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3-Substituted diazirinium ions (1) are possible intermediates
in the Graham (hypochlorite) oxidation of amidines to 3-chloro-
3-substituted diazirines (2).1,2 Despite their superficial resemblance
to the aromatic cyclopropenyl cations, however, computational
studies of the stability of1 are equivocal,3 and the experimental
evidence is not encouraging.2,4 Thus, treatment of2 (R ) MeO),
or the corresponding bromide, with AgNO3, AlBr3, SbF5, AlCl3,
AgF, H2SO4, or FSO3H failed to provide spectroscopic or
chemical evidence for1.2 Related failures were reported for
diazirine3,4b,c while the “diazirine exchange” reactions5 of, e.g.,
2 and3, initially attributed to the intermediacy of1,6 have been
reinterpreted as SN2′ 4c-e,7 or SRN14c,8,9 reactions.

Here, we describe the chemical consequences of reacting
various diazirines with AlCl3 in benzene. The resulting Friedel-
Crafts reactions provide new insights into the decomposition
pathways available to these protean molecules.

Reactions of alkoxychlorodiazirines (4)10 with ∼30% excess
AlCl3 in dry benzene (25°C, dark, 20-30 min) afforded
alkylbenzenes (5) in >95% purity; eq 1. The R groups of4

included isopropyl, cyclopentyl, cyclohexyl, benzyl, neopentyl,
andn-butyl. Rearrangements were observed in the latter two cases,

where the products weretert-amylbenzene or a 73:27 mixture of
s-butylbenzene andn-butylbenzene, respectively. In the case of
R ) PhCH2, the absolute yield of5 was∼40%, based on4; the
balance of the material was nonvolatile. Products were identified
by GC and GC-MS comparisons with authentic samples, and no
reactions occurred in the absence of AlCl3 (UV, TLC, HPLC).

An obvious formulation of these reactions involves chloride
abstraction from4 by AlCl3, yielding an unstable alkoxydiaz-
irinium ion (1, R ) RO), which fragments to R+, CO, and N2,
with subsequent alkylation of benzene by R+. However, B3LYP/
6-31G* computational studies11 fail to locate a AlCl3/Cl abstrac-
tion transition state for4 (R ) i-Pr or Me). Instead, a transition
state proceeding from AlCl3 attack on a diazirinenitrogenatom
is readily found. Figure 1 illustrates the ensuing molecular
processes and energy relationships for4 (R ) i-Pr). As computed
in the gas phase, N/Al interaction affords a diazirine/AlCl3

complex with 13.7 kcal/mol stabilization. C-N bond breaking
then requires∼14.0 kcal/mol of activation energy viaTS1
(transition states exhibited 1 negative vibrational frequency),
leading exothermally (net,-4.0 kcal/mol) to an AlCl3 complex
of isopropyloxychlorodiazomethane, the linear isomer of4.12 Loss
of nitrogen from the latter viaTS2 (Ea ) 6.6 kcal/mol) then
affords isopropyloxychlorocarbene with a net exothermicity of
∼6.5 kcal/mol. A very similar sequence of steps is also computed
to convert4 (R ) Me) to MeOCCl.

According to this scenario, the function of the AlCl3 is simply
to catalyze the loss of nitrogen from4, affording the alkoxychlo-
rocarbene, ROCCl. When R provides a moderately stable R+,
ROCCl readily fragments to R+, CO, and Cl-.13 Therefore, the
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Figure 1. B3LYP/6-31G* potential energy profile for the AlCl3

conversion of4 (R ) i-Pr) to i-PrOCCl. Calculations are for the gas
phase with zero point energy and thermal corrections. Arabic numerals
refer to energies (kcal/mol); italic numerals indicate bond lengths (Å).
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simplest overall mechanism envisions the alkylation of benzene
by R+ derived from4 via ROCCl. A more complicated variant
includes AlCl3 assistance (at C or Cl) in the carbene fragmentation,
but given the low activation energies (<10 kcal/mol in vacuo)
computed for the fragmentations of4 (R ) i-Pr or PhCH2),13b

AlCl3 assistance is probably not required. Note that the possible
formation of RCl or alkenes from ROCCl is moot in the present
instance; controls show that these products simply alkylate
benzene in the presence of AlCl3.

When 2 or 4 afford RCCl or ROCCl that cannot readily
fragment to R+, AlCl3-catalyzed decompositions follow a very
different course. Thus,2 (R ) Ph orp-tolyl) or 4 (R ) Me or
Ph)14 with AlCl3 in benzene yieldtriphenylmethanein >90%
purity.15,16 The origin of the methine proton in Ph3CH is the
benzene substrate; reactions in C6D6 give (C6D5)3CD. The AlCl3
catalyzes phenyl exchange with solvent C6D6, but the methine
proton does not exchange;17 it is irreversibly derived from C6D6.

We formulate these reactions as shown in Scheme 1 (illustrated
with 2, R ) Ph). Reaction of AlCl3 with diazirine 2 generates

the carbene (here PhCCl) by theN-attack mechanism described
above. Next, the carbene reacts with AlCl3 to give the alumi-
nocarbocation6,18 which alkylates benzene via the Wheland
intermediate,7. Three likely continuations include the follow-
ing: (a) loss of HCl from7 affording diphenylaluminocarbocation
8, which alkylates benzene to give Ph3CH; (b) loss of HAlCl4
from 7 to give diphenylcarbene (9) which, upon capture by AlCl3,
also yields8, and thence Ph3CH; or (c) loss of AlCl3 from 7,
(effectively) coupled with a proton shift, to give benzhydryl

chloride (10). The latter then alkylates benzene in a classic
Friedel-Crafts process, affording Ph3CH.19

The N-attack mechanism for AlCl3 conversion of a diazirine
into a carbene (Figure 1) implies that achlorodiazirine is not
required; any diazirine should serve. Indeed, methoxyphenyl-
diazirine (11)20 with AlCl3 in benzene affords triphenylmethane
(96%), while phenyldiazirine (12)21 leads to diphenylmethane
(Ph2CH2, 96%). We can rationalize these reactions according to
Scheme 1, noting (for11) that MeO plays an equivalent role to
Cl in 2,19 and also that one fewer benzene alkylation is possible
when starting with12, so that Ph2CH2 rather than Ph3CH becomes
the sequence terminus. Moreover, in accord with these ideas are
the findings that, with C6D6 as substrate,11 gives (C6D5)3CD,
but 12 affords (C6D5)2CHD.

Irradiation of12 in benzene gives a∼5/95 mixture of diphen-
ylmethane (PhCH insertion) and phenylcycloheptatriene (PhCH
addition). Treatment of the product mixture with AlCl3/benzene
yields ∼27% of Ph2CH2 and ∼73% of Ph3CH, quite different
from the 96% of Ph2CH2 obtained from the direct reaction of12
with AlCl3/benzene. The latter reaction proceeds via the alumi-
nocarbocation derived from PhCH and AlCl3, not via free PhCH.

Finally, we note that the AlCl3 diazirine to carbene conversion
of Figure 1 transits an AlCl3 complex of the isomeric linear
diazoalkane. Not surprisingly, therefore, phenyldiazomethane
(13)22 or diphenyldiazomethane (14)23 yield Ph2CH2

24 or Ph3CH,25

respectively, with AlCl3/benzene. These conversions can also be
rationalized with aluminocarbocations as outlined in Scheme 1.

Although the new reactions of diazirines2 and4 provide no
evidence for the intermediacy of diazirinium ions, they do afford
unanticipated mechanistic insights into diazirine chemistry.4-9 We
are extending our studies of Lewis acid-catalyzed diazirine
decompositions to fluorodiazirines and additional catalysts.
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