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Summary

Reactions of the phosphido-bridged complexes [Co,W(u-H)(p,-CC.H Me-4)(p-
PR, )} CO)¢(n-CsHs)] (R=Ph or Et) with PR,H (R=Ph or Et) or RC=CR
(R = Me or Et) are dominated by processes involving facile P-C, C-C and C-H
bond formation. The X-ray structures of the complexes [Co,W(u-PEt,);(CO);(n-
CsHs)l, [CoW{ u5-C(R)C(EDC(EYC(0))(s-CO)CO) 4(PPh ,{ C(Ety=CHEH})(n-
C;Hs)l, and [CoW{p-C(R)C(EH)C(EYC(OH) }(CO),(n-CsHs)] (R = C;H Me-4)
have been determined.

Currently there is interest in the possibility that mixed-metal clusters may exhibit
novel bi-metallic reactivity patterns [1]. In this context we have recently reported
that the coordinatively unsaturated complexes [Fe,W(p-H)(p,-CCoH, Me-4)(p-
PR’, X(CO)4(n-CsH5)] (R' = Ph or Et) react with alkynes (R2C=CR?, R? = Me, Ft or
Ph) to give the compounds [Fe,W(p;-CC4H Me-4){p-C(O)C(R*)CHR? }(u-
PR., )(CO)s(4-CsHs)], a process which involves conversion of an alkyne to a
p,-vinylacyl moiety [2]. Herein we report the coupling of alkyne, alkylidyne and
carbonyl ligands at a closely related Co,W heterotrimetal centre.

Treatment of I with one equivalent of PPh,H gives V [3]. We now find that the
related reactions between PR, H (R = Ph or Et) and the tolylmethylidyne complex
II afford good yields (60-70%) of the terminal PR,H compounds III and IV [4],
which rearrange (CH,Cl,, 40°C, ca. 1-2 h) to give the phosphido-bridged deriva-
tives VI and VII [5].

The p-PR , groups in [Fe,W(s-H)(115-CCsH,Me-4)(-PR,(CO), (1-CsHy)] (R =
Et or Ph) exert an important labilising effect on the carbonyl ligands [2]. A similar
effect is evident for the Co,W complexes VI and VII. Thus treatment of VI with one
equivalent of PMe,Ph (Et,0, 20°C, 1 h) affords VIII (55%), [6], whilst excess

0022-328X /86,/$03.50 © 1986 Elsevier Sequoia S.A.



Cs6

R2 Ro
/ P P
{0C) 300 —me———CO(CO) 5L IOC)ZCO————-—-\CD(CO)L (£0) €0 ———————Ca (0},
ri \R/
i I
H RoP PRy
cp(CO)p cp(CO)p cp(Co)
Rl L R1 RZ L R
1 Me co v Me Ph €O X Ph
I CgHgMe-4  CO VI CgHgMe-4 Ph  CO X Et
III C6H4Me-4 PthH VII C6H4Me—4 Et co
v CgHgMe-4  PEtoH VIII CgHgMe-4 Ph  PMeyPh

PPh,H (CH,Cl,, 40°C, 2 h) predominantly (ca. 45%) gives the tris-phosphido
bridged complex IX [7], together with free PPh,(CH,C,H,Me-4) and minor ( < 10%)
byproducts such as XI [8] which contain coordinated PPh,(CH,C,H Me-4) ligands.
The related reaction of VII with excess PEt,H gave X (50%). An X-ray study on X
[9] (Fig. 1) shows that the edges of the Co,W triangle of metal atoms are asymmetri-
cally bridged by p-PEt, ligands, a situation comparable with that found in the
homonuclear trirhodium complex [Rh;(u-PPh,);(CO)s] [10]. The unexpected ab-
sence of a p;-CCsH, Me-4 group in IX is evidently linked with the formation of
PPh,(CH,C¢H Me-4). Reductive elimination of the u,-CC,H,Me-4 group might
involve transfer of two hydrogen atoms to the p,-C carbon to form an alkyl
(CH,C,H Me-4) which migrates to the phosphorus atom of a p-PPh, group.

Fig. 1. The molecular structure of [Co,W(-PEt,)(CO)s(1-CsHs)] (X). W-Co(l) 2.684(1), W—_Co(2)
2.995(1), Co(1)-Co(2) 2.712(1), W-P(1) 2.410(2), W—P(2) 2.378(1), Co(1)-P(1) 2.150(1), Co(1)-P(3)
2.170(1), Co(2)-P(2) 2.18%(1), Co(2)-P(3) 2.131(1) A, Co(1)-W-Co(2) 56.7(1), W-Co(1)~Co(2) 67.4(1),
W—Co(2)-Co(1) 55.8(1), W-P(1)-Co(1) 71.9(1), W-P(2)—Co(2) 81.9(1), Co(1)~P(3)—Co(2) 78.2(1)°.
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Fig. 2. The molecular structure of [Co,W{3-C(C¢H 4Me-4)C(EY)C(Et)C(0)}(p-COXCO),-
(PPh,{C(Et)}=CHEt}X -CsH;)] (XIII). W-Co(1) 2.809(1), W-Co(2) 2.784(1), Co(1)-Co(2) 2.668(1),
W-C(17) 2.14%(7), W-C(20) 2.197(7), Co(1)-C(17) 2.221(7), Co(1)-C(18) 2.092(8), Co(1)-C(19)2.100(8),
Co(1)-C(20) 2.077(7), Co(2)~C(17) 2.132(8), Co(2)-0(17) 1.935(5), C(17)-0O(17) 1.321(8) A.

Displacement of the resulting bulky tertiary phosphine PPh,(CH,C(H Me-4) by
excess PPh,H could then provide a route to IX. Similar alkyl intermediates may be
involved in the formation of [Fe,W(u;-OCCH,C,H Me-4)(p-PPh,),(CO)s(7-
C;H,)] from [Fe,W( 1 5-CCsH ;Me-4)(u-COXCO)g(n-CsH;s)] and excess PPh, H [11],
but here alkyl migration to CO evidently takes precedence over P-C bond forma-
tion.

Compound VI also reacts (CH,Cl,, 40°C, 12 h) with excess RC=CR (R = Me or
Et) to give the bis-alkyne derivatives XII and XIII [12] in ca. 50% yields, The X-ray
structure of the hex-3-yne complex XIII [9] (Fig. 2) reveals that one molecule of the
alkyne has been stereospecifically converted to a cis-vinyl group which is attached
to phosphorus. A second alkyne has coupled with the p,-CC¢H,Me-4 group and a
CO ligand affording a novel u;-C(CH,Me-4)C(E)C(Et)C(O) group which is
o-bound to tungsten via C(17) and C(20) with n* and 7? attachments to Co(1) and
Co(2) respectively.

Treatment of XII or XIII with HBF, - Et,0 or Me,OBF, leads to immediate
cluster fragmentation and good yields (ca. 65%) of the neutral hydroxy and methoxy
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Fig. 3. The molecular structure of [CoW{u-C(CsH 4Me-4)C(EYC(EC(OH)}(CO)4(n-CsHs)] (XV).
W_Co 2.702(1), W—C(1) 2.197(4), W-C(4) 2.134(4), Co-C(1) 2.056(4), Co-C(2) 2.132(4), Co-C(3)
2.135(4), Co—C(4) 2.09%(4), C(4)—O(4) 1.378(5) A.

Co-W dimetal complexes XIV-XVI [13] are obtained. The structure of the hydroxy
derivative XV [9] (Fig. 3) shows that the Co—W bond is bridged by a u-C(CsH Me-
HC(EDC(EYYC(OH) group in a manner which resembles that found in homonuclear
di-iron “ferrole” complexes such as [Fe,{ u-C(OH)C(Et)C(Et)C(OH) }(CO)¢] [14]. In
the presence of HBF, - Et,0 (XV) reversibly protonates at tungsten affording the
cationic hydrido complex XVII [15].

The reactions of VI or VII described above involve facile P-C bond formation, a
feature not yet observed for closely related Fe,W clusters such as [Fe,W(p-H)(p5-

RL 2 R1 R2
o p— S
. BN |
cp(OC)zW\ ;00(00)2 cp(0C) 3 (H)W —o —/—CO(CO)Z
c/c/ \
—C cZ ¢
6k3 R2 oﬁ \RZ
Rl RZ RS gl R2

X1v CgHyMe-4 Me
XV CgHqMe-4 Et
Xvi CgHyMe-4 Et Me

XVI1 CgHgMe-4 Et

oo



Cs9

CC4H ;Me-4)(p-PR, (CO)((1-CsHs)] (R = Et or Ph). This may reflect bimetallic
reactivity effects. Alternatively regioselective control of the reaction pathway may
be important. Thus, generation of key alkyl or vinyl intermediates in the Fe,W
system, in which a heteronuclear Fe—W bond is bridged by phosphorus, could occur
at the Fe atom remote from phosphorus thereby avoiding P-C bond formation.
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