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The ring opening of epoxides with elemental iodine and bromine in the presence of some Schiff-base complexes of
the first-row transition metal(I) as new catalysts affords vicinal iodo alcohols and bromo alcohols in high yields. This new
procedure occurs regioselectively under mild conditions in various aprotic solvents. The catalysts are easily recovered and

can be reused several times.

Vicinal halo alcohols have attained great significance in or-
ganic synthesis."” These compounds can be utilized for some
useful synthetic transformations,® and are also key intermedi-
ates in the synthesis of halogenated marine natural products.'®
The new methodologies for the regioselective ring open-
ing of epoxides have been developed during the past three
decades.* Although a variety of new and mild procedures
to effect this transformation have been reported, most of
them have some limitations.'*¢ Early methods for convert-
ing epoxides to halo alcohols by electrophilic cleavage with
aqueous hydrogen halides,™ or Lewis acids, such as BFs,’
were limited by competing rearrangements and side reactions
with other acid-sensitive functional groups. The ring opening
of unsymmetrically substituted epoxides with Liy[NiBr4],!°
Pyridine. HCL,* haloboran reagents,'>'> Br,/PPhs,'* Ti(O-i-
pr)4,' chlorosilanes,'® [n-BusN|Br/Mg(INOs),,"” Lewis acid
metal halides,'>*'® and Me;SiBr'® have been reported. How-
ever, these methods are not always fully satisfactory, and
suffer from disadvantages, such as acidity, handling and in
situ preparation of the reagent, the noncatalytic nature of the
reagents and relatively long reaction times,>!31520

In conjunction with ongoing work in our laboratory on the
synthesis and complex formation of Schiff base-metal com-
plexes with neutral molecules, such as iodine and bromine,!
we found that these complexes efficiently catalyzed the ad-
dition of elemental iodine and bromine to epoxides. Thus,
some Schiff-base complexes of metal(Il) were selected as
catalysts in these reactions.

Here, we report on the reactions of some epoxides with
elemental iodine and bromine in the presence of catalytic
amounts of Schiff-base complexes of metal(Il) with high
yields and regioselectivity under mild conditions.

Results and Discussion

Recently, it has been found that although epoxides can be
converted into iodo alcohols and bromo alcohols by means
of elemental iodine and bromine,? this method has some

limitations, such as low yields, long reaction times, the for-
mation of isopropylidenedioxy compounds in addition to the
expected iodoadduct in acetone solution (Entries 8, 9, and 22
in Table 3) and low regioselectivity. Furthermore, iodination
does not occur in other aprotic solvents.

In this study, the reaction of styrene oxide with iodine and
bromine in the presence of some Schiff-base (SB) complexes
of Mn(Il) were carried out. In order to examine the effects of
ligands on the catalyst in the reaction, nine kinds of ligands
were employed (Scheme 1). It should be noted that the Schiff
bases of complexes 2e—i behave as donor doubly-bidentate
ligands, and form dinuclear complexes (SB—-M, 2:2) with
metal(Il) ions.?*—2

After a solution of styrene oxide and a catalyst in CH,Cl,
was stirred at room temperature, a solution of elemental
halogen in CH,Cl, was added dropwise. The amount of the
complex catalyst was a 0.05 molar amount of the styrene
oxide used. The reaction product was 2-halo-1-phenyleth-
anol (3a, 3h), and the yield was determined by GLC and
TLC analyses. The results of the reactions of styrene ox-
ide with elemental iodine and bromine in the presence of the
above-mentioned catalysts are given in Table 1. In each case,
cleavage of the epoxide ring occurs and, upon thiosulfate-
workup, iodo alcohol and bromo alcohol are obtained. Two-
valents metal salen complexes are well known to be oxidized
to their three-valents complexes upon exposure to oxygen.?
In order to find whether a three valents metal—salen complex
is also formed in the reactions under our studies, the Mn-
(Il)—salen complex was exposed to an excess of bromine for
an appropriate time. Oxidation did not occur and the Mn-
(Il)-salen complex was isolated intact. It therefore seems
that the formation of three valents metal salen complexes in
this condition is improbable. A comparison of the electronic
absorption spectra of the recovered Mn(Il)-salen complex
from a reaction with Mn(Il)—salen before the reaction, and
Mn(IIll)-salen was also in accord with the above discussion.
The catalysts are easily recovered and can be reused several
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Scheme 1.

Table 1. Reaction of Styrene Oxide with Elemental Iodine
and Bromine in the Presence of Various Catalysts in
CH;Cl, at Room Temperature

Todination Bromination
Entry Catalyst
Time/h Yield/%® Time/h  Yield/%®
1 2a 0.25 > 95 Immed. > 95
2 2b 04 92 0.3 95
3 2c 0.5 90 0.2 95
4 2g 1 80 0.5 85
5 2f 1 75 0.55 80
6 2e 1.5 80 0.7 83
7 2d 2 75 0.5 80
8 2i 2.5 60 1 75
9 2h 32 56 1.2 80
10” —  Several days 0 1 319

a) GC yield, based on epoxide.
halogen (Ref. 22).
ethanol was formed.

b) In the presence of excess of
¢) The only one isomer, 2-bromo-2-phenyl-

times.

In comparison, the cleavage behavior of styrene oxide with
elemental iodine and bromine in the absence of a catalyst is
given in Entry 10% (Table 1). As shown in Table 1, the yields
of the reactions with this new method are quite fair, and the
reaction time is very short. It is of great importance that the
reaction is largely affected by the various ligands of the com-
plexes. Catalysts 2a, 2b, and 2c¢ are the most effective ones
in these reactions (Entries 1, 2 and 3). However, iodination
of styrene oxide with excess elemental iodine in the absence
of a catalyst did not occur, even under the reflux condition
and an extension of the reaction time to several days, though
the unreacted styrene oxide was completely recovered. In
addition, the yield and regioselectivity of the bromination
reaction are very low in the absence of catalysts.

Next, we studied the catalytic effect of the first-row transi-
tion metal(Il) with the ligand of N,N’-ethylenedisalicylidene-

amine (or Hysalen) on the formation of 2-halo-1-phenyleth-
anol (3a, 3h), since it was found that Hjsalen is the most
effective ligand for the reaction. In all of the used catalysts,
a halogenative cleavage of styrene oxide was carried out at
room temperature. The corresponding results are summa-
rized in Table 2. As can be seen, with Mn(Il)—salen used
as catalyst, iodo alcohol and bromo alcohol were formed in
high yields and the reaction rate was much faster than other
ones.

Furthermore, in order to ascertain the scope and limita-
tion of the ring-opening reactions promoted by the above-
mentioned complexes, reactions on various epoxides were
carried out. The results of reactions with some representa-
tive epoxides in the presence of complex 2a as the catalyst
are summarized in Table 3. For a comparison, a number of
other methods>!"13*2% for the conversion of oxiranes to the
corresponding halo alcohols are given in Entries 10,11,12,
13 and 14 (Table 3). When epoxides were allowed to react
in the presence of a catalyst, increases in the yield and regio-
selectivity were observed in all of the reactions studied. For
all of the catalysts, the optimum amount of the catalyst was

Table 2. Reaction Times and the Yields of 2-Halo-1-phen-
ylethanol in the Reactions of Styrene Oxide and Elemen-
tal Halogen in the Presence of Various Metal(Il)-salen

Complexes
En Catalyst Iodination Bromination
M(D-salen Time/h Yield/%® Time/h Yield/%®
1 Mn(II) 025 >095 Immed >95
2 Fe(1I) 0.7 93 0.3 > 95
3 Co(1l) 1.25 90 0.5 92
4 NidII) 1.75 87 0.6 92
5 Cu(ID) 2.5 87 0.75 90
6 Zn(IT) 3 82 0.84 88
a) GC yield.
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Table 3. Reaction of Various Epoxides with Iodine and Bromine in the Presence of Catalyst 2a

Entry Epoxide Conditions Time/h Yield/%® Product(s)
la—g 3a—n
1 ] L, 2a, 6 75 (71) Pho. X1
PhO. r.t., CH,ClL
0 « HO
2 FONA 95 62 (60) PO A
L1
3 (o 12 58 (55) O on
4 A “ 72 65 (59) P!
n-Hex ' n-Hex
5 x « 5 85 (81 HO
p-Cl-c6H4o\/L\ 8D p-CI-CHO L]
6 X « 62 80 (75 HO
p-Me-CHO_ L\ : (75 pMe-CHO 1
7 A 0.25 95 (92) S
“ . S
i /\ Ph)\/ )
g “ I, r.t., acetone 2 83 /Ok—}g
Ph
b) « L .
9 PhO\/& 94(33:47) PO A1, PhO L0
HO 1
109 “ Lil, AcOH, 13 87(1:2) At oH
THF, r.t. Ph Ph
o HO o Br
11 “ [n-BusN]Br/ 5 78(5: 1) AB 4 _oH
Mg(NO3);, CHCly Ph Ph
129 “ (Me;N),BBr/CH,Cl,, 12 75(1: 4.5) «
N, atm. 1 OH
139 « HI, CHCl; 0.25 >99 ph N
Br
OH
147 « HBr, CHCl 0.25 > 99 phN
HO
15 “ Bry, 2a, r.t., CH,Cl Immed. > 95 (94) A _Br
Ph
16 ° “ L5 95 (91) HO
o/ \ : PhO. L _ Br
17 x « 2.4 75 (73) . pro. 19
irrQ_/\ : i-Pro _L_Br
18 ° “ 0.5 95 (90) HO
pCHCHO L\ : p-C-CHO__L_Br
19 > “ 1.7 90 (86) HO
P-Me-CHO L\ ~ P-MeCgH,O_A_Br
Br
20 (o « 28 75(70) O’
"""OH
21 405 « 225 83 (76) /Olf/Br
n-He ’ n-Hex
OH
229 « I, r.t., acetone — 79(1:4) 1 0’\\"

A
n-Hex ’ n.Hex/k/O

a) GCyield, isolated product yields are given in parenthesis, based on epoxide.

b) Ref. 22,

c) Ref.5, d) Ref.17, e) Ref.13a, f) Ref.20a.
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found to be 0.05 mol for 1 mol of epoxide and halogen.

However, the following factors can influence the yield and
regioselectivity of the reactions: (1) the steric hindrance of
epoxides (for example, compare Entry 3 vs. 4 and Entry 20
vs. 21 in Table 3), (2) the rate of admixing the reagents, (3)
the order in which the reagents are combined, and (4) the
nature of the solvent. In cases of the rate and order in which
the reagents are combined, for example, if bromine before
the catalyst is added to epoxide, two isomeric bromo alcohols
are produced. However, if the epoxide is added to catalyst,
and then bromine is added dropwise over a period of time,
only one isomer is formed. Furthermore, the rapid addition
of bromine reduced the regioselectivity.

The results of a halogenative cleavage of styrene oxide
with iodine and bromine by catalyst 2a in various aprotic
solvents are reported in Table 4. The order of the yields of
these reactions is shown in which solvents can act as donor,
such as THF; it is lower than those that can not. Thus, these
reactions appeared to be heavily dependent on the nature of
the solvent.

As shown in Table 3 (Entries 3 and 20), in which only the
trans isomer is obtained, the reactions are completely anti-
stereoselective. As for the regioselectivity, an attack of the
nucleophile preferentially occurs at the less-substituted oxi-
rane carbon. An anti-Markovnikov-type®’ regioselectivity is
generally observed in these reactions. In many cases, this
type of regioselectivity appears to be the opposite of that
observed in ring opening of the same epoxides with aqueous
hydrogen halides under classic acidic conditions®® (Entries
13 and 14, Table 3). The above-mentioned regiochemical
mode can be viewed as occurring via a nucleophilic attack
by a halide ion on the less sterically hindered oxirane car-
bon. This mechanism closely resembles the Sx2 model for
aliphatic nucleophilic displacement. In conjunction with our
previous studies on the complexation of Schiff base—-Metal
(SB—M) and other ligands with elemental halogens,?-%#%
a four-step mechanism was suggested for the halogenative
cleavage of epoxides, as in Scheme 2.

The first step involves the formation of a molecular com-
plex between SB—M and elemental halogen as a contact ion
pair. Evidence for the formation of such molecular com-
plexes has been reported previously.” In the step (2), the
X3~ ion is released into the solution. Then, this ion is used
as a nucleophile in the ring opening of epoxides (step 3).

Table 4. Halogenative Cleavage of Styrene Oxide in the
Presence of 0.05 mol Catalyst 2a in Various Solvents
Todination Bromination
Entry Solvent
Time/h  Yield/% Time/h  Yield/%

1 CHxClL, 025 >95 Immed. > 95
2 CHCl; 0.3 95 Immed. > 95
3 CeHg 04 90 0.25 95
4 CH;CN 0.7 85 0.4 90
5 DMSO 1.0 82 0.6 85
6 THF 1.25 65 0.8 75
7 CH3;COCH; 1.7 60 1 70

The Cleavage of Epoxides to Halo Alcohols

1. SB-M+2X,

(SB-M ..... XH)Xy

2. (SB-M....X"X;y — (SB-M ... X))+ X3

0 153
X+ SN —— X
R R X

o- o~ X+

4, SBM...XH+ )p— —*> >—  + SB-M
R X R X
Scheme 2.

Finally, in step (4) the catalyst is reproduced and is used in
the first step again. These step occur continuously until all
of the epoxides and halogen are consumed. After work-up
with thiosulfate, the catalyst can be easily recovered and halo
alcohol obtained.

When catalyst is not present, the cleavage of epoxides
can occur via two limiting mechanistic pathways, either an
electrophilic attack by halogen, behaving as a Lewis acid,
giving the more-stable carbenium ion-like transition state
a, or via nucleophilic attack by a halide ion on the epox-
ide-halogen complex, giving the more-stable transition state
b (Scheme 3).

The regiochemistry of the cleavage can be selective de-
pending on the choice of the Lewis acid and reaction con-
ditions. The reaction conditions which provide the most
Lewis acidic, namely with titanium halides, foster elec-
trophilic opening of the epoxide ring to yield transition state
a. Conversely, when weaker Lewis acids are employed, such
as molecular halogen, nucleophilic attacks by the generated
halide ions should be fostered, and transition state b may be
expected to be lower in energy. In this case, a mixture of
secondary and primary alcohols are produced. The variation
in the yield and rate of cleaving styrene oxide by elemental
halogen in the presence of various catalysts (Table 1) can
be satisfactory rationalized in terms of the suggested mech-
anism.

In support of this mechanism, the electronic absorption
spectra of iodine (1), catalyst 2¢ (2), complex formation
between iodine and catalyst 2¢ (3) and complex formation of
iodine with all of the used Schiff base—-Mn(II) complexes in
dichloromethane solution at 25 °C are shown in Figs. 1 and
2, respectively. As can be seen from Fig. 1, while none of
the initial reactants show any measurable absorption in the

- <
0F
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Scheme 3.
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Fig. 1. Absorption spectra of: (1) 1.36x10™° moldm™

iodine; (2) 1.21x10™* moldm ™ catalyst 2¢; (3) catalyst
2c: I, with molar ratio 1.42 : 1 in dichloromethane solution.

260—460 nm region, the addition of the Schiff base—Mn to
iodine results in two strong absorption bands at 292 and 364
nm, presumably due to the complex formation of iodine with
Schiff base—-Mn. It should be noted that the bands of 292 and
364 nm are characteristic for the formation of the triiodide
ion, I3, in the process of complex formation between iodine
and different electron-pair donor ligands.>*—3*

As shown in Fig. 2, in all cases a characteristic band in
364 nm is well known to be specific for the formation of
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Fig. 2. Absorption spectra of complexes between iodine and
the used Schiff base-Mn(II) complexes in dichlorometh-
ane solution. Spectra from the bottom to the top refer to
1.36x10~% mol dm™? iodine and catalyst 2h, 2i, 2d, 2e, 2f,
2g, 2¢, 2b, 2a: iodine complexes (molar ratio for all of the
complexes is 1.54: 1).
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triiodide ion, I37.%% In the case of catalysts 2a, 2b, and 2c,
this band appeared immediately and clarified the much faster
complexation of iodine with these catalysts.

The decrease of regioselectivity that results by merely re-
versing the order of mixing of epoxide and halogen, namely
the slow addition of epoxide to bromine or the fast addi-
tion of bromine to epoxide, before the catalyst being added,
can be readily understood from the model. When the ini-
tial epoxide is introduced (in the absence or presence of
catalyst), it would encounter an excess amount of bromine,
and electrophilic attack by bromine can occur at the oxygen
of epoxide. Then, the bromide anion will attack the more
substituted carbon.? On the other hand, the slow addition
of bromine to the mixture of catalyst and epoxide foster the
previous-mentioned four-step mechanism in which elemental
bromine is converted to the tribromide ion, Br3 ™~ by the cat-
alyst; it then attacks the less-substituted carbon selectively.
This ion is produced in the process of complex formation
between bromine and different electron donors.*—#

In conclusion, we have found that epoxides are cleaved re-
gioselectively under neutral and mild conditions by elemental
halogens in the presence of some Schiff-base complexes of
metal(I) as catalyst. This methodology can be applied for
acid-sensitive substrates in aprotic solvents. In these reac-
tions, halo alcohols were obtained in high yields, and the
catalysts were easily recovered and could be reused several
times. An extension of this methodology toward other Schiff
bases with other metals is under investigation.

Experimental

IR spectra were obtained on a Perkin—Elmer 781 spectropho-
tometer and an Impact 400 Nickolet FTIR spectrophotometer. NMR
spectra were recorded in CDCl3 with a Brucker Avance DPX-250
(‘HNMR 250 MHz and “CNMR 62.9 MHz) spectrometer using
TMS as an internal standard. UV-vis spectra were obtained with
a Philips PU8750 spectometer. The purity determination of the
substrates and reactions monitoring were accomplished by TLC on
silica-gel polygram SILG/UV 254 plates or GLC on a Shimadzu
GC-10A instrument with a flame-ionization detector using a column
of 15% carbowax 20 M chromosorb W acid washed 60—80 mesh;
temperature, 20 °C below the boiling point of each compound.
Some epoxides and other chemical materials were purchased from
Fluka and Merck in high purity. The Schiff-base complexes were
prepared by reported procedures, and their spectroscopic and phys-
ical data were compared with the literature.>*>*—*2 Epoxides 1c
and 1d were synthesized®® and characterized. The yields refer to
isolated pure products after column chromatography.

General Procedure for the Reaction of Epoxides with Halo-
gen: Epoxide (1 mmol) in CH,Cl; (5 ml) was added to a stirred so-
lution of catalyst (0.05 mmol) in CH,Cl, (5 ml) at room temperature.
Then a solution of elemental halogen (1 mmol) in CH>Cl, (5 ml)
was added dropwise (15 min) to the above-mentioned mixture. The
progress of the reaction was monitored by GLC and TLC. After the
complete disappearance of the starting material, the reaction mix-
tare was washed with 10% aqueous Na»S,03 (2x 10 ml) and water
(2% 10 ml). The aqueous layer was further extracted with CH;Cl,
(2x10 ml). The combined organic layer was dried over MgSO4
and evaporated to give a crude alcohol-catalyst. The crude prod-
ucts were purified by crystallyzation in diethyl ether. After cooling,



1530 Bull. Chem. Soc. Jpn., 72, No. 7 (1999)

the catalyst was filtered off and washed with cold ether. The sol-
vent was evaporated and pure halo alcohol was obtained. The halo
alcohols were identified by a comparison with authentic samples
prepared in accordance with literature procedures,>*8>-202:4445
p-Chlorophenyl 2,3-Epoxypropyl Ether (1c): 'HNMR 6 =
2.56 (dd, 1H, J; = 4.9 Hz, J; = 2.25 Hz), 2.72 (dd, 1H, J; = 4.35
Hz, J, = 3.8 Hz), 3.14—3.19 (m, 1H), 3.76 (dd, 1H, J; = 5.6 Hz,
J» = 1.45 Hz), 4.03 (dd, 1H, J; = 11.0 Hz, J, = 2.85 Hz), 6.71
(dd, 2H, J; = 8.8 Hz, J, = 2.22 Hz), 7.11 (dd, 2H, J; = 6.93 Hz,
J> = 1.85 Hz); IR (neat) 635 (m), 664 (s), 686 (m), 767 (s), 825 (s),
862 (m), 914 (s), 971 (m), 1006 (s), 1032 (s), 1094 (s), 1131 (m),
1172 (s), 1244 (s), 1286 (s), 1348 (m), 1409 (m), 1430 (m), 1455
(m), 1495 (s), 1582 (s), 1598 (s), 2873 (m), 2928 (s), 2996 (m),
3059 (m), 3158 (m) cm™ .
2,3-Epoxypropyl p-Tolyl Ether (1d): 'H NMR 6 = 2.11 (s,
3H),2.46 (d, 1H,J = 5 Hz), 2.63 (dd, 1H, J, = 5Hz, ), = 2.6 Hz),
3.03—3.09 (m, 1H), 3.71 (dd, 1H, J; = 10.9 Hz, J; = 5.35 Hz),
3.89(dd, 1H, J; = 10.9 Hz, J, = 3.5 Hz), 6.57 (d, 2H, J = 7.0 Hz),
6.84 (d, 2H, J = 7.5 Hz; IR (neat) 662 (m), 715 (w), 742 (m), 769
(m), 816 (s), 838 (m), 862 (m), 913 (s), 1036 (s), 1109 (m), 1176
(m), 1249 (s), 1289 (s), 1345 (m), 1452 (m), 1512 (s), 1536 (m),
1614 (s), 2865 (m), 2920 (s), 2995 (m), 3025 (m), 3052 (m) cm .
2-Jodo-1-phenylethanol (3a): 'HNMR 6 = 2.02 (s, 1H),
3.76 (d, 2H, J = 5.5 Hz), 4.78 (t, 1H, J = 5.0 Hz), 7.17—7.35 (m,
5H); B*CNMR 6§ = 54.96, 66.90, 128.22, 129.10, 129.21, 138.17;
IR (neat) 748 (m), 915 (m), 1032 (s), 1121 (w), 1243 (s), 1365
(m), 1492 (m), 1602 (s), 2885 (m), 2930 (s), 3061 (m), 3398 (br, s)
cm™!,
1-Iodo-3-phenoxy-2-propanol (3b): '"HNMR 6§ = 3.1 (s,
1H), 3.48 (d, 2H, J = 5.0 Hz), 4.06 (tt, 1H, J; = 7.0 Hz, J, = 5.0
Hz), 4.13 (d, 2H, J = 5.6 Hz), 6.78—6.9 (m, 3H), 7.36 (m, 2H);
BCNMR 6 = 67.18, 69.67, 70.01, 114.98, 116.87, 121.79, 129.89,
132.86; IR (neat) 650 (w), 678 (w), 760 (m), 823 (m), 1038 (s),
1113 (w), 1240 (s), 1375 (m), 1494 (s), 1588 (s), 2877 (m), 2927
(s), 3050 (m), 3418 (br, s) cm ™. '
1-(p-Chlorophenoxy)-3-iodo-2-propanol (3c): 'HNMR 6 =
2.25 (s, 1H), 3.38 (d, 2H, J = 5.1 Hz), 3.86 (q, 1H, J = 1.8 Hz),
441 (4, 2H, J = 6.4 Hz), 7.22 (d, 2H, J = 8.7 Hz), 7.61 (d, 2H,
J =6.92 Hz); IR (neat) 632 (w), 648 (w), 667 (s), 694 (m), 742 (m),
818 (s), 893 (m), 936 (m), 1004 (s), 1088 (m), 1167 (s), 1239 (s),
1282 (s), 1374 (w), 1456 (m), 1488 (s), 1580 (m), 1593 (m), 2869
(m), 2925 (s), 2952 (m), 3412 (br, s) cm ™"
1-Todo-3-(p-tolyloxy)-2-propanol (3d): 'HNMR & = 2.15
(s, 1H), 2.49 (s, 3H), 3.02 (d, 2H, J = 4.1 Hz),3.46 (q, I1H,J = 2.6
Hz), 4.16 (d, 2H, J = 5.6 Hz), 6.95 (d, 2H, J = 8.5 Hz), 7.23 (d,
2H, J = 8.2 Hz); IR (neat) 665 (s), 743 (w), 814 (m), 1015 (s), 1072
(w), 1123 (s), 1240 (s), 1286 (m), 1378 (w), 1462 (m), 1512 (s),
1586 (m), 1611 (m), 2875 (m), 2928 (s), 2962 (m), 3038 (m), 3422
(br, s) cm™ .
1-Todo-3-isopropyloxy-2-propanol (3¢): 'HNMR 6 = 1.15
(d, 6H, J = 4.0 Hz), 2.92 (s, 1H), 3.38—3.59 (m, 5H), 3.79 (m, 1H);
“CNMR & = 22.78, 36.2, 67.3, 69.8, 72.5; IR (neat) 743 (w), 923
(m), 1050 (s), 1085 (s), 1128 (s), 1375 (m), 1467 (m), 2870 (m),
2926 (m), 2975 (s), 3472 (br, s) cm ™.
1-Iodo-2-octanol (3f): 'HNMR 6 = 0.89 (t, 3H, J = 7.0 Hz),
1.26—1.58 (m, 10H), 2.24 (s, 1H), 3.24—3.55 (m, 3H); "CNMR
8 = 14.09, 16.45, 22.62, 25.56, 29.12, 31.70, 36.89, 70.91; IR
(neat) 725 (m), 1015 (br, s), 1105 (m), 1130 (m), 1185 (s), 1385 (s),
1425 (s), 1465 (s), 1475 (s), 2870 (vs), 2940 (vs), 2970 (s), 3400
(br,s) cm™'.
2-Todocyclohexanol (3g): 'HNMR 6 = 1.26—1.44 (m, 3H),
1.75—1.95 (m, 3H), 2.15—2.3 (m, 1H), 2.3—2.35 (m, 1H), 2.72 (s,
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1H), 3.58—3.62 (m, 1H), 3.9—4.0 (m, 1H); >*CNMR § = 24.51,
26.56, 32.75, 35.40, 59.84, 71.59; IR (neat) 690 (s), 790 (w), 870
(m), 948 (s), 1038 (w), 1082 (br, s), 1123 (m), 1189 (s), 1372 (m),
1462 (s), 2882 (s), 2960 (br, ), 3425 (br, s) cm ™.

2-Bromo-1-phenylethanol (3h): 'HNMR & = 1.98 (s, 1H),
4.01 (m, 2H), 498 (t, 1H, J = 5.0 Hz), 7.19—7.39 (m, 5H);
BCNMR 6 = 57.39, 67.97, 128.32, 129.30, 129.37, 138.98; IR
(neat) 689 (m), 766 (m), 823 (m), 1036 (s), 1115 (w), 1233 (s),
1375 (m), 1494 (m), 1600 (s), 2875 (m), 2935 (s), 3064 (m), 3405
(br,s) cm™ L.

1-Bromo-3-phenoxy-2-propanol (3i): 'HNMR & = 2.75 (s,
1H), 3.61 (d, 2H, J = 5.3 Hz), 4.03 (tt, 1H, J; = 7.1 Hz, J» = 5.0
Hz), 4.11 (d, 2H, J = 7.0 Hz), 6.78 (d, 1H, J = 5.0 Hz), 6.94 (d,
2H, J = 8.0 Hz), 7.35 (m, 2H); *CNMR & = 69.58, 69.77, 69.93,
115.01, 116.82, 121.86, 129.99, 132.79; IR (neat) 641 (w), 688 (m),
756 (m), 823 (m), 1038 (s), 1112 (w), 1239 (s), 1375 (m), 1494 (s),
1588 (s), 2878 (m), 2925 (s), 3059 (m), 3415 (br, s) cm ™.

1-Bromo-3-(p-chlorophenoxy)-2-propanol (3j): THNMR
S =221, 1H), 342 (d, 2H, J = 5.0 Hz), 3.81 (q, 1H, J = 2.5
Hz), 4.39 (d, 2H, J = 6.2 Hz), 7.26 (d, 2H, J = 8.25 Hz), 7.65 (d,
2H, J = 6.5 Hz); IR (neat) 649 (m), 664 (m), 695 (m), 743 (m),
768 (w), 821 (m), 938 (m), 1005 (s), 1132 (s), 1245 (m), 1282 (m),
1318 (w), 1449 (m), 1492 (s), 1581 (m), 1596 (m), 1615 (m), 2858
(m), 2928 (s), 2956 (m), 3406 (br, s) cm ™.

1-Bromo-3-(p-tolyloxy)-2-propanol (3k): 'HNMR 6 =2.12
(s, 1H), 2.53 (s, 3H), 3.16 (d, 2H, J = 5.0 Hz), 3.47 (g, 1H, J = 2.1
Hz), 4.11 (d, 2H, J = 7.0 Hz), 6.93 (d, 2H, J = 8.8 Hz), 7.19 (d,
2H, J = 7.5 Hz); IR (neat), 659 (s), 819 (m), 1016 (s), 1075 (w),
1123 (s), 1242 (s), 1285 (m), 1381 (w), 1458 (m), 1512 (s), 1585
(m), 1613 (m), 2875 (m), 2927 (s), 2962 (m), 3035 (m), 3425 (br,
s)cm™ 1.

1-Bromo-3-isopropyloxy-2-propanol (3): 'HNMR & = 1.16
(d, 6H, J = 4.0 Hz), 2.78 (s, 1H), 3.42—3.65 (m, 5H), 3.92 (m, 1H);
I3CNMR 6 = 22.34, 35.40, 69.59, 70.40, 72.70; IR (neat) 675 (m),
798 (w), 923 (m), 1051 (s), 1085 (s), 1125 (s), 1375 (m), 1467 (m),
2871 (m), 2925 (m), 2972 (s), 3435 (br, s) cm ™ L.

1-Bromo-2-octanol 3m): 'HNMR 8 = 0.89 (t, 3H, J = 6.5
Hz), 1.25—1.63 (m, 8H), 1.86 (g, 2H, J = 7.1 Hz), 2.22 (s, 1H),
3.42(d,2H,J = 7.1 Hz), 3.75—3.84 (m, 1H); *CNMR 6 = 14.01,
22.52,25.58,29.14, 31.68, 35.05, 40.73, 71.02; IR (neat) 720 (m),
830 (m), 1050 (s), 1075 (s), 1125 (m), 1225 (m), 1265 (m), 1385
(m), 1425 (m), 1470 (s), 2860 (vs), 2935 (vs), 2970 (vs), 3380 (br,
s)cm™ 1.

2-Bromocyclohexanol (3n): THNMR 6 = 1.26—1.42 (m,
3H), 1.78—1.98 (m, 3H), 2.18—2.32 (m, 1H), 2.32—2.38 (m, 1H),
2.68 (s, 1H), 3.58—3.64 (m, 1H), 3.82—3.92 (m, 1H); 2*CNMR
S =24.48,27.02,33.95, 36.59, 62.13, 75.66; IR (neat) 690 (s), 793
(w), 865 (m), 960 (s), 1038 (m), 1075 (br, s), 1123 (m), 1189 (s),
1372 (m), 1460 (s), 2882 (s), 2960 (br, s), 3425 (br, s) cm ™.
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the Shiraz University Research Council and Professor H.
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