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Abstract 

Complexes of the di- and triphosphacyclopentadienyl ring systems of the type [Ru(~~‘-P,C,‘B~~X~~-C~H~~), [Ru($- 
P&;Bu&PPh,)PPh&H,], [Rh(~s-P2C3’Bu,X1)4-dienel], (diene = hexa-1,5-diene, 1,5-cyclooctadiene), and the novel hydride 
complex [RhH(q’-P,C2’Bu,X9’-CsMe5XPPh3)1, are described, and ‘H, 31P, and “C NMR data reported and discussed. The 
structures of [Rh($-P2C3’Bu3Xq4-COD)] and [RhH(11’-P3C,‘Bu,X$-C5Me,)PPh31 have been determined by X-ray diffraction 
studies. 

1. Introduction 

The di- and triphosphacyclopentadienyl ring systems 
P,C,‘Bu3- (A) and P,C,‘Bu,- (B) [1,21 are proving to 
be versatile in their behaviour towards transition met- 
als [3-71. To date, $- and #-ligating behaviour has 
been reported for B and $- and T3-bonding for A. We 
present below the results of further studies of the 
reactions of these ring systems with Rh’ and Run 
chloro-complexes which give products resulting from a 
variety of pathways. 

(A) 0% 

Correspondence to: Professor J.F. Nixon. 
* This paper is dedicated to Professor Michael Lappert, FRS, my 

friend and colleague at Sussex for over 25 years, in recognition of 
(i) his many important contributions to organometallic chemistry, 
(ii) his help and advice during my career, and (iii) the many 
relaxing hours we have spent together on the tennis court! (J.F.N.) 

0022-328X/93/$6.00 

2. Results and discussion 

Treatment of a mixture containing roughly equimo- 
lar amounts of the sodium salts of the P2C,‘Bu3- and 
P,C,‘Bu,- anions with [Rh,C1z(~4-diene),] (diene = 
1,5-cyclooctadiene or 1,5-hexadiene), in monoglyme, 
affords [Rh(q5-PzC3fB~3X~4-COD)l (1) and [Rh($- 
P,C,‘Bu3Xq4-hexadiene)] (21, respectively (Scheme 1). 
Complexes 1 and 2 are the first examples of ‘half- 
sandwich’ rhodium(I) complexes containing v5-bonded 
P,C3’Bu3 ring systems, and their structures have been 
established by 31P{‘H}, 13C, ‘H NMR and mass spec- 
troscopic studies, and in the case of the former, by 
elemental analysis and a single crystal X-ray diffrac- 
tion study (see below). Previously when we used the 
lithium salt of the P,C,‘BU,/P,C,~BU, anions (richer 
in P,C,‘Bu,-1, and [Rh,Cl,(COD),l, we obtained only 
the complex [Rh(~5-P3C~Bu,X~4-COD)], whose iden- 
tity was confirmed by an X-ray diffraction study [B]. 

Three very different types of reactions occur, how- 
ever, when the mixture of the two ring anions A and B 
are treated in dme at room ‘temperature with (i) 
[RuC~(~~-CODII; (ii) [RuC12($-C6H6XPPh3)]; and 
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(iii) [Rh(775-C,Me5)C12(PPh3)], respectively (see 
Scheme 1). 

In (i), the yellow sublimable sandwich complex 
[Ru(~~~-P,C~~BU~X~]‘-C~H~~)] (3) is formed by both 
NaCl and HCl elimination reactions. In reaction (ii), 
the assumed intermediate complex [Ru($-P&,‘Bu,)- 
Cl(PPh,),] undergoes spontaneous elimination of HCl 
via orrho-metallation to afford the complex [Ru(q5- 
P,C,‘Bu,XC,H,)PPh,(PPh,)] (4). Complex 4 was also 
formed directly from A and B and [RuCl,(PPh,),l. 

In (iii), an unexpected abstraction of hydrogen oc- 
curs (presumably from the ether solvent), to afford the 
novel Rh”’ hydrido complex [Rh(q5-C,Me,)H($P&- 
‘Bu&PPh,)l (51. 

The molecular structure of [Rh(n5-P,C:Bu,Xq4- 
COD)] (1) (Fig. 1) revealed that, as expected, the 
q5-P,C,‘Bu, ring system is planar and bond lengths 
and angles within the P,C,‘Bus ring system are similar 
to those found for related $-complexes such as 
[Mo(q5-P2C,‘Bu,Xn3-indenylXCO)z] [9], [Fe(q5-P2C,- 
‘Bu,X~~-P~C,‘BU~)] [3], and [Fe(~5-P,C3’Bu3X~5- 
P3C,tBu,)W(CO)5] [lo], while the bond lengths within 

Rh 
I) 

C(6) 

Fig. 1. Two views of the molecular structure of [Rh(q’- 
P,C,‘Bu3Xq4-COD)] (1). 

the n4-coordinated l,.%yclooctadiene lie within the 
range expected [11,12]. Table 1 lists selected bond 
lengths and bond angles for 1, and Table 2 the atomic 
coordinates. 

Unlike the analogous [Rh(n5-P3C,‘Bu,Xn4-COD)] 
complex we described previously [8], in which the COD 
molecule is in a boat conformation, complex 1 contains 
an asymmetrically skewed diene ring similar to those 

‘Bu 

A 
PnP 

(2) 
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Scheme 1. (i) [Rh,Cl,(COD),] in dme; (ii) [Rh,Cl,(hexadiene),] in dme; (iii) [RuC~JCODJI, in dme; (iv) [Ru~z(~~-C&APP~~)I in dme; (‘I 

[RUci,(PPh,),] in dme; (vi) (Rh(~5-C,Me5)CI,(PPh,)1 in dme. 
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found in complexes of the type [M($-C,R,XVJ~-COD)I 
(M = Rh, Ir) [11,13,14]. 

As expected, the 31P-{1H} NMR spectrum of both 
[Rh($-P,C,fBu3Xq4-COD)] (1) and [Rh($-P,C,- 
‘Bu3Xq4-hexadiene)] (2) are very simple, consisting of 
the expected doublet arising from an [A2Xl spin sys- 
tem (A =31P, I= $, 100%; X =lo3Rh, I= i, 100%) 
(6, 95 ppm (1); 6, 101 ppm (111, while IRu(T~- 
P,C,‘BU,X$-C~H~~)] (3) exhibits a singlet (8, 60 
ppm). Of particular interest are the small ‘J(RhP) 
coupling constants observed for complexes 1 (10.7 Hz) 
and 2 (11.7 Hz), confirming the q5-bonding mode in 
both cases. Interestingly, ‘J(RhP) is too small to be 

TABLE 1. Intramolecular distances (A) and angles (“) with estimated 

standard deviations in parentheses a 

(a) Bonds 
Rh-Ml 
Rh-M3 

Rh-P(2) 
Rh-C(2) 
Rh-CU6) 
Rh-C@3) 

P(l)-c(l) 
P(2)-c(2) 
CWC(3) 
C(2)-C(8) 

C(4)-C(5) 
c(4)-c(7) 
c(8)-c(10) 
C(12)-C(13) 
c(12)-C(15) 
C(16)-C(23) 

C(l@-C(19) 
C(20)-C(21) 
C(22)-C(23) 

(b) Angles 
Ml-Rh-M2 
M2-Rh-M3 
C(2)-P(2)-C(3) 

P(l)-c(l)-C(4) 
P(l)-c(2)-P(2) 
H2)-c(2)-C@) 

H2)-c(3)-C(l2) 
C(l)-C(4)-@) 

C(l)-C(4)-C(7) 
C(5)-C(4)-C(7) 

c(2)-C(8)-C(9) 
c(2&-c(8)-C(ll) 
C(9)-C(8)-C(l1) 
C(3)-CU2)-C(13) 
C(3)-C(12)-C(15) 
C(13)-C(12)-Ct15) 
C(17)-C(16)-C(23) 
C(17)-C(18)-c(19) 
C(19)-C(2O)-C(21) 
C(21)-C(22)-C(23) 

1.919 Rh-M2 2.037 

2.024 Rh-P(1) 2.4130) 

2.468(l) Rh-C(1) 2.381(4) 

2.384(4) Rh-C(3) 2.377(p) 
2.153(4) Rh-C(17) 2.1534) 

2.156(5) Rh-C(21) 2.129(5) 

1.815(4) P(l)-c(2) 1.760(4) 

1.738(4) H2)-c(3) 1.809(4) 

1.413(6) c(l)-c(4) 1.574(5) 
1.531(6) C(3)-C(12) 1.559(6) 

1.539(6) C(4)-C(6) 1.547(7) 

1.536(6) Ct8)-c(9) 1.518(6) 
1.532(7) C(8)-c(ll) 1.534(6) 
1.553(7) C(12)-C(14) 1.534(7) 

1.530(7) c(16)-C(17) 1.393(7) 
1.527(8) C(17)-C(18) 1.499(7) 
l&9(9) c(19)-C(20) 1.506(7) 
1.400(7) c(21)-C(22) 1.493(7) 
1.474(9) ‘,, 

137.1 Ml-Rh-M3 
85.9 c(l)-P(l)-c(2) 
97.8(2) PWCWC(3) 

114.3(3) c(3)-c(l)-C(4) 
114.5(2) P(l)-c(2)-C(8) 
122.3(3) N2)-c(3)-c(l) 
112.6(3) CWc(3)-C(l2) 
111.0(4) C(l)-c(4)-C(6) 
112.5(3) c(5)-c(4)-C(6) 
111.4(4) C(6)-c(4)-C(7) 
108.3(4) c(2)-c(8)-C(lO) 
110.8(4) c(9)-c(8)-C(lO) 
108.8(4) C(lO)-C(8)-C(11) 
111.0(4) c(3)-c(12)-c(l4) 
116.9(4) c(13)-C(12)-C(14) 
104.7(4) c(14)-C(12k-C(15) 
123.5(4) c(16)-C(17)-C(18) 
116.0(5) c(18)-C(19)-C(2O) 
124.3(4) c(2O)-c(21)-C(22) 
114.3(5) CU6)-c(23)-c(22) 

137.1 * 
97.7(2) 

114.3(3) 
131.4(4) 

123.2(3) 
115.6(3) 
131.2(4) 
110.3(3) 

105.5(3) 
105.7(4) 
111.3(4) 
109.8(4) 
107.7(4) 
106.8(3) 
106.4(4) 
110.6(4) 
124.0(4) 
113.6(5) 
125.1(5) 
114.8(4) 

’ Ml is the centroid of the P(l), P(2), C(l), c(2), C(3) ring M2 and 
M3 are the mid-points of the CU6)-C(17) and C(20)-C(21) bonds. 

TABLE 2. Fractional atomic coordinates (X 104) and equivalent 

isotropic thermal parameters & X lo31 

Atom x Y Z u a 

Rh 2066.6(3) 1111.2(l) 2112.1(2) 3:8(l) 

P(l) 3530.7(9) 1542.2(5) 3675.5(8) 34.3(2) 

P(2) 1756.200) 338.2(5) 3717.6(9) 37.4(3) 

c(l) 4160(4) 769(2) 3048(3) 34(2) 

c(2) 20444) 1190(2) 4114(3) 35(2) 

c(3) 3287(4) 198(2) 3050(3) 36(2) 

c(4) 5568(4) 857(2) 2574(3) 43(2) 

c(5) 6582(4) 333(3) 3117(4) 5%3) 

C(6) 6159(4) 1573(3) 2893(4) 56(2) 

c(7) 5486(4) 822(3) 1278(4) 55(2) 

c(8) 1105(4) 1586(2) 4831(3) 42(2) 

a91 1465(6) 1404(4) 6064(4) 77(3) 
c(lO) 1230(5) 2365(3) 4666(5) 69(3) 

c(11) -358(4) 1386(3) 4508(4) 63(3) 
c(12) 3483(4) - 570(2) 2720(3) 44(2) 

c(13) 2115(5) - 946(3) 2523(5) 60(3) 

Ct14) 4245(6) -919(3) 3742(5) 67(3) 
Ct15) 4177(5) - 706(3) 1645(4) 62(3) 
c(16) 267(4) 815(2) 1105(4) 50(2) 
C(l7) 1370(5) 581(2) 580(4) 52(2) 
c(l8) 1869(6) 911(3) - 445(4) 71(3) 
C(19) 2275(6) 1646(4) - 323(4) 82(3) 
C(20) 2453(5) 1888(2) 886(4) 5X2) 
CC211 1404C5) 2096(2) 1511(4) 53(2) 
CC221 - 41(6) 2107(3) 1082(6) 80(3) 
C(23) - 577(5) 1434(3) 689(5) 73(3) 

a U’, is defined as one third of the trace of the orthogonalised Gj 

tensor. 

observed in the 31P-{1Hl NMR spectrum of the previ- 
ously reported [Rh(q5-P3C2’BuZXr_r4-COD)] @I, but 
‘J(RhP) values of N 30 Hz are observed for rhodium(I) 
complexes containing the neutral v4-bonded 1,3-di- 
phosphacyclobutadiene ligand, e.g. [Rh(T5-C5R5Xq4- 
P,C,‘Bu2)] (R = H or Me) [15]. 

The 13C-{lH} NMR spectroscopic data also readily 
establish the structures of complexes l-3. All three 
complexes exhibit very similar patterns of lines in the 
P,C,‘Bu, ring system region (see Fig. 2). The reso- 
nances corresponding to C4, C5, and C6 arise from 
[AX,] spin systems (A =13C, I= i, 1.1%. X =31P, I 
= 3, lOO%), whereas C’, C*, and C3 resonances arise 
from [AXX’I spin systems. A PANIC simulation of C’, 
C*, and C3 resonances in the 13C-(1H) NMR spectrum 
of complex 1 fully reproduces the observed patterns 
(see Fig. 3) and, interestingly, the cross ring coupling 
constant *J(PP) 28.6 Hz can now be measured because 
of the presence of both ‘*C and 13C nuclei and their 
effect upon the adjacent 31P nuclei (3.5 x l.O-* ppm). 
The same behaviour has been observed for complexes 
2 and 3, and, by Mathey and ca-workers [16], in the 
13C-{lH) NMR spectrum of 2,2’-diphosphinine, where 
the 13C isotope shift is 8.5 X lo-*~ ppm. 
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Fig. 5. *D ‘H-13C chemical shift correlation spectrum of [Ru($- 
P2C~Bu3Xq5-CsH,,)I (3) (in CD,CI,). 

(4) 

Selective decoupling at 64.63 allows an unambigu- 
ous assignment of Hb and HC, since it does not affect 
the proton resonance of the CH, groups. Therefore, 
Hb (64.63) must be attached to Cs, and HC (64.48) is 
attached to C9. The 2D’H-i3C chemical shift corre- 
lated spectrum (Fig. 9, in a CD&l, solution, reveals 
the interactions C8 * * - Hb and C9 * * * He, confirming 
the attributions of the triplet to C9 and the singlet to 
C8. From the 31P, ‘3C-{‘H}, and ‘H NMR spectro- 
scopic results, the structure shown below can be pro- 
posed for [Ru(~~~-P,C,~BU,X~~~-C~H~~)] (3). 13C and 
‘H NMR data found for 3 are similar to those found 
for analogous complexes containing the n5-bonded cy- 
clooctadienyl ligand, e.g. [Ru(~~-C,H,,X$-C,H~~] 
and [Ru(~s-C,H,lX$-C6Me6~] [22]. 

tBu 

(3) 

The 31P-{1H} NMR spectrum of the ruthenium(R) 
complex [Ru(775-P3C2tBu2)PPhZC6H,(PPh3)] (4) pro- 
vides strong evidence for a cycle-metallated complex 
consisting of a pattern of lines arising from an 
[ABCDM] spin system (A, B, C, D, M =31P, I = i, 
100%) (Fig. 6). The presence of two types of ‘triphenyl- 
phosphane’ ligands with very distinct chemical shifts 

/I- 
pm 106 104 102 100 96 96 44 42 40 36 36 34%.0-3?.5-3tio 

Fig. 6. 31P-(1H) NMR spectrum of [Ru(a’-P,C3’Bu2XPPh,C,H,XPPh,ll (4). 
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(43.9 and - 37.4 ppm) reflects significant differences in 
the phosphorus environments. 

Large differences in the 31P chemical shifts of coor- 
dinated phosphanes have been attributed by Garrou to 
o&o-metallation [23]. The 31P resonance for an 
ortho-metallated phosphane usually appears at a lower 
frequency than that for a normal coordinated phos- 
phane [24-281, and Shaw and co-workers [24] have 
reported several platinum complexes of the type frans- 
[PtX(P’Bu,C,H,)P’Bu2Ph] (X = Cl, Br, I, NO,) in 
which coordinated P’Bu,Ph ligands exhibit higher 
chemical shifts (6, 53-48 ppm), than do the metallated 
P’Bu,Ph ligands (6, - 19 to -30 ppm). More re- 
cently, Bennett and co-workers [25] showed that the 
31 P-{‘H} NMR spectrum of a platinum(B) complex 
containing two o&o-metallated triphenylphosphanes, 
[Pt(PPh,C,H,),], exhibits a singlet (with 19’Pt satel- 
lites) at - 52.3 ppm. Likewise, ruthenium complexes of 
the type [RuR(PPh,C,H,XPPh,),L] (R = H or Me, 
and L = Et,O, THF, or MeCN) also exhibit high-field 
31P resonances for the or&o-metallated triphenylphos- 
phane [26]. The fully structurally characterised, closely 
related complex [Ru($-C,R&PPh,C,H,XPPh,)l 
(R = H; R = Me), reported by Lehmkuhl et al. [271, 
exhibits characteristic doublets in the 31P-{1H] NMR 
spectrum (R = H), corresponding to the cyclo-metal- 
lated triphenylphosphane ( - 17.7 ppm) and the normal 
PPh, (62.8 ppm) [281. 

The 31P-{1H} NMR spectrum of [Ru(~~-P&,‘Bu,)- 
(PPh,C,H,XPPh,)] (4) (Fig. 6) exhibits a resonance at 
- 37.4 ppm, which is attributed to the o&o-metallated 
triphenylphosphane (PM>, and another at 43.9 which is 
assigned to the coordinated triphenylphosphane (PD). 

Fig. 7. Molecular structure of [RhHb$-C5Me5Xv1-P$3fBuzXPPh,)l 

(5). 

py , 

(b) 

Pig 8. (a) 31P-(1H) and (b) 31P NMR spectra of [RhH(q’- 
C,besXq’-P2C3’Bu2XPPh3)1 (9. 

TABLE 3. Intramolecular distances (& and angles (“1 with estimated 

standard deviations in parentheses a 

(a) Bon& 
Rh-Cp 
Rh-P(4) 
Rh-C(12) 

Rh-C(14) 

PWP(2) 
P(2Mx2) 
P(3MX2) 
P(4)-C(27) ’ 
C(lxx3) 
C(3)-c(4) 
C(3)-c(6) 
C(7bc(9) 
CUl)-C(12) 
C(ll)-C(16) 

C(12)-C(17) 
C(13)-C(18) 
C(14)-C(19) 
C(21)-C(22) 
C(22)-C(23) 
C(24)-C(25) 
C(27)-C(28) 
C(28)-C(29) 
C(30)-C(31) 
C(33)-C(34) 
C(341-C(35) 
C(36)-C(37) 

1.896 
2.262(3) 

2.233(8) 
2.239(U) 
2.090(4) 
1.723(8) 
1.743(10) 
1.832(10) 

1.53504) 
1.54904) 
1.525(12) 
1.51(2) 

1.45(2) 
1.476(14) 

1.50(2) 
1.49(2) 
1.483(15) 
1.402(15) 
1.36(2) 
1.37(2) 
1.386(13) 
1.41(2) 
1.36(2) 
1.41(2) 
1.37(2) 
1.33(3) 

Rh-P(1) 
Rh-C(11) 
Rh-C(13) 
Rh-C(15) 

P(l)-C(1) 
P(3)-C(1) 
P(4)-C(21) 
P(4Wx33) 

CWC(7) 
C(3)-C(5) 
C(7Kt8) 
C(7NxO) 
C(lWx5) 
C(12)-C(13) 
C(l3)-CU4) 
C(14)-C(15) 
C(15)-C(20) 
C(21)-Cc261 
C(23)-C(24) 
C(25)-C(26) 
C(27)-C(32) 
C(29)-C(30) 
C(31)-C(32) 
C(33)-C(38) 
C(35)-Cc361 
C(37)-C(38) 

2.297(2) 

2.281(9) 
2.224(8) 
2.28102) 
1.712(8) 
1.742(8) 
l&3(10) 
1.826(10) 
1.551(12) 
1.52(2) 
1.53(2) 
1.51(2) 
1.41(2) 
1.411(12) 
1.43(2) 
1.433(12) 
1.49(2) 
1.371(12) 
1.345(14) 
1.42(2) 
1.37(2) 
1.36(2) 
1.39(2) 
1.37(2) 
1.39(3) 
1.37(2) 
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TABLE 3 (continued) 

(b) Angles 
Cp-Rh-P(1) 

P(l)-Rh-P(4) 
Rh-P(l)-C(1) 

PWN2bcx2) 
Rh-P(4)-C(21) 
Rh-P(4)-C(33) 

C(21)-P(4)-C(33) 

PWcx1)-N3) 
N3bCW-C(3) 
H2)-c(2)-C(7) 

CW-c(3)-C(4) 
C(l)-C(3)-c(6) 

Cf4)-c(3bc(6) 

C(2)-C(7bc(8) 
CX2)-C(7)-c(lO) 
CW-c(7)-c(10) 
CQ2)-C(ll)-C05) 

CX15)-C(11)-c(16) 
c(U)-C(12)-CX17) 

Cfl2)-c(l3~c(l4) 
C(14)-C(13)-C(18) 
c(13)-C(14)-cx19) 
cxll)-c(15)-c(14) 

c(14bc(15)-C0O) 
P(4)-CX21)-C(26) 
c(21)-c(22Mx3) 
C(23)-C(24)-c(25) 
C(Zl)-C(26)-c(25) 

P(4)-cY27)-C(32) 
C(27)-C(28)-c(29) 
C(29)-c(3O)-c(31) 
c(27)-C(32)-c(31) 

P(4)-c(33)-C(38) 
cx33)-C(34)-Ct35) 
Cf35)-C(36)-c(37) 

124.4 Cp-Rh-P(4) 

94.46t9) Rh-P(lbP(2) 
131.2(4) N2)-PW-cx1) 

96.6(3) C(l)-P(3)-C(2) 
109.0(3) Rh-P(4)-CX27) 

117.2(4) C(21)-P(4)-C(27) 

104.6(4) Cf27)-Pt4)-C(33) 

115.1(5) PWcx1)-c(3) 
119.4(6) Pf2)-CX2)-P(3) 
121.6(7) P(3)-c(2)-c(7) 
109.9(9) cx1bcx3)-c(5) 
lll.l@) c(4bcx3)-C(5) 
106.1(8) Cf5)-Ct3)-c(6) 
112.6(7) C(2bc(7)-C(9) 

110(l) c(8bCX7)-c(9) 

1060) c(9)-cx7x-c(10) 
107.7(8) C(12)-CXllb-Cf16) 
128(l) C(ll)-C(12Kt13) 
124.1(9) C(13)-Cf12)-C(17) 

108.X9) CX12)-Cf13)-c(18) 

124.1(9) cx13)-c(14)-c(15) 
125.6(9) cx15)-C(14)-Cf19) 
108.Of9) C(ll)-CX15)-C(20) 

124.3(9) P(4)-C(21)-c(22) 
123.9f9) CX22)-C(21)-C(26) 
120.7(8) CX22)-C(23)-C(24) 
121(l) CX24)-C(25)-C(26) 

1190) P(4)-c(27)-c(28) 

124.8(6) CX28)-C(27)-C(32) 

120(l) C(28)-C(29)-C(30) 

1200) C(3O)-C(31bC(32) 
122.3(9) P(4)-cx33)-C(34) 
121(l) C(34)-C(33)-Cf38) 
118(l) C(34)-C(35)-c(36) 
119(l) C(36bCX37)-Cf38) 

133.5 

121.20) 
104.7(3) 

102.8(4) 
120.5(3) 
103.6(5) 

100.1(4) 
125.5(5) 

120.8(5) 
117.7(6) 
110.1(8) 

109.9(8) 

1100) 
108.3(9) 

1050) 
115(l) 

1240) 
108.1(9) 
127(l) 

128(l) 
108.2(8) 
126(l) 
127.5(8) 
117.2(6) 

118.8(9) 
121(l) 
119.2(9) 
117(l) 

118.0(9) 
120.7(9) 

119(l) 
119.0(8) 

1200) 
121(2) 
122(2) 

CX33)-C(38)-c(37) ll!X2) 

a Cp is the centroid of the all) to C(15) cyclopentadienyl ring. 

The PA, PB, and PC chemical shifts of the ring atoms 
lie, as expected, within the nortnal range found for 

other TJ~-P,C:BU, complexes of the type [M($- 
P$;Bu,)L,] (M = Fen, Run, Rh’). Likewise, the 
coupling-constants ‘J(PP) and ‘J(PP) within the v5- 
bonded PsC,‘Bu, ring system i12J(PAPB) 39; 2J(PAPC) 
401 Hz) are similar to those observed for [M(n5- 
P,C,‘Bu,XPX,),] (M = Rh, X = Ph (30 Hz); p-tolyl 
(30 Hz); or Me (36 Hz) [3]. 

An unprecedented rhodium(II1) hydride containing 
an $-bonded P,C2tBu2 ring system [RhH(T5-C,Me,)- 
(vi-P3C,‘Bu2)PPhJ (5) was unexpectedly obtained by 
treatment of a mixture of the sodium salts of the 
P3CztBu2- and P2CstBu3- anions with [RhCl,(n5- 
C,Me,)PPh,] in dme at room temperature. The molec- 
ular structure of (5) (Fig. 7) was established by a single 
crystal X-ray diffraction study, and confirmed the pres- 
ence of an n5-bonded C,Me, ring system, a coordi- 

nated triphenylphosphane ligand, and the P3C2tB~2 
ring system bonded in an n1 fashion. The angles around 
the rhodium centre in 5 strongly suggest that the metal 
adopts an approximately octahedral geometry, implying 
the presence of the hydride, which, however, c@d not 
be located. The Rh-P(P;h,) (2.262(3) A), Rh- 
C(C,Me,) (average 2.2516 A) b?nd lengths and the 
Rh-cent(C,Me,) distance (1.896 A) are similar to those 
listed in the compilation of X-ray data by Orpen et al. 
[29] for related rhodium complexes. Typical bond 

TABLE 4. Fractional atomic coordinates (X lo41 and equivalent 

isotropic thermal parameters (AZ X lo31 

Atom x Y z .!J a _” 

P(2) 

P(3) 
P(4) 
C(l) 
C(2) 
C(3) 

C(4) 
C(5) 
C(6) 

C(7) 
c(8) 
c(9) 

c(10) 
Gill) 
C(12) 

C-x13) 
cxl4) 
cx15) 
c(16) 

c(17) 
c(l8) 
C(l9) 
cc201 

CW 
C(22) 
C(23) 
C(24) 
C(25) 

C(26) 
U27) 
‘X28) 
c(29) 
c(30) 
Ct31) 
c(32) 
CC331 
U34) 
c(35) 
Ct36) 
cx37) 
c(38) 

1808.3(7) 
322(2) 

976(2) 
- 2094(3) 

2007(2) 
- 142N8) 

- 629(9) 
- 2407(9) 
- 1939UO) 

-243901) 
- 3852(11) 

- 82500) 
536f12) 

- 1499f16) 

- 1588(13) 
4011(9) 
3333(10) 

2233(9) 
2195(9) 

3300(8) 
533102) 
3898(13) 

132301) 
129202) 
3660(10) 
2559tlO) 

169200) 
2045(11) 
3219(12) 
413Of12) 

3785(10) 

519f9) 
3400) 

- 111OflO) 
- 1769flO) 
- 13OOflO) 

- 166f9) 
3258(9) 
3903(10) 
482402) 
511004) 

448205) 
3527(12) 

2167.2(6) 

4309(2) 
5722(2) 

6609(2) 
1866f2) 
5021(S) 

6898(8) 
4375(9) 

3600(9) 
3472(10) 
5386(11) 

8244(9) 
8348(11) 

925101) 
8484t14) 

125200) 
377(9) 
971(9) 

2214(8) 

2381(8) 
889(15) 

- 1003(11) 
3%(11) 

309800) 
352000) 

123(8) 
- 47Of9) 

- 1756(10) 

-248901) 
- 1971(11) 

- 626(10) 

2640(9) 
3974(9) 
4619(10) 
3953(11) 
2645(10) 

20049) 
2329(9) 
3007(10) 
336Ot13) 
3069f16) 
2421(16) 
2077(12) 

3549.9(5) 
3189f2) 

2355(2) 
2597(2) 

2261(2) 
322Of6) 
2129(6) 
3735(6) 

4627(7) 
3286(7) 
3871(8) 

1508(7) 

1099f8) 
200402) 

79000) 
3878(6) 
4303(6) 
4862(5) 
4783(6) 

4175(6) 
3345(8) 
4265(8) 
5489(7) 
5322(7) 

3962(8) 
2369(6) 
2886(6) 
3015(8) 

2637(8) 
2151(7) 

2009(7) 
1658f6) 
1330(7) 

868(7) 

759f7) 
1076(8) 
1534f7) 
1455(6) 
1625(7) 
1002(10) 

228(10) 

9N9) 
680(7) 

320) 
390) 
46(2) 

W2) 
38(2) 
40(8) 
W8) 
48G9 
55(10) 
7201) 

73(13) 

5tilO) 

8203) 
120(18) 

128(15) 

5600) 
51(9) 

45(8) 
44(8) 
44(8) 
95(15) 
8303) 
73(11) 

7000 
7401) 

48(8) 
50(9) 
65(H) 

7402) 
71(12) 

6000) 
45(9) 
56(9) 
63(10) 
67(11) 
81(11) 

56(9) 
5Of9) 
61(11) 
95(15) 

119(19) 
107(18) 
77(13) 

a U,, is defined as one-third of the trace of the orthogonalised Qj 
tensor. 
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lengths and bond angles for 5 are listed in Table 3, and 
the atomic coordinates in Table 4. 

The r)‘-P3C;Buz ring system is planar and the 
rhodium atom deviates by 0.564 A from the best plane 
containing the P,CztBu, ring. The bond lengths within 
the n1-P3C2’Bu2 ring system show no significant differ- 
ences from those found in some platinum(I1) and palla- 
dim&I) nl-P3CztBu, complexes [7], and are very simi- 
lar to those in @‘-bonded P3C2fBu, ring systems [3-51. 
The C-P (1.712-1.743 A) and the P-P (2.090 A) bond 
distances lie in the range expected for delocalised 
systems [30,31]. 

The retention of the structure of complex 5 in 
solution was fully established by its 31P-{1H} NMR 
spectrum, which exhibits the pattern expected for an 
[AMNXZ] spin system (A, M, N, X, = 31 P, Z = i, 100%; 
Z = io3Rh, Z = i, 100%). The presence of the hydride 
is readily established by the ‘H coupled 31P NMR 
spectrum, since the PN and Px resonances are broader 
in the 31P NMR spectrum (Fig. 8(b)) than in the 
31P-{1H] spectra, (Fig. 8(a)). Unfortunately, the 2.Z(PH) 
coupling constants could not be derived from the 31P 
NMR spectrum. 

q 
Rh’ 

fiPh, 

‘BU / 
‘H 

> 
PN (5) 

AP 

Y 
\PM 

‘Bu 

The ‘H NMR spectroscopic studies, which indepen- 
dently established the presence of a hydride resonance 
(S-10, consists of five lines arising from an [AMXY] 
spin system (A = iH, Z = 3, 100%; M = io3Rh, Z = f, 
100%; X, Y =31P, Z = i, RIO%), subsequently simu- 
lated using the PANIC program (‘.Z(RhH) 41.6 Hz; 
*J(PXH) 20 Hz; 2.Z(PNH) 20 Hz). 

3. Experimental details 

3.1. General procedures 

All reactions were carried out by use of standard 
procedures for manipulation of air-sensitive materials, 
either under dry dinitrogen using standard Schlenk 
tubes, syringe, and/or high-vacuum techniques. Glass- 
ware was flame dried in uacuo, and solvents were 
dried, freshly distilled under dinitrogen, and degassed 
prior to use. 

NMR spectra were recorded on Bruker WP8OSY, 
AC-P250, WM360, or AMX500 spectrometers. Unless 

otherwise indicated, chemical shifts were measured at 
ambient temperatures, and are quoted in ppm with 
positive values to low field of the indicated reference, 
and are corrected with respect to the appropriate deu- 
terium frequency. Coupling constants are quoted in 
Hz. For variable temperature experiments Bruker B- 
VT1000 variable temperature units were used. 

Mass spectra were obtained with Kratos MS25 or 
MS80RF double-focusing mass spectrometers. Carbon, 
hydrogen, and nitrogen analyses were carried out by 
Ms. Mita Pate1 of this laboratory. 

‘BuCP was synthesised from (Me,Si)P=C- 
‘Bu(OSiMe,) and NaOH [32-341. Li(P3C,‘Bu2) and Na 
salts of P2C3’Bu3 and P,C:Bu, anions were made 
from tBuCP [1,2]. The following metal complexes were 
made by published methods: [Rh2C12(n4-COD)21 [35]; 
[Rh2C12(n4-hexa-1,5-diene)21 [35]; [RhCl,($-C,Me& 
(PPh,),l 1361; ]RuCl,($-C,H,)(PPh,)] [37,381; 
[RuC1,(n4-COD)], [39]; and [RuC12(PPh3),l [401. 

3.2. Synthesis of [Rh(q5-P2C31B~3)(774-COD)] (Z) 
A solution of Na(P2C3tBu3) (2 mmol) and 

Na(P,C,‘Bu,) (2 mmol) (dme, 5 ml) was added drop- 
wise to a suspension of [Rh2C12(n4-COD)] (990 mg, 2 
mm00 (dme, 2 ml) and the mixture was stirred for 24 
h. The solvent was removed and the black residue with 
petroleum ether 60-80°C. The extract was chro- 
matographed (Kieselgel/ petroleum ether 60-80°C) 
and the product recrystallised from petroleum ether 
60-80°C to give crystals of (n4-1,5cyclooctadiene)($- 
2,4,5-tri-t-butyl-l,3-diphosphacyclopentadienyl)rho- 
dium(1) (221 mg, 23%). (Found: C, 56.70%; H, 7.91%. 
C,H,,P,Rh requires C, 57.5%; H, 8.1%). 31P-(1H] 
NMR data (101.3 MHz, toluene-d,, 25°C) 6, 95.1 ppm, 
‘.Z(RhP) 10.7 I-Ix. ‘H NMR data (360.1 MHz, toluene- 
d,, 25°C) 61.35 (s, 9H, ‘Bu); 61.42 (s, 18H, 2’Bu); 
61.91-2.10 (m, 8H, 4CH,); 84.73 (bs, 4H, 4CH). 13C- 
{‘H} NMR data (125.3 MHz, benzene-d,, 25°C) 6154.1 
ppm (t, ‘.Z(CP) 69.1 Hz, C4); 8142.6 ppm (m, ‘.Z(CP) 
72.9 Hz, C3); 667.9 ppm (d, J(RhC) 12.6 Hz, C7); 
S37.8 ppm (m, 2.Z(CP) 22.7 Hz, 2.Z(PAPB) 28.6 Hz, C2); 
636.8 ppm (t, 2.Z(CP) 15.6 Hz, C5); 636.4 ppm (t, 3.Z(CP) 
14.3 Hz, Cl>; 636.1 ppm (t, 3Z(CP) 8.3 Hz, C6); 632.6 
ppm (s, C9. 

6 

I 
6-6 

15 
8 8 

9 NC, s43 

7 

/p 7 1: 
yp,1 0 8 8 

1 1 1 

Mass spectrum (FAB) m/z 480 IRhP2C~Bu3CsH,,l+; 
423 [RhP2C;Bu2CsH12]+; 372 [RhP2C3’Bu31+. 
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3.3. Synthesis of [~(q5-P,C~Bu3)(~4-heJradiene)l (2) 
A similar procedure outlined used for [Rh,C12(T4- 

C,H,,),l (880 mg, 2 mmol), Na(P,C,‘Bu,) (2 rnmol), 
and Na(P,CZtBu,) (2 mmol). The yellow product ob- 
tained after chromatography could not be recrystal- 
ized, but it was identified as (n4-l,ShexadieneX$- 
2,4,5-tri-t-butyl-l,3-diphosphacyclopentadienyl)-rhodi- 
urn(I) (300 mg, 16%) on the basis of 31P-(‘H), ‘H, i3C 
NMR and mass spectroscopy. 31P-(1H) NMR data 
(101.3 MHz, benzene-d,, 25°C) 6, 101.0 ppm, J(RhP) 
11.7 Hz. ‘H NMR data (500.1 MHz, toluene-ds, 25°C) 
64.85-4.82 (bm, 2H, H3); 63.73 (dd, 2H, 3J(H2H3> 8.0 
Hz, ‘J(H’H*). 4 Hz, H2); 61.96-1.94 (m, 2H, H4); 
61.77 (dd, 2H, 3J(H’H3) 11.6 Hz, Hi); 61.67-1.65 (m, 
2Hm, H5); 61.38 (s, 18H, 2’Bu); 61.28 (s, 9H, tBu). 

4 4 

13C-{1H) NMR data (125.8 MHz, toluene-d,, 25°C) 
6153.6 ppm (t, ‘J(CP) 72.2 Hz, C4); 6141.2 ppm (m, 
‘J(CP) 73.6 Hz, C3>; 667.9 ppm (d, ‘J(RhC8) 11.6 Hz, 
C*>; 643.5 ppm (d, ‘J(RhC’) 12.4 Hz, C’>; 637.7 ppm 
(t, *J(CP> 22.7 Hz, C*); 636.6 ppm (t, *J(CP) 15.6 Hz, 
C5>; 636.1 ppm (t, 3J(CP) 14.2 Hz, C’); 835.8 ppm (t, 
3J(CP) 8.3 Hz, C6); 633.5 ppm (s, C9). 13C NMR data 
(125.8 MHz, toluene-d,, 25“C) 667.9 ppm (dd, ‘J(RhC) 
1.6 Hz, ‘J(CH) 154.2 Hz, C*); 643.5 ppm (td, ‘J(CH) 
154.9 Hz, C’); 633.5 ppm (t, ‘J(CH) 125.2 Hz, C9). 
Mass spectrum (FAB) m/z 454 [RhP2C:Bu3C6H10]+; 
397 [RhP,C3fBu,C,H,,]+; 372 [RhP2C3’Bu31+. 

3.4. Synthesis of [Ru(~~-P~C,~BU~)(~~~-C~H*~)] (3) 
A solution of Na(P,C,‘Bu,) (2 mmol) and Na(P,C,- 

‘Bu) (2 mmol) (dme, 5 ml) was added at room tempera- 
ture to a suspension of [RuCl,(COD)], (1680 mg, 3 
mmol) (dme, 5 ml). The mixture was stirred for 1 h 
after which the solvent was removed. The black oil was 
dissolved in petroleum ether 60-80°C and the solution 
filtered throught Celite, and subjected to column chro- 
matography (Kieselgel/petroleum ether 60-80°C) to 
yield a yellow oil, which was heated under vacuum to 
100°C for about 1 h, and then washed with ethanol to 
give a sublimable yellow solid (125”C, 0.1 mmHg) shown 
to be ($-cyclooctadienylX~5-2,4,5-tri-t-butyl-1,3-di- 
phosphacyclopentadienyl)ruthenium(II) (420 mg, 21%). 
(Found: C, 58.8%; H, 6.20%. C,H,,P,Ru requires: C, 
59.1%; H, 6.0%). 31P-{1H) NMR data (101.3 MHz, 

CD,CI,, 25’C) 6, 60.4 ppm. ‘H NMR data (500.1 
MHz, CD,Cl,, 25°C) 66.08 (t, 3J(H”Hb) 63 Hz, lH, 
Ha), 64.64 (ddd, 3J(HbHc) 7.7 Hz, 4J(HbH(e)f) 1.3 Hz, 
2H, Hb); 64.48 (m, 3J(HcHf(“)) 3.5 Hz, 2H, H”); 61.92- 
1.87 (m, *J(H”H’) 15.5 Hz, 2H, H” or H’); 61.42 (s, 
18H, ‘Bu); 61.23-1.18 (m, 2H, Hd); 61.13 (s, 9H, ‘Bu); 
61.05-1.02 (m, 2H, H’ or H”). 

Hb HC 

d 

13C-(1H) NMR data (125.8 MHz; C,D,; 25°C) 6131.6 
ppm (m, ‘J(CP) 76.4 Hz, C3); 6129.6 ppm (t, ‘J(Q) 
72.4 HZ, C4); 6105.3 (s, C’>; 678.2 (s, C*); ppm ppm 
644.3 ppm (t, J(CP) 4.7 Hz, C9); 638.2 0, *J(CP> ppm 
22.2 Hz, C*); 636.6 (t, 3J(CP) 14.7 Hz, C’); 635.3 ppm 
ppm (t, 3J(CP> 8.0 Hz, C6); 628.4 ppm (s, Cl’); C5 is 
presumed to lie under the C’ resonance. 

i 
676 

8 9 /k 
7 c3 10 P4P 

8 9 11 

10 

:,\“;;G/,l 

11 1 

13C NMR data (125.8 MHz, C6D6, 25°C) (only the 
most important resonances are given) 6105.3 ppm (d, 
J(CH) 159.6 Hz, C’); 678.2 ppm (d, J(CH) 162.0 Hz, 
C8>; 644.3 ppm (t, J(CH) 145.2 Hz, J(CP) 4.8 Hz, C9>; 
628.4 ppm (t, J(CH) 128.9 Hz, C”); 620.6 ppm (t, 
J(CH) 125.9 Hz, C”). Mass spectrum (ED m/z 478 
[RuP,C,‘BU,C,H,,]+; 421 [RuP’C3fBu2CsH,,]+; 365 
[RuP,C,fBu,C,H,]+; 309 [Ru C’BuCsH,J+; % 169 
[PC2’Bu2]+. 

3.5. Synthesis of [Ru(q5-P,C,‘Bu,)(PPh,C,H4)(PPh,)l 

(4) 

3.5.1. Method A 
To a suspension of [RuCl,(nq-C,H,XPPh,)] (1000 

mg, 2 mmol) (dme, 2 ml) was added a solution of 
Na(P,C,‘Bu,) (2 mm00 and NaIP3C,‘Bu2) (2 mmol) 
(dme, 3 ml). The mixture was stirred for 24 h and the 
solvent then removed to leave a black oil, which was 
extracted with C&Cl,. The extract was subjected to 
column chromatography (Kieselg$l/CH,C1,) to give a 
brown oil, which yielded a yellow solid upon washing 
with petroleum ether 60-80°C. The yellow solid was 
identified as [2-(diphenylphosphano-KP)-phenyl-KC’]- 
(175-3,5-di-t-butyl-1,2,4-triphosph~~clopentadienylXtri- 
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