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The chemistry of the Schiff’s base 2-(3-nitrobenzylidene)benzimidazole (3a), with 
rhodium(I) is described, and the molecular structure of the cationic complex 
[Rh(3a)(4-picoline)(1,5-COD)](CF,SO,) (4b) is reported. The complex has a dis- 
torted square planar geometry with the benzimidazole imine-N coordinated; rele- 
vant bond distances (A) and angles (O ) are: Rh-N(l), 2.100(6), Rh-N(6), 2.095(6), 
Rh-C(16), 2.117(D), Rh-C(17), 2.131(9), Rh-C(ZO), 2.131(9), Rh-C(21), 2.112(9) 
A; N(l)-Rh-N(6), 88-O(2), N(l)-Rh-C(16), 89.5(3), N(l)-Rh-C(l7), 92.6(3), 
N(6)-Rh-C(20), 90.6(3), N(6)-Rh-C(21), 91.7(3) O. 

Ligand 3a reacts with [M(p-Cl)(cyclooctene),l, (M = Rh, Ir) in the presence of 
PPh, to afford rhodium(II1) and iridium(II1) complexes in which the imine C-H 
bond has oxidatively added. This type of addition also takes place with 2-(4methyl- 
benzylidene)benzimidazole and several derivatives are reported. Ligand 3a when 
coordinated to platinum(II) in truns-PtC12(3a)(PhCH=CH2) does not give rise to 
Pt + H-C interactions, in contrast to 2-(3-nitrobenzylidene)3-methylpyridine (2). 
Reasons for this are suggested, and a steric boundary condition is proposed for this 
weak Pt + H-C interaction, the 5- and 6-methyl analogs of 2 being used as models. 
io3Rh NMR data for two rhodium(II1) complexes are reported. 

Introduction 

Our interest in coordinated ligands which contain proximate C-H bonds [l-3] 
has led us to consider a variety of metal complexes derived from 1 and 2. In both of 
these the substituents have C-H bonds that can come close to the metal, and for 
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CHO 

(1) (21 

R =‘aryl moiety 

e.g. 3-NO&H4 

,X 

4' 

(3a : X = 3-~0~; 

3b : X = &CH3) 

these complexes we have established a criterion for recognizing a weak M + H-C 
interaction using a coupling constant to platinum [l--3]. In an extension of this work 
we consider here some rhodium chemistry of the benzimidazole ligand 3, with a 
view to (i) understanding its coordinating capabilities, and (ii) possibly observing 
cyclometallation via oxidative addition of the imine C-H bond. We note that 3, like 
2, contains a substituent imine moiety which might be suitable for weak bonding 
with the metal, and that ligands 1 [4] and 2 [5] readily take part in cyclometallation. 

Results aud discussion 

X-Ray structure of [Xh(3a)(4-pico/ine)(1,5-COD)](CF,SO,) (4b) 

As we were uncertain as to the ligating site(s) in 3 we prepared several simple 
l,Scyclooctadienerhodium(I) complexes 4, containing 3a, and determined the 
molecular structure for one of these, 4b, by X-ray diffraction. Table 1 gives the 
experimental and crystallographic details for the structure, Table 2 the atomic 
coordinates, and Table 3, a selection of bond distances (A) and bond angles (“), 
Fig. 1 presents an ORTEP view for this complex. 

The geometry of the complex is distorted square planar at rhodium with the two 
olefin double bonds, the picoline nitrogen and the imidazole imine nitrogen as the 
ligating centers. The two Rh-N separations Rh-N(B), 2.095(6) A and Rh-N(l), 
2.100(6) A, are not significantly different, and are in agreement with the analogous 
distances found for rhodium complexes of: (a) 2,2’-dibenzimidazolate anions [6]; (b) 
bridging naphthyridine-Zone [7]; (c) bridging 1,8-naphthyridine [US], and (d) brid- 
ing 1Kpyrrole [2,3-61 pyridine [9]. The distances in 4b are interesting in that they 
show that the rather large ligands 3b are able to attach to the metal without 
inducing marked distance changes due to steric effects. The four Rl-C(olefin) 
separations fall in the range 2.112-2.131(g) A, in excellent agreement with the 
values found for [Rh(NH,),(COD)]+, 2.110-2.130 A [lo]; and (Bu,N)[(COD)Rh- 
(p-debi)Rh(COD)] (debi = trianion of 4,5-dicarboxy-2-methylimidazole [ll]), but 
much shorter than the Rh-C separations for the olefin tram to phosphorus in 
RhCl(COD){P(p-FC,H,),) 2.216(6) and 2.234(7) A [12]. The COD olefin C-C 
bond lengths are normal for this type of complex [lo-121, as is the C=N(4) length of 
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Table 1 

Crystallographic parameters and experimental data ’ for the X-ray diffraction study of 4b 

Formula wSF@,N,C,H,, 
Mol. weight 
Crystal dim. (mm) 
Cryst. system 
Space group 

a (A) 

b (A) 

= (A) 

B (“) 
v (Z) 
z 

P Wc) (g cme3) 

B (cm-‘) 
Radiation 

Measd. refl. 
B range (“) 
scan type 
Max. scan speed(” min-‘) 

Scanwidth 
Max. counting time (s) 
Prescan rejection limit 
Prescan acceptance limit 
Bkgd. time 
Horiz. receiving aperture (mm) 

Vert. receiving aperture (mm) 
No. of independent data 
No. of observed data 

(F, > 2.50(Q) 
Rb 

JLC 

719.55 
0.3x0.2x0.2 
Monoclinic 

p2Ja 
15.477(S) 

11.698(4) 

16.891(6) 
93.X3(4) 

3051.3 
4 

1.569 
6.79 

Mo-K, (graphite monochromated 0.71069 A) 

+h, +k, +I 
3.0 Q 8 G 25.0 

Yo.2 
1.20 + 0.35 tall e 
60 

0.6 (1.5~) 
0.02 (50a) 
0.5 X scan time 
2.0+tan e 

4.0 
5810 
2663 

0.060 
0.065 

1.29(l) A in the Schiff’s base moiety. The Rh-N(4) separation is > 3.3 A., thereby 
excluding a bonding interaction between these atoms. The Rh-Co’) distance is 
even longer, > 3.6 A, so that it is clear that this imine function is remote from the 
metal. The question as to which benzimidazole ring nitrogen is coordinated may be 
answered by considering the two C(2)-N distances in combination with the position 
of the Rh atom relative to the plane defiped by the heterocyclic ring. The relatively 
short C(2)-N(1) distance of 1.318(10) A suggests that the imine ring nitrogen is 
coordinated, and this is supported by the essentially in-plane position of the Rh 
atom, in keeping with the expected direction of an Rh-N vector arising from an sp2 
lone-pair on nitrogen. The bong angle N(l)-Rh-N(6) for the monodentate ligands 
is as expected, as are the ca. 160° N-I?h--C angles involving the COD double 
bonds. We note that both heterocylic rings are perpendicular to the plane defined by 
the rhodium and two coordinated nitrogen atoms, thereby reducing steric repulsions 
between the ligands. The distances and angles in both the picoline and benzene 
rings are as expected. In summary, ligand 30 coordinates rhodium(I) via the 
benzimidazole imine nitrogen. Despite the relatively large size of the ligand, the 
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Table 2 

Atomic coordinates for 4b 

Atom x Y Z 

Rh 
N(l) 
N(3) 
C(2) 
c(4) 
c(5) 
c(6) 
C(7) 
C(8) 
c(9) 
N(4) 
C(1') 
c(2') 
c(3') 
C(4') 
c(5') 
C(6') 
C(7') 
N(5) 
o(l) 
O(2) 
N(6) 
C(l0) 
c(11) 
c(12) 
c(l3) 
c(14) 
c(l5) 
'W6) 
c(l7) 
c(18) 
C(19) 
c(20) 
c(21) 
c(22) 
~(23) 
S 

WlS) 
o(2S) 
o(3S) 
F(l) 
F(2) 
F(3) 
CF 

0.0725q4) 
0.14732(40) 
0.18890(43) 
0.12562(45) 
0.33780(60) 
0.39160(58) 
0.36471(62) 
0.28621(57) 
0.23049(53) 
0.25656(44) 
0.04505(41) 

-0.05713(54) 
-0.12193(53) 
-0.19899(57) 
-0.21766(66) 
-0.15253(72) 
-0.07306(65) 
0.02593(59) 

-0.26745(55) 
-0.24115(61) 
-0.33923(51) 
0.03650(41) 

-0.03397(52) 
-O.O5SlO(58) 
0.08757(55) 
0.0659q61) 

-0.00441(50) 
-0.03068(66) 
0.15097(77) 
0.08015(76) 

-0.00178(90) 
-0.06778(87) 
-0.03276(64) 
0.03688(65) 
0.09157(90) 
0.16552(94) 
0.23581(17) 
0.23668(55) 
0.32049(47) 
0.17361(56) 
0.24815(55) 
0.20323(57) 
0.11934(47) 
0.19959(73) 

0.15683(5) 
0.01332(49) 

-0.16663(54) 
-0.09525(68) 
-0.12396(74) 
-0.03471(84) 
0.07880(83) 
0.10601(75) 
0.01622(66) 

-0.09723(65) 
-0.12568(49) 
-0.26879(73) 
-0.1863q73) 
-0.22889(86) 
-0.34348(102) 
-0.42476(89) 
-0.38575(74) 
-0.23231(76) 
-0.14X82(85) 
-0.05294(90) 
-0.17745(96) 
0.16787(52) 
0.11467(76) 
0.11842(74) 
0.22619(86) 
0.22780(99) 
0.17302(77) 
0.17145(101) 
0.18196(93) 
0.11991(87) 
0.17213(109) 
0.21924(131) 
0.2615q73) 
0.33040(71) 
0.38191(87) 
0.31001(98) 
0.53104(20) 
0.41117(55) 
0.58440(67) 
0.59440(62) 
0.48640(86) 
0.65580(73) 
0.51201(78) 
0.5483q106) 

0.21715(3) 
0.25166(38) 
0.27550(38) 
0.24393(43) 
0.33969(48) 
0.36088(60) 
0.34575(56) 
0.30777(55) 
0.28915(45) 
0.30389(44) 
0.21038(39) 
0.16644(51) 
0.14276(47) 
0.10826(49) 
0.098X7(59) 
0.12251(60) 
0.15498(60) 
0.20277(51) 
0.08299(57) 
0.06691(67) 
0.07408(65) 
0.33419(36) 
0.35756(51) 
0.43569(60) 
0.38921(51) 
0.47003(57) 
0.49388(46) 
0.57899(54) 
0.12072(64) 
0.09431(50) 
0.04565(67) 
0.09478(69) 
0.17796(55) 
0.19453(55) 
0.12820(70) 
0.11108(81) 
0.32908(18) 
0.31650(52) 
0.33538(50) 
0.28118(50) 
0.47892(50) 
0.44987(61) 
0.43376(63) 
0.42801(81) 

Rh-N separation is normal. There is no evidence for weak coordinati,n of a fifth 
ligand atom and the imine C-H bond is remote from the metal (> 4 A). There are 
no unexpected structural cis- and/or frans-influences. 



371 

Table 3 

Selected bond lenghts (A) and torsion angles (“) for compound 4b 

Rh-N(1) 2.100(6) 

Rb-N(6) 2.095(6) 

Rb-C(16) 2.117(11) 

Rh-c(17) 2.131(9) 

Rb-C(20) 2.131(9) 

Rh-C(21) 2.112(9) 

N(lW(2) 1.32(l) 

NW-C(8) l-40(1) 

w-C(2) 1.37(l) 

N(3)-C(9) 1.39(l) 

w4)-C(2) l-376(9) 

Nt4HX7’) 1.2911) 

c(8)-C(9) 1.40(l) 

cx4Hx9) 1.39(l) 

C(4)-C(5) 1.37(l) 

WW(6) 1.41(l) 

C(6)-C(7) 1.37(l) 

c(7)-C(8) 1.38(l) 

C(l’)-C(7’) 1.45(l) 

c(W-c(17) l-36(2) 

c(2)-C(21) 1.36(l) 

(C-C) o*b l-39(2) 

(C-C) e 1.36(l) 

c-s 1.80(l) 

(C-F) a 1.320(S) 

(S-O) = 1.43(l) 

Rh-N(l)-C(2) 

Rh-N(l)-C(8) 

N(l)-Rh-N(6) 

N(l)-Rh-C(16) 

N(l)-Rh-C(17) 

N(6)-Rh-C(20) 

N(6)-Rh-C(21) 

N(l)_‘W-N(3) 

WkC(2)-N(4) 

N(lHx8)-Cx9) 

N(3)-C(2)-N(4) 
N(3)-C(9)-C(8) 
N(4)-C(7’)-CQ’) 

C(2)-NU)-C<8) 
C(2)-N(3)-C(9) 

C(2)-N(4)-C(7’) 
(C-S-O) o 

(S-C-F) a 

Rh-N(l)-C(2)-N(4) d 

Rh-N(l)-C(X)-C(7) 

N(l)-C(2)-N(4)-C(7’) 

C(2)-N(4)-C(7’)-C(1’) 

N(S)-C(7’)-C(l’)-C(2’) 
N(l)-Rh-N(6)-C(10) 

N(l)-Rh-C(16)-C(17) 

127.6(3) 

125.5(3) 

88.0(2) 

89.5(3) 

92.6(3) 

90.6(3) 

91.7(3) 

111.9(5) 

120.3(5) 

107.q6) 

127.7(4) 

107.0(6) 

121.0(6) 

106.9(5) 
106.q6) 

118.9(5) 

103.5(1.3) 

111.7(1.2) 

-0.6 

-5.2 

179.2 
- 178.7 

-4.0 
86.4 

- 85.9 

a Av. bond length; e.s.d’s given by (I = ' Refers to the aromatic C-C bonds (C(4) to 

c(9), C(1’) to c(6’)). ’ Refers to the pyridine ring. ’ E.s.d’s on torsion angles in the range 0.9-1.4O. 

Fig. 1. ORTEP plot of 4b. 
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[Rh(ti-Cl)(COD)12 + 2(3a) __(, 2(4a) 

4a + N 
CH3 - 4b 

AgKF3S03) 

4a + P FI3 _____, 4c 

AgKF3S031 

(3a) 
/ 

(COD)Rh 

'L 

L 

4 L = 4a, 

4b, 

4c, 

lo3Rh NMR 

L= PPh 
3 

Cl 

CF3S03 salt 

P(- 0 -F)3, CF3SO3 salt. 0 

950 ppm 

(11 

(2) 

(3) 

Fig. 2. ‘osRh INEPT NMR spectrum of 5a. The triplet structure stems from coupling to the two 
equivalent 31P spins while the out-of-phase doublet arises from the Rh-H spin-spin interaction. 
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Rh and Ir complexes of 3 
The Rh’ complexes 4 were readily prepared by standard methods, as shown in 

equations l-3. 
The Rhnr complexes derived from 34 as well as those of the 4-CH, benzylidene 

analog 3b, arise as shown in eq. 4. 

These and the remaining compounds were characterized by ‘H and 31P NMR 
spectroscopy in combination with elemental analyses and these data are shown in 
Tables 4-6. The complexes 6 have a cis orientation of the ligands L’, whereas those 
for 5 contain a tram geometry for these phosphorus compounds, as shown by 
“P{‘H} NMR measurements. Complex 5h arises from 5a plus (NH,)PF, and 
CH,CN. 

The derivatives 5 and 6 are readily prepared by the method used for the synthesis 
of Rhm and Ir”’ analogs of 2 [5]. Moreover, Vrieze and co-workers [13] have 

~~(~-C~)(cyclooctene)~~~ t 2(3a or 3b) + 4~’ 

.N 

I 
L2- M 

Lad I 
N 

I THF , 
5% 5c, 5d, 6a, 6b 

II 

(41 

N 

II 
C 

cl 0 

CH3 

M X L’ L2 (6a : C = P(OPh)3 ; 

5a Rh 3-NO2 PPh3 Cl 6b : L’ = $diphos ) 

Sb Rh 3-NO2 PPh3 CH3CN(PF6 salt) 

SC Rh 4-CH3 PPh3 Cl 

5d Ir 4-CH3 PPh3 Cl 
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Table 4 

Microanalytical data 

Complex Analysis (Found (calcd.) (I%)) 

C w N 

38 

4a 

4b 

5a 

5b 

5c 

5d 

601 

63.26 
(63.15) 
51.56 

(51.53) 
48.23 

(48.41) 
63.94 

(64.63) 
58.00 

(57.84) 
67.96 

(68.20) 
61.67 

(62.02) 
56.46 

(56.53) 

3.83 
(3.79) 
4.39 

(4.32) 

(E) 
4.26 

(4.34) 
4.17 

(4.01) 
4.68 

(4.83) 
4.40 

(4.39) 
3.48 

(4.00) 

21.22 
(21.04) 
11.18 

(10.93) 
10.08 
(9.73) 

5.98 
(6.03) 
6.47 

(6.48) 
4.74 

(4.68) 
4.40 

(4.26) 
3.70 

(3.88) 

observed similar imine chemistry, so that this type of oxidative addition to yield a 
five membered metallocycle seems to have some generality. 

By and large, the NMR spectra of 4-6 gave fairly routine data, but there is one 
point worthy of note. We determined the lo3Rh chemical shift using INEPT [14] 

Table 5 

’ H NMR data a for selected compounds 

Compound H(2’) H(4’) H(5’) H(6’) H(7’) Hydride Comments 

3a 8.89 8.39 7.70 
4a 8.71 8.31 7.61 
4b 9.53 b 7.82 

4c 9.27 8.65 8.10 
!5a 8.30 7.92 b 

5b 

3b 

!k 

5d 7.32 6.71 

6a 

4b 

8.22 

H(2’. 6’) 
7.89 
7.29 

7.96 b 

H(3’, 5’) 
7.30 
6.72 

8.24 9.61 
8.27 10.19 
b 9.55 

8.56 9.34 
7.78 - 12.73 

7.80 - 13.12 

H(7’) 
9.56 

- 12.70 

- 16.46 

- 11.20 

- 17.35 

CH,, 2.27 

‘J(Rh,H) 16.0 Hz 
‘J(P,H) 12.0 Hz 

‘J(Rh,H) 18.1 Hz 
*J(P,H) 11.8 Hz 

CH,, 2.44 
‘J(Rh,H) 14.6 Hz 
‘J(P,H) 11.0 Hz 
CH,, 2.32 
2J(P,H) 15.1 Hz 
CH,, 2.34 
2J(P,H) 21.3 Hz 
2J(P,H) 23.1 Hz 
CH,, 2.37 
2J(P,H) 19.5 Hz 
CH,, 2.36 

n CDCl, solutions at room temperature+ shifts in ppm, coupling constants in Hz. b Not assigned. 
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Table 6 

3’P NMR data * for the complexes 

Complex 

4c 
!k 
!sbb 
5c 

5d 
6a 

6b 

3’P 

28.53 
31.35 
34.% 
32.13 
4.98 

94.28; J(P,P) 34 Hz 
91.55 

18.41; J(P,P) 14 Hz 

13.93 

‘J(RhP) (Hz) 

155 
111 
108 
114 

methods for 5a and its P(CFGH,), analog, S 984.3 and 996.7 ppm (rel. to 3.16 
MHz), respectively, see Fig. 2; the signals fall ca. 160 ppm to lower field than those 
for comparable complexes arising from hgand 2 [15]. There are relatively few lo3Rh 
NMR data for hydride complexes [16]. 

Pt chemistry of 3a 
Having shown that 3a can coordinate via the ring imine nitrogen and that the 

substituent imine C-H is susceptible to oxidative addition to both Rh and Ir 
complexes, we return to simple platinum derivatives of type 7 in order to consider 
possible Pt + H-C bonding. 

We first make two interesting negative points: (a) we observe no J(Pt,H) value to 
the imine proton in 7 (though for 8h this value is 8 Hz), and (b) the benzimidazole 
3a does not cleave the Cl bridge in the complexes [Pt(p-Cl)ClL], (L = AsEt,, 
PMe,Ph whereas the pyridine-imine 2 does react to afford the expected trans- 
PtCl 2 L(2) complex. 

The second observation contributes to our general knowledge of 3a and suggests 
that this ligand is of only relatively modest strength (although both 2 and 3 afford 8 
and 7, respectively, from K[PtCl,(PhCH=CH,)]). 

C,dPt ” I 
Q 0 

NO2 

a CH3 

i. .-Cl”\\ 

Cl4 / Q 0 
L N02 

(8”)“&“(7”) 

(9”)H-Ph 

(7) ( Ba : L = PEt3 : 

8b : L = PhCH =CH2 ) 
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The first point is more interesting in connection with our study of weak 
M+H-C interactions [l-3] and prompts the question of why there is no coupling 
in 7. We suggest that the answer is partly revealed by the molecular structure of 4b. 
In contrast to irans_PtCl,(AsEt,)(2) (R = mesityl), who!e molecular structure re- 
veals a relatively short Pt + H-C=N distance of ca. 2.4 A [2], in 4b the distance is 
much longer. It would seem that the imine substituent of the benzimidazole prefers 
to remain distant from the metal. A closer look at 2 and 3 (and even 1) suggests that 
the imine function of 2 cannot escape the coordination sphere as readily (should it 
wish to do so) owing to the presence of the 3-CH, pyridine substituent; i.e., rapid 
rotation around C(2)-N(imine) is restricted. In 1, the bicyclic structure prevents the 
escape of the CHO-function; however, for 3, rotation about the exocyclic 
C(2)-N(imine) bond can relieve steric strain. We sought molecules to test this 
structure/steric effects hypothesis, and found the complexes 9a--9c to be useful 
models in this context. In 9a, J(Pt,H) 10.0 Hz, the presence of the 3-CH, 
substituent prevents the imine C-H from completely escaping from the coordina- 
tion sphere. Moving the methyl to the Sposition, 9b, allows the imine function more 
freedom and the result is a fall in J(Pt,H) to 4.4 Hz. For the more sterically 
hindered 6-CH, complex, 9e, we observe no coupling constant to the imine proton, 
and take this to mean that the imine moiety spends even more time remote from the 
metal. A summary of the pertinent ‘H data is shown in Table 7. We note two 
further spectroscopic points for 9: (a) the imine proton chemical shift is responsive 
to the position of the CH, group (our previous studies [l] suggested a high 
frequency shift to be associated with a weak C-H --, M interaction), and (b) there is 
a 4J(Pt,CH,) value of 9.5 Hz to the pyridine methyl in 9c. There are precedents for 
such couplings [17]. 

In summary .our results for this benzimidazole ligand, taken together with those 
for 9, help to define geographic criteria for a weak Pt + H-C interaction, whereas 
our Rh and Ir chemistry extends the cyclometallation and oxidative addition 
chemistry of imine functions. It is useful to recognize that a weak M+ H-C 
interaction is not a necessary ground state condition for cyclometallation. 

‘H, i3C and 31P NMR spectra were recorded on a Bruker WM-250 MHz 
spectrometer. The lo3Rh INEPT spectrum was recorded on an AM-250 Bruker 

tram-PtC12(AsPri3)L 

L= 

(9a: 3-CH3; 

b: S-CH3: 

c: 6-CH3) 
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Table 7 

‘H NMR data a for complexes 9 

Complex 

9a 

9b 

!k 

SH(7’) AS b SCH, AS b 

9.48 +0.30 2.30 -0.19 
(10.0) 

9.06 - 0.21 2.39 + 0.01 
(4.4) 
8.74 - 0.41 3.26 +0.74 

(9.5) 

a CDCl, solutions at room temperature. Coupling constants to 195Pt in parentheses. b AS f (6 complex) 
-(S @and). 

spectrometer in FGllanden, Switzerland. Microanalyses were performed by the 
microanalytical laboratory of the ETH Ztirich. 

Preparation of 3a A suspension of 2aminobenzimidazole (6.4 g, 48 mmol) and 
3nitrobenzaldehyde (7.3 g, 48 mmol) in 100 ml toluene was heated under reflux for 
20 h with continuous distillation of the water produced. The solid was filtered off 
and dried in vacuum to afforJl2.5 g (98%) of the product. 

Preparation of 4~. [Rh(p-Cl)(1,5-COD)], (500 mg, 1.01 nunol) was treated with 
3a (540 mg, 2.03 mmol) in 20 ml CH,Cl, and the solution stirred for 2 h. The 
product that separated was filtered off and dried in vacuum to give 1.02 g (98%) of 
4a. 

Preparation of 46. Complex 4a (120 mg, 0.230 mmol) in 20 ml acetone was 
treated with Ag(CF,SO,) (60.2 mg, 0.230 mmol). Stirring for 10 min was followed 
by filtration and injection of 100 ~1 of 4-picoline (= 4methylpyridine). Stirring for 
1 h was followed by removal of the solvent in vacuum. The resulting material was 
recrystallized from CH,Cl,/hexane to afford 145 mg (87%) of orange crystals, one 
of which was suitable for X-ray analysis. 

Preparation of 4c. This complex was prepared as described above for 4b. From 
4a (80 mg, 0.16 mrnol), Ag(CF,SO,) (41 mg, 0.16 mmol) and P(CFC,H,), (51 mg, 
0.16 nunol), 123 mg (81%) of product were obtained. 

Preparation of Sa. [Rh(&l)(cyclooctene),l, (130 mg, 0.18 mmol) in 30 ml 
THF was treated first with solid 3a (97 mg, 0.36 mmol) and then with solid PPh, 
(191 mg, 0.73 mmol). The resulting suspension was refluxed for 1 h after which 
hexane was added to induce precipitation of the product. This was recrystallized 
from CH,Cl 2/ hexane, 280 mg (84%). 

Preparation of 5b. Complex 5a (200 mg, 0.22 mmol) was treated with a solution 
of NH,PF, (160 mg, 0.98 mmol) in 2 ml CH,CN, and 20 ml methanol then added. 
Stirring for 2 h was followed by removal of the solvent in vacuum. The residue was 
dissolved in a minimum of CH,Cl, the solution filtered, and the product precipi- 
tated with hexane. After filtration and drying 195 mg (82%) of product was 
obtained. 

Ligand 3b was prepared in 98% yield as given for 3a. 
Complex 5c was prepared in 82% yield as described above for 5a, as were Sd, 6a 

and 6b: from [Ir(p-Cl)(cyclooctene),] (10, 130 mg, 0.15 mmol), 3b (68 mg, 0.29 
mmol) and PPh, (152 mg, 0.58 mmol) was obtained 237 mg (83%) of 5d as yellow 
crystals. From 10 (90 mg, 0.10 mmol), 3b (47 mg, 0.20 mmol), and P(OPh), (124 
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