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Re a ção do alil si la no qui ral 3 com α-me til-β-si lo xi-aldeídos for ne ce os pro du tos cor res pon -
den tes com es te re o quí mi ca re la ti va 1,4-syn com boa di as te re os se le ti vi da de, in de pen den te da
es te re o quí mi ca ab so lu ta dos al de í dos. As me lho res se le ti vi da des são ob ser va das quan do ocor -
re trans me ta la ção do alil si la no 3 usan do SnCl4 em CH2Cl2, a -78 °C, an tes da adi ção dos al de í -
dos.

Chi ral allylsi la ne 3 re ac ted with chi ral α-methyl-β-si loxy-aldehydes to af ford the cor res -
pon ding 1,4-syn-products with good di as te re o se lec ti vi ti es in de pen dent of the ab so lu te ste re o -
che mistry of the se al dehy des. The best se lec ti vi ti es are ob ser ved when the re ac ti ons are car ri ed
out by trans me tal la ti on of the allylsi la ne 3 using Tin (IV) Chlo ri de in CH2Cl2, at -78 °C, be fo re
ad di ti on of the al dehy des.

Key words: chi ral allylsi la ne, trans me tal la ti on, 1,4-asymmetric in duc ti on, pol ya ce ta te
de ri ved na tu ral pro ducts

Introduction

The Le wis acid-mediated re ac ti on of allylsi la nes with al -
dehy des is a well-known pro ce du re for the pre pa ra ti on of ho -
mo all ylic al co hols1. The ste re o che mi cal out co me of this
re ac ti on has been oc ca si o nally ex pla i ned by con si de ring Le -
wis acid-carbonyl com ple xa ti on. This type of com ple xa ti on
ma inly oc curs through two dis cre te path ways, che la ti on and
non-chelation con trol led, de pen ding on the na tu re of the Le -
wis acid and on the ste ric re qui re ments of the car bonyl li -
gand. Con den sa ti on of all ylic me tals (e.g. M: Si, Ti, Sn, B,
Cr) with va ri ous car bonyl com pounds can be used to achi e ve
acy clic ste re o se lec ti on, and has been ap pli ed to the synthe sis
of na tu ral pro ducts1. Chi ral allylme tal re a gents may be
thought of as ace ta te-enolate equi va lents for di as te re o se lec -
ti ve cons truc ti on of ste re o che mi cally well-defined ho mo all -
ylic al co hols. Be ca u se the se re ac ti ons com ple ment the al dol
re ac ti ons, they are among the most im por tant groups of or ga -
no me tal lic re a gents ava i la ble for the con trol of acy clic ste re -
o che mistry. Many met hods can be used to con trol the
con fi gu ra ti ons of ste re o ge nic cen ters that are clo se to each
ot her2,3. Ho we ver re la ti vely few met hods are ava i la ble for
con trol of the ste re o che mistry of more re mo te ste re o ge nic
cen ters4,5.

We des cri be he re in a di ver gently ste re o con trol led re ac ti -
on bet we en chi ral al dehy des and a chi ral all ylic si la ne be a -
ring an et he re al func ti o na lity, who se co or di na ti on to the
Le wis acid was found to play a very im por tant role6. The se
allylsi la nes of fer an at trac ti ve site for me tal li ga ti on with a
benz yloxyl subs ti tu ent and un der go Le wis acid pro mo ted re -
ac ti ons with chi ral al dehy des with ef fi ci ent 1,4-asymmetric
in duc ti on6.

The pre pa ra ti on of chi ral allylsi la ne 3 from methyl es ter 1 
is de ta i led in Sche me 1. Allylsi la nes can be ob ta i ned by the

re ac ti on of es ters with α-silyl subs ti tu ted Grig nard re a gents,
but yi elds in this re ac ti on are typi cally low due to ki ne ti -
cally-preferred eno li za ti on of the in ter me di a te α-sily lke to ne
rat her than ad di ti on of a se cond equi va lent of Grig nard re a -
gent7. In 1987 Bun nel le and Na ra ya nan re por ted that this
com pli ca ti on can be cir cum ven ted in ca ses of sim ple es ters
by pre mi xing the α-silyl Grig nard re a gent with anhydrous
ce ri um (III) chlo ri de8. The yi elds in this re ac ti on are gre atly
in cre a sed pre su mably due to sup pres si on of the eno li za ti on
pro cess9. The ce ri um re a gent ge ne ra ted from ce ri um (III)
chlo ri de and tri methylsily lmethyl-magnesium chlo ri de re -
acts with es ter 1 to give bis-(sily lmethyl)-car bi nol 210, which
af ter tre at ment with si li ca gel in CH2Cl2 af fords allylsi la ne 3
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in 70% iso la ted yi eld af ter flash chro ma to graphy (Sche me
1)11.

It se ems un li kely that the abo ve re ac ti on pro ce eds via the
in ter me di acy of an alkylce ri um spe ci es, but it is cle ar that the
pre sen ce of ce ri um (III) chlo ri de is es sen ti al. It may be that
ce ri um is in vol ved in a di rect in te rac ti on with the in ter me di a -
te ke to ne spe ci es which enhan ces nu cle op hi lic at tack at the
car bonyl and li mits com pe ti ti ve eno li za ti on. Con trol ex pe ri -
ments es ta blis hed that the Grig nard re a gent alo ne re acts very
slug gishly at low re ac ti on tem pe ra tu res (star ting es ter along
with small amounts of α-sily lke to ne are ob ta i ned).

Chi ral al dehy des 9, 10 and 13 and the ir enan ti o mers were
pre pa red from methyl 3-hydroxy-2-methylpropionate 4,
both enan ti o mers of which are com mer ci ally ava i la ble10,12.
Stan dard li te ra tu re met hods were em plo yed. The fi nal step in 
each case was Swern oxi da ti on of al co hols 7, 8 and 12.
Attempts to pu rify 9, 10 and 13 by si li ca-gel chro ma to graphy
re sul ted in par ti al ra ce mi za ti on. Sin ce the di as te re o se lec ti -
vity of the re ac ti ons of the se al dehy des with allylsi la ne 3 de -
pends on the ir enan ti o me ric pu rity, cru de al dehy des 9, 10 and
13 were used in all of the stu di es des cri bed in this text. In al -
dehy des 9 and 10, che la ti on is pre su mably pre ven ted by the
use of bulky silyl pro tec ting groups, sin ce silyl et hers, with
few ex cep ti ons, are re cog ni zed ge ne rally for the ir poor co or -
di na ting and che la ting abi li ti es13.

All of the stu di es were car ri ed out on al dehy des and
allylsi la ne 3 with SnCl4 as the Le wis acid. Tin(IV) chlo ri de
pro mo ted re ac ti ons of chi ral allylsi la ne 3 with the se al dehy -
des were car ri ed out at 4 dif fe rent con di ti ons: 1. Aldehy de
and SnCl4 were mi xed for 5 min. be fo re the allylsi la ne ad di ti -

on; 2. Allylsi la ne and SnCl4 were mi xed for 1 h be fo re the ad -
di ti on of the al dehy de so lu ti on; 3. SnCl4 was ad ded to a mix -
tu re of allylsi la ne and al dehy de in CH2Cl2 at -78 °C; 4.
Allylsi la ne and SnCl4 were mi xed for 1 h at -78 °C be fo re the
ad di ti on of a so lu ti on of the al dehy de pre-mixed with SnCl4
at -78 °C.

At this junc tu re, a com pre hen si ve ex pe ri men tal study of
the SnCl4-me di a ted cou pling of chi ral allylsi la ne 3 with achi -
ral al dehy des 14 and 15 was ini ti a ted to test the fa ci al se lec ti -
vity of this allylsi la ne. Pre com ple xa ti on of al dehy de 14 or 15
with SnCl4 (1.0 eq.) in CH2Cl2 at -78 °C (con di ti on 1) fol lo -
wed by the drop wi se ad di ti on of allylsi la ne 3 in CH2Cl2 so lu -
ti on led to the iso la ti on of a mix tu re of di as te re o me ric
ho mo all ylic al co hols 16/17 or 18/19, res pec ti vely, in mo de -
ra te yi elds (Sche me 3, Ta ble 1)14. Chan ging the or der of ad -
di ti on of allylsi la ne 3 to SnCl4 (1.0 eq.) for var ying pe ri ods of 
time at -78 °C fol lo wed by ad di ti on of al dehy des 14 or 15 led
to the same se lec ti vi ti es as pre vi ously ob ser ved. Under con -
di ti on 2, the same se lec ti vity was ob ser ved for al dehy de 14
but al dehy de 15 af for ded ad duct 18 in bet ter se lec ti vity when
com pa red with con di ti on 1. Ba sed on the se re sults we con -
clu de that allylsi la ne 3 pre fers to add to the al dehy de re face
af for ding 1,4-syn as the ma jor pro duct.

The ste re o che mi cal as sign ment of com pound 16 was de -
ter mi ned by analy sis of the cou pling cons tants in the
1H-NMR spec trum of the te trahy dropy ran de ri va ti ve 23. The 
con ver si on of 16 to this de ri va ti ve is il lus tra ted in Sche me 4.
Sub jec ti on of 16 to stan dard sily la ti on con di ti ons (TBSOTf,
2,6-lutidine, CH2Cl2, 0 °C, 20 min) af for ded the bis-silyl et -
her 20 in 88% yi eld. Cle a va ge of the benzyl et her of 20 by the
uti li za ti on of the lit hi um 4,4’-tert-buty lbip henyl (LiDBB)
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Sche me 2. a. TBSCl, imi da zo le, DMAP, CH2Cl2, 25 °C, 85-89% or TBDPSCl, imi da zo le, DMAP, CH2Cl2, 25 °C, 60-70%;  b. DIBAL-H,
CH2Cl2, -23 °C,  88-96%; c. Swern, 95-98%; d. PMB-acetimidate, CSA, CH2Cl2, 80-84%.

Sche me 1. 



ra di cal ani on in THF at -78 °C, af for ded the pri mary al co hol
21 in 50% yi eld. Tosy la ti on of the pri mary hydroxyl in 21
gave tosy la te 22 in 88% yi eld. Tre at ment of 22 with TBAF in
THF at room tem pe ra tu re ef fec ted smo oth de pro tec ti on of
both silyl et hers with con co mi tant in tra mo le cu lar et he ri fi ca -
ti on to pro vi de te trahy dropy ran 23 in 88% yi eld. Cou pling
cons tants of 11,0 and 3,30 Hz for Hb, and 11,0 and 1,83 Hz
for Hc are in di ca ti ve of the axi al ori en ta ti on of the methyl
group in the ring. In ad di ti on, cou pling cons tants of 13,55 and 
2,93 Hz for He and 13,2 and 11,0 Hz for Hf are in di ca ti ve of
the axi al ori en ta ti on of Hd, the reby con fir ming the 1,4-syn
re la ti ons hip in ho mo all ylic al co hol 16.

In or der to check the fa ci al se lec ti vity of chi ral α-subs ti -
tu ted al dehy des they were re ac ted with com mer ci al allyltri -
methylsi la ne un der con di ti ons 1 and 2 (Sche me 5, Ta ble 2).

We al ways iso la ted a 50:50 mix tu re of both pos si ble
di as te re o mers in low yi elds. Ba sed on the se re sults we might
con clu de that al dehy de 9 has no pre fe ren ce for Fel kin or an -
ti-Felkin ad di ti on un der the pre sent re ac ti on con di ti ons.

The tin (IV) chlo ri de pro mo ted re ac ti ons of chi ral allylsi -
la ne 3 with (S)-α-methyl chi ral al dehy des 9 (OTBS) and 10
(OTBDPS) were car ri ed out at the same 4 dif fe rent ex pe ri -
men tal con di ti ons des cri bed be fo re. Under the se con di ti ons
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Sche me 3. 

Sche me 4. a. TBSOTf, 2,6-lutidine, CH2Cl2, -10 °C, 88%; b. Li°, 4,4’-di-tert-butylbiphenyl, THF, -78 °C, 50%; c. TsCl, Pyr, CH2Cl2, 25 °C,
88%; d. TBAF, THF, 25 °C, 88%.

Ta ble 2. Tin (IV) chlo ri de -pro mo ted ad di ti ons of allyltri methylsi la -
ne to (S)-al dehy de 9.

Con di ti on 1,2-Syn (24):1,2-Anti (25) Yi eld (%)

1 52:48 50

2 53: 47 55

Ta ble 1. Tin (IV) chlo ri de -pro mo ted ad di ti ons of allylsi la ne 3 to un subs ti tu ted al dehy des.

Con di ti on R = TBS 1,4-Syn (16):1,4-Anti (17) Yi eld (%) R = PMB 1,4-Syn (18):1,4-Anti (19) Yi eld (%)

1 87:13 42 71:29 40

2 84:16 50 86:14 70



the allylsi la ne 3 re ac ted with (S)-al dehy des 9 and 10 to give a
mix tu re of the 1,4-syn and 1,4-anti-diastereomers with use -
ful di as te re o se lec ti vi ti es (Sche me 6, Ta ble 3), fa vo ring the
1,4-syn-isomer (an ti-Felkin ad di ti on)14. It should be no ted
that this re ac ti on af fords a very im por tant su bu nit with dif fe -
rent pro tec ting groups at the ter mi nus. All of the per cen ta ge
va lu es re pre sent data ob ta i ned from three in di vi du al tri als. It
should be no ted that par ti al ra ce mi za ti on of the al dehy des
pro bably oc curs du ring re ac ti on sin ce we ob ser ved small pe -
aks at δ 1.0-1.2.

Under the same con di ti ons as des cri bed abo ve, allylsi la -
ne 3 re ac ted with the enan ti o mers of al dehy des 9 and 10 to
give 1,4-syn-pro ducts with Fel kin ad di ti on (Sche me 7 and
Ta ble 4)10b,11.

In all ca ses the 1,4-syn pro ducts were for med ste re o se le -

ti vely in good yi elds. Con fir ma ti on that the same pro ducts
were ob ta i ned with both TBS and TBDPS pro tec ted al dehy -

des was ga i ned by desy la ti on of 26 and 30 and com pa ri son of

the se di ols with tho se ge ne ra ted from 28 and 32, res pec ti -

vely14. Ba sed on the se re sults, the chi ral al dehy des 9 and 10
would not ap pe ar to pre fer to re act in the Fel kin-Anh mode,
sin ce si mi lar se lec ti vi ti es for the 1,4-syn iso mer were ob ta i -

ned with both enan ti o mers. Although the (R)-al dehy des are

mat ched with (R)-allylsi la ne 3, whe re as the (S)-enan ti o mer

of the se al dehy des are mis mat ched, it lo oks as though the
allylsi la ne alo ne is res pon si ble for the con trol of the re la ti ve

ste re o che mistry.
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Ta ble 3. Tin(IV) chlo ri de-promoted ad di ti ons of allylsi la ne 3 to (S)-al dehy des 9 and 10.

Con di ti ona
R = TBSb,c

1,4-syn(26):1,4-anti(27)
Yi eld (%)d R = TBDPSc

1,4-syn(28):1,4-anti(29)
Yi eld (%)d

1 52:48 80 85:15 61

2 90:10 70 82:18 35

3 83:17 87 90:10 72

4 84:16 75 54:46 40

a. Re ac ti ons were car ri ed out in di cho ro met ha ne at -78 °C using mo lar equi va lents of allylsi la ne, SnCl4 and al dehy de; b. The ra ti os were de ter mi -
ned by 1H- and 13C-NMR spec tros co pic analy sis of the pu ri fi ed pro duct mix tu re af ter pro tec ti on with TMS-imidazol. Pro tec ti on as the se con dary
TMS et her is ne ces sary sin ce the allylsi la ne re ac ti on af for ded mix tu res of the se con dary sily la ted (TMS) and non-silylated pro ducts; c. The
1,4-syn and anti-pro ducts could not be se pa ra ted and were cha rac te ri zed as mix tu res; Ave ra ges of at le ast three runs with ±3% ra ti os; d. Com bi ned
yi elds of pro ducts iso la ted chro ma to grap hi cally (SiO2); e. The mi nor pro ducts cor res pon ded to the 1,4-anti-diastereoisomers of the ma jor pro -
ducts; f. Abbre vi a ti ons: Bn = C6H5CH2-; TBS = t-BuMe2Si-; TBDPS = t-BuPh2Si-.

Sche me 5. 

Sche me 6. 



In some of the se ex pe ri ments we ob ser ved the for ma ti on
of small amounts of a by-product (5% yi eld, 1:1 mix tu re of
di as te re o mers) that was cha rac te ri zed as be ing com pound 34
(Sche me 8). We be li e ve this com pound is for med by the ad -
di ti on of the allylsi la ne to met ha cro le in, in situ for med from
al dehy des and SnCl4. To con firm the struc tu re of this
by-product we re ac ted allylsi la ne 3 with met ha cro le in and
ob ser ved the for ma ti on of a 2:1 mix tu re of ad ducts 34 in 70%
iso la ted yi eld (Sche me 8).

The se lec ti vity in this re ac ti on can be ex pla i ned by in vo -
king trans me ta la ti on of the allylsi la ne 3 with SnCl4 to ge ne -
ra te the allyltrich lo ro tin in ter me di a te 35, in which the
benzyl-protected oxy gen atom is co or di na ted in tra mo le cu -
larly to the elec tron-deficient tin (Sche me 9)15. This spe ci es
re acts with al dehy des at re a so na ble le vels of 1,4-asymmetric
in duc ti on in fa vor of the syn-di as te re o i so mer.

The for ma ti on of 1,4-syn-pro ducts from re ac ti ons of the
allylsi la nes and al dehy des is con sis tent with the par ti ci pa ti on 

of the tran si ti on struc tu re in vol ving a co or di na ted allyltin
thrich lo ri de. We be li e ve that en tran ce of an al dehy de into the
co or di na ti on sphe re of tin does not dis rup ting the in tra mo le -
cu lar che la ti on to the pro xi mal oxy gen. Under the se cir cums -
tan ces, π-fa ci al se lec ti vity for at tack at the al dehy des is ul ti -
ma tely go ver ned by ap pro ach to the less hin de red sur fa ce of
the allyltin re a gent. With the -CH2OBn loc ked be low the de -
ve lo ping cha ir, the methyl subs ti tu ent could be co me the key

Ta ble 4. Tin(IV) chlo ri de-promoted ad di ti ons of allylsi la ne 3 to (R)-al dehy des 9 and 10.

Con di ti ona
R = TBSb,c

1,4-syn(30):1,4-anti(31)
Yi eld(%)d R = TBDPSc

1,4-syn(32):1,4-anti(33)
Yi eld(%)d

1 75:25 90 91:09 54

2 90:10 92 92:08 90

3 85:15 95 89:11 83

4 68:32 66 72:28 36

Sche me 7. 

Sche me 8. 

Sche me 9. 
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factor indictating π-facial diastereoselection.
One might anticipate that the inter nally-chelated
allylstan na ne might af ford the 1,4-syn-di as te re o i so mer.

The in ter me di a te allyltin trich lo ri de is sta bi li zed by
tin-oxygen in te rac ti on, and then re acts with the al dehy de via
a cha ir-like six-membered ring tran si ti on sta te in which the
al dehy de ap pro a ches the com plex op po si te to the methyl
group. The pre fe ren ce of the alkyl group of the al dehy de to
adopt an equa to ri al po si ti on con trols the al dehy de fa ci al se -
lec ti vity, re sul ting in the fa vo red 1,4-syn ste re o che mistry in
the ad duct, in de pen dent of the al dehy de ab so lu te con fi gu ra ti -
on (Sche me 10).

A very in te res ting ex pe ri ment was done in or der to pro ve
the in ter me di acy of an allylstan na ne. Addi ti on of SnCl4 to a
so lu ti on of chi ral allylsi la ne 3 in CH2Cl2 at -78 °C, stir ring
for 1 h and quen ching with Et3N/NH4Cl, wit hout the ad di ti on 
of al dehy de, af for ded al ke ne 36 in 87% yi eld (Sche me 11).

The re la ti ve ste re o che mi cal as sign ments of the ho mo all -
ylic al co hols 26/28 and 30/32 were ba sed on 1H-NMR cou -
p l ing  cons  tan t  ana ly  s is  of  the  de  r i  ved  cycl ic
p-met hoxy benz yli de ne ace tals. The in di ca ted vi ci nal cou -
pling cons tant data for the benz yli de ne ace tals unam bi -
guously es ta blis hed the con fi gu ra ti on of the newly for med
ste re o cen ter of the anti-fel kin ad ducts 26/28 and the Fel kin
ad ducts 30/32. Ave ra ge cou pling cons tants of 11 Hz in di ca te
that pro tons Ha-Hc in 41 are on op po si te fa ces of the he te -
rocy clic ring, and the re fo re the ace to ni de is de ri ved from an
1,2-anti ad duct. In con trast, cou pling cons tants of 1-3 Hz for

Ha-Hc in 39 are cha rac te ris tic of pro tons re si ding on the
same face of the ring, in di ca ti ve of a 1,2-syn pro duct. In some 
ins tan ces the re la ti ve ring ste re o che mistry was furt her sup -
por ted by 1H-1H NOESY me a su re ments. The il lus tra ted
NOE me a su re ments on benz yli de ne ace tal es ta blis hed the
syn re la ti ons hip bet we en the newly for med hydroxyl and ad -
ja cent methyl be a ring ste re o cen ter, the reby se cu ring the ste -
re o che mi cal as sign ment of the se ad ducts (Sche me 12).
Ha ving con fir med the re la ti ve (syn or anti) re la ti ons hip bet -
we en allylsi la ne de ri ved ste re o ge nic cen ters, the ab so lu te
ste re o che mistry of the newly for med hydroxyl subs ti tu ent
was de ter mi ned by as cer ta i ning its re la ti ons hip to the ste re o -
cen ter ori gi na ting from the al dehy des, which are of known
con fi gu ra ti on.

It is in te res ting to note that re ac ti ons of allylsi la ne 3
with both (R)- and (S)-al dehy des 13 pro tec ted with β-OPMB 
af for ded exactly the same mix tu re of pro ducts 42 and 43 in a
50:50 ra tio. This re sult was con fir med by con ver si on to the
cor res pon ding ace to ni des and com pa ri son to the ace to ni des
ob ta i ned in Sche me 12. The se re sults can be ex pla i ned by ra -
ce mi za ti on of the al dehy des in the pre sen ce of SnCl4 and se -
lec ti ve re ac ti on of chi ral allylsi la ne with each enan ti o mer of
the se al dehy des.

For allylsi la ne ad ducts de ri ved from al dehy des pos ses -
sing the β-OPMB mo i ety, the stra tegy to pro ve the ste re o che -
mistry re li ed on in tra mo le cu lar oxi da ti ve for ma ti on of the
p-met hoxy benz yli de ne ace tals 39/41 (Sche me 13)16. This
was ac com plis hed by tre at ment of the PMB-ether in 42 and
43  un de r  anhydrous  con  d i  t i  ons  wi th
2,3-dichlor-5,6-dicyano-benzoquinone (DDQ).

In sum mary, good le vels of 1,4-asymmetric in duc ti on
were ob ta i ned in the re ac ti ons of chi ral allylsi la ne 3 and al -
dehy des. A che la te tran si ti on sta te mo del, which ta kes into
ac count dual co or di na ti on of tin in tra mo le cu larly to ne arby
oxy gen and in ter mo le cu larly to ac ti va te the al dehy de car -

Sche me 11. 

Sche me 10. 
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bonyl, is pro po sed to ex pla in the ob ser ved sen se of
1,4-asymmetric in duc ti on.

The exam ples pre sen ted here show that the le vels of π-fa -
ci al se lec ti on are in de pen dent of the ab so lu te ste re o che -

mistry of the al dehy des. The data sup port the no ti on that the
ste re o cen ter in allylsi la ne is pri ma rily res pon si ble for the ob -
ser ved di as te re o se lec ti on and that the se chi ral allylsi la nes
can be used as an ef fec ti ve ste re o con trol ling ele ment in acy -

Sche me 12. 

Sche me 13. 

Vol. 9, No. 4, 1998 Chi ral Allylsi la ne Addi ti ons to Chi ral α-Subs ti tu ted Aldehy des 363



clic di as te re o se lec ti on. Other Le wis acids could be used to
pro mo te this re ac ti on in or der to im pro ve yi elds and se lec ti -
vi ti es and re du ce the amount of ra ce mi za ti on in the se al dehy -
des.

We be li e ve that the che mistry in vol ved is truly sig ni fi -
cant in the con text of acy clic di as te re o se lec ti on and will pro -
ve to be ex cep ti o nally use ful in the synthe sis of com plex
or ga nic mo le cu les like poly pro pi o na te and pol ya ce ta -
te-derived na tu ral pro ducts. Furt her ex plo ra ti on of the se re a -
gents and the ir ap pli ca ti ons is now un der way in our
la bo ra to ri es as well as in ves ti ga ti ons of the me cha nis tic de ta -
ils.

Experimental

General

All ex pe ri ments were car ri ed out un der an ar gon at mosp -
he re in fla me-dried glass wa re. Dich lo ro met ha ne, tri eth yla -
mi ne, cyclo he xa ne, pyri di ne, and 2,6-lutidine were dis til led
from CaH2. Tin te trach lo ri de was dis til led from P2O5 and
sto red in a Schlenk flask. THF and to lu e ne were dis til led
from so di um/ben zop he no ne ketyl. Di methyl sul fo xi de was
dis til led un der re du ced pres su re from cal ci um hydri de and
sto red over mo le cu lar si e ves. Tri methylsi lil chlo ri de and
oxalyl chlo ri de were dis til led im me di a tely pri or to use. TLC
pla tes were ob ta i ned of si li ca gel 60 and GF (5-40-µm thick -
ness) and vi su a li za ti on was ac com plis hed with eit her a UV
lamp and I2 sta i ning. 1H-NMR spec tra were re cor ded on a
Bru ker AC 300/P (300 MHz) or Va ri an Ge mi ni (300 MHz)
spec tro me ters. Che mi cal shifts are re cor ded in ppm with the
sol vent re so nan ce as the in ter nal stan dard (de u te roch lo ro -
form: δ 7.26). Data are re por ted as fol lows: che mi cal shift,
mul ti pli city (s = sin glet, d = dou blet, t = tri plet, q = quar tet, qt
= quin tet, st = sex tet, br = bro ad, m = mul ti plet, dd = dou blet
of dou blets, dt = dou blet of tri plets, br d = bro ad dou blet, ddd,
dou blet of dou blet of dou blets), in te gra ti on, cou pling cons -
tants (Hz), and as sign ment. 13C-NMR spec tra were re cor ded
on a Bru ker AC 300/P (75 MHz) or Va ri an Ge mi ni (75 MHz)
spec tro me ters with com ple te pro ton de cou pling. Che mi cal
shifts are re cor ded in ppm with the sol vent re so nan ce as the
in ter nal stan dard (de u te roch lo ro form: δ 77.00). Infra red
spec tra were re cor ded on a Per kin-Elmer 1600 FTIR spec -
trop ho to me ter. Mass spec tra were ob ta i ned on a GC/MS
HP-5988-A. Opti cal ro ta ti ons were me a su red on a po la ri me -
ter Po la mat A Carl Ze iss Jene using 1 mL ca pa city quartz
cell, using a mer cury or so di um lamp, and are re por ted as fol -
lows: [α]t(°C)

λ, (c = g/100 mL, sol vent). Chro ma to graphy on
si li ca-gel (230-400 mesh) was per for med using a for -
ced-flow of the in di ca ted sol vent system (flash chro ma to -
graphy)

2-[(1R)-2-benzyloxy-1-methylethyl]allyl(tri methyl)
si la ne (3)

In a 3-necked 500 mL round bot to med flask, pow de red
CeCl3.7H2O (17.6 g, 48 mmol) was he a ted un der va cu um (3
mm Hg) at 160 °C for 10 h with vi go rous stir ring, re sul ting in
the for ma ti on of a whi te mo bi le so lid. The re ac ti on flask was
flus hed with ar gon and al lo wed to cool to room tem pe ra tu re
when 96 mL of dry THF was ad ded to vi go rously stir red
anhydrous ce ri um (III) chlo ri de for ming a uni form whi te
sus pen si on, which was left stir ring for 2 h. Du ring this time, a 
se pa ra te 3-necked 100 mL flask, fit ted with a con den ser and
a pres su re equa li zed drop ping fun nel, was char ged with 1.17
g (48 mmol) of mag ne si um tur nings, and the who le ap pa ra tus 
was fla me dri ed un der a flow of ar gon. A so lu ti on of
ClCH2TMS (6.7 mL, 48 mmol) was ad ded to this flask drop -
wi se in 45 mL of dry THF. This mix tu re was stir red for 1.5 h
un til al most all of the mag ne si um was dis sol ved. The dry ce -
ri um (III) chlo ri de sus pen si on was now co o led to -78 °C. To
this sus pen si on Grig nard re a gent (pre pa red abo ve) was ad -
ded dropwise  forming na off-white suspension which
was stir red at -78 °C for 1 h. At this time es ter 1 (2.0 g, 9,6
mmol) in 10 mL of THF was ad ded drop wi se over 5 min, and
the re sul ting mix tu re was war med gra du ally to room tem pe -
ra tu re. When con sump ti on of star ting es ter was com ple te by
TLC (3 h), the re sul ting gray so lu ti on was co o led to 0 °C and
quen ched by the ad di ti on of 10 mL aque ous so lu ti on sa tu ra -
ted of NH4Cl (0 °C). The or ga nic la yer was se pa ra ted, and the 
aque ous la yer was ex trac ted with di ethyl et her (2 x 50 mL).
The com bi ned or ga nic la yer was was hed with sa tu ra ted bri ne 
(2 x 50 mL) and dri ed over anhydrous MgSO4. The sol vent
was re mo ved un der re du ced pres su re af for ding a slightly yel -
low li quid which was dis sol ved in 100 mL of CH2Cl2. To this
flask 10 g of si li ca gel was ad ded and this mix tu re was stir red
at room tem pe ra tu re un til com ple te con sump ti on of star ting
ma te ri al. The si li ca gel was then re mo ved by fil tra ti on and
was hed with 300 mL of CH2Cl2. The sol vent was re mo ved
un der re du ced pres su re to give a co lor less li quid which was
pu ri fi ed by flash chro ma to graphy on si li ca gel (he xa -
nes:ethyl ace ta te 99:01) to af ford 1.76 g in 70% yi eld. [α]20

D

= + 12.6 (c 1.3, CHCl3). TLC: Rf: 0.26, he xa nes:di ethyl et -
her 99:01). 1H-NMR (CDCl3, 300 MHz): δ: 0.03 (9H, s),
1.12 (3H, d, 3J = 6.59), 1.57 (2H, d, 3J = 5.86), 2.28 (1H, m),
3.26 (1H, dd, 2J = 9.15, 3J = 8.06), 3.54 (1H, dd, 2J = 9.15, 3J
= 4.76), 4.53 (2H, d, 3J = 2.56), 4.63 (2H, d, 3J = 6.96), 7.36
(5H, m). 13C-NMR (CDCl3, 75 MHz): δ: -1.5 (CH3), 17.0
(CH3), 26.6 (CH2), 40.9 (CH), 72.9 (CH2), 75.0 (CH2), 106.5
(CH2), 127.5 (CH), 127.6 (CH), 128.4 (CH), 138.8 (C0),
149.9 (C0). IR (film): 3066, 3030, 2957, 2856, 1631, 1496,
1454, 1419, 1364, 1248, 1158, 1099, 1028, 958, 854, 734,
696, 634 cm- 1.

MS (70eV): 45 (13%), 73 (100%), 91 (91%), 156 (14%),
179 (10%).

Ge ne ral pro ce du res for allylsi la ne re ac ti ons

Condition 1
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To a so lu ti on of 0.25 mmol of al dehy de in 2 mL of dry
CH2Cl2 at -78 °C was ad ded 0.25 mmol of SnCl4. The re sul -
ting so lu ti on was stir red at -78 °C for 5 min when 0.25 mmol
of allylsi la ne 3 in 1 mL of CH2Cl2 was ad ded. This mix tu re
was stir red at -78 °C for 30 min and quen ched by the slow ad -
di ti on of 0.30 mmol of Et3N, fol lo wed by 5 mL of sa tu ra ted
NaHCO3 so lu ti on.The la yers were se pa ra ted and the aque ous 
la yer was ex trac ted with CH2Cl2 (2 x 5 mL). The com bi ned
or ga nic la yer was dri ed (MgSO4), fil te red, and con cen tra ted
in va cuo. Pu ri fi ca ti on by flash chro ma to graphy on si li ca gel
(10% EtOAc/he xa nes) af for ded the cor res pon ding ho mo all -
ylic al co hols.

Condition 2

To a so lu ti on of 0.25 mmol of allylsi la ne 3 in 2 mL of dry
CH2Cl2 at -78 °C was ad ded 0.25 mmol of SnCl4. The re sul -
ting so lu ti on was stir red at -78 °C for 1 h when 0.25 mmol of
al dehy de in 1 mL of CH2Cl2 was ad ded. This mix tu re was
stir red at -78 °C for 30 min and quen ched by the slow ad di ti -
on of 0.30 mmol of Et3N, fol lo wed by 5 mL of sa tu ra ted
NaHCO3 so lu ti on.The la yers were se pa ra ted and the aque ous 
la yer was ex trac ted with CH2Cl2 (2 x 5 mL). The com bi ned
or ga nic la yer was dri ed (MgSO4), fil te red, and con cen tra ted
in va cuo. Pu ri fi ca ti on by flash chro ma to graphy on si li ca gel
(10% EtOAc/he xa nes) af for ded the cor res pon ding ho mo all -
ylic al co hols.

Condition 3

To a so lu ti on of 0.25 mmol of allylsi la ne 3 in 2 mL of dry
CH2Cl2 at -78 °C was ad ded 0.25 mmol of al dehy de. To the
re sul ting so lu ti on was ad ded 0.25 mmol of SnCl4. This mix -
tu re was stir red at -78 °C for 30 min and quen ched by the
slow ad di ti on of 0.30 mmol of Et3N, fol lo wed by 5 mL of sa -
tu ra ted NaHCO3 so lu ti on. The la yers were se pa ra ted and the
aque ous la yer was ex trac ted with CH2Cl2 (2 x 5 mL). The
com bi ned or ga nic la yer was dri ed (MgSO4), fil te red, and
con cen tra ted in va cuo. Pu ri fi ca ti on by flash chro ma to graphy
on si li ca gel (10% EtOAc/he xa nes) af for ded the cor res pon -
ding ho mo all ylic al co hols.

Condition 4

To a so lu ti on of 0.25 mmol of allylsi la ne 3 in 2 mL of dry
CH2Cl2 at -78 °C was ad ded 0.25 mmol of SnCl4. The re sul -
ting so lu ti on was stir red at -78 °C for 1 h when was ad ded to a
so lu ti on 0.25 mmol of al dehy de pre-mixed with SnCl4 in 1
mL of CH2Cl2. This mix tu re was stir red at -78 °C for 30 min
and quen ched by the slow ad di ti on of 0.30 mmol of Et3N, fol -
lo wed by 5 mL of sa tu ra ted NaHCO3 so lu ti on. The la yers
were se pa ra ted and the aque ous la yer was ex trac ted with
CH2Cl2 (2x5 mL). The com bi ned or ga nic la yer was dri ed
(MgSO4), fil te red, and con cen tra ted in va cuo. Pu ri fi ca ti on by 
flash chro ma to graphy on si li ca gel (10% EtOAc/he xa nes) af -
for ded the cor res pon ding ho mo all ylic al co hols.

(3R)-5-[(1R)-2-benzyloxy-1-methylethyl]-1-[tert-butyl
(di methyl)sily loxy]-5-hexen-3-ol (16)

To a so lu ti on of 0.25 mmol of allylsi la ne 3 in 2 mL of dry
CH2Cl2 at -78 °C was ad ded 0.25 mmol of SnCl4. The re sul -
ting so lu ti on was stir red at -78 °C for 1 h when 0.25 mmol of
al dehy de 14 in 1 mL of CH2Cl2 was ad ded. This mix tu re was
stir red at -78 °C for 30 min and quen ched by the slow ad di ti -
on of 0.30 mmol of Et3N, fol lo wed by 5 mL of sa tu ra ted
NaHCO3 so lu ti on. The la yers were se pa ra ted and the aque -
ous la yer was ex trac ted with CH2Cl2 (2x5 mL). The com bi -
ned or ga nic la yer was dri ed (MgSO4), fil te red, and
con cen tra ted in va cuo. Pu ri fi ca ti on by flash chro ma to graphy 
on si li ca gel (10% EtOAc/he xa nes) af for ded 50 mg of the ho -
mo all ylic al co hol 16 in 50% yi eld. [α]20

D = +9.9 (c 0.8,
CHCl3). TLC: Rf: 0.46, he xa ne:di ethyl et her 99:01).
1H-NMR (CDCl3, 300 MHz): δ: 0.06 (6H, s), 0.89 (9H, s),
1.04 (3H, d, 3J = 6.96), 1.66 (2H, m), 2.20 (2H, d, 3J = 6.96),
2.48 (1H, sext, 3J = 6.96), 3.35 (1H, dd, 2J = 9.15, 3J = 6.59),
3.49 (1H, dd, 2J = 9.15, 3J = 7.32), 3.80 (3H, m), 3.99 (1H,
m), 4,50 (2H, s), 4.92 (2H, d, 3J = 1.46), 7.32 (5H, m).
13C-NMR (CDCl3, 75 MHz): δ: -5.8 (CH3), 17.2 (CH3),
18.0 (Co), 25,7 (CH3), 38.4 (CH2), 38.9 (CH), 43.7 (CH2),
61.7 (CH2), 68.4 (CH), 73.0 (CH2), 74.6 (CH2), 112.0 (CH2),
127.7 (CH), 127.8 (CH), 128.5 (CH), 138.4 (Co), 149.3 (Co).
IR (film): 3482, 2956, 2927, 2855, 1652, 1472, 1456, 1361,
1255, 1092, 1005, 897, 836, 776, 734, 697 cm-1. MS (70eV):
77 (23%), 183 (80%), 191 (100%), 239 (51%),269 (73%).

2-[(2R,5R)-5-methyl-4-methylenetetrahydro-2H-2-pyranyl
]-1-ethanol (23)

To a so lu ti on of com pound 16 (60 mg, 0.16 mmol) in 2
mL of CH2Cl2 was ad ded 2,6-lutidine (43 mg, 0.4 mmol).
This  mix  tu  re  was  co  o  led  to  -10  °C,  and
tert-butyldimethylsilyl tri fla te (48 mg, 0.2 mmol) was ad ded
drop wi se. After 30 min at -10 °C, the re ac ti on was quen ched
by the ad di ti on of 1.0 mL of H2O. The la yers were se pa ra ted,
and the aque ous la yer was ex trac ted with CH2Cl2 (2 x 3 mL).
The com bi ned or ga nic la yer was dri ed (MgSO4), fil te red,
and con cen tra ted un der re du ced pres su re. Pu ri fi ca ti on by
flash chro ma to graphy (he xa nes:ethyl ace ta te 95:05) af for -
ded 68.2 mg of 20 in 88% yi eld. TLC: Rf: 0.68, he xa -
nes/ethyl ace ta te 85:15: IR (film): 2955, 2928, 2856, 1734,
1640, 1471, 1389, 1360, 1255, 1091, 1033, 1005, 966, 939,
893,  836,  774,  732,  696 cm -1 .  To a so lu t i  on of
4,4-di-tert-butylbiphenyl (0.32 g, 1.2 mmol) in 5 mL of THF
at room tem pe ra tu re was ad ded lit hi um me tal (0.17 g, 2.4
mmol) which had been was hed with MeOH and THF un der
ar gon. This mix tu re was so ni ca ted at room tem pe ra tu re for 6
h du ring which time the dark blue co lor of the ani on ra di cal
de ve lo ped. To a -78 °C stir red so lu ti on of 20 (60 mg, 0.12
mmol) in 3 mL of THF was ad ded drop wi se the LiDBB ra di -
cal ani on so lu ti on un til a blue co lor per sis ted in the re ac ti on
mix tu re. The dark blue so lu ti on was then stir red for anot her

Vol. 9, No. 4, 1998 Chi ral Allylsi la ne Addi ti ons to Chi ral α-Subs ti tu ted Aldehy des 365



30 min at -78 °C be fo re be ing quen ched by ca re ful ad di ti on
of 3 mL of a sa tu ra ted aque ous NH4Cl so lu ti on. The co lor less 
mix tu re was ex trac ted with di ethyl et her (2 x 5 mL). The
com bi ned or ga nic ex tract was dri ed over MgSO4, fil te red,
and con cen tra ted un der re du ced pres su re. Pu ri fi ca ti on of the
re si due by flash chro ma to graphy on si li ca gel (he xa ne:ethyl
ace ta te 90:10) gave 24 mg of al co hol 21 in 50% yi eld. TLC:
Rf: 0.40, he xa ne:ethyl ace ta te 85:15. IR (film): 3359, 3081,
2955, 2857, 2738, 1641, 1472, 1463, 1388, 1361, 1255,
1187, 1093, 1033, 1006, 984, 965, 938, 895, 836, 800, 774,
716, 663 cm-1. To a so lu ti on of al co hol 21 (20 mg, 0.05
mmol) in 2 mL of CH2Cl2 at 0 °C was ad ded pyri di ne (0.1
mmol), fol lo wed by ad di ti on of 14 mg (0.07 mmol) of p-to lu -
e ne sul fonyl chlo ri de. The re sul ting mix tu re was war med to
room tem pe ra tu re and stir red for 18 h. The re ac ti on was
quen ched by the ad di ti on of ethyl et her (1.0 mL) and H2O (1
mL). The la yers were se pa ra ted and the aque ous la yer was
ex trac ted with CH2Cl2 (2 x 5 mL). The com bi ned or ga nic la -
yer was dri ed (MgSO4), fil te red, and con cen tra ted in va cuo.
Pu ri fi ca ti on of the cru de pro duct by si li ca gel flash chro ma to -
graphy (he xa nes:ethyl ace ta te 95:05) af for ded 24 mg of 22 in
88% yi eld. TLC: Rf = 0.60, he xa nes:ethyl ace ta te 85:15.
1H-NMR (CDCl3, 300 MHz): δ: 0.0 (6H, d, 3J = 7.69), 0.02
(6H, s), 0.85 (9H, s), 0.87 (9H, s) 1.04 (3H, d, 3J = 6.96), 1.48
(1H, m) 1.65 (1H, m), 2.11 (2H, d, 3J = 6.59), 2.44 (3H, s),
3.61 (1H, d, 3J = 5,86), 3.64 (1H, d, 3J = 5.86), 3.74 (1H, m),
3.82 (1H, dd, 2J = 9.15, 3J = 7.69), 3.91 (1H, m), 4.00 (1H, dd, 
2J = 9.15, 3J = 5.12), 4.82 (2H, d, 3J = 17.95), 7.33 (2H, d, 3J =
8.06), 7.77 (2H, d, 3J = 8.06). IR (film): 2955, 2928, 2856,
1735, 1642, 1598, 1472, 1363, 1256, 1189, 1178, 1097,
1034, 1006, 968, 900, 836, 813, 775, 666 cm-1. To a so lu ti on
of 20 mg (0.04 mmol) of 22 in 1 mL of THF at 0 °C was ad ded 
0.16 mL of a 1.0 M so lu ti on of TBAF. The so lu ti on was war -
med to room tem pe ra tu re and stir red for 18 h. The so lu ti on
was di lu ted with 2 mL of ethyl et her and was hed with aque -
ous sa tu ra ted so lu ti on of NH4Cl. The la yers were se pa ra ted
and the aque ous la yer was ex trac ted with CH2Cl2 (2 x 5 mL).
The com bi ned or ga nic la yer was dri ed (MgSO4), fil te red,
and con cen tra ted in va cuo. Pu ri fi ca ti on of the cru de pro duct
by si li ca gel flash chro ma to graphy (he xa nes:ethyl ace ta te
95:05) af for ded 5 mg of 23 in 88% yi eld. [α]20

D = + 30.4 (c
0.1, CHCl3). TLC: Rf: 0.1, he xa nes:ethyl ace ta te 85:15.
1H-NMR (CDCl3, 300 MHz): δ: 1.18 (3H, d, 3J = 6.96), 1.63
( 1H, br), 1.71 (1H, m), 1.85 (1H, m), 2.07 (1H, d, 2J = 13.0)
2.29 (1H, d, 2J = 13.0), 2.35 (1H, m), 3.50 (1H, m), 3.57 (1H,
dd, 2J = 10.6, 3J = 3.29), 3.77 (1H, d, 2J = 10.6), 3.81 (2H, d,
3J = 5.13), 4.72 (2H, d, 2J = 27.1). 13C-NMR (CDCl3, 75
MHz): δ: 17.7 (CH3), 37.2 (CH2), 37.5 (CH2), 38.2 (CH),
61.3 (CH2), 73.5 (CH2), 79.3 (CH), 108.2 (CH2), 148.3 (C0).
IR (film): 3407, 3071, 2928, 2853, 1724, 1651, 1461, 1430,
1382, 1258, 1178, 1112, 1055, 991, 963, 891 cm-1.

(2R,3R)-5-[(1R)-2-benzyloxy-1-methylethyl]-1-[tert-
butyl(di methyl)sily loxy]-2-methyl-5-hexen-3-ol (26)

To a so lu ti on of 0.25 mmol of allylsi la ne 3 in 2 mL of dry
CH2Cl2 at -78 °C was ad ded 0.25 mmol of SnCl4. The re sul -
ting so lu ti on was stir red at -78 °C for 1 h when 0.25 mmol of
al dehy de (S)-9 in 1 mL of CH2Cl2 was ad ded. This mix tu re
was stir red at -78 °C for 30 min and quen ched by the slow ad -
di ti on of 0.30 mmol of Et3N, fol lo wed by 5 mL of sa tu ra ted
NaHCO3 so lu ti on.The la yers were se pa ra ted and the aque ous 
la yer was ex trac ted with CH2Cl2 (2 x 5 mL). The com bi ned
or ga nic la yer was dri ed (MgSO4), fil te red, and con cen tra ted
in va cuo. Pu ri fi ca ti on by flash chro ma to graphy on si li ca gel
(10% EtOAc/he xa nes) af for ded 68 mg of the al co hol 26 in
70% yi eld. [α]20

D = -8.7 (c 0.5, CHCl3). TLC: Rf = 0.4, he xa -
nes:di ethyl et her 8:2. 1H-NMR (CDCl3, 300 MHz): δ: 0.08
(3H, s), 0.91 (9H, s), 0.94 (3H, d, 3J = 6.98), 1.08 (3H, d, 3J =
6.96), 1.75 ( 1H, m), 2.12 (1H, dd, 2J = 14.1, 3J = 9.86), 2.34
(1H, dd, 2J = 14.1, 3J = 2.95), 2.51 (1H, m), 3.29 (1H, d, 3J =
3.16), 3.38 (1H, dd, 2J = 9.11, 3J = 6.63), 3.52 (1H, dd, 2J =
9.11, 3J = 7.36), 3.66 (1H, dd, 2J = 9.95, 3J = 5.84), 3.73 (1H,
dd, 2J = 9.95, 3J = 5.35), 3.74 (1H, m), 4.52 (2H, s), 4.96 (2H,
d, 3J = 12.21), 7.33 (5H, m). 13C-NMR (CDCl3, 75 MHz): δ:
-5.5 (CH3), 13.5 (CH3), 17.6 (CH3), 18.2 (C0), 25.9 (CH3),
38.9 (CH), 40.2 (CH), 41.2 (CH2), 66.4 (CH2), 72.2 (CH),
73.0 (CH2), 74.6 (CH2), 111.6 (CH2), 127.5 (CH), 127.6
(CH), 128.3 (CH), 138.3 (C0), 149,5 (C0). IR (film): 3482,
2956, 2928, 2857, 1639, 1472, 1389, 1362, 1255, 1093,
1028, 894, 837, 776, 735, 698 cm-1.

1-(2R)-3-[(2R,3S)-4-(tert-butyl(di methyl)sily loxy)-2-(tri -
methyl)sily -
loxy-3-methylbutyl]-2-methyl-3-butenyloxymethylbenzene
(26, TMS pro tec ted)

To a so lu ti on of 26 (100 mg, 0.26 mmol) in 2 mL of dry
CH2Cl2 at room tem pe ra tu re was ad ded 2 eq. of
TMS-imidazole. The re sul ting so lu ti on was stir red for 1 h
and fil te red in si li ca gel with CH2Cl2. Con cen tra ti on of the
fil tra te un der re du ced pres su re and pu ri fi ca ti on by flash
chro ma to graphy on si li ca gel (5% EtOAc/he xa nes) af for ded
83 mg of 26 (TMS pro tec ted) in 70% yi eld). [α]20

D = + 4.2
(c 2.0, CHCl3). TLC: Rf = 0.6, he xa nes:ethyl et her 8:2.
1H-NMR (CDCl3, 300 MHz): δ: 0.04 (6H, s), 0.09 (9H, s),
0.79 (3H, d, 3J = 6.96), 0.90 (9H, s), 1.11 (3H, d, 3J = 6.96),
1.70 ( 1H, m), 2.19 (1H, dd, 2J = 14.1, 3J = 6.04), 2.29 (1H,
dd, 2J = 14.1, 3J = 8.24), 2.44 (1H, m), 3.31 (1H, dd, 2J = 9.52, 
3J = 7.69), 3.37 (1H, dd, 2J = 9.52, 3J = 6.23), 3.49 (2H, m),
4.10 (1H, m), 4.53 (2H, d, 3J = 1.83), 4.86 (2H, d, 3J = 6.59),
7.34 (5H, m). 13C-NMR (CDCl3, 75 MHz): δ: -5.7 (CH3),
0.2 (CH3), 9.3 (CH3), 16.8 (CH3), 18.0 (Co), 25.7 (CH3), 39.0
(CH), 39.1 (CH), 41.1 (CH2), 65.1 (CH2), 69.8 (CH), 72.9
(CH2), 74.8 (CH2), 111.4 (CH2), 127.6 (CH), 127.7 (CH),
128.5 (CH), 138.9 (Co), 149.2 (Co). IR (film): 2955, 2856,
1474, 1360, 1250, 1096, 939, 838, 775, 748, 696 cm-1. MS
(70eV): 73 (59%), 91 (100%), 147 (20%), 275 (42%).
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(2R,3R)-5-[(1R)-2-benzyloxy-1-methylethyl]-1-[tert-
butyl(dip henyl)sily loxy]-2-methyl-5-hexen-3-ol (28)

To a so lu ti on of 0.25 mmol of allylsi la ne 3 in 2 mL of dry
CH2Cl2 at -78 °C was ad ded 0.25 mmol of al dehy de (S)-10.
To the re sul ting so lu ti on was ad ded 0.25 mmol of SnCl4 .
This mix tu re was stir red at -78 °C for 30 min and quen ched
by the slow ad di ti on of 0.30 mmol of Et3N, fol lo wed by 5 mL
of sa tu ra ted NaHCO3 so lu ti on.The la yers were se pa ra ted and 
the aque ous la yer was ex trac ted with CH2Cl2 (2 x 5 mL). The
com bi ned or ga nic la yer was dri ed (MgSO4), fil te red, and
con cen tra ted in va cuo. Pu ri fi ca ti on by flash chro ma to graphy
on si li ca gel (10% EtOAc/he xa nes) af for ded 91 mg the al co -
hol 28 in 72% yi eld. [α]20

D = +13.8 (c 1.8, CHCl3). TLC: Rf
= 0.38, he xa nes:EtOAc 85:15. 1H-NMR (CDCl3, 300
MHz): δ: 0.96 (3H, d, 3J = 6.96), 1,06 (3H, d, 3J = 7.32), 1.07
(9H, s), 1.86 (1H, m), 2.11 (1H, dd, 2J = 14.1, 3J = 10.0), 2.23
(1H, br d, 3J = 6.28), 2.33 (1H, dl, 3J = 13.92), 2.51 (1H, m),
3.15 (1H, d, 3J = 2.93), 3.38 (1H, dd, 2J = 9.15, 3J = 6.23),
3.51 (1H, dd, 2J = 9.15, 3J = 7.69), 3.70 (1H, dd, 2J = 10.00, 3J
= 5.86), 3.76 (1H, dd, 2J = 10.00, 3J = 5.31), 3.85 (1H, m),
4.52 (2H, s), 4.96 (2H, br d, 3J = 8.79), 7.38 (10H, m), 7.71
(5H, m). 13C-NMR (CDCl3, 75 MHz): δ: 13.2 (CH3), 17.4
(CH3), 19.0 (Co), 26.7 (CH3), 38.7 (CH), 40.3 (CH), 40.7
(CH2), 66.8 (CH2), 71.5 (CH), 73.0 (CH2), 74.5 (CH2), 112.0
(CH2), 127.7 (CH), 127.8 (CH), 128.5 (CH), 129.8 (CH),
133.7 (Co), 135.0 (CH), 138.4 (Co), 149.7 (Co). IR (film):
3069, 2958, 2929, 2856, 1958, 1887, 1821, 1643, 1588,
1471, 1389, 1361, 1308, 1260, 1188, 1111, 1028, 998, 939,
897, 874, 823, 739, 701, 613 cm-1. MS (70eV): 45 (8%), 77
(9%), 199 (100%), 256 (5%).

1-(2R)-3-[(2R,3R)-4-(tert-butyl(di methyl)sily loxy)-2-(tri -
methyl)sily -
loxy-3-methylbutyl]-2-methyl-3-butenyloxymethylbenzene
(30, TMS pro tec ted)

To a so lu ti on of 30 (100 mg, 0.26 mmol) in 2 mL of dry
CH2Cl2 at room tem pe ra tu re was ad ded 2 eq. of
TMS-imidazole. The re sul ting so lu ti on was stir red for 1 h
and fil te red in si li ca gel with CH2Cl2. Con cen tra ti on of the
fil tra te un der re du ced pres su re and pu ri fi ca ti on by flash chro -
ma to graphy on si li ca gel (5% EtOAc/he xa nes) af for ded 83
mg of 30 (TMS pro tec ted) in 70% yi eld). [α]20

D = -5.8 (c 2.9,
CHCl3). TLC: Rf = 0.6, he xa nes:ethyl et her 8:2. 1H-NMR

(CDCl3, 300 MHz): δ: 0.05 (6H, s), 0.08 (9H, s), 0.87 (3H, d,
3J = 6.96), 0.91 (9H, s), 1.12 (3H, d, 3J = 6.96), 1.71 (1H, br d, 
3J = 5.86), 2.06 (1H, dd, 2J = 14.10, 3J = 8.24), 2.25 (1H, dd,
2J = 14.1, 3J = 3.84), 2.48 (1H, m), 3.32 (1H, dd, 2J = 9.06, 3J
= 7.87), 3.46 (1H, dd, 2J = 10.16, 3J = 6.59), 3.53 (1H, dd, 2J = 
9.06, 3J = 5.13), 3.58 (1H, dd, 2J = 10.16, 3J = 6.96), 3.92 (1H, 
m), 4.53 (2H, d, 3J = 1.83), 4.86 (2H, d, 3J = 6.59), 7.35 (5H,
m). 13C-NMR (CDCl3, 75 MHz): δ: -5.7 (CH3), 0.2 (CH3),
12.2 (CH3), 16.9 (CH3), 18.0 (Co), 25.7(CH3), 38.7 (CH2),
39.4 (CH), 41.4 (CH), 64.9 (CH2), 72.9 (CH2), 73.3 (CH),
74.6 (CH2), 111.2 (CH2), 127.6 (CH), 127.7 (CH), 128.6
(CH), 138.9 (Co), 149.6 (Co). IR (film): 2957, 2857, 1472,
1362, 1250, 1086, 938, 838, 775, 747, 697 cm-1.

(2S,3R)-5-[(1R)-2-benzyloxy-1-methylethyl]-1-
[tert-butyl(dip henyl)sily loxy]-2-methyl-5-hexen-3-ol (32)

To a so lu ti on of 0.25 mmol of allylsi la ne 3 in 2 mL of dry
CH2Cl2 at -78 °C was ad ded 0.25 mmol of SnCl4. The re sul -
ting so lu ti on was stir red at -78 °C for 1 h when 0.25 mmol of
al dehy de (R)-10 in 1 mL of CH2Cl2 was ad ded. This mix tu re
was stir red at -78 °C for 30 min and quen ched by the slow ad -
di ti on of 0.30 mmol of Et3N, fol lo wed by 5 mL of sa tu ra ted
NaHCO3 so lu ti on.The la yers were se pa ra ted and the aque ous 
la yer was ex trac ted with CH2Cl2 (2 x 5 mL). The com bi ned
or ga nic la yer was dri ed (MgSO4), fil te red, and con cen tra ted
in va cuo. Pu ri fi ca ti on by flash chro ma to graphy on si li ca gel
(10% EtOAc/he xa nes) af for ded 113 mg of the al co hol 32 in
90% yi eld. [α]20

D = +2.9 (c 2.9, CHCl3). TLC: Rf = 0.38, he -
xa nes:EtOAc 85:15. 1H-NMR (CDCl3, 300 MHz): δ: 0.99
(3H, d, 3J = 7.32), 1.09 (3H, d, 3J = 6.59), 1.11 (9H, s), 1.81
(1H, m), 2.24 (1H, br), 2.27 (1H, sl), 2.54 (1H, q, 3J = 6.96),
2.85 (1H, d, 3J = 2.56), 3.40 (1H, dd, 2J = 8.97, 3J = 6.59),
3.53 (1H, dd, 2J = 8,97, 3J = 7.32), 3.72 (1H, s), 3.74 (1H, s),
4.09 (1H, m), 4.54 (2H, s), 4.98 (2H, m), 7.45 (10H, m), 7.73
(5H, m). 13C-NMR (CDCl3, 75 MHz), δ: 10.5 (CH3), 17.3
(CH3), 19.0 (Co), 26.7 (CH3), 38.8 (CH), 39.5 (CH), 40.7
(CH2), 67.7 (CH2), 70.5 (CH), 73.0 (CH2), 74.5 (CH2), 111.9
(CH2), 127.7 (CH), 127.8 (CH), 127.9 (CH), 128.0 (CH),
128.5 (CH), 129.9 (CH), 133.6 (Co), 133.7 (Co), 135.8 (CH),
135.9 (CH), 138.5 (Co), 149.5 (Co). IR (film), 3774, 3070,
2958, 2929, 2856, 1959, 1886, 1643, 1589, 1474, 1454,
1427, 1390, 1361, 1307, 1258, 1188, 1112, 1028, 998, 898,
874, 823, 739, 701, 613 cm-1. MS (70eV), 77 (14%), 91
(82%), 135 (18%), 199 (100%), 239 (13%), 269 (52%).

Vol. 9, No. 4, 1998 Chi ral Allylsi la ne Addi ti ons to Chi ral α-Subs ti tu ted Aldehy des 367



(1R,S)-3-[(1R)-2-benzyloxy-1-methylethyl]-1-isopropenyl-
3-butenyl al co hol (34)

To a so lu ti on of 0.28 mmol of allylsi la ne 3 in 2 mL of dry
CH2Cl2 at -78 °C was ad ded 0.28 mmol of SnCl4. The re sul -
ting so lu ti on was stir red at -78 °C for 1 h when 0.28 mmol of
met ha cro le in in 1 mL of CH2Cl2 was ad ded. This mix tu re
was stir red at -78 °C for 30 min and quen ched by the slow ad -
di ti on of 0.35 mmol of Et3N, fol lo wed by 5 mL of sa tu ra ted
NaHCO3 so lu ti on.The la yers were se pa ra ted and the aque ous 
la yer was ex trac ted with CH2Cl2 (2 x 5 mL). The com bi ned
or ga nic la yer was dri ed (MgSO4), fil te red, and con cen tra ted
in va cuo. Pu ri fi ca ti on by flash chro ma to graphy on si li ca gel
(20% EtOAc/he xa nes) af for ded 38 mg of al co hol 34 in 50%
yi eld. TLC: Rf: 0.34, he xa nes:ethyl ace ta te 85:15. 1H-NMR
(CDCl3, 300 MHz): δ: 1.05 (3H, d, 3J = 6.96), 1.76 (3H, d, 3J
= 5.13), 2.19 (1H, m), 2.39 (1H, m), 2.54 (1H, q, 3J = 6.96),
2.71 (1H, d, 3J = 2.56), 3.43 (2H, m), 4.21 (1H, m), 4.53 (2H,
s), 4.85 (2H, br), 5.01 (2H, br). 13C-NMR (CDCl3, 75 MHz): 
δ: 7.3 (CH3), 18.0 (CH3), 38.6 (CH), 42.1 (CH2), 73.0 (CH),
73.5 (CH2), 74.3 (CH2), 110.6 (CH2), 112.6 (CH2), 127.8
(CH), 127.9 (CH), 128.1 (CH), 128.5 (CH), 138.2 (Co),
147.1(Co), 149.1 (Co). IR (film): 3438, 3069, 3028, 2963,
2922, 2858, 1644, 1495, 1453, 1369, 1254, 1204, 1090,
1028, 964, 898, 735, 697 cm-1.

1-[(2R)-2,3-dimethyl-3-butenyloxymethyl]ben ze ne (36)

To a so lu ti on of 0.25 mmol of allylsi la ne 3 in 2 mL of dry
CH2Cl2 at -78 °C was ad ded 0.25 mmol of SnCl4. The re sul -
ting so lu ti on was stir red at -78 °C for 1 h the re ac ti on was
quen ched by the slow ad di ti on of 0.30 mmol of Et3N, fol lo -
wed by 5 mL of sa tu ra ted NaHCO3 so lu ti on. The la yers were
se pa ra ted and the aque ous la yer was ex trac ted with CH2Cl2

(2x5 mL). The com bi ned or ga nic la yer was dri ed (MgSO4),
fil te red, and con cen tra ted in va cuo. Pu ri fi ca ti on by flash
chro ma to graphy on si li ca gel (20% EtOAc/he xa nes) af for -
ded 40 mg of 36 in 84% yi eld. [α]20

D = -15.0 (c 1.4, CHCl3).
TLC: Rf: 0.34, he xa nes:ethyl ace ta te 85:15. 1H-NMR
(CDCl3, 300 MHz), δ: 1.07 (3H, d, 3J = 6.96), 1.73 (3H, s),
2.52 (1H, m), 3.33 (1H, dd, 2J = 9.15, 3J = 6.96), 3.48 (1H, dd, 
2J = 9.15, 3J = 6.59), 4.54 (2H, s), 4.79 (2H, m), 7.36 (5H, m).
13C NMR (CDCl3, 75 MHz): δ: 16.6 (CH3), 20.1 (CH3),
41.0 (CH), 72.9 (CH2), 73.9 (CH2), 110.4 (CH2), 127.4 (CH), 
127.6 (CH), 128.3 (CH), 138.6 (Co), 147.7(Co). IR (film):
3066, 3028, 2964, 2854, 1645, 1603, 1495, 1453, 1372,
1248, 1202, 1098, 1028, 1000, 964, 889, 855, 734, 697 cm-1.
MS (70 eV): 41 (15%), 69 (19%), 84 (30%), 91 (100%).

Ge ne ral pro ce du re for the pre pa ra ti on of di ols

To a solution of 0.08 mmol of the homoallylic alcohols
in 2 mL of dry THF at 0 °C was added 0.24 mL of a 1.0 M
solution of TBAF in THF. This mixture was stirred for 1 h 
at 0 °C and quenched by the addition of a saturated solu-
ti on of NH 4Cl. The aque ous la yer was ex trac ted with 3 x 2

mL of ethyl et her and was hed with bri ne (5 mL). The
com bi ned or ga nic la yer was dri ed (MgSO4), fil te red, and
con cen tra ted in va cuo. Pu ri fi ca ti on by flash chro ma to graphy 
on si li ca-gel (20% EtOAc/He xa nes) af for ded the cor res pon -
ding 1,3-diols:

(2R,3R)-5-[(1R)-2-benzyloxy-1-methylethyl]-2-methyl-5-he
xene-1,3-diol (38)

Purification by flash chromatography on silica gel
(25% EtOAc/he xa nes) af for ded 17 mg of diol 38 in 75%
yi eld. TLC: Rf: 0.26, he xa nes:ethyl ace ta te 1:1. 1H-NMR
(CDCl3, 300 MHz): δ: 0.95 (3H, d, 3J = 6.96), 1.02 (3H, d, 3J
= 6.96), 1.69 (1H, br), 1.87 (1H. m), 2,15 (1H, dd, 2J = 13.8,
3J = 3.38), 2.24 (1H, dd, 2J = 13.8, 3J = 10.0), 2.51 (1H, m),
3.07 (1H, s), 3.41 (1H, dd, 2J = 8.97, 3J = 5.49), 3.48 (1H, t, 3J
= 8.97), 3.70 (2H, d , 3J = 5.49), 4.02 (1H, dt, 2J = 10.0, 3J =
3.38), 4.50 (2H, d, 3J = 1.1), 5.00 (2H, d, 3J = 2,2), 7.32 (5H,
m). 13C-NMR (CDCl3, 75 MHz): δ: 10.5 (CH3), 17.4 (CH3), 
38.5 (CH), 38.6 (CH), 39.5 (CH2), 67.1 (CH2), 72.0 (CH),
73.1 (CH2), 74.4 (CH2), 112.9 (CH2), 128.0 (CH), 128.1
(CH), 128.6 (CH), 137.9 (Co), 149.2 (Co). IR (film): 3382,
2926, 1716, 1644, 1602, 1454, 1372, 1276, 1177, 1100,
1073, 1028, 901, 752, 714, 699 cm-1.

(2S,3R)-5-[(1R)-2-benzyloxy-1-methylethyl]-2-methyl-5-he
xene-1,3-diol (40)

Pu ri fi ca ti on by flash chro ma to graphy on si li ca gel (25%
EtOAc/he xa nes), af for ded 19 mg of diol 40 in 70% yi eld.
[α]20

D = -77.0 (c 0.2, CHCl3). TLC: Rf: 0.26, he xa nes:ethyl
ace ta te 1:1. 1H-NMR (CDCl3, 300 MHz): δ: 0.87 (3H, d, 3J
= 6.96), 1,01 (3H, d, 3J = 6.96), 1.73 (1H, m), 2.08 (1H, dd, 2J
= 13.5, 3J = 10.6), 2.39 (1H, br d, 2J = 13.5), 2.49 (1H, m),
3.48 (4H, m), 3.65 (3H, m), 4.50 (2H, d, 3J = 4.03), 5.00 (2H,
s), 7.31 (5H, m). 13C-NMR (CDCl3, 75 MHz): δ: 13.7
(CH3), 17.5 (CH3), 38.2 (CH), 40.1 (CH), 42.5 (CH2), 68.3
(CH2), 73.2 (CH2), 74.7 (CH), 74.7 (CH2), 113.2 (CH2),
128.0 (CH), 128.1 (CH), 128.6 (CH), 137.7 (Co), 149.1 (Co).
IR (film): 3382, 2926, 1716, 1644, 1602, 1454, 1372, 1276,
1177, 1100, 1073, 1028, 901, 752, 714, 699 cm-1.

Ge ne ral pro ce du re for p-methoxybenzylidene ace tal
for ma ti on

To a so lu ti on of 0.054 mmol of the cor res pon ding diol in
2 mL of CH2Cl2 at room tem pe ra tu re was ad ded 0.116 mmol
of 4-methoxy-benzaldehyde di meth yla ce tal, fol lo wed by ca -
taly tic amounts of camp hor sul fo nic acid. The mix tu re was
stir red for 3h at room tem pe ra tu re, di lu ted with 3 mL of
CH2Cl2 and quen ched by the ad di ti on of 5 mL of a sa tu ra ted
so lu ti on of NaHCO3. The la yers were se pa ra ted and the
aque ous la yer was ex trac ted with 3 x 2mL of CH2Cl2. The
com bi ned or ga nic la yer was dri ed (MgSO4), fil te red, and
con cen tra ted in va cuo. An analy ti cal sam ple was pu ri fi ed by
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pre pa ra ti ve TLC (20% EtOAc/He xa nes) af for ding the cor -
res pon ding p-met hoxy benz yli de ne ace tals:

(4R,5R)-4-2-[(1R)-2-benzyloxy-1-methylethyl]allyl-2-
(4-methoxyphenyl)-5-methyl-1,3-dioxane (39)

[δ]20
D = +31.8 (c 0.5, CHCl3). TLC: Rf: 0.45, he xa -

nes/ethyl ace ta te 8:2. 1H-NMR (C6D6, 300 MHz): δ: 1.10
(3H, s), 1.12 (3H, s), 1.23 (1H, m), 2.05 (1H, dd, 2J = 14.66, 3J
= 6.59), 2.44 (1H, dd, 2J = 14.66, 3J = 6.59), 2.53 (1H, q, 3J =
6.40), 3.18 (1H, dd, 2J = 9.06, 3J = 6.40), 3.40 (1H, dd, 2J =
9.06, 3J = 6.40), 3.65 (1H, d, 2J = 11.17), 3.74 (1H, d, 2J =
11.17), 3.88 (1H, t, 3J = 6.59), 4.28 (2H, s), 4.92 (2H, d, 3J =
10.25), 5.34 (2H, s), 6.77 (2H, m), 7.14 (5H, m), 7.59 (2H,
m). 13C NMR (C6D6, 75 MHz): δ: 10.9 (CH3), 16.9 (CH3),
31.8 (CH), 39.0 (CH2), 39.7 (CH), 54.4 (CH3), 72.8 (CH2),
73.5 (CH2), 74.9 (CH2), 78.7 (CH), 101.8 (CH3), 111.3
(CH2), 113.6 (CH3), 127.6 (CH), 127.8 (CH), 128.5 (CH),
132.4 (Co), 139.4 (Co), 149.1 (Co), 160.4 (Co). IR (film):
3065, 2962, 2916, 2849, 1734, 1642, 1616, 1588, 1518,
1455, 1395, 1358, 1302, 1249, 1172, 1154, 1118, 1035,
1002, 898, 827, 754, 698 cm-1. 

(5S,4R)-4-2-[(1R)-2-benzyloxy-1-methylethyl]allyl-2-
(4-methoxyphenyl)-5-methyl-1,3-dioxane (41)

TLC: Rf: 0.45, he xa nes/ethyl ace ta te 8:2. 1H-NMR
(C6D6, 300 MHz): δ: 0.34 (3H, d, 3J = 6.59), 1.17 (3H, d, 3J =
6.96), 1.67 (1H, m), 2.21 (1H, dd, 2J = 15.8, 3J = 8.9), 2.36
(1H, dd, 2J = 15.8, 3J = 2.2), 2.68 (1H, m), 3.14 (1H, t, 3J =
11.35), 3.26 (1H, dd, 2J = 7.69, 3J = 8.97), 3.36 (1H, td, 2J =
8.97, J = 2.2), 3.50 (1H, dd, 2J = 6.59, 3J = 8.97), 3.86 (1H, dd, 
2J = 11.35, 3J = 4.76), 4.30 (2H, s), 4.98 (2H, d, 3J = 23.0),
5.31 (2H, s), 6.76 (2H, m), 7.14 (5H, m), 7.60 (2H, m).
13C-NMR (C6D6, 75 MHz): δ: 12.4 (CH3), 17.1 (CH3), 33.8
(CH), 38.7 (CH2), 39.4 (CH), 55.1 (CH3), 72.8 (CH2), 72.9
(CH2), 74.7 (CH2), 82.5 (CH), 100.7 (CH), 111.4 (CH2),
113.6 (CH), 127.4 (CH), 127.6 (CH), 127.7 (CH), 128.5
(CH), 131.5 (Co), 138.9 (Co), 149.0 (Co), 160.0 (Co). IR
(film): 3065, 2962, 2916, 2849, 1734, 1642, 1616, 1588,
1518, 1455, 1395, 1358, 1302, 1249, 1172, 1154, 1118,
1035, 1002, 898, 827, 754, 698 cm-1.
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