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ABSTRACT

We report that “activated” dimethyl sulfoxide efficiently dehydrogenates hydrazones to the respective diazo species at −78 °C. Under optimized
conditions, triethylamine hydrochloride is removed quantitatively by vacuum filtration to provide solutions of diazo compounds. Stable diazo
species can be isolated in high yield, or alternatively, the direct treatment of these solutions with carboxylic acids provides esters.

Diazo compounds have a rich history in organic synthesis
as carbene and carbenoid precursors,1 as components of 1,3-
dipolar cycloadditions,2 and as reagents for carbonyl ho-
mologation3 and acid esterification.4 In a small number of
cases, diazo compounds have been isolated from natural
sources.5 The preparation of diazo compounds is often
achieved by the dehydrogenation of hydrazones with stoi-
chiometric quantities of toxic heavy-metal salts (i.e., mer-
cury(II) oxide, lead(IV) acetate).4,6-9 Not only are these
reagents hazardous and environmentally unfriendly, but the
isolation and purification of the resulting diazo product can
also be problematic and can involve potentially hazardous

manipulations of the diazo solution. Herein, we wish to report
conditions for the preparation of diazo compounds via
dehydrogenation of hydrazones with “activated” DMSO.10

In this operationally simple and mild method, solutions of
diazo compounds are easily isolated by simply filtering the
reaction mixture.

While conducting research on the conversion of N-
unsubstituted hydrazones to alkyl chlorides by treatment with
chlorodimethylsulfonium chloride,11 we noted that when
benzophenone hydrazone was the substrate a short-lived and
localized red coloration would occasionally appear. We
reasoned that this red coloration might be due to the transient
formation of diphenyldiazomethane in the reaction mixture
and sought to develop this into a useful method for diazo
preparation. Our initial studies focused on preparing the
isolable and relatively stable diphenyldiazomethane (2,
Scheme 1) from commercially available benzophenone
hydrazone (1).

When a solution of benzophenone hydrazone in CH2Cl2
containing 2.1 equiv of triethylamine was added to a-78 °C
solution of chlorodimethylsulfonium chloride in CH2Cl2, the
color of the reaction immediately changed to dark red. IR
spectroscopy of this clear red solution showed the charac-
teristic diazo stretch. In an attempt to utilize the diazo
compound directly in an esterification reaction, excess
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benzoic acid was added and the solution was warmed to room
temperature. The resulting product mixture contained diphe-
nylmethyl benzoate (3) and chlorodiphenylmethane (4) in a
5:1 ratio as determined by NMR. The reactions of diphenyl-
diazomethane with triethylamine hydrochloride and benzoic
acid were clearly competitive. We reasoned that alkyl
chloride formation might be suppressed by changing the
solvent to one in which triethylamine hydrochloride is
insoluble. This was ultimately realized by using THF as the
reaction solvent.12 Dropwise addition of a mixture of
benzophenone hydrazone and triethylamine in THF to a
solution of preformed chlorodimethylsulfonium chloride in
THF at -78 °C provided a red solution containing copious
amounts of white precipitate. Filtration of the cold solution
provided a clear red solution of diphenyldiazomethane and
a quantitative yield of solid triethylamine hydrochloride.13

Addition of benzoic acid to the red solution and warming to
room temperature provided diphenylmethyl benzoate (3) in
88% yield after purification by chromatography; less than
3% of chlorodiphenylmethane (4) was observed.

The yield of diazo compounds is difficult to establish due
to their high reactivity. Yields are most commonly estimated
either by conversion of the diazo compound to an isolable
ester on treatment with a carboxylic acid or by measuring
the volume of N2 gas evolved upon treatment of the diazo
solution with acid.14,15 Due to competitive side reactions
(azine formation, elimination reactions, etc.), neither of these
procedures is ideal, and the actual yield of the diazo
compound has been estimated to be as much as 20% higher
than the observed yield determined by these methods.16 In
our studies, we determined the yield of the diazo product
by both gas evolution17 (Table 1) and esterification (Table
2) methods.

As seen from the results in Table 1, gas evolution studies
show uniformly good yields for the formation ofR-aryl diazo
compounds.18 Benzophenone hydrazone provided diphenyl-
diazomethane in 99% yield, whereas acetophenone hydra-
zone, benzaldehyde hydrazone, and 9-anthraldehyde hydra-
zone returned their respective diazo products in 97%, 87%,
and 88% yield. As observed in all previous methods of diazo
preparation, the yields of nonstabilized secondary and
primaryR-alkyl diazo compounds were significantly lower.
For example, pivaldehyde hydrazone providedtert-butyl-
diazomethane in 51% yield. The yield of diazocyclohexane,
as determined by gas evolution experiments, was highly
variable with results ranging from 5% to 42% yield. We
attribute this variability to the instability of diazocyclohexane,
which we suspect decomposes during filtration.

Alternatively, stable diazo compounds were easily isolated
from the reaction mixture. For example, dehydrogenation of
benzil monohydrazone (5, Scheme 2) followed by a simple
extractive workup provided 2-diazo-1,2-diphenylethanone19
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Table 1. Yield of Diazo Compounds as Determined by Gas
Evolution Measurements

Scheme 1
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omethane, simply removing the triethylamine hydrochloride
salt by filtration and removing the solvents in vacuo provided
diphenyldiazomethane20 in 99% yield as a viscous red oil
that solidified on cooling. Proton NMR of this material
showed only trace contaminants that were readily removed
by crystallization from pentane.

Table 2 shows the yields of benzoate esters obtained for
the two-step sequence of diazo formation and subsequent
reaction with excess benzoic acid. Interestingly, treating the
THF solution of phenyldiazomethane (8, Scheme 3) with
benzoic acid returned a mixture of the expected benzyl
benzoate (11) in 40% yield and an additional 20% yield of

4-(benzyloxy)butyl benzoate (12).21 Ester12 is likely derived
by solvent participation as shown in Scheme 3.22 Initial
protonation of phenyldiazomethane by benzoic acid would
provide the corresponding diazonium that could lose nitrogen
to provide benzylic cation9. Reaction of THF with the
benzylic cation would provide oxonium ion10, which in
turn would be attacked by the benzoate anion to provide ester
12. Solvent participation was also noted to a lesser extent in
the reaction of 1-phenyldiazoethane with benzoic acid. In
this case, 1-phenylethyl benzoate and 4-(1-phenylethoxy)-
butyl benzoate were isolated in a 16:1 ratio. On the basis of
these results, it appears that the degree of solvent participation
reflects the stability of the cation intermediate.

To circumvent the problem of solvent participation, we
sought an alternative reaction medium. The primary difficulty
in establishing a good solvent for diazo preparation lay in
balancing the solubility of chlorodimethylsulfonium chloride
to that of triethylamine hydrochloride. Ultimately, a 9:1
mixture of diethyl ether and dichloromethane provided the
right solvent characteristics, and no solvent participation was
noted in any of the esterification reactions shown in Table
2. Due to the high vapor pressures of diethyl ether and
dichloromethane, this solvent system did not provide repro-
ducible results in gas evolution measurements; all gas
evolution measurements were conducted using THF as
solvent.

Subjecting benzylic hydrazones to the two-step process
of diazo formation and subsequent esterification with excess
benzoic acid provided good yields of benzoate esters. For
example, benzophenone hydrazone provided diphenylmethyl
benzoate23 in 88% yield, whereas benzaldehyde hydrazone
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Scheme 3Table 2. Isolated Yield of Esters Derived from Diazo
Intermediates

Scheme 2
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and 9-anthraldehyde hydrazone provided benzyl benzoate24

and 9-anthracenylmethyl benzoate in 75% and 90% yield,
respectively. Acetophenone hydrazone provided a mixture
of 1-phenylethyl benzoate24 and styrene in 61% and 13%
yield. Unstabilized alkyl diazo compounds are typically not
synthetically useful in esterification reactions due to their
high acid lability and propensity to undergo elimination or
rearrangement reactions.4 Not surprisingly, our attempts to
isolate esters derived from unstabilized alkyl diazo com-
pounds returned little to no product. Cyclohexanone hydra-
zone provided only 4% yield of cyclohexyl benzoate,25

whereas pivaldehyde hydrazone failed to yield any neopentyl
benzoate.

The dehydrogenation of hydrazones with activated DMSO
in the presence of at least two equivalents of triethylamine
offers a new method for the synthesis of diazo compounds.
Significantly, this method avoids the use of the toxic heavy-
metal salts used in previous diazo preparations. A simple
filtration providedR-aryl diazo compounds in high yields
as determined by gas evolution measurements and esterifi-
cation reactions.
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