
ORGANIC AND BIOLOGICAL CHEMISTRY 

ORGANOBORON COMPOUNDS 

COMMUNICATION 162. INTERNAL-COMPLEX 

3-AMINOPROPYLBORON COMPOUNDS* 

(UDC 541.49 + 661.718.4) 

N. V. Mostovoi, V. A. Dorokhov, and B. M. Mikhailov 

N. D. Zelinskii Institute of Organic Chemistry, Academy of Sciences of the USSR 
Translated from Izvestiya Akademii Nauk SSSR, Seriya Khimicheskaya, No. I, 
pp. 90-96, January, 1966 
Original article submitted July 29, 1965 

It is known that esters formed by boron acids with ~- and fi-amino alcohols have a chelate structure 
with an internal coordinate link B ~-N and therefore have enhanced stability [1]. We have recently prepared 
organoboren internal-complex compounds of a new type -- dialkyl(3-aminopropyl)boranes (1) (by the hydro- 
boration of allylamine with tetraalkyldiboranes or by the action of allylamine on trialkylboranes [2, 3]) and 
the related alkyl(3-aminopropyl)borinic acids and their esters (II) (by the action of water or glycols on 
alkylazaborolidines [4]).$ 

R\ /NH~-- R'0. t N H ~ - -  

(1I) 
(Ia) R = n-C~HT; (Ib) R = n-C~H9 ~ 

In the p r e s e n t  work  we have p r e p a r e d  a number  of  new eompounds  of this  type with the object  of 
mak ing  a f u r t he r  s tudy of the i r  p r o p e r t i e s  and, in p a r t i e u l a r ,  of de t e rmin ing  the effect  o f  subs t i tuents  on 
the bo ron  and n i t rogen  a t o m s  on the s tabi l i ty  of  the eoord ina te  link B*-  N. The r e a c t i o n  of N ,N-d ime thy l -  
a l ly lamine  and of  N ,N-d ie thy la l ly lamine  with t r i bu ty lbo rane  g ives ,  r e s p e e t i v e l y ,  d ibu ty l [3 - (d imethy l -  
amino )p ropy l ]bo rane  (IIIa) and d ibu ty l [3 - (d ie thy lamino)propy l ]borane  (IIIb), the second  of  whieh we have 
a l r eady  d e s c r i b e d  [3]. 

(CtHg)sB ~- CH,=CH--CIt2NR2 t85--I95~ /NR;--~ 

(hi) 
(Ilia) R'=CH~; (IIIb) R'=C~H~. 

Whereas (IIIa) was obtained in 77% yield, the yield of (IIIb) usually did not exceed 55-65%, and in the 
latter case, together with the main product, unchanged tributylborane and a high-boiling fraction with a 
higher nitrogen content than (IIIb) {probably butylbis[3-(dimethylamino)propyl]borane} were isolated. This 
points to the partial disproportionation of (IIIb) under the conditions of the experiment, though at a lower 
temperature this does not occur, and (IIIb) can be vacuum-distilled without change. (3-Aminopropyl)di- 
butylborane (Ib) [2] is stable to long keeping in air, (Ilia) slowly changes under these conditions, and (IIIb) 
is rapidly oxidized. Hence, with respect to stability to oxidation these compounds must be placed in the 
following series (IIIb)< (Ilia)< (Ib), whereas in their tendency to undergo disproportionation they fall in the 
reverse order. These data indicate a diminution in the stability of the coordinate link B ~- N along the series 
(Ib) >(Ilia)>(IIIb), probably as a result of steric hindrance due to the alkyl groups on the nitrogen atom. 
(IHa) and (IIIb) were also prepared by the addition of an ethereal solution of tetrabutyldiborane to the cor- 
responding allylamines 

* This article is published in accordance with a resolution of the Conference of Chief Editors of Journals of 
the Academy of Sciences of the USSR of July 12, 1962, as a dissertation paper by N. V. Mestovoi. 
$ [3-(Dimethylamino)propyl]borane has also been described: it was synthesized from trimethylamine- 
borane  and N ,N-d ime thy la l l y l amine  [5]. 
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i/2 [ (C4H9)2BH] 2 @ GH2 = CHCH2NR2' --~ ( I I  I)  (2) 

When te t rabutyldiborane and N,N-diethylal lylamine were  mixed in the r e v e r s e  o rder ,  as main react ion prod-  
ucts we unexpectedly isolated butyl[3-(diethylamino)propyl]borane (IV) in 62% yield and t r ibutylborane,  and 

C2H5 C~H5 
\/ 

n-C~I]9 N - -  
/C~H~ \ ~./ 

[(C4Hg)~BH]2 + CH2=CHCH.,--N . ~ B + (/~-C~Itg)aB 

H 
(IV) 

(3) 

only a very small amount of (IIIb) was obtained. (IV) is a peculiar complex between dialkylborane and a 

tertiary amine. When (IV) is treated with alcohols and thiols, even at room temperature, hydrogen is liber- 

ated. The infrared spectrum of (IV) contains an intense absorption band with its maximum at 2312 cm -I 

corresponding to the stretching vibrations of the B--H bond. The lowering of the vibration frequency of the 

B--H bond in (IV), as compared with the vibration frequency of the terminal B--H bond in alkyldiboranes, 

is to be explained by internal coordination between boron and nitrogen atoms. 

The formation of (IV) may be explained as follows: (IIllo) is formed at first and then reacts, in accord- 

ance with the following scheme, with excess of tetraalkyldiborane, for the complex-forming power of tri- 
alkylboranes is less than that of alkylboranes: 

R 

- R~BCH,aCH2CI-ENR: +I~.BH NBCH2C[I2CH2NR, __ . (lllb) (tv). (4) -~" 2 - m B  / ~ - 

R2BH H R~,B [[ 

By the action of boron trichloride or tribromide on (III) we obtained the internal-complex [3- (dialkyl- 

amino)propyl]dihaloboranes (Va), (Vb),and (Vc): 

/ N R 2 ' - -  X \  /NRd-- , ]  
R2B -{-BXs~ B _ _ + R 2 B X  

\ _~ / k  
x 

(v) 
(Va) R=C4Hg R'=CHa; X~C1; (Vb) R=C,HG R'=CeHs; X=CI;  (Vc) R=C~II, .  

R '=C~H~; X = B r  

(5) 

The reaction was conducted at room temperature by passing the boron halide into (III). A consider- 

able amount of heat was liberated. It is probable that the boron halides, as the stronger Lewis acids, 

break the coordinate link between boron and nitrogen in (III) with formation of a complex, which then, when 
heated in a vacuum, breaks down into (V) and the dialkylhaloborane: 

(IIIb) + BX,- ). x "'~\B~/'x NR~NC H --~ X'NB ./N R~-- ~ 
x-" \ / 

(v) 

+ ~,Bx (6) 

[3-(Dialkylamino)propyl]dihaloboranes are while crystalline substances which deliquesce in air. 

Using (IV) as our starting substance we prepared other internal-complex boron compounds. Thus, 

by the action of alcohols and thiols (IV) was converted into butyl[3-(diethylamino)propyl]borinic esters (VI) 
and butyl[3- (diethylamino)propyl]thioborinic esters (VII): 

CaHs~/C2H5 

n-C4Hg\ / N ~  t 
C2Hs\/C~I-i5 

n-C4H~\ / N - ~  

(w) 
(7) 

R = C2H 5 
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R = n-C4H 9 

C~H~\/C~H5 
n-C4Hg\ /N-~  ~/B<__[ + ~SH-* 

C2H5-~/C2H~ 
n-C~Hg\ / N - -  

n s / B \  + H~ 

(vii) 

When t r e a t e d  with ethanol ,  (VII) was  conver ted  into (VI) with e l iminat ion  of 1-butanethiol :  

(s) 

C2Bs\/C2H~ 
n-CaH~-.. / N - -  I 

(VII) @ C~HsOH ~ \ B  ~ I -}- n-C~HgSH, 
C2H~9/ \ -  ' 

(9) 

The p r e s e n c e  of in ternal  coord ina t ion  in (VI) and (VII) is indicated by a number  of p r o p e r t i e s  of these  
subs t ances :  the i r  r e l a t i ve  s tabi l i ty  to d i sp ropor t iona t ion ,  the n o n c o r r e s p o n d e n c e  of  the expe r imen ta l ly  found 
m o l e c u l a r  r e f r a c t i o n  with that  ca lcu la ted  without  taking account  of  the coord ina te  link B ~ N, and the i r  high 
r e f r a c t i v e  indices .  (VII) was  a lso  p r e p a r e d  independent ly  f rom (IIIb) and 1-butanethiol  at 190~ 

C2Hs\/C2H5 C~Hs~/C2H5 

(n.C~Hg)~B~/N--I 19~ 2 n'C,I-Ig\ ,z/N-- + ,~-c, Host~ - -  / B . ~  ] + C,H~ + H~. \ r n-C4HgS 
(lO) 

It is known that  t r i a l ky lbo ranes  r e a c t  with thiols  even at r o o m  t e m p e r a t u r e  [9]. The high s tabi l i ty  of  (IIIb), 
which l ike t r i a l ky l bo ra ne s  contains  th ree  B - - C  bonds ,  is to be explained by its s t ab i l i za t ionby  the in te rna l  
coord ina t ion  between the boron  and n i t rogen  a toms .  

(Ib) a lso  r e a c t s  with thiols  only at high t e m p e r a t u r e ,  but the i n t e rmed ia t e ly  f c r m e d  (3 - aminop ro -  
pyl )butyl th iobor in ic  e s t e r  is immed ia t e ly  conve r t ed  into 2 - b u t y l - l , 2 - a z a b o r o l i d i n e  with e l imina t ion  of 
1-butanethiol :  

N H - -  /NIt2~ n-.C,tt,Stt [" n-ccgg\ _NI t2~]  --n-C,HoSH n-C~UoB<_ ].. 
(11) 

As will be seen  f rom the s c h e m e  (11), to b r ing  about this r eac t i on  only the p r e s e n c e  of  ca ta ly t ic  amounts  of 
the thiol is n e c e s s a r y .  

It m a y  be supposed  that in (VI) and (VII) the s tabi l i ty  of the coord ina te  link is l e s s  than in (HI) as  a 
r e su l t  of  the diminut ion in the a c c e p t o r  power  of the boron  atom. This is conf i rmed  by the r e s u l t s  of dipole 
m o m e n t  m e a s u r e m e n t s :  

Compound (Ib) (IIIa) (IIIb) (VI) 
Dipole moment ,  D 4.20 4.00 4.00 2.53 

In keeping with the values  of the dipole m o m e n t s  of coord ina t ion  compounds  of bo ron  (4.0-6.5 D), the 
dipole m o m e n t s  of (Ib), (IIIa), and (IIIb) a r e  4.0-4.2 D. The much lower  dipole m o m e n t  of (VI) indicates  a 
subs tant ia l  weakening of the coordina t ion .  In the case  of  (VIII), which was  p r e p a r e d  from(Vb) by the ac t ion 
of ethanol in p r e s e n c e  of  t r i e t hy l amine  [Eq. (12)], it is p robab le  that  in te rna l  coord ina t ion  is absent ,  which 

C.~Hr, O 
\ 

(V6) @ 2C.:HaOII -I_ 2 (C2H~)3N ~ I~CH2CH~CH2N (C~H~).z ~- g(C2Hs)3N. HCI / (12) 
C~HsO 

(VIII) 

is evidenced by the low value of the dipole moment (1.44 D). This shows itself in other properties of (VIII). 
For example, the boiling point of (VIII) is much lower than the boiling points of (l'b), (Ilia), and (llib), the 
refractive index (1.4243) differs greatly from the refractive indices of (Ib) (1.4672) and (IIIb) (1.475'0), and 
the value found for the molecular refraction corresponds to the calculated value. 

Hence, the stability of the internal coordinate link between the boron and nitrogen atoms is determined 
by the same factors as that of the usual coordinate link in complex compounds of boron. Actually, trialkyl- 
boranes, as is well known, have a higher complex-forming power than boron esters and thio esters, but the 
basicity of tertiary amines toward organoboron compounds falls with increase in the size of the alkyl groups 
attached to nitrogen. 
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As already" s t a t e d ,  i n t e r n a l - c o m p l e x  compounds  o f  the  type  under  c o n s i d e r a t i o n  m a y  be p r e p a r e d  f r o m  
a lk3 r l azabo ro l i d ine s .  As  in the  e a s e  of the  a c t i o n  of  w a t e r  o r  a l c o h o l s  [4], by the a c t i o n  of  h y d r o g e n  c h l o r i d e  
and of a c e t i c  a c i d  on 2 - b u t y l - l , 2 - a z a b o r o l i d i n e  the  i n t e r n a l - c o m p l e x  compounds  ( 3 - a m i n o p r o p y l ) b u t y l c h l o -  
r o b o r a n e  (IXa) and a c e t o x y ( 3 - a m i n o p r o p y l ) b u t y t b o r a n e  (IXb) a r e  f o r m e d ,  r e s p e c t i v e l y :  

N H - -  n-C4Itg-- ~NHo.__ 

(IX) 
(IXa) x=c1; (IXb) X=CH~C00- 

(13) 

The i n f r a r e d  s p e c t r u m  of  c o n c e n t r a t i o n  so lu t i ons  of  (LXb) in CC14 con ta ins  a band with a m a x i m u m  at  
1588 cm -1 c o r r e s p o n d i n g  to the  d e f o r m a t i o n  v i b r a t i o n s  of  the NH 2 g roup  and a l s o  bands  with m a x i m a  at  
3350, 3240, and 3350 cm -1 c o r r e s p o n d i n g  to the s t r e t c h i n g  v i b r a t i o n s  of N- -H bonds  in f r ee  and a s s o c i a t e d  
m o l e c u l e s .  On d i lu t ion  of  so lu t i ons  of (IXb) in CC14 down to about  1% the a b s o r p t i o n  bands  of a s s o c i a t e d  
N--H g roups  (3240 and 3355 em -~) d i s a p p e a r .  The  s p e c t r a  of (IXa) and (IXb) a r e  v e r y  s i m i l a r  to one a n o t h e r .  
The a s s o c i a t i o n  which  o c c u r s  h e r e  is p r o b a b l y  due to the f o r m a t i o n  of i n t e r m o l e c u l a r  h y d r o g e n  bonds .  

With w a t e r  (IXa) f o r m s  a whi te  c r y s t a l l i n e  s u b s t a n c e  c o r r e s p o n d i n g  in a n a l y s i s  to a 1 : 1 add i t i on  
p r o d u c t .  The s t r u c t u r e  of  t h i s  adduc t  m a y  c o r r e s p o n d  to one of the  f o r m u l a s  c i ted :  

n-C~Hg\ [- Jt-C~IIg-- /NHz--7 + 
Ho~BCH2CH2CHsN He. HCt; / >B< I/ el- 

L if=0 / " - - - - J  " 

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

D i b u t y l [ 3 - ( d i e t h y l a m i n o ) p r o p y l ] b o r a n e  (1115). 25.4 g of N , N - d i e t h y l a l l y l a m i n e  was  added  s lowly  to 
37.7 g of  t r i b u t y l b o r a n e  at  185 ~ The r e a c t i o n  m i x t u r e  was  then  hea ted  at  th is  t e m p e r a t u r e  unt i l  no m o r e  
gas  was  l i b e r a t e d .  In the d i s t i l l a t i o n  we o b t a i n e d :  10.8 g of  t r i b u t y l b o r a n e ,  b.p.  65-67 ~ (3.5 rnrn), nD 2~ 
1.4290; 27.2 g (55%) (II15), b.p.  117-120 ~ (1.5 turn); nD 2~ 1.4750; 8.8 g of a f r a c t i o n  of b .p .  125 - t65  ~ (1.5 rnm),  
f r o m  which  we i s o l a t e d  a s u b s t a n c e  of b .p .  120-122 ~ (0.1 ram) and nD2~ 1.4798 {p robab ly  b u t y l b i s [ 3 - ( d i e t h y l -  
a m i n o ) p r o p y l ] b o r a n e } .  Found %: N 9.87. ClsH4iBN 2. C a l c u l a t e d  %: N 9.50. 

11.6 g of  t e t r a b u t y l d i b o r a n e  was  added  d r o p w i s e  with s t i r r i n g  to an e t h e r e a l  so lu t ion  of 8.3 g of  N,N- 
d i e t h y l a l l y l a r n i n e .  In the  d i s t i l l a t i o n  we ob ta ined  11.5 g (66%) of (IIIb), b.p.  117-118 ~ (1.5 turn), and a l s o  a 
l o w e r - b o i l i n g  f r a c t i o n  {a m i x t u r e  of t r i b u t y l b o r a n e  and b u t y l [ 3 - ( d i e t h y l a m i n o ) p r o p y l ] b o r a n e } .  By the o x i d a -  
t ion of  12.1 g of (II15) with h y d r o g e n  p e r o x i d e  in an  a l k a l i n e  m e d i u m  we i s o l a t e d  5 g of n - b u t y l  a l coho l  of 
97% p u r i t y  [ this  i n d i c a t e s  that  (II15) con ta in s  not  m o r e  than 3% of i s o m e r s  con ta in ing  s - b u t y l  g r o u p s l .  P r o d -  
uc t s  of the  ox ida t i on  of  the  3 - ( d i e t h y l a m i n o ) p r o p y l  g r o u p  w e r e  not  i s o l a t e d .  

Dibutyl[3-(dimethylamino)propyl]borane (IIIa). F r o m  29.5 g of  t r i b u t y l b o r a n e . a n d  13.8 g of N , N - d i -  
m e t h y ' l a l l y l a m i n e  at  185~ ob ta ined  26.3 g (77%) of (IIIa); b .p.  98-100 ~ (2 ram);  nD 2~ 1.4658; d42~ 0.8379. 
Found %: C 73.96; H 14.27; B 5.13. C13Hs0RN. C a l c u l a t e d  %: C 73.92; H 14.32; B 5.12. 3.6 l i t e r s  of bu t enes  
was  i s o l a t e d  in the  e x p e r i m e n t .  

28.7 g of t e t r a b u t y l d i b o r a n e  was  added  d r o p w i s e  with s t i r r i n g t o  19.7 g of  N , N - d i m e t h y l a l l y l a m i n e  in 
70 ml  o f  e t h e r .  The r e a c t i o n  m i x t u r e  was  then bo i l ed  for  1 h. In the  d i s t i l l a t i o n  we ob ta ined  36.8 g (76.6%) 
of (IIIa); b.p.  95-98 ~ (2 ram);  nD2~ 1.4655. 

B u t y l [ 3 - ( d i e t h y l a m i n o ) p r o p y l ] b o r a n e  (IV). 22.2 g of N , N - d i e t h y l a l l y l a r n i n e  was  added d r o p w i s e  with 
s t i r r i n g  to an e t h e r e a l  s o l u t i o n  of  24.7 g of t e t r a b u t y l d i b o r a n e  (70 ml ) .  In the  d i s t i l l a t i o n  of the r e a c t i o n  
p r o d u c t s  we ob ta ined :  10.5 g (58.5%) of  t r i b u t y l b o r a n e ,  b .p .  85-95 ~ (7 turn); nD2~ 1.4260; 11.1 g (62%)of (IV), 
b .p .  93-100 ~ (2 r am) ,  which  a f t e r  r e d i s t i l l a t i o n  had b.p.  98-100 ~ (2 ram);  nD2~ 1.4650; d42~ 0.8469. Found %: 
C 72~ H 14.25; B 5.99. CllH26BN. C a l c u l a t e d  %: C 72.14; H 14.80; B 5.91. 9.0 g o f  a f r a c t i o n  o f b . p .  
125-135 ~ (2 ram) and nD2~ 1.4689, which  c o n s i s t e d  m a i n l y  of  (1115). 

D i c h l o r o [ 3 - ( d i e t h y l a m i n o ) p r o p y l ] b o r a n e  (Vb). 27.0 g of bo ron  t r i c h l o r i d e  was  p a s s e d  into 35.4 g of  
d i b u t y l [ 3 - ( d i e t h y l a m i n o ) p r o p y l ] b o r a n e  (much hea t  was  evo lved) .  In the  d i s t i l l a t i o n  of the  r e a c t i o n  p r o d u c t s  
we ob ta ined  18.5 g (78%) o f d i b u t y l e h l o r o b o r a n e ,  b .p .  65-67 ~ (15 ram) and nD2~ 14231 {the l i t e r a t u r e  [7] g ives :  
b.p.  60 ~ (12 ram);  nD2~ 1.4243}, and 25.3 g (87%) of  d i c h l o r o [ 3 - ( d i e t h y l a r n i n o ) p r o p y l ] b o r a n e ,  b .p .  110-116 ~ 
(0.2 rnm),  which  s o l i d i f i e d  to a whi te  c r y s t a l l i n e  m a s s .  The c r y s t a l s  w e r e  t r a n s f e r r e d  to a f i l t e r  and w a s h e d  
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with i sopen tane ;  m .p .  69-71.5% Found  %: C 42.99; H 8.39; B 5.68; C1 36.14; mo l .w t .  210 ( c r y o s c o p i c a l l y  
in benzene ) .  CTHi6BNC12. C a l c u l a t e d  %: C 42.89; H 8.18; B 5.52; C1 36.21; mol .wt .  196. 

D i b r o m o [ 3 - ( d i e t h y l a m i n o ) p r o p y l ] b o r a n e  (Vc). With cont inuous  s t i r r i n g  27.4 g of b o r o n  t r i b r o m i d e  was  
added  d r o p w i s e  to 23.1 g of  (IIIb). The  r e a c t i o n  m i x t u r e  was  then h e a t e d  for  30 ra in  at  40 ~ In the d i s t i l l a -  
t ion  we ob ta ined  18.8 g (85.5%) of b r o m o d i b u t y l b o r a n e ,  b .p .  49-51 ~ (1.5 ram) and nD2~ 1.4465, and 25.0 g 
(91%) of  (Vc), b .p.  135-140 ~ (0.1 ram);  m . p .  111-118 ~ Found %: C 29.41; H 5.73; ]3 3.87; B r  56.24. mo l . w t .  
293. C7H16BNBr 2. C a l c u l a t e d  %: C 29.51; H 5.67; B 3.80; Br  56.10; mo l .w t .  285. 

D i c h l o r o [ 3 -  ( d i m e t h y l a m i n o ) p r o p y l ] b o r a n e  (Va). 24.4 g of b o r o n  t r i c h l o r i d e  was  p a s s e d  into 30.7 g of 
d i b u t y l [ 3 - ( d i m e t h y l a m i n o ) p r o p y l ] b o r a n e .  The  r e a c t i o n  m i x t u r e  was  h e a t e d  in a vacuum,  and d i b u t y l c h l o r o -  
b o r a n e  s l o w l y  d i s t i l l e d  off (14.4 g, 62%); on r e d i s t i l l a t i o n  it had b .p .  50 ~ (9 ram) .  The c r y s t a l l i n e  r e s i d u e  of  
d i c h l o r o [ 3 -  ( d i m e t h y l a m i n o ) p r o p y l ] b o r a n e  (12.4 g, 51%) was  t r a n s f e r r e d  to a f i l t e r  and c a r e f u l l y  w a s h e d  with 
i sopen t ane .  M.p.  176-182 ~ Found %: C 35.89; H 7.33; B 6.33; C1 42.44. CsH12BNC12 . C a l c u l a t e d  %: C35.75;  
H 7.20; B 6.44; C1 42.27. 

Buty l  B u t y l [ 3 - ( d i e t h y l a m i n o ) p r o p y l ] t h i o b o r i n a t e  (VII). 7.9 g of 1 -bu t a ne th io l  was  added  d r o p w i s e  to 
21.0 g of  (IIIb) hea t ed  to  190 ~ and hea t i ng  was  con t inued  a t  the  s a m e  t e m p e r a t u r e  unt i l  no m o r e  g a s e s  c a m e  
off (hydrogen,  bu t ane ,  butene) .  In the d i s t i l l a t i o n  of the r e a c t i o n  p r o d u c t s  we ob ta ined  13 g (55%) of  (VII); 
b .p .  116-120 ~ (0.1 ram);  nD2~ 1.4968; d42~ 0.9238. Found %: C 66.50; H 12.36. CisH24BNS. C a l c u l a t e d  %: 
C 66.39; H 12.61. 

9.6 g of 1 -bu t ane th io l  was  added  d r o p w i s e  a t  r o o m  t e m p e r a t u r e  to 17.7 g of bu ty l [3 -  ( d i e t h y l a m i n o ) p r e -  
p y l ] b o r a n e .  The t e m p e r a t u r e  of the r e a c t i o n  m i x t u r e  was  r a i s e d  s lowly  to 100 ~ and he a t i ng  was  con t inued  
un t i l  no m o r e  h y d r o g e n  c a m e  off (2.1 l i t e r s ) .  In the  d i s t i l l a t i o n  we ob ta ined  21.2 g (81%) of (VII), b .p .  117 
to 120 ~ (0.1 r am) ,  nD 2~ 1.4980. 

Ac t ion  of  1 - B u t a n e t h i o l  on ( 3 - A m i n o p r o p y l ) d i b u t y l b o r a n e .  With  hea t ing  to 185 ~ 1 -bu t a ne th io l  was  
added  d r o p w i s e  to 20.0 g of  ( 3 - a m i n o p r o p y l ) d i b u t y l b o r a n e .  The  t e m p e r a t u r e  of the  r e a c t i o n  m i x t u r e  fe l l  
to 170 ~ a f t e r  which  the  l i b e r a t i o n  of gas  s t o ppe d  (2 m l  of  1 -bu t ane th io l  was  used ) .  In the  f r a c t i o n a l  d i s t i l -  
l a t ion  of  the  r e a c t i o n  m i x t u r e  we  ob ta ined  5.7 g (42%) of 2 - b u t y l - l , 2 - a z a b o r o l i d i n e ,  b .p .  38 -44  ~ {7 ram) [8], 
and 7.2 g of  unchanged  0b),  b .p .  98-104 ~ (2 mm) ;  nD 2~ 1.4661. 

E thy l  Buty l [3-  ( d i e t h y l a m i n o ) p r o p y l ] b o r i n a t e  (VI). 2 g of e thanol  was  added  d r o p w i s e  to 4.3 g of bu ty l [3 -  
( d i e t h y l a m i n o ) p r o p y l ] b o r a n e .  540 ml  of  h y d r o g e n  was  l i b e r a t e d .  In the d i s t i l l a t i o n  we ob ta ined  3.7 g (69.5%) 
of  the  e thyl  e s t e r ,  b .p .  86 ~ (1 ram);  nD2~ 1.4512; d42~ 0.8576. Found %: C 68.67; H 13.29; B 4.90; MR D 
71.28; mo l .w t .  218. C13H30BNO. C a l c u l a t e d  %: C 68.72; H 13.31; B 4.76; MR D 72.37; mo l .w t .  227. 

2.4 g of e thano l  and 10.8 g of (VII) w e r e  m i x e d .  On d i s t i l l a t i o n  we ob ta ined  4.3 g of  1 -bu t ane th io l  and 
7.9 g (88%) of  WI). 

D ie thy l  3-  ( D i e t h y l a m i n o ) - l - p r o p a n e b o r o n a t e  (VIII). 6.5 g of e thano l  was  added  d r o p w i s e  wi th  con-  
s tan t  s t i r r i n g  to a m i x t u r e  of  11.4 g of (Vb) in 50 m l  of  benzene  and 11.8 g of  t r i e t h y l a m i n e .  The r e a c t i o n  
m i x t u r e  was  then  h e a t e d  fo r  1 h in a w a t e r  ba th  a t  60-70 ~ The c r y s t a l l i n e  p r e c i p i t a t e  of t r i e t h y l a m i n e  
h y d r o c h l o r i d e  was  f i l t e r e d  off. Solvent  was v a c u u m - d i s t i l l e d  f rom the f i l t r a t e .  In the d i s t i l l a t i o n  of the  
r e s i d u e  we ob ta ined  6.5 g (52%) of  the d ie thy l  e s t e r  Wi l l ) ,  b .p .  73-76  ~ (3 ram);  riD2~ 1.4243; d42~ 0.8539. 
Found %: C 61.65; H 12.11; B 5.13; MR 64.30; mo l .w t .  207. ClIH26BNO 2. C a l c u l a t e d  %: C 61.40; H 12.18; 
B 5.03; MR 64.29; mo l .w t .  215. 

( 3 - A m i n o p r o p y l ) b u t y l c h l o r o b o r a n e  (IXa). An e t h e r e a l  s o l u t i o n  of 7.8 g of  HC1 was  added  wi th  s t i r r i n g  
to 25.5 g of  2 - b u t y l - l , 2 - a z a b o r o l i d i n e  [9]. E t h e r  was  d r i v e n  off in a va c uum,  and the v i s c o u s  r e s i d u e  was  
distilled. We obtained 22.0 g (65.5%) of (IXa), b.p. 93-95 ~ (2.5 ram); riD2~ 1.4898. The infrared spectrum 

contains an absorption band with a maximum at 1592 cm -I corresponding to the deformation vibrations of 

the NH 2 group. Found %: C 52.26; H 10.49; B 6.77; C1 21.59. CTHITBNC1. Calculated %: C 52.05; H 10.61; 

B 6.70; Cl 21.96. 

Aeetoxy(3-aminopropyl)butylborane (IXb). 5.5 g of glacial acetic acid was added slowly with stirring 

to 11.6 g of 2-butyl-l,2-azaborolidine. The reaction mixture was then heated at 60 ~ in a water bath for 2 h. 

In the  d i s t i l l a t i o n  we ob ta ined  12.9 g (74%) o f  (fXb), b .p .  76-80 ~ (0.2 ram);  nD2~ 1.4601. Found %: C 59.19; 
H 11.08; B 5.69. C 9 H20BNO 2. C a l c u l a t e d  %: C 58.40; H 10.89; B 5.85. 

The  d ipo le  m o m e n t s  w e r e  d e t e r m i n e d  f rom d i e l e c t r i c  cons t an t  and d e n s i t y  m e a s u r e m e n t s  c a r r i e d  out 
on an " E x p r e s s  Dipo le"  l a b o r a t o r y  i n s t r u m e n t  ( d i e l e c t r i c  c o n s t a n t s  w e r e  m e a s u r e d  by the b e a t  me thod) .  
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C O N C  L U S I O N S  

1. A number  of new organoboron compounds containing the 3-aminopropyl  group were prepared.  

2. The dipole moments  of some of these compounds were  measured  to permit  a comparat ive cha rac -  
ter izat ion of the stability of the internal coordinate link. 

3. The replacement  of hydrogen atoms on the nitrogen by alkyl groups lowers the stability of the 
coordLnate link between boron and nitrogen atoms. 

4. The introduetibn of a boron-at tached alkoxy groups into the 3-aminopropyl  compounds weakens 
the donor -accep tor  interaction between boron and nitrogen atoms.  

1 ,  

2. 
3. 

4. 
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All  a b b r e v i a t i o n s  of p e r i o d i c a l s  in the above  b i b l i o g r a p h y  are l e t t e r -by - l e t t e r  t r an s l i t e r a -  

t ions  of the a b b r e v i a t i o n s  as g i v e n  in  the o r i g i n a l  R u s s i a n  journa l .  Some or a l l  o f  th is  peri-  

od ica l  l i t e ra ture  m a y  w e l l  be a v a i l a b l e  in E n g l i s h  t rans la t ion ,  A comple t e  l i s t  of the cover- to-  
cover  E n g l i s h  t r a n s l a t i o n s  a p p e a r s  a t  the back of t h i s  i s s u e .  
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