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SUMMARY

A method is described by which ZBO-DMF can be prepared con-
veniently and in very high yields (~ 30%) by reacting at room
temperature an equimolar quantity of benzoyl chloride, DMF and
180— labelled water.

INTRODUCTION

A number of studies are known that illustrate the chemical reactivity
of the carbonyl oxygen in N, N-dimethylformamide (DMF). 1-6 Stephens
et al. 7 have described a reaction of sulfonyl chlorides with primary amides
which probably involves O-acylation. Haszeldine8 found that Lewis acids
also react with DMF at the oxygen atom. Hall5 noticed that when either
acyl or benzoyl bromides were mixed with DMF in equimolar proportions,
1:1 crystalline salts were formed (eq. )). These were assigned formula I
on the basis of their reactions with aniline and water. Thus, the salt from

benzoyl bromide gave benzanilide in 84, 8% yield with aniline and benzoic

acid in 79, 3% yie!d in water,
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+ -
RCOBr + (CH3)ZNCHO —> (CH3)ZN= CHOCORCI (eq. 1)

DMF )

We have recently repo rtedg that when DMF -acy! halide intermediates

(I) were treated with aliphatic alcohols at room temperature, alkyl halides

were produced in quantitative yields (eq. 2).

+

(CH3)2N= CHOCORX-JL R'OH — R'X + RCO,H + (CH3),NCHO (eq. 2)

2 2

@

In the course of investigating the mechanism of the above reaction (eq.

2) it became necessary to synthesize 18O-dimethylformamide (ISO-DMF).

We wish to report here that 18O-DMF can be prepared conveniently and

in very high yields by reacting at room temperature an equimolar quantity

1
of benzoy!l chloride, DMF and 8O—Lf:-xbellecl water (eq. 3).

+ - 18 18
(CH3)2N=CHOCOPh Cct + HZO — PhCOZH + (CH3)2NCHO + HCL (eq. 3}
2 1

Ia

EXPERIMENTAL

Preparation of ! 8O -Dimethylformamide

7.3 g (0.1 m) of dimethylformamide (dried over pulvarized KOH and
distilled) and 14.0 g (0.1 m) of benzoy!l chloride were placed in an erlenmeyer
flask equipped with a magnetic stirrer and a calcium chloride drying tube.
The contents were cooled to U-5° in an ice bath for about 10 min. 1.85¢g
(0.1 m) of 180-labelled water (20% mole of ]80 isotope) was then introduced
slowly while stirring. In about 5 min after addition of isotope labelled water
the contents were solidified due to the precipitation of benzoic acid. [At this

18

stage a sample of the reaction examined mass spectrometrically showed = O

in DMF. The identity of the formed benzoic acid was proven by isolation.
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This acid could be isoclated from the reaction mixture by either extraction
with petroleum ether or carbon disulfide or alternately by direct filtration
with subsequent washing with water.] 8.4 g (0.1 m) of sodium bicarbonate
was added to the reaction and when the evolution of carbon dioxide ceased
the contents were extracted with acetone (3 x 15 ml). The acetone layer
was dried over 5 g of anhydrous potassium carbonate and filtered. Acetone
was removed under reduced pressure and the residual liquid was distilled
at atmospheric pressure to obtain 6 g (81%) of 18O—di.methylformamide
(153° T). The mole percentage of 180-isotope in the so produced dimethyl-
formamide was determined mass spectrometrically and was found to be 18%
(90% incorporation, obtained as the average value of three experiments),

The isotope abundances were as follows:

m/e % of P
73(P) 100
75(P+2) 18

! 8O -Exchange Studies

18
Equimolar quantities (0. 01 m) of dimethylformamide (DMF), H,0 and

concentrated HCL were heated at 60° C for 24 hours. When a sample of this
solution was examined by mass spectrometry it showed no incorporation of

180 into DMF.

DISCUSSION

From the data obtained above it is clear that the reaction between

2

Hzg and the DMF-acyl chloride intermediate Ia (eq. 3) leads to 18O-DMF
via an attack of the former at the immonium carbon (carbon #2) of the
latter (la, eq. 5;. The reaction, depicted by equation 3, appears to pro-
ceed to completion at 57 in about 5 min, as evidenced by the quantitative

release of benzoic acid and the incorporation of 18O into its DMF fraction.
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In contrast, however, the 180--excha.nge studies show that the oxygen atom
18
of DMF does not exchange with HZO under strong acid conditions at 60° C,

for prolonged periods of time (24 hours).
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