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Abstract: The asymmetric Heck reaction of the readily available
(R) 1-tert-butylsulfinyl-1-cyclopentene with a variety of para- and
meta- substituted arenediazonium tetrafluoroborates is described.
In the presence of Ag2CO3 as base, in CH3CN at rt, the reactions oc-
cur in good yields (72-79%) with high diastereoselectivities
(de = 82-92%) to afford (3S, SR)-3-aryl-2-tert-butylsulfinyl-1-cy-
clopentenes as the major adducts. In contrast, poor results were ob-
tained from ortho-substituted arenediazonium salts.
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The impressive development achieved over the last two
decades in the palladium-catalyzed arylation and alkenyl-
ation of olefins (the Heck reaction) demonstrates the ver-
satility of such reactions in organic synthesis.1 However,
efficient enantioselective variants of this process (asym-
metric Heck reactions) have only been developed during
the last decade, mainly using enantiopure phosphane
ligands as source of chiral induction.2 Motivated by our
recent results on the use of substituted aryl sulfoxides as
chiral auxiliaries in the asymmetric Heck reactions of 4-
arylsulfinyl-2,3-dihydrofurans with iodoarenes,3 we en-
visaged that the use of sterically more demanding sulfox-
ides, such as the tert-butylsulfinyl group, could afford
even higher diastereoselectivities.4

To test this hypothesis, (R) 1-tert-butylsulfinyl-1-cyclo-
pentene (1) was readily prepared in 67% yield with high
optical purity (ee = 96% by HPLC, Chiralpak AS) by
sulfinylation of cyclopentenyllithium (generated in situ
from 1-bromocyclopentene and t-BuLi in THF at –78ºC)
with (R) tert-butyl tert-butanethiosulfinate5 (ee = 97% by
HPLC, Chiralpak AS). Disappointingly, the reaction of 1
with aryl iodides under the optimum conditions previous-
ly found for the Heck reactions of 4-arylsulfinyl-2,3-
dihydrofurans3 [Pd(OAc)2, Ag2CO3, dppp, DMF, 100ºC]
gave a complex mixture of products, due in part to the
thermal instability of the alkyl sulfoxides. On the other
hand, at lower temperatures (60ºC) a very sluggish reac-
tion was observed even after several days.6 Taking into
account the reluctance of the hindered substituted cyclo-
pentene 1 to undergo Heck reactions with iodoarenes, we
turned towards the use of the more reactive arenediazoni-
um salts.7

The results obtained for palladium catalyzed [Pd(OAc)2]
reaction of 1 with p-methoxyphenyldiazonium tetrafluo-
roborate (2.0 equiv) under different experimental condi-
tions are shown in Table 1.

Despite the fact that the Heck reactions of arenediazonium
salts with unhindered alkenes usually occur rapidly in al-
coholic solvents in the absence of added bases,7 no reac-
tion was observed after treatment of 1 with p-
methoxyphenyldiazonium tetrafluoroborate in the pres-
ence of 10 mol% Pd(OAc)2 in methanol at rt for 24 h (en-
try 1), whereas only a sluggish reaction was detected in
acetonitrile (entry 2). The use of different bases, such as
NaOAc, K2CO3, AgBF4 and Tl(OAc)3 gave no reaction at
all or very low conversions (entries 3-6). Most gratifying,
using Ag2CO3 (2.0 equiv.) as base8 and CH3CN as solvent
(entry 7), a clean and complete reaction took place, lead-
ing to the Heck adducts 2 in good yield (78%) and in a
highly stereoselective manner (2A:2B = 9:91, entry 7).
Further studies showed the solvent dependence of this re-
action with regard to both the stereoselectivity
(2A:2B = 37:63 in DMF, entry 8) and the reactivity (27%
conversion in DMSO, entry 9) of the process.9 
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The scope of this reaction was studied with a wide array
of electronically and structurally diverse arenediazonium
salts under the optimum conditions10 [Pd(OAc)2 (20
mol%),11 Ag2CO3 (2.0 equiv.), CH3CN, rt]. As described
in Table 2, the Heck reaction occurred cleanly using phe-
nyldiazonium tetrafluoroborate (entry 2) or the para-sub-
stituted arenediazonium salts bearing either electron-
donating (entries 1 and 3) or weakly electron-withdrawing
functional groups (entry 4). In all these cases we observed
complete disappearance of 1 (conversion >98% after 8-
10h) and the formation of the Heck adducts as the main
products (72-79% yields after chromatographic purifica-
tion) devoid of any double bond isomerized cyclopentene
byproducts.12 However, the most interesting result con-
cerns the remarkable stereoselectivity of the process,
which affords stereoisomer B as the major adduct13 (A:B
ratio ranging from 9:91 to 4:96).

 

The stereochemical assignments of A and B isomers were
first established by 1H NMR14 and later confirmed by con-
version of 3B (ee = 96% by HPLC, Chiralcel OD) into the
known (R) 3-phenylcyclopentene15 by a two-step reduc-
tive cleavage of the sulfinylated chiral auxiliary16

(Scheme 1). Thus, the oxidation of 3B with MCPBA (1
equiv, CH2Cl2, 0ºC) afforded quantitatively the vinyl sul-
fone 10, which was reductively desulfonylated by treat-
ment with excess of i-PrMgBr in the presence of a
catalytic amount of Pd(acac)2

17 (5 mol%) to give cleanly
the (R) 3-phenylcyclopentene (11) in 53% overall yield18

and in high optical purity [[a]D = +194 (c 1, CHCl3),
ee = 96%; [a]D

Lit. ref 15 = +184 (c 1, CHCl3), ee = 91%].

Scheme 1

This high p-facial stereoselectivity could be rationalized
on steric grounds invoking that the aryl insertion step
would take place from the least hindered face of substrate
1, that in the face opposite to the bulky tert-butyl group,
in its most stable s-cis conformation19 (shown in Table 2). 

However, very low conversions were observed when
para-nitrophenyldiazonium tetrafluoroborate20 (entry 5)
or ortho-substituted arenediazonium salts (entries 7 and 8)
were used. In these cases the Heck adducts were detected
as minor products (yields ≤20%) due to the formation of
complex mixtures of aromatic compounds, likely as a re-
sult of the competitive coupling reaction of arenediazoni-
um salts or other palladium catalyzed side reactions. An
intermediate behaviour was observed for the meta-tolyl-
diazonium tetrafluoroborate (entry 6), which led to the
corresponding Heck adducts 7 (7A:7B = 7:93) in moder-
ate yield (54%) because of the incomplete consumption of
1 (64% conversion). 

In summary, the results shown here indicate the useful-
ness of the t-butylsulfinyl group as a novel chiral auxiliary
in asymmetric Heck reactions when arenediazonium salts
are used as arylating reagents. Good yields (72-79%) and
high diastereoselectivities (de = 82-92%) were obtained
in the Heck reactions of 1-sulfinylcyclopentane 1 with a
variety of arenediazonium tetrafluoroborates. The exten-
sion of this procedure to other cyclic alkenes is in progress
in our laboratory.
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