
sTKu#)sKLBCT1vE1-LuCDIAR ALLTLSILAMX ADDIROlS 
TDCl3IuALALDcETDES 

N.T. uootx*, A. Jung and C. Balm 
Iachboreich Chomio dor UnIvmrmIt&t, Hans-Mmerwoin-Str., 

D-3550 Marburg, Vomt-Germany 

(Rrcmud tn UK 16 Drcrmbrr 1987) 

The menme oi 1,3-•mynnetric Induction In the TIC14 aediatod l llylmIlmno addition 

of 0-(allyl)mIlyl protoctod l ldehydom u 18 opposite (>908 l yn l olectivity) to 
that oi the provioumly reported reaction of the 0-benzyl grotocted 8nalogm ? with 
l llyltriaothylmIlane (>908 anti selectivity). Croomovmr experiamntm show that 
l trict intrasolmcularity pertminm, l uggemting an intrmaolocular l llylmilane 
addition am depicted in u. Surprimingly, thm mritch from Tic14 to SnCld romultm 
in the rovormal oi dImmCoroo~acIal l mloctivity and in an Intoraolecular ally1 

tranmLor mechanism. a-Chiral B-mIlyloxy l lclehydem of the typo 21 l re not omry 
well muited for l tereomelectivo l llylatIon8. 

The problem of 1.1- and 1,3-amymmotric induction in Grignard roactionm ot a- and 

6-•lkoxy carbonyl coapoundm mm8 tirmt l tudied by Crarl. a-Alkoxy ketone8 L were 
l hewn to remet with chelation-control to produce the adductm 1 protorentially, a 

process that urn8 lmter optimized by StIl12 ($:a_ L 99:l). Chelates of the type 2 
were pomtulated to be the reactive intmrmediatem which are attacked tror the 

mtericmlly lemm hlndored l iclel. Here, mm in the rest of the publication, only one 
enantioaer is shown, although racemic material8 were used. 

2. 

With a few exceptions, thin method does not extend to the l nalogoum a-•lkoxy 

a!,dehydeq s2.3. In the cmme ot a-chiral B-•lkoxy l ldehydem', cupratmm allow for 
chelation controlled Grignard-type additionm, but O-chiral O-•lkoxy l ldehydom 
react mtermormndomly4. Until 1983 no generml method for chmlation-controlled 
aldol additions In l ny of theme came8 wmm available. The 8-m 8pDli.m to the 
revermal of dIamtoreofacial l mlectivity (non-chelation controlled Grignmrcl and 

aldol additions). 
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3 a : R - CHJ 

b : R - n-C& 

>90 

RllSULTS AND DISCUS$IQ~ 

Reactions Involving I,3 A8)uotric Induction 

Silylatlon of the hydroxy ester u with coamorclally avaIlable 
l llylchlorodlnthylollane Ml6 followed by reduction of the product 10 with 
dilmobutyl~lumlnum hydrldo (DIDALl affordad the l ldohyde m in good yield. m 

was prepared by quenching the l ldolato a with u and reducing the ester 22. The 
DIBAL reductions mumt bo worked up with l buffered l quooum solution (Dti 4) in 
order to provent deallylatlon. 
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In ardor to induce C-C bond formation, the aldebydom m:_b worm added to cooled 
(-78*C1 solutions of CilaCl.~ containing l qulvalont amount8 of the LowI@ acids 
TiC14, SnC14 or B?3*OHt2. ?ollouing aqueous workup and Kugelrohr dl~tlll~tion. 
the diaotoroomaric ratlom L6:J.J umro dotorrlnod by 1% NMR l poctromcopy (Table 
1). 
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diamtereorer ratio5 of the Tic14 and SnC14 reaction5 worm found to ba 

l nti:*rn 15:95 and 95:s. r55p5Ctiv5ly. Th5 r55ult5 of the m555 spactroscopic 

5nalysi5 (CI) of th8 syn dial in the ~888 of the Tic14 induced r88ction and the 

enti dial obtained by the SnC14 rediat8d Proc855. averaged over 55veral runs, 

turned out to be as follor8: 

Le*i* 
16 + z - 

* 
Do-&WI + l+z@/&,I9 + D4-tQr/_ 

TiCl4: Do : D-J : D, 0 5:93: a 

SnCl4: Do : Da : D4 = 28 : 50 : 22 

Strict intra5olocul5rity rsquir88 8 theoretlc51 ratio of Do : Da : D4 * 0:lOO:O. 
Within experimental l rrorm thim maamo to be the camo in tha TIC14 induced 

l llylation. Xn contrast, intermolecularity 5hould roault in a l tati8tical ratio 
of Do : D3 : D4 = 25 : 50 : 25. The ro8ult of the SnC14 reaction i8 very cl055 to 

the88 velues, pointing to intoraolecular ally1 tran*f*r. 

Although the axperiront51 reoulto arm unambiguouo, their interpret8tion im 
currently not straightfommrd. A helpful starting point IS the l nalysim of the 
NNK l pectra of TIC14 l dductm of chiral l lkoxy c5rbonyl compounds, which we 
reported mover41 year5 ago. Uheremm the addition of TIC14 to a-chiral a-•lkoxy 

l ldehydmm**18 and ketone*' l ffortlo discrete five-memberad chelates (e.g. g), the 

H NNR spectrun (CD$12/-7BoC) of the TIC14 adduct of the $-chiral $-•lkoxy 

l ldahyae 2 (R=C?i3) conmimts of broad lines end indicate5 the pre8ence of several 
l pmcias 5m evidenced by the appearance of two large and a l rell peak in 5ldehyaic 

proton 5bmorption rangelg. Keck ham al50 recorded the H NHR l pectru5 of TlCl4/2 
(R-CHJI under 5lightly different condition8 i-93.C) and a100 report8 broad 
line51°. Hor*ver, he concludes that a diecrete bideat5te complex is form86 in 
which the 5othyl group at C3 occupie8 an axial or pmeudoaxial pomftion. 88 in the 
cam8 of the l n5logou8 ?QBr2 adduct which l howm l clean N NNR mpectrua with well 

re5olvad line*. 

A85u5lng that l iloxy l ldehyde5 form the l mram type of cholatoo 5s ths bmnryloxy 

analog*, u and a are po85ible interaediatem. The extenmlon of Keck'm lodo to 

the siloxy l ldehyde5 lead8 to the proposition that a 5hould be the f8vored 
chelate. However, even if B were the major corponeat in aolution, it im not 

noceommrily the reacting conformer (Curtin-Hauett principle). Indeed, it would 
lead to the mu dla5tereo8er u. We therefore concludo that &J im a reamonablm 

mechanimtlc interpretation and do not feel the noed to invoke 5lternative 

tnterrediates 5uch am bo5t coaforrers21. 
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T8ble 2. L8wis 8cid induced*' l llylrtfon r*8ction8 at 35 

Entry Lewis acid Yield S./E mtio 

(I) 16137 

1 TIC14 95 64:36 
1 SnC14 98 77:13 
3 AlClJ 94 55:44 
4 6tAlCla 91 as:15 
5 W76r2 __ ___ 

l 1 In all ce88m 1 l Q of Lowi* acid in ClSaCl2 at -7B.C ~88 u886 (exception: 
BtAlClg roactfon in toluenei. No reasonable erounte of =a/= w8re formed in 
the cr88 of NgBr2 (entry 5). 

In 811 ~88.8 studied, diasteteorer s 1188 formed ~r~tSrenti~lly. Thu8. the 

direction Of di8St8reOf8Ci8l 8SlSCtiVity i8 the 88me 88 in the r88CtiOn Of 

compl8x a (RICIi3) with 8llyltrimethy1eilano f60:2O diaet8r8OmSr r8tio)11. The 

preSent reaction iS mOSt StSrSO8SlSCtiV8 if 6tAlCl2 i# U8Sd 88 the Lewis 8cid, 

but the difference relative to SnCl4 is not pronounced. Since the 0-eilyl 
protected 8ld8hyds s is not 88 readily 8ccee8ibls 88 the 0-bentyl 8n8log 6_ 

tR=CRj), the eynthotic adv8ntSge 02 the former i8 not 8pp8rent. Ye therefor did 

not carry out 8ny core 8tudies such 0s cro8~OVer rxgeriment8, 8nd prefer not to 

ocher l peculations concerning the aoch8nier. 

coNccusxoya 

The intramolecular TIC14 redi8ted reaction of (811tt)#i1OXy aldohydrm u is a 

l ynthetic8lly useful w8y to 8chieve 1,3 8eymetric induction. It remains to be 

88an wbrthsr other C-nUCleOphil88 8UCh 8s l nOl8tOs 8nd cyrna mOiSti8s c8n b0 

tr8neferred Stor*o*electively in 8 siril8r m8nn8r. Relovent io the interesting 

report by D8vie concerning intruolecul8r silicon hybrid8 r8ductions of ketonee23 

8nd Hol8nder's 

reactione24. 

fntruiging SmX3-prorated intr8solecul8r Reformatsky-type 

Cener81 informrtioq. All reaction8 wore pertTorr86 in dry flank* under 8n 

ataoephero oL N-J. Solvents wer8 dried 8ccording to l tanderd techniques. NNR 
l pectr8 (CDCl3) wer8 recorded on Bruker UN 90 (90 ?lXr) or Bruker UH 400 (400 
NHtf in*truaSnte. W888 l ywctroecopic studies were c8rried out uelng charic81 
foniation (re8ct8nt g88 6X3) on 8 Vacuum Cener8torr 70-70 instrument. All chirel 

compounds were wed in recemic fora. 

&,&&yl 3-t8l~Y~dimethYl~ilQxy~but~no8te C20,. The mixture of ethyl 3- 

hydroxybutrnoate (12.5 g, 95 mmolf. irid8tole (23.4 g, 343 a~011 and 
8lly~chlOrOdi8Sthyleil8ne (13.6 g, 100 ~01) in 45 ml of dry DNF ~88 stirred for 

12 h 8t rome temper8ture. Aft8r pouring on X20 8nd 8Xtr8Cting SOVSt81 time8 with 

pent8nS, the organic ph8ee w8a w8eh.d with 8 N8Cl l oln, dri8d over N82604 8nd 

concentr8ted. The residue ~88 di8tilled in 8 Xugelrohr (lOO*C/9 torrf to 8ffOrd 

19 g 16715 of 8 colorless liquid: N-NHR U 0.11 I8,6Hl, 1.17 ld,J=6.4Rz, 3N1. 1.26 

(t,J-7.1Nt, 3H), 1.61 (bro8d d,J-l.lNX, 2H). 2.42 (me, 2H), 4.13 (q,J=7.182. MI, 

4.05-4.48 (a. lN), 4.70-6.12 fm, 3X); 13C-NMU 6 -2.2, 14.0, 23.7, 24.7, 44.5, 

!59.9, 65.6, 113.4, 133.7, 170.9: found: c, 57.20: N, 9.74: C81Cd for CllH32O3Si: 
C, 67.35: H, 9.63, 

(Allylptm~thy~oilo~~but~ t&,&l. the soln of 1.15 g (5 m.mol) @ in 25 al of 3- 

Pent8Il8 We8 81OW1y tre8t.d 8t -78.C with 5.1 11. Of 8 1.0 W hSx8nO 8oln of 

dii8obutylalwinUm hydride (DIDAL). After stirring for 5 b 8t -7SV, the mixture 
W8S Poured On 10 ml Of 8 bUff8r 801o (pa 4). The in8oluble material ~8s extrrcted 
rev8r81 tire8 with ether 8Qd the l th8r phase w8ra weshed with NaCl-soln &nd 

dried over N83SO4. Attsr reaov81 of the l olvent, the residue was purified by NPLC 
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(60-60 pet ether/ether 2:lI to afford 0.56 g i60W of a colarles# lfquid: X-XXX 6 
6.13 Ia, 6X1, X.24 Id,J=tl.iBx, 331, 1.5-1,7 (I, 2X), 2-5 One, 2X1, 1.1 (mc# aXI, 
6.7-6.1 Im, 3X). 9.8 (t. 1X): i3C-XXX 6 -2.2, -2.11 23.9, 24,6, 52.6, 61,1, 
113.5, 133.5, 201.1: found: C, 57.115: X, 10.09: calcd for C9HlS026i: C, 58.02: Xc 
9.71. 

Xthrl 3-~allYldimethYl~~lO~~he~t~o&te $a,. TO a cooled f-78*C? sol& of 11 msol 
WA (preprxad Worn 1.11 g diisopropyt2emine end II mm~l n-butyllithiuml in 30 ml 
TXF warn added CI -88 g ilO mm011 of ethyl acetate end the mixtars mtirr+d for 30 
n4.n. Bentannl (0.86 g, 10 mm011 wa@ addad, the mixture stirred at -7PC for 1 A 

and 1.75 g (13 mm011 allylchlorodimethyl~~Une added. The mixture was allowed to 
come to room temp OQsrnight and worked up a8 in the cam of p0. Xugelrohr 
diutillatinn ~120°C/6.0f torr) afforded 1.77 I (77%) of 33. X- 5 0.12 (e, 611, 
0.9 (broad t, 311, 1.1-X,7 fm, 8X), 1.34 (t,Je7.lRr, 311, 2.43 Id,J=b.lXz, PHI, 

I.23 IX, J*7.1Ht, 2X), 4.0-4.2 im, IA), 6.7-6.1 (a, 3X1: f3C-XXX 6 -1.9, 14.0, 
14.2, 22.7, 25.1, 27,5, 37.4, 63.0, 64.2, 69,6, 213.6. 1131.1. 171.9: found: Cp 
61.99: RI 10.&6; caled for C1402SO3Si: C, 61.72; 8, 19.36. 

il!&&Yldfnr~l6il 3- db*Nw E-1. The *me procedure a8 in the ryntherrie of 
lj. af fordad aftax Kugelrohr distillation ~200eC/d.01 tar) 63% af ilb: H-WMR b 

O-13 (6, I;Hl, 0.90 (brard t, Xi), 1.1-X.8 lm, SE!), 2.51 (mce 2X3, 4.3 bo, 1X), 
1.7-6.1 (n,3xf, 9.80 (t, 1X1: ~3C-XMt 6 -2.2, -2.1, 13.6, 22.3, 24.7, 27.1, 37.2, 
50.7, 67.9, 213.4, 133.4, 201,1; faurad: C, 63.03; ii, 10.78; calcd for Cl&402Si: 
C, 63.10: X, W-59. 

S;trrer&l tlrocedure for tew~~ a&l vtmmoted xeactionu of 14&-b. The soln of 2 mm01 

TICI.6, SnCl6 or BP34!!t2 fn 50 ml, of cooled (-78%) CXpC12 wad ulowly treatad 
~5th 8 coolsd roln of an aldrhyde Ila-b 42 mmol in 10 ml CXpCl2,) withPn 2 h+ Thn 

ralxturr was poured on X20, thu aqueous phara extracted severaL tfmes with CXqCI.2 
and the combined erg phaSeS were washed with XrXCO3 and XaCl rolutionlr and dried 

war 84gSOa. yollowinpl Kupelrohr dietlllatlon tha products were rxamhmd with B#IB 
spectroaeopy. 

D- -6~255_ H-XXX I5 1.21 (d,J=6.4X0, 330, 1.56 Imo. 2X1. 2.8 Ibroad t, 2X1. 

3.8 (braed a, 2X1, 4.0 (mc, 2X1, 1.9-6.1 (81, 3X1; 13C-XXA 5 23.3, 41.8, 13.6, 
64.8, 68.0, 117.4, 134.7. 

g@& &Jp*=. IT-#XX 6 11.21 Id, J=ei.lXz, 3X1, 1.5-x.7 (a. 2X), 2.2 (broad t, 2X1, 

3.2 (I, 2X1, 3.7-4.3 (m, 2X), 1.9-6.1, (a, 3X): 13C-XMR a 24.1, 42.6, 114.1, (ia.9, 

72.9* 118.1, 334.3. 

DioX 16b6a 13C-NltR 5 16.0, 22.6, 27.9, 37.1, 61.8, ?,I..9* 68.1, 69-6, 117.7, 

134.7. 

o&y&Q gJj@. X-Xl&R i 0.9 {broad t, 38)s 1,1-1.8 (m, SH), 2.3 tbroed t, 2X), 3.2 

[broad s, 2 XI, 3.7-4.2 (I, OXI, 4.9-6.1 (m, 3X); 13C-XMX 6 U-0, 22.6, 27.5* 
37.8, 42.2, 42.5. 71.9, 72.8, 117.9, 134.3; re8ultm of the CX-analysis of the 
X8:90 mixturm of $bb/17Q; calcd for C16X2002: C, 69.72; f, 11.70. Tha 
configurational alarrignasnt warn made by compari~oa with the dial prepared by 
dsprotnc(t8on of the known O-benaylrted conrpound 13 W=a-C@gl. 

Compound 35 (yield 79%) warn prepared uring the same procadure am in tb8 
pZXpaXatioY& of 33. 9% DxBU reduction to &g proceeded imt the 8ame manner ar in 
the eaw of m. 

x!atelE peg. Tha eolution of Dp-ellylmegnsrfum chloride (14 mm&. in TPlPl wae 

treated w%th 1.7 Q [lo mmol) of chlorodiethylaminod%methyl~zUana t$Q, at room 
temp arid stjlrrad for X2 h. The THF wan removed by diatilletfon end the reeidus 
trituratsd with pentme. After filtration from thl, Mg salts tha OOhtti~n was 
concentrated: >951r conyerrion to a rhfch warn umed without further purif icetlon. 

The 801s of 3-30 q (25 mm011 && in 5 al of acetone w8e treated with the 
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.qulo.lent .Dount of crud. u mt o*c. Aftor stirring l t rook tmmp for 1 h the 

mixture wmm poured on IiaO, l xtrmctmd with pmntmnm l nd drlmd over Nma806. The 
drying l gmnt l nd l olvmnt were rmrormd l nd thm crude product chrormtogrmphed 
(nPLc: 40-60 pet l thmr/.thmr, a:11 to l fford 3.01 g (658) of a. 

A.ld.hrd. 30. Thi. coapound wee prmpmrmd LroD 19 uming the l mm. procedure mm in 

the l ynthmmim of m. 

Crommovmr l xnmrinrntm 

The mixture of 380 mg (a ~01) of 26 l nd a 001 of a In 15 ml of CRaCla wmm 
l lowly l ddmd to 760 mg (4 -1) of TIC14 in 50 ml of CEaCla l t -7S.C. After 4 h 

the cold l oln w.. worked up mm umuml. Th. crude product mm8 dimtlllmd uming l 

Kugmlrohr l nd then chrormtogrmphmd (YPLC). The crommovmr l xpmrlmmnt uming SnCl4 

(1.04 g, 4 m.01) urns performed .l.il.rly. Th. . . . . l pmctrum (ch.ric.1 

ionismtion/NH3 mm ramctmnt g..) showed (It++11 vmmk. l t 131, 133 l nd 135 in l 

rmtio of 5:93:a (Tic14 rmmction) l nd a8:so:aa (SnCl4 rmmctlon). 

Methyl ~-Det~~l-3-8~lYldiDDthY~~ilO~~OD8nQ~t~ car, W8‘ Dr‘Dmrd in th. ..D. 

l mnnmr mm a. Stmrting fror 1.36 (a0 1801) 0f 12, 4.1 g (958) of u war. 

imolmtmd (Kugmlrohr dimtlllmtion l t 135V/aO torr): R-NBR 6 0.09 (8, 6H), 1.13 

(d,J-7.1Ht, 3H), 1.53-1.63 (1, aH), 3.59-1.68 (a, 18). 3.59-3.80 (I, XI), 3.67 

(m. 31). 4.81-4.93 (I, m), s.7i-s.aa b, iH); 13c-!0a 6 -a.7, 13.5, ad.a, 43.3, 

51.4, 64.0, 113.6, 133.8, 175.2: found: C. 55.48; H, 9.55; c8lcd for ClOHaO03Si: 

C, SS.50; H, 9.33. 

a-nmthyl-3-.llyldirmthYl.ilo~~ (21). The l oln of 1.61 g (7.5 ~01) of 

l mtmr a in 100 ml of CHaCla Wm. trmmtmd with DIBAL (7.88 rl of l 1 I4 hmxmnm 

l oln) l t -78%. After 1 h the mixture wee l llowmd to rmmch room tmmp l nd pXArmd 

on a0 al of l buffer (pH 4). The l mulmion wmm l xtrmctmd l mvmrml tirmm with ether, 

l nd the ether ph.... were wmmhmd with 8 NmCl l oln l nd dried ovmr BIgSO,. R8rov81 

of solvent l ffordmd 1.05 g of crud. product contmining l bout 168 of u. 

Purlficmtion by CC (SK 30 column: lOO-110.12) gmv. 460 w (33%) of 21: H-N?fR 6 0.1 

(8. 6H). 1.08 (d,J-4.9Hr. 3H), 1.59-1.61 (a, aH), a.49-a.55 (I, lH), 3.80 

(d,J-5.9Hs. aH), 4.84-4.91 (a, aH), 5.71-5.81 (I, lH), 9.71 (d,J-a.SHx, 18); 13C- 
NMR 6 -1.7. 10.3, 14.1, 48.6, 63.0, 113.0, 133.6, 104.3: found: C, 58.14, H. 

9.73: cmlcd Lor CgHlaOaSi: C, 50.00. H. 9.76. 

Lmwi. .cid inducmd remctionm of 12 worm cmrrimd out in the l mDm amnnmr mm in thm 

cmme of u. AlCl3 l nd Ugbra for. l u.pmn.ionm (not .olutlon.) in CRaCla. 

piole 36/37. 13c-NHR of the mmjor imormr (HI: 6 13.6, 39.6, 39.8, 67.3, 75.7. 

118.1, 134.6: 13c-NMR of the minor lmormr (=I: b 10.1, 38.7, 30.8, 66.7, 71.1, 
117.6, 135.1: found: C, 64.54, H, 10.8s: cmlcd for C7Hl40a: C, 64.57; H, 10.06. 

The configurmtionml l mmignmmnt wan mmdo by hydrogmnmting the compound. to the 

known l mturmtmd diolma6. 
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