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B O R O O R G A N I C  C O M P O U N D S  

315. THE SYNTHESIS OF 1-BORAADAMANTANE COMPOUNDS FROM 

TRIALLYLBORANE AND PROPARGYL CHLORIDE 

B .  M.  M i k h a i l o v  a n d  K .  L .  C h e r k a s o v a  UDC 542.91: 547.1'127 

1 -Boraadaman tane  is fo rmed  on hydroborat ion  of 3 -methoxy-7-methy lene-3-borab icyc lo[3 .3 .1 ]nonane  (I) 
which is i t se l f  obtained f rom allene and t r i a l ly lborane  [1-3]. 

9(c~H~)2 

. /  

The p rob lem a r o s e  as to the possibi l i ty  of using, for  the synthesis  of 1 -boraadamantane  compounds,  d e r i v a -  
t ives  of 3-borabicyclo[3.3.1]nonane which were  obtained f r o m  t r i a l ly lborane  and p ropargy l  chlor ide [4, 5]. 
This reac t ion ,  depending on the conditions, leads to 7 -ch lo romethy l -3 -a l ly l -3 -borab icyc lo [3 .3 .1 ]non-6 -ene  (II) 
or  to a mix ture  of (II) and 6 -ch lo ro -3 -a l ly l -7 -me thy lene -3 -borab icyc lo [3 .3 .1 ]nonane  (III) in the ra t io  4 : 1 [4, 5]. 

\CI " (H) (iii) 

Compound (II1) may be conver ted  by a s imple  route into 4 - e h l o r o - ! - b o r a a d a m a n t a n e ,  but s ince its content in 
the mix ture  is sma l l  then our at tention was f i r s t  turned to compound (II) as a poss ible  p r e c u r s o r  of the 1 - b o r a -  
adamantane  sy s t em .  Fo r  this it was n e c e s s a r y  to conver t  (II) into 3 - m e t h o x y - 7 - c h l o r o m e t h y l - 3 - b o r a b i e y c l o -  
[3.3.1]non-6-ene (IV) and subjec t  the la t te r  to hydroborat ion .  

~BOCH~ 

CH2c 1 
6 

(rv) 

It might  be expected that  the boron a tom will add not only to the s t e r i ca l ly  l e s s  hindered posit ion 6 but a l so  in 
some  degree  to posit ion 7. The b a s e s  of this hypothesis  a r e  data on the hydroborat ion of 1 - c h I o r o - 2 - m e t h y l - 2 -  
propene which adds the boron  a tom 127o at posi t ion 2 [6]. Of the two bo ranes  (V) and (VI) able to be fo rmed  by 
the hydroborat ion  of (IV), borane  (VI), containing chlor ine in the ~ posit ion to the boron a tom,  mus t  e l iminate  
ch loroborane  [7-9] being conver ted  into (I) the hydroborat ion of which leads as expected to 1 -boraadamantane .  

N. D. Zelinskii  Institute of Organic Chemis t ry ,  Academy of Sciences of the USStR, Moscow. Trans la ted  
f r o m  Izvest iya  Akademii  Nauk SSSR, Seriya Khimicheskaya ,  No. 9, pp. 2056-2061, Sep tember ,  1976. Original 
a r t i c le  submi t ted  July 15, 1975. 
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(Iv) >B~ 
~ c H ~ c l  / \  B< A 5. ~cH~l 

BOCH 2 BOCH a 
iv) ~Bc~ (w) 

(I) 

The indicated scheme of conversions failed to be achieved experimental ly.  Compound (ID [with a (III) content 
of ~5%] was obtained by keeping a mixture of t r ia l lylborane and propargyl  chloride at 20 ~ for 20 days with sub- 
sequent br ief  heating (~30 min) at 130 ~ Methanolysis of compound (II) readily gave ether (IV)t4, 5]. 

Tetraethyldiborane and diborane were used as hydroborat ing agents.  The orientation of the addition of 
te t raethyldiborane was investigated f i rs t .  The rat io of i somer ic  boranes  (V) and (VD may be a s ses sed  by the 
amount entering into react ion with the te traalkyldiborane.  For  hydroboration 1 equivalent of hydride is r e -  
quired for 1 mole (IV). The consumption of hydride above this corresponds  to the amount of compound (VI) 
formed since it is converted into (I) which consumes a fur ther  quantity of hydride on hydroboration. 

The method was as follows. A solution of 15 mmole tetraethytdiborane in 50 ml te trahydrofuran (THF) 
was prepared  and the prec ise  content of R4B2H 2 was determined by hydrolysis  of 2 -mlso lu t ion  with a 1 :1  mix-  
ture  of H20 + THF. The appropr ia te  quantity (10 mmole) of compound (IV) was added to the remaining solution 
at 20 ~ In this way the initial mixture was a 0.2 N solution of olefin and a 0.6 N solution of hydride in THF. 
The absorpt ion of >BH was determined by hydrolysis  of an aliquot (2 ml) after  a definite time interval.  

It turned out (Table 1) that in the main the hydroborat ion of (IV) with tetraethyldiborane in THF at 20 ~ 
was complete in 4 h. Fur the r  absorpt ion of >BH went very  slowly and reached a maximum (1.12-1.13 mote 
hydride) af ter  24 h. Thus, (IV) was hydroborated to 12-13% at position 7. 

The orientation of the addition of diborane to (IV) was then studied. It is known that tetraalkyldiboranes 
possess  a higher select ivi ty in relat ion to substituted double bonds than diborane and therefore in the case of 
diborane a large yield of compound (I) might be expected. In real i ty  the boron atom was studied at position 7 
to 27-28% on hydroborat ion of (IV) with diborane.  The react ion was mainly complete after  4 h. 

It was shown in study [10) that fl elimination in boron-containing compounds was accelera ted  by acid 
cata lys ts  such as BH 3. BF 3 a lso  showed a catalytic action on the rate of react ion of compound (IV). BFa 
etherate  at one third the amount of BH 3 acce le ra ted  the react ion so much that it was completed after  1 h. 
T races  of the e therate  present  in the diborane solution changed the react ion rate only insignificantly. It was 
in teres t ing that 3 - t -bu toxy-7-ch loromethyl -3-borab icyc lo[3 .3 .1]non-6-ene  (VIII), 

t - c 4 H 9 o B ~ C H 2 C I  (VIII) 

easi ly obtained by the action of t-C4HBOH on (If), reac ted  significantly more  slowly with diborane at 20 ~ than 
did (IV). After I h only 0.37 mole hydride was absorbed,  af ter  6 h 0.57, after  96 h 1.00, and after  144 h 1.08 

moles.  

A successful  method of isolating 1-boraadamantane f rom the react ion mixture proved to be sublimation 
of the complex with THF (VII) in a vacuum of 1 mm at 80-100 ~ In this way its yield on hydroborat ion with 
te t raethyldiborane was 9-10% and was 25-26% with diborane. The isolation of 1-boraadamantane f rom the r e -  
action mixture as its te t rahydrofuran  complex was effected a lmost  quantitatively. The isolated complex of 
1-boraadamantane with THF (VII) was completely identical in physicochemical  proper t ies  with the compound 
obtained previously by another method [1-3]. The pyridinate (IX) of 1-boraadamantane was prepared by r e a c -  

tion of the lat ter  with pyridine.  

TABLE 1. Number of Motes of Hydride Consumed on 
Hydroborat ion of 1 Mole (IV) at 20 ~ 

Hydroborating I 
agent i 

(C~Hs)4B~H2 I t, 05 
BHa 1 t,t0 BH3 ~- BFa traces t ,  t7 
BHs + BFs (3 : t) t,28 

Tim~, h 

t,17 t,26 t,27 ti28 
1,22 t,26 t,27 t,28 
1,28 t,28 

1 9 2 8  



OH + + 

~[oH-] " / t-~//Isopentane 
�9 ' ~ 90% H20'2 

(x) ~5o% (,,'it) (ix) 

Complex (VII) was conver ted  into 1-hydroxyadamantane  which had prev ious ly  been obtained by carbonyiat ion 
of 1 -bo raadaman tane  with CO in e the r  solution in an autoclave by the method of [11, !2] .  This  compound was 
obtained by us by the method of [13] using KCN and (CFaCO)20 in 50% yield.  The phys ieochemica l  p roper t i e s  
of compounds (IX) and (X) cor responded  with the data in [1-3, 14, 15]. 

The r e su l t s  desc r ibed  on the hydrobora t ion  of compound (IV) made it poss ible  to go over  to a study of 
the hydrobora t ion  of a mix ture  of it with compound (XI). This mixture  (in a 4 : 1 rat io)  was obtained on adding 
p ropa rgy l  chlor ide to t r i a l ly lborane  heated to 130 ~ and by reac t ing  the product  with methanol  [4, 5]. It might  
have been hoped that hydrobora t ion  of a mix tu re  of (IV) and (XI) would lead to the  fo rmat ion  of both 1 - b o r a -  
adamantane  and a lso  4 - e h l o r o - l - b o r a a d a m a n t a n e  by the following s cheme .  This expectat ion was justified. 

-'~BCi THF 
( i \ ' ) ) B ~  (vI) - -  > (l) ~ (wt) 

(v) 

(xl) (xn) 

Compounds (VII) and (XII) were  success fu l ly  obtained by t r e a t m e n t  of the mix ture  of (IV) and (XI) (in a 4 : 1 
ratio) containing an equ imola r  amount of THF, and t e t r ae thy l -  or  t e t rapropyld iborane  in isopentane.  On coo+.- 
ing the THF complex  of 4 - c h l o r o - l - b o r a a d a m a n t a n e  (XII) was isolated,  the yield of which was 1'7-19% [85-95% 
based  on the i s o m e r  (XI) contained in the mixture] ,  and f r o m  the res idue  the THF complex of 1 - b o r a a d a m a n -  
tane (VII) was obtained in 5-7% yield by subl imat ion in vacuum. 

Diborane proved to be an unsuitable hydrobora t ing  agent  for  the p repa ra t ion  of 4 - c h l o r o - l - b o r a a d a m a n -  
lane since the product  (XIII) of addition of a boron a tom at  position 6 fo rmed  f rom (IV) was isolated f rom the 
solution in addition to (XII). 

C H a O B ~ ~ - C H + C I  

\)a B " 
(xm) 

The complex  (XII) was c h a r a c t e r i z e d  by 1H and 11B N1VI~ spec t ra  and a lso  by e lementa l  ana lys i s .  Compound 
(XII) with pyridine in hexane gave 4 - c h l o r o - l - b o r a a d a m a n t a n e  pyridinate  (XIV) in ~90% yie" 1. 1 -Hydroxy-  
4 -ch lo roadamantane  (XV) was obtained in ~20% yield by the carbonylat ion of complex (XID with CO. 

Compounds (XIV) and (XV) were  c h a r a c t e r i z e d  by I-R, P1VIt?, and m a s s  spec t ra  and a lso  by e lementa l  
ana lys i s .  

0 
oa 

~ c  ~c~176 ( x , , , ~  .~B..~ CsH-N 
2.. [OH-], H202 Hexane/j~. / 

l �9 E l  

(xv) (xlv) 90% 

In con t ra s t  to the THF complex,  (XIV) was fa i r ly  s table  in a i r  and could be r e c r y s t a l l i z e d  f r o m  methanol .  
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C o m p o u n d  (V), r e m a i n i n g  a f t e r  the i s o l a t i o n  of the T H F  c o m p l e x  of 1 - b o r a a d a m a n t a n e ,  was  c o n v e r t e d  
in to  (XVI) on add ing  LiB (C2H5) 4. 

ROB~ 
(xvi) 

E X P E B I M E N T A L  

IB s p e c t r a  w e r e  t aken  on U R - 1 0  and Ul~-20 i n s t r u m e n t s .  PMR s p e c t r a  w e r e  t aken  on a V a r i a n  D A - 6 0 - I L  
and  n B  NMB s p e c t r a  on an B S - 6 0  i n s t r u m e n t  of the S p e c i a l  D e s i g n  Off ice  of the Ins t i t u t e  of O rga n i c  C h e m i s t r y  
of the  A c a d e m y  of S c i e n c e s  of the USSR (IOg.h AN SSSR). M a s s  s p e c t r a  w e r e  t aken  on a V a r i a n  CH-6  i n s t r u -  

m e n t .  

The  s o l u t i o n  of d i b o r a n e  in T H F  con t a in ing  no t r a c e  of B F  3 was  ob ta ined  by p a s s i n g  d i b o r a n e  f o r m e d  by  
the r e a c t i o n  of NaBH 4 with B F  3 �9 (C2H5)20 th rough  270 NaBH 4 in d i g l y m e .  

P r o p a r g y l  c h l o r i d e  f r o m  S c h u h a r d t  (GFR) was  w a s h e d  wi th  weak  NaHCO 3 so lu t ion ,  d r i e d  with CaCl2, r e -  
d i s t i l l e d ,  and s t o r e d  wi th  p h e n o t h i a z i n e  a t  0% 

A l l  o p e r a t i o n s  wi th  b o r o o r g a n i c  compounds  w e r e  c a r r i e d  out in an a t m o s p h e r e  of d r y  n i t r o g e n .  

7 - C h l o r o m e t h y l - 3 - a l l y l - 3 - b o r a b i c y c l o [ 3 . 3 . 1 ] n o n - 6 - e n e  (II). P r o p a r g y l  c h l o r i d e  (2.15 g) was  added  to 
t r i a l l y l b o r a n e  (3.9 g) a t  20 ~ A f t e r  20 d a y s  h igh ly  v o l a t i l e  s u b s t a n c e s  w e r e  d i s t i l l e d  off in a v a c u u m  of 2 m m .  
The  m i x t u r e  was  h e a t e d  fo r  5 min  to  130 ~ and m a i n t a i n e d  at  th i s  t e m p e r a t u r e  fo r  30 min .  PMR s p e c t r u m :  
s i n g l e t  of CH2CI p r o t o n s  a t  3.83 ppm and m u l t i p t e t  wi th  c e n t e r  a t  4.23 ppm (CHCI) in a r a t i o  27 : 1. 

H y d r o b o r a t i o n  of 3 - M e t h o x y - 7 - c h l o r o m e t h y l - 3 - b o r a b i e y c l o [ 3 . 3 . 1 ] n o n - 6 - e n e  (IV). a) With  t e t r a e t h y l d i -  
b o r a a e .  Compound  (IV) (2 m h  10 m m o l e )  was  p o u r e d  into a so lu t i on  of (C2Hs)4B2H 2 ( lb  m m o l e )  in T H F  (50 ml) 
a t  20 ~ a f t e r  hav ing  taken  a t e s t  p o r t i o n  (2 ml)  fo r  d e t e r m i n a t i o n  of BH conten t .  A f t e r  a de f in i t e  t ime  i n t e r v a l  
a b o u t 2  m l  of s o l u t i o n w a s w i t h d r a w n  and the con ten t  of BH g r o u p s  was  d e t e r m i n e d ,  d e c o m p o s i n g  the r e a c t i o n  

m a s s  with a m i x t u r e  of H20 : T H F  (1 : 1). 

b) Wi th  d i b o r a n e .  The  e x p e r i m e n t  was  c a r r i e d  out s i m i l a r l y  to a) above .  The i n i t i a l  m i x t u r e  was  a 

s o l u t i o n  con t a in ing  BH~ (10 m m o l e )  and  (IV) (10 m m o l e )  in T H F  (50 m l ) .  

c) Wi th  d i b o r a n e  in  the p r e s e n c e  of E t 2 0 " B F  3. The  i n i t i a l  m i x t u r e  was  a so lu t i on  con ta in ing  BII 3 (10 
m m o l e ) ,  E t 2 0 - B F  3 (3.3 m m o l e )  and  (IV) (10 m m o l e )  in T H F  (50 ml ) .  The  r e s u l t s  of t h e s e  e x p e r i m e n t s  a r e  

g iven  in T a b l e  1. 

T e t r a h y d r o f u r a n  C o m p l e x  of 1 - B o r a a d a m a n t a n e  (VII). D i b o r a n e ,  ob ta ined  f r o m  NaBH 4 (1.2 g) and 
Et20 "BF 3 (5.5 ml) ,  was  p a s s e d  t h rough  a so lu t i on  of (IV) (95% p u r i t y ,  9.8 g: 49 m m o l e )  in a b s o l u t e  e t h e r  (50 
mt )  fo r  45 m i n  a t  5-12 ~ Next  day  the m i x t u r e  was  b o i l e d  fo r  30 min .  A l l  the h ighly  v o l a t i l e  s u b s t a n c e s  w e r e  
d i s t i l l e d  off in a v a c u u m  of 1 m m  into  a t r a p .  The  C1- con ten t  in  the t r a p  was  13.2 m m o l e  (26.470). T e t r a -  
h y d r o f u r a n  was  a d d e d  to the  r e s i d u e  and evo lu t i on  of hea t  was o b s e r v e d .  By s u b l i m a t i o n  in a v a c u u m  of 1 m m  
a t  a ba th  t e m p e r a t u r e  up to 100 ~ (VII) (2.73 g: 26.570) was  ob t a ined  hav ing  m p  79 -83  ~ [2]. The  PMR s p e c t r u m  

was  c o m p l e t e l y  i d e n t i c a l  wi th  the s p e c t r u m  of a known s p e c i m e n .  

P y r i d i n a t e  of 1 - B o r a a d a m a n t a n e  (IX). A b s o l u t e  p y r i d i n e  (1 ml)  was  added  to (VII) {2.35 g) in i s o p e n t a n e  
(15 ml ) .  A s t r o n g  evo lu t ion  of hea t  was  o b s e r v e d .  The  c o l o r l e s s  p r e c i p i t a t e  which  s e p a r a t e d  was f i l t e r e d  off, 
w a s h e d  wi th  i s o p e n t a n e ,  and d r i e d  in v a c u u m .  Compound  (IX) (2.2 g: 90%) of m p  159-162 ~ [2] was  ob t a ined  by 
r e c r y s t a l l i z a t i o n  f r o m  m e t h a n o l .  The  PMR a n d  m a s s  s p e c t r a  c o m p l e t e l y  r e p r o d u c e d  the s p e c t r a  of a known 

s p e c i m e n .  

1 - H y d r o x y a d a m a n t a n e  {X). P o t a s s i u m  c y a n i d e  (96% p u r e ,  0.95 g) was  s p r i n k l e d  into a so lu t i on  of (VII) 
(2.73 g) in T H F  (13 ml)  a t  20 ~ and  the m i x t u r e  was  s t i r r e d  a t  25 ~ fo r  1.5 h. Then  (CF3CO)20 (5.45 ml) was 
i n t r o d u c e d  a t  0 ~ wi th  a s y r i n g e ,  the  m i x t u r e  was  k e p t  a t  20 ~ fo r  15 h, and a t  40 ~ fo r  3.5 h. Highly  v o l a t i l e  
s u b s t a n c e s  w e r e  d i s t i l l e d  off in v a c u u m  a t  10 m m ,  T H F  (5 ml)  and 2070 NaOH (7.6 ml)  w e r e  p o u r e d  on (at 5 
to  10~ the m i x t u r e  was  c o o l e d  to 0 ~ and 30% H202 (12 ml)  was  a d d e d .  A f t e r  16 h the so lu t ion  was s a t u r a t e d  
wi th  K2CO 3 and e x t r a c t e d  wi th  e t h e r .  The  e t h e r  e x t r a c t  was  d r i e d  wi th  MgSO 4 and the e t h e r  d i s t i l l e d  off. 
C r u d e  p r o d u c t  (1.25 g: 62%) was  ob ta ined .  Compound  (X) (0.99 g: 5070) was  ob t a ined  by  r e c r y s t a l l i z a t i o n  f r o m  
h e x a n e  and s u b s e q u e n t  s u b l i m a t i o n .  It had  m p  280-282 ~ ( s e a l e d  tube) ,  cf .  [14, 15] and was  i d e n t i c a l  wi th  a 

known s p e c i m e n  (GLC).  
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Tet rahydro fu ran  Complex of 4 - C h l o r o - l - b o r a a d a m a n t a n e  (XII). Te t rae thy ld iborane  (2.7 g: 19 mmo[e)  
was added to a 4 : 1 mix ture  of (IV) and (XI) (5.37 g: 26.7 mmole)  in isopentane (5 ml) and THF (0.8 ml). Evolu-  
tion of heat  to 30 ~ was observed .  The mix ture  was kept  cooled to - 7 8  ~ overnight .  The prec ip i ta ted  white c r y s -  
ta ls  were  f i l te red  off under  cooling, washed on the f i l t e r  with cold isopentane,  and dr ied in vacuu~n. Compound 
(XII) (1.15 g: 18%) was obtained having mp  47-49 ~ Found: C 64.48; H 9.24; B 4.75; Cl 14.77~ C13H22BC10. 
Calculated:  C 64.90; H 9.22; B 4.50; CI 14.74%. 

lIB NMR sp ec t rum  (in THF;  s tandard  was Et20"BF3):  - 9 .8  ppm. PM~ spec t rum (5, ppm in CDCI3): 

4.24 broad singlet  (1H,~CHCI) ,  complex signal  with center  at 3.80 and 1.88 (THF)~ 0.74 doublet ( 6 H , ~ B C H  2) 

J = 5 Hz} and s ignals  f rom the remain ing  adamantane  protons f r o m  0.82 to 2.5 r emin i scen t  in c h a r a c t e r  of the 
s p e c t r u m  of 2 -ch loroadamantane  [16]. 

Sublimation in a vacuum of 1 m m  and bath t e m p e r a t u r e  up to 100 ~ of the combined res idues  f rom three  
s i m i l a r  expe r imen t s  gave (VII) (0.95 g: 5%). 

Pyr id inate  of 4 - C h l o r o - l - b o r a a d a m a n t a n e  (XIV). Absolute pyridine (0.11 g: 1.4 mmole)  was poured in to  
(XII) (0.3 g: 1.2 mmole)  in hexane (25 ml).  The reac t ion  proceeded  exothermal ly .  The prec ip i ta ted  co lo r l e s s  
solid was f i l te red  off, dr ied,  and r e c r y s t a l l i z e d  f rom methanol .  Compound (xrv) (0.28 g: 88%) of mp 107- 
107.7 ~ was obtained. Found: C 67.91; H 7.79; B 4.47; Cl 14.34%, mol .  wt. 248. C14HIgBNCI. Calculated: 
C 67.97; H 7.74; B 4.37; CI 14.32%. 11B NMR spec t rum (in pyridine):  5.6 ppm. PMR s p e c t r u m  (6, ppm, 

CDCl3): 4.36 wide singlet  (1H, /~CHCt) ,  complex signals  of 14 adamantane protons with cen te rs  at 0.'79 (6H, 
% 

in 

CH2B) and 1.22-1.45; 2.06 and 3.36 (8H) and signals  of the 5 pyridine protons .  Mass spec t rum:  4 peaks of 
mo lecu l a r  ions at 246, 247, 248, 249; 211 and 212 ( M - C t ) .  

4 - C h l o r o - l - h y d r o x y a d a m a n t a n e  (XV). Compound (XII) (2.8 g: 12 remote) in THF (70 ml) was put into a 
100-mlau toc l ave .  Initial CO p r e s s u r e  was 70 a tm.  After  1 h at 50 ~ CO (10 mmole)  had been absorbed .  
Ethylene glycol (2 ml) was added and the mix tu re  was held at 150 ~ for  1 h. The autoclave contents were  t r a n s -  
f e r r e d  to a f lask,  THF (60 ml) was dist i l led off, and 20% NaOH (12.5 m[) and 30% H~O 2 (10 ml) were  added. 
The aqueous l ayer  was sa tu ra ted  with K2CO 3. The organic l aye r  was dr ied with MgSO 4 and the se lvent  dis t i l led 
off. Compound (XIV) (0.38 g: 18%) was s epa ra t ed  by column chromatography  (silica gel; ether)  and had rap 
162-164 ~ (sublimed).  Found: C 64.41; H 8.09; Cl 18.31%, mole .  wt. 186. CIoH15OCI. Calculated: C 64.34; 
H 8.10; Cl 18.99~. Mass spec t rum 186 (M+); 151 ( M - C I ) .  Ph, ll=~ spec t rum (in CDCl3): 4.23 singlet  (1H, 
CHCI). Signals of the remain ing  14 adamantane protons at 1.36; 1.43; 1.76; 2.08, and 2.18 ppm were  close 
in chemica l  shift  to s ignals  of adamantane  protons in 1 ,4-d ichloroadamantane  [17]. IR spec t rum (in CHC[3): 
3600; 3450 cm -1 {OH). 

3 - t -Bu ty loxy-7 -ch lo romethy l -3 -borab icyc lo [3 .3 .1 ]non-6 -ene  (VIII). Compound (VIII) (12 g: 90Y0) was 
obtained fron'l (II) (11.2 g) and t-C4H9OH (5.8 g) and had bp 101-103 ~ (3 ram); n~ 1.4953. Found: C 65.01; 
H 9.31; B 4.51; Cl 14.2670. C13H22BClO. Calculated:  C 64.93; H 9.20; B 4.50; CI 14.74%. PMR 

s p e c t r u m  (5, ppm, in CCI4): 3.80 s ingle t  (2H, CH2CI); 1.23 sing[et  (9H, (CH3)3C-); 5.14 doublet (1H, ~ / C H = ) ;  
/ 

0.86 wide doublet (4H, >BCH2) , complex s ignal  1.53-2.55 f rom the remain ing  six protons .  

CONCLUSIONS 

1. The or ientat ion of the addition of diborane and te t rae thyld iborane  to 3 - m e t h o x y - 7 - c h l o r o m e t h y l - 3 -  
borabicyclo[3 .3 .1]non-6-ene  was studied. On hydroborat ion  with te t rae thyld iborane  the boron a tom is added 
13% at posit ion 7 and 28% when using diborane.  

2. I - B o r a a d a m a n t a n e  was obtained by hydroborat ion of 3 -me thoxy -7 -ch lo rome thy l -3 -bo rab i cyc lo [3 .3 . ! ] -  
aon-6 -ene .  

3. 4 - C h l o r o - l - b o r a a d a m a n t a n e  was isolated as its complex with THF in 17-19% yield as was the THF 
complex  of 1 -boraadaman tane  (5-7%) on hydroborat ion  of a mix tu re  of 3 - m e t h o x y - 7 - c h l o r o m e t h y l - 3 - b o r a -  
b icyclo  [3.3.1]non-6-ene and 6 - c h l o r o - 3 - m e t h o x y - 7 - m e t h y l e n e - 3 - b o r a b i c y c l o  [3.3.1]nonane (in a 4 : 1 rat io) with 
t e t raa  lkyldibora he. 

2. 
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B O R O O R G A N I C  C O M P O U N D S  

316. THE HYDROCHLORINATION OF 

2- ( 3 - M E T H Y L - I , 2 -  BUTADIE NYL)-4,4,  6-TR IMETHYL-1,3,2-DIOXABOR INAlXT 

B .  M.  M i k h a i l o v ,  M.  E .  G u r s k i i ,  
a n d  M.  G .  G v e r d t s i t e l i  

UDC 542.91:547.1'127 

A c h a r a c t e r i s t i c  pecul ia r  to a l lenes  is thei r  abil i ty to i s o m e r i z e  into ace ty lenes  or 1 ,3-dienes  [1]. 
1 - C h l o r o - 3 - m e t h y l - l , 2 - b u t a d i e n e  is i s o m e r i z e d  under  the act ion of a solution of Cu2C[ 2 in HC1 into 1 -ch lo ro -  
3 - m e t h y l - l , 3 - b u t a d i e n e  [2, 3]. Substitution of chlor ine by b romine  fac i l i ta tes  the r e a r r a n g e m e n t  [4, 5]. T r i -  
a lky l - subs t i tu ted  halogenated a l lenes  a r e  i s o m e r i z e d  even m o r e  readi ly  [6, 7]. 

R e a r r a n g e m e n t  of al lene hydrocarbons  fnto dienes was obse rved  in reac t ions  involving e lect rophi l ic  
addition to the al lene s y s t e m  [8, 9]. 3 - C h l o r o - 3 - m e t h y l - l - b u t e n e  and 1 - c h l o r o - 3 - m e t h y l - 2 - b u t e n e  were  ob- 
ta ined by the act ion of HCI on 3 - m e t h y l - l , 2 - b u t a d i e n e  [8]. If the p roces s  is not taken to complet ion then 
~14% i soprene  was detected in the reac t ion  products  together  with the indicated ch lo r ide s .  F r o m  these data 
the conclusion may  be drawn that  the chlor ides  a re  f o r m e d  by the addition of HCI both to 3 - m e t h y l - l , 2 - b u t a -  
diene and to the i soprene  fo rmed  as an in te rmedia te .  However ,  addition to the la t te r  occurs  9-15 t imes  more  
rapidly  than to the initial  hydrocarbon  but the r e a r r a n g e m e n t  of al lene to diene occurs  1.5-3 t imes  more  rapidly 

than addition of HCI to the a l lene.  

The mos t  p robable  m e c h a n i s m  for  these convers ions  is the addition of e lec t rophi le  (proton) to the cen-  
t r a l  a tom of the al lene s y s t e m  with subsequent  spli t t ing of a proton f r o m  the posit ion ~ to the cationic center .  
Thus,  the i somer i za t i on  of 1 - c h l o r o - 3 - m e t h y l - l , 2 - b u t a d i e n e  into the conjugated chloride may be r e p r e s e n t e d  

by the scheme  it0] 

CHa CI CHa CI 
\ ./ u+ \ +  / - - m  

C=C=C ~ C--CH=C ---~ CH~=CCH=CHCI 
/ \ / \ I 

CH~ H CH3 H CH~ 

In te rac t ion  of the cat ion with nucleophile gives the addition product .  It mus t  be emphas ized  that the e l e c t r o -  
philic par t ic le  is a lways added to the cen t ra l  a tom of 1 ,1-dia lkyla l lenes  but the s t ruc tu re  of the resu l t ing  
in t e rmed ia te  compound depends on the nature  of the e lec t rophi le .  F o r  the addition of halogens [9, 11-14], 
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