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Introduction

Diketene (ketene dimer) is a reactive and versatile reagent
in organic chemistry, which is used for the introduction of
functionalized C,, C;, and C, units into organic com-
pounds. Diketene is mostly used for the preparation of
acetoacetate esters and acetoacetamides, which are impor-
tant synthetic intermediates used in agrichemical, phar-
maceutical, and dyestuffs industries.! Synthesis of five-
and six-membered heterocycles by using diketene has
been widely studied.? Reactions of the exocyclic olefin
bond, for example photochemical [2+2] reactions, are oth-
er important reactions of diketene.?

In 1908, Wilsmore prepared the first pure sample of the
ketene dimer via thermolysis of acetic anhydride or ace-
tone with a hot platinum wire.* Although diketene is a
small molecule (C,H,0,), in the absence of modern spec-
tral techniques, it took 40 years to establish its structure
definitely as 4-methylene-2-oxetanone.’

Nowadays, diketene is obtained by ketene dimerization in
trickle towers, into which a liquid stream of the diketene
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is introduced in counter current to ketene at 35-40 °C
(Scheme 1).°
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In general, depending on the applied reagents and reaction
conditions, ring-opening of diketene results in formation
of one of these four structures which usually undergo fur-
ther reactions to reach the desired compounds.
(Scheme 2).”
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(A) An important reaction involving diketene provides series of sub-
stituted pyridines. Symmetrical Hantzsch dihydropyridines, which
are easily oxidized to pyridine, are prepared in two steps by conden-
sation of diketene, alcohols, and aldehydes or their equivalent.’

o)
1) EtgN, 1 h, 75 °C ArO; COAr
2{ 0 + AOH |
( 2) HMTA, EtOH, A Me

NH4OAc, 10 min N Me

(B) Almost all the reactions of the exocyclic olefin in diketene can
be categorized as radical addition reactions, carbene or nitrene addi-
tions, or photochemical [2+2] reactions. For example, nitrenes gen-
erated from acyl azides add to the exocyclic double bond of diketene;
the spirocyclic intermediates which are produced rapidly rearrange
to afford N-acyltetramic acids.’
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(C) One of the best methods for the synthesis of 1,3-disubstituted
uracils is the solid-phase condensation of resin-bound unsymmetri-
cally substituted ureas with diketene in acetic acid and then cleavage
from the solid phase with TFA.'°
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CHsCly, 1t H H
Q NH,+ ’}‘CO 2 e Q. NN, — 2 >
¢ R AcOH, EtN
R 0
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0 O TFA (20%)
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o N N\RI CHyCly solid phase
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(D) Ferrocenyl ketones, which are valuable starting materials for fur-

FF

N/
ther synthesis, are prepared in a Friedel-Crafts-type reaction of fer- o o8 o o
rocene with diketene in the presence of a Lewis acid (boron ;av,j
trifluoride or aluminum trichloride), which introduces directly the @ ro) - -
acetoacetyl function (or its metal chelate) into the ferrocene.!! R pe R . R pe R $ R Fe B X=CHR=H
X BFgEt;0 x BF3-Et,0 x o
S ? S 7 S ‘7 =P,R=Me
R R R R R R
(E) Industries use diketene for the synthesis or modification of some o o o)
e . . n(H I Ef
polymers. Modification of the amine end groups of polyamide-6 HoN={CHo)-C N-{CHz)-CFOH + 2 x>
(PA-6) granules with diketene in supercritical and subcritical CO, is n ©
reported by de Gooijer and co-workers.? o o o
I I
\H/\WHN-QCHg);cl{H-QCHQ);C}NH—CHZ—C—O\”/\H/
0o o " 0o o
Modified PA-6

(F) One-pot esterification—Michael addition—aldol reaction of 3-hy-
droxy o,B-unsaturated aldehyde and diketene is used as a key step for
the total synthesis of various natural products such as the insecticide

o,
) ——ﬂ//Eo (1.05 equiv)

DMAP (5 mol%)

OH
tetrahydroisocoumarin.13 OHC. = : benzene, r.t., 5 min
C\/\]/\ ii) K2COj (3.5 mol%)
OMe 18-crown-6 (16 mol%), r.t., 4.5 h
iii) reflux, 4 h
(G) Diketene is used in Knoevenagel-type reactions with aldehydes
in the presence of T1(Oz.—Pfr)4 for the sythes1s of S—hydroxy—B—I?e.to o o )TN Q) RcHo /‘\)]\/U\ O-Pr
esters. The chemoselectivity of the reaction depends on the addition ) CH,Cly, 0°C i) TIOPr)s
steps and the enantioselectivity on the type of catalysis.'* ‘\Eu\o-n:'r‘”) RCHO. 11 O ChaCh .
R ( cat.: chiral Schiff base /Oi)ol\/u\

O-iPr

(H) Recently Alizadeh and co-workers have applied diketene in o coph

diketene-based multicomponent reactions for the synthesis of differ-
ent heterocyclic compounds. The reaction between primary amines,
diketene, and DBA in the presence of triphenylphosphine produces
highly functionalized furamides."
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R—NH, + #o +]
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CHZCIZ r.t.
- Ph3PO

References

(1) (a) Bayer, A. G. US Patent 3819753, 1973. (b) Dyumaeyv,
K. M.; Lisitsyna, E. S.; Tambieva, O. A.; Zaitsev, B. E. Zh.
Org. Khim. 1978, 14, 562.

(2) (a) Shoji, N.; Kondo, Y.; Takemoto, T. Chem. Pharm. Bull.
1973, 21, 3639. (b) Oster, T. A.; Harris, T. M. J. Org. Chem.
1983, 48, 4307.

(3) Chiba, T.; Kato, T.; Yoshida, A.; Moroi, R.; Shimomura, N.;
Momose, Y.; Naito, T.; Kaneko, C. Chem. Pharm. Bull.
1984, 32, 4707.

(4) (a) Chick, F.; Wilsmore, N. T. M. J. Chem. Soc. 1908, 93,
946. (b) Chick, F.; Wilsmore, N. T. M. Proc. Chem. Soc.
London 1908, 24, 100.

(5) (a) Boese, A. B. J. Ind. Eng. Chem. 1940, 32, 16. (b) Hurd,
C. D.; Blanchard, C. A. J. Chem. Soc. 1950, 72, 1461.

(6) Weissermel, K.; Arpe, H. J. Industrial Organic Chemistry;
VCH: Weinheim, 1978, 161-163.

(7) Clemens, R. J. Chem. Rev. 1986, 86, 241.

Synlett 2008, No. 12, 1913-1914 © Thieme Stuttgart - New York

(8) Chekavichus, B. S.; Sausinsh, A. E.; Dubur, G. Y. Khim.
Geterotsikl. Soedin. 1975, 1238; Chem. Abstr. 1976, 84,
17091.

(9) Kato, T.; Suzuki, Y.; Sato, M. Chem. Pharm. Bull. 1979, 27,
1181.

(10) Wahhab, A.; Leban, J. Tetrahedron Lett. 2000, 41, 1487.

(11) Zakrzewski, J.; Plazuk, D.; Klys, A.; Rybarczyk-Pirek, A.;
Olszak, T. A. Organometallics 2001, 20, 4448.

(12) De Gooijer, J. M.; Ellmann, J.; Moller, M.; Koning, C. E.
J. Supercrit. FI. 2004, 31,75.

(13) Uchida, K.; Ishigami, K.; Watanabe, H.; Kitahara, T.
Tetrahedron 2007, 63, 1281.

(14) (a) Hayashi, M.; Nakamura, N.; Yamashita, K. Tetrahedron
2004, 60, 6777. (b) Moreno, M.; Moyano, A. Tetrahedron:
Asymmetry 2006, 17, 1104.

(15) Alizadeh, A.; Zohreh, N.; Rostamnia, S. Tetrahedron 2007,
63, 8083.

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



SPOTLIGHT

SYNLETT

Spotlight 246

This feature focuses on a re-
agent chosen by a postgradu-
ate, highlighting the uses and
preparation of the reagent in
current research

Diketene
Compiled by Nasrin Zohreh

Nasrin Zohreh was born in Qom, Iran in 1983. She received her
B.Sc. in chemistry (2005) from Shahid Beheshti University, Teh-
ran, Iran and her M.Sc. in organic chemistry (2007) from Tarbiat
Modares University (TMU), Tehran, Iran. She is currently working
towards her Ph.D. at TMU under the supervision of Dr. Abdolali
Alizadeh. Their research field is multicomponent reactions and cur-
rently she is focused on the synthesis of new organic compounds,
especially heterocycles, with application of diketene in multicom-
ponent reactions.

Faculty of Science, Tarbiat Modares University, P.O. Box 19396-

1913

4716, Tehran 18716, Iran

E-mail: Zohreh @modares.ac.ir

Introduction

Diketene (ketene dimer) is a reactive and versatile reagent
in organic chemistry, which is used for the introduction of
functionalized C,, C;, and C, units into organic com-
pounds. Diketene is mostly used for the preparation of
acetoacetate esters and acetoacetamides, which are impor-
tant synthetic intermediates used in agrichemical, phar-
maceutical, and dyestuffs industries.! Synthesis of five-
and six-membered heterocycles by using diketene has
been widely studied.? Reactions of the exocyclic olefin
bond, for example photochemical [2+2] reactions, are oth-
er important reactions of diketene.?

In 1908, Wilsmore prepared the first pure sample of the
ketene dimer via thermolysis of acetic anhydride or ace-
tone with a hot platinum wire.* Although diketene is a
small molecule (C,H,0,), in the absence of modern spec-
tral techniques, it took 40 years to establish its structure
definitely as 4-methylene-2-oxetanone.’

Nowadays, diketene is obtained by ketene dimerization in
trickle towers, into which a liquid stream of the diketene

Abstracts

is introduced in counter current to ketene at 35-40 °C
(Scheme 1).°

Me,CO
o
or 600700 °C H 30-40 °C
MeCOH — > Y——=0 > 1
or H
(MeC0),0
Scheme 1

In general, depending on the applied reagents and reaction
conditions, ring-opening of diketene results in formation
of one of these four structures which usually undergo fur-
ther reactions to reach the desired compounds.
(Scheme 2).”

o o o ox
o Y)J\/U\/X % &
3+ &— o o |7
X=Y ' v
0 > Y)“\v)‘\ o o “ ox o
~a
Y YM A
X

Scheme 2

(A) An important reaction involving diketene provides series of sub-
stituted pyridines. Symmetrical Hantzsch dihydropyridines, which
are easily oxidized to pyridine, are prepared in two steps by conden-
sation of diketene, alcohols, and aldehydes or their equivalent.’

o)
1) EtgN, 1 h, 75 °C ArO; COAr
2{ 0 + AOH |
( 2) HMTA, EtOH, A Me

NH4OAc, 10 min N Me

(B) Almost all the reactions of the exocyclic olefin in diketene can
be categorized as radical addition reactions, carbene or nitrene addi-
tions, or photochemical [2+2] reactions. For example, nitrenes gen-
erated from acyl azides add to the exocyclic double bond of diketene;
the spirocyclic intermediates which are produced rapidly rearrange
to afford N-acyltetramic acids.’

SYNLETT 2008, No. 12, pp 1913-1914
Advanced online publication: 11.06.2008

DOI: 10.1055/5-2008-1067099; Art ID: V25107ST
© Georg Thieme Verlag Stuttgart - New York

0 o ﬂ/COF'h HO
v —
ool = | ) -
3 CHuCl, N~ O
|
o COPh

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



1914

SPOTLIGHT

(C) One of the best methods for the synthesis of 1,3-disubstituted
uracils is the solid-phase condensation of resin-bound unsymmetri-
cally substituted ureas with diketene in acetic acid and then cleavage
from the solid phase with TFA.'°

oo

o)
CHsCly, 1t H H
Q NH,+ ’}‘CO 2 e Q. NN, — 2 >
¢ R AcOH, EtN
R 0

reflux
0 O TFA (20%)
5 products without
o N N\RI CHyCly solid phase

0]

(D) Ferrocenyl ketones, which are valuable starting materials for fur-

FF

N/
ther synthesis, are prepared in a Friedel-Crafts-type reaction of fer- o o8 o o
rocene with diketene in the presence of a Lewis acid (boron ;av,j
trifluoride or aluminum trichloride), which introduces directly the @ ro) - -
acetoacetyl function (or its metal chelate) into the ferrocene.!! R pe R . R pe R $ R Fe B X=CHR=H
X BFgEt;0 x BF3-Et,0 x o
S ? S 7 S ‘7 =P,R=Me
R R R R R R
(E) Industries use diketene for the synthesis or modification of some o o o)
e . . n(H I Ef
polymers. Modification of the amine end groups of polyamide-6 HoN={CHo)-C N-{CHz)-CFOH + 2 x>
(PA-6) granules with diketene in supercritical and subcritical CO, is n ©
reported by de Gooijer and co-workers.? o o o
I I
\H/\WHN-QCHg);cl{H-QCHQ);C}NH—CHZ—C—O\”/\H/
0o o " 0o o
Modified PA-6

(F) One-pot esterification—Michael addition—aldol reaction of 3-hy-
droxy o,B-unsaturated aldehyde and diketene is used as a key step for
the total synthesis of various natural products such as the insecticide

o,
) ——ﬂ//Eo (1.05 equiv)

DMAP (5 mol%)

OH
tetrahydroisocoumarin.13 OHC. = : benzene, r.t., 5 min
C\/\]/\ ii) K2COj (3.5 mol%)
OMe 18-crown-6 (16 mol%), r.t., 4.5 h
iii) reflux, 4 h
(G) Diketene is used in Knoevenagel-type reactions with aldehydes
in the presence of T1(Oz.—Pfr)4 for the sythes1s of S—hydroxy—B—I?e.to o o )TN Q) RcHo /‘\)]\/U\ O-Pr
esters. The chemoselectivity of the reaction depends on the addition ) CH,Cly, 0°C i) TIOPr)s
steps and the enantioselectivity on the type of catalysis.'* ‘\Eu\o-n:'r‘”) RCHO. 11 O ChaCh .
R ( cat.: chiral Schiff base /Oi)ol\/u\

O-iPr

(H) Recently Alizadeh and co-workers have applied diketene in o coph

diketene-based multicomponent reactions for the synthesis of differ-
ent heterocyclic compounds. The reaction between primary amines,
diketene, and DBA in the presence of triphenylphosphine produces
highly functionalized furamides."

| + Pnop

R—NH, + #o +]
COPh

CHZCIZ r.t.
- Ph3PO

References

(1) (a) Bayer, A. G. US Patent 3819753, 1973. (b) Dyumaeyv,
K. M.; Lisitsyna, E. S.; Tambieva, O. A.; Zaitsev, B. E. Zh.
Org. Khim. 1978, 14, 562.

(2) (a) Shoji, N.; Kondo, Y.; Takemoto, T. Chem. Pharm. Bull.
1973, 21, 3639. (b) Oster, T. A.; Harris, T. M. J. Org. Chem.
1983, 48, 4307.

(3) Chiba, T.; Kato, T.; Yoshida, A.; Moroi, R.; Shimomura, N.;
Momose, Y.; Naito, T.; Kaneko, C. Chem. Pharm. Bull.
1984, 32, 4707.

(4) (a) Chick, F.; Wilsmore, N. T. M. J. Chem. Soc. 1908, 93,
946. (b) Chick, F.; Wilsmore, N. T. M. Proc. Chem. Soc.
London 1908, 24, 100.

(5) (a) Boese, A. B. J. Ind. Eng. Chem. 1940, 32, 16. (b) Hurd,
C. D.; Blanchard, C. A. J. Chem. Soc. 1950, 72, 1461.

(6) Weissermel, K.; Arpe, H. J. Industrial Organic Chemistry;
VCH: Weinheim, 1978, 161-163.

(7) Clemens, R. J. Chem. Rev. 1986, 86, 241.

Synlett 2008, No. 12, 1913-1914 © Thieme Stuttgart - New York

(8) Chekavichus, B. S.; Sausinsh, A. E.; Dubur, G. Y. Khim.
Geterotsikl. Soedin. 1975, 1238; Chem. Abstr. 1976, 84,
17091.

(9) Kato, T.; Suzuki, Y.; Sato, M. Chem. Pharm. Bull. 1979, 27,
1181.

(10) Wahhab, A.; Leban, J. Tetrahedron Lett. 2000, 41, 1487.

(11) Zakrzewski, J.; Plazuk, D.; Klys, A.; Rybarczyk-Pirek, A.;
Olszak, T. A. Organometallics 2001, 20, 4448.

(12) De Gooijer, J. M.; Ellmann, J.; Moller, M.; Koning, C. E.
J. Supercrit. FI. 2004, 31,75.

(13) Uchida, K.; Ishigami, K.; Watanabe, H.; Kitahara, T.
Tetrahedron 2007, 63, 1281.

(14) (a) Hayashi, M.; Nakamura, N.; Yamashita, K. Tetrahedron
2004, 60, 6777. (b) Moreno, M.; Moyano, A. Tetrahedron:
Asymmetry 2006, 17, 1104.

(15) Alizadeh, A.; Zohreh, N.; Rostamnia, S. Tetrahedron 2007,
63, 8083.

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



