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Ni(CsH;N),(anion)y2H,O and their infrared spectra
indicate coordinated water and Td anions. A broad
absorption from 1040 to 1140 cm™! is observed in the
case of the perchlorate, and a broad absorption from
960 to 1160 cm™! is found in the case of the tetra-
fluoroborate. Analyses of the compounds indicate the
presence of one chloroform molecule, and infrared
spectra of the compounds indicate that water is not
present, that chloroform (or dichloromethane in the
case of this solvate) is present, and that the anions are
not coordinated.

It is postulated that the acidic solvent interacts
forming a weak hydrogen bond with an oxygen of
Cl0,~ or fluorine of BF,™, removing the anion from the
coordination sphere of the nickel(IT) ion. This pheno-
menon occurs, it should be noted, without actual dis-
solution of the complex in the solvent. The yellow
form obtained is the square-planar complex containing
solvent and ionic anions.

Square-planar complexes of Ni(II) with several
substituted pyridines have been reported and they are
yellow in color.* The square-planar yellow complex,
Ni(CsH;N)2+, is highly susceptible to attack from
water molecules, producing Ni(C;HsN)4(H,0).2+.

A magnetic moment determined for Ni(C;HsN)s
(BF,)»CHC]; indicates a marked reduction in its mag-
netic moment (ues: ~1), relative to the fully para-
magnetic blue compound (pesr 3.04). The low ob-
served magnetism may be due to incomplete conver-
sion of the solid to the diamagnetic form.

This appears to be the first reported case of a com-
pound which undergoes stereochemical change due to
“solvent” interaction in the solid state, resulting in a
decrease in coordination number. The ability of
these compounds to undergo such behavior is undoubt-
edly due to their highly tetragonal nature.?
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(4) L. E. Moore, R. B. Gayhart, and W. E. Bull, J. I'norg. Nucl. Chem., 26,
896 (1964); 8. Buffagni, L. M. Vallarino, and J. V. Quagliano, Inorg. Chem.,
8, 671 (1964).
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Chemistry of Decaborane~Phosphorus
Compounds. VI. Phosphino-m-carboranes!:?

By Rovy P. ALEXANDER AND HANSJUERGEN SCHROEDER

Recetved October 21, 1965

It was demonstrated in previous studies!:® that the
dilithio salts of 0-B1oH1CoH, and polyhalo-o-carboranes
such as 0-BH:BryCoHy! and 0-BHCLC:H,* easily
react with PCl; to form cyclic compounds containing a
diphosphacyclohexane skeleton as illustrated below.
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The formation of noncyclic compounds such as o-
B1oH1iCo(PCly)s, which was actually expected, could
not be observed. In contrast to such behavior it was
established in these laboratories that the reaction of o-
BioH,iColi; with SiCl® and with substituted chloro-
phosphines? and chlorosilanes® affords exclusively non-
cyclic derivatives. The fact that these compounds

‘could be converted into the respective six-membered

diphospha~ and disilacyclohexane ring compounds by
reaction with o0-BjgH(CoLi;4%8 is irrelevant to the
unique type of reaction obtained with PCl;.

In the m-carborane series, Papetti and Heying” re-
cently showed that m-ByHiCoLi; and SiCly gave as
expected noncyclic products. From the results in the
o-carborane series mentioned above, the possibility
that m-B1pH1oC,eLiz and PCl; could react to form a cyclic
or macrocyclic ring arose. To explore this idea, some
reactions between m-ByH1,CoLi, and chlorophosphines
were conducted and the chemistry of the products ob-
tained was further investigated. The details of this
study are summarized in the reactions below.

m-BmHmCz[P(CsHs)g]z R = OCHs, N(CHa)z

(CsHs)2PCl
. CsH:PCly
m-BmHngle ——— m-BmeCz( CeHsPCl)z —_—
PCls m=-B1gH1oCa( CeH:PR )2

m-B1H1gCo( PCly): —> m-BioH1iCo PR2)2

No indication of a cyclic monomeric product was ob-
served. However, in allowing two molar equivalents
of PCl; and one molar equivalent of #-ByH;CoLiz to
react, m-BipHCo(PCly), was obtained in 409, yield

(1) Preceding communication: H. D. Smith, T. A. Knowles, and H.
Schroeder, Inorg. Chem., 4, 107 (1965).

(2) Nomenclature of the clovo boron—carbon hydrides is discussed by
R. Adams, tbid., %, 1087 (1963); the term m-carborane is used to designate
1,7-dicarbaclovododecaborane.

(3) R. P. Alexander and H. Schroeder, #bid., 2, 1107 (1983).

(4) H. Schroeder, T. L. Heying, and J. R. Reiner, ibid., 2, 1092 (1963).

(5) 8. Papetti and T. L. Heying, tbid., 2, 1105 (1963).

(6) S. Papetti, B. B. Schaeffer, H. J. Troscianiec, and T. L. Heying, ibid.,
8, 1444 (1964).

(7) 8. Papettiand T. L. Heying, tbid., 8, 1448 (1964).
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only, together with a product the consistency of which
varied between highly viscous and brittle from run to
run. Treatment of this by-product with methanol
produced a solid which slowly hydrolyzed upon expo-
sure to air. Elemental analysis and molecular weight
determination indicated it to be an oligomer of the

formula
‘l; le
CL,P~t CB, H,;;,CP4sOCHj;

Treatment of this polymeric compound with di-
methylamine in benzene solution resulted in insoluble
(CH;);NH-HCI and the soluble amination product,
the main part of which gave elemental analyses and
molecular weight determination in accord with the
structure

(CHy LN cl
PCBH,,CPCB;H;,,CP
(CH;3)N

N(CHa)s

N(CHy)e

When the same reactants were combined in a 1:1
molar ratio, still some #-ByH19Co(PCly)» was obtained.
Although the yield of polymeric product, as expected,
increased, the chain length remained unchanged.

Reaction of the analogous m-BiHBrC,Li, with PCl;
did not afford the noncyclic monomer but a pasty
product from which an oligomer was obtained by
treatment with methanol.

[ ?1 OCH;,
|
~——CByHBrCPCByHBrCP——_;

From these results it appears that this type of reac-
tion leads only to polymeric products of limited molecu-
lar weight. These polymers consisting of a number of
phosphorus-linked m-carborane nuclei are believed to
be linear since they resemble metal-linked poly-m-
carboranes of established chain structure which are the
subject of a current investigation.

Experimental Section®
1,7-Bis(diphenylphosphino)-m-carborane.—A dilithio-m-car-
borane solution? in ether (150 ml) was prepared from 4.3 g (0.03
mole) of m-carborane and 0.066 mole of butyllithium and added
to a solution of diphenylchlorophosphine (14.6 g, 0.066 mole) in
ether (15 ml), maintaining the temperature at 10-15°, The
mixture was then refluxed for 1 hr and, after cooling to 20°,
hydrolyzed with 20 ml of water. The ether layer was separated,
dried, and evaporated to dryness. The solid residue was re-
crystallized from petroleum ether (bp 65-110°) to give 9.5 g

(62%) of 7%-310H10C2[P(C5H5)2]2; mp 101°.

Anal. Caled for CpHyBioP: (512.7): C, 60.91; H, 5.90; B,
21.12; P, 12.09. Found: C, 61.34; H, 6.27; B, 21.02; P,
12.12.

1,7-Bis(chlorophenylphosphino)-m-carborane.—A Dilithio-m-
carborane (0.1 mole) solution in ether (400 ml) and phenyldi-
chlorophosphine (35.8 g, 0.2 mole) in ether (500 ml) were al-
lowed to react in a manner identical with the preceding experi-
ment. The crude product was distilled 7% wacuo to give 25 g

(8) Melting points are uncorrected (Mel-Temp apparatus); elemental
analyses were by the Olin Microchemical Section; the molecular weights
were determined by the differential vapor pressure method (Mechrolab
osmometer, Model 301).

(9) For a detailed preparation of such a solution see ref 7,
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(58.83%) of m-BioH10Col CeHPCL)s;
1.652.2.

Anal. Caled for CiyHyxB1CLP, (429.4): C, 39.16; H, 4.70;
B, 25.20; Cl, 16.51; P, 14.43. Found: C, 38.70; H, 4.80;
B, 25.23; Cl, 16.50; P, 14.25.

1,7-Bis(dimethylaminophenylphosphino)-m-carborane.—Gase-
ous dimethylamine was passed for 2 hr through a solution of 5.0
g of m-BioH1oCo CeHPCl), in 100 ml of benzene. The result-
ing slurry was filtered and the filtrate evaporated to dryness.
Recrystallization of the crude residue from acetonitrile and
ethanol gave 4.2 g (819,) of pure product, mp 100-102°.

Anal. Calcd for ClsHagBvaQPz (4466) C, 4841, H, 722,
B, 24.23; XN, 6.27; P, 13.87. Found: C, 48.60; H, 7.45; B,
24.47; N, 6.76; P, 13.14.

1,7-Bis(methoxyphenylphosphino)-m-carborane .—m-BiyH;(Co-
(CeHsPCL)2 (80 g) was dissolved in 300 ml of methanol. After
stirring at ambient temperature for 2 hr, the reaction product
had precipitated and was recovered by filtration. Recrystalliza-
tion from methanol afforded 22.1 g (759,) of pure m-BjoHoCo-
(CsH;POCH;), mp 112-114°,

bp 229° (0.35 mm); %D

A?’LGZ. Calcd for C15H26B1002P2 (4:205) C, 4570, H, 623,
B, 25.73; P, 14.73. Found: C, 45.82; H, 5.95; B, 25.56; P,
14.17.

Reaction of Dilithio-m-carborane with Phosphorus Trichloride
in a 1:3 Ratio.—A dilithio-m-carborane (0.42 mole) slurry in
ether (1000 ml) was added, with stirring and ice cooling, to a
solution of PCl; (173 g, 1.26 moles) in ether (2000 ml) over a 20-
min period. After stirring for 12 hr at ambient temperature, the
solvent was removed in vecuo. The residual oil was extracted
with 300 ml of benzene to give, after evaporation of the benzene,
a viscous liquid which was subjected to vacuum distillation;
vield of m-B1oH10Co(PCly)e: 58 g (409); bp 119° (0.3 mm); n?2,
1.618.3.

Angl. Caled for CoH B CLiP2 (346.1): C, 6.94; H, 2.91; B,
31.27; Cl, 40.98; P, 17.90. Found: C, 6.66; H, 2.90; B,
31.27; Cl, 40.20; P, 17.50.

The distillation residue was triturated with cold methanol to
give 30 g (~359, based on m-carborane) of solid product, mp
120-135°.

Angl. Caled for CiyHzBsClOPs (1176.6): C, 11.23; H, 4.54;
B, 45.98; Cl, 21.09; P, 15.80. Found: C,11.25; H, 4.58; B,
45.81; Cl, 22.20; P, 15.47; mol wt (in toluene at 39°), 1117.

Reaction of Dilithio-m-carborane with Phosphorus Trichloride
in a 1:1 Ratio.—The procedure as described above was repeated
except for using 58 g (0.42 mole) of PCly in 1000 ml of ether.
The yield of m-BigHieCo(PCly)s was 19 g (139, based on m-
carborane); 52 g (~579%;) of polymeric product {(mol wt 1088)
was obtained.

m-BioH10Co[(CH;):P(CH; )N 1o.—The reaction between m-
BioH1;Co(PCly): and HN(CHj), was carried out in a manner
essentially identical with that described for the preparation of m-
B1oH16Co [CeH:PN(CH;)s)e.  The yield of product after recrystal-
lization from petroleum ether (bp 30-60°) was 749%,; mp 73-75°.

Anal. Caled for CioHaiB1oNsP: (380.6): C, 31.56; H, 9.01;
B, 28.43; N, 14.72; P, 16.28. Found: C, 31.70; H, 9.15; B,
28.35; N, 14.44; P, 15.88.

m-BioH1oC: [P(OCH;)2ls.—An total of 5 g of m-ByoHoCo-
(PCly): was dissolved in 50 ml of methanol. After removal of
the solvent, a colorless liquid free of chlorine remained; #%,
1.542.0. Upon attempting to distil part of it <» vacuo, sudden
violent decomposition occurred.

Anal. Caled for CeHpB100.P: (328.4): C, 21.95; H, 6.75;
B, 32.95; P, 18.18. Found: C, 20.55; H, 6.51; B, 33.44; P,
18.08.

Reaction of CLP[CB;H,,CP(Cl)];OCH; with Dimethylamine.
—Gaseous dimethylamine was bubbled through a solution of 4.0
g of the polymer in 100 ml of benzene for 1 hr at 25°, then for
another hour at 40°. After filtration to remove the HN{CH;)
HCI formed in the reaction, the filtrate was evaporated to dry-
ness and the residue triturated with 100 ml of petroleum ether
(bp 80-60°) to give 1.8 g of solid, mp 90-94°.

Anal. Caled for C12H44B20C1N4P3 (5893) C, 2446, H,
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7.563; B, 36.72; Cl,6.02; N, 9.51; P,15,77. Found: C, 23.83;
H, 7.95; B, 36.76; Cl, 7.43; N, 8.88; P, 14.16; mol wt (in
chloroform), 598.

Reaction of m-B;H;BrLi with PCl;.—A solution of m-BjHo~
BrC.H,! (22.3 g, 0.1 mole) in ether (100 ml) was added, with
stirring and ice cooling, to a solution of butyllithium (0.25 mole)
in hexane (170 ml) and ether (100 ml). The reaction mixture was
stirred at 0° for 1 hr, then filtered. The insoluble dilithium salt
was washed with ether, then slurried with 250 ml of ether, and
added with ice cooling to a solution of PCl; (41.1 g, 0.3 mole) in
500 ml of ether. After stirring for 12 hr at ambient tempera-
ture, the resulting mixture was filtered, and then the filtrate was
evaporated to dryness. Trituration of the residué with methanol
afforded 25 g of polymer, mp 115-120° (starts to shrink at 105°).

Anal. Caled for CisHesBeaoBrsCl:O3Ps (1712.1): C, 10.52; H,
3.71; B, 37.91; Cl, 6.21; Br, 28.00; P, 10.85. Found: C,
9.67; H, 3.68; B, 36.34; Cl, 6.21; Br, 28.00; P, 11.08; mol
wt (in toluene at 39°), 1784,
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Tracer Experiments on the Oxidation of
Methyl Esters of Oxalic Acid by Cerium(IV)
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The oxygen tracer experiments which we describe
in this note were undertaken in trying to develop con-
venient methods for determining in solution the iso-
topic composition of the oxygen contained in CHjs-
C,OH and CH;CyO,CH;. The reactions proved not
quite clean enough to meet our analytical requirements,
but the results we obtained are sufficiently clear-cut to
provide insight into the mechanism of oxidation of these
species.

Experimental Section

Earlier work has shown that CO; generated in aqueous solution

can be removed rapidly enough by a stream of inert gas so that
little exchange with solvent takes place.! The oxidation was
~done by adding the ester solution to the solution containing
Ce(IV) and HCIO;. Each of the solutions was enriched in OB
to the same extent, The stream of N; used to carry off the CO.
served also to stir the solution. Carbon dioxide was trapped
out of the N, stream using liquid N as coolant, and CO; was
collected for isotopic analysis after it was sublimed from a Dry
Ice-methanol trap. The isotopic composition of the solvent was
determined by equilibration with COa,.

The reaction of Ce(IV) with the oxalate esters is rapid, the
half-time being less than 1 min under our conditions. The
time of reaction was chosen as 5 min. A matter of some con-
cern is the extent of oxygen exchange between the esters and the

(1) R. M. Milburn and H, Tanbe, J, Am, Chem. Soc., 8%, 3515 (1959),
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solvent in the highly acidic reaction medium. The rate of ex-
change of the esters has been determined, and an upper limit can
be set on the incorporation of solvent oxygen by exchange.
The extent of exchange is small and is dealt with in the next sec-
tion.

Results
The results of the tracer experiments are shown in

Table I. The values of # (see footnotes to Table I) are
calculated from the equation
2Eco, — 1
n=—-
Esolv ~1
TABLE I

OxVGEN TRACER RESULTS ON THE OXIDATION OF (CHj;).Cy04 AND
KCH;C0O4 BY Ce(IV)e
~2.5 M HCIO4, ~0.20 M Ce(IV)

ED for
Substrate,* M Solvent CO2 n®
(CH;)2C204
0.0423 5.378 3.268 1.03
0.0508 5.328 3.238 1.03
CH;C.0.H
0.0352 5.183 2.192 0.57
0.0422 5.125 2.166 0.57
2 Room temperature. ® E = enrichment ratio, that is the

isotopic composition in the sample in question compared to that
of normal CO;. ¢#x = number of atoms of oxygen for each CO,
formed which are derived from the solvent. Note that 2
moles of CO, results from the oxidation of each mole of ester.

Discussion

The values of #, slightly in excess of 1.00 for (CHj),-
Cy0, and slightly in excess of 0.50 for CH;C,0,, are
upper limits on the incorporation of solvent oxygen
into CO, by the reaction itself. Exchange of oxygen
between solvent and unreacted complex must be al-
lowed for, as must ester hydrolysis and exchange be-
tween the CO, formed and the solvent. Using as the
half-life for reaction the upper limit of 1 min, and re-
sults»? on the rates of oxygen exchange, the rate of
oxidation for the diester compared to exchange is 200
or greater and the incorporation of solvent oxygen per
CO, by exchange is less than 0.005. Making a similar
estimate for CH,C;O,H, assuming that the rate of ex-
change of the three exchangeable oxygens is one-half
that observed for HyC,Oy, the upper limit to the number
of atoms incorporated is ~0.1. Ester hydrolysis com-
peting with oxidation can at most account for 0.015
solvent atom per CO, in the case of (CHj),C,0, and
even less in the case of CH;C,0.H. Incorporation by
exchange between CO, and solvent is less than 29.
This analysis indicates that the actual incorporation of
solvent oxygen by oxidation is exactly 1.00 in the case of
(CH;)5C:04 and very nearly 0.50 in the case of CH;-
C,0,H.

Oxidation in the three cases studied thus far results
in bond breaking as indicated below.

(2) C. Andrade, Ph.D. Dissertation, University of Chicago, 1964.
(8) A. Skrabal, Monatsh. Chem., 88, 29 (1917).



