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of methane was observed. After 2 h, the yellow solution was
concentrated to ca. 10 mL and chilled to ~20 °C to afford yellow
crystals. Recrystallization from ether gave pure material: yield
71%; mp 89-91 °C.

Other alkyl(aryloxy)nickel(II) and -palladium(II) complexes
were prepared analogously. Yields, melting points, elemental
analyses, and IR and 'H NMR spectral data are summarized in
Table 1.

Reactions of Alkylnickel and -palladium Complexes with
CO. Complex If (102 mg, 0.239 mmol) was dissolved in THF (2
mL). After evacuation, carbon monoxide (1 atm) was introduced.
MeCOOC¢H,-p-CN (0.197 mmol, 82% /Ni) was detected in the
colorless solution after 1 day. The IR spectrum of the residual
solid after volatiles were removed showed strong bands at 1910
and 1980 cm™ attributable to »(C=0) of Ni(CO),(PEts),.!*

Reactions of other alkylnickel and -palladium complexes are
summarized in Table II.

Preparation of Ni(COMe)(OCzH,-p-CN)(PEt;),, 3f. An
equimolar amount of CO was introduced into a THF (5 mL)
solution of 1f (229 mg, 0.535 mmol) under vacuum at -78 °C, by
using a mercury manometer. More than 90% of CO gas was
absorbed in 6 h. After 10 h, the reaction was stopped and the
yellow solid obtained by removing THF in vacuo was recrystallized
from hexane to give air-sensitive yellow crystals: yield 22%; mp
80-83 °C dec. Elemental analysis was not feasible because of its
high air sensitivity, and the complex was identified by IR and
NMR spectroscopy: IR v(C=N) 2200 cm? (vs}), »(C=0) 1645
(vs), (C—0) 1340 cm™’; 'H NMR (benzene-dg) NiCOMe, 2.55 ppm
(s, 3 H), PEt;, 1-2 ppm (m, 30 H), OC¢H,-p-CN, 7.03 ppm (d,
J(H-H) = 9Hz, 2 H), 7.35 (d, J(H-H) = 9Hz), 2 H).

Preparation of trans-Pd(COMe)(OC;H,-p-CN)(PEt;),, 4e.

Complex 2e (661 mg, 1.39 mmol) in benzene (10 mL) was placed
in an autoclave (50 mL) under nitrogen. CO gas (ca. 10 atm) was
introduced into the autoclave. After the reaction system was
stirred at room temperature for 5 h, the solution was transferred
into a Schlenk type flask. Removal of solvent afforded a colorless
solid which was recrystallized from ether to give colorless crystals:
yield 50%; mp 54-55 °C; IR »(C=N) 2180 cm™! (vs}, »(C=0) 1670
(vs); 'H NMR (acetone-ds) PACOMe, 2.89 ppm (t, J(P-H) = 1
Hz, 3 H), PEt,, 1.16 (qui, J(P-H) = J(H-H) = 8 Hz, 18 H), 1.60
(m, 12 H), OC¢H,-p-CN, 6.72 (d, J(H-H) = 9 Hz, 2 H), 7.25 (d,
J(H-H) = 9 Hz, 2 H). Anal. Caled: C, 50.1; H, 7.4; N, 2.8. Found:
C, 50.7; H, 7.4; N, 2.8. In this preparation starting material 2e
sometimes remained. Completion of the reaction was confirmed
by monitoring the solution by 'H NMR spectroscopy before
performing isolation.

Registry No. la, 72918-80-0; 1b, 72918-78-6; 1c, 72918-77-5;
1d, 95910-33-1; le, 79299-48-2; 1f, 95841-39-7; 2a, 95841-40-0; 2b,
95841-41-1; 2¢, 95841-42-2; 2d, 95841-43-3; 2e, 95841-44-4; 2f,
95841-45-5; 2g, 95841-46-6; 3b, 72918-83-3; 3¢, 72930-43-9; 3f,
95841-47-7; de, 95841-48-8; Ni(CO),bpy, 14917-14-7; Ni(CO),-
(PEty),, 16787-33-0; Ni(AN);bpy, 38566-75-5; Na,IrCls, 16941-25-6;
NiMe,(PEt;),, 60542-85-0; PdMe,bpy, 95841-49-9; PdMe,(PEts),,
29158-93-8; PdMeg(PMePhg)z, 70354'76'6; PdMeg(PEtth)g,
95910-34-2; AN, 107-13-1; MAnh, 108-31-6; dmpe, 23936-60-9; dpe,
1663'45‘2, CH3CO2Ph, 122'79'2; C2H5002C6H4-p-CN, 70978'62'0;
CH3C0206H4-p-Ph, 148'86'7; CH3C02C5H4-p-CN, 13031'41'9,
CH;CO,C¢H,-p-OMe, 1200-06-2; CH;CO,CgH,-p-Me, 140-39-6;
HOCgH,-p-Me, 106-44-5; NCC¢H,-p-OH, 767-00-0; MeOC:H,-p-
OH, 150-76-5; CgH;OH, 108-95-2; CO, 630-08-0.
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Summary: Butadiene reacts with bis(dibenzylidene-
acetone)palladium to give the title compound. The NMR
spectra indicate that the C;, chain in this molecule is
arranged symmetrically around the palladium atom and
has syn-substituted n>-allyl groups and an uncomplexed
cis double bond. Further reaction with bidentate ligands
is accompanied by conversion of the n°-allyl groups into
the n'-allyl form to give a 13-membered metallacycls.
The significance of these complexes to the palladium-
catalyzed linear trimerization of butadiene is discussed.

Although it has been known for over 20 years that donor
ligand-free palladium catalysts convert butadiene into a
mixture of isomers of the linear trimer dodecatetraene,
there is little concrete information concerning the mech-
anism of this process. The original suggestion that an

(1) Based on the doctoral thesis submitted by G. Schenker to the
Ruhr-Universitat, Bochum, 1984,
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(n2,7° n°-dodecatriendiyl)palladium species,?? related to the
nickel complex isolated from the cyclotrimerization of
butadiene,* is involved was abandoned in favor of a
mechanism involving a binuclear species following the
isolation of a complex of this type (eq 1) which was,
moreover, shown to be an active catalyst for the linear
trimerization of butadiene.>*” We report here evidence
which implies that the original suggestion was essentially
correct.

Bis(dibenzylideneacetone)palladium, [Pd(dba),],? or the
related bipyridine derivative [Pd(bpy)(dba)],’ react with
excess butadiene in ether at room temperature to give the

(2) Keim, W. Dissertation Techn. Hochschule Aachen, 1963.

(3) Wilke, G.; Bogdanovié, B.; Hardt, P.; Heimbach, P.; Keim, W.;
Kroner, M.; Oberkirch, W.; Tanaka, K.; Steinriicke, E.; Walter, D. Angew.
Chem., Int. Ed. Engl. 1966, 5, 151.

(4) (a) Bogdanovi¢, B.; Heimbach, P.; Kroner, M.; Wilke, G.; Hoff-
mann, E. G.; Brandt, J. Liebigs Ann. Chem. 1969, 727, 143. (b) Henc,
B.; Jolly, P. W,; Salz, R.; Wilke, G.; Benn, R.; Hoffmann, E. G.; Mynott,
R.; Schroth, G.; Seevogel, K.; Sekutowski, J. C.; Kriger, C. J. Organomet.
Chem. 1980, 191, 425,

(5) Medema, D.; van Helden, R. Recl. Trav. Chim. Pays-Bas 1971, 90,
324.

(6) (a) Smutny, E. J. Ann. N.Y. Acad. Sci. 1978, 214, p 125. (b) Keim,
W. In “Transition Metals in Homogeneous Catalysis”, Schrauzer, G., Ed.;
Marcel Dekker: New York, 1971; p 59,

(7) Keim, W.; Behr, A.; Réper, M. In “Comprehensive Organometallic
Chemistry”; Wilkinson, G., Stone, F. G. A, Abel, E. W, Eds.; Pergamon
Press: Oxford, 1982; Vol. 8, p 397.

(8) Takahashi, Y.; Ito, T.; Sakai, S.; Ishii, Y. J. Chem. Soc. D 1970,
065

(9.) Pierpont, C. G.; Buchanan, R. M.; Downs, H. H. J. Organomet.
Chem. 1977, 124, 108.
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N ~Cehwo
[ IPdOAc(a3-CaHall) + 37 —_—

m

title compound 1 in ca. 30% isolated yield (the isolation
is hampered by the catalytic formation of dodecatetraene)
as a yellow, air-sensitive, crystalline compound which, in
the absence of butadiene, decomposes at temperatures
above —20 °C (eq 2).1° The composition is established by

Z~ -24dba
tPddba),] + 37 7 2% (2)

the analytical data and mass spectrum, and the structure
follows from the 'H and 3C NMR data!! which indicate
that the C,, chain is arranged symmetrically about the
metal atom, that the n®-allyl groups are syn substituted,
and that the molecule contains an uncomplexed cis double
bond. Below —-80 °C, the six *C NMR signals become
nondegenerate!! suggesting either that, at these tempera-
tures, the C,, chain adopts an unsymmetrical arrangement
or, more probably, that two symmetrical conformations are
frozen out.

The configuration of the organic chain in 1 should be
compared to that in the related complexes of nickel,* ru-
thenium,!®* molybdenum, and tungsten,'* viz., [Ni-
(n%m3,n%-C1oH16)], [RuCly(n?n?,n%-C1oHye)] and [M(CO),-
P*mP-CoHys)] (M = Mo, W), which have all been shown
to contain a metal-bonded trans double bond and which
differ in the anti (Ni) or syn (Ru, Mo, W) substitution of
the allyl groups.

The reaction of 1 with bidentate bis(dialkyl-
phosphino)ethanes in ether at —40 °C leads to the forma-
tion of ‘the 13-membered palladacycles 2 as yellow to
colorless compounds which decompose above -20 °C and
which have been fully characterized (eq 3).!1> As far as

(10) [Pd(dba),] (3.1 g, 5.4 mmol) was suspended in ether (450 mL), and
liquid butadiene (380 mL) was added at -20 °C. The reaction mixture
was stirred for 75 min at room temperature and then cooled to -70 °C
for 1.5 h and filtered at =10 °C. The yellow solution was evaporated to
dryness at =30 °C and the resulting pale yellow solid taken up in pentane
at —30 °C. The solution was filtered at ~40 °C and evaporated to dryness.
This process was repeated and the product finally dried under high
vacuum for 1 day at —30 °C: yield 0.465 g (32% theory); MS (40 °C), m/z
268 (M*), 214 (M* - C H,), 160 (M* - 2 C,H,), 106 (M* - 3 C,H, = Pd*);
IR (KBI‘, -35 °C) Vallyl 1511 cm‘l, Y Cr=lC{cis) 1650 ecm™. Anal. Caled for
C.H,sPd: C, 53.65; H, 6.75; Pd, 39.60. Found: C, 53.77; H, 6.82, Pd,
39.43.

{11) 3C NMR (75.5 MHz, toluene-dg, ~30 °C)  46.6 (C-1), 115.1 (C-2),
82.1 (C-3), 33.1, 31.7 (C-4/C-5), 130.7 (C-8); *C NMR (75.5 MHz, THF-d,
-100 °C) 8 47.7, 46.8, 115.9, 114.4, 83.1, 80.1, 34.9, 28.5, 33.4, 32.6, 131.1,
130.2; 'H NMR (400 MHz, CDCl, 30 °C)2 § 4.88 (H-1, dt, J,, = 7.3,
Jia =130, Jy; = 12.4 Hz), 3.79 (H-2, d), 2.01 (H-4, ), 3.48 (H-5, m, J;¢
=44, J,; = 10.8 Hz), 2.55, 1.84 (H-6/H-7, m, Js; = ~13.8, Jgg = 3.0, Jg
=104, S5 = 7.2, J70 = 2.8 Hz), 2.39, 2.22 (H-8/H-9, m, Jyp = -13.0, Jy 10
= 4.7, Jy1o = 7.6 Hz).

(12) Proton numbering scheme:

1 67
A
Pd

(13) Lydon, J. E.; Nicholson, J. K.; Shaw, B. L.; Truter, M. R. Proc.
Chem. Soc. 1964, 421.
(14) Gausing, W.; Wilke, G. Angew. Chem. 1981, 93, 2.
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Re
P\ Z
2H(D)-CI
1 + RpPC,HPR, — [: /Pd\/:/\\/i) B
P 2
Rz

2 (R=Me, /-Pr,Cy)

- N (3)

H(D) H(D)

we are aware, 2 is the largest known metallacycle. While
the complexity of the 'H NMR spectra prevented an
unequivocable assignment of the cis double bond at C-6,
its presence was confirmed by reaction of 2 with metha-
nolic HCL: the only organic product isolated was cis-
1,6,11-dodecatriene.

The relevance of 1 (and 2) to the mechanism of the
palladium-catalyzed linear trimerization of butadiene is
indicated by their reactions: the thermolysis (>-20 °C)
as well as treatment with excess triphenylphosphine or
carbon monoxide leads to the liberation of a mixture of
dodecatetraene isomers. Hydrogenation of this mixture
gives n-dodecane as the sole product.

This behavior toward donor ligands is in marked con-
trast to that of the related nickel complex [Ni{(n2 53,7
C1oH;g)] which reacts under ring closure to (¢,t,t-cdt)Ni
derivatives (eq 4)*!7 and is mirrored in the different be-
havior of the two metals in their catalytic reactions with
butadiene strengthening the suggestion that complexes of
the type described here are involved as intermediates in
the catalytic processes.

I PMe3

[Nl(vz.ns,qs'Cme)] + PMe; — ZNi (4)

\
X

The failure of the palladium complexes 1 and 2 to react
with ring closure suggests that the C,; chain initially
isomerizes to give an isomer having a vinyl substituent
which then reacts further by the familiar 3-H transfer (one
variation is shown in eq 5). In this connection it should,
however, be mentioned that ring closure has been observed
on tl}sermolysis of a nine-membered palladacyclic com-
plex.

Ra
P SN
2 — Pd —_—
Rg N
H

/

Rz
P
AY
[ P
p’ =
Rz

Xy | B-H transter N\/_W\

-CPdL2]

(5)

(15) Anal. (R = Cy) Calcd for C33HgsP,Pd: C, 66.02; H, 9.02; P, 8.96;
Pd, 15.39. Found: C, 66.16; H, 9.78; P, 8.83; Pd, 15.28. IR (KBr, -45 °C):
vome 1630 em™'. NMR data (R = Me): 3'P NMR (32.4 MHz, THF-d,,
—-40 °C) 4 18.8; 1°C NMR (75.5 MHz, THF-d;, -30 °C) § 28.6 (C-1, Jpc
= %977, 7.6 Hz), 138.3 (C-2, Jp ¢ = £8.9, £2.3 Hz), 114.9 (C-3, Jpo =
+8.4, £1.7 Hz), 33.4 (C-4), 28.9 (0-5), 131.3 (C-6), 11.9 (PMe), 27.9 (Pc-
Hy), Jp ¢ from analysis of the AA’X multiplet, Jpp = 12.8 Hz; 'H NMR
(400 MHz, toluene-dg, —40 °C)!€ § 2.71 (H-1,d, J;; = 8.7, J,p = 18.2 Hz),
6.10 (H-2, dt, J, 5 = 14.9 Hz2), 5.63 (H-3, m, Jy, = 5.9 Hz), 2.46 (H-4/H-5,
br, Jys = 4.3 Hz), 5,49 (H-6, br, Jog = 10.7 Hz), 0.68 (PCH,, d, Jyp = 15.6
Hz), 081 (PCHy, d, Jyz = 7.9 Ho),

(168) Proton numbering scheme as for }¥C NMR spectrum.

(17) Henc, B.; Jolly, P. W; Salz, R.; Stobbe, S.; Wilke, G.; Benn, R.;
Mynott, R.; Seevogel, K.; Goddard, R.; Kriiger, C. J. Organomet. Chem.
1980, 191, 449.
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The lack of formation of dodecatriene having deuterium
bonded to the terminal carbon atoms upon reaction of 2
with DCI (eq 3) apparently rules out a simple deuteriolysis
of the Pd-C bond in this case. The deuterium in this
reaction is found exclusively at C-3 and C-10 of the triene
suggesting either that the reaction with acid is preceded
by a rearrangement similar to that shown in eq 5 or, al-
ternatively, that the acid attacks the allylic double bond
directly.

Registry No. 1, 96165-40-1; 2 (R = Me), 96193-93-0;2 (R =
i-Pr), 96165-41-2; 2 (R = Cy), 96165-42-3; PdCl,(Me,PC,H,PMe,),,
15559'64'5; PdClz((i‘Pl‘)gPCgH4P(Pr‘i)2)2, 96165'43'4, Pdclg'
(Cy,PC,H,PCy,),, 96165-44-5; [Pd(dba)s], 32005-36-0; [Pd-
(bpy)(dba)], 52462-56-3; Me,PC,H,PMe,, 23936-60-9; (i-
PT)QPCQH,‘P(I"Pr)z, 87532'69'2; CszC2H4PCy2, 23743'26'2; cis-
1,6,11-dodecatriene, 96165-45-6; butadiene, 106-99-0; dodecate-
traene, 33637-94-4; n-dodecane, 112-40-3.

(18) (a) Biich, H. M.; Binger, P.; Benn, R.; Kriiger, C.; Rufinska, A.
Angew. Chem. 1983, 95, 814. (b) Biich, H. M. Dissertation Univ. Kais-
erslautern, 1982.

Preparation, Structure, and Properties of
Paramagnetic, Heterobinuciear Complexes
Containing Nickel and Molybdenum or Tungsten.
X-ray Crystal Structure of [NIW(CO),(PPh;),(n-CsH;s)]

Laurence Carlton, W. Edward Lindsell,*
Kevin J. McCullough,* and Peter N. Preston
Chemistry Department, Heriot-Watt University
Riccarton, Edinburgh EH14 4AS, United Kingdom
Received January 23, 1985

Summary: New paramagnetic complexes [MNi(CO),-
(PPhy),(n-CsHs)] (M = Mo, W) have been characterized
and studied by ESR spectroscopy, EHMO calculations,
and cyclic volttammetry; the structure of crystailine [Niw-
(CO)4(PPh,),(n-CsHs)] has been determined by X-ray dif-
fraction.

Current interest in heteronuclear derivatives containing
both early and late transition metals'? prompts us to report
new, neutral, paramagnetic binuclear complexes of nickel
with molybdenum or tungsten. Binuclear derivatives
containing nickel bonded to a range of metals (e.g., Cr, Mo,
W, Mn, Fe, Co)'? are known, but these are all diamagnetic
and mainly contain the entity Ni(y-CsH;). Also, the dia-
magnetic complexes [MnNi{u-C(OMe)Ph}(CO),(PMejy),-
(n-CsHp)}* and [NiW,(1-CCgH Me-4)5(CO) 4(n-C;H;),)® have

(1) Roberts, D. A.; Geoffroy, G. L. “Comprehensive Organometallic
Chemistry”; Wilkinson, G., Stone, F. G. A,, Abel, E. W., Eds.; Pergamon
Press: Oxford 1982; Chapter 40 and references therein.

(2) See for examples: Casey, C. P.; Bullock, R. M,; Nief, F. J. Am.
Chem. Soc. 1983, 105, 7574, Casey, C. P.; Jordan, R. F.; Rheingold, A.
L. Ibid. 1983, 105, 665. Finke, R. G.; Gaughan, G.; Pierpont, C.; Noordik,
d. H. Organometallics 1983, 2, 1481. Barr, R. D.; Green, M.; Howard, J.
A. K.; Marder, T. B.; Moore, L; Stone, F. G. A. J. Chem. Soc., Chem.
Commun. 1983, 746, Awang, M. R.; Jeffery, J. C.; Stone, F. G. A. Ibid.
1983, 1426. Breen, M. J.; Geoffroy, G. L.; Rheingold, A. L.; Fultz, W. C.
J. Am. Chem. Soc. 1983, 105, 1069. Farr, J. P.; Olmstead, M. M.,; Ruth-
erford, N. M,; Wood, F. E,; Balch, A. L. Organometallics 1983, 2, 1758,
Bender, R.; Braunstein, P.; Judd, J. M.; Dusausoy, Y. Inorg. Chem. 1983,
22, 3394,

(3) (a) Madach, T,; Fischer, K.; Vahrenkamp, H. Chem. Ber. 1980, 113,
3235. Madach, T.; Vahrenkamp, H. Ibid. 1980, 113, 2675. (b) Stevens,
F. 8. J. Chem. Soc., Dalton Trans. 1974, 1067. Campbell, 1. L. C.; Ste-
vens, F. S. Ibid, 1975, 337, 340. (c) McArdle, P.; Manning, A. R. J. Chem.
Soc. A 1971, 717.

Figure 1. X-ray crystal structure of [NiW(CO)3(PPhg),(r*-C;H;)]
(2). Apart from the carbon atoms bonded to phosphorus, the
remaining phenyl group carbons have been omitted for clarity.
Some important geometrical parameters: W-Ni = 2.584 (3) X,
W-C(1) = 1.87 (3) A, W-C(2) = 1.924 (20) A, W-C(3) = 1.958
(21) A, Ni-P(1) = 2.270 (7) A, Ni-P(2) = 2.277 (7) A, Ni-C(2)
= 2,071 (20) &, Ni-C(3) = 2.050 (21) A; C(2)-W-C(3) = 103.2 (9)°,
Ni-W-C(1) = 87.0 (9)°, Ni-W-C(2) = 52.2 (6)°, Ni-W-C(3) =
51.4 (6)°, W-Ni-P(1) = 121.01 (20)°, W-Ni-P(2) = 127.72 (19)°.

been reported by Stone and co-workers. Several higher
nuclearity heteroclusters containing nickel exist!® including
a few paramagnetic systems.” However, although the
neutral d® Ni(I) complexes [NiXL,] (L = phosphorus lig-
and) are well established,® the incorporation of such a
center into a simple bimetallic complex has not been re-
ported.

Reaction of Na[M(CO);3(-C;H;)] (M = Mo or W) with
[NiCly(PPhy),] in tetrahydrofuran at ambient temperature
(2-10 min), followed by addition of water, filtration, and
careful washing of the resulting solid with acetone gives
crude product [MNi(CO)3(PPhg),(n-CsH;)], which may be
recrystallized from dichloromethane-hexane {M = Mo (1),
ca. 20%; M = W (2), 53%}. Both 1 and 2 form deep green
crystals, moderately stable on short exposure to air but
very air-sensitive in solution. In these syntheses Ni(II) is
reduced to a formal Ni(O) state, although, with the het-
erometallic Ni-M bond, the Ni may be considered to be
analogous to Ni(I) in complexes [NiXL,]; other products
isolated from the reaction mixtures include [My(CO)g(n-
CsH;)o] (M = Mo or W), [Ni(CO)o(PPhy),] (3) and [NifW-
(CO)g(n-C5H5)}2(PPh3)2] 4).°

The IR spectra® of 1 and 2 suggest the presence of
bridging and terminal carbonyl groups. 'H and *'P NMR
investigations of these complexes afforded either broad-

(4) Berry, M,; Howard, J. A. K.; Stone, F. G. A. J. Chem. Soc., Dalton
Trans. 1980, 1601.

(5) Ashworth, T. V.; Chetcuti, M. J.; Howard, J. A. K.; Stone, F. G.
A.; Wisbey, S. J.; Woodward, P. J. Chem. Soc., Dalton Trans. 1981, 763.

(6) See for examples: Miller, M.; Vahrenkamp, H. Chem. Ber. 1983,
116, 2765. Carty, A. J.; Taylor, N. J.; Sappa, E.; Tiripicchio, A. Inorg.
Chem. 1983, 22, 1871. Lavigne, G.; Papageorgiou, F.; Bergounhou, C,;
Bonnet, J. J. Inorg. Chem. 1983, 22, 2485. Shore, S. G.; Hsu, W. L.;
Weisenberger, C. R.; Caste, M. L.; Churchill, M. R.; Bueno, C. Organo-
metallics 1982, 1, 1405.

(7) Castiglioni, M.; Sappa, E.; Valle, M.; Lanfranchi, M.; Tiripicchio,
A. J. Organomet. Chem. 1983, 241, 99.

(8) (a) Heimbach, P. Angew. Chem., Int. Ed. Engl. 1964, 3, 648. Porri,
L.; Gallazzi, M. C.; Vitulli, G. Chem. Commun. 1967, 228. (b) Sacconi,
L.; Midollini, S. J. Chem. Soc., Dalton Trans. 1972, 1213. (c) Mealli, C,;
Dapporto, P.; Sriyunyongwat, V.; Albright, T. A. Acta Crystallogr., Sect.
C: Cryst. Struct. Commun. 1983, C39, 995.

(9) Anal. Caled C,H30;P;MoNi (1): C, 63.80; H, 4.26; P, 7.48.
Found: C, 63.69; H, 4.36; P, 7.56. Anal. Calcd Cy H30,P;NiW (2): C,
57.68; H, 3.85; P, 6.76; Ni, 6.4; W, 20.1. Found: C, 57.51; H, 3.94; P, 6.61;
Ni, 6.9; W, 20.9. Anal. Calcd CSZH‘OOGPzNiW¥ (4): C, 50.0; H, 3.22.
Found: C, 49.0; H, 3.45. IR spectra (»(CO), cm™): (1) 1891, 1779, 1739
(Nujol); (2) 1895, 1770, 1730 (Nujol), 1892, 1769, 1741 (CH,ClL,); (4) 1935,
1917 (sh), 1870, 1840 (Nujol). ESR spectra (2-methyltetrahydrofuran, 10
°C): (1) 8igo = 2.118, Aro(*'P) = 7.49, 5.49 mT; (2) gipo = 2.128, A;, ,(*'P)
= 7.63, 5.89 mT.
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