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Discussion

Comments on a facile conversion of epoxides to halohydrins with
elemental halogen using isonicotinic hydrazide (isoniazide)

as a new catalyst—a reinvestigation
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Abstract

The reaction of epoxides with bromine or iodine in the presence of isonicotinic hydrazide gives in fact the corresponding 2-halohydrins
with reasonable yields, but contrary to the literature statement [H. Sharghi, M.M. Eskandari, R. Ghovami, J. Mol. Catal. A: Chem. 215 (2004)
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5–62] the isonicotinic hydrazide is not a catalyst—it is just a stoichiometric reagent which reacts with 2 mol of halogene to give qua
he nitrogen, and to generate the hydrogen halogenide, which is a real epoxide ring opening compound.

2004 Elsevier B.V. All rights reserved.
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The ring-opening reaction of epoxides to halohydrins
s still a current problem in preparative organic chemistry.
earching databases brings more than 50 papers concerning

he preparation of 2-halogenoalkanols via ring-opening of
poxides, most of them by means of catalysts, in last years[1].
ately, we found a paper[2] published in this journal, describ-

ng a conversion of epoxides to halohydrins with bromine or
odine catalyzed by isonicotinic hydrazide. Authors proposed

four steps mechanism for this reaction, in which the isoni-
otinic hydrazide plays an essential role as a catalyst. Their
onclusion was supported by citing the literature precedents,
easurement of UV spectra, and some kinetic data. Addi-

ionally, they described the isolation of the products as well
s the catalyst. For example, the authors stated in their pa-
er that: “The catalysts were easily recovered and could be
eused several times”. They also described the recovery of
atalyst by “crystallization in diethyl ether, then after cool-
ng the catalyst was filtered off and washed with cold ether”.
owever, the structure of the “recovered catalyst” (unreacted

sonicotinic hydrazide) was not confirmed.

Since it is unlikely that isonicotinic hydrazide—a ve
reactive compound and also reducing agent, could su
in the presence of epoxide, and in contact with oxidiz
reagents like molecular bromine or iodine[3], we decided
to reinvestigate this reaction. The results of our investiga
are summarized below:

1. When we repeated the reaction of methyloxirane[4] with
iodine in tetrahydrofuran, in the presence of 10 mol%
isonicotinic hydrazide as described by Sharghi et al[2]
we found in fact the iodohydrin, but no isonicotinic h
drazide in the reaction mixture after reaction. Instead
observed a vigorous nitrogen evolution, and some de
tives of isonicotinic acid, namely polytetrahydrofuran[5]
isonicotinate, identified and assayed by means of H N
(see Section1.1). Therefore, the isonicotinic hydrazide
not a catalyst but just a stoichiometric reagent.

2. By simple titration of residual iodine, we estimated
stoichiometry of the reaction as 2 mol of iodine per mo
isonicotinic hydrazide. Our observation is in oppositio
that described in the paper[2] where a 10 mol% of cataly
was used[6].
∗ Corresponding author. Tel.: +48 71 3202404; fax: +48 71 3284064.
E-mail address:miroslaw.soroka@pwr.wroc.pl (M. Soroka).

3. When we replaced tetrahydrofuran by dichloromethane
(to avoid a polymerisation of tetrahydrofuran), and
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applied stoichiometrical amount of iodine, and stoichio-
metrical amount of isonicotinic hydrazide (Section1.2),
we observed almost quantitative yield of nitrogen, and
iodohydrins, and iodohydrins isonicotinates in about 5:1
molar ratio.

4. Also the reaction with bromine in tetrahydrofuran in the
presence of 10 mol% of isonicotinic hydrazide (Section
1.3) gave us almost quantitative amount of nitrogen, bro-
mohydrins and a huge amount of polytetrahydrofuran
which contains the isonicotinyl groups.

5. A similar reaction with stoichiometric amounts of
bromine, isonicotinic hydrazide and methyloxirane in
dichloromethane (Section1.4), gave almost quantitative
yield of nitrogen, bromohydrins and their isonicotinates
in about 5:2 molar ratio.

6. In the independent experiment (Section1.5) we confirmed
that the isonicotinic hydrazide reacts with molecular
bromine via redox reaction giving nearly stoichiometric
amount of nitrogen, 3 mol of hydrogen bromide, and about
1 mol of isonicotinyl bromide hydrobromide—products
which could be derived from intermediate isonicotinylium
cation. Addition of methanol to this reaction mixture
containing isonicotinyl bromide hydrobromide gave us
methyl isonicotinate with good yield. Obviously, an addi-
tion of methyloxirane to the reaction mixture after bromi-
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Some times ago[7] we combined halogenation reactions
with epoxide ring opening. In many cases we observed al-
most quantitative yields (assayed by NMR) of halogenated
product and corresponding halohydrins. However, there is no
reason to use the isonicotinic hydrazide nor any hydrazide, in
a similar reaction, since they gave additional side products.

In conclusion, since we found that the isonicotinic hy-
drazide (isoniazide) reacts with elemental bromine or iodine
to give 1 mol of isonicotinyl halogenide hydrohalogenide (via
isonicotinyldiazonium halogenide), 1 mol of nitrogen, and
3 mol of hydrogen halogenide, all authors measurements,
discussion, and conclusions concerning the catalytic effect
of isonicotinic hydrazide must be simply wrong. The only
role the isonicotinic hydrazide plays in this protocol is just
generating of hydrogen halogenide which in situ reacts with
epoxide present in the reaction mixture. However, we do
not recommend this protocol, because theoretically as much
as 25% of halogene (and epoxide) is lost as side products,
namely the halohydrins isonicotinates.

WARNING!We would also like to warn readers about dis-
solving bromine in tetrahydrofuran (sic!), what causes a very
energetic reaction[8], sometimes with splashing of the re-
action mixture, especially when it is not cooled and stirred
enough. Generally, using the tetrahydrofuran as a solvent for
any reaction with a strong electrophilic reagent should be
a
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nation of isonicotinic hydrazide (Section1.6) gave the
same products as in experiment 4, namely bromohyd
and their isonicotinates, in about 6:1 molar ratio, wi
similar ratio of regioisomers.

Therefore, the only effect of application of isonicotinic
razide in the Sharghi et al. protocol[2] is “in situ” generation
f hydrogen halogenide. In other words, the isonicotinic
razide is not the catalyst but stoichiometric reagent, w
educes molecular halogen to the hydrogen halogenide
ydrogen halogenide reacts instantly with epoxide pre

n the reaction mixture to give 2-halohydrin as a sole
ated product described[2]. Also the acylium cation derive
rom isonicotinic hydrazide opens the oxirane as we
etrahydrofuran, to give, respectively, esters of both iso
f halohydrin, and polytetrahydrofuran nicotinate—the p
cts missed by Sharghi et al.

Our findings could be illustrated by scheme:
voided.

. Experimental

NMR spectra were recorded by Mr. Rafał Kozicki o
ruker Avance 300 MHz spectrometer locked on deuter
hemical shifts (δ [ppm]) were calculated from chemical sh
f deuterium lock and were not calibrated. FTIR spectra w
easured on Perkin Elmer 2000 spectrometer in KBr pe

1/200) by Mrs. El̇zbieta Mŕoź. The mass spectra were m
ured on HP8542 mass detector coupled with HP8542
hromatograph, by Dr. Andrzej Nosal. Elemental anal
ere done by Mrs. Czesława Andrzejewska. Melting po
ere determined on the Boetius microscope with elect
ot plate and were corrected. The structures of all compo
ere derived from H NMR spectra. The evolution of nit
en was assayed by means of a gas burette. The meth
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rane was acquired from local manufacturer. All reagents and
solvents were of commercial quality and purchased from lo-
cal supplier (POCh Gliwice).

1.1. Experiment 1. The reaction of iodine with
methyloxirane in tetrahydrofuran, in the presence of
“catalytic” amount of isonicotinic hydrazide—a
reinvestigation

Methyloxirane (2.9 g, 50 mmol) was added to a stirred so-
lution of isonicotinic hydrazide (0.70 g, 5.0 mmol) in tetrahy-
drofuran (25 mL) at 10◦C (ice-water bath). Next, a solution
of iodine (12.7 g, 50 mmol) in tetrahydrofuran (30 mL) was
added dropwise (30 min) to the above mixture at the same
temperature. At the beginning the iodine disappeared, then
the solution remained dark. The gaseous nitrogen evolving
from the reaction mixture was collected in gas burette con-
nected to the reaction flask by silicon tube. The reaction mix-
ture was stirred to reach the temperature about 25◦C and
kept for 1 h more at the same temperature. A 100 mL of ni-
trogen was collected at temperature 27◦C (4.1 mmol, 82%
yield). Then, the mixture after reaction was titrated by means
of 1.00 M solution of Na2S2O3 in water. About 72 mL of this
solution was necessary to titrate an excess of iodine, thereafter
as much as 36 mmol of iodine remained inreacted, so the sto-
i ine
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in 0.50 mL of CDCl3, and NMR spectrum was measured,
from which the corresponding iodohydrins—1-iodopropan-
2-ol and 2-iodopropanol in 76/24 ratio (based on integrals of
the corresponding methyl groups at 1.32 and 1.91 ppm), and
their isonicotinic acid esters in 69/31 ratio (based on the inte-
grals of corresponding methyl groups at 1.99 and 1.32 ppm),
were identified and assayed. The ratio of integrals of a total
methyl groups of iodohydrins to their isonicotinates was de-
termined as 84/16. The structure of the 2-iodopropanol was
additionally confirmed by GC/MS.

1.3. Experiment 3. The reaction of bromine with
methyloxirane in tetrahydrofuran, in the presence of
“catalytic” amount of isonicotinic hydrazide—a
reinvestigation

Methyloxirane (5.8 g, 100 mmol) was added to a stirred
suspension of isonicotinic hydrazide (1.4 g, 10 mmol) in
tetrahydrofuran (50 mL) at 10◦C (ice-water bath). Next, a
solution of bromine (5.0 mL, 100 mmol) in dichloromethane
(20 mL) was added dropwise (30 min) to the above mixture
at the same temperature. The gaseous products (mainly ni-
trogen) evolving from the reaction mixture were collected in
gas burette connected to the reaction flask by silicon tube.
The reaction mixture was stirred to reach the temperature
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chiometry of the reaction of isonicotinic hydrazide to iod
s about 1:2. The mixture was extracted with dichlorometh
1× 100 mL, then 3× 20 mL), organic phases were collec
nd dried over Na2SO4 (20 g), filtered and evaporated u
er vacuo from warm water bath (below 40◦C) to give oily
esidue (7.0 g) identified and assayed by means of N
s the mixture of iodohydrins—1-iodopropan-2-ol and

odopropanol in 84/16 ratio (based on integrals of the
esponding methyl groups at 1.21 and 1.84 ppm), and
etrahydrofuran (at 1.5–1.6 and 3.3–3.5 ppm, for CH2 and
H2 O moieties, respectively). The molar ratio of iodo
rins to polytetrahydrofuran (as a mer) is about 38/62, b
n an NMR integrations.

.2. Experiment 2. The reaction of iodine with
ethyloxirane in dichloromethane, in the presence of
toichiometric amount of isonicotinic hydrazide

Methyloxirane (2.6 g, 44 mmol) was added to a stir
ixture of isonicotinic hydrazide (1.4 g, 10 mmol)
ichloromethane (20 mL) at 10◦C (ice-water bath). Nex
solution of iodine (5.1 g, 20 mmol) in dichlorometha

100 mL) was added dropwise (30 min) to the above mix
t the same temperature. The gaseous nitrogen evolving

he reaction mixture was collected in gas burette conne
o the reaction flask by silicon tube. The reaction mix
as stirred to reach the temperature about 25◦C and kept fo
h more at the same temperature. About 210 mL of n
en was collected (9.4 mmol, 94% yield). Then a samp
.10 mL of the reaction mixture was taken, evaporated
er vacuo from warm water bath (below 40◦C), dissolved
bout 25 C, and after 15 min the reaction mixture spon
eously started boiling, and temperature reached about◦C
sic!). After stirring for 1 h more at the temperature ab
5◦C, 0.10 mL of the reaction mixture was taken, disso

n 0.50 mL of CDCl3 and NMR spectrum was measur
n which only bromohydrins and polytetrahydrofuran w

dentified. The rest of the mixture after reaction was e
rated under vacuo from warm water bath (below 40◦C) to
ive oily residue (27.2 g) identified as a polytetrahydrofu
nd a mixture of bromohydrins—1-bromopropan-2-ol an
romopropanol in a 70/30 ratio (based on the integratio

he methyl groups at 1.31 and 1.71 ppm).

.4. Experiment 4. The reaction of bromine with
ethyloxirane in dichloromethane, in the presence of
toichiometric amount of isonicotinic hydrazide

Methyloxirane (2.6 g, 44 mmol) was added to a stir
ixture of isonicotinic hydrazide (1.4 g, 10 mmol)
ichloromethane (20 mL) at 10◦C (ice-water bath). Next,
olution of bromine (1.0 mL, 20 mmol) in dichlorometha
10 mL) was added dropwise (30 min) to the above mix
t the same temperature. The gaseous nitrogen evolving

he reaction mixture was collected in gas burette conne
o the reaction flask by silicon tube. The reaction mix
as stirred to reach the temperature about 24◦C and kept fo
h more at the same temperature. About 220 mL of n
en was collected (9.8 mmol, 98% yield). Then, a samp
.10 mL of the reaction mixture was taken, evaporated
er vacuo from warm water bath (below 40◦C), dissolved in
.50 mL of CDCl3, and NMR spectrum was measured, fr
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which the corresponding bromohydrins—1-bromopropan-2-
ol and 2-bromopropanol in 82/18 ratio (based on the cor-
responding methyl groups integrals at 1.32 and 1.72 ppm),
and their isonicotinic acid esters in 58/42 ratio (at 1.82 and
1.55 ppm, respectively), were identified and assayed. The
ratio of a sum of bromohydrins to their isonicotinates was
determined as 72/28. Rest of the reaction mixture was fil-
tered (the precipitate was identified as a crude isonicotinyl
bromide hydrobromide), and washed with dichloromethane,
then the collected filtrates were evaporated to give 4.8 g of
semisolid residue, which was crystallized by addition of
dichloromethane (5 mL) and ether (5 mL), and kept in the
refrigerator overnight. Crystalline material was separated by
suction, washed with dichloromethane/ether 1/1 (2× 5 mL),
and dried on air to give 1.0 g of crystalline product identified
as a mixture of 1-bromopropan-2-ol and 2-bromopropanol
isonicotinates in 18/82 ratio:

4-PyCOOCH(CH3)CH2Br: NMR (CDCl3): 1.56 (d, 3H,
CH3, J= 6.4), 3.59 (dd, 1H, CH2Br, J= 5.9,J= 11.2), 3.66
(dd, 1H, CH, CH2Br,J= 4.4,J= 11.2), 5.43 (ddq, 1H, CHO,
J= 4.4, J= 5.9, J= 6.4), 8.56 (d, 2H, 2-, 6-Py-H,J= 5.5),
9.21 (d, 2H, 3-, 5-Py-H,J= 5.5). GC/MS:Rt = 22.66 min,
(EI, 70 eV):m/z (%): 243 (2), 245 (2) [M, M + 2], 164 (54)
[M Br], 124 (34), 123 (15), 106 (100) [4-PyCO], 78 (59)
[4-Py].
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with dichloromethane (1× 20, then 3× 10 mL), collected
extracts were dried over Na2SO4 (20 g), filtered, and
evaporated to give 1.7 g (63% yield) of methyl isonicotinate,
which structure was confirmed by comparison of retention
time and mass spectrum with those measured with authentic
sample. MS (EI, 70 eV),m/z (%): 137 (81) [M], 106 (100)
[4-PyCO], 78 (100) [4-Py].

1.6. Experiment 6. The reaction of bromine with
isonicotinic hydrazide in dichloromethane, then with
methyloxirane

A solution of bromine (1.0 mL, 20 mmol) in
dichloromethane (10 mL) was added dropwise (30 min) to
a stirred mixture of isonicotinic hydrazide (1.4 g, 10 mmol)
in dichloromethane (40 mL) at 10◦C (ice-water bath). The
gaseous nitrogen evolving from the reaction mixture was
collected in gas burette connected to the reaction flask by
silicon tube. The reaction mixture was stirred to reach the
temperature about 25◦ C and kept for 1 h more at the same
temperature. About 200 mL of nitrogen was collected (89%
yield). Then, the mixture was cooled again to about 10◦C
(ice-water bath), and methyloxirane (2.6 g, 44 mmol) was
added dropwise, the reaction mixture was stirred for addi-
tional 1 h, the precipitate was filtered off, and the filtrate was
e ture
o 2-ol
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4-PyCOOCH2CH(CH3)Br: NMR (CDCl3): 1.81 (d, 3H
H3, J= 6.8), 4.38 (tq, 1H, CHBr,J= 6.0,J= 6.8), 4.60 (d
H, CH2O,J= 6.0), 8.54 (d, 2H, 2-, 6-Py-H,J= 5.5), 9.21 (d
H, 3-, 5-Py-H,J= 5.5). GC/MS:Rt = 22.76 min, (EI, 70 eV)
/z (%): 243 (0.3), 245 (0.3) [M, M + 2], 164 (71) [MBr],
24 (33), 123 (32), 106 (100) [4-PyCO], 78 (65) [4-Py].

The FTIR of the mixture of both isomers also confir
he structure. The identities of both products were confir
ndependently by their synthesis from isonicotinyl chlor
ydrochloride and original mixture of 1-bromopropan-2
nd 2-bromopropanol, as well.

.5. Experiment 5. The reaction of bromine with
sonicotinic hydrazide in dichloromethane

A solution of bromine (2.0 mL, 40 mmol)
ichloromethane (10 mL) was added dropwise (30 min
stirred mixture of isonicotinic hydrazide (2.7 g, 20 mm

n dichloromethane (20 mL) at 10◦C (ice-water bath). Th
aseous nitrogen evolving from the reaction mixture
ollected in gas burette connected to the reaction
y silicon tube. The reaction mixture was stirred to re

he temperature about 25◦C and kept for 1 h more at th
ame temperature. About 300 mL of nitrogen was colle
67% yield). The precipitate of isonicotinyl bromide h
robromide was filtered of, washed with dichlorometh
4× 10 mL), and then introduced to methanol (30 mL) un
eflux condenser. After vigorous reaction, the mixture
efluxed for 1 h, then cooled, evaporated under vacuo
esidue was treated with water (100 mL), and neutralize
ddition of solid NaHCO3. Organic material was extract
vaporated to give 3.5 g of oily residue identified as a mix
f the corresponding bromohydrins—1-bromopropan-
nd 2-bromopropanol in 81/19 ratio (based on the inte
f the corresponding methyl groups at 1.30 and 1.69 p
nd their isonicotinic acid esters in 65/35 ratio (base

he integrals of methyl groups at 1.79 and 1.51 ppm), w
dentified and assayed. The ratio of bromohydrins to
sonicotinates was determined as 87/13, also from
orresponding integrals.
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