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9-(1-Alkenyl )-9-borabicyclo[3.3.llnonanes [9-(1-alkeny1)-9-BEN], e a s i l y  pre- 

pared by hydroboration o f  the corresponding alkynes w i t h  9-borabicyclo- 

[3.3.l]nonane (9-BEN), undergo remarkably f a c i l e  reac t i on  w i t h  two equivalents 

o f  isocyanates t o  g ive  the  intermediates (6). which on hydro lys is ,  provide i n  

exce l len t  y i e l d  N,N'-disubstituted N-(?-a1 kenoyl )-"reas. B-(1-Octenyl ) -d icyc lo-  

hexylborane reacts  w i t h  a l i p h a t i c  and aromatic isocyanates t o  f u rn i sh  the 

novel heterocycle (U), which on hydro lys is  y i e l ds  N,N'-disubstituted N-(3- 

cyclohexylnonanyl )-ureas. Br(l-A1 kenyl )d is iamyl boranes are i n e r t  towards 

isocyanates. 

Recently we described the react ion  o f  9-(1-alkyny1)-9-borabicyclo[3.3.1]nonanes w i t h  isocyan- 

ates t o  provide, a f t e r  p ro tono lys is ,  the  corresponding N,N"disubstituted N-(2-alkynyl l -ureas (1). 1 

We noted i n  t h a t  a r t i c l e  t h a t  the course o f  the  reac t i on  o f  organoboranes w i t h  isocyanates i s  

c r i t i c a l l y  dependent on the type o f  organoborane u t i l i z e d . ?  For example, t r i a l ky lbo ranes  do not 

react  w i t h  isocyanates under normal condi t ions,  wh i l e  t r ia ry lboranes reac t  w i t h  two equivalents o f  

isocyanates t o  provide diamidoboranes (2). 

(2) 

'cord ia l ly  dedicated t o  Prof. Dr. Te tsu j i  Kametani on the occasion of h i s  ret i rement.  



Although Mikhai lov had observed t h a t  the  a lkeny ld ia lky lborane (3) reacted t o  prov ide  the  subs t i t u ted  

urea d e r i v a t i v e  (4),3 no experimental d e t a i l s  were published. Moreover, t o  our  knowledge, the  

method was on l y  u t i l i z e d  t o  prepare a  s i ng le  compound. Consequently, we se t  o u t  t o  explore the  

OEt C H ~ O H  8 8 PEt 
cH=< + 2  ArNCO -> -> ArNCNCCH=C 
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r eac t i on  i n  g reater  d e t a i l  t o  e l uc i da te  the  s t r uc tu re  o f  the  in te rmedia te  formed and t o  es tab l i sh  

t h a t  t he  method was indeed general fo r  a  v a r i e t y  o f  a lkeny ld ia lky lboranes and isocyanates. 

I n i t i a l l y  our study concentrated on the  9-(l-alkenyl)-9-borabicyclol3.3.1lnonanes 19-(1- 

alkenyl)-9-BBNI (5). We d i i c o v e r i d  t h a t  t he  reac t i on  proceeded w i t h  remarkable ease i n  d i e t h y l  

ether,  (EE), t o  provide exce l l en t  y i e l d s  o f  the  intermediate (6). which p rec ip i t a tes  i n  most cases 

from the  reac t i on  mix ture  as a ye l low s o l i d  (Table I). 

(5) 

TABLE I, The Intermediate (6) 

u1 R~ I so la ted  y i e l d  mp "B nmr 

% '=C Ppn 

3-Chloro-n-propyl Phenyl 80 124-126 + 8.3 

n - ~ u t y l  Phenyl 80 128-130 t 7.4 

t e r t -Bu t y l  Phenyl 93 178-180 t 9.6 

n-Butyl n-Buty l  - - t10.2 

n-Butyl Cyclohexyl 80 138-1 40 t 7 .5  

n-Butyl 1-Naphthyl 90 129-131 + 8.6 

The intermediate was hydrolyzed w i t h  excess methanol; t he  s o l i d  product a) then c r y s t a l l i z e s  ou t  

as a  co lo r l ess  s o l i d  i n  e s s e n t i a l l y  quan t i t a t i ve  y i e l d .  When the  product  i s  h i g h l y  so lub le  i n  

methanol, i t  i s  i s o l a t e d  by pumping o f f  the  v o l a t i l e s  under reduced pressure (0.1 mm Hg) (Table 11). 



mp o r  Elemental Analysis,  % 

R1 R2 y ie lda  bpb Molecular  ---- Calcu la ted  - - Found - 
% "C Formula C H N C1 C H N C1 

3-Chloro-n-propyl Phenyl 70 85-86 '19~1 ~ ~ 2 ~ 2 ~ ~  66.6 5.6 8.2 10.3 66.4 5.5 8.1 10.4 

n-Euty l  Phenyl 75 74-75 74.5 6.9 8.7 - 74.4 6.7 8.6 - C20N22N202 

t e r t - B u t y l  Phenyl 94 125-126 74.5 6.9 8.7 - 74.7 6:8 8.5 - 
C20H22N202 

n-Buty l  n-Buty l  70 130f0.1 mrn Hg C16HJON202 68.0 10.7 9.9 - 68.2 10.6 9.7 - 
n-Eutyl  Cyclohexyl 6 f  95-96 71.8 10.2 8.4 - 72.0 10.3 8.2 - 

C20H34N202 

I 
n-Buty l  1-Naphthyl 85 119-120 79.6 6.2 6.6 - 79.5 6.3 6.6 - 

C28H26N202 
N 
W 
W 

a h f e n  t o  pure, r e c r y s t a l l i z e d  ( o r  d i s t i l l e d )  product. Sa t i s f ac to r y  spec t ra l  data ( i r ,  'H nmr) were obtained f o r  a l l  compounds. 

1 b ~ o l i d  products were r e c r y s t a l l i z e d  from methanol. '1solated by pumping o f f  9-methoxy-9-borabicyclo[3.3.1]nonane (8) a t  0.1 mm Hg. 

Rec rys ta l l i zed  from petro leum e ther  (bp 40-60'C). 



The stereochemistry o f  the  a lkeny l  group t r ans fe r red  i s  predefined by t he  hydroborat ion reac t ion ,  

and s t r i c t  r e ten t i on  of  stereochemistry i s  observed by a l l  spec t ra l  data. Reaction w i t h  both equiv- 

1 a len t s  of  isocyanate i s  v i r t u a l l y  instantaneous. Thus the  reac t i on  of  9-(1-hexeny1)-9-BBN (5, R = 

n-C4Hg) w i t h  one equ iva len t  o f  phenylisocyanate, fo l lowed by methanolysis, a f fo rds  1-hexene (48% by 

1  2  g l c  ana lys is ) ,  the  u r e i  d e r i v a t i v e  (7) (R = n-C,,Hg, R = C6H5), and methoxy-9-borabicyclo[3.3.1]- 

nonane (8) as the  on l y  i s o l a t e d  products. 

The mechanism of  t he  reac t i on  can be envis ioned as an i n i t i a l  1  ,?-addi t ion of  9-(1-alkeny1)-9 

BBN t o  the  isocyanate, fo l lowed by r a p i d  a d d i t i o n  of  a  second equ iva len t  o f  isocyanate through a  

six-membered t r a n s i t i o n  s ta te .  I n  most cases, the  intermediate (6) immediately precipitates ou t  o f  

the  s o l u t i o n  as a  ye l low so l i d .  

I n te rna l  9-alkenyl-9-BBN and B-alkenyldisiamylboranes do not  r eac t  w i t h  isocyanates under t he  

experimental cond i t ions .  B-Alkenyldicyclohexylboranes r eac t  d i f f e r e n t l y  w i t h  isocyanates. For 

example, B-(1-Octeny1)-dicyclohexylborane (9) reac ts  w i t h  two equivalents of  isocyanate t o  g ive  the  

intermediate (10). which i s  converted i n t o  the  novel he te rocyc l i c  compound (U). Both the  i n t e r -  

mediate (lo), as we l l  as the  he te rocyc l i c  compound (U), give, on hyd ro l ys i s  w i t h  methanol, the  
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N,N'-disubstituted N-(3-cyclohexylnonanoyl )-urea (12). 

2 + 2 R NCO 

EXPERIMENTAL SECTION 
1 

The i r  spectra were recorded on a Perkin-Elmer 700 spectrophotometer. The H nmr spectra were 

recorded on a Varian T-60 (60 MHz) spectrometer and a l l  of the chemical s h i f t s  are r e l a t i v e  t o  TMS 

(0  ppm). The ''8 nmr spectra were recorded on a Varian FT-BOA (80 MHz) spectrometer and a l l  chem- 

i c a l  s h i f t s  are r e l a t i v e  t o  BF3.EE (0  ppm). The microanalyses were performed by the Purdue Micro- 

ana l y t i ca l  Laboratory. 

1 2 N,Nr-Diphenyl-N-(4.4-dimethyl-2-heptenoy1)-urea (7, R = t-C4Hg, R = C6H5); Typical  Procedure. - - 
A dry,  50-ml cent r i fuge tube capped w i t h  a rubber septum and equipped w i t h  a magnetic s t i r r i n g  bar 

1 
was f lushed w i t h  d ry  n i t rogen.  The tube was charged w i t h  9-(3,3-dimethyl-1-hexeny1)-9-BBN (5 ,  R = 

t-C4Hg; 2.1 g, 10 mM) dissolved i n  dry  e thy l  ether (8  ml) .  Phenylisocyanate (2.4 g, 20 mM) was 

added dropwise and the s t i r r i n g  continued f o r  6 h. The ye l low s o l i d  was separated by centr i fuga- 

l 2 
t i o n ,  washed w i t h  n-pentane (2 x 10 ml )  and d r i ed  t o  g ive  the  adduct (6, R = t-C4Hg. R C6H5); 

4.1 g (93%), mp 178-180°C. The adduct (2.2 g, 5 mM) was taken i n  a 50-ml cen t r i f uge  tube and meth- 

anol (5 m l )  was added w i t h  s t i r r i n g .  The yel low adduct went i n t o  so lu t i on ,  and a f t e r  1 h, the  

crude urea d e r i v a t i v e  p rec ip i t a ted  out.  The react ion  mix ture  was cooled t o  O'C t o  insure  complete 

p r e c i p i t a t i o n  and the product was separated from the mother l i q u o r ,  which contained 9-methoxy-9-BBN 

(8). by cen t r i f uga t i on .  The product was c r y s t a l l i z e d  from a minimum amount o f  methanol, 1.5 g 

(94%). mp 125-126'C. (Found: C, 74.7; H, 6.8; N, 8.5. C20H22N202 requ i res  C, 74.5; H, 6.9; N, 

8.7); ir (KBr) 3200, 2940, 1710, 1640, 1600, 1580 and 1500 cm" ; 'H nmr COC13) 6 0.92 (s, 9H, t- 



C4H9); 5.5 (d, J = 16 Hz, lH,  o l e f i n i c ) ;  7.0-7.8 (m, 11H, a romat i c  and o l e f i n i c ) ;  and 11.6 (s ,  lH,  

NH). 

s a c t i o n  o f  B - ( 1 - 0 c t e y l ) - d i c y c l o h e x y l ~ ( 9  w i t h  Phenyl Isocyanate.  Wi th t h e  usual  

exper imenta l  setup,  B-(1-octeny1)-dicyclohexylborane (2.88 g, 10 mM) i n  EE ( 8  m l )  was mixed w i t h  

phenyl i socyana te  (2.4 g, 20 mM) a t  2SPC. A f t e r  3 h, a y e l l o w  s o l i d  p r e c i p i t a t e d  o u t  o f  s o l u t i o n .  

The s o l i d  was separated by c e n t r i f u g a t i o n ,  washed w i t h  n-pentane ( 2  x 5 m l )  and d r i e d  t o  g i v e  t h e  

i n t e r m e d i a t e  (lo), 3.7 g (70%). mp 129-131°C. 'H nmr (CDC13) 6 0.8-2.3 (m, 35H); 5.6 ( d ,  J = 16 

Hz, lH,  o l e f i n i c ) ,  and 7.2 (m, 11H, a romat i c  and o l e f i n i c ) .  When t h e  above r e a c t i o n  m i x t u r e  was 

s t i r r e d  f o r  10  h w i t h o u t  i s o l a t i n g  t h e  i n t e r m e d i a t e  (lo), a c l e a r ,  c o l o r l e s s  s o l u t i o n  r e s u l t e d .  

The i n t e r m e d i a t e  (U) was i s o l a t e d  by pumping o f f  t h e  s o l v e n t ,  4.5 g (85%), rnp 105-107T,  'H nmr 

(CDC13) 6 0.86-2.0 (m, 35H); 3.13 (d,  J = 12 Hz, lH,  o l e f i n i c )  and 7.3 (m, 10H, a romat i c ) .  The 

i n t e r m e d i a t e  (U) (2.6 g, 5 mM) was s t i r r e d  w i t h  methanol (5 m l )  f o r  1 h. Excess methanol and 

dimethoxycyclahexylborane were pumped o f f  a t  reduced pressure (0.1 mm Hg, 50°C). The crude N,N8- 

diphenyl-N-(3-cyclohexylnonanoyl ) -urea (12, R = C6H5) was r e c r y s t a l l i z e d  f rom petro leum e t h e r  (bp  

40-60°C), 1.65 g (75%). mp 103-104'C. (Found: C, 77.7; H, 8.6; N, 6.4. C28H38N202 r e q u i r e s  C, 

77.4; H, 8.8; N, 6.4); i r  (KBr)  3200, 1690, 1640, 1570, 1520, 1130, and 730 cm-l; 'H  nmr (CDCl ) 6 3 

0.9-2.3 (m, 27H), 7.0-7.7 (m, 10H, a r o m a t i c ) ,  and 11.7 (s, lH,  NH). 

React ion o f  6-(1-Octenv1)-dic~clohexvlborane (4) w i t h  n -Bu ty l i socyana te .  Wi th  t h e  r e g u l a r  - - 
exper imenta l  setup, B-(1-octeny1)-dicyclohexylborane (2.88 g, 10  mM) i n  EE ( 8  m l )  was mixed w i t h  n- 

b u t y l i s o c y a n a t e  (1.98 g, 20 mM) a t  2 5 T .  The r e a c t i o n  m i x t u r e  developed a y e l l o w  c o l o r ,  and a f t e r  

s t i r r i n g  f o r  24 h, t h e  s o l u t i o n  became almost  c o l o r l e s s .  Methanol ( 5  m l )  was added t o  t h e  r e a c t i o n  

m i x t u r e  and t h e  s t i r r i n g  con t inued  f o r  one hour  more. Excess methanol and d imethoxycyclohexyl -  

borane were pumped o f f  a t  reduced p ressure  (0.1 mm Hg, 50°C) t o  g i v e  pure  N,Nf-di-n-butyl-N-(3- 

cyc lohexylnonanoyl  ) -urea (u, R = n-C4H9), 3.6 g (90%). bp 180-182'C (0.1 mm Hg). (Found: C, 

73.11; H, 11.8; N, 7.0. C24H46N202 r e q u i r e s  C, 73.0; H, 11.7; N, 7.1); i r  ( n e a t )  3250, 1710, 1650, 

1540, 1450, and 1120 cm-l; 'H nmr (CDC13) 6 0.87-2.2 (m, 41H). 3.0-3.3 (m, 4H). 
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