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TasLE III
ErrECT OF TYPE OF ADDED SALT UroN Pu™*-Pu*4 FORMAL
PoTENTIALS AT CONSTANT IONIC STRENGTH AND 25°

(H*), (NaClOy), (LiCl0y),
moles/1. moles/1. moles/l. Ev, volts
2.000 0.000 0.000 —0.9826
0.500 .000 1.500 — 9797
. 500 1.500 0.000 — .9791
.200 0.000 1.800 — .9771
.200 1.800 0.000 — .9768
.100 0.000 1.900 — .9719
.100 1.900 0.000 — .9728

the substitution of sodium ions for lithium ions in
these solutions of constant ionic strength.
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It might have been predicted from the treatment
of Robinson and Stokes!? that the above activity
coefficient ratio would be significantly altered in
the solution of mixed electrolytes since the osmotic
coefficients and the hydration numbers of sodium
perchlorate and lithium perchlorate are appreci-
ably different. However, it appears that this dif-
ference is not observed experimentally in view of
the small changes noted in the formal potentials
of the Pu3-Pu~** couple.

(12) R. A. Robinson and R. H. Stokes, ''Llectrolytic Solutions,”’
Butterworths Publications, Ltd., London, 1955, p. 443.
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Controversial statements are found in the literature on the composition and the mode of forination of the complex which

precipitates upon addition of a solution of 1-nitroso-2-naphthol (HR) to a cobalt(II) solution in an acetate buffer.
From its polarographic properties in AN, from amperometric

precipitate is soluble in benzene and acetonitrile (AN).

The

titrations in water and AN, and from gravimetric studies it was concluded that the complex has the formula Co(III) R;-H,R/,

H;R - being the semiquinone obtained by a one-electron reduction of HR. H,R'isunstableinavacuum at 110°.
soluble in 409, acetic acid; the precipitate obtained from this medium has the composition Co(III)R,.

HoR- is
It is proposed that

Co(II)R; is the first reaction product which, in acid medium, decomposes rapidly according to the equation: 2Co(II)R, —

Co(II)R; + HyR' + Co(II).

When dissolved in AN which contains acid, the reaction products of the disproportionation are found in the solution.

A precipitate of Co(II)R; is obtained from neutral and slightly alkaline aqueous medium.

The

polarographic properties of some other metal-HR complexes have been determined.

Ilinsky and v. Knorre! reported in 1885 that
upon addition of excess cobalt(II) to a neutral
aqueous solution of the sodium salt of 1-nitroso-2-
naphthol (designated in this paper as HR) a
brown-red precipitate is formed. By addition of
acid to the mixture and heating, the precipitate is
transformed to a purplered compound. The
purple complex is also obtained when the precipi-
tation is carried out in acid medium. The per-
centage of cobalt in the complexes was determined
and the formulas CoR; and CoR; for the brown-red
and purple-red complexes were suggested.

During this century HR has been recommended
by a number of investigators for the determination
of cobalt. The precipitate has been reported to be
of variable composition, and for this reason is ig-
nited to and weighed as CosO4 or the oxide is re-
duced with hydrogen to the metal.%?

Mayer and Feigl* suggest that divalent cobalt is
partly oxidized by the reagent to the trivalent state
and claim that the precipitate formed by addition
of HR to an acid solution of divalent cobalt is not a
pure compound but contains both divalent and tri-
valent cobalt. In order to obtain all cobalt in the
trivalent form they first convert cobalt(II) into
cobaltic hydroxide by addition of hydrogen perox-
ide and sodium hydroxide. The hydroxide is
dissolved by heating in a fairly concentrated solu-
tion of acetic acid to yield a complex trivalent co-
balt acetate. After dilution the cobalt(III) is

(1) M. llinski aund G. von Knorre, Ber., 18, 699 (1885).

(2) P. Slawik, Chem. Z., 88, 514 (1914); C. A., 8, 2541 (1014),

(3) H. Willard and D. Hall, TuI1s JourNaL, 44, 2219 (1922).
(4) C. Mayer and F. Feigl, Z. Anal. Chem., 90, 15 (1932).

precipitated with the reagent aud the precipitate
weighed as CoR;2H,0. It is not realized by these
authors that on heating of a cobalt(III) solution
in aqueous acetic acid reduction to cobalt(II) oc-
curs.

Kolthoff and Langer® titrated divalent cobalt in
acetate buffer amperometrically with HR. The
ratio of cobalt to HR in the purple-red precipitate
was found to be 1:4 and they suggested the for-
mula CoR;-2HR.

In a discussion of these results Feigl® suggested
that HR reacts with cobalt(II) salts to form an in-
ner complex containing trivalent cobalt. He sug-
gests that the precipitate is composed of the triva-
lent cobalt complex with one molecule of coérdi-
nated reagent. No experimental evidence however
was presented and no simple reaction mechanism
would account for this suggestion.

From the above review it is evident that the
composition of the red cobalt complex and its
mode of formation are not yet clear. In the present
paper experiments are described which establish
the composition of the red precipitate and the re-
actions leading to its formation.

It was observed that some of the metal complexes
with HR, which are precipitated from aqueous
medium, are soluble in benzene and acetonitrile
(designated in this paper as AN). In AN as sol-
vent or in mixtures of AN with benzene well-de-

(5) I. M. Kolthoff and A, Langer,
(1940).

(6) F. Feigl, "Chemistry of Specific, Selective and Sensitive Reac-

tions,” Academic Press, New York, N. Y., 1949, pp. 252-262; Anal.
Chem., 21, 1298 (1949).
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fined polarographic waves of the metal complexes
were obtained. A polarographic study of the co-
balt complexes indicated that cobalt is present in
the trivalent form. Evidence is presented that co-
balt(II) reacts in an acetate buffer or in other acid
medium with RH to form Co(II)R; which rapidly
is transformed into Co(III)R; and H,R-H,R.
having properties of a semiquinone. In dilute
acetic acid medium H,R- precipitates quantita-
tively with the red compound, which has the over-
all composition CoRsHeR-. At higher concentra-
tions of acetic acid the semiquinone is soluble and
the precipitate is composed of CoR;. This inter-
pretation was supported by gravimetric and am-
perometric experiments.

Experimental

Materials Used.-—C.p. chemicals were used usnless other-
wise stated. Standard solutions of HR were prepared and
standardized as recommended by Kolthoff and Langer.s
Unless otherwise stated, 0.1 M sodium perchlorate pre-
pared from the anhydrous salt served as supporting elec-
trolyte in AN as solvent.

Technique.—The conventional type of dropping mercury
clectrode and of electrolysis cell were used. Current—
voltage curves were recorded with a Sargent Recording
Polarograph Model XXI. Oxygen was eliminated from
the solutions by bubbling pure nitrogen through the cell
for 10 min. and passing it over the solution during the
electrolysis. Further details on the polarographic technique
in AN are found in a recent paper.?

Results

Polarography.—Irreproducible and poorly de-
fined current-voltage curves of the reagent and its
metal complexes in AN were obtained in acid-free
solutions of sodium perchlorate. By addition of
acetic acid or perchloric acid well-defined and repro-
ducible polarograms were observed.

Current-voltage curves of 10-® / HR in AN of

different acidity are plotted in Fig. 1. The diffu-
24
20 4 P
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—0.6
—0.4
Volts vs. S.C.E.
Fig. 1.—Current-voltage curves of 1073 A7 HR in 0.1 37
sodium perchlorate in acetonitrile: (1) 0.1 3; (2) 0.5 M;
(3) 1.5 M in acetic acid; (4) 0.1 3/ in perchloric acid.

—-1.0
—0.8

—-1.2

sion current wasfound not to be affected by concen-
tration and kind of acid present and to be pro-
portional to concentration of HR, the value of
1a/c being equal to 16.0 pa./mmole HR/liter. By
ussuming a reasonable value for the diffusion co-
efficient of HR, it was inferred that its reduction

(7) 1. M. Kolthoff and J. F. Coetzee, Txis Journar, 79, 870
(1957).

I. M. KOLTHOFF AND EINAR JACOBSEN

Vol. 79

involves four electrons. This corresponds to a re-
duction of the nitroso group to the amine. The
half-wave potential is shifted to more positive
values with increasing concentration of acetic acid,
while the stronger acid perchloric in 0.1 M solution
has a much greater effect than 1.5 M acetic acid.
Identical waves were obtained when the reagent
was extracted with benzene from aqueous acetic
acid solution and the benzene solution diluted with
AN which contained the appropriate amount of
acid and salt.

Complexes of various metals with HR were pre-
pared by adding a known volume of the reagent in
60% acetic acid to aqueous 0.2 M sodium acetate
solutions containing an excess (50 to 100%,) of the
metal salts. The precipitates formed were ex-
tracted with benzene and an aliquot part of the ex-
tract diluted with AN, which was 0.5 M in acetic
acid and 0.1 M in sodium perchlorate, shortly be-
fore recording the polarograms. Current—voltage
curves of the metal complexes are plotted in Fig.
2. Diffusion currents and E:/, values are reported
in Table I.

12 -
10

8 -

+02 0 —0.2
—0.4

Volts vs. S.C.E.

Fig. 2.—Current-voltage curves of various metal complexes
with HR in AN (0.5 M in acetic acid and 0.1 M in NaClO,):
1) 2 X 107 M Fe(II)Ry; (2) 2 X 1074 M Ni(II)Ry:

(3) 2 X 107 M Cu(II)Ry; (4) 2 X 104 M Co(III)Rs.R.

Solutions of the metal complexes also were pre-
pared by mixing together equivalent amounts of
the metal perchlorates and the reagent in aceto-
nitrile which was 0.5 3/ in acetic acid. Current—
voltage curves of these solutions were identical
with those in Fig. 2 and the 44 values were propor-
tional to the concentration of the respective com-
plexes.

The polarograms of copper(II), nickel(II) and
the iron(IT) complexes exhibit two waves. The
first wave corresponds to reduction of the reagent
in the complex, the second wave to reduction of the
metal ion to amalgam. The half-wave potentials
of the second wave of the nickel and ferrous iron
complexes are practically identical with the ob-
served Fi, value of the corresponding metal/
perchlorates in the same medium (Table I). The
Ly, value of the second wave of the copper com-
plex is close to that of copper(I) to copper amal-
gam. The copper(II) in the complex is held
firmly and cannot be reduced until all the reagent is
reduced. Apparently, the reduced reagent also

—0.6
—0.8

—1.0
—1.2
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I

Dirrusion CURRENTS AND Ei/, VALUES OF 2 X 1074 M/ META . CoMPLEXES WITH HR IN ACETONITRILE

Complex Color id1 ids

NiR, Brown 5.30 1.30
FeR; Green 5.20 1.30
CuR, Brown 5.40 1.35
CoR;.R- Purple-red 9.85 1.96

stabilizes the copper(II). Considering that the
reduction of one molecule of reagent involves 4
electrons and that of one metal(II) 2 electrons, the
ratio 74,/74, should be 1:4 for MR,. As seen from
Table I, this ratio is found experimentally.

The polarogram of the cobalt complex differs
from the others. The half-wave potential of the
second wave was found to be 0.25 volt more nega-
tive than the E., for reduction of uncomplexed
cobalt(II) ions in the same medium. This differ-
ence might be attributed to complex formation of
cobalt with the reduced reagent. If the complex
had the composition CoR;2HR, the ratio of
14,/14, should be 1:8, while the ratio should be 3:16
or 1:5.33if the formula were CoRg;-HR. Actually,
a ratio of 1:5.00 was found, which corresponds to a
formula Co(III)RsR-, in which R- is the semi-
quinone of HR, which would require 3 electrons
per molecule for its reduction. From Fig. 2 it is
scen that the reagent wave of the cobalt complex is
composed of two waves, the first wave being about
2 pa., and the second wave 7.9 pa. According to
the formula Co(III)R;-R- the ratio of the waves
should be 1:5.0, which is actually found.

In order to get further information on the
formation and composition of the cobalt com-
plex several amperometric titrations and
gravimetric determinations have been carried
out.

The Amperometric Titrations.—Cobalt(II)
chloride in 0.2 M aqueous acetate buffer was
titrated amperometrically with HR dissolved
in 609, acetic acid. The diffusion current
of the reagent was measured at an applied
potential of —0.6 volt vs. S.C.E. The titra-
tion curve is plotted in Fig. 3 curve 1. In
agreement with Kolthoff and Langer® the ratio
Co:R in the precipitate at the end-point was
found to be exactly 1:4.00. When the titra-
tion was carried out in 409, acetic acid, a cur-
rent passed immediately upon addition of rea-
gent, this current increased linearly with the
volume of reagent added until the end-point.
After the end-point the increase in current be-
came much greater (curve 2, Fig. 3). Again,
the end-point was found at a ratio of Co:R of
1:4.00.

Several titrations were carried out by first pre-
cipitating the cobalt as cobaltic hydroxide and dis-
solving the precipitate in hot acetic acid solution
according to Mayer and Feigl’s* procedure for prep-
aration of the trivalent cobalt acetate. In agree-
ment with Kolthoff and Langer® the results were
found somewhat variable; in several titrations the
ratio Co:R in the precipitate at the end-point
varied between 1:3.70 and 1:3.90, indicating that
most of the cobalt(III) was reduced to the divalent

ua

; E
i ond it Ei/, of Me(C04):2
1:4.1 —0.54 Ni(II)-Ni(0) —0.55
1:4.0 —1.12 Fe(II)-Fe(0) —1.11
1:4.0 —(0.42 Cu(D)-Cu(0) —0.40
1:5.0 —0.93 Co(1I)-Co(0) —0.68
10 /
8
i
4
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04 08 12 16 2.0 24 28 3.2
Moles X 104 HR added.

Fig. 3.—Amperometric titration of cobalt with 0.1 M HR
in 809, acetic acid at —0.60 volt: (1) 5 X 10~5 M cobalt(II)
in 50 ml. of acetate buffer; (2) in 50 ml. of 409, acetic acid;
(8) 5 X 1075 M “cobalt(III)” in 50 ml. of 35% acetic acid.

form upon dissolution in 409, acetic acid. A typi-
cal titration curve is plotted in Fig. 3, curve 3.
Amperometric titrations of the reagent with co-
balt(II) perchlorate were carried out in AN which
was 1 M in acetic acid and 0.1 M in sodium per-
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1.25

Moles X 10° cobalt(II) added.
Fig. 4.—Titration of 5X 1078 M{ HR in 50 ml. of acetonitrile

which was 1.0 M in acetic acid with 1072 M Co(ClOy), in
acetonitrile,

Measured at —0.16 volt »s. S.C.E.

chlorate. The titrations were carried out at
—0.16 volt at which potential the free reagent
yields a diffusion current, and the reagent in the
complex a very small current only (compare Figs.
land 2). A typical titration line 1s given in Fig. 4.
The end-point corresponded again to a ratio of
Co:HR of 1:4.00

Gravimetric Determinations.—Several gravi-
metric determinations were carried out in which
cobalt(II) in acetate buffer was partially precipi-
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tated with a 0.1 3 solutionn of HR. One hundred
per cent. excess of cobalt was present in all experi-
ments. The precipitate was filtered, washed with
distilled water, and dried in a vacuum oven at 110°.
The weight of the precipitate decreased with time
of heating. "The results of two experinients are
reported in Table II.

TasLi II
Weiclit oF THE CoBart CoMpPLEX UPON DRYING IN VACUUM
OVEN aT 110°, Using S Mr. 0.1 M HR axp Excess CopaLt

(Im
Heating
time, Wt of ppt. in g.
Medium hr. a b
Acetate buffer 2 0.1366 0.1370
Acetate buffer 4 L1350 L1352
Acetate buffer 6 .1340 L1341
Acetate buffer 3 .1325 .1323
409 acetic acid 2 . 1228 .1228
409, acetic acid 4 L1222 .1223
409, acetic acid 6 .1223 L1222

If the composition of the complex were CoRy
2HR, the weight of the precipitate should be O.-
1499 g. assuming quantitative precipitation of HR.
If 4 moles of the reagent react with 1 mole cobalt-
(II) to give a complex of the form CoR;-2H,0, the
weight of the complex should be 0.1223 g.  As seen
from Table II the final weight of the precipitate
was between these two values.

The precipitation also was carried out in 407,
acetic acid as solvent. The precipitate was fil-
tered and washed with 409, acetic acid. The
weight of the precipitate became constaut after
heating for 4 hr. and corresponded to the theoret-
ical value of 0.1223 g. for the complex CoRj;-
2H,0 suggested by Myaer and Feigl.*

The dried precipitates dissolved easily in beu-
zette. Such solutious were diluted with AN which
was 0.5 M in acetic acid aud 0.1 J{ in sodium per-
chlorate, aud current-voltage curves were ruil.
Some results are plotted iu Fig. 5. The precipitate
ohtainted from the acetate buffer and dried at room
teinperature gave the sane polarogram (curve 1,
Fig. ) as the cowplex whichh was fornied in AN

~

+02 0 02 —-1.4

—0.4
Volts vs. S.C.I.
Fig. 5.—Current-voltage curves of 4 X 107* A/ Co-con-
plex inn acetonitrile whicli was 0.1 A7 in NaClO, and 0.5 M in
acetic acid: (1) precipitate dried at room temperature;
(2) dried 2 hr ; (3) 4 hr.: (1) Shr.

-0.6 - 1.0

—0.8 —1.2
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(Fig. 2). However, ou drying, the first wave of
the reagent wave decreased markedly. The de-
crease of tlie height of the total reagent wave cor-
responded to the decrease of the prewave. The
ratio tg,/7q, decreased from 1:4.99 (air-dried) to
1:4.33 after 8 hir. dryiug at 110°.

The current-voltage curve of the dried conplex
prepared in 409, acetic acid is plotted in Fig. 6,
curve 2. This polarogram does 110t exlibit a pre-
wave. The ratio 74,/74, was found to be 1:4.02,
indicating that the coniposition of the couiplex cor-
responds to Co(III)R;.  After precipitation in 409,
acetic acid the filtrate was shaken out with benzene
and the extract diluted with AN. The polarogram
of this solution is plotted in curve 3 of Fig. 6. The
height of this wave was 3.8 ua. while the height of
the reagent wave in Co(III)R; was 15.9 ua. (curve
2). The sum of the two is 19.7 pa. aud exactly
equal to the total height of the total reagent wave
in the complex prepared in dilute acetate buffer
(curve 1). This agreeinent, combined with the

16

+02 0 —-0.2 —0.6
—-0.4 —-0.8
Volts vs. S.C.E.
Fig. 6.—(1) Current-voltage curves of 4 X 104 4 Co-con-
plex in acetonitrile; (0.5 3 in acetic acid and 0.1 M in so-
dium perchlorate); (2) of 4 X 10~* 3 complex, prepared in
409 acetic acid; (3) of extract of tlie 40 % acetic acid filtrate.

-10 —14
—-1.2

fact that the wave in curve 3 occurs in the same po-
tential region as the prewave in curve 1, allows the
conclusion that the prewave is given by the species
wliich is soluble in 409, acetic acid. This was con-
firmed by preparing a complex from dilute acetate
buffer and extracting it with hot 409, acetic acid.
The resulting complex now gave a polarogram iden-
tical with that in curve 2 (Fig. 6) instead of that
in curve 1, while the soluble species after extraction
gave a wave identical with curve 3.

Composition and Formation of Cobalt Com-
plexes with HR.—On the basis of the experimental
results presented in the previous section it is
possible to present the equations of formation
and the composition of cobalt complexes with
HR. The precipitate obtained from an acetate
buffer is evidently not a pure compound and
contains some ‘‘coprecipitated reagent.” This
“coprecipitated reagent’ is soluble in warm 409}
acetic acid. After extraction of the precipi-
tate with 407, acetic acid its formula is Co(III)R,.
This compound is obtained directly when the pre-
cipitation is carricd out in 409, acetic acid as was
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indicated by the results of polarographic and grav-
imetric experiments and amperometric titrations.

The precipitate obtained from dilute acetate
buffer contains cobalt and reagent in the molecular
ratio 1:4.00. After extraction with 409, acetic
acid this ratio becomes 1:3.00 (Co(III)R;). The
extracted reagent requires only 3 electrons per mole-
cule in its reduction, while HR requires 4 elec-
trons. This is strong evidence that the extra
molecule of reagent is a free radical, denoted as
H,R -, which is an intermediate and stable product
formed in the reduction of HR

HR + H* 4+ e~ —> H,R-
It is not plausible to assume that the precipitate in

dilute acetate buffer is formed by the sequence of
reactions

Co(II) + HR —> Co(III) + H,R- (1)
Co(III) + 3HR —> Co(IIDR; + 3H*  (2)
Co(III)R; + HyR. —> CoRs-H,R. (3)

In amperometric titrations of cobalt(II) with
the reagent in acetate buffer and in the reverse
titration it was found that at any stage of the titra-
tion before and after the end-point the over-all
composition of the precipitate corresponded to
1:4.00. In 409, acetic acid the reaction ratio in
both types of titration also was at any stage 1:4.00,
although the precipitate had the composition
Co(III)R;. Finally, from the identical polaro-
graphic behavior in AN of the precipitate formed
from dilute acetate buffer and of the reaction prod-
uct obtained by mixing cobalt(II) and HR in AN,
and also from amperometric titrations in AN it ap-
pears impossible that the formation of the final
reaction product occurs by the sequence of reac-
tions 1 and 2. It is postulated that this sequence
of reactions accounts for the observed results

SYNTHESIS OF TETRAKIS-(DICHLOROMETHYLPHOSPIINE)-NICKEL
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Co(I1) + 2HR —> Co(IDR, + 2H* (4)
2Co(I1)Rg —> Co(II1)R; + H:R- + Co(II)  (5)

The cobalt(II) complex formed according to eq.
4 is transformed rapidly in acid medium. In di-
lute acetate buffer H;R. is insoluble and copre-
cipitates with Co(III)R;. In 409, acetic acid
H:R. is soluble and only Co(III)R; precipitates.
In AN both Co(III)R; and H,;R. are soluble.

As stated by Ilinski and v. Knorre! and con-
firmed in this Laboratory Co(II)R, precipitates on
mixing cobalt(II) with the sodium salt of the re-
agent in neutral or slightly alkaline medium.
When such a precipitate is dissolved in AN con-
taining acetic acid, it should disproportionate ac-
cording to eq. 5. Qualitatively the polarogram
should be and is found similar to that of curve 1 in
Fig. 6. The ratio of the prewave to that of the
total reagent wave minus the prewave was found
1:4, as required by eq. 5. The ratio of 7 (cobalt
wave, in this case Co(III) and Co(II)) to iy (total
reagent wave) should be 1:3.00. Actually in
several experiments a ratio of 1:2.97 £ 0.03 was
found, in excellent agreement with the postulated
interpretation.

The gravimetric data (Table II) and Fig. 5 in-
dicate that coprecipitated H,R - can be volatilized
more or less completely in a vacuum oven at 110°,
The reason why Mayer and Feigltcould obtain such
good results is not because they first oxidized co-
balt from the divalent to trivalent state, but be-
cause they carried out the precipitation in fairly
concentrated acetic acid medium in which H;R.
is soluble.
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The Synthesis of Tetrakis-(dichloromethylphosphine)-nickel from Methyldichlorophos-
phine and Nickel™

By Louis D. Quin'd
RECEIVED FEBRUARY 23, 1957

The reaction of bulk unickel with methyldichlorophosphine was found to proceed readily to give high yields of tetrakis-

(dichloromethylphosphine)-nickel.

This represents the first synthesis of this type of compound by the direct reaction of

nickel and a trivalent phosphorus compound. A small amount of a black unidentified solid adhering to the residual nickel
is also formed. Similar conditions were not effective for causing phosphorus trichloride or phenyldichlorophosphine to

react with nickel.
compounds.

Several compounds of the type Ni(PY;), have
been prepared in recent years by the reaction of
nickel tetracarbonyl®~® or other Ni(PY;)s comn-
pounds??® with trivalent phosphorus compounds.
Their preparation by the direct reaction of nickel

(1) {a) Portions of this paper report work done under contract with
the Chemical Corps, U. S. Army, Washington 25, D. C. (b) Depart-
ment of Chemistry, Duke University, Durham, N. C,

(2) J. W. Irvine, Jr., and G. Wilkinson, Science, 118, 742 (1951),

(3) G. Wilkinson, Tr1s JoURNAL, T3, 5501 (1951).

(4) G. Wilkinson, Z. Naturforsch., 9b, 446 (1954).

(53) I.. Malatesta and A. Sacco, Ann. chim., 44, 134 (1954).

The properties of tetrakis-(dichloromethylphosphine)-nickel were in general similar to those of related

with phosphorus compounds has not yet been
successful, although evidence of a reaction has
been obtained with phosphorus trichloride.? Phos-
phorus trifluoride showed no reaction with
nickel.®® We now wish to report the facile syn-
thesis of the new compound tetrakis-(dichloro-
methylphosphine)-nickel, Ni(CH3;PCly)s (I), by the
reaction of methyldichlorophosphine and elemen-
tal nickel.

The reaction has been affected by several tech-

(6) J. Chatt and A. A. Williams, J. Chem. Soc., 3061 (1951).



