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Ab&mct-Asymmetric hydroboration of appropriate alkenes with diisopin5campheylborane (IpqBH) or 
monoisopinocampheyibrane ffpcBH& produces intermediates tbat readily eliminate a-pinene on treat- 
ment with a~t~deh~de~ providing a direct, convenient route to cbiral boronic esters of high enantiomaic 
purities. Mixed cbiral trialkylboranes, readily prepared by stepwise hydrobarrttion of appropriate alkenes 
with IpcBH2, eliminate cr-pinene on treatment with acetaldehyde under very mild conditions. The 
procedure makes readily available chiral borinic esters of high enaatiomeric purities. The synthetic utility 
of chiral borinic esters is d~ons~t~ by converting them into acyclic ketones including an alarm 
pheromone of the ant Manica mutico. 

Chiral hydro~rat~on is one of the xnost v&able 
reactions in asymmetric synthesis.’ Asymmetric hy- 
droboration, discovered in 1961, is the fust &c&t 
non-enzymatic asymmetric synthesis.z Since that 
time, numerous, highly efficient, asymmetric syn- 
theses have been reported, particularly in the last 
decade,’ There are now four chiral hydroborating 
agents, viz diisopin~m~heyi~~ne (Ipc;BH),’ 
monoisopinocampheylborane (IpcBH~,S di- 
iongifolylborane (LgfiBH): and limonylborane 
(LimBHI,? available for asymmetric hydro~~tion. 
These reagents are effective for three of the four 
major classes of prochiral alkenes. 

The intermediate chiral boranes, obtained by 
asymmetric hydroboration~ have been transformed 
into chiral alcoholsq-7 by oxidation with alkaline 
hydrogen peroxide, chiraI iodide? by base-induced 
i~ination, and chiral amines by amination with 
hydroxylamine~sulfanic acid, However, these inter- 
mediates have not been converted into other chiral 
products utilizing carbon-carbon bond-foxing reac- 
tions. Several such reactions are known for achiral 
organoborancs.‘* 

The C-C bond-forming reactions of or- 
ganoboranes are believed to proceed through an 
organoborate anion, which undergoes a facile 
1 ,Zmigration of an alkyl group from B to an adjacent 
atom ~ntaining an appro~~ate leaving group. fn 
many of these reactions, onty one of the three aIkyf 
groups are utilized. In some cases, 9- 
borabicyclo[3.3, flnonyl (9-BBN)” and thexylS2 
groups circumvent this difficulty. However, in other 
cases, these derivatives are not effective.‘3 In some 
cases, alkoxy has been effectively used as a non- 
migrating “b&king” group.‘* 

Interestingly, the situation in the case of choral 
organoboranes is different where the chiral auxiliary 
is attached to B, making the boranes mixed. fn order 
to successfully use these intermediates for C-C bond- 

forming reactions, the chiral auxiliary groups shouid 
(1) have minimum migratory aptitude, or (2) be 
capable of selective removal prior to the C-C bond- 
forming reaction. 

in the case of chiral boranes derived from Ipc+BH 
and IpcBH,, the 3-pinanyl group, although tested in 
limited cases, does have considerable migratory apti- 
tude, therefore making the synthesis less eRicient.lS 
Consequently, the second alternative appeared more 
attractive, 

It is known that ~atkyi~r~~ react with al- 
dehydes to generate the starting alkenes with the 
formation of borinates or boronates.16 This reaction 
has been successfully used for asymmetric reduction 
of deuterated aIdehydesYs7 acetylenic ketoneP and 
simple ketones.” Tbe rate of elimination of an alkene 
from the trialkylborane depends on the degree of 
substitution at the @-position to the B (i-Bu > f- 
Bu % Et) and on the ability of the group to form a 
SJVZ -planar B-C-GH conformation (cyclopentyl 
5 norbornyl> see-butyl % cyclohexyl). Fortunately, 
the elimination of the iirst alkyl group is much faster 
than that of the second group, permitting selective 
elimination of one a&y1 gr0~p.l~ 

Based on these ~ns~deratio~~ we surmised that 
the trialkyfboranes derived from IpczBH and IpcBH, 
on treatment with aldehyde might selectively elimi- 
nate a-pinene to provide chiral boronic and borinic 
esters. In practice, this proved successful. A portion 
of our study has appesred in the form of preliminary 
comrnu~~~ons.~~’ We now describe in full the 
results of our study on the synthesis of chiral boronic 
esters, borinic esters, and acyclic ketones. 

Alkylboronic esters, containing only one alkyl 
group attached to boron, are esthetically appealing 
and economical organoboron inte~~ia~s for C-C 
bond-forming reactions. No loss of the alkyl groups 
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result in such transformations. Consequently, several 
unsu~sful attempts were previously made to use 
these derivatives for homotogation Until the discov- 
ery of Matteson and Majumdati2 and our own recent 
contribution,23 there had been no effective means for 
homologation of boronic esters. 

Recently Matteson and Ra94 reported an elegant 
synthesis of chiral boronic esters using &-pinanediof 
and Grignard reagents. We sought an alternative, 
convenient route to these intermediates u&r asym- 
metric hydroborationdisplacement. 

A~or~ngly~ we prepared 2-but~~~sopin~rn- 
pheylborane 2 by hydroboration of c&2-butene with 
(+ jI%BH, 1. The trialkyfborane 2 contains the 
chiral2-Bu group with > 98% ee. The probtem was to 
find a convenient method to remove 3-pinanyf groups 
from 2 for the targeted synthesis of 2-butylboronic 
ester. It is known that 3-methyl-2-butyl eliminates 
faster than the 2-Bu group on treatment of the 
corresponding trialkylboranes with aldehyde. Con- 
sequently, it appeared that 3-pinanyl might eliminate 
faster than 2-Bu on treatment of 2 with an aldehyde. 

(-)-a-pinene 

The present method is also applicable to the di- 
alkylboran~ derived from munoiso~n~mpheyl- 
borane (IpcBH& Monoisopin~mpheyl~rane is an 
excellent chiral hydroborating agent for trisubstituted 
and rrans-alkemzs5 Accordingly, l-phenylcyclopen- 
tene was hydroborated with IpcBH,, 3, to provide the 
dialkyl-borane, 4. The intermediate 4 on treatment 
with ioOo/, excess acetaldehyde quantitatively libe- 
rated a-pinene to furnish the desired boronic ester, 5 
(eqn 2). The progress of the reaction was readily 
monitored by “B NMR of the aliquot samples (bo- 
ronate S + 32). It is interesting to note that in the case 
of 4 both alkyl groups have similar structural features 
(derived from trisubstituted cyclic alkene); however, 
only the 3-pinanyl group participates in the elimi- 
nation process. This fact is evident from the GG 
analysis of the oxidation product of the boronate, 
which indicated a-pinene and trans3-phenyfcyclo- 
pentanot to be the sole products. (IS, 2S)- 
(+ )-Diethyl ~r~~~(2-phenylcyclo~ntyl)boronate S 
was readily isolated by distillation under reduced 
pressure. The optical purity of 5 was estimated to be 

-25°C 

ii 
I (1) 

2 CH$HO 12) 

Thus, treatment of 2 with looo/, excess acetaldehyde 
at 25” selectively and quantitatively liberated 
a-pinene to provide diethyi 2-butyl-boronate. This 
intermediate is readily separated from a-pinene by 
extraction with aqueous sodium hydroxide and con- 
verted into 2-butylboronic acid by acidification with 
atid. R~ste~~~tion of the acid with methanol pro- 
vided (S)-( + )-&methyl-2-butylboronate (eqn 1). 
The enantiomeric purity of the boronate was esti- 
mated to be 97% by its oxidation to 
(S)-{ + )-2-butanol with alkaline hydrogen peroxide. 

5 

ItlOo//, by its oxidation to tranr-2-phenyicyclo- 
pentanol. 

We believe that the synthesis of chira1 boronic 
esters uia displa~ment of the 3-pinanyl group, al- 
though tested only for these limited cases, must be 
quite general and should be applicable to other chiral 
organoboran~ readily available by as~met~c hy- 
droboration with JwBH and IpcBH,. 

Syri&esis of cfriral barink esfers 
Optically inactive borinic esters have pre- 
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tmm-2-butene 

-250C/12 

I 
6 

I I-pentene -253.71 h 
(3) 

pared and used in C-C bond-forming reactions. 
However, there was no method available for the 
synthesis of chiral borinic esters. Accordingly, we 
undertook to see whether asymmetric hydroboration 
might provide a route to these synthetically useful 
derivatives. 

The strategy of the present method depends upon 
the successful synthesis of chiral mixed tri- 
alkylboranes, followed by selective elimination of the 
starting chiral auxiliary, the 3-pinanyl group, from 
the boron intermediate. The chiral mixed tri- 
alkylboranes were readily prepared by stepwise hy- 
droboration of prochiral alkenes, followed by non- 
prochiral alkenes, with IpcBH,. Thus, hydroboration 
of zrans-Zbutene with IpcBHz in the molar ratio 
of I : 1 results in the formation of 3- 
pinanyl-2-butylborane, 6, which then rapidly hydro- 
borates I-pentene at -25” to provide the tri- 
alkylborane, 7. Reaction of the resulting tri- 
afkylborane with 100% excess acetaldehyde under 
very mild conditions (25”, 1 hr) occurs with selective, 
facile elimination of the 3-pinanyl group to provide 
2-butyl-n-pentylborinate, 8, and a-pinene (eqn 3). 

The a-pinene liberated is readily removed by dis- 

tillation under vacuum. It may be noted that the 
a-pinene thus recovered is optically pure, [aJ%-51.5” 
(neat). Distillation of the residue yields (R)- 
(-)-ethyl-2-butyl-n-pentylborinate in 73% ee as esti- 
mated by its oxidation to (R)-f-)-2-butanol. 
Similarly, we have prepared ethyl tran.r-fZ- 
mtthylcyclohexyl)-n-pentylborinate and ethyl tram- 
(2phenylcyclopentyi)ethylborinate in 75 and 
looO/,ee, respectively (Table 1). 

The asymmetric synthesis of ketones has been 
extensively studied in the past dec.ade.2sJ6 Excellent 
success has been achieved in the enantioselective 
alkylation of appropriate ketones. In the case of 
acyclic ketones,% highly favorable results are realized 
only in the alkylation of symmetrical ketones, thereby 
severely limiting the generality of the method. We 
have developed a new, more general approach in- 
volving asymmetric hydroboration-carbenoidation 
for the synthesis of acyclic ketones. 

The carbenoidation of trialkylboraneP and bor- 
inic esterP with a,adichloromethyl methyl ether 
(DCME) in the presence of hindered base is known 

Table 1. Synthesis of chiral borinic esters via asymmetric hydroboration displacemcnt~ 

Olefin-A Olefin-B Borinate Ester Yfeld, X 3p "C [!XlZ3D 

(Isolated) (nml Hg) OC 

ee % Config. 

tranc-2-butene I-pentene ethyl Z-butyl-n- 75 470) -4.7 73 R 

pentylborinate fc 7.4, THF) 

I-methylcyclohexene I-pentene ethyl tnnd-fZ_methyl- 72 65(0.01) -24.7 75 lR,2R 

cyclahexyl)-n- (c 8.6, THF) 

pentylborfnate 

I-phenylcyclopentene ethylene ethyl trims-(2-phenyl- 67 86fO.01) -26.6 100 lR,2R 

cyclopentylj-ethyl- (c 11.8, THF) 

borinate 

al~cBH2, Prepared from (-~-a-plnene, was used for asynw&rlc hydroboration. 
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2-p p 

[ I - 
8 + LiCC!#ie - EtO-B-f-Cl ti* 

R OMe 

I (4) 

a,- 

[Ol 
EtO, S-p 

R 
)( 

/El-- --Cl 

Cl f 

70% e.e. R * DCsHn 

to give, after oxidation of the intermediate boranes, 
trialkylcarbinols and ketones respectively. Applica- 
tion of this reaction to chiral borinic esters provides 
a convenient route to chiral ketones. Thus, treatment 
of ethyl 2-butyl-n-pentylborinate, 8, with DCME and 
lithium triethylcarboxide, followed by oxidation of 
the intermediate with alkaline hydrogen peroxide, 
furnished (R)-( -)-3-methyl-rlnonanone in 7004 ee 
(eqn 4). 

Similarly, we have prepared several chiral borinic 
esters and converted them without isolation into the 
ketones (Table 2), including an alarm pheromone of 
the ant Manica murica2% (Table 2, Entry 1). 

Organoboranes bearing alkyl groups such as 
methyl and aryl are not available by hydroboration. 
These boranes, however, are readily prepared by 
using Grignard or organolithium reagents. In order 
to demonstrate the utility of the present method, we 
prepared rrun.r-2-phenylcyclopentyl methyl ketone as 
a representative example. 

Thus, the dialkylborane, obtained by the hydro- 
boration of I-phenylcyclopentene with IpcBH,, was 
methanolyzed and the borinate ester in n-pentane 
was treated with MeLi at - 78”,29 The trialkylborane, 
obtained by warming the “ate” complex to room 
temperature, on successive treatment with ace- 
taldehyde, DCME and oxidation, provided the de- 
sired ketone in 90o/,ee. 

I~QBH is an excellent chiral hydroborating agent 
for cis-alkenes, whereas, IpcBH? fails with such al- 
kenes. Consequently, we explored use of IpciBR for 
the synthesis of acyclic ketones. To achieve our goal, 
it was important to realize precise control over the 
elimination process. We successfully achieved the 
desired selectivity by controlling both the quantity of 
acetaldehyde and the reaction time. Thus, inter- 
mediate 2, on treatment with lOOo/, excess (for one 
elimination) acetaldehyde at 25”, furnished ethyl 
2-butyl-3-pinanylborinate, 9, after 6 hr. The excess 
acetaldehyde and liberated a-pinene were removed 
under reduced pressure. The removal of a-pinene was 
monitored by ‘H NMR of the aliquot samples. The 
borinate was then reduced with lithium aluminum 
hydride in the presence of l-pentene.M The di- 
alkylborane, generated in situ, hydroborated 
I-pentene to furnish the trialkylborane, 10. It was 
then converted into (S)-( +>3-methyl4nonanone in 
95% ee (Scheme 1). 

Similarly, (.S)-( +)4methyl-3-hexanone, an alarm 
pheromone of the ant Mu&u m&a, was prepared 
in 83% optical purity. 

Table 2. Asymmetric synthesis of qxesentative acyclic ketones vi0 asymmetric by&o- 
boratiorharbcnoidation 

Product Ketones 

Olefin-A Olefin-B Ketone Yield, % [,lZ3D % ee Config. 

(Isolated) Deg 

trano-2-butene ethylene 4-methyl-3-hexanone 78b -19.2(c 3.67, Et20) 60' R 

tm-2-butene I-pentene 3-methyl-4-nonanone 66 -15.?(c 5, Et20) 7od R 

tmns-2-butene S-hexenylacetate B-methyl-7-one-1-decanol@ 65 -11.92(c 5.11, EtOH) -f R 

l-methylcyclo- 1-pentene m-(2-methylcyclohexyl)- 70 -14.7fc 5.2, EtOH) 759 lR,2i? 

hexene n-pentyl ketone 

l-phenylcyclo- I-pentene trrms-(P-phenylcyclopentyl)- 78 -103.8(c 5.2, EtOH) 909 iR,& 

pentene n-pentyl ketone 
h 

1-phenylcyclo- - &un+(Z-phenylcyclopentyl)- 66 -106.8(c 5, EtOH) 909 lR,ZS 

pentene methyl ketone 

'"Ipc8H2, prepared from (-)-a-pinene, was used for asynmetric hydroboration. bGC yield. '0. Enders and Ii. Eichenauer, 

Xngew. Chem.. IM. Ed. ~ng.?. I& 397 (1979) report [al230 +30.2 (c 3.7, Et20) for 94% ee 4-methyl-3-hexanone. do. 

Seebach and D. SteimtBller, Ibid. 2, 619 (1968) report maximum rotation for 3-methyl-4-nonanone [a]23D +22.4 (c 5, 

Et20). eThe acetoxy group is hydrolyzed under ACHE-oxidation condftions. fAttempts to determine X ee by 'H NHR in 

the presence of chiral shiit reagent Eu(hfc)3 were unsuccessful. 9As determined by 'H NMB in the presence of chiral 

shift reagent Eu(hfc13 using Yarian XL-ZOO spectrometer. 
h methyl lithium is used to prepare the trialkylborane con- 

taining methyl as one of the allql groups. 
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CONCLUSION 

It is evident from the present study 
hydroboration of appropriate alkenes __. . _ 

that chiraf 
with either 

diisopinocampheylborane or monoisopinocam- 
pheylborane of high optical purity provide chiral 
organoboranes from which a-pinene can be readily 
displaced with acetaldehyde. The selectivity of elimi- 
nation of the 3-pinanyl group over other aikyl groups 
on B is remarkable and the number of 3-pinanyl 
groups eliminated can be precisely controlled. The 
products formed are readily isolated as boronic esters 
or borinic esters of high optical purity. In these 
displacement reactions, the chiral auxiliary, a-pinene, 
is readily recovered without loss of optical activity for 
recycle in the synthesis, Moreover, the products with 
chiral centers of opposite configuration can be readily 
synthesized using the appropriate enantiomer of 
a-pinene to prepare the reagents. 

The chiral borinic esters are converted into acyclic 
ketones of high optical purities. The high asymmetric 
induction realized in the chiral hydroboration is 
retained in the C-C bond-forming reaction. Even 
though the chiral center is in the a position to the keto 
group, there is only 24% racemization under alka- 
line conditions utilized for the hydrogen peroxide 
oxidation. Acyclic ketones containing two chiral ke- 
tones (Table 2, Entries 3-6) are readily prepared by 
the present method. However, synthesis of such 
ketones by the known enantioselective procedures is 
not possible. The present study demonstrates the 
versatility and utility of chiral organoboranes in 
asymmetric synthesis. 

EXPERIMENTAL 

All operations were cat&d out under N,, with oven-dried 
glassware.)’ GLC analyses were carried out with a Hewlett- 
Packard 5750 chromatograph using (a) 6 R x 0.25 in col- 

umn packed with 10% Carbowax 2OM on Chromosorb W 
(60-80 mcsh) or (b) a 6 ft x 0.25 in column packed with loO/, 
SE-30 on Chromosorb W (60-80mesh). For preparative 
GLC, either (c) a 6 tt x 0.5 in column packed with loa/, 
Carbowax 20M on Chromosorb W (60-80mesh) or (d) a 
6 fi x 0.5 in column packed with 20”/, SE-30 on Chromosorb 
W (6&80mesh) was used. Rotations were measured on a 
Rudolph Polarimctcr Autopol III. 

Materials. Tetrahydrofuran (THF) was distilled from a 
small exoess of lithium aluminum hydride (LAH) and stored 
under Np (+)-a-Pinene, [a)% + 47.1” (neat), 91.3% ee and 
(-)_@-pinene, [a]% - 21.0” (neat) were purchased from 
Aldrich Chemical Co. and distilled from a small excess of 
LAH. (-)-a-Pincne, [a]% - 47.4” (neat), 920/, ee, was pre- 
pared by isomerixation of &pincne with KAPA.32 Ace- 
taldehyde and the alkenes used for this study were commer- 
cial products of the highest purity available and they were 
used as received. 

S~cfru. The “B NMR spectra were obtained on a Varian 
FT-80A instrument. The chemical shifts are in 6 vaiues 
relative to BF, . OEt,. ‘H NMR spectra were recorded on a 
Perk&Elmer R-32 instrument. 

(S)-( + jDh&yl 2-butyibomzate. 2-Butyldiisopino- 
campheylborane, 2, (5Ommol) was prepared from 
(-)+pincne, BMS and cr;s-2-butene following the reported 
procedurcb It was treated with acetaldehyde (11 ml, 
200 mmol) and stirred at 25” for 36 hr. Excess acetaldehyde 
and THF were pumped off (25”, 14 mm, 1 hr) and pentane 
(50ml) was added. The resulting mixture of a-pinene and 
diethyl 2-butylboronatc was stirred with 3 M NaOH 
(3 x SO ml, each portion was stirred for 1 hr). The combined 
aqueous phase was acidified with HCI aq and extracted with 
ether (3 x 50 ml) and dried (MgSO,). Ether was removed to 
give 2-butylboronic acid, which was dried under vacuum 
(0.5 mm, 10 hr). It was then converted into methyl ester by 
refluxing it with the mixture of McGH-CHCl, (1:2.4, 
2OOml) using Soxhlet apparatus filled with molecular 
siev&A type for 20 hr. At the end of this period, after the 
removal of CHCI~ and MeGH, (S)-(+)dimcthyl 
Ebutylboronate was isolated by distillation (4.6 g, 71%). 
b.p. 38”/30 mm, (a]% +9.1” (c I I .7, THF). 
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( 1 S. 2sf( + fLmhy1 trans~yz~r~~t~ 
(s). Mo~oi~pin~ph~l~~e was prepared from 
(+)-a-pinene, as described earlier.” A 0.867 M soln of 
IpcBH, in THF (40.3 ml, 35 mmol) was c~led to -25”. 
treated with I-phenylcyciopentene (5 ml, 35 mmol) and the 
contents further stirred at -25” for 48 hr while the di- 
alkylborane precipitated out of the soln, The mixture was 
then treated with acetaldehydc (7.8 ml), 140 mmol) at -25” 
and it was allowed to stir at 25” for 6 hr. Excess ace- 
taldehyde and THF were pumped off (2S0, 14 mm, thr) and 
then a-pinenc (2S”, 0.2 mm, 8 hr). The residue was distilled 
under high vacuum to tiord (lS, 2SH+)-diethyl trmts-(2- 
phenylcyclopentyl)boronate: (8 g, 66x), b.p. 92”/0.02 mm, 
<apa +2X4 fc 9.65, THF). The boronate (3,65g, 
14.8 mmolf was dissolved in 15 ml TIIF and treated with 
3 N NaOH (6 ml, 18 mmol), followed by dropwise addition 
of W/, H,O, (3 ml, 24 mmol) and stirred at 55” for 1 hr. The 
distillation of the residue alter the usual workup provided 
fr~-2-ph~y~~lo~t~o~ (2.02 g, 84x), b.p, 130==/6 mm, 
[a,fy, C71.2 (c 11.9, EtOH), lOO%ee. 

(R)-( - )_E&yi 2-huryl-n-pentyIbon_nm (8). mm-2- 
Butene (2.8 g, SOmmol) was added to a stirred soln of 
0.89 M IpcBH, in THF (56 ml), 50 mol) at -25” and the 
mixture was further stirred for I2 hr at -25” while the 
dialkylborane precipitated out of the solu. It was then 
treated with I-pentene (3.5 g, 50 mmol) and stirrul at - 25” 
for 1 hr. At this point, the solid disappeared and the 
“B NMR of the resulting clear soln indiated the formation 
of trialkylborane (S +82). It was then treated with ace- 
taldehyde (5.6 ml, 100 mmol) at - 25” and was allowed to 
stir at 25” for 1 hr. The msulting borinatc (‘iB NMR 6 + 54) 
was made free of excess acetaldehydc, THF and a-pinene 
(25”, 14 mm, 1 hr; 2S”, 0.05 mm, 8 hr). The volatile portions 
collected in Dry Iwacetone traps were combined and 
distilled to provide a-pinene: (4.Sg, 670?), b.p. 
l55”[745 mm, [a]“a - 5 1 .S (neat), 99.80/, ee. The m&due on 
distillation alforded (R)-f - )-ethyl 2-butyl*n-~tyl~~nate 
(6.9g 75%), b.p. 47”/1 mm, [a]+ +4.7’ (c 7.4, THF). It 
was oxidized in the usual manner to provide 
@Z)-(- )-2-butanol, [a]% - 9.85 (neat), 73ok ec. 

(1 R, 2R)-(- )-Et&~ t~~2-~r~~~cyc~~~~~ jn-pent+ 
&or&r&. To a stirred 0.95 N soln of IpcBHs in THF (53 ml, 
50 mmol) at - 25”. l-methylcyclohexene (4.8 g, u) mmol) 
was added and further stirred at -25” for 6 hr. To the 
resulting ~a1kyl~~e was added I-pentene (3,5g, 
SOmmol) and stirred at 0” for 6 hr. At this point the 
formation of trialkylborane was complete (“BNMR 
6 -t 83). The trialkylborane was then treated with ace- 
taldehyde (5.6 ml, 100 mmol) and stirred at 25” for 6 hr to 
furnish the desired borinatc (riB NMR d f 53). The residue 
after mmoval of excess acetaldehyde. THF and a-pinene 
was distifled to afford (lR, 2R)-( -) Ethyl rrmrr-(2-methyl- 
cy~lohexyl~n-~tyl~~nate: (8 g, 72yJ, b.p. 6f”~0.01 mm, 
[a jut3 - 24.7 fc 8.6, THF). 

(I R, 2R)-( - )-E&y/ trans-(2-pheffy~c~c~o~fy~~f~~~~or- 
inaie. To a stirred 0.95 M soln of IpcBHl in THF (31.6 ml, 
30 mmol) at -25” was added I-phenylcyclopentenc (4.32 g, 
30 mmol) and the mixture stirred for 48 hr at -25”. To the 
sobd dialkylborane at -25” was passed ethylene gas until 
the solid dialkylborane disappeared (1 hr) to provide clear 
soln of the desired trialkylborane (‘rB NMR S f 82). I’hc 
mixture was warmed up to 0” and was treated with ace- 
taldehyde (3.4 ml, 68 mmol) and stirred for an additional 
3 hr at 0”. The residue, after removal of excess acetaldchyde, 
THF and a-pinene, on distillation gave (IR, 2R)-(- )-ethyl 
f~~~2-ph~yl~lo~tyl~~yl~~ate (4.62 g, 67%), b.p. 
83O~O.OI mm, [a]% -26.6” (c 11.8, THF). It was oxidized in 
the usual manner to yield trmu-2-phcnyfnol, 
[aa 71.2” (e 11.9, EtOH), lOt$k ee. 

(RN - )-4-Methyl-3-hamone from IpcBff,. trims-2- 
Butene (2.8 g 50 mmolj was added to a stirred 0.75 M soln 
of IpcBH, in THF (56.1 ml, 50 mmol) at -25” and the 
mixture was further stirred at -25” for l2hr while the 
dialkylborane precipitated out of the soln. Ethylene gas was 

then bubbled through the mixture at -25” for 2 hr. The 
resulting t~alkyl~~e (irB NMR 6 + SO) was treated with 
acetaldehyde (5.6 ml, 100 mmol) and stirred for 1 hr at 25”. 
Excess acetaldehyde and THF were pumped off (25”, 
14 mm, 1 !tr) and the borinate in THF (48 ml) was cooled to 
0”. To the mixture was added DCME (6.3 g, 55 mmol), 
followed by dropwise addition of i.185 M Et,cOLi 
(84.3 ml, lOOmmo1). The ice bath was removed and the 
contents allowed to stir at room temp. for 2 hr. The resulting 
organoborane was then treated with 95% EtGH (ZOml), 
solid NaOH (4 g, 100 mmol), followed by dropwise addition 
of W/, H,Or (25 ml). The mixture was stirred at 55” for 1 hr, 
poured into water (30ml) and extracted with ether 
(3 x 30 ml). The combined organic extract was wash4 with 
water 130 ml), brine (30ml) and dried over MgSG,. 
(R)-( - )4_Methyl-3-hexanone was found to be 78% by GC 
analysis, using an internal standard. A GC pun: sample was 
obtained by careful distillation, followed by separation on 
preparative GC: [afi - 19.2” fc 3.67, Et@}, 60% ee. 

(RX -)-3-Mefhy~4mmutme fim &CM&. A 0.864 M 
soln of IpcBHl in THF (57.8m1, SOmmol) was cooled 
to - 25” and treati with tranF-Zbutene (2.8 g, SO mmol). 
The contents were stirred at -25” for 12 hr while the 
dialkylborane separated out of the soln. I-Pentene (3.Sg, 
SO mmol) was then added and the contents stirred at -2S* 
for 1 hr. At this point, the solid disappeated and I’B NMR 
of the soln indicated formation of the desired trialkylborane 
(‘IB NMR 6 + 82). It was then treated with ~t~deh~e 
(S.6m1, 100mmo1) at 25’ and the mixture stirred for an 
additional hr. Excess acetaldehyde, THF and a-pinene were 
pumped off {2S’, 14 mm, I hr, 2S”, 0.2 mm, 8 hr). The 
borinate j”B NMR S -i- 55) was dissolved in THF (40 ml), 
cooled to 0” and treated with DCME (6.3 g, 5Smmol), 
followed by dropwise addition of 1.185 M Et,COLi 
f84.3m1, 1OOmmol). The ice bath was removed and the 
contents stirred at 25” for 2 hr. The resulting organoborane 
was then treated with 95% EtOH (20 ml), solid NaOH (4 8 
1OOmmol), followed by dropwise addition of W/,H,Q 
(25 ml). The mixture was stirred at 55” for 1 hr, Poured into 
30 ml water and extracted with et&r (3 x 3Oml). The 
combined organic extract was washed with water f30ml), 
brine (30ml), and dried over MgSO,. The organic extract 
was distilled to remove solvents and Et&OH, b.p. 141-142’. 
The residue then distilled under vacuum to provide 
(RX- j3-m~yl4non~one: (5.1 g, 665of,), b.p. 
%‘/I4 mm. A GC pure sample was obtained by preparative 
GG, [a]+ - 1S.P (c 5, Et@), 70% ee. 

(RX -)-8-Merhyt-7-o~-l-decanof. To a stirred sus- 
pension of 2-butyI-3-~~anyl~r~e (SO mmol), prepared as 
described above, was added S-hexenyl acetate (7.2g, 
SO mmol) and the contents stirred for 3 hr at - 25”. The 
resulting trialkylborane (I’B NMR S + 82) was converted 
into the de&d ketone, as described under procedure for 
3-me~yl4nouanone. The keto alcohol was distilled: (6. l g, 
6So/,f, b.p. 98”~0.25mm, It was purified by ‘Flash Chro- 
matography’” to get GC pure sample, [a]% - 11.92” (c 
5.115, EtOH). The attempts to determine % ee by chiral shift 
reagent, Eu(hfc&, were unsuccessful. However, it should be 
close to 70”/,. 

( 1 R, 2R)-( - )-trans-2-Merhy~cy~~~~xy~-n -ptyl ketone. 
Ethyl zrm-(2-metbylcyclohexyl>n-pentylborinate (SO 
mmolf was prepared following the procedure described. The 
borinate was co&ted without isolation into the ketone 
following the procedure described under 3-methyl- 
4nonanone. The ketone was isolated: (6.85 g, 70%,)~ b.p. 
80-8S”/0.6 mm. A GC pure sample was obtained by prepa- 
rative GC, [a?% - 14.7’ (c 5.2, &OH). ‘H NMR in the 
presence of Eu{hfG& indicated it to be 75% enan~ome~~ly 
pure, 

(1 R, 2S)-( -)trans-2-~henylcyclopentyi-n qehtyl ketone. 
To a stirred soln of 0.75 M IpcBH, in THF (40 ml, 30 mmol) 
at - 25” was added 1 -ph~y~~y~l~~~ne (4.4 ml, 30 mmol) 
and the mixture was stirred at -25” for 48 hr. To the solid 
dialkylborane was then added I-peutene (3.3 ml, 30 mmol) 
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and the mixture was further stirred for 6hr at -25”. The 
trialkylborane (‘rB NMR S + 83) was converted into the 
desired ketone following the procedure described under 
3-methyl4nonanone. Thus, (1 R, 2S)-(-)-traw2- 
phenylcyclopentyl-n-pentyl ketone was isolated: (5.7 g, 
78x), b.p. 112”/0.5 mm, [a]“o- 103.8“ (c 5.2, EtOH). It was 
found to be 90% optically pure by examination of ’ H NMR 
in the presence of chiral shift reagent Eu(hfc),. 

(1 R, 2S)-( - )-trans-2- Phenyfcyclopetttybnethyl ketone. 
I-Phenylcyclopentene (7.4 ml, 5Ommol) was added drop 
wise to 0.9725 M IpcBH, in THF (51.4mL 5Ommol) at 
-25”. The dialkylborane formed after stirring the mixture 
at -25” for 48 hr, was treated with MeOH (4 ml, 100 mol; 
Caution: H, evolution). The resulting borinate (“BNMR 
6 + 55) was made free of excess MeOH and THF (25”, 
14 mm, 2 hr), dissolved in pentane (35 ml), cooled to -78” 
and treated with 1.43 M soln of MeLi in ethyl ether (34.8 ml, 
50 mmol). After stirring the mixture for 15 min at - 78”, it 
was removed from cold bath and allowed to stir at room 
temp for 6 hr while a white ppt of LiOMe appeared with the 
formation of the desired trialkylborane (“B NMR 6 + 84). 
The mixture was passed through a filtration chamber and 
the solid washed with pentane (3 x 25 ml). The filtrate and 
washings were combined and concentrated to provide the 
triaikylborane. It was converted into the ketone following 
the procedure described under 3-methyl-4-nonanone experi- 
ment. It was isolated by distillation: (6.23g, 66x), bp. 
73”/0.1 mm. A GC pure sample was obtained by preparative 
GC. [a12% - 106.8 (c 5, EtOH). ‘H NMR in the presence of 
chiral shift reagent Eu(hfc), indicated it to be 9004 en- 
antiomerically pure. 

(S)-( + )-3-Methyl-Q-nonunone from (+ )-Ipc,BH. bButyl- 
diisopinocampheylborane, 2, (50 mmol) was prepared from 
( -)-a-pinene, BMS and &s-2-butene following the reported 
procedure.& Acetaldehyde was added to the trialkylborane 
at 0” and the mixture stirred at 25” for 6 hr. The progress 
of the reaction was monitored by “BNMR. Excess ace- 
taldehyde, THF and the liberated a-pinene were pumped off 
under vacuum (25”, t4mm, 2 hr. 25”. 0.05 mm, 12 hr). The 
removal of a-pinene was continued until ‘H NMR indicated 
complete disappearance of the signal (at b + 5.1) due to 
oletinic proton of a-pinene. The borinate (6 +53) thus 
obtained was dissolved in THF (25 ml) and I-pentene (3.5 g, 
50 mmol) was added to the borinate followed by dropwise 
addition of 0.98 M LAH in THF (17 ml, 16.6 mmol). The in 
situ generation of the dialkylborane, followed by hydro- 
boration of I-pentene, approached near completion after 
stirring the contents at 25” for 22 hr. To the mixture was 
then added acetaldehyde (8.4 ml, 150 mmol) at 0” and the 
contents stirred at 25” for 1 hr. The resulting borinate 
(6 + 53) was converted into the desired ketone following the 
procedure described under (R)-( -)-3-methyl+tonanone. 
Thus, (S)-( + )-3-methyl4nonanone was isolated: b.p. 
96’?/14 mm (4.7 g, 60”/,). A GC pure sample obtained by 
preparative GC gave rotation: [aP$ +21.3 (c 5, Et,O), 
95% ee. 

(S)-( + )-4-Merhyi-3-hexanone from (+ )-Ipc,BH. Ethyl 
2-butyl-3-pinanylborinate (50 mmol) in THF (25 ml) was 
prepared as described above and treated with 0.98 M LAH 
in THF (17 ml, 16.6 mmol) at 25”. Ethylene was then 
bubbled through the soln for 8 hr. At this point, the 
formation of the trialkylborane was nearly complete. It was 
then converted into (Sk( +)-4-methyl-3-hexanone following 
the procedure described above. A GC pure sample obtained 
by preparative GC gave rotation: [(xl% 25.16 (c 3.7, Et,O), 
83% ee. 
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