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Letters
Trapping of a phosphazide intermediate in the Staudinger reaction
of tertiary phosphines with azides and its application to the synthesis

of analogs of the marine alkaloid midpacamide
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Abstract—A new method based on the reaction of an E-phosphazide, an intermediate in the Staudinger reaction between triphen-
ylphosphine with an azide, with heterocumulenes allows the one-pot, two-component synthesis of a number of analogs of the
pyrrole–imidazole marine alkaloid midpacamide. The procedure, which involves sequential treatment of the appropriate a-azido
ester with triphenylphosphine and isothiocyanate leads to the thiohydantoin product after aqueous workup. The cyclization con-
ditions can also be adapted to the synthesis of hydantoins by using isocyanates.
� 2004 Elsevier Ltd. All rights reserved.
The reaction of a tertiary phosphine with an organic
azide to produce an iminophosphorane after nitrogen
evolution is known as the Staudinger reaction, and has
proved to be a very useful reaction in synthetic organic
chemistry.1 The primary imination products, phosp-
hazides (triazenophosphoranes or triazaphosphadienes),
are sometimes isolable or stable,2 or can be trapped
either via intramolecular reactions,2a;3 or through for-
mation of a transition metal complex,4 but as a rule they
lose nitrogen at room temperature or at even lower
temperatures to give the corresponding iminophos-
phoranes in practically quantitative yields. Mechanistic
studies on the Staudinger reaction involving kinetic
studies5 revealed that the nucleophilic attack of the
tertiary phosphine on the azide occurs with the forma-
tion of an E-phosphazide with zwitterionic character, in
which the phosphorus atom has partial phosphonium
character and the negative charge is on the N3 atom.
After E!Z isomerization this decomposes rather easily
into the iminophosphorane and nitrogen. This reaction
can be described as an intramolecular nucleophilic
attack of the negatively charged nitrogen atom, N3,
onto the positively charged phosphorus atom.6 In spite
of the important role of iminophosphoranes in organic
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synthesis, they can react with a wide variety of carbonyl
compounds containing polarized oxygen either via aza-
Wittig7 or abnormal aza-Wittig8 pathways, little attention
has been paid to their elusive precursors, phosp-
hazides, primarily due to their rapid conversion to imi-
nophosphoranes. It has been reported2a that an isolated
Z-phosphazide reacts with isocyanates in a �normal� aza-
Wittig type fashion to give the expected carbodiimide.

This paper describes a case where a phosphazide inter-
mediate may participate in a new cyclization process,
thus bypassing the usual Staudinger pathway (nitro-
gen elimination to give the iminophosphorane. (Scheme
1).

During the course of our studies directed toward the
synthesis of the pyrrole–imidazole marine alkaloids
midpacamide and dispacamide,9 we have reported the
preparation of the N-acylated ethyl a-azido-x-amino
valerate 1. Now, we have discovered that the reaction of
triphenylphosphine with a-azido ester 1 is very slow
with no detectable nitrogen evolution. When methyl
isothiocyanate was added to this mixture and the
resulting solution was stirred at room temperature no
triphenylphosphine sulfide was detected. Surprisingly,
after, aqueous workup the thiohydantoin 5, instead of
the expected urea derivative, was formed cleanly in
75% yield. The assignment of 5 as the product was
determined by 1H, and 13C NMR and mass spectro-
scopy.
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Similar results were obtained when ethyl-, propyl-, and
benzyl isothiocyanate were used. We wished to deter-
mine if these cyclization conditions were suitable for the
synthesis of hydantoins (Scheme 2, X¼O). With the
isocyanates employed, cyclization to hydantoins
occurred under the same conditions as the thiohydan-
toins.10

We were intrigued by our inability to observe the un-
cyclized (thio)urea intermediates despite the mild and
neutral reaction conditions employed. In the reaction
of a-amino acid esters with isocyanates or isothiocya-
nates, cyclization usually involves heating, acid
catalysis,11 prolonged treatment with triethylamine at
Scheme 2.
room temperature,12 or treatment with sodium
hydroxide.9

Monitoring the reaction sequence by 31P NMR revealed
a number of details: (a) the spectrum recorded on the
mixture of triphenylphosphine and compound 1 showed
a signal at d ¼ 17:70 ppm, which is in good agreement
with the previously reported values for phosphazides,2a

(b) the spectrum recorded after the addition of methyl
isothiocyanate exhibited a signal at d ¼ 42:40 ppm
characteristic of aminotriphenylphosphonium salts, and
(c) the spectrum recorded on the final solution after
work-up showed a signal at d ¼ 26:12 ppm due to tri-
phenylphosphine oxide. In addition, the IR spectrum of
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the solution after addition of methyl isothiocyanate did
not show the characteristic carbodiimide absorption
bands.

Taking into account these observations, we believe that
this process is likely to take place through the initially
formed E-phosphazide 2, which reacts with methyl iso-
thiocyanate to give a betaine 3, which undergoes cycli-
zation with the ester functionality with concomitant
nitrogen evolution. Finally, hydrolytic cleavage of the
resulting cyclized phosphonium salt 4 provided the final
product 5 and triphenylphosphine oxide (Scheme 2).
The Z-phosphazide required for elimination of nitrogen
and concurrent iminophosphorane formation is essen-
tially never formed, perhaps due to steric hindrance.

Why under the same conditions the reaction with tosyl
isocyanate follows the aza-Wittig pathway giving the
expected carbodiimide9 can be explained by delocaliza-
tion of the negative charge on the nitrogen atom by the
electron-withdrawing tosyl group, which consequently
increases the stability of betaine 3 and decreases the
nucleophilic character of the nitrogen atom. Under these
circumstances E!Z isomerization takes place thus
allowing the reaction course to follow the aza-Wittig
pathway.
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