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Tetrakis(dimet1iylamino)diboron reacts with certain protonic acids to give substituted diboron compounds IVith hydrogen 
sulfide, a six-membered ring cornpourld containing two boron-boron bonds is forrried. I-Iydrogen cyanide, chloride, and 
bromide react to  1-ield tetrasubstituted products which are stabilized by dimethy lamine molecules firmly attached to the 
boron atonis by coordination linkages. The physical and chemical properties characterizing these compounds are given 
and structures are discussed. 

The readily available and remarkably air stable 
tetrakis(dimethy1amino)diboron is an ideal starting 
material to prepare certain compounds containing 
boron-boron linkages. Reaction of chloro or bromobis- 
(dimethylaminojborane with highly dispersed alkali 
metals to  give excellent yields of the diboron compound 
has only recently been  reported.?^^ 
2[(CH3)2S]zBX + 2Sa + 

(CHd)%X 
\ /x(CH8)r 

B-B +2r ' ;aS (1) 

S( CH;<)r 
/ \  

(CHI )2 s 
This technique has been used to obtain certain other 
compounds containing boron-boron bonds such as 
tetraalkoxydiborons4 and 1,2-dialkyl- or 1,2-diphenyl- 
1,2-bi~(dimethylamino)cliboron.~~~ The method is ap- 
plicable only to relatively thermally stable compounds. 
On the other hand, tetrakis (dimethy1amino)diboron 
can be used to prepare certain derivatives a t  or below- 
room temperature. 
Tetrakis(climethy1aniino)diboron is a colorless liquid, 

extremely sensitive to moisture. Complex reactions 
were observed when i t  was heated with oxygen above 
ZO0°.7 It is monomeric in benzene solution and gives 
one mole of hydrogen per mole of diboron compound 
when hydrolyzed in 10% sodium hydroxide.2 I t  ' is 
known8 to give, upon acid hydrolysis, tetrahydroxy- 
diboron; with alcohol in the presence of acid, i t  forms 
tetraalkoxydiboron. When heated a t  300° in the 
absence of oxygen and water, i t  gives bis- and tris- 
(dimethy1amino)boranes. Other arninodiborons are 
prepared from i t  readily by transamination. *s10 With 
boron trichloride, i t  forms diboron tetrachloride and 
bis (dimethylamino) dichlorodiboron. Hydrogen chlo- 
ride reacts t u  yield products in which dimethylamino 
groups are replaced with chlorine; excess acid gives a 
compound of the suggested formula11 

(1) We thank U. S. Borax lor the sample of tetraLis(dimethylamino)- 
diborou. 
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(3) H. Nbth and W. Meistrr, Be?,, 94, 509 ( l Y 6 1 ) .  
(4) E. Wiberg and W.  Rushmann, ib id . ,  70b, 1393 (1937) 
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(CIII),SII ---+ B-B f- IIK(CI1j)t 

\ /  

c1 / 'Cl 

Brown and Silver,'? however, give the latter a salt-like 
structure, B2C12 [N(CH3)2]2.2HC1, on the basis of the 
absence of analogy with the known complex [B2C14* 
(N(CH3)3)2]*.1ai14 We have also prepared the same 
compound and have shown it  to have the covalent 
properties. 

An excellent review'j on boron subhalides has 
recently appeared. Addition rather than substitution 
products are formed in the reactions of diboron tetra- 
chloride with hydrogen sulfide15 and hydrogen cyanide.l" 
The sulfide adducts, B2C14.H2S and B2C14.2HzS, are 
unstable a t  or above room temperature, decomposing 
to give hydrogen and boron sulfide, among other 
producis. The product of reaction between diboron 
tetrachloride and cyanogen, B2CI4*l .5(CN)2, does not 
contain a boron-boron linkage." 

We have used tetrakis(dimethy1aniino)diboron suc- 
cessfully to  prepare cyano and sulfo diboron com- 
pounds. The synthesis and characterizations of these 
compounds as well as those of the chloro and bromo 
analogs are described below 

Experimental 

All materials employed in this work were reagent grade cheiiii- 
cals. Gases were dried over anhydrous calciutn sulfate beforc 
use and the reactions were carried out in an atmosphere of dry 
nitrogen. 

Boron analyses were performed by the Parr bomb fusion 
method. Melting points are uncorrected. Infrared spectra 
were recorded with a Perkin-Elmer hfracord spectrophotometer. 

2,3,5,6-Tetrakis( dimethylamino) 1,4-dithiatetraborinane .- 
Excess hydrogen sulfide ( >54.8 mmoles) was bubbled through a 
dilute solution of tetrakis(dimethy1arnino)diboron (2.7 g., 13.7 
mmoles) in ether a t  O " ,  to which hydrogen chloride (27.4 mmoles, 
B2:HCl = 1 :2 )  in ether solution was then slowly added with 
constant stirring of the rractioii 1uisturi..'8 The mixture was 
filtered aiid tlit. solutioii rvaporatecl t o  ttryiirss. ('I'lie etlier- 

, -. - - 
c ia )  M. P. nruwLl H. n. sliw, L~hertl i t i d .  ~ L ~ U ~ ~ U ) ,  85 ( i y t i u )  
(13) G .  Urry, et al., J .  Am. C h e m .  Soc., 76, 5293 (1954). 
(14) A. K. Holliday, et a[ . ,  J .  Chem. Soc., 3348 (1961). 
(15) A. K. Hoiliday and A. G. hfassey, C h e m .  Rev., 62, 303 (1962). 
(16) T. Wartik and E. F. Apple, J .  A m .  C h e m .  Soc., 80, 6155 (1958). 
(17) E:. I?. Apple and T. Wart ik ,  i b i d . ,  80, 6158 (1958). 
(18) T h e  title compound was also formed upon ti-eating the ether solution 

of tetrakis(dimethylamin~)(libot.on in an  autoclave with hydrogen sulfide 
tinder pressui-e without the use of t he  strong acid. 
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insoluble solid was shown to be dimethylamine hydrochloride by 
its X-ray diffraction pattern.) The residue from the evaporation 
was extracted with benzene a t  room temperature. The benzene 
solution yielded a white crystalline solid upon concentration and 
cooling, m.p. 112' dec. 

Anal. Calcd. for B4[K(CH3)2]&: C, 33.9; H, 8.5; N, 19.7; 
B, 15.3; S, 22.6; mol. wt., 283. Found: C, 32.7; H, 8.5; 
N, 18.5; B, 15.6; S, 21.8; mol. wt., 285, 288 (in benzene 
by osmometer method). 

Infrared spectrum (KBr, cm.-I): 2942 (w), 2858 (s), 2778 
(w), 2382 (w), 1493 (s), 1428 (s), 1389 (s), 1235 (m), 1190 (s), 
1150 (s), 1112 ( s ) ,  1055 (m), 1020 (w), 980 (s), 893 (w), 870 (s), 
800 (m), 793 (m) ,  and 742 (m). 

X-Ray diffraction data, d (1/10): 8.5 (1.00), 7.0 (0.70), 
6.4 (0.05), 5.3 (0.10), 4.73 (0.10), 4.42 (0.15), 4.21 (0.80), 3.96 
(0.30), 3.51 (0.50), 3.19 (0.80), 2.91 (0.05), 2.70 (0.05), 2.53 
(0.05), 2.42 (0.10), and 2.37 (0.05). 

il 0.21-g. sample of the product was treated with 6 N HCl 
(25 ml.) a t  0" whereupon a trace of hydrogen gas was collected. 
The acid solution was evaporated to dryness and the residue ex- 
tracted with chloroform. The chloroform-insoluble product was 
shown to be tetrahydroxydiboron containing a small amount of 
boric acid (infrared analysis). 

The boron n.m.r. spectrum showed a single peak at  11.2 p.p.m. 
above TMB .I8 (N.m.r. for tetrakis(dimethy1amino)diboron 
showed a single peak at  17 p.p.m. below TMB.) 
Bis(dimethy1amine)tetracyanodiboron.-In a typical experi- 

ment, 2.3 g. (85.2 mmoles) of hydrogen cyanide was distilled 
from anhydrous calcium sulfate into an ether solution of tetrakis- 
(dimethy1amino)diboron (1.9 g., 9.6 mmoles) a t  0-25'. The 
precipitate that was formed after a few minutes' stirring was 
separated by filtration and was extracted with chloroform. 
The insoluble solid (1.9 g., 8.8 mmoles, 92% yield) was purified 
by crystallization from ethanol, m.p. 202" dec. 

AnaZ. Calcd. for B z ( C N ) ~ . ~ H N ( C H ~ ) ~ :  C, 44.5; H, 6.5; 
K, 38.8; B, 10.2; mol. wt., 216. Found: C, 44.4; H, 6.4; 
N, 38.3; B, 10.1; mol. wt., 213 (in water by osmometer method). 

Infrared spectrum (KBr, em.-'): 3177 (s), 3032 (vw), 2818 
(w), 2740 (w), 2470 (vw), 2215 (m),  1627 (w), 1470 (s), 1410 (m), 
1343 (m),  1228 (w), 1150 ( s ) ,  1055 (w), 1015 (s), 925 (s), 893 
(w), 830 (s), 758 (w), 747 (w), and 700 (w). 

X-Ray diffraction data, d (1/10): 8.6 (0.10), 7.5 (1.00), 
6.2 (0.70), 6.0 (0.70), 5.4 (O.TO), 4.83 (0.20), 4.18 (0.30), 3.74 
(1.00), 3.50 (0.40), 3.43 (0.30), 3.30 (0.30), 3.10 (0.50), 2.49 
(0.30), and 2.08 (0.10). 

A 0.10-g. sample of the product upon treatment with 6 ml. of 
5% NdOH solution a t  115' for 2 days gave 8.09 cc. (STP)2u of 
hydrogen, indicating that 787, of the boron-boron linkage was 
oxidized under these conditions (calcd.: 

Another sample of the product was treated with excess silver 
nitrate in aqueous solution in the presence of dilute "0.1. 

The  precipitate thus formed was washed thoroughly with water. 
Anal. Calcd. for B2(CN)4.2HN(CH3)2.AgN08: C, 24.9; N, 
25.4. Found: C, 24.8; N, 24.6. Infrared analysis was identi- 
cal with that of the starting material except for an additional 
absorption a t  1370 ern.-' due to the nitrate ion. The X-ray 
diffraction data showed the absence of free silver, silver nitrate, 
and silver cyanide: d (1/10): 6.7 (0.70), 6.2 (0.80), 6.0 (0.70), 
5.9 (0.60), 5.7 (0.20), 5.4 ( O s l o ) ,  5.3 (1.00), 4.86 (0.70), 4.31 
(0.20), 4.11 (0.70), 4.00 (0.10), 3.95 (0.10), 3.91 (0.10), 3.82 
(0.50), 3.73 (0.70), 3.66 (0.30), 3.60 (0.10), 3.42 (0.30), 3.33 
(0.20), 3.24 (0.50), 3.09 (0.50), 2.99 (0.10), 2.57 (0.40), 2.52 
(0.10), 2.11 (0.20), 2.83 (().lo), 2.28 (0.10), 2.11 (0.10), and 
2.00 (0.10). 

In another experitlielit, whicli ~ d b  I uti uuder qgdrently 
similar conditions, a low yield product was obtained and was 
analyzed. Anal. Calcd. for B2( C N ) ~ . ~ H N ( C H ~ ) Z . ~ A ~ N O ~ :  
C, 17.3; H, 2.5; N, 20.1; Ag, 38.9. Found: C, 17.6; H, 
2.5; N, 20.5; Ag, 38.7. An infrared spectrum of the compound 
was identical with that of the previous product. X-Ray diffrac- 

The estimated yield was above 90%. 

The test for chlorine was negative. 

10.39 cc.). 

(19) Trimethyl borate reference. 
(20) This does not include any dissolved gas in the solution. 

t iondata,d(l/ lo):  10.0(0.40),8.1(0.30),7.8(1.00),6.6(0.20), 
6.2 (0.25), 5.9 (0.25), 5.0 (0.95), 4.83 (0.30), 4.30 (0.20), 4.07 
(0.30), 3.91 (0.30), 3.85 (0.20), 3.79 (0.30), 3.69 (0.20), 3.49 
(0.25), 3.43 (0.25), 3.39 (0.20), 2.83 (0.30), 2.66 (0.25), and 2.52 
(0.15). 

A sample of bis(dimethy1amine)tetracyanodiboron was treated 
with 5 N "01 a t  25" for 24 hr. and the product was evaporated 
to dryness. The infrared analysis and X-ray diffraction pattern 
of the residue were essentially identical with those of the starting 
material. 

Another sample of the cyano compound was heated in 6 N 
HCl at 95" for 24 hr. The infrared spectrum of the product 
showed the starting material containing a small amount of di- 
methylamine hydrochloride. 

Thermal gravimetric analysis of the compound showed 61% 
weight loss a t  775'. The residual product was a semicrystalline 
compound(s) and did not include BdC or BN (X-ray). 

The proton n.m.r. spectrum for a sample showed only one 
strong peak a t  3.0 p.p.m. in pyridine solution. 

Mixed Chlorocyanodiboron Compounds with Dimethylamine. 
-Tetrakis(dimethylamino)diboron (2.2 g., 11.1 mmoles) was 
treated with 2.7 g. (100.0 mmoles) of hydrogen cyanide as before 
except that 34.0 mmoles of hydrogen chloride was added to the 
mixture along with the hydrogen cyanide. A solid precipitated 
out and was separated by filtration. It was extracted with chlo- 
roform, and the chloroform solution was found to contain 
dimethylamine hydrochloride. The insoluble product was dried 
under reduced pressure. 

Anal. Calcd. for a mixture of B ~ C ~ ~ ( C N ) ~ . ~ H N ( C H I ) Z  
and B ~ ( C N ) ~ G ~ H N ( C H ~ ) ~  (1.5:l): C, 36.1; H, 6.2; N, 29.6; 
B, 9.5; C1, 18.6; mol. wt., 227. Found: C, 35.3; H, 5.9; 
N, 27.3; B, 9.3; C1, 17.1; mol. wt., 234, 238 (in dioxane by 
osmometer method). 

Infrared spectrum (KBr, cm.-l): 3207 (s), 3032 (vw), 
2987 (w), 2818 (w), 2703 (w), 2470 (vw), 2198 (m), 1627 (w), 
1472 (s), 1440 (w), 1408 (m), 1343 (m), 1228 (w), 1145 (s), 
1058 (w), 1020 ( s ) ,  922 (s), 845 (m), 807 (w), 788 (w), 755 (m), 
725 (w), and 690 (m). 

X-Ray diffraction data, d (1/10): 7.8 (0.80), 6.3 (0.95), 
5.8 (1.00), 5.4 (0.90), 5.3 (0.50), 3.92 (0.30), 3.88 (0.20), 3.70 
(0.20), 3.53 (0.10), 3.41 (0.10), 3.22 (0.20), 3.08 (0.50), 3.00 
(0.10), 2.94 (0.10), and 2.65 (0.10). 

A sample of the product mixture was heated under reduced 
pressure a t  200-210' for 1 hr. The residual solid was shown to be 
bis(dimethy1amine)tetracyanodiboron by means of its infrared 
spectrum and X-ray diffraction pattern. Anal. Found: C1, 
0.7; B, 9.7. The volatiles were identified as dimethylamine 
hydrochloride, hydrogen cyanide, and a small amount of bis- 
(dimethy1amine)tetracyanodiboron. Thin-layer chromatog- 
raphy showed it to be a two-component mixture. 

The boron n.m.r. spectrum showed two peaks a t  +24.4 and 
+37.0 p.p.m. with respect to TMB. 

A sample of the mixture (0.14 g., 0.67 mg.-atom of chlorine) 
in dioxane solution was treated with 0.08 g. (0.60 mg.-atom of 
silver) of silver cyanide a t  25" for 2 days. The reaction product 
isolated from the solution was identified as pure bis(dimethy1- 
amine)tetracyanodiboron by means of chemical and infrared 
analyses. 

Bis( dimethy1amine)tetrachlorodiboron.-An ether solution of 
tetrakis(dimethy1amino)diboron (1.4 g., 7.0 mmoles) was treated 
with excess hydrogen chloride (B2:HCI = 1:>6) a t  0". The 
contents of the reaction flask were evaporated to dryness after 
the completion of the reaction, and the residue was extracted with 
dry benzene in the absence of moisture. The benzene-insoluble 
solid was identified ds dimethylamine hydrochloride (1.1 g.; 
calcd. on the basis of eq. 5, 1.2 9.) by means of its X-ray 
diffraction pattern. The benzene solution, upon concentration 
and cooling, gave a solid (1.5 g., 5.9 mmoles, 84Oj, yield) which 
was dried under reduced pressure, m.p. 202". 

Anal. Calcd. for B z C I ~ ~ ~ H N ( C H & :  C, 18.9; H ,  5.5; N, 
11.0; B, 8.5; C1, 56.1. Found: C, 18.2; H,  5.6; N, 10.6; 
B, 8.7; C1, 53.3. 
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Infrared spectrum (KBr, cm.-l): 3205 (s), 3030 (w),  2960 
(m), 1460 (s), 1435 (w) ,  1420 (m), 1390 (w), 1360 (m), 1300 (s), 
1220 (w), 1118 (s), 1043 (w), 1010 (m),  990 (w), 902 (s), 813 (m), 
795 (w),  763 [m),  and '700 (m).  

6.5 (1.00), 4.95 (0.40), 
3.63 (0.20), 3.31 (0.15), 3.27 (0.60), 3.07 (0.40), 2.93 (0.50), 
and 2.81 (0.25). 

The boron n.m.r. spectrum for the product showed one peak at 
4-10.4 p.p.m. with respect to  TMB. 

A 1.51-g. (5.96 mmoles) sample of bis(dirnethy1amine)tetra- 
chlorodiboron in benzene solution was treated with 4.00 g. (29.9 
mmoles) of silver cyanide a t  25' for 4 days. The mass was fil- 
tered and the insoluble solid was extracted with chloroform to 
free it from any soluble impurity. I t  was then extracted with 
tetrahydrofuran and the resulting solution evaporated to dry- 
ness. The product was identified as bis(dimethy1amine)tetra- 
cyanodiboron by means of infrared spectrum, X-ray diffraction 
pattern, and chemical analysis. 

Bis( dimethy1amine)tetrabromodiboron.-The reaction between 
tetrakis(dimethy1arnino)diboron and hydrogen bromide was 
carried out in the manner described above, and the product was 
analyzed, m.p. 180" dec. 

Anal. Calcd. for B2Br4.2H?;(CH3)2: C, 11.1; H, 3.2; N, 
6.5; B, 5.0; Br, 74.2. Found: C, 11.3; H, 3.3; N, 6.3; 
B, 5.0; Br, 75.2. 

The infrared spectrum of the compound was identical with that 
of the chloro analog up to 900 cm.-', after which the values for 
absorptions were (cm.-l) 795 (w), 7i8 (w), 752 (m),  and 725 (sh). 

X-Ray diffraction data, d (1,'Io): 6.7 (1.00), 4.48 (0.10), 
3.69 (0.20), 3.35 (0.80),  3.25 (0.10), 3.16 (0.40), 2.97 (0.40), 
2.80 (0.20), 2.43 (0.10), 2.25 (0.20), and 2.06 (0.10). 

X-Ray diffraction data, d (1/10): 

Discussion 

It  is clear from the above that tetrakis(dimethy1- 
aniino)diboron reacts with certain weak and strong 
protonic acids to form substituted diboron compounds, 
liberating free dimethylamine or its salts. The forma- 
tion of a r-bond between the boron atom and the 
group attached to i t  is important to the stability of the 
boron-boron linkage. Where such a bond does not 
exist, the liberated dimethylamine molecule is attached 
to the boron atom by coordinate linkage. The dona- 
tion of a free pair of electrons from the nitrogen atom 
to the vacant 2p-orbital of the boron atom is so essen- 
tial that  even the strong acids, such as hydrogen chlo- 
ride, do not liberate the attached amine from the 
products. 

The reaction with hydrogen chloride or hydrogen 
bromide was instantaneous due to the formation of 
amine salt; with weak acids, the reactions proceeded 
slowly. In  the latter case, slow addition of hydrogen 
chloride in ether solution to  the reaction mixtures 
effected an increase in the reaction rates. Relatively 
rapid addition of the acid, however, resulted in the 
formation of compounds containing B-CI bonds. 
2,3,5,6-Tetrakis(dimethylamino) 1 ,-l-4ithiatetraborin- 

ane (I) was prepared either by bubbling hydrogen 
sulfide through a solution of tetrakis(dimethy1amino)- 
diboron t o  which a solution of hydrogen chloride in 
ether was slowly added during the reaction or by treat- 
ing the solution of the diboron compound in an auto- 
clave with hydrogen sulfide under pressure without the 
use of the strong acid. 

S 4- 4(CH3)2NH (2)  
/ \  
\ /  
/ \  

S 

B-B 

S( CH,,)z (CH3)zS 
1 

(CH3)zSH + HCl + (CH3)2SI1 *HCI (3) 

I t  was 
characterized by molecular weight, boron n.ni.r., 
which differentiates it from 

I can be sublimed under reduced pressure. 

S(CHd)z 
/ \ /- -\ 

(C&)d! S 

elemental analysis, and its conversion to tetrahydroxy- 
diboron upon acidic hydrolysis. 

The reaction product of tetrakis(dimethylamin0)- 
diboron and hydrogen cyanide is a slightly volatile, 
crystalline solid, insoluble in ether, benzene, and 
chloroiorm, and slightly soluble in water, ethanol, 
acetone, and tetrahydrofuran. 

B2[N(CHa)a]4 4- 4 H C S  + 

\ /"" 
s c  

(CHa)aSH + B-B t- HK(CH:3)Z f 2(CH.;)1SH (4) 

cs  / \  
1- C 

11 

Infrared absorption a t  2215 cm-l  is attributed to 
the C=N stretching vibration and absorption a t  
3177 cm.-' is assigned to N-H stretching; the asym- 
metric stretching mode due to C-N shows absorption 
a t  1015 cm.-l and absorption a t  1150 ern.-' is due to 
B+N stretching. The possibility of equilibrium 
between the cyanide and the isocyanide forms may not 
be ruled out. The structure is further supported by 
molecular weight, proton n.m.r., and hydrogen evolu- 
tion upon alkaline hydrolysis. The latter is a diag- 
nostic test for the presence of boron-boron linkage.15 
The close similarity of the infrared spectrum with that 
of bis (dimethylamine) tetrachloro- or -bromodiboron 
also favors this structure. 

I1 is probably the most stable diboron compound 
known so far. It undergoes only a slight decornposi- 
tion in the presence of hot dilute HC1 or cold dilute 

In experiments not described here, an attempt was 
made to remove the coordinated dimethylamine groups 
from TI by treating the latter with (a) sodium cyanide, 
(b) silver cyanide, and (c) boron t r i f l~oride '~ in order 
to form sodium and silver salts of B ~ ( C X ) E ~ -  and 
(CH3)2?\TH.BF3 (or products of intra-action) ~ respec- 
tively. However, only decomposition products were 

"03. 

(21) B. 11. Mikhailov a n d  Yu. N. Bubnov, PYOC. Acad .  Sci. U S S R ,  
Cheni.  Secl.,  127, 587 (1959). 
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obtained from the metal cyanides, and there was no  
reaction in the case of boron trifluoride. 

A mixture of I1 and bis(dimethy1amine)dichloro- 
dicyanodiboron (111) was obtained upon simultaneous 
addition of hydrogen chloride and hydrogen cyanide 
to tetrakis(dimethy1amino)diboron. The exact con- 
ditions for the formation of I11 are, however, un- 
certain. The mixture could not be resolved due to 
close solubilities of the components. It was char- 
acterized by molecular weight, chemical analysis, 
conversion to pure I1 with silver cyanide, and thin- 
layer chromatography (which showed i t  to be a two- 
component mixture), The infrared spectrum shows 
N-H (3207 ern.-'), C=N (2198 em.-'), and B+N 
(1145 ern.-') absorptions. The absence of bis(di- 
methylamine) tetrachlorodiboron and the presence of 
I1 in the mixture are evident from their X-ray dif- 
fraction patterns. That  the two boron atoms in I11 
are equivalent is shown by the two peaks in the boron 
n.m.r. spectrum of the mixture (one for each con- 
stituent). The mixture upon treatment with water 
yielded solids which contained I1 and dimethylamine 
hydrochloride (infrared and X-ray). The same re- 
sults were obtained when the mixture was heated under 
reduced pressure. 

Both the tetrachloro (IV) and tetrabromo (V) deriva- 
tives of tetrakis(dimethy1amino)diboron were ob- 
tained by treating the latter with excess hydrogen 
halide (B2:HX = 1: 5 6 )  a t  O', according to the 
equation 

Be[K(CH<)214 + 6HX -f x x 
\ /  

/ \  
IY,  v 

(CH3)zNH+B--B+HS( C H S ) ~  + 2(CH3'2NH.HX (5)  

x X 

The products are crystalline, white solids, slightly 
soluble in ether and benzene. IV  is identical with the 
compound recently reported in the literature. l1 Its 
melting point (202') is in agreement with the published 
values (198, 204°12). There is, however, discrepancy 
between the originally assigned structure1' and the 
one reported subsequently.12 We have characterized 
i t  by its conversion to I1 with silver cyanide, formation 
of tetrahydroxydiboron on acidic hydrolysis, boron 
n.m.r., infrared, and elemental analysis. Although 
sodium cyanide did not react with i t  even upon heat- 
ing the mixture in benzene a t  50' for 4 days, silver 

cyanide gave a quantitative yield of I1 a t  room tempera- 
ture, in accordance with the equation 
BzCla.2HN(CHg)z f 4AgCN --f 

Bz(CN)a*2HN(CH3)g + 4AgCl (6) 

The product was identified as I1 by means of X-ray 
diffraction, infrared spectrum, and elemental analysis. 
The infrared absorption a t  2215 cm.-' is character- 
istic of a covalent bond between boron and cyanide. 
An ionic bond between them would result in absorption 
a t  a much higher wave length, typical of inorganic 
cyanides.22 The amence of this latter absorption 
rules out the possibility of the structure 

-B-CN CN- 
\ 

and, hence, of 
-B-CI c1- 

>NH(CHI)z 

This is further supported by the absence of NH+ 
stretching a t  2735 cm.-' 2 3  and the presence of N-H 
stretchin.g vibration a t  3205 cm.-I. In addition, the 
compound is slightly but appreciably soluble in ether 
and ben2en.e. That IV is not [(CH&NBClz]z is evi- 
dent from their different X-ray diffraction patterns, 
infrared spectra, and behavior toward water. [ (CH& 
NBC12]2 is unaffected by the latterz4 and does not con- 
tain boron-.boron linkage. 

In experiments not reported here, the reaction prod- 
uct of hydrogen fluoride and tetrakis(dimethy1amino)- 
diboron was shown to be a mixture of two components 
by means of thin-layer chromatography. Both were 
insolu'ble in ether, benzene, chloroform, methyl ethyl 
ketone, and tetrahydrofuran and soluble in acetonitrile. 
The chemical analysis was consistent with the equation 
Bz[N(CH,),]e + lOHF + 

B ~ F ~ . ~ H N ( C H ~ ) Z  + 2(CHs)zNH,3HF (7) 

The infrared spectrum showed absorption a t  2777 
ern.-' attributed to NH+ and/or NHz', but the char- 
acteristic N-H absorption a t  about 3200 ern.-' was 
absent. 

The existence of the B-NH(CH3)z group is, therefore, 
probable in this case. 

+ 

(22) I,. J. Bellamy, "The Infra-red Spectra of Complex Molecules," 

(23) Reference 22, p. 260. 
(24) E. Wiberg and K.  Schuster, Z. arzorg. allgem. Chem., 213, 89 (1933). 

2nd Ed.,  London, New York, p. 346. 


