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the triplet observed for O(CH,),NH:BH,CN, shows multiple
resonance which is not readily resolved. Future proposals
of models for the mechanism of cyanoborane-amine forma-
tion by the reaction of cyanotrihydroborate with amine salts
must accomodate this hydrogen exchange.
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A two-step reaction sequence has been developed for the specific synthesis of 2,4-dichloroborazine, HC1, B, N, Hj, using
readily available starting materials. The procedure involves the initial preparation of a new unsymmetrically substituted
borazine, Cl, [N(CH,), ] B,N,H,, from Cl,B,N,H, and N(CH,),H. This reaction to form Cl,[IN(CH,), | B,N;H, is essen-
tially quantitative and demonstrates the existence of a strong substituent effect in borazine chemistry. The compound
Cl, [N(CH,), | B,N,H, is then allowed to react with B, H, in diethyl ether to form HCl,B,N;H,. The factors influencing
the B, H, reaction have been studied in order to optimize the yield of HCI,B;N;H,. The compound CI{N(CH,),],B;N,-
H, has also been prepared but its instability at room temperature limits its usefulness as a synthetic intermediate. The *H
nmr data and the thermal stability of the compounds in the series Cl,. ,{ N(CH,), ] .B; N, H; are compared.

Introduction

The syntheses of unsymmetrically substituted borazines
present unusual problems in inorganic chemistry. A series
of B-disubstituted borazines' (H)(X)(Y)B3N3H; in which X
and Y are CN, OCN, or Cl has recently been reported.
These compounds, which have unique combinations of elec-
tron-withdrawing and electron-donating substituents, are
readily prepared from an appropriate B-chloroborazine and
silver(I) salt. However, the initial starting material for their
synthesis, 2,4-dichloroborazine, HC1,B3N3Hj, is not readily
available. There is no known procedure for the specific
preparation of HC1,B;N3H;. The compound has only been
obtained previously in small yields from reactions designed
to prepare H,CIB3N;H;.>3

In this paper, we report the results of a research project
designed to develop a series of reactions for the specific syn-
thesis of HC1,B3N3H; in high yield from readily available
starting materials. Qur approach to the problem was to
make use of a reaction,* the exchange of a dimethylamino
group for hydrogen on a boron of a borazine ring using B,-
Hg, which we discovered while studying the Lewis basicity
of H, [N(CH3),1B3N3yH;. Therefore, we synthesized the
previously unkown compound Cl, [N(CHj),]B3N3H; and
studied its reactions with diborane. During the course of
this research, we also prepared CI{N(CH3),] ,B3sN3H; in or-
der to evaluate it as a potential precursor to B-monosubsti-

tuted borazines. The series of compounds Cl [N{CHj),] 3.«

BiN3H; has been investigated with respect to their spectral
and physical properties in order to study systematically the
substituent effects of the Cl and N(CHj), groups.
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Experimental Section

Materials. All compounds described in this investigation were
manipulated in a vacuum line or a purified nitrogen atmosphere.

All solvents were dried by conventional procedures, The compound’®
Cl,B,N,H, was prepared by allowing BCl; to react with NH,Clin a
tube at 200° and purified by recrystallization from »n-pentane. Dibo-
rane® was prepared from NaBH, and H,PQ,. The compound” [N-
(CH,),1,B,N,H, was syuthesized from Cl;B,N,H; and excess N-
(CH,),Hin n-pentane.

Preparation of Ct, [N(CH,),18,M,H,. The new compound Cl,-
[N(CH,), | B,N,H, was prepared by allowing C1,B,N,H; (1 mol) to
react with a stoichiometric quantity (2 mol) of N(CH;),H. Ina typi-
cal experiment, 1.689 ¢ (9.18 mmol) of freshly recrystallized C1,B,-
N,H, was dissolved in 25 ml of dry diethyl ether. To this solution,
18.26 mmol of N(CH,), H was added by condensation at --196°.
Upon allowing the mixture to warm slowly to room temperature
with stirring, a white precipitate (N(CH,), H,Cl) formed. After 30
min, the reaction mixture was filtered to remove N(CH,),H,Cl and
then the ether was removed from the filtraie by vacuum distillation.
The compound CL, [N(CH,), | B,N,H, (1.635 g, 92.3% yield based
on Cl,B,N,H,) remained in the flask as a white crystalline solid. It
had a melting point of 92-92.5° and was identified by its analytical
data and spectral properties. The compound can be recovered un-
changed after standing at room temperature for several days. It can
be purified by sublimation at room temperature to a 0° cold finger.
Anal. Caled for Cl,[N(CH,), | BNy Hy: N, 29.11; CL, 36.83.
Found: N, 29.08;Cl, 36.28.

Preparation of HCL,B.N,H,. Reaction of Ci, [N(CH,),1B,-
N,H, with B,H,. The compound HCl,B,N;H; was prepared by
allowing Cl, [N(CH,), ] B,M,H, to react with B,H, in an appropri-
ate solvent. The experimental conditions for the reaction were var-
ied in order to optimize the yield of HCI,B,;N,H,. The effects of
changing the mole ratio of Cl,[N(CH,),]B,N,H; to B,H, from
0.69 to 1.25, the reaction time from 1.5 to 24 hr, and the nature
of the solvent (diethyl ether, n-pentane, or neat) were studied. The
following experimental procedure maximized the yield of HCL, B~
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N, H, at 58% (based on the quantity of Cl,[N(CH,), | B,;N;H; used).
A 5.28-mmol sample of Cl, [N(CH,), | B,N,H; was dissolved in 25

ml of diethyl ether. Diborane (5.12 mmol) was condensed into the
flask at —196°. The mixture was warmed to room temperature and
stirred for 18 hr. The reaction mixture was then fractionated using
trap temperatures of —46, —63, and —196°, which separated HCl, B;-
N,H,, H,CIB,N,H,, and a mixture of solvent and u-N(CH,),B,Hj, re-
spectively, These components were identified by their infrared spec-
tra® and vapor pressures.®

Preparation of CI[N(CH,),],B,N,H;. The new compound Cl-
[N(CH,),],B,;N,H, has been prepared by two methods, the reaction
of C1,B,N,H, with N(CH,),H and the reaction of [N(CH,),],B;N,-
H, with BCl,. However, it should be noted that the compound is
unstable at room temperature.

Reaction of CI,B,N,H, with N(CH,),H. In a typical experi-
ment 0.33 g (1.82 mmol) of Cl;B;N,H; was dissolved in 25 ml of »-
pentane in a flask equipped with a fritted-disk side arm. To this solu-
tion, 7.27 mmol of N(CH,),H was added by condensation at -196°
and then the mixture was warmed to room temperature. After stir-
ring the mixture for 19 min, the white precipitate which had formed
was removed by filtration. The solvent was immediately distilled
from the filtrate. The resulting white crystalline solid (0.269 g,
73.1% yield based on Cl,B;N;H,) was identified as CI[N(CH,), | ,-
B,N,H, by its spectral and analytical properties.

It should be noted that CI[N(CH,),],B;N,H; is a particularly un-
stable borazine derivative. The very short reaction time used in the
preparative procedure is critical as CI[N(CH,),},B;N;H; decomposed
to form a white nonvolatile solid which is insoluble in pentane. When
a reaction time of several hours is used, only a trace of CI{N(CH,),],-
B,N,H, can be isolated. In addition, the instability of the compound
makes analytical experiments difficult. An accurately tared sample
could not be obtained. However, a nitrogen:chlorine ratio was deter-
mined for a freshly prepared sample. The observed nitrogen to chlo-
rine ratio for CI[N(CH,),],B,;N,H, was 5.053:1.000 whereas the
theoretical value is 5:1.

Reaction of [N(CH,),],B,N,H, with BCl,. In a typical exper-
iment, 0.696 g (3.31 mmol) of {N(CH,),],B,N,H, was allowed to
react with 3.38 mmol of BCl, at room temperature in the absence of
a solvent. The BCl, was rapidly taken up and a colorless solid and
liquid were formed. After a 5-min reaction time, a volatile compo-
nent was removed by vacuum distillation and identified as 2.36 mmol
of C1,BN(CH,), by its infrared spectrum. In addition a small por-
tion of the material remaining in the reaction flask sublimed at room
temperature to a cold finger. This sublimate had an infrared spec-
trum identical with the sample of CI[N(CH,), } ,B,N,H, prepared
by the other route. As the compound CI[N(CH;),],B,;N,H; de-
composes so readily, no attempt was made to optimize the prepara-
tive conditions.

Reaction of Cl, [N(CH,), |B,N,H, with BF,. The reaction of
Cl,[N(CH,), | B,N,H, with BF, was investigated in order to under-
stand the chemical properties of Cl,{N(CH,),]1B,N;H, and the po-
tential products, the fluorochloroborazines. In a typical experiment,
5.237 mmol of BF, was allowed to react with 0.9502 g (4.873 mmotl)
of Cl,{N(CH,), ] B,N;H; in a flask connected to the vacuum line.
The mixture was stirred for 3.5 hr at room temperature. The reac-
tion mixture was then fractionated using trap temperatures of 0, —23,
—78, and —196°, which separated C1,B,N,H,, Cl,FB,N,H, (0.155 g,
19.5% based on Cl,{N(CH,),IB;N,H,), CIF,B,N,H; (0.064 g,
10.0%), and 1.163 mmol of BF,. A nonvolatile residue (0.8616 g)
remained in the reaction flask. The volatile products were identi-
fied according to their mass and infrared spectra.® The desired
product of this reaction, Cl,FB,N,H,, rapidly disproportionates at
room temperature as noted by changes in the mass and infrared spec-
tra, to form Cl;B;N,H; and CIF,B;N,H,. It should be noted that
the presence of diethyl ether from BF,-O(C, H,), facilitates the de-
composition and makes isolation of the products very difficult.

Infrared Spectra. The infrared spectra were recorded in the
range 4000-400 cm™' by means of a Perkin-Elmer 457 spectrome-
ter. Gas-phase spectra were observed using a 10-cm cell equipped with
KBr optics. Solid samples were prepared as Nujol mulls. Absorp-
tion intensities were measured using the method of Durkin, Glore,
and De Hayes.® .

The following give the spectra of Cl, [N(CH,),]B,N;H, and Cl-
[N(CH,),],B;N,H, [frequency, cm™’ (intensity: s, strong; m, me-
dium; w, weak; sh, shoulder)]. Ci,[N(CH,),]B,N;H;: 3450 (s,
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Table I. Nuclear Magnetic Resonance Data (CH;CN Solution)

Compd 8(NH),% ppm 5 (CH), ppm
Cl,B,N,H, —6.08
Cl,[N(CH,),]B,N,H, -4.81 (ortho) -2.59
—5.27 (para)
CI[N(CH,),],B,N,H, -4.18 -2.59
[N(CH,),],B,N,H, -3.06 -2.59

@ The *NH coupling constants could not be resolved.

sh), 3425 (vs), 2960 (s), 2805 (w), 1618 (m), 1520 (vs), 1430 (vs,
br), 1062 (m, sh), 1042 (s), 963 (m), 850 (w), 765 (w, sh), 725 (s),
685 (s), 664 (vs), 650 (s, sh), 580 (w). CI[N(CH,),]1,B;N,H,:
3475 (vs), 2920 (vs), 2800 (s), 1625 (w), 1530 (vs), 1430 (vs, br),
1327 (m), 1275 (vw), 1244 (vw), 1192 (vw), 1101 (s), 1073 (w),
1039 (s), 971 (m, sh), 959 (m), 907 (vw), 840 (w), 746 (m), 693
(s, sh), 680 (vs), 631 (vs), 592 (vw), 540 (vw).

Nuclear Magnetic Resonance Spectra. The 'H nmr spectra were
recorded at 100 MHz by means of a Jeolco HM-100 spectrometer.
The reference compound was tetramethylsilane. The solvent for all
samples was CH,CN. The nmr data are tabulated in Table L

Mass Spectra, The mass spectra were recorded by means of a
Perkin-Elmer Hitachi Model RMU-6E spectrometer.

Results and Discussion

A synthetic route for the preparation of the compound
HC1,B3N;H; has been developed. The preparative reac-
tions, as shown by eq 1 and 2, make use of readily available

Cl;B,N,H; + 2N(CH,),H— Cl,[N(CH,),B,N,H; +

N(CH;),H,Cl 1)
Cl,[N(CH,),}B,;N,H, + B,H, - HC],B,N,H, +
u-[N(CH,), 1B, H; )

starting materials. Furthermore, the yield of HCl,B3N3H,
based on the initial quantity of Cl3B3N;Hj is very good.
The reaction sequence makes use of the initial preparation
of C1,[N(CH3),]B3N3H;. The reaction which leads to its
preparation (eq 1) is essentially quantitative. It is of inter-
est that significant quantities of C1{N(CHj3),],B3N3H; are
not formed and Cl,B3N3H; does not remain unreacted.
These observations suggest that a significant substituent ef-
fect, due to the N(CHj;),, influences the chemistry of Cl,-
[N(CH;),]B3N3H;3. Apparently, the N(CHj), group alters
the chemical properties of the borazine ring to make a boron
atom bound to chlorine in Cl, [N(CH;),]B3N3H; much less
acidic and, hence, less reactive to N(CH3),H than a boron
atom in Cl3B3N3H;. It has been previously noted that the
N(CH,), group is a strong electron-donating substituent*®
whereas chlorine has a very small substituent effect,!:!°
The second step of the sequence, the reaction of Cl, [N-
(CH;),1B3N;H; with B,Hg (eq 2), occurs very readily if di-
ethyl ether is used as solvent. The desired product, HCl,-
B3N3Hj, is easily separated from the reaction mixture. A
very small amount of H,CiB3N3;H; (<1%) but no Cl3B3N;-
Hj is isolated. The yield of HC1,B3N3H;3 depends on the re-
action time and solvent. Short reaction times and neat con-
ditions lead to decreased yields. If pentane is used as the
solvent, only small amounts of HCl,B3N3H; are obtained
and H,BN(CH3), is observed as a product. The nature of
the reaction between B,H¢ and a N(CHj), group and the
possible intermediates in the reaction have been discussed.*
Previous research has shown that BF,;-O(C,Hs), reacts
with an N(CH;), group on a borazine ring to form fluoro-
borazines.’® In an analagous reaction, Cl, [N(CH3), |B3N3-
H; also reacts with BF3O(C,Hs), to form Cl,FB3N;H;.
However, the presence of ether in the reaction mixture
makes isolation of the products very difficult. If gaseous
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BF; is used instead, C1,FB3;N3Hj is obtained in 20% yields
according to eq 3. The low yield of Cl,FB3N;Hj is proba-

BF, + Cl,[N(CH,), |B,N,H, - C,FB,N,H, +
F,BN(CH,), 3)

bly related to the disproportionation of the product to form
Cl3B3N3H; and CIF,B3N3H;3. Both the infrared and nmr
spectra of C1,FB3N3H; vary with time. Similar results®
have been previously observed for the compound.

The 'H nmr data for the series of compounds Cl,_,, [N-
(CH3),1,B3N3H; (x = 0-3) are given in Table I. The chem-
ical shift of the NH protons is dependent on the nature and
the degree of substitution. In contrast, the chemical shift of
the CH protons of the N(CH3), group is constant through-
out the series. Asthe number of N(CH3), groups bound to
the borazine ring increases, the NH resonance moves to high-
er field. However, it should be noted that an “additivity ef-
fect™! for each N(CHj3), group is not observed. There is no
regular change in the NH chemical shift with the degree of
substitution. Similar results' have been noted for the series
H;_,[N(CH;),],B3N3H;. The chemical shift of the CH pro-
ton in the N(CHj;), group remains constant throughout the
series Cl3., [N(CH3),],B3N3H;. This observation might im-
ply that the electron pair on the exocyclic nitrogen is delo-
calized into the ring to the same extent in all the derivatives.
A second explanation, meta N(CH3), groups have little ef-
fect on each other, can also be offered. There are even oth-

Notes

Notes

er possible interpretations. Probably, very little use should
be made of these observations. However, it should be noted
that similar results are observed for CgHs [N(CH3),]} and
CeHa [N(CHs), .

The relative thermal stability of the compounds in the se-
ries is Cl3B3N3H; v [N(CHj), ]| 3B3N3H; > CL, [N(CH;3), |-
B3N3H; >> CI[N(CH3), 1,B3Nz;Hjz. A similar order was ob-
served for the simple dimethylamino derivatives.®> This or-
der might be related to the strengths of the boron-chlorine
and boron-nitrogen (exocyclic) bonds, considering the sub-
stituent effects. The electron-donating ability of the
N(CHj,), group could weaken the boron-chlorine bond,
thus increasing the possibility of producing HC! and even-
tually N(CHj3),H,Cl, an observed decomposition product.
When two N(CH3), groups are present, C1[N(CH3),1,B3"
N;Hj is so unstable that one can monitor the decomposition
using successive infrared scans. There is no doubt that the
instability of CI{N(CH,),1,B3N3H; limits its usefulness as a
synthetic intermediate.
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Conformations of the 3,10-mes¢- and
(3R,10R)-3,5,7,7,10,12,14,14-Octamethyi-1 4,8,11-
tetraazacyclotetradeca-4,11-dienenickel(1l) Complexes
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Complex 1, 3,5,7,7,10,12,14,14-octamethyl-1 4,8,11-tetra-
azacyclotetradeca-4,11-dienenickel(Il) ion, exists as the non-
interconvertible 3,10-meso and 3,10-racemic isomers, since
the complex has two asymmetric carbons at the 3 and 10
positions.?*® In this study the stereochemistry of the 3,10-
meso and 3R,10R complexes has been elucidated by detailed
analyses of their pmr spectra.’
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It is known that the imine methyl protons and the methylene
protons adjacent to the imine bonds in analogous macrocyclic
nickel(IT) complexes are easily deuterated in basic D, 0O solu-
tions®™” and the appropriate deuterated (-d,,) derivatives
(I1) have been prepared for these studies. Spectra 1 and 2
in Figure 1 are those of the 3,10-meso complex and its
deuterated derivative, respectively. Spectral parameters for
both complexes are summarized in Tables I and II.

Direct evidence has not been previously reported on the
positions of the methy! groups on the diaminopropane
residues for the meso ligand (2,9 or 3,10). We have ob-
served two kinds of couplings between the amine proton and
the methylene protons of the five-membered chelate ring for
the rrans-dichloro- and trans-dicyanocobalt(III) complexes
containing this ligand, indicating that the diaminopropane
residue methyl groups must be located at the 3 and 10 posi-
tions

Methyl Protons. The pmr spectrum of each isomer shows
three singlets and one doublet of equal intensity in the high-
field region. These are due to the eight pairwise-equivalent
methyl groups within each isomer. This suggests that the
3,10-meso and 3R,10R complexes have C; and C, symmetry,
respectively. The imine methyl protons are easily assigned

4) Thougg the pmr data of these complexes were reported by
Curtis, et al., P their results were limited to the methyl proton reso-
nances. Some of their assignments are shown to be incorrect by
this study.
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