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Rhodium-catalyzed hydroallylation of activated alkenes have been reported. This concept is manipulated
by a one-pot operation of neutral components, an allylic carbonate,/unsaturated ketone or ester
and a hydrosilane, which are activated in a specific order by [Rh{&§@)Phy},]OTf (2e cod= 1,5-
cyclooctadiene) under almost neutral conditions. In the absence of rhodium catalyst, no reaction proceeds
at all. In this procedure, a variety gfo-unsaturated ketones or esters are obtained in a moderate to an
excellent yield. For example, slow addition of 3-methoxycarbonyloxy-1-phenyl-1-bu#grie CH.CI,
to a solution of methyl methacrylatgd), diethylmethylsilane&), and 1 mol % oRein CH,CI, afforded
a mixture of methyl 5-phenyl-2,2,3-trimethylB)-pentenoate9a) and methyl 2,2-dimethyl-3-phenyl-
4(E)-hexenoate0a) in 93% vyield. Although the distinction between the two allylic termini during the
hydroallylation with linear carbonate is relatively difficult, introduction of a trialkylsilyl group to either
of the two allylic termini is a powerful tool for regioselective allylation, which preferentially proceeds
at the terminus opposite the one bearing a trialkylsilyl group.

Introduction

Carbon-carbon bond forming reactions catalyzed by rhodium

complexes have recently attracted much atteritiorparticular,

rhodium-catalyzed reactions with activated alkenes were ener-

getically investigated®In these reactions, the reductive aldol

type coupling is one of the most powerful tools for construction

of A-hydroxy carbonyl compoundsThis protocol is composed
of three components, a carbonyl compoundggitunsaturated

ketone, aldehyde, or ester, and a reducing reagent supplied a

a form of R;SiH3 or molecular hydrogefh A rhodium enolate
or an oxas-allyl rhodium complex, which is generated by the
hydrometalation of HRhL, to an a,f-unsaturated carbonyl
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compound, is regarded as a key intermediate in the nucleophilic
attack to an aldehyde to form a Rhldolate complex. It should

be noted that this catalytic process avoids the operation to isolate
the metal enolate and concomitant formation of a stoichiometric
amount of metal waste. Both of them have been inseparable
from aldol type reactions until recently. Although it is expected
that rhodium enolate would have a potential nucleophilicity to
a variety of electrophiles, the precedents of this type of coupling
are limited to the case using carbonyl compounds as an
%Iectrophile except for our reports.

On the other hand, rhodium-catalyzed allylic alkylation with
carbon nucleophiles has been recognized as a powerful tool for
constructing organic compounds with a ternary or quaternary
carbon center with high regioselectivityThe success of
regiocontrol is attributed to the selective formation af-allyl
rhodium intermediate and the subsequent nucleophilic displace-
ment on the allylic terminus opposite the one connecting to the
Rh metal. Despite this clear demonstration, successful examples
are limited to the reaction between an allylic substrate and an
activated carbon nucleophile with two electron-withdrawing
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Scheme 1 Table 1. Allylic Alkylation of 3 with 4 Catalyzed by 22

R Rh y products
H‘SiR time yield ratic®
o 3 R1 S entry [Rh]OTf (h) (%0)° (5a:6a)
3 1 [Rh(cod)(dppb)]OTf2a)d 19 58 53:47

ox 2 [Rh (cod)(PMePh)y]OTF (2b) 19 76 55:45
/\/I\ R3SiOX 1 3 [Rh (cod)(PMeP§)2]OTf (20) 19 86 52:48
4 [Rh (cod)(PMeP}),]JOTf (2¢) 72 85 57:43

substituents such as a dialkoxycarbonyl group. Furthermore, the, A mixture of3 (4 equiv) and4 was added to a solution @(1 mol %
nucleophile used is required to be activated by a stoichiometric fr 4) in CHClz at 25°C, and the mixture was stirred under the conditions

. . shown.bIsolated yield.°Determined by GLC analysi€.dppb = 1,4-
amount of ba_se or by transmeFalat'on- Thus, th_e reaction leavesyis giphenylphosphino)butaneThe reaction was performed at 80 in a
the issue of inevitable formation of waste derived from used sealed tube.

base or metal reagents.

We developed rhodium-catalyzed carbararbon bond form- Scheme 2
ing reactions under neutral conditions in which hydrosilane plays |
an important role in the activation of a catalyst precursor. In & \”) + HSiR3
some cases, the silyl group incorporated into the resulting OSiRg o)
products becomes an effective clue for a subsequent transforma-
tion.” Along this line, we focused on rhodium-catalyzed [Rh] = [Rh]
hydroallylation ofa,S-unsaturated carbonyl compounds (Scheme step a RsSie. O step b
1), in which the intermediacy of a Rtenolate is supposéd. [Rh]
We report herein the full details of rhodium-catalyzed formal .
hydroallylation toward thet,5-unsaturated carbonyl compounds, H\n/R i =
which producesl in a one-pot reaction of a hydrosilane, an o | ©OCOMe
o,f-unsaturated carbonyl compound, and an allylic carbonate. % 1 \n:(\/
R I
Results and Discussion O OSiR; step o step d o

Reaction of 2-Trimethylsilyloxypropene (3) with 3-Meth-
oxycarbonyloxy-1-phenyl-1-butene (4)First of all, an allylic
alkylation with an enoxysilane is attempted to verify catalytic
efficacy of Rh(I) complex2 in the test reaction between
2-trimethylsilyloxypropene 3) and 3-methoxycarbonyloxy-1-
phenyl-1-butene4) under almost neutral conditions (eq 1).

osiMe Ph

3 X 1 mol% [RhOT (2)

+  0CO,Me CHLOL
3 4

~_Ph x_Me
+
0 Me O Ph M
5a 6a

When a CHCI, solution of3 and4 was heated at 80C for 19
h in a sealed tube containing 1 mol % of [Rh(cod)(dppb)]OTf
(2a, cod= 1,5-cyclooctadiene, dppt 1,4-bis(diphenylphos-

25°C, allylic carbonatel was completely consumed to giga

and 6a in 85% yield, although prolonged reaction time was
necessary for the disappearancd ¢éntry 4 in Table 1). These
results seem to be consistent with Kocovsky’s mechanistic
consideratiofithat the central metal first interacts with an allylic
component; however, intermediacy of a rhodium enolate
complex is another rationale for eq 1 according to our experi-
ments in Rh-catalyzed aldol type couplittg? An identical aldol
type product is formed from different reaction systems with the
assistance of a rhodium complex: (i) interaction between an
enoxysilane and an aldehyde and (ii) interaction among,8n
enone, a hydrosilane, and an aldehyde. A rhodium enolate
formed through step a or step b is regarded as a key intermediate
to give an aldol type product in both systems as shown in
Scheme 2. The fact that a mixture & and 6a was obtained

as a major product in eq 1 implies possible participation of a
rhodium enolate in this transformation. If this is the case, step

phino)butane), the reaction proceeded to give a mixture of d in Scheme 2 becomes a plausible element as the product-

4-methyl-6-phenyl£)-5-hexen-2-one5a) and 4-phenyl)-
5-hepten-2-one6@) in 58% yield ba:6a = 53:47, entry 1 in

determining step. As a result, a new reaction system composed
of ana,3-enone, a hydrosilane, and an allylic carbonate would

Table 1). It should be noted that congener complexes bearingbe disclosed as an alternative route for eq 1 (step b and step d

PR~ and BR~ as a counteranion do not work as a catalyst in
this type of test reaction. On the other hand, the yielbaf
and6a was appreciably improved when [Rh(cod)(PiRk)]-
OTf (2b) was used as a catalyst instead?2af(76%, entry 2 in
Table 1). In allylic substitutions with enoxysilanes catalyzed
by Mo(Il) and W(Il) complexes, it is revealed that Lewis acidic
character on Mo(ll) and W(Il) complexes accelerates the
reaction raté. A similar accelerating effect was also observed
in our model reaction. When comple2b was replaced by
[Rh(cod)(PMeP§),]OTf (2¢), the yield of5a and6aincreased

to 86% under similar conditions (entry 3 in Table 1). Even at

(7) Matsuda, I. I'Modern Rhodium-Catalyzed Organic Reactionsley-
VCH: Weinheim, 2005; pp 11:1128.

(8) (a) Malkov, A. V.; Baxendale, I. R.; DvokaD.; Mansfield, D. J.;
Kocovsky, P.J. Org. Chem1999 64, 2737.

in Scheme 2).

Since oxidative addition of an enoxysilane to a low-valent
rhodium complex requires relatively high temperature, it is
difficult to enhance drastically the rate and the product yield in
eq 1 by conventional modification of a catalyst precursor.
Therefore, we focused on three-component coupling composed
of methyl vinyl ketone 7€), diethylmethylsilaneg), and allylic
carbonate 4) with the assistance of rhodium compl&c.
Contrary to aldol type couplings, a complex mixture was
obtained in the first trial of this reaction system. This result

(9) (a) Sato, S.; Matsuda, I.; lzumi, €hem. Lett1985 1878. (b) Sato,
S.; Matsuda, |.; Izumi, YTetrahedron Lett1986 27, 5517. (c) Sato, S.;
Matsuda, |.; lzumi, Y.;Tetrahedron Lett1987 28, 6657. (d) Sato, S.;
Matsuda, I. IzumiY. J. Organomet. Chenl988 352 223. (e) Sato, S.;
Matsuda, Shibata, Ml. Organomet. Chenl989 377, 347.
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Table 2. Hydroallylation of 7b with 4 and 8 Catalyzed by 2 Scheme 3
Ph
w = slow addition
time  vyield ratic® OCO,Me
entry [Rh]OTf (hy (%P (92104 4

1 [Rh(cod)(dppb)]OTf2a)d 19 55 41:59

2 [Rh(cod)(PMeP§);]OTf (20) 42 90 38:62 MSOWJ\ + EtyMeSiH + 2d ——L——»

3 [Rh(cod)(PP)-]OTf (2d) 4 76 34:66 Ju 8 CHCl,

4 [Rh (cod) P(OPh)}2]OTF (2€) 1 39 35:65 7a 259 ;5;/1 h

a A mixture of 7a (2 equiv),8 (2 equiv), and4 was added to a solution
of 2 (1 mol % for4) in CH,Cl, at 25°C, and the mixture was stirred under )
the conditions showrflsolated yield SDetermined by GLC analysi€dppb MEOMR
= 1,4-bis(diphenylphosphino)butarf@he reaction was performed at 80 o R
°C in a sealed tubéln addition to9aand10a, 1-phenyl-1-butenel(l) was
isolated in 61% yield. 9a + 10a

(35 :65)

suggests that a rhodium enolate derived fréenand 8 does 9a:R' = Me. R2= Ph
not possess sufficient nucleophilicity towadl under the 10a: R' = Ph, R2 = Me

conditions, although this three-component coupling is realized
to give corresponding products in high yield under modified Table 3. Hydroallylation of 7 with 4 and 8 Catalyzed by 2¢
reaction conditions (vide infra). Thus, our focus is shifted to
the rhodium enolate derived from methyl methacrylata).(
Reaction of Methyl Methacrylate (7a) with 3-Methoxy-

ratio

ent substrate  Yield roducts®
a (%)° P (9:10)°

2
carbonyloxy-1-phenyl-1-butene (4)A formal hydroallylation ; 7a MeO g;’e MeOMR g;fg;
toward an activated alkene was accomplished by the catalysis 3 o 83f o R 35:65
of a Rh(l) complex?2. Methyl methacrylateqa) interacted with 9a+10a
diethylmethylsilane & and 3-methoxycarbonyloxy-1-phenyl- | MeO ~_R?
1-butene 4) to form a mixture of9a and 10a in a CHCl, ) Meom) 99 ] 33:67
solution containing 1 mol % of the cationic rhodium(l) complex o) gb +F:0b

2 (eq 2). It should be noted that these substrates do not interact

MeO
5 7cMe07‘/|( 96 51:49
Ph
Meom)k v EtMesiH + Y N7 [RUI@ T o R

o 8 OCO,Me 9c + 10c

7a 4
a o R?
6 Td 64% 52:48
o o R
MeoMPh . MeOMMe 9d + 10d
2

i}%_\
2

/

O Me O Ph 7 | . o R?
9 10a T fe 96 48:52
o o R
. . . 9e + 10e
with each other in the absence Bf The product yield was
extremely affected by the catalyst precursor. Since the rhodium - %RZ
complex possessing a bidentate phosphine ligaadexhibited 8 ECO S ¥ 48:52
less catalytic activity for this transformation at 26 (entry 1 o of + 10f
in Table 2), some trials were conducted in the presence of
[Rh(cod)(PR),]OTf (2c—e) as a catalyst precursor. As a result, ; . %Rz
2cgave an acceptable yield of products, although a long reaction 9 19 %0 Lk 46:54
time was necessary for complete consumptiod ¢éntry 2 in o 9g + 10g
Table 2). Although the rate of consumptiondofvas accelerated
by the catalysi2d or 2e the yields of9a and 10a did not aUnless otherwise noted, a solution 4fwvas added at the rate taking
. . . B KR abou 1 h to amixture of 7 (2 equiv),8 (2 equiv), and2e (1 mol %) in
increase much (en_trles 3and 4 |noTabIe 2). 1-Phenyl-1 buteneCHZC|2 at 25°C, and the resulting mixture was stirred for 1°%8; RY =
(11) became a major product (61% based4rwhen2e was Me, R = Ph, 10; Rt = Ph, R = Me. ¢ Isolated yield ‘Determined by
employed as a catalyst precursor (entry 4 in Table 2). It should GLC analysis®Me,PhSiH was used instead & 'EtMe;SiH was used
be noted that the corresponding complexes bearing BFPFs~ instead of8. 9The time for stirring was 2 H'A mixture of 7e and8 was

as an anionic part did not give any product under similar added to a solution of and2ein CH.Cl. iThe time for stirring was 12 h.
conditions.

The formation of 11 can be rationalized by the prior was slowly added to a Gi€l, solution of7a, 8, and2e (1 mol
interaction of4 with 8 since either7a or 4 is potentially % for 4) at the rate takig 1 h for completion, and then the
susceptible t® in the presence a. It is anticipated that the  resulting mixture was stirred for 1 h. In this operatidd,was
yields of 9a and 10a are improved if the reaction betwedn not detected at all. Interestingly, this procedure made it possible
and8 can be suppressed to a minimum during the hydroallyl- to acquire the product8a and10awithin 2 h (compare entry
ation. As expected, the yield of this hydroallylation increased 2 in Table 2 with entry 1 in Table 3). The identical produgts
outstandingly as a result of tuning conditions: the us2exis and 10a were also selectively obtained in the reactions using
a catalyst precursor and teew additionof 4 into the reaction Me,PhSiH (83%, entry 2 in Table 3) or EtM®iH (83%, entry
system (Scheme 3). The yields@d and10aincreased to 93% 3 in Table 3) instead of EeSiH (8) under similar conditions.
(entry 1 in Table 3) when a solution dfin CH,CI, (4 mL) This protocol for the hydroallylation afais generally applicable
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to other types ofa,5-unsaturated esters and ketones. These
results are summarized in Table 3. Acyclig5-unsaturated
esters were efficiently converted to the correspondjngr

Muraoka et al.

Table 4. Hydroallylation of 7a with 8 and Allylic
Carbonates Catalyzed by 2@

unsaturated esters in high yields (entries5lin Table 3). entry c;ﬂ(y)lrizte t(‘}r:)‘f {%‘3 products
o-Methyleney-butyrolactone 7d) resulted in moderate yields
of 9d and10d (entry 6 in Table 3), wheread and7g gave the MeOMRz
corresponding products in an excellent yield (entries 8 and 9 in Ph o
Table 3). In sharp contrast to the results dfand 7g, the 1 ocoMe 1 89 o il ver2eph
modified protocol did not improve yields &e and10ein the 12 10aR" = Ph R? = Me
reaction of7e Thus, a second modification was adopted in the 9a:10a = 35:65°
mixing of 7e 4, and8. A mixture of 7e and8 in CH,Cl, was Ph Ph
slowly added to a CbCl, solution of4 and 2d to afford the 5 N 45 78 MGOMP*‘
corresponding products in 96% yield (entry 7 in Table 3). These OCOzMe O Ph
clear-cut results imply that an intermediate composedep8, 13 14a
andZ2e (34, vide infra) would not be tolerant of the presence of W MeO ~
4 in far lower concentration than that G& 3 0CO,Me 6 176
Reaction of 7a with a Variety of Allylic Carbonates. Many 15 ° 16a
types of allylic carbonates behaved as an allylating reagent as
well as4, although yields of the coupling products significantly Ph MEOMF*
fluctuate according to the structure of the allyic carbonates used. 4 (\/ 2 51 o R
These results are summarized in Table 4. Allylic carbonages 0OCOMe 18aR'=HR2=Ph
and 15 were suitable for the present transformation in the 7 19aR'=PhR?=H
presence oRewith high efficiency. Their reaction time shown 18a:19a = 58:42°
in Table 4 means a period from the start of mixing each substrate MeO s _R2
to the start of the evaporation of volatiles. Therefore, it would H\/Ph ]
not reflect the precise time required for complete consumption 5 OCOM 31 76° 01 R )
: : 2Me 21aR'=HR?=Ph
of 13 and 15. Disappearance of these starting substrates was 20 22aR’ = PhR2 = H
not detected in the TLC analyses becatevalues of the 21a:22a = 56:44°
starting substrates unfortunately coincided with those of the
corresponding products. Carbonates derived from primary Q MeO
alcohols (7 and 20) required forcing conditions to form MeO,CO 138 o)
substituted product$8a + 19aand2la+ 22ain acceptable 23 24a
yields (entries 4 and 5 in Table 4). In contrast to these results,
alicyclic carbonates showed high reactivity comparablet to Q 1 6f Meoj‘><®
(entries 6-9 in Table 4). In the reaction dI5, less active2d MeO,CO o]
was more suitable thaBe as a catalyst for the formation of 25 26a
26a When2e was used as a catalyst, coupling % with 25 MeO R’ R2
became a minor path despite the fast consumptid2bgéntry S
7 in Table 4). It is worth noting that a certain type of allylic MeO,CO 171 ; g
alcohol is applicable to this three-component coupling without 2 28aR =Me R"=H
: 27 29aR'=HR?=Me
converting the hydroxy group to an ester group. For example, 282:29a = 5:95°
3-methyl-2-cyclopentene-1-dB{) reacted with7aand8 to give ' '
32ain 57% yield as the sole product (entry 10 in Table 4). Q* 28a + 29a
Mechanistic Consideration of Rhodium-Catalyzed Hydro- ? Me0,CO 27 28a:29a = 93:7°
allylation. The results hitherto described suggest clearly that 30
the interaction betweenhand8 on the rhodium metal must have
priority over the one betwee# and 8 for accomplishing the 10 Q/ 5 57 MGO%Q,
selective coupling of these three substrates. It is well-established HO' o 32a

that the oxidative addition of hydrosilanes to transition metals

is an important step in the hydrosilylation of unsaturated  2Unless otherwise noted, a solution of allylic carbonate was added at
bonds!®1! Thus, Scheme 4 can be proposed as a possiblethe rate taking abdul h to amixture of 7a (2 equiv),8 (2 equiv), and2e

; ; ; ; (1 mol %) in CHCI, at 25 °C. " Isolated yield.*Determined by GLC
rationale for the present coupling in whicla and 4 are analysis dTime for stirring.®A mixture of 7a, 8, and17 or 20 in CH,Cl,

was refluxed for given reaction time in the presenc@{1 mol %).2d
was used in place dle as a catalyst.

(10) (a) Chalk, A. J.; Hallod, J. F. Am. Chem. So0d.965 87, 16. (b)
Muir, K. W.; Ibers, J. A.Inorg. Chem.197Q 9, 440. (c) Aiszenberg, M.;
Milstein, D.J. Am. Chem. So&995 117, 6456. (d) Osakada, K.; Koizumi,

T.: Yamamoto, T Organometallic1997 16, 2063, presented as a typical example—HRh]—SiR; species33 is

(11) For review see: (a) Speier, J.Ady. Organomet. Cheni979 17, form_ed by the oxidativ_e additiqn of hydrosilane_ to the cationic
407. (b) Ojima, I. InThe Chemistry of Organic Silicon CompounBsurt 2; rhodium complex2 during the first stage. Insertion of ang-
Patai, S., Rappoport, Z., Eds.; John Wiley and Sons: Chichester, U.K., ynsaturated est&ainto the hydride-rhodium bond o3 gives

1989; p 1479. Hi , T, K to, T. Co hensie O i . . . .
Synthepsis’l'rost((g. I\/II)./alr:TI]eaming IHSI;J(TS?' %ergamg]nplg?’eig:%omgﬂ%]f the rhodium enolate speci@da® 1 Sigma-bond methathesis

Vol. 8, p 763. (d) Marciniec, BComprehensie Handbook on Hydrosilyl-
ation, Pergamon Press: Oxford, 1992. (e) Ojima, |.; Li, Z.; Zhu, JThe (12) (a) Slough, G. A.; Hayashi, R.; Ashbaugh, J. R.; Shamblin, S. L.;
Chemistry of Organic Silicon Compound&l. 2; Rappoport, Z., Apeloig, Aukamp, A. M. Organometallics1994 13, 890. (b) Slough, G. A;

Y., Eds.; John Wiley: New York, 1998; Chapter 29, p 1687. See also: (f) Ashbaugh, J. R.; Zannoni, L. AOrganometallics1994 13, 3587. (c) For
Maruyama, Y.; Yamamura, K.; Sagawa, T.; Katayama, H.; Ozawa, F. an example of am® oxygen-bound rhodium enolate, see: Slough, G. A,;
Organometallic200Q 19, 1308. Bergman, R. G.; Heathcock, C. H. Am. Chem. S0d.989 111, 938.
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Scheme 4

[Rh(cod)(PR'3),]OTf
2

}/\ HSIR,

H. _SiRs
HSiRs [RR) o)
n
33 7a
[RhIL,
36 MeO =
o) SiR3
9a + 10a \[Rh]/
Ln
34a
MeO. o
O\ /: \[/\/
[Rh] OCOsMe
Ln Ph 4
35a
R3SiOMe, CO,

of allylic carbonatet with the Rh-SiR; bond in34agenerates
the n3-allyl rhodium enolate35a methoxytrialkylsilane, and
carbon dioxide. Reductive elimination froBdagives a mixture
of products9a and10aand a low-valent rhodium specie3$,
which interacts with hydrosilane to regenera8 Participation
of n3-allyl complex35in Scheme 4 is consistent with the fact
that a similar result was obtained from the reaction of a
regioisomer o#4, 1-methoxycarbonyloxy-1-phenyl-2-buterde,
(entry 1 in Table 4).

Regiocontrol with the Assistance of the BSi Group in the
Allylic Moiety. In all examples presented here, tiecarbon
of 7 is exclusively allylated, whereas the discrimination between
the two allylic termini is relatively difficult during the reaction
of linear carbonates (Table 3 and entries 1, 4, and 5 in Table
4). In contrast, the regiochemistry of the alicyclic ones seems
to be remarkably affected by the steric factor. The methoxy-
carbonyloxy group oR7 and30 was replaced to form a-€C
bond at the less substituted terminus of the corresponding allylic
group with a high selectivity of 95% and 93%, respectively
(entries 8 and 9 in Table 4). An extreme effect of the additional
methyl group on the regiochemistry is exemplified in the
reaction of 3-methyl-2-cyclopenten-1-&1) to give 32aas the
sole product under similar conditions (entry 10 in Table 4).
These results imply that obvious differentiation in the steric
environment between the two allylic termini of the starting
allylic moiety brings about higher order of the regiocontrol in
acyclic allylic carbonates. In fact, hydroallylation @& or 7b
with carbonate37 in the presence d and2e proceeded with
high selectivity to givey,0-unsaturated est@&8aor 38b as the
sole product in 89% and 55% yield, respectively (Scheme 5).

Thus, we planned introducing a triorganosilyl group into
either site of the allylic termini of allylic carbonates as a

(13) A similar sequence is postulated in the reactions constructing aldol
type products from an,3-enone, a hydrosilane, and an aldehyde. See ref
3. Rhodium enolate complexes are formed by the interaction of a
chlororhodium species with an enolate anion.

(14) In relation to this, it is proposed that the preferential insertion is of
a carbonyl group of an enone into a3*-Rh bond in the explanation of
hydrosilylation of ana,5-enone. (a) Ojima, I.; Kogure, T.; Nagai, Y.
Tetrahedron Lett1972 5035. (b) Yoshii, E.; Kobayashi, Y.; Koizumi, T;
Oribe, T.Chem. Pharm. Bull1974 22, 2767. (c) Ojima, |.; Kumagai, M.;
Nagai, Y.J. Organomet. Chen1976 111, 43. (d) Ojima, I.; Kogure, T.
Organometallicsl982 1, 1390. (e) Chan, T. H.; Zheng, G. Zetrahedron
Lett. 1993 34, 3095. (f) Zheng, G. Z.; Chan, T. HDrganometallics1995
14, 70.
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Scheme 5
Ph X Ph slow addition
MeO,CO  Ph
37
MeO. i -
THLR + Etzl\;eSIH-F 2d CH,Cly
(@] 25°C,37h
7aor7b
R
MeO. X Ph
o Ph Ph
38a: R = Me, 89 %
38b:R=H, 55 %
Scheme 6
Ph - SiRs Phw/%/SiMezPh
0OCO,Me MeO,CO

39a SiR;3 = SiMe,Ph
39b SiR;3 = Si'BuMe,

39c¢

directing auxiliary® because of its favorable characteristics:
sufficient bulkiness affecting the selection of the reaction site
and ready replaceablity to a proton after the reaction. To
demonstrate this strategy, three types of silyl-modified allylic
carbonates39a 39b, and 39¢c were employed as allylating
reagents (Scheme 6 and Table 5). These allylic carbonates
showed sufficient reactivity as an allylating reagent in the
present three-component coupling. For example, the reaction
of 39awith 7b and8 in the presence d2e (1 mol % for 393)
proceeded at 25C to formy-trialkylsilyl-y,0-unsaturated ester
(40ba) in an excellent yield with a selectivity of 86% (entry 2

in Table 5). The selectivity fod0Obawas much higher than the
one in the reactions efand12. More appreciable improvement

in the selectivity for40 was realized by increasing the steric
bulkiness at the nucleophilic site in addition to the introduction
of a silyl group. Methyl methacrylatéa was converted tdO0aa
with a selectivity of 95% in the reaction witB9a (entry 1 in
Table 5, cf. entry 1 in Table 4). Such appreciable improvement
in the regioselectivity as shown in these results implies that the
steric bulkiness of the M@hSi group irB9aplays an important
role in the selection between two allylic termini 8®a If this

is the case, increasing the steric bulkiness of th8i group
located in39 might improve the selectivity to formO0 in this
three-component coupling. To corroborate this primitive hy-
pothesis, aert-butyldimethylsilyl (BuMe,Si) group was em-
ployed in place of the MghSi group. In fact, the reaction of
1-tert-butyldimethylsilyl-3-methoxycarbonyloxy-3-phenylE)¢
propene 89b) with 7b and8 proceeded smoothly to affoDbb
with a selectivity of more than 95% (entry 4 in Table 5).
Especially, it should be stressed that methyle&-butyldi-
methylsilyl-2,2-dimethyl-3-phenyl-&)-pentenoate40ab) was
obtained as the sole product in the reactiod@ib with 7aand

(15) Several studies on palladium-catalyzed allylation of nucleophiles
with allylic esters having a trialkylsilyl group have been reported. (a) Hirao,
T.; Enda, J.: Ohshiro, Y.; Agawa, Tetrahedron Lett1981 22, 3079. (b)
Trost, B. M.; Self, C. RJ. Am. Chem. S0d.983 105 5942. (c) Ohta, T.;
Hosokawa, T.; Murahashi, S.-I.; Miki, K.; Kasai, @rganometallics1985
4, 2080. (d) Tsuji, J.; Yuhara, M.; Minato, M.; Yamada, Hetrahedron
Lett. 1988 29, 343. (e) Inami, H.; Ito, T.; Urabe, H.; Sato, Fetrahedron
Lett. 1993 34, 5919. (f) Trost, B. M.; Ariza, X.JJ. Am. Chem. S0d.999
121, 10727. (g) Commandeur, C.; Thorimbert, S.; Malacria, MOrg.
Chem. 2003 68, 5588. (h) Sakaguchi, K.; Yamada, T.; Ohfune, Y.
Tetrahedron Lett2005 46, 5009. See also: (i) Kang, J.; Cho, W.; Lee, W.
K. J. Org. Chem1984 49, 1840.
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Table 5. Hydroallylation of 7a with 8 and 39 Catalyzed
by 2¢e

time yield
entry 7 39 (h)d )2%)., products

MeO R2

3

0o R
40aa R" = Ph R? = SiMe,Ph
41aa R' = SiMe,Ph R2=Ph
40aa:41aa = 95:5°

39a 23 80

MeO ~ R?

o R
40ba R' = Ph R2 = SiMe,Ph
41ba R' = SiMe,Ph R2= Ph
40ba:41ba = 86:14°

?

39a 96

MeO A

88 O Ph
40ab:41ab = 100:0°

Si'BuMe,

5

39 7

MeO R2

:

Y
o R'
40bb R = Ph R? = Si'BuMe,
41bb R = Si'BuMe, R%2= Ph
40bb:41bb = >95:<5°

39 34 83

MeO

89 0 Ph
40ac:41ac = 100:0°

«_-SiMe,Ph

:

39c 4

MeO ~ R?

O R
40bc R' = Ph R2 = SiMe,Ph
41bc R' = SiMe,Ph R?=Ph
40bc:41bc = 97:3°

§

39¢ 24 80

aUnless otherwise noted, a solution28 was added at the rate taking
abou 1 h to amixture of 7 (2 equiv),8 (2 equiv), and2e (1 mol %) in
CH,Cl, at 25°C. bIsolated yield “Determined by'H NMR analysis 4Time
for stirring.

8 by the catalysis oRe (entry 3 in Table 5). When two allylic
termini of 39 have a different number of substituents except
for the leaving group, the presence of a dimethylphenylsilyl
group contributes to realize more clear-cut discrimination of
the reaction site. In the reaction 89c with 7b and 8, 40bc
was isolated in 80% yield with a high level of regioselectivity
(97%, entry 6 in Table 5). It should be noted tlac was
obtained in 89% vyield as the sole product in the reaction of
39cwith 7aand8 (entry 5 in Table 5). These results demonstrate
that introduction of a bulkier triorganosilyl group into allylic

Muraoka et al.

Scheme 7
R2
; "Bu4NF
x-SiMePh _ EEANE
MeO2C HMPA
Ph R? 80 °C
40aa or 40ac
40aa: R2=H
40ac: R2 = CH3
R2
H
MeO,C X
Ph R2
19a or 42
19a: R2=H, 11 h, 50%
42: R2=CHjz, 12 h, 62%
Scheme 8
Meoﬁl\
o)
R2 ;2
H —
Meozc>§/\(2 == MeO,CO.__SiMe,Ph
Ph R ph R2
+
Et,MeSiH

feasible route for the regioselective allylic substitutiéhdn
addition to the regiocontrol in hydroallylation, it is also
important to control the stereochemistry of the reaction path.
In contrast to successful regiocontrol, diastereochemical control
to form products is insufficient at this stage (entries%4in
Table 3, Scheme 5, and entries 2, 4, and 6 in Table 5). Although
access to similar frameworks is possible through classical
methods such as allylation of enolate anf¥i8and allylation

of enoxysilane$;!®there is no general and facile methodology
to control the stereochemistry in the substitution at the allylic
termini. Therefore, the present three-component coupling retains
a sufficient usefulness not only in the novelty of the reaction
but also in synthetic organic chemistry despite this defect. This
protocol makes it possible to design diverse types of homoallylic
carbonyl compounds under almost neutral conditions. This

(17) Recent reports on regiocontrolled allylic alkylation catalyzed by
transition-metal complex: (a) Trost, B. M.; Lee, C. B.Am. Chem. Soc.
2001 123 3671. (b) You, S.-L.; Zhu, X.-Z.; Luo, Y. M.; Hou, X.-L.; Dai,
L.-X. J. Am. Chem. So@001, 123 7471. (c) Krafft, M. E.; Sugiura, M.;
Abboud, K. A.J. Am. Chem. So001, 123 9174. (d) Pederson, T. M.;
Hansen, E. L.; Kane, J.; Rein, T.; Helquist, P.; Norrby, P; -Tanner, D
J. Am. Chem. So001, 123 9738. (e) Kimura, M.; Horino, Y.; Mukai,
R.; Tanaka, S.; Tamaru, YJ. Am. Chem. So2001, 123 10401. (f)
Takeuchi, R.Synlett2002 1954. (g) Trost, B. M.; Fraisse, P. L.; Ball, Z.

carbonates promises high regioselectivity in the present typeT. Angew. Chem., Int. ER002 41, 1059. (h) Bartels, B.; Garcia-Yebra,

of coupling reactions.

In general, a triorganosilyl group can be regarded as

equivalent to a proton, because the corresponding silyl
is readily replaced by H under mild conditions. Therefore, if
the silyl group involved iM0 could be replaced by H, this silyl-
modified hydroallylation provides a practical route for precise
regiocontrol of the two unsymmetrically substituted allylic
termini. In fact, the MePhSi group of40aa and 40ac was
replaced by H to givel9a and 42 in 50% and 62% yield,
respectively, after treatment witBusNF (1 M solution in THF)

in HMPA for 11 or 12 h at 80C (Scheme 73% This successful
protodesilylation of40aa and 40ac clearly demonstrates that

C.; Rominger, F.; Helmchen, &ur. J. Inorg. Chem2002 2569. (i) Tissot-
Croset, K.; Polet, D.; Alexakis, AAngew. Chem., Int. EQ004 43, 2426.
() Belda, O.; Moberg, CAcc. Chem. Re2004 37, 159. (k) Lipowsky,

group G.; Helmchen, GChem. Commur2004 116. () Lipowsky, G.; Miller,

N.; Helmchen, GAngew. Chem., Int. E®004 43, 4595. (m) Alexakis,
A.; Polet, D.Org. Lett.2004 6, 3529. (n) Streiff, S.; Welter, C.; Schelwies,
M.; Lipowsky, G.; Miller, N.; Helmchen, GChem. Commur2005 2957.
See also: refs 6b, 6h, 6i, 6m, and 6n.

(18) (a) Tsuji, J.Palladium Reagents and Catalystdohn Wiley &
Sons: New York, 1995, and references therein. (b) Trost, B. M.; Vranken,
D. L. Chem. Re. 1996 96, 395. (c) Kazmaier, U.; Zumpe, F. IAngew.
Chem., Int. Ed200Q 39, 802. (d) Uenishi, J.; Kawatsura, M.; lkeda, D.;
Muraoka, N.Eur. J. Org. Chem2003 3909. (e) Ikeda, D.; Kawatsura, M.;
Uenishi, J.Tetrahedron Lett2005 46, 6663. (f) Manfred, B.; Thorsten,
M. Synlett2006 661.

(19) () Reetz, M. TAngew. Chem., Int. Ed. Engl982 21, 96, and

the retro-synthesis as shown in Scheme 8 is appreciable as Qeferences therein. (b) Tsuji, J.; Minami, I.; ShimizuChem. Lett1983

(16) Oda, H.; Sato, M.; Morizawa, Y.; Oshima, K.; Nozaki, H.
Tetrahedron Lett1983 24, 2877.

1325. (c) Tsuji, J.; Takahashi, K.; Minami, |.; ShimizuTetrahedron Lett.
1984 25, 1325. (d) Graening, T.; Hartwig, J. B. Am. Chem. So005
127, 17192.
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method provides a powerful tool for a large-scale synthesis of propena? (1.47 g, 5.6 mmol) in gHs (10 mL) was added an
designed building blocks, since it is operated as a catalytic aqueous solution of HI (50%, 0.1 mL). The resultant mixture was
process. stirred for 15 h at 258C, and to this mixture was added a saturated
aqueous solution of sodium thiosulfate (10 mL). The resulting
mixture was stirred for 10 min at 25C. Phases were separated
and the aqueous layer was extracted with ethyl acetate (1&mL
A one-pot method for the synthesis ofd-unsaturated 3). The organic layer and ethyl acetate extracts were combined,
carbonyl compounds has been developed. This methodologywashed once with brine, and then dried over magnesium sulfate.
provides a convenient route for the formal hydroallylation of The solvent was evaporated to givE)-3-(dimethylphenylsilyl)-
a,B-unsaturated carbonyl compounds by the catalysis of a 2-(trimethylsilyl)propenal in 93% yield (1.37 g, 5.2 mmol) as dark
cationic rhodium(l) complex. A trialkylsilyl group on either  red liquid.*"H NMR (300 MHz, CDC): 6 0.17 (s, 9H, Si(€i)s),
carbon of two allylic termini plays an important role in 0-52 (S, 6H, Si(€l3),), 7.36-7.40 (m, 3H, Ph), 7.537.53 (m, 2H,
enhancing the regioselectivity of the allylic substitution because Ph), 10.00 (s, 1H, BO). i
of its remarkable bulkiness. Removal of the trialkylsilyl group !N @ 50 mL round-bottomed flask, to a solution dE){3-
by protodesilylation is another advantage. These results provide(dimethylphenylsilyl)-2-(trimethylsilyl)propenal (1.37 g, 5.2 mmol)

a reliable protocol for regiocontrolled allylic alkylation in which ' MeOH (30 mL) was added an aqueous solutiqn (1 mL) of KOH
the choicg of catalyst isg also critical y ky (0.13 g, 2.3 mmol). The resultant mixture was stirred3d at 25

°C and the solvent was evaporated. The residue was poured into a
. . mixture of water (10 mL) and ethyl acetate (10 mL). Phases were
Experimental Section separated and the aqueous layer was extracted with ethyl acetate

General Considerations All hydroallylations were carried out (10 ML x 3). The organic layer and ethyl acetate extracts were
in a 20 mL round-bottomed flask undeg bir Ar atmosphere unless combined, washed once with brine, and then Qned over magnesium
otherwise indicated. Anhydrous solvents were transferred via an Sulfate. The solvent was evaporated to gii-g-(dimethyl-
oven-dried syringe. The following solvents and reagents were Phenylsilypropenal in 94% yield (0.93 g, 4.9 mmol) as a colorless
distilled prior to use: ChCl, and toluene from Cai EtOH from liquid. *H NMR (500 MHz, CDCY): 6 0.47 (s, 6H, Si(Els),), 6.54
Mg(OEt),. CDCk and all other solvents were utilized at their (dd,J =19.0and 7.5 Hz, 1H, BCHO), 7.28 (dJ = 19.0 Hz, 1H,
commercial level of puritya,5-Unsaturated compound&, 7b, SiCH), 7.36-7.40 (m, 3H, Ph), 7.5%7.53 (m, 2H, Ph), 9.53 (d]
7c, 7d, 7e 7f, and7g and hydrosilane8, Me,PhSiH, and EtMgSiH = 7.5 Hz, 1H, GO). ) ) )
were purchased from Tokyo Kasei, Aldrich, or Shin-Etsu Chemi- !N @ 50 mL two-necked flask equipped with a dropping funnel
cals. They were used as received. Allylic carbonates were derived@nd reflux condenser were placed magnesium turnings (0.071 g,
from the corresponding alcohols by the standard proced@res. 2-9 mmol), a small piece ofland THF (1 mL). To this suspension

Cationic rhodium(l) complexea—e were prepared by a similar ~ Was added a solution of bromobenzene (0.38 g, 2.4 mmol) in THF
procedure reported for [Rh(cod)(PABF 42! (5 mL) at 25°C. This mixture was diluted with THF (5 mL) and

All reactions were monitored by thin-layer chromatography Stired fa 1hat25°C. To the flask containing PhMgBr was added
carried out on 0.25 mm E. Merck silica gel plates (60 F-254) using (E)-3-(dimethylphenylsilyl)propenal (0.39 g, 2.0 mmol) in THF (5
UV light as visualizing agent and 7% ethanolic phosphomolybdic ML) &t 0°C. After stirring for 24 h at 23C, to this mixture cooled
acid and heat as developing agent. E Merck silica gel (60, particle ©© 0 °C was added an aqueous saturated solution of K20
size 0.063-0.200 mm) was used for column chromatography. ML). Phases were separated and the aqueous layer was extracted

Medium-pressure preparative liquid chromatography was performed With ethyl acetate (20 mkx 3). The organic layer and ethyl acetate
on a YFLC-600 system equipped with a silica gel (particle size ©xtracts were combined, washed once with brine, and then dried

0.040-0.063 mm) column. over magnesium sulfate. The solvent was evaporated and the residue
Proton nuclear magnetic resonantié KMR) data were obtained was purified by flash g:olumn chrpmatography (gluent; hexane:ethyl
at 300 MHz on a Varian Mercury 300 spectrometer or at 500 MHz acetate= 10:1) to give E)-3-(dimethylphenylsilyl)-1-phenyl-2-
on a Varian VXR-500 spectrometer. Chemical shifts are reported Propen-1-ol in 49% yield (0.27 g, 1.0 mmol) as a colorless liquid.
in delta ) units, in parts per million (ppm) relative to the singlet -H NMR (500 MHz, CDCH): 6 0.35 (s, 3H, Si-CHg), 0.36 (s,
at 7.26 ppm for CHGl in chloroformd. Splitiing patterns are ~ 3H, Si—CHa), 1.98 (d,J = 4.0 Hz, 1H, OH), 5.23 (m, 1H, Ph@),
designated as s, singlet; d, doublet; t, triplet; q, quartet; quint, 6.15 (dd,J = 19.0 and 1.5 Hz, 1H, €CH), 6.30 (dd,J = 19.0
quintet; m, multiplet; and b, broad. Coupling constants are reported @d 5.0 Hz, 1H, Si@=C), 7.35-7.38 (m, 8H, Ph), 7.567.52 (m,
in hertz (Hz). Carbon-13 nuclear magnetic resonaf#e KMR) 2H, Ph). o _
data were obtained at 75 MHz on a Varian Mercury 300 Tg a 20 mL round-bottomed flask containing a solution B)-(
spectrometer or at 125.7 MHz on a Varian VXR-500 spectrometer 3-(dimethylphenyisilyl)-1-phenyl-2-propen-1-ol (0.27 g, 1.0 mmol)
and are reported in ppm with the center line of a triplet at 77.00 in THF (5 mL) was addedBuLi (1.56 M in hexane, 0.76 mL, 1.2
ppm for chloroforme. Routine3C spectra were fully decoupled mmol) at—78 °C, and the mixture was stirred for 30 min. To this
by broadband decoupling. Infrared data were recorded in 0.2 mm Mixture was added methyl chloroformate (0.1 mL, 1.3 mmol), and
path length sodium chloride cavity cells on a JASCO IR-810 resultant mixture was warmed to 28. After stirring for 17 h'a_t
spectrometer. Absorbance frequencies are reported in reciprocaf® ‘C, the solvent was evaporated and the residue was purified by
centimeters (crm). Melting points were obtained on & Bhi 510-K flash column chromatography (eluent; hexane:ethyl aceta2e:
apparatus in sealed capillary tubes and are uncorrected. Boilingl) t0 give 36ain 71% yield (0.23 g, 0.70 mmol) as a colorless
points are also uncorrected. geirohr distillation was performed  liquid. *H NMR (500 MHz, CDC}): 6 0.336 (s, 3H, Si-CHa),
in a SIBATA GTO-350RS oven. Elemental analyses were per- 0-342 (S, 3H, StCHa), 3.77 (s, 3H, O@l3), 6.103 (dd.J = 5.0
formed by the Microanalytical Center of Kyoto University. and 1.5 Hz, 1H, PhB), 6.105 (ddJ = 19.3 and 1.5 Hz, 1H, €
Preparation of (E)-1-(Dimethylphenylsilyl)-3-(methoxycar- CH), 6.23 (dd,J = 19.0 and 5.0 Hz, 1H, Sig=C), 7.32-7.37
bonyloxy)-3-phenylpropene, 39a.In a 20 mL round-bottomed (m, 8H, Ph_)' 7.477.49 (m, 2H, Ph)- )
flask, to a solution ofZ)-3-(dimethylphenylsilyl)-2-(trimethylsilyl)- Preparation of (E)-1-(tert-Butyldimethylsilyl)-3-(methoxycar-
bonyloxy)-3-phenylpropene, 39b, and E)-2-(Dimethylphenyl-

Conclusions

(20) Mandai, T.; Matsumoto, T.; Kawada, M.; Tsuji;T&trahedrorl 994
50, 475. (22) Matsuda, I.; Fukuta, Y.; Tsuchihashi, T.; Nagashima, H.; Itoh, K.
(21) Schrock, R. R.; Osborn, J. A. Am. Chem. Sod971 93, 2397. Organometallics1997 16, 4327.
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silyl)-4-(methoxycarbonyloxy)-3-methyl-4-phenyl-2-buteng39c. Properties of 3-methyl-3-(1-methyl-3-phenyl-2E)-propenyl)-
Allylic carbonates E)-1-(tert-butyldimethylsilyl)-3-(methoxycar- dihydro-2-furanone, 9d (as a 1:1 mixture of diastereoisomers):
bonyloxy)-3-phenylpropen&9b) and E)-2-(dimethylphenylsilyl)- colorless liquid, eluent; hexane:ethyl acetaté5:1. IR (neat): 1765
4-(methoxycarbonyloxy)-3-methyl-4-phenyl-2-buterg®9¢ were (C=0) cnt™. 'H NMR (300 MHz, CDC}): 6 1.14 (d, 3H,J =
prepared fromZ)-3-(tert-butyldimethylsilyl)-2-(trimethylsilyl)pro- 6.9 Hz), 1.19 (d, 3HJ) = 6.9 Hz), 1.29 (s, 3H), 1.30 (s, 3H), 1.85
penat? and @)-3-(dimethylphenylsilyl)-2,3-dimethylpropen, 1.95 (m, 2H), 2.34 (ddd, 1H} = 13.2, 7.6, and 7.6 Hz), 2.41 (ddd,
respectively, according to a procedure similar to the synthesis of 1H,J = 13.2, 8.7 and 8.4 Hz), 2.66 (dq, 18l= 9.0 and 6.9 Hz),
39%a 2.66 (dq, 1HJ = 7.8 and 6.9 Hz), 4.174.29 (m, 4H), 6.03 (dd,
39b: colorless liquid, eluent; hexane:ethyl acetate30:1. 'H 1H, J = 15.6 and 9.0 Hz), 6.17 (dd, 1H,= 16.1 and 7.8 Hz),
NMR (300 MHz, CDC}): ¢ 0.02 (s, 3H, Si-CH3), 0.03 (s, 3H, 6.46 (d, 1H,J = 16.1 Hz), 6.49 (d, 1H) = 15.6 Hz), 7.19-7.39
Si—CHa), 3.78 (s, 3H, O€l3), 5.97 (dd,J = 18.6 and 1.2 Hz, 1H, (m, 10 H).3C NMR (75 MHz, CDC}): 6 14.16, 14.40, 16.24,
SiCH=C), 6.08 (dd,J = 4.8 and 1.2 Hz, 1H, Ph€), 6.17 (dd,J 21.55, 22.68, 23.17, 30.82, 30.92, 31.60, 31.70, 41.86, 43.44, 45.84,

= 18.6 and 4.8 Hz, 1H, €CH), 7.32-7.37 (m, 5H, Ph). 46.14, 65.06, 65.15, 119.94, 120.01, 125.46, 126.05, 126.11, 127.28,
39c: colorless liquid, eluent; hexane:ethyl acetate49:1. H 127.32, 128.26, 128.38, 128.43, 129.70, 130.01, 130.32, 131.51,

NMR (300 MHz, CDC}): ¢ 0.53 (s, 3H, SiCHa), 0.54 (s, 3H, 131.92, 136.86, 136.89, 181.05, 181.14. Anal. Calcd fgHGO.:

Si—CHjs), 1.60 (s, 3H, El3), 1.77 (s, 3H, El3), 3.75 (s, 3H, OEl), C, 78.23; H, 7.88. Found: C, 78.30; H, 7.98.

6.50 (S, 1H, Ph€), 7.05-7.09 (m, 2H, Ph), 7.237.29 (m, 3H, Properties of 3-methyl-3-(1-phenyl-2E)-butenyl)dihydro-2-

Ph), 7;32‘7-36 (m, 3H, Ph), 7.547.60 (m, 2_H. Ph). ) furanone, 10d (as a 1:1 mixture of diastereoisomers): colorless
Typical Procedure for Rh-Catalyzed Allylic Alkylation of 4 liquid, eluent hexane:ethyl acetate 15:1. IR (neat): 1763 (€

with 3. In a test tube, togsolution of [Rh(cod)(PMQE]OTf (20 0) cnt™. IH NMR (300 MHz, CDC}): 6 one isomer: 1.11 (s,
(6.0_ mg, 0.0_079 mmol) in CKLl, (2 mL) was added a mixture of 3H), 1.65 (dd, 3H, = 6.4 and 1.5 Hz), 1.91 (ddd, 1H,= 13.1,
2-tr|methyISIIyloxypropeneZ{) (3803 mg, 2.9 mmol) and 3-meth- 8.1, and 7.1 HZ), 2.44 (ddd, 1H,= 13.1, 8.5, and 5.2 HZ), 3.45

oxycarbonyloxy-1-phenyl-1-butend)((151.8 mg, 0.74 mmol) in (ddd, 1H,J= 8.9, 8.5, and 7.1 Hz), 3.58 (d, 18= 9.7 Hz), 4.02
CH,CI; (2 mL). This test tube was sealed and then stirred &30 (ddd, 1H,J = 8.9, 8.1, and 5.2 Hz), 5.52 (dg, 14,= 14.9 and

for 19 h. The resulting mixture was cooled to ambient temperature g 4 Hz), 5.77 (ddg, 1H) = 14.9, 9.7, and 1.5 Hz), 7.&.33 (m,
followed by opening a sealed tube. The solvent was removed unders H). the other isomer: 1.26 (s, 3H), 1.73 (dd, 3H= 6.2 and 1.5
reduced pressure and the residue was purified by silica gel flash Hz), 1.91 (ddd, 1HJ = 12.6, 7.8, and 4.8 Hz), 2.58 (ddd, 18i=
column chromatography (hexane:ethyl acetatt0:1 as an eluent) 12.6, 8.6, and 7.9 Hz), 3.52 (d, 18= 8.6 Hz), 3.91 (ddd, 1H]

to afford a mixture of 4-methyl-6-phenyEj-5-hexen-2-one5a) =9.0, 8.6, and 4.8 Hz), 4.11 (ddd, 18= 9.0, 7.9, and 7.8 Hz),
and 4-phe_nyI_E)-s-hepten-Z-oneG(a) (120 mg, 0.64 mmol) as 5.64 (dq, 1HJ = 15.1 and 6.2 Hz), 5.82 (ddq, 1H,= 15.1, 8.6,
colorless liquid (86%). _ _ _and 1.5 Hz), 7.187.33 (m, 5 H).13C NMR (75 MHz, CDC}): &
The product®a and6a® were characterized by comparing their 14.17, 18.15, 18.17, 22.69, 23.44, 24.22, 31.29, 31.61, 32.06, 47.04,
spectral data to those reported in the literature. 47.20, 53.92, 55.09, 64.99, 65.04, 126.87, 126.89, 127.78, 128.15
Typical Procedure for Rh-Catalyzed Hydroallylation of an 128.24, 128.43, 128.55, 128.61, 129.13, 129.10, 129.32, 129.66,

o,-Unsaturated Carbonyl Compound with Hydrosilane and 14029 14044 180.97 181.26. Anal. Calcd forHG:O,: C
Allylic Carbonate. To a solution of [Rh(cod)P(OPh}} ,]JOTf (2€) 78.23' H. 7.88. Found: C. 78.35 H. 8.01. 0BGz €,

(8.2 mg, 0.084 mmol) in CkCl, (4 mL) was added a mixture of . .
: Properties of 3,4-Dimethyl-6-phenyl-E)-5-hexen-2-one, 9¢as
. I- ) . S
methy| methacrylaterg) (162 mg, 1.6 mmol) and diethylmethy a 1:1 mixture of diastereoisomers): colorless liquid, eluent hexane:

silane @) (150 mg, 1.5 mmol). To the homogeneous solution i )

resulting from stirring for 3 min was added a solution of 3-meth- ethyl acetate:' 120:1. l_R (nea.t). 1715 (€0) cn™. *H NMR (300
oxycarbonyloxy-1-phenyl-1-butenat)( (151 mg, 0.73 mmol) in  MHz, CDCL): 6 one isomer: 1.08 (d, 3H] = 6.6 Hz), 1.09 (d,
CH,Cl, (4 mL) at the rate taking abod h under a Matmosphere. ~ 3H:J = 6.6 Hz), 2.14 (s, 3H), 2.50 (ddq, 18=7.8, 6.9, and 6.6
The resulting mixture was then stirredrfd h under a M Hz), 2.66 (dq, 1HJ = 6.9 and 6.6 Hz), 6.13 (dd, 1H, = 15.9
atmosphere. The solvent was removed under reduced pressure anﬁnd 7:8 Hz), 6.38 (d, 1H] = 15.9 Hz), 7.1#7.37 (m, 5 H). the
the residue was purified by silica gel flash column chromatography Other isomer: 1.08 (d, 3H, = 6.6 Hz), 1.10 (d, 3HJ = 6.6 H2),
(hexane:ethyl acetate 120:1 as an eluent) to afford a mixture of ~ 2:18 (S, 3H), 2.59 (ddq, 1Hl = 8.7, 6.6, and 6.6 Hz), 2.66 (dq,
methyl 2,2,3-trimethyl-5-phenyl-4-pentenoage)and methyl 2,2- 1M, J=6.6 and 6.6 Hz), 6.01 (dd, 1R,= 1?'8 and 8.7 Hz), 6.41
dimethyl-3-phenyl-4-hexenoatd @ (158 mg, 0.68 mmol) as a (4 1H,J = 15.8 Hz), 7.17-7.37 (m, 5 H).*C NMR (75 MHz,
colorless liquid (93%). The reactions of allylic carbonates eyt CDCl): 0 13.00, 14.59, 16.61, 19.15, 29.12, 29.22, 39.20, 39.88,

unsaturated carbonyl compounés-g were carried out in a similar 52.46, 52.79, 126.00, 127.07, 127.45, 127.83, 128.40, 129.47,
manner. Conditions and yields are summarized in Tables 3, 4, and130-23, 132.60, 133.53, 137.21, 211.65, 211.98. Anal. Calcd for

5, respectively. C14ngO: C, 83.12; H, 8.97. Found: C, 82.98; H, 9.05.

The product®a8 10582318524 24382522658250.2838 2938252 Properties of 3-methyl-4-phenyl-E)-5-hepten-2-one, 10¢as
and 2a825¢f were characterized by comparing their spectral data @ 1:1 mixture of diastereoisomers): colorless liquid, eluent; hexane:
to those reported in the literature. ethyl acetate= 120:1. IR (neat): 1716 (€0) cnT L. 'H NMR (300

The mixtures of9b and 10b, 9¢c and 10¢, 6f and 10f, 9g and MHz, CDCk): 6 one isomer: 0.86 (d, 3H] = 7.0 Hz), 1.61 (d,
10g 18aand19a and2laand22acould not be separated by flash  3H,J= 6.3 Hz), 1.86 (s, 3H), 2.90 (dq, 1KH,= 7.1 and 7.0 Hz),
column chromatography. 3.37 (dd, 1HJ = 8.4 and 7.1 Hz), 5.44 (dq, 2H,= 15.0 and 6.3
Hz), 5.59 (dd, 2H,J = 15.0 and 8.4 Hz), 7.147.41 (m, 5 H), the

(23) Mukaiyama, T.; Nagaoka, H.; Oshima, M.; Murakami, @hem. other isomer: 1.11 (d, 3H = 6.9 Hz), 1.67 (d, 3HJ = 5.7 Hz),
Lett. 1986 1009. 2.15 (s, 3H), 2.93 (dg, 1H = 6.9 and 6.8 Hz), 3.40 (dd, 1H,=

(24) Kuhn, O.; Mayr, HAngew. Chem., Int. EA.999 38, 343. _
(25) (a) Barabarich, T. J.; Handy, S. T.; Miller, S. M.; Anderson, O. P.; 8.4 and 6.8 Hz), 5.44 (dq, 2H,= 15.0 and 5.7 Hz), 5.59 (dd, 2H,

Grieco, P. A,; Strauss, S. Kdrganometallics1996 15, 3776. (b) Patel, S. J = 15.0 and 8.4 Hz), 7.147.41 (m, 5 H).23C NMR (75 MHz,
K.; Paterson, |.Tetrahedron Lett1983 24, 1315. (c) Stevens, R. V.; CDCl): ¢ 6.75, 6.87, 15.32, 15.61, 15.91, 18.01, 29.48, 29.62,
Fotzpatrick, J. M.; Germeraad, P. B.; Harrison, B. L.; Lapalme].Rm. 52.13,52.35, 52.47, 126.28, 126.36, 126.39, 127.15, 127.44, 127.82,

Chem. Socl1976 98, 6313. (d) Grieco, P. A.; DuBay, W. J.; Todd, L. J.
Tetrahedron Lett1996 37, 8707. (e) Beereboom, J.J.0rg. Chem1965 128.47, 128.50, 131.45, 132.00, 132.33, 142.18, 143.15, 211.93,

30, 4230. (f) Erman, W. F.; Wenkert, E.; Jeffs, P. W.Org. Chem1969 212.09. Anal. Calcd for GH;50: C, 83.12; H, 8.97. Found: C,
34, 2196. 83.02; H, 9.05.




Rhodium-Catalyzed Hydroallylation of Actited Alkenes

Properties of methyl 2,2-dimethyl-3,5-diphenyl-4E)-penten-
oate, 14a:colorless liquid, eluent; hexane:ethyl acetatel 20:1.
IR (neat): 1731 (&0) cnrt. 'H NMR (300 MHz, CDCh): ¢
1.18 (s, 3H), 1.23 (s, 3H), 3.60 (s, 3H), 3.76 (d, IHs 9.4 Hz),
6.46 (d, 1H,J = 15.7 Hz), 6.61 (dd, 1HJ = 15.7 and 9.4 Hz),
7.20-7.37 (m, 10 H)13C NMR (75 MHz, CDC}): ¢ 22.66, 23.34,

Organometallics, Vol. 26, No. 2, 20885

6.25 (d,J = 10.8 Hz, 1H, G=CH), 7.06-7.41 (m, 15H, Ph)13C

NMR (75 MHz, CDCH): 6 15.33 (CH), 15.58 (CH), 46.43 (COC),
46.84 (COC), 48.47 (CH or OGP 49.24 (CH or OCH), 51.32
(OCHs or CH), 51.60 (OCH or CH), 126.37, 126.48, 127.11,
127.12, 127.16, 127.19, 127.23, 127.34, 127.60, 127.78, 127.94,
127.97, 128.02, 128.13, 128.38, 128.60, 128.88, 129.66, 129.74,

47.30, 51.57, 56.99, 126.15, 126.61, 127.15, 127.91, 128.31, 128.55{129.77, 139.48, 139.52, 142.13, 142.19, 142.33, 142.36, 142.66,

128.98, 132.40, 137.20, 140.31, 177.02. Anal. Calcd fgH&O,:
C, 81.61; H, 7.53. Found: C, 81.80; H, 7.61.

Properties of methyl 2,2,3-trimethyl-4E)-hexenoate, 16a:
colorless liquid, eluent; hexane:ethyl acetatel20:1. IR (neat):
1736 (G=0) cm. 'H NMR (300 MHz, CDC}): 6 0.90 (d, 3H,
J=6.9 Hz), 1.08 (s, 3H), 1.09 (s, 3H), 1.65 (dd, 3H~ 6.1 and
1.4 Hz), 2.41 (dg, 1H,) = 8.3 and 6.9 Hz), 3.65 (s, 3H), 5.28
(ddg, 1H,J = 15.3, 8.3, and 1.4 Hz), 5.44 (dq, 1B= 15.3 and
6.1 Hz).13C NMR (75 MHz, CDC}): ¢ 15.92, 18.11, 21.07, 23.07,
44.24, 45.82, 51.52, 126.09, 132.24, 178.22. Anal. Calcd for
Ci0H1802: C, 70.55; H, 10.66. Found: C, 70.37; H, 10.60.

Properties of methyl 2,2-dimethyl-5-phenyl-5E)-pentenoate,
18a (as a mixture of regioisomers): colorless liquid, bp X430
0.1 Torr. IR (CHC}): 1727 (G=0) cnrl. 'TH NMR (300 MHz,
CDCl): 6 1.23 (s, 6H, Ei3), 2.44 (d,J= 7.6 Hz, 2H, G1,), 3.68
(s, 3H, OCHy), 6.14 (dt,J = 15.9 and 7.6 Hz, 1H, PRECH), 6.41
(d, J = 15.9 Hz, 1H, Ph&=C), 7.16-7.36 (m, 5H, Ph). Anal.
Calcd for G4H140,: C, 77.03; H, 8.31. Found: C, 76.80; H, 8.47.

Properties of methyl 2,2-dimethyl-3-phenyl-4E)-pentenoate,
19a: colorless liquid, bp 140C/0.1 Torr. IR (neat): 1738 (€0)
cm 1. 1H NMR (300 MHz, CDC}): ¢ 1.12 (s, 3H, Ei3), 1.18 (s,
3H, CH3), 3.60 (d,J = 9.7 Hz, 1H, Ph@&l), 3.61 (s, 3H, OEly),
5.10 (dd,J=16.7 and 1.9 Hz, 1H, CHECH), 5.13 (dd,J=10.4
and 1.9 Hz, 1H, CKC=CH), 6.23 (ddd,J = 16.7, 10.4, and 9.7
Hz, 1H, CHGH=C), 7.15-7.31 (m, 5H, Ph)13C NMR (75 MHz,
CDCly): 6 22.36 CH3), 23.29 CH3), 46.95 (C(), 51.62 (CCHy),
57.78 (PhC), 117.38 EC), 126.61 (Ph), 127.91 (Ph), 129.04 (Ph),
136.85 (Ph or €&C), 140.23 (Ph or &C), 177.22 C=0). Anal.
Calcd for G4H140,: C, 77.03; H, 8.31. Found: C, 76.96; H, 8.45.

Properties of methyl 2,2,4-trimethyl-5-phenyl-4E)-penten-
oate, 21a, and methyl 2,2,4-trimethyl-3-phenyl-4-pentenoate, 22a
(as a mixture of regioisomers): colorless liquid, bp 2@00.2 Torr.

IR (neat): 1731 (&0) cnTt For 21a 'H NMR (300 MHz,
CDCly): 6 1.25 (s, 6H, ©l3), 1.79 (s, 3H, El3), 2.46 (s, 2H, Ely),
3.68 (s, 3H, OEl3), 6.25 (s, 1H, Ph&=C), 7.17-7.34 (m, 5H,
Ph). For22aH NMR (300 MHz, CDC}): ¢ 1.15 (s, 3H, Ei3),
1.20 (s, 3H, ®3), 1.58 (s, 3H, Ei3), 3.66 (s, 3H, OEl3), 3.68 (s,
1H, PhH), 4.95 (s, 1H, GCH), 4.99 (s, 1H, &CH), 7.17-7.34
(m, 5H, Ph). Anal. Calcd for GH,00,: C, 77.55; H, 8.68. Found:
C, 77.35; H, 8.90.

Properties of methyl 2,2-dimethyl-3,5,5-triphenyl-4-penten-
oate, 38a:colorless plates from ethyl acetate and hexane, mp-207
208 °C. IR (CCl): 1731 (G=0) cmrL. 'H NMR (300 MHz,
CDCly): 61.13 (s, 3H, El3), 1.17 (s, 3H, El3), 3.53 (s, 3H, OEl3),
3.71(d,J=11.0 Hz, 1H, ®), 6.58 (d,J = 11.0 Hz, 1H, G=CH),
6.96-7.33 (M, 15H, Ph)13C NMR (75 MHz, CDC}): 6 22.10
(CH3), 23.73 CH3), 41.18 (CC), 51.65 CH or OCHg3), 52.54
(OCH3 or CH), 126.48, 127.08, 127.15, 127.55 (2C), 127.85,

143.26, 175.18 (€0), 175.50 (G=0). Anal. Calcd for GsH»40x:
C, 84.24; H, 6.79. Found: C, 84.13; H, 6.92.

Properties of methyl 2,2-dimethyl-5-(dimethylphenylsilyl)-3-
phenyl-4(E)-pentenoate, 40aa, and methyl 2,2-dimethyl-3-(di-
methylphenylsilyl)-5-phenyl-4E)-pentenoate, 41adas a mixture
of regioisomers (95:5)): colorless liquid, bp £8590°C/0.4 Torr.
IR (neat): 1731 (€0), 1246 (Si-CH) cm*. For40aa'H NMR
(300 MHz, CDC}): o 0.32 (s, 3H, S+CHs), 0.33 (s, 3H, St
CHs), 1.10 (s, 3H, E3), 1.17 (s, 3H, El3), 3.55 (s, 3H, OEly),
3.67 (d,J = 9.0 Hz, 1H, O), 5.87 (d,J = 18.3 Hz, 1H, SiCGI=
C), 6.47 (ddJ = 18.3 and 9.0 Hz, 1H, Si€CH), 7.15-7.51 (m,
10H, Ph).13C NMR (75 MHz, CDC}): 6 —2.41 (SCH3), —2.38
(SiCH3), 22.16(CH3), 23.55 CHg), 47.12 (CQ), 51.56 (CCH3),
60.38 CH), 126.57, 127.60, 127.88, 128.81, 129.17, 131.27, 133.71,
138.52, 139.93, 146.22, 177.12=€0). For4laa'H NMR (300
MHz, CDCk): 6 0.34 (s, 3H, SiCHj3), 0.35 (s, 3H, SiCHs),
1.17 (s, 3H, ®3), 1.22 (s, 3H, ®©3), 2.44 (d,J = 10.7 Hz, 1H,
CH), 3.50 (s, 3H, O€l3), 6.08 (dd,J = 15.6 and 10.7 Hz, 1H,
SiCH), 6.19 (d,J = 15.6 Hz, 1H, Ph€&=C), 7.15-7.51 (m, 10H,
Ph). Anal. Calcd for GH»g0,Si: C, 74.95; H, 8.01. Found: C,
75.10; H, 7.97.

Properties of methyl 5-(dimethylphenylsilyl)-2-methyl-3-
phenyl-4(E)-pentenoate, 40ba, and methyl 3-(dimethylphenyl-
silyl)-2-methyl-5-phenyl-4(E)-pentenoate, 41bgas a mixture of
regioisomers (86:14), and each isomer consisted of two diastereo-
isomers): colorless liquid, bp 158C/0.5 Torr. IR (neat): 1737
(C=0), 1247 (Si-CH3) cm™%. For 40ba 'H NMR (500 MHz,
CDCl): one isomer:6 0.31 (s, 3H, S+CHj), 0.32 (s, 3H, St
CHs), 1.21 (d,J = 7.0 Hz, 3H, GH3), 2.85 (dg,J = 9.3 and 7.0
Hz, 1H, CHCH), 3.56 (dd,J = 9.3 and 8.8 Hz, 1H, Phd), 3.57
(s, 3H, OCH3), 5.90 (d,J = 18.6 Hz, 1H, Si¢i=), 6.17 (dd,J =
18.6 and 8.8 Hz, 1H, SEECH), 7.16-7.52 (m, 10H, Ph), the other
isomer: 6 0.28 (s, 3H, Si-CH3), 0.29 (s, 3H, SiCH3), 0.95 (d,J
= 7.0 Hz, 3H, G3), 2.84 (dg,J = 10.3 and 7.0 Hz, 1H, C}CH),
3.41 (s, 3H, OEi3), 3.50 (dd,J = 10.3 and 8.0 Hz, 1H, PhHd),
5.82 (d,J = 18.5 Hz, 1H, Si¢i=), 6.24 (ddJ = 18.5 and 8.0 Hz,
1H, SiG=CH), 7.16-7.52 (m, 10H, Ph)}3C NMR (75 MHz,
CDCly): 6 —2.52 (SCH3), —2.48 (SCH3), —2.41 (SCH3), —2.36
(SiCH3), 15.81 CH3), 15.91 CHa), 44.97 (C@), 45.23 (C@),
51.36 (CCH3), 51.40 (GCH3), 56.46 (PIT), 56.56 (PIT), 126.43,
126.59, 127.57, 127.63 (2C), 128.07, 128.29, 128.53, 128.61,
128.76, 128.82, 130.43, 133.66 (2C), 138.51, 138.54, 140.82,
141.82, 147.58, 148.66, 175.4C<0), 175.88 C=0). For4lba
IH NMR (500 MHz, CDC}): one isomer:d 0.358 (s, 3H, St
CHs), 0.364 (s, 3H, SiCHj3), 1.12 (d,J = 7.0 Hz, 3H, GH3), 2.14
(dd,J=8.9 and 7.2 Hz, 1H, SiB), 2.72 (dq,J = 7.2 and 7.0 Hz,
1H, CHCH), 3.53 (s, 3H, O€l3), 5.99 (d,J = 16.4 Hz, 1H,

127.93, 128.01, 129.25, 129.72, 139.58, 141.05, 142.80, 143.25,PhCH=), 6.21 (dd,J = 16.4 and 8.9 Hz, 1H, SiC&=), 7.16-

177.02 C=0). Anal. Calcd for GeH»¢O2: C, 84.29; H, 7.07.
Found: C, 84.40; H, 7.25.

Properties of methyl 2-methyl-3,5,5-triphenyl-4-pentenoate,
38b (as a 1:1 mixture of diastereoisomers): colorless liquid, bp
190°C/0.2 Torr. IR (neat): 1735 (€0) cnm L. *H NMR (300 MHz,
CDCl): one isomer:6 0.90 (d,J = 7.1 Hz, 3H, CH), 2.85 (dq,
J=9.3and 7.1 Hz, 1H, C§CH), 3.52 (ddJ = 10.5 and 9.3 Hz,
1H, PhCH), 3.63 (s, 3H, OC}j 6.36 (d,J = 10.5 Hz, 1H, G=
CH), 7.06-7.41 (m, 15H, Ph); the other isomeé 1.21 (d,J =
6.9 Hz, 3H, CH), 2.89 (dq,J = 8.7 and 6.9 Hz, 1H, CkCH),
3.36 (s, 3H, OCH), 3.69 (dd,J = 10.8 and 8.7 Hz, 1H, PhCH),

7.52 (m, 10H, Ph); the other isomed:0.35 (s, 3H, S-CH3), 0.36

(s, 3H, Si-CHg), 1.14 (d,J = 6.8 Hz, 3H, G3), 2.38 (dd,J =
10.4 and 7.4 Hz, 1H, Sig), 2.67 (dg,J = 7.4 and 6.8 Hz, 1H,
CH;CH), 3.47 (s, 3H, OEl3), 6.00 (d,J = 15.8 Hz, 1H, PhE&=),

6.16 (dd,J = 15.8 and 10.4 Hz, 1H, SiG&=), 7.16-7.52 (m,
10H, Ph).13C NMR (75 MHz, CDC}): 6 —4.04 (SCH3), —3.69
(SICH3), —3.33 (SCHS3), —2.84 (SCH3), 16.65 CH3), 18.03 CHy),
29.77 (2C, S¢), 37.18 (CCT), 38.66 (CQr), 39.89 (CCH3), 40.40
(OCHjy), 125.72, 125.75, 126.53, 126.59, 127.91, 127.97, 128.35
(2C), 128.45, 128.70, 129.00, 129.06, 129.73, 130.11, 133.90,
134.07, 136.82, 137.48, 137.75, 137.81, 176@60), 176.32 C=
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0). Anal. Calcd for GiH»¢0.Si: C, 74.51; H, 7.74. Found: C,
74.75; H, 7.68.

Properties of methyl 5-tert-buthyldimethylsilyl)-2,2-dimethyl-
3-phenyl-4(E)-pentenoate 40ab:colorless liquid, bp 150C/0.1
Torr. IR (neat): 1734 (€0), 1246 (Si-CHz) cm™L. 'H NMR (300
MHz, CDCL): 6 —0.01 (s, 3H, Si-CHj3), 0.02 (s, 3H, SiCHjy),
0.85 (s, 9H, SiC(El3)3), 1.11 (s, 3H, El3), 1.17 (s, 3H, Ei3), 3.59
(s, 3H, O®H3), 3.64 (d,J = 9.0 Hz, 1H, PhEl), 5.68 (d,J = 18.4
Hz, 1H, SitH=), 6.38 (dd,J = 18.4 and 9.0 Hz, 1H, SEECH),
7.16-7.31 (m, 5H, Ph)33C NMR (75 MHz, CDC}): 6 —6.04
(SiCH3), —5.84 (SCH3), 16.63 CMey), 22.45 CHa), 23.40 CHy),
26.48 (CCHg)3), 47.04 (CQL), 51.59 (CCH3), 60.41 (PIE), 126.49,
127.85, 129.12, 130.79, 140.31, 145.61, 177CG#0Q). Anal. Calcd
for CyoH3,0,Si: C, 72.23; H, 9.70. Found: C, 71.93; H, 9.85.

Properties of methyl 5-tert-buthyldimethylsilyl)-2-methyl-3-
phenyl-4(E)-pentenoate, 40bb, and methyl 3tért-buthyldi-
methylsilyl)-2-methyl-5-phenyl-4E)-pentenoate, 41bl(as a mix-
ture of regioisomersX95:<5), and each isomer consisted of two
diastereoisomers): colorless liquid, bp 140Y0.1 Torr. IR (neat):
1740 (G=0), 1254 (S-CHsz) cm™. For40bb*H NMR (300 MHz,
CDCl): one isomer:6 —0.02 (s, 3H, Si-CHj3), 0.01 (s, 3H, St
CH3), 0.83 (s, 9H, SiC(E3)3), 1.21 (d,J = 7.1 Hz, 3H, ¢iy),
2.84 (dg,J = 9.6 and 7.1 Hz, 1H, CkCH), 3.52 (dd,J = 9.6 and
8.7 Hz, 1H, Phel), 3.65 (s, 3H, OEl3), 5.76 (d,J = 18.4 Hz, 1H,
SiCH=), 6.08 (dd,J = 18.4 and 8.7 Hz, 1H, Si¥€CH), 7.15~
7.34 (m, 5H, Ph); the other isomers —0.04 (s, 3H, Si-CHy),
—0.03 (s, 3H, S+CHg), 0.85 (s, 9H, SiC(B3)3), 0.95 (d,J = 6.9
Hz, 3H, (H3), 2.85 (dg,J = 10.7 and 6.9 Hz, 1H, C}CH), 3.42
(s, 3H, OCH3), 3.49 (dd,J = 10.7 and 7.9 Hz, 1H, PhH4), 5.70
(d,J = 18.6 Hz, 1H, Si¢l=), 6.16 (dd,J = 18.6 and 7.9 Hz, 1H,
SiC=CH), 7.15-7.34 (m, 5H, Ph)13C NMR (75 MHz, CDC}):
0 —6.16 (SCH3), —6.05 (SCH3, 2C),—5.89 (SCH3), 15.80 CHy),
16.07 CH3), 16.57 CMe::,, ZC), 26.43 (()CHg)g), 26.48 (CCH3)3),
44.96 (CQC), 45.10 (CCT), 51.39 (CCH3), 51.54 (CGCH3), 56.38
(PHC), 56.62 (PIX), 126.34, 126.49, 127.56, 128.05, 128.26, 128.48,
129.87 (2C), 141.26, 142.10, 146.92, 148.15, 175350), 175.94
(C=0). Anal. Calcd for GgH300,Si: C, 71.64; H, 9.49. Found:
C, 71.38; H, 9.71. The isomédilbb was characterized on the basis
of some assigned signalsid NMR spectrum. Fo#lbbH NMR
(300 MHz, CDC}): ¢ 0.03 (s, 3H, SiCH3), 0.04 (s, 3H, St
CHg), 0.05 (s, 3H, Si@l3), 0.06 (s, 3H, Si€l3), 0.91 (s, 9H, SiC-
(CHa)3), 0.92 (s, 9H, SiC(B3)3), 0.93 (d,J = 7.2 Hz, 3H, G3),
1.23 (d,J = 6.9 Hz, 3H, ®3), 3.63 (s, 3H, OEl3), 3.64 (s, 3H,
OCHj3), 7.15-7.34 (m, 10H, Ph).

Properties of methyl 5-(dimethylphenylsilyl)-2,2,4-trimethyl-
3-phenyl-4(E)-hexenoate, 40accolorless liquid, bp 198195°C/
0.1 Torr. IR (neat): 1728 (€0), 1249 (Si-CHz) cm™L. H NMR
(500 MHz, CDC}): o 0.46 (s, 3H, Si-CH3), 0.51 (s, 3H, St
CHg3), 1.19 (s, 3H, El3), 1.31 (s, 3H, El3), 1.70 (s, 3H, Ei3),
1.79 (s, 3H, ®l3), 3.57 (s, 3H, OEl3), 4.42 (s, 1H, Ph&), 7.10-
7.34 (m, 8H, Ph), 7.477.51 (m, 2H, Ph)13C NMR (125 MHz,
CDCls): 6 —0.58 (SCH3), 0.42 (SCH3), 19.32 CH3, 2C), 23.11
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(CH3), 26.99 CH3), 45.80 (C@@), 51.77 (CCH3), 57.72 (PIT),
125.76, 127.61, 127.81, 128.57, 128.59, 133.00, 133.92, 139.91,
141.37, 147.25, 178.8C€0). Anal. Calcd for GsH30,Si: C,
75.68; H, 8.47. Found: C, 75.68; H, 8.39.

Properties of methyl 5-(dimethylphenylsilyl)-2,4-dimethyl-3-
phenyl-4(E)-hexenoate, 40bc, and methyl 3-(dimethylphenyl-
silyl)-2,4-dimethyl-5-phenyl-4(E)-hexenoate, 41bgas a mixture
of regioisomers (97:3) each of which consists of two diastereo-
isomers): colorless liquid, bp 178.80°C/0.4 Torr. Ford0bcone
isomer: IR (neat): 1736 (€0), 1252 (Si-CH) cm % IH NMR
(300 MHz, CDC}): ¢ 0.56 (s, 3H, S+CHs), 0.62 (s, 3H, St
CHg), 1.15 (d,J = 7.1 Hz, 3H, G43), 1.50 (s, 3H, El3), 1.65 (s,
3H, CH3), 3.15 (dg,J = 11.0 and 7.1 Hz, 1H, C§CH), 3.50 (s,
3H, OCH3), 4.29 (d,J=11.0 Hz, 1H, Phe&l), 7.12-7.23 (m, 5H,
Ph), 7.34-7.36 (m, 3H, Ph), 7.547.59 (m, 2H, Ph)13C NMR
(75 MHz, CDCE): 6 0.58 (SCH3), 0.91 (SCHg), 14.71 CHa),
17.03 CHs), 18.98 CH3), 40.83 (CCr), 51.59 (CGCH3), 53.10
(PhC), 125.98, 127.49, 127.69, 127.93, 128.61, 130.12, 133.90,
139.78, 141.64, 147.05, 176.38<€0). The other isomer: IR
(neat): 1737 (€0), 1247 (S+CHg) cm™*. 1H NMR (300 MHz,
CDCl): 6 0.55 (s, 3H, Si-CHj3), 0.65 (s, 3H, SCHj3), 1.07 (d,

J = 6.6 Hz, 3H, G3), 1.53 (s, 3H, Ei3), 1.62 (s, 3H, Ei3), 3.28
(dg,J = 11.3 and 6.6 Hz, 1H, C4CH), 3.64 (s, 3H, OEl,), 4.14
(d, J = 11.3 Hz, 1H, Ph@&), 7.18-7.37 (m, 8H, Ph), 7.557.62
(m, 2H, Ph).:3C NMR (75 MHz, CDC}): ¢ —0.38 (SCHj3), 1.32
(SiCH3), 15.08 CHs), 15.80 CHa3), 18.87 CHs), 41.46 (CQT),
51.37 (QCHa), 55.07 (PIX), 126.13, 127.57, 128.13, 128.16, 128.54,
134.08, 134.69, 139.99, 140.51, 148.31, 175@6Q). Anal. Calcd
for Co3H300,Si: C, 75.36; H, 8.25. Found: C, 75.15; H, 8.36. The
isomer 41bc was characterized on the basis of some assigned
signals in™H NMR spectrum. For4lbc IH NMR (300 MHz,
CDClg): 6 0.32 (s, 3H, SiCHg), 0.35 (s, 3H, SiCHj3), 0.58 (s,
3H, SiCH3), 0.64 (s, 3H, Si€lg), 1.13 (d,J = 6.9 Hz, 3H, t3),
1.16 (d,J = 6.6 Hz, 3H, ®¢3), 1.51 (s, 3H, El3), 1.57 (s, 3H,
CHg), 1.67 (s, 3H, Ei3), 1.98 (s, 3H, El3), 3.50 (s, 3H, OEl,),
3.67 (s, 3H, O@l3), 7.15-7.34 (m, 10H, Ph).

Properties of methyl 2,2,4-trimethyl-3-phenyl-4Z)-hexanoate,
42: colorless liguid. IR (neat): 1731 ¢€0) cnrl. 'H NMR (500
MHz, CDCk): 6 1.16 (s, 3H, ®l3), 1.19 (s, 3H, El3), 1.46 (s,
3H, CHy), 1.61 (d,J = 6.5 Hz, 3H, 3), 3.62 (s, 3H, OEly),
3.65 (s, 1H, Ph@), 5.52 (q,J = 6.5 Hz, 1H, G=C), 7.21-7.28
(m, 5H, Ph).13C NMR (125 MHz, CDC}): ¢ 13.68 (CH3), 17.29
(CHg), 22.21 CH3), 27.26 CH3), 45.59 (CC), 51.71 (CCH3),
60.78 (PIC), 120.24 (G=C), 126.41 (Ph), 127.65 (Ph), 130.33 (Ph),
135.99 (Ph or €&C), 139.98 (G=C or Ph), 178.69@=0). Anal.
Calcd for GgH»50,: C, 78.01; H, 9.00. Found: C, 77.97; H, 9.06.
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