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The 60-MHz nmr spectrum showed the presence of two CHj-B, 
0.57 ppm, and three CHI-N, 2.97 ppm, groups relative to tetra- 
methylsilane. Other proton resonances were observed in the 
5.3-6.8-ppm region which were attributed to the vinyl grouping 
(85 mol 70). The llB nmr spectrum contained one broad low- 
field peak, - 15 ppm, relative to external trimethyl borate, which 
is characteristic of the borazine ring. All nmr data were in 
agreement with the postulated structure, B-vinylpentamethyl- 
borazine. 

The infrared spectrum was obtained as a thin liquid film be- 
tween sodium chloride plates on a Perkin-Elmer Model 137 
spectrophotometer. The observed vibrational frequencies (cm-I) 
are: 2941 (m), C-H str; 1610 (w), C=C str; 1462 (vs), 
asym CH3 def; 1449 (vs), B-S def; 1389 (vs), sym CHI def; 
1290 (m), 1266 (m), 1099 (m), N-CH3 def; 1015 (m), 940 
(m), C-H out-of-plane def of vinyl group; 880 (m), B-CH3 
def; 685 (w), B-iS def. 

The element analysis was consistent with the theoretical 
values. Anal. Calcd for C7HiaBZN3: B, 18.36; N, 23.78; C, 
47.59; H, 10.27. Found: B, 18.27; N, 23.91; C, 4'7.36; H,  
10.00. 

A sample of B-vinylpentamethylborazinepurified by vapor phase 
chromatography was heated to 600' in a closed system and the 
pressure was monitored during the heating cycle. There was no 
evidence of decomposition up to 460'. Above this temperature, 
decomposition occurred as evidenced by gas evolution. This 
gas was identified by mass spectrometric analysis as primarily 
methane and small amounts of hydrogen and ethane. 

I t  was observed that B-vinylpentamethylborazine was more 
stable thermally and hydrolytically than B-perfluorovinylpenta- 
methylborazine. B-Perfluorovinylpentamethylborazine under- 
goes thermal decomposition a t  370" and hydrolyzes readily in 
moist air.2 
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The preparation of the 1,7-CzBsHs carborane system 
has been previously described The structure of 
the C,C'-dimethyl derivative has been determined by 
Hart and Lipscombs and has been shown to be essen- 
tially that which had been initially 

Previously, 1,7-C&& and its C-methyl derivatives 
were obtained in moderate yield by the pyrolysis of di- 
carbanonaborane(l3) ,6 C2BTH13, or its C-methyl deriva- 
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tives in diphenyl ether. The yields approached 30y0 
for the Be s y ~ t e m . ~ - ~  

In this work, the slow, low-pressure pyrolysis of Cz- 
B,H13 or the appropriate C-methyl derivatives formed, 
as major products, 2,4-CzBjH717--0 1 ,7-C2B&, 1,7- 
C2BiHg, and 1,F-C2BgE.llo or their corresponding C- 
methyl derivatives together with diboranc and hy- 
drogen. 

In another study, 1,7-C&& was allowed to stand 
a t  room temperature for 4 weeks in the presence of 
excess diborane. The products of this reaction are 1,7- 
C2B7H-0 and 1,B-CzBgHlo which are formed in approxi- 
mately 30 and 10% yields, respectively. These data, 
plus the fact that the addition of diborane during the 
pyrolysis of C2B7H13 in diphenyl ether gives enhanced 
yields of 1,6-C2B8Hlo2 and very little 1,7-CzB~Ha, sug- 
gest that the thermal decomposition of C2B7H13 yields 
diborane, hydrogen, and 1,7-CzBsHg. This step may be 
followed by progressive recombination of 1,7-C2BoH8 
and diborane to yield 1,7-CzB~Hg, l,F-C2BsHlo, and 
hydrogen. The direct reaction of CZBiH13 and di- 
borane to yield 1,F-CzBaHlo may also occur 

CzBiHu ---f 0.5BzH~ + CzB& 4- Hn 

CnBeHg + 0.5BzHa + CeB7Hg + Hz 

C2BiHg + O15B2H6 + CnBsHio 4- Hz 

C Z B ~ H I ~  + 0.5B2Hs + CSB~HIO + 3H2 

The yields of 1,f-CzB~Hg obtained in the present study 
are about double (see Table I) those obtained previ- 
o ~ s l y , * ~ ~  and conversion is substantially complete. 

Yield,a % 
1 . 4  

62.7 
6 . 6  
5 . 9  
2 . 4  

57.2 
9 . 5  
6 . 1  
4 . 6  

54.0 
11.0 
4 . 0  

Experimental Section 
The apparatus for the pyrolysis consisted of a 50-nil llask 

fitted with a ground-glass joint to a 25-mm o.d.,350-mm medium- 
walled Pyrex tube, packed with 6-mm Pyrex beads and attached 
to a standard high-vacuum line. The tube was maintained a t  
360' by the use of a 1 in. X 4 ft heating tapelo wrapped about the 
tube and a thermometer. The temperature was controlled by a 
Thermo-0-Watch 

I n  a typical experiment, 2.4245 g (21.5 mmol) of C ~ B ~ H I ~  was 
placed in a flask which was maintained a t  48" with an oil bath 
and attached to the bottom of the vertical hot tube. The entire 
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system was maintained under high vacuum. The off-gases were 
trapped a t  liquid-nitrogen temperature which allowed the hydro- 
gen to be continuously removed. The contents of the trap were 
separated by fractional condensation,12 through traps a t  0, -80, 
and -196". The 0" trap contained 0.0675 g (0.6 mmol) of 
unreacted C Z B ~ H I ~ ,  and the -196" trap contained 0.5 mmol of 
B2H8, both identified by infrared spectra. The -80" (Dry Ice, 
2-propanol) trap contained 1.7689 g of a semisolid, white ma- 
terial. A 0.5-1111 portion of n-pentane was added to liquefy the 
- 80' fraction and the resulting solution was then passed through 
a vpc13 in 0.5-ml increments. Four major fractions were collected 
in traps maintained a t  -80". The products were identified by 
infrared and nmr s p e ~ t r a . ~ * ~ ~ " ~  

Derivative and reaction chemistry is currently under study on 
the 1,7-CzBsHs and the 1,7-CzB,Hs systems. 
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We have recently reported that the reaction of 
HBBCO and water yields not only B(OH)3, CO, and 
Hz but also hydroxymethylboronic acid. We now 
report that analogous reactions occur between H3BCO 
and alcohols 

HsBCO + 3ROH + B(OR)3 f CO + 3Hz (1)  
HDBCO + 2ROH + (R0)zBCHzOH f Hz ---f 

1 

ROB /CH20\BOR (2) 
\ /  

OCHz 
I1 

Although reaction 1 accounts for most of the prod- 
ucts a t  O o ,  reaction 2 occurs exclusively a t  -78'. 
This is consistent with the suggestion that reaction 1 
occurs as a result of the initial dissociation of H3BC0 
and subsequent solvolysis of the diborane formed.' 
At -78' dissociation of HBBCO would be negligible 
and thus account for the absence of reaction 1 a t  low 
temperatures. 

The hydroxymethylboronic esters (I) could not be 
isolated as such but eliminate alcohol to form the di- 
meric cyclic esters (11). A similar cyclic boronic acid 
anhydride has been reported previously.2 In the 
present work concrete evidence for ring structure I1 
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was provided by the rapid hydrolysis of the cyclic 
esters in moist air to yield the dimeric hydroxymethyl- 
boronic acid anhydride.l This facile hydrolysis is 
inconsistent with the other possible dimeric structure 
involving a four-membered B-0 ring.3 

We also prepared an ester (11) in high yield by re- 
action of HCl with ethanolic solutions of K+H3BC- 
(0)OCzHb- a t  0'. 

Experimental Section 
Standard vacuum procedures and T apparatus were used 

throughout. 
Materials.-The HaBCO used was generated as needed by the 

action of 85% phosphoric acid on an appropriate amount of 
potassium boranocarb~nate .~?~ The K+H~BC(O)OCZH~- (potas- 
sium 0-ethylboranocarbonate) was prepared in a manner simi- 
lar to that for (Kf)~H3BC022-. It was found in this study 
that the initial product in the reaction of HIBCO and ethanolic 
KOH at  -78" is K+H3BC(0)OCzH5-. If the ethanolic KOH 
solution containipg this compound is warmed, the K+HaBC(O)- 
OCzHs- reacts with the hydroxide to precipitate (K+)zH3BC0z2-. 
If ,  however, an equal amount of diethyl ether cooled to -78" is 
added to the cold solution of KfH3BC(0)OCsH5-, the compound 
precipitates and can be isolated by filtration and washed with a 
cold 1 : 1 ether-alcohol mixture. The yield is about 75% based on 
the initial amount of diborane' used. Anal. Calcd for K+H3BC- 
(O)OCzH5-: C, 28.5; H, 6.34; K, 31.1. Found: C, 27.6; 
H ,  6.11; K, 31.8. The equivalent weight was determined by 
titration of an aqueous solution with standard HCl: calcd, 
125.9; found, 121.6. 

The Reaction of Gaseous H3BC0 and Alcohol.-The proce- 
dures for the reactions of HaBCO and methyl, ethyl, and iso- 
propyl alcohols were similar to that described for the reaction of 
gaseous HsBCO and water.' When 2.15 mmol of HIBCO and 
10 ml of absolute ethanol were allowed to react a t  -78" for 10 
days, 1.80 mmol of hydrogen had evolved but no carbon monox- 
ide. When the reaction mixture was allowed to warm slowly 
to room temperature an additional 0.90-mmol quantity of hydro- 
gen and carbon monoxide evolved. When the ethanol solution 
remaining was allowed to  pass through a trap a t  -23' the dimeric 
ethyl ester6 (11) (mp l o )  condensed in this trap. From the total 
amount of noncondensable gas evolved, it was determined that 
reaction 2 accounted for about 92y0 of the products under these 
conditions. Anal. Calcd for (CZH~OBCH~O)~:  C, 41.8; H, 
8.16; B, 12.6. Found: C,40.5; H,8.27; B, 12.5. Themolecu- 
lar weight was determined cyroscopically in benzene: calcd for 
the dimer, 171.6; found, 173.1. This reaction was also carried 
out so that the H3BCO and ethanol were allowed to warm rapidly 
to 0" and stand at  this temperature for 2 days. In this case the 
yield of the ester was 20%. 

The reactions of HlBCO and methyl and isopropyl alcohols were 
carried out by allowing the reactants to stand a t  -78" for 1 day 
and then to warm slowly to room temperature over a 1-day period. 
Under these conditions the methyl ester was formed in 50% yield 
(reaction 2). The solid dimeric methyl ester was separated by 
distillation of the methanol solution through a -23" trap. 
Anal. Calcd for (CH3OBCHtO)z: C, 33.4; H, 6.95; B, 15.0. 
Found: C, 34.4; H, 6.70; B, 14.6. Molecular weight: calcd 
for the dimer, 143.6; found, 141.0. Under the same conditions the 
isopropyl ester was prepared in 95% yield. This ester (mp 6') 
was separated from the isopropyl alcohol by distillation through 
a trap at  0". Anal. Calcd for (C~HTOBCH~O)~:  C, 48.1; H, 
9.02. Found: C ,  47.5; H, 9.03. Molecular weight: calcd for 
the dimer, 199.8; found, 195.0. 

Reaction of HCl and Ethanolic K+HsBC(0)OCzH5-.-In a 
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