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Reaction of ethylenimine with boron trifluoride at - 78 ~ C gives N-g-fluoroethyl-B-difluoroborazene 
FCH~CH2NHBF 2. Acetylation of the latter with acetic anhydride gives N-acetyl-N-~-fluoroerhyl-B-dif luoro-  
borazene FCHzCHzN(COMe)BFz. The IR spectra of these two compounds are investigated. N-~-fluoroethyl-B- 
difluoroborazene canreact  further with ethylenimine to give ult imately a polymeric product with the com-  
position[(FCi,i2CHzNi,i)zl3F] n which is also obtained by reacting BF s with excess ethylenimine. Reaction of 
N-B-fluoroethyl-B-trifluoroborane with triethylamine gives N-triethyl-B-trifluoroborane Et3NBF 3. 

Research on coordination compounds of boron trimethyl with heterocyclic amines showed that ethylenimine (I) 
forms the complex (CH2)zNH �9 BMe 3 with it. This complex is less stable than the corresponding adducts of BM% with 
azetidine, pyrrolidine, and piperidine [2]. Subsequently a relatively stable corhplex of  I with borane, (CH~)2NH" BHs, 
was obtained. 

However, i t  did not prove possible to obtain the dimer (C~ H4NBH~) 2 or ethyleniminodiborane C~H4NB~H 5 where 
the ethylenimine ring is even more strained. Depending on the conditions, reaction gave either polymeric products with 
an opened ring, or ethylaminodiborane EtNHB2H 5 [8]. 

In a previous paper [1] we described complexes of I with t r imethyl-  and triphenylborate having a 1 : 1 composi- 
lion. 

Hitherto the reaction of I with such a powerful complexing agent as boron trifluoride has not been investigated. 

There exist only statements that BF 3 and its etherate cause polymerization of ethylenimine [4, 5], and that, in acetic 

acid, polymerization is explosive [6]. 

We find [7] that I reacts with boron trifluoride etherate at -78"  C in an inert solvent with opening of the azir i-  
dine ring to give an over 70% yield of the hitherto unknown N-t3-fluoroethyl-B-difluoroborazene (II).  

CH2 
~ NH+BF3--~ FCH2CH2NHBF2 

CIt2 
| II 

Compound II is accompanied by some liquid polymer (octamer) III of the same elementary composition. When 
a mixture of II and III in ether is kept at 0 ~ for 24 hr, a solid material IV is formed, with the same elementary com-  
position as II, and with a melting point close to its melting point, but which is insoluble in dioxane, so that it can 
readily be separated from II.  

Hitherto, compounds with the general formula RNHBX~ with X = F have not been known, although borazenes 
where X = C1, Br could be prepared by reacting primary amines with BC1 s or BBr 3, followed by splitting off of, re-  
spectively HC1 or HBr (t-G4H9NHBClz, G6HnNItBG12, C6HHsNHBGI~, EtNHBBr 2) [8-11] .  Complexes of secondary amines 
with boron halides readily lose a molecule of hydrogen halide with conversion to compounds of the type R2NBX 2 [11, 12]. 
Dimethyldifluoroborazene Me~NBF z is briefly described in the literature [13-16].  

So II is the first example of N-mono-substituted B -difluoroborazenes of the type RNHBF 2. 

Heating II above its melt ing point converts it into a polymer of composition corresponding to [EtBFsN] n. Even 
after prolonged boiling an aqueous solution of II is still neutral. It is not possible to recover II after evaporating an 
aqueous solution of it under reduced pressure (a  transparent solid with the same elementary composition and melting 
point about 98" C is formed). II is hydrolyzed by aqueous solutions of NaOH, Na2CO 3, and Ca(OH)2. However, it was 
not possible to isoiate $-fluoroethylamine (IV) from the hydrolysis products by steam distillation, since, under the con-  
ditions of hydrolysis, it is cyclized to ethylenimine. Action of a saturated sodium hydroxide solution on II leads to 

* For Part III see [I]. 
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quanti tat ive isolation of sodium fluoride and e thylen imine .  

FCH2CHzNHBF2+4NaOH --+ 

CH2 

> NH+3NaF+NaBO2+2H~O 

CIt2 

Compound II reacts with solid a lkal i  with great evolution of heat ,  and sometimes explosively,  forming e thylenimine ,  a 

smatl  quantity of piperazine,  and a substance of composition C4HIoB2N203 (V).  

When a solution of ca lc ium chtoride is added to an aqueous solution of II (neutral  to methyl  orange), it becomes 
acid,  and more so on heating,  and this is due to formation of free HC1. Further heat ing of the solution leads to forma-  

tion of a precipi ta te  of CaF 2. 

Compound II forms an addit ion product with t r ie thylamine ( 1 : 1 ) ,  and heating of this gives N- t r ie thy l -B- t r i f luoro-  

borazane (VI) and t r ie thy lamine ,  the equation evident ly  being [17] 

t o 

3FCH2CH2NHBF2. N(C2Hs)3 ~ (C2Hs)3N+2(C2Hs)aN" BF3+ (FCH2CH2NH)3B 

VI 

However, it was not possible to isolate the second react ion product (FCH2CH2NH)3B. 

An at tempt  to synthesize iris (g- f luoroethylamino)  boron by the following react ion 

CH2 

I >  NH+BF~-+ (FCH2CH2NH)3B 

CH2 

was unsuccessful. Reaction of boron trifluoride etherate with a two or three fold excess of I gives one and the same c o m -  
pound VII, liquid at - 7 0  ~ C, and insoluble in ether.  When rapidly heated to room temperature  it decomposes with a 
large evolution of heat ,  separation of vola t i le  basic products, and formation of a solid of composit ion corresponding to 
(EtBF3N) n. When, however, the react ion products are slowly brought to room temperature ,  ( in 48 hr), there is gradually 

formed a solid which is insoluble in organic solvents, and which readi ly  hydrolyzes (VIII).  It decomposes with gas 
evolution at 90 ~ C, and on further heat ing forms compound IX. The equations for these reactions are 

CH2 +1 
NH+BF3 ~ --~ FCH2CH2NHBF~ (FCH2CH2NH)2BF 

__78 ~ __78 ~ 
CH2 

-+ [(FCH2CH2NH)2BF]~ ~ [C2HsBF3N],~ 
+ 100 ~ 

Vl l l  IX 

---> 

+20 ~ 

The same product VIII is formed when II reacts with e thylenimine  in ether at 0 ~ and the temperature  is slowly 
raised to room tempera ture .  

With a I : BF 3 ratio of 3: 1, in accordance with the above equation, still  only two molecules of I undergo r e -  
act ion.  

The product obtained by acetyla t ing  II with ace t ic  anhydride in benzene is crystal l ine N - a c e t y l - N - ( g - f l u o r o -  
ethyl) -B -dif luoroborazene (X):  

FCH2CH2N HBF2+ (CH3CO)20 --~ FCH2CHzN(COCHa)BF2+ CHaCOOH 
X 

Acetyla t ion  of II without a solvent cuts the yield of X from 71% to 60%. Acetyla t ion of II with a mixture of acet ic  
anhydride and pyridine gives the tetrafluoroboropyridinium salt CsHsN" HBF 4 (XI),  whose structure is confirmed by 
retrosynthesis [18]. Acet ic  anhydride ace ty la t ion  (no solvent) of the second product of react ion of e thylenimine  with 
boron trif luoride (III)  gives a small  amount of X, which serves to confirm the s imi lar i ty  between II and III. 

The figure shows the IR spectrum of II and of its acetyl  der ivat ive  X. The spectrum of II has very strong a b -  
sorption bands at 1085 c m " ,  due to C--F bond va lence  vibrations, and also at 709 cm -1, the lat ter  corresponding to 
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vibrations of the BF~ group [19]. Vibrations of N-H,  C - N ,  C - H  bonds and of the CH2 group, are respectively character- 
ized by frequencies 3328, 1251, 1465 and 2800-3000 cm -I [22]. The IR spectrum of X lacks the N-H  bond frequency 
at g328 cm "I, indicating replacement of the hydrogen atom of the amino group by acetyl. At the same time, the spec- 
trum exhibits a new intense band at 1680 cm -1, characteristic of the carbonyl group. 
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IR spectra: 1) N-8-fluoroethyl-B-difluoroborazene: in nujol; 
. . . .  in hexachlorobutadiene; 2) N-acetyl-N-8-fluoroethyl-B-di- 

fluoroborazene in nujot. 

Finally, it should be mentioned that cellulosic materials (textile cloths, paper, etc.)  after treating with II and 
many of the above-mentioned compounds no longer ignite in contact with an open flame. 

Experimental* 

Starting materials. Commercial 97-98% ethylenimine was dried over sodium and distilled, bp 56-57 ~ 
n~) 1.4120. Boron trifluoride etherate was prepared by saturating dry ether with boron trifluoride made by the action of 
H~SO4 on Nag O" (BF4)4 [21]; it was purified by distillation (bp 127 ~ C). 

Analyses. All the analyzable products were readily soluble in water. To determine the boron and hydrolyzable 
fluorine in them, a weighed amount was boiled with aqueous CaCll solution, then tkrated with 0 .2 -0 .5  N NaOH in the 
presence of mannit01 (naphtholphthalein indicator) [22]. Alternatively, a weighed amount was boiled with a solution of 
anhydrous CaC12 in dry MeOH, followed by distilling off the azeotrope of trimethylborate and aleohoI. The distillate 
was then diluted with water, and titrated in the presence of mannitol, using naphtholphthalein. Hydrolyzable fluorine 
was determined gray/metrically (as CaF 2) [2a], as well as by transforming the fluorine to SiF 4 by boiling with sulfuric 
acid, silica gel, and finely powdered glass, followed by distilling off and hydrolyzing the SiF4, and determining the 
fluoro ion by titrating with thorium nitrate solution in the presence of alizarin S indicator [24]. 

To determine total fluorine, the organic matter in a weighed portion was destroyed by fusing with sodium in a 
Parr bomb, and the F then determined as described above. The total F in II was also determined by weighing the pre- 
cipitate of NaF obtained by heating a weighed quantity of the compound with a saturated NaOH solution. 

For all the compounds N was determined by the micro-Dumas method. 

The molecular weight of II was determined cryoscopically in benzene. The other compounds were insoluble in the 

usual cryoscopic solvents. 

The IR spectra were measured with a double beam UR-IO IR spectrophotometer (solutions in hexachlorobutadiene, 
and suspensions in liquid paraffin). 

-F1uoroethyl-B-difluoroborazene (II). A solution of 141.8 g (1 mole)BF a etherate in 50 ml dry ether was cooled 
to --78 ~ C and stirred, then a solution of 43.0g(1 mole) ethylenimine in 50 ml ether added in 1 hr. The white precipi- 
tate formed was filtered off and carefully washed with 100-150 ml ether. This solid reaction product (92-101 g) was 
dissolved in 70-100 ml dioxane, and warmed to40-50~ When the solution cooled, coarse colorless crystals separated; 
they were filtered off with suction, and washed with cold dioxane. Vacuum-evaporation of the mother liquor (no 
heating) gave a further quantity of crystals. Total yield of II (mp about 50~ 85-56 g (77.7-50.4%).  After further re- 
crystallization from dioxane it had mp 55-56 ~ C . . . .  Found" N 12 511 B 9 85; F 51.401 Fhydrol 34 . . . .  6%1 M I07 3, 106 6 

Calculated for C2HsBF3N" N 12.63; B 9.75; F 51.30; Fhydrol 84.45%; M 110.8. II formed colorless crystals readily 

* With O. F. Edokimova. 
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soluble in water, EtOH, and acetone, less soluble in dioxane, and insoluble in ether, hexane, benzene,  and CHC1 s. 

Heating II above its melt ing point converts it into a hygroscopic friable polymer mp 88-90" C, insoluble in or-  
ganic solvents. 

Vacuum-evaporat ion (no heating) of the bulked dtoxane solutions from the washing and recrystal l izing of II gave 

25-40 g (22-36%) pale yellow viscous polymer (TIT), whose composition was the same as that of If. Its etyoscopic 

molecular  weight in dioxane corresponded to an oetamer.  Found: N 12.40; B 9.95;  Fhydrol 35, 10%; M.844 ,% C a l -  
culated for (CIHsBFsN)s: N 12.63; B 9.75; Fhydrol 34.45%, 

Compound III was soluble in water EtOH, dioxane, acetone,  but insoluble in ether, benzene,  hexane,  and CHC1 s. 

When the reaction products obtained from I and BF s at -78* C were allowed to stand at 0" for 24 hr, a third re -  
action product (IV) was formed, as a white, dioxane-insoluble precipitate,  mp 55--58" C, hydrolyzed in air and on 
solution in water.  Its solubility in EtOH was low, and it was insoluble in other organic solvents. Sometimes the yield 

amounted to 80%. Found: N 12.17; B 9.80; Fhydrol 34.21%. Calculated for C2HsBFsN: N 12.63; B 9.75; Fhydrol 
34.45%. 

Preparatio n of polymer VIII. a) A solution of 14.1 g (0. I mole) BF s etherate in 20 ml ether was stirred, and a 
solution of 8 .6  g (0 .2  mole)  ethylenimine in 20 ml ether added dropwise with the temperature kept at - 78" C. At the 
end of the reaction, the reaction products separated into 2 layers, (upper ether, lower reaction product), The latter,  a 
transparent liquid, did not contain ethylenimine rings. On slow warming up to room temperature (2 -3  days), the lower 
layer  gradually thickened, became turbid, and solidified to a very coarse mass (VIII) mp about 90"C (decomp and gas 
evolution). Yield 15.3 (100~/o). The mater ia l  was readily hydrolyzed in water. It was insoluble in organic solvents, 
except  EtOH. Found: N17.27; B 7.10; F 38.11%. Calculated for C4Ht0BFsN2: N 18.30; B q, 07; F 37.22%. 

b) In a similar experiment where the reaction products were quickly warmed up to room temperature (by pouring 
into another vessel), there was a spontaneous exothermic reaction accompanied by gas evolution (amine)  and f o r m a t i o n  
of a porous solid mass mp 60 ~ C. Yield 11.3 g. Sometimes the strong heating of the mixture was accompanied by auto-  
ignition of the ether. Found: N 12.90; 8 9.85; Fhydrol 28.60%. Calculated for ~CzH~BFsN: N 12.63: B 9.75: Fhydrol 
34.45%. On prolonged storage (6 months). VIII melted to a viscous transparent mass. 

c) When a solution of 0.86 g (0 .02  mole) I in 5 ml ether was added to a solution of 2.2 g (0 .02  mole) II in 
15 ml ether at 0 ~ C, a liquid reaction product formed at the bottom of the flask, and solidified next day. This coarse 
white mater ia l  melted at 70-80" C with decomposition and gas evolution. Yield 2.62 g (87%). The mater ia l  was 
analogous in composition and properties to VIII, obtained in the preceding experiment a. Found: N 17.95; B 7.31; 
F 35.71%0. Calculated for C4H10BFsN~: N 18.80; B 7.07; F 37.22%. 

Polymer VIII was insoluble ir organic solvents, making it impossible to determine its molecular  weight cryoscop- 
ica l ly .  It dissolved readily in ware , to give a solution acid to methyl orange. VIII was complete ly  hydrolyzed by b o i l -  
ing with an aqueous solution of Co 213. When VIII was heated it decomposed evolving ethylenimine and then piperazine,  
identif ied as their picrates, mp lb2 ~ C, and 275 ~ C, respectively,  mixed raps with authentic picrates undepressed. 

N-Acetyl -N-(8-f luore thyl) -B -difluoroborazene (X). A mixture of 11 g (0 ,1  mole)  II,  30 ml benzene,  and 20 ml 
Ac20 was refluxed for 5 hr on a water bath.  The solvent was distilled off, then the AcOH and excess Ac~O vacuum-dis -  
t i l led off. The residue was vacuum-dis t i l led  and a out bp 150-152 ~ C (4 ram) taken.  The dist i l late solidified in 
the receiver  to colorless needles, which were washed with a small quantity of cold EtOH. Yield 17.0 g or 71.7%0. 
Mp 69-71 ~ C. X dissolved readily in water,  acetone,  and dioxane, was less soluble in cold EtOH, and was insoluble in 

ether and hexane.  Found: N 9.11; B 6.92; Fhydrol 24. 55%. Calculated for C4HTBF3NO: N 9.16; B 7.08; Fhydrol 
24.92%. On prolonged storage in a sealed tube, it changed into a transparent viscous mass. X gave a picrate,  yellow 
needles mp 154" C (ex EtOH). Found: N 16.68%. Calculated for C10HIoBFsN4Os: N 16.47%. 

Acet)rlation of II in the presence of pyridine. A mixture of 5.5 g (0 .05  mole) II ,  6 ml AceO, and 44 ml pyridine 
was refluxed for 30 min.  The solvent was vacuum-dis t i l led off under a water pump, and the residue thus obtained, dis-  
t i l led  at 4 ram. The dis t i l la te  bp 163-165 ~ C even crystall ized in the distil l ing flask outlet tube.  It was washed with 
cold EtOH, yield of XI 1 .1  g. The white crystals obtained had mp 206" C, and 217" C after recrystal l izing from EtOH. 
Mixed mp with authentic tetrafluoroboropyridinium compound, prepared as in [20], undepressed. Found: N 8.15; 
B 6.77; F 45.31%. Calculated for CsH6BF4N: N 8.39; B 6.48; F 45.57%. 

Acetylat ion of polymer III. g mixture of 10.0 g II and 30 ml Ac~O was refluxed for 5 hr, then vacuum-d i s t i l l ed .  
An oily liquid dist i l led over at 150-155 ~ C, which, on standing, gave crystals of a compound mp 70 ~ C ( y i e l d  4 .0  g). 
It gave a picrate mp 154" C, undepressed mixed mp with the picrate of X prepared as in the previous experiments.  
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Reaction of II with triethylamin e. 1.04 g EtsN (0.01 mole) was added to a suspension of 2.2 g (0.02 mole) II in 

20 ml petrol ether, A liquid product, insoluble in petrol ether, was formed. Solvent and excess amine were distilled off, 
and the residue vacuum-distilled. 0.6 g N-triethyl-B-trifluoroborazane (VI) passed over at 101-105" C (5 -6  mm). The 
literature gives [25]bp 80* C (3 mm). Found: N 8.34; B 6.46%. Calculated for C6HIsBFaN; N 8.29; B 6.40%. On cool- 
ing, the undistilled residue solidified to a pale yellow transparent glass, which was rapidly hydrolyzed in air. 

Reaction of III with alkali. 30 ml 50% NaOH solution was added to 10.8 g (0.1 mole) II in 25 ml water, and 
the amine formed steam-distilled off. In addition to ethylenimine picrate mp 132" C, fractional precipitation and crys- 
tallization gave, from the distillate, a small quantity of picrate mp 276* C (decomp), undepressed mixed mp with 
authentic piperazine picrate. 12.0 g NaF (0.3 mole) i . e . ,  97% calculated on the weight of the fluorine in II, 
crystallized out when the distillation residue cooled. 
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