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Pyrolyses of the Triaminodioxyphosphoranes XIII, XV, XVI, and 
XIX. The phosphoranes XIII, XV, XVI, and XIX were stable up 
to 140°. Decomposition was quite rapid in the temperature range 
of 155-160 °. No volatile perfluoro ketones were evolved during the 
pyrolyses. The residues were analyzed by P31 nmr with the follow
ing conclusions: (1) pyrolysis of the hexafluoroacetone-pyrrolidino 
phospholane adduct, XIII, at 155°; no phosphoroamidate, XVII, 
was produced. Two P31 nuclei were produced in a 1:1.6 ratio. 
The minor signal was a triplet, 5P31 = +16.6, /PF = 954 cps; 
the major signal was a quintuplet, <5P31 = +144.6 ppm, JPF = 704 
cps. (2) With pyrolysis of hexafluoroacetone-dimethylamino-
phospholane, XV, at 160°, there were two nuclei in a 1:3 propor
tion. The minor signal was a triplet at 5P31 = +16.3, JFF = 955 
cps. The major signal was a quintuplet at 5P31 = +144.4 ppm, 
/PF = 713 cps. (3) With pyrolysis of the trifluoroacetophenone-
pyrrolidino phospholane adduct, XVI, at 155°, there were small 
amounts of amidate, XVII, at 5P31 = —23.8 ppm. There was a 
triplet at 5P31 = +15.0 ppm, 7PF = 961 cps. There was a very 
weak quintuplet,, which was not calibrated. (4) With pyrolysis of 
the trifluoroacetophenone-dirnethylaminophospholane adduct, 
XIX, at 158; three nuclei were present in a 2.5:1:3.0 proportion 
respectively at 5P31 = -27.5 ppm (amidate XX), a triplet at 5P31 = 
+ 15.2 ppm, and a quintuplet at 5P31 = +144.5 ppm. 

Reaction of Fluorenone, XXII, with 2-N-Pyrrolidino-l,3-dimethyl-
1,3,2-diazaphosphoIane, XII. A solution of the aminophosphine 
XII (4.2 g) in 5 ml of CH2Cl2 was added over a 5-min period to 
a stirred solution of fluorenone, XXII (8.5 g, 2 mole equiv), in 5 ml 
of CH2Cl2 at 0°. The solution changed immediately from yellow 
to orange, and within 10 min crystallization took place. The 
mixture was kept 24 hr at 20°, and the solvent was evaporated 
(20 mm). The yellow solid was triturated with five 100-ml portions 
of ether. The colorless solid, XXIII (3.26 g), had mp 140-142°, 
and was analyzed without further purification. It can be recrystal-
lized from benzene-pentane. 

Anal. Calcd for C34H34O2N3P: C, 74.6; H, 6.2; N, 7.7; P, 
5.7. Found: C, 74.7; H, 6.4; N, 7.9; P, 5.3; 6P31 = +40.3 
PPm(CH2Cl2). 

The H1 nmr in CDCl3 had 16 aromatic protons at T 2.5 and 3.1, 
and 18 aliphatic protons which included a doublet at r 7.46, 
/HP = 9.7 cps (CH3N), a multiplet centered at T 6.7 (a-CH2), 
and a multiplet at r 8.2 (/3-CH2). 

The infrared spectrum in CH2Cl2 had bands at Gu): 6.25 (w), 
6.35 (w), 6.95 (m), 7.50 (m), 8.30 (s), 8.65 (s), 9.05 (m), 9.30 (m), 
9.6 (s), 9.95 (s), 10.5 (s), and 10.75 (s). 

The ether solution was evaporated giving 9 g of additional 
material; the spectral characteristics of the latter were very similar 
to those of pure adduct XXIII; total yield: 90%. 

I n one of the preceding papers of this series,1 we 
reported the syntheses and properties of salts, free 

acids, and coordination compounds derived from uni-
negative ligands of the general formula2 [H„B(pz)4-n]~ 
where n was 0, 1, and 2. The above structures where 

(1) S. Trofimenko, J. Am. Chem. Soc, 89, 3170 (1967). 
(2) "pz" stands for the 1-pyrazolyl residue. 

Thermal Decomposition of the Fluorenone-2-N-Pyrrolidino-l,3-
dimethyl-l,3,2-diazaphosphoIane, XXIII. a. In Diglyme. A 
solution of the adduct (1.85 g, 3.4 mmoles) in 5 ml of diglyme was 
heated 30 min at 150°. The pale yellow solution became dark 
red. The P31 nmr spectrum contained only one signal for the 
amidate, XVII. The solution was passed through a column 
(12 X 1 in.) of neutral alumina. The column was eluted with 
C6H6 and the deep red fraction was collected. This solution was 
distilled first at 20° (20 mm) to remove benzene, then at 100° 
(0.1 mm) to remove the diglyme. The residue was sublimed at 
150° (0.1 mm) to yield fluorenone (50% of the theoretical based on 
dissociation of the 2:1 adduct into the 1:1 adduct), identified by 
its infrared spectrum. No pure material could be obtained from 
the dark residue. 

b. In Benzene. A benzene solution of the adduct XXIII 
was kept at reflux for 5 hr. The P31 nmr spectrum showed only 
traces of the amidate and unchanged adduct. 

Reaction of Fluorenone, XXII, with Tris(dimethylamino)phosphine, 
V. The aminophosphine (2.66 g, 16.3 mmoles) was added to a 
solution of fluorenone (2.93 g, 16.3 mmoles) in 6.5 ml of methylene 
chloride (2.5 M) at 20°. The solution became deep red within 1-2 
min. The infrared spectrum was examined at intervals. After 
4 hr, the reaction was about 90% complete. The infrared 
band at 5.85 y, due to fluorenone had almost disappeared; the 
infrared band at 10.18 n characteristic of hexamethylphosphoro-
amidate had appeared. The P31 nmr spectrum contained only a 
single peak at 5P31 = —23.9 ppm due to the amidate. The solution ' 
was evaporated, and the residue was distilled at 0.1 mm and a 
bath temperature of 150° to recover the amidate (2.40 g, 82%). 
The solid residue was recrystallized from benzene to yield dibi-
phenyleneethylene, XXIV, in about 50% yield; it was identified 
by comparison of its infrared spectrum with an authentic sample. 
One recrystallization from ethanol gave deep red needles of XXIV, 
mp 183-185° (lit.13 mp 187°). 

A series of reactions of fluorenone with tris(dimethylamino)-
phosphine was carried out in methylene chloride solution at 20° 
with the reagents in 2:1, 1:1, and 1:2 proportions. The course of 
the reactions was followed by infrared and P31 nmr spectrometry. 
When 1 mole of the aminophosphine was added to 2 moles of the 
fluorenone, 1 mole of the latter remained unchanged at the end of 
the reaction. When 2 moles of the aminophosphine was added to 
1 mole of fluorenone, the latter was completely consumed, but 1 
mole of the aminophosphine remained unchanged at the end of the 
reaction. In the equimolar reaction, both reactants were con
sumed; the amidate was isolated in 85% yield and the dibiphenyl-
eneethylene was isolated in 50% yield; the latter was formed in 
excess of this amount. 

n is 2 and 1 are parent compounds, each representing 
a new class of coordinating ligands. The former is 
bidentate, resembling conventional chelating agents 
such as acetylacetonate ion; the latter is tridentate 
of C3v symmetry and as such without precedent. Their 
optical, electronic, and nmr spectroscopic properties 
have been reported3 as has the intriguing case of spin 
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Table I. Compounds of Structure M 

Y 
Xv j l >X 

H 2 B - ( N ^ N 

Color 

White 

White 
(green
ish 
tinge) 

Purple-
violet 

Orange-
red 

Purple-
violet 

Orange-
red 

M 

Mn 

Fe 

Co 

Ni 

Co 

Ni 

X 

CH3 

CH3 

CH3 

CH3 

CH3 

CH3 

Y 

H 

H 

H 

H 

CH3 

CH3 

Mp, 0C 

190-192 

218-220 

242-245 

245 dec 

282-283 

259-260 
dec 

Yield, « — 
% C 

59 52.2 

34« 52.1 

23° 51.7 

53 51.7 

65 55.3 

57 55.3 

Calcd, "/ 
H 

6.96 

6.94 

6.88 

6.88 

7.68 

7.68 

N 

24.1 

24.1 

21.5 

21.5 

7 
O 

M 

11.9 

12.1 

12.6 

12.6 

Z 

MoI wt 
461 

MoI wt 
462 

C 

52.3 

52.5 

51.9 

52.0 

55.6 

55.5 

Found, 
H 

7.20 

7.21 

6.98 

7.03 

7.45 

7.26 

N 

23.9 

23.8 

22.3 

22.0 

°7 
^ M 

12.0 

12.0 

12.4 

12.2 

Z 

MoI wt 
496» 

MoI wt 
4516 

Ultraviolet 
spectrum, 

mn 0) 

224 (26,500) 

222 (21,800) 

o Yields of recrystallized material. b Ebullioscopic in ethylene chloride. 

equilibrium4 found in Fe[HB(pz)3]2. A single-crystal 
epr study of Co[HB(pz)3]2 has also been published.6 

In extending our work in the boron-pyrazole chem
istry area, it was desirable to determine what effect the 
presence of diverse substituents on carbon or boron 
would have on the properties of transition metal poly-
(l-pyrazolyl)borates and to devise synthetic approaches 
to such compounds. This paper reports some of the 
results of our studies from this point of view. 

We shall consider, in turn, (A) bidentate ligands 
containing substituents on carbon (Ia) or boron (Ib) 
and the chelates derived therefrom, and (B) tridentate 
ligands with substituents on carbon (Ha) or boron 
(lib) and their compounds with transition metals. 

X 

R2B-K-N^-N); 

Ia, R = H; X and/or Y/H 
Ib, R* H; X = Y-H 

RB-(-N^-N) 

Ha,R = H;Xan4torY^H 
IIb,R?*H;X = Y = H 

A special case of lib, [B(pz)4]
_, has been discussed be

fore. 1 

Results and Discussion 

A. Bidentate Ligands. Bidentate ligands of struc
ture Ia were prepared satisfactorily by the reaction of 
potassium borohydride with 3,5-dimethylpyrazole and 
3,4,5-trimethylpyrazole in dimethylformamide or di-
methylacetamide. The potassium salts were not iso
lated; the resulting solutions were used to prepare 
directly the first-row transition metal chelates of struc
ture Ilia (X = CH3, Y = H, and X = Y = CH3), 
where M = Mn(II), Fe(II), Co(II), Ni(II), and Zn(II), 
which were obtained in fair yields (see Table I). The 
colors of these compounds were, essentially, the same 
as those of their C-unsubstituted analogs, M[H2B(pz)2]2. 

(3) J. P. Jesson, S. Trofimenko, and D. R. Eaton, J. Am. Chem. Soc, 
89, 3148 (1967). 

(4) J. P. Jesson, S. Trofimenko, and D. R. Eaton, ibid., 89, 3158 
(1967). 

(5) J. P. Jesson, / . Chem. Phys., 45, 1049 (1966). 

Again, the infrared spectra of compounds Ilia fell into 
two categories corresponding to the isomorphous 
square-planar (Ni, Cu) and tetrahedral (Mn, Fe, Co, 
Zn) chelates. It is noteworthy that the Mn and Fe 
chelates did not exhibit the extreme air sensitivity of 
Mn[H2B(pz)2]2 and Fe[H2B(pz)2]2 and were stable to 
storage. Such enhanced oxidative stability may be 
ascribed to the steric protection of the central metal 
by the methyl groups in tetrahedral chelates. 

Y Y 
XX. JL .X 

R N - ^ - l / N-T=T-IST̂  VR 

x T XX ^Y Nx 

HIa, R = H; X andybrY^H 
IHb1R^H; X = Y = H 

In the case of the square-planar chelates, where X = 
CH3, only the chair form can be constructed from 
Stewart-Briegleb models, nonbonding interactions of 
the methyl groups precluding the construction of a 
boat form. By contrast, both chair and boat forms 
are unstrained in the parent system M[H2B(pz)2]2. The 
BH2 stretch region in the infrared was complex and 
consistent with an out-of-plane BH2 group, as was also 
suggested by molecular models. 

The above findings indicated that C-substituted 
pyrazoles behave much like pyrazole itself in forming 
the ligands of structure I. Hence, only pyrazole itself 
was used in synthesizing B-substituted bidentate lig
ands with the assumption that most substituted 
pyrazoles would be equally operable except, perhaps, 
those with very bulky 3,5 substituents. 

Dialkylbis(l-pyrazolyl)borate ligands of structure 
Ib (R = Et or Bu) were prepared by the reaction of the 
appropriate trialkylborane with pyrazolide ion fol
lowed by heating with excess pyrazole. 

Trofimenko / Boron-Pyrazole Chemistry 
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Table II. Compounds of Structure M R2B ,a 
Yield, . Calcd, % 

Color M R Mp, 0C % C H N M 
Found, % 
H N M Nmr (mult, T, J) 

Purple 
Orange 
Violet 
White 
Orange 

Violet 
White 

Purple 
Orange 

Pale 
violet 

Co C2H5 
Ni C2H5 

C2H5 
C2H5 
M-C4H9 

Cu 
Zn 
Ni 

Cu W-C4H9 
Zn «-C4H9 

Co 
Ni 

C6H5 
C6H5 

Cu C6H5 

103-104 
203-204 
200-201 
109-111 
185-186 

168-170 
112-113 

296-298 
~390 

dec 
294-295 

47 
55 
49 
48 
49 

39 
56 

99 
73 

51.6 
51.6 
51.1 
51.0 
58.2 

57.7 
57.5 

65.8 
65.8 

6.88 
6.88 
6.82 
6.80 
8.32 

8.25 
8.22 

4.88 
4.88 

24.1 
24.1 
23.9 

19.4 
13.9 
10.2 

51.5 
51.5 
50.9 
51.2 
57.9 

58.0 
57.2 

65.9 
66.0 

6.98 
7.26 
6.68 
7.15 
8.23 

8.78 
7.75 

5.05 
4.85 

24.3 
23.9 
24.4 

19.8 

18.9 
19.3 

14.1 
10.2 d 2.49 (2.4), d 3.28 (2.2), t 4.03 (2.3), m 6.4, 

and two m, 8.5 and 9.0, in 1:1:1:1:8 ratio 

d 2.16 (2.3), d 2.55 (2.1), t 3.76 (2.2), m 
in 1:1:1:9 ratio 

-9, 

71 65.4 4.84 65.4 5.05 

It is noteworthy that despite extended heating the 
reaction stopped at the disubstitution stage. Since 
alkyltris(l-pyrazolyl)borates are stable compounds, 

R3B + N- -N- R3B-N-
Hpz 

A 

+ RH 

this result may be rationalized as follows: if one as
sumes that a direct SN2-type substitution on tetrasub-
stituted anionic boron is not feasible for steric reasons 

[BR4 BR3 + R- [BR3R']-

and that the reaction proceeds via an SNI-like dis
sociation then it should be apparent that from R2B(pz)~ 
a much better departing entity would be the resonance-
stabilized pyrazolide ion than the CH3CH2

-" ion. The 
only reaction that could occur then would be the rein-
troduction of pyrazolide ion with regeneration of 
R2B(Pz)2-. 

The crude sodium salts could be obtained as solids 
by removing all volatiles from the reaction mixture, 
but they were difficult to recrystallize. Hence, transi
tion metal chelates of structure HIb were prepared di
rectly from the crude reaction mixture. Their prop
erties are listed in Table II. Sodium diphenylbis(l-
pyrazolyl)borate was prepared analogously from sodium 
tetraphenylborate and pyrazole. This salt was iso
lated and recrystallized from toluene. 

Chelates of structure M b had the same colors as 
their B-unsubstituted counterparts. The presence of 
two alkyl groups on boron did not stabilize the tetra-
hedral Mn and Fe chelates (as did the presence of 
alkyl groups on carbon). These compounds were 
just as sensitive to air as Mn[H2B(pz)2]2 and Fe[H2B-
(pz)2]2. However, an interesting effect was observed 
in the square-planar compounds. For instance, Ni-
[Et2B(pz)2]2 formed no complexes with pyridine, am
monia, or amines in contrast to the behavior of Ni-
[H2B(pz)2]2. It was even recovered unchanged after 
prolonged reflux in boiling pyrazole under which 

conditions Ni[H2B(pz)2]2 is rapidly converted to Ni[HB-
(pz)s]2. 

This inertness is ascribed to the screening of the 
nickel by one of the ethyl groups from each ligand 
(above and below the molecular plane). Support for 
this steric effect has been elicited from nmr. Thus 
while in 4,4,8,8-tetraethylpyrazabole6 ten protons of 
the BEt2 bridge appear as a fairly narrow pseudo-triplet 
at about T 9, the nmr spectrum of Ni[Et2B(pz)2]2 has 
only eight protons causing that signal. The remaining 
two are present as a complex multiplet at T 6.3 (Figure 
1). It is apparent from molecular models that only 
the methylene hydrogens of the "axial" ethyl group, 
which are positioned in close proximity to the metal, 
could experience a field effect sufficient to shift their 
resonance peak by 2.5 ppm. The "equatorial" methy
lene group experiences no such interaction and its 
resonance coincides with that of the methyl groups. 
A similar phenomenon was observed (Figure 2) in 
Ni[Bu2B(pz)2]2: one methylene group per ligand was 
unique and was also shifted by about 2.5 ppm. Never
theless Ni[Et2B(pz)2]2 is hydrolyzed by boiling mineral 
acid just as readily as its B-unsubstituted analog. Ap
parently, the B-alkyl groups do not protect the nitrogen 
atoms from attack by protons. 

B. Tridentate Ligands. Tridentate ligands con
taining C substituents were prepared by heating an 
alkali metal borohydride with an excess of appropri-

K-B- B-R 

IVa, R = H;Xand/br Y=<H 
IVb1R^HiX=5Y = H 

(6) S. Trofimenko, /. Am. Chem. Soc, 89, 3165 (1967). 
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Figure 1. Nmr spectra of Ni[Et2B(pz)2]2 and Zn[Et2B(pz)2]2. 
Figure 2. Nmr spectra of Ni[Bu2B(pz)2]2 and Zn[Bu2B(pz)2]2. 

ately substituted pyrazole in the absence of solvent. The 
Iigands of structure Ha prepared in this fashion include 
those where X = CH3, Y = H; X = CH3, Y = CH3; X 
= CH3,Y = «-C4H9; X = H1Y = Cl; andX = H, Y = 
/-C3H7. Some of the salts were isolated and purified 
as, for instance, the sublimable lithium and potassium 
hydrotris(3,5-dimethyl-l-pyrazolyl)borates; others were 
not isolated but were converted directly to the tran
sition metal compounds IVa. 

The latter were all essentially octahedral, as judged 
by their electronic spectra, which were the same as in 
the corresponding M[HB(pz)3]2 compounds, magnetic 
properties, and nmr studies.3 One notable exception 
was found in the case of octahedral iron(II) compounds 
having structure IVa (X = CH3, Y = H, and X = Y = 
CH3). These compounds were not magenta, like 
Fe[HB(pz)3]2, but rather colorless with a faint greenish 
tinge. They were fully paramagnetic Gueff, room tem
perature, ~5 .2 BM) in contrast to the "spin equilib
rium" between high- and low-spin forms8 found in 
Fe[HB(pz)3]2. 

Molecular models show that substituents X and Y 
do not interfere with each other in essentially octahedral 
structures of D3d symmetry such as IVa. The fact 
that salts of Ha where X is CH3 require higher temper
atures for their formation and that the reaction does 
not proceed to give, e.g., the tetrakis(3,5-dimethyl-l-
pyrazolyl)borate ion may be rationalized in terms of 
steric crowding in the transition state. 

Transition metal compounds of structure IVa con
taining large alkyl groups on carbon had enhanced 
solubility in organic solvents. The melting points 
and thermal stability of C-substituted compounds were 
substantially higher than those of the analogous M[HB-
(pz)3]2 compounds. For instance, compounds IVa 
(X = H, Y = Cl) were stable in air above 400° (see 
Table III). 

Tridentate Iigands with substituents on boron were 
synthesized in two ways, exemplified by the specific 
cases shown in eq 1 and 2. In the former, phenyl

dichloroborane was added to excess pyrazole in ben-

C6H3BCl2 + Hpz — > [C6H5B(PZ)3I-[H2PZ]+ + 
M^ + 

. . . — > • M[C6H5B(PZ)3J2 (1) 

A M2 + 

BuB(OH)2 4- Napz + Hpz — > - Na+[BuB(pz)3]- — > • 
M[BuB(pz)3]2 (2) 

zene. This reaction also gives rise to 4,8-diphenyl-
4,8-bis(l-pyrazolyl)pyrazabole.r The two products are 
easy to separate, however, since one can extract the 
phenyltris(l-pyrazolyl)borate salt with water and pre
pare the transition metal compounds, IVb, directly 
from this solution. These compounds were similar to 
those derived from the B(pz)4- ion. Of course, lacking 
the uncoordinated pyrazole group, they were insoluble 
in acid. 

The reaction of butylboronic acid with sodium py-
razolide and excess pyrazole gave, after distilling out 
water, crude sodium butyltris(l-pyrazolyl)borate, which 
was difficult to recrystallize. However it could be used 
directly to prepare compounds of type M[BuB(pz)3]2. 
The properties of compounds M[C6H6B(pz)3]2 and 
M[BuB(pz)3]2 are summarized in Table IV. 

The reaction of boron trifluoride etherate with 3,5-
dimethylpyrazolide ion gave rise to the difiuorobis-
(3,5-dimethyl-l-pyrazolyl)borate ion, isolated in the 
form of its cobalt and nickel chelates. 

As can be seen from the foregoing examples, syn
thetic routes are available for the synthesis of bidentate 
and tridentate Iigands with a wide variety of substit
uents on carbon or boron. The original symmetry 
of the parent ligand is maintained in most cases. Steric 
factors are of greater significance in the square-planar 
and tetrahedral chelates than in the octahedral tran
sition metal compounds. 

Experimental Section 
Pyrazole, 3,5-dimethylpyrazole, triethylborane, tributylborane, 

phenyldichloroborane, butylboronic acid, and sodium tetra-

(7) S. Trofimenko, / . Am. Chem. Soc, 89, 4948 (1967). 
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Table III. 

Color 

White 

Very pale 
green 

Yellow 
Lilac 
Blue 
White 

Very pale 
green 

Yellow 
Lilac 

White 

White 

Magenta 

Yellow 

Lilac 

Blue 

Yellow 
Lilac 
Yellow 
White 

Compounds of Structure M 

M 

Mn 

Fe 

Co 
Ni 
Cu 
Mn 

Fe 

Co 
Ni 

Zn 

Mn 

Fe 

Co 

Ni 

Cu 

Co 
Ni 
Co 
Zn 

X 

CH3 

CH3 

CH3 

CH3 

CH3 

CH3 

CH3 

CH3 

CH3 

CH3 

H 

H 

H 

H 

H 

H 
H 
CH3 

CH3 

Y 

H 

H 

H 
H 
H 
CH3 

CH3 

CH3 

CH3 

CH3 

Cl 

Cl 

Cl 

Cl 

Cl 

/-C3H 
/-C3H 
«-C4H 
«-C4H 

X S 

Y 

Xs 
HB-(M)3 

Mp, 0C Yield, % 

366-368 

385-388 

397-402 
406-410 
345-347 
369-370 

dec 
349-350 

356-357 
~355 

dec 
350-353 

dec 
Dec 

>430 
Dec 

>430 
Dec 

>410 
Dec 

>440 
Dec 

~320 
, 369-370 
, 376-377 
9 252-253 
9 238-240 

23 

. 2 

C 

25 55.4 

23 55.1 
20 55.2 
57 54.7 
45 58.9 

46 58.8 

50 58.5 
38 58.7 

51 58.1 

67 

42 31.4 

60 31.3 

45 

37 

36 58.7 
25 
48 65.6 
49 65.1 

0 Molecular weight by osmometry in chloroform. 

Table IV. 

Color 

White 
White 
Magenta 

Yellow 
Lilac 
Blue 
White 
White 
Magenta 

Yellow 
Lilac 
Blue 
White 

Compounds of Structure M 

M 

Mg 
Mn 
Fe 

Co 
Ni 
Cu 
Zn 
Mn 
Fe 

Co 
Ni 
Cu 
Zn 

n 
n 
n 

n 
n 
n 
n 

R 

-C4Hg 
•C4H9 
•C4H9 

C 4 H 9 
C4Hg 
C4H9 
C4H9 

CeH5 

CeH5 

C0H5 
CeH5 

C6H5 

C6H6 

R B - \ 

Mp, 0C 

263-264 
248-249 
263-264 

268-269 
263-264 
185-187 
256-257 
362-367 dec 
365-370 dec 

360-365 dec 
370-375 dec 
300-310 dec 
291-292 

rt 
Yield, J 

34 
38 
33 

36 
38 
37 
38 
22 
25 

23 
17 
27 
25 

2 

Z c 
55 
52 
52 

52 
52 
51 
51 
56 
56 

56 
56 
56 

Calcd 
H N 

6.77 25.9 

6.74 25.7 
6.74 25.7 
6.69 25.6 
7.64 22.9 

7.63 22.9 

7.61 22.8 
7.61 22.8 

7.54 22.6 

2.03 24.4 

2.02 24.3 

7.62 

9.32 17.0 
9.25 16.9 

°7 
1 / 0 

M 

8.60 

9.02 
8.99 

7.99 

9.11 

8.00 
7.99 

Q j | ~ l or 

: H 

4 6.74 
4 6.39 
3 6.38 

1 6.34 
1 6.34 
7 6.30 
5 6.28 
8 4.42 
8 4.42 

5 4.40 
5 4.40 
2 4.47 

56.0 4.36 

V - " > / O 

N 

29.8 
28.2 
28.2 

28.1 
28.1 
27.8 
27.8 
26.5 

26.4 

Z 

MoI wt 
649 

MoI wt 
650 

MoI wt 
634 

Cl 31.0 

Cl 30.9 

Cl 30.8 

Cl 30.8 

Cl 30.6 

X 

Fe 9.38 
MoI wt 

596 
Co 9.83 
9.80 

10.5 

Fe 8.76 
MoI wt 

634 

Ni 9.21 
Cu 9.90 

C 

55.4 

55.1 
54.7 
54.4 
59.1 

58.9 

58.5 
58.8 

58.3 

31.8 

31.4 

58.6 

65.9 
65.0 

C 

55.8 
52.4 
52.3 

51.9 
52.1 
51.7 
51.4 
56.5 
57.2 

56.1 
56.9 
56.4 
56.2 

D A C 

rc 
H 

6.86 

6.71 
6.94 
6.58 
7.39 

7.95 

7.20 
7.44 

7.67 

2.22 

2.02 

7.75 

9.65 
9.03 

N M Z 

25.8 

26.0 
25.8 
25.8 
23.1 

23.2 

23.0 
23.0 

22.9 

24.6 

24.4 

17.0 
16.9 

,- , 
r 

H 
6.30 
5.97 
6.40 

6.09 
6.15 
6.00 
5.97 
4.43 
4.45 

4.36 
4.75 
4.60 
4.64 

8 

MoI wt 
652» 

62 MoI wt 
647» 

9.04 
8 89 

MoI wt 
707» 

8.09 Cl 31.0 

8 

8 
8 

07 
" U i i u , / 0 

N 

30 
28 
28 

28 
28 
27 
27 

2 
3 
5 

1 
1 
3 
9 

26.2 

26 2 

Cl 31.3 

Cl 30.8 

Cl 30.7 

96 Cl 31.0 

00 
05 

X 

Fe 9.35 
MoI wt 

593» 
Co 9.90 

9.99 
10.7 

Fe 8.73 
MoI wt 

630» 

Ni 9.32 
Cu 9.98 

» Molecular weight by osmometry in chloroform. 

phenylborate are commercially available. They were used with
out further purification. 4-Chloropyrazoles and 3,4,5-trimethyl-
pyrazole9 were prepared by published methods. 

Transition Metal Dihydrobis(3,5-dimethyl-l-pyrazolyl)borates. 
A mixture of 12 g (0.12 mole) of 3,5-dimethylpyrazole and 2.16 
g (0.04 mole) of potassium borohydride was refluxed in 80 ml of 

(8) R. Hiittel, O. Schafer, and G. Welzel, Ann., 598, 186 (1956). 
(9) R. v. Rothenburg, J. Prakt. Chem., [2] 52, 45 (1895). 

dimethylformamide. The emanating gases were led through a 
— 80° trap to a wet test meter. After 3 hr of reflux the theoretical 
amount of hydrogen was evolved and the reaction was stopped. 
The cooled solution was treated with a 10% excess of a 0.5 M 
solution of the appropriate metal ion, followed by 60 ml of water. 
The mixture was filtered and the precipitate was washed with 
methanol, then air dried. It was purified by recrystallization from 
cyclohexane. The properties of these products are listed in Table 
I. 
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Transition metal dihydrobis(3,4,5-trimethyI-l-pyrazole)borates 

were prepared as in the preceding experiment and are listed in 
Table I. 

Transition Metal Diethylbis(l-pyrazolyl)borates. To a nitrogen-
blanketed suspension of 14 g (0.33 mole) of 56% sodium hydride 
in 100 ml of tetrahydrofuran was added a solution of 20.4 g (0.3 
mole) of pyrazole. When the theoretical amount of hydrogen 
had been evolved (7.5 1.), 42 ml (0.3 mole) of triethylborane was 
added slowly. The solution was refluxed briefly and then 68 g 
(1 mole) of pyrazole was added in portions. Tetrahydrofuran 
was distilled at atmospheric pressure. The residue was heated 
further by means of an oil bath. At about 160° ethane evolution 
commenced. The reaction mixture was heated overnight at 170° 
and then pyrazole was distilled out in vacuo. The residue was 
boiled in 1 1. of heptane, filtered, and dried. There was obtained 
68 g (97%) of crude sodium diethylbis(l-pyrazolyl)borateasa light 
tan solid, which was used for subsequent reactions without further 
purification. In a typical reaction 50 ml of a 0.5 M solution of the 
appropriate cation was added to a solution of 10 g of the above 
crude sodium salt in 200 ml of water. The product was isolated by 
extraction with ether. After stripping the solvent, the residue was 
purified by recrystallization—the Ni and Cu chelates from xylene, 
the Zn chelate from hexane. Their properties are shown in Table II. 

Transition Metal Dibutylbis(l-pyrazolyl)borates. To a solution 
of freshly prepared sodium pyrazolide (from 8.82 g of 55.6% NaH 
and 13.6 g of pyrazole, both 0.2 mole) in 150 ml of dry tetrahydro
furan was added slowly 50 ml (0.2 mole) of tributylborane. The re
action mixture was refluxed 15 min, then 40 g (0.59 mole) of pyrazole 
was added. Tetrahydrofuran was distilled out and then the reac
tion mixture was heated to the reflux temperature of pyrazole. 
About 3 1. of gas was evolved (0.12 mole) rapidly and no further 
evolution occurred on 48-hr reflux. The melt was cooled and 
dissolved in water. Aliquots of this solution were stirred with solu
tions of the appropriate metal ion. The products were extracted 
with methylene chloride. The extracts were dried, filtered, and 
stripped of solvent. The residues were stirred with methanol, 
filtered, and air dried. The crude products were purified by re-
crystallization from heptane. Their properties are shown in Table 
II. 

Sodium Diphenylbis(l-pyrazolyl)borate. A mixture of 250 g 
(3.7 moles) of pyrazole and 100 g (0.29 mole) of sodium tetra-
phenylborate was stirred and heated so that benzene distilled out 
slowly through a Vigreux column. After 47 g (0.6 mole) of ben
zene had been collected, pyrazole was distilled at reduced pressure 
until the residue became a thick slurry. This was boiled in 800 
ml of hexane and filtered. The solid was recrystallized from toluene 
and was obtained in two crops of 98 and 24 g. It still contained 
pyrazole. The analytical sample was recrystallized once more 
and dried at 160° (1 mm) overnight. 

Anal. Calcd for C18Hi6BN4Na: C, 67.2; H, 4.97; B, 3.36. 
Found: C, 67.2; H, 5.17; B, 3.42. 

Transition Metal Diphenylbis(l-pyrazolyl)borates. To 200 ml 
of 0.1 M Na(C6Ha)2B(Pz)2 (made from the crude reaction product 
from the above experiment) was added 20 ml of 0.5 M solution of 
the appropriate metal ion followed by 100 ml of water. The 
precipitated product was filtered, washed with water, and air dried. 
It was purified by recrystallization from o-dichlorobenzene. The 
properties of the products are listed in Table II. 

Potassium Hydrotris(3,5-dimethyl-l-pyrazoIyl)borate. A mix
ture of 54 g (1 mole) of potassium borohydride and 480 g (5 moles) 
of 3,5-dimethylpyrazole was heated with stirring until 75 1. of 
hydrogen (3 moles) was evolved. The melt temperature was 238° 
and the evolution of hydrogen ceased at this point. The melt 
was cooled to 200° and poured into 2 1. of stirred toluene. The 
mixture was cooled to room temperature and the precipitate was 
filtered and air dried. There was obtained 114 g (34%) of white 
solid, indicating considerable solubility of this potassium salt in 
toluene. The product, purified by sublimation at 280c (1 mm), 
melts at 298-300° dec. 

Anal. Calcd for C15H22BKN6: C, 53.6; H, 6.55. Found: 
C, 53.7; H, 6.72. 

Lithium Hydrotris(3,5-dimethyl-l-pyrazolyl)borate. A mixture 
of 4.6 g (0.2 mole) of lithium borohydride and 96 g (1.0 mole) of 
3,5-dimethylpyrazole was heated under reflux until 0.6 mole of 
hydrogen was evolved. The melt was allowed to cool; it was 
crushed and heated overnight at 150° (1 mm) to sublime almost 
all excess 3,5-dimethylpyrazole. The residue was recrystallized 
from xylene and obtained in two crops, 24.2 and 6.0 g. An ana
lytical sample was purified by sublimation. The pure product 
melts at 304-305°. 

Anal. Calcd for Ci5H22BLiN6: C, 59.2; H, 7.24; N, 27.6; 
Li, 2.3. Found: C, 59.3; H, 7.03; N, 27.7; Li, 2.2. 

Transition metal hydrotris(3,5-dimethyl-l-pyrazolyl)borates were 
prepared by adding to a solution of the above potassium salt in 
1:1 aqueous dimethylformamide a 10% excess of the appropriate 
transition metal ion. The resulting precipitates were filtered, 
washed with water, and air dried. They were purified further by 
recrystallization from toluene. Their properties are listed in Table 
III. 

Potassium Hydrotris(3,4,5-trimethyl-l-pyrazolyl)borate. A mix
ture of 27 g (0.5 mole) of potassium borohydride and 275 g (2.5 
moles) of 3,4,5-trimethylpyrazole was heated, ultimately at 220-
230°, until about 38 1. of hydrogen was evolved. The melt was 
cooled, broken up, and heated to sublime unreacted 3,4,5-tri
methylpyrazole which was recovered in 94 g (85%) yield. The 
residue was used directly in subsequent syntheses. The potassium 
salt sublimes at 280° (1 mm). 

Anal. Calcd for Ci8H23BKN6: N, 22.2. Found: N, 22.1. 
Transition metal hydrotris(3,4,5-trimethyl-l-pyrazolyl)borates 

were prepared by adding to a solution of the above salt in 1:1 
aqueous dimethylformamide a 10% excess of the appropriate 
transition metal ion. The products were filtered, washed with 
water, and air dried. They were purified further by recrystalliza
tion from cyclohexane. Their properties are listed in Table III. 

3,5-Dimethyl-4-butylpyrazole. A solution of 33.2 g (0.212 mole) 
of 3-butyl-2,4-pentanedione10 in 50 ml of methanol was added 
slowly at 10° to 11.0 g (0.233 mole) of hydrazine hydrate in 100 
ml of methanol. The solution was stripped and the residual oil was 
distilled to give 25 g (78%) of 3,5-dimethyl-4-butylpyrazole, bp 
119-120° (1 mm), which solidified on standing, mp 44-45°. 

Anal. Calcd for C9Hi6N2: C, 71.0; H, 10.6; N, 18.4. Found: 
C, 71.1; H, 10.6; N, 18.5. 

Transition Metal Hydrotris(3,5-dimethyl-4-butylpyrazolyl)borates. 
A mixture of 30 g (0.20 mole) of 3,5-dimethyl-4-butylpyrazole and 
3.6 g (0.066 mole) of potassium borohydride was heated slowly to 
290° with stirring, until 4.6 1. of hydrogen was evolved. The melt 
was cooled and dissolved in 260 ml of dimethylformamide. Ali
quots of this solution were stirred with solutions of the appropriate 
transition metal ion. The products were isolated by filtration and 
purified by recrystallization from xylene. Their properties are 
listed in Table III. 

Transition Metal Hydrotris(4-chloro-l-pyrazolyI)borates. A 
mixture of 148 g (1.4 moles) of 4-chloropyrazole and 19 g (0.35 
mole) of potassium borohydride was heated until 27.4 1. of hy
drogen was evolved, at which point the reaction stopped. The melt 
was cooled and dissolved in 1 1. of water. Aliquots of this solution 
were stirred with solutions of the appropriate cation. The pre
cipitated products were isolated by filtration. They were washed 
with water, then methanol, and were air dried. Further purifica
tion was effected by recrystallization from o-dichlorobenzene. The 
properties of the products are listed in Table III. 

Transition Metal Hydrotris(4-isopropyl-l-pyrazolyl)borates. A 
mixture of 1.3 g (0.013 mole) of 4-isopropylpyrazole11 and 0.23 
g (0.004 mole) of potassium borohydride was heated in a test tube 
with a Bunsen flame until the reaction mixture reached a tempera
ture of 210°. It was then cooled to 170° and poured on ice. The 
product was dissolved by dropwise addition of 20% hydrochloric 
acid. The solution was stirred with 20 ml of a 0.5 M solution of the 
approximate transition metal ion. The precipitated solid was 
extracted with methylene chloride; the extracts were dried, filtered, 
and stripped. The residue was purified by recrystallization from 
toluene. Properties of the products are listed in Table III. 

Transition Metal Butyltris(l-pyrazolyl)borates. To 1 mole of 
sodium pyrazolide (prepared from sodium hydride and pyrazole) 
in 800 ml of tetrahydrofuran was added 280 g (4 moles) of pyrazole 
and 102 g (1 mole) of «-butylboronic acid. The resulting solution 
was stirred and heated until tetrahydrofuran, water, and pyrazole 
distilled, in that order, at atmospheric pressure. After about 50 
ml of pyrazole (bp 185°) had distilled, heating was stopped. The 
melt was cooled and dissolved in 3 1. of water. The solution was 
stirred with decolorizing carbon and filtered and a small amount of 
mineral oil (from sodium hydride suspension) was removed me
chanically. Aliquots of the resulting solution were stirred with 
solutions of the appropriate metal ion. The precipitated products 

(10) F. G. Young, F. C. Frostick, Jr., J. J. Sanderson, and C. R. 
Hauser, J. Am. Chem. Soc, 72, 3635 (1950). 

(11) V. T. Klimko, T. V. Protopopova, and A. P. Skoldinov, Zh. 
Obshch. KMm., 31, 170 (1960). 
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were extracted with methylene chloride. The extracts were dried, 
filtered, and stripped. The residues were stirred with methanol 
and the mixtures were filtered. Further purification was effected 
by recrystallization from heptane. Properties of the products are 
listed in Table IV. 

Transition Metal PhenyItris(l-pyrazoIyI)borates. To 100 g 
(1.46 moles) of pyrazole stirred in 240 ml of toluene was added over 
2 hr a solution of 20 g (0.12 mole) of phenyldichloroborane in 35 
ml of toluene. The reaction was exothermic, the temperature 
of the solution rising to 45-55 °. The solution was cooled to room 
temperature and was stirred with 170 ml of a 0.5 Absolution of the 
appropriate cation. The resulting mixture was filtered and the 
product was recrystallized from o-dichlorobenzene. The original 
toluene solution was stripped to dryness and the residue was trit
urated with ether to yield a second crop of the same material. 
Properties of the products are summarized in Table IV. 

Transition Metal Difluorobis(3,5-dimethyl-l-pyrazolylborates). 
To sodium 3,5-dimethylpyrazolide (prepared from 16 g (0.167 

mole) of 3,5-dimethylpyrazole and sodium hydride) in 300 ml of 
dry tetrahydrofuran was added 0.083 mole of boron trifluoride 
etherate and the reaction mixture was refluxed overnight. It was 
then evaporated to dryness, taken up in water, and extracted once 
with benzene. The benzene extracts were discarded. The aqueous 
layer was divided into two halves which were treated, respectively, 
with 40-ml portions of 0.5 M Ni(OAc)2 and Co(OAc)2 solutions. 
The precipitated solids were filtered, washed with water, and air 
dried. 

The orange nickel chelate, obtained in 1.8 g (10%) yield, was 
purified by sublimation, mp 349-350°. 

Anal. Calcd for C20H28B2F4NiN8: C, 44.7; H, 5.22; N, 20.9; 
F, 14.2. Found: C, 44.6; H, 5.25; N, 20.9; F, 14.9. 

The deep violet cobalt chelate, obtained in 1.8 g (10%) yield, 
was purified by chromatography on alumina, eluting with methylene 
chloride. The pure compound melts at 279-280°. 

Anal. Calcd for C20H28B2CoF4N8: C, 44.7; H, 5.22; N, 20.9. 
Found: C, 44.6; H, 5.09; N, 20.6. 

New Heteroaromatic Compounds. XXVI.1 Synthesis 
of Borazarenes2 

Keith M. Davies,3 Michael J. S. Dewar,4 and Peter Rona 

Contribution from the Department of Chemistry, The University of Texas, 
Austin, Texas 78712. Received July 24, 1967 

Abstract: Hydrolysis of 14,16,18-tribora-13,15,17-triazarotriphenylene (H) gave bis(2-borazaryl) ether which 
reacted with phenylmagnesium bromide to give 2-phenylborazarene and with lithium aluminum hydride to give, 
apparently, borazarene. Other derivatives of borazarene were obtained by reactions of I with lithium alkyls. 

An earlier paper of this series6 described the synthesis 
L \ of 14,16,18-tribora-13,15,17-triazarotriphenylene 
(II) by the route given in eq 1. Treatment of II with 

NH2-HCl 
LiBH, Pd-C • N - % 

N 
+ 

(D 

alkali led to its rapid destruction, as indicated by the 
disappearance of the characteristic triphenylene-like 
absorption in the ultraviolet spectrum, and it was 
thought at that time that the reaction had in fact led 
to a fission of the central borazine ring of II to give 
three molecules of 2-hydroxyborazarene (I l ia) . This 
seemed a very interesting observation, for previous 
studies of the "boraza ro" series of heteroaromatics 
had shown these to be compounds of remarkable sta
bility to hydrolysis and oxidation6 and it seemed very 
likely that the same would prove true of borazarene 

(1) Part XXV: M. J. S. Dewar and R. Jones, J. Am. Chem. Soc, 
89, 2408 (1967). 

(2) This work was supported by the Air Force Office of Scientific 
Research through Grant No. AF-AFOSR-1050-67. 

(3) Monsanto Chemicals Ltd., Ruabon, England. 
(4) To whom inquiries should be addressed. 
(5) G. C. Culling, M. J. S. Dewar, and P. A. Marr, J. Am. Chem. Soc, 

86, 1125 (1964). 
(6) See M. J. S. Dewar, Progr. Boron Chem., 1, 235 (1964); M. J. S. 

Dewar in Advances in Chemistry Series, No. 42, K. Niedenzu, Ed., 
American Chemical Society, Washington, D. C, 1964, p 227. 

itself. Since in compounds of this kind hydroxyl at
tached to boron can be replaced6 by alkyl, aryl, or hy
drogen by treatment with appropriate organometallic 
reagents or metal hydrides, a synthesis of I l i a would 
be expected to provide a very general route to other 
borazarene derivatives. Previously only two deriva
tives of borazarene had been reported, methyl /3-(2,3-
diphenyl-5-borazaryl)propionate (IV)7 and 2-phenyl
borazarene (Mb) , 8 both of which were obtained by 
routes that could not easily be generalized. We have 
therefore reexamined the reaction of II with alkali, 
establishing that it does indeed lead to HIa, and we 
have studied the preparation and properties of various 
borazarene derivatives derived in this or analogous 
ways from II. 

The first problem was the synthesis of II itself. Not 
only were the yields in the original synthesis very low 
at each of the two key steps ( < 2 0 % ) , but they were also 
very erratic; more often than not, the reactions failed 
completely. We have therefore reexamined the hydro-
boration of aminobutene and the dehydrogenation of 
I to II in detail, using a very wide variety of conditions, 
hydroborating agents, and dehydrogenation catalysts. 
The conditions reported here still give poor yields, but 
these are at least reproducible. It should be added 
that attempts to dehydrogenate I by chemical means 
(sulfur, selenium, manganese dioxide, etc.) were uni
formly unsatisfactory. 

(7) M. J. S. Dewar and P. A. Marr, J. Am. Chem. Soc, 84, 3782 
(1962). 

(8) D. G. White, ibid., 85, 3634 (1963). 
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