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Abstract: An efficient use of triphosgene for the preparation of var-
ious azidoformates from alcohols and sodium azide is described.
The method is applied to various chiral alcohols including glucose
diacetonide to get the corresponding azidoformates. One of these
azidoformates has been successfully utilized for the synthesis of N-
carbobenzyloxy-�-lactams.
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Over the last few years triphosgene [bis(trichlorometh-
yl)carbonate] has emerged as a versatile synthetic auxilia-
ry for the synthesis of some important classes of organic
compounds.1 This white crystalline compound has proved
to be safe and advantageous in comparison with its gas-
eous congener, phosgene. In our recent publication2 we
have reported an efficient use of triphosgene as an acid ac-
tivator in the construction of �-lactam rings by ketene-
imine cycloaddition reactions. We have also used triphos-
gene for the preparation of acylazides from acids and so-
dium azide.3 In this communication we wish to report the
application of triphosgene as a reagent for one pot prepa-
ration of various azidoformates from alcohols and sodium
azide under very mild reaction conditions. The utility of
azidoformates for the synthesis of N-carbobenzyloxy-�-
lactams is also described in this communication.

Interest in the synthesis of azidoformates stems from their
increasing use as protecting agents for amino groups in
peptide synthesis.4 They are valuable synthetic intermedi-
ates for many heterocyclic compounds.5

Azidoformates are generally prepared by reacting corre-
sponding chloroformates with alkali metal azides.6 The
other method for azidoformates involves nitrosation of

carbazates using sodium nitrite and acetic acid. The carba-
zates are prepared from alcohols, acid chloride and hydra-
zine.7 The azidoformates are also prepared by reacting
alcohol with hazardous phosgene8 to generate correspond-
ing chloroformate which is further reacted with alkali
metal azide or hydrazoic acid.

Triphosgene has been employed for the one-pot prepara-
tion of azidoformates.9 Various alcohols were reacted
with triphosgene in the presence of sodium azide and tri-
ethylamine at 0 °C followed by stirring at room tempera-
ture for 24 h afforded azidoformates in very good yields
(Table 1). The in situ generated chloroformate or carbon-
ate reacts directly with sodium azide to get azidoformate
(Scheme 1).

The reaction conditions are very mild and can be em-
ployed for the synthesis of various chiral azidoformates
starting from chiral alcohols (see entries 4–10, Table 1).
The diacetonide, readily available from D-glucose,10 was
also efficiently transformed to its azidoformate in very
good yield (see entry 5, Table 1).

Methoxy alcohol was prepared from (+)-3-carene, natu-
rally occurring monoterpene, by our reported procedure.2b

This alcohol also gave azidoformate in excellent yield
when reacted with triphosgene and sodium azide (see en-
try 8, Table 1).

After developing an efficient method for azidoformate we
were interested in the application of these azidoformates
for their synthetic utility. We have successfully used ben-
zylazidoformate for the synthesis of N-carbobenzyloxy-�-
lactams (Scheme 2). This application was a part of our on
going research program on the synthesis �-lactams.11

Scheme 1
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The iminophosphorane, which is readily generated from
benzyl azidoformate and triphenyl phosphine, was treated
with benzaldehyde to get aza-Wittig reaction product in
very good yield. This product was used further for the
cycloaddition reaction with ketene, generated from acid
chloride, using Staudinger reaction conditions to get N-
carbobenzyloxy-�-lactams (4a–f)12 in good yields
(Table 2). 

In summary, we have demonstrated a general one-pot
method for the preparation of azidoformates from alco-
hols and sodium azide using triphosgene. We have also
shown the utility of azidoformate for the synthesis of N-
carbobenzyloxy-�-lactams. The work on further applica-
tion of azidoformates as well as chiral azidoformates for
asymmetric synthesis is in progress.

Table 1 Preparation of Various Azidoformates from Alcohols and Sodium Azide Using Triphosgene

Entry No. Alcohol Azidoformate Yield (%)

1 Benzyl alcohol Benzyl azidoformate 77

2 Cyclohexyl alcohol Cyclohexyl azidoformate 90

3 CH3(CH2)6CH2OH CH3(CH2)6CH2OCON3 81

4 L-Menthol Menthyl azidoformate 64

5 65

6 69

7 66

8 86

9 86

10 78

Table 2 Synthesis of N-Carbobenzyloxy azetidin-2-ones (4a–f)

Entry 
No.

Com-
pound

R1 R2 Yield 
(%)a,b

Mp (°C)

1 4a -Ph -OPh 78 128

2 4b -PMP -OPh 80 106

3 4c -PMP -OBz 73 95

4 4d -Styryl -OPh 56 Thick oil

5 4e -Styryl -OBz 65 Thick oil

6 4f -Furfuryl -OPh 84 109

a Isolated yields.
b All the compounds gave satisfactory elemental analyses and spec-
tral data.
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