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Asymmetric synthesis of 1-aryl and 1,3-diarylcyclopentenes by
the Heck reaction of 1-sulfinylcyclopentenes with iodoarenes
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Abstract

The asymmetric synthesis of l-aryl and 1,3-diarylcyclopentenes by Heck reactiofR)-df-[¢-(N,N-
dimethylamino)phenylsufinyl]cyclopentene with iodoarenes is described. © 2000 Elsevier Science Ltd. All rights
reserved.
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The palladium-catalyzed arylation and alkenylation of olefins with organic halides (the Heck réaction
has become one of the most useful reactions for the formation of carbon—carbon bonds. Furthermore,
in the last decade, the development of new reaction conditions, the use of other types of organic
electrophiles, the discovery of new efficient catalysts, and the progress in enantioselective variants
have greatly improved its synthetic efficierfciRegarding the asymmetric Heck reactiowe recently
described that certain sulfoxides can be used as suitable chiral auxiliaries bonded to the alkerne moiety.
In particular, theo-(N,N-dimethylamino)phenylsulfinyl group proved to be very efficient in the Heck
reaction of sulfinyldihydrofurans with iodoarerfésWe report here that the use of this chiral auxiliary
can be extended to less reactive cyclic alkenes, such as cyclopentenes.

First, to study the viability of the Heck reaction, the racemic 1-sulfinylcyclopentemwas readily
prepared by sulfenylation of cyclopentenyllithium wita(N,N-dimethylamino)phenyl disulfideand
further oxidation at sulfur (MCPBA, 68% overall yield). In Scheme 1 and Table 1 are summarized
the results obtained in the Heck reactionIofvith several iodoarenes under the optimal conditions
previously found for other , -unsaturated sulfoxidésPd(OAc) 10 mol%, AgCOs 200 mol%, dppp
10 mol%, DMF, 100°C. Interestingly, in spite of the well known sensitivity of the Heck reaction to steric
hindrance, the rather bulky trisubstituted alkedereacted completely after several hours (control by
TLC), affording cleanly the Heck producis4 (Table 1) without formation of double bond isomerized
cyclopentene by-productg76—-83% vyields). Concerning the diastereoselectivity of the reaction, the
stereochemical behavior df parallels that of sulfinyldihydrofurarf$. In all cases, the reaction took
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place with a significant stereocontrol, affording mixture\eB isomers in which th& isomer largely
predominated.Remarkably, under quite similar experimental conditions, but using longer reaction times
(control by TLC), thesé\+B mixtures of , -unsaturated sulfoxides underwent a second Heck reaction
to give 1,3-diarylated product-7 in satisfactory yields (50-80% after chromatography) and with very
high stereocontrol: a single isomer was detectettb}MR regardless the starting ratio AfB isomers
(Scheme 1 and Table 2). TheR'®3SR*) configuration of these compounds was unequivocally established
in the case ob (in optically pure form) by X-ray difractiod.In agreement with these results, the 1,3-
diphenylcyclopenten&was directly obtained frorh (81% yield) by monitoring the progress of the Heck
reaction by TLC until the complete disappearance of the intermediate phenylcyclopehtenes
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Scheme 1.
Table 1
First Heck reaction
Ar Product _ A:B®  Yield (%)
Ph 2 8:92 76
p-(MeO)CeH,4 3 25.75 77
p-(NOz)CeH4 4 12:83 83

& Determined by "H-NMR on the crude mixtures.
®n pure A+B mixture.

Table 2
Second Heck reaction
Ar® AP Product Yield (%)?
Ph Ph 5 75
Ph p-(MeO)CgH, 6 80
P-(NO,)CgH,4 Ph 7 50

2 In pure product.

Next, in order to apply these diastereoselective Heck reactions in asymmetric synthesis, the sulfinyl-
cyclopentenédl had to be prepared in enantiomerically pure form. Unlike the widely applied synthesis
of enantiopurep-tolylsulfoxides by reaction of carbon nucleophiles with mentyblylsulfinate, the
preparation of other types of substituted sulfoxides is frequently much compliateahong the



4109

methods displaying some structural flexibility, we focused our attention on Kagan’'s procedure based
on the reaction of the enantiopure cyclic sulf@ewith organometallic reagents. The reaction of
commercially availablé with o-(N,N-dimethylamino)phenyllithium (generated in situ by treatment of
the corresponding iodide with-BuLi) in diethyl ether at 78°C led to a 3:1 mixture of the sulfinates
9:10, which were readily separated by flash chromatography (61 and 21% vyields, respectively). The
further reaction oB with the cyclopentenyl organometallic reagent furnished in good yields the required
sulfoxide R)-1.12 However, it is important to note that while this second substitution at sulfur occurred
with a little racemization when cyclopentenyllithium was used as nucleophile (ee=88%, HPLC, Chiralcel
OD column), R)-1 was obtained in very high optical purity by reaction with the corresponding Grignard
reagent (ee=97%) (Scheme 2).

HiC,  Ph HG PN M D
H“>_%Ph e,0,78c Q. on @/ O/ SD
o: S NMe, ~ O=$-Ar THF Me,N
8 Li 9 (61%) (R)-1
G | Ph M T(C) Yield(%) ee (%)
HY—~Ph Li -78°C 79 88
Ar'= o-(MezNICgHs HEH_S?,M. MgBr  25°C 85 97
O 2 |n pure product. b Determined by HPLC (Chiralcel
10 (21%) OD column).
Scheme 2.

The application of R)-1 to the enantioselective synthesis of substituted cyclopentenes, in particular
to the preparation ofg) 3-phenylcyclopenten&1’2 and ©) 1,3-diphenylcyclopenteng2, is shown in
Scheme 3. As indicated before, the Heck reactionR){1( with phenyl iodide can be directed either
to the preparation of the 3-phenylcyclopenteBds+B isomers) or to the 1,3-diphenylcyclopentds)e
both in high optical purity as it was confirmed in the case &, &R)-5!2 (ee=97%, HPLC, Chiralcel OD
column), which proved otherwise that sulfoxid®<{1 is configurationally stable under the experimental
conditions of the Heck reaction. Finally, we found that an appropriate method for the cleavage of the
chiral auxiliary was the palladium catalyzed reductive desulfurization [Pd(@baunpl%, PrMgBr 300
mol%, THF]'3 of either the sulfoxid& or the sulfones derived frot Thus, theA+B mixture of isomers
2 was transformed intagj-1112 (55% vyield, ee=90%, GC Cyclosilb column), whileR$R)-5 afforded
(9-12'2 (77%, ee=94%, HPLC, Chiralpak AS column).
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(i) MCPBA, CHQC|2, 0°C; (ii)Pd(aCaC)z cat., iF’I’MgBI’, HF, -25°C; (iii) Pd(acac)z cat., iPI’M Br, THF, 25°C
g9
Scheme 3.

In summary, the results shown here indicate that the Heck reactions of the sulfinylcyclop&)t&ne (
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with iodoarenes occur with a synthetically useful stereoselectivity. 3-Arylated or 1,3-diarylated cyclopen-
tenes can be selectively prepared in high optical purity after Heck reaction and further desulfinylation.
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