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[CO~(CO)~CCO] [PF,] reacts at room temperature with [PPh4] [HFe(CO),] to give the complex CoSFe- 
(CO),[CC(O)OCHC] as the main product of the reaction (20% yield). An X-ray diffraction study shows 
that this complex consists of COS and C%Fe triangles joined by a CC(0)OCHC group which can be described 
as an ester of a vinylidene group. The vinylidene part of the ligand is bonded to the CozFe triangle. This 
compound crystallizes in the monoclinic space group Cih--P21/n with cell dimensions a = 8.645 (2) A, b 
= 12.990 (2) A, c = 26.883 (2) 8, (3 = 93.32 (2)O, and 2 = 4. The structure was solved and refined to R 
and R ,  values of 0.034 and 0.032, respectively, by using 5299 reflections. Other products isolated in this 
reaction are Co3(CO),(p3-CH) (4% yield), Co3(C0)9(p3-CCH3) (1% yield), Fe3(C0)12 (8% yield), HFe- 
C O ~ ( C O ) ~ ( ~ ~ - C H )  (traces), FezCo(CO)lo(CCH3) (traces), [CO~(CO)~C]~CO (4% yield), and [Co3(C0),C], (4% 
yield). 

Introduction 
Anionic ketenylidene clusters have been shown to be 

suitable precursors for the synthesis of mixed-metal car- 
bide c l~s te rs , l -~  illustrating the diverse chemistry of the 
ketenylidene ligand. 

We thought that another possible route to mixed-metal 
carbide clusters would be to start with a cationic cluster 
containing a ketenylidene ligand such as [CO~(CO)~CC- 
O][PF,] and to react it with anionic mononuclear com- 
plexes. To avoid electron-transfer reactions, in a first 
approach we have chosen a relatively weak nucleophilic 
anion, [PPh4] [HFe(CO),]. The reaction was very complex 
and did not give evidence of the formation of a mixed- 
metal carbide cluster. Nevertheless, the main product of 
the reaction was an unexpected compound resulting from 
the coupling of the starting [CO~(CO)~CCO]+ with the in 
situ generated [CO~F~(CO)~CCHO]- species, coupling oc- 
curring between the electrophilic carbon of the acylium 
group and the oxygen of the aldehyde ligand. The true 
nature of this compound was established by an X-ray 
structure determination. 

Results and Discussion 
At room temperature, [PPh4] [HFe(C0)4] reacts readily 

with a suspension of [ CO~(CO)~CCO] [PF,] in anhydrous 
dichloromethane, leading to a complex mixture which was 
separated by column chromatography. Successive elution 
with hexane, toluene, and diethyl ether allowed separation 
of the different products. Most of these were known and 
were identified by comparison of their spectral properties 
with published data. These are C O ~ ( C O ) ~ ( ~ ~ - C H ) ~  (4% 
yield), C O ~ ( C O ) ~ ( ~ ~ - C C H ~ ) ~  (1 % yield), Fe3(C0)12 (8% 
yield), H F ~ C O ~ ( C O ) ~ ( ~ ~ - C H ) '  (traces), [CO~(CO)~C J &!OB 

(1) Hriljac, J. A.; Swepston, P. N.; Shriver, D. F. Organometallics 1986, 

(2) Sailor, M. J.; Shriver, D. F. Organometallics 1985, 4, 1476. 
(3) Kolls, J. W.; Holt, E. M.; Hriljac, J. A.; Shriver, D. F. Organo- 

4, 158. 

metallics 1984, 3, 496. 
(4) Hriljac, J. A.; Holt, E. M.; Shriver, D. F. Znorg. Chem. 1987, 26, 

2943. 

Sci. Hung. 1970, 66, 127. 
(5) PHlyi, G.; Piacenti, F.; Bianchi, M.; Benedetti, E. Acta Chim. Acad. 

(6) PHlyi, G.; Piacenti, F.; Markb, Znorg. Chem. Acta Rev. 1970,4,109. 
(7) Epstein, R. A.; Withers, H. W.; Geoffroy, G. L. Znorg. Chem. 1979, 

18, 942. 

(4% yield), and Fe2Co(CO)lo(CCH3)9 (traces). 
The main product of the reaction (20% yield) was a 

brown compound, slightly soluble in hexane, whose in- 
frared spectrum in the v(C0) stretching region is very 
complex but gives only evidence of terminal carbonyl 
groups. A peculiar feature of this spectrum was the oc- 
currence of two weak bands a t  2115 and 2102 cm-', sug- 
gesting the presence of two independent metallic groups. 
The proton NMR spectrum was not very informative, only 
one resonance being detected a t  8.08 ppm, and the lack 
of solubility of the compound prevented application of 13C 
NMR spectra. 

Mass spectral analysis failed, due to the low volatility 
of the compound, and the only information came first from 
microanalysis which showed that this compound contained 
cobalt and iron in the approximate ratio 511. So the need 
for an X-ray structure determination for this compound 
was obvious. 

The resulting structure is shown in Figure 1. Principal 
bond lengths and bond angles are gathered in Table I. 
The structure confirms what was suggested by the infrared 
data: the compound consists of two trimetallic units l i ked  
by an organic fragment. These two units are formed by 
three cobalt atoms and by two cobalt and one iron atoms, 
respectively. Each metallic center is bonded to three 
terminal carbonyl groups. The C O ~  triangle presents the 
conventional structural characteristics of Co3(CO),(p3-CR) 
clusters'O while the Fe-Co distances for the CozFe triangle 
are in the range found for mixed FeCo clusters." The 
organic fragment that links the two metallic triangles, 
C-C(0)-OC(H)=C, can be described as an ester of a 
vinylidene group. The vinylidene part is bonded to the 
FeCoz triangle: a-bonded to Co(1) and Co(2) and a-bonded 
to Fe. The Co(l)-C(21) bond is shorter than the Co(2)- 
C(21), and the FeC(20) bond is longer than Fe-C(21) but 
is in the normal range for an Fe-C a-bond.12 This dis- 
symmetry of the a-bond seems a common feature for 

(8) Bor, G.; Markb, L.; Markb, B. Chem. Ber. 1962, 95, 333. 
(9) Ros, J.; Mathieu, R. Organometallics 1983,2, 771. 
(10) Miller, D. C.; Gearhart, R. C.; Brill, T. B. J. Organomet. Chem. 

1979,169, 395 and references therein. 
(11) Aitchison, A. A,; Farrugia, L. J. Organometallics 1986, 5, 1103. 
(12) Kriiger, C.; Barnett, B. L.; Braner, D. In The Organic Chemistry 

of Iron; Von Gustorf, E. A. K., Grevels, E., Fishler, I. Eds.; Academic: 
New York, 1978; Vol. 1, p 1. 
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Figure 1. ORTEP view of CO~(CO)~(CC(O)OCHC)C~~F~(C~)~ 
showing the atomic numbering scheme. 

p3-q2-bonded vinylidene ligands.', Distances and angles 
for the carboxylate group have normal values, but the 
C(19)-C(22) distance is shorter than a single carbon-car- 
bon bond distance. A same phenomenon has been ob- 
served in CO~(CO)~(~L~-C(O)R) complexes, and this has been 
attributed to the fact that the apical carbon retains a high 
character of sp hybridization.'O 

This complex can be considered as the result of the 
reaction of the starting cationic cluster [CO~(CO)~CCO]+ 
with an anionic compound, [F~CO~(CO)~(~,-CCHO)]- ,  
formed in situ. The condensation of two organic fragments 
results from the nucleophilic attack of the aldehydic ox- 
ygen onto the carbon of the acylium group. Nucleophilic 
attack on this carbon is a common feature of the reactivity 
of [Co3(C0)&CO]+ with  nucleophile^,'^ and here it is 
certainly facilitated by the anionic character of the in- 
termediate mixed iron cobalt cluster. 

The subsequent equations summarize the proposed 
mechanism: 

[CO~(CO)~CCO]+ + [HFe(C0)4]- - 
[CO~(CO)~(~~-CCHO)]  + [HFe(CO),]- - Co,(CO),(p,-CHO) + "Fe(CO)," (1) 

[ C O ~ F ~ ( C O ) ~ ( ~ ~ - C C H O ) ] -  + HCO(CO)~ (2) 

[CO,(CO)~CCO]+ + [ C O ~ F ~ ( C O ) ~ ( ~ ~ - C C H O ) ] -  - 
Co,Fe(CO),,(CC(O)OCHC) (3) 

(Fe3(C0),2 would result from reaction 1.) 
The byproducts isolated also gave evidence of the com- 

plexity of the reaction as transformation of the CCO unit 
into CCH3 and CH ligands is alao observed. Moreover, 
electron-transfer reactions are suggested by the formation 
of [Co,(CO),C], or [CO,(CO)~C]&O compounds.15 

Experimental Section 
AU reactions were performed under nitrogen by using standard 

Schlenk tube techniques. Infrared spectra were recorded with 
a Perkin-Elmer 225 spectrometer using hexane solutions. 'H 

(13) Bruce, M. I.; Swincer, A. G. Adu. Organomet. Chem. 1983,22,59. 
(14) Seyferth, D.; Williams, G. H.; Nivert, C. L. Inorg. Chem. 1977,16, 

(15) Seyferth, D.; Hallgren, J. E.; Eschbach, C. S. J. Am. Chem. SOC. 
758. 

1974, 96, 1730. 

Table I. Selected Bond Lengths (A) and Angles (deg) with 
Estimated Standard Deviations in Parentheses 

Fe-Co( 1) 
Fe-Co(2) 
Co(l)-Co(2) 
Fe-C(l) 
Fe-C(2) 
Fe-C(3) 
co(l)-c(4) 
co(l)-c(5) 
c0(l)-c(6) 
c0(2)-c(7) 
c0(2)-c(8) 
c0(2)-c(9) 
c0(3)-c(10) 
co(3)-c( 11) 
c0(3)-c(12) 
c0(4)-c(13) 
c0(4)-c(14) 

c0(5)-c(16) 
c0(5)-c(17) 
c0(5)-c(18) 
C(19)-0(19) 
C (19)-O(20) 
C( 19)-C (22) 
0(20)-C(20) 
C(20)-H 
C(2O)-C(21) 
C(20)-Fe 

Co(4)<(15) 

CO( l)-Fe-C0(2) 

Fe-Co(Z)-Co(l) 
Fe-Co(l)-Co(B) 

Fe-C(l)-O(l) 
Fe-C (2)-0 (2) 
Fe-C (3)-0(3) 
Co(l)-C(4)-0(4) 
Co(l)-C(5)-0(5) 
C0(l)-C(6)-0(6) 
C0(2)-C(7)-0(7) 
C0(2)-C(8)-0(81 

Bond Lengths 
2.5306 (10) 
2.5498 (9) 
2.4905 (10) 
1.751 (6) 
1.820 (6) 
1.763 (5) 
1.763 (5) 
1.800 (6) 
1.823 (7) 
1.852 (5) 
1.782 (6) 
1.812 (6) 
1.799 (5) 
1.823 ( 5 )  
1.839 (6) 
1.797 (5) 
1.811 (5) 
1.817 (5) 
1.798 (7) 
1.794 (6) 
1.786 (6) 
1.228 (6) 
1.378 (5) 
1.410 (7) 
1.377 (6) 
0.97 (1) 
1.362 (7) 
2.221 (5) 

c0i2j-cigj-oigj 
0(19)-C(19)-0(20) 
O( 19)-C( 19)-C(22) 
0(20)-C(19)-C(22) 
0(20)-C(20)-H 
Fe-C(20)-H 
C( 21)-C (20)-H 
0(2O)-C(20)-C(21) 

58.71 (3) 
61.03 (3) 
60.26 (3) 
176.3 (5)  
178.2 (5) 
178.2 (5) 
178.1 (5) 
176.8 (5) 
175.8 (6) 
177.5 (4) 
178.5 (5) 
176.5 (6) 
119.1 (4) 
126.3 (4) 
114.6 (4) 
112 (3) 
107 (3) 
124 (3) 
122.4 (4) 

2.4713 (8) 
2.4625 (9) 
2.4810 (9) 
1.166 (8) 
1.109 (7) 
1.141 (7) 
1.136 (6) 
1.128 (7) 
1.117 (8) 
1.118 (7) 
1.133 (8) 
1.114 (7) 
1.141 (6) 
1.097 (7) 
1.102 (7) 
1.126 (7) 
1.125 (7) 
1.125 (7) 
1.108 (8) 
1.117 (9) 
1.170 (7) 
1.983 (4) 
1.856 (5) 
1.868 (4) 
1.911 (5) 
1.899 (4) 
1.877 (5) 

co(4)-co(3)-co(5) 
co(3)-co(4)-co(5) 
co(3)-co(5)-co(4) 
C0(3)-C(10)-0(10) 
C0(3)-C(ll)-O(ll) 
C0(3)-C(12)-0(12) 
C0(4)-C(13)-0(13) 
C0(4)-C(14)-0(14) 
C0(4)-C(15)-0(15) 
C0(5)-C(16)-0(16) 
C0(5)-C(17)-0(17) 
C0(5)-C(18)-0(18) 
C (19)-0 (20)-C (20) 
Fe-C( 21)-Co( 1) 
Fe-C(21)-Co(2) 
Co(l)-C(21)-C0(2) 
C0(3)-C(22)-Co(4) 
CO(3)-C(22)-CO(5) 
C0(4)-C(22)-Co(5) 

60.38 (2) 
59.64 (3) 
59.99 (2) 
179.5 (4) 
175.6 (5) 
177.0 (5) 
179.4 (5) 
179.1 (5) 
176.5 (5) 
176.7 (6) 
176.5 (8) 
177.4 (5) 
118.8 (4) 
82.4 (2) 
82.9 (2) 
84.0 (2) 
80.9 (2) 
81.1 (2) 
82.2 (2) 

NMR spectra were recorded with a Bruker WH90 spectrometer. 
[CO~(CO)~CCO] [PF6]16 and [PPh,] [HFe(C0)4]'7 have been 

prepared by published procedures. 
Reaction of [CO,(CO)~CCO][PF,] with [PPh4][HFe(C0)4]. 

To [CO~(CO)~CCO][PF~] (0.5 g, 0.8 mmol) in suspension in an- 
hydrous CH2C12 (15 mL) was added [PPh,][HFe(CO),] (0.46 g, 
0.8 "01) dissolved in anhydrous CH2C12 (15 mL). The mixture 
was stirred 0.5 h and evaporated to dryness. The residue was 
chromatographed on a Florisil column. 

Elution with hexane gave the following successively. 
(i) A mixture of C O ~ ( C O ) ~ ( ~ ~ - C H )  and CO~(CO)~(&CH,) that 

were separated by fractional crystallization in hexane. Cog- 
(CO),(p,-CH) (15 mg): mass spectrum, m/z 442 with successive 
loss of 9 CO; IR v ( C 0 )  2106 (m), 2055 (vs), 2040 (s), 2023 (m), 
1982 (w) cm-' (lit. valuese 2106.3 (m), 2057 (vs), 2041.5 (s), 2025.2 
(w) cm-'); 'H NMR 6 12.11 (lit. value18 12.08 ppm). CO~(CO)~- 
(p3-CCH3) (4 mg): mass spectrum m/z  456 with successive loss 
of 9 C O  C O ~ ( C O ) ~ ( ~ ~ - C C H ~ )  (4 mg): mass spectrum, m/z 456 with 

(16) Merola, J. S.; Hallgren, J. E.; Seyferth, D. Inorg. Synth.  1980,20, 

(17) Mitaudo, T.; Watanabe, Y.; Nakanishi, H.; Morishima, I.; Inubu- 

(la) Nestle, M. 0.; Hallgren, J. E.; Seyferth, D. Inorg. Synth.  1980,20, 

230. 

shi, T.; Takegami, Y. J. Chem. SOC., Dalton Trans.  1978, 1298. 

228. 
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Synthesis of C o , ( C O ) g ~ C C ( 0 ) O C H C / C o ~ e ( C O ) g  

Table 11. Crystal Data and Data Collection Details 
Crystal Data 

formula C22Co,FeH020 
fw 935.5 
cryst system monoclinic 
space group C$,-El/n 
a, A 8.645 (2) 
b, A 12.990 (2) 
c ,  A 26.883 (2) 
8, deg 93.32 (2) 
v, A3 3014 (2) 
z 4 
F(000) 1816 
D(calcd), g 2.06 
cryst Size, mm 0.350 between (100) and (i00); 0.050 between 

(OlO} and (OTO); 0.125 between (001) and (OOT}; 
0.075 between (011) and (Oii) 

p(Mo Ka) ,  cm-' 32.4 

Data Collection 

Mo Ka  ( A  = 0.71073 A) from graphite 
temp, 'C 20 
radiatn 

B(min-max), deg 2.0-25.0 
scan mode w-20 
scan range, deg 
scan speed, deg min-1 2.0 
receiving aperture, mm 

height 3.0 
width 

take off angle, deg 3.5 
intensity stds 
orientatn reflctns 

reflections 
collected reflctns 5955 (h,k,&Z) 
independent reflctns 

successive loss of 9 CO; IR v(C0) 2102 (m), 2050 (vs), 2036 (s), 
2017 (m) cm-' (lit. values6 2102 (m), 2052 (vs), 2038 (s), 2018 (w) 
cm-'); 'H NMR 6 3.67 (lit. values 3.69 ppm). 

(ii) A mixture of Fe3(C0)12 (10 mg) and HFeCo2(CO),(p3-CH) 
(traces) that  were separated by fractional crystallization. HFe- 
C O ~ ( C O ) ~ ( ~ ~ - C H ) ;  mass spectrum, m/z  440 with successive loss 
of 9 CO; IR v(C0) 2102 (m), 2055 (m), 2048 (s), 2036 (s), 2014 (m), 
1990 (m) cm-' (lit. value' 2101 (m), 2054 (s), 2047 (vs), 2038 (s), 
2017 (m), 1988 (m), 1985 (m) cm-'). 

(iii) A mixture of [Co2(CO)&]2C0 (15 mg) and Fe2Co(CO)lo- 
&-CCH3) (traces) that were separated by crystallization in hexane. 
[CO~(CO)~C]~CO:  mass spectrum, m/z 910 with successive loss 
of 19 CO; IR v(C0) 2082 (s), 2061 (vs), 2030 (s), 1980 (w) cm-' 
(lit. values5 2089.9 (s), 2064.7 (vs), 2036.6 (e), 1983 (vw) an-''). Anal. 
Calcd for cZ1019c06: C, 27.69; co ,  38.90. Found: c ,  27.33; Co, 
38.22. Fe2Co(CO)10(p3-CCH3): IR v(C0) 2098 (w), 2049 (s), 2031 
(s), 2008 (m), 1843 (w) cm-' (lit. valuesg 2098 (w), 2047 (s), 2030 
(s), 2008 (m), 1840 (w) cm-'). 

(iv) [ C O ~ ( C O ) ~ C ] ~  (15 mg): mass spectrum, m/z 882 with 
successive loss of 18 CO; IR v(C0) 2082 (s), 2074 (vs), 2038 (vs), 
2030 (m), 2020 (w), 2010 (w), 1980 (w) cm-l. Anal. Calcd for 
CzoOlsCo6: C, 27.21; Co, 40.13. Found: C, 27.30; Co, 39.8. 

(v) C O ~ F ~ ( C O ) , ~ C ~ O ~ H  (75 mg) as brown crystals by crystal- 
lization in CH2C12/hexane: IR v(C0) 2115 (w), 2102 (w), 2071 
(vs), 2057 (m), 2050 (s), 2040 (s), 2025 (w), 2018 (w), 1990 (w) cm-'. 
Anal. Calcd for C22H020C05Fe: C, 28.20; H, 0.11; Co, 31.51; Fe, 
5.98. Found: C, 28.29; H, 0.43; Co, 28.78; Fe, 5.19. 

X-ray S t r u c t u r e  Analysis. Collection a n d  Reduction of 
X-ray Data.  Crystals belong to  the monoclinic system, space 
group ml/n. The selected crystal was sealed on a glass fiber and 
mounted on an Enraf-Nonius CAD4 diffractometer. Cell constants 
were obtained from the least-squares fit of the setting angles of 
25 reflections in the range 12-14', but one at 7.8'. A summary 
of crystal and intensity collection d_ata is given in Table 11. A 
total of 5955 reflections (hkl and hkl) were recorded a t  a 26'(Mo) 
maximum of 50' by procedures described e1~ewhere.l~ Data 
reduction was then performed.20 Intensity standards, monitored 

monochromator 

0.80 + 0.35 tan 0 

1.80 + 1.20 tan B 

513, 272, 321 monitored every hour 
511,080,06n checked every 100 

5677 (Okl and Okl merged: rav = 0.035) 

~~~ ~ ~ 

(19) Mosset, A.; Bonnet, J. J.; Galy, J. Acta Crystallogr., Sect. B: 
Struct. Crystallogr. Cryst. Chem. 1977, B33, 2639. 
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Table 111. Fractional Atomic Coordinates with Estimated 
Standard Deviations in  Parentheses 

atom x l a  Y l b  Z I C  

Fe 0.63929 (7) 0.60969 (5) 0.23771 (3) 
Co(1) 0.61340 (7) 0.74763 (5) 0.17128 (3) 
Co(2) 0.39218 (7) 0.71583 (5) 0.22463 (3) 
co(3) 0.49488 (7) 0.74626 (5) 0.44147 (3) 
co(4) 0.72552 (6) 0.85794 (5) 0.45323 (2) 
co(5) 0.74069 (8) 0.67313 ( 5 )  0.47629 (3) 
C(1) 0.6057 (6) 0.5438 (4) 0.2929 (2) 
O(1) 0.5892 (4) 0.5034 (3) 0.3309 (2) 
C(2) 0.8427 (6) 0.5735 (4) 0.2383 (2) 
O(2) 0.9661 (4) 0.5497 (4) 0.2395 (2) 
C(3) 0.5719 (6) 0.5101 (4) 0.1975 (2) 
O(3) 0.5313 (5) 0.4463 (3) 0.1707 (2) 
C(4) 0.8157 (6) 0.7569 ( 5 )  0.1670 (2) 
O(4) 0.9465 (5) 0.7611 (4) 0.1654 (2) 
C(5) 0.5595 (7) 0.6723 (4) 0.1168 (2) 
O(5) 0.5200 (5) 0.6280 (4) 0.0823 (2) 
C(6) 0.5572 (6) 0.8759 ( 5 )  0.1494 (2) 
O(6) 0.5182 (6) 0.9517 (4) 0.1336 (2) 
C(7) 0.2718 (5) 0.6383 (4) 0.1794 (2) 
O(7) 0.2037 (5) 0.5892 (3) 0.1519 (2) 
(38) 0.3198 (6) 0.6717 (4) 0.2816 (2) 
O(8) 0.2707 (5) 0.6446 (4) 0.3175 (2) 
C(9) 0.2930 ( 5 )  0.8388 (5) 0.2223 (2) 
O(9) 0.2275 (5) 0.9127 (3) 0.2228 (3) 
C(l0) 0.4027 (6) 0.6248 (4) 0.4271 (2) 
O(l0) 0.3433 (5) 0.5482 (3) 0.4179 (2) 
C(l1) 0.3865 (5) 0.8214 (4) 0.3940 (2) 
O(11) 0.3250 (5) 0.8628 (4) 0.3633 (2) 
C(12) 0.3982 (6) 0.7825 (4) 0.4981 (2) 
O(12) 0.3457 ( 5 )  0.8029 (4) 0.5332 (2) 
C(13) 0.6704 (6) 0.9541 (4) 0.4075 (2) 
O(13) 0.6370 (5) 1.0141 (3) 0.3787 (2) 
C(14) 0.9326 (6) 0.8784 (4) 0.4528 (2) 
O(14) 1.0616 ( 5 )  0.8902 (3) 0.4530 (2) 
C(15) 0.6812 (6) 0.9210 (4) 0.5110 (2) 
O(15) 0.6463 (5) 0.9586 (3) 0.5464 (2) 
C(l6) 0.6979 (6) 0.5406 (5) 0.4621 (2) 
O(16) 0.6760 (6) 0.4592 (4) 0.4515 (2) 
C(17) 0.9464 (6) 0.6582 ( 5 )  0.4739 (3) 
O(17) 1.0736 (7) 0.644 (1) 0.4730 (3) 
C(18) 0.7124 (5) 0.6842 (4) 0.5414 (2) 
O(l8) 0.6906 (5) 0.6948 (4) 0.5836 (2) 
C(19) 0.7485 (5) 0.7224 (4) 0.3666 (2) 
O(19) 0.8741 (4) 0.6856 (3) 0.3568 (2) 
O(20) 0.6477 (3) 0.7545 (3) 0.3281 (1) 
C(20) 0.6962 (6) 0.7526 (4) 0.2802 (2) 
H 0.807 (1) 0.763 (4) 0.279 (2) 
C(2l) 0.5955 ( 5 )  0.7595 (3) 0.2395 (2) 
C(22) 0.6941 (5) 0.7366 (3) 0.4145 (2) 

every hour, showed a slight linear decay of 3%, from which data 
were corrected. Systematic absences were rejected (hOZ, h + I = 
2n + 1; OkO, k = 2n + 1). The 5677 remaining reflections were 
corrected for absorptionz1 (p = 32.4 cm-'; calculated, transmission 
range 0.64-0.81). Equivalent reflections (OM and Okl) were merged 
(R ,  = 0.035). 

S t r u c t u r e  Solution a n d  Refinement. The structure was 
solved by direct methods with SHELXS-86 program2z using 5299 
independent reflections. The six metal atoms were found. The 
full-matrix least-squares refinement and difference Fourier pro- 
cessus were achieved with SHELX-76 programz3 with 3250 re- 
flections having F,2 1 3u(F,2). All atoms, but the hydrogen one, 
were refined with anisotropic thermal parameters. 

The atomic scattering factors used were those proposed by 
Cromer and WaberZ4 with anomalous dispersion effects.25 

-(PO)FrentLB. AT & Associates, Inc. SDP, Structure Determination 
Package; College Station, TX 77840, and Enraf-Nonius: Delft, Holland, 
1985. 

(21) Coppens, P.; Leiserowitz, L.; Rabinovitch, D. Acta. Crystallogr., 
Sect. B: Struct. Crystallogr. Cryst. Chem. 1965, B18, 1035. 

(22) Sheldrick, G. M. SHELXS-86 ,  Program for Crystal Structure 
Solution; University of Gottingen: Gottingen, Federal Republic of Ger- 
many, 1986. 

(23) Sheldrick, G. M. SHELX-76 ,  Program /or Crystal Structure 
Determination; University of Cambridge: Cambridge, England, 1976. 
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Scattering factors for the hydrogen atom were taken from Stewart 
et.26 

The final full-matrix least-squares refinement converged to R 
= CllF I - Fc II/CIFol = 0.034 and R w  = [Cw(lFoI- lFcl)2/Cw- 
(lFo12]1/8 = 0.032 with w = l/$(Fo). The error in an observation 
of unit weight was S = [Cw(lFol - IFc1)2/(n - m)]'I2 = 1.9 with 
n = 3250 observations and m = 437 variables. An analysis of 
variance showed no unusual trends. In the last cycle of refinement 
the shifts for al l  parameters were less than 0.76 (mean value 0.2~). 

(24) Cromer, D. T.; Waber, J. T. International Tables for X-ray 
Crystallography; Ibers, J. A., Hamilton, W. C., Eds.: Kynoch: Bir- 
mingham, England, 1974; Vol. IV, Table 2.2B, pp 99-101. 

(25) Cromer. D. T.. ref 24. Table 2.3.1.. D 149. 
(26) Stewart, R. F.f Davidson, E. R.; Simpson, W. T.  J. Chem. Phys. 

1965,42, 3175. 

1988, 7, 1394-1402 

A f i i  difference Fourier map showed a residual electron density 
of 0.7 e/A3 near metal atoms. The final fractional atomic coor- 
dinates are listed in Table 111. 
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Zerovalent metal complexes of general formula M(SP)2 [M = Ni (l), Pt (2)] containing (Bvinyl- 
pheny1)diphenylphosphine (o-styryldiphenylphosphine, o-CH2=CHC6H4PPh2, abbreviated SP) have been 
prepared by reaction of SP with the bis(l,5-cyclooctadiene)metal complexes, M(1,5-COD)> The nickel 
complex 1 has also been made by reduction of anhydrous bis(2,4-pentanedionato)nickel(II) with tri- 
ethylaluminum in the presence of SP. Spectroscopic studies [NMR (lH, 13C, 31P) and IR] suggest that 
the phosphorus atoms and both vinyl groups are coordinated, both in solution and in the solid state. Crystals 
of 1 are monoclinic, space group n 1 / n ,  with a = 13.432 (2) A, b = 11.486 (2) A, c = 21.630 (3) A, p = 104.34 
(l)O, and 2 = 4; those of 2.0.5C6HSCH3 are triclinic, space group P1, with a = 11.245 (7) A, b = 14.127 (4) 
A, c = 14.417 (2) A, a = 119.05 (2)O, 0 = 110.62 (1)O, y = 91.05 (l)', and 2 = 2. The structures were solved 
by direct (1) and heavy-atom methods (2) and refined by least-squares methods to R = 0.041 and Rw = 
0.045 for 3299 independent reflections (1) and to R = 0.026 and R, = 0.030 for 5273 independent reflections 
(2). In both molecules the metal atom is coordinated in a distorted tetrahedron by two bidentate SP ligands, 
the average M-P distances being 2.199 A (1) and 2.284 A (2). In 1 one vinyl group is coordinated sym- 
metrically [Ni-C(19) = 2.033 (4) A, Ni-C(20) = 2.037 (5) A] while the other is bound asymmetrically, the 
Ni-C, bond length [Ni-C(39) = 2.059 (4) A] being significantly longer than the Ni-C, separation [Ni-C(QO) 
= 2.034 (5) A]. By contrast, both vinyl groups in 2 are coordinated asymmetrically, although the difference 
in the Pt-C distances in each vinyl group is only just statistically significant and is such that Pt-C, < Pt-C,. 
The C=C distances show the expected lengthening on coordination [1.400 (6) A (1); 1.416 (6) A (2)]. The 
relative ordering of the metal-olefin bond strengths in 1 and 2 cannot be inferred unambiguously from 
the trends in various vinyl group parameters, such as 'H and 13C chemical shifts and coupling constants, 
C = C  bond lengths, and bend-back angles of the vinylic hydrogen atoms. Free and coordinated SP exchange 
more readily in 2 than in 1. 2 reacts with HBF, or HPF, to give five-membered ring chelate (u-alkyl)- 
platinum(I1) salts [Pt(o-CHsCHC6H4PPh2)(SP)]Y (Y = BF4, PF,), as a mixture of cis and trans isomers 
3a and 3b, respectively. An unstable nickel(I1) analogue is formed similarly from 1. 

Introduction 
Nickel, palladium, and platinum in their zero oxidation 

states form a range of monomeric complexes with .n-ac- 
ceptor ligands such as CO, isocyanides, olefins, and tertiary 
phosphines and phosphites.'+ The metal atom in these 

complexes can adopt an I&, 16e, or 14e configuration, and 
the stereochemical arrangement may be, respectively, 
tetrahedral ( M U ,  trigonal planar (ML,), or linear (ML,). 
In general, small, terminally bound ligands such as CO and 
phosphites favor the formation of ML4, whereas bulky 
tertiary phosphines and laterally bound ligands such as 
olefins and acetylenes favor ML3 or ML,. In addition, 

(1) Melatesta, L.; Cenini, S. Zeroualent Compounds of Metals; Aca- 

(2) Jolly, P. W.; Wilke, G. The Organic Chemistry of Nickel; Aca- 

( 3 )  Maitlis, P. M. The Organic Chemistry of Palladium; Academic: 

(4) Hartley, F. R. The Chemistry of Platinum and Palladium; Applied 

demic: New York, 1974. 

demic: New York, 1974; Vol. 1. inum; Academic: New York, 1974. 

New York, 1971; Vol. 1. 

Science: London, 1973. Eds.; Pergamon: Oxford, 1982; Vol. 6, pp 1-762. 

(5) Belluco, U. organometallic and Coordination Chemistry of Plat- 

(6) Articles by P. W. Jolly on Ni, by P. M. Maitlis, P. Eapinet, and M. 
J. H. Russell on Pd, and by F. R. Hartley, on Pt in: Comprehensiue 
Organometallic Chemistry; Wilkinson, G.,  Stone, F. G .  A., Abel, E. W. 
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