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ABSTRACT: Asymmetric hydroboration of cis- and trans-1,4-polyisoprene was carried 
out using optically active triisopinocampheyldiborane and optically active polymers were 
obtained. In the case of the hydroboration of cis-1,4-polyisoprene, the use of dextro
rotatory a-pinene ([a]o +14.9°), yielded the laevorotatory polymer ([a]o -2.3°) having 
a 98 per cent hydroxyl group content. On the contrary, the use of laevorotatory a
pinene ([a]o -26.6° and -28.6°) yielded the dextrorotatory polymers ([a]o +2.4~3.6°) 
having a 85-100 per cent hydroxyl group content. The absolute values of [a]o for the 
polymers were increased with the increase in hydroxyl group content and the absolute 
value of [a]o of a-pinene used. The optically rotatory dispersion curves were found to 
fit the simple Drude equation and the .lc value of the polymers was about 164 mµ. The 
Ac value suggested that the chromophore which caused optical activity was -OH group. 

The hydroboration of trans-1,4-polyisoprene was also carried out and optically active 
polymers ([a]o +0.6-1.2°) having a 90--100 per cent hydroxyl group content were 
obtained using a-pinene ([a]o -28.6°). Furthermore, the asymmetric hydroboration of 
cis-polybutadiene, butadiene-styrene and random butadiene-acrylonitrile copolymers 
was carried out, but these hydroxylated polymers had no optical activity. The hydro
xylated butadiene-acrylonitrile alternating copolymer showed optical activity. 
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Copolymer / Butadiene-Styrene Copolymer / Triisopinocampheyl
diborane / 

Brown, et al.,1 reported in 1961, for the first 
time, the asymmetric hydroboration of some 
olefines using diisopinocampheylborane(DIB). 
cis-2-Butene reacted with the reagents from a
pinene, [a]o +47.6°, toproduceanorganoborane, 
which was oxidized with alkaline hydrogen 
peroxide to yield 2-butanol [a]o -11.8° (87 per 
cent optical purity).2 Similarly, cis-3-hexene was 
converted to 3-hexanol [a]o -6.5° (91 per cent 
optical purity). 

derivatives. 
The study on the hydroboration of the diene 

polymers such as polybutadiene and polyisoprene 
to produce the polymers having an hydroxyl 
group was carried out by one of the authors. 3 

In this paper, to synthesize optically active 
polymers from optically inactive polymer by 
polymer reaction, the asymmetric hydroboration 
of cis- and trans-polyisoprene was carried out 
using triisopinocampheyldiborane(TIDB). The 
hydroxylated polymers obtained were optically 
active. The specific rotation of the hydroxylated 
cis-1,4-polyisoprene was higher than that of the 
hydroxylated trans one. 

The results established that the boron atom at 
the asymmetric center, R 1R 2C*HB-, was capable 
of maintaining asymmetry without significant 
racemization over a period of several hours. The 
unusually high optical purities realized in this 
asymmetric hydroboration and the fact that the 
organoboranes may be converted into other 
derivatives with retention of configuration prom
ised to be a useful approach to optically active 
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The rotatory dispersion curves of the hydro
xylated cis-polymers were found to fit the simple 
Drude equation and an average Ac value of 164 
mµ was obtained. The Ac value suggested that 
the chromophore which caused optical activity 
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was the hydroxyl group. 
Furthermore, the asymmetric hydroboration of 

cis-polybutadiene and several butadiene-styrene 
copolymers was attempted, but the hydroxylated 
polymers had no optically activity. However, the 
asymmetric hydroxylated butadiene-acrylonitrile 
alternating copolymer gave optical activity. 

EXPERIMENTAL 

Materials 
Sodium boron hydride(NaBH4) was supplied by 

Metal Hydride Inc. Commercially supplied boron 
trifluoride etherate (BFg0Et2) was distilled in an 
atmosphere of nitrogen (bp 126.5°C). Di(ethylene 
glycol) dimethyl ether was prepared from methyl 
bromide and the alcoholate which was made from 
sodium metal and di( ethylene glycol) monomethyl 
ether. It was distilled over lithium aluminum 
hydride at a reduced pressured before use [bp 
84-85°C (27 mm)]. a-Pinene was steam distilled 
and was purified by distillation at a reduced 
pressure [bp 51-52°C (20 mm)]. The specific 
rotations of the used a-pinene were+ 14.9, -26.6, 

Table I. Characterization of diene polymers• 

(a) polyisoprene and polybutadiene 

cis-Pol yisoprene 
trans-Polyisoprene 
cis-Butadiene 

(b) butadiene-styrene copolymer 

butadiene-styrene 
copolymer [ 1J JJoHF 

Solprene 1205P 1.03 
Buna Hills 1.54 
Hycar 2007J 0.54 

(c) butadiene-acrylonitrile copolymer 

Butadiene-acrylonitrile 
copolymer 

Alternatingb 
Random 

1.04 
1.65 

[1JffoHF 

3.31 
1.37 
2.70 

Bu/St, 
mol % 

85/15 
68/32 
25/75 

Bu/AN, 
mol % 

51/49 
66/34 

cis-1,4, 
(%) 

92 
3 

92 

/Bu-Bu 

0.52 
0.11 
0.02 

/Bu-Bu 

0.03 
0.43 

trans-1,4, trans-1,2, 
(%) (%) 

3 
95 
3 5 

Probability of sequence 

/Bu-St /st-St 

0.41 0.07 
0.45 0.44 
0.26 0.72 

Probability of sequence 

/Bu-AN 

0.95 
0.57 

JAN-AN 

0.02 
0.00 

trans-3,4, 
(%) 

5 
2 

Fst-Bu-St 

0.08 
0.09 
0.04 

FAN-Bu-AN 

0.46 
0.16 

• The microstructure was determined with infrared spectrum and the probability of sequence was cal
culated from r1 and r2 values. 

b [1J]~MF 1.55. 
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and -28.6° (lit.,4 [a]n +48.3° and -47.2°). 
Polyisoprene, polybutadiene, butadiene-sty

rene copolymer and butadiene-acrylonitrile co
polymer (random and alternating5) were purified 
by precipitation from a benzene solution with 
methanol. 

The value of [7J], micro structure, probability 
of sequence, and composition of these polymers 
are shown in Table I. 

Tetrahydrofuran(THF) and other solvents were 
purified by the usual method. 

Preparation of a THF Solution of Diborane 
A THF solution of diborane was prepared by 

Brown's method. 6 In a three-necked flask equip
ped with a thermometer, condenser, and a pres
sure equalizing funnel, was placed 50 g (0.13 mol) 
of NaBH4 and 50 ml of a di(ethylene glycol) 
dimethyl ether. The flask was immersed in an 
ice bath. BFsOEt2 (33 ml, 0.26 mol) was added 
dropwise to the solution and was well-stirred by 
a magnetic stirrer. The diborane gas produced 
was led with nitrogen gas and absorbed into 
100 ml of THF cooled at 0°C. The concentra
tion of the THF solution of diborane obtained 
was determined6 with measurement of the volume 
of hydrogen gas using a gas bulete. 

Preparation of Triisopinocamphey ldiborane( T IDB) 7 

In a three-necked flask, equipped with a thermo
meter, condenser, and a pressure equalizing 
funnel was placed a THF solution of diborane 
20 ml (0.02 mol). The flask was immersed in an 
ice bath. a-Pinene 9.5 ml (0.06 mol) was added 
dropwise to a well-stirred solution. Triisopino
campheyldiborane(TIDB) precipitated partially 
during a-pinene addition. The reagent was 
maintained for an additional 3 hr at 0°C prior 
to use. 

Asymmetric Hydroboration 
In a three-necked flask, equipped with a thermo

meter, condenser, and a pressure equalizing funnel 
was placed a THF solution (150 ml) of 1.0 g of 
polymer. A THF solution of TIDB was added 
to the well-stirred polymer solution under mag
netic stirring. The reaction was carried out in 
an atmosphere of nitrogen at 0°C over a period 
of 5 min-5 hr. The reaction mixture was oxi
dized with alkaline-hydrogen peroxide (10 ml of 
3-N aqueous sodium hydroxide and 10 ml of 30 
per cent hydrogen peroxide). The reaction mix-

14 

ture was precipitated into water and evaporated 
to remove THF. The obtained polymer was 
purified by precipitation from the THF solution 
with diethyl ether. The precipitation was carried 
out until the specific rotation of the polymer 
showed a constant value. 

Measurements 
The D-line optical rotation and optical rotatory 

dispersion were measured with a Shimadzu model 
QV-50 polarimeter equipped with xenon source. 

The intrinsic viscosity of polymer was measured 
in THF at 30±0.1 °C with an Ubelohde's visco
meter. 

The infrared spectra of polymers were measured 
with the use of film on a NaCl plate. 

RESULTS AND DISCUSSION 

Asymmetric Hydroboration of cis- and trans-Poly
isoprene 

The asymmetric hydroboration of cis- and trans
polyisoprene was carried out in THF at 0°C 
(Tables II and III). During the reaction, the 
reaction mixture remained homogeneous. It was 
different from the previous result; 3 in the case of 
hydroboration of diene polymers with diborane, 
the gelation of the reaction mixture occurred as 
soon as a THF solution of diborane was added 
to the polymer solution but it became homogene
ous after oxidizing with alkaline hydrogen per
oxide. In this paper the hydroboration of poly
isoprene was carried out by TIDB instead of 
diborane. It is evident that the gel formation 
of the reaction mixture does not occur because 
a molecule of TIDB reacts with only one C=C 
double bond of the polymer and does not make 
the polymer-polymer linkage. 

After several precipitations, a portion of the 
obtained polymer turned out insoluble, but THF 
soluble polymer was obtained.. The gelation of 
the obtained polymer seemed to be caused by the 
residual impurity (trace organoboron compounds) 
in the obtained polymer. In the present paper, 
the precipitation was carried out in air. Thus. 
the organoboron compounds remaining in the 
hydroxylated polymers were reacted with oxygen 
to give radicals during the precipitation. Welch8· 

and other authors9 •10 reported the autoxidation 
of alkylboron compounds. Generally alkylboron 
compounds react with oxygen and readily produce, 
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Table II. Asymmetric hydroboration• of cis-1,4-polyisoprene 
with triisopinocampheyldiborane 

Run Molar ratio [a)nb of used 
Hydroxylated polymer 

TIDE/cis-1,4-no. polyisoprene a-pinene, (0 ) [a]nc, (o) [7)]d -OH content,• Amount 
% of gel 

1.4 +14.9 -2.3 0.256 98 small 
2 1.4 -26.6 +3.6 0.374 100 small 
3 1.4 -28.6 +2.4 0.359 92 small 
4 1.0 -28.6 +2.9 0.374 85 medium 
5 0.6 -28.6 larger 
6 0.4 -28.6 larger 

• The hydroboration was carried out for 3 hr at 0°C in THF. 
b Measured at 25°C (neat, 1=0.1). 
0 Measured in THF at 25°C (C=l.0, 1=1.0). 
d Measured in THF at 30°C. 
• Calculated from C% by elementary analysis. 
r THF soluble polymer was not obtained. 

Table III. Asymmetric hydroboration• of trans-1,4-polyisoprene 
with triisopinocampheyldiborane 

Run Molar ratio, [a)nb of used 
Hydroxylated polymer 

TIDB/trans-I,4-no. polyisoprene a-pinene, (0 ) [a]nc, (o) [7)]d -OH content,• Amount 
% of gel 

tor 1.4 -28.6 +1.2 0.280 90 small 
11 0.9 -28.6 +0.6 0.435 85 medium 
12 0.7 -28.6 largeg 

• The hydroboration was carried out for 3 hr at 0°C in THF. 
b Measured at 25°C (neat, 1=0.1). 
0 Measured in THF at 25°C (C=l.0, 1=1.0). 
d Measured in THF at 30°C. 
° Calculated from C% by elementary analysis. 
r The hydroboration was carried out for 1 hr at 0°C in THF. 
g THF soluble polymer was not obtained. 

peroxide to yield free radicals. 

R3B+02 ---->R2B(OOR) 

R3B+R2B(OOR)---->R2BOR + R- + R3BO-

As shown in Tables II and III, THF soluble 
polymers were obtained only on the condition of 
the hydroboration in which the molar ratio of 
TIDB/polyisoprene was more than unity. The 
carbon-carbon double bond was converted to 
the allyl radical by the elimination of hydroxyl 
radical, and thus the gelation occurred. 

The THF soluble polymers had the hydroxyl 
group content of 80-100 percent and were not 
already rubber-like materials. As shown in Figure 
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1, the infrared spectrum for the THF soluble 
polymer gave the absorption band at 3400 cm-1 

due to the associated hydroxyl group and did not 
give the absorption band at 1670cm-1 due to the 
carbon-carbon double bond. The newly induced 
absorption band at 1700cm-1 was due to the 
carbonyl group which was produced by the ox
idation of polyisoprene. 

Optical Behavior of Hydroxylated Polyisoprene 
The obtained polymers by oxidation after the 

asymmetric hydroboration of cis-polyisoprene had 
positive optical rotation (Table II). The hydro
xylated polymers were purified by precipitation 
until the specific rotation showed a constant 

15 
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Figure 1. Infrared spectra of (A) cis-1,4-polyisoprene (----); hydroxylated cis-poly
isoprene (--) and (B) trans-1,4-polyisoprene (----); hydroxylated trans-1,4-polyiso
prene (-). 

value. It is thought that the optical rotation 
was not caused by the impurity. It is also evident 
from the result that the optical rotations of hy
droxylated polybutadiene, butadiene-styrene and 
butadiene-acrylonitrile copolymers were not 
detectable ([a]n 0) as described later. The optical 
rotatory dispersion curves for these polymers are 
shown in Figure 2. The curves were found to 
fit the simple Drude equation. The average value 
of Ac for the polymers was about 164 mµ. On 
the other hand, the Ac for pinocampheol was 
174mµ and that for a-pinene was 124mµ. It 
would seem that the chromophore which cause 
optical activity for the polymer is the hydroxyl 
group. 

In the case of the hydroboration of cis-poly
isoprene, the use of dextrorotatory a-pinene ([a]n 
+14.9°), yielded the laevorotatory polymer ([a]n 
-2.3°) having a 98-% hydroxyl group content. 
On the contrary, the use of laevorotatory a
pinene ([a]n -26.6 and -28.6°) yielded the 
dextrorotatory polymers ([a]n +2.4-3.6°) having 
a 85-100 per cent hydroxyl group content. The 
specific rotations of hydroxy lated cis-polyisoprene 
increased with increase in the -OH content (hy
droxylated carbon-carbon double bond), which 
was determined from the value of the carbon 
percent obtained from the elements analysis. A 
similar result was reported by Brown, et al.,2 on 
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Figure 2. Optical rotatory dispersions of hydro
xylated cis- and trans-1,4-polyisoprene: run no. 1, 
2, 3, and 4 (Table II); run no. 10 and 11 (Table 
III); run no. 27 (Table IV). 

the asymmetric hydroboration of low-molecular
weight olefines. For example, cis-2-butene was 
converted to dextrorotatory 2-butanol ([a]n 
+11.7°) using laevorotatory a-pinene ([a]n 
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-47 .9°) but it was converted to laevorotatory 
2-butanol ([a]n -11.8°) using dextrorotatory a
pinene ([a]n +47.6°). 

The relationship between the absolute value 
of the specific rotation for the polymer obtained 
and that for used a-pinene is shown in Figure 
3. The value of specific rotation was calculated 
as that of the hydroxylated polymer having 100 
per cent hydroxyl group content. The absolute 
values of specific rotation for the polymers in
creased with an increase in that for a-pinene. 
It is confirmed from the above result that the 
isopinocampheyl group of TIDB is necessary for 
the asymmetric induction and that the optical 
activity of hydroxylated polymer is caused by the 
configuration of the used a-pinene. 
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Figure 3. Relationship between the specific rota
tion of used a-pinene and the absolute values of 
the specific rotation of hydroxylated cis-1,4-poly
isoprene. (The values of the specific rotation were 
calculated as that of the hydroxylated polymers 
having 100 per cent hydroxyl group content.) 

Generally, the cis addition of the boron-hy
drogen bond to a double bond has been inter
preted in terms of a four-center transition state. 
The formation of such a highly rigid transition 
state should be strongly influenced by steric 
factors of both the reagent and the polymer. 
According to the theory of Brown, et al., 11 in 
the case of the hydroboration7 of cis-compounds 
with diisopinocampheylborane(DIB) and triiso
pinocampheyldiborane(TIDB), the hydroboration 
of polyisoprene with TIDB prepared from ( - )
a-pinene can be represented by two possible 
transition states, I and II as follows: 
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It is anticipated that the preferred transition 

state would be that in which the methyl group 
ofpolyisoprene is positioned away from the bulky 
methylene group of the isopinocampheyl group 
in TIDB. It is evident that the alternative tran
sition state II will be less favorable sterically. 

In the case of asymmetric hydroboration7 with 
DIB and TIDB, the cis addition of the boron
hydrogen bond to a double bond occurs only 
from one of two directions (upward from C=C 
and downward from C=C). Thus even a com
pound such as C-C=C-C was hydroborated 
to obtain optically active carbinol. 

The results that the difference of the sign of 
specific rotations of the cis-polyisoprene hydro
xylated by TIDB prepared from (- )-a-pinene and 
(+)-one suggest not only that the former TIDB 
attacks carbon-carbon double bonds from one 
of two directions but also that the latter TIDB 
does the same from the opposite directions. 

The polymer obtained by oxidation after the 
asymmetric hydroboration of trans-polyisoprene 
had positive optical rotations as well as those 
of the polymers obtained by the hydroboration 
of cis-polyisoprene. The result and the reaction 
conditions are shown in Table III. The optical 
rotatory dispersion curves for these are shown 
in Figure 2. These curves were positive and 
were found not to fit the simple Drude equation. 
The specific rotations and the magnitude of the 
rotatory dispersion curves for the hydroxylated 
trans-polyisoprene were fairly smaller than those 
for the hydroxylated cis-polyisoprene. 

It is already well known7 that the hydrobora
tion of cis-olefins with optically active DIB 
produces alcohols in highly optical purity. The 
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corresponding reactions of the reagents with trans 
or hinder olefins are slow, proceeding only with 
the displacement of a:-pinene from the reagent, 
and the oxidized products exhibit much lower 
optical activities. For example, the hydrobora
tion of cis-butene produced ( + )-2-butanol of 
86-87 per cent optical purity. 2 In contrast, the 
reaction of trans-2-butene produced ( - )-2-butanol 
of 13 per cent optical purity .11 Similarly, 3-
methylcyclopentabol, cis-derivatives of 45 per cent 
optical purity11 and trans one of 3 per cent of 
optical purity. 11 

Although polyisoprene is tri-substituted olefin, 
there is no steric difference between the transi
tion state of the hydroboration of cis-polyisoprene 
and that of trans-polyisoprene. Thus it is thought 
the fact that the specific rotation of the hydro
xylated cis-polymer is higher than that of the 
trans one is not caused by the difference between 
the asymmetric inducing efficiency of the hydro
boration of cis-polyisoprene and that of trans 
one, but is caused by the difference of the con
figuration of hydroxylated cis- and trans-polyiso
prene. Two asymmetric carbon atoms (i.e., 
CH3 H 

-C* - and -C* -) are newly induced by the hy-
, I 

H OH 
droboration of 1,4-polyisoprene with TIDB. In 
the case of the hydroboration of cis-polyisoprene, 
the configuration of the former type asymmetric 

H 

'* h carbon atom (-C -) is the same as one of t e 
I 
OH H 

'* latter type asymmetric carcon atom -C - of the 
I 

OH 
hydroxylated trans-polyisoprene. On the other 

CH3 
1., 

hand, the configuration of the -C · - type asym-
1 

H 
metric carbon atom has the opposite configuration 

CH3 
I* compared with that of the (-C -) type for hydro-
1 

H 
xylated trans-polyisoprene. 

It is thought that in the case of hydroxylated 
cis-polymer, two asymmetric carbon atoms en
hanced its optical rotation but the asymmetric 
carbon atoms of the hydroxylated trans-polymer 

18 

""""'"CH2 H .CH2 
'···c-6" 

CH3 H .CH2 
··,. l( 

CH 1"1 I 
3 H OH 

~cH2~y-, 
H OH 

hydroxy lated 
cis-polyisoprene 

hydroxylated 
trans-polyisoprene 

cancelled it. Thus the former has higher optical 
rotatory power than the latter. 

Asymmetric Hydroboration of Polybutadiene and 
Butadiene-Styrene Copolymers 

The asymmetric hydroborations of cis-poly
butadiene and butadiene-styrene random co
polymers were attempted in THF at 0°C using 
TIDB. The reaction conditions and results are 
summarized in Table IV. The hydroxy lated 
polymers obtained by oxidation after the hydro
boration of polybutadiene were not optically 
active. The results agree with the authors' 
expectation that the asymmetric carbon atoms 
induced in the polymer obtained by the hydro
boration of polybutadiene are pseudo asymmetric. 

In the case of hydroboration of butadiene
styrene copolymer, the reaction is shown as 
follows 

1 2 3 4 

-C-C-C-C=C-C-C-C 
I I 

A A 
I II I II 
V V 

1 2 3 4 

(1) TIDE '\ 
121 H 20 2, NaOH I 

l*I 
-C-C-C-C-C-C-C-C-

1 I I I III 
A OH A 
I II H I II 
V V 

1 2 3 4 
l*I 

-C-C-C-C-C-C-C-C-
1 I I I IV 

A HO A 
I II I II 
V V 

The hydroxylated polymer such as type III 
is optically inactive. On the contrary, the 
hydroxylated polymer such as type IV is opti
cally active. It is thought that the statistical 
probability of formation of type III is equal to 
that of type IV in the asymmetric hydroboration. 
Thus the authors hoped that the obtained hydro
xylated butadiene-styrene copolymer would be 
optically active. 
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Table IV. Asymmetric hydroboration• of polybutadiene, butadiene-styrene copolymer, 
and butadiene-acrylonitrile copolymer with triisopinocampheyldiboraneb 

Run 
no. 

20 
21 
22 

23 
24 
25 
26 
27f 

Diene polymers 

Name 

Polybutadiene 

Butadiene-
styrene copolymer 

Alternating 
butadiene
acry loni trile 

Butadiene
acry Joni trileh 

Butadiene 
unit content, 

mol % 

100 
85 
85 

68 
68 
25 
25 
51 

51 
76 

[ 1J Jc 

2.70 
1.03 
1.03 

1.54 
1.54 
0.54 
0.54 
1.04 

1.04 
1.65 

Hydroxylated polymers 

[ 1J Jc 
-QHd [a]n• content, % 

0.64 82.3 0 
0.89 66.4 0 
0.70 86.0 0 

0.63 40.9 0 
0.72 36.8 0 
0.36 62.4 0 
0.42 87.6 0 
0.182 65.0 +0.5 

0.588 71.1 +0.8 
0.501 80.5 0 

• Asymmetric hydroboration was carried out at 0°C in THF. The molar ratio of triisopinocampheyl
diborane(TIDE)/butadine unit= 1.0. 

b a-pinene [aJ+26.6°. 
c Measured in THF at 30°C. 

d Calculated from analytical value (C%). These values were calculated as hydroxylated C=C x 100. 

• Measured in THF at 25°C (C= 1.0, I= 1.0). 
original C=C 

r The hydroboration was carried out for 5 min. 
g The hydroboration was carried out for 5 min. The molar ratio of triisopinocampheyldiborane(TIDE)/ 

butadiene unit=0.5. 
h Obtained by free radical copolymerization. 

The hydroxylated polymers obtained by oxida
tion after the asymmetric hydroboration of 
butadiene-styrene copolymers were also optically 
inactive although the authors expected that the 
hydroxylated polymers would be optically active 
as the symmetric structure was destroyed due to 
the styrene unit of the copolymers. 12 

The copolymer having alternative structure 
(styrene-butadiene-styrene) is the most effec
tively hydroborated one for showing optical 
activity. However, the values of Fsi-Bu-s1 (prob
ability of styrene-butadiene-styrene unit ar
rangement in main chain) of the used butadiene 
-styrene copolymers were 0.04-0.09. Thus it 
is thought that the rotation of polarized light of 
hydroxylated copolymers cannot be observed as 
the contents of "true" asymmetric carbon atoms 
are very small. 

Asymmetric Hydroboration of Butadiene-Acrylo
nitrile Copolymers 

The asymmetric hydroboration of butadiene-
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acrylonitrile alternating and random copolymers 
was carried out in THF at 0°C using TIDB. 
The reaction conditions and results are summa
rized in Table IV. 

The infrared spectrum of the hydroxylated co
polymer is shown in Figure 4. The absorption 
band at 2237 cm-1 due to the -C=N group and 
that due to the carbon-carbon double bond 
was decreased. The absorption band at 3300 
cm-1 due to the hydroxyl group was observed 
and those at 1720cm-1 and 1650cm-1 were also 
newly induced. The result of infrared spectrum 
suggested that the hydroxylation of carbon
carbon double bonds occurred and a part of 
-C=N group converted to -C=N-OH. 

The hydroxylated butadiene-acrylonitrile al
ternating copolymer had positive optically rotation 
as shown in Table IV and the optical rotatory 
dispersion curve is shown in Figure 2. On the 
other hand, the hydroxylated butadiene-acrylo
nitrile random copolymer was not optically 
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Figure 4. Infrared spectra of alternating butadiene-acrylonitrile copolymer (----) 
and its hydroxylated polymer (-). 

active. 
As described in the hydroboration of butadiene 

-styrene random copolymer, the fact that the 
hydroxylated butadiene-acrylonitrile alternating 
copolymer having the FAN-Bu-AN high value 
(0.46) was optically active was also caused by the 
high concentration of "true" asymmetric carbon 
atoms. On the contrary, the hydroxylated 
butadiene-acrylonitrile random copolymer does 
not have a high concentration of "true" asym
metric carbon atoms and does not show the 
optical rotation because the FAN-Bu-AN value of 
the butadiene-acrylonitrile copolymer is small 
(0.16). 

Thus it is evident that the high value of prob
ability of the comonomer-butadiene-comono
mer unit arrangement in diene copolymer is 
essential for the formation of optically active 
polymer by the hydroboration. 

It is confirmed from the results in this work 
that the asymmetric induction of two position 

CH3 H 
I I 

(-C* - and -C* - ) is possible on the asymmetric 
I I 

H OH 
hydroboration of diene polymers with TIDB. 
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