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A growing attention has been paid to rhodium-catalyzed addition Scheme 1

of organoboronic acids to alkerieand alkyneand its application 0 Ti(OPr-i)3
to catalytic asymmetric synthesié5Recently it has been reported [R“(gﬁ‘gg‘,%},'gﬂf“’”z

that some organosilicon compounds can participate in the rhodium- + ATi(OPr-/)3 H o
catalyzed reactioh.The catalytic cycle has been revealed for the 1a 2m-p 20°C, 1h 3am
asymmetric 1,4-addition of arylboronic acids dg3-unsaturated Ar:f_th:,)* ")

ketones catalyzed by a rhodiuthinap compleX. One of the key 4-MeOéeH4(°) lMeOH
steps is the hydrolysis of an (oxaallyl)rhodium intermediate 2-MeCeHa ()

giving ap-arylated ketone and a hydroxorhodium species. It follows o THOPr-/)~ Li* o SiMes &\
that the reaction must be carried out in the presence of water ora ~ HOPr-/ CISiMes Ph
proton source, and as a result, the 1,4-addition products are obtained 4am

not as boron enolates but as the hydrolyzed products. It would be Ph sam Ph 99.5% ee (S)

better to isolate chiral metal enolates generated regiospecifically

by the rhodium-catalyzed asymmetric 1,4-addition and to use them O

for further transformation? We found that the use of aryltitanium é & 1d: R = APr

triisopropoxides (ArTi(OPR3) as arylating reagents for the rhodium- 1b e R Te: R =7-CsHyy

Catalyz.ed asymmetrlc 1,4-addition in nonprotl(.:'solvent realizes .the Table 1. Asymmetric 1,4-Addition of Aryltitanium Triisopropoxide

formation of titanium enolates as the 1,4-addition products which 5 Enone 1 Catalyzed by [Rh(OH)((S)-binap)]; Isolation as Silyl

are versatile intermediates for the synthesis of enantiomerically Enol Ether 52

enriched compounds by the reaction with electrophiles. enone AFTI(OPF)s silyl ether 5 % 60 of 4
The reaction of 2-cyc|ohexenon]ad} with PhTi(OPI’i)310’ll (2m) entry 1 2 yield (%) (config)

in the presence of 3 mol % of [Rh(OHZjtbinap)L’ in THF-dg

. g . 1 la 2m 5am 84 99.5 S
was monitored byH NMR at 20 °C. Within 10 min, thelH 2 1a on 5an 68 99.0 )
resonances for the enotha disappeared and were replaced by new 3 la 20 5a0 84 99.8 5]
signals attributable to titanium enolagam.1213 On addition of 4 la 2pf 5ap 63 94 S)
methanol, protonolysis of the enolate took place to give a high yield 2: 12 %m ggm gg %98'8 g
(85%) of 3-phenylcyclohexanonddm), which is anSisomer of 7 1d om 5dnt 77 99.8 5
99.5% ee. Attempts to isolate the enolate as a silyl enol ether by 8 le 2m 5em 84 97 ®

silylation of the titanium enolat8am with a chlorotrialkylsilane

were not successful. We found that addition of lithium isopropoxide  * The rhodium-catalyzed 1,4-addition was carried out with eriofie00
to titanium enolate3am in THF followed by silylation of the mmol) and ArTI(OPrs 2 (1.60 mmol) in 5.0 mL of THF in the presence
y sy of 3 mol % (Rh) of [Rh(OH)(§)-binap)} at 20°C for 1 h. To the reaction

resulting titanat®¥ with chlorotrimethylsilane leads to silyl enol ether mixture, were added LiOFr{1.60 mmol) and CISiMg(2.00 mmol).>
5amin a high yield (84%)-° The results obtained for the rhodium- Deltermlnf(%ghbyIHFI’LOCDaQZlySISff kitomex\gth Zhlg ig'?zaryfh?se

: _ i H R columns Iraice - am, 4ap, 4cm, m, 4em), an, 4ao0),
catalyzed asymmetric 1,4 addltlon. of aryltltanlym reag@nhs—p and OB-H @bm)).© Isolated yield by bulb-to-bulb distillatior?
to o, f-unsaturated ketondsi—e, which was carried outin THF at  2-MeGH,Ti(OPr+)s (2p) was generated in situ from 2-MgguLi and
20 °C (Scheme 1), are summarized in Table 1. The asymmetric CITi(OPr4)s. ¢ Reaction for 5 minf Contaminated with ca. 6% aefom
1,4-addition products were isolated as trimethylsilyl enol etBers I(Qggr:r'gz(i‘é /S;P%%)iitu'?rgﬁtggggrz1i350;‘n“g‘r-s 80’/“1'%”9 of E and Z
after the silylation by way of the titanates generated by the addition U i ) )
of lithium isopropoxide to titanium enolates 1,4-addition, giving the corresponding silyl enol eth&ckn and

The asymmetric 1,4-addition forming a chiral titanium enolate S8m with high enantioselectivity (entries=8).
was also successful with the titanium reagents containing 4-sub- Although the silyl enol ethers such as those isolated here are
stituted phenyl (ArTi(OPis, 2n,0) (entries 2-3). They gave the we!l-documentt_ad to be very usefu_l as ;ynthetlc mte_rmedi‘_ates
corresponding silyl enol etherSan and 5ao with over 99% which are readily converted into various kinds of enantiomerically
enantioselectivity. The catalytic asymmetric titanium enolate forma- €nriched compounds, the titanium enolates generated by the
tion also proceeded with high enantioselectivity for 2-cyclopen- 'hodium-catalyzed asymmetric 1,4-addition can be used, not by way
tenone Lb) and 2-cycloheptenond¢) (entries 5-6). Lineara.,3- of the silyl enol ethers, for alkylation with alkyl halides (Scheme
unsaturated ketoneisi and 1e are good substrates for the present 2)- Thus, the titanium enolaamwas allowed to react with lithium
isopropoxide and allyl bromide to give 82% yield oR39)-trans

*To whom correspondence should be addressed. E-mail: thayashi@kuchem.kyoto-3'phenyl'z'al!ylcyc;llcmexa.no_n6X as asingle dIaStereor,nenC Isomer,
u.ac.jp. whose enantiomeric purity is over 99%. In the reaction of the enol

12102 = J. AM. CHEM. SOC. 2002, 124, 12102—12103 10.1021/ja027663w CCC: $22.00 © 2002 American Chemical Society



COMMUNICATIONS

Scheme 2 @
OTi(OPr-)3 (o} OCOBu-t ©
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titanate with pivaloyl chlorideQ-acylation took place selectively
to give a high yield of enol estér Treatment oBam with propanal
resulted in the formation off)-enone8'” by the aldol addition
and elimination.

3P NMR studies showed that addition of the phenyltitanium
reagent PhTi(OPi); (2m) to the (oxas-allyl)((S)-binap)rhodium
complex 9718 in the presence of triphenylphosphine in THF
generated the phenylrhodium complex coordinated v8jFo{nap
and triphenylphosphind.0.” Protonolysis of the resulting THF
solution with methanol gave a high yield @&){3-phenylcyclohex-
anone 4am) (Scheme 3). These results indicate that the catalytic
cycle of the present 1,4-addition consists of two steps (Scheme 4):
One is transmetalation of the aryl group from titanium to the (oxa-
mr-allyl)rhodium intermediate, forming an arylrhodium species and
the titanium enolate. The other is insertion of an enone into the
arylrhodium species, forming the (oxaallyl)rhodium complex,
this step having been established during our studies on the rhodium-
catalyzed 1,4-addition of arylboronic acitls.

To summarize, the rhodium-catalyzed asymmetric 1,4-addition
forming chiral titanium enolates with high enantioselectivity was
realized for the first time by the use of ArTi(OPg: The chiral (14)
titanium enolates can be isolated as silyl enol ethers by way of
titanate-type enolates generated by the addition of lithium isopro-
poxide to the titanium enolates. The catalytic cycle has been
established by a stoichiometric reaction of an (exalyl)rhodium
complex.
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Contaminated with ca. 8% of its isomer.

The (oxas-allyl)rhodium complex8 was generated in the NMR sample

tube by addition of 2-cyclohexenone to phenylrhodif@r(ref 7).
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