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The copper(l)-mediated anti-Sy2' allylic substitution allows a highly stereoselective preparation of alkenylsilanes bearing a chiral center in the
o-position with high transfer of chirality. These alkenylsilanes were converted into o, B-unsaturated ketones or into the corresponding boronic
esters without loss of the chiral information.

Organosilicon chemisttyhas a broad impact on organic there have been only a few reports of alkenylsilanes con-
methodology and total synthesis. Alkenylsilanes have beentaining an adjacent carbon stereogenic center.
particularly used in palladium-catalyzed cross-coupling reac- We have recently reported an efficieanti-S2' allylic
tions since the pioneering work of Hiyaridn recent years,  substitutio® with almost complete transfer of the chiral
this reaction has been increasingly investigdtedihe information? This method can be applied to the asymmetric
preparation of alkenylsilanes remains a challenging task, andsynthesis of tertiary alcohols or amifiesd for the prepara-
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Pharm. Bull.2002,50, 1531. (b) Denmark, S. E.; Sweis, R.A€c. Chem. 5267. (g) Breit, B.; Herber, CAngew. Chem., Int. E2004,43, 3790. (h)
Res.2002,35, 835. Breit, B. Angew. Chem., Int. EdL998, 37, 525. (i) Smitrovich, J. H.;
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substitution reactions with diorganozinc reagents mediated ||| A

by Cu(l) salt. . . . .. Table 1. Preparation of (E)-Alkenylsilanes of Tydeby

As the substituents at silicon may influence the reactivity copper(l)-Mediatedinti-Sy2' Substitution of Allylic Silane2
of the resulting alkenylsilanégyvo different allylic substrates entry _allyl substrate  RZn  (E)-alkenylsilane vield ee
were prepared:2a (t-BuMe;Si residue) an®b (PhMeSi ee (%) R) % (@
residue). These allylic silanes undergo highly stereoselective

S\2' substitutions as shown in Scheme 1. The allylic silane FOOY e we
’ y £BuMe,Si” £BuMe, S " Pent
Scheme 1. Diastereoselectivanti-Sy2' Allylic Substitution on Me
Allylic Silanes of Type2 FBUMe,SI~"7pr
CeFs . 2 2a i-Pr b 90 90
R®>Zn (2.4 equiv)
0“0 R? CuCN-2LiCl (1.2 equiv) R /\/M\e
P e +-BuMe,Si Et
R1Me281)\/ THENMP (2:1), 50 °C, 24h  R'Mepsi” > R 5 2a Et 7 e 29 28
1 2, Me
(R)-2a: R'= tBu, R“= Me, 92% ee 1: up to 90% ee PR
(R)-2b: R'= Ph, R%= Pent, 90% ee tBuMe,Si” > “Ph
4 2a Ph 1d 86 89
l¥le
_ _ . t—BuMe2SiA\/\©\
2awas prgpared §tartlng from thehydroxysilane3a, which . COMe
was obtained via a retro-Brook rearrangement reaction 1e
starting from 2-butyn-1-éf (Scheme 2). Subsequent Jones 2a COzMe 65 89

Me

| f o
OMe

Scheme 2. Synthesis of R,Z)-Allylic Pentafluorobenzoyl 1f

Silanes2a and 2b 6 2a

60 90

Me

(R}-CBS H
OH CrOs, HySO4 Q BHy - MesS OH t-BuMeQSi/\/\L
R1MeZSi)\ . aﬁezo:e R1M628i)x ZTHgb-qo °C R1Mezsi/'\ , Ph
R0 R mn R 7 2a Ph(CH,), 1g 60 84
3a R' = tBu, R%*= Me da: 90% (R)-3a: 93%, 92% ee F.C.0CO
3b: R' = Ph, R%= Pent 4b:74% (R)-3b: 91%, 90% ee ey fe Pent
. = B
PhMe,Si PhM ezsi/\/\Me
CeFs
CICOCeF
H, / Lindlar cat. OH R® pvap, Pysric;ne 0o R 8 2b 90) Me 1h 9 8
D W O
EtOAc, 1t, 1h R1Me23i Et,0,0°C, 1h R1Me28i S
PhMe,Si~ " Et
(RZ)-5a 80%, 92% ee (R.2)-2a: 95%, 92% ee 9 2b Et 1i 86 89
(R,2)-5b: 82%, 90% ee (R,2)-20: 95%, 90% ee bent
PiMe,Si " pr
o _ _ 10 2b i-Pr 1j 89 87
oxidation gave the silyl ketonéa (90%) whose enantiose- Bent
lective reduction with Bi#Me,S in the presence of (R)-2- PhMe, i~ " pn
methyl-CBS-oxazaborolidifé led to the alcohol (+)-(R)- 11 2b Ph Lk s
3ain 92% yield and 92% e&.The @)-hydroxyalkenylsilane aThe enantiomeric excess was determined by HPLC or GC analysis on

(R)-5a was obtained by selective hydrogenation using a pro_duct_l, 2, 0r derivati_ves. In each case the racemic product was used for
Lindlar catalyst® (>95% Z isomer, 80%). Finally, the calibration.” Isolated yield of analytically pure product.

reaction with pentafluorobenzoyl chloride in the presence
of pyridine and a catalytic amount of DMAP gave the expected productc(89%, 88% ee, entry 3). The substitution
pentafluorobenzoyl allylic silandl(Z)-2ain 95% yield. The not only was limited to alkylzinc reagents but also proceeded
allylic silanes R 2)-2b was prepared in a similar way in 90%  well with diarylzincs. Thus, PiZn reacted smoothly with
ee (Scheme 2). 3ain the presence of CuCN-2LiCl to affortt (86%, 89%

In a typical procedure, (Z)-pentafluorobenzoase(92% ee, entry 4). More interestingly, functionalized diarylzinc
ee, entry 1 of Table 1) was treated with P&nt (2.4 equiv) reagents reacted similarly, providing the corresponding
in the presence of CUGHLICI (1.2 equiv) in a mixture of methyl benzoate derivativiee (65%, 89% ee, entry 5) and
THF and NMP (2:1), and after 24 h at50 °C afforded the o-methoxy benzene derivativef (60%, 90% ee, entry 6).
expectedanti-Sy2' substituted produdta (81%, 90% ee) with A zinc reagent such as [Ph(GHl.Zn led to moderate
excellent transfer of chirality. A secondary diorganozinc such results as a result of its lower reactivity and therefore higher
asi-Pr,Zn (entry 2) reacts also with highy® regioselectivity required temperature (—30C to room temperature, 24 h,
(no 42 product observed). The corresponding alkenylsilane 60%, 84% ee, entry 7). Modification of the substituents on
1b was obtained in 90% vyield and 90% ee,Zt led to the the silicon atom did not affect the level of the transfer of
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chirality. Thus, Mezn (2.4 equiv) reacted smoothly with || | Nk

(2)-pentafluorobenzoat@b (entry 8) in the presence of
CuCN-2LIiCl (1.2 equiv) at=30 °C for 16 h and afforded
the expected substituted produdt with almost no loss of
the enantiomeric excess (89% ee) and in 95% yielgZrEt
(entry 9, 86%, 89% ee);Pr,Zn (entry 10, 89%, 87% ee),
and PhzZn (entry 11, 93%, 89% ee) gave excellent results,
although the addition oiPr,Zn showed a poorer transfer
(87% ee recovered) probably due to steric hindrance.
Alkenylsilanes of typel underwent FriedetCrafts acy-
lation-type reaction$! providing a synthesis at,5-unsatur-
ated ketones of typé (Scheme 3). Thus, the alkenylsilane

Scheme 3. Stereoselective Friedel—Crafts Acylation of
Alkenylsilanes of Typel

Alkenylsilanes of type 1.

AICl3 (1.2 equiv)
R4COCI (1.2 equiv) 4 =

R2
R'MeySi” X" R3

CHyClp, —78°C, 2-5 h

1.88-90% ee 6. 88 - 90% ee

> 99% (E)-stereoselectivity

la (entry 1 of Table 2) was treated with AlC(1.1 equiv)
and benzoyl chloride (1.1 equiv) in GBI, (—78 °C, 3 h,
25 °C) and afforded the corresponding){a,-unsaturated

(6) For copper-catalyzed reactions using chiral ligands, see: (a) van
Klaveren, M.; Persson, E. S. M.; del Villar, A.; Grove, D. M.; Béckvall,
J.-E.; van Koten, GTetrahedron Lett1995,36, 3059. (b) Karlstim, A.

S. E.; Huerta, F. F.; Meuzelaar, G. J.; Backvall, JSgnlett2001, 923. (c)
Meuzelaar, G. J.; Karlstrom, A. S. E.; van Klaveren, M.; Persson, E. S.
M.; del Villar, A.; van Koten, G.; Béckvall, J.-ETetrahedron2000, 56,
2895. (d) Dubner, F.; Knochel, Angew. Chem., Int. EA.999,38, 379.
(e) Dubner, F.; Knochel, Pretrahedron Lett2000,41, 9233. (f) Alexakis,
A.; Malan, C.; Lea, L.; Benhaim, C.; Fournioux, ®ynlett2001, 927. (g)
Alexakis, A.; Croset, KOrg. Lett.2002,4, 4147. (h) Tissot-Croset, K.;
Polet, D.; Alexakis, AAngew. Chem., Int. EQR004,43, 2426. (i) Tissot-
Croset, K.; Alexakis, ATetrahedron Lett2004,45, 7375. (j) Falciola, C.;
Tissot-Croset, K.; Alexakis, AAngew. Chem., Int. E@006,45, 5995. (k)
Alexakis, A.; Tomassini, A.; Andrey, O.; Bernardinelli, Gur. J. Org.
Chem.2005, 1332. (I) Polet, D.; Alexakis, Arg. Lett.2005,7, 1621. (m)
Malda, H.; Van Zijl, A. W.; Arnold, L. A.; Feringa, B. LOrg. Lett.2001,
3, 1169. (n) Van Zijl, A. W.; Arnold, L. A.; Minnaard, A. J.; Feringa, B.
L. Adv. Synth. Catal2004, 346, 413. (o) Lépez, F.; Van Zijl, A. W.
Minnaard, A. J.; Feringa, B. LChem. Commur2006, 409. (p) Luchaco-
Cullis, C. A.; Mizutani, H.; Murphy, K. E.; Hoveyda, A. HAngew. Chem.,
Int. Ed.2001,40, 1456. (g) Murphy, K. E.; Hoveyda, A. H. Am. Chem.
S0¢.2003,125, 4690. (r) Kacprzynski, M. A.; Hoveyda, A. B. Am. Chem.
Soc.2004,126, 10676. (s) Larsen, A. O.; Leu, W.; Nieto Oberhuber, C;
Campbell, J. E.; Hoveyda, A. H. Am. Chem. So2004,126, 11130. (t)
Van Veldhuisen, J. J.; Campbell, J. E.; Giudici; R. E.; Hoveyda, AJH.
Am. Chem. So@005 127, 6877. (u) Lee, Y.; Hoveyda, A. H. Am. Chem.
Soc.2006,128, 15604. (v) Ongeri, S.; Piarulli, U.; Roux, M.; Monti, C;
Gennari, CHelv. Chim. Acta2002,85, 3388.

(7) (a) Harrington-Frost, N.; Leuser, H.; Calaza, M. I.; Kneisel, F. F.;
Knochel, P.Org. Lett.2003,5, 2111. (b) Soorukram, D.; Knochel, ©rg.
Lett. 2004, 6, 2409. (c) Calaza, M. |.; Hupe, E.; Knochel, ®rg. Lett.
2003,5, 1059.

(8) Leuser, H.; Perrone, S.; Liron, F.; Kneisel, F. F.; KnocheArgew.
Chem., Int. Ed2005,44, 4627.

(9) Soorukram, D.; Knochel, Angew. Chem., Int. EQ006,45, 3686.

(10) Sakaguchi, K.; Higashino, M.; Ohfune, Yetrahedron2003,59,
6647.

(11) (a) Corey, E. J.; Bakshi, R. K.; Shibata,JSAm. Chem. S04987,
109, 5551. (b) Corey, E. J.; Helal, C.Angew. Chem., Int. EA.998,37,
1986.

(12) Guintchin, B. K.; Bienz, SOrganometallics2004,23, 4944.
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Table 2. Preparation of (E)-a,3-Unsaturated Keto@dy
Stereoselective Friedel—Crafts Acylation on Alkenylsilades

entry  (E)-alkenylsilane  (E)-a,B-unsaturated  yield ee
ee (%) ketone (%) (%)
Me Me
t—BuMezSi/\/-\Pent Ph\n/\/-\Pent
o}
1 1a (90) 6a 65 90
!\__/le
FBuMe,Si” " ipy “ Ye
i-Pr
0
2 1b (90) 6b 62 90
l¥[e
MQY\Ai-Pr
o}
3 1b (90) 6¢ 68 90
7T Me
<Oj\ﬂ/\/\i-Pr
o}
4 1b (90) 6d 66 90
Me Ve
NG A
+BuMe,Si” >Ft Et
0
5 1c (88) 6e 78 88
Ve Me
£BuMe,Si~"pp Ph\n/\/\Ph
0
6 1d (89) of 71 89
Pent Pent
PhMe,Si~ " gt Ph\n/\/'\E,
o}
7 1i (89) 6g 80 89
Pent Pent
AN Ph_ S~
PhMe,Si~™ >""i.Pr Pr
T
8 15 (87) 6h 86 87
Pent 561’1(
PhMe,Si” " pn Ph\[(\APh
o}
9 1k (89) 61 75 89
Pent Pent
A %
PhMe,Si” >""Me Me
0
10 1h (89) 6j 68 89

2 The enantiomeric excess was determined by HPLC or GC analysis. In
each case the racemic product was used for calibratimolated yield of
analytically pure product.

ketone6a with full retention of the chiral information (65%,
90% ee). Various acid chlorides could be similarly reacted.
For example, aliphatic acid chlorides such as the bulky
pivaloyl chloride (entry 2) or acetyl chloride (entry 3) were
added with retention of theEj-stereochemistry (90% ee,
respectively, foréb and 6c).

Interestingly substituted,3-unsaturated furyl ketonéd
(entry 4) could be easily prepared with high enantioselectivity

(13) (a) Kneisel, F. F.; Dochnahl, M.; Knochel, Rngew. Chem., Int.
Ed. 2004,43, 1017. (b) Kneisel, F. F.; Leuser, H.; Knochel,S¥nthesis
2005, 2625.

(14) (a) Paquette, L. A.; Fristad, W. E.; Dime, D. S.; Bailey, T.JR.
Org. Chem198Q 45, 3017. (b) Zhao, H.; Cai, M.-ZSynth. Commur2003
33, 1643.
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(66% vyield, 90% ee) by this method. Similarly, alkenylsilanes
li—k furnished the corresponding,-unsaturated ketones
69 (80%, 89% ee, entry 78h (86%, 87% ee, entry 8), and
6i (75%, 89% ee, entry 9) when treated with AJGInd
benzoyl chloride with full retention of the stereochemical
information. Interestingly the fluoro-substituteg)3-unsatur-
ated ketonesj (entry 10) was prepared in high enantiose-
lectivity by this method (68% yield, 89% ee).

Furthermore, chiral alkenylsilanes of typeould be suc-
cessfully borodesilylatet?. Thus, the treatment of alkenyl-
silanelh with BCl; (5 h at —30°C) in CH,Cl, followed by
derivatization with pinacol in the presence of triethylamine
(one pot) afforded the alkenyl boronopinacoldtéen 72%
yield and 89% ee (Scheme 4).

Scheme 4. ipso-Borodesilylation ofth and Successive
Suzuki—Miyaura Cross-Coupling

Pent 1) BCl3 (4 equiv) Pent
: CHoCl, -30°C,5h :
PhMesSi” X" "Me ——M O ™"Me
2) pinacol (3 equiv) OI
EtzN (6 equiv)
1h: 89% ee CHyCly, tt, 14 h 7:72%

P-E1COLC-CeHyl Pent

(1 equiv) XN Me
EtO,C
Pd(PPha)4 (5 mol %)
7 —— NaOH (2 equiv) 8: 85%, 89% ee

dioxane, 100 °C, 3 h
Pent

. X Me

Phl (1 equiv)

9:83%, 89% ee

The boronat& was first reacted witlp-ethyl iodobenzoate
in the presence Pd(PBh(5 mol %, 3 h areflux in dioxane)
to give the aryl-substituted alkergein 85% yield and 89%

(15) (a) Babudri, F.; Farinola, G. M.; Fiandanese, V.; Mazzone, L.; Naso,
F. Tetrahedron1998,54, 1085. (b) Itami, K.; Kamei, T.; Yoshida, J.
Am. Chem. S0003,125, 14670. (c) Zhao, Z.; Snieckus, @rg. Lett.
2005,7, 2523.
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ee with retention of the stereochemistry (Schem# Zhe
cross-coupling occurs under similar conditions when reacted
with Phl and gave the phenyl-substituted alkénia 83%
yield and 89% ee.

In addition, an in sitlipso-borodesilylatiorrcross-coupling
proceduré® was performed in a one-pot operation. Thus, in
the presence of BE€(5 h, —30 °C), the alkenylsilan& was
converted into the intermediate dichloroborat® which
reacted in the typical Suzuki—Miyaura conditions with Phl
and Pd(PP¥)4 (5 mol %) to afford the expected disubstituted
alkene9 in 60% yield and 89% ee (Scheme 5).

Scheme 5. Sequentiaipso-Borodesilylation Followed by in
Situ Suzuki—Miyaura Cross-Coupling under Pd-Catalyzed

Conditions
2) Phl
Pent 1)BCl3 pent | Pd(PPh)s (5 mol %) Pent
/\/?\ CHoCly /\/=\ NayCO3 (2 equiv) /\/‘\
— - .
PhMezSi” X" “Me 307G, 5 n kB X Me| onere, 100°C, 30 Y Me
1h: 89% ee 10 9 60%, 88% ee

In summary, we have developed a highly diastereoselective
method for the preparation oEj-alkenylsilanes bearing an
o-chiral center. These compounds are versatile intermediates
and could be readily converted intgs-unsaturated ketones
by a Friedet-Crafts-type acylation or into the corresponding
alkenylboronates by aipso-borodesilylation and then un-
dergo cross-coupling reactions. Further applications are
currently underway in our laboratories.
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