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A Convenient Synthesis of (Z)- and (E)-3-(1-Alkenyl)-
cyclopentenes

Wilhelm BoLanD, Volker HanseN, Lothar JAENICKE*

Institut fiir Biochemie der Universitit zu Koln, An der Bottmiihle
2, D-5000 Koln 1

Cellular chemotaxis plays a decisive part in the pre-conjuga-
tional communication between female and male gametes
of marine brown algae’***. The molecular basis of these
interactions are highly unsaturated hydrocarbons; in the
case of the sea-weeds Ectocarpus and Cutleria, isomers of
C,1H;¢-trienes containing rings of different size (2-7 C-
atoms) have been identified* *. Cutleria multifida, a mediter-
ranean species originally collected near Naples®, releases
three volatile olefinic compounds into the surrounding water.
The major constituent (~ 70 %) and true active lure is multifi-
dene, the structure of which was established as cis-3-(cis-1-
butenyl)-4-vinylcyclopentene®.
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SYNTHESIS

In connection with our work on the specificity of the plant
receptor system, we wished to synthesize the natural product
and its isosters’ and, in particular, some simple monosubsti-
tuted 3-(1-alkenyl)-cyclopentenes of various chain lengths
and unambiguous stereochemistry.

3-Vinylcyclopentene has previously been prepared by reac-
tion of 3-chlorocyclopentene (1) with vinylmagnesium bro-
mide®. However, extension of this reaction to the synthesis
of higher 3-(1-alkenyl)-cyclopentenes (3, 4) was not promising
because the isomerically pure (Z)- and (E)-1-bromo-1-alkenes
needed as starting material are rather difficult to obtain.
We therefore used the better available 1-alkynylmagnesium
bromides as starting material. The 3-(1-alkynyl)-cyclopen-
tenes (2) thus obtained® in fair to good yields could be
reduced to both the Z- and E-isomers of the desired 3-(1-
alkenyl)-cyclopentenes (Table 1).

THF
Q—cu + R-CZC-MgBr ——— Q—c C-R

Hydrogenation of compounds 2 over Lindlar catalyst in
pentane at 0° afforded the (Z)-3-(1-alkenyl)-cyclopentenes
3in high yield and high isomeric purity. The final purification
of products 3 was easily achieved by preparative G.L.C.
using SE 30 or PEG 4000 as liquid phase. The data of the
compounds synthesized are compiled in Table 2.
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The attempted trans reduction of compounds 2 with sodium/
ammonia failed completely; it afforded only products
of over-reduction. Similar results have been reported for
the sodium/ammonia reduction of 1,4-diynes'®. However,
it has recently been shown by Henrick'! that in the reduction
of alkynes with sodium/ammonia isomerization of the pro-
duct alkenes followed by over-reduction can be avoided
by adding an appropriate alcohol to the reaction mixture.
In fact, the reduction of compounds 2 with sodium in liquid
ammonia in the presence of 1 equiv t-butanol afforded the
desired (E)-3-(1-alkenyl)-cyclopentenes 4 in high yield and
100 % isomeric purity. Not even traces of the Z isomers
could be detected in the products as may be taken from
Table 3.
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Thus, (Z)- (3) and (E)-3-(1-alkenyl)-cyclopentenes (4) which
are useful starting materials for further syntheses (and which
were the subject of comparative receptor studies with Cutleria
and Ectocarpus androgametes'?2) can be prepared selectively
by simple two-step methods starting from 3-halocyclo-
pentenes and 1-alkynylmagnesium halides.

3-(1-Alkynyl)-cyclopentenes (2); General Procedure:
A solution of a 1-alkynylmagnesium bromide (0.2 mol) in tetrahyd-
rofuran (150 ml) is added dropwise to a stirred solution of freshly
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Table 1. 3-(1-Alkynyl)-cyclopentenes (2)
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LR. (KBr)

TH-N.M.R. (CCly)

2 R Yield  bp/torr  nd® Molecular
[%] formula® Vemax [cm 1] 5 [ppm]

a'* H 21 101°/760 1.4608 C,Hg 3290, 3050, 2960,
(92.1) 2840, 2010, 720

b C,H;s 34 95°/100 1.4745 CoH,y, 3050, 2960, 2920, 1.1 (t, 3H); 1.48-2.60 (m, 6 H); 3.35 (m, 1 H);
(120.2) 2830, 720 5.65 (m, 2H)

c n-C4H, 47 121°/80 1.4728 Ci1Hie 3050, 2960, 2920, 0.9 (t, 3H); 1.15-2.65 (m, 10H); 3.30 (m,
(148.2) 2860, 720 { H) 5.65 (m, 2H)

d n-CgH; 3 72 119°/17 1.4736 Ci3Hazo 3050, 2960, 2930, 093 (t, 3H); 1.15-2.60 (m, 14H); 3.35 (m,
(176.3) 2860, 720 H); 5.65 (m, 2H)

@ All products gave satisfactory mass spectra and microanalyses: C,

Beetz, D-3251 Kronach.

Table 2. (Z)-3-(1-Alkenyl)-cyclopentenes (3)

Molecular

+010 H +007 the mlcroanalyses were performed by |8

1.R. (KBr)
Vmax {cm’ 1

'H-N.M.R. (CCl)
o [ppm]

3080 3060, 2980
990, 910, 725
?050 3000 2960
2850, 740, 720
3050 3000 2960
2850, 740, 720

0.96 (t 3H); 1.20-2.50 (m 6H) 3.55 (m,
1H); 5.0-5.83 (m, 4H)

0.96 (t, 3H); 1.10-2.60 (m, 12H) 3.55 (
{ H); 5.02-5.83 (m, 4H)

3 H Yield nd® Z/E-ratio
[%] [%] formula®

a‘s H 92 1.4450 — C7H10
(94.2)

b C,Hs 91 1.4596 97/3 CoHys
(122. 2)

Cc n-C4H9 96 1.4626 99/1 C1 1H13
(150.3)

d n-C(,H” 98 1.4687 96/4 (13H22
(178.3)

3050, 3000, 2920,
2840, 740, 720

0.94 (t, 3H); 1.10--248 (m, 16H); 3.55 (m,
1H); 5.00-5.85 (m 4H)

* The microanalyses were in satisfactory agreement with the Cd]bu]dibd values C +009 H, +0.10.

Table 3. (E)-3-(1-Alkenyl)-cyclopentenes (4)

E/Z-ratio  Molecular

4 R Yield  nj®
[%] ["' ] formula®

a C2H5 76 1.4594 100/0 CQH‘4
(122.2)

b n-C4Ho 81 1.4608 100/0 Ci1Hys
5l 50,3)

M II-C6H13 84 1.4629 100/0 C 3H22
(178.3)

R. (KBr)
Vmax [cm 4|

'H-N.M.R. (CCl)
0 [ppm]

3040 3010 2950,
2840, 965, 720
?040 3010, 2950,
2830, 965, 720
3040, 3010, 2960
2858, 965, 720

0.96 (t, 3H); 1.25-2.55 (m, 6H); 3.20 (m,
1H); 5.10-5.85 (m, 4H)

096 (t, 3H); 1.00-2.50 (m, 12H); 3.20 (m,
m) 5.10~5.80 (m, 4H)

096(t 3H); 1.05-2.50 (m, 16H); 3"0 (m
tH) 5.15-5.85 (m 4H)

* The microanalyses were in satlsfactory agreement with the calcu]atcd values: C, £0.13; H -I-01

distilled 3-chlorocyclopentene (1; 18.52 g, 0.2 mol) in tetrahydro-
furan (70 ml). The temperature of the mixture is kept below 30°
by occasional cooling while stirring is continued for a further
2h. The solution is then poured into ice/ammonium chloride

ated, and the crude product purified by preparative G.L.C. (chro-
mosorb W 30/60, SE 30 or PEG 4000, 1.5 m x 0.5 cm).

(E)-3-(1-Alkenyl)-cyclopentenes (4); General Procedure:

and the product extracted with ether (3 x 100ml). The extract
is washed with 2 normal hydrochloric acid (2x50ml) and
water (2x 50ml) and dried with magnesium sulfate. The ether
is removed under reduced pressure and the resultant crude product
purified by distillation over a short Vigreux column.

(Z)-3-(1-Alkenyl)-cyclopentenes (3); General Procedure:

Lindlar catalyst (Merck, Darmstadt; 100 mg) and quinoline (20 pl)
are added to a solution of the 3-(1-alkynyl)-cyclopentene (2; 2.0 g)
in pentane (50 ml). Hydrogen is then bubbled through the stirred
mixture until G.L.C. analysis of a sample indicates complete con-
version. The catalyst is removed by filtration. the solvent evapor-

A solution of the 3-(1-alkynyl)-cyclopentene (2; 0.03mol) in dry
tetrahydrofuran (25ml) is added dropwise to a stirred solution
of sodium (2.0g, 0.09 g-atom) and t-butanol (7.6 g, 0.09 mol) in
liquid ammonia (100ml) and stirring is continued for 45min at
-34°. Excess sodium is then removed by the addition of
ammonium chloride (3 g) and the ammonia is allowed to evaporate
overnight. Water (70ml) is added to the residue and the product
is extracted with ether (3 x 50ml). The extract is washed with
2 normal hydrochloric acid (2 x 50ml) and water (2 x 50ml) and
dried with magnesium sulfate. The solvent is evaporated and the

crude product purified by preparative G.L.C. (chromosorb, SE 30,
1.5m x0.5cm).
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