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N, 23.0; C, 59.0; H, 12.1; mol wt, 183.1. Found: B, 5.8;
N, 22.8; C, 58.7; H, 12.2; mol wt (by mass spectroscopy and
cryoscopy in benzene), 155.

1,3,5-Trimethyl-2-dimethylamino-1,3,2-diazaboracyclohexane,
bp 81° (14 .mm), was obtained in an analogous procedure using
hexane as solvent in 779, yield. In a second experiment under
identical conditions the yield was only 189,. Anal. Calcd for
BN:CsHiz: B, 6.4; N, 24.9; C, 56.8; H, 11.9; mol wt, 169.1.
Found: B, 6.3; N, 25.0; C, 56.4; H, 11.8; mol wt (by mass
spectroscopy and cryoscopy in benzene), 169.

The yields cited above represent only one or two experiments in
each case. No attempt has been made to obtain maximum
yields or to improve on them.

Dodecahydrotris((1,3,2)-diazaborino[1,2-¢:1/,2"-c:1'/,2''-¢] )-5-
triazatriborine (IV).—A mixture of 9.8 g (0.1 mol) of tris(di-~
methylamino)borane and 7.4 g (0.1 mol) of 1,3-diaminopropane
was heated in an oil bath of 175° for 2 hr. The reaction product
was distilled 7n vacuo and 5.7 g (709;) of IV was obtained; bp
178-182° (0.1 mm), mp 155°, mol wt 203 (by mass spectroscopy);
caled for BsNsCoHat  mol wt 203.8, lit.* bp 190~195° (1 mm),
lit.4 mp 154-155°.

Discussion

The great potential of the transamination reaction
in preparative boron—nitrogen chemistry? is again dem-
onstrated by the preparation of 2-amino-1,3,2-di-
azaboracycloalkanes. The failure to isolate pure prod-
ucts in which the annular nitrogen atoms are not sub-
stituted with organic groups can be related to the
fact that in the intermediate product, III, all three
boron—-nitrogen bonds are likely to be coplanar.® This
latter situation provides for a ready opportunity for
intermolecular elimination of dimethylamine and forma-
tion of the thermally stable and planar borazine ring
system, IV.

When ethylenediamine was allowed to react with
tris(dimethylamino)borane, a polymeric material was
obtained as primary product. This event seems to
indicate that formation of the 1,3,2-diazaboracyclo-
pentane system competes with the formation of the
linear product (-BNR,~-NH-CH,-CH,NH-),. It ap-
pears possible that ring strain in the five-membered
B-N-C heterocycle may be causing the competing
reaction to occur. On the other hand, N ,N’-disub-
stituted ethylenediamines readily form the cyclic sys-
tem in reasonable yield® and there may be additional
factors which play an important role in directing the
course of the reaction.

The infrared spectra of the 2-amino-1,3,2-diazabora-
cycloalkanes are very similar to the spectrum of tris-
(dimethylamino)borane. This observation is not sur-
prising since their structures are related. The major
difference is the observation of ring pulsation modes
in the B-N-C heterocycles. The frequencies of these
modes were reported for 2-organo-substituted 1,3,2-
diazaboracycloalkanes? ¥ with a tentative assignment
near 850 cm™! for the five-membered rings and near
740 cm~! for the six-membered B—-N-C heterocycles.
This observation corresponds with our present data.

(7) K. Niedenzu and J. W. Dawson, ‘‘Boron-Nitrogen Compounds,”
Springer-Verlag, Berlin, 1965.

(8) K. Niedenzu, C. D. Miller, and S. L. Smith, Z. Anorg, Aligem. Chem.,
in press.

(9) W. Weber, J. W. Dawson, and K. Niedenzu, Inorg, Chem., B, 726
(19686).

(10) K. Niedenzu and P. Fritz, Z. Anorg. Allgem. Chem., 844, 329 (1966).
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Schlesinger, Ritter, and Burg! first prepared the
N-methyl derivatives of borazine in 1938 by heating
mixtures of CH;NH,, NH;, and B;Hs. Because they
were difficult to obtain, very little was known about
these compounds until recently when Beachley? re-
ported new synthetic methods for the four unsym-
metrically substituted N-methyl and B-methyl bor-
azines along with their boron-11 and proton nmr, infra-
red, and mass spectra. As part of a general study of the
mechanism of cleavage of B;Hy we have found that
H;B:N;H;, H;B;N;H,CH;, H;B;N;H(CHs),, H;B;N,-
(CHs)s, and u-CH;NHB:H; can be prepared in a
series of reactions involving B;H,y, NH;, and CH;NH,.

Experimental Section

Materials.—B;H, (Callery), NHz (Matheson), and CH;NH;
(Matheson) were purified by repeated fractionation through low
temperature traps: B;H; (—63 and —95°), NH; (—63 and
—95°), and CH;NH: (—23 and —95°). The fraction condensing
at the lower temperature was retained. Purity was monitored
by gas chromatography and infrared spectroscopy.

Apparatus and Procedures.—All compounds used in this
study were handled in a standard vacuum system. Reactions
were carried out in sealed Pyrex flasks equipped with break-off
tips. Volatile products were detected and separated in an air-
free gas chromatographic system using either a 9.8 ft X 0.25 in.
column of Kel-F on Chromosorb W or a 9.8 ft X 0.25 in. column
of Apiezon-L on Chromosorb W.

Infrared spectra were recorded in the range 4000-600 cm ' on a
Perkin-Elmer 337 spectrophotometer using a 9-cm gas cell
equipped with NaCl windows. Mass spectra were obtained on a
CEC-104 spectrometer.

Proton nmr spectra were recorded on a Varian HA-100 spec-
trometer.

Reactions of Pentaborane(9) with Monomethylamine.—
Measured quantities (Table I) of BsH; and CHsNH; were con-
densed into a 120-ml flask which had been evacuated and cooled
in liquid nitrogen. The reactor was then sealed and the liquid
nitrogen removed. After warming to room temperature the
reaction was allowed to proceed at the desired temperature.
In all reactions a small amount of viscous liquid appeared at the
bottom of the flask shortly after the reaction began. Although
the liquid appeared to form throughout most of the reaction
time, the total amount was never very large, At the end of each
experiment the reactor was cooled in liquid nitrogen and opened
into the vacuum line. Noncondensables were pumped out of the
system, after which the volatile materials were transferred into
the vacuum line and separated by gas chromatography. The
viscous liquid which formed in the reaction turned out to be
nonvolatile and did not transfer out of the reactor.

Reactions of Pentaborane(9) with Monomethylamine and
Ammonia.—The experimental procedure was essentially the
same as that followed in the reactions of B;Hy with CH;NH;
(Table I). Approximately the same amount of nonvolatile
liquid formed.

Pyrolysis of u-Methylaminodiborane.—A measured quantity

(1) H. 1. Schlesinger, D, M. Ritter, and A. B. Burg, J. Amer, Chem. Soc.,
60, 1296 (1938).
(2) O. T. Beachley, Jr., Inorg. Chem., 8, 981 (1969).
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TABLE I
REeAcTIONS OF B;Hy wite NH; anp CH;NH,

— Reactants, mmol——————

B:Hs NHs CH:NH3 Temp, °C Time, hr
1.20 1.20 1.20 25 23
1.20 1.20 1.20 100 1
1.20 1.20 25 23
1.20 1.20 100 1

@ Very small, but easily detectable, amounts.

of u-CH3NHB,H; (1.40 mmol) was condensed into a previously
evacuated 20-ml reactor cooled in liguid nitrogen, after which the
flask was sealed, the liquid nitrogen removed, and the reactor
and its contents, allowed to warm to room temperature. After
heating in an oven at 110° for 1 hr, the reactor was again cooled
in liquid nitrogen and opened into the vacuum line. The volatile
materials were transferred into the vacuum line and separated
by gas chromatography. The resulting products, with yields,
were: Bi;Hp (0.06 mmol), B;H¢ (0.02 mmol), HB;Ns(CH;)s
(0.4 mmol), recovered u-CH;NHB,H; (0.33 mmol), and trace
amounts of HaBaNsHa, HaBaNaHzCHs, and HaBstH(CHa)z.

Results and Discussion

As shown in Table I, H3B3N3H3, HaBaNaHgCHa,
H3B3N3H(CH3)2, HaBaNa(CH;;)g, and /J."CH;;NHBgHE,
were prepared by allowing B;H, to react with NH,
and CH;3;NH,; in the gas phase at 100°. With the ex-
ception of unsubstituted borazine the same products
were formed in the reaction between B;Hy and CH;NH;;
however, the yields of unsymmetrical derivatives were
lower than in the reactions which included NH;, while
the yield of the trimethyl derivative was higher. In
addition to the volatile products a small amount of non-
volatile, highly viscous liquid formed in every reaction.
Others have reported some work on the characteriza-
tion of this liquid.?

Borazine and H;BsN;(CHj;); were identified by com-
parison of the infrared spectra with that of the pub-
lished spectra.* H;B;N;H,CH; and H;B;N;H(CH,),
were identified by infrared, proton nmr, and mass spec-
tra. The data corresponded very closely to those re-
ported by Beachley.? u-Methylaminodiborane was
identified by comparing the infrared and mass spectra
with that of an authentic sample made by the method
of Burg and Randolph.®

The presence of u-methylaminodiborane also sug-
gested a possible mechanism for the formation of the
borazine ring in which B;Hy and the ainine(s) react to
form u-methylaminodiborane followed by conversion to
the borazine ring system. This would be consistent
with the work of Schlesinger, Ritter, and Burg,® who
reported obtaining high yields of borazine by heating
u-aminodiborane. When 1.40 mmol of u-methyl-
aminodiborane was heated at 110° for 1 hr good yields
of H3;B3;N3(CHj); were obtained along with trace
amounts of H;B;N3;H;, H;B;N3;H,CH;, and H;BsN;H-
(CHs);.  This result strongly supports the above mech-
anism for the formation of the trimethyl derivatives

(3) J. E. Field, Ph.D. Dissertation, Tulane University, 1957.

(4) W. C. Price, R. D. B, Fraser, T. S. Robinson, and H. C. Longuet-
Higgins, Discuss. Faraday Soc., 9, 131 (1950).

(5) A. B. Burg and C. L. Randolph, Jr., J. Amer. Chem. Soc,, T1, 3451
(1949).

(8) H.I. Schlesinger, D. M. Ritter, and A. B. Burg, tbid., 60, 2297 (1938).

Nores 979
Products, mmol
L= H;Bs- H;BsNs- H;3;B;N3- H:B3Ns-
CH;NHB:H; NsHs H:CHs H(CHs)2 (CHa)s
0.25 .. 0.01 0.01 o
0.83 0.45 0.21 0.01 a
0.24 ces a a 0.06
0.85 ce a a 0.33

but the formation of unsymmetrical derivatives
probably involves some additional interaction between
u-CH;NHB;H; and one or more of the original reac-
tants. This aspect is currently being investigated.
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In recent years, Raman and far-infrared spectrosco-
pies have been shown to be effective tools for studying
metal~metal stretching vibrations.’=® Having recently
prepared several novel linear polymetallic carbonyls,¢-*
we report the results of an investigation of the Raman
and far-infrared spectra of these and other similar
compounds.

Table I summarizes the metal-metal stretching
frequencies which have been observed in the present
work along with earlier published data. In most cases,
there is little uncertainty about the assignments of
these bands to metal-metal stretching vibrations since
in metal carbonyls »u_co and éyuco lie above 300 cm—?
and Somc modes dre found below 120 cm—*3 One can
further distinguish between vy_ym and dcuc by means of
intensity, the metal-metal stretching modes being
more intense, especially in the Raman spectrum.

Fot the bimetallic homonuclear carbonyls ry-m
appears as an intense polarized line in the Raman
spectra.! This vibration is not allowed in the infrared
spectrum. However, when the molecule is hetero-
nuclear, »y:—n 1S both Raman and ir active but is
generally weak in the far-infrared region.® For
ReMn(CO)y our assignment differs from that of Gager,
Lewis, and Ware.! They assigned a band at 182 cm™!

(1) H. M. Gager, J. Lewis, and M. J. Ware, Chem. Commun., 618 (1966).

(2) N.A.D. Carey and H. C. Clark, ibid., 282 (1967).

(3) D. M. Adams, T. B. Cornell, J. L. Dawes, and R. D. W. Kemmitt,
Inorg. Nucl. Chem. Leiters, 8, 437 (1867).

(4) E. H. Schubert and R. K. Sheline, Z. Naturforsch., 20b, 1306 (1985).

(5) G. O. Evans, J. P. Hargaden, and R. K. Sheline, Chem. Commun.,
186 (1967).

(6) G. O. Evans and R. K. Sheline, J, Inorg. Nucl, Chem., 80, 2863 (1968).



