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Abstract—Alkylation of the acetates derived from 4-phenyl- and 4-butyl-2-cyclopenten-1-ols 2 was investigated with copper
reagents derived from n-BuMgX (X=Cl, Br) and CuCN in 2:1 and 1:1 ratios in THF and in Et2O. cis 1,4-Isomers 4a,b (R=Ph,
n-Bu) were produced regioselectively from the corresponding trans acetates 3a,b with the reagent in a 2:1 ratio of BuMgCl and
CuCN in THF, while the BuMgBr-based reagents of 2:1 and 1:1 ratios in Et2O furnished cis 3,4-isomers 5a,b. A similar tendency
was obtained with cis acetates 6a,b (R=Ph, n-Bu). © 2002 Elsevier Science Ltd. All rights reserved.

Installation of carbon nucleophiles on the cyclopentane
(or -ene) ring is an important step for synthesis of
cyclopentanoids. Recently, we have published
arylation1a and alkenylation1b of monoacetate 1 using
borates and nickel catalysis, and later, alkylation2 of 1
using copper reagents derived from alkylmagnesium
halides and copper(I) salts (Scheme 1, Eq. (1)). The

allylic alcohol moiety on the ring of these reaction
products 2 is the reaction site for installation of a
second carbon nucleophile by allylation, and thence it is
practically worthwhile to find reagents which furnish
high regio- and stereoselectivities as well as efficient
reactivity in the allylation of easily preparable 2. How-
ever, to the best of our knowledge, this sort of reaction
was little studied even with related compounds. We
investigated alkylation of trans and cis acetates 3 and 6
derived from alcohols 2 with the reagents prepared
from butylmagnesium halides and CuCN, the result of
which is presented in this letter. In addition, we applied
the reaction to synthesis of dihydromultifidene.3

Standard acetylation of alcohols 2a (R=Ph) and 2b
(R=n-Bu) with Ac2O and pyridine afforded trans
acetates 3a and 3b in 91 and 99% yields, respectively,
while the Mitsunobu reaction4 (AcOH, DEAD, PPh3)
at −78°C in toluene furnished cis acetates 6a and 6b
with >99% diastereoselectivity in 90 and 84% yields,
respectively.

On the basis of the previous results that the reactivity
and regioselectivity in reaction of 1 are highly con-
trolled by the ratio of RMgX/CuCN and the solvent
(THF, Et2O),5 three reagents (each 3 equiv.) consisting
of different compositions of BuMgCl and CuCN in
THF were submitted to the reaction with trans acetate
3a (R=Ph) (Table 1, entries 1–3). The lower order
(LO)6 reagent (entry 1) was less reactive, producing cis
3,4-isomer 5a only in 18% yield. On the other hand, the

Scheme 1. Previous and present works. note: R for 2–8: a, Ph;
b, n-Bu.
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Table 1. Butylation of trans acetates 3a and 3b

Reagenta Solvent Temp. (°C) Time (h) MajorAcetateEntry Combined Other compds. (%)Ratio of
4:5dyieldb,cproduct

Acetatee Alcoholf

BuCu(CN)(MgCl) THF 0 51 5a3a 18 1:�99 90 –
Bu2Cu(CN)(MgCl)2 THF −18 5 4a2 82 (71)3a 83:17 – 13
BuMgCl, CuCN THF −18 83a 4a3 19 87:13 29 52
(cat.)g

4 3a BuCu(CN)(MgCl) Et2O 0 10 5a 74 1:�99 26 –
Bu2Cu(CN)(MgCl)2 Et2O −18 5 5a3a 905 7:93 – 15
BuCu(CN)(MgBr) THF 0 5 5a6 203a 1:�99 80 7
Bu2Cu(CN)(MgBr)2 THF −18 5 5a3a 527 47:53 13 23

3a8 BuCu(CN)(MgBr) Et2O 0 5 5a 97 (91) 1:�99 – –
Bu2Cu(CN)(MgBr)2 Et2O −18 5 5a3a 100 (94)9 1:�99 – –

3b10 BuCu(CN)(MgCl) THF 0 7 5b 50 1:�99 49 –
Bu2Cu(CN)(MgCl)2 THF −18 5 4b 84 91:9 – 211 3b
BuMgCl, CuCN THF −18 53b 4b12 42 91:9 – 54
(cat.)g

BuCu(CN)(MgBr) Et2O 0 5 5b 99 (85)13 2:983b – –
Bu2Cu(CN)(MgBr)2 Et2O −18 5 5b 93 (73) 2:983b –14 –

a Three equiv. of the reagents were used.
b Determined by 1H NMR with pyridine as a standard.
c Isolated yields are given in parentheses.
d Determined by 1H NMR spectroscopy.
e 3a for entries 1, 3, 4, 6, and 7; 3b for entries 10 and 12.
f 2a for entries 2, 3, and 5–7; 2b for entries 11 and 12.
g 10 mol%.

higher order (HO)6 and CuCN-catalyzed reagents pro-
duced cis 1,4-isomer 4a though alcohol 2a and/or ace-
tate 3a were co-produced with 4a. In entry 2, the
isolated yield was 71%.7 These results are beyond our
prediction.8 Since the yield of 3,4-isomer 5a obtained in
THF was quite low (entry 1), the LO and HO reagents
were re-examined in Et2O (entries 4 and 5). Both
reagents furnished 5a with high product selectivity; of
the two reagents, higher reactivity and higher yield were
obtained with the HO reagent (entry 5). We also
checked the BuMgBr-based reagents in THF and in
Et2O (entries 6–9). Among them, the best results were
provided with Et2O (entries 8 and 9), giving 5a in 91
and 94% isolated yields, respectively.9

Although it was conceived that the best conditions

elucidated for the butylation of 3a (R=Ph) are applica-
ble to that of 3b (R=n-Bu), the conditions given in
entries 1–9 were investigated for butylation of 3b. Simi-
lar tendencies for the reactivity and the regioselectivity
were observed through the experiments; some of the
results are presented in entries 10–14. The regioisomers
4b and 5b were best synthesized in entry 11 for 4b and
in entries 13, 14 for 5b, respectively.

Next, butylation of cis acetates 6a (R=Ph) and 6b
(R=Bu) was investigated using the LO and HO
reagents. Among the eight experiments with 6a (combi-
nation of LO or HO, X=Cl or Br, and THF or Et2O),
the BuMgCl-based HO reagent in THF and the
BuMgBr-based LO reagent in Et2O provided the best
results producing trans 7a and 8a, respectively (Table 2,

Table 2. Butylation of cis acetates 6a and 6b

Other compds. (%)Temp. (°C) Time (h) MajorSolvent CombinedReagenta Ratio ofAcetateEntry
7:8cyieldbproduct

Acetated Alcohole

– 2Bu2Cu(CN)(MgCl)2 THF1 −186a 5 7a 96 67:33
6a BuCu(CN)(MgBr) Et2O 0 72 8a 100 (90)f 3:97 – –

3 7b5−18THFBu2Cu(CN)(MgCl)2 ––55:456b 96
0Et2OBuCu(CN)(MgBr)6b4 8b 1007 5:95 – –

a Three equiv. of the reagents were used.
b Determined by 1H NMR with pyridine as a standard.
c Determined by 1H NMR spectroscopy.
d Acetates 6a and 6b were not recovered in entries 1–4.
e 9a for entry 1. In other entries, the corresponding alcohol 9a or 9b were not detected.
f Isolated yield.
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Scheme 2. Racemic synthesis of dihydromultifidene.

entries 1 and 2), though the regioselectivity for the
former was moderate. Regarding cis acetate 6b, trans
1,4-isomer 7b was obtained with the HO reagent, but
with a poor regioselectivity (entry 3), while 3,4-isomer
8b was produced in high ratio and yield (entry 4).

The stereochemistry of the 1,4-regioisomers 4a,b and
7a,b was easily determined by 1H NMR spectroscopy:
in general, differences in chemical shifts between the
geminal protons at C(5) of cis and trans 1,4-disubsti-
tuted 2-cyclopentenes are >1 and <0.3 ppm, respec-
tively.10 In the spectra of 4a and 4b, the differences in
question were 1.3 and 1 ppm, respectively, thus sup-
porting the cis stereochemistry for them, while those
measured for 7a and 7b were 0.1 and 011 ppm, respec-
tively, by which the trans stereochemistry was assigned
for them (7a and 7b). These stereochemical outcomes
strongly suggest the inversion and the anti SN2� reac-
tions to be involved depending on the ratio of BuMgX/
CuCN and the solvent, the same reaction mode as that
observed for the alkylation of monoacetate 1.2 Further-
more, with the 1H NMR spectra of these products, no
contamination of the corresponding stereoisomers in
the entries of Tables 1 and 2 was confirmed. Regarding
3,4-isomers, the cis stereochemistry of 5a was deter-
mined by an NOE experiment,12 while stereochemistries
of the other products 5b, 8a, and 8b were assigned by
analogy to the above assignments.

With the establishment of the product prediction in the
reaction of acetates 3a,b and 6a,b, application in
organic synthesis has now become quite feasible. As an
example, synthesis of alcohol 13 was achieved as sum-
marized in Scheme 2. This alcohol is the key
intermediate3b for synthesis of dihydromultifidene (14),
which is a pheromone of the brown algae, Dictyopteris
acrostichoides.13

According to the literature,14 racemic acetate 1 was
converted into alcohol 10, which upon Mitsunobu
inversion with AcOH furnished 11 stereoselectively in
86% yield. Installation of the Bu group was carried out

using the LO reagent in Et2O (the conditions of entry 8
in Table 1), which required lower temperature of −45°C
to obtain a high diastereomeric ratio (91:1) of 12 and
an isomer.15,16 The acidic proton at the malonate part
did not quench the reagent. Demethoxycarbonylation
of 12 followed by reduction afforded alcohol 13 in good
yield. Finally, 13 was converted into 14 according to
the literature procedure.3b The 1H NMR spectra of
synthetic 14 was consistent with the data reported.3c,17
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