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A new method for the preparation of simple boron cations is described. 
containing compounds by triphenylmethyl fluoroborate, (C6Hs)3CBFds 
from simple amine-boranes and from the BHI- anion. 
cations undergo are described. 

It involves abstraction of hydride ions from B-H- 
Bis(base)dihydroboron(l+ ) cations were obtained 

Some of the properties and reactions which salts containing these 

During recent years, a relatively large number of 
papers have appeared which describe the preparation 
and properties of cationic boron compounds. 3--12 Such 
widespread interest in compounds of this type prompts 
us to report our own results with triphenylmethyl 
(trityl) fluoroborate, whose utility as a reagent for 
generating boron cations seems to have been over- 
looked. This reagent has been used e~tensively '~ in 
both organic and organometallic chemistry to prepare 
some remarkably stable cations. This is accomplished 
by hydride ion removal from the corresponding hydro- 
carbons and metal-hydrocarbon complexes. A similar 
approach to boron cations appeared to be feasible. 

The compound selected to initiate this study was 
trimethylamine-borane (1) since the negative charge 
on the boron atom was expected to  facilitate removal 
of the hydride ion. Indeed, it was found that this 
compound reacted rapidly and smoothly with trityl 
fluoroborate in acetonitrile solution a t  room tempera- 
ture. Furthermore, the boronium salt so formed was 
easily and conveniently separated from the nonionic 
organic coproduct, triphenylmethane, which was iso- 
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lated in quantitative yield by benzene extraction of 
the evaporated reaction mixture. The boron-contain- 
ing salt which remained was obtained in 96% yield. 
In the absence of any added nucleophile, acetonitrile 
itself, the solvent for the reaction, stabilizes the bo- 
ronium ion and becomes incorporated in the final 
product. The infrared spectrum and analytical results 
are consistent with the assigned composition, aceto- 
nitriletrimethylaminedihydroboron (1 + ) fluoroborate 

Pyridine-borane (3) also reacted rapidly with trityl 
fluoroborate in acetonitrile solution, even a t  - 55". 
In  the presence of added pyridine it was converted 
to bis(pyridine)dihydroboron(l+) fluoroborate (4) in 
52% yield. The analytical data, infrared spectrum, 
and molecular weight determination are all in agreement 

( 2 ) .  

CHaCN 
Py'BHa 4- (C&)3CBF4 + PY -+ 

3 

( P Y & H ~ ) + B F ~ -  -I- (CeHshCH 
4 

with the assigned structure. The salt is soluble in 
polar solvents like acetonitrile and methanol and 
insoluble in benzene and diethyl ether and can be 
handled in air with no special precautions. 

The acetonitriletrimethylamineboron cation (Z), in 
contrast, is quite susceptible to nucleophilic attack. 
Methanol, for example, adds across the triple bond 
of the acetonitrile ligand to give a new compound, 
(methyl acetimidate) trimethylaminedihydroboron (I + ) 
fluoroborate (5 ) .  The disappearance of - C k N  ab- 
sorption and the appearance of new N-H and 
> C=N- absorptions in its infrared spectrum indicated 
that the acetonitrile ligand had been converted to a 

[CH3CzNBHniY(CH3)3] 'BFC + CHiOH + 
2 

OCHI 

I 
[CH~C=XHBHIN( CH3)3] +BF4-- 

5 
methyl acetimidate ligand. This salt is an air stable, 
white, crystalline solid which is soluble in polar solvents. 
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Trityl fluoroborate is easily hydrolyzed and acetoni- 
trile, when bound to  boron as a ligand, is susceptible 
to nucleophilic attack. For these reasons, preparative 
reactions should be carried out under anhydrous condi- 
tions. 

The exchange of the fluoroborate anion in these 
salts was readily accomplished by metathesis. The 
reaction of 2 with potassium tetradecahydrononaborate- 
(l-),I4 KBgH14, in water led to the precipitation 
of acetonitriletrimethylaminedihydroboron (1 + ) tetra- 
decahydrononaborate(1 -) (6) as a white, crystalline 
solid. Recrystallization from methanol converted this 
salt to  the methylacetimidate derivative (7). This 
compound was also obtained directly from the acetimi- 
date fluoroborate (5 )  and tetramethylammonium tetra- 

Hz0 
[CH~CEZKBHZN(CH~)~] 'BF4- + KBgHi4 + 

2 

[ C H ~ C E N B H ~ N ( C H ~ ) ~ ]  'BQHM- + KBF4 
6 
I 

1 OCHI I CHnOH 
[CH3C=NHBHzK(CHs)s] +BF4- + (CHa)4NBgHia --+ 

CHaOH 

[CHIC=XHBH~N(CH~)~]  'BgHi4- + (CH3)4NBF4 
I 5 

OCH3 
I 
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decahydrononaborate( 1 -) in methanol solution. 
The behavior of boron hydride anions toward trityl 

fluoroborate was also of interest since stepwise removal 
of two hydride ions would convert them into cations. 
Because of its similarity to trimethylamine-borane, 
the borohydride ion was selected for study. Steric 
and electronic factors suggested that the BH4 anion 
might be even more reactive toward trityl fluoroborate 
than the amine-boranes. In this regard, Ryschke- 
witsch has recently observed4 a great difference in 
reactivity between BH4- and pyBH3 toward electro- 
philic attack which results in hydride-transfer reactions. 

Tetramethylammonium borohyride was a convenient 
salt to use for this purpose because it was easily re- 
crystallized and handled. When treated at  low tem- 
perature (ca. -50') with an acetonitrile solution con- 
taining 1 equiv each of trityl fluoroborate and pyridine, 
it was converted into the liquid pyridine-borane, iso- 
lated in somewhat less than 50% yield. Unexpectedly, 
some gas (presumably hydrogen) was evolved during 

CHsCN 
(CH3)4NBH4 + (CfiHdaCBF4 + PY -+ 

P Y . B H ~  + (C&)aCH 3 (CHa)4NBF4 

the course of this reaction. When 2 equiv each of 
pyridine and trityl fluoroborate were used, tetramethyl- 
ammonium borohyride was converted into'bis(pyridine)- 
dihydroboron(l+) fluoroborate (4) in 59% yield. This 

CHaCN 
(CH3)4NBH4 + 2(CsH&)aCBF4 4- ~ P Y  -+ 

(pyzBHz)+BF4- + 2(CsH5)3CH 3. (CH314NBFq 
4 

compound was identical with the one previously pre- 
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pared from pyridine-borane. When 2,2'-bipyridine 
was used as the ligand in place of pyridine, the hetero- 
cyclic salt 8 was obtained, but in very low yield. Ana- 
lytical data and the infrared spectrum are in agreement 
with the assigned structure. 

8 

Diborane and the BzHs- anion were also found to 
react readily with triphenylmethyl fluoroborate. Tri- 
phenylmethane was obtained in quantitative yields, 
but pure, stable boron products were not isolated. Al- 
though hydride abstraction reactions may be possible 
routes to multiboron cations, the utility of triphenyl- 
methyl salts for this purpose has not been explored 
beyond what is reported here. 

Experimental Section 
Acetonitriletrimethylaminedihydroboron( 1 + ) Fluoroborate 

(Z).-Trityl fluoroborate (9.9 g; 0.03 mol) in dry acetonitrile 
(50 ml) was added dropwise over a 30-min period to a solution of 
trimethylamine-borane (2.19 g; 0.03 mol) in dry acetonitrile 
(10 ml). The colorless reaction mixture was stirred for an addi- 
tional 10 min after the addition was completed and was then 
evaporated to dryness under reduced pressure. Triphenyl- 
methane was separated from the solid residue by three eutrac- 
tions with benzene (70 ml total). The crude product, which is 
benzene insoluble, weighed 5.74 g (967, yield). I t  was purified 
by dissolving i t  a t  room temperature in 5 ml of acetonitrile and 
then slowly adding 20 ml of benzene to precipitate the product. 
In this manner, 3.64 g of white, crystalline product was collected, 
mp 107.5-109". An additional 0 6 g of material with an identi- 
cal melting point was isolated from the filtrate; total, 4.24 g 
(71 yo yield). Two additional recrystallizations of a portion of 
this material raised the melting point to 109-110". Anal. 
Calcd for C ~ H I ~ N ~ B ~ F ~ :  C, 30.05; H ,  7.06; N, 14.02; B, 10.83. 
Found: C, 29.63; H, 6.86; N, 14.33; B, 10.30. 

Bis(pyridine)dihydroboron(l+ ) Fluoroborate (4). a .  From 
(CH&NBH4.-The colorless homogeneous solution obtained 
by adding pyridine (1.62 ml; 0.02 mol) to trityl fluoroborate 
(6.6 g; 0.02 mol) dissolved in 50 ml of dry acetonitrile 
was added to solid (CHa)aNBH4 (0.89 g; 0.01 mol) which was 
cooled to -55". As the reaction mixture was allowed to warm 
to room temperature, gas evolution began. A total of 200 cm3 of 
gas was collected during a 90-min reaction period. Tetra- 
methylammonium fluoroborate which had precipitated from solu- 
tion was collected by filtration in 757, yield. The filtrate was 
evaporated to dryness and extracted with benzene. B quantita- 
tive yield of triphenylmethane was recovered from the benzene 
solution. The benzene-insoluble solid, which was a mixture of 
the product and (CH3)4NBF4, was recrystallized from methanol- 
ether to give a 5970 yield of white, crystalline (py),BHzBF4. 
Further recrystallization from the same solvent pair gave the 
analytical sample which had a melting point of 95-96'. Anal.  
Calcd for CIOHIZNZF~BZ: C, 46.58; H, 4.69; N, 10.87; F ,  29.47; 
B, 8.39. Found: C, 46.42; H ,  4.86; N, 10.80; F ,  29.66; B, 
8.73. The molecular weight was determined by X-ray diffrac- 
tion of a single crystal with a density of 1.346 g/cm3: calcd, 
257.8; found, 259. 
b. From py.BHs.-A solution of trityl fluoroborate (1.65 g; 

5 mmol) and pyridine (0.4 ml; 5 mmol) in 10 ml of dry aceto- 
nitrile was added to pyridine-borane (0.51 ml; 5 mmol) held in a 
flask cooled to -55". In  contrast to the previous experiment, 
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only 15 cm3 of gas was evolved while the reaction mixture was 
being warmed to room temperature cluring a 1-hr period. The 
homogeneous solution was evaporated to rlryiicss under reduced 
pressure, and from tlie rcsidue, tri~~lieiiyltrictliaiic was cstractctl 
with benzene. Rccrystallizatioii o f  tlic bciizciic-itisoluble solid 
from methanol-ether gave a 5'"/'1 yield of Ipy)lBH2BF4 wliicli 
was identical with the product obtained in the previous experi- 
ment. 

(Methyl acetimidate)trimethylaminedihydroboron( 1 + ) Fluoro- 
borate (5).-The acetonitrile fluoroborate salt (2) (0.6 g; 3 
mmol) was dissolved in 25 ml of absolute methanol and the solu- 
tion was cooled to -78". The white crystalline solid which 
precipitated from solution was collected by filtration and washed 
with two 10-ml portions of dry benzene; weight, 0.3 g (437; 
yield), mp 128-130". Two crystallizations from methanol 
furnished an analytical sample. Anal. Calcd for COHLSSZB~- 
F40: C, 31.08; H, 7.82; S, 12.08. Found: C,  31.23; K, 
7.43; N, 12.01. 

(Methyl acetimidate)trimethylaminedihydroboron( 1 + ) Tetra- 
decahydrononaborate( 1 - ) (7) .  a .  From Compound 5.--A 
solution of (CH3)&BqHla (186 ing; 1 mmol) in 10 ml of methanol 
was added to a solution of 5 (232 mg; 1 rnmol) in 10 ml of meth- 
anol. After a short induction period, crystalline tetramethyl- 
ammonium fluoroborate (120 mg; 75%, yield) precipitated from 
solution and was collected by filtration. Evaporation of the 
filtrate gave 220 mg (867c) of light yellow product, mp 85-96". 
Three recrystallizations from methanol-water raised the melting 
point to 97". Anal. Calcd for CeHazSzBloO: C, 28.09; H, 
12.57; K, 10.92; B,  42.18. Found: C, 28.48; H ,  12.24; S, 
11.10; B, 46.78. 

From Compound 2.-A solution of 2 1400 nig; 2 mmol) in 
5 ml of water was added to a solution of KBnHl4 (dioxane)s (820 
mg; 2 mmol) in 10 ml of water. A precipitate of [(CH3)3- 
NBH2NCCH3]BOH14 (470 mg) immediately separated from solu- 
tion (calcd, 449 mg). This material softened at 64' but did not 
melt completely up to 175'. Its infrared spectrum showed only 
weak N H  (or OH) stretch but very intense B-H stretch. This 
acetonitrile ligand salt ( 6 )  was converted to the methyl acetimi- 
date compound ( 7 )  by recrystallization from methanol-water. 
From 440 mg, 140 mg of crystalline solid, mp 87-90', was ob- 
tained, the infrared spectrum of which was identical with that of 
the sample obtained in part a above. 

2,2'-Bipyridinedihydroboron( 1 + ) Fluoroborate (8).-2,2 -Bi- 
pyridine (3.12 g; 0.02 mol) was added to a solution of trityl 
fluoroborate (6.60 g ;  0.02 mol) in 50 ml of acetonitrile causing a 
dark red color to develop in the solution. This mixture was 
then added dropwise to (CHa)4NBHa (0.89 g ;  0.01 mol) which 
was cooled to -60'. The reaction mixture was warmed up to 
room temperature during the addition and gas was evolved. 
After an elapsed time of 90 min, approximately 200 cm3 of gas was 
collected. KO precipitate of (CHI)nSBF.s had formed. Conse- 
quently, the salmon pink solution was evaporated to dryness 
and the residue was extracted with benzene. From the benzene 
solution, there was obtained an orange viscous liquid, which was 

b. 

BEXJAhfIN, CARV,\LIIO, STAFIEJ, .\Nil TAl<,\cS 

not characterized. Benzene-insoluble material (4.5 g)  remained 
which was extracted with methanol to give 2.83 g of soluble mate- 
rial anti 1.58 i: of CI-I:iOH-insoluble (CHa)4P\-EFn. 

The 2.83 g of CH:,OH-soluhlc material was tlicii recrystallizetl 
from ethanol-ether, The first two rccrystallizatioiis furnished 
inaterial of nip 122-12(jc which showed BH and BF, absorption 
in the infrared region. On the third recrystallization, the tnelt- 
ing point increased to 191-192' (180 mg).  An additional re- 
crystallization of this material gave the analytical sample, nip 
191-193". Yield of high-melting material was 7%. The low- 
melting material has not becn identified. Anal .  Calcd for Clo- 

Found: C, 46.97; H,4.39; N, 11.23; B, 8.53; F,29.85. 
Infrared Spectra.-lnfrared spectra were recorded on a Beck- 

man IR 5 spectrophotometer, using samples prepared as Sujol 
mulls. 

HloBsKaF1: C ,  46.95; H, 3.94; N,  10.95; B,  8.45; F, 29.71. 

The data are shown in Table I.  

TABLE I 
INFRARED SPECTRAL DATA (CM-l) 

OCHI 
I 

[ CHaC=NHB HpS (CH:j)s] BF, 

2500 m,  2440 m,  2350 ni, 1410 
m, 1280 TV, 1950 m, 1177 s, 

970 s, 870 s 
1150 S ,  1110-1010 VS, 982 S, 

3080 m,  3030 m, 2460 m, 2410 
m,  I610 s, 1350 m, 1280 m, 
I255 m 1210 m, 1160 s, 
I150 s, 1110-1010 vs, 990 
m, 960 m, 890 w,  800 m 775 
in, 765 w, 750 in, 740 111, 

735 s, 700 s. 688 s 

3350 m, 2450 in, 1640 s ,  1540 
m,  1420 m ,  12880 s, 1190 ni, 

ni, 930 w, 880 w, 850 s, 770 
w, 760 TV, 720 vi, 705 w 

1165 S ,  1100-1020 VS, 990 

3330 m, 2550 s, 2470 s, 2360 
m,  1640 in, 1535 m, 1420 w, 
I290 s, I250 w, 1190 m, 1160 
s, 1110 w, 1100 m, I050 ni, 
1040 m, 1020 m, 985 m, 
970 m, 950 m, 925 m, 875 I\', 
850 m, 815 w, 775 'iy 

3030 m. 2440 m, 2390 m,  1620 
s, 1565 m. 1490 m, 1330 ni, 
1280 vi, 1955 w, 1160 s, 
1080-1010 VS, 910 W ,  810 W, 
I 1 0  s, 710 IV 
-?. 




