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Synopsis. The phase-transfer reaction of 3,5-di-
bromo-1-cyclopentene with potassium acetate was studied
using trialkylamines and a trialkylphosphine as catalysts.
Various metal acetates were examined for their effects in
this reaction.

We recently reported? on the nucleophilic substitu-
tion reaction of alkyl bromides with potassium acetate
employing a quaternary ammonium ion catalyst in
a heterogeneous system. This phase-transfer reaction
provided a convenient synthetic method for acetates
from the corresponding bromides besides previously
developed methods using silver acetate, tetraethyl-
ammonium acetate, or potassium acetate in glacial
acetic acid and acetic anhydride.? Thus, ¢is-3,5-
diacetoxy-1-cyclopentene 2 was prepared from cis-3,
5-dibromo-1-cyclopentene 1, 4-acetoxy-2-cyclohexen-
l-one from 4-bromo-2-cyclohexen-l-one, and octyl
acetate from octyl bromide. In the course of the
study of the synthesis of prostaglandins, we succeeded

phase-transfer catalyst

RX — - ROAc
KOAc

in converting the diacetate 2 into chiral 4-hydroxy-
2-cyclopenten-1-one,®4) which is a key intermediate
to prostaglandins® and their mimics.®) Furthermore,
it was reported that the diacetate 2 was effectively
transformed into a useful lactone intermediate for the
synthesis of prostaglandins.” 4-Cyclopentene-1,3-diol,
which is easily accessible from the diacetate 2 is also
a useful precursor for the synthesis of prostagland-
ins®) and their intermediates.?) These results led us
to study the phase-transfer reaction of 3,5-dibromo-
l-cyclopentene 1 indetail and to extend the scope of
the reaction using 1) various catalysts and ii) various
metal acetates.

Quaternary ammonium and phosphonium salts are
well known to be good catalysts in phase-transfer
reactions.19 Tertiary amines have also been reported
to be effective for the dichlorocarbene generation.'t)
More recently, it has been reported that tertiary amines
as well as primary and secondary amines catalyzed
the nucleophilic conversion of alkyl bromides into alkyl
cyanides.’?) Tertiary amines also catalyzed the alkyl-
ation of the a-carbon attached to the carbonyl group
with alkyl halides.!® We first carried out the nucleo-
philic substitution reaction of 3,5-dibromo-1-cyclo-
pentene'®) with potassium acetate in mixtures of water
and carbon tetrachloride, using either trioctyl- or

TABLE 1. PHASE-TRANSFER REACTIONS OF 3,5-DIBROMO-
1-CYCLOPENTENE WITH POTASSIUM ACETATE

Catalyst Yield® of 3,5-diacetoxy-1-

cyclopentene
Trioctylphoshine 589,
Trioctylamine 49
Tridecylamine 55

a) Isolated yield.

tridecylamines. These reactions resulted in the form-
ation of the diacetate 2 in moderate yields (see
Table 1).

To our knowledge, it has not been reported that
trialkylphosphines catalyze the nucleophilic substitution
reaction in a heterogeneous system. We were interested
to examine the possibility of trialkylphosphines as
phase-transfer catalysts, because trialkylphosphines are
known!® to react with alkyl halides, e¢.g., in refluxing
benzene, to form tetraalkylphosphonium salts, which
could be catalysts for our reaction. In fact, the phase-
transfer reaction of the dibromide 1 with potassium
acetate, using trioctylphosphine as a catalyst, proceeded
to give the acetate 2 in a 589, yield (Table 1).

In order to examine the effect of metal acetate,
phase-transfer reactions were studied using various
metal acetates, such as the Group I, II, VII, and VIII
metal acetates. Trioctylpropylammonium chloride was
used as the catalyst. The results are summarized in
Table 2. It is interesting that magnesium acetate
and alkali metal acetates were among the most effective
acetates. Since magnesium, lithium, and sodium
acetates have a higher solubility in water than the other
acetates!®) listed in Table 2, our results suggest that
the solubility of the metal acetate in the aqueous
phase plays an important role this phase-transfer
reaction.

Experimental

Using Trioctylphosphine. A mixture of 3,5-dibromo-1-
cyclopentene 1 (45.2 g, 0.2 mol), potassium acetate (99 g,
1 mol), and trioctylphosphine (14.8 g, 0.04 mol) in carbon
tetrachloride (120 ml) and water (45 ml) was vigorously stir-
red at 60 °C for 5h. The reaction mixture was then ex-
tracted with carbon tetrachloride (330 ml), dried, and
evaporated. The residue was distilled to give 3,5-diacetoxy-
1-cyclopentene 2 (21.3 g; 589, yield): bp 70.5 °C/0.08 Torr.

Using Trioctylamine. A mixture of the dibromide 1
(151 g, 0.67 mol), potassium acetate (300g, 3 mol), and
trioctylamine (10g, 0.029 mol) in carbon tetrachloride
(400 ml) and water (150 ml) was vigorously stirred at 60 °C
for 12 h. The mixture was then treated as above to give
the diacetate 2 (68.7 g; 559, yield).
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TABLE 2. PHASE-TRANSFER REACTIONS OF DIBROMIDE 1 WITH VARIOUS METAL
ACETATES IN THE PRESENCE OF (CgH,;),C;H,N+Cl- 2

Solvent Reaction Yield® of .
Metal acetate, g (mmol) —_——— e . Solubility®
H,0 ccl, conditions diacetate 2
LiOAc-2H,0 10.2 (100) 6 ml 15 ml 70°C 5h 529, 300
NaOAc-3H,0 4.1 ( 30) 2 6 60 4 37 76
Mg(OAc),-4H,O 6.4 ( 30) 4 8 60 18 35 120
Ca(OAc), 2.6 ( 30) 3.5 6 60 6 8 37
Ba(OAc), 7.6 (15) 4 7 60 6 14 59
Cu(OAc),-H,O 6.0 ( 30) 6 15 60 3 15 7
Zn(OAc),-2H,0 6.6 ( 30) 10 25 60 3 13 31
Mn(OAc),-4H,O 7.4 ( 30) 10 25 70 5 17 —
Co(OAc),-4H,0 7.5 ( 30) 10 25 70 3 15 —
Pb(OAc),-3H,O 11.4 ( 30) 3 7 60 6 9 46

a) All the reactions were carried out using 2.26 g (10 mmol) of 3,5-dibromo-1-cyclopentene 1 and 0.86 g (2 mmol)

of trioctylammonium -chloride.
b) Isolated yield.

Using Tridecylamine. The dibromide 1 (54g, 0.139
mol), potassium acetate (90 g, 0.9 mol), tridecylamine (5.9 g,
0.014 mol), water (45 ml), and carbon tetrachloride (120 ml)
were used. The yield of the acetate 2 was 21.6 g (49%).

Using Various Metal Acetates. The reactions were
carried out substantially as has been described above under
the conditions summarized in Table 2.

The authors are grateful to Drs. T. Noguchi and S.
Tsunoda of Teijin, Ltd., for their encouragement
throughout the course of this work.
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