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Photoreaction between [N~I(CO)~(PM~~P~)Z(P~~PC=C- 
PPh2)] (with the side-on coordinated alkyne acting as a 
four-electron donor) and [MO(CO)~] yields the C-C 
coupling product [ { Mo(CO)~)~( P-(P~~P)~C=CHCH=C- 
(PPh2)2)], where the ligand coordinates end-on through 
the four phosphine functions. 

In the context of reactivity studies of alkyne-niobium(1) 
complexes of the general formula [NbX(CO)2(PR&(q2- 
alkyne)] (X = halogen),1.2 in which the alkyne donates four 
electrons, we have observed a new and rather complex reaction 
for the diphosphabutyne Ph2PCzCPPh2 [bis- 
(diphenylphosphino)acetylene, dppa], involving transmetalla- 
tion, rearrangement of P-C bonds, and reductive C-C coupling. 
The coupling is of interest in connection with reductive C-C 
coupling reactions between unsaturated organic substrates, 
catalysed by the systems MC1,-Zn-H+ or MCl,-LiAlH4 (M = 
V, Nb, Ta),1h73,4 which probably contain the metal in a low 
oxidation state, where it is capable of coordinating and thus 
activating the substrate. 

Various reactivity patterns have been reported for dppa. The 
more common reaction, which leaves the ligand intact, is the 
end-on terminal and end-on bridging coordination through the 
phosphorus functions to carbonyl-vanadium,5 -molybdenum,6 
-manganese,7 -rhenium,* -cobalt? -osmium and -ruth- 
enium, 10-1 1 or exclusive side-on coordination as in [NbI- 
(C0)2(PMe2Ph)2(q2-dppa)] .2 In addition, as has been shown for 
carbonyl-ruthenium, -osmium and -rhenium cluster com- 
pounds, { M }, one or two of the PPh2 groups may be cleaved off 
under thermally or photoinduced conditions to yield ligand 
fragments such as Ph2P along with C2PPh2,1 la312 PhC2PPh2*2h 
or C2.8 These fragments, trapped in the clusters as ligands, may 
take part in coupling reactions in the presence of suitable 
unsaturated molecules. An example is the C-C coupling 
between {Ru}C2PPh2 and H2C=CHR to form 
{ Ru } CHRCHCHPPh2. A related coupling reaction is the 
formation of an iron cluster containing p3-q4-Ph2PC=C(O)Ph 
from { Fe } CO and Ph2PC-CPh. A coupling reaction leading to 
a but-2-ene fragment coordinating via P and C has been reported 
for a chloro-tantalum complex (vide infra).15 Alternately to the 
cleavage of the Ph2P-C bond, formation of such bonds has also 
been reported. Thus, the reaction between molybdenum- 
bound p-72-alkynes HCfCR and Ph2PC1 results in the forma- 
tion of p-~’-(HRc=cPPh2).~ 

[NbI(C0)2(PMe2Ph)2(q2-dppa)]2 1 was prepared from [NbI- 
(C0)3(PMe2Ph)3]1h,16 and dppa. In order to evaluate the 
availability of the phosphorus functions of dppa in 1 for 
coordination to electron-deficient metal centres, we reacted 1 
with [w(co)6] and [Mo(C0)6], respectively, in thf, which yield 
{ M(C0)5} when irradiated with UV light. 

Under these conditions, 1 degrades and the complexes 
[M(C0)3(PMe2Ph)3] may form as one of the major products 
(for M = W see ref. 2). In the case of M = Mo, a by-product 
of composition [ { Mo(CO)~} 2 { p-(Ph2P)2C=CHCH=C- 
(PPh2)2}] 2 has been identified (Scheme l),? which yielded 
crystals suitable for an X-ray structure analysis.$ 

Cluster 2 consists of two { M o ( C O ) ~ ( P P ~ ~ ) ~ }  units linked by 
a buta-1,3-diene backbone (Fig. 1). There is a centre of 
inversion between the two central CH groups [C( 1 l) ,  C(l la)]. 
The CC bond lengths in the backbone, 1.358(6) A for the double 
bonds, 1.455(9) A for the single bond, are about normal for this 
conjugated system which apparently does not incorporate the 
orbitals localized on the phosphorus functions and involved in 
metal coordination. The two PPh2 groups, two of the CO groups 
[C0(3), CO(4)] and Mo form a practically ideal plane, which is 
coplanar with the butadiene fragment. The two remaining CO 
groups [CO( l) ,  CO(2)] are in axial positions; the OC-Mo-CO 
bond angle [ 172.1(2)”] slightly but significantly deviates from 
linearity, with the carbonyls bent away from the butadiene unit. 
The reaction leading to 2 is related to the reaction between 
[Ta$16(SMe2)3] and dppa in that two C2 fragments couple to 
form a C4 unit.15 It differs from the latter reaction in that there 
is concomitant PPh2 migration. 

The mode of formation of 2 is not clear. In the light of the P- 
C cleavage reactions mentioned above, the initiating step should 
be the photoinduced homolytic rupture of one of the Ph2P-C 
bonds in dppa, possibly in an intermediately formed Nb(p-q3- 
dppa)Mo(CO)S adduct, followed by the generation of a niobium 
o-alkenyl complex containing the (CO),NbCH=C(PPh2)2 
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Fig. 1 XP drawing of [ {  M0(C0)4)~(p-dppa)zl, 1 
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moiety. a-Alkenyl complexes of composition [(CO), - ,- 
(phosphine),M(a-alkenyl)] [M = V, l7  Nb (unpublished work)] 
have in fact been shown to form in the light-induced reaction 
between hydrido-vanadium or -niobium complexes and al- 
kynes. The reduction equivalents apparently stem from the NbI 
centre of 1. The intermediate formation of a M-C bond is also 
plausible in the light of the coupling reaction in the Ta system 
mentioned above, where a Ta-C, bond forms with simultaneous 
oxidation of TaIII to TaV. Preliminary investigations into 
reactions between [Mo(C0)6] and complex 1, modified with 
respect to the halide (Br instead of I) and the phosphine (2PMe3, 
2PEt3, Me2PCH2CH2PMe2 instead of 2PMe2Ph), confirm that 
the reaction displayed in Scheme 1 can be generalized to a 
certain extent. 

This work was supported by the Deutsche Forschungs- 
gemeinschaft (grant Re 431 10-2) and the Fonds der Chemi- 
schen Industrie (stipend to D. Ro.). 

Footnotes 
7 Preparation of 2. All operations were carried out in an inert gas 
atmosphere and in absolute solvents. 0.394 g (2 mmol) of 1 2  dissolved in 20 
ml of thf was treated with 1.056 g (4 mmol) of [Mo(CO)b]. This reaction 
mixture, contained in a Duran-Schlenck tube, was cooled to ca. -60 OC and 
irradiated for 6 h with UV light by means of a Philips HPK 125 W high- 
pressure mercury lamp in a quartz immersion well, placed in the immediate 
proximity of the reaction vessel. The originally green-brown solution 
turned dark brown. The solution was filtered, concentrated to the point 
where precipitation just started, and treated with hexane (one fifth of the 
solution volume). After standing for 1 week at -25 OC, the majority of 
unreacted MO(CO)~ had precipitated. The supernatant brown solution was 
decanted, and hexane was added so as to provide a thf-hexane ratio of 2 : 1. 
A brown sticky product of complex composition precipitated. A small 
amount of the solution was taken apart, and red crystals of 2.2thf suitable for 
an X-ray structure analysis separated within months on standing at room 
temperature. The remainder of the solution was treated with additional 
hexane (thf-hexane, 1 : 1) leading to the precipitation of a red-brown 
powder, which was filtered off and dried by passing N2 through the filter 
plate to yield 208 mg (16%) of 2.2thf (Found: C, 60.69; H, 4.51; P, 9.01. 
C24H29M005P2 requires C, 60.46; H, 4.33; P, 9.17%). 31P NMR(thf- 

3 Crystal data for 2-thf C ~ ~ H ~ ~ M O ~ O * P ~ . ~ C ~ H * O ,  A4 = 1350.90, triclinic, 
space group Pi, a = 10.264(2), b = 11.375(3), c = 14.229(7) A, a = 
104.35(3), p = 93.81(2), y = 94.98(2)", Z = 1, U = 1596.7(9) 813, D, = 
1.405 g cm-3, F(000) = 690, p(Mo-Ka) = 5.5 cm-1. Final R 1 = 0.0482 
[wR2 = { Zw(F,2 - Fc2)2/Zw(F02)2)f] = 0.1014 for 4136 reflections with 
I > 2a(10) measured in the range 2.38 < 8 < 25.06" at 173 K on a Hilger 
& Watts diffractometer. Residual electron density: max. 0.874, min. -0.87 1 
e 81-3; 392 parameters were refined. The refinement was carried out with 
the SHELXL-93 program. The carbon atom C3 [ =  C(40)] of the thf of 
crystallization was treated with a 1 : 1 disorder model. The disorder 
corresponds to a conformational change of the five-ring (flipping up and 

[2H*]thf, 2 :  I), 8p 37. 

down of C3). Hydrogen atoms were placed in calculated ideal positions and 
refined with isotropic temperature factors. Atomic coordinates, bond 
lengths and angles, and thermal parameters have been deposited at the 
Cambridge Crystallographic Data Centre (CCDC). See Information for 
Authors, Issue No. 1. Any request to the CCDC for this material should 
quote the full literature citation and the reference number 182/109. 

References 
1 

2 

3 

4 
5 

6 

7 
8 

9 

10 
11 

12 

13 

14 

15 

16 

17 

(a)  F. Calderazzo, C. Felten, G. Pampaloni and D. Rehder, J .  Chem. 
Soc., Dalton Trans., 1992, 2003; (b) C. Felten, D. Rodewald, 
W. Priebsch, F. Olbrich and D. Rehder, J .  Organomet. Chem., 1994, 
480, 5 1, and references therein. 
D. Rodewald, C. Schulzke and D. Rehder, J.  Organomet. Chem., 1995, 
498, 29. 
Y. Kataoka, K. Takai, K. Oshima and K. Utimoto, J .  Org. Chem., 1992, 
57, 1615; E. A. Kreynack and S. F. Pedersen, J.  Org. Chem., 1993,58, 
61 14. 
T. L. Ho and G. A. Olah, Synthesis, 1977, 170. 
M. Herberhold and M. Schrepfermann, J .  Organomet. Chem., 1993, 
458, 19; H.-C. Bechthold and D. Rehder, J .  Organornet. Chem., 1979, 
172, 331. 
G. Conole, K. A. Hill, M. McPartlin, M. J. Mays and M. J. Morris, 
J .  Chem. Soc., Dalton Trans., 1989, 688. 
0. Orama, J. Organomet. Chem., 1986, 314, 273. 
C. J. Adams, M. I. Bruce, B. W. Skelton and A. H. White, J .  Organomet. 
Chem., 1993,447, 91. 
A. J. Carty and T. W. Ng, J .  Chem. Soc., Chem. Commun., 1970, 
149. 
E. Sappa, J. Organomet. Chem., 1988,352,327. 
(a)  J.-C. Daran, E. Cabrera, M. I. Bruce and M. L. Williams, 
J. Organomet. Chem., 1987, 319, 239; (b) A. J. Amoroso, B. F. G .  
Johnson, J. Lewis, A. D. Massey, P. R. Raithby and W. T. Wong, 
J .  Organomet. Chem., 1992, 440, 219. 
(a)  M. E. Bruce, M. L. Williams, J. M. Patrick and A. H. White, J .  Chem. 
SOC., Dalton Trans., 1985, 1229; (b) J.-C. Daran, Y. Jeannin and 
0. Kristiansson, Organometallics, 1985, 4, 1882. 
C. J. Adams, M. I. Bruce, B. W. Skelton and A. H. White, J .  Organomet. 
Chem., 1993, 445, 199; C. J. Adams, M. I. Bruce, M. J. Liddell, 
E. R. T. Tiekink, B. W. Skelton and A. H. White, J .  Organomet. Chem., 
1993,445, 187. 
W. Imhof, B. Eber, G. Huttner and C. Emmerich, J .  Organomet. Chem., 
1993, 447, 21. 
F. A. Cotton, L. R. Falvello and R. C. Najjar, Organometallics, 1982,1, 
1640. 
M. C. Luetgens Jr., D. J. Santure, J. C. Huffman and A. P. Sattelberger, 
J .  Chem. Soc., Chem. Commun., 1985, 522; C. Felten, J. Richter, 
W. Priebsch and D. Rehder, Chem. Ber., 1989,122, 1617. 
F. SiiBmilch, F. Olbrich, H. Gailus, D. Rodewald and D. Rehder, 
J.  Organomet. Chem., 1994, 472, 119. 

Received, 2nd April 1996; Corn. 6102332K 

1604 Chem. Comrnun., 1996 


