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affords Re7C(C0)213- (isolated yield 40%), although a 
four-fold excess of sodium is needed under these condi- 
tions. Prolonged pyrolysis (30 h) of H2Re6C(C0)1~- in 
triglyme (200 OC) affords Re&(Co),’- (yield 30%) as the 
only identifiable product without the formation of any 
observable Re7C(C0)213-. Treatment of HzRe6C(C0),2- 
with Re2(CO)lo (Re6:Rez = 1:l) and heating the mixture 
in triglyme (190-200 “C) afford only Re8C(C0)242- in ca. 
80% isolated yield. 

In the conversion of H2Re&(CO)12- to the two larger 
clusters, the hydride ligands may be removed in one of 
three forms: as Hz, as two hydride ions (H-), or as two 
protons (H+). Since it is necessary to employ the appro- 
priate quantity of reducing or oxidizing agent (sodium 
and/or Re2(CO),o) with H2Re6C(C0),82- to provide Re7C- 
(C0)213- or Re8C(C0)22-, respectively, loss of the hydride 
ligands as H2 is the probable pathway. This would gen- 
erate the formal intermediate uRe6C(CO)l~-n, which should 
react further in the manner observed. However, if they 
were removed as hydrides, a neutral intermediate (e.g., 
“Re6C(CO)18n) would be generated, and this is not likely 
to be reduced to Re8C(CO)242- in the presence of Re2(CO)lo 
only. The final possibility, removal as 2H+, would provide 
a more reduced species (e.g., “Re6C(CO)184-n), and the 
formation of Re7C(C0)213- from H2Re6C(CO)12- is not 
likely to require the use of sodium as we have found. 

Interconversion of Re7C(CO)21“ and Re&(C0)2,2-. 
The similar reaction temperature required for the prepa- 
ration of Re7C(C0)213- and Re&(C0)242- suggests the 
possibility of their interconversion under appropriate 

conditions. In fact, the interaction of Re7C(C0)z13- with 
Re2(CO)lo (1:2.5 mole ratio) in triglyme (190 “C) produces 
ReaC(C0)2~- in ca. 80% yield (eq 5). Conversely, the 

reduction of Re8C(C0)2t- with excess sodium under a 
carbon monoxide atmosphere at  160 OC forms Re&- 
(CO)213- in good yield (70%), presumably transforming the 
Re(C0)3 cap into Re(C0)5- under these strongly basic 
conditions. These results suggest that if Re7C(C0)z13- is 
generated in the direct synthesis of Re8C(C0)242- (eq 3), 
it is easily converted to the octanuclear carbide dianion 
due to the high mole ratio of Rez(CO)lo present. More 
generally the conversion of Re7C(CO)213- into Re8C(C0)u2- 
provides an experimental realization of the formal “capping 
reaction” shown in eq 6. Analogous capping reactions with 
a variety of platinum metal caps ML,+ have been suc- 
cessful and are described in a companion paper.16 

Re7C(C0)213- + “Re(C0)3+n - Re8C(C0)242- (6) 
Registry No. Rez(CO)lo, 14285-68-8; [Et4N12[Re4(CO)161, 

111525-55-4; [ (Ph,P),N],[ Re4(CO) 11 1525-56-5; [Et4N],- 

Na3[Re,C(C0)21], 11 1525-57-6; [Et4NI2[ Re8C(CO)%], 83267-48-5; 
[(Ph3P)2N12[Re8C(CO),1, 111525-58-7; [Et4N12[H2Re6C(CO)181, 
85601-12-3; Na, 7440-23-5. 

[Re,C(CO)21], 99900-74-0; [(P~~P)~N],[RQC(CO)~~], 107021-61-4; 

(16) Henly, T. J.; Shapley, J. R.; Rheingold, A. L.; Geib, S. J. Or- 
ganometallics, preceding paper in this issue. 
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Reactions of transition-metal-propargyl complexes [M]CHzC~CR with CO~(CO)~ in pentane at room 
temperature afford the trinuclear products (C0)3Co(~-RCzCHz[M]Co(CO), ([MI = CpFe(CO)2, R = Ph 
(la), Me (lb); [MI = Mn(CO)6, R = Ph (2); [MI = CPW(CO)~, R = Ph (3a), Me (3b); [MI = CpMo(CO),, 
R = Ph (4)) as purple solids of different degrees of stability (la, lb, and 2 >> 3a, 3b, and 4). Treatment 
of la and 2 with CF3COzH and alumina, respectively, leads to cleavage of the M-CH2 bond with the formation 
of (CO)3bo(p-PhC2Me)Co(CO)3 and CpFe(C0)20C(0)CF3 (from la). By contrast, 3a, 3b, and 4 react with 
CF3COzH and alumina surprisingly to give heterobinuclear p-alkyne complexes, Cp(CO),M(p-RC2Me)- 
CO(CO)~ (5a, 5b, and 6, respectively) as air-stable, red solids. Complexes 1-6 were characerized by a 
combination of elemental analyses, FAB mass spectrometry, and IR and ‘H and 13C NMR spectroscopy; 
the structure of 5a was determined by single-crystal X-ray analysis. Crystal data: monoclinic, space group 
E 1 / n  with a = 8.825 (2) A, b = 15.003 (2) A, c = 14.035 (2) A, fi  = 93.42 ( 1 ) O ,  and Z = 4. The structure 
was solved and refined to R = 0.0249 and R, = 0.0268 by using 3918 independent reflections. The alkyne 
PhC2Me is transversely bridging the Co-W bond (2.693 (1) A), and its Me substituent is trans to Cp. 

. 
i 

-3 

Introduction 
Dicobalt octacarbonyl readily reacts with terminal and 

internal alkynes (RC=CR’) to yield binuclear complexes 

To whom inquiries concerning the X-ray crystallographic work 
should be addressed at  Dipartimento di Chimica Generale, 
Universiti di Pavia, 27100 Pavia, Italy. 

0276-7333/88/2307-0452$01.50/0 

, . 
of the type (C0)3Co(p-RCzR’)Co(C0)3 (I) which feature 
a transversely bridging alkyne ligand.’ Corresponding 
reactions of C O ~ ( C O ) ~  with organo-transition-metal com- 
plexes containing bonds have received relatively little 
attention. Rosenblum et a1.2 studied the reaction of di- 

(1) Dickson, R. S.; Fraser, P. J. Adu. Organomet. Chem. 1974,12,323. 
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Reactions of Metal-Propargyl Compounds with C O ~ ( C O ) ~  

I 

ferrocenylacetylene (FcC=CFc) with C O ~ ( C O ) ~  which af- 

fords (CO)3C~(p-F~C2F~)Co(C0)3. Yasufuku and Yama- 
zaki3 and Riera, Tiripicchio, and co-workers4 examined the 
behavior of CO, (CO)~  toward several t ransi t ion-metal  
acetylide complexes. The complexes CpFe(CO)(L)C=CR 
(L = CO, R = Me; L = PPhMe2, R = P h )  and Mn(CO),- 

(PCy,)C=CPh yielded (CO),Co(p-RC,Fe(CO)(L)Cp)Co- 

I i 

, I 

spectively, with (C0)3Co(p-PhC2Fe(CO)(PPhMez)Cp)Co- 
(CO), r eac t ing  f u r t h e r  t o  a t r inuc lear  (CO),Co- 
(PhC2FeCp)Co(CO)3 of uncertain structure. T h e  complex 

(C0)3Co(p-PhC2Fe(CO)2Cp)Co(CO)3 afforded only t h e  
incompletely characterized (CO)3C~(PhC2FeCp)Co(C0)3. 
Recently, a reexamination of the last-mentioned reaction 
by  Bruce and co-workers5 resulted i n  the isolation of 

, I 

(C0)3Co(p-PhCzFe(CO)2Cp)Co(CO)3 instead, which was 
characterized by  X-ray crystallography. Th i s  complex and 
i ts  RuCoz analogue are converted by  O2 to the trinuclear 
clusters CI>M(CO)CO~(CO)~(~ , -CP~)  ( M  = Fe, R u ) . ~  

Transition-metal-propargyl complexes ([M]CH,C%CR) 
have not been investigated with respect to their  reactivity 
toward C O ~ ( C O ) ~  Because of a considerable cur ren t  in- 
terest in binuclear and polynuclear metal-alkyne com- 
plexes,' and in order t o  fill the aforementioned void, we 
have examined reactions of CO~(CO)~  with several metal- 
propargyl complexes. We though t  that the presence of 
three metals  in  expected products  of the t y p e  (CO),Co- 

(p-RC,CH,[M])Co(CO), might  lead t o  some interesting 
chemistry that would be  different f rom the chemistry of 

the alkyne complexes (C0)3Co(p-RC2R')Co(CO),. Indeed, 
we observed that some trinuclear compounds (CO),Co- 

(p-RC,CH,[M])Co(CO), react with acids to lose one Co- 
(CO), f ragment  and generate  heterobinuclear alkyne- 
bridged complexes. In this  paper we report  results of our 
s tudy,  including t h e  complete characterization by  single- 
crystal  X-ray diffraction of the heterobinuclear complex 

Cp(CO)2W(p-PhC2Me)Co(C0)3 obtained in  this  manner.  

Experimental Section 
General Procedures and Measurements. All reactions and 

manipulations of air-sensitive compounds were carried out under 

7 

I 

, 
7 

, 

I I 

(2) Rosenblum, M.; Brawn, N.; King, R. B. Tetrahedron Lett .  1967, 

(3) Yasufuku, K.; Yamazaki, H. Bull. Chem. SOC. Jpn. 1972,45,2664. 
(4) Carriedo, G. A.; Riera, V.; Miguel, D.; Manotti-Lanfredi, A. M.; 

(5) Bruce, M. I.; Duffy, D. N.; Humphrey, M. G. Aust. J. Chem. 1986, 

(6) Vahrenkamp, H.; Bernhardt, W. Organometallics 1986, 5,  2388. 
(7) Recent examples: (a) Arif, A. M.; Chandler, D. J.; Jones, R. A. 

Organometallics 1987,6,506. (b) Dickson, R. S.; Fallon, G. D.; McLure, 
F. I.; Nesbit, R. J. Ibid. 1987,6, 215. (c) Casey, C. P.; Woo, L. K.; Fagan, 
P. J.; Palermo, R. E.; Adams, B. R. Ibid. 1987,6, 447. (d) Seyferth, D.; 
Hoke, J. B.; Dewan, J. C. Ibid. 1987,6,895. ( e )  Adams, R. D.; Wang, S. 
Ibid. 1987,6, 739. (f) Han, S.-H.; Geoffroy, G. L.; Rheingold, A. L. Ibid. 
1986,52561. (9) Rashidi, M.; Puddephatt, R. J. J. Am. Chem. SOC. 1986, 
108, 7111. (h) Balch, A. L.; Fossett, L. A.; Linehan, J.; Olmstead, M. M. 
Organometallics 1986,5, 691. (i) Chisholm, M. H.; Conroy, B. K.; Folting, 
K.; Hoffman, D. M.; Huffman, J. C. Ibid. 1986,5, 2457. 6)  Lourdichi, 
M.; Mathieu, R. Ibid. 1986, 5,  1274. 

45,4421. 

Tiripicchio, A. J .  Organomet. Chem. 1984,272, C17. 

39, 159. 
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an atmosphere of N2 or Ar by using standard procedures.8 
Elemental analyses for C and H were performed by Gakbraith 
Laboratories, Inc., Knoxville, TN. Mn and Co were analyzed by 
using literature pro~edures .~J~  Chromatographic separations and 
purifications were effected on columns packed with alumina (ca. 
150 mesh, 610% HzO) or Florisil(60-100 mesh). Melting points 
were measured in vacuo on a Thomas-Hoover melting point ap- 
paratus and are uncorrected. Molecular weights in solution were 
determined with a Knauer Dampfdruck osmometer by Dr. G. 
Carturan. Infrared (IR) spectra were recorded on a Perkin-Elmer 
Model 337 or 283B spectrophotometer and were calibrated with 
polystyrene. 'H NMR spectra were obtained on a Varian Asso- 
ciates EM-360L or a Bruker AM-250 spectrometer. 13C NMR 
spectra were recorded on a Bruker WP-80, WH-300, or AM-250 
spectrometer. 2H NMR spectra were collected on a Bruker AM- 
500 spectrometer by Dr. Charles Cottrell. Mass spectra were 
obtained by use of the fast atom bombardment (FAB) technique 
on a Kratos MS-30 or VG70-250s spectrometer by Mr. C. R. 
Weisenberger or Mr. D. C. Chang. Bulk magnetic susceptibility 
measurements were done by the method of Evans1' in acetone-d, 
solution on a Bruker AM-500 spectrometer by Dr. Cottrell. 

Materials. THF and diethyl ether were distilled from Na and 
benzophenone under an atmosphere of Nz or Ar immediately 
before use. Pentane and hexane were purified by distillation from 
Na under N2. Dichloromethane was distilled from P4010 prior 
to use. Petroleum ether (bp 35-60 "C) and other solvents were 
used as received. 

Trifluoroacetic acid (99%) was distilled prior to use, whereas 
trifluoroacetic acid-d (99 atom % D) was used as received from 
Aldrich. COZ(CO)~, from Strem, was crystallized first from CHzClz 
and then from heptane under an atmosphere of CO. The met- 
al-propargyl complexes CpFe(CO)2CHzC==CMe,'2 CpFe- 
(C0)zCHzC=CPh,13  Mn(C0)5CHzC=CPh,13 CpMo- 
(C0)3CH2C=CPh,'4 CpW(C0)3CHzC=CMe,15 and CpW- 
(C0)3CH2C=CPh'5 were prepared according to the literature. 

Reactions of Metal-Propargyl Complexes with CO,(CO)~ 
These reactions were carried out a t  room temperature in pentane 
solution with ca. 1:l molar ratio of the metal-propargyl complex 
and C O ~ ( C O ) ~  A detailed description of the reaction between 
CpFe(CO)2CH2C=CPh and C O ~ ( C O ) ~  is provided to illustrate the 
procedure. Other reactions and workup were conducted similarly 
with the following modifications. Chromatography on alumina 
(10% HzO) was used only for the iron complexes; reaction products 
of Mn(CO)5CH2C=CPh with C O ~ ( C O ) ~  and of CpW- 
(C0)3CHzC=CPh with C O ~ ( C O ) ~  were found to react with alumina 
and were therefore purified by chromatography on Florisil. 
Reaction products of C ~ M O ( C O ) ~ C H ~ C = ~ P ~  with C O ~ ( C O ) ~  and 
of CpW(CO),CH,C=CMe with C O ~ ( C O ) ~  decomposed on both 
alumina and Florisil columns and during attempts a t  crystalli- 
zation. They were isolated by evaporation to dryness of the 
reaction solutions and were not purified. 

Percent yields, physical properties, mass spectra, and analytical 
data for all isolated products are presented below. IR and NMR 
data are given in Table I. 

(i) CpFe(CO)2CH2C=CPh. A solution of 1.08 g (3.70 mmol) 
of CpFe(CO)2CHzC=CPh in 100 mL of pentane was added 
dropwise with stirring over 15 min to 1.26 g (3.68 mmol) of 
C O ~ ( C O ) ~  dissolved in 20 mL of pentane. Gas was evolved as the 
mixture changed color from orange to dark purple. After addi- 
tional stirring (total reaction time 1 h), solvent was removed under 
reduced pressure to yield a purple crystalline residue. Chroma- 
tography on a 2 X 25 cm column of alumina eluting with pentane 
first removed a small pink band (IR 2095 (s), 2055 (s), 2025 (s), 

(8) Shriver, D. F. The Manipulation of Air-Sensitiue Compounds; 

(9) Sandell, E. B. Colorimetric Determination of Traces of Metals, 

(IO) Reference 9, p 279. 
(11) Evans, D. F. J. Chen.  Soc. 1959, 2003. 
(12) Thomasson, J. E.; Robinson, P. W.; Ross, D. A.; Wojcicki, A. 

Inorg. Chem. 1971, 10, 2130. 
(13) Roustan, J.-L.; Cadiot, P. C. R. Seances Acad. Sci., Ser. C 1969, 

268, 734. 
(14) Roustan, J.-L.; Charier, C. C. R. Seances Acad. Sci., Ser. C 1969, 

268, 2113. 
(15) Kroll, J. 0.; Wojcicki, A. J .  Organomet. Chem. 1974, 66, 95. 

McGraw-Hill: New York, 1969. 

2nd ed., Interscience Publishers: New York, 1950; p 432. 
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Table I. IR and NMR Data for New ComdexesO 
NMR, 6 

c o m p 1 ex IR U(CO),~ cm-' 1HC 13C{'H)e 

3.17 (5, CH2)e 
la 2090 (st), 2048 (st), 2028 (st), 2015 7.46-7.18 (m, Ph), 4.69 (s, Cp), 216.5 (FeCO), 200.3 (Coco), 139.9, 129.0, 128.7, 

(st), 1970 (st) 127.1 (Ph), 114.0 (CCH,), 93.5 (CPh), 85.4 (Cp), 
6.1 (CHZ)' 

l b  

2 2112 (w), 2082 (me), 2049 (st), 7.50-7.18 (m, Ph), 

2091 (at), 2048 (st), 2025 (st), 4.86 (8, Cp), 3.03 (s, CH2), 216.7 (FeCO), 200.3 (Coco), 111.6 (CCHJ, 
94.1 (CMe), 85.5 (Cp), 22.2 (Me), 6.0 (CH$ 

211.1 (MnCO), 200.1 (Coco), 139.1, 129.2, 128.8, 
2003 (st), 1960 (st) 2.78 (s, Me)' 

2028 (st), 2013 (st), 1999 (me), 2.19 (s, CH$ 127.3 (Ph), 110.2 (CCHZ), 92.3 (CPh), 11.4 (CHJe 
1970 ( w ) ~  

3a 2086 (st), 2068 (st), 2045 (st), 7.64-7.25 (m, Ph), 5.33 (s, Cp), 229.0, 220.3 (WCO), 200.5 (Coco), 140.1, 129.0, 
2024 (st), 2009 (st), 1944 (st), 
1932 (st) 7.9 (CH2) 

3.48 (9, CH2) 128.5, 127.6 (Ph), 112.1 (CCH,), 93.1 (CPh), 92.3 (Cp), 

3b 

4 2086 (st), 2069 (st), 2045 (st), 7.48-7.29 (m, Ph), 

5af 

5W 

6 2049 (st), 1999 (st), 

2081 (st), 2066 (me), 2040 (st), 
2019 (st), 1943 (st), 1933 (st) 

5.58 (s, Cp), 3.68 (s, CHJ, 
2.99 (s, Me) 

2025 (st), 1953 (st), 1941 (st) 5.33 (9, Cp), 3.20 (9, CH,) 
2049 (st), 2000 (st), 1985 (st), 

2042 (st), 1995 (st), 1978 (st), 

7.22 (s, Ph), 5.18 (s, Cp), 

5.43 (s, Cp), 2.72 (s, 2Me) 

7.28 (m, Ph), 5.37 (s, Cp), 

214.5, 212.1 (WCO), 203.3, 202.4 (CoCO), 143.7, 

213.9 (WCO), 203.5 (Coco), 89.5 (Cp), 

227.9, 225.8 (MoCO), 204.7, 204.4, 200.1 (Coco), 

1976 (st), 1937 (st) 

1972 (st), 1933 (st) 

1986 (st), 1943 (st) 

3.01 (s, Me) 129.6 (Ph), 89.8 (Cp), 88.7 (CMe), 81.8 (CPh), 21.4 (Me) 

86.4 (CMe), 20.3 (Me) 

143.4 129.2, 128.7, 126.7 (Ph), 95.5 (CMe), 
92.0 (Cp), 89.1 (CPh), 21.4 (Me) 

2.81 (s, Me) 

'At room temperature. Abbreviations: st, strong; me, medium; w, weak; s, singlet; m, multiplet. pentane solution unless otherwise 
noted. CIn CD2Cl, solution unless otherwise noted. cyclohexane solution. eIn CDC13 solution. f5a-d: 'H NMR (CHZCl2) 6 2.95 (CHZD); 
13C(lH] NMR (CD2C12) 6 20.5 (t, J(13C-D) = 20 Hz, CH,D). g5b-d: ,H NMR (CH2C12) 6 2.60 (CH2D); 13C(lH) NMR (CD,Cl,) 6 20.3 (s, Me), 
20.0 (t, J(13C-D) = 20 Hz, CHBD). 

1990 (w) cm-'), which yielded 0.018 g of an incompletely char- 
acterized material when evaporated to  dryness. Further elution 
with pentane gave a large green band, which was collected and 
evaporated to dryness to afford 1.71 g (80%) of dark purple 
crystals of (C0)3Co(p-PhCzCHzFe(CO)zCp)Co(C0)3 (la): mp 
109 "C; mass spectrum, m/z  (relative intensity) 578 (M', 0.8), 
401 ( C O ~ ( C O ) ~ C H ~ C ~ P ~ + ,  6.0), 177 (CpFe(CO)z+, 2.8), 121 (CpFe', 
2.6), 59 (Co+, 100.0). Anal. Calcd for CzzH12C02FeOs: C, 45.71; 
H, 2.09. Found: C, 46.11; H, 2.10. 

(ii) CpFe(CO)&H2C=Me. Product ( C O ) , C Z  
MeC,CH2Fe(CO)2Cp)Co(C0)3 (lb) was obtained in 86% yield as 
a purple solid: mp 68 "C dec; mass spectrum, m/z  (relative 
intensity) 516 (M', 1.21, 339 ( C O ~ ( C O ) ~ C H , C ~ M ~ + ,  11.51, 177 
(CpFe(CO),+, 3.4), 59 (Co+, 100.0). Anal. Calcd for 
C,7Hl,CozFe08: C, 39.57; H,  1.95. Found: C, 40.03; H, 2.49. 

(iii) Mn(CO)5CH2C=CPh. Product (CO)3C0(p- 

PhC2CHzMn(C0)5)Co(CO)3 (2) was obtained in 71% yield as a 
purple solid: mp 86-88 "C dec; mass spectrum, m / z  (relative 
intensity) 596 (M+, 72.6), 568 (M' - CO, 26.5), 540 (M+ - 2C0, 
52.9), 512 (M+ - 3C0,lOO.O). Anal. Calcd for CzoH7CozMnO11: 
C, 40.30; H, 1.19; Mn, 9.22. Found: C, 40.14, H, 1.25; Mn, 9.02. 

(iv) CpW(CO),CH,C*Ph. Product (co) ,Cz 
PhCzCHzW(CO)3Cp)Co(C0)3 (3a) was obtained in 66% yield as 
a purple solid: mp 103 "C dec; mass spectrum, isotope, m/z  
(relative intensity) 734 (M+, <0.5), 401 (Co2(C0)&HzCzPh+, 3.0), 
59 (Co+, 100.0). Anal. Calcd for CBHlZCoz09W: C, 37.63; H, 1.65; 
Co, 16.06. Found: C, 37.65; H, 1.87; Co, 17.50, 17.42. 

Reactions of Trinuclear  MCo, Comulexes with Alumina. 

1 

7 

1 

t . 
(i) (C0)3Co(p-PhCzCHzW(C0)3Cp)Co(CO)3 (3a). To a solu- 
tion of 0.097 g (0.13 mmol) of 3a in 45 mL of pentane was added 
3.06 g of alumjna (10% H,O), and the resultingmixture was stirred 
for 9 h a t  room temperature. Gas evolution was observed as a 
dark purple solution turned red. The mixture was filtered, and 
the alumina was washed with diethyl ether (2 X 16 mL). After 
the filtrate and the washings had been combined, the volatile5 
were removed. Chromatography of the residue on a Florisil 
column (2 X 20 cm) eluting with 9O:lO petroleum ether-diethyl 
ether removed a large red band, which was collected and evap- 
orated to dryness to yield 0.042 g (56%) of Cp(CO),W(p- 
PhC2Me)Co(CO)3 (5a). The product was crystallized from pen- 
tane to give dark red needles: mp 99-101 OC; mass spectrum, lMW 

7 

1 

isotope, m/z (relative intensity) 536 (M+ - CO, 64.8), 508 (M+ 
- 2C0, 100.0). Anal. Calcd for CI9Hl3CoO5W: C, 40.45; H, 2.32; 
Co, 10.4; mol w t  (cyclohexane), 564. Found: C, 40.20; H, 2.47; 
Co, 10.4; mol w t  (cyclohexane), 544 f 12. IR and NMR data are 
given in Table I. 

Continued elution with 5050 petroleum ether-diethyl ether 
removed a small orange band, from which 0.018 g of a solid 
material was obtained upon solvent evaporation: IR (C6H6) 2105 
(m), 2065 (s), 2025 (s), 2003 (s), 1970 (sh), 1925 (m) cm-'. This 
solid was not further characterized. 

(ii) (CO)3Co(p-PhC,CHzMn(CO)S)C~(C0)3 (2). A reaction 
similar to the preceding one was carried out between 0.101 g (0.170 
mmol) of 2 and 3.10 g of alumina (10% HzO) in pentane for 33 
h at  room temperature. Chromatography on Florisil eluting with 
petroleum ether and 9 5 5  petroleum ether-diethyl ether led to 
the isolation of the following sDecies in the order of their elution: - .  

1 

(C0)3Co(p-PhCzMe)Co(C0)3 (0.036 g, 63% conversion), charac- 
terized by comparison of its IR and 'H NMR spectra with those 
of an authentic sample prepared according to the literature;16 
unreacted 2 (0.017 9); and a lavender solid (0.027 g; IR (hexane) 
2118 (m), 2095 (m), 2075 (m), 2058 (s), 2019 (vs), 1910 (w) cm-'), 
which was not further characterized. 

Reactions of Trinuclear MCoz Complexes with CF3C02H. 
(i) (C0)3Co(p-PhC2CH2W(C0)3Cp)Co(CO)3 (3a). To a solu- 
tion of 0.276 g (0.376 mmol) of 3a in 40 mL of CHzC12 was added 
via syringe 0.030 mL (0.045 g, 0.39 mmol) of CF3C02H. The 
resulting mixture was stirred at  room temperature for 8 h, during 
which time its color changed from purple to red and gas was 
evolved. The mixture was filtered to separate a red powder (0.017 
g), which was washed with CHzClz (2 X 3 mL) and dried, dec p t  
-145 "C; IR (Nujol) 1710 (sh), 1670 (m, br), 1202 (m), 1148 (m) 
cm-'; pee dependent on mol wt (e.g., 2.50 or 2.89 fig, assuming mol 
wt 285, as for C O ( O ~ C C F ~ ) ~ ,  or 381, as for Co(02CCF3)2(H20),); 
qualitative analysis for Co.'O 

Chromatography of the filtrate on a Florisil column (2 X 16 
cm) as described for the corresponding reaction of 3a with alumina 
afforded 0.134 g (63%) of Cp(CO)zW(p-PhC2Me)Co(C0)3 (5a). 

This reaction was also carried out by treating a pentane solution 
of 3a, prepared in situ from CpW(C0)3CH2CSPh and C O ~ ( C O ) ~  
(vide supra), with ca. 1 equiv of CF3COzH (or CF3C02D). The 

0 .I 

~~ ~ ~ 

(16) Cetini, G.; Gambino, 0.; Rossetti, R.; Sappa, E. J. Organomet. 
Chem. 1967, 8, 149. 
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Reactions of Metal-Propargyl Compounds with C O ~ ( C O ) ~  

Table 11. Crystal Data, Data Collection, and Refinement 
of 5a 

Crystal Data 
mol formula C19H13C006W 

space group mlln 

mol w t  564.1 
cryst system monoclinic 

a,  A 8.825 (2) 
b, A 15.003 (2) 
c,  .A 14.035 (2) 
8, deg 93.42 (1) 
v, A3 1854.9 (6) z 4 
Dcalcd, g 2.02 
F(000) 1072 
fi(Mo Ka), cm-' 72.5 
cryst size, mm 0.21 X 0.30 X 0.33 

Data Collection and Refinement 
diffractometer Enraf-Nonius CAD4 
temp, K 294 & 1 
radiatn Mo Ka, graphite monochromated 

(A = 0.710 69 A) 
scan type w/2e 
scan speed, deg min-' 
scan range: deg in w 
aperture width, mm 

variable (0.78-5) 
1.3 + 0.35 tan 8 
1.0 + tan 8 

aperture height, mm 4 
28 range, deg 6-60 
reflectns measd fh ,k , l  
orientation monitors* 3 
intensity monitorse 4 
total obsd data 5791 
absorpn correctn 

transmissn factors 0.645-0.999 
unique data (I > 3 0 ( 4 ) ~  
no. of variables 235 
minimized function 

empirical, 9 scans of four 
close-to-axial 

3918 

W 1 
error in observn of unit wt 1.81 
largest parameter shift/error 0.02 

a Extended by 25% on both sides for background measurements. 
'Measured after each 400 reflections; new orientation matrix if 
angular change >0.1. CMeasured after each 4000 s. dStandard 
deviation from counting statistics. e A = llFol - lFJ. 

rest of the procedure was similar to that described above and 
vielded comDarable results. 

(ii) (C0)3Co(fi-MeC2CH2W(C0)3Cp)Co(C0)3 (3b). A solu- 
tion of 0.271 e (0.703 mmol) of CDW(CO),CH.,C=CMe in 125 mL 
of pentane Gas added over 4 m'in to a stirred solution of 0.241 
g (0.705 mmol) of CO,(CO)~ in 25 mL of pentane a t  room tem- 
perature. After ca. 40 min the reaction was complete (ascertained 
by IR spectroscopy). The mixture was then treated with 0.060 
mL (0.089 g, 0.78 mmol) of CF3COzH and stirred overnight to 
yield a red solid and a red solution, which were separated by 
filtration. The red solid was shown (IR spectrum) to be identical 
with that formed in the reaction of (CO)3Co(p-PhC2CHzW- 
(CO),C~)CO(CO)~ (3a) with CF3C02H. The solution was 
chromatographed on alumina (10% HzO) to afford a red band 
from which 0.212 g (60% yield) of Cp(CO)zW(p-MeC2Me)Co- 
(CO), (5b), mp 145 "C dec, was obtained upon evaporation of the 
solvent: mass spectrum, isotope, m / z  502 (M'), 475 (M+ 
+ H - CO). Anal. Calcd for C14HllCo05W: C, 32.47; H, 2.34. 
Found: C, 33.49; H, 2.19. 

The corresponding reaction of the title complex with CF,CO2D 
gave comparable results. 

(iii) (CO)3Co(fi-PhC2CH~Mo(CO)~Cp)Co(CO)3 (4). The 
procedure employed was strictly analogous to that for the pre- 
ceding reaction and used CpMo(CO)&H2C=CPh in place of 
CpW(CO),CH,C<Me. Workup of the reaction mixture afforded 
red solid with IR absorptions at 1710,1670,1202, and 1148 cm-' 

- 
. 

I 
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Table 111. Positional and Equivalent Thermal Parameters 
of Non-Hydrogen Atoms of 5a with Estimated Standard 

Deviations in  Parentheses 
atom X Y z B," A2 
W 0.06936 (2) 0.19285 (1) 0.07757 (1) 2.405 (3) 
Co 0.21270 (7) 0.31446 (5) -0.02580 (5) 3.12 (1) 
O(1) 0.4955 (6) 0.3553 (4) -0.1138 (4) 8.5 (2) 
O(2) -0.0294 (6) 0.3492 (3) -0.1734 (4) 7.0 (1) 
O(3) 0.1956 (9) 0.4657 (4) 0.1044 (4) 9.6 (2) 
O(4) 0.2102 (6) 0.0175 (3) 0.1646 (4) 6.0 (1) 
O(5) 0.2226 (5) 0.2898 (4) 0.2543 (3) 5.8 (1) 
c(1) 0.3837 (7) 0.3397 (5) -0.0811 (5) 4.9 (1) 
C(2) 0.0643 (7) 0.3368 (4) -0.1158 (4) 4.1 (1) 
C(3) 0.2019 (9) 0.4059 (5) 0.0563 (5) 5.4 (2) 
C(4) 0.1582 (6) 0.0816 (4) 0.1330 (4) 3.7 (1) 
C(5) 0.1682 (6) 0.2539 (4) 0.1905 (4) 3.7 (1) 
C(6) 0.4584 (6) 0.1909 (5) 0.0842 (4) 4.8 (1) 
C(7) 0.3012 (5) 0.2066 (4) 0.0403 (3) 3.05 (9) 
C(8) 0.2111 (5) 0.1799 (3) -0.0384 (3) 2.65 (8) 
C(9) 0.2337 (5) 0.1299 (3) -0.1255 (3) 2.90 (9) 
C(10) 0.1150 (6) 0.1151 (4) -0.1931 (4) 3.7 (1) 
C(l1) 0.1380 (7) 0.0699 (4) -0.2776 (4) 4.5 (1) 
C(12) 0.2812 (8) 0.0378 (4) -0.2946 (4) 4.9 (1) 
C(13) 0.3988 (7) 0.0505 (4) -0.2286 (5) 4.7 (1) 
C(14) 0.3757 (6) 0.0953 (4) -0.1443 (4) 4.0 (1) 
C(15) -0.1509 (6) 0.1108 (4) 0.0473 (5) 4.2 (1) 
C(16) -0.1521 (6) 0.1439 (4) 0.1407 (4) 3.9 (1) 
C(17) -0.1613 (6) 0.2360 (4) 0.1360 (4) 4.1 (1) 
C(18) -0.1666 (6) 0.2612 (4) 0.0404 (5) 4.5 (1) 
C(19) -0.1601 (5) 0.1829 (5) -0.0154 (4) 4.7 (1) 

aAnisotropically refined atoms are given in the form of the iso- 
tropic equivalent thermal parameter defined as 4/3[a2P(1,1) + b2& 
(2,2) + c2p(3,3) + ab(cos y)P(1,2) + ac(cos 6)@(1,3) + bc(cos a)b- 
(2,311. 

and Cp(CO)zMo(p-PhC2Me)Co(C0)3 (6), also a red solid mp 52 
"C dec; mass spectrum, '*Mo isotope, m/z (relative intensity) 478 

PhC2Me), 338 (M' + 2H - 5CO). 
(iv) (C0)3Co(fi-PhC2CH2Fe(CO)&p)Co(CO)3 (la). Tri- 

fluoroacetic acid (0.08 mL, 1 mmol) was added by syringe to a 
solution of 0.400 g (0.692 mmol) of la in 65 mL of CH2C12 with 
stirring at room temperature. The reaction mixture was stirred 
for 18 h and then filtered to separate a purple solid from a brown 
solution. The purple solid was triturated with acetone (1 mL), 
and the resulting mixture was filtered. The red-brown filtrate 
was concentrated to yield 0.056 g (28%) of CpFe(C0)z0C(0)CF3, 
characterized by comparison of its IR and 'H NMR spectra with 
those reported in the 1 i te ra t~re . l~  

The brown solution from the first filtration was chromato- 
graphed on alumina (6% HzO) eluting with petroleum ether to 
separate a red band from a slower moving brown band. These 
bands yielded, respectively, upon collection and evaporation to 
dryness, 0.144 g (52%) of (C0)3Co(p-PhC,Me)Co(C0)3 and 0.090 
g (22% recovery) of unreacted la. 

Crystallographic Analysis of Cp(CO),W(pPhCzMe)Co- 
(CO), (3a). Crystals of 3a suitable for X-ray diffraction were 
grown from pentane. Cell dimensions and space group were 
established in a routine manner on an Enraf-Nonius CAD4 dif- 
fractometer at room temperature by using graphite-mono- 
chromated Mo Ka radiation. The same instrument was then used 
to collect intensity data. Crystal data, data collection, and re- 
finement are summarized in Table 11. The structure was solved 
by the heavy-atom method. After anisotropic refinement, the 
calculated positions of hydrogen atoms all occurred in positive 
electron density regions. Final full-matrix least-squares refine- 
ment, with the fixed contribution of hydrogen atoms (B  = 5 A2), 
converged to R = 0.0249. Scattering factors, anomalous dispersion 
terms, and programs were taken from Enraf-Nonius SDP.18 Final 

(M+ + 2H), 450 (M+ + 2H - CO), 422 (M+ + 2H - 2C0, 100.0), 
394 (M+ + 2H - 3CO), 366 (M+ + 2H - 4CO), 362 (M' + 2H - 

I I 

. 
I 

(17) (a) King, R. B.; Kapoor, R. N. J. Organomet. Chem. 1968,15,457. 

(18) Structure Determination Package, End-Nonius: Delft, Holland, 
(b) De Luca, N.; Wojcicki, A. Zbid. 1980, 193, 359. 

1981. 
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positional and equivalent thermal parameters are given in Table 
111. Listings of anisotropic thermal parameters, hydrogen atom 
coordinates, and structure factors are available as supplementary 
materia1.lg 

Results and Discussion 
Synthesis and Characterization of Trinuclear 

MCo2 Complexes. Reactions between transition-metal- 
propargyl complexes and C O ~ ( C O ) ~  were conducted in 
pentane solution a t  room temperature. They reached 
completion after 30-60 min as evidenced by the disap- 
pearance of the IR p ( C 4 )  band of CO,(CO)~ at 1868 cm-’. 
The isolated purple products 1-4 exhibit varying degrees 
of stability and were purified and handled accordingly. 

Wid0 et al. 

To learn more about these reactions, each of 2 and 3a was 
stirred with alumina in pentane, and soluble products were 
isolated and characterized. The reaction of 2 afforded 

- I [MI = CpFe(CO), ; R Ph (21, Me (k) 
w 2 [MI = M n ( C O & ;  R = Ph 
2 [MI = CpW(CO), ; R = Ph (,g), Me (g) 
4 [MI = CpMo(CO),; R = Ph 

Complexes fa, lb, and 2 are stable in solution under an 
inert atmosphere arid can be purified by chromatography 
on alumina (la, lb) or Florisil (2). By contrast, the 
tungsten and molybdenum complexes 3a, 3b, and 4 de- 
compose in solution even in the absence of 02. Decom- 
position of 3a in pentane is observable by IR spectroscopy 
after ca. 15 min and is essentially complete after 40 h. The 
principal decomposition products are C O ~ ( C O ) ~ ~  and a 
black unidentified solid (IR (pentane) v(C0) 2072, 2050, 
2020,2005,1860 cm-’). Complexes 3b and 4 are even less 
stable than 3a and could not be purified by chromatog- 
raphy on various supports or by crystallization. Never- 
theless, a comparison of the spectroscopic (IR, NMR) 
properties of the crude reaction mixtures with those of the 
stable MCo, complexes confirms the identity of 3b and 4. 
All products are stable in the solid under an inert atmo- 
sphere. Further details of stability and purification of 
these MCo2 complexes are provided in the Experimental 
Section. 

The characterization of new trinuclear complexes was 
accomplished by a combination of elemental analyses, FAB 
mass spectrometry, and IR and ‘H and l3C(lH) NMR 
spectroscopy. The IR spectra in the v(C0) region show 
a marked similarity to the spectra of various complexes 
(CO)&O(F-RC~R’)CO(CO)~~ supplemented with the ab- 
sorption bands of the carbonyl groups belonging to the 
fragment [MI. Carbonyl ligands of Co and M are also 
observed as separate signals in the 13C(lH] NMR spectra 
of la, lb, 2, and 3a. The remaining parts of the 13C(’H] 
NMR spectra of these products show signals of all in- 
equivalent carbon nuclei and are completely consistent 
with the assigned structures.20 ‘H NMR data are 
straightforward and also in full accord with these assign- 
ments. 

Reactions of Trinuclear MCo, Complexes with 
Acids. Whereas the iron complexes la and lb can be 
chromatographed on alumina without significant decom- 
position, the other MCo, produds react with this support. 

(19) See paragraph at end of paper regarding supplementary material. 
(20) For W(’H] NMR spectra of (C0)3Co(p-RC2R’)Co(C0)3 see: 

Aime, S.; Milone, L.; Rossetti, R.; Stranghellini, P. L. Inorg. Chim. Acta 
1977, 22, 135. 

I i 

(C0)3Co(p-PhC2Me)Co(C0)3, which is derived by acid 
cleavage of the Mn-CH2 bond in the trinuclear complex. 
No Mn-containing produd(s) could be identified. Complex 
3a reacted with alumina to give a new heterobinuclear 
product, Cp(CO)2W(p-PhC2Me)Co(CO)3 (5a). This com- 
pound results from scission of the W-CH, bond by acid 
and replacement of one CO(CO)~ by the isoelectronic 

To explore further the behavior of these trinuclear 
products toward acid, complexes 1-4 were treated with 
CF3C02H under homogeneous conditions. For la, such 
treatment resulted only in the cleavage of the Fe-CH, 
bond to furnish (C0)3Co(p-PhC2Me)Co(C0)3 and CpFe- 
(CO)20C(0)CF3 (eq 1). In contrast, the tungsten and 
la  + CF3C02H - 
(CO)3C~(p-PhC2Me)Co(C0)3 + CpFe(C0)20C(0)CF3 

(1) 
molybdenum complexes 3a, 3b, and 4 afforded 5a, 5b, and 
6, respectively, as well as a red noncarbonyl solid that is 

W(CO),CP. 

, - 

- 5 M = W ;  R = Ph (9, Me Q); X =  H, D (g) 
6 M=Mo; R - P h ,  X = H  

sparingly soluble in H20. This material has been partially 
characterized by IR spec t r~scopy’~~ and paramagnetism 
as an impure cobalt(I1) trifluoroacetato complex. The 
reaction would therefore appear to proceed as shown in 
eq 2 for 3a. 

3a + CF3C02H - 5a + ‘‘CO~~(O~CCF~),’’ (2) 
Treatment of 3a and 3b with CF3C02D affords 5a-d and 

5b-d, respectively, to demonstrate that the added hydrogen 
indeed originates from the reactant acid. However, the 
process leading to the substitution of a CO(CO)~ group in 
the dimetallatetrahedrane Co2C2 core of 5 by W(CO),Cp 
is not obvious.21 This interesting reaction is under 
mechanistic investigation. 

Spectroscopic Characterization of Heterobinuclear 
@-Alkyne Complexes. The new heterobinuclear p-alkyne 
complexes 5a, 5b, and 6 are red solids, stable to air for 
several hours a t  ambient temperatures. They were char- 
acterized by a combination of elemental analyses, FAB 
mass spectrometry, and IR and ‘H and 13C(’H] NMR 
spectroscopy (Table I). The structure of 5a was deter- 
mined by X-ray diffraction analysis. 

All five u(C0) bands predicted for molecules of C1 sym- 
metry are found in the IR spectra of 5a and 5b. The 
spectrum of 6 shows only four v(C0) absorptions, but that 
a t  1986 cm-’ is broad and probably consists of two unre- 
solved bands. Thus, these data provide no evidence for 
the presence of isomers in solution. Isomerism might be 
expected for 5a and 6, where the alkyne Me group can be 
positioned cis on trans with respect to the Cp ligand. This 

(21) However, some analogy may be found between the reaction in 
point and the replacement of a Co(CO)sAsMez fragment by W(CO)&p 
in a heteronuclear cluster; see: Richter, F.; Vahrenkamp, H. Angew. 
Chem., Int. Ed.  Engl. 1979,18, 53. 
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Table IV. Selected Bond Distances (A) and Angles (deg) 
for 5a with Estimated Standard Deviations in Parentheses 

Figure 1. ORTEP plot of 5a showing atom numbering scheme. 
Atoms are drawn at the 50% probability level. Hydrogen atoms 
are omitted. 

point will be considered again with the description of the 
molecular structure of 5a. 

The ‘H NMR spectra consist of the resonances of the 
Ph, Cp, and Me groups, all of which show unexceptional 
chemical shifts. The spectrum of 5a in CD2C12 solution 
is invariant over the temperature range of +40 to -70 “C, 
again suggesting the presence of only one WCo species in 
solution. In the l3CI1H} NMR spectra of 5a, 5b, and 6, 
separate resonances are identified for CoCO and WCO or 
MoCO. The assignment of these signals is rendered 
straightforward by the broad shape of the CoCO reso- 
nances owing to quadrupolar coupling with the 5gC0 nu- 

The remaining signals can be readily assigned to 
various inequivalent carbon atoms of the p-alkyne and Cp 
groups. 

Complexes 5a and 5b represent the first WCo members 
of a group of heterobinuclear p-alkyne compounds of the 
type L,M(p-RC,R’)M’L’,. For MoCo, a recently prepared 
and fully characterized complex, Cp(CO),Mo(p- 
CF3C2CF3)Co(C0)3,23 is known, in addition to 6. Other 
similar complexes containing a CO(CO)~ moiety include 
C ~ N ~ ( ~ - R C , R ’ ) C O ( C O ) ~ , ~ ~  (CO)4Mn(p-RC2R’)C~(C0)3,25 
and (CO)3Rh(p-RCzR’)Co(C0),.26 

Crystal and Molecular Structure of Cp(CO),W- 
( P - P ~ C , M ~ ) C O ( C O ) ~  (5a). Crystals of 5a consist of dis- 
crete molecules with normal van der Waals contacts. The 
closest nonhydrogen intermolecular distance, 3.147 (7) A, 
is between O(2) and O(5) ( x  - l/z, - y ,  z - I/,). The 
molecular structure with the atom numbering scheme is 
shown in Figure 1. Selected bond distances and angles 
are given in Table IV. 

Molecules of 5a have a quasi-tetrahedral core that ap- 
proaches a dimetallatetrahedrane stru~ture.~’ The C d !  
bond (1.381(5) A) is inclined at  an angle 6J of 87.7O to the 
Co-W bond (2.693 (1) A). This geometry is quite similar 
to that of Cp(C0)2Mo(p-CF3C2CF3)Co(C0)3: Co-Mo = 

t i 

I 

I 

i 1 

I I 

7 

I 

, i 

(22) Aime, S.; Milone, L.; Valle, M. Inorg. Chim. Acta 1976, 18, 9. 
(23) Jensen, S. D.; Robinson, B. H.; Simpson, J. Organometallics 1986, 

5,  1690. 
(24) (a) Freeland, B. H.; Hux, J. E.; Payne, N. C.; Tyers, K. G. Inorg. 

Chem. 1980,19,693. (b) Muetterties, E. L.; Pretzer, W. R.; Thomas, M. 
G.; Beier, B. F.; Thorn, D. L.; Day, V. W.; Anderson, A. B. J. Am. Chem. 
SOC. 1979,100,2090. (c) Jaouen, G.; Marinetti, A.; Saillard, J.-Y.; Sayer, 
B. G.; McGlinchey, M. J. Organometallics 1982, 1, 225. 

(25) Manning, P. J.; Peterson, L. K. Inorg. Chim. Acta 1984,88, L5. 
(26) Horvath, I. T.; Zsolnai, L.; Huttner, G. Organometallics 1986,5, 

(27) Hoffman D. H.; Hoffmann, R.; Fisel, C. R. J. Am. Chem. SOC. 
180. 

1982,104, 3858. 

co-w 
Co-C(l) 
COc(2) 
Co-C(3) 
Co-C(7) 
Co-C(8) 
W-C(4) 
W-C(5) 
W-C(7) 
W-C(8) 
W-C(15) 
W-C(16) 

W-Co-C(l) 
W-Co-C(2) 
W-Co-C(3) 
w-co-c (7) 
W-CO-C (8) 
C(l)-CO-C(2) 
c (1 )-co-c (3) 
C(l)-CO-C(7) 
C(l)-Co-C(8) 
C(2)-Co-C(3) 
C(2)-CO-C(7) 
C (2)-Co-C (8) 
C(3)-Co-C(7) 
C(3)-Co-C(8) 
C(7)-Co-C(8) 
CO-W-C(4) 

Bond Distances 
2.693 (1) W-C(l7) 
1.778 (5) W-C(l8) 
1.796 (4) W-C(19) 
1.797 (5) O(l)-C(l) 
2.000 (4) 0(2)-C(2) 
2.027 (4) 0(3)-C(3) 
1.983 (4 )  0(4)-C(4) 
1.986 (4) 0(5)-C(5) 
2.151 (3) C(6)-C(7) 
2.120 (3) C(7)-C(8) 
2.319 (4) C(8)-C(9) 
2.313 (4) 

Bond Angles 
144.8 (2) Co-W-C(5) 
99.1 (1) Co-W-C(7) 
97.3 (2) Co-W-C(8) 
52.1 (1) C(4)-W-C(5) 
51.0 (1) Co-C(l)-O(l) 

104.8 (2) &-C(2)-0(2) 
101.3 (2) C0-C(3)-0(3) 
93.3 (2) W-C(4)-0(4) 

100.1 (2) W-C(5)-0(5) 
104.1 (2) Co-C(7)-C(6) 
136.5 (2) W-C(7)-C(6) 
97.1 (2) C(6)-C(7)-C(8) 

110.7 (2) Co-C(8)-C(9) 
144.7 (2) W-C(8)-C(9) 
40.1 (1) C(7)-C(8)-C(9) 

126.4 (1) 

2.331 (4) 
2.351 (4) 
2.348 (4) 
1.138 (5) 
1.136 (5) 
1.127 (6) 
1.144 (5) 
1.127 (5) 
1.503 (5) 
1.381 (5) 
1.458 ( 5 )  

85.4 ( 
47.2 ( 
48.0 ( 
86.0 ( 

177.9 ( 
178.6 ( 
177.0 ( 
179.6 ( 
178.8 ( 
130.0 ( 
138.9 ( 
139.1 ( 
125.8 ( 
143.9 ( 
136.0 ( 

2.692 (1) A, C=C = 1.371 (7) A, and 0 = 88.5°.23 
The value of the Co-W distance accords with a single 

metal-metal bond. Because of the bridging support of the 
alkyne ligand, this distance is shorter than that found in 
trinuclear complexes such as RuCoW(CO),Cp(pL,,r12-C= 
CHBu-t), 2.723 (3) and CoZW(CO),Cp(p3-CMe)(p- 
PPh,), 2.730 (1) and 2.792 (1) A.29 

Both cobalt and tungsten atoms achieve distorted oc- 
tahedral environments if the p-PhC,Me and Cp ligands 
are considered to occupy two and one coordination sites, 
respectively. The two pseudooctahedra share the p-Cz edge 
(C(7)-C(8)) and the Co-W axis. The atoms C(1) and C(4) 
occupy pseudoaxial positions. 

The average Co-C(p-C,) distance of 2.01 (2) 8, is com- 
parable, within experimental error, to the mean values 
found in (C0)3Co(p-RC2R)Co(C0)3 complexes (R = Ph, 
1.97 (1) A; R = C02Me, 1.92 (2) A; R = t-Bu, 1.987 (2) A),30 
as well as to the average value of 1.95 (1) A in Cp- 
(C0)2Mo(p-CF3C2CF3)C~(C0)3.23 Similarly, the average 
W-C(p-C2) distance of 2.14 (2) A compares well with the 
values found in Wz(p-RC2R) alkoxide derivatives (R = H, 
2.10 (2) A, R = Me, 2.13 (8) A).31 It is interesting to note 
that these W-C distances are close to those reported for 
W(q2-RC2R) complexes (R = H, Me 2.06 (2)-2.09 (2) A).32 

The lack of data for strictly related complexes does not 
allow any detailed discussion to be made of the geometry 
of the coordinated alkyne ligand as a function of the dif- 
ferent nature of the bridged metal atoms and alkyne 
substituents. We can only observe that in the closest 

I . 
i 

(28) von Schnering, C.; Albiez, T.; Bernhardt, W.; Vahrenkamp, H. 

(29) Jeffery, J. C. J. Organomet. Chem. 1985, 280, C34. 
(30) Gregson, D.; Howard, A. K. Acta Crystallogr., Sect. C: Cryst. 

(31) Chisholm, M. H.; Folting, K.; Hoffman, D. M.; Huffman, J. C. J. 

(32) Chisholm, M. H.; Hoffman, D. M.; Huffman, J. C. J. Am. Chem. 

Angew. Chem., Int. Ed. Engl. 1986,26, 479. 

Struct. Commun. 1983, C39, 1024. 

Am. Chem. SOC. 1984,106, 6794. 

SOC. 1984,106,6806. 
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Table V. Intramolecular Nonbonded Distances (A) 
Involving Alkyne Substituents in 5a0 

C(6)*4!(1) 3.259 (5) C(9)*4(1) 3.456 (5) 
O(1) 3.745 (5) C(2) 3.451 ( 5 )  
C(4) 3.223 (6) C(4) 3.797 ( 5 )  
O(4) 3.624 (5) 
C(5) 3.183 (5) C(lO)-*C(2) 3.536 ( 5 )  
O(5)  3.581 (6) O(2) 3.752 (5) 

C(19) 3.726 (6) 

a Only distances shorter than 3.9 8, are given. 
, , 

analogue so far reported, Cp(CO)2Mo(p-CF3C2CF3)Co- 
(co)3,23 the alkyne C-C distance (1.371 (7) A) compares 
well with the C(7)-C(8) bond length of 1.381 (5) A in 5a, 
in spite of the different electron-withdrawing character of 
the two alkynes. The C-C-CFS bond angles (average 133.7 
(1)") in the MoCo complex are significantly narrower than 
the C-C-Ph and C-C-Me angles (136.0 (3) and 139.1 (4)', 
respectively) in 5a. However, all of these values are in the 
typical ranges of bond lengths (1.3-1.4 A) and angles 
(130-150') found in binuclear complexes in which the 
metal-metal bond is transversely spanned by an alkyne 
ligand.27 
As expected from intramolecular steric interactions, the 

Cp ring is forced to  the side opposite the alkyne ligand, 
which in turn adopts the usual cis-bent structure. The 
atoms C(6), C(9) and C(7), C(14) are nearly eclipsed 
(torsion angles C(S)-C(7)-C(S)-C(9) = -9.6' and C(7)-C- 
(S)-C(S)-C( 14) = 0.7'). 

This brings us to the most noteworthy structural aspect 
of the molecule, namely, the orientation of the PhCzMe 
fragment with respect to the rigid dimetal moiety. Of the 
two possible isomers, i.e. one with Me trans to Cp and the 
other with Me cis to Cp, only the former is present in the 

crystal, together with its enantiomer. One might think that 
this arrangement derives from intraligand steric repulsions; 
however, inspection of nonbonded distances involving the 
alkyne substituents (Table V) shows that the Me carbon 
atom C(6) forms closer contacts than the Ph  carbon atom 
C(9). The Me group is nestled among C(l), C(4), and C(5) 
a t  a short distance of 3.22 A (av). Models indicate that 
transposition of the Me and Ph  groups should relieve these 
repulsive steric interactions. Since there is no electronic 
reason for the observed geometry, it may be that the 
trapping of the Me group stabilizes this isomer or that its 
formation is kinetically favored. 
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Structural Studies of Iron Phosphonate Complexes, 
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The structure of (.r15-C5H5)(CO)zFeP(0)(OEt)2 has been determined by X-ray diffraction. It crystallized 
in the triclinic space group P1 with unit cell parameters a = 15.494 (4) A, b = 13.668 (3) A, c = 7.890 (2) 
A, a = 85.78 (2)', /3 = 80.26 (2)O, 7 = 64.77 (1)O, and D+d = 1.464 g cm-3 for 2 = 4. One of the main features 
of the molecule of the complex is the unequal coordination of the two carbonyl groups: one is trans and 
the other is gauche to the phosphoryl group in the Newman projection along the P-Fe bond and the bond 
length between Fe and CO is shorter in the trans CO than in the gauche CO. Thus, the trans CO is linked 
to the Fe atom more strongly than the gauche CO. I3C NMR measurements in a chloroform at room 
temperature revealed that the two carbonyl groups can be resolved. The carbonyl groups of the complex 
cannot be displaced by P ( ~ - B U ) ~  or P(OEt)3 under refluxing conditions in benzene and cannot be oxidized 
to COz by Me3N0. The iron phosphonate complex reacts readily with a Lewis acid, R+ (R+ = Me+, CPh3+, 
H+), to afford the corresponding iron phosphite complex, [(75-C5H5)(C0)2FeP(OR)(OEt)2]+. 

Introduction 

because the pentavalent phosphorus atom is covalently 
bonded to the transition metal. Phosphonate complexes 
are usually prepared by reacting trialkyl phosphite, p- 

(OR),, with complexes containing a labile nucleophilic 

L,M-X + P(OR), - L,M-P(O)(OR), + RX (1) 
Although the reaction mechanism of the Arbuzov-like 

dealkylation reaction has been in~es t iga t ed ,~?~  X-ray 

(3) Present address: Dep. Fundam. Nat. Sci., Okayama Univ. Sci., 

(4) See, e.g.; Brill, T. B.; Landon, S. J. Chem. Reu. 1984, 84, 577. 

Transition-metal phosphonate complexes are of interest ligand, (eq 1).4 
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(2) Present address: Institute of Chem., College of General Educ., Okayama 700, Japan. 

Osaka Univ., Toyonaka, Osaka 560, Japan. 
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