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Synthesis of B-Lactams Using Dimethyl Formaminium
Chloride Chlorosulphate Reagent
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In this paper, dimethyl formaminium chloride chloro-
sulphate is formed by the reaction of sulphuryl chloride with
dimethyl formamide and its utility is applied in the synthesis
of B-lactam compounds.
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INTRODUCTION

The construction of naturally occurring or unnatural -lactam with
attendant control of functional groups and stereochemistry has been the
goal of the synthetic organic chemists for last four decades. Among a multi-
tude of synthetic methods one of the most studied is the [2+2] cycloaddition
reaction of imines and ketenes. Cycloaddition reactions of imines with
acid chloride or with activated carboxylic acids in presence of base have
been widely used for synthesis of B-lactam'® (Scheme-1).
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The acid chloride from which ketene is generated is not always simple
and easy to prepare and/is not commercially available. An alternative synthesis
of B-lactam that circumvents the use of acid chlorides involves the use of
carboxylic group activating agents. Various reagents have been reported
for activating carboxylic group in the Staundinger reaction’ .

Dimethyl formaminium chloride chlorosulphate (DFCCS), a stable
complex formed by the reaction of SO,Cl, with DMF'*', It has been used
as chlorinating reagent for aromatic and heterocyclic nucleus'”*. The
present article describes the utility of DFCCS for preparation of various [3-
lactam nucleus. This reagent was successfully used in B-lactam chemistry
for acylation of various 7-aminocephem derivatives in the preparation of
cephem antibiotics™.
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EXPERIMENTAL

All the reagents and solvents were used as such without further purifi-
cation. The progress of the reactions was monitored by TLC using silica
gel plates (E Merck). IR spectra were recorded on a '"H NMR spectra on
Bruker (300 MHz) spectrometer using TMS as the internal standard. The
structure of the isolated reaction products shown in the table were confi-
rmed by comparing IR, '"H NMR spectra with that of authentic sample.

Synthesis of N,N-dimethyl formaminium chloride chlorosulphate
(DFCCS): 21.47 g (0.294 mol) of dimethyl formamide was added to a
mixture of 39.7 g (0. 294 mol) of sulfuryl chloride and 50 mL of methylene
chloride slowly over 0.5 h, at a temperature of -10 to -20 °C. The mixture
was stirred for 2 h at 20-22 °C. Further, 100 mL of methylene chloride was
added and the mixture was allowed to settle down. N,N-dimethyl formimi-
nium chloride chlorosulphate (DFCCS) that remains in the denser organic
layer was separated.

Synthesis of 1-benzyl-3B-[4-(S)-phenyloxazolidin-2-one-3-yl]-4p-[2-
(2-furyl)ethenyl]azetidin-2-one (I): To a solution of (S)-4-phenyl-
oxazolodin-2-one-3-yl-acetic acid (IIT) (50 g 0.226 mol) in dichloromethane
(300 mL), cooled to -5 to -10 °C. To this solution added DFCCS (II), oily
layered is formed in 10-15 min followed by stirring for 0.5 h at same tem-
perature and cooled this reaction mixture to -50 °C. A solution of triethy-
lamine (50.27 g, 0.497 mol ) is added slowly by keeping temperature at -45
to -50 °C and stirred this reaction mixture for 0.5 h at -50 to -55 °C in
order to get compound V.

To the above reaction mixture, slowly added the Schiff base (VI) solution
[prepared from furyl acroline (30.5 g, 0.25 mol) and benzyl amine (26.75
g, 0.5 mol) in dichloromethane (300 mL)] at -50 to -55 °C in 15-20 min.
The temperature of reaction mixture was allowed to raise -10 °Cinca l h
and stirred for 0.5 h. Water (500 mL) is added and pH adjusted to 3.5 with
6 N HCI. The organic layer is separated and washed with 5 % aqueous
NaHCO; (300 mL) and then with 5 % aqueous NaCl (300 mL).The resulting
organic layer is concentrated under reduced pressure and added 2-propanol
(500 mL). The slurry is cooled to 10 °C.The solid is filtered and washed
with cold 2-propanol (100 mL) and dried. Yield 74 g (83 %). Chromato-
graphic purity (By HPLC) > 99.0 %; m.p. 178-180 °C. (Reported in litera-
ture 181-182 °C); [at]p 20 =+ 13.1 ° (¢ = 1.6, CHCl;), IR (KB, Vinax, cm™)
3022, 1762, 1658, 1500, 1463, 1412; '"H NMR (CDCls) &: 7.45-7.07 (m,
11, ArH), 6.35 (dd, 1, J = 1.8, 3.3 Hz, OCH=CH), 6.26 (d, 1, J = 16 Hz,
N-CH-CH=CH), 6.22 (d, 1, /=3.3 Hz, O-C=CH), 5.76 (dd, 1, J = 16, 8.9
Hz, N-CH-CH=CH), 4.91 (dd, 1, J=8.8, 7.4 Hz, OCH,CH), 4.65 (t, IH, J
= 8.9 Hz, one of OCH, CH), 4.60 (d, 1H, J = 15 Hz, one of ArCH,), 4.53 (d,
1H, J = 4.8 Hz, C-3 H), 4.20 (dd, 1H, J = 7.4, 8.8 Hz, one of OCH,CH),
4.10 (dd, 1, J =4.8, 8.9 Hz, C-4H), 4.01 (d, 1, J = 15 Hz, one of ArCH).
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RESULTS AND DISCUSSION

DFCCS (IT) remained stable and not converted to the normal Vielsmeir
reagent. The complexes of POCI/DMF or SOCL/DMF are less stable and
easily converted into normal Vielsmeir reagent. DFCCS can be prepared in
any solvents such as benzene, toluene, CH,Cl, and CHCI; or without solvent.
This makes advantages over SOCL/DMF complex which cannot be synthe-
sized in CH,Cl, or CHCls. These solvents facilitate the formation of SOCI,/
DMF complex into normal Vielsmeir reagent™.

The reaction of SO,Cl, with equimolar quantity of Dimethyl formamide
with or without solvent i.e. CH>Cl, or CHCl;, results dimethyl formaminium
chloride chlorosulphate (IT) (Scheme-II).

cl

Scheme-II

DFCCS (ITI) forms activated complex with carboxylic acid in this process
to make reactive intermediate IIT (Scheme-III) i.e. activated carboxylic
mixed sulphonic anhydride.
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Activation of oxazolidinone acetic acid (IIT) with DFCCS in dichloro-
methane at - 5 to -15 °C gives mixed carboxylic sulphonic anhydride (IV).
This activated carboxylic anhydride generates ketene (V) at -50 °C in presence
of tertiary amine which is condensed with imine (VI) at -50 °C followed
by usual work-up gives (I) in 80-85 % yields with > 90 % of cis-isomer.
Different -lactam compounds have been synthesized using this method
and results are given in Table-1 (Scheme-1V).
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Yield cis:trans cis:trans
(%) (reaction) (solid)
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