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The reaction of B-diflu0ro-N-(tS-fluoroethyl)borazene with aliphatic 
alcohols leads to the formation of the previously unknown trimeric B- 
alkoxy-B-fluoro-N-(/3-fluoroethyl)borazenes,  tile corresponding tri- 
alkyl borates, and /3-fluoroethylamine tetrafluoroborate.  Four com-  

pounds of this type have been synthesized and described, and their IR 
spectra have been studied. In the presence of anhydrous c a l c i n m c h l o -  
ride, the alcoholysis of B-difluoro-N-((5-fluoroethyl)borazene leads to 
the comple te  decomposi t ion of the molecule  with the quanti tat ive 
formation of ca lc ium fluoride, /3-chloroethylamine hydrochloride, 
hydrogen chloride, and a trialkyl borate. The B-alkoxy-B-fluoro-N- 

(J~- fluoroethyl)borazenes react with an alcoholic solution of CaCIz simi-  
larly with the quanti tat ive formation of the corresponding trialky] borates. 

The act ion of a lcohols  on a lky lboron  and a ry l bo r on  
d ihal ides ,  p r e f e r a b l y  in the p r e s e n c e  of hydrogen aecep-  
to rs ,  f o rms  the c o r r e s p o n d i n g d i a l k o x y d e r i v a t i v e s  [1,2]. 

RBCI~+2R'OH + 

+ 2CsHsN ~ RB (OR') 2 + 2CsH~N �9 HCI. 

Under c e r t a i n  condi t ions ,  it is a lso poss ib l e  to ob- 
ta in  the monoalkoxy de r iva t i ve s  RB(OR') C1 [3]. It ap-  
pea red  to us to be of i n t e r e s t  to use  an analogous r e a c -  
t ion for  the syn thes i s  of the p r ev ious ly  unknown 
B - d i a l k o x y - N - ~ - f l u o r o e t h y l ) b o r a z e n e s  of the type 
RNH~B(OR' )>  where  R is FCH2CHa and R'  is an o r -  
ganic rad ica l ,  al l  the m o r e  s ince  the a leoholys is  of B- 
d iha loborazenes  has not p r ev ious ly  been s tudied.  

It was found that when B-d i f luo ro -N- (~ - f luo roe thy l )  
bo razene  (I) [4] was heated with an al iphat ie  alcohol,  
only one of the f luor ine  a toms at tached to boron  was 
rep laced  by an alkoxy group, with the fo rmat ion  of a 
B-a lkoxy-  N - ~ - f l u o r o e t h y l ) b o r a z e n e  (II). S imul taneous ly ,  
the c leavage  of the B--N bond took p lace  with the fo r -  
mat ion  of the c o r r e s p o n d i n g  trialkT1 bora te  and /3 - f lu -  
o roe thy l amine  t e t r a f l u o r o b o r a t e  (F/I). The r eac t ion  
takes  p lace  by the gene ra l  scheme:  

3FCH_~CH~NHBF~ + 4ROH --+ 2FCH2CH2NHB (OR) F +  

! II  

+ FCH2CH2NH2. HBF4+ B (OR) a. 

I l l  

Until now, only one compound analogous to II has 
been known- -B-n-bu toxy-B-  chlo r o -  N- d ie thy lborazene ,  
obtained in the fol lowing way [5]: 

C4H9OBC12 + 2 (C2Hs) 2NH 

-+ (C2H5) 2NB (O,C4H9) CI + (C2H,5) 2NH- HC1 

{ (C2Hs) 2N]2BC1 + 

+ (C4H90) 2BC1 -q,- 2 (C2H~) eNB (OC4H9) C I. 

It has a lso been r epor t ed  [6] that, onhea t ing ,  B - t r i -  
f l uo roborazane  r e a c t s  with ethanol  as follows: 

3NHaBFa + 2C.oHsOH --~ (C2H50) 2BF + 

+ 2NHtBF4 + NHa, 

and under  the act ion of ethanol  the complexes  of BF 3 
with e thy lened iamine  and hexame thy lened iamine  form 
BF4NH 3 (CH2)xNHa BF4 and BF4NH 3 (CH2)xNH3 F, where  
x = 2 and 6. The r eac t i on  of C6HsNHzBF ~ with methanol  
fo rmed  C~H~NH 2 �9 HBF 4 and B(OH) 3 [12]. 

The compounds F/ that  we have synthes ized  formed 
v iscous  r e a d i l y - h y d r o l y z a b l e  l iquids  d i s t i l l i ng  without 
apprec iab le  decompos i t ion  above 200 ~ C in a vacuum of 
3 - 4  ram. Such high boi l ing points  give grounds  for a s -  
suming  a d i m e r i c  or  t r i m e r i c  s t r u c t u r e  for these  com-  
pounds .  A c ryoscop ic  d e t e r m i n a t i o n  of the mo lecu l a r  
weight of II in dioxane showed that it was t r i m e r i c .  This  

gives grounds  for  a s c r i b i n g  to it the s t r u c t u r e  IV 
based on the c y c l o t r i b o r a z a n e  he te rocyc le  (HaNBH2)3 : 

R' U H 

Ro\ ")f /o.  "",~.~[N/" 
F--B ~ ~'B--F L 

H F/~OR H H/,,. CH 3 
IV 

1Va 

Der iva t ives  of c y c l o t r i b o r a z a n e  of the type 
(R2NBR2)3 with IR = H, CH 3 (IVa) having a s i m i l a r  
he te rocyc l i e  s t r u c t u r e  have been desc r ibed  p rev ious ly  

[71. 

T r i m e r i e  Alkoxy- B- f luoro-  I'4- ( f i - f luoroe thyl )borazenes- -  
[ FCH2CH2NHBF(OR)]3 (IV) 

i I MoL wt. cry- 
I i I ] Found, % i Calculated, i oseopieallYin dioxane 

"~ I R (pres-BP' ~ ~ nn~O ; Empirical ] i i ' : calculated' 
formula I ~ ', r ~ : I r ~ 

sure, i : B i F N B F i "< ! "~ i I , i ~ 
E i mm) .  , L i i " = II IV i ~ 

i -~: -~ . . . . . .  ; . . . . . . .  - - ,  - - 7 - -  
VICHa 225 (11) 1.394!(CaHsBV~NO), 8.85131.05!9.9918.80 30.94 li.40 359 122.~4368.4 62.0 

VI'C2Ha 218 (4) 1.389 (C4H ~BF2NO a7.95127.82 8.897.9027.77 10.93 440 136.8410,4 31.6 
VII n-CaHri940 (14).1.399 (CzH!2BF2NO .,7.25i25.2 19.6017.15125-21 9.e8 505 150B'452,1 34.0 

VIllitz-C4H, j234 (12)!I.3q6:(C6H,.,BF2NO).~ 15.56123.0 i7.90 6.55123.06~ 8.49~463il64.8 49ff.4127.4 
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The  d i m e r i z a t i o n  and t r i m e r i z a t i o n  of  n i t r o g e n  

c o m p o u n d s  of b o r o n  t a k e  p l a c e  t h r o u g h  a d o n o r - a e -  

c e p t o r  i n t e r a c t i o n  b e t w e e n  t h e  b o r o n  and n i t r o g e n  

a t o m s  wi th  t he  a p p e a r a n c e  of  a n e g a t i v e  c h a r g e  on  t h e  

b o r o n  a t o m s  and a p o s i t i v e  c h a r g e  on  t h e  n i t r o g e n  

a t o m s .  F r o m  a s t u d y  of t h e  c a p a c i t y  f o r  d i m e r i z a t i o n  

of v a r i o u s  a m i n o  d e r i v a t i v e s  of  b o r o n ,  c e r t a i n  c h a r a c -  

t e r i s t i c  f e a t u r e s  w e r e  found  s u c h  a s  t h a t  t h e  t e n d e n c y  

to  d i m e r i z a t i o n  r i s e s  in t h e  s e q u e n e e  R2NBC12 < 

< R,;NBHCI < R2NBH2 [7]. 

All t h e  c o m p o u n d s  II (IV) a r e  r e a d i l y  s o l u b l e  in 

w a t e r  (with a w e a k l y  a c i d i c  r e a c t i o n  due  to  h y d r o l y s i s ,  

w h i e h  i s  e n h a n e e d  by t h e  a d d i t i o n  of CaC12 s o l u t i o n )  

and in e t h a n o l  and a r e  s p a r i n g l y  s o l u b l e  in d i o x a n e  and 

n i t r o b e n z e n e .  T h e y  a r e  i n s o l u b l e  in e t h e r ,  h e x a n e ,  and 

c h l o r o f o r m .  The  p h y s i c a l  c o n s t a n t s ,  a n a l y t i c a l  da ta ,  

and y i e l d s  of  c o m p o u n d s  IV a r e  g i v e n  in  t h e  t a b l e .  

The  IIR s p e c t r a  of  c o m p o u n d s  IV ( s e e  f i g u r e )  s h o w  

t h e  s i m i l a r i t y  of t h e i r  s t r u c t u r e s .  All  t h e  s p e c t r a  h a v e  

b a n d s  c h a r a c t e r i s t i c  f o r  CH2 g r o u p s  (1465, 2830, 2960 

e m -  1), and f o r  lX~--H (3270 e r a -  1), B - - O  (1880 c m -  1), 

B--N (1560, 1610 c m - 1 ) ,  and B - - F b o n d s  (460, 1400 

c m - D  [81. 

The  y i e l d s  of t h e  t r i a l k y l  b o r a t e s  f o r m e d  t o g e t h e r  

w i t h  t h e  c o m p o u n d s  IV a m o u n t e d  to  4 6 - 1 0 0 %  of  t h e o -  
r e t i c a l .  

H e a t i n g  I w i t h  an e t h a n o l i c  s o l u t i o n  of c a l c i u m  c h l o -  

r i d e  l e d  to i t s  c o m p l e t e  d e c o m p o s i t i o n  in a c c o r d a n e e  
w i t h  t h e  f o l l o w i n g  e q u a t i o n :  

2FCH2CH2NHBF2 + 

+3CaC12+6ROH -+ 2 B ( O R ) a +  

+ 2CICH2CH2NH. �9 HCI q- 3CaF2+2HCI.  

In t h i s  r e a c t i o n ,  c a l c i u m  f l u o r i d e  and t S - c h l o r o e t h y l -  

a m i n e  h y d r o c h l o r i d e  a r e  f o r m e d  q u a n t i t a t i v e l y .  

On b e i n g  b o i l e d  wi th  an e t h a n o l i c  s o l u t i o n  of CaC12, 

e o m p o o n d s  II (IV) a r e  l i k e w i s e  e o n v e r t e d  q u a n t i t a t i v e l y  

in to  t r i a l k y l  b o r a t e s * :  

FCH2CH~NHBF (OR) + 

+ 2 R O H  + CaC12--* B (OR)a+  

+CICH2CH2NH2. H C I +  CaF> 

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

Initial compounds, B-Difluoro-N-(/g-fluoroethyl)borazene, with 
mp 55-86 = C, was obtained by the reaction of ethyleneimine with 
boron trifluoride etherate [4]. The initial alcohols were made absolute 
by boiling with metallic calcium, after which they were redistilled, 

Analysis. The boron contents of the reaction products were deter- 
mined by boiling weighed sampies with an aqueous solution of CaC12 
with subsequent titration with 0.2-0..5 N NaOH in the presence ofman- 
nitol (indicator--naphtholphthalein) [9]. The total amount of alkali 
consumed corresponds to three equivalents (1 mote of HsBOs and 2 
moles of HC1 liberated). We also used a method involving the decom- 
position of the substances with a boiling solution of anhydrous calcium 
chloride in absolute methanol or ethanol, with subsequent azeotropic 

*We h a v e  s u c c e s s f u l l y  u s e d  t h e  r e a c t i o n  of an a l c o h o l i c  
s o l u t i o n  of  CaC12 to  d e t e r m i n e  t h e  b o r o n  in  m a n y  c o m -  

p o u n d s  s i m u l t a n e o u s l y  c o n t a i n i n g  b o r o n  and f l u o r i n e .  

distillation of the trimethyl borate with the alcohol. The distillate 
was diluted with water and titrated to naphtholphthalein in the pres- 
ence of mannitoL The second method gives more accurate results. 
The fluorine was determined in the form of the fluoride ion [1_0] and 
the nitrogen by the Dumas-Pregl micro method. 
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IR s p e c t r a  of t r i m e r i c  B - a l k o x y - B - f l u o r o -  

N - ( t S - f l u o r o e t h y l } b o r a z e n e s .  R = 1) CH a, 

2) C2Hs, 3) n - C a l l >  4) n-C4H~. 

The molecular weights of the 13- alkoxy- B-fluoro-N-(;5- fluoro- 
ethyl)borazenes were determined cryoscopicatly in dioxane. 

The IR spectra were recorded on a UR-10 double-beam spectro- 
photometer, 

B-Methoxy-B-flnoro-N-(t~-fluoroethyl)borazene (V). A solution of 
8.8 g (0.06 mole) of I in 80 ml of absolute methanol ~,as heated to 
the boil under reflux for 8 hr. The excess of methanol and the trimethyl 
borate formed were distiIied off (the yield of V determined by titration 
was 1.7 g or 10No). The residual oily liquid was distilled in vacuum. 
At 200-228* C (11 ram), 2.6 g (8~o) of V passed over. Colorless liq- 
uid hydrolyzing in the air. Sparingly soluble in organic solvents (apart 
from ethanol). 

B-gthoxy-B-fluoro-N-(f~-fluoroethyl)borazene (VI). A solution of 
5.8 g (0.05 mole) of I in 80 ml of absolute ethanol was heated to 
boiling for 8 hr. About 0.8 g of a viscous yellow substance deposited 
on the walls of the flask. The solution was decanted and the excess of 
ethanol and the triethyl borate formed were distilled off from it. The 
yield of the latter, determined by titration, was 1.7 g or 72~ The 
residue was distilled in vacuum. At 195-200" C (6 ram), 1.46 g 
(31.6%) of VI passed over with n}~ 1.8839. After redistillation, the 
substance had the constants given in the table. 

B-n- Propoxy- B- fluoro-N-(l~- fluoroethyl)borazene (VII). This was 
obtained in a similar manner to VI. The excess of propanol and the 
tripropyl borate formed were distilled off under reduced pressure. 
After redistillation the yield of (CsHTO)aB with bp 48 ~ C (3 ram), 
n~ 1.8940, was 1.3 g or 40.6% [literature data [11]: bp 177 ~ C (760 
ram), n~ 1. 8945]. Further vacuum distillation gave t.7 g (34%) of 
VIIwith bp 210 r C (2-8 ram); n~ 1.3990. 

B-n- Butoxy- B-fiuoro-N-(f~- fluoroethyl)borazene (VIII). A solution 
of .5.8 g (0.06 mole) of I in 60 ml of n-butanoi was heated to boiling 
for 6 hr. On the walls of the flask 0.8 g of a viscous dark yello~, sub- 
stance deposited, The solution was decanted off and the excess of 
butanol was distilled off from it, whereupon the reaction mixture 
separated into two layers. The upper, colorless layer consisted mainly 
of trlbutyI borate and the lower of an oii} yellow Iiquid-VIIL Distil- 
lation of the upper layer gave 1.8 g (46070) of tributyl borate with bp 
98-100' C (10 ram); n~ 1.4082 [literature data ['11]: bp 118" C (1.5 
mm), n}~ 1.4088]. Redistillation of thelowerlayer gavel.5 g(27.4%) 
of VIII with bp 234 ~ C (12 ram); n~ 1.3961. 
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Reaction of II with an ethanotic solution of CaC12. To a solution 
of 8.2 g (0.74 mole) of CaCI z in 50 ml ofabsohte methanol was added 
4.8 g (0.043 mole) of II, and the mixture was heated to boiling over 
30 rain. The precipitate of CaF z (5.07 g, or 0.65 mole) was filtered 
off, and the solvent was distilled off from the filtrate. The contents 
of HC1 and HsBO s in the distillate, which contained HC1 and triethyl 
borate were determined alkalimetrically. From the 6.15 g of undis- 
tillable residue was isolated/5-chloroethylamine hydrochloride with 
mp 140 ~ C and this was converted into the benzoyl derivative with mp 
103" C. A mixture with B-chloroethylamine hydrochloride obtained 
by independent synthesis melted without depression of melting point. 
The balance of the hydrolysis products was as follows. Found, %: CaF 2 
6.07; (C2H~O)3B 6.43; C 1 C H 2 C H z N H  z �9 HC1 5.05; HC1 1.58 g. Calcu- 
lated: CaF z 6.07; (CzH~O)zB 6.31; C1CHzCH2NH2 �9 HC1 5.05; HC1 

097 g. 
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