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Synthetic Investigations on Fused-ring Compounds. Part 1.
Synthesis of cis-f-Decalone and «-Methylcis-g-decalone

D. Chakravarti and K. P. Roy Chaudhuri

A new method of rynthesis of cis-8-decalone and o -methyl-cis-B-decelone is described starting from
g.ﬁ-cyanoethy]c-ycluhc-xanone.

cis-8-Decalone’™* and  «-methyl-cis-g-decalone®® have been synthesised by vari-

ous workerx. Tn the present communication, & new method has been described for the syn-
thesis of the two compounds.*

2-8-Cvanacthyleyclohexanone? (Ia) was condensed with ethyl cyanoacetate in
presence of glacial acetic acid and ammonium aeetate aceording to the method of Bhat-
tacharyya and Chatterjee? to vield othyl 2-(8-cyanoethyleyclohexylidene)-cyanoacetate
(HI) whirh on hydrogenation in presence of 10%, 1’d-C afforded ethyl 2-(8-cyanoethyl-
cvelohexyl)-cyanoacetate (ITla), The latter was methylated according to Mukherjee?
to the corresponding methylated compound (11Th). The compound (11Is) on hydrolysis
and decarboxylation. followed by esterification, afforded dimethyl eyclohexane-1-acetate-
2-f-propionate (1Va). The latter on eyclisation with scdium dust in benzene and a few

drops of methanoel, followed by hydrolysis and decarboxylation of the resulting f-keto-
ester (Va) with acid, afforded the desired g-decalono (V1a).

The compound (I1Ib) on hydrolysis and decarh axylation,followed by esterification,
afforded  methyl  «-12-8-methoxycarbonylethyleyelohexyl)-propionate (IVb) whieh,

when subjected to the same sequence of reactions as described above, yielded X-methyl-
B-decalone (V1b).

The stereachemistry of the 8-docalone and & -methyl-f-decalone, thus prepared, has
been established by formation of the corresponding semicarbazonestS,

The original scheme was to submit methyl eyclohexanone-2-§-propionate to the
above series of reactions. The compound (Ib) with ethyl cyanoacetate and ammonium
avetate yielded 2-keto-1,2,3,4,5,6,7,8-0ctahydroquincline (V1I) in excellent yield'
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LEthyl cyanoacetate did not take part in the reaction at all, as (Ib) on heatin

. . i X . g with am.
monium acetate yielded (VII) which on hydrolysis furnished (Ic).
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b : R=Me, R'=C00Me.

EXPERIMENTAL®

2-B-Cyanoethyleyclohezancne (Ia)—Ina three-necked flask fitted with a mechaniesl
stirrer and a dropping funnel cyclohexanone (400 g.) was taken and cooled in freezing mix-
ture. A solution of NaOH (2g.) in water (16 ml) was added following the addition
of methanol (5 ml). To the cooled solution acrylonitrile (43 g.) in methanol (60 ml) was
added dropwise with constant stirring and the mixture was left for 16 hours. It was
diluted with ice-cold water (200 ml), acidified with HCI (cold, dil.), and extracted with
benzene. The extract was washed with saturated NaHCO, solutionand then with water; on
removal of the sglvent an oily residue was obtained which on distillation afforded the un-
changed cyclohexanone (300 g.), b.p. 154 -56°. Theresidual liquid was distilled in vacuum
to give the desired material (Ia), yield 40 g., b.p. 145-50°/14 mw. (Found: C, 714
H, 8.48. Cale. for C;H,,ON: C, 71.5; H, 8.6%). :

Ethyl (2-B-Cyanocethyleyclohexylidene)-cyancacetate (I1).—To the above compound
(Ia, 27 g.), ethyl cyanoacetate (45 g.), glacial acetic acid(17.5 g.) and dry benzene (125ml)
were added, following the procedure of Bhattacharyya and Chatterjee® and the mixture
was heated under reflux for 36 hours (Dean-Stark). When no more water separated, the

*All m.p.’s and b.p.’s are mcorrecﬁd. The UV absorption spectrum was determined in, 959, ethanol
by the Unicam spectrophotometer, s.p. 500.
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product was poured into cold water (300 ml), the benzene layer saparated, -and the
aqueous layer extracted with benzene. The organic layer was washed with saturated
NaHCO, solntion until alkaline, then with water and the solvent was distilled. The
residual liquid distilled at 190-200°/0.6-0.8mm to furnish the desired material
(31 g, 68%) a3 a viscous oil. (Found: C, 68.49; H, 7.42. C,, H ,O,N, requires C,68.29;
H,7.3%).

Ethy! 2-8-Cyanoetkyl{cyclohexyl}-cyancacetate (I11a).—The uneaturated ester (II,
30g.) was hydrogenated in presence of 10%, Pd-C (250 mg.) and pure dry ethanol (25 ml).
The absorption of one mole of hydrogen was completed in 9 hours. It was then
fiitered. most of the ethanol was removed under reduced pressure, and the liquid
distilled very carcfully to afford a colorless oil (26g., 86%), b.p. 180-85°/0.5 mm.
- (Found: C.47.43; H, 7.42, C,,H,,O.N, requires C, 67.7; H, B.069,).

Din-thyl Cyclohexane-1-acetale-2-B-propionate (1Va).—The above cyana-ester (I11s,
25 g.) was hydrolysed and decarboxylated with HCl (conc., 350 ml) by heating under re-
flux for 90 hours. The reaction mixture was sllowed to evaporate on a water bath when a
gummy mass was obtained which was extracted with ether (400 ml). After removal of the
solvent the residual acid was made free of water by distillation with dry berzene for 3-4
times (50 ml cach time). The crude oil on esterification by heating with dry methanol
200 ml) and H, SO, (cone., 20 ml) for 48hours furnished the desired di-ester as a colorless
oil; yivld 13.5 g., b.p. 140-42°/3 mm, (Found: C,64.18; H, 8.91. Cale. for C  H,,0,:
C,64.46; TL. 9.0990).

Ethyl &-(2-B-Cyarocthylcyclohexyl)- <-cyantpropionate (11Th).—Methylation of the
cyanc-ester (I11a,24 g.) in absolute ethanol (20 ml) was carried out according to Mukherjee®
with sodium (1.8 g.) in dry ethanol (50 m}) and methyl iodide (30yml) by heating on a water
hathfor1hours. The reaction mixture was decomposed hy pouring into iced water (250 ml)
containing a few mis. of acetic acid. The precipitated oil was taken up in a mixture of ether
and henzene, washed with 109, ice-cold NaOH sclution, and then with water. After
removal of the dry solvent the residue was distilled to yield a viscous material (21 g.), b.p.
165-70%/0.4mm. (Found: C, 68.47; H, 8.23. ¢,;H,,0,N, requires C, 63.7; H, 8.4%).

Methyl «-(2-B-Methoxycarbonylethylcyclohexyl)-prepicnate (IVb).—The compound
(ITIb, 20 g.) was hydrolysed and decarboxylated with refluxing HCL (cone., 300 ml) for
96 hours and was worked up by the method described before. The crude acid was
esterified with dry methanol (175 ml) and H, 80O, (cone., 17.5 ml) by heating under reflux
for 48 hours. The di-ester was worked up in the usual way and was finally distilled to
vield 11 g. of the product, b.p. 150-34°/4.5 mm, as a colorless mobile oil. (Found: C, 65.42;

H, 9.15. C,,H,,0, requires C, 65.6; H, 9.379%,).

3-Methorycarbonyldecal-2-one (Va).—Cyclisation of the di-ester (IVa, 12 g.) was
carried out with sodium dust (2.3 g.) in dry thigphen-free benzene (120 ml) and absolute
methanol (a few drops) in an atmosphere of nitrogen by heating under reflux for
ek-§ hours. It was then left for 158 hours in room temperature. The reaction mixture
was cooled and poured into iced HCI (dil). The benzene layer was separated and
the aqueous layer wae extracted twice with ether. The combined extract was washed
free of acid with water and dried over anhydrous Na,S0,. After removal of the
solvent the residue was distilled to-furnish the desired produect (7.5 g.), b.p. 126-29°/3mm
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which gave an intense violet eolour with ethanolic FeCl,. (Found: C, 68.38; H, 831,
C,.H,,0, requires C, 68.57; H. 8.57%,).

cis-f-Decalone (VIa).—A mixture of the B-ketc-ester (Va, 7 g.), glacial acetic acid
(30 ml), and 20%, HCI (18 ml) wasrefluxed for 12 hours under nitrogen. The reaction mix.
ture was cooled, diluted with water (200 ml) and extracted with ether. The etheresl layer
was washed successively with a saturated solution of NaHCO,, saturated NaCl sslution,
and a amall quantity of water. After evaporation of the solvent, the residue was dis-
tilled to furnish an oil, yield (3.g.), b.p. 114-18°/156 mm. (Found: C, 78.85; H, 10.41. Cale.for
C.,H,0: C, 78.94: H, 10.5%,). The crude semicarbazone (200 mg.) melted st 265-70°,
which after seven recrystallisations from methanol recorded m.p. 177.5-78°. The m.p,
showed no depression on admixture with an authentic samplet. (Found: C, 63.08;
H, 9.11. Cule. for C,,H,,N,O: C, 63.2: H, 0.08%).

1-Methyl-3-methoxycarbonyldecnl-2-one (Vb) . —The cyclisation of the di-ester
(IVh. 10 g.) indry thiophen-free benzene (50 ml) was carried out with sodium dust (1.67g.)
as before. The brown-red reaction mixture was worked up to afiord the B-keto-ester
(5.5g.), b.p. 141-45°/3-4 mm. Tt developed o deep violet colour with ethanolie FeCl,,
(Found : €. 69.43: H, 8.68. C,,H_,0, requires ¢!, 69.64; H, 8.9%,).

oK -Methyl-cis-B-decalone (VIb).—The ester (Vb,5g.) was refluxed with a mixtureof
glacial acetic acid (35 ml) and 20%, HCL (20 ml) in an atmosphere of nitrogen for 12
hours. The reaction mixture was worked up as described before and yielded the dosired
ketone (3 g.), b.p.-120.24%/12 mm. (Found: C, 79.32; H, 10.64.Calc. for C,,\H 0 : C,79.5;
H,10.84%,). The crude semicarbazone, m.p. 190-91° after four recrystallisation from
ethanol recorded m.p. 192°. (Found: N, 19.1. Cale. for C,;H,, O,N,: N,18.8%;). Robinson
et a3, reported m.p. 192.5°,

Methyl Cyclohezanone-2-B-propionate (Ib).—Methyl 8-(1-ethoxycarbonyl-2-keto-
cyclohexyl)-propionate (46 g., 929;), b.p. 145°-50°/2 mm, was prepared from ethyl
¢yclohexanone carboxylate (34 g.), methyl acrylate (17 g.), sodium (0.1 g.), and dry ethanol
(20 ml) following the procedure of Banerjee and Bhattacharyya''. It was hydrolysed
and decarboxylated by heating under reflux for 16 hours with HCI (cone,, 150 ml) and
water (150 ml). The hydrolysed product was evaporated on a water bath to a gummy
residue which was extracted with ether (300 ml). On removal of the solvent the acid was
dried by distillation with dry benzene (50 ml, 3-4 times) when a solid resulted. After
recrystallisation from a mixture of ether-petroleum ether (40-60°) it melted at 62.63.°
Lions'® reported m.p. 62°. The crude solid was esterified with dry methanol (100 ml)
and H,SO, (cone., 7.5 ml) by heating under reflux for 30 hours and was worked up
in the usual way. After removal of the solvent, (Ib) was obtained (23 g., 909%;), bp.
110-15°/3 mm.

2-Keto-1,2,3,4,5,6,7 8-octahydroguinoline (VII)—Cyclohexanone-2-8-propionate(Ib,
18.4 g.) was treated with ethyl cyanoacetate (11.6 ml), glacial acetic acid (10 ml), dry bens-
zene (50 ml), and ammonium acetate (3.5g.) acoording to Bhattacharyys and Chatterjee®
using a Dean-Stark constant water separator. The reaction mixture was refluxed for 10

11. Banerjee and Bhattacharyya, this Journal, 1058, 35, 467.
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‘hours when 2.5 ml of water separated. This was worked up in the usual way. The high-
boiling fraction could not be distilled due to formation of a solid during distillation and
30 the material after removal of the lower-boiling fraction was crystallised from
benzene; vield 8 g., m.p. 141-42° (white needles), Amax 255 mp (log ¢. 3.684). (Found:

C,71.03: L, 8.39. C,;H,,O,N requires C, 64.51; H, 7.55. Cale. for C,;H,,ON : C71.48;
H, 8.66°,). :

The same experiment was repeated with cyclohexanone 2-8-propionate (4 g.), am-
monium acetate (2.3 g.), glacial acetic acid (4 ml), and dry benzene (26 ml). The mixture
was refluxed for 2 hrs. as described before and worked up in the ushal way, giving 3.2 g.
(70%) of a ncedle-shaped solid, m.p. 140-42° (crude) which on reerystallisation from ben-
zene melted at 343°, The m.p. remained undepressed on admixture with the previous solid.

Cyclhexanone-propionic Acid(Ic).—The compound(VIT,3.1g.) was hydrolysed with
HCI (conec.. 15 ml) for 15 hrs. The reaction mixture was extracted with ether and the
-solvent remaved. The residue was evaporatively distilled at 110°/0.4 mm to give a solid
(2.8 g- 809,). The m.p. of the crude product was 514°. Tt was then recrystallised from a
mixture of ether-pet. ether (40-60°) and after few crystallisations the m.p. was 62-63°.

The mixed m.p. remained undepressed on admixture with an authentic sample
obtained by hydrolyais of (Ib).
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