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figuration of two Bg fragments necessary to result in 
condensation to form n-BlyHzp. I t  is important to ob- 
serve that examination of a model of n-Bi8Hzz reveals 
the fact that cleavage of this molecule into two Bg 
fragments produces either two threefold symmetrical BY 
structures similar to i-BgH16, or two less symmetrical 
fragments having the boron arrangement of n-BgH15. 
Similarly, separation of a model of i-B18H22 into two Bg 
components in all cases leads to one fragment having the 
threefold symmetry of i-ByH15 and the other fragment 
having the boron structure of n-B9H16. These facts 
could account for the absence of i-B18Ht2 in the products 
of the decomposition of i-BgHle although it is to be noted 
that there are no reported physical properties for i-Bl8HT2 
and small yields might escape detection in our workshop. 

It is also interesting to note that Wang, Simpson, 
and Lipscomb discussed formation of BgH13L com- 
pounds in terms of a hypothetical BYH16 molecule of CsV 
symmetry and argued against the existence of the latter 
on the basis of violations of topological theory.‘* We 
cannot now be certain that i-BSHl5 has the structure 
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suggested by them (and indeed the instability of the 
substance niay effectively prevent more detailed struc- 
tural studies than those based on nmr). If the struc- 
ture is assumed to be correct, this provides an interest- 
ing measure of the strength of one assumption of topo- 
logical theory: the steric effects of attaching two bridge 
hydrogens to a boron attached to four other nearest 
neighbor borons are not as severe as first considerations 
might suggest. If true, numerous new structures can 
be considered as intermediates in synthesis of boranes 
or in rearrangement reactions. Sufficiently delicate 
studies may succeed in isolating one or more additional 
compounds and shed additional light on an important 
aspect of borane chemistry. 
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Octaborane-12 has been found to be a strong monobasic Lewis acid; several compounds of the type BBHlz.L were prepared. 
Octaborane-12 was nearly quantitatively converted to hexaborane-10 by limited hydrolysis and in about 45y0 yield to  n- 
nonaborane-15 by diborane. A new octaborane, octaborane-14, was prepared from octaborane-12 in a two-step conversion. 

Introduction 
The earlier literature contained several reports of the 

probable existence of an octaborane-12 but it was not 
until 1964 that such a compound was isolated from the 
products of a discharge reaction involving diborane, 
pentaborane-9, and  hydrogen.?^^ This method of 
preparation is not satisfactory for producing workable 
quantities because of low yield and simultaneous pro- 
duction of many other boranes requiring difficult and 
tedious separations. Only one other compound which 
could be considered to be an octaborane-12 derivative 
has been reported, C2H6NHBaHllNH2CpH5. 4-6 
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thought t o  be C*HsNHs+B,HizNHzC*Hs- but which was identified as the 
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In the course of recent work in this laboratory a 
method was developed by which one can prepare gram 
quantities of octaborane-12 as part of a readily sepa- 
rated reaction mixture. It thus seemed opportune to 
undertake the investigation of some of the chemistry of 
this little known borane. 

Experimental Section 
Methods.-Standard high-vacuum techniques were employed 

wherever possible throughout this investigation and have been 
treated elsewhere? Direct weighing of octaborane-12 was in- 
advisable because of its poor thermal stability. When crude 
measurements of quantity were sufficient, it was convenient to 
measure octaborane-12 by noting the volume of frozen sample a t  
-45’ in a calibrated tube. The density reported from X-ray 
studies was used to calculate  eight.^ When care was taken to 
avoid bubbles in the sample, the accuracy of this method was 
found to  be within about 5%. When quantitative measurements 
were necessary, they were obtained by difference using a tared 
reaction tube and accurate weights of other more easily handled 
reagents. 

Materials.-The octaborane-12 used in this work was prepared 

(7) R. T. Sanderson, “High-Vacuum Manipulation of Volatile Com- 
pounds,” John Wiley and Sons, Inc., New York, N. Y.,  1948. 
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by decomposition of isononaborane-15 as described elsewhere.8,Q 
All other solvents and reagents were highest purity commercial 
grades and were carefully dried before use to avoid reaction with 
the moisture-sensitive materials, 

Nuclear Magnetic Resonance.-The nmr data cited in this 
work were obtained using a Varian Model 4300B spectrometer 
operating a t  19.3 MHz. Chemical shifts are reported relative to 
0.0 ppm for B F ~ . O ( C Z H ~ ) Z  and were obtained using an external 
standard with calibration by the side-band technique. 

Some Precautions for Handling Octaborane-12 .-In order to 
handle this material successfully without undue decomposition, 
it is essential that all transfers be made through a minimum 
distance and that the highest possible vacuum be maintained in 
the system by continuous evacuation. Condensation directly 
into a closed tube is recommended for only small samples, less 
than about 1 mmole. Larger samples are best handled by affixing 
the receiving vessel to the bottom of a U trap in order that the 
transfer may be carried out with continuous pumping. After 
transfer to the U trap the sample is allowed to melt and run into 
the receiver with little or no apparent decomposition. When the 
presence of diethyl ether is not objectionable, it is convenient to 
use i t  as a solvent since octaborane-12 is greatly stabilized in 
ethereal solution. 

IlB Nmr Spectrum of Octaborane-l2.-The nmr spectrum of 
octaborane-12 was determined in pentane solution a t  about 
-30'. The spectrum consisted of two simple doublets of equal 
intensity a t  (ppm, cps): -6.8, 168; 20.5, 153. 

Reactions of Octaborane-12 
Diethyl Ether.-Octaborane-12 (0.51 mmole) and di- 

ethyl ether (15.49 mmoles) were condensed into a tube 
and sealed from the vacuum system. A white precipi- 
tate formed during warming but redissolved as the mix- 
ture neared room temperature. Cooling reprecipitated 
the solid a t  temperatures above the melting point of 
octaborane-12. No appreciable amount of hydrogen 
was found upon opening the reaction tube to the vacuum 
system. Excess ether was recovered by pumping on 
the reaction mixture for 2 hr a t  -45" and a white solid 
was deposited in the reaction tube. The recovery of 
14.96 mmoles of ether, a loss of 0.53 mmole, established 
the composition of the residue as BsHlz[O(C2H6)2 11.~1. 

The residue remained solid a t  room temperature and 
if opened to a liquid nitrogen cooled trap appeared to 
sublime slowly. Two distinct condensation bands 
could be observed, one above the nitrogen level and one 
below. The llB nmr spectrum of octaborane-12 in 
diethyl ether was very similar to that of the pure hy- 
dride. The spectrum consisted of two doublets of equal 
intensity a t  (pprn, cps) : -3.4, 169; 20.0, 141. 

Trimethylamine.-An nnir tube was charged with 
2.80 mmoles of octaborane-12, about 4 ml of diethyl 
ether, and 6.90 mmoles of trimethylamine and sealed 
under vacuum; the reaction mixture was allowed to 
warm to room temperature. A white precipitate formed 
during warming as in the experiment when only ether 
was present but did not redissolve when thoroughly 
warm. The IlB nmr spectrum was found to be very 
different from that of octaborane-12 in ether. After 
about 30 min at  room temperature the tube was opened 
to the vacuum system; no hydrogen was found. All 
volatiles were removed to a tared tube containing about 

(8 )  J. Dobson, P. C. Keller, and R. Schaeffer, J .  Am. Chem. SOC., 81, 3522 
(1965). 
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10 mmoles of hydrogen chloride and the mixture was 
allowed to react. The triniethylammonium chloride 
formed was 4.11 mmoles, a loss of 2.79 mmoles, in good 
agreement with the formation of a 1 : l  adduct. Re- 
crystallization of the product in vacuo from acetonitrile 
gave material which, redissolved in acetonitrile, ex- 
hibited a llB nmr spectrum identical with that ob- 
tained from the reaction mixture. The spectrum con- 
sisted of an unresolved lower field structure with a peak 
a t  1.0 ppm, a sharp, intense peak a t  7.8 ppm, and a 
moderately intense peak at  15.7 pprn; an intermediate 
field triplet was observed a t  29.2 ppm, J = 126 cps, 
which was somewhat overlapped with the low-field 
group, and a t  highest field a cleanly resolved doublet 
was observed a t  54.3 ppin, J = 155 cps. The integrated 
intensities of doublet : triplet : low-field group were in 
the ratios 1.50:1.05:5.90. 

Acetonitrile.-A reaction tube was charged with 1.76 
mmoles of octaborane-12 and 10.96 mmoles of aceto- 
nitrile, sealed under vacuum, and allowed to warm to 
room temperature. After about 30 min the tube was 
reopened and only traces of hydrogen were found. 
Excess acetonitrile was removed and found to be 9.19 
mmoles, a loss of 1.77 mmoles, in good agreement 
with the formation of BsHls. NCCHI. Recrystalliza- 
tion of the slightly yellow residue from acetonitrile 
afforded white crystalline material. The IlB nmr spec- 
trum of the product in acetonitrile bore an obvious 
family similarity to that of the trimethylamine adduct. 
It consisted of an unresolved low-field group with peaks 
a t  -2.1, 4.4, and 11.5 ppm, an intermediate field struc- 
ture which appeared to be an overlapping triplet and 
doublet with peaks a t  20.5, 26.7, and 33.2 ppm, and a 
well-resolved high-field doublet a t  54.7 ppm, J = 152 
cps. The integrated intensities of these structures 
were in the ratios 5.0: 1.9: 1.0, respectively. 

When a solution of BJZlz.NCCH3 in acetonitrile was 
treated with an equimolar amount of trimethylamine, 
the IlB nmr spectrum indicated an immediate and, 
within the limits of nmr detection (ca. 5%)) quantita- 
tive conversion to BsHlz. N(CH8)s. 

Diborane.-A reaction tube of about 30-nd capacity 
was charged with 2.25 mmoles of octaborane-12 and 
about 40 mnioles of diborane, sealed from the vacuuni 
system, and placed in a hromobenzene slush bath; the 
mixture was allowed to react a t  -30'. A considerable 
amount of liquid diborane was present a t  the reaction 
temperature. During the reaction the solution 
yellowed slightly and rather large crystals deposited. 
After 4 hr the reaction was quenched with liquid nitro- 
gen, the tube was opened, and hydrogen (1.98 mmoles) 
was collected by a Toepler pump. The excess diborane 
was stripped off a t  - 112O, and the remaining volatiles 
were allowed to distil from the reaction tube a t  room 
temperature. The residue, a somewhat sticky solid, 
was transferred to a sublimator, and only decaborane- 
14 was recovered. The residue which did not sublime 
was apparently polynieric material and was not fur- 
ther investigated. Fractionation of the volatile prod- 
ucts, using a low-temperature fractionating column, 
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yielded octaborane-12 (0.28 mmole), n-nonaborane-15 
(0.89 mmole), and decaborane-14. The combined 
decaborane-14 yield was 0.80 mmole. 

Water.-Octaborane-12 (0.57 mmole), water (1.87 
ninioles), and approximately 3 nil of diethyl ether were 
condensed into an nmr tube, and the mixture was al- 
lowed to warm to room temperature with shaking. 
After about 2 hr a t  room temperature the IlB nmr 
spectrum was recorded and found to be completely 
assignable to hexaborane-10. The tube was opened 
and 2.35 mmoles of hydrogen was collected by a Toepler 
pump. Fractionation of the volatile products yielded 
only hexaborane-10, vapor pressure 7.5 mm a t  0" (lit.'O 
7.47 mm). The yield, 0.56 mmole, was 98% based upon 

(1) 

In one experiment water was added in small incre- 
ments to an ethereal solution of octaborane-12 (0.43 
mmole) and the course of the reaction was monitored 
by observing the IlB nmr spectrum and measuring 
evolved hydrogen. It was found that as little water as 
1 mole/mole of octaborane- 12 effected nearly complete 
decomposition of the latter. The spectrum also showed 
resonances not attributable to hexaborane-10 ; these 
were doublets a t  approximately 20 and 40 ppm. When 
the addition of water mas continued these extraneous 
resonances persisted even after the water : octaborane-12 
ratio had well exceeded 3. Their relative intensities 
seemed to be affected little, if a t  all, by the addition of 
water and represented a substantial part of the total 
intensity. Addition of water was terminated when the 
mole ratio was 3.6. Fractionation of the volatile prod- 
ucts yielded only hexaborane-10 (0.36 mmole). No 
other volatile boron-containing material was found, 
and the involatile residue, redissolved in ether, ex- 
hibited a llEl nmr spectrum which appeared to be a 
simple singlet a t  -19 ppm. A plot of evolved hydro- 
gen 11s. added water was a very straight line with a slope 
of 1.20 until the water: octaborane-12 ratio approached 
2, after which the line broke to an apparent slope of 
about l /3.  

Alkynes.-Octaborane-12 and acetylene were allowed 
td  react in ether solution a t  room temperature for about 
1 hr. Only traces of hydrogen appeared in the reac- 
tion products. Fractionation of the volatile materials 
yielded a small amount of white crystalline solid which 
was of comparable volatility to decaborane-14. Fur- 
ther fractionation of the solid material was monitored 
by mass spectrometry and showed a t  least two com- 
ponents to be present. The more volatile fraction 
had a parent mass envelope in the m/e range from 
114 to 124 with a maximum intensity a t  118; the parent 
mass envelope of decaborane-14 was quite dissimilar to 
that observed in this case. The less volatile material 
had parent mass peaks from 101 to 111 with the maxi- 
mum a t  107. 

An nmr tube was charged with about 0.35 mmole of 

BsHlz f 3HzO + B6H1O f BLOA f 4Hz 

(10) A. B. Burg and R. Kratzer, I?zoi.& Chem., 1, 725 (196'2). 

octaborane-12, 2.5 mmoles of ethylacetylene, and about 
0.5 ml of toluene, sealed, and allowed to warm to room 
temperature. The llB nmr spectrum of the reaction 
mixture was found to be quite complex. Upon opening 
the tube, 0.017 inmole of hydrogen was removed and 
all volatiles were transferred to the vacuum systeirl by 
prolonged pumping. Fractionation yielded 1.7 mmoles 
of ethylacetylene and a small amount of very low vola- 
tility liquid which exhibited a IlB nmr spectrum nearly 
identical with that recorded from the reaction mixture. 
A sample of volatile product was injected into a silicone 
gum rubber gas chromatograph column operating a t  
about 140". After about 30 min the first component 
emerged followed by a t  least six others. Separation 
was poor, all components overlapped well into succeed- 
ing components, and the peaks were very broad. A 
similar experiment using an Apiezon L column failed 
to show any emerging components after 4 hr. 

Sodium Hydride,-In a typical reaction a 200-nil 
flask was charged with approximately 15 mmoles of 
octaborane-12, 50 ml of diethyl ether, about 100 mmoles 
of sodium hydride, and a magnetic stirring bar. After 
sealing from the vacuum system, the reaction mixture 
was stirred a t  0" for 8 hr; during the course of the 
reaction the solution became slightly yellow. The 
flask was then reopened and an appreciable amount of 
hydrogen was removed which ranged in various experi- 
ments between 0.58 and 0.66 mole/'mole of octaborane- 
12 used. The ethereal solution was filtered from excess 
sodium hydride and concentrated by evaporation to a 
thick oil. The oil mas taken up in a small amount of 
water made slightly basic with potassium hydroxide and 
then added to a concentrated, aqueous solution of tetra- 
methylammonium chloride. The resulting curdy yel- 
low precipitate was filtered, washed with water, and 
dried under vacuum overnight. Extraction of the 
product with acetonitrile was effective in removing in- 
soluble impurities. No suitable solvent for recrystal- 
lization was found, and a product of suitable purity for 
final identification could not be obtained. Analysis of 
several samples judged quite pure by the "cleanness" 
of their IlB nmr spectra quite definitely showed a B : N- 
(CH3)4+ ratio of 8, but the hydrogen content as assayed 
by the hydrolytic hydrogen to boric acid ratio showed a 
range from BBHl1.6- to B8H12.0- in three samples with a 
fourth sample a t  B8H13.0-. 

Sodium Amalgam.-Ethereal solutions of octa- 
borane-12 were allowed to react with three- to fourfold 
molar excesses of sodium amalgam for several hours a t  
room temperature. Upon opening to the vacuum 
system, no appreciable amount of hydrogen was found. 
When the reaction products were separated from the 
amalgam and worked up as described for the sodium 
hydride product, a tetramethylammonium salt was ob- 
tained which appeared identical in llB nmr spectra and 
solubility properties with the product obtained in the 
sodium hydride reaction. In  addition, two analyses 
gave calculated compositions of B8H11.6- and B8H12.1- 

in good agreement with the data obtained from the 
sodium hydride product. 
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Octaborane-14, B8HI4 
Preparation.-Octaborane-14 was prepared and iso- 

lated in the apparatus shown in Figure 1. This ap- 
paratus was designed after initial experiments con- 
ducted in sealed tubes indicated that severe decom- 
position (estimated by nmr as about 30%) occurred 
when octaborane-14 was distilled only a few inches 
through the conventional vacuum system. 

'0" RING SEAL 

B A R R E L  ASSEMBLY OF 7 "0" RING STOPCOCK 

71/60 
JOINT 

r Igure i.-~ppararus ror isoiauon or ocraDorane- 14. 

Hulb H was charged with U.l-U.lS g 01 either tetra- 
methylammonium salt described above and enough 
hydrogen chloride was added to ensure complete 
wetting of the solid by liquid hydrogen chloride a t  the 
Dry Ice slush bath reaction temperature. After the 
reaction had proceeded about 0.5 hr, the excess hydro- 
gen chloride was carefully distilled away, and complete 
removal was ensured by several hours continuous 
pumping on the material held a t  Dry Ice slush bath 
temperature. Condensing finger C was lowered into A 
by turning screw E, the finger was filled with liquid 
nitrogen, and bulb A was warmed to -45" by replac- 
ing the Dry Ice bath with a chlorobenzene slush bath. 
The apparatus was continuously evacuated and after 4 
hr the collection of product was terminated. C was 
raised and the female taper was rotated 180" which 
positioned bulb A below D. D was then screwed down 

to set its O-ring tip firmly in the neck of bulb A to 
prevent contamination of the sample by any volatile 
impurities which might distil from A upon warming. 
C was lowered into B which was chilled with liquid 
nitrogen, and the liquid nitrogen in C was allowed to 
evaporate to transfer the product into B. When trans- 
fer was completed the nitrogen level on B was slowly 
lowered until the product had moved into the receiving 
tube affixed to the bottom of B. The receiving tube, 
usually an nmr tube for a preliminary monitor of purity, 
was then sealed from the apparatus. 

The IlB nmr spectrum was determined in pentane 
solution a t  -30 to -40". The spectrum consisted of 
three nearly completely resolved doublets with 6 and J 
values of (ppm, cps): -24.1, 161; 21.4, 163; 38.9, 
154. The integrated intensities were 2.0 : 4.0 : 2.0, 
respectively. The thermal stability of octaborane-14 
was qualitatively assessed in llB nmr experiments. 
A sample was warmed to room temperature for about 
1-1.5 min and the llB nmr spectrum was observed; only 
resonances attributable to octaborane-12 were now 
found. A sample warmed to 0" for about 0 5 min was 
approximately 30% decomposed to octaborane-12. 
A sample held a t  -30" for 1 hr decomposed approxi- 
mately GYo as estimated by the octaborane-12 intensity. 

Analysis. A. Total Pyrolysis.-A sample of octa- 
borane-14 was prepared as described and sealed in a 
5-mm 0.d. quartz tube equipped with a magnetic 
break-tip. The llB nmr spectrum revealed no appre- 
ciable amount of octaborane-12. The saniple tube was 
then attached to a quartz pyrolysis tube having deep 
indentations to prevent a straight-line path to the 
vacuum system. After evacuation and heating the 
pyrolysis zone to a bright glow, the sample tube was 
opened and the sample was allowed to distil slowly into 
the hot zone with continuous Toepler pump operation 
to remove the hydrogen as it formed. Hydrogen was 
measured volumetrically and boron was dissolved in 
nitric acid for titration of boric acid as the mannitol 
complex using the identical pH method. The observed 
H : B ratio was 1.82 corresponding to B8HI4+,. 

Hydrolysis of Octaborane-l4.---.A sample was 
prepared and the I'B nrnr spectrum was found to have 
no extraneous resonances. Hydrolysis was carried to 
completion by heating the sample to 100' for 24 hr in 
the presence of about 2 ml of water. The hydrolytic 
hydrogen was measured volumetrically and the boric 
acid by titration of the mannitol complex. The 
observed hydrolytic hydrogen to  boric acid ratio was 
2.37 in good agreement with the theoretical value of 
2.375 demanded by the hydrolysis of octaborane-14. 

C. Decomposition to Octaborane-12 and Hydrogen. 
-The purity of a small sample was verified by nmr 
and the sample was then allowed to decompose quan- 
titatively by warming to room temperature for 2 min. 
The IlB nmr then showed only very pure octaborane- 
12. The tube was opened, hydrogen collected by a 
Toepler pump, and a weighed quantity of trimethyl- 
amine condensed into the tube. After allowing reac- 
tion with trimethylamine the excess amine was re- 

B. 
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covered and measured. The hydrogen collected was 
0.127 mmole and the trimethylamine consumed was 
0.129 mmole. The product was identified as BaHIP. 
N(CH3)S by virtue of its IlB nmr spectrum, 

Discussion 
One of the most striking features of octaborane-12 is 

the ready formation of simple Lewis base adducts. 
The reactions of other boranes with bases are char- 
acterized by either hydrogen elimination or skeletal 
degradation. In  the former category, the borane-base 
adducts B2H4L2, B4HsL, BgH13L, and BluHlzLs are 
formally related to, although not actually acccssible 
from all cases, known boranes by base addition ac- 
companied by hydrogen loss. The second broad cate- 
gory includes the BH3- and BH2+-cleavage reactions 
which occur with diborane, tetraborane-10, penta- 
borane-9 and -1 1, hexaborane-12, and n-nonaborane-15. 
Pentaborane-9 most nearly approaches the behavior of 
octaborane-12 by forming an adduct containing 2 moles 
of trimethylamine although this apparently undergoes 
slow degradation.ll 

The llB nmr spectrum of octaborane-12 cannot be 
unambiguously assigned from the structure (Figure 
2-1) determined by X-ray diffraction studies. The 
symmetry of the molecule, as it exists in the solid state, 
shows five types of b o r o n ~ . ~ , ~  There are three pairs of 
equivalent borons-B-3,6, B-4,5, and B-7,8-and two 
unique borons-B-1 and B-2. A reasonable assign- 
ment of this structure to the observed nmr spectrum 
might be accidental overlap of B-4,5 and B-7,8 to give 
the low-field doublet and overlap of B-1, B-2, and B-3,6 
to give the higher field doublet. Alternatively, it  is 
possible that in the liquid state and in solution a rapid 
exchange of bridge hydrogens effectively increases the 
molecular symmetry to Cz,. This would lower the 
number of unequivalent types of borons to three. 
Assignment of this model requires only accidental over- 
lap of the doublets arising from B-1,2 and B-3,6 

Although the position of base addition to octaborane- 
12 is not known, both the IlB nmr data and the reaction 
with water suggest some structural conclusions. These 
results are consistent with a structure, Figure 2-111, 
which has the substituent bonded to a B-4 boron. In  
fact, this is a predicted structurc for this type of com- 
pound. l2  

The llB nmr spectra of both the acetonitrile and tri- 
methylamine derivatives are seen to consist of a t  least 
five separate resonances, indicating a substantially 
lower symmetry than the parent hydride. The simpler 
spectrum of ethereal octaborane-12 solutions is prob- 
ably due to such a rapid dissociation of the ether corn- 
plex a t  room temperature that in the time of the nmr 
experiment an ether ligand has attacked all of the B- 
4,5,7,8 borons. Such an exchange would have no 
net effect upon the apparent molecular symmetry and 
the llB nmr experiment would detect an apparently 
uncomplexed octaborane-12, except perhaps for some 

(11) R. Schaeffer, unpublished results. 
(12) W. N. Ligscomb, J .  I n o v g .  Nz4cl. Cizem., 11, 1 (1LW). 

Figure 2.-I, structure of o~taborane-12;~,3 11, structure of 
CzHjSHBsH11SHzCzHfi;4’6 111, predicted structure for BsH12.L 
adducts;12 IV, a predicted 4412 structure for octaborane-14;20~2i 
V, a 6230 “hybrid” structure for octaborane-14. 

change in the magnetic environment of the borons af- 
fected by the exchange process. This change in mag- 
netic environment could explain the upfield shift of 
the low-field doublet of octaborane-12 in ether solution 
with respect to the corresponding resonance from pure 
octaborane-12. With the stronger bases a 1 : 2 : 1 triplet 
resonance and a characteristic high-field doublet reso- 
nance are observed, each of intensity corresponding to 
one boron. The former establishes the presence of a 
BH2 group and the latter, if given the usual assign- 
ment of an apical boron, makes a B-3 substitution un- 
likely since this would lead to two equivalent (or nearly 
equivalent, depending upon hydrogen distribution) 
apical borons in which case a high-field doublet or 
doublets with a total intensity corresponding to two 
borons would be expected. Additional support for 
base attack a t  B-4 is the nearly quantitative degrada- 
tion of octaborane-12 to hexaborane-10 since the hexa- 
borane-10 framework could be obtained directly by 
removal of the B-4 and -5 borons. Thus, a structure 
paralleling that of CzHsNHB8HllNHzCzH5,4,5 Figure 2- 
11, seems reasonable. 

In  view of the facility of neutral base addition to 
octaborane-12, i t  appeared reasonable to attempt 
formation of a BBHIJ- anion by reaction of octaborane-12 
with a metal hydride. This system turned out to be 
considerably more complex and no concrete identifica- 
tion of products has yet been made. Both the stoichi- 
ometry of hydrogen evolution during the reaction and 
analyses of the product lend some support for an cm- 
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pirical formulation BsHiZ-. This formula was also 
supported by the formation of an apparently identical 
product from the reaction of octaborane-12 with sodium 
amalgam without loss of hydrogen. If the gross com- 
position is indeed BsHL2-, then it appears necessary to 
consider the possibility of a mixture such as B~HII-  
and BBH1a- or a dimer, B1&242-, since a BsH12-  would 
be a free radical. l3 

The reaction of octaborane-12 with diborane helps 
to clarify the difficulty of isolating octaborane-12 from 
diborane-rich interconversion systems such as the 
pyrolysis and discharge reactions of diborane. In  a 
period of only several hours a t  a temperature as low as 
-30" octaborane-12 is nearly completely converted to 
other products. It is interesting that the only discrete 
products formed in detectable amounts, n-nonaborane- 
15 and decaborane-14, are formed in approximately 
equal yield. This product distribution might be ex- 
plained if diborane, acting as a base, attacks a B-4 
boron of octaborane-12. Subsequent rearrangement of 
the incoming boron to a position between B-4 and -5 
would yield n-nonaborane-15 while rearrangement of 
the new boron to a position between B-4 and -8 results 
in formation of isononaborane-15. Nearly equal 
facility of the two rearrangement paths would result 
in nearly equal n-nonaborane-15 and decaborane-14 
yields since the latter is formed in good yield from iso- 
nonaborane-15 under the conditions of the reaction. l4 

The nearly quantitative conversion of octaborane-12 
to hexaborane-10 by limited hydrolysis would seem to 
extend a class of reaction, two of which have been re- 
ported. Pentaborane-11 and hexaborane-12 both yield 
tetraborane-10 when treated with water. 16,16 In  both 
of these cases as well as the octaborane-12 degradation, 
the net result is formation of a borane with one or two 
less BH units. The exact stoichiometry of the octa- 
borane-12 degradation is not known although nearly 
quantitative yields of hexaborane-10 are obtained with 
water: octaborane-12 molar ratios of about 3, corre- 
sponding to formation of Bz03 as the oxygen-containing 
product. 

An experiment to determine the minimum amount of 
water necessary for the degradation to hexaborane-10 
was inconclusive because stepwise addition of water 
resulted in formation of products other than hexa- 
borane-10. However, i t  was found that as little as 1 
mole of water/mole of octaborane-12 was sufficient to 
effect nearly complete disappearance of octaborane-12 
nmr resonances. The secondary products could not 
be assigned from their nmr spectra but appeared to be 
stable in the reaction mixture. The initial rate of 
hydrogen evolution, slightly more than 1 mole/mole of 
added water, suggested the first oxygen-containing 
product might have a composition of approximately 
B2H20. It is interesting to note that the conversion of 

(13) The possibility of a stable free radical is thought to be unlikely both 
because of lack of precedence in boron hydrides and because the material 
gives a discrete, sharp-line IlB nmr spectrum. 

(14) J. D. Odom, personal communication. 
(15) J. L. Boone and A. B. Burg, J .  Am. Chem. Soc., 80, 1519 (1958). 
(16) D. F. Gaines and R. Schaeffer, Inoug. Chem., 3, 438 (1964). 

octaborane-12 to hexaborane-10 was also a primary 
process in the gas-phase decomposition of octaborane-12 
as was reported in the mass spectral study of the n 
nonaborane-15 system. We have also observed this 
mode of decomposition in the mass spectrometer 
with pure samples of octaborane-12. 

Octaborane-ll.--The identification of this com- 
pound as an octaborane rests upon several points. 
First, the integrated area ratios of the l l B  nmr spec- 
trum, 2 : 4 : 2 (or 1 : 2 : 1), requires a molecule with mul- 
tiples of four boron atoms. Second, the composition 
established by analysis, B4H7, limits these to the even 
multiples, i.e., B&114, B16HZ8, etc. Third, the volatility 
(slow distillation a t  -45") is normal for an octaborane 
but is much too high for a hexadecaborane. Finally, 
the quantitative decomposition to octaborane-12 and 
hydrogen suggests an initial octaborane species. In 
view of these data and the anticipated difficulty of ob- 
taining reliable molecular weight information for such 
an unstable material, the customary molecular weight 
determination was not attempted. 

There appears to be only one reasonable structure 
consistent with the simplicity of the octaborane-14 
nmr spectrum. The absence of triplet resonances 
strongly suggests that  no BH2 groups are present and 
therefore that the six extra hydrogens are present as 
B-H-B bridge groups, as shown in Figure 2-V. For 
this structure, the midfield doublet of intensity corre- 
sponding to four borons is assigned to the only set of 
four symmetry-equivalent borons, B-4,5,7,8. The 
remaining assignment of the B-1 and -2 borons to the 
highest field doublet may be tentatively suggested on 
the basis that  resonance of apical borons is often a t  high 
field. 

No single 6230 bond arrangement satisfying the con- 
nectivity rules of the topological theory set down by 
Lipscomb and Dickerson could be found;1s*19 however, a 
ti230 "resonance hybrid" structure such as depicted 
in Figure 2-V would appear to be a satisfactory com- 
promise. Considered separately, neither structure 
adequately connects all nearest neighbor borons but a 
hybrid structure would. 

Two satisfactory 4412 structures, Figure 2-IV and 
one similar to 2-1 but with an extra terminal hydrogen 
on both B-4 and B-5, have been proposed.20i21 They 
are much more difficult to reconcile with the l l B  nmr 
data, although it is possible that they might not ex- 
hibit the expected BH2 triplet resonance in the event 
of a rapid hydrogen tautomerism equilibrating B-4,5,7,8 
or if the BH2 groups have a unique hydrogen which 
does not spin couple to boron as appears to be the case 
in the apical BH2 resonance of pentaborane-1 1 . 2 2 * 2 3  

(17) J. F. Ditter, J. R. Spielman, and R. E. Williams, Inovg .  Chem., 6, 

(18) R. E. Dicketson and W. N. Lipscomb. J .  Chem. Phys., 27, 212 (1957). 
(19) W. N. Lipscomb, "Boron Hydrides," W. A. Benjamin, Inc., New 

York, N. Y., 1903, pp 49-53. 
(20) See ref 19, pp 58-80. 
(21) W. N. Lipscomb, l n ~ g  Chem , 3, 1683 (1964). 
(22) R. Schaeffer, J. N. Shoolery, and R. Jones, J .  Am. Chem. Soc., 79, 

(23) R. E. Williams, F. J. Gerbart, and E. Pier, Inorg. Chem., 4, 1239 

118 (1966). 

4009 (1957). 

(1965). 
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It is interesting that octaborane-14 and isononabor- 
ane-15 appear to share an unusual structural feature; 
the IlB nmr spectra suggest that in both these mole- 
cules the entire open periphery of the boron framework 

methods previously used in X-ray diffraction studies of 
other boranes will succeed with these materials. Final 
determination of the structures of such unstable mate- 
rials may require the use of other structural methods. 

is B-H-B bridge bonded. This is a violation of topo- 
logical principles based upon hydrogen atom crowding 
and perhaps explains the extreme ease with which these 
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materials lose hydrogen.24 It seems unlikely that the (24) See rei 19, 5 2 ,  rule 9, and 60. 
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Synthesis of decaborane by two different routes allows preparation of molecules labeled with a boron isotope in specific posi- 
tions. Boron-1 1 nmr and mass spectra of the decaborane synthesized by reaction of nonaborohydride-12 TT ith hydrogen 
chloride in the preseuce of diborane and of the product obtained by the decomposition of i-loBaHij in excess 11B2Hs as solvent 
indicates that  decaborane has one isotopically labeled boron atom per molecule. Chemical and spectral evidence establish 
that  the label is in the 6,Q and 5,7,8,10 positions. Partial conversion from an i-BBHlS to a n-B8Hl3 is postulated to account 
for labeling in the 5,7,8,10 position. 

Introduction 
The synthesis of boron hydrides with isotopic labels 

in specifically known positions is of current interest 
with respect to the implications concerning the mech- 
anism of the route selected for synthesis whether or not 
a specific synthesis is achieved and also as a source of 
labeled molecules for possible use in the elucidation of 
the mechanisms of other reactions of boron hydrides. 
Various deuterium-labeled tetraboranes, pentaboranes, 
and decaboranes have been prepared by a number of 
workers. 3-7 The possible ready migration of hydrogen 
atoms at  room temperature or below in the pure boranes 
or during the course of further reactions makes boron 
skeletal labeling of particular importance. The un- 
selective methods generally used for preparation of 
boron hydrides makes the preparation of skeletally 
labeled boron hydrides a rather formidable task. The 
successful preparation of IlB ‘OBaHlo with the llB label 
in the 2,4 position from loB sodium triborohydride, 
hydrogen chloride, and normal diboranes suggested an 
analogous method of preparing specifically IOB-labeled 
decaborane by the reaction of either tetramethylam- 
monium nonaborohydride- 12 or tetramethylammonium 
nonaborohydride-14 with hydrogen chloride and loB 
diborane. Decaborane was successfully prepared from 
either of the nonaborohydride anions and this is the 
first time in which the authors are aware that a higher 

(1) For paper XXIV of this series see J. Dobson and R. Schaeffer, I n o r g .  
Chem. ,  7, 402 (1968). 

(2) Presented before the Inorganic Division a t  the 163rd National Meet- 
ing of the American Chemical Society, Miami, Fla., April 1967. 

( 3 )  A. D. Norman and R. Schaeffer, Znorg. Citem., 4 ,  1225 (1965). 
(4) T. P. Onak and R. E. Williams, ib id . ,  1, 106 (1962). 
( 5 )  T. P. Onak, F. J. Gerhart, and R. E. Williams, J. Am. Chem. Soc.,  86 ,  

(6) J. A. DuPont and M. F. Hawthorne, ib id . ,  84,  1804 (1962). 
(7) I. Shapiro, M. Lustig, and R. E. Williams, i b i d . ,  81,  838 (1959). 
(8) R. Schaeffer and F. Tebbe, ibid. ,  84 3974 (1962). 

1784 (1963). 

boron hydride has been prepared from a planned syn- 
thesis. The 19.3-MHz llB nmr spectrum of the deca- 
borane obtained from the reaction of either tetra- 
methylammonium nonaborohydride-12 or teramethyl- 
ammonium nonaborohydride-14 with hydrogen chlo- 
ride in the presence of 1°B2H6 showed a small but re- 
producible reduction in the low-field peak of the deca- 
borane spectrum. The value of the ratio of the 
intensity of the high-field peak of the triplet to that 
of the low-field peak was 1.15 i 0.04 for the log- 
labeled decaborane prepared from tetraniethylammo- 
nium nonaborohydride-12 us. the value of 1.03 * 0.03 
observed for normal decaborane. Since the low-field 
peak of the triplet arises froin overlapping doublets of 
the 1,3 and (\,9 boron atoms, the boron label is in either 
the 1,3 or G,D positions.”l0 -1 pvior i ,  it  would seem more 
probable that the label is in the exterior G,9 position 
rather than the interior 1,3 position. 

Since the effect of a loB label on the IIB spectrum of 
decaborane is rather small, a decaborane containing a 
IlB label was synthesized to facilitate determination 
of the position of the label and to simplify study of the 
reactions of the labeled compounds. 

Experimental Section 
Spectroscopic Techniques.-The IlB nuclear magnetic reso- 

nance spectra were obtained with a TTarian .\ssociates HA-60-11, 
high-resolution spectrometer operating a t  19.3 MHz. The spec- 
trum of B9Hlr- from the degradation of 11B10BnH14was obtained on 
the same instrument operating with a Varian C1024 time-aver- 
aging computer locked on B(C2Hj)a in an internal capillary. 
A spectrum of 11BjOBSHl4 was also obtained with a T’arian Associ- 
ates ITA-100 high-resolution Spectrometer operating in the JIR 

($1) R. E Williams a n d  I. Shnpii-o, . I .  C/VJ>Z. Phys. ,  29,  D77 (1958). 
(10) The numbering system is that  recommended for boron compounds i n  

“Preliminary Report of the Advisory Committee on the Nomenclature of 
Organic Boron Compounds.” available f rom Chemical Abstracts Service. 


