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The highly regioselective cleavage of epoxides by means of molecular iodine and bromine in the presence of
metalloporphyrins affords vicinal iodohydrins and bromohydrins in high yields.

Epoxides are among the most versatile intermediates in
organic synthesis.! A variety of reagents such as hydrogen
halides or hydrohalogenic acids,®> are known to convert
epoxides to halohydrins. However, these procedures suffer
from certain limitations when protic acid-sensitive substrates
are used. A great effort has been made in recent years to
find new mild procedures for converting epoxides into
halohydrins.* Recently, it has been found® that epoxides
can be converted into iodohydrins and bromohydrins by
means of molecular iodine and bromine, but this method
has a number of limitations such as low regioselectivity

and yield, formation of acetonide byproducts in addition
to the expected iodo adduct in acetone solution (entries 12
and 14, Table 2), and long reaction times. Biomimetic com-
pounds, metalloporphyrins, have found important
applications, as catalysts, in organic synthesis.®~° In conjunc-
tion with ongoing work in our laboratory on the complex
formation of metalloporphyrins with neutral molecules such
as iodine and bromine, we found that these complexes
effectively catalyzed the ring opening reactions of epoxides
with molecular iodine and bromine under neutral and mild
conditions in aprotic solvents to produce the corresponding

Table 2 Reaction of various epoxides with iodine and bromine in the presence of 0.05 mol% Mn(TPP) catalyst (see corresponding table

in full text for complete set of entries 1-31)

Entr Substrate Conditiong Time/h YieldP(% Products(s)
y lah iti i (%) 3ap
A L
1 I, 2b, r.t. 0.5 >95 |
Ph CH,Cl, Ph
0 OH
3 p-MeCgHaO A I, 2b, r.t. 6 80 p_MeC6H4O\)\/|
CH,Cl, |
6 ()o Ip, 2b, r.t. 10 67 O\/
CH,Cl, “OH
o) b OH
9 I, 2b, r.t. 1.5 90
Cl ’ § Cl |
A CH,Cl, \)\/
o) OH
10 p-CNCaH0 A I, 2b, r.t. 6.5 83 pCNCGHAO\)\/l
CH,Cl,
o) OH o)(
12 pho_A I, .t., acetone — 94(53:47) pho\)\/l pho\/K/o
14 ° Iy, r.t., acet O)(
/\ 2, It., acetone — 83 o}
Ph Ph/K/
O, OH Br
17 /\ Bu"4N*Br/ 5 78(5:1)
Ph ‘ Ph)\/ B Ph)\/ o
Mg(NOs),, CHCl3 |
[o]
19 Ph/A HI, CHCl, 0.25 >99 Ph)\/OH
2 OH
21 /\ Br,, 2b, rt., —€ >95
Ph Ph/‘\/ Br
CH,Cl,
° OH
24 AN Br,, 2b, rt., 25 80 Prio\)\/sr
CH,Cl,
o) OH
27 p,NOZCGHAO\/Q Bry, 2D, rit., 1.25 94 pNozceHAO\)\/Br
CH,Cl,
31 & Bry, 2b, rt 2 90 oH
p—MeOZCCGHAO\/Q 2, 20, It, pMeOZCCGH4O\)\/Br
CH,Cl,

2Reactions were carried out at 25°C. ? GC yield based on epoxide. ¢ Immediate reaction.

*To receive any correspondence.

vicinal halohydrins in high yields and with high
regioselectivity. In this study, in order to examine the catalytic
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Scheme 1
effects of metals in the reaction, a number of

tetraphenylporphyrin complexes of first-row transition
metal(i1) complexes were employed (Scheme 1).

The yields of reactions with this new method are quite good
with the Mn(TPP) complex being the most effective catalyst.
For comparison, some other methods*!%~12 are given for
conversion of epoxides to halohydrins (entries 17 and 19, Table
2). The reactions are completely anti-stereoselective (entry 6,
Table 2) and chemoselective (entries 9, 10, and 31, Table
2). As for the regioselectivity, attack of the nucleophile occurs
only at the less substituted epoxide carbon. This mechanism
closely resembles the Sn2 model for aliphatic nucleophilic
displacement. In conjunction with our study on
metalloporphyrins and other work reported on the different
ligands'3~!7 with molecular halogens, it seems that in these
reactions trihalide ion, X3, is formed and acts as nucleophile.

In conclusion, the ring opening by these catalysts can elim-
inate some of the disadvantages usually encountered in other
methods, such as, high acidity,?* unsatisfactory regio-
selectivity,?> inconvenient handling requirements?® and long
reaction time.?’

Techniques used: '"HNMR, BCNMR, IR, UV, GLC
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Table 1: Ring opening of styrene oxide with molecular iodine and
bromine in the presence of various catalysts

Table 3: Halogenative cleavage of styrene oxide in the presence of
catalyst 2b in various solvents at 25°C
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