methyl-4-trichloromethyl-2,5-cyclohexadienone  tosyl-
hydrazone (1) in refluxing diglyme afforded, as the
major products, p-azotoluene? (2) and di-p-tolyl sul-
fone® (3), in 48 and 389 yields, respectively. The
reaction products were identified by spectral evidence

156°
dxglyme
\1|\I_ Nat
Ts
1

(infrared, ultraviolet, and n.m.r.) and by comparison
of physical properties with those in the literature.

We suggest that sulfone 3 is formed by reaction of 4-
methyl-4-trichloromethyl-2,5-cyclohexadienylidene* (4)
with p-toluenesulfinate ion, followed by aromatization
of the initial adduct by ejection of trichloromethyl
anion. Sulfone formation has been noted in another

CHs CCls

CH; CCL

CH,3 gp]a
1 —T;— Ts~ @ —CCly~ 3
~N,
4 7 s

aprotic tosylhydrazone decomposition.> Under our
reaction conditions trichloromethyl anion is un-
doubtedly converted to dichlorocarbene. This may
account for the complexity of the reaction mixture,
which contains at least eleven products.

Our finding that 4-methyl-4-trichloromethyl-2,5-
cyclohexadienone azine (5) is converted to azotoluene 2
in 8297 yield under the original reaction conditions,

CHs CCls
156°
——
diglyme
N,
~N
CCls CHs
5

coupled with the well-documented formation of azines
in the decomposition of diazo compounds,® suggests
that the azine 5 may be an intermediate in the conver-
sion of 1to 2.

Tosylhydrazone™ 1, m.p. 150-151°, was prepared in
819, yield by condensation of 4-methyl-4-trichloro-

(1) Tosyl = Ts = p-toluenesulfonyl.

(2) D. Vorldander and F. Meyer, Ann., 320, 122 (1902).

(3) H. Meyer, ibid., 433, 327 (1923).

(4) A large body of evidence suggests that carbenes are generated in
the pyrolysis of tosylhydrazone salts in aprotic media. See, e.g.,
L. Friedman and H. Schecter, J. Am. Chem. Soc., 81, 5512 (1959).

(5) D. M. Lemal and A. J. Fry, J. Org. Chem., 29, 1673 (1964).

(6) E.g., P. Yates and S. Danishefsky, J. Am. Chem. Soc., 84, 879
(1962).

(7) Satisfactory microanalyses have been obtained for all new com-
pounds.

methyl-2,5-cyclohexadienone® with tosylhydrazine in
pyridine. Condensation of the dienone with hydrazine
hydrate in refluxing methanol afforded the orange azine’
5, m.p. 202.5-203.5° dec. (78 %7 yield).

We are investigating the mechanisms of the thermal
transformations reported herein, and are extending our
studies to other cyclohexadienylidenes.
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Complexes of Bisphosphinocarboranes
with Nickel(IT) Chloride
Sir:

Considerable interest has been aroused by recent

reports on the synthesis and reactions of o-carborane!

(H—C——C—H)

NO /S
BlOHIO

which consists of an icosahedron, the apices of which
are ten boron and two carbon atoms, the latter being
in nearest proximity and ortho to each other.? Of
particular interest are the bisphosphino derivatives?*
which should be structurally analogous to the cis
forms of ethylenediamines and ethylenediphosphines
a~d to the o-phenylenediphosphines and -diarsines.
They lend themselves to a detailed study of ligand-
metal bonding since varying the substituents on the
borane portion of the molecule should affect the
electronic environment of the phosphorus atoms and
thus the stability of the complexes.

The reaction of nickel(II) chloride 6-hydrate with
bisdiphenylphosphino-o-carborane® as well as with
the corresponding derivatives containing one, two, and
three bromine atoms attached to the carborane nucleus*
in methanol and/or ethyl acetate produced complexes
containing two molecules of bisphosphine and one of
nickel(IT) chloride. Anal. [Ni(B1yCasHz0P2)]Cls as red
crystals, Calcd. for C;HgoByCLNIiP,: C, 54.1; H,
5.20; Cl, 6.10; P, 10.7. Found: C, 53.1; H, 5.26;
Cl, 614, P, 10.0. [Ni(B10C26H29BrP2)2]C12 as red
crystals. Caled. for C;HyiByoBr,CLNiP,: C, 47.5;
H, 4.41; Br, 12.16; Cl, 542. Found: C, 46.7; H,
442; Br, 1215, Cl, 5.07. [Ni(BlOCQﬁHngrQPQ)Q]ClQ as
orange crystals., Calcd. for C;H;6ByoBr,ClLNiP,: Br,
21.40; Cl, 4.80. Found: Br, 21.4; Cl, 4.88. [Ni-
(B1oCasHyBrPo),]Cl,  as orange crystals. Caled. for
C52H54B20BF3C12NiP4: Br, 2730, Cl, 4.04. Found:
Br, 28.30; Cl, 4.07.

(1) A comprehensive listing of relevant references appears as ref. 1
of F. Tebbe, P. M. Garrett, and M. F. Hawthorne, J. Am. Chem. Soc.,
86, 4222 (1964).

(2) J. A. Potenza and W. N. Lipscomb, ibid., 86, 1874 (1964).

(3) R. P. Alexander and H. Schroeder, Inorg. Chem., 2, 1107 (1963).

(4) H. D. Smith, T. A. Knowles, and H. Schroeder, ibid., 4, 107 (1965).
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Complex formation occurred readily for this d3
system, but no reaction was observed between these
ligands and the chloride and nitrate salts of divalent
cobalt, iron, zinc, or trivalent iron and chromium.
With copper chloride 4-hydrate a sluggish, ill-defined
reaction occurred but the initial product appeared
unstable. When Pt(II) and Pd(Il) were substituted
for the Ni(ll), stable complexes were formed. How-
ever, these products have not as yet been characterized.

The room temperature reaction of the unbrominated
phosphino-o-carborane with nickel chloride 6-hydrate
vielded an isolable intermediate analysis of which

showed a 1:1 complex. Anal. Calcd. for [Ni(Bj-
(CeHs):
P(CeH; P
/ (CeHe)e / \ Cl
/c EtOAc /C /
BioH1u Q| Toomtoma BuH1 Q| Ni
C—P(CeHs): C\ / \Cl
- P
(CeHs)2
NiCl;-6H:0

CosHoPo)CL]:  C, 48.65; H, 4.71; Cl, 11.04. Found:
C, 48.61: H, 4.88; CI, 11.0.
On refluxing in ethyl acetate this compound was
converted to the 2:1 complex.
EtOAc

e
Room temp.

[((CsH;5):P,CaByoH1o)LLNICl: + NiCl,

2[((C6H 5)«)P2C'2Bl WHIO)NiCIZ]

Utilizing similar conditions for the reactions of the
other three derivatives (those containing one, two, and
three bromine atoms, respectively) the 1:1 complex
could not be isolated.

In addition to obtaining infrared and ultraviolet
spectra, magnetic moments were obtained at room
temperature by the Gouy method using ferrous am-
monium sulfate 6-hydrate and nickel(1l) chloride 6-
hydrate as standards. Diamagnetic corrections were
made for the ligands and anions. Molar conductances
were measured using an Industrial Instruments, Inc.,
Model RC-16B conductivity bridge and a cell with a
constant of 0.500 c¢m.~!. The measurements were
made at 25° and with a bridge frequency of 1000
c.p.s. These results are listed in Table 1.

Assignment of a square-planar configuration to the
2:1 complexes is based on the diamagnetism and di-
univalent conductance which is exhibited in all cases.
An examination of the electronic spectra of these
complexes lends further ‘support to the assignment of
square-planar configurations. The transitions as-
sociated with octahedral configurations (*A,, —
5Tog: *Age = "Ti(F): PAy, — Ty (P)) are not to be
found. However, the observed spectra are complicated
by the onset of a strong band in the 500-mu region
which is probably of the charge-transfer variety.
Further work is necessary before definite assignments
can be made.

Alteration of the electronegativity of the borane
nucleus by bromine substitution was clearly demon-
strated in the reaction of the complexes with ethylene-
diamine. In acetone at room temperature the un-
substituted phosphinocarborane apparently underwent
instantaneous ligand exchange producing a color-
less solution and a pale blue. water-soluble solid.
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Table 1
Magnetic
Absorption®  Conduc- mo-
Complex my E tivity?  ments
[(CeHy)2P—C—C~F(CeHy); |
6X15)2 \O/ sHs)2 NiCl,
L BioHio a
[(CeHy)sP—C— C—P(CsHy)s |
O NiCl; | .. 130.0 ~0
BioHio
— —2
?csH5>2P—c-ac—P<csH5>?
NiCl ~
. H,Br iClz 470 2600 131.5 0
L -2
I ]
(CeHg)sP—C—C—P(CeHs)z .
O, NiCl; 470 16407 135.0 ~0
B, HsBr;
— -2
[(CoHs)sP —C— C—P(CoHy); |
@ NiCl, 470 3200
10H7Brg
- —_—2
aIn DMF (10~f m.). * 1073 m,
The monobromo derivative underwent a similar

reaction but at an observably slower rate. The reaction
of the dibromo compound was unique. Precipitation
of a brownish solid occurred immediately. This
product is very insoluble, high melting, and stable to
oxidation and hydrolysis. The material is probably
polymeric, involving, rather than displacement of the
phosphorus ligands, coordination along the axis per-
pendicular to the plane of the Ni-P bonds. This is at
present only speculation.

Although a more detailed study of the complexes
reported is necessary before an unequivocable assign-
ment of structures can be made, based on the informa-
tion reported above it is logical to assume that these
2:1 complexes can be represented as
r q+2
(CeHs)2

NN
1

BloHlo—nBrn/&Dl lngonanrn Cl,~
C\ / \ / °
P P

(CsHs)z (CsHs)z J
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Carbametallic Boron Hydride Derivatives. 1.
Apparent Analogs of Ferrocene and Ferricinium Ion

Sir:
We wish to report the synthesis of very stable ionic
species which exhibit many of the properties of 7-
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