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We recently reported'? that the photooxidative decomposition
of meso- and di-3,6-diethyl-3,6-dimethyl-1,2-diazacyclohexene
(1) in benzene yielded 1,2-diethyl-1,2-dimethylcyclobutanes (9)
stereospecifically (Scheme 1).2 The reaction involved the initial
loss of nitrogen from the azo cation radical to form the 1,4 cation
radical 2. Under the reaction conditions, 2 is reduced to the
1,4 biradical 3, which then either ring closes or cleaves to yield
2-methylbutene (8). The stereospecificity of the reaction is due
to the fast combined rates of reduction and ring closure relative
to C—C bond rotation. However, if 1 is oxidized in polar
solvents where ion pair separation occurs, the subsequent
reduction of 2 is slow and a 1,5 hydrogen rearrangement occurs
to afford the isomeric cation radicals of olefins 4 and 5. In an
effort to determine the relative lifetime of 2 under these
conditions, we now report mechanistic details of this reaction
using stereochemically and isotopically labeled substrates. In
this regard, we have found that the hydrogen transfer occurs
stereospecifically and with high regioselectivity, which suggests
that although the reaction is exceedingly fast, it is highly
selective.

Our initial stereochemical studies were designed to probe the
relative rates of the 1,5 rearrangement of 2 and C—C bond
rotation using enantiomerically enriched 1 (Scheme 2). If the
rate of C—C bond rotation of 2 to form 2, k;, is competitive
with rearrangement, ky, then the rearrangement olefin should
be a mixture of enantiomers 4 and 4. Optically active (+)-1
was obtained by the resolution of the precursor 3,6-dimethyl-
3,6-diaminooctane with L-tartaric acid.>* The absolute config-
uration of the diamine was determined to be 3(R),6(R) by X-ray
crystallography of the diamine—D-tartrate complex.® Irradiation
(A > 420 nm) of dicyanoanthracene (0.5 mM) in a degassed
acetonitrile solution containing cosensitizer biphenyl (0.2 M)
and (+)-1 (0.01 M) at 20 °C affords a mixture of trans- and
cis-3,6-dimethyl-2-octene (4, 79%), 2-ethyl-5-methyl-1-heptene
(5, 5%), and 3,6-diethyl-2,3,6-trimethyl-1-dehydropiperidine
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(5) Crystals of 3(R),6(R)-3,6-dimethyl-3,6-diaminooctane —D-tartaric acid
belong to the orthorhombic space group P2,2:2 with a = 10.74(1) Ab=
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(6,16%).5 For analysis, the isomeric product olefins were
converted to the corresponding ketones by ozonolysis. The
major ketone, 5-methyl-2-heptanone, was isolated and purified
by preparative GC, and its optical rotation was compared to
that of independently synthesized ketone of known optical purity
and absolute configuration,”® We find that decomposition of
(+)-1 yields 4 with =95% ee in CH;CN and with retention of
configuration, '

Several mechanistic questions about the rearrangement should
be addressed. Formation of 4 could result from the stereospe-
cific rearrangement of the diazonium radical intermediate, 7, a
possible precursor to 2. However, this reaction would be
expected to proceed with inversion of configuration at the
asymmetric center, which is not observed experimentally.
Conversely, nucleophilic displacement of N, in 7 by CH;CN,
followed by rearrangement, would result in the observed
retention of configuration. However, the reaction also pro-
ceeds with retention in less nucleophilic solvents, CH,Cl,
and (CF;);CHOH albeit with less stereospecificity, 85 and
60% ee, respectively. The lower stereospecificity in these
solvents may be due in part to competitive formation of the

(6) All analytical reactions were degassed by four successive freeze—
pump—thaw cycles. Preparative reactions were degassed by bubbling argon
through the solution for approximately 1 h prior to irradiation. Yields were
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transoid conformation of 2 by rotation about the C,—Cj; bond.
In CH;CN, this conformer may be selectively trapped by the
solvent to form imine 6.!!

The intermediacy of the 1,4 cation radical 2 in the formation
of olefins 4 and § and cyclic imine 6 is supported by several
experimental observations. First, irradiation of dicyanobenzene
(0.005 M) in a degassed CH3CN solution containing cosensitizer
benzene (1.5 M) and 2-methylbutene (0.35 M) affords olefins
4 and 5 and imine 6, as was observed from oxidation of 1.!2
Presumably, oxidation of 2-methylbutene is followed by nu-
cleophilic addition by another olefin to form the putative
intermediate 2, which then yields products. Importantly, this
metho: of generation of 2 does not involve the loss of nitrogen.
Second, deuterium substitution at the ethyl methylene position
of 1 results in a decrease in the 4:6 ratio by 17%.'> These results
suggest that both 4 and 6 are formed in part from a common
intermediate, presumably the 1,4 cation radical 2.'* If so, the
rearrangement of 2 is quite fast, >10% s~!, as modeled by the
lifetime of the fert-butyl cation in CH3CN, which is thought to
be quite short, <10 ns.!3

It is of interest to compare the chemistry of the reactive
intermediates 2 and 3. Thermolysis or photolysis of the azo
compound 1 yields 3, which affords the olefins 4 (5%) and §
(10%), in addition to 2-methylbutene (8, 50%) and 1,2-diethyl-
1,2-dimethylcyclobutane (9, 35%)."'6 Although 2 and 3 are
both short lived and differ only in oxidation state, their product
distribution is quite different. This may reflect quite different
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Table 1, Calculated Heats of Formation and Reaction Enthalpies
(kcal/mol)

X AH(X)P  AH(X  AH(3=X)t AHQ2=X*'Y
4 -39.6 156.0 -59.7 -232
5 -36.1 166.5 -56.2 -127
8 —-6.8 199.0 -337 +13.0
9 —-27.9 190.0 -48.0 +10.8

4 AM1 values.!” ? Calculated using AH«(3) = 20.1 kcal/mol and
AHH{2) = 179.2 kcal/mol.!8

energy surfaces for the two species (Table 1). The product
yields from 3 do not reflect the overall reaction exothermicities
and indicate a rather nonselective and indiscriminate intermedi-
ate. In contrast, the 1,4 cation radical 2 is much more dis-
criminate. The reactions to form 8 and 9, which are exothermic
for 3, are endothermic for 2 and consequently do not occur under
the reaction conditions. In addition, the relative olefin regi-
oselectivities exhibited by the two species are quite different.
The 4:5 olefin ratios from the 1,4 cation radical 2 and from the
biradical 3 are 15.8 and 0.5, respectively. The rearrangements
of 3 to form 4 and 5 are highly exothermic, and the difference,
AAH, is small, 3.5 kcal/mol. In contrast, the reaction enthalpies
for the formation of 4 and 5 from 2 are much smaller, and
importantly the difference is significantly larger, AAH = 10.5
kcal/mol.

In conclusion, we have found that optically active 1 yields 4
stereospecifically via the 1,4 cation radical 2, The rate of
rearrangement of 2 is significantly faster than C—C bond rotation
but is competetive with CH3CN trapping to form 6. In addition,
2 exhibits high chemo- and regioselectivity, in contrast with
the 1,4 biradical 3. This suggests that the chemistry of biradicals
can be greatly altered by oxidation (or reduction) because of
large changes in the reaction enthalpies.
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Supplementary Material Avallable: Experimental details, char-
acterization data, and structural details, including an ORTEP diagram,
for the diamine—D-tartrate complex (19 pages); listing of observed and
calculated structure factors (5 pages). This material is contained in
many libraries on microfiche, immediately follows this article in the
microfilm version of the journal, can be ordered from the ACS, and
can be downloaded from the Internet; see any current masthead page
for ordering information and Internet access instructions.
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