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ABSTRACT: The det~ailsd study of the asymmetric hydroboratkm of various vinyt- 
sslan~s with monoisop~~phaylborane ( IPCBH, ) is resented. In all cases. @- 
substttution on ths vmylsttane tves rno~rne~ d&y 

-Fc, 
&a na edducts with the 

boryl group a to the sMon. ase 
silicarl 

studies show that the larger the groups on 
are. the more positive the influence on the enantiosalectivity of the 

prucws. Moderate aqmmattic in&ctiin (24-407.) is observed onfy for tin I- 
silanes which contain a ~~~e~ fmns to tha silicon. A model for x0 
asymmatrlc hydroboration of atfcenes with this reagent is proposed~ The complete 
characterization of the Mans intermwfiates was acMved empbying NMR ( W, 
‘SC, ‘H. nsi ). 

Some years ago, we initiated a saries of studies on the hydmbwation of various alkenyl- 

silaner in ordar to dattemdne the feasMii of such an appmach to prepare carbofunctionatized 

organositanes, or. in an opposite sanse, sityl-substituted organobor8nes. in a regiosefecfive 

manner.~ These studies revealed that dakylboranes such 85 9-borsWycfo[3.3.l]nonans (QBBN) 

ccwtd effectivety be empbyed to convert silyl substituted terminal atkenes to the atrrasponding 

f3-. T, or 6 sityiakybomnes. 

R’,BCH,CHR(CH,),SiMe, 

2 

Etorane, itself, was found to be far fess selectiva than ware dialkylbpranes for the hycko- 

horation of 1, except in the case of altyfsitanes (ie. 1, n = 1. R I H)es which gave exmllent T 

selectivity even with this unsubstituted reagent. Perhaps. most intriguing was the fact that these 

studies also provided a new rwte to a-silytalkyboranes through the hydm&wtion of 1 Myi- 

alkenes such as a’s_l-propanyttnmethylsilana (3b). 

‘Me, 

BH,cL q 
> BH 

\ 
SiMa, 

(L = THF. We,) A 
!3iMe, 

3b 4b (mewc#= 2:r) 

Diatkylboranes such as 4b are unique among such spe&s In that they exist onfy in mono- 

meric form wtthout the need of an excess of the atkerw to repress dehydroboration, giving rise to 

a “B NMR signal at 83 ppm.” Methanofysis provider the corresponding borfnate ester (5b) and 

oxrdation affords 1 -trtmethylsityt-1 -propanol (Oba) In 95% ragbfsomarfc purity. 

!!iiMa. 
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selectivity of the hydrcboration process when dakyboranes are employed. Moreover. the Interme_ 

diate 13 ackkts can often be directty resONed by s~mpk crystalSration to @-ve pure dastereo_ 

mers from whkh a-pinene can be m-wed to provide homochiral organoborans danvatives.~ Thus, we 

examined the reactton of IPCBH, with our representative sifylakener empbying a 19 stoichiomry 
to determine the regiochemistry. enantiofabal setectikty and overall chemical ef&jency of the 

process. These resutts are summarized In Tabte 3. 

3 
IPCBH, H,OJOH 

> > 
H 

6 

R’ H 

10 

TABLE 3. THE HYDRCBCRATtCNKIXIDATtDN OF VlNYlSltANES WITH IPCBH,. (9). 

3a Me,Si’ H H 2~4) 0.05 0.00 6a 98(70) 

3b Me,Si Me H 2y4) 96/J 0.05 0.00 6b 95(70) 

3c Me,Si H m 25(4) ,99/l 36a 4.87” 6b 95(60) 

3d M@,SI Me Me 25(4) .98Q 246 -4.21 6d 98(71) 

3e Me,PhSi Me Me 25(4) >98Q 24d -5.02 6e 99(94) 

31 Et$i Me Me 25(4) w98/2 4oc 6.14 6199(65) 

a Prepared from (R)-(+)_a-plnene. 94% ee. b. GC(lsolated) yield. c. Eu[(+)-(t(c)],, 
Eu[ +)-(tfc)] , 
33: 6 7 

[Atfa 
) in 98% G 

Eu[(+)-(hfc)b, [Aldrich] 1. A 2:l mol ratio of 3a to 0 gave & ( 
eld. 

GC. ‘H- and ‘C- NM 
g. No evidence could be found for a regioisomecic akohol by 

h. Uncorrected from a 9515 mlxtun of frtms- and c&t -propenytsllanes. 

Under our conditions, the 1:l stoichbmetry provides essenMlty quantltatlve yields of the 

sitylated akzohols (6) suggesting that diakyw U&I as 10 an~ld be fomrat as the mapr 

reaction w wlth the proper subsUM!on pattem on 3. While the vinyl coqcund (3a) was found 

to give alp mixtures. this is entirety ax&tent with our ear%er ttn&# on the behavior of this 

unsubstituted vinyl&lane. Moreover. in this case we examined a 2:l stdchlometry with the finding 

the reaction is both incomplete (78%) and tightty more 8setectlve ( uJ3 I 33:67 ), again as 

expected from our prevkws studies. Similarty. the &am&c ch ange to an effident a-sekctive 

process with a smgb p methyl group was expected with the unanticipated feature that the vans 

isomer (ie. 3c) would give a single mgidsomeric prodtztl Atso. withln the limits of detection, 

both by NMR and capilhry GC, we found onty the a pro&d from the iscbutenylsilanes. Thus, control 

of the regiochemistry was achieved with 9 as the hyckcborating agent for bsubstituted vinylsilanes 

which contain rrans substitution with respect to the silyl group. In this regard. larger groups on 

silicon do not detmct from this regiosektivity. 

To understand better the nature of the borane edckts formed under these reaction condilions. 

the hydroboration mixture was monitored spedroscqkally. by “B NMR. The peak of IPCBH, dimer ( 

22 ppm ) dseppearedassoonasthevinybi~(~0waeedded, andabroad peak at 80 ppm 

appeared. The reaction was complete. forming the dlakyborane (10) in ca 30 mins. After me 
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we t,je~ the wlec(ivity of IBCBH, as atiaing from the axtsiderations illustrated in F~ure 1 

bw. In this pidue, the viny&c C-H bond is 088wrWy colinew with th0 B-fPC bond to minimize 

the aeric interoaioru of the afkene with thi8 kVQ0 Qrwp. Thus. an ah- Ming @ PderS 

the b88 cfwdad 0x0 face of thr pinanyl ring 8y8ten-1 from the side away from th8 Prornrdino methyl 

(Jrt)up at c-2. The neer pfarw arrangement of the C-1 to C-5 way for me Wanti stem towthor 

with the apqach On the C-4 s&30 of the f$)id fit-Q 8y8tem has bow found by X-my urp)ysir of lhe 

N.N.N:N’-tetranw~kthybnedfadn8 axnpkx of 9. ti mk n-to&l explains all of tfw known orumtio- 

merk preference8 for the v&our abeno typea. when on8 con86den the two po88ibk ortantations 

which give ri80 to the ob80nd eoantbmdc produdr. For A. dMcultle8 arise when et&c inter- 

actions are encountered between the mns grwps cm the alken and the 2-Me thrr>ugh C4 army. Tki 
is relieved in eppro&zh B where the orfentetfon of the8e hens group8 with re8pect the ring ten be 

better eccomodeted in the hydmboratbn pmce88. WRh thb pldure, our data can be reacSC under- 

stood. For one. the model ctearty predkts bw or no asymmetdc induction for compounds not having a 

Irons substitution pettem. Cur silyl coqound8 show a sert6Wity to the Qernral buk of the sifyl 

group consistent with the twdel. Also. the bnger Sic bond8 compered to their &carbon counter- 

parts would be expected to lead to a bwerhg of the enantbsefecMty. a precktbn consistent 

with experimental finding8 (8g. &vnpare 3C (36% ee) to the corm8fxxding lbutyl compound (76% 

ee)3. Hence. the mod81 appears to fxwide a satidactory exptanution ot the observed sektivities 

with this chiral hydroboratfng &t@entm 

The enentiomerlc exce88 in each case eves mee8ured by ‘H NM combined with Eu[(+)-(tfc)), or 

Eu[(+)-(hfc)h. In the we8 of 66 6b and 64 the Me,!3 group we8 monitored. The peak eeparetbns were 

setisfectory and wen integrated to give the WI. The cbubtet cb8ewed for the a-mothlm pn~on dkl 

not resofve well. In all cases, the minor enan%merk dfyl alcohol obtained frcm IPCBH, (from (+)- 

a-pinone) we8 shifted more cbwnfield then the major wwtionwr. In dktinguishing the enantiomers of 

60. some problem8 occurred. The two methyl groups on Si are ncd Identicaf. Thus. when 6e complexes 

with Eu[(+)-(tfc)),, four peaks were expected. However, befon the seperetlon h 8uffkWn to cbtain 

a clean integretlon, the peeks from the shift reagent began to interfere with th8 spe&um. The 

doublet observed for the a-methme proton et80 cannot be separated cbanfy. Fortunately, Eu((+)- 

(hfc)], exhibited no interference in the regbn of the Me,SI group, 80 that a satisfactory anws 

could be achieved. The ‘H NMR of 6f with Eu[(+)-(tfc)), geve a good aepwatlort for the methine 

proton to give the cited 88. The determinefkrn of ophcal purfty of W udng Moshe<r esteP wes 

less informative then the NMR study wfth Eu[(+)-(t(c)&. In this case. ‘H NMR of the a-methinyl 

hydrogen signets separated by ca 1.7 Hr. th8 tnmetftytsityi signet8 by ce 2.2 Hr. The ‘OF NMR 

signals were dfferent by ca 6 Hz. However, theoe difference8 were insuffkient to obtain a dean 

basetine peak sepwatti. Moreover, we were unabb to oWein an efbutw separation of these 

diastereomers with capillary GC. 

This study revealed the4 the sub8&uUon on silicon h&s an inftuence on ths osymmetrtc hydro- 

boraticw, of akonykdanee. L3qwr 8ub8tltutentr on dliam @ve rwn asymmetric induction in iso- 

butenytskw 8y8tems. Also. a fransl,24iwbsMulion pattern i8 nece88ary to achieve signifmnt 

asymmetric induction. However. me ofxkal purtties of the a-dlyl alcohol are not great. even in 

me best case (le. 40% -1. However. thie study doe8 08tabM rnti moderate asymmetric irufuction 

can be achieved in a-sifyleted WganObOnMeS and thet these 8cWcts can be obtained in excellent 

yield at-d regiolsomertc purities. Our model for the origin of the asymmetric induction with 9 

provides a basis for continued study to increase this enaMiof&cial8&ctivity. 
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