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Triphospha-ferrocenes as ligands. 
Crystal structures 
of [Fe(77i-CjMe,)(rl.i-C2’B~~IP~)- 
Ru,(CO), ,] and the novel cluster complex 
[Fe(rl~-C5Mec)(77’-C~tBu2P?!Ru,(C(>i,] 
involving side-on and end-on coordination 
of three ruthenium atoms 

Abstract 

Syntheses and structures of penta- and hcxaphos- 
phorus analogues of fcrroccne, hexaphosphorus ana- 
logucs of chromoccne and T-‘-transition metal com- 
plexes of the C‘,‘Bu3P, ring system have hccn de- 
scribed previously [l-7]. Unlike their Gmplc mctal- 
locenc analogucs. these cornplcxcs have further coordi- 
nating potential towards other transition mctai ccntres 
by virtue of the availability of the ring phosphorus 
lone-pair electrons that arc not involved in the -/I ‘- OI- 
q’-metal coordination. ‘I‘hc recently [X] dcscrihed com- 
plex [Fe(C2’BL~,P1),Ru,(C‘O),,,]. 1. it of spcciat interest 
since it represents the first cxamplc of attachment of ;I 

transition metal carbonyl cluster to anot!ier qi- 
CLtBu,P7 metal complex and interlinkagc III both qi- 
C~‘BuZP,-coordinated ring systems in a hcxapho~pha- 
fcrrocene complex. 

We now describe the first example of :I phosphorus 

sandwich compound in which the two adi:rcc:nt phos- 
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that the two adjacent phosphorus atoms of the original 
triphospha-ferrocene II must have become linked by 
q’-coordination to two or three of the ruthenium atoms 
of the cluster carbonyl * *. This was subsequently con- 

firmed by a single crystal X-ray diffraction study (see 
Fig. 2) which reveals, in addition to the q’-coordina- 
tion of the ruthenium atoms Rul and Ru3, a direct 
interaction between Ru2 and the two phosphorus atoms 
Pl and P2. 

This mode of attachment can be regarded as @J-772_ 
ligation of a PP and PC multiple-bonded system to 
three metal centres. A similar side-on and end-on 
coordination was observed by Huttner [lo] in 
[Cr,(CO),o(‘BuP)(‘Bu2P,~], in which a Z-diphosphene 
unit RP=PR is incorporated into a cluster and two 
metal centres are more strongly bonded than the third. 
A similar pattern is observed in IV; the weaker interac- 
tions Ru2-Pl and Ru2-P2 are indicated by dotted 
lines in Scheme 1. The bonds of the C,‘Bu *P3 ring in 
IV are, as expected, longer than the corresponding 
bonds in III. The PP bond length in IV [2.131(2) A] is 
in good agreement with the corresponding bond length 
[2.112(3) A] in [Cr,(CO),,,(‘BuP)(‘Bu~P*)] [lo]. 

** II: NMR spectra: ‘H (CDCI,): 6 1.39 (s, 18H, ‘Bu); 1.85 (s, lSH, 
C,Me,l. “C (CDCI,): 6 12.79 (s, C,Me,): 36.71 (m. CMe,); 

38.87 (m, CMe,); 86.59 (s, CsMe,). “P{‘H) (CDCI,): CAB,), 6 

38.10 (PA), 48.24 (Pal, ‘/(PP) 44.9 Hz. MS (70 eV, EI): m/z 

422 CM+, 100%). 365 (M+ -‘Bu, 41, 284 (M‘ -‘Bu&, 731, 253 

(M+ -‘Bu&P, 11). 
III: MS (FAB, m-nitrobenzene as matrix): m/z 980 (M’ -2 

CO, 3%). 952 (M - - 3 CO, 21, 924 (M’ - 4 CO, 21, 868 (M + ~ 6 

CO, 51, 136 (CsMe, + H+, 100). IR (n-hexane): v(CO) 2095 (ml, 

2060 (vs), 2035 (a), 2028 (vs), 2012 (sl cm-- ‘. 

IV: NMR spectra: ‘H (CDCI,): S 1.50 (s, 18H, ‘Bu); 1.79 (s, 15H, 

CsMe,). “C (CDCI?): 12.15 (s, C,Me,): 35.63 (m, CMr,); 39.91 

(m, CMe,); 91.48 (s, C,Me,l; 199.44 (m, CO). “P(iH) (CDCI,): 
(AB,), S 14.74 (PA), 9.77 (P”), ‘J(PP) 43.2 Hz. MS (FAB, 

m-nitrobenzene as matrix): m/z 980 CM+, l%l, 136 (CjMe, + 

H+, 83) and fragments caused by subsequent loss of CO: IR 

(n-hexane): v(C0) 2066 (vs). 2025 (vs), 2016 (vs), 1998 (~1, 1981 

(s), 1977 (s) cm- ‘. 

Fig. 1. The molecular structure of III showing the atom numbering 

scheme. Selected bond lengths are: Pl-P2 2.107(2), Pl-Cl2 1.763(4), 

P3-Cl2 1.756(4X P3-Cl1 1.764(4), P2-Cl1 1.761(4), RulLP2 

2.391(l), Rul-Ru2 2.882(l), Rul-Ru3 2.836(l), Ru2-Ru3 2.835(l), 

Fe-P1 2.338(l), Fe-P2 2.330(l), Fe-P3 2.319(2), Fe-Cl 1 2.189(4), 

Fe-Cl2 2.205(4) A. 

The coordination of two adjacent phosphorus atoms 
to three transition metal centres involving side-on and 
end-on coordination represents an unusual bonding 
mode for phosphorus sandwich compounds. The syn- 
thesis of related polymetallic compounds is the subject 
of present studies. 

Diffraction data were determined with a Siemens- 
Nicolet R3 diffractometer fitted with a LT-2 low tem- 
perature unit using monochromated MO-Ka radiation. 
The structure was solved by direct methods and refined 
anisotropically on F with rigid methyl groups. 

Fig. 2. The molecular structure of IV showing the atom numbering 

scheme. The weak interactions Ru2-PI and Ru2-P2 are indicated 

by dotted lines. Selected bond lengths are: Pl-P2 2.131(2), Pl-Cl2 

1.772(5). P3-Cl2 1.775(5), P3-Cl1 1.772(6), P2-Cl1 1.776(6), Fe-P1 

2.358(2), Fe-P2 2.336(2), Fe-P3 2.30X2), Fe-Cl1 2.142(5), Fe-Cl2 

2.163(6), Rul-PI 2.377(2), Ru3-P2 2.333(2), Ru2-Pl 2.541(2), Ru2- 

P2 2.508(2) A. 



III: Crystal data: C’,,H;,FcO,,PjRu i. M = 1033.5, 
triclinic, space group PI. u = 0.0X(3). 0 = 12.609(S), 
C = 17.173(h) ,4. N = 98.82(3~. [j = 04.56(3), y = 
97.24(3Y, I;‘= 1908.Ot9) A’. Z = 2. jj‘,,, = 1.799 g cm ‘, 
~(000) = 1020. 14 = 0.029 for 5379 Aiquc rcfleclions 
with E‘ > 4v( F). 

IV: Crystal data: C,,H;;F;eO,,P,Ru.;. M = 077.5. 
monoclinic. space group I’:! ,;rl. tl = 10.319(2), 1) = 
29.X21(7). i’ = 11.738(3) A. fi := loS.93(?)‘-. L: = 
3450.0( 11) ‘$. z = A, j1,‘,,, =: 1 .XS? g cm I” ~(000) = 
1978, Ii == 0.034 for 4182 unique rcllections with b‘:> 
4a( j’) :* A * 

Acknowledgements 

WC thank Prof. Dr. R. Schmutzlcr for the generous 
support of this work. Dr. S. Hietkamp (Council of 

Scicntit’ic and Industrial Kzscsrch. Prcioria. South 
Africa) for a gift of dodcca~~lrbunyltriruthenium. and 
the I;onds dcr Chcmischen Industric for- financial sup- 

port. 

References 


