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Abstract 

The reactions of CF,B(NMe,), (I) and (CF,),BNMe, (II) with HX (X = F, Cl 
and Br) have been investigated. Additions with preservation of the BC bonds to 
yield species with tetracoordinate boron, along with some BN cleavage, were 
observed. While I formed boronium salts CF,B(X)(NHMe,),+X- with X = Cl and 
Br, CF,BF, . NHMe, (V) was obtained with HF. On the other hand, reactions of II 
with HX yielded the 1 : 1 adducts (CF,),B(X) . HNMe, in each case. Of these, the 
species with X = F (VI) and X = OH (IX) (obtained by hydrolysis) were examined 
by single crystal X-ray diffraction. Surprisingly, no difference was found between 
the average B-C bond lengths of these borates (VI 1.612(8), IX 1.624(4) A) and that 
of II. The implications of this observation for B-CF, bonding are discussed. 

Introduction 

The (trifluoromethyl)dimethylaminoboranes CF,B(NMe,), (I) and (CF,),BNMe, 
(II) belong to the first set of fully characterized trifluoromethyl derivatives of 
tricoordinate boron [l]. These molecules are thermally quite unstable, decomposi- 
tion of I and II with elimination of CF, occurring at - 140 and - 120” C, 
respectively. This thermal instability is supposedly associated with the weakness of 
the B-CF, bond, which was shown by an electron diffraction investigation [2] to be 
0.05 A longer than that in comparable B--CH, compounds. 

In order to evaluate the chemical properties of I and II and to relate these 
properties to those of analogous methylboron derivatives, we have studied the 
reactions of I and II with hydrogen halides. The reaction of alkylbis(dimethyl- 
amino)boranes with HCl, HBr and HI has been studied by Niith and Fritz [3], who 
showed that, depending on the size of the alkyl group, two molecules HCl are taken 
up according to either eq. 1 or eq. 2. 
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RB(NMe2), + 2 HCL ---+ 

RB(NMe,), + 2HCl II__, 

R\B/NHMP; 1 
+ 

ill 

Whether the addition of HX proceeds according to eq. I 01’ rq. 2 depends 
according to Ni5th and Meister [4] on the stability of the 1 : I conrplex RIS(X)NMe, 
NHMe,. While methylborancs add HC’I without B&Y elca\xg~ according to q. 1. 
larger groups R direct the reaction towards the aminobnrane RB(X1N hlct,. 'The 

latter may undergo scxcondar> reactions. c.g. as in q. .q anti Lx+ 4. 

RB(X)NMe, +- I-IX ---) RB( X),NHMq i 3 ) 

RB(,X)NMe, + 2ljX -9 RBX, -t [Me,NH,]X (4) 

To our knowledge. the reaction of ~zlkylbis(diaIkylamino)horanc~ \vith HF hnz 
not yet been investigated. 

The present study deals with the reaction of 1 and II v,,ith HF. F-ICI and HBr, and 
the characterization of the varitals novel trifluoromethqll?on,n compounds obtained. 
A preliminary study wa< rncldt> earlier [ti]. 

Reaction of CF;B(NMe, I2 with HX 

The reactions of I with H<‘l and HBr were carried out in dirth\:l ether at IOU 
temperature. At -78” C, colourless precipitates began to form. and al room 
temperature. quantitative yields of 1 : 2 adduct?; were oht:linzci. The LieIds and the 
properties of these adducti arc consistent with a clean reaction analt)gous tc~ eq. i, 
and the novel (trifluorometh\;l)boronium halides III :tnd IV \\~rc” c~btaincd, cq. 5. 

CF3B(NMe2 I2 + 2HX ----+ 

j F,C, ,,NHMe- 

/ x/B\NHMe 
/ 2 

i 

x- (5) 

i x r Cl !IIT) ar (Iv:) 

The salts III and IV are involatile, and insoluble in nonpolar solvents, NMR spectra 
recorded in CH,CN suggest that this solvent reacts with III and IV. white decom- 
position. in part w)ith preser\,atinn of the B- CF, bond. was observed \\,ith H,O and 
alcohol. When the reaction with HBr was carried out in the abscncc of a solvent. 
only decomposition products (BF?. HCF;,. HCF,Br and a black. ia--ilhe raldue) 
were obtained. 

The reaction of I with IHF’ wa> carried out in :i stain& steel qlindcr III the 
abstxxx of a sotvent. and the reaction mixture u’:I> slowly warmed frc)m -- 1%’ c‘ to 
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room temperature. The clear, viscous liquid obtained was soluble in polar solvents 
(Et,O, CH,CN, H,O) without decomposition. In CH,CN, the 19F NMR spectrum 
revealed two l/l/l/l quartets in a 3/2 integration ratio at -73.9 and - 173.4 
ppm, respectively which, by analogy to CF,BF, NMe, [6], are attributed to 
CF,BF, . NHMe, (V). The maximum yield of V, close to 85%, was obtained when I 
and HF were used in a l/3 molar ratio. If less than 3 mole HF were employed, 
unchanged I was found in the volatile products, while substantially more than 15% 
of by-products with respect to eq. 6 were formed when more than threefold excess 
of HF was used. 

CF,B(NMe,), + 3HF -+ CF,BF, . NHMe, + [H,NMe,]F (6) 

By-products identified by their 19F NMR signals were: CF,BF,- (-77 and -157 
ppm), BF,. HNMe, (-160 ppm), BF,- (-153 ppm) and FP (-149 ppm, very 
broad). The amineborane V was isolated by thin layer chromatography and fully 
characterized. 

That HF reacts differently with I than do HCl and HBr is certainly due to the 
strength of the BF bond. Whether V is formed according to eq. 7b via CF,B(F)NMe, 

< 

[CF3B(X)(NHMe2J21X (7a) 
(X = Cl, Br) 

CF3B(X)NMe2 . NHMe2 + HX 

CF3B(X) NMe;! + [ MepNHz]X (7b) 
(X= F) 

1 

HX 

CF,B(X)p NHMe2 

from CF,B(X)NMe, . NHMe, which may be a common precursor for III, IV and V, 
cannot be decided. 

Reaction of (CF,),BNMe, with HX 

A uniform pathway was observed for the reaction of II with HF, HCl, HBr and 
HOH (eq. 8) but with HF, in particular, minor amounts of by-products were 
observed. 

(CF,),BNMe, + HX + (CF,),B(X) . NHMe, 

(X = F (VI), Cl (VII), Br (VIII), OH (IX)) 

(8) 

In the absence of a solvent, II and HF reacted vigorously, and complete 
decomposition was observed. The reaction was more moderate when carried out in 
Et *O as a solvent, and the clear solution obtained contained 60-70% of VI as major 
constituent. The amineborane VI was removed from the solution by distillation in 
vacua, and isolated by chromatography on Al,O,. Single crystals grown by sublima- 
tion were studied by X-ray diffraction (see below). 

The yield of VI and the amount of by-products seemed to be independent of the 
II/HF ratio employed. The major by-product, which was formed in ca. 15% yield, 
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the value of their NMR spectra. The spectra confirm the constitution of the 
compounds, the i’B-19F coupling patterns resolved in the 19F and “B NMR 
spectra being of special diagnostic value. However, in several of the 19F spectra the 
signals were broadened owing to relaxation phenomena; in some of these cases, fine 
structure was better resolved when a different solvent was used. 

The vibrational spectra contain mainly non-specific IR bands and Raman lines. 
Group vibrations are also found, and a few of these are quoted in the Experimental 
section and assignments made. 

In the mass spectra, the Mt ion was observed only for V, while VI, VIII and IX 
showed the typical (M - CF,)+ fragment. Typical ions are CF,+ (m/e = 50), CF,+ 
(m/e = 69) and NMe,+ (m/e = 44). The observed fragments in each case were in 
agreement with the proposed formulation. 

X-Ray structural analyses 

Crystals of VI and IX were sealed in glass capillaries under argon. The space 
group of IX was uniquely determined from the symmetry and systematic absences 

Table 2 

Crystal data for VI and IX 

VI 1X 

Formula 

Mr 
Crystal system 
Space group 

a (A) 

b (A) 

c (A) 
P (“) 
Z 

DC (g cmm3) 
TC°C) 
Quadrants measured 

2l9-limits (“) 
Measured reflections 
Unique reflections 
Observed (IF, ) > 4a(&)) 
Crystal size (mm) 
~(Mo- K,) (cm-‘) 

(CF,),BF.NMe,H 
212.09 

monoclinic 
c2/c 

13.052(4) 

7.118(3) 

19.454(S) 
110.76(3) 

8 
I.667 

23 
hkl, hkl 

hki, hki 
4-45 

2139 
1098 

673 
0.08 x 0.16 x 0.32 
2.0 
0.9681-0.9851 
0.984-1.120 

124 
0.0 
0.060/0.107 h 
0.044/0.047 

0.25 to -0.19 

4-50 
1737 
1483 
1085 

0.26 x 0.30 x 0.35 
1.9 
0.9347-0.9691 
0.992-1.075 

128 
0.0 
0.041/0.074 
0.042/0.043 

0.24 to - 0.20 

Monitor correction 
Parameters 

15/o I max 
R” 

RWL 

de/A31 d 

a R = P 11 F, ( - 1 F, II/Z 1 F, /. ’ First sum only over observes, second over all unique data. ’ R, = 

[Zw( I Fo I - I F, l12/~:wl F, I 21”2 where w = I/( IJ 2( F,) + 0.0009 I F, I 2). d Density in final difference 

(CF,),B(OH).NMe,H 
210.91 

monoclinic 

p2, /n 
11.562(3) 

6.256(l) 

12.226(2) 
107.54(2) 

4 
1.661 

23 
hkl, hkl 

Fourier syntheses 
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F(2) 

Fig. 1. A perspective drawing of VI with methyl hydrogens omitted. 

refinements converged, and the final difference Fourier maps contained no chem- 
ically significant features. 

Crystallographic details are given in Table 2, and coordinates of the non-ideal- 
ized atoms of VI and IX are listed in Tables 3 and 4, respectively, with the 
numbering schemes being defined in Figs. 1 and 2 [8]. Most of the calculations were 
made with SHELX-76 [9]. 

Fig. 2. A perspective drawing of IX with methyl hydrogens omitted 



Description of the crystal structures 

VI IS \‘I I\ 

1.610(7) 

1.614(X) 

1.612(81 

1 .hX( x / 

1..19?(hJ 

1.409 

1.5X4(71 

1 .iYb 

1 .NO(h\ 

1.4Y7(h) 

Z.cihl(5) 

7.994(X) 

.1.1?1(7) 
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-. 
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_.__ 
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1OY.X’) 

IOIi.Y(4) 

113.lif4) 

I16.‘%4) 

1(16(3) 

llGT!4) 

1 Oh(?) 

1().3(;i 
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The boron atoms are bonded in a distorted tetrahedral fashion, with quasi- 
staggered orientations for the CF, and Me,NH groups. While the molecules could 
possess C, symmetry if the N-H(N) bond lay in the plane defined by atoms B, N, 
F(7) in VI or by N, B, 0 in IX, the N--C(4) bonds adopt this position in both 
structures and so, the molecules exhibit no symmetry. 

No significant difference is found between the mean B-C bond lengths of VI and 
IX: 1.612(8) and 1.624(4) A, respectively. These distances do not differ significantly 
from that in K[CF,BF,], 1.625(6) A [II], or that involving the staggered CF, group 
in Cs[(CF,),BF,], 1.603(9) A [12]. Furthermore, the B-F bond length in VI 
(1.393(6) A) is indistinguishable within thealimits of error from those in K[CF,BF,] 
and Cs[(CF,),BF,] (1.391(5) and 1.391(4)0A, respectively). 

The B-N bond length in VI, 1.584(7) A, is not significantly shorter than that of 
IX, 1.602(3) A. Both values are shorter than the corresponding distances in the 0 
chelate 3-aminopropanolato-diphenylboron (1.639( 3) A [13]). While the latter com- 
pound has its B-N and B-O bonds in a six-membered ring, its N-B--O angle 
(104.9(l):) hardly differs from that of IX (104,4(2)O). The B:O distance in IX, 
1.432(3) A, is also shorter than that of the chelate, 1.478(2) A [13]. The relative 
shortness of the B-N and B-O bonds found in VI and IX may be attributable to 
the inductive-withdrawing effect of the CF, group. 

A consistent trend is found for the nitrogen bond angles of VI and IX; that is, 
B-N-C(4) > B-N-C(3) > B-N-H(N). This trend reflects the asymmetrical nature 
of the CF, . . . Me,NH steric interactions. These are greater for C(4) (close to F(1) 
and F(4)) than for C(3) (only close to F(5)) and of course least for H(N) (close to 
F(2)). In addition, these nonbonded contacts should cause distortions of the BCF2 
fragments; however, the geometry of the latter will also reflect nonbonded CF, 
. . . CF, interactions, since F(1) and F(3) come close to F(4) and F(6) respectively. 
Thus the B-C(l)-F(1) and B-C(2)-F(4) angles are on the average 3.4(10)” larger 
than the other B-C-F angles, since F(1) and F(4) are involved in both CF, 
. . . MezNH and CF, . . . CF, interactions. 

Another feature which would lengthen these repulsive contacts would be the 
rotation of the CF, and Me,NH groups away from the all-staggered conformation. 
Examination of the torsion angles reveals that this has occurred. The mean rotation 
about the C(l)-B, C(2)-B and N-B bonds (0” being exactly staggered) are 15(3), 
5(l) and -2(4)” in VI and 14(3), 13(2) and ll(4)” in IX - a positive angle 
indicating a counter-clockwise rotation. For comparison, analogous rotations of up 
to 18” have been reported in the gas phase for C(CF,),, (CF,),CH and (CF,),COH 

]141. 
The shortest Me . . . F and intergroup F . . . F contacts are found to be 0.18 and 

0.07 A shorter (Table 5) than the corresponding sums of the Van der Waals radii, 
3.17 and 2.94 A [15]. For comparison, these contacts would be 0.20 and 0.05 A 
shorter than the respective observed values if the molecules possessed tetrahedral 
boron, all-staggered conformations, and undistorted observed mean distances and 
angles. 

The departures from the all-staggered conformation are probably the softest 
energetically of the distortions described; therefore, the variation in the rotation 
angles of VI suggests that the effects of packing forces on these angles may be 
important. These forces will not be identical for these compounds since they have 
different hydrogen bonding patterns. The nitrogen atoms of both compounds serve 
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Table 1 

Elemental analyses 

Compound Formula 

III C,H,,BCl,F,N, 

IV CsHw BBrzFxNz 

V C,H,BF,N 

VI C,H,BF,N 

VII C,H,BClF,N 

VIII C4H,BBrF6N 

IX C,H,BF,NO 

Analyses (Found (talc)(%)) 

C H Br/Cl 

24.9 5.1 31.0 

(24.93) (5.X6) (29.43) 

18.2 4.2 48.5 

(18.21) (4.28) (48.46) 

22.1 4.2 

(22.12) (4.34) 

22.7 3.3 

(22.56) (3.32) 

21.0 3.1 15.41 

(20.95) (3.08) (15.46) 

17.4 2.6 30.3 

(17.55) (2.58) (29.18) 

23.3 4.0 

(22.78) (3.83) 

F N 

22.2 11.6 

(23.66) (11.63) 

17.1 8.5 

(17.28) (8.49) 

51.1 8.6 

(58.31) (8.60) 

62.2 6.5 

(62.46) (6.58) 

49.4 6.1 

(49.70) (6.11) 

5.1 

(5.12) 

52.3 6.7 

(54.04) (6.64) 

(Trifluoromethyl)bis(dimethylamino)chloro boronium chloride (III) and (trifluoro- 
methyl)bis(dimethylamino)bromo boronium bromide (IV) 

Dry HCl (HBr) (20 mmol) was condensed into a mixture of I (1.7 g, 10 mmol) in 
5 ml dry Et ,O kept at - 196” C, the mixture was then allowed to warm from 
- 78” C to room temperature during 12 h. The Et ,O was then removed in vacua. 
Analytically pure III (IV) was obtained in 98 (99)% yield. Selected IR absorptions 
III/IV: 1475m/1472m (s,,(CH,)), 1285m/1278m (?$(CH,)), 1089s 1078s/1092s, 
1073s( v,,(CF,)), 708m/704m (S,(CF,)). For elemental analyses see Table 7. 

(Trifluoromethyl)difluoroborane . dimethylamine (V) 
In an analogous procedure, I (1.7 g, 10 mmol) was reacted with HF (0.6 g, 30 

mmol) in a stainless steel cylinder. Unreacted volatile material was removed in 
vacua and V separated from ammonium fluoride by liquid chromatography in 
CH,Cl, over a Al,O, (AI) column, yield ca. 50%. Selected IR absorptions: 3273m 
(v(NH)), 1479m (6,,s(CH,)), 1080s 1025s (v,,(CF,)), 714m, (6,(CF,)). MS: m/e = 95 
(HCF2NMe,)+, 100%; 94/93 ( “““BF,HNMe,)t, 72/18%; 69 (CF,)+, 14%. 

Bis(trifluoromethyl)fluoroborane . dimethylamine (VI), bis(tri’uoromethyl)chloro- 
borane . dimethylamine (VII), bis(trifluoromethyl)bromoborane . dimethylamine (VIII) 
and bis(trifluoromethyl)boronic acid. dimethylamine (IX) were obtained from ana- 
logus reactions of 1.9 g (10 mmol) II and 10 mmol HF, HCl, HBr and H,O, 
respectively. After removal of Et,0 and volatile by-products in vacua, VI-IX were 
obtained by sublimation in yields of 46, 93, 95, and 94%, respectively. Purification 
of VI was carried out by thin layer chromatography using MERCK 60 F 254 plates 
and CH,Cl, as eluent before sublimation. Selected IR absorptions: VI-IX: 1481m 
(s,,(CH,)), 1096~s br (v,,(CF,)), 692s/684~/683~/688s (6,(CF,)). IX: 3654s 

(v(OH)). 
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