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ABSTRACT
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We report that “activated” dimethyl sulfoxide efficiently dehydrogenates hydrazones to the respective diazo species at
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=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 manipulations of the diazo solution. Herein, we wish to report

as carbene and carbenoid precurdas,components of 1,3-
dipolar cycloadditiong,and as reagents for carbonyl ho-
mologatiorf and acid esterificatioh.ln a small number of

conditions for the preparation of diazo compounds via
dehydrogenation of hydrazones with “activated” DM80.
In this operationally simple and mild method, solutions of

cases, diazo compounds have been isolated from naturatliazo compounds are easily isolated by simply filtering the
source®. The preparation of diazo compounds is often reaction mixture.

achieved by the dehydrogenation of hydrazones with stoi- While conducting research on the conversion of N-
chiometric quantities of toxic heavy-metal salts (i.e., mer- unsubstituted hydrazones to alkyl chlorides by treatment with
cury(ll) oxide, lead(IV) acetate)®~° Not only are these  chlorodimethylsulfonium chlorid&, we noted that when
reagents hazardous and environmentally unfriendly, but thebenzophenone hydrazone was the substrate a short-lived and
isolation and purification of the resulting diazo product can localized red coloration would occasionally appear. We
also be problematic and can involve potentially hazardous 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 diphenyldiazomethae (
Scheme 1) from commercially available benzophenone
hydrazone (1).

When a solution of benzophenone hydrazone inClE
containing 2.1 equiv of triethylamine was added te#8 °C
solution of chlorodimethylsulfonium chloride in GBI, the
color of the reaction immediately changed to dark red. IR
ed.: Padwa, A Ed.: Thieme: Stutigart, 2004: Vol. 27, pp-8335. spt_ect.rosgopy of this clear red solution shoy\{ed the ch.arac—

(7) Holton, T. L.; Shechter, HJ. Org. Chem1995,60, 4725—4729. teristic diazo stretch. In an attempt to utilize the diazo

(8) For recent nonheavy-metal-mediated hydrazone dehydrogenation compound directly in an esterification reaction, excess
methods, see: (a) Furrow, M. E.; Myers, A. &.Am. Chem. So004,
126, 12222-12223. (b) McGuiness, M.; Shechter,Tidtrahedron Lett.
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(9) For a summary of other oxidants that effect this conversion but find 2480—2482.
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Scheme 1
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benzoic acid was added and the solution was warmed to room

temperature. The resulting product mixture contained diphe-
nylmethyl benzoate3) and chlorodiphenylmethand)(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? 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 hydrochloritfe.
Addition of benzoic acid to the red solution and warming to
room temperature provided diphenylmethyl benzo&)ar(
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 N gas evolved upon treatment of the diazo
solution with acidt*1®> 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% highe'

than the observed yield determined by these metHolis.
our studies, we determined the yield of the diazo product
by both gas evolutioff (Table 1) and esterification (Table
2) methods.

(12) The activation of DMSO with oxalyl chloride in THF was initially
problematic. When DMSO was added to a precooled solution of oxalyl
chloride in THF, the DMSO solidified and only slowly dissolved and
reacted. This was circumvented by changing the order of addition: oxalyl
chloride was added to a cold solution of DMSO in THF.

(13) Caution: Diazo compounds are known to be explosive, and ground

glass is thought to catalyze the explosive decomposition of diazomethane.

Although we had no explosions while working with these compounds,

Table 1. Yield of Diazo Compounds as Determined by Gas
Evolution Measurements
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As seen from the results in Table 1, gas evolution studies
show uniformly good yields for the formation afaryl diazo
compounds® Benzophenone hydrazone provided diphenyl-
diazomethane in 99% vyield, 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
primary a-alkyl diazo compounds were significantly lower.
For example, pivaldehyde hydrazone provided-butyl-

51

-42

diazomethane in 51% vyield. 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-diphenylethari®ne
(6) in 97% isolated yield. In the case of diphenyldiaz-

suitable safety precautions were taken and all manipulations were conducted (17) The apparatus and procedure we used to measure nitrogen gas

behind safety blast shields.
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102. (ii) McGuiness, M. J. Synthesis of Diazo Compounds with Azidotris-
(diethylamino)phosphodium Bromide. Ph.D. Thesis, The Ohio State
University, 1991, 242 245. (iii) Holton, T. C.; Shechter, Hl. Org. Chem.
1995,60, 4725.

(18) Pross, A.; Sternhell, Rust. J. Chem1970,23, 989—1003.
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Table 2. Isolated Yield of Esters Derived from Diazo
Intermediates
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omethane, simply removing the triethylamine hydrochloride
salt by filtration and removing the solvents in vacuo provided
diphenyldiazomethad&in 99% yield as a viscous red oil
that solidified on cooling. Proton NMR of this material

Scheme 3
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4-(benzyloxy)butyl benzoatd 2).? Esterl2is likely derived

by solvent participation as shown in Schemé? 3nitial
protonation of phenyldiazomethane by benzoic acid would
provide the corresponding diazonium that could lose nitrogen
to provide benzylic catior9. Reaction of THF with the
benzylic cation would provide oxonium ioh0, 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

showed only trace contaminants that were readily removedmixture of diethyl ether and dichloromethane provided the

by crystallization from pentane.

Scheme 2

Oxalyl Chloride (1.5 equiv),
DMSO (2 equiv),

)

N

EtsN (3 equiv),
THF, -78 °C
5 97% yield 6

Table 2 shows the yields of benzoate esters obtained fo

the two-step sequence of diazo formation and subsequen
reaction with excess benzoic acid. Interestingly, treating the

THF solution of phenyldiazomethan®&,(Scheme 3) with
benzoic acid returned a mixture of the expected benzyl
benzoate (11) in 40% vyield and an additional 20% yield of

(19) Nicolaou, K. C.; Mathison, C. J. N.; Montagnon,J..Am. Chem.
Soc.2004,126, 5192—5201.

(20) Smith, L. I.; Howard, K. LOrganic Syntheses; Coll. Vol. 3, p 351
(1955); Vol. 24, p 53 (1944).
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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

Ibenzoaté” in 88% vyield, whereas benzaldehyde hydrazone

(21) Suzuki, T.; Ohashi, K.; Oriyama, Bynthesisl999, 1561—1563.
The 3C NMR data for this compound are identical to those described in
the literature. ThéH NMR data are also identical except for the chemical
shift of one set of protons that appears to have been reported in error. We
observed the methylene protons on the carbon bearing the ester as a triplet
at 4.38 ppm. We believe the reported shift of 4.85 ppm is in error as it is
presented out of numerical order in the original publication.

(22) Song, F. H.; Darbeau, R. W.; White, E. H.Org. Chem2000,65,
1825-1829.

(23) Strazzolini, P.; Giumanini, A. G.; Verardo, Getrahedron1994,
50, 217—-254.
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