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ABSTRACT: The detailed study of the asymmetric hydroboration of various vinyi-
silanes with monoisopinocampheylborane ( IPCBH, ) is presented. In ali cases, §-
substitution on the vinyisilane gives monomeric dialky ne adducts with the
boryl group o to the silicon. 58 studies show that the larger the groups on
siicon are. the more positive the influence on the enantioselectivity of the
procass. Moderate asymmetnc induction (24-40%) is observed only for vinyl-
silanes which contain a substituent frans to the siicon. A model for lXO
asymmetric hydroboration of akenes with this reagent is proposed. The compiete
g::réar?&ogzs?t;on of the borane intermediates was achieved employing NMR (  "'B,

Some years ago, we intiated a series of studies on the hydroboration of various alkeny!-
silangs in order to determine the feasibilty of such an approach to prepare cardbotunctionalized
organosilanes, or, in an opposite sense, silyl-substituted organoboranes, in a regioselective
manner.? These studies revealed that diakylboranes such as 9-borabicycio[3.3.1Jnonane (9-BBN)
could effectively be employed to convert silyl substituted terminal akenes 1o the comesponding
B-. y. or & silylakylboranaes.
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Borane, itself, was found to be far less selective than were dialkylboranes for the hydro-
boration of 1, except in the case of allylsilanes (ie. 1, n = 1, R = H),* which gave excellent y
selactivity even with this unsubstituted reagent. Perhaps, most intriguing was the fact that these
studies also provided a new route 10 a-silylalkyboranes through the hydroboration of 1-silyl-
alkenes such as cis-1-propenyltrimethylsilane (3b).
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Dialkyiboranes such as 4b are unique among such species in that they exist only in mono-
meric form without the need of an excess of the altkene to repress dehydroboration, giving rise to
a ''"B NMR signal at 83 ppm.® Methanolysis provides the comesponding borinate ester (5b) and
oxidation affords 1-timethylsilyl- 1-propancl (6ba) in 95% regioisomeric purity.
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The fact that the hydroboration of 3b led to such high a-selectivity and the resulting
organcboranes were so rasistent toward further hydroboration appeared to maks them good candidates
for the formation of opticaliy-active silylated omgancboranes through the use of  chiral  hydro-
borating agents. Of the known reagents,® moncisopinocampheyiborans (IPCBH,)®® was pariculary
sliractive  in  that i would be expected 1o form 111 adducts with 3b while sl maintaining a
prafersncs for o placement of the boron atom.  Morsover, the ready availibifly of the magent in
githar  enantiomeric form coupled with the varsatiity of the resulling adducts in both  chemical
transformations  and  purification, added o 3 appeal for the present study® Thus, we choss o
examing  the hydroboration of several represeniative methy! substitted  vinyisilane  devivatives,
first with borane, isel, to develop & clear picture of the hydroboration process, and second,
with IPCBH,, o evaluste the potentlal of this reagent to Induce asymmetry in the resuling o
silylalkyiborane adducts.

RESULTS AND DISCUSSION

For the purpose of this study, the required vinylsilanes wers prepared in good yield from
the comesponding viny Grgnard reagent® We examined the behavior of sach with bomang-methy!
sulfide complax (BMS) as the hydroborating agent in & 21 siolchiometric ratie, To ascewain the
afficiency of the reaclion and the regiossisclivity of the process, the intermediate organcboranes
ware oxidatively converted to the corresponding aloohols. These resulls are pressniad in Table 1,

W{ }1 1. HBX (X = H, IPC) R? SIR, R? SR,
\  2.HO/OH > v Rt}‘f
R Sin, ' OH OH
3 6o 63
TABLE 1. THE HYDROBORATION/OXIDATION OF VINYLSILANES WITH BMS.
3 RS g R Temp®C  Su/Bp YiekP of 8
Time (h}

3a e, Si H H R)] §7/43 g 88

i Ma,Si Me H 25(1) S%/5 &b 98(73)°

3/de Me S b b 254} - 8b 9880}

3d e, S Me Me 25 »HRE B¢l 93(78)

3s Mo PhSI Ms Me 254} »H8/29 68 99(80)

3 ELSi Me Me 25(4) »Q872¢ 67 98{75}

i ] - | = 713, o reference 7. d. No evidence could be found for a
?@ggm‘?sﬁﬂfﬁﬁé‘m@ﬁ%‘éﬁ?uar;’éf’é’??& and 9C- NMR.

Thess date revesl sevarsl Imporant festures of the reaction. For one, § substitution of
vinyisilangs cleardy enhances the placemsnt of the boron atom « to the silyl group. Thus, whils a
single msthyl group gives ca. 5% of the undesired B product, this regicisomaer s completely
aliminated with a second B group, even with larger groups on the siticon, Morgover, in all cases,
complate hydroboration of 3 sccurs with this 2.1 stoichiomstry.

The racemic c-silyl alcohols (8) wers used as models to test the use of W NMA  together
with  sither  Eu[{+){tfc}], or EBuf{+}-{nfclly shift resgents to evamluste the optical purities  of
such compounds. The racemic nature of thess alcohols was also confirmed by their absencs of optical
miations.



In order to obtain more information as to the nature of the borane adducts
we examined the hydroboration mixtures obtained from the

the reaction conditions,
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formed  under
1sobutenyl

compounds (ie. 3d-f) spectroscopically, as well as after both methanolysis and hydrolysis, by ''B,
13C, and #Si NMR ( Table 2 ), 'H NMR and capillary GC.

TABLE 2. NMR CHARACTERIZATION OF BIS-((a-SILYL)ISOBUTYL]BORANES *

278223 iMe, 1 1
465
H
287
SiMe,
4d
"8 NMR - 80
dAmeso)
279232 iMe,Ph 0001
452
H
29.1
Simzph 139.9
134.2
4o 128.0
129,
""BNMR = 80 29.1
BSiNMR = -3.6(-6.6)
ok meso)
280.23.0 >_<§Et, 49.76
421
H
28.4
SiEt,
4t
”8 ~MR - 80
BS NMR = 8.2(5.7)
dXmeso)

iMe, 2.2
3.2

OMe 54 5(53.6)
28.0

SiMe,
5d
54
0.2(-0.9)

262.25.4

iMe,Ph 0.80.0
348

OMe 54.7(53.8)

259.25.2

27.7

SiMe Ph 141.3
133.8
Se 127.8
128.4

54

-4.2(-5.0)

iEt, 5.8.80
32.0

OMe 54.553.5)
277

SiEY,
st
54
6.1(5.7)

26.1,25.8

254 'Mo,"s
36.0

OH
27.6

SiMe,
7d
53 ppm.

-0.1(-0.9) ppm.

263 iMe Ph 0201
34.4

OH
27.4
SiMe Ph 1408
133.8
Te 127.8
128.5
53 ppm.
-4.0(-5.0) ppm.
31.4
OH
275
SiEt,
7t
53 ppm.
6.2(5.8) ppm.

* Recorded in COCL, solution.
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The sole initial product formed from the isobutenylsilanes (3d-f) is the corresponding mong-
meric bis{1-(sifyllisobutyliborane produet (ie.  4d-f) ("'B NMR = 80 ppm). No peak was observed
at 32 ppm, indicating that the monogtkyiborans formed, is & mora raactive hydroboraling agent than
is BMS. Additionally, due to the chiral carbon next 10 the silyl group, diasterscisomers {(d¥meso)
can be formed. From our earlier studies™ on the O NMR assignmenis of the bornate derivatives of
pis[i-{timethylsilylsthy(lborane {(ie. Se) and  of bis[1-(timethyisilyl)-1-propyliborane  (is. Sby),
the methoxy carbons are different for the of and meso isomers. { /e, 52.9 ppm {meso-Be), 54.2 ppm
(dhBa) and 83.0 ppm (mese-5b), 54.3 ppm (di8b)). The similarity of this feature in the case of the
isobutyl derivatives {fe. 5d-f) 1o thal obssrved for the coresponding sthyl (S8) and propyl  (8b)
compounds led us to assign the structures shown in Table 2. The 'H NMR { of Experimental Section )
of the methoxyboranss { je. 5d-f ) also fits our earfier obsarvation® that the methoxy protons  of
maso isomar are found upfield { ca 0.1 ppm ) from the corresponding of isomer. From these data, we
find that the of isomer predominates { ca 90% ) over the meso isomar in each of the isobutyl cases.
The P8 NMR spectra of these compounds consistently agree with this distritation of  diasterenmers
in oach case and, fikened to the 'H NMR, the meso isomer is upfield from the corresponding ol isomer
{ ¢l Table 2 .

For analysis and identification purposes, he comwssponding bordnic scids (Td-f) were also
prepared. The 'H NMR of the hydmxy protons of 7¢-f are found at ca. 5.0 ppm with the of being
downfield { ca. 0.2 ppm ) from the corssponding mese isomer in gach case. Infegration of thess
signals was consistent with the presence of ca. 90% of the of isomer in each of thess derivatives.

The capillary OC anaiysis of 54,8 and 7d.f revealad that these palrs of dastereomers  could
be separated with tha ratention time of the meso igomer being shorter than that of the of in  each
case. The lower volatiity of the dimethylphenylsityl derivatives (e series e) preciuded their
clean separstion for analytical svaluation. & should be emphasized that these borinic acid  and
methyl ester dorivatives can be analyzed by capillary GC without  decomposition.  For the former
compounds, this s remarkable and this work describes this analysis for the firet time. Morsover,
the hydroxylic protons show no tendency 1o exchange on the *H NMR time scale and exhibit sharp bands
{ 3 sach in the case of 7d,7) for a tree OH in the 3600-3650 omv! rangs of their IR spectra.

The difference of the dimeso ratios observed for the dialkylboranes derived from either 38 or
3b {ie. 4s and &b dimeso = 33871 compared fo the iscbutenyisilanes (e 4d-f d¥meso = 8010}
roveals that the selectivity in the hydroboration with i-siiyisobutylboranes (8d-} of another
ischutenyisilane  {3¢-0) is higher and prefers the of form while {1-trimathyisiiyl-1-propyliborane
@) with ancther ois-1-propenylimethyisilane (3B} or  1-(timethylsilyl)ethylborane  (8a) with
another vinyltrimsthylsilane (38} is less and the meso product is preferred.

A2 SiR, RZ SR,
A2 H : SR, A R

+ S H * M
. / R R
R'  SiR, R'  BH, "
3 8 R SiR, R SR,
meso-4 b8

Having observed significanmt diastersoselectivity for the hydroboration of the isobutanyi-
silanes, it was decided to investigate the asymmetric hydroboraion of this representative set of
methylated derdvatives 1o determine thoss factors which influenced the process. From the extensive
studies of Brown and Singaram,® it was clear thet IBCBH, not only is available in 100% ee, but also
provides good asymmetric induction for both fransdisubstitted and tisubstituted alkenes, &8 matter
of prncipal importance for our systems where silyl subsitution can significantly alter the  regio-
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selectivity of the hydroboration process when dialkyboranes are employed. Morgover, the interme-
diate 1.1 adducts can often be directly resoived by simple crystalization 10 Qive pure diastereo-
mers from which a-pinene can be removed to provide homochiral organoborane derivatives.> Thus, we
examined the reaction of IPCBH, with our representative silylakenes empioying a 1:1 stoichiometry
1o determine the regiochemistry, enantiofacial selectivity and overall chemical efficiency of the
process. These results are summarized in Table 3.

IPCBH, : SR, HO/OH
~BH(IPC)
R' H

10

TABLE 3. THE HYDROBORATION/OXIDATION OF VINYLSILANES WITH IPCBH,* (9).

1

3 R,SI R R? '(I'Tolm '(’ﬁ:» Sa /88 ] [a)’: Yiels®

38 Me,Si H H 25(4) 45/55 0.0¢ 0.00 6a 96(70)
b Me,Si Me H 25(4) 96/4 0.0¢ 0.00 6b 95(70)
3¢ Me,Si H Me  25(4) >89/1 36° +0.87" 6b 95(60)
3d  Me,Si Me Me 25(4) >98/2 249 -4.21 6d 98(71)
38  Me,PhSi Me Mo 25(4) >9872 24¢ -5.02 60 99(94)
3t Et,Si Me Me 25(4) >98/2 40° 6.14 61 99(65)

Eu[éo) (tfc)] (Mabo Eu[(o) (hfc)l,, [Aldnch] t. A 2:1 mol ratio
n 78 No evidence could be found for a roguowomonc aJeohol by capc

a. Prepared from (R)-(+)}-a-pinene, 94% ee. b. GC(isolated) yield. 3c. Eu{(«)-(tic)],. [Ald a’%
GC, 'H and 3C. NM;'h Uncbrfoctod from a 95/5 mixture of trans- and a's-1-propenyisilanes. 2y

Under our conditions, the 1:1 stoichiometry provides essentially quantitative yields of the
silylated alcohols (6) suggesting that dialkylboranes such as 10 could be formed as the major
reaction products with the proper substitution pattern on 3. While the vinyl compound (3a) was found
to give o/B mixtures, this is entirgly consistemt with our earlier findings? on the behavior of this
unsubstituted vinylsilane. Moreover, in this case we examined a 2:1 stoichiometry with the finding
the reaction is both incomplete (78%) and slightly more B-selective ( B = 33:67 ), again as
expected from our previous studies. Similarly, the dramatic change to an efficient a-selective
process with a single B methyl group was expected with the unanticipated feature that the trans
isomer (ie. 3¢) would give a single regivisomeric product! Also, within the limits of detection,
both by NMR and capillary GC, we found only the a product from the isobutenylsilanes. Thus, control
of the regiochemistry was achieved with 9 as the hydroborating agent for B-substituted vinyisilanes
which contain trans substitution with raspect to the silyl group. In this regard, larger groups on
silicon do not detract from this regioselectivity.

To understand better the nature of the borane adducts formed under these reaction conditions,
the hydroboration mixture was monitored spectroscopically, by ''B NMR. The peak of IPCBH, dimer (
22 ppm ) disappeared as soon as the vinyisilane (3b-f) was added, and a broad peak at 80 ppm
appeared. The reaction was complete, forming the diakylborane (10) in ca. 30 mins. After the
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addition of 1 eq of MeOH, the peak at 80 ppm disappeared, and a large psak & 54 ppm appears,
congistent with the formation of a borinate ester. A small peak (ca. 5%) at 32 ppm (RBOMe,) indi-
cated that soms displacemesnt of the alky! groups had cccurred, which GC analysis revealed o be o
pinne rather than 3.  Similar results were obtained when H,0 was added instead of MeOH.

it has bsen found that IPCBH, gives very low asymmetric induction in the hydroboration of ois
alkenes.® The complete lack of asymmetric induction in the case of 3b demostrates that even when ona
forces the boron to a single carbon on the double bond, no enantiosslectivity occurs. The case of 3a
rainforces this point. Thus, when a pure sample of 3aa was isolated by preparative GG, i, too, was
found to be completely racemic.

For 3¢, moderate enantioselectivity (36% ese) was achieved.  This result reveals that the
trans-substitution  not only has a positive steric influence on the reglochamistry of the hydrobora-
tion with IPCBH, as compared to the <is isomer, but also enhances the enantioselsctivity of the
process.

The hydroboration/oxidation of 3d with 8 resulls in a slightly lower enantiomeric excess {(ie. 24%)
than that observed from 3Je, suggesting that the additional ¢is-substitution actually has 3 negative
sffect on the asymmetric induction with IPCBH,, an effect which is consistent with Brown's findings,
and may well result from slectron-donating properties of this added alkyl group which results in a
less selective process. Our results on changing the substitution on silicon suggest that for a
positive increase In the asymmetric induction to be achieved, a radially symmelric increass in the
steric bulk is more effective than merely adding one lamger group {¢f Table 3, 3d-f). Morgover, we
carried out the hydroboration/oxidation of 3d with dilongifolylborane (Lgf,BHI* which has an  inter-
madiate steric bulk when comparad o diisopinocampheylborane®® vs (8). 1t gives (+)-Bda (>88% regio-
isomeric purity) in 32% ee ([o]® = +5.45°) (74% yield), but fails to react with the more hindered
8s. Hence, this reagent appears 1o be of less general utility than is 8 for the hydroboration of 3.

Numerous models, both experimentally and theoretically derived, have besn proposed to explain
the hydroboration reaction®  However, while consistently predictable S configurations® {  unless
the group priorities are reversed ) are obtained as the major enantiomeric aloohols from  trans-
disubstituted and trisubstituted alkenes and IPCBH, { from {(+)-a-pineng ), no working model has
been proposed to explain the selsclivity. By analogy with these selectivities, the expecied absolute
configurations  of the silylated alcohols obtained from vinylsilane/IPCBH, adducts should be 1the
corresponding 1S isomers. i should be noted that IPCBH, (from (+)-c-pinens) gives the opposite
configuration at C-3 from the hydroboration of 2-methyl-2-butens comparsed fo that obtained from
Lgf,BH® = result which was also found in the hydroboration of 3d. Thus, the silylaled alkenes
appear to behave in an analogous manner fo their all-carbon counterparts, differing principally in
the degree of enantiofacial selectivity.

FIGURE 1
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We view the selectivity of IBCBH, as ansing from the considerations illustrated in Figure 1
below. In this picture, the vinylic C-H bond is assentially colinear with the B-IPC bond to minimize
the stenc interactions of the akene with this large group. Thus, an akene approaching 9 prefers
the less crowded exo face of the pinanyl ring system from the side away from the protruting methy!
group &t C-2. The near planar arrangement of the C-1 to C-5 array for the pinanyl system together
with the approach on the C-4 side of the rigid ring system has been found by X-ray analysis of the
N.N.N'N-etramethylethylenediamine compiex of 9.% This mode! explains all of the known enantio-
menc preferences for the various akene types, when one considers the two possible orientations
which give rise to the observed enantiomeric products. For A, difficulies arise when steric inter-
actions are encountered between the trans groups on the alkene and the 2-Me through C-4 array. This
is relieved in approach 8 where the orientation of these trans groups with respect the ring can be
better accomodated in the hydroboration process. With this picture, our data can be readily under-
stood. For one, the model clearly predicts low or no asymmetric induction for compounds not having a
trans substilution pattern. Our silyl compounds show a sensitivity to the general bulkk of the silyl
group consistent with the model. Also, the longer Si-<C bonds compared to their all-carbon counter-
parts would be expected to lead to a lowering of the enantioselectivity, a prediction consistent
with experimental findings (eg. Compare 3¢ (36% 66) to the cormesponding +butyl compound (76%
e0)%). Hence, the model appears 1o provide a satistactory explanation of the observed selectivities
with this chiral hydroborating agent.®

The enantiomeric excess in each case was measured by 'H NMR combined with Eu[(+)-(t%c)), or
Eu[(+)-(hfc)],. In the cases of Ba, Bb and 6d, the Me,Si group was monitored. The peak separations were
satisfactory and were integrated to give the ¢e. The doublet observed for the a-methine proton did
not resolve well. In all cases, the minor enantiomeric silyl alcohol obtained from IPCBH, (from (+)-
a-pingne) was shifted more downfield than the major enantiomer. In distinguishing the enantiomers of
6e. some problems occurmed. The two methyl groups on Si are not identical. Thus, when 6e complexes
with Eu[(+)-(tfc)),, four peaks were expected. However, before the separation is sutficient to obtain
a clean integration, the peaks from the shift reagent began to interfere with the spectrum. The
doublet observed for the a-methine proton also cannot be separated cleanly. Fortunately, Eu{(+)-
(htc)), exhibited no interference in the reglon of the Me,SI group, so that a satisfactory analysis
coukd be achieved. The 'H NMR of 6f with Eu[(+)-(tfc)l, gave a good separation for the methine
proton 1o give the cited ee. The determination of optical purity of 8d using Moshers ester® was
less informative than the NMR study with Eu((+)-(tic)],. In this case, 'H NMR of the a-methinyl
hydrogen signais separated by ca. 1.7 Hz, the trimethylsilyl signals by ca. 2.2 Hz. The ''F NMR
signals were different by ca 6 Hz. However, these differences were insufficient to obtain a clean
baseline peak separation. Moreover, we were unable to oblain an effective separation of these
diastereomers with capillary GC.

This study revealed that the substitution on silicon has an influence on the asymmetric hydro-
boration of akenylsilanes. Larger substitutents on silicon give more asymmetric induction in  iso-
butenylisilane systems. Also, a trans-1.2-disubstitution pattem is necessary to achigve significant
asymmetric induction. However, the optical purities of the a-silyl alcohol are not great, even in
the best case (ie. 40% ee). However, this study does establish that moderate asymmetric induction
can be achieved in a-silylated organoboranes and that these adducts can be obtained in excellent
yield and regioisomenc punties. Our model for the origin of the asymmetric induction with 9
provides a basis for continued study to increasae this enantiofacial selectivity.
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EXPERIMENTAL SECTION

Al experiments wers camied out in predried | 4 h at 110°C ) gisssware under 2 nirogen aimosphers. Standand
handing techalques 1o alr-senellive Coinpounds were employed HWoughout this study™®,  Maling poits were taken on
capliary malting point &ppas. ) unconected.  Analytical gas chrommography  was
performied using efther a Porkin-Elmer Sigma-18 Gas Chromatograph stupped with 3 8 X 1/8™ 20%. SE-30 on DODMS
toated Chromasotb W or a 50M X 0.25mm Silwr 10¢ fused slica [ 3-cyanopropy! siictne | caplilary column o &
Parkin-Elimer 8320 capifiary gas chivmatograph with & 20M X 0.25mm honded FSOT 20% SE-30 capliiary cokumn, Prapan-
tive gas chromalography was poerfoemed using 2 Varan 90-P3 Gas Chvomstograph. Optical rotations wers mesewred using
2 Porin-Eimer 243 B with & 0.1 dom cell af the indicated concerdration { /100 miL , sobent ] Specie
recordad on the foflowing insinunsrndy; sa:mmm-gama Micoist 8000 sares FTR { TF = thin
fim ). M5: Hewlet-Packard 5995 GCMS (70ev); NMR: 'H, °C, %51 ( Me,SE § » 0.00 ppm }, M8 { BFgOET;: 8
00 pom ), F ( TFA: 3 » 0.00 pom j JEOL FX-000 and GN-300 spectromsier. AS soivents and reagents were puriiied
prioe 10 use by standand mathods (o¢. refersnce 2l

i

clis-1-PROPENYLTRIMETHYLSILANE (3b): This compound was prapared as reported.® *H NMR(COCL) 3 0.08(s, 9H),
1.73(dd, 3H, J = B.7Hz, J = 1.4Hz), S548/0g, TH, J » 14Mz, J = 1.4H2), 6.38(dG. 1H, J = 14Hz, J = 8.7H2) ppr; B¢
NMRICDCL) 0.0, 18.8, 129.9, 142.0 ppm.; 2SI NMRICDCL) 5-10.8ppm.

trEna-PROPENYLYRIMETHVLELANE (32): Following the spproach of 2welisi', & dry t-necked, 250-ml, round-botiomed
flask was charged with 30/ ( 23 ¢, 20 mmol, cistrang « 72 )" To the flask was added diethyl sther { 90 mL ),
by hand-shaking,

NMRY 5 003(s, OH), 1.80{ad, 34, J = 5, J = 12 Hz), 807y,
1H,J = 183 Hz, J = 5.5 Hz) pom'®; 136 NMR(COCIy) 8 -1.2, 2.4, 131.8, 141.8 ppm; 2SI NMR(COCIy) § -8.3ppm.

g
%5

20 mi. ), driet over mfsc &nd dintited
242’y { 63% yiek, GC - 99% purlly ) of 3 bp 128°C / 760 forr { W' 1115 - 112°C /748 torr ); IRCTF) 1620
{CC), 1267 (G5 o ; MBS, miz, 129(Ms1, 1), 128(4%, 10), 113(48), 72(100), §5:20); "M NMR (cnc% 3
0.07(s, SH), 1.78(d, 3H, J = 1.0 Hz), 1.82(d 3H, J = 1.2 Hz), 5.18(m, 1H) pom; '3C NMA(CDCL) 8 0.1, 2,
29.3, 124.2, 1518 ppm; 2SI NMR (CDCLy) § -11.8 ppm.

ISOBUTENYLINMETHYLPHENYLSILANE(S0): As for 3d above, from dimethylphenylsly! chioride { 81.0 0, 357 mmoi ) was
oblsined 47.5 g { 70% yleld, GC - 96% purlty } of 38. { bp 62°C (0.4 tom); R(TF) 1620 (C=C). 1248 (C-8, 1112
(SEPH) om? [ MS. mar, 191(Mey, 2), 190(M°, 18), 175(68), 135(100), 105(38), 77(22). 58(20), 55(31) : 'H NMR
€OCY) & D.94(s, 8H), 1.70(s, 3H), 1.87(d, 3, J = 1.0 Ha), 536(m. 1H), 7.3%(m, 5H) g ¢ NMRY & -0s,
235, 294, 1219, 1277, 1288, 1337, 1404, 1538 ppm;  SI NMR (CDCYL) & -15.4 ppm. Anal Cakcd. for
CHyySi: C, 75.72; H, 953, Found : C, 75.62; M, 9.54,

ISOBUTENYLTRIETHYLSILANEN: As tor 3 above, from triethyisi chioride { 15.0 g, 100 mmol } was obtained 11.2
g ( 85% ylaid, GC - 90% puilly  of 3L bp 95%C (28 ton): IR(TF) 1822 (CeC), 1287 (C-S) om'!: MS, mz,
170iM°, 3}, 141{58), 113(100), 85(82); 'H NMR(C 3 0.57im, &H), 0.95(m, SH), 1.76(s, 3H), 1.85(¢, 3H, J = 1.2
Hz, 5.12im, 1H) ppm; NMRICOCL) 5 43, 75, 234, 20.4, 1208, 1523 ppm: TSI NMR(CDCLy) § -3.7. Anal
Caic'd. for C, Ho. 81 1 G, 70.50; H, 13,01 Found : C, 70.47; K, 1299

ISOMERIC TRIMETHYLSLYLETHANOLSIS20B): A dry 2-necked, 250-mi. round-bofiomed flask, equipped with a magnetic
stiming bar and Diy los 7 acetone condenser was chamged wih IPCEH, (1.14 M in sther, prepared fom {+-Q-pEene)
{220 mt, 25 mmol) st room femperalurs. 3a° ( 25 p. 25 mmoi ) was added dropwise.  The mixture was aliowad 10
stir for 4 h &t room tempersture. Methanol { 2.0 mi, 50 mmol ) was added snhd the mixkure was slimed af soom
temparature fov an addtiongl hour.  The soivents were remowvad with a continuous siream of ntrogen, and S0H was
added foowed by 10 i, of M squeous sodium hydroxkie and 10 mi 30% hydrogen paroxide dropwise,  The reaction
nixtunmmmdalmmmah.Tmmcnmlmnmmwtemntonummarﬁpﬁaam{somuwas
axidad, ‘mowmuaphmmmrmdwmxco,.mmommdmﬂcphmwummmw.mﬂmmt
50 mL } was added sgain, then dded over Na,50, and distiled to give 2.1 g ( 70% yiekd ) of 68 , tp 40-50°C / 12
torr { 2 bp 62-75°C 7 43 forr ) . For Gact {isolated by preparative GC). [0 = » 0.00 { ¢. 808 kv hexare 1
The 'H NMR mdmmmmwﬁm}-m W?ismw 18 ppm, and
integratad to detorrine the ee. IR (TF) 36835 {OH), 1257 (-8, B4% (C-8h om' ;  MS mE 101{11), BB,
73{1003, 59{13), 47(10); 'K NMR{CDCL) 5 0.03s, OH), 1.27(d. 3H, & = 73Hz), 1.55(s, 1H), 34%G, H, § = .34
ppry; TG NMRC & 4.4, 193, 61.5 ppn: ”&lNW’l{GQCQﬁ l.aqanwﬁB,iﬁﬂF} 3654 {0, 1@8{(‘}583
842(C-S) om?! : M3, mz 100(8), 7H100), 73(13). 59(3). 47(E) '3C NMRICDCl) 8 -1.4. 220, 589 pprm; i
NMR{CDC!) & -0.8 ppm,



Asymmetnc hydroboration of alkenylsilanes

1-{TRIMETHYLSILYL)-1-PROPANOL(6D): Method 1 (from a 35/3C MbxturiBMS) A dry 2-necked, 250-mi. round-DOtOMed fask,
squipped with & magnetic stirring bar and water condenser was charged with BMS { 1.26 mi, 12.5 mmod) In hexane { 40
mi ) st room temperaiure.  1-Propenyltrimethyislane ( 2.8 §. 25 MOl Gt « 73 ) was added dropwise. The
mdxdure was slowed 10 St 10r 4 h &t rOOM temperatre.  Methanol { 1.5 ML, 38 mmo! ) was a0ced and the mbxture

i
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g
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s

2-METHYL-1-TRIMETHYLSIL YL-1-PROPANOL{SA): Method 1 (from J/BMS) As for 60 above, fom 3d { 3.2 g,
25 mmol ) was obtained 2.9 g { 79% yieid, GC - 90% purily ) of 8d. bp 70°C (17 1om). ¢ 0.836. The 'M NMR signais
of Me,Si wers successively shited by Ell((*)-s’c)li‘m 0 1.2 ppm and 14 ppm, and rtegrated 1 determing
the ee. IR(TF) 3400 (<OH), 1248 (C-Sh) om’ . MS: maz 147(Me1, 5), 146(M°, 4), 73(100); 'H mmco?aoosa,
9H), 093(0, 8H, J = 6.8 Hz). 1.21(s. 1H), 1.8%(m. 1H). 3.06(d. 1H. J = 59 Hz) pom; '3C NMR(CDCl) § 2. 185,
204, 32.2, 72.2 pom:  3SI NMR (CDCl) § 0.6 ppm. Anal. Caic'd. for C,H, © C, 57.48; H,12.40. Found : C.57.43;
H,12.37. Maethod 2 (from 341 As for 8B above, X (329 25 ) gave 250 ( 85% yield ) of lsopinocam-
pheol, bp 70°C (0.3 tom) and 80 (7% yekd GC- 9% pully ) of 8. | o 421 (nest), 90 = 24%.
Method 3 (trom 14Ag,BH) A dry 2-necked, 250-mi round-boliomed flask. eqQuipped with & magnetic stiing bar and
water condenser was charged with diongliolyborane ( LglLBH ) (211 g SOmmOl in THF (75 oL ) & room
tempersture. 3d ( 8.4 . 50 MmOl ) was added. The mixture was alliowed 10 stir for S h &t room temperaslure. The
sold Lyt disappearsd, the orpancborine was oxiized by 20 mi. each of 3M NaOH followed by 30% H,0, dropwise.
The re. mixiurs was heated 8t refx 10r 2 h. The reaction mixture was cooled 10 OOM eMPeralNe and pentane
(100 mi ) was added. The aquecus phase was saurated with K,CO,, and the separated orpanic phase was dried over
Na SO, and distiled 10 gve 54 G ( 74% yiekd ) of 88, | w 4545 (nent), TN‘HMRWOINOSIm
mwmoby&((o){m)),mntwm(')“!zwm(«). and integrated 0 et e
00, I2%.

2-METHYL-1-OIMETHYLPHENYLSILYL-1-PROPANOL(S8): As for 8 abOve, 36 Gave & residue which was puritied Dy flash
chromatography ( 4.7 g. 90% yieki, GC - 97.5% purlty, slica gl 40 - 63 microns, « 033 In 783 ottwy! acetate
! hexane ). Further purfication Dy short path dlstiietion gave 4.2 ¢ { 80% yleld | - 99.8% purtty ) of Gs.
73°C (08 tom. o 0968 ; [ « 0.00; The 'H NMR signeis of Me,Si wers successively shifted by Euf{e)-{kc)}y
downlieid 1o 1.0. 1.2 ppm and 1.1, 1.3 ppm. and integrased 10 determine the ee. IR(TF) 3480 (-OH), 1248 (C-S),
1111 (SEPR) e, MS: myz 208 (M), 185(17), 137(21), 135(100), 106(21), 75(48); 'H NMR(C 8  035s. &H),
088(d, 3H, J = 68 Hz), 091(d. 34, J = 6.8 Hz), 161(s, 1H). 1.79(M, 1H), 3.25(0, 1H, J = 8.1 Hz). 7.44(m, 5H)
pom, 3¢ NMR( 8 43, 4.0 19.0, 204, 319, 71.4, 1276, 1290, 1339, 137.6 ppm: 2SI NMR(COCY) & 49 .
Anal. Cak'd. for C, 1 C, 89.18; H, 9.67 Found : C, 89.26 N, 9.72 Aethor 2 (trom et gave 0.138 ¢
{ 89% yieis ) of sopINOCAmMPheo! and 0.196 g { 94% yield, GC - 97% puty ) ot 6e. [aP® « 502 (¢ 657
benzene ). The 'H NMR signais of Me,Si were sucosesively shifted by Eu({+)-(hi)]l, downfield to 1.0, 1.2 ppm (-
w‘.msm(.).mmmanommﬁmu.zm.

4

2-METHYL-1- TRIETHYLSILYL-1-PROPANOL{SN: Method ! (from JYBMS) gave. as 1or 8¢, 1.6 0, B3% yieid, GC - 99% purty
, siica Dol 40 - & microns, R, = 0.35 In 0.610 ethyl acetate / hexane ). mebn‘bymm
datiiaiion gave 1.4 0 { 75% yleid, GC - 100% purlly |} o O bp 63°C (0.15 tor); ¢ 0875 The 'M NMR signais
of the doublet for the C-methine hydrogen of Sach enantiomer were successively shited by Eu{(+)-(tic)l, downfield
10 835 ppm and 6.55 ppm. and integrated 1 dewnming the ee. IR(TF) 3460 (-OH), 1240 (C-Si), 1018 (-CH,-CHy). 737
(C-Sh om''; MS. myz 186(M-2, 31), 150(18), 115(39), 103(100}. 87(94). 75(88), 5%{51); 'H NMR(CDCLy) § 0.61(m. &H).
10%(m, 1t 1.38(s, 1H), 1.85(m, 1H), 3.25(d. 14, J = 58 M7 ppm; '3C NMR(C 528 757190, 205, 319,
70 4 pom; &%& NMR(CDCL) § 4.6 ppm. Anal. Caic'd. for C,H, SIO : C, 63.78; H, 1284 Foundt: C, 83.57: H, 12.79
Method 2 (from SUIPCBH,) gave, mmm«w(’mww~mm. 0.8.10 of ethyl acetate /
hexane ) 1.5 g ( 81% ., GC - 96% puly ) of 8.  Further purtication by distitstion gave 1.2 g (65% ylelk,
GC - 100% purlty) bp 83°C (1.7 tom):  [GP® = 6.14 (neat}] The 'H NMR signels of the doublet for the O-mathine
hydrogens of each esnantiomer wers successively shited by Euf(+)}<{HC)], downfield 10 845 ppm (-} st 865 pom
{+), and integrated 1o determine the ee, 40%.

&

meso- and ¥ BIS((1- TRIMETHYLSILYLNSOBUTYLIBORANE(4D ): An NMR tube with & rubber seplum was flame-dried and
cooled 10 rOom tempersture UNGer & NIrogen aMosphers.  The resgents were INtroduced o the NMR wube by syrnge.
BMS (005 mi. 0.5 nwmol ) and C! { 04 mbL ) were introduced, followed by 3d { 0.128 g, 1 mmoi } The sampis was
mixed well by hand-shaking. The '8 NMR of this sampie showed Mhat the reaction was compieted in ca 30 ming  4e
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and 4 were similarly prepared. To 4d as prepared above, mathano! ( 0.02 mb, 0.5 mmol } was added dropwise under &
nitrogen atmosphere and the samplé was mixed well and aliowed o stand at room tampersture overnight. The solvenis
wers removed with & continuous stream of nitrogen followed by high vacuum. CDCL, ( 0.4 mi | was added, and the '8
NMR showed that the diakyiborans formed 5d completely.  The separation by capilary GC showed that the ratio of
thase two iastersomers { F 7 meso J I8 ca 7 o 1, and the retention time of mese orm B8 shoner than of form.
TH NMR{CDOL) 8 0.10(s, 18H), 081, 2M, J = 8.1 Hz), 0.868(d, 6H, J » 8.8 Hz), 1.0%d, 8H, J = 85 Hz), 2.05(m,
2H), 380, 2.70(s, 3H tolal in @ ca 19 grea ratio). In an analogous manngr, 8¢ was propared. In this case, the
capiiiary QC fallad 1o separzie 1hess two dlastersomarns. T NMR icoc? § 0.31(s, 8H), 0.32(s. &), 0.75(4, &4, J =
8.8 Hzl, O.78d, 2H J = 4.9 Hz), 0.84(d, &M, J = 68 Hz), 1.88(m, 2H), 382, 3.72(s, 3H tolal I 8 ca 110 ares
ratio), 7.851{m, 10H} ppm 8F was simiady prepared. The capifiary GG showed that the mtle of these two diasterso-
mers {( U/ meso ) B ca § to 3, and the retention lime of musc form i3 shoter than o form. 'H NMR(CDCQ &
0.70(m,  14H), 0.97(m, 30H), 2.03(m, 2H), 368, 3.72(s. I tal In 8 ca 1110 arss ratio) ppm. (7d): To 44 a8
preparsd above, water { 0.008 g, 0.5 mmol ) was added under a nltrogen atmosphers and the sampls was mixed wall
and aliowed to stand 8t mom tempersiure overtighi. The solveits ware removed with a conlihucus estream of nitrogen,
followsd by high vacuum. CDCL, { 0.4 mL ) was atded, and the '8 NMR showed that the diakyborane formad he
borinic acki completely. The separstion by capllary GO showed that the ratio of these two dasiereomers ( of /
mese ) ce 8 to 1, and the reteniion time of meso form s shorter then of form. 'H NMAC & 0.10(s, 18H),
0.69(d, 2, J = 4.8 Hzl, 1.04{d, 84, J = 88 Hz), 1.07(d, oM, J = 6.8 Hz). 2.00{m, 2H), 4.80, 5.00¢s, 1H tolal In a
ca. 112 area rallo). 7o wes simiisrly prepared. in this cese, the capilary GC falled © separste thess two
dlastersomars.  'H NMR {CDCL) 5 0.30(s, &), 0.34(s, &H), 0.73(d, 2H, J = 52 Hz), 0.88(d, 124, J = 89 Hz),
1.85(m, 2H), 4.81, 5.11(s, 1M total In & ca 111 greq rallo), 7.33{m, 10M) ppm. For W, capllary GG showed that
the ratio of thees two diastereomerns { o/ meso ) s ca. 8 10 1, and the retention time of meso form 8 shorter
than o form. "M NMR(CDCL) 8§ 0.7%(m, 14H), 087(m, t4H), 1.97(m, 2H), 4.98, 5.10(s, 1H total In 3 o8 18 area
ratio} pom. See Table & for the spectral data,

2METHYL-1-TRIMETHYLSILYL-1-PROPYL  O-METHOXNY-0-TRIFLUORDMETHYLPHENYLACETATE was  prepared
by a procedure analogous to that reponed by Mosher® into a dry 50 mb round-bottomsd flask 84 { 0.02% g, 0.5
mmol ) and distilied ((-MTPACH { 0.0379 g, 0.15 mmo! } were mixed with carbon telrachiorids { 5 drops ) and dry
pyriding { 5 drops ) and sliowed o stand for 12 h & room temperatwe. Water { 1 mb ) was added and the reaction
mixiure  iransfered o & separatory funnel with diethyl ether { 20 mi ).  After washing with dikle HCL  sawrated
Na,CO, solution, and watsr, the ether soldlon was dried over Ne,SO,, fltered, evaporsied and o the reszidue was
ac%ed %DCis for NMR analysis. 'H NMR(CDCL) 8 0.08(d, 9H, J ~» 2.2 Hz), 081{dd, 84, J = 84 Hz, J = 38 H),
2.0%(m, W, 3530m, 3K, 490(dd, 1H, J= 43 Hr, J = 1.7 H), 742(m, SHipom. OF NMR(BO% COCl; + 20% TF&) &
7.18, 7.23 ppm.
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