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A B S T R A C T : A s y m m e tr ic  h y d ro b o ra t io n  o f  c is -  a n d  //•a « j-I ,4 -p o ly iso p re n e  w a s  c a r r ie d
o u t  u s in g  o p t ic a l ly  a c t iv e  t r iis o p in o c a m p h e y ld ib o ra n e  a n d  o p tic a l ly  a c t iv e  p o ly m e rs  w e re  
o b ta in e d .  I n  th e  e a se  o f  \h e  h y d r o b o ra t io n  o f  c w - l,4 -p o ly iso p rc n c , th e  u se  o f  d e x t r o ­
r o ta to r y  a - p in e n e  (Iftlo  + 1 4 ,9 - ) ,  y ie ld e d  th e  la e v o r o ta to ry  p o ly m e r  ([«)d —2 .3 °) h a v in g  
a  98 p e r  c e n t  h y d ro x y l  g r o u p  c o n te n t .  O n  th e  c o n t r a ry ,  th e  u se  o f  la e v o r o ta to ry  a -  
p in c n e  ([a^o - 2 6 . 6 ’ a n d  - 2 8 .6  ) y ie ld e d  th e  d e x t r o ro ta to r y  p o ly m e rs  ( la jo  + 2 . 4 —3.6®) 
h a v in g  a  8 5 — 100 p e r  c e n t  h y d ro x y l g r o u p  c o n te n t .  ’ T h e  a b s o lu te  v a lu e s  o f  (a ]o  fo r  th e  
p o ly m e rs  w e re  in c re a se d  w i th  th e  in c re a se  in  h y d ro x y l g ro u p  c o n te n t  a n d  th e  a b so lu te  
v a lu e  o f  o f  a -p in e n e  u se d . T h e  o p t ic a l ly  r o ta to ry  d isp e rs io n  c u rv e s  w e re  fo u n d  to  
( it th e  s im p le  D r u d c  e q u a t io n  a n d  th e  /{c v a lu e  o f  th e  p o ly m e rs  w a s  a b o u t  164 m /t. T h e  
ic  v a lu e  su g g e s te d  th a t  th e  c h ro m o p h o re  w h ic h  c a u s e d  o p tic a l  a c t iv i ty  w a s  - O H  g ro u p .

T h e  h y d ro b o ra t io n  o f  / r f ln f - l ,4 -p o ly iso p re n e  w a s  a lso  c a r r ie d  o u t  a n d  o p t ic a l ly  a c tiv e  
p o ly m e rs  ([ft]i) + 0 .6 — 1.2‘‘) h a v in g  a  9 0 — 100 p e r  c e n t  h y d ro x y l g r o u p  c o n te n t  w e re  
o b ta in e d  u s in g  n -p in c n e  ((<r]u —2S.6 '')- F u r th e rm o r e ,  th e  a s y m m e tr ic  h y d ro b o ra t io n  o f  
m - p o ly b u ta d ic n e ,  b u ta d ie n e —sty re n e  a n d  r a n d o m  b u ta d ie n e — a c ry lo n i t r i lc  c o p o ly m e rs  
w a s  c a r r ie d  o u t ,  b u t  th e se  h y d ro x y ia tc d  p o ly m e rs  h a d  n o  o p t ic a l  a c t iv i ty .  T h e  hydro*  
x y la te d  b u ta d ie n e —a c r y lo n i t r i le  a l t e r n a t in g  c o p o ly m e r  sh o w e d  o p tic a l  a c t iv i ty .

K E Y  W O R D S  O p tic a l  R o ta to r y  D isp e rs io n  /  O p tic a l ly  A c tiv e  P o ly ­
m e r  /  A s y m m c tr ic  H y d ro b o ra t io n  /  H y d ro b o ra t io n  /  P o ly m e r  
R e a c t io n  / D ie n e  P o ly m e r  /  P o ly iso p re n e  /  B u ta d ie n e  A c ry lo n i t r i lc  
C o p o ly m e r  / B u ta d ie n e —S ty re n e  C o p o ly m e r  /  T r i iso p in o c a m p h e y l-  
d ib o r a n c  /

B r o w n ,  e t  a / . . '  r e p o r t e d  in  1961, f o r  th e  f irs t  

t im e ,  t h e  a s y m m e t r i c  h y d r o b o r a t i o n  o f  s o m e  

d e f i n e s  u s in g  d i i s o p in o c a m p h e y lb o r a n e ( D lB ) .  

c w -2 -B u tc n e  r e a c te d  w i th  t h e  r e a g e n t s  f r o m  a -  

p in e n e ,  [nr]i, + 4 7 . 6 ’ , t o  p r o d u c e  a n  o r g a n o b o r a n e ,  

w h ic h  w a s  o x id iz e d  w i th  a l k a l i n e  h y d r o g e n  

p e r o x id e  t o  y ie ld  2 - b u ta n o l  [ a j i ,  — 11 .8 ’ (8 7  p e r  

c e n t  o p t i c a l  p u rity ) .®  S i m i la r l y ,  c is -3 -h e x e n e  w a s  

c o n v e r t e d  to  3 - h e x a n o I  [ a ] i ,  — 6 .5 ' '  (91 p e r  c e n t  

o p t i c a l  p u r i ty ) .

T h e  r e s u l t s  e s ta b l i s h e d  t h a t  th e  b o r o n  a t o m  a t  

t h e  a s y m m e t r i c  c e n t e r .  R , R X “ H B - ,  w a s  c a p a b le  

o f  m a i n t a i n i n g  a s y m m e t r y  w i t h o u t  s ig n i f ic a n t  

r a c e m i z a t i o n  o v e r  a  p e r io d  o f  s e v e r a l  h o u r s .  T h e  

u n u s u a l ly  h ig h  o p t i c a l  p u r i t i e s  r e a l i z e d  in  th is  

a s y m m e t r i c  h y d r o b o r a t i o n  a n d  t h e  f a c t  t h a t  t h e  

o r g a n o b o r a n e s  m a y  b e  c o n v e r t e d  in to  o t h e r  

d e r i v a t i v e s  w i th  r e t e n t i o n  o f  c o n f ig u r a t io n  p r o m ­

is e d  t o  b e  a  u s e f u l  a p p r o a c h  t o  o p t ic a l ly  a c t i v e

d e r iv a t iv e s .

T h e  s tu d y  o n  th e  h y d r o b o r a t i o n  o f  t h e  d i e o  
p o ly m e r s  s u c h  a s  p o ly b u ta d i e n e  a n d  p o ly li^ p l! im  

t o  p r o d u c e  th e  p o ly m e r s  h a v in g  a n  h y d r o x v  

g r o u p  w a s  c a r r i e d  o u t  b y  o n e  o f  th e  a u th o r s .*

I n  th i s  p a p e r ,  to  s y n th e s iz e  o p t i c a l l y  actiV ) 

p o ly m e r s  f r o m  o p t i c a l l y  in a c t iv e  p o l y m e r  ^  

p o l y m e r  r e a c t i o n ,  t h e  a s y m m e t r i c  h y d r o b o r a t i ^  

o f  c is -  a n d  / r t f « j - p o ly i s o p r e n e  w a s  c a r r ie d  

u s in g  t r i i s o p in o c a m p h e y ld ib o r a n e ( T I D B ) .  H n  

h y d r o x y la t e d  p o ly m e r s  o b t a i n e d  w e re  

a c t i v e .  T h e  s p e c if ic  r o t a t i o n  o f  t h e  h y d r o x y U K  

c / .r - l ,4 - p o ly i s o p r e n e  w a s  h ig h e r  t h a n  t h a t  o f  

h y d r o x y la t e d  t r a n s  o n e .

T h e  r o t a t o r y  d i s p e r s io n  c u r v e s  o f  t h e  hydJT# 

x y l a t e d  c is * p o ly m e rs  w e r e  f o u n d  t o  f i t  th e  

D r u d e  e c ju a t io n  a n d  a n  a v e r a g e  v a l u e  o f  

m / i  w a s  o b t a i n e d .  T h e  v a lu e  s u g g e s te d  th a l  

th e  c h r o m o p h o r e  w h ic h  c a u s e d  o p t i c a l  a c t i
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w a s  th e  h y d r o x y l  g r o u p .
F u r th e r m o r e ,  t h e  a s y m m e tr ic  h y d r o b o r a t io n  o f  

c i f -p o J y b u ta d ie n c  a n d  s e v e ra J  b u t a d i e n e — s ty r e n e  

c o p o ly m e rs  w a s  a i t e m p t e d ,  b u t  th e  h y d r o x y la te d  

p o ly m e rs  h a d  d o  o p t i c a l l y  a c t i v i t y .  H o w e v e r ,  th e  

a s y m m e tr ic  h y d r o x y la t e d  b u ta d i e n e — a c r y lo n i t r i f e  

a l te rn a t in g  c o p o ly m e r  g a v e  o p t i c a l  a c t iv i ty .

E X P E R IM E N T A L

Materials
S o d iu m  b o r o n  h y d r id c ( N a B H .)  w a s  s u p p l ie d  b y

M e ta l  H y d r id e  I n c .  C o m m e r c i a l l y  s u p p l ie d  b o r o n  

t r i f lu o r id e  e th e r a t e  ( B F jO E t . )  w a s  d i s t i l l e d  i n  a n  

a tm o s p h e r e  o f  n i t r o g e n  ( b p  1 2 6 .5 ’C ) .  D i ( c th y le n e  

g ly c o l)  d im e th y l  e t h e r  w a s  p r e p a r e d  f r o m  m e th y l  

b r o m id e  a n d  th e  a l c o h o l a t e  w h ic h  w a s  m a d e  f r o m  

s o d iu m  m e ta l  a n d  d i ( e th y le n e  g ly c o l)  m o n o m e th y l  

e th e r .  I t  w a s  d i s t i l l e d  o v e r  l i t h iu m  a l u m i n u m  

h y d r id e  a:t a  r e d u c e d  p r e s s u r e d  b e f o re  u s e  [b p  

8 4 — 85 ‘C  (2 7  m m ) j .  a - P in c n e  w a s  s te a m  d i s t i l l e d  

a n d  w a s  p u r i f ie d  b y  d i s t i l l a t i o n  a t  a  r e d u c e d  

p r e s s u re  ( b p  5 1 — 5 2 “C  (2 0  m m )] .  T h e  s p e c if ic  

r o t a t io n s  o f  t h e  u s e d  f r -p in c n e  w e r e  - 1 4 . 9 ,  — 2 6 .6 ,

T a b ic  f. C h a ra c tc r iz a i io n  o f  d ie n e  p o ly m e r s ' 

(a) p o ly iso p rc n c  a n d  p o ly b u ta d ic n c

("»)
lrans-1 ,4 . tra n s -\ ,2 .

{'"A
/rflflj-3 .4 .

( S )

e tj-P o ly iso p rcn c
/ra « j-P o ly iso p rc n c
c u 'B u ta d ie n c

3.31
1.37
2 .7 0

92
3

92

3
95

3 5

5
2

(b) b u ta d ie n e —s ty re n e  c o p o ly m e r

b u ta d ie n e —s ty re n e  
co p o ly m er

r^iT iir Bu S t. P ro b a b i l i ty  o f  se q u e n c e
l7 J» m o l

/"Bu —Bu / b u - s » /"si—Si

S o lp ren e  I205F 1.03 85 15 0 .5 2 0 .4 i 0 .0 7 0 .0 8
B u n a  H iils 1 .54 68 32 0 .11 0 .4 5 0 .4 4 0 .0 9  .
H y c a r  2007J 0 .5 4 25 75 0 .0 2 0 .2 6 0 .7 2 0 .0 4

(c) b u ta d ie n e —a c r y lo n i i r i le c o p o ly m e r

B u ta d ie n e —a c ry lo n i t r i le  
co p o ly m e r

B u A N .
P ro b a b i l i ty  o f  se q u e n c e

m ol / B u- B u / bu- ax /"AX-Btt-AX

A lte rn a tin g * '
R a n d o m

1.04
1.65

5 1 4 9  
66 34

0 .0 3
0 .4 3

0 .9 5
0 .5 7

0 .0 2
0 .0 0

0 .4 6 *
0 .1 6

* T h e  m ic ro s tru c iu re  w a s  d e te rm in e d  w ith  in f ra re d  sp e c tru m  a n d  th e  p r o b a b i l i ty  o f  s e q u e n c e  w a s  cal* 
c u la te d  fro m  r j  a n d  n  v a lu e s .

" W  1.55.



an d  - 2 8 . 6 “ ( l i t . /  [«]n + 4 8 .3 °  an d  - 4 7 . 2 “).
P o ly isop rene , p o ly b u tad ien e , b u tad ien e—sty­

rene co p o ly m er a n d  b u ta d ie n e —acry lon itrile  co ­
po ly m er ( ra n d o m  a n d  a lternating^) w ere purified  
by p rec ip ita tio n  from  a benzene so lu tion  w ith 
m e th an o l.

T h e  v a lu e  o f  [17], m ic ro  s tru c tu re , p robab ility  
o f  sequence , an d  co m p o s itio n  o f  these polym ers 
a re  show n  in  T ab le  I.

T e tra h y d ro fu ra n (T H F ) a n d  o th e r so lven ts  w ere 
pu rified  by the u su a l m eth o d .

Preparation o f  a T H F  Solution o f  Diborane
A  T H F  so lu tio n  o f  d ib o ran e  w as p repared  by 

B ro w n 's  method.® In  a th ree-necked  flask eq u ip ­
ped w ith  a  th e rm o m e te r, co n d en se r, and  a pres­
su re  eq u a liz in g  fu n n e l, w as p laced  50 g (0.13 m ol) 
o f  N aB H , a n d  50 m / o f  a  d l(e thy lene glycol) 
d im e th y l e th e r . T h e  flask w as im m ersed  in an 
ice b a th . B F jO E tj (33 m /, 0 .26  m ol) was added  
d ropw isc  to  the  so lu tio n  an d  w as w ell-stirred  by 
a  m agnetic  s tir re r . T he d ib o ran e  gas produced  
w as led w ith  n itro g en  gas a n d  abso rbed  in to  
100 m / o f  T H F  coo lcd  a t 0 C . The con cen tra ­
tio n  o f  th e  T H J ' so lu tio n  o f  d ib o ran e  ob ta ined  
w as determ ined*  w ith  m easu rem en t o f  the vo lum e 
o f  h yd rogen  gas using  a  gas bulcte.

Preparation o f  TriisopinocampfwyldihoraneiTIDB)'
In  a  th ree-necked  flask, eq u ip p ed  w ith a therm o­

m eter. co n d en se r , a n d  a p ressure equaliz ing  
funne l w as p laced  a  T H F  so lu tio n  o f  d ibo rane  
20 m / (0.02 m ol). T h e  flask w as im m ersed in an  
ice b a th . rt-P inene  9 .5  m / (0.06 m ol was added  
d ropw ise  to  a w ell-stirred  so lu tio n . T riisop ino- 
c am p h ey ld ib o ran e (T lD B ) prec ip ita ted  partially  
d u rin g  <T-pinene a d d itio n . T h e  reagent was 
m a in ta in ed  fo r an  ad d itio n a l 3 h r a t 0 C  prior 
to  use.

Asxttimetric Hydroboration
In  a th ree-necked  flask , equ ipped  w ith  a  therm o­

m eter. co n d en se r, a n d  a  p ressure equaliz ing  funnel 
w as p laced  a  T H F  so lu tio n  (150 m/> o f  l.O g  o f 
p o ly m er. A  T H F  so lu tio n  o f  T ID E  was added  
to  th e  w ell-stirred  po ly m er so lu tio n  u n d er m ag­
n e tic  s tirr in g . T h e  reac tio n  w as carried  o u t in 
a n  a tm o sp h ere  o f  n itro g en  a t  O C  over a  period  
o f  5 m in — 5 h r. T h e  reac tio n  mi.xture w a s  oxi­
dized w ith  a lk a lin e -h y d ro g en  perox ide (10  m / o f 
3-A 'a q u e o u s  so d iu m  h y d ro x id e  an d  10 m / o f  30 
per c en t h y d ro g en  perox ide). T he reaction  m ix­

tu re  w as p rec ip ita ted  in to  w ate r a n d  evapora ted  
to  rem ove T H F . T h e  o b ta in ed  po lym er was 
p u rified  by p re c ip ita tio n  fro m  the  T H F  so lu tion  
w ith  d ie th y l e th er. T h e  p rec ip ita tio n  w as carried  
o u t u n til th e  specific ro ta tio n  o f  the  polym er 
show ed  a c o n s ta n t va lue .

M easurements
T h e  D -line o p tica l ro ta tio n  a n d  o p tic a l ro ta to ry  

d ispersion  w ere m easu red  w ith  a  S h im ad zu  m odel 
Q V -50 p o la r im e te r e q u ip p ed  w ith  x enon  source.

T h e  in trin sic  v iscosity  o f  p o ly m er w as m easured 
in  T H F  a t 3 0 ± 0 .P C  w ith  an  U b e lo h d e 's  visco* 
m eter.

T h e  in fra red  sp ec tra  o f  po lym ers w ere m easured  
w ith  th e  use o f  film  on  a  N aC l p late .

R E S U L T S  A N D  D IS C U S S IO N

Asym m etric Hydroboration o f  cis- and trans-Poiy- 
isoprene

T h e  asym m etric  h y d ro b o ra tio n  o f  cis- an d  trans- 
po ly isop rene  w as ca rr ied  o u t in  T H F  a t  0°C  
(T ables II a n d  III). D u rin g  the reac tio n , the 
reac tio n  m ix tu re  rem ain ed  hom ogeneous . It was 
d iffe ren t from  th e  p rev io u s  result;* in  the case o f 
h y d ro b o ra tio n  o f  d iene  po lym ers w ith  d ibo rane , 
th e  gela tion  o f  the reac tio n  m ix tu re  o ccu rred  as 
so o n  as a  T H F  so lu tio n  o f  d ib o ran e  w as added  
to  th e  po lym er so lu tio n  b u t it becam e hom ogene­
o u s a f te r  o x id iz ing  w ith  a lk a lin e  hydrogen  per­
ox ide . In  th is pap er th e  h y d ro b o ra tio n  o f  poly­
isoprene  was ca rried  o u t by T ID E  instead  o f  
d ib o ran e . It is ev id en t th a t the gel fo rm ation  
o f  th e  reac tio n  m ix tu re  does n o t occu r because 
a  m olecu le  o f  T ID E  reac ts  w ith  o n ly  one  C —C  
d o u b le  bond  o f  the  p o ly m er an d  does n o t m ake 
the po lym er—p o lym er linkage.

A fte r several p rec ip ita tio n s , a  p o rtio n  o f  th e  
o b ta in ed  po lym er tu rn ed  o u t in so lub le , b u t T H F  
so lub le  po ly m er w as o b ta in e d . T he g e la tio n  o f  
the  o b ta in ed  p o ly m er seem ed to  be  caused  by  the 
res idua l im purity  (trace o rg an o b o ro n  com pounds) 
in  th e  o b ta in ed  po ly m er. In  the p resen t paper, 
the p rec ip ita tio n  w as ca rr ied  o u t in  a ir . T hus 
th e  o rg an o b o ro n  c o m p o u n d s  rem a in in g  in  the 
h y d roxy la ted  po lym ers w ere reac ted  w ith  oxygen 
to  g ive rad ica ls d u rin g  th e  p rec ip ita tio n . Welch* 
a n d  o th e r  authors® '* rep o rted  th e  au to x id a tio n  
o f  a lk y lb o ro n  c o m p o u n d s . G en era lly  a lk y lb o ro D  
co m p o u n d s  reac t w ith  oxygen an d  read ily  p roduce



T a b le  I I .  A s y m m e tr ic  h y d ro b o ra tio n *  o f  c / i - l ,4 -p o ly is o p re n e  
w i th  t r i is o p in o c a m p h e y ld ib o ra n e

R u n
n o .

M o la r  r a t io  
T I D E /c /» ,4 -  
p o ly iso p rc n e

[ajo** o f  u sed  
tt-p in e n e , (*)

H y d ro x y la te d  p o ly m e r

( “)
- O H  c o n te n t ,*

0£.
A m o u n t  

o f  gel

’ 1 1.4 +  14.9 - 2 . 3 0.256 98 sm a ll

2 1.4 - 2 6 .6 + 3 .6 0.374 100 sm a ll

• 3 1.4 - 2 8 .6 + 2 .4 0.359 92 sm a ll

4 1.0 - 2 8 .6 + 2 .9 0.374 85 m e d iu m

5 0 .6 - 2 8 .6 — — — la r g e '

6 0 .4 - 2 8 .6 --- la rg e f

ti M e asu red  a t  25^C  (n e a t ,  /= 0 .1 ) .
« M e asu red  in  T H F  a t  25^C  ( C = 1 .0 ,  /= 1 .0 ) .
« M e a su re d  in  T H F  a l  3 0 'C .
•  C a lc u la te d  f ro m  b y  e le m e n ta ry  a n a ly s is . 
t  T H F  so lu b le  p o ly m e r  w a s  n o t  o b ta in e d .

T a b ic  I I I .  A s y m m c ir ic  h y d ro b o ra tio n *  o f  //■ fl« j-l,4 -p o ly iso p rcn e  
w ith  tr iis o p in o c a m p h e y ld ib o ra n e

R u n
n o .

M o la r  r a t io , 
T ID B 7rfl/M -1.4» 

p o ly iso p rc n c

o f  used  
a -p in c n c , ( ')

H y d ro x y la tc d  p o ly m e r

C )
- O i l  c o n te n t ,

10^
11
12

1 .4
0 .9
0 .7

-2 8 .6
-2 8 .6
-2 8 .6

+ 1.2 
+ 0.6

0 .2 8 0
0 .4 3 5

90
85

A m o u n t  
o f  gel

sm a ll
m e d iu m
la rg c “

•  T h e  h y d ro b o ra tio n  w a s  c a r r ic d  o u t  fo r  3 h r  a t  0 C  in  T H F .  
>• M e a su re d  a t  2 5 ’C  ( n e a t ,  /=0.1).
•  M e a su re d  in  T H F  a t  2 5 ’C  (C=1.0,  /r^ l.O ).
* M e a su re d  in  T H F  a t  SO’ C .
• C a lc u la te d  f ro m  C ? s  b y  e le m e n ta ry  a n a ly s is .
* T h e  h y d ro b o ra tio n  w a s  c a r r ie d  o u t  f o r  1 h r  a t  O’ C  in  T H F .
* T H F  so lu b le  p o ly m e r  w a s  n o t  o b ta in e d .

peroxide to yield free radicals.

R jB +O i ----- .Ri,B(OOR)

RaB+RjB(OOR)---- ^RjBOR +  R ■ +  R jBO-

As shown in Tables II and III, TH F 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 aUyl 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

1, the infrared spectrum for the THF soluble 
polymer gave the absorption band at 3400 cm~‘ 
due to the associated hydroxyl group and did not 
give the absorption band at 1670 cm”‘ due to the 
carbon—carbon double bond. The newly induced 
absorption band at 1700 cm"* was due to the 
carbonyl group which was produced by the ox­
idation of polyisoprene.
Optical B.ehavior o f  Hydroxylated Polyisoprene 

The obtained polymers by oxidation after the 
asymmetric hydroboration o f c/>polyisoprene had 
positive optical rotation (Table II). The hydro- 
xylated polymers were purified by precipitation 
until the specific rotation showed a constant



Wove num ber cm"'

F ig u re  I .  I n f r a r e d  s p c c tra  o f  (A ) m - l ,4 * p o Iy is o p re n c  (------ ); h y d ro x y la te d  f / j-p o ly -
iso p rc n c  (------ ) a n d  (B ) /r f l« j- l.4 -p o ly iso p rc n e  (-------); h y d ro x y la te d  /ra /u - l .4 -p o ly is o -
p ro n c  {------ ).

value. It is thought that the optical rotation 
was not causcd by the impurity. It is also evident 
from the result that the optical rotations o f hy- 
droxyla.tC(l polybuiadicne, butadiene —styrene and 
butadiene—acrylonitrilc copolymcrs were nol 
dclcctable ((a),, 0) as de^’ribed later. The optical 
rotatory dispersion curves for these polymers are 
shown in Figure 2. The curves were found to 
til the simple Drude equation. The average value 
of for the polymers was about 164 m/<. On 
ihe other hand. Ihc for pinocamphcol was 
174 and that for a-pinene was 124 m/f. It 
would seem that the chromophorc which cause 
optical activity for the polymer is the hydroxyl 
group.

In the case of the hydroboration of c«-poly- 
isoprene, the use o f dextrorotatory a-pinene {[a]y
— 14.9^), yielded the laevoroiaiory polymer
— 2.3’) having a 98-^^ hydroxyl group content. 
On the contrary, the use o f laevorotatory a- 
pinene ([frjo —26.6 and —28.6') yielded the 
dextrorotatory polymers ([a-jp +2.4—3.6 ')having 
a  85—100 per cent hydroxyl group content. The 
specific rotations of hydroxylated ci>poIyisoprene 
increased with increase in the -O H  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 a l.^  on

A mvi

F igure  2 . O p tic a l  r o ta to ry  d isp e rs io n s  o f  h y d r 
x y la te d  a n d '/ r f ln j - l ,4 -p o ly is o p re n e :  r u n  n o . 
2 , 3 , a n d  4  (T a b le  I I) ; r u n  n o . 10 a n d  II  (T a t  
I I I ) ;  r u n  n o . 27 (T a b le  IV ).

the asymmetric hydroboration of low-molecul 
weight olefines. For example, c/j-2-butene v 
converted to dextrorotatory 2-butanol ([< 
-f-11.7’) using laevorotatory a-pinene ([<
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co rresp o n d in g  reac tio n s o f  th e  reagents w ith  trans 
o r h in d e r o lefins a re  slow , proceed ing  on ly  w ith  
th e  d isp lacem en t o f  a -p in e n e  from  the reagen t, 
a n d  th e  ox id ized  p ro d u c ts  ex h ib it m uch  low er 
o p tica l ac tiv ities . F o r  ex am p le , th e  h y d ro b o ra - 
tio n  o f  c /j-b u ten e  p ro d u ced  (-i-)-2-butanoI o f  
86—87 p e r c e n t o p tica l purity .*  In  c o n tra s t, the 
reac tio n  o f  /m n 5-2-b u ten c  p ro d u ced  ( —)-2-butanoI 
o f  13 p e r cen t o p tica l p u r i ty ."  S im ilarly , 3- 
m eth y lcy c lo p en tab o l. m -d e r iv a tiv e s  o f 45 p e rc e n t 
op tica l p u r i ty "  a n d  trans one  o f  3 per cen t o f  
o p tica l p u r i ty ."

A lth o u g h  po ly isop rene  is tri-su b stitu ted  o lefin , 
there  is n o  ste ric  d ifference betw een the tran s i­
tio n  s ta te  o f  th e  h y d ro b o ra tio n  o f  m -p o ly iso p ren e  
an d  th a t o f  //■a/ii-polyisoprenc. T h u s it  is th o u g h t 
the  fac t th a t th e  specific ro ta tio n  o f  the h yd ro - 
xy la ted  c /j-p o ly m er is h igher th a n  th a t o f  the 
trans one  is n o t caused  by th e  difference betw een 
the  a sym m etric  in d u c in g  efficiency o f  th e  h y d ro ­
b o ra tio n  o f  c /> p o ly iso p ren e  a n d  th a t o f  trans 
one , b u t is caused  by th e  d ifference o f  th e  co n ­
figura tion  o f  hy d ro x y la ted  cis- a n d  /ra/7s-polyiso- 
p rene . T w o  asy m m ctric  c a rb o n  a tom s 
C H 3 H

-C * -  an d  -C * -)  a rc  new ly induced  by th e  hy-

l i  6 m
d ro b o ra tio n  o f  1 .4-po ly isoprcne w iih T lD B . In 
the case o f  th e  h y d ro b o ra tio n  o f  f/j 'p o ly iso p ren e , 
the con fig u ra tio n  o f  the fo rm er type asym m ctric  

H

carb o n  a to m  (-C * - )  is the sam e as one o f  the 

O H  H

la tte r  type asy m m etric  c a rco n  a to m  -C *~ o f  the

O H
hy d ro x y la ted  rra /ts-po ly isoprene. O n the  o th e r

C H ,

h a n d , th e  con fig u ra tio n  o f  the  -C * -  type asym -

H
m etric  ca rb o n  a to m  has the opposite  con figu ra tion

C H 3

co m p ared  w ith  th a t o f  th e  ( -C * -)  type fo r hydro -

H
xyla ted  /ra« j-p o ly iso p ren e .

I t  is th o u g h t th a t in  the case o f  hyd roxy la ted  
m -p o ly m e r , tw o  asym m etric  ca rb o n  a to m s e n ­
hanced  its o p tica l ro ta tio n  b u t the asym m etric  
c a rb o n  a to m s o f  the hy d ro x y la ted  rran^-polym er

h y d ro x y la te d
c /j-p o ly is o p re n e

hydroxylated
fro/u-polyisoprene

cancelled  it . T h u s  th e  fo rm er has h ig h e r optical 
ro ta to ry  p o w er th a n  th e  la tte r .

Asymmetric Hydroboration o f  Polybutadiene and 
Butadiene—Styrene Copolymers

T h e  asym m etric  h y d ro b o ra tio n s  o f  c /j-po ly . 
b u tad ien e  a n d  b u ta d ie n e —styrene ra n d o m  co­
po lym ers w ere a ttem p ted  in  T H F  a t  O 'C  using 
T ID E . T h e  reac tio n  c o n d itio n s  a n d  resu lts  are 
sum m arized  in  T ab le  IV . T he hydroxy la ted  
po ly m ers  o b ta in ed  by o x id a tio n  a f te r  th e  hydro- 
b o ra tio n  o f  po ly b u tad ien e  w ere n o t optically  
ac tiv e . T he resu lts  agree w ith  th e  a u th o rs ’ 
ex p ec ta tio n  th a t th e  asy m m etric  c a rb o n  atom s 
in d u ced  in  th e  p o lym er o b ta in ed  by th e  h y d ro ­
b o ra tio n  o f  po ly b u tad ien e  a rc  pseudo  asym m ctric .

In  th e  case  o f  h y d ro b o ra tio n  o f  bu tad ien e— 
sty rene  co p o ly m er, th e  reac tio n  is show n as 
fo llow s

1 2  3 4
_ c _ c - c - c  --C-C-C-C

A  AV  X/
1 <  3 4

(»)
— C - C - C - C - C — c — c - c —

O H 
H

X /
A
X /

III

1 2 3 4
_ c _ c - c — c - ' c - c - c - c -

A H  O A
V'

IV

T he hy d ro x y la ted  p o ly m er such  a s  type  I I I  
is op tica lly  inac tive . O n  the  co n tra ry , the 
hyd ro x y la ted  po lym er such  as type IV  is opti­
c a lly  ac tiv e . I t  is th o u g h t th a t th e  statistical 
p ro b ab ility  o f  fo rm a tio n  o f  type I I I  is equa l to 
th a t  o f  type  IV  in  the a sym m etric  h y d ro b o ra tio n . 
T h u s  the a u th o rs  h oped  th a t the o b ta ined  h y d ro ­
x y la ted  b u ta d ie n e —sty rene  co p o ly m er w o u ld  be 
op tica lly  ac tive .



T ab le  IV . A s y m m e tr ic  h y d ro b o ra i io n ‘ o f  p o ly b u ta d ie n c , b u ta d ie n e — s ty re n e  c o p o ly m e r , 
a n d  b u ta d ie n e — a c ry lo n itr i le  c o p o ly m e r  w ith  tr i iso p in o c a m p h e y ld ib o ra n e '*

D ie n e  p o ly m e rs H y d ro x y la te d  p o ly m e rs

R u n
n o . N a m e

B u ta d ie n e  
u n i t  c o n te n t ,  

m o l %
U Y

-0H<»
c o n te n t , [a h *

20 P o ly b u ta d ie n e 100 2 .7 0 0 .6 4 82 .3 0

•2 1 85 1.03 0 .8 9 6 6 .4 0

22 B u ta d ie n e — 85 1.03 0 .7 0 8 6 .0 0

23
s ty re n e  c o p o ly m e r

68 1.54 0 .6 3 4 0 .9 0

24 68 1.54 0 .7 2 3 6 .8 0

25 25 0 .5 4 0 .3 6 6 2 .4 0

26 25 0 .5 4 0 .4 2 8 7 .6 0

I V A lte r n a t in g
b u ta d ie n e —
a c ry lo n i t r i lc

51 1.04 0 .1 8 2 6 5 .0 + 0 .5

28? 51 1.04 0 .5 8 8 71.1 + 0 .8

2 9 ' B u ta d ie n e — 
a c ry lo n itr ilc '^

76 1.65 0 .501 8 0 .5 0

* A sy m m e tr ic  h y d ro b o ra t io n  w a s  c a r r ic d  o u l  a l  O 'C  in  T H F . 
d ib o ra n e (T ID E )/b u ta d in c  u n i t  - i.O.

* flt-pinene [ a ]+ 2 6 .6 “ .
« M easu red  in  T H F  a t  30 C .

T h e  m o la r  r a t io  o f  ir iiso p in o c a m p h c y !-

h y d ro x y la ic d  C  

o r ig m a l C  - C
: . _ x i o o .* C a lc u la te d  fro m  a n a ly t ic a l  v a lu e  (€ '''« ). T h ese  v a lu e s  w e re  c a lc u la te d  as

•  M easu red  in  T H F  a t  2 5 ( C - I . O ,  /  1.0).
'  T h e  h y d ro b o ra tio n  w a s  c a r r ic d  o u t  fo r  S m in .
K T h e  h y d ro b o ra tio n  w a s  c a r r ic d  o u l  fo r  S m in . T h e  m o la r  r a t io  o f  t r iis o p in o c a m p h c y ld ib o ra n c (T ID E ) /  

b u ta d ie n e  u n i t  = 0 .5 .
O b ta in e d  b y  free r a d ic a l  c o p o ly m c r iz a tio n .

T h e  h y d r o x y la te d  p o ly m e r s  o b t a in e d  b y  o x id a ­

t io n  a f t e r  t h e  a s y m m e tr i c  h y d r o b o r a t io n  o f  

b u ta d ie n e — s ty re n e  c o p o ly m e r s  w e r e  a l s o  o p t ic a l ly  

in a c t iv e  a l th o u g h  th e  a u t h o r s  e x p e c te d  t h a t  th e  

h y d r o x y la te d  p o iy m e r s  w o u ld  b e  o p t i c a l l y  a c t iv e  

a s  th e  s y m m e tr ic  s t r u c t u r e  w a s  d e s t r o y e d  d u e  t o  

th e  s ty r e o e  u n i t  o f  t h e  c o p o ly m e r s . '*

T h e  c o p o ly m e r  h a v i n g  a l t e r n a t i v e  s t r u c tu r e  

( s ty re n e — b u ta d ie n e — s ty r e n e )  i s  t h e  m o s t  e f fe c ­
t iv e ly  h y d r o b o r a t e d  o n e  f o r  s h o w in g  o p t ic a l  

a c t iv i ty .  H o w e v e r ,  t h e  v a l u e s  o f  f s t - B u - s t  ( p r o b ­
a b i l i ty  o f  s ty r e n e — b u t a d i e n e — s ty r e n e  u n i t  a r ­

r a n g e m e n t  i n  m a in  c h a i n )  o f  t h e  u s e d  b u ta d ie n e  

•“ S ty re n e  c o p o ly m e r s  w e r e  0 .0 4 — 0 .0 9 .  T h u s  i t  

is  th o u g h t  t h a t  t h e  r o t a t i o n  o f  p o la r iz e d  l ig h t  o f  

h y d ro x y la te d  c o p o ly m e r s  c a n n o t  b e  o b s e rv e d  a s  

th e  c o n te n ts  o f  “ t r u e ”  a s y m m e tr ic  c a r b o n  a to m s  
a r e  v e ry  s m a ll .

^^m m etric Hydroboration o f  Butadiene—Acrylo­
nitrile Copolymers

T h e  a s y m m e tr ic  h y d r o b o r a t i o n  o f  b u t a d i e n e —  

Polymer J . ,  V o l. 3, N o .  I , 1972

a c r y lo n i t r i l c  a l t e r n a t i n g  a n d  r a n d o m  c o p o ly m e r s  

w a s  c a r r ie d  o u t  i n  T H F  a t  O ’C  u s in g  T I D B . 

T h e  r e a c t io n  c o n d i t i o n s  a n d  r e s u l t s  a r c  s u m m a ­

r iz e d  in  T a b le  I V ,

T h e  in f r a r e d  s p e c t r u m  o f  th e  h y d r o x y la te d  c o ­

p o ly m e r  is  s h o w n  i n  F ig u r e  4 .  T h e  a b s o r p t i o n  

b a n d  a t  2 2 3 7  c m " ‘ d u e  t o  th e  - C  =  N  g r o u p  a n d  

th a t  d u e  t o  t h e  c a r b o n — c a r b o n  d o u b le  b o n d  

w a s  d e c r e a s e d .  T h e  a b s o r p t i o n  b a n d  a t  3 3 0 0  

c m " ‘ d u e  t o  t h e  h y d r o x y l  g r o u p  w a s  o b s e rv e d  

a n d  th o s e  a t  1 7 2 0 c m " ^  a n d  1 6 5 0 c m “ ‘ w e r e  a l s o  

n e w ly  in d u c e d .  T h e  r e s u l t  o f  in f r a r e d  s p e c t r u m  

s u g g e s te d  t h a t  t h e  h y d r o x y l a t io n  o f  c a r b o n —  

c a r b o n  d o u b le  b o n d s  o c c u r r e d  a n d  a  p a r t  o f  

— C  =  N  g r o u p  c o n v e r t e d  t o  — C = N — O H .

T h e  h y d r o x y la t e d  b u t a d i e n e — a c r y l o n i t r i l e  a l ­

t e r n a t i n g  c o p o ly m e r  h a d  p o s i t iv e  o p t ic a l ly  r o t a t io n  

a s  s h o w n  in  T a b le  I V  a n d  th e  o p t i c a l  r o t a to r y  

d i s p e r s io n  c u r v e  is  s h o w n  in  F ig u r e  2 .  O n  th e  

o t h e r  h a n d ,  th e  h y d r o x y l a t e d  b u t a d i e n e — a c r y lo ­

n i t r i l e  r a n d o m  c o p o ly m e r  w a s  n o t  o p t i c a l ly



Wave number c n r '

F ig u re  4 . I n f r a r e d  s p e c tra  o f  a l te r n a t in g  b u ta d ie n e —a c r y lo n i t r i le  c o p o ly m e r  (------ )
a n d  i t s  h y d r o x y la te d  p o ly m e r  (------ ).

a c t i v e .

A s  d e s c r ib e d  i n  t h e  h y d r o b o r a l i o n  o f  b u t a d i e n e  

— s ty r e n e  r a n d o m  c o p o l y m e r ,  t h e  f a c t  t h a t  th e  

h y d r o x y la t e d  b u t a d i e n e — a c r y l o n i t r i l e  a l t e r n a t i n g  

c o p o ly m e r  h a v in g  th e  / ’a n - hu- an h ig h  v a lu e  
(0 .4 6 )  w a s  o p t i c a l l y  a c t i v c  w a s  a l s o  c a u s e d  b y  th e  

h ig h  c o n c e n t r a t i o n  o f  “ t r u e ”  a s y m m e tr i c  c a r b o n  

a to m s .  O n  th e  c o n t r a r y ,  th e  h y d r o x y la te d  

b u t a d i e n e  - a c r y l o n i t r i l c  r a n d o m  c o p o ly m e r  d o e s  

n o t  h a v e  a  h ig h  c o n c e n t r a t i o n  o f  ’ ‘t r u e ”  a s y m ­

m e t r ic  c a r b o n  a t o m s  a n d  d o c s  n o t  s h o w  th e  

o p t i c a l  r o t a t i o n  b e c a u s c  t h e / ^ a x  - h h - a x  v a lu e  o f  

t h e  b u t a d i e n e - a c r y l o n l t r i l c  c o p o ly m e r  is  s m a ll  

(0 .1 6 ).

T h u s  i t  is  e v i d e n t  t i u t  t h e  h ig h  v a lu e  o f  p r o b ­
a b i l i t y  o f  th e  c o m o n o m e r — b u t a d i e n e — c o m o n o -  

m e r  u n i t  a r r a n g e m e n t  in  d i e n e  c o p o ly m e r  is 

e s s e n t ia l  f o r  th e  f o r m a t i o n  o f  o p t i c a l ly  a c t iv e  

p o ly m e r  b y  th e  h y d r o b o r a l i o n .

I t  is  c o n f i r m e d  f r o m  th e  r e s u l t s  in  th is  w o r k  

t h a t  t h e  a s y m m e t r i c  i n d u c t i o n  o f  tw o  p o s i t io n

C H ,  ' h

( - C * -  a n d  - C * - )  is  p o s s ib le  o n  th e  a s y m m e tr ic

H  O H

h y d r o b o r a t l o n  o f  d i e n e  p o ly m e r s  w i th  T I D B .

A c k n o w le d g m e n t .  T h e  a u t h o r s  w o u ld  l ik e  to  

e x p r e s s  t h e i r  g r a t e f u l  a c k n o w le d g m e n t  to  D r .

Junji Furukawa (Kyoto University) for a present 
of butadiene—acrylonitrile alternating copolymer.
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