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A CONVENIENT SYNTHESIS OF CYCLOHEZPTANE-1,3-DIONE

Vidya Bhushan and S. Chandrasekaran*

Department of Chemistry,
Indian Institute of Technology, Kanpur 208 016, India

1,3-Diketones are an important class of compounds
in view of the distinct structural features and high
synthetic utility. Inspite of the high potential of
the 1,3-cycloalkadiones in organic synthesis, only a
few methods are availabls for their synthesis. It has
been shown that a,B-epoxy ketones give 1,3-diketonss
in the presence of Pd(G).1 Recently, 1,3-cycloalka-
diones have peen syntnesized oy various transforma-

253 How-

tions of bis(trimethylsilyloxy)cycloalkenes.,
ever, these methods have only limited applicability,.
Although there are several methods available for medium
to large scale preparations of l:yclopentana-‘l,3-dj.on‘é“7
and cyclohexane—1,3-dione,8 the only synthetic route

to cycloheptane-1,3-dione is due to Eistert et al.,

*To whom correspondence should be addressed.

339

Copyright © 1984 by Marcel Dekker, Inc. 0039-7911/84/1404-0339$3.50/0



09: 09 17 January 2011

Downl oaded At:

340 BHUSHAN AND CHANDRASEKARAN

involving the ring expansion of monoethylene acetal of
cyclohexane~1,3-dione using diazoacetic ester.9
Recently, we reported a methodology for the one=
pot a-bromoacetalization of carbonyl compounds using
ethylene glycol and phenyltrimethylammonium tribromide
(PTT) in dry tetrashydrofuran to give the corresponding
a-bromoacetals in very good yisld.10 In our attempts
to explore the potential usefulness of these easily
synthesi zed a-bromoacetals as valuable synthons, wuwe
have come up with a facile synthesis of cyclcheptane-

1,3~dione.

a-Bromoacetal of cycloheptanone 1

was dehydro=
brominated using potassium tert-butoxide in DMSO at
room temperature within 6 hours in 757 yield. Alter-
natively, the clefinic acetal 2b could be prepared by
refluxing the bromoacetal 1b in masthanolic potassium
hydroxide sol_ution.11 The olefinic acetal upon aoxymer-
curaticn~demercuration yislded 932 of the hydroxyacet-
al 3b, which was oxidized by chromium trioxide-pyri-
dine complex generated in situ in dichloromethane to
give 957 yield of the kestcacetal 4b. Ths ketoacetal
4b underwent facile hydrolysis by 10! agueous hydro-
chloric acid, resulting in the formation of cyclohep=-
tane=1,3-dione (5b) in 927 yield. We have thus achie-
ved a simples synthesis of cycloheptane-1,3~dione start-

ing from readily aveailable cycloheptanone in an over-
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all yield of 497, An analogous seguznce of teactions
was followed in the case of cyclohexanone to get cyclo=-
hexane=1,3-dione {(Sa) in 437 overall yield. The hycro-
lysis of the ketoacetal 4a was effected by silica gel
impregnated with 25 sulphuric acid.12 This procedure
overcame the difficulties encountered in the isolation

of the dione 5a due to its high solubility in water.

EXPERIMEMTAL

Olefinic Acetal 2b: Potassium tert-butoxide (3.36 g,

30 mmol) was dissolved in dry LSO (20 mL) at 4pc, To
the resulting soclution, the a-oromoacetal 1210 (4.7 g,
20 mmol) was added slowly dropwise at 30°C and stirred
for 4 he The reaction mixture was poured slowly into

cold water and extracted with hexane (3 x50 mL). The
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hexane extract was washed several times with water,
followed by brine and dried over MgSU,; filtered anc
the solvent was removed uncer reduced pressure to yield
2.34 g of 20 (75%), bp 94-96°C (10 mm) [1it.' ' bp 67°C
(2.4 am)J. 'H nar (COC15):61.4-2.5 (m, 8H), 3.8 (m,

4H), 5.66 (m, 2H).

Hydroxyacetal 3b: To a suspension of mercuric acetate
(4.76 g, 15 mmol) in THF-water (1:1, 15 mL) wes adced
2b (2.31 g, 15 mmol) and stirred for 3 h at 30°C. To
the resulting mixture kept at U°C, wes acoea 10l ag.
sodium hydroxide solution (15 mL), followed by a solu-
tion of sodium borohycdride (0.285 g, 7.5 mmol) in 107
ag. sodium hydroxide solution (15 mL). After stirring
for 1 h, the reaction mixture wes saturated with NaCl
and stirred for 0.25 h with ethyl acetate. The organic
layer was removed and the ag. layer was extracted with
ethyl acetate {6 x30 mL). The combined organic layer
was washed with brine and dried over FgSU,. Removal of
solvent afforded 2.4 g (937) of an 0il used in the next

step without purification.

Ketoacetal #b: To a solution of pyridine (13.22 g,

167 .4 mmol) in dichloromethane (150 mL) was added chro-
mium trioxide {(8.37 g, 83.7 mmol) anc celite (12 g) at
0°C, After stirring for 0.25. h, a solution of 2b (2.4 g,

13,95 mmol) in dichloromethane (5 mL) was added in gne
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portion and stirring was continued for 0.5 h at 25°C.
Dry sther (150 mL) was added and filtered through a
short pad of celite and MgSU,. The filter pad was
thoroughly washed with ether. The filtrate was evapo-
rated and the excess pyridine was removed under reduced
pressure at 60°C to afford 2.2 g (95f) of an oil. IR
(CHC13): 1700 en” . H nmr (CDC13):61.66 (br, s, 6H);

2.23 (br, s, 2H); 2.56 (s, 2H)y 3.76 (s, 4H).

Cycloheptane-1,3~dions (5b): The compounc 4b (2.2 g,

12.94 mmol) was stirred with 20! hydrochloric acid

(15 mL) for 4 h at 30°C. The resaction mixture was
poured into water and extracted with chloroform (5x30
mL). The organic extract was washed with saturated
NaHCO; solution (2 x20 mL), followed by water anc then
with brine. The extract was dried (MgSU,) and evapo-
rated to yield an oil which was passed through a short
pad of neutral alumina (elution with 1;1 ether-petro-
leum sther) to give cycloheptane-1,3~dione (1.5 g,
927) as a liquid (bp 119-120°C (15 mm)).> 'H nar
(CDC15):61.33-2.1 (m, 4H)3 2.46 (m, 4H); 3.53 (s, 2H).
Uisemicarbazana, mp 204-206°C [1it.” mp 205-206°C

(dec.)].

Olefinic Acetal 2a: Dehydrobrominetion of 1a with

potassium tert-butoxide in DMSO yielded 80{ of 2a,

11

bp 74=76°C (17 mm) [lit. ' bp 86.5-88.5°C (23 mm)].
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"W nmr (COC1;):161.06=2.4 (m, 6H); 3.83 (s, 4H); 5.26-

.88 (m, 2H),

Hydroxyacetal 3a: Uxy-mercuration~demercuration reac-

tion as in the earlier case, yielded 767 of 3a which
was purified by flash chromatography on silice gel

(slution with 1:1 ether-petroleum sther).

Ketoacetal 4a: Oxidation of 38 with pyridine-chromium

trioxide reagent affarded 86 of ketoacetal 4a as an
0il. 'H nmr (CDcl3):61.66 (br, s, 4H)3 2.06 (br, s,

2H)s 2.26 (s, 2H)5 3.76 (s, 4H).

Cyclohexane=-1,3~dione (5a): To a suspension of silica

gel (100-200 mesh, 4.2 g) in dichloromethanse was added
257 sulphuric acid (0.42 mL) with stirring. Wwhen the
turbidity in the dichloromethane vanished, the ksto-
acetal 4a (0.75 g, 4.8 mmol) was added in a small
amount of dichloromethane in one gortion and stifred
for 6 h at room temperature. Solid sodium bicarbonate
was added until the effervescence ceased. The raaction
mixture was filtered and the silica gel residus was
thoroughly washed with a2 mixture of methanol-dichloro-
mathane (1:19). The filtrate was evaporated to yield
0.5 g (934) of the dione 5a, mp 105-106°C [1it.?

mp 105-107°C].
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