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Enantioselective Ring-Cleavage of meso-Epoxides with
B-Halodiisopinocampheylboranes.

N. N. Joshi, M. Srebnik, and H. C. Brown*
H. C. Brown and R. B. Wetherill Laboratories of Chemistry,
Purdue University, West Lafayette, Indiana 49707.

\
Abstract: B-Halodiisopinocampheylboranes, Ipc;BX, in particular the
bromide 1b, and the 1iodide 1c¢, differentiate between the
enantiotopic C-O bonds of meso-epoxides to furnish 1,2-halohydrins
of moderate to excellent enantiomeric purity. Thus (-)-(1R, 2R)-2-
bromocyclohexanol, (-)-(1R, 2R)-2-iodocyclohexanol, (-)-(1R, 2R)-2-
iodocyclohex-4-en-1-0ol and (-)-(1R, 2R)-2-bromocyclohex-4-en-1-ol
are obtained in 84%, 91%, 63% and 95% ee respectively from the
corresponding meso-epoxides and haloborane reagents. Simple
recrystallization from pentane then gives halohydrins of essentially
100% ee; cis-2-butene oxide and cis-3-hexene oxide furnish the
corresponding (1R, 2R)-iodohydrins in 78 and 69% ee respectively. In
all cases the S carbon of the meso-epoxide is selectively cleaved. This
is the first example of enantioselective ring cleavage of meso-

epoxides to obtain optically active 1,2-halohydrins. (EPN'£°O,I>IW*'“@,7‘
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E., Enantioselective Ring-Cleavage of meso-Epoxides with
‘.:3: B-Halodiisopinocampheylboranes.

(' -

N N. N. Joshi, M. Srebnik, and H. C. Brown*

o H. C. Brown and R. B. Wetherill Laboratories of Chemistry,

v*}_i Purdue University, West Lafayette, Indiana 49707.
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- Asymmetric synthesis starting from meso-compounds is an

[&

increasingly important method for the preparation of optically active
compounds. Various chemical! and enzymatic? procedures have been
utilized for such transformations. Surprisingly, not much attention

-

“ o
P

[,

fi-" has been given to the enantioselective ring-cleavage of meso-
-3:: epoxides which would lead to several classes of important
o compounds. We now report the synthesis of optically active 1,2-
ZE}" halohydrins using B-halodiisopinocampheylboranes, IpcyBX (la-c).
SRY
( 1) BX
L 2

.
s l1a X=Cl
D Ib X= Br

- Ie X=1
il

Y The cleavage of carbon-oxygen bonds with boron reagents, in
;' particular with trihaloboranes, is a well documented and established
-\.:'j: procedure3. However, the high Lewis acidity of trihaloboranes and
E their tridentate nature can result in the unwanted rupture of bonds
';:‘:i in compounds containing other sensitive functional groups. To
o increase the selectivity in carbon-oxygen bond cleavage,
_ monohaloboranes in which two of the halogens on boron are replaced
? by alkyl4, alkoxy3, thioalkyl6, or nitrogen containing’? groups have
, recently been introduced. Such reagents indeed are selective and
could by the proper choice of substituents cleave specific C-O bonds7.
’:3. Recently Guindon and co-workers reported4 the stereospecific ring-
s
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cieavage of various cyclic ethers with B-bromodimethylborane. Of

-

particular consequence in the cleavage of epoxides with these type of
reagents is the fact that the halohydrin products are consistent with

..;” r‘

S
&

5.2‘; %5
- "

a predominantly SN2 type mechanism proposed for such
reactions4. 7.8, This suggests that the asymmetric version should
proceed with a high degree of enantiotopic differentiation of the C-O
bonds of suitable meso-epoxides. Recently, the enantioselective
cleavage of cyclohexene oxide with thiols and azides in the presence

of zinc or copper tartrates has been successfully accomplished?.
Except for this report, the cleavage of epoxides with chiral Lews acids
is an unexplored reaction. As part of our efforts in the field of

SRR

.

asymmetric synthesis!0, we are currently exploring reactions

s
P
.
LA
SN

involving boron based chiral Lewis acids. The present communication

‘l’ 4 "’“ e

'Ly
.

describes our investigations on the enantioselective ring-opening of

it

some meso-epoxides with B-halodiisopinocampheylboranes

-
L
-

(Ipc2BX)!1, both enantiomers of which are readily available from
either (+)- or (-)-a-pinene.

First we examined the reaction between cyclohexene oxide and
dIpcyBX (the superscript "d" indicates that the reagent is derived
from (+)-a-pinene) under various conditions, i.e, temperature,

.
v
v

e ot " i A e
R
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et et
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solvent and molarity. Due to the labile nature of the products, a non-
oxidative work-up was developed (eq 1).

r
Y% '1‘ ﬁ' )

Y oBd; OH
3 dipc,BX P2 (1) cH,CHO

o0 —> > (1)
o iy (2) (HOCH,CH,),NH X

°
=
[-.: The course of the reaction was followed by 11B-NMRI12. The
I N . . .
f‘-‘::f reaction is very fast (<5 min) but proceeds with poor induction at
2 0oC. Not surprisingly, an inverse relationship between enantiomeric
@ excess (% ee) and the reaction temperature was found to exist. It was
'“:EZ'_ established that IpcyBCI, IpcyBBr and IpcyBl require -78°C/3 h,-
:’,2 100°C/2 h and -100°C/0.5 h respectively to furnish good
:::: enantioselection. Furthermore, the reaction is independent of solvent
L or molarity. Since 1b and lc provided superior results (at least in
o
2
A

L4

o

.
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the case of cyclohexene oxide), we used these reagents subsequently

for the preparation of optically active halohydrins (Table I).

In general [4.1.0]-oxaheptanes gave excellent initial optical
yields of halohydrins!3 We also found that by simple
Y recrystallization from pentane, these could be upgraded to products

of essentially 100 % ee. Cyclopentene oxide gave reduced chemical as

well as optical yields. Simple acyclic epoxides were cleaved with

optical inductions intermediate between those realised!4 for the

S oxides of cyclohexene and cyclopentene. The % ee of the halohydrins

(as their acetates) was determined using a chiral capillary GC column,
Ni(HFB-1R-Cam);!5.

\,-'; The absolute configuration of the cyclic halohydrins was
e determined where possible by X-ray crystallography. The absolute
' configuration of the acyclic compounds was elucidated as follows (eq

® 2).

= 7 (1) n-Bu3SnH
L > \ —* —\ @)
, (2)

T N~ NCocl
N cIJOCOF3
X

N

Dehalogenation with tributyitin hydride gave the known secondary

2 alcohols16 which were analysed as their TPC-derivatives!7 using

capillary GC. Since the meso-epoxides are opened in an

antiperiplanar manner, determination of the absolute configuration
of one asymmetric center establishes the configuration of the other
5 as well.

::S Of particular significance of this procedure is the fact that in
addition to high optical inductionl8, the bond cleavage occurs in the
same absolute sense to furnish (1R, 2R)-halohydrins in all cases
examined, with dIpcyB X 19 These results are consistent with the

‘l

cleavage occuring in an anti manner with inversion at the S carbon of

- O

" .
DA
- e e,

1)
.

the meso-epoxides (eq 3).
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In addition, closure of the acyclic chiral non-racemic halohydrins
yield the starting compounds, viz. a cis-epoxide, which would not be
the case had the opening proceeded in a syn manner (eq 4).

O
O {L_\R
Dlpc,BX
(Dlpc, @
> (2) Base O R

In conclusion, the present methodology demonstrates the
feasibility of cleaving meso-epoxides in an enantioselective manner
either at the R or S carbon by selecting the appropriate chiral
organoborane reagents. The transformation is general, providing
highly valuable difunctionalized compounds in good to excellent
enantiomeric purity from simple olefins. Synthesis of optically active
halohydrins is but one of the many possible applications which we
are currently exploring.

Acknowledgment: This work was supported in part by the Office of
Naval Research. We thank Dr. Phil Fanwick for the X-ray
crystallographic analysis.
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E. the reaction was quenced by the addition of acetaldehyde (1.8 ml,
52: excess). The mixture was allowed to warm gradually to room
C ‘ temperature and stirred for an additional 1 h. By that time !1B-NMR
:‘.;\ indicated clean formation of boronate [R*OB(OEt)Ipc, 6 = 31 ppm]. The
:E: reaction mixture was diluted with pentane (50 ml) and (reated with
.:::: diethanolamine (12 mmol, 4 M in THF). After stirring for 30 min, the
») precipitated boronate-diethanolamine complex was filterd off, the
:.:3 filtrate was washed with water, brine, and dried over anhydrous
‘_E: Naj>SOg4. The solution was concentrated under reduced pressure, and
ey the residue purified by column chromatography followed by

crystallization from pentane to provide the title compound (Table I,
entry 3).
(14) No attempt was made to achieve optimum results.
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