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The high yielding synthesis of symmetrical carboxylic anhydrides from acid chlorides mediated by zinc
dust in the presence of dimethylformamide is presented. A mechanism involving the reductive insertion
of zinc(0) into the C-Cl bond of a Vilsmeier-type iminium intermediate as the crucial step is also
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A panoply of methods has been reported in the literature for the
synthesis of carboxylic anhydrides.! Generally, these are prepared
by dehydration of carboxylic acids with powerful acylating or
dehydrating agents. For instance, among the very recent
publications thionyl chloride,? sulfonyl chlorides,® phosgene equiv-
alents,* phophoranes,® pyridazin-3(2H)-ones,® imidazolinium chlo-
rides,” dinitrogen tetroxide,® 1,3,5-triazines,® trichloroacetonitrile/
triphenylphosphine,'® and carbodiimides'! have been used. Alter-
natively, carboxylic anhydrides can be prepared by the reaction
of acid chlorides with carboxylates,'? or by the direct reaction of
acid chlorides with carboxylic acids in the presence of a base,!® a
solid-phase 4-vinylpyridine co-polymer,'> a polymer-supported
cobalt phosphine complex,'® and palladium(II) or cobalt(II) chlo-
rides.'* Carboxylic anhydrides have also been recently prepared
from acid chlorides by reaction with a base and water,'¢'> under
ultrasound basic media,'® and under basic phase-transfer condi-
tions using ammonium chlorides.!”

In this Letter, we would like to report the zinc(0)/dimethylform-
amide-triggered preparation of various symmetrical carboxylic
anhydrides from the corresponding acid chlorides. Under the opti-
mized conditions, acid chlorides 1a-j (1 equiv) were added drop-
wise at 0°C to a stirred suspension of zinc dust (0.55 equiv) in a
mixture of anhydrous dimethylformamide (2 equiv) and pentane
(Table 1).'®1° The resulting suspension, with a clear colorless super-
natant, was allowed to warm to 20 °C. It was then maintained under
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Table 1
Zinc(0)/dimethylformamide-mediated conversion of acid chlorides 1a-j into carbox-
ylic anhydrides 2a-j

0 Zn(0) (0.55 equiv.) O O
DMF (2 equiv.
R)J\CI —( quiv) RJJ\OJJ\R
. pentane
la-j 0°Cto20°C 2a-j
Entry R Anhydride? t (h) Yield® (%)
1 Pent 2a 20 71
2 i-Bu 2b 20 69
3 t-Bu 2c 16 89
4 Cyclopropyl 2d 3 77
5 Cyclobutyl 2e 2 84
6 Cyclopentyl 2f 2 66
7 Cyclohexyl 2g 2 92
8 CeHs 2h 2 75
9 4-MeOCgH4 2i 2 67
10 4-CICgH, 2j 2 95

3 All new compounds were fully characterized by IR, 'H, and '>C NMR.
b Yields in pure symmetrical carboxylic anhydrides.

vigorous stirring at this temperature until the disappearance of all
the zinc (2-20 h) and the formation of a dark orange gummy mix-
ture. In all the cases, symmetrical carboxylic anhydrides 2a—j were
obtained in good to excellent yields (66-95%) as analytically pure
products after trituration of the dark orange gum with 3% Et,0 in
pentane and filtration of the reaction mixture through flash silica gel.

Interestingly, both zinc and dimethylformamide were demon-
strated to play a crucial role in this reaction, since no reaction
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Scheme 1. Postulated mechanism for the zinc(0)/dimethylformamide-mediated
formation of carboxylic anhydrides from acid chlorides.

occurs without one of these two reagents. In order to explain this,
we have envisioned that the reaction is driven by the zinc(0)-
mediated reduction of a Vilsmeier-type species generated in situ
from acid chlorides 1 and dimethylformamide.?° We have then
postulated that the initial steps of the mechanism might corres-
pond to the activation of 1 equiv of acid chloride 1 through the
nucleophilic attack of dimethylformamide leading to the revers-
ible?! formation of the Vilsmeier-type iminium salt 3 with a
carboxylate anion as the counter ion (Scheme 1).

The fact that no reaction occurs without zinc(0) suggests that
these initial steps are equilibria which are very little displaced
in the sense of the formation of 3. In the following step, the irre-
versible zinc(0)-mediated reduction of iminium salt 3,223 result-
ing in the observed disappearance of zinc(0), might give
carbenoid 4 with a carboxylate counter ion. Carbenoid 4 might
then undergo carbenoidic reactions?® resulting in the formation
of the dark orange gum. This reduction, which might drive all
the initial equilibria in the sense of the formation of 4, could be
a zinc insertion analogous to those previously described by one
of us for the preparations of enol esters®®> and thiosulfonic
S-esters,2® the key steps of which involve, respectively, the inser-
tion of zinc(0) into the C-CI bond of acid chlorides and the S-ClI
bond of thiosulfonic acid chlorides. Finally, the corresponding
symmetrical carboxylic anhydride 2 is obtained by the condensa-
tion of the carboxylate counter ion of carbenoid 4 with another
equivalent of acid chloride 1.

In conclusion, we have disclosed an easy and straightforward
high yielding preparation of various symmetrical carboxylic
anhydrides by reaction of acid chlorides with zinc dust in the pres-
ence of dimethylformamide. In order to confirm the postulated

mechanism, further studies will be undertaken to prove the forma-
tion of carbenoid 4. The extension of this method to the synthesis
of unsymmetrical carboxylic anhydrides is currently under investi-
gations in our group and will be reported in due course.
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