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Summary: The reaction of Os(CO)4(q2-HCCH) with 
CpRh(CO)(PR3) (PR3 = PMe3, PMeZph, PMePhz; Cp = 
C5H5) yields heterodimetallic compounds, but rather 
unexpectedly, two different types of complexes are 
obtained, dependent on the phosphine ligand. One 
compound class containing [p-rr9.q1 - C( 0) Cad Os( C0)3- 
RhCp(PMe8h) (34 and its PMePhz analogue (3b) is 
based upon a dimetallacyclopentenone ring. The second 
structural type contains [p-q1:q2-HCCH(PMe3)~(~- 
CO)Os(CO)$hCp (4) and can be described as a zwitte- 
rionic hydrocarbyl- bridged dimetallic species. The mo- 
lecular structure of 4 has been confirmed by X-ray 
crystallography. Crystals of 4 belong to the orthorhombic 
space group P212121 with a = 8.093(2) A, b = 16.116(3) A, 
c = 12.959(2) A, V = 1690(1) A3, 2 = 4, R = 0.050, and R, 
= 0.060. 

Earlier, the synthesis of Os(C0)4(q2-RCCR) (R = H (la), 
CF3 (lb)) was reported,l along with its unprecedented 
reactivity toward coordinatively saturated organometallic 
species. This reactivity is an important tool in the 
synthesis of alkynebridged dimetallic compounds. Specif- 
ically, the condensation of la  with CpRh(C0)z (Cp = C&) 
results in the formation of a heterodimetallic complex 
containing a dimetallacyclopentenone ringla (eq 1). The 
reaction is regioselective, as only the isomer with the acyl 
moiety attached to the rhodium center is seen. 

In order to determine the role of the ancillary ligands 
in the condensation, the reaction of la with CpRh(C0)- 
(PRd (PR3 = PMe3, PMezPh, PMePhd2 was investigated. 
In all cases, products of formula Os(CO)r(CzH,)RhCp- 
(PR3 are obtained. Interestingly, while similar complexes 
were obtained for PR3 = PMezPh, PMePhz, the use of 
PMe3 resulted in a significant structural change. This 
result was surprising in that a relatively narrow range of 
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phosphines resulted in dramatic product diversity. In 
addition, the regioselectivity of the condensation is affected 
by the presence of phosphine substituents. 

By the established precedent, the condensation of la  
with CpRh(CO)(PR3) (PR3 = PMezPh, PMePh2) gave 
dimetallic compounds. The spectroscopic data3 for the 
orange products 3a,b were consistent with the formulation 
of a dimetallacyclopentenone ring4 (eq 2). 

la + CpRh(CO)(PR,) - 10 o c  

pentane 

[~-CHCHC(O)]OS(CO)~R~C~(PRJ + CO (2) 
PR, = PMe,Ph, 3a 
PR, = PMePh,, 3b 

The large 13C NMR chemical shift difference between 
the a and 8 ring carbons indicates that the unsaturated 
organic unit is bound to a metal center. Specifically, for 
3a the a-carbon appears at  52.8 ppm, while the 8-carbon 
resonates at  156.0 ppm. This can be compared to 2, where 
the a- and @-carbon shifts are 44.4 and 115.7 ppm, 
respective1y.la The large chemical shift difference is also 
mirrored in the 'H NMR data for 3a, where the a-proton 
resonates at  4.72 ppm while the 8-proton is dramatically 
downfield at  8.82 ppm. Finally, the relatively high 
frequency of the acyl stretching band at  1696 cm-l also 

(3) 3a: A pentane solution containing 26.2 mg (0.080 m o l )  of la and 
30.4 mg (0.091 "01) of CpRh(CO)(PMe#h) was slowly warmed from 
-78 to 10 "C using a dry-ice/acetone bath. As the temperature neared 
0 "C, the original orange color darkened and an orange precipitate began 
to form. Continued stirring at 10 "C for 1 h resulted in complete reaction, 
as judged by FT-IR. The volume of solvent was reduced to ca. 10 mL 
and the solution cooled to -78 "C to effect complete precipitation. The 
precipitate was isolated and washed with cold pentane (3 X 5 d). The 
yield was 32.4 mg (64%). The material may be recrystallized from CH, 
Cldpentane at  -80 "C. A similar procedure was wed to synthesize 3b 
in 62% yield. Data for 3a are as follows: IR (CHzClZ; cm-l): u(C0) 2043 
(m), 1968 (8); v(acy1) 1696 (m). lH NMR (360 MHz, CDZClz, -20 "C; 6): 
8.82(1H,dd,1JRh_~=18.9H~,~J~_~=6.3Hz,H~),7.73(5H,m,Ph),4.98 
(5H, 8, Cp), 4.72 (lH, dd, $JH-H 6.3 Hz, H,J, 1.84 (3H, 
d ZJP-H = 9.2 Hz, CHs), 1.79 (3H, d, VP-H 9.5 Hz, CHa). '3C NMR (90.5 
MHz, CDzClz, 23 'C; 6): 156.0 (dd, VR&C 35.2 Hz, Vp_c 14.8 Hz, C,), 

6.3 Hz, $J&H 

138.9 (d, 1 J p x  = 48.0 Hz, ipso), 131.3 (d, 2 J p x  = 11.6 Hz, ortho), 129.9 
(8, para), 128.2 (d, 3 J p x  = 9.6 Hz, meta), 88.5 (8, Cp), 52.8 (8, C,J, 21.3 

MHz, CDzC12, -80 OC; 6): 222.4 (acyl), 181.9 (CO), 179.4 (d, V- = 5.5 

lJ=p = 188.4 Hz). Anal. Calcd for C1&ilaO,OsPRh: C, 35.97; H, 2.86. 
Found C, 35.84; H, 2.71. 

(4) (a) Kiel, G.-Y.;Takata, J. Organometallics 1989,8,839. (b) Hogarth, 
G.; Kayser, F.; Knox, S. A. R.; Morton, D. A. V.; Orpen, A. G.; Turner, 
M. L. J. Chem. SOC., Chem. Commun. 1988,358. (c) Dyke, A. F.; Knox, 
S. A. R.; Naish, P. J.; Taylor, G. E. J. Chem. SOC., Dalton Trans. 1982, 
1297. 

(d, 1Jpx  = 31.0 Hz, CHa), 15.9 (d, 1Jpx  31.3 Hz, CHa). '3C NMR (90.5 

Hz, CO), 175.2 (CO). 31P NMR (81.0 MHz, CDzClz, 23 "C; 6): 15.5 (d, 
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n provides evidence for ring coordination. However, and in 

contrast with 2, the low-field acyl signal in the l3C NMR 
spectrum lacked 103Rh-13C coupling, thus revealing that 
the acyl fragment of the ring was bound to the osmium 
center. Thus, unexpectedly, the condensation reaction 
proceeds with a regioselectivity reverse to that of previous 
observations6 (A). The regiochemistry is further cor- 

roborated by the observed coupling between Rh and the 
8-carbon of the dimetallacyclopentenone ring (3a: lJ~h_c 

= 35.2 Hz). 
The reaction of la with CpRh(CO)(PMe3) in pentane 

solution under mild conditions led to the formation of the 
rubyred solid4 (eq 3). Although the molecular composition 

la + CpRh(CO)(PMe,) - 10 o c  

pentane 

(OC),0s(C2H,)(PMe3)RhCp + CO (3) 
4 

of 4 was identical with that of 3a and 3b, ita spectroscopic 
properties were substantially different. The spectroscopic 
data6 for 4 did not unambiguously define ita structural 
formulation, but several basic structural features could 
be inferred from the NMR data. In contrast with an 
expected7 one-bond 103Rh-31P coupling of ca. 180 Hz (3a: 
1J~h-p = 188.4 Hz), the small 103Rh-31P coupling of 10.8 
Hz observed for 4 indicated that trimethylphosphine was 
no longer directly bound to rhodium. This, in addition to 
the large 3lP-1H coupling to both acetylenic hydrogens, 
strongly implied that the trimethylphosphine ligand in 4 
had migrated to the acetylenic moiety. With this infor- 
mation in hand, an X-ray structure determination* was 
undertaken to fully map out the molecular formulation of 
4 (Figure 1). 

As seen, the PMe3 ligand has indeed migrated from Rh 
and is now part of a bridging zwitterionic hydrocarbyl 

(5) The structure of 3a has beencorroborated by X-ray crystallography. 
(6) 4 A pentane solution containing 27.4 mg (0.084 mmol) of la and 

25.1 mg (0.092 mmol) of CpRh(CO)(PMes) was slowly warmed from -78 
"C to 10 "C using a dry-ice/acetone bath. A ruby red precipitate began 
toformatOoC,andcontinuedstirringatlO0Cfor2 hresultedincomplete 
reaction, as the supernatant lightened and no presence of la was detected 
by FT-IR. The red precipitate wasisolatedand washedwith5-ml portions 
of pentane until the washings were clear. The yield was 32.2 mg (67 % ). 
IR (CH& cm-I): v(C0) 2022 (s), 1948 (a), 1928 (a), 1714 (m). 'H NMR 
(360 MHz, CDzC12,23 "c; 6): 8.27 (1H, ddd, 3 J p - ~  = 31.0 Hz, 3 J ~ - ~  = 9.3 
Hz, ZJWH 0.6 Hz, Ha), 5.29 (5H, d, 25%~ = 0.7 Hz, Cp), 4.00 (lH, ddd, 
2 J p - ~  2.9 HZ, HB), 1.65 (9H, d, 'JP-H 
= 13.0 Hz, CH3). '3C NMR (90.5 MHz, CD2C12,23 "C; 6): 262.2 (d, lJ~b,c 

1J- = 10.1 Hz, Vp_c = 7.3 Hz, CJ, 87.4 (d, ' J~b ,c  = 3.8 Hz, Cp), 44.2 
(dd, 1Jp-c 82.3 Hz, 'J- = 20.4 Hz, CB), 13.9 (d, 1Jp-c = 56.6 Hz, CH3). 
3'P NMR (162.0 MHz, CDZC12,23 "C; 6): 23.8 (d, Z J b p  = 10.8 Hz). Anal. 

20.2 HZ, 3 5 ~ - ~  3 9.3 HZ, 2 J ~ - ~  

= 51.0 Hz, bridging CO), 192.8 (CO), 185.5 (CO), 184.2 (CO), 104.8 (dd, 

Calcd for Cl4Hl~O40sPRh C, 29.38; H, 2.82. Found C, 29.02; H, 2.62. 
(7) For CpRh(CO)(PMes) 1 J ~ h - p  = 186.0 H z P  Also see: Verkade, J. 

G.; Quin, L. D. SIP NMR in Stereochemical Analysis; VCH Deerfield 
Beach, FL, 1987; Chapters 13 and 14. 

(8) C stal data for 4: Cl4HlsOdOsPRh orthorhombic P212121; a = 
8.093(2)1, b = 16.116(3) A, c = 12.95912) A, V = 1690.2 A3, Z = 4, D d c  
= 2.296 gcm". The data were collected at ambient temperature with Mo 
Ka radiation: p = 85.895 cm-l, 28 limits to 50°, 190variables refined with 
3028 u n i q u e  re f lec t ions  t o  R = 0.050 a n d  R ,  = 0.060. 

Figure 1. Molecular structure of 4. Selected bond distances 
(A) are as follows: Os-Rh = 2.695(1), Os-C4 = 2.06(1), Os- 
C5 = 2.13(2), Rh-C4 = 2.04(1), R h 4 5  = 2.10(1), R h 4 6  = 
2.15(1), P 4 6  = 1.75(1), 04-C4 = 1.16(2), C5-C6 1.45(2). 
moiety with a newly developed phosphonium center and 
the negative charge on the osmium atom (B). The bridging 

B M = Fc, Ru, Os 

C 

RrR' 
M = Fc, Ru, Os 

D 
hydrocarbyl ligand is bonded in a p-+$ fashion. The 
Os-C5, Rh-C5, and Rh-C6 separations are consistent with 
metal-carbon single bonds. The Os-Rh separation is 
indicative of a metal-metal single bond, and a bridging 
carbonyl completes the electronic requirements of both 
metal centers. 

The synthesis of a zwitterionic species is not novel, as 
several groups, most notably those of Carty and Deeming, 
have reported9 numerous di- and trimetallic zwitterionic 
species. However, the classical synthesis of complexes 
containing two-carbon bridging unita involves nucleophilic 
attack on bridging acetylide ligands. The formation of 4 
is unusual, since i t  appears to involve migration of the 
nucleophile, PMe3, from a metal center to a bridging 
acetylene moiety. The structure of 4 is also rare in that 
the a-carbon bridges both metals and the @carbon is only 
attached to one metal center. In previous work, C,-bridged 
species were limited to p-alkylidene type complexes (C), 
whereas attachment of Cb resulted in rupture of the C, 
bridge and formation of metallaphenethylidenes (D). 

CartylO has summarized the l3C NMR chemical shift 
data for several classes of zwitterionic hydrocarbyl-bridged 
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dimetallic compounds and used the data to ascertain the 
amount of carbene character in various types of two-carbon 
bridges. Most closely related to 4 are a series of metal- 
laphenethylidenes (D) prepared by Carty and co-worker~.~~ 
In complexes such as these, the range of carbon resonances 
for the a-carbon is from 202.1 to 249.7 ppm, indicating 
significant carbene character. The @-carbons resonate 
between 31.0 and 44.9 ppm. This can be compared to the 
13C NMR chemical shift values for 4, which are 104.8 and 
44.2 ppm for the a- and ,&carbons, respectively. The 
upfield shift of the C, resonance in 4 is due to ita 
attachment to two metal centers. According to the data 
collected by Herrmann,ll the 13C NMR chemical shift 
range for alkylidene units bridging two metal centers is 

(9) (a) Cherkas, A. A.; Hadj-Bagheri, N.; Carty, A. J.; Sappa, E.; 
Pellinghelli, M. A.; Tiripicchio, A. Organometallics 1990,9, 1887. (b) 
Cherkas, A. A.; Randall, L. H.; Taylor, N. J.; Mott, G. N.; Yule, J. E.; 
Guinamant, J. L.; Carty, A. J. Organometallics 1990,9,1677. (c) Henrick, 
K.; McPartlin, M.; Deeming, A. J.; Hasso, S.; Manning, P d. Chem. Soc., 
Dalton Trans. 1982, 899. (d) Wong, Y. S.; Paik, H. N.; Chieh, P. C.; 
Carty, A. J .  J. Chem. SOC., Chem. Commun. 1975,309. (e) Carty, A. J.; 
Mott, G. N.; Taylor, N. J.; Yule, J .  E. J. Am. Chem. SOC. 1978,100,3061. 
(0 Churchill, M. R.; DeBoer, B. G.; Shapley, J. R.; Keister, J. B. J. Am. 
Chem. SOC. 1976,98,2367. (9) Boyar, E. R.; Deeming, A. J.; Kabir, S. E. 
J. Chem. SOC., Chem. Commun. 1986,677. (h) Deeming, A. J.; Kabir, S. 
E.; Nuel, D.; Powell, N. I. Orgammetallics 1989,8,717. (i) Catty, A. J.; 
Mott, G. N.; Taylor, N. J.; Ferguson, G.; Khan, M. A.; Roberta, P. J. J. 
Organomet. Chem. 1978,149,346. (j) Cherkas, A. A,; Carty, A. J.; Sappa, 
E.; Pellinghelli, M. A.; Tiripicchio, A. Znorg. Chem. 1987,26,3201. (k) 
MacLaughlin, S. A.; Johnson, J. P.; Taylor, N. J.; Carty, A. J.; Sappa, E. 
Organometallics 1983,2, 352. (1) Carty, A. J.; Taylor, N. J.; Smith, W. 
F.; Lappert, M. F.; Pye, P. L. J. Chem. SOC., Chem. Commun. 1978,1017. 
(m) Carty, A. J.; Mott, G. N.; Taylor, N. J. J. Organomet. Chem. 1981, 
212, C54. (n) Seyferth, D.; Hoke, J .  B.; Wheeler, D. R. J. Organomet. 
Chem. 1988,341,421. (0)  Carty, A. J.; Taylor, N. J.; Paik, H. N.;  Smith, 
W.; Yule, J .  G. J. Chem. SOC., Chem. Commun. 1976,41. (p) Carty, A. 
J.; Mott, G. N.; Taylor, N. J .  J. Organomet. Chem. 1979,182, C69. (9) 
Cherkas, A. A,; Mott, G. N.; Granby, R.; MacLaughlin, S. A.; Yule, J. E.; 
Taylor, N. J . ;  Carty, A. J. Organometallics 1988, 7,1115. (r) Deeming, 
A. J.; Hasso, S. J. Organomet. Chem. 1976,112, C39. (e )  Cherkas, A. A.; 
Doherty, So; Cleroux, M.; Hogarth, G.; Randall, L. H.; Breckenridge, S. 
M.; Taylor, N. J . ;  Carty, A. J .  Organometallics 1992, 11, 1701. (t) 
Breckenridge, S. M.; Taylor, N. J.; Carty, A. J. Organometallics 1991,10, 
837. 

(10) Cherkas, A. A.;Breckenridge, 5. M.; Carty, A. J.Polyhedron 1992, 
11,1076. 

(11) Herrmann, W. A. Adu. Organomet. Chem. 1982, 20, 169. 
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between 210 and 100 ppm. The C, resonance for 4 lies 
inside this range, albeit at  the high-field limit. In 
zwitterionic complexes such as C, the range of C, 
resonances. is from 28.8 to 75.0 ppm, which Carty has 
attributed to an electron-rich M-M core. Therefore, in 
reference to Herrmann’s parameters, the high-field posi- 
tion of the a-carbon in 4 may then be due to the negative 
charge on the Os atom. 

In conclusion, we have demonstrated that the conden- 
sation of la with CpRh(CO)(PR3) shows a remarkable 
phosphine dependence. The products obtained are sub- 
stantially different from the dimetallic species formed from 
the condensation reaction involving the parent dicarbonyl 
species. At the present time, the variety of products seen 
makes it difficult to clarify the role of the phosphine ligand 
in the reaction into a single, unified mechanism. Several 
studies are underway to answer this question, and initial 
results show that the reaction exhibits marked solvent 
dependence as well. This remarkable product diversity 
is indicative of the richness of this chemistry, and further 
work should not only yield answeres but raise additional 
questions as well. 
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