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The matter of apparatus is more complicated for, as men-
tioned earlier, three major families were used by the various
workers: opposed anvils; multianvils or piston—cylinders utilizing
solid pressure-transfer media surrounding the sample; and gas-
pressured apparatus. In our work with other types of apparatus
or with modified techniques using opposed anvils we have found
some indications of cause for discrepancies in results. For ex-
ample, while our piston—cylinder data generally fitted the curve
shown in Figure 1 up to a limiting pressure of about 13 kbars,
the cusp in this portion of the curve was apparently lowered both
in pressure and temperature. Qur interpretation of this behavior
is that on approaching the p—f conditions of the cusp, the bound-
ary of a very rapid solid—solid transition had to be crossed at
which time the sample-apparatus complex responded with an
exaggerated volumetric change or “‘blowout.”’

Another example was found in the results we obtained on using
a modified sample wafer assembly with the opposed anvils.
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In this series of runs the enclosed platinum-rhodium foils were
omitted and instead the faces of the anvils and nickel ring were
coated with an abrasive (rouge). The melting curve up to 23
kbars obtained with this procedure was displaced in the up-pres-
sure direction and showed some unusual features. This behavior
is attributed to the fact that the use of the abrasive in effect
made the containing ring more rigid than in normal usage, so
that it could support a greater proportion of the load force and,
in general, would be less compliant to volumetric changes of the
sample.

Data and further discussion concerning these two examples will
be found in ref 14, as will a consideration of the marked devia-
tions of the melting curves of Baak and Bell, et al., from the
others shown in Figures 2 and 3.
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The species formed upon preparing saturated solutions of sodium and potassium disulfites (Na;S;0; and K,S:0s, respectively)

have been studied using Raman and infrared (4000-200 cm ™) spectroscopies.
nation of the corresponding solid salts by both techniques.

These studies are supplemented by an exami-
Fifteen lines which are attributable to the disulfite ion appear

in the Raman and infrared spectra, and nine of the Raman lines are found to be polarized. These measurements indicate
an assignment of this ion to the C; point group, consistent with its formulation as an asymmetrical species containing a S-S
bond in contradiction to earlier vibrational investigations by Simon and coworkers.? There is some evidence for the exis-

tence of the hydrogen disulfite (HS,O; ™) ion.

Also, Raman spectra of the sulfite ion (sodium salt) indicate that the degener-

acies of the E modes at ca. 930 and ca. 470 cm ! are removed in concentrated aqueous solution.

In a fundamental review of problems in the hydration
of ions in solution, Taube® noted the incongruity be-
tween the symmetrical 0;5050,2~ structure proposed
for the disulfite ion on the basis of Raman data? and
the asymmetrical one, 0;550,%~, assigned from a com-
plete X-ray determination by Lindqvist and Mortsell,*
confirming an earlier study by Zachariasen.* Although
Raman spectra were obtained for both the solid and
concentrated aqueous solutions,? structural conclusions
were based primarily on the solution measurements.
The case for a definitive assignment of structure for
this ion in aqueous solution is generated by Woolfolk's
bacterial studies,® which indicate that disulfite is the
metabolized species in assimilatory sulfite reduction
with dithionite (S;04*~) formed as an intermediate in
a reversible initial step. Similarly, the dithionite-
disulfite equilibrium is of probable significance in aden-
osine triphosphate dependent hydrogen evolution’®

(1) Public Health Service Predoctoral Fellow, 1968—-1969.

(2) A. Simon and H. Kriegsman, Chem. Ber., 89, 2442 (1956); A. Simon
and K. Waldman, Z. Anorg. Allgem. Chem., 283, 359 (1956); 281, 135 (1955);
A, Simon, K. Waldman, and E. Steger, 7bid., 288, 131 (1956).

(3) H. Taube, Progr. Stereochem., 8, 95 (1962).

(4) 1. Lindgvist and M. Mortsell, Acta Crysi., 10, 406 (1957).

(5) W. H. Zachariasen, 1bid., 1, 268 (1948); Phys. Rev., 40, 923 (1932).

(6) C. A. Woolfolk, J. Bacteriol., 84, 659 (1962).

(7) R. C. Valentine, L. E. Mortenson, and J. E. Carnahan, J. Bfol. Chem.,
238, 1141 (1963).

and NayS,0Os-supported nitrogen fixation® by extracts
of Clostridium pasteurianum, as well as in the reduction
of tetrahydroporphyrin by sulfite and dithionite.® Al-
though a rearrangement to the oxygen-bridged species
in solution is possible, this would represent one of the
more drastic departures from solid structure upon dis-
solution, and it would be difficult to formulate a bio-
logical mechanism for sulfite reduction® incorporating
the symmetrical structure.0:1!

Experimental Procedures

Reagent grade sodium disulfite (J. T. Baker) and potas-
sium disulfite (Fisher) were used without further purification in
preparation of saturated solutions. The disulfite concentration
was approximately 2.5 F. Saturated solutions of sodium sulfite
(J. T. Baker) were similarly prepared. Below pH 3.0 the solu-
tions evolved sulfur dioxide and a previously noted yellow color!?
developed, preventing measurement of a Raman spectrum using
the 4358-A mercury line. Above pH 8.0 the spectrum is char-
acteristic of sulfite ion as the predominant species. The spec-
trum of the solution was measured at several acidities within

(8) R.C. Burnsin ‘“Non-Heme Iron Proteins,” A. San Pietro, Ed., Antioch
Press, Yellow Springs, Ohio, 1965, p 280.

(9) D. Mauzerall, J. Am. Chem. Soc., 84, 2437 (1962).

(10) Sengar and Guptal!!l have conjectured that an equilibrium exists
between the symmetrical and asymmetrical species in aqueous solution, but
this suggestion is largely unsupported experimentally.

(11) H. G. Sengar and V. K. Gupta, Talania, 12, 185 (1965).

(12) H. Basset and A. J. Henry, J. Chem. Soc., 914 (1935).
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TaBLE 1

VIBRATIONAL SPECTRA OF S,0;2~

Raman: Infrared
K:8:05 (aq soln)? K28:05 (solid) K:8:05 (solid)® K28:0;5 (aq soln) Assignment

v, cm ™1 pb v, et v, em 1 y, cm

168 s p (0.25, 147 s A (S,0:27)

200 s p (0.17) 218 s, 195 w 210 s 225 m A’ (8,0;27)

235 vs p (0.40) 245 vs 236 s 250 m A’ (80:27)

309 s p (0.48) 317 s 3183 m 310 vw A’ (80;27)

395 w dp (0.75) 395 w HSO;~

424 s p (0.36) 433 s 439 vs A’ (S0:27)

467 m p (0.48) SO;2~ and HSC,~

510 m dp (0.74) 517 w, 507 vw 500 s A (80527)

558 w dp (0.65) 558 m 558 s 551 w A’ (8:0527)

387 w dp (0.65) 569 w, 564 we 584 we 586 w A’ (8052~ and HSO; )

618 s SO~

837 w dp (0.65) 645 w 649 s 626 m A’ (8,052~ and HSO;7)

655 s p (0.13) 653 s 668 sh 648 m A’ (S,0;27)

685 vw 690 vs, br HSO;~

709 w HSO;™

740 w HSO;~

933 vw SCs2~

966 w p (0.14) 971 w 973 vs 961 s, br A’ (802 and SO427)
1021 s p (0.12) 1022 s HSO;~
1052 vs p (0.11) 1059 s 1058 s 1050 vs A7 (8:0:27)
1085 s p (0.22) 1088 m 1081 vs 1070 m A’ ($:0:27 and $;0627)
1128 m dp (0.77) 1110 s HSO;7; SO42~ in solid-state spectra
1170 w dp (0.78) 1178 m 1176 vs, br 1155 vs, br A (8,0527)
1196 w dp (0.78) 1202 wd 1189 s, sh 1190 s, br A’ (8,0527)
2494 w S—H str in
2521 w HSO;™ and
2543 m HS: 05~

e Abbreviations:
depolarized; depolarization ratios are given in parentheses.
in the spectrum of Na;S$,0s(s), only.

the range pH 3.0-8.0, and pH determinations were made with a
Radiometer Model 22 pH meter.
spectrum was most accurate for solutions of pH cae. 5.5, in which
the equilibrium-dependent concentration of S;0;*~ maximizes
and the spectral lines are most intense.

The majority of the Raman spectra were measured on a Cary
Model 81 Raman spectrophotometer, using the 4358-A mercury
line from a Toronto arc as the exciting frequency. This line was
isolated with a Du Pont Rhodamine 5GDN-Extra filter solution
and an Eastman Kodak Wratten 2a single-sheet filter. The
frequency scale was calibrated in the region 0-4000 cm ™ using
known frequencies for chloroform, carbon tetrachloride, carbon
disulfide, and certain mercury lines. The spectrum of the pH 5.5
aqueotts solution was also measured on a recently acquired laser-
Raman spectrometer, and good agreement was found between
the two sets of spectra. The laser-Raman instrument is a
module system consisting of a Spex Model 1400 double mono-
chromator, a Spectra-Physics Model 112 helium—neon laser (43-
mW monitored power at 6328 A) as the exciting source, a FW-
130 photomultiplier with S-20 coating, and a Victoreen Model
1010 microammeter. The laser-Raman spectra of the solid
potassium and sodium salts were obtained for comparison pur-
poses on multicrystalline pressed pellets mounted on a goniometer
head at an angle of 20° to the incident beam.

The reported Raman frequencies are averages obtained from
values measured in at least four of the best spectra. These
spectra were analyzed using a Du Pont Model 310 curve resolver,
and the frequency analyses by two different individuals exhibited
a precision within =3 em™!. The estimated frequency error is
+=5em~.

The depolarization data were obtained using the laser-Raman
instrument, and they represent the results of multiple sets of
measurements on each peak. Polarized incident radiation was
used with subsequent analysis of the scattered light through
rotation of a Polaroid film, and a polarization scrambler was

vs, very strong; s, strong; m, medium; w, weak; vw, very weak; sh, shoulder; br, broad.
¢ Infrared samples run as carefully dried KBr and CsI pellets.
¢ This band is measured at 566 cm ! in the infrared spectrum of Na;S,0s.

The analysis of the disulfite -

b p, polarized; dp,
¢ Observed

placed between the Polaroid analyzer and the entrance slit of the
spectrometer. Thus, a depolarized line should theoretically
exhibit a depolarization ratio (p) of 0.75. The error in these
measurements is probably not greater than 109 except for the
weakest lines in the spectrum where the errors made in differen-
tiation from background are proportionately greater.

The infrared spectra of the solids were recorded as KBr and
CsI pellets in the 4000-200-cm ~* region on a Perkin-Elmer Model
621 spectrophotometer equipped with an air dryer accessory.
This instrument was calibrated with water vapor, and frequency
placements are accurate to 1 em™. Although the spectra of
both sodium and potassium disulfites were measured, the potas-
sium salt exhibited the best resolution and is recorded in Table I.
Slight oxidation to sulfate and dithionate was observed in the
potassium salt spectra, and extensive oxidation of both salts
occurs on heating in a moist atmosphere at 130° over a period of
24 hr. The infrared absorptions due to 8,052~ diminish in inten-
sity, while absorptions due to SO~ (620 and 1113 ecm™) and
$:062™ (998 and 1243 cm ™) increase in intensity, in agreement
with earlier chemical findings.}? The infrared spectrum of the
K1S:0; aqueots solution was also measured on the above instru-
ment using several drops of the saturated solution lightly pressed
between KRS-5 plates (Barnies Engineering Co.). Because these
absorptions are broad, an accuracy of no more than =5 ¢m ™t may
be anticipated.

Results and Discussion

The Raman spectra of a concentrated aqueous solu-
tion of K;S5:0; and of the solid salt are contained in
Table I. The infrared spectra of K»3:0; in the solid
and in aqueous solution are also included, and the
solid spectrum is in good agreement with previously
published spectra which were measured only above
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600 ecm~—.2:13:14  The infrared and Raman spectra of
the aqueous solution contain lines due to hydrogen
sulfite and sulfite ions, which are in equilibrium with
S:0;2~ in aqueous solution. Also, weak Raman lines
are apparent that are attributable to the most intense
vibrations of sulfate’® and dithionate!® impurities
formed on air oxidation of disulfite.!? Because lines
associated with the oxidation impurities are discrimin-
able only at the limit of instrumental sensitivity, it
is improbable that weaker SO2— and S;0¢2~ vibrational
modes contribute significantly to observed intensities
in other regions of the spectrum.

After taking into account spectral lines due to other
species, 15 frequencies that may be ascribed to the
fundamentals of the S;0;?~ skeleton are observed in
the region below 2000 cm™! in the Raman solution
spectrum. A thorough discussion of the structures
possibly adopted by the S;05%~ ion is presented in ref
2 and is not repeated here. Three of these structures
are shown in Figure 1. For an S-S bonded structure
of Cs symmetry it is anticipated that the vibrations
would be divisible into two frequency groups. The
higher frequency group would contain five lines prin-
cipally attributable to sulfur-oxygen stretches, while
the lower frequency group would contain ten lines
assignable to bending modes and the sulfur-sulfur
stretching vibration. For C, symmetry, vibrations are
of either A’ or A’/ symmetry, and all are both Raman
and infrared allowed. On the basis of the Raman
measurements the high- and low-frequency groups may
be further subdivided, for the A’ modes should be
polarized and the A’’ modes should be depolarized.
For the S-S bonded structure observed in the solid*
(Figure la), three polarized and two depolarized lines
in the high-frequency region and six polarized and
four depolarized modes at lower frequencies are ex-
pected. For the other possible structure of C, sym-
metry (Figure 1b), an identical polarization pattern
in the low-frequency region is anticipated, while one
depolarized and four polarized lines are predicted in
the region of S-O stretches. Electron-pair repulsion
considerations indicate that the occurrence of the struc-
ture shown in Figure 1b is highly unlikely, however.

The symmetrical ion reported by Simon, et al.?
(Figure 1c) would have four polarized and seven de-
polarized lines below 700 cm~! and a single polarized
line and three depolarized lines at higher frequencies.
An examination of Table I shows that the polarization
pattern of the solution species agrees with that pre-
dicted for the structure in Figure la, which is that
found to exist in the solid by X-ray techniques.* The
number of polarized lines in both the high- and low-
frequency regions exceeds the number possible for the
Cqv structure (Figure 1c), while the observation of two
depolarized high-frequency bands attributable to S,05%~
tends to exclude the other asymmetrical species. Fur-

(13) K. Buijs, J. Inorg. Nucl, Chem., 24, 229 (1962).

(14) F. A, Miller and C. H. Wilkins, Anal. Chem., 24, 1253 (1952).
(15) R. E. Hester and R. A, Plane, Inorg. Chem., 8, 769 (1964).
(16) W. G. Palmer, J. Chem. Soc., 1552 (1961).
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Figure 1.2—(a) Structure of C; symmetry observed in solid.4
(b) Other possible structure of Cs symmetry (¢). Structure of
Csy symmetry proposed by Simon, et al.2

o-0

thermore, comparison of measured frequencies in the
Raman and infrared spectra of the solution phase
with those found in the respective spectra of the solid
shows good agreement. The correlation of the spectral
lines measured in the solid and solution phases is per-
haps the strongest evidence indicating that structural
modification is small between these phases.

In the earlier vibrational study? it was argued that
modes which retain the full symmetry of the ion (A’)
should be more intense than the A’’ modes. We ob-
serve that while this is true in general, there does
appear to be an exception. We have assigned the
polarized band at 966 cm~' as an A’ fundamental of
S:0;2—, and it is weaker than the two A’/ modes at
1170 and 1196 cm—!' Although a weak band due
to the » mode of SOz2~ also occurs at ca. 970 cm !
in the aqueous solution spectra, the 966-cm—! band
persists in both the Raman and infrared spectra of
the solid material. No other frequencies possibly at-
tributable to SOz2~ are observed in the infrared or
Raman spectra of the solid, where the band in question
has shifted slightly to 971 cm—!. Simon and coworkers?
indicated that the intensity of the Raman line has a
strong dilution dependence, and they also proposed
that this band is a fundamental of S$;0;2~. Although
the third A’ band could lie masked in the region be
tween 1000 and 1100 cm™!, no corresponding fre-
quency is evident in the vibrational spectra of the solids.

In addition to the polarization measurements, the
Raman spectra differed with the previously reported
spectra’ as follows. In the low-frequency region, a
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strong band at 168 cm ! is found in addition to the four
strong lines reported earlier (235, 309, and 655 cm™).
This polarized band is more intense than would be
anticipated for the depolarized hydrogen-bond stretch-
ing band of water at 152-175 ecm~! ¥ which it overlaps.
The line at 200 cm™! is a strong line in our solution
spectrum, and it was formerly observed as a weak band
in the solid state only. The band at 467 cm~! which
was attributed to S:0;2~ is almost certainly due to
small amounts of HSO;~ and SO32~. In the high-
frequency region (above 950 cm~!) we have assigned
the polarized lines at 966, 1052, and 1085 cm~! as A’
vibrations. In the earlier study,? the 966- and 1085-
cm ! bands were taken to be antisymmetrical modes,
and the 1200-cm~! line was reported only in measure-
ments on the solid state.

Further evidence against the adoption of a Cyy oxy-
gen-bridged structure upon solution is found in a com-
parison of the infrared and Raman spectra. In the re-
gion from 200 to 2000 cm—?! every Raman line is paired
in direct correspondence with an infrared absorp-
tion in the spectra of the solids. This is true for the
solution spectra also, except that the region between
400 and 500 cim—* in the infrared spectrum is obscured
by strong water absorption. This is compatible with
the results that would be anticipated for a C, asym-
metrical structure for which all modes should be both
Raman and infrared allowed, but this observation is
inconsistent with the assumption of a Civ oxygen-
bridged moiety whose A, modes are forbidden in the
infrared spectrum. The Raman-active vibrations above
2000 em—!, which are discussed below, were not ob-
served in the infrared region, and the Raman shift
at 168 cm™! lay beyond the low-energy limit of our
infrared spectrometer. The infrared absorption at
580 cm™! is the weakest of the lines assigned to the
disulfite ion, and it is nearly coincident with a hydro-
gen sulfite vibration of moderate intensity at 586 cm—?
that is observed in an undried pellet. Upon drying,
the 586-cm~! peak disappears concurrent with con-
version of the hydrogen sulfite to disulfite, while the
580-cm ~! line persists. The Raman and infrared modes
at ca. 390 cm~! in the aqueous solution may be at-
tributed to both of these species.

In summary, three lines of argument may be explored
that tend to exclude structural conversion to the O,-
SOS0,*~ structure of Cyy symumetry upon dissolution.
First, the most vigorous of these is the observation
that the vibrational spectra are virtually identical for
the solution and solid phases. Concomitantly, it seems
probable that the C, structure determined to exist
in the solid* is also present in aqueous solution. Sec-
ond, the number of polarized Raman shifts exceeds
that predicted for the structure in Figure lc¢, butitis con-
sistent with the proposed asymmetrical structure. Fi-
nally, since the A, vibrations of a Coy symmetry species
would not be infrared active, one would anticipate
fewer coincident frequencies in the Raman and infrared
spectra. Again, for an S-S bonded structure as in

(17) G. E. Walrafen, J. Chem. Phys., 44, 1546 (1966).
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Figure la, all modes should exhibit both Raman and
infrared activity.

With the assumption that the observed spectra in
both phases are those associated with an asymmetrical
structure (Figure la), a few comments regarding spe-
cific vibrational assignments are appropriate, Simon?
attributed the Raman mode at 655 cm~! to the S-0-S
symmetrical stretching frequency on the basis of its
proximity to that observed for similarly assigned vi-
brations in molecules known to be oxygen-bridged,
such as pyrosulfate. As noted in Table I, this line
is one of six strong lines in the low-frequency region.
One of these should approximately correspond to an
S-S stretch. In thiosulfate this mode is assigned to
a band at 447 cm—!, while a line at 670 cm—! 1s attribu-
ted to an A; deformation.'®*=2¢ In dithionite the sulfur—
sulfur stretch is found at 465 cm~—%2%' but Palmer!®
has assigned the polarized Raman shift at 281 cm™!
in aqueous solutions of sodium dithionate (NasS,Os)
to this mode. Although mixing of the A’ vibrational
modes of disulfite will be important, it is possible that
the principal contribution to the observed shift at
424 cm~! is due to the S-S stretching vibration and
that the band at 655 cm~! is a deformation mode. On
the basis of the present measurements, however, one
may not dismiss a possible assignment of the S-8
stretch to either a lower frequency polarized line or to
the band at 655 cm 1.

In the S-H stretching region three Raman lines are
apparent at 2494, 2521, and 2543 cm™!. The assign-
ment of these lines cannot be made with certainty
on the basis of the present investigation. Simon’s
photographic spectrum? resolved only a single S-H
vibration at 2532 cm ™!, and he attributed this to the
HSO;~ species. From a pH-dependence study of the
equilibria involved in a disulfite solution, Golding??
concluded that the hydrogen sulfite ion containing a
sulfur-hydrogen bond exists in solution in two forms.
In one of these forms the sulfur-bonded proton is
hydrogen bonded to water, while in the other it is
hydrogen bonded to the sulfur of the tautomer HOSO, ™.
Thus, two of the shifts may arise from these species,
which must have slightly different force constants for
the S—H stretch. The third line in this region is more
difficult to rationalize, While Golding’s ultraviolet ab-
sorption studies tend to indicate that the solution
species containing two sulfur atoms is S,0;2~, and
not HS:O;~ or HyS:;0; his measurements were con-
ducted over a limited pH range (pH 3.58-4.60), and
it is possible that a protonated species escaped detec-
tion. The observation of a third Raman shift in this
region does not confirm the existence of the HS,O5~
ion, but more convincing explanations have not oc-
curred to us.

(18) H. Siebert, ‘“‘Anwendungen der Schwingungsspektroskopie in der
anorganischen Chemie,” Springer-Verlag, Berlin, 1966, p 70.

(19) H. Siebert, Z. Anorg. Allgem. Chem., 276, 210, 225 (1954).

(20) However, see also: H. Gerding and K. Eriks, Rec. Trav. Chim., 69,
639 (1950).

(21) A. Simon and H. Kuchler, Z. Anorg. Allgem. Chem., 260, 161 (1949).

(22) R. M. Golding, J. Chem. Soc., 3711 (1960).
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In control measurements on species in equilibrium
with disulfite, the Raman spectrum of a concentrated
aqueous solution of sodium sulfite was recorded. While
our spectrum is in general agreement with that reported
by Evans and Bernstein,?® the degenerate modes »;
and », at 933 and 469 cm !, respectively, each appear
to be split into two components. These are measured
at 950 and 930 cm~! for »; and 480 and 460 cm™!

(23) J.C. Evans and H. J. Bernstein, Can. J. Chem., 33, 1270 (1955).
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for .. Theremoval of these degeneracies is reminiscent
of similar effects for the degenerate frequencies of the
nitrate ion in concentrated solutions.'”-2¢:% The de-
tailed analysis of this perturbation in terms of contact
ion pairing or solvent-separated ion pairing is not
apparent, but the sulfite spectrum may be as sensitive
to these effects as that of nitrate.
(24) D. B. Irishand A. R. Davis, ibid., 46, 943 (1968).

(25) D. E. Irish, A. R, Davis, and R. A. Plane, J. Chem. Phys., 50, 2262
(1969).
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The unsymmetrically substituted 2-chloroborazine H;C1B;N;H; has been prepared in approximately 509 yield from the

reaction of a pyridine complex of 2,4,6-trichloroborazine with lithium borohydride in diethyl ether.

Smaller yields of

HCLB;N:;H; (69,) and H3;B;N:Hs (129;) were also obtained. The reaction of an analogous pyridine complex of

Br;B;N;H; with LiBH; gives H3;B;N3;H; as the major product, not H,BrB;N;Hs.
data for H,CIB;N;H; and HCLB;N;H; have been compared to H3B;N;Ha.

is a weak electron-releasing substituent.

The 'H and !B nmr chemical shift
The 'H nmr data suggest that the chlorine

The preparation of HyCH;B;N3;H; in a 259 yield from the reaction of

H,CIB;N;H; with CH;MgI in diethyl ether is also discussed.

One of the most intriguing problems in borazine
chemistry is the synthesis of the unsymmetrically
substituted derivatives. The logical starting materials
for the preparations of the B-substituted compounds are
the mono- and dichloroborazines. The chlorine can
react with or be exchanged for a large variety of other
groups. There are two previously reported preparative
routes to H,CIB;N;H; and HCLBsN;H; but both
methods have definite drawbacks. In the reaction? of
H;B;N;H; with HgCl,, the formation of the hydrogen
chloride addition compound of borazine significantly
limits the percentage yields of the unsymmetrically
substituted chloroborazines. The reaction?® of H;BsN;Hs
with BCI; suffers from long reaction times and the small
quantities of reagents which can be used in sealed-tube
experiments. In addition, both of these reactions
require the prerequisite preparation of H;BsN;H;, a
tedious step. Therefore, a reaction of the more
readily available 2,4,6-trichloroborazine, which would
give a good yield of an unsymmetrically substituted
chloroborazine, would be a significant improvement
over these existing methods. We wish to report the
reaction of a pyridine complex? of ClI;BsN;H; with
LiBH, in diethyl ether as a good route to HoCIB3;N;Hs.

(1) Presented at the 157th National Meeting of the American Chemical
Society, Minneapolis, Minn., April 1969,

(2) R. Maruca, O. T. Beachley, Jr., and A. W. Laubengayer, Inorg. Chem.,
6, 575 (1967).

(3) G. W. Schaeffer, R. Schaeffer, and H. 1. Schlesinger, J. Am. Chem. Soc.,
78,1612 (1951).

(4) M. F. Lappert and G. Srivastava, J. Chem. Soc., A, 602 (1967).

The proton and boron-11 nmr spectra of the chloro-
borazines have been studied in order to monitor the
effect of a chlorine atom on the borazine ring.

Experimental Section

All compounds described in this investigation were manipu-
lated in a vacuum system or a purified nitrogen atmosphere.
The solvents and reagents were purified by conventional means.
The 2,4,6-trichloroborazine® was prepared by allowing BCl; to
react with NH,Cl in a tube at 200°. The unsymmetrically sub-
stituted chloroborazines® were identified by their vapor pressures
and mass spectra.

Preparation. of 2-Chloroborazine.—In a typical experiment,
5.15 g (65.3 mmol) of dry pyridine was added, by means of a
vacuum distillation, to 6.043 g (82.6 mmol) of Cl3B;N3;H; which
was dissolved in 80 ml of dry diethyl ether. Upon warming the
reaction flask from —196° to room temperature, a white insoluble
solid, a pyridine complex of Cl;B;N;H;, formed. The suspension
was then cooled to 0° and 1.43 g (65.6 mmol) of LiBH, was added
by means of a side-arm addition tube. The mixture was stirred,
warmed to room temperature over a period of about 30 min, and
then fractionated. Trap temperatures of —46, —63, —78, and
—196° separdted 0.279 g of HCLB;N;H; (5.79, based on Cl3Bs-
N3H; reacted), 1.758 g of H.C1B3N3H; (479,), 0.23 g of a mixture
of H:CIB3N3;H; and diethyl ether, and a mixture of H;BsN;H;s
(4.3 mmol by N analysis) and diethyl ether, respectively. It was
very tedious? to remove the ether from the HyCIB;N;H; in the
—78° trap. The reaction flask contained a viscous white mate-
rial which was a mixture of LiCl and pyridine-borane (5.2 g, 56
mmol). It was not possible to detect any unreacted Cl;B3;N3;Hj
or pyridine complexes of chloroborazines but some could have

(6) G. L. Brennan, G. H. Dahl, and R. Schaeffer, J. Am. Chem. Soc., 82,
6248 (1960).



