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GRAPHICAL ABSTRACT

Abstract The dehydration of aldoximes and amides, and oxidation of benzoin are

accomplished in one-pot using in situ–generated Burgess-type reagent.

Keywords Amide; benzil; benzoin; Burgess reagent; Burgess-type reagent; dehydration;

nitrile; oxidation; oxime

INTRODUCTION

Burgess reagent[1] and its various analogs are extensively used in the field of
synthetic organic chemistry. Apart from various dehydration reactions under mild
conditions, they are also used for the cyclodehydration of hydroxyamides and thioa-
mides to the corresponding heterocycles.[2] Burgess reagent is successfully used for
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the synthesis of chiral b-aminoalcohols,[3] carbamates of unsaturated b-aminoacids
from Baylis–Hillman adducts,[4] sulfamidates from epoxides,[5] sulfamidates from
1,2-diols or epoxyalcohols,[6] a- and b-glycosylamines from carbohydrates,[7] cyclic
sulfamidates, and b2,2

0-aminoacids.[8] Wood et al. developed a modified Burgess
reagent for converting primary alcohols to carbamate protected amines.[9] Major
applications of Burgess reagent and its analogs are based on their remarkable
dehydrating property.[10]

Our group has demonstrated that Burgess reagent can effectively and stereose-
lectively dehydrate a-aldoximes to nitriles under very mild conditions.[11] We also
established that Burgess reagent can efficiently oxidize benzoins to benzils.[12] Here,
we report a simple and efficient one-pot synthesis of nitriles from amides and oximes
using in situ–generated Burgess-type reagent.

Burgess reagent is prepared in two steps by the reaction of chlorosulfonyl iso-
cyante with an alcohol followed by treatment with a tertiary amine such as triethy-
lamine. The major drawback of conventional Burgess reagent is its limited shelf life.
Wipf et al. developed polythelyne glycol (PEG)–supported Burgess reagent to sur-
mount this limitation, but these PEG-supported reagents are found to be less
efficient than the conventional one.[13] We surmised that treatment of chloroulfonyl
isocyante with a suitable b-aminoalcohol should yield a cyclic Burgess-type reagent
(CBR, 2) in one step.

CBRs can be used as such without isolation and purification for effecting vari-
ous transformations possible with conventional Burgess reagent. With a view to
make the procedure simple and more efficient, we carried out the dehydration of
aldoximes and primary amides to the corresponding nitriles and oxidation of ben-
zoin to benzil using an in situ–generated Burgess-type reagent in a one-pot synthetic
protocol. Because the reactions proceeded smoothly, no attempts were made to
isolate the CBR in pure form.

RESULTS AND DISCUSSION

A few aldoximes[14] and amides[15] were prepared according to the literature
procedures. For the in situ preparation of CBR, a mixture of 1-(2-hydroxyethyl)-pip-
eridine (1) and chlorosulfonyl isocyanate was stirred in dry CH2Cl2 for about 20min
at 0–5 �C. In all the runs, excess of 1 was used to ensure complete consumption of
chlorosulfonyl isocyante and efficient generation of the inner salt. To this mixture,
the aldoximes were added and refluxed for 1 h to get the corresponding nitriles in
very good yields (Scheme 2). The dehydration reaction is assumed to proceed
through a cyclic Burgess-type reagent 2.

Scheme 1. In situ generation of CBR.
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We found that the same protocol is suitable for dehydration of primary amides
to the corresponding nitriles in good yields (Scheme 2).

The substrates, products, and yields are summarized in Table 1.
Interestingly, the same procedure could be adapted to efficiently oxidize

benzoin to benzil (Scheme 2).
In all the experiments involving in situ–generated CBR, yields were consist-

ently better than those reported with conventional Burgess reagent. Thus, reactions
involving CBRs are simpler, faster, and more efficient than those reported with con-
ventional Burgess reagent. Furthermore, we have demonstrated that CBR solution
can be stored in a refrigerator without noticeable loss of activity for several days,
attesting to the stability of CBRs.

To conclude, we have developed an efficient and quick protocol for the dehy-
dration of aldoximes and amides and oxidation of benzoin by an in situ–generated
cyclic Burgess-type reagent.

EXPERIMENTAL

General Procedure for Dehydration of Oximes and Amides

Chlorosulfonyl isocyanate (10mmol) was added dropwise to a solution of
1-(2-hydroxyethyl)piperidine (1, 20mmol) in dry CH2Cl2 (10mL) at 0–5 �C and
the mixture was stirred for about 20min. It was then refluxed with aldoximes or
amides (5mmol). The progress of the reaction was monitored by thin-layer chroma-
tography (TLC). After 1 h of refluxing, the reaction mixture was cooled and filtered.
The solvent was removed under reduced pressure, and the residue was purified by
column chromatography on silica gel using a mixture of hexane–dichloromethane
(4:1) as eluent, affording the corresponding nitriles in very good yields. These nitriles
were characterized by comparing their spectral and analytical data with those of
authentic samples.

Scheme 2. Reactions of CBR.
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Procedure for Dehydrogenation of Benzoin

Chlorosulfonyl isocyanate (10mmol) was added dropwise to a solution of
1-(2-hydroxyethyl)piperidine (1, 20mmol) in dry CH2Cl2 (10mL) at 0–5 �C and
the mixture was stirred for about 20min. It was then refluxed with benzoin (5mmol).
The progress of the reaction was monitored by TLC. After 1 h of refluxing, the reac-
tion mixture was cooled and filtered. The solvent was removed, and the residue was
purified by column chromatography on silica gel using a mixture of hexane–dichlor-
omethane (4:1) as eluent, affording the corresponding benzil in good yields. Benzil

Table 1. Dehydration of aldoximes and amides into corresponding nitriles

Entry Substrate Product Yield (%)

1 90

2 89

3 95

4 93

5 88

6 90
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obtained was characterized by comparing the melting point and spectral data with
those of authentic samples.
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Chem. Soc. 1968, 90, 4744–4745; (b) Cabañas, B.; Baeza, M. T.; Salgado, S.; Martı́n, P.;
Taccone, R.; Martı́nez, E. Oxidation of heterocycles in the atmosphere: Kinetic study of

their reaction with NO3 radical. J. Phys. Chem. A 2004, 108, 10818–10823.
2. (a) Schaffer, P.; Morel, P.; Britten, J. F.; Valliant, J. F. Unexpected formation of an

azetidine-carborane derivative by dehydration of N-(1,12-dicarba-closo-dodecaboran-1-
yl)formamide: The first x-ray structure of a 2,3-bis(imino)-azetidine. Inorg. Chem. 2002,
41, 6493–6499; (b) Wipf, P.; Venkatraman, S. From Aziridines to oxazolines and thiazo-
lines: The heterocyclic route to thiangazole. Synlett 1997, 1–10; (c) Christopher, T. B.;
Paul, J. M.; Loong, Y.; Oakley, P. J. Novel procedure for the synthesis of 1,3,4-oxadia-
zoles from 1,2-diacylhydrazines using polymer-supported Burgess reagent under micro-
wave condition. Tetrahedron Lett. 1999, 40, 3275–3278; (d) Brain, C. T.; Paul, J. M.
Rapid synthesis of oxazoles under microwave conditions. Synlett 1999, 1642–1644; (e)
Burckhardt, S. Methyl N-(triethylammonium-sulf-onyl)carbamate: ‘‘Burgess reagent.’’
Synlett 2000, 559–560.

3. Nicolaou, K. C.; Huang, X.; Snyder, S. A.; Rao, P. B.; Bella, M.; Reddy, M. V. A novel
regio- and stereoselective synthesis of sulfamidates from 1,2-diols using Burgess and
related reagents: A facile entry into b-amino alcohols. Angew. Chem., Int. Ed. 2002, 41,
834–838.

4. Mamaghani, M.; Abed, B. One-pot easy conversion of Baylis–Hillman adducts into
carbamates of unsaturated b-amino acids. Tetrahedron Lett. 2004, 45, 1547–1550.

5. Rinner, U.; Adams, D. R.; dos Santos, M. L.; Abboud, K. A.; Hudlicky, T. New appli-
cation of Burgess reagent in its reaction with epoxides. Synlett 2003, 1247–1252.

6. Nicolaou, K. C.; Snyder, S. A.; Longbottom, D. A.; Nalbandian, A. Z.; Huang, X. New
use for the Burgess reagent in chemical synthesis: Methods for the facile and stereoselec-
tive formation of sulfamidates, glycosylamines, and sulfamides. Chem. Eur. J. 2004, 10,
5581–5606.

7. Nicolaou, K. C.; Snyder, S. A.; Nalbandian, A. Z.; Longbottom, D. A. A new method for
the stereoselective synthesis of a- and b-glycosylamines using Burgess reagent. J. Am.
Chem. Soc. 2004, 126, 6234–6235.

8. Avenoza, A.; Busto, J. H.; Corzana, F.; Oses, G. J.; Peregrina, J. M. SN2 vs. E2 on quat-
ernary centers: An easy approach to chiral b2,2-amino acids from cyclic sulfamidates.
Phosphorus, Sulfur, Silicon Relat. Elem. 2005, 180, 1459–1460.

9. Wood, M. R.; Kim, J. Y.; Books, K. M. Novel one-step method for the conversion of pri-
mary alcohols into carbamate-protected amines. Tetrahedron Lett. 2002, 43, 3887–3890.

10. (a) Burgess, E. M.; Penton, Jr., H. R.; Taylor, E. A. Thermal reactions of alkyl N-carbo-
methoxy sulfamate ester. J. Org. Chem. 1973, 38, 26–31; (b) Maugein, N.; Wagner, A.;
Mioskowski, C. New conditions for the generation of nitrile oxide from primary nitro-
alkanes. Tetrahedron Lett. 1997, 38, 1547–1550; (c) Box, J. M.; Harwood, L. M.;

Humphreys, J. L.; Morris, G. A.; Redon, P. M.; Whitehead, R. C. Dehydration of

IN SITU–GENERATED BURGESS REAGENT 2605

D
ow

nl
oa

de
d 

by
 [

N
or

th
 C

ar
ol

in
a 

St
at

e 
U

ni
ve

rs
ity

] 
at

 0
4:

24
 1

9 
Ja

nu
ar

y 
20

13
 



quinate derivatives: Synthesis of a difluoromethylene homologue of shikimic acid. Synlett
2002, 358–360; (d) Creedon, S. M.; Crowley, H. K.; McCarthy, D. G. Dehydration of
formamides using the Burgess reagent: A new route to isocyanides. J. Chem. Soc., Perkin
Trans. 1 1998, 1015–1017.

11. Jose, B.; Sulatha, M. S.; Pillai, P. M.; Prathapan, S. A new method for the generation of
nitriles from aldoximes. Synth. Commun. 2000, 30, 1509–1514.

12. Jose, B.; Vishnu Unni, M. V.; Prathapan, S.; Vadakkan, J. J. Oxidation of benzoin to
benzil using Burgess reagent. Synth. Commun. 2002, 32, 2495–2498.

13. (a) Wipf, P.; Venkatraman, S. An improved protocol for azole synthesis with
PEG-supported burgess reagent. Tetrahedron Lett. 1996, 37, 4659–4662; (b) Miller, C.
P.; Kaufman, D. H. Mild and efficient dehydration of oximes to nitriles mediated by

the Burgess reagent. Synlett 2000, 1169–1171.
14. Sharghi, H.; Hosseini, M. Solvent-free and one-step Beckmann rearrangement of ketones

and aldehydes by zinc oxide. Synthesis 2002, 1057–1060.
15. Schmidt, K. F. The imine residue. Ber. 1924, 57, 704–706.

2606 J. P. RAPPAI ET AL.

D
ow

nl
oa

de
d 

by
 [

N
or

th
 C

ar
ol

in
a 

St
at

e 
U

ni
ve

rs
ity

] 
at

 0
4:

24
 1

9 
Ja

nu
ar

y 
20

13
 


