kinetics of Exchange of Alkyl Groups
in the Reaction of I and II (eq 3)

T, 11y = {11, R (mol 1.1 k; (1. mol-!

R °C (M) sec™!) sec™1)e

Me 0 1.97 x107¢ 1.9 X 10~ 50
Et 0 4.4X1073 2.1 X 10°8 1.1 X 107!
1-Oct 0 5.0 X107 1.69 X 10—+ 6.8 X 107
n-Oct 28 5.0x10°¢ 3.2 X 107 1.3 X 10!
n-Pr 28 6.1 X107 4.7 X 1078 1.2 X 107!
i-Pr 28 5.0 x1073 1.5 X 10" 5.9 x 10—¢
n-Bu 28 4.1 X 1073 1.6 X 1078 9.6 X 1072
i-Bu 28 4.5 X107 20x10® 9.8 x10™¢
PhCH;CH; 28 4.0 X 1073 5.6 X 107 3.5 X 1072
PhCHDCHD 28 2.2 X 107#¢ 3.3 X 1077 3.7 x 10724

¢ Values +1097 except where stated &3 = R/[I][II]o. ® From rate
of incorporation of dioximato ligands in II. ¢ Concentration of alkyi-
cobalt(III) reagent; that of the cobalt(I) reagent was 4 X 1073 M.
4 From rate of conversion of erythro to threo diastereoisomer;
ie., k3’ = 25% eq 6.

mary complexes and (b) no cyclopentylmethyl- or cyclohex-
ylcobalt(I1I) complexes (IIli and IIIj, respectively) can be
detected in the hexenylcobalt(1I1) complex (111h) recovered
after 10 days at room temperature in the presence of I, dur-
ing which time a number of complete alkyl exchanges have
occurred. Had hexenyl radicals or cations been formed,
they would have partially rearranged?? to cyclopentylmeth-
yl radicals or cyclohexyl cations, respectively, and would
have been recaptured to give 111i and I11j, respectively.

Acknowledgment. We thank Dr. D. Dodd and Dr. D. Ry-
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An Intramolecular {1,5]Sigmatropic Alkyl Shift in the
Isoindene System
Sir:

Recently, it was demonstrated by Willcott and Rathburn
that the thermal [1,5] methyl shift of 1,5,5-trimethylcyclo-
pentadiene was, to a significant extent, an intermolecular
process.! While isomerizations of spirodienes, such as that
of the spiro[4,4]nona-1,3-diene system,? must undoubtedly
proceed intramolecularly, Willcott’s results raised the ques-
tion as to whether any potentially intermolecular [1,5]
alkyl shift processes are indeed intramolecular. We wish to
report at this time the first unambiguous example of such
an intramolecular process.

2,2-Dialkyl-substituted 2H-indenes seemed to be particu-
larly attractive molecules for use in a systematic study of
intramolecular, sigmatropic [1,5] alkyl shifts because: (a)
the gain of aromaticity in such rearrangements should in-
duce them to occur with relatively low activation energies,
(b) subsequent H-shift processes possibly might be noncom-
petitive due to the resultant loss of aromaticity, and (c) the
nature of the system facilitates identification of the migrat-
ing group when two different groups are available. The
most significant problem in utilizing this system was the de-
vising of a method whereby the isoindene species could be
generated under conditions whereby its unimolecular pro-
cesses might be competitive with its recognized, facile bi-
molecular processes. This problem was solved by utilizing a
smooth, retro[2 + 4] process to generate the isoindene
species.

Azoxy species 1 was synthesized from 1,3-dibromo-2,2-
dimethylindane? by a modification of Snyder’s method.*

H Br
Me (MeOCHN,
Me Zn-Cu, DMF
Br H
Me Me
1. KOH, EtOH
N/COZMe reflux
7/ 2. 70% H,0,
N 15°, vibromischer
COzMe
Me Me
+ 0
/N/
N

A 0.05 M solution of 1 in benzene extruded N,O at 180°,
exhibiting therein a half-life of about 40 min.5 The tran-
sient 2,2-dimethyl-2H-indene (2) thus generated was found

180°
1 —
benzene.
seajed
tube

LO Me CO
e COMe CO,Me
5

to undergo a smooth [1,5] methyl shift to form 1,2-di-
methylindene (3). 3 was relatively stable, on this time scale,
at 180° to subsequent [1,5] hydrogen shifts,”- but, with ad-
equate time or higher temperatures, the thermodynamically
more stable 2,3-dimethylindene (4) was formed from 3.
After 3 hr at 180°, the ratio of 3:4 was 20:1, while after
1.33 hr at 204° this ratio was 2:1. The glpc determined
yield (~80%) of the products was found to be insensitive to
(a) temperature of reaction (180-204°), (b) concentration
(0.02-0.05 M), and (c) time of reaction (0.5-3 hr). The lat-
ter observation indicated that N»O extrusion is rate deter-
mining, the rate of the sigmatropic process thus not able to
be measured directly. Also there is no decrease in yield
when cumene was utilized as solvent for the reaction, this
speaking strongly against a free-radical-chain mechanism
being involved in the rearrangement process.

Concerted transformation of 1 to 3 was ruled out by the
observation that intermediate 2 could be trapped efficiently
by various dienophiles under the reaction conditions. For
example the presence of an equal molar amount of dimethyl
maleate diverted 75% of the reaction to adduct 5.° The ob-
served stereospecificity of this Diels-Alder reaction indi-
cates that 3 is behaving similar to a simple diene in this re-
spect, rather than as a triplet species.

The possibility of a chain process being involved was con-
clusively ruled out by a crossover experiment. Azoxy species
6, consisting of a mixture of the 7-position epimers,'® frag-
mented to the 2-ethyl-2-methyl-2H-indene (7) which un-
derwent [1,5]sigmatropic alkyl shift to yield exclusively a
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