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The ethylaluminium dichloride induced Friedel-Crafts acylation of
unsaturated fatty compounds such as oleic acid (1a), methyl oleate
(1b) and 10-undecenoic acid (9b) and furthermore of 1-octene (9a)
with a,f-unsaturated acyl chlorides e.g. crotonic acid chloride (2a)
and acrylic acid chloride (2b) gave the corresponding allyl vinyl keto-
nes. Nazarov cyclizations of the acylation products 3a/4a, 3b/4b,
10a and 10b afforded the alkyl substituted 2-cyclopentenones S5a/
6a, 5b/6b, 11a/12a and 11b/12b. Catalytic hydrogenation of 5b/6b
and 11b/12b gave the respective saturated cyclic products 7b/8b
and 13b/14b as diastereomeric mixtures.

Lewis-S&ure induzierte Additionen an ungesittigte Fettstoffe IV:
Synthese von Cyclopentenonen aus Friedel-Crafts-Acylierungs-
produkten ungeséttigter Fettstoffe mit «,f-ungesiittigten
Acylchloriden. Ethylaluminiumdichlorid induzierte Friedel-Crafts-
Acylierungen ungesittigter Fettstoffe, wie Olsdure (1a), Olsiureme-
thylester (1b) und 10-Undecensdure (9b) mit a,f-ungesittigten
Acylchloriden, wie z.B. Crotonsdurechlorid (2a) und Acrylsidurechlo-
rid (2b), ergaben die entsprechenden Allylvinylketone. Des weiteren
wurden die Acylierungen auch mit 1-Octen (9a) durchgefiihrt. Mit-
tels Nazarov-Cyclisierungen wurden die Acylierungsprodukte 3a/
4a, 3b/4b, 10a und 10b in die alkylsubstituierten 2-Cyclopentenone
5a/6a, 5b/6b, 11a/12a und 11b/12b iibergefiihrt. Katalytische Hy-
drierung von 5b/6b und 11b/12b ergab die gesittigten Produkte
7b/8b und 13b/14b als Diastereomerengemische.

1 Introduction

Friedel-Crafts acylations of alkenes induced by Lewis acids
as AlCl;, SnCl, or ZnCl, are well known [1-4]. 3,y-Unsatu-
rated ketones are obtained as main products especially in acyl-
ations of cyclic and aliphatic alkenes in the presence of ethyl-
aluminium dichloride (EtAlCly) [5]. We described recently
acylations of unsaturated carboxylic acids and alcohols such
as oleic acid, 10-undecenoic acid and oleyl alcohol [6] which
are of interest as renewable raw materials [7]. The reactions,
carried out with saturated acyl chlorides and cyclic anhy-
drides induced by EtAlCl,, gave the corresponding f§,y-un-
saturated ketones with w-carboxy and w-hydroxy functional-
ity, respectively. We now report on the acylations of unsatu-
rated fatty compounds with unsaturated acyl chlorides e.g.
acrylic acid chloride or crotonic acid chloride to give the corre-
sponding allyl vinyl ketones and their cyclizations in a Naz-
arov reaction to give 2-cyclopentenone derivatives which are
useful intermediates in the synthesis of prostaglandins [8, 9]
and jasmonic acid derivatives such as methyl dihydrojas-
monate, an important fragrant compound [10]. Jasmonic acid
itself is a widespread intracellular signal substance in plants
that stimulates the synthesis of special proteins and induces
defensive reactions of plants [11]. 2-(6-Methoxycarbon-
ylhexyl)-2-cyclopentenone, synthesized in four steps starting
from methyl 10-undecenoate in an isolated yield of 35%, is
known as a useful prostanoid synthon [9].

1 1I1. Communication: Fat Sci. Technol. 94 (1992), 329.
2 Fachbereich Chemie der Universitit Oldenburg, Germany.

The Nazarov reaction is the acid induced cyclization of a
wide variety of allyl vinyl and divinyl ketones and is known as
an efficient route to 2-cyclopentenones [12-14]. The synthesis
of cyclopentenones via acylation of alkenes with «,f-unsatu-
rated acids in the presence of polyphosphoric acid or with un-
saturated acid halides is described as a one-pot procedure [15,
16]. However, these reactions are restricted to bicyclic prod-
ucts. Simple cyclopentenones are obtained in AICl3-induced
acylations of in situ generated branched alkenes with a,8-un-
saturated acyl chlorides followed by cyclizations of the inter-
mediate divinyl ketones [17].

2 Results and Discussioh

Acylations of oleic acid (1a) with crotonic acid chloride
(2a) and of methyl oleate ('1b) with acrylic acid chloride (2b)
induced by EtAICl, gave the corresponding allyl vinyl
ketones 3a/4a and 3b/4b, respectively (Fig. 1). The 9- and 10-
regioisomers were obtained in approximately equal amounts .
as pure (E)-adducts. The stereochemistry of the double bond
in the molecule chain of the fatty acid was identified as the
(E)-configuration by comparison of their *C NMR data with
those reported in the literature [6] and their coupling con-
stants of the olefinic protons in the 'H NMR spectra. (2)-iso-
mers were detected neither in the *H NMR nor in the *C
NMR spectra. The regioisomers 3a/4a and 3b/4b, respective-
ly, could not be separated. They were distinguishable by their
TH NMR and *C NMR spectra but they could not be assigned
unambiguously to the respective products. The isolated yields
were 59% for 3a/4a after a reaction time of 2h and 25% for
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3b/4b after a reaction time of 15 min. Acylations with acrylic-
acid chloride (2b) carried out with longer reaction times than
15min gave polymerization products.

The cyclizations of the acylation products were carried out
by the typical procedure used for many Nazarovreactions. The
allyl vinyl ketones were heated for 3 h in a mixture of phos-
phoric acid and formic acid (3:1) at 90°C [18]. The crude acyla-
tion products 3a/4a and 3b/4b gave the respective
2-cyclopentenones 5a/6a and 5b/6b in isolated yields of 58%
and 24%, respectively, based on charged oleic acid and methyl
oleate, respectively. That means, that the yields of the Nazarov
cyclizations were almost quantitative.

Furthermore, the cyclizations of 3a/4a and 3b/4b were
carried out in a modified procedure. The crude acylation prod-
ucts were heated in chloroform for 24 h at 60°C in the pres-
ence of montmorillonite K10 to give the expected cyclic prod-
ucts in yields comparable to those obtained by the normally
used method with phosphoric acid and formic acid.

Preliminary results have been obtained with cyclizations
carried out under thermal conditions (190°C, 24 h) without us-
ing any solvent to give the expected Nazarov products.
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Catalytic hydrogenation of 5b/6b with Pd/C in CH,Cl, at
2 bar gave the saturated cyclopentanone derivatives 7b/8b in
quantitative yield as a mixture of diastereomers in a ratio of
[cis-7b/8b] : [trans-Th/8b] = 2.5 : 1 (Fig. 1).

The EtAlCl,-induced acylations of 1-octene (9a) and 10-
undecenoic acid (9b) with crotonic acid chloride (2a) gave
after a reaction time of 2 h the corresponding allyl vinyl keto-
nes 10a and 10b (Fig. 2). The products were obtained after
column chromatography as (E)/(Z) mixtures (2 : 1 for 10a
and 3 : 1 for 10b, >*C NMR) in isolated yields of 28% and 60%.
The alkylaluminium chloride induced acylation took place
regioselectively at the terminal carbon atom.

Cyclization of 10a and 10b was carried out by heating the
allyl vinyl ketone for 3h at 90°C in a mixture of phosphoric
acid and formic acid (3 : 1). The reaction did not afford the ex-
pected Nazarov cyclization products, the corresponding 3,4-
dialkyl substituted 2-cyclopentenones, but gave the regio-
isomeric 2,3-dialky! substituted 2-cyclopentenone derivatives
11a/12a and 11b/12b, respectively. Obviously, these are
products of an abnormal Nazarov reaction as described in lit-
erature [18].

Fig. 1. EtAICl;-induced Friedel-Crafts acylation of oleic
acid (1a) and methyl oleate (1b) with «,f-unsaturated
acyl chlorides 2a and 2b followed by Nazarov cycliza-
tion of the obtained allyl viny! ketones 3a/4a and 3b/
4b to give alkyl substituted cyclopentenones 5a/6a
and 5b/8b. Catalytic hydrogenation of 5b/6b affords
the saturated cyclopentanone derivatives 7b/8b.
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Regioisomers 11a and 12a could be separated by prepara-
tive HPLC. So 'H NMR and C NMR data could be obtained
of each regioisomer. In contrast, 11b and 12b could not be
separated completely by HPLC.

Catalytic hydrogenation of 11b/12b gave quantitatively
the saturated product 13b/14b as a diastereomeric mixture.
The isomers were not separated but they could be assigned by
their *C NMR data. The ratio of [cis] : [trans] was 5 : 1 for 13b
and 2 : 1 for 14b (Fig. 2).

Allyl vinyl ketones obtained by EtAlCl,-induced acyla-
tions of alkenes with a,f-unsaturated acyl chlorides are suit-
able substrates for the Nazarov reaction to give 2-cyclopen-
tenones. In this paper for the first time we describe the Naz-
arov cyclization carried out in the presence of montmorillo-
nite K10. The alkyl substituted 2-cyclopentanones obtained
from acylation products of unsaturated fatty compounds and
a,B-unsaturated acyl chlorides in two steps should be of inter-
est because of their structural similarity to prostaglandins [8,
9] and jasmonic acid derivatives [10, 11].

3 Experimental

Refractive indices np: Zeiss-Abbé-Refraktometer. Elemen-
tal analysis: Fa. Beller, Gottingen. 'H and 3C NMR: Bruker
AMXR 500 (3b/4b, 5a/6a, 7b/8b, 10a, 11a/12a) and Bruker
AM 300 (3a/4a, 10b, 11b/12b, 13b/14b), TMS as internal
standard, selected data are given. Full 'H and *C NMR data
are available from the authors on request. The signals of the
regioisomers of 3a/4a, 3b/4b and 5a/6a are distinguishable
in the 'H and *C NMR spectra but they could not be assigned
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Fig. 2. EtAlCly-induced Friedel-Crafts acylation of 1-octene
(9a) and 10-undecenoic acid (9b) with crotonic acid chloride
2a followed by Nazarov cyclization of the obtained allyl vinyl
ketones 10a and 10b to give 2,3-dialkyl substituted cyclopen-
tenones 11a/12a and 11b/12b. Catalytic hydrogenation of
11b/12b affords the saturated cyclopentanone derivatives
13b/14b.

unambiguously to the respective products. Analytical GC:
Carlo Erba GC Series 4160 with a FID (DB1-column, 20 m).
Mass spectra: Finnigan MAT 212 mass spectrometer. HPLC
analysis: Merck Hitachi L 6250, LiChrosorb RP 18 (7 um). 10-
Undecenoic acid (4tochem). Oleic acid (new sunflower, 82%
oleic acid, 3.5% palmitic acid, 0.6% stearic acid, 12% Cyg.5), and
methyl oleate (new sunflower, 82.8% methyl oleate, 3.6% me-
thyl stearate, 3.5% methyl palmitate, 8.4% Ci3.;) were ob-
tained from Henkel KGaA. The amounts of the starting ole-
fins used in the reactions were calculated based on 100% pu-
rity. Montmorillonite K10 was obtained from Siidchemie.
1-Octene (Merck), acryloyl chloride (4idrich) and crotonoyl
chloride (Aldrich) were used after distillation. EtAICl, (Witco
GmbH) was used without further purification. All acylation
reactions were run under N,.

Acylation of alkenes with a,f-unsaturated acid chlorides — Gen-
eral procedure: A mixture of the alkene (1 equiv.) and the acyl-
ating agent (1 equiv.) in CH,Cl, (10 ml) was stirred magneti-
cally under nitrogen (1 bar) for 5 min at —15°C. After dropwise
addition of EtAICl, (1M in hexane, 2 equiv.) the sample was
stirred for additional 15 min or 2h, depending on the used
acylating agent, at room temp. The reaction was quenched by
the addition of Et,0 (100 ml) and H,0 (40 ml). 10% HCl was
added until the precipitated aluminium salts had dissolved.
The organic layer was separated and washed with H,0
(3 x 30 ml). The organic layer was dried (Na,S0,) and the sol-
vent evaporated. The obtained crude product was used as sub-
strate for the cyclization reaction. For characterization the
product was purified by column chromatography [28cm x
2 cm, silica gel 60 (Merck), 70-230 mesh] with the eluent petro-

Fett/Lipid 100 (1998), Nr. 1, S. 2-6



leum ether/diethyl ether. Fractions containing the acylation
product were collected, the solvent was evaporated and the
residue dried at 20°C/0.01 mbar.

Cyclization of allyl vinyl ketones obtained by acylation of al-

kenes with a,f-unsaturated acid chlorides — General procedure:

® Method A (cyclization with phosphoric acid/formic acid):
The acylation product (4 mmol crude product obtained by
acylation reactions described above) was added to a mix-
ture of 20 g of phosphoric acid (85%) and 7 g of formic acid
and heated to 90°C, After being stirred for 3 h the reaction
mixture was diluted with water and then extracted with di-
ethyl ether. The organic extracts were washed with so-
dium bicarbonate solution, dried over Na,SO,, filtrated
and then concentrated. The cyclization products were pu-
rified by HPLC with the eluent methanol/water (93 : 7) or
by column chromatography [28cm x 2cm, silica gel 60
(Merck), 70-230 mesh] with the eluent petroleum ether
/BEtOAc. Fractions containing the cyclization product
were collected, the solvent was evaporated and the resi-
due dried at 20°C/0.01 mbar.

® Method B (cyclization with montmorillonite K10): The
acylation product (4 mmol crude product obtained by acyl-
ation reactions described above) was refluxed for 24 h in
CHCI; (5 ml) containing montmorillonite K 10 (3 g). After
cooling diethyl ether (20 ml) was added and the sample
was stirred for 1 h. The mixture was filtered and K 10 was
washed with diethyl ether. The solvent was evaporated.
The cyclization product was purified by column chroma-
tography as described for method A.

Rac-9-(1-oxobut-(E)-2-enyl)octadec-(E)-10-enoic acid (3a) and
rac-10-(1-oxobut-(E)-2-enyl)octadec-(E)-8-envic acid (4a) (I :
1 mixture): Acylation of oleic acid (1b, 4.2 mmol) with cro-
tonoyl chloride (2a, S mmol) in CH,Cl, (10 ml) in the pres-
ence of EtAICl, (10 ml, 10 mmol) was carried out by stirring
the mixture for 2 h at room temp. Column chromatography
[petroleum ether : diethyl ether =9 : 1 (200ml) and 6 : 4
(250 ml)] gave 0.87 g (59%) of Ba/4a, colourless liguid, nYy =
1.4791.— 'H NMR (CDCl,) : 6 =6.90 (dg,J=15.5, 6.8 Hz, 1H,
(CH;CH=C),6.20and 6.19 (2 x d,J=15.5Hz, 1H, (COCH =
C), 5.51 (m, 1H, CH,-CH=CH), 531 and 5.30 2 x dd, I =
15.3, 8.6 Hz, 1H, CH-CH = CH), 3.18 (dt, I =175, 7.5Hz, 1H,
COCH), 1.90 2 x d, J = 6.8Hz, 3H, CH;CH = CH). — BC
NMR (CDCl3): 6 = 200.6 (C = 0), 179.7 (COOH), 142.5
(CH;CH = CH), 134.2, 133.8, 128.4, 1284 (C = C), 1304
(CH;CH = CH), 54.3 (COCH), 18.2 (CH;CH = CH), 14.1
(CH;CH,). — MS (70eV): m/z (%) = 350(0.7){M*], 264(0.8),

263(0.7), 221(2.0), 207(2.1), 69(100). — CyH30; : caled.
350.2821, found 350.2827 (MS/EI).
2-(7-Carboxyheptyl)-4-methyl-3-octyl-2-cyclopentenone  (5a)

and 3-(7-carboxy-heptyl)-4-methyl-2-octyl-2-cyclopentenone
(6a) (1 : 1 mixture): Cyclization of the crude mixture of 3a
and 4a by method A and method B, respectively, gave similar
results. Column chromatography [petroleum ether : EtOAc =
9:1(150ml) and 6 : 4 (250 ml)] yielded 0.86 g (58% based on
charged 1a) of 5a/6a, colourless liquid, nk' = 1.4890. — 'H
NMR (CDCl,) : 6 =2.56 (dd, J=18.4, 6.4 Hz, 1H, 5-H), 2.45
(m, 1H, 4-H), 2.27 (m, 4H, CH,COOH and COCCH,), 2.09 (2
x t,J=70,7.0Hz, 2H, C=C CHjy), 1.91 (dd, J=18.4, 1.9 Hz,
1H, 5-H%), 1.12 (d, J = 7.0Hz, 3H, CHCH,;). — C NMR
(CDCl3): 6 =209.1 (C =0), 179.8 (COOH), 177.8 and 1775
(C-3), 140.1 and 140.0 (C-2), 43.1 (C-5), 34.5 (C-4), 34.0 (CH,-
COOH), 19.2 (CH;CH), 14.0 (CH3CH,). — MS (70 eV): m/z
(%) = 350(5.0) [M*], 332(4.8), 250(15.5), 219(40.0), 44(100), —
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CH330, (350.54): caled. C 75.37, H 10.93; found C 75.39, H
10.84.

Methyl rac-9-(1-oxopropenyl)octadec-(E)-10-enoate (3b) and
methyl rac-10-(1-oxopropenyloctadec-(E)-8-enoate (4b) (1 : 1
mixture): Acylation of methyl oleate (1b, 4.2mmol) with
acryloyl chloride (2b, 5 mmol) in CH,Cl, (10 ml) in the pres-
ence of EtAICl, (10ml, 10 mmol) was carried out by stirring
the mixture for 15 min at room temp. Column chromatogra-
phy [petroleum ether : diethyl ether=9:1 (200ml) and 8 : 2
(250 ml)] gave 0.37g (25%) of 3b/4b, colourless liquid, nf =
1.4709.— 'H NMR (CDCl;): 6 =6.43 (dd, J=17.8,10.8 Hz, 1H,
CH,=CH), 6.25 (dd,J=17.8,1.3Hz, 1H,HCH=C), 5.70 (dd,J
=10.8,1.3Hz, IH,HCH=C),5.53 and 5.51 (dt,J=15.3,6.4 Hz,
1H,CH,-CH=CH), 5.29 and 5.28 (dd,J=15.3,7.6 Hz, 1H,HC-
CH = CH), 3.23 (m, 1H, COCH). — ®C NMR (CDCl,): § =
200.9 (C=0), 174.2 (COOCHj3), 135.1 (CH, =), 1347, 134.3
(C=0C), 1279 (CH, =C), 127.8, 1276 (C = C), 54.1 (COCH),
51.4 (OCHjs). — MS (70 eV): m/z (%) = 350(3)[M™], 319(6),
263(16),207(10), 193(18), 55(100). — C5yH330;: caled. 350.2821,
found 350.2817 (MS/EI).

2-(7-Methoxycarbonylheptyl)-3-octyl-2-cyclopentenone (5b) and
3-(7-methoxycarbonylheptyl)-2-octyl-2-cyclopentenone (6b)
(1 : I mixture): Cyclization of the crude mixture of 3b and 4b
by method A and method B, respectively, gave similar results.
Column chromatography [petroleum ether : EtOAc =9 : 1
(150ml) and 8 : 2 (250 m1)] yielded 0.35 g (24% based on char-
ged 1b) of 5b/6b, colourless liquid, n = 1.4909. — 'H NMR
(CDCl3): 8 =3.64 (s,3H,0CH3), 2.46 (m, 2H, H-5),2.38 (t,J =
7.6Hz, 2H, 4-H), 2.33 (m, 2H, COCCHjy), 2.28 (t, ] = 7.4 Hz,
2H, CH,COOCH3), 2.13 (t,J =76 Hz, 2H, COC = CCH,). —
BC NMR (CDClL): 6 = 210.0 (C = 0), 1743 and 174.0
(COOCHj3;), 164.9 (C-3), 140.3 (C-2), 51.3 (OCHj3), 34.1 (C-5),
317 (C-4). — MS (70eV): m/z (%) = 350(32)[M™], 319(8),
221(93), 193(100), 123(26), 110(31). — CyH3303: caled.
350.2821, found 350.2804 (MS/EI).

2-(7-Methoxycarbonylheptyl)-3-octylcyclopentanone (7b) and
3-(7-Methoxycarbonylheptyl)-2-octylcyclopentanone (8b) (1 : 1
mixture): Catalytic hydrogenation of 5b/6b (1 : 1 mixture,
0.5g) gave 0.5g (98%) of 7b/8b, colourless liquid, nf =
1.4809. — TH NMR (CDCl3): 6 = 3.62 (s, 3H, OCH3), 2.26 —
1.49 (m, 14H, 2-H, 3-H, 4-H, 5-H, COCHCH,, COCHCHCH,,
CH,COOCHj;, CH,CH,COOCH;). — 3C NMR (CDCLy): 6 =
221.4,220.8 (C=0), 174.2 (COOCH3), 55.0 (C-2, cis-Th, 8b),
53.3 (C-2, trans-7h, 8b), 51.3 (OCHs,), 41.5 (C-3, cis-7b, 8b),
387 (C-3, trans-7b, 8b), 377 (C-5, cis-7b, 8b),35.2 (C-5, trans-
7b, 8b), — MS 70eV): m/z (%) = 352(0.1)[M*], 321(0.2),
240(2.0), 195(6.2), 83(100). — C5yH400s: caled. 352.2977, found
352.2953 (MS/EI),

4-Ox0-2,6-dodecadien (10a) [(E) : (Z) =2 : 1, *C NMR]: Acyl-
ation of 1-octene (9a, 5mmol) with crotonoyl chloride (2a,
Smmol) in CH,Cl, (10ml) in the presence of EtAICl;, (Sml,
5mmol) was carried out by stirring the mixture for 2h at
room temp. Column chromatography [petroleum ether : di-
ethyl ether=9: 1 (400 ml)] gave 0.25 g (27.7%) of 10a, colour-
less liquid, n}’ =1.4732.— 'H NMR (CDCl;): 6 =6.84 and 6.81
(dq, J=15.4, 6.6Hz, 1H, 2-H), 6.09 (dg, J = 15.4, 1.7Hz, 1H,
3-H), 5.51 (m, 2H, 6-H and 7-H), 3.17 (d, ] = 4.4 Hz, 2H, 5-H),
1.98 (m, 2H, 8-H), 1.84 (dd, J=72,17Hz,3H, 1-H),0.83 (t,J =
6.8 Hz, 3H, 12-H). — *C NMR (CDCl3): 6 = 198.3 (C = O),
142.7(C-2, (E)], 142.0 [C-2,(2)], 134.8 [C-7(E)], 133.4 [C-7, (2)],
131.9[C-3,(2)],133.2[C-3 (£)],122.0 [C-6, (B)], 1217 [C-6 (Z)],
44.1 (C-5), 32.4-28.5 (C-8, C-9, C-10), 22.4 (C-11), 18.0 (C-1),
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13.9 (C-12). — MS (70 eV): m/z (%) = 180(4) [M'], 165(3),
123(8), 110(18), 69(100). — C13H,00: caled. 180.1514, found
180.1500 (MS/EI).

3-Hexyl-2-methyl-2-cyclopentenone (11a) and 2-hexyl-3-methyl-
2-cyclopentenone (12a) (1 : 1.5 mixture, GC): Cyclization of
the crude product 10a by method A. HPLC gave 0.20 g (22%
based on charged 9a) of 11a/12a, colourless liquid, nfj =
1.4742. 11a and 12a could be separated by HPLC (methanol-
water = 93 : 7). 'H NMR (CDCl,) of 11a: 6 = 2.47 (m, 2H,
5-H),2.39 (t,J=7.9Hz,2H, COC=CCHj,), 2.35 (m, 2H, 4-H),
1.67 (s, 3H, COCCH,). — C NMR (CDCly): 6 =210.2 (C =
0), 173.9 (C-3), 136.1 (C-2), 34.1 (C-5), 31.7 (C-4), 14.0
(CH,CH,), 8.0 (COCCH;).MS (70 eV) of 11a/12a: m/z (%) =
180(26) [M*], 165(11), 123(36), 110(100), 95(26). — C13H,,0:
caled. 180.1514, found 180.1471 (MS/EI).

'H NMR (CDCl) of 12a: § =2.45 (m, 2H, 5-H), 2.33 (m, 2H,
4-H), 2.13 (t, J =7.6Hz, 2H, COCCH)), 2.02 (s, 3H, COC =
CCH;). — ®C NMR (CDCls): 6 =209.6 (C=0), 169.8 (C-3),
140.8 (C-2),34.3 (C-5),31.9 (C-4), 14.0 (CH,CH,;), 8.0 (COC=
CCHj;).

12-Oxo-(E/Z)-9,13-pentadiencic acid (10b) [(E) : (Z) =3 : ],
53¢ NMR]J: Acylation of 10-undecenoic acid (9b, 5 mmol)
with crotonoyi chloride (2a, 5 mmol) in CH,Cl, (10 ml) in the
presence of EtAICl, (10 ml, 10 mmol) was carried out by stir-
ring the mixture for 2 h at room temp. Column chromatogra-
phy [petroleum ether : diethyl ether=9 : 1 (200 ml) and 6 : 4
(250 ml)] gave 0.75g (60%) of 10b, colourless liquid, nk =
1.4800.— '"H NMR (CDCly): 6 = 6.86 (dq,J=15.4,7.0 Hz, 1H,
14-H) 6.12 (2 x d,J=15.4Hz, 1H, 13-H),5.53 (m, 2H, 9-H and
10-H), 3.20 (d, I = 4.4 Hz, 2H, 11-H), 2.30 (t, J =7.7Hz, 2H,
2-H), 2.0 (m, 2H, 8-H), 1.87 (dd, J = 6.6, 1.1 Hz, 3H, 15-H). ~
BCNMR (CDCl): 6 =198.7 (C=0),179.7 (C-1), 143.1 [C-14,
(E)], 142.5 [C-14, (Z)], 134.8 [C-9, (E)], 133.3 [C-9 (2)], 131.8
[C-13,(2)],131.1[C-13,(E)], 122.0 [C-10, (B)], 121.1 [C-10, (Z)],
44.0 (C-11), 18.1 (C-15). — Cy5H,403: caled. 252.1725, found
252.1727 (MS/EI).

3-(8-Carboxyoctyl)-2-methyl-2-cyclopentenone (11b) and 2-(8-
carboxyoctyl)-3-methyl-2-cyclopentenone (12b) (1 : 1.5 mixture,
GC): Cyclization of the crude product 10b by method A.
HPLC gave 0.59 g (47% based on charged 9b) of 11b/12b, co-
lourless liquid, nfyf =1.5020. — 'TH NMR (CDCl3): § =2.49 (m,
5-H, 11b and 12b), 2.37 [m, 10H, CH,COOH (11b and 12b),
4-H (11b and 12b), COCCH, (12b)], 2.16 [t,J =7.4 Hz, 2-H,
COC=CCH, (11b)],2.04[s,3H, CH; (12b)], 1.68 [s,3H, CH;
(11b)].— *C NMR (CDCl3): 6 =210.6 and 210.0 (C=0,11b
and 12b), 179.3 (COOH), 174.2 (C-3, 11b), 170.4 (C-3, 12b),
1407 (C-2,12b), 136.1 (C-2,11b), 34.3 and 34.1 (C-5,11b and
12b), 34.0 (CH,COOH), 17.2 (CH3, 12b), 8.0 (CH3, 11b). —
CsH,40; (252.35): caled. C 71.38, H 9.59; found C 71.26, H
9.56.

3-(8-Carboxyoctyl)-2-methylcyclopentanone (13b)  ({cis]

[trans]) =35 : 1, and 2-(8-carboxyoctyl)-3-methylcyclopentanone
(14b) ([cis] : [trans] = 1.7 : 1. Catalytic hydrogenation of 11b/
12b (1 : 1.5 mixture, 0.50 g) gave 0.48 g (96%) of 13b/14b (1 :
1.5 mixture), colourless liquid, nf = 1.4900. — 'H NMR
(CDCl3): 6 =2.36 [t,J=7.2Hz, 3H, 5-H (13b and 14b)], 2.34
[t,J=77Hz, 4H, CH,COOH (13b and 14b}],2.11 [m, 6H, 4-H
and 2-H (13b and 14b)], 1.14,1.07,0.97 and 0.66 [4 x d,J=6.0,
6.6, 7.2, 7.1 Hz, 12H, CHj; (cis-13b, trans-13b, cis-14b, trans-
14b)].— BC NMR (CDCly): 6 =221.7 (C=0),179.8 (COOH),
56.5 (C-2, cis-14b), 54.1 (C-2, trans- 14b), 50.5 (C-2, cis-13b),
46.9 (C-2, trans-18b), 44.7 (C-3, cis-13b), 40.0 (C-3, trans-13b),
38.1 and 37.4 (C-5), 36.8 (C-3, cis-14b), 32.8 (C-3, trans-14b),

19.7 (CH;, cis-14b), 14.5 (CHs, trans-14b), 12.6 (CH;, cis-13b),
9.6 (CHj;, trans-13b). — C5Hy03 (254.37): caled. C 70.81, H
10.31; found C 69.18, H 9.90.
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