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A new, simple preparation for stable dialkyl ketencs involving intra-
molecular dehydration of appropriately substituted acetic acids with
dicyclohexylcarbodiimide (DCC) in the presence of catalytic amounts
of triethylamine gives 60-70% vyield of the corresponding ketenes.
Trimethylsilylacetic acid also gives trimethylsilylketene in good yield.

In 1908 Staudinger and coworkers reported the synthesis and
isolation of diphenylketene,” the first example of a stable
ketene. The traditional methods for preparation of ketenes
include the dehydrohalogenation of appropriately substituted
acetyl halides or the zinc dehalogenation of z-haloacetyl
halides.® Recently, several improved methods have been re-
ported for the generation of ketenes using p-toluenesulfonyl
chloride* and Mukaivama’s reagent.” We now report a conve-
nient method for the preparation of stable ketenes via intra-
molecular dehydration of appropriately substituted acetic acids
by dicyclohexylcarbodiimide (DCC)

When a mixture of DCC and catalytic amount of trimethy-
lamine in diethyl ether was reacted with di-fert-butylacetic acid.
and the reaction was worked up after a stipulated time (see
experimental), di-fert-butylketene was obtained in 70 % yield as
isolated product. Di(l-adamantyl}- and 1-adamantyl-teri-
butylacetic acids gave the corresponding ketenes 2¢ and 2d in
74% and 69 % yields, respectively (Table).

Table. Ketenes 2 Prepared

Prod- R! R?

Yield Bp ("C) mm
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found Iit.
2a -Bu -Bu 70 8
2b Me,Si H 63 9. 10
2¢ 1-ada® 1-ada 74 1027/0.5 "
3 1

2d l-ada

i-Bu 69 71

a

ada = adamantyl.

We have applied the described method primarily to the prepar-
ation of isolable stable dialkylketenes. Trimethylsilylacetic acid
also gives with 63% vyield the remarkable stable trimeth-
ylsilylketene. Due to the bulkiness of the Me,Si group in this
case a monosubstituted acetic acid also is well adaptable to the
method.

Diphenylketene® and dimethylketene® were obtained in only low
vield (20 and 30%, respectively) via the reaction of their
substituted acetic acid precursors and DCC. the major reaction
products being their [2 + 2] cycloaddition adducts with DCC,
i.¢. imino-f-lactams. 1t is well documented that carbodiimides
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are good ketenophiles, which undergo 1,2-cycloaddition with
various ketenes to give the corresponding imino-fi-lactams.” The
bulky di-alkylketenes prepared in our work show significant
inertness in the presence of DCC and are obtained in reasonable
yields from the subst:tuted acetic acids with DCC. Furthermore,
that the corresponding subdstituted acetic anhydrides have net
been obtained (via reaction of the ketenes with the substituted
acetic acids) is also in accord with the high stability of the
prepared ketenes shown in the Table.

The direct preparation of bulky, generally disubstituted ketenes
via dehydration of the corresponding dialkylacetic acids should
prove to be an alternative simple preparation of these stable
ketenes in high purity from readily available substituted acetic
acid precursors.

All products were known previously from the literature and were
determined by their 'H- and '*C-NMR spectroscopy as well as
molecular weight based on GC/MS spectroscopy.

Di(1-adamantylacetic acid and 1-adamantyl-reri-butylacetic acids were
prepared!! from the cerresponding olefins synthesized according to our
recent procedure.'? Dicthylether was dried over sodimm under retlus.

Gas chromatographic analysis were carried out on a Varian Model 3700
gas chromatograph equipped with an ion-trap detector and interfaced
with a Varian Associates Model 2500 gas chromatograph. NMR spectra
were recorded on a Varian (VXR-200) superconducting NR spec-
trometer. Melting/boiling points were determined in a Mettler machine
and are uncorrected.

Di-zert-butylketene (22); Typical procedure:

To a cthereal solution of dicyclohexylcarbodiimide (DCC; 206 2.
0.1 mol) and dry ether (200 mL) is added a catalytic amount of freshly
distilled Et;N (ca. 0.1 g). To the reaction mixture, cooled to 0°C in an
ice bath with stirring under nitrogen, is added dropwise an ethereal
solution of di-teri-butylacetic acid (17.2 g, 100 mmol) and dry ether
(100 mL) with stirring under nitrogen during a period of 4h at 0°C.
After the addition, the reaction mixture is stirred for 2 h atr. . and then
concentrated in vacuo to give crude product which is distilled at 55 Torr
o afford 2a as a bright yellew liquid: yield: 10.8 g (70%2).

Preparations of other ketenes were carried out according to the same
procedure as described above,

Support of our work by the National Science Foundation is gratefully
acknowledged.

Reccived: 9 September 1988; revised: 19 January 1989

(1) Synthetic Methods and Reactions. 139, Part 138 see: Olah, GL AL
Wu, A., Farooq, O. Syuthesis 1989. 566.

(2) Staudinger. H. Chem. Ber. 1908, 38, 1735.

(3) Ward, R.D., in: The Chemistry of Ketene, Allenes and Related
Compounds, Paiai, S. (cd.). Interscicnce Pulbications, New York,
1980, pp. 223--277.

(4) Brady, W.T., Marchand, A.P., giang, YL F., Wu, A. Synthesis 1987,
395,

(5) Brady, W.T., Maschand, A.P., Giang, Y. 1., Wu, A J. Org. Chem.
1987, 52, 3457,

(6) Staudinger, H. Chem. Ber. 1906, 39, 968.

{7) Brady, W.T, Darsey, E.D., Parry, FH. HLL Org. Chem. 1969,
34, 2846.

(8) Newman, M. S.. Arkell, A., Fukunaga, T. J. Am. Chem. Soc. 1960,
&2, 2498.

(9) ) Brady, W.T. Saidi, K. J. Org. Chem. 1979, 44. 733
b) Sommer, L. H., Gold, LR, Goldberg, G.M., Marans, N.S. J.
Am. Chem. Soc. 1949, 71, 1509,

(10) Rathge, M. W.. Sullivan, D. ., Woodbury. R.P. J. Org. Chem.
1977, 42, 2038
(11) Olah, G.A., Wu. A, Farovy, O. Syathesis 1989, 566.

(12) Olah, G.A., Wu. A., Farooq, O. J. Org. Chem., submitted for

publication.

Downloaded by: University of lllinois. Copyrighted material.



