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Summary: The reaction of the phosphaalkene (111_ 
MS,sCs)P=C(SIMe3)2 with Fe2(CO)g affords the 111 (p. 
bonded) complex (111.Ms,sC5)[(CO).Fe]P=C(SiMe3h (4). 
Photolysis of 4 produces the phosphavlnyl complex {Fe-
1111.P=qSIMs3h!(115.Me,sCs}(CO)2] (5). Compound 5 can 
also be prepared via the metathetical reaction of 
(Me3Sil2C=f'C1 with K[Fe('15-MesC,sXCOh). The structure 
of 5 has been determined by X-ray crystallography. 

Phosphaalkenes, RP=CR2, 1 are proving to be remark· 
ably versatile ligands. As intact units, they can coordinate 

(1) (.) Klebach, T. C.; Lourenl, R ; Bickelhaupt, F .; Starn, C. H.; Van 
H'Irk. A. J. OrgorlOmet . Ch'lm. 198 1. 210, 211. (b) Kr010, H. W.; Nixon. 
J. F.; Taylor. M. J.; Frew, A. A.; Muir, K. W. PaI}'hedron 1982, 1, 89. (e) 
N'Iioon. R. H. ; Thorn •. R. J .; Vickovic, I.; Watson, W. A. Organometallic, 
1984,3,1132. 
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Figure 1. ORTEP drawing of [ Fel'71-P=C(SiMe3hj('7!-Me~C5)· 
(COh! (5) showing the atom numbering scheme. Important 
structural parameters: P-Fe '" 2.256 (2) and P-C(l3) '" 1.6S0 
(9) A; Fe- P-C(I3) '" 12S.2 (3) , P - C (13)-Si(1) '" 107.1 (5), P-C­
(l3j-Sil21 '" 134.4 (5), and Si(lj-C(I3)-Si(2) = 11S.4 {W. 

in an '1/1 (P donor)! or an '1/2 (p=c donor)2 fashion. Com­
binations of '1/1 and 1J2 ligation have also been observed3 as 
has equilibration between these bonding modes.4 Further 
elaboration of this chemistry has become possible by the 
incorporation of organometallic substituents. Thus, mo­
nometalation at carbon produces IS while P-metalation 
results in either phosphavinyl (2)6 or phosphavinylidene 
(3)7 complexes depending on whether the phosphorus atom 
functions as a one- or three-electron donor. We report a 
novel synthesis of a phosphavinyl complex via migration 
of a C5Me~ group from phosphorus to iron. 
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Treatment of 3.24 g (10 mmol) of (1)!-Me~C~)P=C­

(SiMe3hB with an equimolar quantity of Fez(CO)g for 3 
days at 25°C produced a dark red solution. After filtration 
and removal of the solvent and volatiles, the resulting red 
oil was recrystallized from 20 mL of (2:3) toluene/ aceto­
nitrile at -30°C. The red-black crystals (mp 79 °Cl, which 
were isolated in 41 % yield, were identified as the 1)1 _ 

phosphaalkene complex 4 on the basis of analytical and 
spectroscopic data.9 Of particular significance is the SI p 

(2) (a) Cowley. A. H.; Jones, R. A.; Stewart, C. A.: Stuart, A. L.: At· 
wood, J . L .; Hunter , W. E.; Zhang. H.·M. J. Am. Chern . Soc. 1983. 105. 
3737. (b) AI·Resayes. A. I.; Klein. S. I.; Kroto, H. W.; Meidine, M. F.; 
Nixon, J. F. J. Chem. Soc., Chem. Commun. 1983. 930. (c) Van der 
Knaap, Th. A.: Jenneskenl. L. W.; Meerwir;sen, H. J.; Bickelhaupt, F.; 
Walther , D.; Dinjl.lS. E.; Uhlig. E.: Spek, A. L. J. Qrgonomet . Chem, 1983. 
254. CaJ, (d) Cowley, A. H.; Jones. R. A.; Lasch, J. G.; Norman, N. C.; 
S(t!wart, C. A.: SlIIart. A. L.; Atwood. J. L. : Hunter. W. E.; Zhang, H.·M. 
J. Am, Chem. Soc. 1984, 106, 7015. (e) Werner. H,; Paul. W.; Zolk, R. 
Angew. Chem., 1m. Ed. Engl. 1984.23,626. 
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chemical shift (371.5 ppm) which falls in the region typical 
of P-bonded phosphaalkene complexes. l 

Me~C~ SlMe3 
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Photolysis of a n-hexane solution of 4 with a Hanau 

TQ-718 mercury lamp caused immediate gas evolution. 
After 3 h the carbonyl bands of 4. (2055, 1975, and 1959 
cm- I ) disappeared and were replaced with absorptions at 
1942 and 1988 em-I which are attributable to 5. 3lp NMR 
spectroscopic assay indicated that the reaction mixture 
contained 5 (s, 641.5 ppm) and traces of (J)! -Me~C5)P=C­
(SiMea)2 (s, 374.5 ppm).8 Compound 5 can also be pre­
pared by treatment of (Me3SihC=PCFo with K(Fe(1)5. 
MesCs)(COhl in THF solution (-20 °C), and purified by 
recrystallization from n-hexane solution at - 20°C (yield 
57.7%). The composition of brown, crystalline 5 (mp 
117-123 °C) was established on the basis of analytical and 
spectroscopic data,U and its structure (Figure 1) was elu­
cidated by single-crystal X-ray diffraction methods.12 The 
phosphorus-carbon bond length (1.680 (9) A) is similar to 
those of unmetalated phosphaalkenes j2d.13 moreover, the 
sum of bond angles at C(13) is 360° within experimental 
error. The phosphorus- iron bond length (2.256 (2) A) and 
the Fe-P-C bond angle (126.2 (3)0) indicate that the 
phosphorus lone pair is not involved in bonding to the 
metal. The fact that the Fe-P-C angle is -15° larger than 
those of unmetalated phosphaalkenes seems to be a con­
sequence of steric effects because the P- C(l3)- Si(2) angle 
(134.4 (5)0) is considerably larger than the P- C(13)-Si(1) 
angle (107.1(5)0). 

The scope of the MesCs (and CsHs) main-group/ tran­
sition-metal shift reaction is presently being studied as is 
the reactivity of 5. 

Acknowledgment, We are grateful to the Deutsche 
Forschungsgemeinschaft, the Fonds der Chemischen In­
dustrie, the National Science Foundation, and the Robert 
A. Welch Foundation. 

Re,istry No. 4. 100082·33-5; 5. 1000S2·34-S: K[Fe{l)5. 
Me6C5)(COlt), 59654-59·0; Fe2(CO)~ 15321-51 ·4; 1'71-Me6C51P= 
C(SiMe3h l000S2-32-4; (MeaSihC- PC1, 79454·S5-S. 

(9) Anal. C&lcd for C?,H~FePO.Si l' C, 51.22; H, 6.75. Found: C, 
5l.06; H. 6.97. MS (El , 70 eV); mle (relative in(emity) 492 (M· , 0.4), 
47i (M· - CH3, 0.4), 436 (M" - 2CO. 2.7), 408 (M' - seO. 27.1), 380 (M­
- 4CO, 76.2), 73 (SiMeJ*' 1(0). l'C(l HI NMR: (C,D, ,2S·C); 4.2 (d, J 
.. 8.2 Hz, SiC." 5.1 (d, J ~ 4.6 Hz, SiCl), II.S (b road. CCH.J, 136.5 and 
142.6 (very broad. CCHJI. \ 87.8 (d, J '"' 24.5 Hz. P- CI, 216.1 (d.J" 15 
Hz, CO). 

(10) Appel. R.; Westerhaus. A. Tetrahedron Lell. 1984. 22,2159. 
(1I) Anal. Calcd for C,.H33FePO,si;: C, 52.29; H, 7,62. Found: C, 

50.114: H. 7.72. MS (EI. 70 eV): mi t (relalive inten~ity) 436 (lW , 2.9) , 
408 (M' - CO, 44.0), 380 (M' - 2eO, 1(0), is (SiMeJ', 72.5). I$CI'Hj 
NMR (COlCI" 28 °C): 3.5 (I . SiC,), 3.9 (d , J .. 15.6 Hz. SiCal , 9.3 (d~ J 
.. 9.2 Hz, l,;CH3). 98.9 (ft. CCH3), 208.9 (d, J .. 106.1 Hz, P- C), 21t.6 
ppm (s, CO). 

(12) A single cr~ta1 of 5 with dimensions 0.35 x 0.35 x 0.20 mm was 
sealed under dry nitrogen in a Lindemann capillary. Some crys t.&J data 
for oS &re lIS follows: C'~33FeOIPSi:. M .. 436.47, monoclinic, space jTOI.lP 
P2, / n (No. H ); a .. 12.807 (2) A, b ,. 9.364 (3) A, < .. 20.328 (3) A, (J " 
103,55 (1)0; V .. 2370 Ail; Z - 4; D(caIed) .. 1.223 g cm~, and I' .. 8.1 em·'. 
A total of 3720 5ymmetry·independent reflections .... ere recorded by l.I8inli 
w-28 &cans in the Tange 3.0 <: 28 <: 48.0· U.inli IIraphi le·monochromated 
Mo K" X·radiation with ),. .. 0.71069 A. or thne, 2339 reflections (1 > 
3.0 u(1)) .... ere used 10 iOh·e (SI.\fPEL) and refine (rull matrix. least sqU&rH) 
Ihe slructure of 5. Pinal least-square. refinemenI1i8'·e R .. 0,0572 and 
R • .. 0.0746. 

(13) For a re";fW,~, Appel. R. ; Knoll. i".; Ruppert , J. Ange ... ·. Ch~m .• 
Int. Ed. Engl. 1984,20,731, 
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Supplementary Material Available: Tableaofoond lengthJ, 
bond angles, atomic coordinates, thermal parameters, and 
structure facwn for 5 (17 pages). Ordering information is given 
on any current masthead page. 
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