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We recently required an efficient route to a variety of 2-substi-
tuted cyclopentanones and cyclohexanones; e.g. 5d and 6d.

Alkylation of the cycloalkanone enamines' gave disappoint-
ing yields and although the corresponding 2-methoxycarbon-
yleycloalkanones® underwent alkylation in high yields, prob-
lems were encountered with the acid- and base-catalysed de-
methoxycarbonylations. This problem is often encountered
when the alkylated p-keto ester has a quaternary a-carbon
atom® and, in such cases, the use of O-alkyl ester cleavage
conditions often gives improved yields*>. In our hands, how-
ever, the yields of 5d and 6d were still low using a variety of
O-alkyl cleavage conditions and in addition the reactions
were extremely slow.

To circumvent these problems we decided to employ 2-t-but-
oxycarbonylcycloalkanones in the alkylation reaction; treat-
ment of the product with acid would be expected® to produce
the corresponding f-keto acid which should readily decarbox-
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ylate. This protocol is well established in acyclic systems® but,
to our knowledge, has not been applied to the preparation of
2-alkylated cyclopentanones and cyclohexanones. Fortunate-
ly, the preparation of 2-r-butoxycarbonylcyclohexanone (2)
has been described in the literature’ (although its alkylation
reactions were not investigated) and we have found that the
same procedure can be used for the cyclopentanone analogue
1.

The t-butyl esters 1 and 2 were successfully alkylated under
standard conditions with a variety of bromoalkanes and the
products 3 and 4 were treated directly with trifluoroacetic
acid to produce the corresponding carboxylic acids. Two pro-
cedures were used for decarboxylation. The volatile products
were simply distilled using a Kugelrohr apparatus and the de-
carboxylated ketones 5 or 6 collected (Method A). Higher
boiling ketones were decarboxylated in boiling toluene
(Method B). The ketones 5 and 6 produced in this way could
usually be used without further purification although trace
amounts of coloured impurities were sometimes present and
these were removed by straight-forward column chromatogra-

phy.

A variety of compounds were produced by these procedures
(Table) including the original targets 5d and 6d. Where com-
parisons are possible, this procedure is more efficient than the
corresponding transformation using methyl/ethyl esters®.

2-t-Butoxycarbonylcyclopentanone (1):

Sodium hydride (60% in oil, 40 g, 1 mol) is washed with several por-
tions of dry petroleum ether under nitrogen in the normal way to re-
move the oil. Dry benzene (400 ml) is added and the suspension is stir-
red under nitrogen and di-t-butyl adipate (5 g, 0.02 mol) and t-butanol
(2 ml) are added in one portion. The mixture is then boiled under re-
flux with vigorous stirring for 30 min. A second portion of di-r-butyl
adipate (120 g, 0.465 mol) in dry benzene (200 ml) is then added drop-

Table. 2-Substituted Cyclopentanones 5 and Cyclohexanones 6 pre-

pared
Prod- Yield b.p. [°C)/torr Molecular formula®
uct [%]* or Lit. b.p. [°C}/torr
Sa 88¢ 77-80°/15° 78-85°/20°
5b 92°¢ 100-105°/12 109°/9'°
5c 91°¢ 100-110°/0.2¢ 153-154°/19"
5d 93¢ oil C,3H,505 (222.3)
6a 80¢ 85°/15 87°/16%
6b 85° (80)# 116-122°/8" not reported in Ref."*
6¢ 91° (83)% 150°/0.6' 119-121°/0.01"
6d 90° 83)¢ il C1aHz00s (236.3)

= Qverall yields for 1—5 and 2— 6, respectively.

b Satisfactory microanalyses obtained: C £0.10, H +0.13.

¢ Dealkoxycarbonylation by Kugelrohr distillation, further purifica-
tion not necessary unless otherwise stated.

Semicarbazone m.p.: 179-181°C (Ref.?, m.p. 178-180°C).
Semicarbazone m.p.: 195-196°C (Ref."!, m.p. 198-200°C).
Decarboxylation in refluxing toluene, crude product purified by co-
jumn chromatography on silica gel eluting with 1:9 ether/petro-
leum ether.

Yield after column chromatography on silica eluting with ether/pe-
troleum ether mixtures, to remove coloured impurities.

Identical with a sample prepared according to Ref.".
Semicarbazone m.p.: 166-168°C (Ref.", m.p. 168-169°C).

LR. (film): v=1740, 1710 cm ™.

TH-N.M.R. (CDCl3): 6 =1.2-2.2 (m, 17 H); 3.69 ppm (s, 3H, OCH:)
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wise to the boiling mixture over 45 min and the mixture is boiled un-
der reflux with vigorous stirring for a further 4.5 h. The resulting thick
suspension is then cooled to 0°C and sufficient 10% aqueous acetic
acid is added to obtain a neutral (litmus) solution. The mixture is then
poured into water (750 ml), extracted with diethyl ether (2 x 500 ml),
the combined extracts washed with saturated aqueous sodium hy-
drogen carbonate solution (250 mi) and water (250 ml), dried with
magnesium sulfate, and the solvent removed in vacuo. Distillation un-
der reduced pressure gives 1 as a colourless liquid; yield: 65.3 g
(73%); b.p. 80-85°C/2 torr; R;: 0.25 [silica, ether/hexane (1:2)).
CioH 604 calc. C 6522 H 8.89

(184.2) found 65.02 8.68

LR. (film): v= 1755, 1720 cm .

'"H-N.M.R. (CDCL): 6=1.44 (s, 9 H, 1-C;Hy); 2.18 (m, 6 H); 2.92 ppm
(t, 1H, J=6.7 Hz).

2-1-Butoxycarbonylcyclohexanone (2) can be prepared by the same
procedure’.

2-Allylcyclohexanone (6a); Typical Procedure using Dealkoxycarbony-
lation Method A:

Sodium hydride (50% in oil, 0.72 g, 0.015 mol) is washed with several
portions of dry petroleum ether under nitrogen in the normal way to
remove the oil. Dry benzene (50 ml) and dimethylformamide (50 ml)
are then added followed by a solution of 2--butoxycarbonylcyclohex-
anone (2; 3 g, 0.015 mol) in dimethylformamide (5 ml). The mixture is
then stirred under nitrogen until evolution of hydrogen ceases (~30
min) and then sodium iodide (0.23 g, 1.53 mmol) and allyl bromide
(1.8 g, 0.015 mol) are added. After 1 h, T.L.C. analysis indicates that
all starting material has been consumed and water (50 ml) is added.
Extraction with diethyl ether (2 x 100 ml), drying with magnesium sul-
fate, and removal of the solvent in vacuo gives the crude alkylated
product 4a to which trifluoroacetic acid (15 mi) is added. The reaction
is stirred until T.L.C. analysis indicates complete disappearance of
starting material (~30 min) and then water (50 ml) is added. Extrac-
tion with diethyl ether (2 x 50 ml), drying with magnesium sulfate, and
removal of the solvent in vacuo gives the crude f-keto acid. Kugelrohr
distillation of this crude product (50°C/0.8 torr) gives pure 6a; yield:
1.60 g (77%); b.p. 85°C/15 torr (Ref.™, b.p. 87°C/16 torr).

2-(6-Methoxycarbonythex-2-yn-1-yl)-cyclopentanone (5d); Typical Pro-
cedure using Decarboxylation Method B:

As described for the preparation of 6a, a slurry of sodium hydride 3
mmol) in benzene/dimethylformamide (1 :1, 10 ml) is prepared under
nitrogen. 2-t-Butoxycarbonylcyclopentanone (1; 0.374 g, 2.03 mmol)
in benzene/dimethylformamide (1:1, 5 ml) is added with stirring.
After the hydrogen evolution has ceased, methyl 7-bromohept-5-
ynoate (0.481 g, 2.20 mmol) and sodium iodide (0.1 g, 0.67 mmol) dis-
solved in benzene/dimethylformamide (1:1, 5 ml) are added and stir-
ring is continued for 2 h at 20°C. Work-up as described above vields a
crude product which is stirred in trifluoroacetic acid (5 ml) for 3 h.
The crude f-keto acid is isolated as described before and dissolved in
toluene/methanol (10:1, 20 ml). After adding a small amount of solid
sodium hydrogen carbonate (~ 0.5 g) to neutralise any remaining tri-
fluoroacetic acid, the mixture is boiled under reflux for 4 h, cooled,
washed with water, dried with magnesium sulfate, and the solvent re-
moved in vacuo. The residue is chromatographed on silica (Merck
7734, 10 g), elution with ether/petroleum ether (1 :9) gives 5d as a col-
ourless oil; yield: 0.39 g (93%); R: 0.6 [silica, ether/hexane (1:1) as
eluent].

Ci3H 50, calc. C170.27 HS8.11

(222.3) found 70.23 824

M.S.:m/e=222 (M+).

LR, (film): v=1735, 2960 cm .

'H-N.M.R. (CDCly): §=1.54-230 (m, 18H); 3.60 ppm (s, 3H,
OCH;).
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