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Thecinesubstitution reaction has attracted considerable attention Scheme 1

as a result of its rather unusual substitution pattern and its synthetic
utility.* It takes place mostly in aromatic systems, and only a few

PhTi(OPr-i)3 (2m)

[Rh(OH)((S)-binap)l.  Ph
(3 mol% Rh)

types have been reported on ttiee-substitution in nonaromatic PhSOz A~~~ THF. 40 °C. 12 h

systems, the representatives being those observed as competing side 1a ’ ' 3am: 87%
reactions in palladium-catalyzed cross-couplings of alkenylstannanes PhTI(OPr-i) (2m)

and -silane3.0n the other hand, we have reported the rhodium- SO.Ph [Rh(OH)((S)-binap)]

catalyzed asymmetric addition of organobdrbmand -titaniund /1\2/\/\/ (3 mol% Rh) Ph.

reagents to various types of electron-deficient olefins which THF, 40°C, 12 h g
proceeds through carbo-rhodation of the olefins as a key step, giving 1b 3bm: 93%
the corresponding 1,4-addition products with high enantioselectivity. (E/2'= 100/0)
On using alkenyl sulfonésas substrates for the rhodium-catalyzed [Rh(OH)((S)-binap)l,  Ar
addition of organometallic reagents, we found a new typeirod PhSOz A~ + AFTI(OPI-i) (3 mol% Rh) o
substitution where the sulfonyl group is eliminated after the carbo- THF, 40 °C, 12 h
rhodation step. Here we wish to report the catalyticine- le g:‘" 2:5_“Meoc H gg:‘ gg:f:
substitution reaction, its catalytic cycle established by deuterium- 20 Ar=4-CF305?-|44 3co: 97%
labeling studies and its application to catalytic asymmetric synthesis

of allylarenes with over 99% enantioselectivity. Scheme 2 ,

In the first set of experiments, a pair of regioisomeric alkenyl D mh(gﬂ%ﬁ)'gﬂfp)h Ph
sulfones, E)-1-phenylsulfonyl-1-octenel@) and 2-phenylsulfonyl- Phso?\fkﬂ + PhTi(OPr-i)s m’ PR
1-octene {b), were allowed to react with phenyltitanium triiso- H ’ ' D_g70, D
propoxide (PhTi(OPi)3)® (2m) in the presence of 3 mol % of 1a-2-d R=nCefia (E)-3am-dj
[Rh(OH)((9-binap)L3 in THF at 40°C for 12 h (Scheme 1). The
reaction ofla gave 87% vyield of 2-phenyl-1-octen8am), and H [Rh(g"'%(éﬁ/)‘giﬂfp)h Ph
that of 1b gave 93% yield of €)-1-phenyl-1-octenedbm) with PhSOz{%R «PATI(OPr)y — 0 D%R
perfect regioselectivity in both reactions. Thesesubstitution D THF, 40°C, 121 LH' 97%D
where the phenylsulfonyl group is substituted with the phenyl group 1a-1-dy (2)-3am-,
on the next carbon took place in both regioisomeric alkenyl sulfones
laandlb. Thecine-substitution was also observed in the reaction Scheme 3
of (E)-1-phenylsulfonyl-2-phenylethengd) with PhTi(OPri)s (2m) [Fl"‘]"’h [Rh] Ph [Rh] D
and those containing an electron-donating or -withdrawing group phSOHz?:"‘DR ;; HY I “Ph
on the phenyl2n,0, which gave the corresponding substitution ta2-d, PhSO, A D PhSC; R
products3cm, 3cn, and3co, respectively, in a quantitative yield.

With organoboron reagents such as phenyl-9BBN or triphenylcy- [th]‘D D_[thl
clotriboroxane ((PhBQ) in place of the aryltitanium reagents, pye PO R T phsor SR o
neither this type o€ine-substitution nor the 1,4-addition took place.

Deuterium-labeling experiments shown in Scheme 2 gave us an (FPrO)sTiPh (Rh]—Ph
insight into the mechanism of the preseme-substitution. The D [Rh P L) +
rhodium-catalyzed reaction oE)-2-deuterio-1-phenylsulfonyl-1- oY Ph \ph ani Hu——Ph
octene La2-d;) (99% D) with PhTi(OPM®3; (2m) gave E)-1- PhSO, R PhSO,) R D R
deuterio-2-phenyl-1-octene H)Y-3am-d;) where the deuterium B ) (E)-3am-d,
content at theE position is 97%. Consistent with this deuterium [Rh] = Rn((S)-binap), R = n-Cef1s
shift, the reaction offf)-1-deuterio-1-phenylsulfonyl-1-octenkst to the double bond wittsyn stereochemistry and with opposite
1-d;) (99% D) gave Z)-1-deuterio-2-phenyl-1-octeneZjt3am- regiochemistry forms new alkyl-rhodium intermedi@eThe last

d;) with the deuterium content of 97% at tBeposition. Scheme 3 step, elimination of the sulfonyl group and the rhodium fr&m
illustrates the formation of theine-substitution product using for ~ should proceed in amanti fashion to give thecine-substitution
an example the reaction starting frda2-d;. Addition of a phenyl- product E)-3am-d; where the deuterium is & position to the
rhodium speciego the alkenyl sulfone in aynfashion generating phenyl? It is likely that the last step consists of nucleophilic attack
alkyl-rhodium intermediaté followed by/-deuterium elimination of the phenyltitanium on the rhodium arig elimination of the
with synstereochemistry and readdition of the deuteritnmodium phenylsulfonyl as a leaving group.
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Scheme 4
[Rh(OH)((S)-binap)]2
+  ATi(OPr-)3 (8 mol% Rh)
THF, 40 °C, 12 h Ar
SO-Ph 2m: Ar = Ph 5m: 94% (>99% ee)
4 2n: Ar=4-MeOCgH, 5n: 99% (99.9% ee)

—
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6 7: 46% (99.2% ee)

In the reaction of cyclic alkenyl sulfone, the asymmetric carbon
center created at the carbo-rhodation step is retained in the
substitution product (Scheme 4). Thus, the reaction of 1-phenyl-
sulfonylcyclohexene4) with PhTi(OPri); (2m) in the presence
of [Rh(OH)((9-binap)L gave 94% yield of R)-3-phenylcyclohex-
ene 6m) whose enantiomeric excess turned out to be over 99% ee
by GC analysis with a chiral stationary phase colufhfihe very
high enantioselectivity (99.9% ee) was also observed in the reaction
with 4-MeOGH,Ti(OPr4)3 (2n) giving the corresponding 3-aryl-
cyclohexene §n).1112 The coordination of4 to the §-binap/Rh
with its 1si face at the insertion into the aryl-rhodium intermedite
leads to theR configuration of the substitution produdsBecause
the alkyl-rhodium intermediat€ formed by the insertion does not
have thesyn -hydrogen on the aryl-substituted carbon, the
p-hydrogen elimination takes place for tegn-hydrogen on the
other neighboring carbon. Subsequsynhydro-rhodation and the
anti elimination fromD produces the allylic arenés

The selective formation of allylic arene was also observed in
the reaction of )-2-phenylsulfonyl-2-nonené) which is a sulfone
of internal alkene. Although the yield was not high enough, the
enantioselectivity forming allylarerigin the reaction witt2n was
surprisingly high (99.2% e€¥. For this alkenyl sulfoneg, the
hydrogen on the methyl carbon is abstracted at/He/drogen
elimination on the alkyl-rhodium intermediate much more readily
than that on the sterically congested carbon substituted with phenyl
and hexyl groups, resulting in the selective formatiorv of

In conclusion, we found a new type cihe-substitution reaction
of alkenyl sulfones with aryltitanium reagents, which is catalyzed
by a rhodium complex, and we established its catalytic cycle by

deuterium-labeling studies. In some cases, the catalytic asymmetric
carbon-carbon bond formation was realized with high enantiose-
lectivity (>99% ee).
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