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The use of carboxylic anhydrides as C-acylating agents'
is practically limited to acetylation, propanoylation, and
occasionally butanoylation. In order to avoid this limitation,
mixed anhydrides of the type

R
R—C-~0-X
o}

1]
R = alkyl; X = =C—CFy , =S0,~CF3 , —SOQ—Q—CHQ

have been employed? 7. However, the use of mixed anhy-
dridesasstarting materials is, in general, troublesome because
these compounds are sensitive to moisture and tend to dis-
proportionate®. In addition, most of these mixed anhydrides
are difficult to purify and to characterize.

I have now elaborated a straightforward procedure which
avoids preforming of the mixed anhydride. Electron-rich
arencs and heteroarenes (1) react with alkanoic acids (2)
of different chain length in acetonitrile in the presence of
excess trifluoroacetic anhydride and of 85% phosphoric
acid (as catalyst) to give alkyl aryl ketones or alkyl heteroaryl
ketones (3). respectively, in generally good yiclds. A similar
acylation with acetic acid without the use of phosphoric
acid has been reported®.

acetonitrile/ 85% H3PO,

Ar—H + R—COOH + (F4C~C0),0
1 2
Ar—C-R + 2 F3C—COOH
3

The nature of the acylating agent was studied in a scparate
experiment. The reaction with dodecanoic (lauric) acid was
carried out in the absence of an aromatic or heteroaromatic
substrate under the conditions given in the experimental
procedure. The expected mixed anhydride, dodecanoyl tri-
fluoroacetate, could be isolated and characterized by LR.
spectrometry according to Ref. ?. Reaction of the isolated
mixed anhydride with 3-methylthiophene afforded a 3:1
mixture of 3-methyl-2-(1-oxododecyl)- and 4-methyl-2-(1-
oxododecyl)-thiophene (3d) in 58 % yield.

The acylation proceeds also in the absence of 85% phos-
phoric acid: however, in these cases it requires significantly
longer reaction times and gives lower yields (see 3¢). No
reaction takes place when the catalyst and trifluoroacetic
acid are used in a 1:1 molar ratio; a ratio of 1:2 was
found to be suitable. The role of phosphoric acid is at
present not completely understood; the intermediacy of a
phosphoric alkanoic anhydride cannot be ruled out'®. It
is interesting to note that replacement of phosphoric acid
by trifluoroacetic acid results in yields similar to those which
are obtained without catalysis.

The following concentrations of reaction components and
reagents were found to be optimum:

substrate: 0.1--0.3; alkanoic acid: 0.1; phosphoric acid: 0.1;
trifluoroacetic anhydride: 0.4.
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Ketones 3 are readily formed starting from C-C;; alkanoic
acids. Fven with the sterically hindered pivalic acid, the
acylation products (3e) were obtained in 69 % yield. With
trifluoroacetic acid, acylation was only observed in the case
of benzoic acid (which shows only low reactivity in the
reaction). The attempted formylation of 2-methylthiophene
with formic acid failed under our conditions'".

The reactivity of the aromatic and heteroaromatic substrates
decreases from furan and the methylthiophencs to polymeth-
ylbenzenes and benzenoid-type substrates. In cases, in which
mixtures of isomers may be formed, the isomer ratios are
as expected from the literature'%.

The products prepared under mild conditions are practically
pure (by T.L.C., G.L.C., LR, and N.M.R)) and are obtained
in high yields. When the reaction is carried out under more
vigorous conditions, chromatographic separation of the pro-
duct from tarry material is necessary.

The present method is advantageous in terms of the mild
conditions employed, the case of performance. and the ready
availability of the starting materials. It avoids the separate
preparation of the mixed anhydride or the conversion of
the carboxylic acid to its chloride which is the most common
reagent in most Friedel-Crafts acylations. The vields are
generally good and reproducible. The homogeneous reaction
conditions proved to be suitable for a kinetic study of acyla-
tions to be reported in a forthcoming publication.

3- and 4-Methy}-2-(1-oxododecyl)-thiophene (3d); Typical Proce-
dure:

A dried three-neck flask with stirrer, calcium chloride drying tube.
and dropping funnel is charged with dodecanoic acid (2, R=n-
Cy1Has: 045g, 2.3mmol), 3-methylthiophene (0.70g. 7.1 mmol),
85 % phosphoric acid (0.27 g, 2.3mmol), and anhydrous acetoni-
trile (15ml; distilled from phosphorus pentoxide). The mixture
is stirred at 50° and a solution of trifluoroacetic anhydride (1.25 ml,
8.7mmol) in anhydrous acetonitrile (6 ml) is rapidly added from
the dropping funnel. The clear solution becomes opagque and,
eventually, pink. After 30 min, water (40 ml) is added and the mix-
ture is extracted with ether (3 x 30 ml). The organic extract is ex-
tracted with agueous sodium hydrogen carbonate, washed with
water, and dried with sodium sulfate. The solvent is removed under
reduced pressure to leave a mixture of the isomeric compounds
3d as a pale yellow liquid which gives only two spots on T.L.C.
(silica gel, benzene as eluent, Rf 0.41 and 0.48); yield: 0.63 g. The
product is purified by distillation in vacuo; yield: 0.54g (85°0);
b.p. 162 -166°/0.7 torr: n?: 1.5083.

Cy2H2508 cale. C 7280 H10.06

{280.5) found 72.63 9.81

LR (CCly): ve -0 =1670cm " 1.

"H-N.M.R. (CCl,, 60 MHz):

2.3-Isomer: 6="7.20 (d, 5-Hmiophenes J =0 Hz): 6.80 (d. 4-Hniophenes
J=6Hz): 2.50 ppm (s, 3H, thiophene-CH3).

24-Isomer: =745 (bs, 5-Humiophene); 7.05 (bs. 3-Hiniophene)s
2.25ppm (s, 3H, thiophene-CH ).

The integrals of these signals (SH overall) are consistent with
an isomer ratio of 3:1 with the 2,3-isomer predominating.
G.L.C. analysis (1 m column packed with 2%, SE 30 plus 0.4%,
FEAP on silanized chromosorb W 60--80, operated at 176°) of
the mixture gives only two peaks in a 3:1 ratio.

Besides the "H-N.M.R. signals listed above, the following signals
are present in the spectrum: =28 (t, 2H, CH,--CO); 1.4-1.2
(bs, 18 H, 9 “central™ CH;); 0.9 ppm (1, 3H, w-CH;).

Received: May 22, 1978
(Revised form: August 25, 1978)

© 1979 Georg Thieme Publishers

Downloaded by: Collections and Technical Services Department. Copyrighted material.



304 Communications SYNTHESIS

Table. Ketones (3) by Acylation of Arenes and Heteroarenes (1) with in situ Generated Mixed Anhydrides of Alkanoic Acids (2)
and Trifluoroacetic Acid

Yield of 3*

b.p./torr® or m.p.

1 2 Tempera- Time Molecular formula®
ture [min] [%] (np) or Physical data
reported
a (\37 n-C3H,—COOH 20° 30 75 b.p. 100-101°/23 torr b.p. 95-97°/19 torr!'?
(np?: 1.4950) (n®: 1.4922)
S« _CH n-C4Hy—COOH 20° 4 78 bp. 144—1450/1 7 torr C 10H 14()S
b (n®: 1.5358) (1823)
n-CyHa—COOH 50° 8 81 m.p. 37-39° (methanol)  C,,H,308
s (280.5)
c Q n-C,Hg~COOH 50° 10 794 b.p. 141-143°/19 torr Ci1oH140S
CH, (nbS: 1.5358) (182.3)
50° 40 34¢ —
d -CyyHy3~COOH 50° 30 85¢ b.p. 162-166°/0.7 torr C;-H,508
2 9 (nd%: 1.5083) (280.5)
n-CyHzz—C-0—C—CF, 50° 80° s8¢
e £-C,Hg —COOH 50° 60 698 b.p. 123-125°/19 torr C1oH,408
(nd®: 1.5286) (182.3)
f @—COOH reflux 180 48P — .
g @ H3C—COOH reflux 20 77 b.p. 107-108°/19 torr b.p. 77°/4 torr!'?
(nd*: 1.5640) (n’: 1.5666)
h n-CyHy~COOH 50° 120 82 b.p. 153-160°/0.8 torr C16H,608
OCH, (nd': 1.5074) (266.4)
i H3C~COOH reflux 80 66 b.p. 145-148°/25 torr b.p. 139°/15 torr'*
CH,
HaC
j @\ H3C—COOH reflux 15h 23 m.p. 80-82° (methanol) m.p. 85° (ethanol)!®
HsC CH;
CHy
K H3C—C/(0 . HyC—COOH 50° {Sh  none*
NH=\
1 e H3C—COOH 20° 30 70 m.p. 81--83° (cyclohexane) m.p. 85-86° (isooc-

16

@ tane)

* Yield of distilled product, based on 2.

® Uncorrected.

¢ The microanalyses of the new compounds (except 3¢) were in satisfactory agreement with the calculated values; maximum deviations:
C, £0.34; H, +0.25; 3¢: C, ~048; H, —0.19.

4 2.3- to 24-isomer ratio is 3:1.

¢ Without phosphoric acid.

f The reaction was carried out with isolated dodecanoyl trifluoroacetate.

8 23- to 2,4-isomer ratio is 1.5:1.

b Yield of crude product, estimated from LR. spectrum. A ~1:1 mixture of 3f and the trifluoroacetylated compound was obtained;
the mixture was not seperated.

! Yield of pure product obtained from column chromatography.

i 4-Methoxyacetophenone, 99 % pure by G.L.C. analysis.

¥ Quantitative recovery of acetanilide.
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