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Summary

New anionic carbonylcobalt(l) complexes [X,Co(CO),(PPh)}PR,) (X =Cl,
PR , = PBzPh, (I); X = Br, PR, = PEtPh, (II)) have been prepared by reduction of
the cobalt(Il) halides with NaBH, in the presence of PPh; and the phosphonium
salt PR, X. Cleavage of halide bridges in dimeric or polymeric [XCo(PPh;),], and
[XCo(PPh,)], gives the neutral dicarbonyl derivatives XCo(CO),(PPh;),. Treat-
ment of ClCo(CO),(PPh;), with alkylating agents gives the known o- and 7-
organocobalt(l) derivatives, and reactions with TICIO, in the presence of various
amounts of different mono- and bi-dentate phosphines give the cationic tricarbonyl
[Co(CO);(PPh,),1", dicarbonyl [Co(CO),(PMePh,);]" and monocarbonyl
[Co(CO)L, 1" complexes (L, = 4P(OMe),, 2 dppe and 2dppm). The dppm complex
crystallizes in the monoclinic space group P2,/c¢ with a 17.895(6), b 10.751(2), ¢
24.687(4) A, B 98.92(1)°, and D, 1.35 gcm ™" for Z = 4. A final R value of 0.077
(R, = 0.061), based on 2656 observed reflections, was obtained. The cobalt atom
exhibits a distorted trigonal bipyramidal geometry. The perchlorate anion is severely
disordered or freely rotating.

Introduction

We previously described the preparation of dimeric or polymeric halotri-
phenylphosphinecobalt(l) [XCo(PPh,),],, and [XCo(PPh,)], compounds and the
intermediate formation of unstable [X,Co(PPh;),]” by reduction of cobalt(Il)
halides with NaBH, [1].

We now describe the reactions of these cobalt(I) derivatives with CO and the
behaviour of ClCo(CO),(PPh;), in several substitution reactions; the latter have
given several known carbonylcobalt(I) compounds and also the new complex
[Co(CO)dppm), IC10O,, which has been characterized by X-ray diffraction.
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Results and discussion

We previously reported that anionic cobalt(I) species of the tvpe [X-.Co(PPh ). ]
formed by reducing cobali(Il) halides with NaBH, in the presence of appropriate
molar ratios of PPh, and PR ;X. could not be isolated because they were unstable in
solution. and deproportionated readily to give cobalt(0) and cobalt(1} dervatives,
which were recovered as the antonic [XCo(PPhy)] complexes [11 However, when
the same reaction was carried out in the presence of CO the inttiatly blue suspen-
sions turned green. and work up yielded green-yellow crystals of [X.Co(CO)(PPh )]
PR, (X = Cl. PR, =PBePh, (I); X = Br. PR, =PEPh, (). When X =1 the
antonic complex is extensively dissociated, and onlv the neutrai complex formed by
addition of PPh, was isolated (see eq. 1).

PPh,
[.Co(CO).(PPh;) ]+ 1Co(CO)-(PPh, )5 {(n

Complexes 1 and Il are diamagnetic as solids at room temperature and give
conducting solutions in acetone with conductivities of 92 (1Y and 75 (1) £ em”
mol . consistent with their formulation as 1,1 electrolvtes [2]. The IR spectra in
KBr pellets show absorptions due to the phosphine ligand and the phosphonim
cation [3]. along with two r{C() stretching vibrations at 1970, 1900 and 1975 1910
cm . respectively. for 1 and [1. Both complexes are stable as solids under inert
atmosphere but IR studies in solution are precluded by their low stabilities. No
definitive structural assignment could be made on the basis of these experimental
data.

Suspensions of dimeric or polymeric [XCo(PPhy).], [1] in ethanol on treatment
with CO at room pressure gave yellow-orange suspensions from which the previcushy
reported complexes XCo(C Oy (PPhy), (X = CL Br. I) [4-6] were solated. In these
reactions the halogen bridge 1s cleaved by CO with increase in the coordination
number and formation of the pentacoordinate complexes. The same products are
obtained by reaction with CO of polymeric [XCo(PPh;)|, [1]. the expected tri-
carbonyl derivatives are unstable [7] and readily converted into the dicarbonyl
complexes. probably by the dissociated free phosphine. The structures of these
dicarbonyl complexes were assigned on the basis of IR and “'P NMR studies [R].

The behaviour of ClICo(C3-(PPh ), in different types of substitution reactions
was studied. The chloro complex reacts with Mg(C F)Br 1o give the o-orguno-
carbonyl derivative (C, F)Co(CO),(PPh),, which was previoush obtained by a
different route {8]. In a similar reaction with Mg(CyH)Br at - 20°C an orange red
solution was obtained. and work-up gave vellow crvstals which were identified as
(7*-CH)Co(CO)5(PPh,). which was also obtained previously by other methods.,
and whose X-ray structure is known [9]. In this reaction coordination of the v'-C. H.
group involves preferential elimination of PPh.

A similar reaction with Na(C.Hy) in THF gave a red solution. and (9"-C.H.)-
Co(COy, [10] was identified by IR and "H NMR spectroscopy in the condensed
volatile fraction obtained by evaporation. The resulting red solid residue comtained
(’/rf—("\rH;)CO(CO‘)(PPh}) [11] which was isolated by chromatography after extrac-
tion with pentane. This solid does not contain (4 -C.HOCo(PPh 3, and so coordi-
nation of the n°-CsH; group again involves preferential climination of PPh in the
first step. although a carbonv! group can be displaced in o second step.
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TABLE 1
ANALYSES AND PHYSICAL PROPERTIES OF NEW COBALT(I) COMPLEXES
Complex Analysis Colour Al(acetone)(10™4 M)
(Found(calcd. X(%)) (2 "em® mol™ 1)
C H Cl
(PBzPh ;) [C1,Co(CO),(PPh;)] 67.05 5.17 8.82  green-yellow 92.3
(67.42) (4.65) (8.80)
(PEtPh;) [Br,Co(CO),(PPh,)] 57.54 4.61 - green-yellow 75.1
(57.99) (4.27)
[Co(CO)Ph,PCH,PPh,),}(CIO,) 64.06 492 - orange 127.0

(64.11)  (4.65)

The preferential displacement of PPh; is also observed when CICo(CO),(PPh,),
reacts with P(OMe),;. The reaction goes through the intermediate ClCo(CO),-
[P(OMe);],, (compare the similar behaviour when L = P(OPh), [7.12}) to give
Co(CO)[P(OMe),],* when an excess of the ligand is present. After addition of
NaBPh,, this complex was isolated as the BPh, salt, previously obtained from
Co,(CO), [13].

Different behaviour is observed when ligands are added after prior elimination of
halide by use of a thallous or silver salt. The reaction of ClCo(CO),(PPh;), with
AgClO, has been reported [14] to give neutral Co(OC1O;)(CO),(PPh;),. We did not
isolate this compound after addition of AgClO, or TICIO,; instead, after stirring for
2 h we isolated [Co(CO)+(PPh;),])(ClO,) as the main product even after addition of
an excess of PPh,; the stability of this type of tricarbonyl complex in substitution
reactions is well known [15]. However the same reaction with TICIO, in the presence

C423

Fig. 1. The molecular structure of the cation [Co(CO)dppm),]~, showing the atom numbering scheme.
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TABLE 2

ATOMIC COORDINATES FOR [Co(COXdppm), J(C10,) COORDINATES AND THERMAL
PARAMETERS AS U, = | S(U], aaYa,a, costa,a,)y< 107

Atom x/u v/b e

Co 0.20492(8) 0.23657(16) 0.57643(6) A2R(6)
P(1) ).24241(21) 1.03959(34) (L8901 (15 40di1d)
P(2) 0.17675(18) 0.28871(31) 0.63713(1 3 RERTR DN
P(3) 0.25664(20) (.42280(32; {.59553(15) RRRIg RS
P(4) (.25048(20 GAR212¢3G G017 WAL
1 (.3029102% U.65754(49) D.822342(2 % 94323
(1) (.32933(140) (3.60054(243) 0.87732(1163 1657{99)
O(2) (.32419¢179 0.77482{338) 0.84024(151; 21390138
O(3) 0.22611{194) 0.64363(299) fond12n)
(4 ().33899(209) 0.58712(362) TH1u6)
O(11) 0.04928(32) (1.25583(144) 1057(36)
Cily 0.11102(76) (.24675(139) REATRLY
(23 0.19986(661 0.45251(124) G.65110(5¢h 35U
C(14) (0.24408(74) (0.01584(105) {.51542(4%) 3003y
Cith (0.33665(82) —0.00240(127) 0.62075(55; SOI(SR)
C(112) 0.37224(93) - 0.11061(129) (.61060(61) 627067
(113 0.44833(10) G.12910¢176) (.63 13853 N
Cill4y (1.48866(91 — (104131214, 0.66297(77) 5
C(11s) 0.45463(86) 0.06785(157 CETSI T

Ciite)y 0.37746(85; 008808144, (G.65361(3%, (I5(03)
121 01813177y - 0L08324(120) O0OT1THATY 490(56)
(122 0.10839(82) -0.09422¢127) 0.58534(58) 36T
C(12%) 0.05962(81) -0 17748(1503 (.6046 369 6920663
C(124) 0.08386(101) —(1.24688(162) 0.65188(691 S18(76)
Cy 0.15543(95) - (1234390149 0677116 663(63)
C(126) 0.20541(84) -0 18337¢133) D6STI5(56 3
C21h 0.22999%(7() 0.22474(128) 07191 3(4%)

C212) 0.21301(79) 0.10448(13%) 0. 7240354+

C213) (0.24972(114) (.05182(148; 0779737 T4
(214) 0.30719(115) (1.11481(254) DRI 9138
C215) (1.32377(95) 0.23237(231) 3.80010(66 K328
C216) 0.28635((85) 0.29360(146) (.75278¢61) 643064
C(221) 0.07837(61) 1.28453(136} 0.67079%473 468¢4%)
C(222) 0.05169(75) 0.38073(140) (1.70032(33) STO5R)
C223) —(.01804(118) (L37957(209; G.71268(73) CANTEAT]
224 - 0.06393(99) (.28068(289) 0.695355(87;

C(225) —0.04065(87) 0. 18004189 (0.66568(82)

C(226) (.03366(75) 0.18492(141; 0.65253(58

C31 (0.35289(69) (.45623(121 0.62689(44) 392045
C(312) 0.41143(81) 0.38001(137y (.61695¢57; aR6(5M
C(313) (.48616(79; 11.39807(176) 0.64410(66) TA1(70
C(314y 0.50011(108) 0.50037(202) O.67RT0(77 ROE9(89)
C(315) (.44477(108) 157476(173%) 0.68R8d(64) TENT6H
C(316) 0.36896(90) 0.53737(123) 0.66351¢59) 62202
321 0.23486(78} (0.54792(119; (.54530049 AR(3 2
C(322) 0.29170(76 0.58949(125) 0.51610(57) 24 }
C(323%) 0.27301(100} 0.67219(140; 0.47208(62) 67067
Ci324) 0.20306(94) (1.70833(1406) GA35T1(68) T29(68)
C(323) (1.14336(94) 0.66669(144) 0.48123(69) 68568
C(326) (0.16081(84) (.58512(147) 0.S2714(71) T1769)

41l 0.34846(66) 0.21507(119) 0.49309(473 37445
C(412) 0.36185(78) ( 0.46719¢(60)) 3R4(640)
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TABLE 2 (continued)

Atom x/a y/b z/c Uyg
C(413) 0.43614(115) 0.36361(167) 0.46236(75) 831(83)
C(414) 0.49426(95) 0.28824(222) 0.48520(80) 899(87)
C(415) 0.48263(50) 0.17908(198) 0.51257(80) 922(85)
C(416) 0.40931(80) 0.13833(149) 0.51472(63) 647(65)
C(421) 0.19681(70) 0.21432(134) 0.43442(50) 453(50)
C(422) 0.19275(87) 0.13020(138) 0.39182(67) 639(64)
C(423) 0.15171(83) 0.15838(167) 0.34106(56) 597(67)
C(424) 0.11306(83) 0.26805(200) 0.33243(63) 762(71)
C(4295) 0.12120(83) 0.35573(157) 0.37456(77) 684(70)
C(426) 0.16071(89) 0.32556(141) 0.42594(63) 584(62)
0(22) 0.34452(298) 0.55331(514) 0.82567(228) 1772(312)
0(21) 0.25897(193) 0.77223(345) 0.83328(143) 1197(184)
0(23) 0.23653(194) 0.59093(332) 0.78955(148) 1418(203)
0(24) 0.33932(188) 0.70093(331) 0.78101(157) 3022(262)

of PMePh, gave the cationic dicarbonyl complex [Co(CO),(PMePh,);](ClOy),
previously obtained by a different method [16]. Similar reactions with bidentate
phosphines give monocarbonyl cationic complexes [Co(CO)YL-L),](ClO,), with
L-L = dppe [17] or L-L = dppm. '

The dppm complex is a diamagnetic solid soluble in CH,Cl, and acetone to give
conducting solutions with a conductivity of 127 7' cm* mol ™. It shows the »(CO)
stretching vibration at 1960 cm™' (CH,Cl,). The *'P NMR spectrum shows a
singlet at § —6.64 ppm (acetone-d) between —80°C and room temperature. The
"H NMR spectrum shows a triplet at § 4.05 ppm due to the CH, protons and a
multiplet at 8 6.86 ppm due to the Ph protons. These data imply fluxional behaviour
[18], and it was therefore of interest to determine the structure of the complex by
X-ray diffraction.

The analyses and physical properties of some of the new cobalt(I) complexes are
given in Table 1.

X-Ray structure of [Co(CO)dppm),](CIO,)

An ORTEP drawing of the title compound based on the X-ray structural analysis,
is shown in Fig. 1. Atomic parameters for the non hydrogen atoms are listed in
Table 2. Important bond distances and bond angles are listed in Table 3. Equations
for selected least squares mean planes are given in Table 4. Tables of thermal
parameters and structure factors are available from the authors.

The geometry about the cobalt atom aproximates to a trigonal bipyramid, but
because of the rigidity of the ligand it is very distorted, and an intermediate between
the usual coordination geometries for 18-electron cobalt(I) complexes, i.e. square
pyramidal or trigonal bipyramidal. The Co, P(1), P(3), C(1), and O(11) atoms define
the equatorial plane, and the P(2) and P(4) atoms lie in axial positions, practically
equidistant from this plane P(2) 2.115(3) A and P(4) 2.123(3) A. The angle
P(2)-Co-P(4) between the two axial phosphorus atoms is 171.61(5)°; the deviation
from linearity is due to the strain in these chelate complexes.

The two P atoms of each dppm ligand occupy one axial and one equatorial site
[19]. The angles of this chelate system are similar to those previously reported [20].

(Continued on p. 86)



TABLE 2

INTERATOMIC DISTANCES (A)

[Co(COYdppm)-] CHOy

AND ANGLES

(") WITH ESIDUS N

Co--P(1)

Co-P(2y

Co-P(3)

Co-Py

Co-C(1)

PeH-Ciidy
P(1)-Cellly
I’(l (‘ 121)
P(2)-C(23)
P(2) 77((211)
P2)-C(221)
P(3)-C(23)
Py C(31h
P(3)y-C(321)
P4y C(14)
Pedy Ci4th
Pidy-C421
Ceh-O(1h
COThH-C 1
C(ll1y- ((11%»
Ci112y-C(d

C(113)- (114)
(‘(114)7—((115
C115H-C(116)
C121)-C122)
C121H)-C(126)
C122y-C(123
C(123)-C124)
Cd4)- 125
CI28)-C126)
C21D-C212)
C211)-C216)
C212)-C(213)
C213)-C214
C214)-C(215)
C215)-C216)
C2H-C2220

Pi4y-Co-C(1y
P(3)-Co-P(d)
P(2y-Co-P(4)y
Pely Co-Cihy
P~ Co-P(3)
P(2)--C(23)-1(3)
Co-P(1)-C(i2n)
Co-P(1)- Ctid)
1P C121)
Co- P(2)-C(2210)
Co-P(2)-C2%
C3)-P(2)-C22h
Co-P(3)-C(23
Co-P(3)-.C(321)
C23--P(3)-C(321)
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2254
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94.9¢4y
10395

93 1Hh
118.6(4
106.9(6)
121.8(4)

93.4(4;
108,505

e

CO-CR2

€(222)-C122%
C223)- C224
€(224) 1225
("""i) 2263

C(311y. Cratny
3 H) Crley
CATD- 31Ty
C313)-C3ldh
(1114) (Hh\
(RS- C36)
(,‘(“‘ (u‘n
C32D =326y
Cpa22p €323

CER23-Ci 2 _4}
{324y C225)
C{A25 - ({32¢6)
C411y-Cidi2y
Cdh-Cidlen
Ci412y Cidt 3y
Crd413)-Cdldy
Cididy-Crd15,y
Cd13-Cidla)
Cd215-Cra22y
C(4211-C(4261
C422-C42 3y
Cd423)-.Cd24
Cd24)-C423)
C4291-Crdlen
Cl-O(1)
Ch-(O(2)
Ci-O1 3
Ci-Ohy
Ci-O2n)
Cl-Og22)
Cl- Q23
Cl-Oi2dy
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P2y-Co-Cily

P2y Co Pidy
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TABLE 4

ax + by + ¢z = d EQUATIONS OF THE PLANES OF SOME PLANAR MOIETIES, AND DEVIA-
TIONS OF THE ATOMS FROM THESE PLANES (A)

Planes Atoms a b ¢ d Deviation Others  Deviation
(A) atoms (A)
1 0.4642 0.0083 —0.8856 —11.7518
Co 0.001(1) PQ) —2.115(3)
P(1) —0.001(3) P4 2.123(3)
P(3) —0.001(3)
c() —~0.009(13)
0o(11) 0.002(9)
2 0.3965 0.4184 —0.8170 —10.9408
C(111) 0.006(13)
C(112) —0.009(15)
C(113) 0.007(20)
C(114) 0.005(19)
C(115) —0.005(16)
C(116) —0.001(13)
3 0.3804 —0.7264 —0.5722 —7.5410
C(121) —0.002(13)
C(122) —0.006(14)
C(123) 0.014(16)
C(124) —-0.007(17)
C(125) —0.006(15)
C(126) 0.008(14)
4 0.7707 -0.3546 —0.5293  —9.0999
CQ211) 0.009(12)
C(212) —0.003(14)
C(213) —0.020(19)
C(214) 0.034(20)
C(215) —0.010(18)
C(216) —0.007(15)
5 ~0.2038 0.4831 -0.8514 —122112
C(221) —0.003(12)
C(222) —0.000(13)
C(223) 0.004(19)
C(224) 0.001(23)
C(225) —0.009(19)
C(226) 0.007(14)
6 0.2867 0.5836  —0.7597  —7.6270
C(311) —0.003(11)
C(312) 0.014(14)
C(313) —-0.021(17)
C(314) 0.012(19)
C(315) 0.005(16)
C(316) —0.005(14)
7 —0.0477 —0.7867 —0.6154 —12.9067
C(321) ~0.013(12)
C(322) 0.019(13)
C(323) —-0.011(15)
C(324) —0.005(16)
C(325) 0.010(16)

C(326) 0.004(16)
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TABLE 4 (continued)

Planes  Atoms o h ¢ d Deviation Others  Deviation
{A) JLoms (A

8 (3.0858 - (1,4867 -().8693 - 11.1999

41 =~ 0006011y

C4i B GETR KN

Ci413; G.O12018)

C(a1d) .004 203

Cd15) 003119

416y (023015
9 0.R725 (1.3964 - (}.2RS6 {14833

{42ty ~ 0007012y

422 BO0915)

423 012015

[QEREY [ERORRIE Y

425, [EXSRA IR RN

C(426) — 00915

Dihedral angles between planes
2-3 71.604) d4-5
6-7 90.3(4) %9

P(1)-Co-P(4) 73.9(1)°: P(3)-Co-P(2) 74.1(1)°. and P(ly C(14) P(dy 93.4(5)":
P(3)-C(23)-P(2) 92.9(6)°. The carbonyl group does not significantly deviate from
linearity Co-C(1)-O(11) 178.4(1.3)7. The angles in the cquatorial plane are
C(1)-Co-P(H) 111.7(5)°; C(13- Co-P(3) 112.2(5): P(1). Co P(3y 135.9¢1)7: they are
significantly different from the theoretical angles for trigonal coordination. The
angles P(2)-Co-C(1) 93.7(4)° and P(4)-Co-C(1) 94.6(4)" arc mn good agrecment
with the proposed coordination.

The Co--P distances have the expected values. Co-P(1) 2.228(4). Co-P(2) 2.202(4).
Co- P(3) 2.225(4). Co-P(4) 2.211(4) A [21.22] but are slightly longer than the Co--P
distances in (anzi-n’-2.4-Me,C H)Co[P(CH ), 5. in which the geometry is square
pyvramidal [23]. The distortion of the structure produced by the ligand produces
small differences in the Co P distances. the largest values are tor the cquatorial
bonds.

The Co-C(1) 1.75(1) and C(D--0O(11y 1.16(1) A. and the P-C distances. are
normal.

The phenyl rings are planar, but the quite high thermal ellipsoids for some €
atoms mean that there is considerable uncertainty in the C- C bond lengths.

The perchlorate anion is severely distorted. and is best described as freely
rotating. The oxygen atoms were approximated by eight positions of partial oc-
cupancy giving C1-O distances varying from 1.34(5) to 1.52¢3) A hut with meaning-
less bond angles. Similar behaviour was noted previously [24.25].

Experimental

All operations were carried out under vacuum or in an inert atmosphere using
Schlenk-type glassware. Solvents were dried. distilled and deoxvgenated before use.
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The starting cobalt(I) complexes were prepared as previously described [1]. C and H
analyses were performed with a Perkin—Elmer 240B microanalyzer. Conductivities
were measured in acetone with a WTW LF-42 conductimeter. IR spectra were
recorded in solution or as KBr mulls between Csl plates using a Perkin-Elmer 599
spectrophotometer. '"H and *'P NMR spectra were recorded on a Varian FT-80 A
instrument.

[X-Co(CO),(PPh;)](PR,) (LII)

[PBzPPh,]Cl1 (1.633 g, 4.2 mmol) and 1.102 g (4.2 mmol) of PPh; were added to a
solution of 1.00 g (4.2 mmol) of CoCl,-6H,0 in ethanol (40 ml) to give a blue
suspension. A solution of 0.113 g (3 mmol) of NaBH, in ethanol (20 ml) was added
dropwise and simultaneous bubbling of CO through the solution was maintained for
2 h. The resulting yellow-green crystals of 1 were filtered off, repeatedly washed with
ethanol, and dried under vacuum. Yield 60%.

The same procedure using CoBr, and [PEtPh;]Br gave yellow-green crystals of II.
Yield 65%.

The same procedure with Col, and [PEtPh,]I gave crystals of ICo(CO),(PPh,),,
after recrystallization from dichloromethane/ethanol. Yield 40%.

Reactions of [XCo(PPh;),], and [XCo(PPh;)], with CO

CO was bubbled at room temperature with stirring for 2 h through a newly
prepared [1] brown suspension of [ClCo(PPh,),], (3.87 mmol) in ethanol (70 ml).
The resulting yellow orange solid was filtered off and recrystallized from
CH,Cl, /ethanol to give C1Co(CO),(PPh,), as orange crystals. Yield 90%.

Similar procedures with the bromo and iodo derivatives gave the corresponding
bromo- and iodo-dicarbonyl complexes. Yields 85-90%.

In a similar procedure CO was bubbled at room temperature for 2 h through
brown suspensions of [XCo(PPh,)}, (X =Cl or I). The solid was filtered off and
extracted into dichloromethane. Addition of ethanol gave the neutral dicarbonyl
complex XCo(CO),(PPh;),.

Reactions of XCo(CO),(PPh;), with Mg(C, F;)Br

A THEF solution of Mg(C¢F;)Br (1.68 mmol) was added to a suspension of 0.506 g
(0.75 mmol) of CoCl(CO),(PPh;), in THF (40 ml). After 1.5 h stirring at room
temperature the orange solution was filtered then evaporated to dryness. The residue
was extracted into toluene and addition of hexane gave crystals of (C4Fs)Co(CO),-
(PPh,),. Yield 40%.

Reactions of XCo(CO),(PPh}, with Mg (C;H;)Br

A THEF solution of Mg(C;H;)Br prepared from 0.3 ml of C;H;Br and an excess
of Mg was added at —15°C to 1.014 g (1.41 mmol) of BrCo(CO),(PPh,),. The
mixture was stirred at room temperature for 2 h to give an orange solution along
with an insoluble residue. The solution was filtered, then evaporated to dryness, and
the residue extracted into pentane. Evaporation of the solvent gave yellow crystals,
which were characterized as (°-C;H,)Co(CO),(PPh,). Yield 20%.

Reactions of XCo(CO),(PPh;), with Na(C;H)
Solid ClCo(CO),(PPh,), (1.839 g, 2.72 mmol) was added to a THF solution
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containing 2.72 mmol of Na (CsHjy). After 1.5 h stirring at room temperature the red
solution was filtered. then evaporated under vacuum to leave an oil. the volatile
material being collected in a liquid nitrogen trap. The presence of {1 -C.HOHCo(COY .
in this fraction was revealed bv IR spectroscopy. The oil was extracted mnto pentanc
and the solution was chromatographed through alumina. Elution with pentane gave
free PPhy. and a red solution was subsequently obtained by elution with toluene.
(71 -C.HOCo(COYPPh,) was crystallized by evaporation from the solution. Yield

25%.

Reactions of XCo(CO)-(PPh ;). with P(OMej,

P(OMe), (0.60 ml. 6.10 mmol) and NaBPh, (0.437 g. 1.28 mmol) were added to u
solution of 0.860 g (1.28 mmol) of CICo(CO)-(PPh;). in CH,CL.(60 mh. After 1 h
stirring at room temperature the yellow solution was filtered. then evaporated to
leave a vellow solid. This recrystallized from acetone to give ervstalline {CogCO)-
[P(OMe).], {BPh,). Yield 90%.

The presence of ClCo(CO)-[P(OMe),{, as an intermediate was confirmed when
the reaction was monitored by IR spectroscopy.

Reuctions of XCo(CO)(PPh ;. with AgCIlO, or TICIO, and phosphines

A CH-CI, solution of 0.50 g (0.74 mmol) of ClCo(CO)-{PPh:}. was treated with
0.15 g (0.74 mmol) of AgCiO, and the mixture was stirred at room temperature for 2
h. The insoluble solid was filtered off and hexane was added to the filtrate to give a
pale-green precipitate. This was recrystallized from CH.Cl. ‘ethanal 1o give pale
vellow crystals of [Co(COj(PPh ), JCIO,.

The analogous reaction with TICIO, took place more slowlv. 1¢ give the same
complex.

The same reaction with TICIO, was carried out in the presence of 0.60 m} {2.96
mmol) of PMePh, and the solution obtained was filtered. Addition of hexane gave
an orange solid, which was washed with benzene and recrvstallized from
CH,Cl, /hexane to give crystalline [Co(CO),(PMePh-) IO, Yield 85%.

Analogous procedures were carried out using 1.44 mmol of dppe or dppm.
Orange crystals were obtained by recrystaliization from CH.Cl . /ethanol. They were
characterized as [Co(CO)XL-L).] CLO, with L-1 = dppe or dppm. Yield §0%.

X-ray svructure of Co(CO)dppm), CIO,
Crystal data: Cs H ,0;ClCoP,, M = 955.18 monoclinic. Space group P2, /. u
17.895(6). b 10.751(2). ¢ 24.687(4) A. B 98.92(1)°: L 4692.0(1.9) A", D_1.352 ¢

fer)
em o for Z =4, F(000)= 1976, Mo-K, radiation (A 0.71069 A). u(Mo-K,} 6.00
cm

Intensity data collection and refinements

A red single crystal of dimensions approximately (0.12 x (.09 x (.12 mm} was
mounted on an Enraf-Nonius CAD-4 computer-controlled four circle diffractome-
ter. Graphite-monochromated Mo-K, radiation was used. Lattice parameters were
determined by least-squares refinement of values for 23 reflections. Darta collections
were recorded by the « /28 scan technique: A, —22 10 22: A. 010 13 .00 31 Two
standard reflections (1 3 0. 2 5 0) were checked after every 90 reflections. and no
significant changes in intensities were detected. A total of 9684 reflections were
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collected in the range 0 <28 < 30°, and 2656 for which I > 30(J) were used in
further calculations. Intensities were corrected for Lorentz and polarization effects.
No absorption corrections were made because of the small size of the crystal with a
linear absorption coefficient uw(Mo-K_) of 6.0 cm™!. No correction for extinction
was made.

The structure was solved by a combination of direct methods, using the MULTAN
program [26] and heavy atom methods to locate the cobalt, phosphorus and chlorine
atoms. Other atoms were located by difference Fourier synthesis.

The structure was refined (on F) by full matrix least-squares calculations. All
non-hydrogen atoms were defined anisotropically. In the later stages of the refine-
ment H atoms were included at calculated positions, with fixed positions and with
temperature factors equivalent to those of the atoms to which they were attached.
During the refinement, considerable disorder in the O atoms in the perchlorate ion
was revealed. On the basis of careful examination of difference syntheses around the
Cl atom, which refined well, eight positions for the O atoms were found, and the
anion was refined using a model involving these eight positions and refining the
occupancy factors.

A final R value of 0.077 and R, = 0.061 (weighting scheme, empirical fit giving
no trends in (WA2F) vs. {(Fy) and vs. {(sin 8/A)) was obtained. The maximum
residual electron density in the final difference Fourier synthesis was 0.57 A ™2,

Anomalous dispersion corrections and atomic scattering factors were taken from
International Tables for X-Ray Crystallography [27]. Calculations were performed
with X-Ray system 80(28) and PARST(29) on a VAX-11 750 computer.
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