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Synopsis. Cyclopentadecanone has been synthe-
sized from cyclohexadecanone. 2,2,15-Tribromocyclohexade-
canone, upon treatment with sodium methoxide, underwent
the Favorskili rearrangement zia methyl 2-bromo-1-cyclo-
pentadecene-1-carboxylate to produce a mixture of methyl
2-methoxy-1-cyclopentadecene-1-carboxylate, methyl 2-meth-
oxy-2-cyclopentadecene-1-carboxylate, and methyl 2,2-di-
methoxycyclopentadecane-1-carboxylate which was con-
verted into cyclopentadecanone.

Cyclopentadecanone 1 occurs naturally as a secretion
of the musk rat! and has attracted considerable interest
due to its usefulness as a valuable perfume base. Many
synthetic routes have been developed for the synthesis
of cyclopentadecanone 1 from various starting mate-
rials.?> In relation to our own interest in devising
simplified approaches to the synthesis of cyclopenta-
decanone 1, we have investigated the ring contraction
of cyclohexadecanone 2 by applying the Favorskii
rearrangement of trihalogenated ketones.® Our syn-
thetic route is outlined in the following scheme.
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Cyclohexadecanone 2 was easily prepared according
to the method developed by Nishino et al.¥ Bromina-
tion of the ketone 2 with 3.5 molar equiv of bromine
in dichloromethane at 25—30 °C for 20 h gave 2,2,15-
tribromocyclohexadecanone 3 as colorless crystals in
929, yield.

The Favorskii rearrangement of the tribromo ketone
3 was carried out by using 2.2 molar equiv of sodium
methoxide in methanol at 20 °C to afford methyl
2-bromo-1-cyclopentadecene-1-carboxylate 4 as a mix-
ture of cis- and {rans-isomer in 839, yield. The
distinction between the cis- and frans-isomer has been
made on the basis of a comparison of the difference in
the NMR chemical shifts of the allylic methylene
protons.’) The allylic methylene protons of the cis-
isomer resonate at 2.16—2.60 ppm whereas those of
the frans-isomer resonate at 2.20—3.30 ppm. Bases
such as magnesium methoxide, triethylamine, or cal-
cium hydroxide also gave satisfactory results.®) Further
treatment of the bromo ester 4 with 3.3 molar equiv
of sodium methoxide in methanol afforded three major
compounds 5, 6, and 7 in 889, yield (546, 71%;

7, 17%). The reaction proceeded smoothly under
reflux. In preparative runs the tribromo ketone 3
was directly converted into a mixture of the methoxy
esters 5, 6, and 7, without any separation of the bromo
ester 4, by using 5.2 molar equiv of sodium methoxide
in methanol. Each methoxy ester was isolated by
chromatographic purification on silica gel. The mix-
ture of 5, 6, and 7 was then saponified with sodium
hydroxide in refluxing aqueous methanol for 7h to
give the corresponding enol ether carboxylic acid and
ketal carboxylic acid derivatives. Acid-catalyzed hy-
drolysis and subsequent decarboxylation of the resulting
carboxylic acids with hydrochloric acid in methanol
afforded cyclopentadecanone 1 in 809, vyield.

Experimental

Melting and boiling points are uncorrected. Gas-liquid
chromatography (GLPC) analyses were preformed on a
Shimadzu 3BT instrument using 2%, silicone SE-52 coated
on Chromosorb GHP (80—100 mesh) packed in glass columns
(3mmx12m). The following spectrometers were used:
IR, Hitachi EPI-S-2; NMR, Varian XL-100 and HA-100
(TMS as internal standard) ; mass spectra, Hitachi RMU-7M
and RMS-4. Silica gel (Merck, 70—230 mesh) was used
for column chromatography.

2,2,15-Tribromocyclohexadecanone (3). Bromine (320 g
2.00 mol) was added dropwise over a period of 1.5h to a
cold (0—5°C) stirred solution of cyclohexadecanone 2
(136 g. 0.571 mol) in dichloromethane (300 ml). After the
addition was completed, stirring was continued at 25—30 °C
for 20 h. The reaction mixture was poured into water and
extracted with dichloromethane. The dichloromethane ex-
tracts were washed succesively with aqueous sodium hy-
drogensulfite solution and water and dried over anhydrous
magnesium sulfate. Evaporation of the solvent under
reduced pressure gave 273 g of yellow oil which was crystal-
lized from methanol (—30 °C) to afford 250 g of tribromo
ketone 3 (92%): mp 41—42 °C; IR (KBr) 1715 cm~!; NMR
(CDCly) 6 0.5—2.5 (m, 26H with a s at 0.77), 4.73 (dd,
J=6 and 7.5Hz, 1H). Found: C, 40.41; H, 5.50; Br,
50.68%. Calcd for C,¢H,,OBr;: C, 40.45; H, 5.73; Br,
50.48%,.

Methyl 2-Bromo-T7-cyclopentadecene-1-carboxylate (4).

To a solution of tribromo ketone 3 (39.2 g, 82.5 mmol)
in anhydrous methanol (220 ml) was added dropwise a
solution of sodium methoxide in methanol (0.88 mol/1, 207
ml, 182 mmol) over a period of 1.5h at 20 °C. After the
addition was completed, stirring was continued at 20 °C
for an additional 1h. The reaction mixture was poured
into cold water and extracted with hexane. The hexane
extracts were washed with water and dried over anhydrous
magnesium sulfate. After the solvent had been removed
the residue was distilled (oil bath 180 °C/0.5 Torr) to give
26.3 g of yellow oil. GLPC analysis (165 °C) showed two
major peaks due to cis- (50.19) and trans-bromo ester 4
(39.8%). The yield was 839%. Each isomer was isolated
by silica gel chromatography (benzene/hexane, 1/3—1/5).
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4 (frans-isomer): bp 155—156 °C/0.8 Torr; n3=1.5120;
IR (neat) 1724, 1614 cm~'; NMR (CDCl;) 6 1.1—1.9 (s,
22H), 2.20—3.30 (m, 4H), 3.76 (s, 3H); m/e 346, 344 (MH).
Found: C, 59.14; H, 8.35; Br, 23.21%,. Cacld for C,,H,,-
O,Br: C, 59.13; H, 8.47; Br, 23.14%,. 4 (cis-isomer): bp
159—160 °CG/0.6 Torr; n3=1.5127; IR (neat) 1727, 1641
cm—'; NMR (CDCl,) 6 1.1—1.8 (s, 22H) 2.16—2.60 (m,
4H), 3.77 (s, 3H); m/e 346, 344 (M+). Found: C, 59.12;
H, 8.24; Br, 23.23%,. Calcd for C,;H,O,Br: C, 59.13;
H, 8.47; Br, 23.14%.

Methoxy Esters (5, 6, and 7). A solution of sodium
methoxide in methanol (3.0 mol/l, 50 ml, 150 mmol) was
added to bromo ester 4 (17.25 g, purity 89.99%,, 150 mmol)
at 20 °C. The mixture was refluxed for 5 h, cooled, poured
into cold water and dried over anhydrous sodium sulfate.
After the solvent had been removed the residue was distilled
(oil bath 180 °C/0.4 Torr) to give 12.25g of oil. GLPC
analysis showed that methoxy esters 5, 6, and 7 were obtained
in 889, vyield (5+6, 71%; 7, 17%). Each ester was isolated
by silica gel chromatography (benzene/hexane, 1/5—I1/1).
5: IR (neat) 1705, 1613 cm~*; NMR (CDCl;) 6 0.9—1.8
(s, 22H), 2.0—2.7 (m, 4H), 3.58 (s, 3H), 3.63 (s, 3H), mfe
296 (M+t). Found; G, 72.89; H, 10.63%,. Calcd for Cj,-
H,;,0;: G, 72.93; H, 10.88%,. 6: bp 142—143 °C/0.5 Torr;
n¥=1.4880; IR (neat) 1737, 1655 cm™'; NMR (CDCl,)
6 1.1—2.3 (m, 24H with a s at 1.30), 3.38—3.60 (m, 1H),
3.46 (s, 3H), 3.64 (s, 3H), 4.48 (t, /=7 Hz, 1H); m/e 296
(M+). Found: C, 72.94; H, 10.95%. Calcd for C;gH;,05:
C, 72.93; H, 10.88%. 7: IR (neat) 1739 cm~'; NMR
(CClL) 6 1.0—2.0 (m, 26H with a s at 1.38), 2.73 (dd,
J=3 and 11 Hz, 1H), 3.12 (s, 3H), 3.19 (s, 3H), 3.62
(s, 3H); mfe 328 (M*). Found: G, 69.69; H, 10.89%.
Calcd for CoHyO,: C, 69.47; H, 11.049%,.

Cyclopentadecanone (1). A solution of sodium hydroxide
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(10.0 g, 250 mmol) in aqueous methanol (H,O/MeOH, 1/3,
75 ml) was added to the ester mixture (14.8g, 546 90.9%,
45.4 mmol; 7 6.7%, 3.0 mmol) and refluxed for 7h. The
reaction mixture was cooled and made acid to Bromophenol
Blue by the addition of concentrated hydrochloric acid.
After hydrochloric acid (35%, 30 ml) had been added, the
reaction mixture was refluxed for 1 h, cooled, and extracted
with benzene. The benzene extracts were washed with
water and dried over anhydrous sodium sulfate. After the
solvent had been removed the residue was distilled (oil bath
180 °C/0.4 Torr) to give 10.79 g of crude cyclopentadecanone.
GLPC analysis showed one major peak due to cyclopentade-
canone 1 (809, yield). Pure cyclopentadecanone was ob-
tained by fractional distillation. The IR, NMR, and mass
spectral data were identical with those of an authentic sample.
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