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cephem-4-carboxylic acid(6¢): 6¢c was obtained(61%) from 4c
by a similar procedure as described for the preparation of 6a,
mp 165-168°C(decom). IR(KBr) 1777cm-!(8-lactam);
NMR(DMSO-dg) 5 (ppm) 9.59-9.63(1H, d, J =8.0H, amide-H),
7.40-7.79(4H, m, phenyl-H), 7.24(2H, br s, thiazole-NH,),
6.74(1H, s, thiazole-H), 5.76-5.83(1H, dd, J=4.8H, 8.0H,
CrH), 5.05-5.11(1H, d, J=4.8H, C¢H), 4.53-4.60(1H, d,
J=13.5H, C;-CHy), 4.24-4.31(1H, d, J=13.5H, C;-CH,), 3.84
(3H, s, N-OCH,), 3.64-3.71(2H, d, J =13.5H, C,-CH,).
78-1(Z)-2-(2-Aminothiazol-4-yl)-2-(methoxyimino)acet-
amido]-3-[1-(3' ,4’ -difluorophenyl)-1H-tetrazol-5-yl] thiome-
thyl-3-cephem-4-carboxylic acid(6d): 6d was obtained (65%)
from 4d by a similar procedure as described for the prepara-
tion of 6a, mp 190-195°C(decom). IR(KBr) 1775 cm™ (g-lac-
tam); NMR(DMSO-dg) 6 (ppm) 9.58-9.62(1H, d, J=8.0H,
amide-H), 7.59-7.96(4H, m, phenyl-H), 7.25(2H, br s,
thiazole-NH,), 6.78(1H, s, thiazole-H), 5.76-5.83(1H, dd,
J=4.8H, 8.0H, C-H), 5.01-5.12(1H, d, J=4.8H, CsH),
4.49-4.56 (1H, d, J=134H, C;CH,), 4.22-4.29 (1H, d,
J=13.4H, C;-CHyp), 3.84(3H, s, N-OCHj), 3.66-3.72(2H, d,
J=12.3H, C,-CH,).
78-[(Z)-2-(2-Aminothiazol-4-yl)-2-(methoxyimino)acet-
amido]-3-[1-(2' 4’ -difluorophenyl)-1H-tetrazol-5-yl] thio-
methyl-3-cephem-4-carboxylic acid(6e): 6e was obtained
(60%) by a similar procedure as described for the preparation
of 6a, mp 194-197°C. IR(KBr) 1775cm™Y8-lactam); NMR
(DMSO-dg) & (ppm) 9.59-9.63(1H, d, J=7.9H, amide-H),
7.30-7.96(3H, m, phenyl-H), 7.23(2H, br s, thiazole-NH,),
6.78(1H, s, thiazole-H), 5.74-5.83(1H, dd, J=4.8H, 7.9H,
C,-H), 5.07-5.18(1H, d, J=4.8H, CsH), 4.51-4.58(1H, d,
J=13.4H, C;CH,), 4.24-4.31(1H, d, C,-CH,), 3.84(3H, s,
N-OCH,), 3.64-3.71(2H, d, ] =14.5H, C,-CH,).
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Enantioselective Reduction of Racemic Three-Membered Heterocyclic
Compounds. 3. Reaction of Epoxides with B-Isopinocampheyl-9-
borabicyclo[3.3.1Jnonane — Potassium Hydride and Potassium
B-Isopinocampheyl-9-boratabicyclo[3.3.1]Jnonane Systems!'

Jin Soon Cha’, Kwang Woo Lee, and Nung Min Yoont

Department of Chemistry, Yeungnam University, Gyongsan 632
"Department of Chemistry, Sogang University, Seoul 121. Received August 3, 1987

The chiral B-isopinocampheyl-9-borabicyclo[3.3.1]nonane—potassium hydride (IPC-9-BBN—KH) and potassium B-isopino-
campheyl-9-boratabicyclo[3.3.1} nonane (K IPC-9-BBNH) systems were applied to the enantioselective reduction of repre-
sentative racemic epoxides, namely 1,2-epoxybutane, 1,2-epoxyoctane, 3,3-dimethyl-1,2-epoxybutane and styrene oxide. In
the case of IPC-9-BBN—KH system, the optical yields are in the range of 8.3-37.4% ee. However, the system of K IPC-9-
BBNH provides significantly lower optical yields, showing 7-22.5% ee. These results strongly suggest that the enantioselec-
tive coordination of chiral organoborane to the epoxy oxygen of racemic epoxides plays an important role in this resolution.

Introduction active (-)-diisopinocampheylborane-lithium chloride (1:0.1)
system reduced enantioselectively various racemic epoxides

In the previous note!, we have reported that the optically- in the range of 5.5-30.5% ee and racemic episulfide in the



422 Bull Korean Chem. Soc., Vol. 8 No. 5, 1987

range of 6.2-17.7% ee. We have interpreted these results as
the chiral organoborane discriminates R- and S-epoxide and
episulfide at the step of coordination to the hetero atom of
ring. However, the R,BH-LiCl system can not provide a clear
evidence, because the attacking species for reduction has not
been defined definately. Therefore, we selected B-isopino-
campheyl-9-borabicyclo(3.3.1)nonane—potassium hydride
(IPC-9-BBN—KH) and potassium B-isopinocamphey-9-bora-
tabicyclo[3.3.1]nonane (K IPC-9-BBNH) systems, and ap-
plied these systems to the enantioselective reduction of vari-
ous racemic epoxides in the hope to find out the mechanistic
importance and to establish the proper system for such re-
solution.

Results and Discussion

The chiral organoborane, IPC-9-BBN(1), can be readily
prepared by the reaction of 9-borabicyclo[3.3.1]nonane
(9-BBN) and (+)-e-pinene in THF under refiux (eq 1). The
chiral trialkylborohydride, K IPC-9-BBNH (2), is also readily
prepared by the reaction of 1 with excess potassium hydride
in THF at room temperature (eq 2).

THF @.—B@ 1)
65°, 5 h
= 9-BBN) 1

D @
O
2

The chiral organoborane 1 appears to be a promising
enantioselective reducing agent for aldehydes? and alkynyl
ketones3. These excellent results seem to come from the in-
itial coordination of the carbonyl oxygen to the boron atom of
9-BBN followed by the enantioselective reduction. We can
anticipate that the coordination to oxygen plays an important
role for such high enantioselective reduction. Actually, it is
of our major interest to see if such role can be extended to
the enantioselective coordination of racemic epoxides. In
order todefine the role of chiral organoborane 1, we examin-
ed the basic borohydride 2 for enantioselective reduction of
racemic-epoxides and compared each result.

The enantioselective reduction was carried out through
either the treatment of 2 equiv of epoxide with 1 equiv of 1
followed by addition of excess KH, or the directive reduction
of 2 equiv of epoxide with 1 equiv of 2, both at 0°C. The
reduction went to completion in 7-12 hr and the isolated
yields of alcohols are 72-85%.

The optical yields of the alcohols obtained from the reac-
tion of epoxides with the IPC-9-BBN—KH system, as sum-
marized in Table 1, are in the range of 8.3-37.4% ee. The
enantiomeric excess values for 1,2-epoxyoctane and 3,3-di-
methyl-1,2-epoxybutane appear to be significantly higher
than one of 1,2-epoxybutane, which indicates the importance
of the structural correlation between the substrate and rea-
gent. However, the ee value for styrene oxide is significantly
low. The absolute configuration of alcohols produced is con-
sistently rich in R for aliphatic series and S for the aromatic
one with a constant levorotation.

+ H-R)

H-B)

1 + KH(excess)

Jin Soon Cha et al.

Table 1. Reaction of Racemic Epoxides with B-Isopinocam-
pheyl®-9-borabicyclo[3.3.1]nonane (1) —Potassium Hydride
System in Tetrahydrofuran at 0°C

Yield [«§f degree % eeb Absolute

Epoxide Product
(%) confign.

1,2-Epoxy- 2-Butanol¢ 78 -3.67 27.2 R
butane 2-Butanold 81 +3.58 26.5 S
1,2-Epoxy- 2—Octa£1016 85 -3.70 37.4 R
octane 2-Octanol? 82 +3.48 35.2 S
3,3-Dimethyl- 3,3-Dimethyl- 83 _2.40 296 R
1,2-Epoxy-  2-butanol*
butane
Styrene oxide 1-Phenyl- 75 -3.56 8.3 S

ethanol®

@ Prepared from 92% ee (+)-a-pinene, {a]§f +47. 1% Maximum value:
(R)-(-)-2-butanol, {a]§f -13.51* (S)-(+)-2-octanol®, [a]f’+9.9°;
(R)-(-)-3,3-dimethyl-2-butanol®, [a]§0 -8.1°; (R)-(+)-1-phenyl-
ethanol’, [a]f’ +42.85°. ¢ From the reduction of epoxide with the
(IPC-9-BBN)-KH system.  From the reduction of distillate of the un-
reacted epoxide with LiAlH,.

Table 2. Reaction of Racemic Epoxides with Potassium B-Iso-
pinocampheyl®-9-boratabicyclo[3.3.1lnonane (2) System in
Tetrahydrofuran at 0°C

Yield [aJ§f degree o eeb Absolute

Epoxide Product
(%) (neat) confign.

1,2-Epoxy-  2-Butanol® 75 -2.51 18.6 R
butane 2-Butanol? 73 +2.42 17.9 S
1,2-Epoxy-  2-Octanol¢ 80 -2.23 22.5 R
octane
3,3-Dimethyl- 3,3-Dimethyl- 80 156 19.3 R
1,2-Epoxy- 2-butanol®
butane
Styrene oxide 1-Phenyl- 72 -3.00 7.0 S

ethanol¢

o4 See corresponding footnotes in Table 1.

On the other hand, as shown in Table 2, the results by K
IPC-9-BBNH shows similar trend both for the ee value and
absolute configuration, only except for the enantioselectivity.
The enantioselectivity of the chiral alkylborohydride, which
has no vacant orbital for coordination, toward racemic epox-
ides is significantly lower than that of the IPC-9-BBN—KH
system. Thus, the ee values for aliphatic series examined are
around 20%, showing no significant structural relationship.

Conclusion

When rearranging the results by these two systems, we
can conclude that the enantioselective coordination of chiral
organoborane to the epoxy oxygen is more effective for the
resolution of racemic epoxides. This also strongly suggests
that the enantioselectivity to the coordination between R-and
S-epoxides is effected by the structural correlation between
the sub8trate and reagent. Moreover, it should be pointed out
that the absolute configuration of alcohols examined by these
two systems are exactly same. Thus, all alcohols produced
from aliphatic epoxides are rich in R and all alcohols from
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aromatic epoxide are rich in S. Therefore, it will be intere-
sting to apply the combined system to such enantioselective
reduction. This possibility is now under investigation.

Experimental Section

All manipulation were carried out under the positive
nitrogen atmosphere, using oven-dried glassware (4 h, at
150°C). The experimental techniques used in handling air-
sensitive materials are described elsewhere8, The isolated
alcohol products obtained from the reduction were further
purified through preparative GLC using a 10% Carbowax
20M on Chromosorb p column (6ft x 0.5 inch). Quantitative
GLC analysis was performed on a Hewlett-Packard Model
5790A instrument equipped with a flame ionization detector.
Optical rotation were measured with a DIP-360 Digital Auto-
matic Polarimeter (Jasco) using micro cells.

9-Borabicyclo[3.3.1Jnonane (9-BBN) is prepared by hy-
droborating 1,5-cyclooctadiene (distilled from LiAlH)) with
borane-dimethyl sulfide complex (Aldrich), according to the
literature®. o-Pinene was treated with LiAlIH, just before use.
Epoxides used are either commercial products of the highest
quality or products synthesized according to the literature?.

Preparation of B-Isopinocampheyl-9-borabicyclo
[3.3.1Jnonane (1). An oven-dried 250-m/, round-bottom
flask equipped with a septum-capped sidearm, a magnetic
stirring bar, a reflux condenser and a stopcock adapter con-
nected to mercury bubbler, was charged with 200 m! of
9-BBN in THF solution (0.5M, 100 mmol) and 17.0 m! (110
mmol, 10% excess) of (+)-e-pinene ([2)& + 47.1°, 92 % ee).
The flask was then heated using an oil bath and the reaction
lnixture was maintained under reflux with vigorous stirring
for 5 h.

The THF solution of 1 was directly used to prepare 2 and
the 1—KH system.

Preparation of Potassium B-lsopinocampheyl-9-
boratabicyclo[3.3.1]nonane(2). An oven-dried 500-m/,
round-bottom flask equipped with a sidearm was attached a
mercury bubbler. The flask was charged with ca. 15 m! of oil
suspension of potassium hydride (¢a. 150 mmol). Then the
potassium hydride was washed with pentane (3 x 45 m)). To
this oil-free potassium hydride (cg. 150 mmol), the whole
THF solution of 1 prepared above (100 mmol) was transfer-
red via a double-ended needle. The reaction was stirred vigo-
rously for 2 h at room temperature. The hydride concentra-
tion of the solution was estimated by measuring the number
of moles of hydrogen evolved when the aliquot of reagent
was hydrolyzed with a hydrolyzing mixture of THF-2 N HCI-
glycerine. A 0.71 M concentration of hydride content was
observed: IR (THF) 2145 cm™! (B-H); !B NMR, -16.27
ppm., (d, Jg;=69.0 Hz).

Reaction of Racemic Epoxides with the IPC-9-BBN
(1)~KH System. The following procedure for the reduc-
tion of racemic 1,2-epoxybutane is representative. A oven-
dried 250-m! flask, equipped with a septum inlet, a magnetic
stirring bar and a mercury bubbler, was charged with 12.9 g
(50 mmol) of IPC-9-BBN in 30 m/ THF and the mixture was
cooled to 0°C. To this flask 7.21g (100 mmol) of precooled
1,2-epoxybutane was added quickly with vigorous stirring.
The stirring was continued for 12 h at 0°C.'° The 1,2-epoxy-
butane—IPC-9-BBN mixture was then transferred to oil-free
KH (3g, 75 mmol) via a double-ended needle with stirring an
the mixture was stirred for 7 h at 0°C. Then, the unreacted
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epoxide and all other volatile material were distilled and col-
lected using a flask dipped in a ice-water bath. The remai-
ning oily residue was dissolved in THF (30 m/) and the ex-
cess KH was destroyed carefully by dropwise addition of
water. After then, the reaction mixture was oxidized with
alkaline hydrogen peroxide in the usual manner?,

The aqueous layer was saturated with K,CO, and extracted
with ether. The combined ethereal extracted was dried over
anhydrous MgSO,. The separated organic layer was sub-
jected to fractional distillation, providing, 2.9g of 2-butanol
(78% yield). It was further purified through 10% CW 20M
column. The optical rotation of 2-butanol was measured by
polarimeter; [2]% -3.67° (neat), 27.2% ee in R*.

The collected portion of unreacted 1,2-epoxybutane was
reduced to 2-butanol with excess lithium aluminum hydride
at 0°C. The mixture was oxidized with .lkaline hydrogen
peroxide. Pure 2-butanol was obtained through purification
as described above: []¥ + 3.58(neat), 26.5% ee in S*. The
results are summarized in Table 1.

Reaction of Racemic Epoxides with K IPC-9-BBNH
(2) System. The reaction for racemic 1,2-epoxybutane is
representative. In the usual set up, the flask was charged
with 70.4 m/ of THF solution of 2 (50 mmol) and then cooled
at 0°C. To this was quickly added of precooled 1,2-epoxybu-
tane (7.21g, 100 mmol). The reaction mixture was stirring
for 7 h at 0°C. Then, the unreacted epoxide distilled and col-
lected. The residue was dissolved with THF (30 m/) and ox-
idized with alkaline hydrogen peroxide. The alcohol was iso-
lated and purified as described above. The optical rotation of
pure 2-butanol was measured by polarimeter; (@)% -2.51°
(neat), 18.6% ee in R*. From the reduction of the remained
1,2-epoxybutane with LiAlH,, S-(+)-2-butanol in 17.9% ee
was obtained?: [e]¥ + 2.42°(neat). The results are summari-
zed in Table 2.
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