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Abstract 

Bridge splitting reactions of [MLC$ (M= Rh, Ir; L= COD, NBD; L=CO) with bis-iminophos- 
phoranylmethanes CH1(PPh,=NR)2 (bipm, I) lead to Rh(1) and Ir(I) complexes with N,N’ as well as 
N,C bidentate coordinated bipm: [M&{(4-R’-CeH4-N=PPh2)2CH2)1+X- (II) and [ML{(4-R’- 
C,H,-NH-PPh,)CH(PPh,=N-C,H,R’+}] +X- (III; R’ = CH,, NOz, OCH,; X = Cl, MCI&, BF,, PF,). 
The ratio II:111 depends on the metal, the bipm ligand I, the solvent and the presence of silver(I) 
or sodium salts. In the NC coordinated bipm, a tautomeric 1,3-H shift from carbon to the pen- 
dant nitrogen atom has taken place. The X-ray crystal structure of [Rh{(4-CHr 
C,H,-N=PPh,),CH3(COD)]PF, has been solved. Space group K&/c, monoclinic, a =21.832(g), 
b=22.349(6), c= 12.001(6) A, p’100.28(3)‘, Z=4. Rcfincmcnt of 4071 observed reflections converged 

to R = 0.087. The structure comprises a distorted square planar Rh(1) environment where the coordination 
positions are taken by COD and the two nitrogen atoms of the bipm ligand. The six-membered 
Rh-N=P-C-P=N-Rh metallacycle has a distorted boat conformation. Synthesis and spectroscopic 
data of the pure complexes II and III are described. The formation of the complexes and the influence 
of the reaction parameters on the ratio 1I:III are discussed. 

Introduction 

The bridge splitting reactions of the binuclear 
complexes [MI-.&l], (M= Rh, Ir; L= COD, NBD; 
L = CO) with potential N AN bidentate coordinating 
ligands, i.e. for example diazabutadiene [l], 2,2’- 
bipyridine [2], l,lO-phenanthroline [2, 31, pyridine- 
2-carboxaldehyde-N-imines [4], etc. [S],yield different 
products depending on the metal to ligand ratio, 
the coligands I.Q and the ster-ic and electronic prop- 
erties of the N AN ligand. When the metal compound 
and ligand are applied in a 2:l stoichiometty the 
ionic product [ML(NA N)][MI&l,] (A) is usually 
formed. However with diazabutadiene a binuclear 
species was shown to exist (B) [la, d, fl. 

*Author to whom correspondence should be addressed. 

Upon reaction of the metal and the ligand in a 
ratio 1:l both five coordinate [MI&I(NA N)] (C) 
and four coordinate ionic complex [ML(N A N)]Cl 

(I’) may be formed. Crystalline solids of 
[ML,(N A N)]+X- can often be obtained by exchange 
of chloride with bulky anions X- such as Clog-, 
PF,- or BPh4-. This type of complex can also be 
obtained in the reaction of the dimer [Ml&ij, with 
the appropriate silver salts and subsequent addition 
uf the NAN ligand. 

There is a current appreciation of the synthesis 
and chemistry of complexes of late transition metals 
which contain an iminophosphorane group, since this 
combination of a reactive metal species and a po- 
larized ligand has been shown to give rise to in- 
teresting chemistry [6]. The bis(iminophosphoranyl)- 
methane ligand CHs(PRs=NR’)s may react with 
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transition metal compounds to give complexes similar 
to the ones mentioned above for N A N ligands, i.e. 
a-N,u-N’ bidentate coordination. However, as a result 
of *#la ,.nml\;rr”t;fil. -F 0 ..fi,n..:,,rl ,:,.,,rl “,A __ LLLcl ~“‘I‘“III(LLI”II “I a ~“la‘mti” ,,~;a‘,” La,,” ‘au 
electron-rich metal centre, also other reactions such 
as C-H activation or a metal-induced hydrogen shift 
may occur, giving rise to, for example, a a-N,a-C 
coordinated bis(iminophosphoranyl)methanide li- 
gand. 

In a preliminary communication it has been shown 
[6] that in the reaction of [RhL,Cl], (L=CO, 
b = COD) with the potential bidentate coordinating 
bis(i.m_inonhosnhoranvl~m~thRTle lirrnnd CH2(PPh2= T_‘--T‘_-_-__,_,____ _______ --D----- 
N-p-tolyl), (Ia) not only the expected a-N,o;N’ 
coordination mode is found (II), but also a complex 
in which the ligand has adopted a a-N,a-C coor- 
dination mode (III). This alternative coordination 
mode is a resuit of the abiiity of one of the methyiene 
protons of CH2(PPh2=NR’)2 to migrate to either 
of the terminal N atoms [7]. In this way the formation 
of a Rh to C(sp’) bond that is stabilized by internal 
coordination of an iminophosphorane group has been 
achieved. 

R l+ 

I I 

X- 

[ML&l], (M = Rh, Ir; L = COD, NBD; L = CO) with 
CH2(PPh2=N-CsH4-R’-4)2 (Ia: R’ = CH,; Ib: R’ = 
OCHJ; Ic: R’ = NO*) to give the new organo-rhodium 
and -iridium complexes in which the ligand can be 
coordinated in either a a-N,cr-N’ (II) or a a-N,(+-C 
(III) chelating mode. The u-N,a-C coordination mode 
has been published in a preliminary communication 
[6] and the u-N,u-N’ coordination mode of Ia, as 
established by means of an X-ray structure deter- 
mination of [RhCp-tolyl-N=PPh&CH3(COD)] .PF6, 
will be presented here. Moreover, the influence of 
the ratio of reactants, the type of complex [ML#& 

the coligands L, the ligand I and the reaction con- 
ditions on the product formation will be discussed. 

Experimental 

All reactions were performed in an atmosphere 
of purified nitrogen, using standard Schlenk tech- 
niques. The solvents were carefully dried and dis- 
tilled prior to use. [Rh(COD)Cl], [7], [Rh(NBD)CI], 
PI, PWCOWU~ [9], [WOW% [lOI and 
the bis(iminophosphoranyl)methanes CH2(PPh2= 

- i-- N-C&-R’j2 Qa: i<; =C--i,; ib: R; =ucH3; ic: 

R’ =N02) [7, 111 were synthesized by literature 
procedures. ‘H NMR spectra were obtained on Bru- 
ker WM250 and AC100 spectrometers. 31P NMR 
spectra were recorded on Bruker AC100 and WP80 
spectrometers. ‘“F NMR spectra were obtained on 
a Bruker AC100 spectrometer. Chemical shift values 
are in ppm relative to Me,Si for ‘H NMR spectra, 
to 85% H3P04 for 31P NMR spectra and to CFC13 
for 19F NMR spectra, adopting the sign convention 
that shifts to high frequency are positive. IR spectra 
(KBr pellets) were recorded with a Perkin-Elmer 
283 spectrophotometer. Field desorption (FD) mass 
spectra were obtained on a Varian MAT711 double 
focussing mass spectrometer and were performed by 
the Institute for Mass Spectroscopy of the University 
of Amsterdam. Elemental analyses were carried out 
by the section Elemental Analysis of the Institute 
for Applied Chemistry, ITC/TNO, Zeist, The Neth- 
erlands. 

Reaction of [ML,CI], with 
CH,(PPh, =N-C,H,-R’-4), (la-c) 

Method I, general procedure 
To a solution of c. 200 mg [ML&l], in 10 ml 

CHIC& or benzene a solution of exactly 2 molar 
equivalents of I (i.e. M:I= 1:l) in 10 ml CH2C12 or 
benzene was added at room temperature. After 
stirring for 2 h at room temperature the mixture 
was filtered and the volume was reduced to c. 20%. 
After addition of diethyl ether the precipitate was 
filtered off and washed twice with c. 5 ml diethyl 
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ether. The residue contained II and III. The filtrate 
contained I and small quantities of II and III. 

Method 2: reaction in the presence of sodium 
salts 
A solution of c. 150 mg [ML&I], and 10 equivalents 

NaX (X=PF,, CF$OO, BF,) in 10 ml CHzClz was 
stirred for 30 min at room temperature. Subsequently 
2 equivalents of I in 8 ml CHzClz were added and 
the mixture was stirred for 2 h at room temperature. 
After filtration the solvent was removed in vacua 
giving II and III in 80-90% yield. 

Method 3: reaction in the presence of silver salts 
To a solution of c. 150 mg [RhI&l], (L,=COD, 

NBD) in 10 ml CHzCIz two equivalents of AgX (X = 
BF4, PFzO,) were added at room temperature. After 
stirrinu fnr 311 min the g_&ure w;l!: filtered a_nd_ 2 i___ ____ D _-_ __ -----_ __-- 

equivalents of Ia in 8 ml CHzClz were added. After 
20 min the solvent was evaporated in vacua. The 
residue was washed with diethyl ether and dried in 
‘uacuo giving III in 95% yield. 

[Rh(COD)(C3gHJ6NZP2)]X (II, III: M=Rh, 
L2 = COD, R’ = CH,) 
X=Cl or [Rh(COD)Cl,], synthesis method 1: 

ri.rah/rnnwi i _ 7.7 NA.~‘.“\bVU,b’2, - J.L. 1~ /f-m ~1~). 4 05 n-m \bUZb’2). . YY”’ 
(=[Rh(COD)Cl,]). FD mass found m/z=805, 804 
(M+, (M-H)+ respectively. Anal. Found: C, 64.48; 
H, 5.60; N, 3.18. Calc. for C4,H4aN2P2Rh.C1: 
C4,H4aN2P2Rh. CsH&lzRh = 3:1, C, 64.15; H, 5.60; 
N, 2.98%. Crystals of [Rh(p-tolyl-N=PPhz-CH- 
PPh,NH-p-tolyl)(COD)][Rh(COD)Cl,] (III, M= 
Rh, L = COD, R’ = CHS, X = [Rh(COD)Cl,]) suit- 
able for X-ray structure determination were obtained 
by slow evaporation of a solution of II and III in 
a CH,Cl,/hexane (1:l) mixture [6a]. 

X= PF6, synthesis method 2: 31P (CDzCl,): - 141.9 
(septet; ‘J(P,F) = 713 Hz; PF6); 19F (CDCI,): -72.7 
(d, ‘J(P,F) = 713 Hz; PF,). FD mass found: m/z = 805 
(M+). Crystals of [Rh{(p-tolyl-N=PPh&CHz}- 
(COD)]PFs (II, M =Rh, L=COD, R’=CHJ, 
X = PF,) suitable for X-ray structure determination 
were obtained by slow evaporation of a solution of 
II in a mixture of CsH&H2C1z (1O:l) at room 
temperature. The orange crystals contained according 
to ‘H NMR, elemental analysis and X-ray structure 
determination, i.5 equivaient CnHs. Anal. Found: C, 
64.92; H, 5.78; N, 2.54. Calc. for 
C47H48F6NZP3Rh. 1.5&H,: C, 64.80; H, 5.54; N, 
2.70%. 

X = PFzOz, synthesis method 3: “P (CD&): - 13.4 
(t, ‘J(P,F) = 958 Hz; PF202). Anal. Found: C, 62.30; 
H, 5.42; N, 3.10; P, 9.47. Calc. for C47H48F2N202P3Rh: 
C, 62.26; H, 5.34; N, 3.09; P, 10.25%. 

[Rh(NBD)(C,,H,,N,P,)]X (II: M=Rh, 
L2=NBD, R’=CH,) 
X=BF,, synthesis method 3: FD mass found 789 

(M+). Anal. Found: C, 63.20; H, 5.20; N, 3.21. Calc. 
for C46H44BF4N2P2Rh: C, 63.03; H, 5.06; N, 3.20%. 

[Rh(CO)I(Cj9H36N,P,)]X (II+III: M=Rh, 
L=CO, R’=CH,) 

X = Cl/[Rh(CO),Clz, synthesis method 1: 
C1:[Rh(C0)zC12=7:1. FD mass found ([M-H]+). 
Anal. Found: C, 60.90; H, 4.80; N, 3.37; 0, 4.08. 
Calc. for C4iHJ6NZ02P2Rh * Cl:C4aH44BF4NzP2Rh * 
C$&OzRh = 7:l: C, 60.91; H, 4.46; N, 3.44; 0,4.43%. 

[Ir(COD) (CJ9HJ6N2P2) JX (II+ III: M = Ir, 
L2 = COD, R’ = CH,) 
X= CF$ZOO, synthesis method 2: 19F (tol-d8): 

-74.7 ppm_ If’F.(TX-l\ Ann1 &g~fi& C, 57.92; H, \-- )_...--,. a.,.--. 

4.79; N, 2.88; P, 6.02. Calc. for C49H48F31rN202P2: 
C, 58.38; H, 4.80; N, 2.78; P, 6.15%. 

X = PF6, synthesis method 2: 31P(CDC13): - 144.2 
(sept, ‘J(P,F) = 713 Hz; PF6). Anal. Found: C, 54.25; 
H, 4.66; N, 2.69; P, 9.71. Calc. for C47H48FhIrNZP3: 
C, 54.28; H, 4.65; N, 2.69; P, 8.93%. 

[Ir(COD)(C,,H,,N,O,P,)]X (II+III: M=Ir, 
L2 = CGD, R, = OCHJ 

X= Cl/[Ir(COD)Cl,], synthesis method 1: 
Cl:[Ir(COD)Clz] =3:1. Anal. Found: C, 55.89; H, 
4.86; N, 2.97; P, 6.07. Calc. for C4,H81rN202P2.C1: 
C4,HJrN202PZ~ CaH&lzIr = 3:l: C, 56.24; H, 4.91; 
N, 2.68; P, 5.92%. 

NMR experiments 
Mixtures of c. 0.03 mmol [ML&l], and 0.06 mmol 

Ia, Ib or Ic were dissolved in 0.4 ml CD&& or C,D,. 
Subsequently the reaction was monitored by taking 
31D hTh,tD r..a,.+.... ,.F *I.- ..,“a+:,., . . ..vt..rm Thn ,a-_ ‘ 1*1*11\ qJc;LL’a “I L11ti ‘bL1LII”II IIILALU‘ti. lllr uy- 

proximate product ratio was determined by inte- 
gration of the corresponding signals. Exact deter- 
mination of this product ratio was precluded because 
of integration errors due to the broadening of the 
signals which was a result of several exchange re- 
actions. A summary of the results is listed in Table 
1. 

Crystal structure detenninaiion of 
[Rh((4-CH,-C,H,N=PPh~),CH,)(COD)]PF, (I4 
M=Rh, L,=COD, R’=CH,) 

A crystal with approximate dimensions 
0.15 X0.15 X0.30 mm was used for data collection 
on an Enraf-Nonius CAD-4 diffractometer employing 
graphite-monochromated MO Ka radiation. 10 338 
intensities (l.l< 0<25”) were measured within the 
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TABLE 1. Reaction parameters and product ratio II:IIW of the reaction between [ML$l], and 
CH2(PPhZ=N-Cn&-R’-4)2 (Is-c) 

M 

Rh 
Rh 
Rh 
Rh 
Rh 
Rh 
Rh 
Rh 
Rh 
Rh 
Rh 
Rh 
Rh 
Rh 
Rh 
Rh 
Rh 
Rh 
Rh 
Rh 
Ir 
Ir 
Ir 
!r 
Ir 
Ir 
Ir 
Ir 
Ir 
Ir 
Ir 

Lzb R’ 

COD CH, 
COD CH3 
COD CHX 
COD CH, 
COD ‘& 
COD CH, 
COD CH3 
COD CH, 
COD CH3 
COD CH3 
COD CH3 
COD CH, 
COD OCH, 
COD NO2 
NBD CH3 
NBD CH, 
NBD CH3 

(CO)2 CH3 

(CO)2 CH3 

(CO)2 CH3 
COD CH3 
COD CH, 
COD CH3 
COD rFT_ 
COD :H: 
COD CH3 
COD CH3 
COD CHr 
COD CH, 
COD 0CH3 
COD NO2 

M:In 

1:l 
1:l 
l:! 
1:l 
1:l 
1:l 
1:o.s 
1:l 
1:l 
1:l 
1:l 
1:l 
1:l 
1:l 
1:l 
1:l 
1:l 
1:l 
1:l 
1:l 
1:l 
1:l 
1:l 
Ll.5 
1:2.3 
1:4 
1:l 
1:l 
1:l 
1:l 
1:l 

Solvent’ 

bz 
bz 
bz 
bz 
die 
thf 
bz 
bz 
die 
die 
die 
die 
bz 
chl 
die 
die 
die 
die 
die 
die 
bz 
die 
die 
riir _._ 

die 
die 
die 
die 
die 
die 
thf 

t (hjd 

0.25 
2 
48 
120 
2 
2 
2 
2 
2 
2 
0.1’ 
1’ 
2 
16 
2 
3 
1’ 
2 
3 
2 
0.3 
0.3 
16 
0.3 

0.3 
0.3 
0.3 
0.5 
0.5 
0.3 
0.3 

Additives 

Et3Nh 
NaBF, 
NaPF6 
AgBF, 
AgPFzOz 

NaPF, 
AgBF4 

Et,N” 
NaPF6 

Et,Nh 
NaPF6 
Na0rCCF3 

1I:III:I’ 

1:1.9:1.7 
1:1.8:1.7 
1.1 A.1 <f I.l.7.l.J 
l:l.O:lSB 
1:1.5:1.6 
1:3.4:2.1 
1:5.1:0.9 
1:2.1:0.7 
l:l.O:- 
1:4.0:- 
l:-:- 
1:6.0:- 
1:1.0:0.9 
-:-:l 
1:0.2:- 
l:-:- 
l:-:- 
15:O.l 
1:3:- 
1:0.9:- 
1:17:- 
1:8.5:- 
1:1.4:-J 
!:5:- 

1:1.3:0.5 
l:j:O.8 
l:l:- 
l:l:- 
1:0.2:- 
1:1.7:0.3 
-:-:1 

“Product ratios were determined by integration of the 31P NMR signals; the product ratio values given in this Table 
represent equilibrium values, which has been checked by taking a ‘rP NMR spectrum after c. 24 h. Obsetved differences 
1^ . . ..1.._^ ^_^ -..:-1.. ^ __^..l. _c .J___--_“:r:-- -^..,.*:,.-” J :~r..~_..r:~.. ^__^_^ / ,cfx\ A..- l ̂  II-^ L-,...rl^^:-^ ,.c tL., 11, YI,“e> ale mauuy a IG;s”LL “I uGc”rnP”alrl”‘r Ic;Sl~LI”IIs anu ulrGglarl”r, Gill”13 [ .JxJ,, ““0 L” LUG “l”aueUurg “I LUG 
signals. ‘COD = 1,5cyclooctadiene; NBD = norbornadiene. ‘die= CH2C12 or CD2Clr.; bz = C6Hh or CsD6; thf = tetra- 
hydrofuran; chl= CDCI,. dTime between dissolvation of the reactants and the start of the “P NMR measurements. 
Duration of measurements c. 30 min. “Decomposition products less than 15%, horizontal bar means not observed. 
‘Decomposition products c. 30%. sDecomposition products c. 40%. h2 Equivalents. ‘Reaction time after filtration 
of AgCl and addition of L. ‘No signal observed, probably due to severe broadening. 

as unobserved. The structure was solved using the 
symbolic-addition program system SIMPEL [12] 
which yielded the positions of the Rh and P atoms 
and part of the rest of the structure. The structure 
was completed by means of subsequent fourier 
syntheses from which it appeared that the PF6 was 
disordered and that 1.5 molecule of benzene was 
present in the asymmetric unit. One molecule 
(C321-C326) is in a general position and the re- 
maining half molecule (C311-C313) represents a 
benzene molecule centered at f, 3, 4. 

Since no satisfactory description of the disorder could 
be given a single PFh group was introduced separately 
and refined isotropically. An empirical absorption 
correction [13] was used and an extinction correction 
was applied. The anomalous dispersion of Rh and 
P was taken into account. The final R value was 
0.087 for the 4071 observed reflections (R, = 0.106). 
Crystal data and numerical details of the structure 
determination are given in Table 2. 

The programs used, apart .from SIMPEL, were 
from XTAY76 [14]. The scattering factors were taken 
from Cromer and Mann [HI. 
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TABLE 2. Crystal data and details of the structure 
determination of [Rh{(4-CH&&-N=PPh&CHr} 
(COD)]PF, (II, M = Rh, Lr = COD, R’ = CH,) 

Crystal data 
Formula 
Molecular weight 
Space group 
Crystal system 
a (A) 
b (A) 
c (A) 
P( 

f V( ‘) 
Z 
D, (g cm-‘) 
~1 (MO KU) (cm-‘) 
Crystal size approx. (mm) 

Data collection 
Radiation (A) 
T (K) 
Data set 

Total unique reflections 
Observed data 

(1’2.5 a(l)) 

Refinement 
Weighting scheme 
Final R values 
R 
RW 

C.,,H48N2P,Rh.PFn. IX& 
1067.90 
F&/C 

monoclinic 
21.832(9) 
22.349(6) 
12.001(6) 
100.28(3) 
5762(4) 
4 
1.28 
4.2 
0.15 x 0.15 x 0.30 

MO Ka, 0.71069 
293 
-25<h<25, O<k<26, 
0<1<14 

10338 
4071 

unit weights 

0.087 
0.106 

Results 

Synthesis of the complexes 
The reactions of the bis(iminophosphoranyl)- 

methane ligands CH2(PPh2=N-CbHrR’-4)2 (Ia: 
R’ =CH,; Ib: R’=OCH,; Ic: R’ =NOz) with the 
chloro bridged dimers [ML&l], (M = Rh: L = COD, 
NBD, L= CO; M = Ir: L = COD) are shown in 
Scheme 1. In these reactions generally a mixture of 
two types of complexes is formed, i.e. complexes in 
which the l&and is coordinated in a u-N,u-N’ che- 
lating mode, forming a six membered metallacycle 
(II), and complexes in which the ligand has adopted 
a a-N,a-Ccoordination mode, giving a four membered 
ring (III). In the latter a net migration of a hydrogen 
atom from the central methylene carbon to either 
of the terminal nitrogen atoms has occurred. 

In solution several equilibrium reactions take place 
depending on the metal to ligand ratio, the metal, 
the coligands, the coreactant and the ligand used. 
Furthermore during the reactions some decompo- 
sition takes place into inter alia [Ph2MeP- 
NH-C6H4-R’-41 +, i.e. ligand splitting possibly caused 
by hydrogen transfer reactions was observed. 

Because of the similar properties of II and III, 
the pure form of either of these complexes could 
be obtained only in a few favorable cases. Product 
separation of II and III using column chromatography 
was not successful. However, for instance, pure II 
could be obtained in the reaction of [RhLCl], 
(b= COD, NBD) with silver salts and subsequent 
reaction with Ia, whereas pure III (M=Rh, 
r, = COD, R’ = CH3, X = [Rh(COD)Cl,]) or II 
(M=Rh, L=COD, R’ =CH3, X=PF,) could be 
obtained by selective crystallization from the crude 
reaction mixtures. Interconversion between isomers 
II and III does not occur, as the pure compounds 
II and III are stereochemically integer. Also, the 
composition of any mixture of II and III (X=PF6, 
BF,, PFzOz or CF,COO) remains constant (in the 
absence of free I). 

The products, formed in the reaction of [ML$l], 
with Ia-c, have been analysed by ‘H and 31P NMR, 
IR (Table 5). FD mass spectroscopy, elemental 
analysis and X-ray crystal structure determina- 
tions of [Rh{(p-tolyl-N=PPh,),CH2}(COD)]PF, (II) 
and [Rh(p-tolyl-N=PPh,CH-PPh,-NH-p-tolyl)- 
(COD)][Rh(COD)Cl,] (III) [6a]. ‘H and 31P NMR 
data of characteristic cationic species are given in 
Tables 4 and 5, respectively. The differences in 
chemical shift data upon variation of the anion X 
are not significant and hence the data will not be 
given separately for each compound. Additional data 
(NMR data of anionic species, FD-MS and elemental 
analyses) are given in ‘Experimental’. 

Furthermore, the influence of several reaction 
parameters on the product formation in the reaction 
of [ML&l], with Is-c has been investigated, i.e. (i) 
the metal to ligand ratio, (ii) the starting complex 
[ML&l],, (iii) the coreactants, (iv) the ligand and 
(v) the reaction conditions (temperature, reaction 
time, solvent). The approximate ratio 1I:III:I has 
been determined by 31P NMR on the reaction mixture 
in NMR tubes or on samples taken from the reaction 
mixture. Exact determination of the product ratio 
II:111 by use of 31P NMR was hampered by broadening 
of the signals, due to intermolecular exchange re- 
actions between II or III and free I. A summary of 
the results as a function of several reaction parameters 
is given in Table 1. 

Solid state structures of II and III 
The X-ray structures of both [Rh{(p-tolyl 

-N=PPh&CH2}(COD)]PF6 (II) and [Rh(p-tolyl 
-N=PPh*-CH-PPh,-NH-p-tolyl)(COD)][Rh- 
(COD)Cl,] (III) have been determined. The structure 
of the latter has been discussed in a preliminary 
communication [6a]. 

Although a detailed discussion of the structure of 
[Rh{@-tolyl-N=PPh,),CH2}(COD)]PF, (II) is not 
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warranted due to the large R value and uncertainty 
in bond lengths and angles, the main features of 
the molecular structure of II will be briefly addressed. 
The structure of II (M=Rh, L,=COD, R’=CH,, 
X = PF6) consists of a discrete cation-anion pair and 
1.5 benzene molecules, in agreement with the an- 
alytical and spectroscopic data. The structure of the 
cationic part and the adopted numbering scheme 
are shown in Fig. 1. Selected bond distances and 
angles are given in Table 3. 

The cationic part of II is the square planar four 
coordinate rhodium complex [Rh{@-tolyl- 
N=PPh&CH2}(COD)]+ with the coordination po- 
sitions around Rh taken by the two nitrogen atoms 
Nl and N2 of the chelating bis(iminophosphoranyl)- 
methane ligand and by the two olefinic bonds of the 
COD ligand (with Ml and M2 being the midpoints 
of Cl-C2 and C5-C6, respectively). The square planar 
coordination geometry is considerably distorted as 
indicated by the deviations of Nl, N2, Ml and M2 
from the least-squares plane defined by these atoms 
and Rh (-0.08, 0.10, -0.08, 0.10 A). The Rh-N 
bond distances of 2.144(g) and 2.17(l) A are long 
but fall within the range usually found for comparable 
complexes [Sb, 161, e.g. 2.061(5) and 2.119(4) A in 

Fig. 1. The molecular structure of the cationic part of 
[Rh{(4-CH,-C6H,N=PPh,),CH,}(COD)]PF,. 

[Rh(COD)(pyrrol-2-carbaldehyd-(S)-l-phenylethyl- 
imine)] [Sb] or 2.142(3) A in [Rh(COD)Cl(Et,P=N- 
p-tolyl)] [16d]. The Rh-olefin bond distances are 
normal as indicated by the Rh-M distances of 2.021 
and 2.048 A [16, 171. The angle between the olefinic 
bonds and the coordination plane deviate consid- 
erably from the ideal 90” (86.1 and 80.9O). The COD 
ligand has a distorted boat conformation, which is 
shown in Fig. 2. These distortions within the molecule 
can most probably be ascribed to both steric and 
packing effects. 

Within the bis(iminophosphoranyl)methane ligand 
all data point to a coordination mode which is best 
described by the coordination of two separate im- 
inophosphorane entities to the Rh atom which are 
coupled by a methylene group. Both P=N bonds 
(159(l) and 1.61(l) A) are a little longer than in 
the free ligand Ia (1.568(2) and 1.566(2) 8, [7], which 
are normal bond distances upon coordination of an 
iminophosphorane ligand [18]). The P-C9 bond 
lengths of 1.85(l) and 1.81(l) 8, indicate that these 
are normal single P-C bonds [7, 191. The six-mem- 
bered metallacycle has a distorted boat conformation 
(Fig. 2). 

The anionic part of the molecule is a distorted 
PF6 ion, indicated by the P3-Fl bond distance of 
1.61(2) A with a mean P3-Fx bond length value of 
1.50 A (x=2-6). 

The main features of the structure of the cationic 
part of III (Fig. 3) [6a], i.e. [Rh@-tolyl- 
N=PPh,CH-PPh,-NH-p-tolyl)(COD)], are the 
four membered Rh-N-P-C metallacycle and the 
newly formed Nlb-Hb bond (1.30 A). Carbon atom 
C9b is chiral, both enantiomers are present in the 
unit cell. In this complex a Rh-C(sp3) bond is present 
(2.21(l) A) which is stabilized by internal coordi- 
nation of an iminophosphorane moiety, with a P-N 
bond length of 1.613(8) 8, and a Rh-N2b bond 
distance of 2.081(8) A. The structure of the four- 
membered ring is closely related to the analogous 
metallacycles in other complexes containing a 
mono- or bis(iminophosphoranyl)methanide ligand, 
i.e. [Rh(COD)(CH,PPh,=N-p-tolyl)] [17d] or 
[Ir(COD){CH(PPh,=N-p-tolyl)z)l [20], indicating 
that this configuration is only little influenced by the 
substituents on the methanide carbon atom. There 
is a slight but significant truns-influence of C9b on 
the Rh-M2 distance, noticeable as compared to 
the Rh-Ml distance. The free aminophosphonium 
entity is pointing away from the Rh atom with 
torsion angles P2b-C9b-Plb-Nlb = 83.5” and 
Rh-C9b-Plb-Nlb = 173.2”. The Plb-Nlb bond 
(1.658(10) A) is lengthened with respect to free Ia 
due to the presence of both a proton and a p-tolyl 
group on the nitrogen atom. The hybridization of 
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TABLE 3. Selected interatomic bond distances (A) and bond angles (“) of [Rh{(4-CHrGH,-N=PPh,),CHr}(COD)]PF, 
(II) with e.s.d.s. in parentheses 

Around Rh 
Rh-Nl 
Rh-N2 
Rh-Ml 
Rh-M2 

Within L 
Nl-Cl1 
Nl-Pl 
Pl-C9 
Pl-ClOl 
Pl-Clll 

Around Rh 
Nl-Rh-N2 
Nl-Rh-Ml 
Nl-Rh-M2 

Within L 

Pl-Nl-Cl1 
Pl-Nl-Rh 
Rh-Nl-Cl1 
P2-N2-C21 
P2-N2-Rh 
Rh-N2-C21 
Pl-c9-P2 

Within anion 
Fl-P3-F2 
Fl-P3-F3 
Fl-P3-F4 
Fl-P3-F5 
Fl-P3-F6 

2.144(9) 
2.17(l) 
2.021 
2.048 

1.44(l) 
1.59(l) 
1.85(l) 
1.83(l) 
1.79( 1) 

88.3(S) 
177.6(4) 
91.2(3) 

119.1(10) 
120.6(6) 
120.3(8) 
119.1(9) 
114.1(6) 
119.3(8) 
112.7(8) 

94(l) 
9W) 
830) 
77(l) 

176.5(g) 

Rh-Cl 
Rh-C2 
Rh-C5 
Rh-C6 

N2-C21 
NZP2 
P2-c9 
P2-c201 
P2-c2 11 

N2-Rh-Ml 
N2-Rh-M2 
Ml-Rh-M2 

Nl-Pl-C9 
Nl-Pl-Cl01 
Nl-Pl-Clll 
C9-Pl-Cl01 
c9-Pl-Clll 
c101-P1-C111 

F2-P3-F3 
F2-P3-F4 
F2-P3-F5 
F2-P3-F6 
F3-P3-F4 

2.18( 1) 
2.12(l) 
2.21(l) 
2.13(l) 

1.44(l) 
1.61(l) 
1.81(l) 
1.78(l) 
1.81(l) 

91.7(3) 
172.4(3) 
89.0(4) 

107.6(8) 
117.5(8) 
112.6(8) 
106.1(9) 
107.1(8) 
105.2(9) 

gw9 
175(l) 

95(2) 
88(l) 
86(2) 

Within COD 

Cl-C2 
C5-C6 

GsP2-csP’> 
(Csp’-Csp3) 

Within anion 
P3-Fl 

P3-F2 
P3-F3 
P3-F4 
P3-FS 
P3-F6 

Within COD 
(csp3-Cspr-Csp*) 
(csp*-csp3-csp’) 

N2-P2-C9 
N2-P2-C201 
N2-PZC211 
C9-P2-C201 
c9-P2-C211 
c201-P2-(3211 

Fe-P3-F5 
F3-P3-F6 
F4-P3-F5 
F4-P3-F6 
F5-P3-F6 

1.46(2) 
1.43(2) 
1.56(2) 
1.54(2) 

1.61(2) 
1.50(2) 
1.48(2) 
1.48(2) 
1.50(2) 
1.54(2) 

124( 1) 

112(l) 

107.8(8) 
113.1(8) 
117.8(7) 
106.4(8) 
105.6(8) 
107.8(8) 

172( 1) 

86(2) 
89(2) 
95(2) 

lOO(2) 

Fig. 2. Part of the structure of Fig. 1, showing the boat 
conformation of the ligands. 

Nlb deviates from sp* (sum of angles around Nlb 
amounts to 350(2)“). However, the bond order be- 
tween Plb and Nlb will be larger than unity. 

Spectroscopic charactekation of complexes II and 
IZZ 

NMR spectroscopy 
‘H and 31P NMR data for the cationic complexes 

II and III are given in Tables 4 and 5, respectively. 
The differences in NMR data upon variation of the 
anion X are small, so the data are given only for 
each of the cationic species. 

In the ‘H NMR spectra of the complexes II a 
triplet is found for the methylene hydrogen atoms 
at about 4.2 ppm. This signal is found at a slightly 
higher frequency compared to the value for the free 
ligand I (3.7 ppm) [7] indicating a small deshielding 
of these protons upon coordination of the 
bis(iminophosphoranyl)methane ligand. A single res- 
onance is found for the olefinic COD hydrogen atoms 
and in the ‘rP NMR spectra only one signal is found 
for complex II. Thus the complexes II have in solution 
on average at least Czv symmetry in agreement with 
a a-N,a-N’ coordination mode. 

In the ‘H NMR spectra of complexes III the 
methine proton is found as a doublet of doublets 
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Fig. 3. The molecular structure of the cation of [Rh(4- 
CH,-C6H4-N=PPh&H-PPh*-NH-C,H,-CH3-4)(COD)]- 
[Rh(COD)Cl,] from ref. 6a. 

due to coupling with the two different P atoms. In 
the complexes containing rhodium additional ‘5 
(Rh, H) coupling of c. 2 Hz is found, indicating the 
presence of a Rh-C bond [17c, d, 211. The 6 value 
of the methine proton is sensitive to the ligand in 
tram position and the metal, high frequency shifts 
being observed when COD is substituted by CO and 
when Rh is substituted by Ir. Furthermore, the 
chemical shift values are shifted to higher frequencies 
with respect to the mono-iminophosphoranylme- 
thanide complexes [M(CH,PPh,=N-p-tolyl)L,J [17d] 
as a result of the deshielding effect of the amino- 
phosphonium entity. The N-H signals are found at 
high frequencies as a doublet due to ‘J(P,H). Two 
resonances are found for the olefinic COD hydrogen 
atoms at 3.51 and 4.15 ppm for M= Rh, R’ =CH3 
and at 3.25 and 4.18 ppm for M=Ir, R’= CH,. 

In the 31P NMR spectra of the cationic complexes 
III two resonances are found. The signals in the 
region 34-39 ppm are attributed to the amino- 
phosphonium P atom based on the observation that 
only marginal differences in chemical shift are en- 
countered when M and/or L are varied and also on 
the observed small ‘J(Rh,P) in the complexes con- 

taining rhodium. The other signals show a larger 
variation upon changing M and L (chemical shifts 
from 27.9 to 42.5 ppm) which runs parallel to the 
variation found for the analogous mono-iminophos- 
phoranylmethanide complexes [17d]. Also the 
‘J(Rh,P) of c. 16 Hz for III is close to the values 
of about 18 Hz observed for similar compounds [17d]. 

IR spectroscopy 
Selected IR data (KBr) are given in Table 5. For 

the complexes II a strong signal is found for v(P=N) 
in the region 1230-1260 cm-‘, i.e. a normal low 
frequency shift of 60-90 cm-’ is found upon co- 
ordination of the bis(iminophosphoranyI)methane 
ligand [ 16d, 221. For M = Rh, L = CO, R’ = CH3 two 
strong signals are found for u(C0) at 2077 and 2012 
cm-‘. In complexes III V(P=N) is found at c. 1280 
cm-‘, i.e. a value close to those normally observed 
for complexes containing the iminophosphoranyl- 
methanide ligand [17d, 201, pointing to the presence 
of the four-membered M-N-P-C ring. For [Rh(4- 
CH3-CaH4-N=PPh2-CH-PPh*-NH-ChH,-CH3-4)- 
(CO),]+ v(C0) are found at 2059 and 1980 cm-‘, 
in agreement with C, symmetry and a mutual cis 
geometry of the CO ligands and are close to the 
values of the related mono-iminophosphoranyl- 
methanide complexes [17d]. The resonances at c. 
960 cm-’ can be assigned to V(P-N) of the R3P- 
NHR’ group [7, 231. 

FD mass spectroscopy 
In the field desorption (FD) mass spectra of the 

reaction products only signals are found that must 
be attributed to the cationic parts of complexes II 
and/or III. Interestingly, for complex II a signal is 
found that can be assigned to the parent ion M+, 
whereas for complex III a signal is observed at 
W--HI+, i.e. III loses a hydrogen atom during the 
measurement. For the complexes containing Ir, iso- 
tope patterns are found which are in agreement with 
the natural abundance of the isotopes lglIr and lg31r 
(37 and 63%). The values given in ‘Experimental’ 
account for the highest observed peaks. 

Reaction of [MLzCl], with CH,(PPh,=N-C,H,- 
R’-4), 

In the following section the reactions of [MLCl], 
with CH2(PPh2=N-CsH4-R’-4)2 (Scheme 1) as a 
function of several reaction parameters will be de- 
scribed. In general the ligand is (CH2(PPh,= 
N-C&-CH,-4),) (Ia). [ML&l], and the ligand have 
been mixed in a 1:2 molar ratio (M:I=l:l), unless 
stated otherwise. For conven&ce the a-N,u-N’ and 
the a-N,u-C coordinated bis(iminophosphoranyi)- 
methanes will be indicated as NAN and N A C, 
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TABLE 4. ‘H NMR data of the cationic complexes II and III’ 

Compound 
(MU 

ww~$ ~(CHX) S(aryl)’ 8(Ph) S(NH)b 8( =CH) (diene)” 6(CH,) (diene)d 

II (Rh,COD) 4.22(t,11.6) 2.13 6.27(d,8.1) 7.27-7.84(m) 3.37 
6.72(d,8.1) 

II (Rh,NBD) 4.18(t,12.2) 2.10 6.26(d,8.2) 7.0-7.9(m) 2.91 
6.71(d,8.2) 

II (Rh,(CO),) 4.27(t,12.4) 2.23 6.90(d,8.5) 7.3-8.1(m) 
7.01(d,8.5) 

II (Ir,COD) r 2.16 6.08(d,7.3) 7.2-8.4(m) 3.77 
6.69(d,7.3) 

III (Rh,COD)g 3.85(ddd,18.8; 3.5)h 1.82 6.19(d,7.4) 6.9-7.4(m) 10.70(d,6.2) 3.51 
1.94 6.51(d,7.5) 8.0-8.5(m) 4.15 

6.60(d,7.4)’ 
III (Rh,(CO),)’ 4.56(ddd,16.6; 3.5)’ 1.81 r 6.5-7.5(m) 8.64(d,4.9) 

1.97 7.7-8.7(m) 
III (Ir,COD)k 5.36(dd,20.6; 3.9) 1.80 6.37(d,8.0) 6.75-7.40(m) 11.90(d,6.3) 3.25 

1.96 6.49(d,8.5) 7.74-7.95(m) 4.18 
6.63(d,8.0)’ 8.24-8.55(m) 

1.5-1.7 
2.3-2.4 
1.01’ 

1.1-1.4 
1.7-2.1 
1.1-1.4 
2.0-2.5 

1.5-1.9 
2.1-2.5 

“Measured at 100 MHz at room temperature; chemical shift values in ppm relative to TMS, coupling constants in Hz, 
solvent CD&; d = doublet, t = triplet, dd =doublet of doublets, ddd =doublet of double doublets, m =multiplet; 
R’ = CHs. “J(P,H) in parentheses. c3J(H,H) in parentheses. dBroad signals. “6( - CH, NBD) = 3.55 ppm. 
‘Obscured. sSolvent CDC&. “J(Rh,H) = 1.8 Hz. ‘Solvent ChDh. j’J(Rh,H) = 2.0 Hz. ‘Solvent tol-d8. 

TABLE 5. “P NMR’ and IR” data of the cationic complexes II and III 

Compound 
(M,Lz,R’) 

“P NMR 

8(P) ?r(P.P) ‘J(Rh.P) 

IR 

u(P=N) v(P-N) v(CO) 

II (Rh,COD,CH3) 25.7(d) 

II (Rh,NBD,CH,) 24.3 
II (Rh,(CO)z,CH3) 25.9 

II (Ir,COD,CH,) 
II (Ir,COD,OCH,) 
III (Rh,COD,CH,) 

111 (Rh,(CO),,CH,) 

III (Ir,COD,CH3) 

III (Ir,COD,0CH3) 

25.8 
26.4 
27.9(dd) 
34.l(dd) 
38.7(dd) 
42.5(dd) 
36.8(d) 
41.5(d) 
37.0(d) 
41.9(d) 

4.4 
4.4 
3.9 
3.9 
4.9 
4.9 
4.9 
4.9 

0.8 1256 
1238 
1247 
1231 2077 

2012 
1263 
d 

16.2 1284 949 
3.8 
6.8 1283 949 2059 

16.6 1980 
1279 959 

d II 

“Measured at 32.4 or 40.5 MHz at room temperature; chemical shift values in ppm relative to 85% H,P04, coupling 
constants in Hz; solvent: CD&; d=doublet, dd=doublet of doublets. bKBr pellets. ‘Solvent: CDC13. dNot de- 
termined. 

respectively. A summary of the results of these 
reactions is given in Table 1. 

Metal to l&and ratio (M:I) 
When [Rh(COD)C112 and Ia are mixed in a M:Ia 

ratio of 1:l equilibria (ii) and (v) play a predominant 
role. In solution the presence of the cationic species 
II and III and of free Ia is shown by their (broad) 

signals in the 31P NMR spectra at room temperature. 
From the molar ratio of the products Ia, II and III 
it can be deduced that both [Rh(COD)Clz]- and 
Cl- should be present as the anions in II and III. 
The presence of [Rh(COD)Cl,]- is supported by 
the observation of a signal at 4.05 ppm in the ‘H 
NMR spectrum which is close to the 4.08 ppm for 
the olefinic protons of AsPh,[Rh(COD)Cl,] in CD,Cl, 
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[lh, 241. The approximate equal quantities of Ia and 
III suggest that III is mainly present as 
[Rh(N A C)(COD)][Rh(COD)CI,], i.e. equilibrium 
(v) lies largely on the left hand side. This is 
corroborated by the fact that from a mixture of 
II and III in CH$lJhexane crystals of 
[Rh(N A C)(COD)][Rh(COD)CI,] are formed ex- 
clusively [6a]. 

With M=Rh, L,=NBD and M:Ia= 1:l equilibria 
(ii) and (v) lie both mainly to the right hand side 
as indicated by the presence of only little free Ia 
( <2%) in the 31P NMR spectra. For M=Rh and 
L=CO likewise only a small amount of free ligand 
is observed (31P NMR) and in the IR spectra of the 
reaction mixture (CH,Cl,) no signals were found in 
the carbonyl region that could be assigned to 
[Rh(CO),Cl,]- (1994 and 2070 cm-‘) [25], although 
these signals could be obscured by the signals of 
[Rh(N A C)(CO>,l+ at 1980 and 2059 cm-‘. Ele- 
mental analysis of the crude reaction product showed 
that indeed chloride is the predominant anion. Also 
for M = Ir, L,==COD and M:Ia = 1:l equilibria (ii) 
and (v) lie largely to the right hand side since in 
the 31P NMR spectra no signals of free I could be 
observed. However, the broadening of the signals 
for II and III in these spectra indicates that some 
exchange occurs, implying that some free I must be 
present in the reaction mixture, since it participates 
in reactions (ii) and (v) and in ligand exchange 
reactions (vi& in&). 

Increasing the metal to ligand ratio from 1:l to 
2:l shifts equilibria (ii) and (v) to the left and 

\ 
III 

equilibria (i) and (iv) play a predominant role. In 
the reactions of [M(COD)Cl], with Ia broad signals 
of II, III and Ia are found in the 31P NMR spectra, 
showing that exchange takes place and that the 
equilibria (i) and (iv) lie not completely to the right 
hand side. In both reactions the II:111 ratio is smaller 
than in the M:I = 1:l reaction, indicating that for- 
mation of III is more favourable at lower ligand 
concentrations. 

At M:Ia ratios smaller than 1:l fast exchange 
between the complexes II and III and free Ia occurs 
as evidenced by broadening of the signals of the 
complexes II and III and of the ligand Ia in the 
31P NMR spectra. These exchange reactions are 
largely influenced by the concentration of both the 
complex and the ligand and by the type of starting 
complex [ML&I], used. With a small excess Ia (i.e. 
M:Ia = 1:1.05) mainly exchange between III and Ia 
is observed. During this reaction the ratio II:111 is 
hardly influenced. However at higher ligand con- 
centrations (1:1.5-1:4) relatively more II is formed 
and exchange of Ia with both II and III is observed. 

The observed dynamic behaviour can be explained 
by a mechanism involving an association equilibrium 
of complex III with free Ia (Scheme 2) giving rise 
to five coordinate complexes (eq. (vii)). Interchange 
will occur via Berry pseudorotations. A similar iso- 
merization process through a five coordinate inter- 
mediate was proposed far [Rh(diene)(O A S)] 
(0 A S = mono thio-P-diketonate) [26] and [Rh(diene)- 

W”N)I (N A N = pyridine-2-carboxaldehyde-N- 



imine) [lh] or via intramolecular attack in the com- 
plexes [M{(4-R’-C,H,-N=PPh,),CH}L] [20] or 
[M(COD)(tripod)] (M = Rh, Ir; tripod = CH(PPh&) 

v71. 
At higher ligand concentrations (i.e. lower M:Ia 

ratio) not only equilibrium (vii) occurs but also 
equilibria (ix), (x) and (viii) take place. This means 
that at higher ligand concentration exchange reactions 
of II with Ia (eq. (ix)) occur and that interconversion 
between II and III is observed (eq. (viii) and (x)). 

Dimer [ML,CI], 
The product formation is influenced to an ap- 

preciable extent by variation of the starting complex 
[ML$Zl],. When using ligand Ia, the product ratio 
II:111 for M= Rh increases from 15 via 1:lS to 1:0.2, 
when going from b = (CO), via COD to NBD. The 
formation of III is also favoured with respect to II 
when Rh is replaced by Ir (L = COD). As mentioned 
above also the equilibria (ii) and (v) are influenced 
by variation of both L and M. The exact influence 
of steric and electronic factors on the product for- 
mation is difficult to establish since the product ratio 
II:111 is dependent amongst other things on: (a) the 
stability of the products formed, (b) the equilibrium 
constants for (i), (ii), (iv) and (v) in Scheme 1, (c) 
the M-Cl bond strength in the chloro bridged dimers 
[ML% 

Coreactants 
Addition of the base Et,N to the reaction mixture 

of [ML&l]2 and Ia gives a small increase in the 
II:111 ratio and a lower concentration of free ligand. 
Thus addition of Et,N causes the equilibria (ii) and 
(v) to shift to the right, most probably due to a 
stabilizing effect on the final anion-cation complexes 
(i.e. a solvatation effect). 

When the reactions of [ML,Cl], with Ia are per- 
formed in the presence of 10 equivalents of NaX 
(X=PF,, BF, or CF,COO) only products of the 
type [M(Nr\N)L;?]X or [M(NA C)LJX are formed, 

r” 
L\>,/N 3 I 

‘-(;;i L&y 
L’ ’ L’I i 

III 
C 

L\M/N 3 I L.7 
L' ’ = LTN (ix) 

N _J 
II 

Scheme 2. NAN and NAC are 
coordinated l&and I, respectively. 

u-NpN’ or u-Np-C 

a3 

i.e. the equilibria (ii) and (v) are completely shifted 
to the right and chloride has been completely sub- 
stituted by the anion X. However, also the product 
ratio II:111 is influenced by the introduction of X. 
This is best illustrated for M = Ir, L = COD with Ia 
in CH2C12. Without sodium salts the II:111 ratio is 
1:8.5, with NaPF, 1:l and with NaOOCCF3 1:0.2. 
These results can be explained by assuming that not 
only does interchange of Cl with X occur (eqs. (iii) 
and (vi)) but that the presence of X also has influence 
on the reversible bridge splitting reactions (i) and 
(iv) or on the equilibria (ii) and (v), for example 
via exchange of [ML&l,]- with X-. When the 
chloride in [RhL&l], (L = COD, NBD) is abstracted 
first in a reaction with AgBF, and Ia is subsequently 
added, only products of the type [Rh(N A N)L]BF, 
(II) are formed. However when AgPF202 is used 
instead, both II and III are formed, indicating that 
association of the anion with the complex has impact 
on the relative amounts of final products. 

Ligand CH, (PPh, =N-C6HcR’-4)2 
A few experiments were performed in order to 

investigate the influence of the nucleophilicity of the 
N atom of the ligand I on the product formation. 
To this end 31P NMR spectra were taken of the 
reaction mixtures of [M(COD)Cl], (M = Rh, Ir) with 
Ib (R’=OCH,) or Ic (R’ =N02). No attempts were 
made to isolate the complexes formed and hence 
these complexes have not been fully characterized. 

Replacement of R’ = CH3 by 0CH3 has only little 
influence on the relative amounts of the final prod- 
ucts: for both M = Rh and Ir an increase in the II:111 
product ratio and a change in the concentration of 
free ligand is observed. However for R’ = NOz the 
differences are more pronounced: with [M(COD)Cl]2 
(M = Rh, Ir) no signals were found in the “P NMR 
spectra that can be attributed to either II or III. 
This shows that the nitrogen atom in Ic is not 
nucleophilic enough, due to the strong electron with- 
drawing capacity of the NO* substituent, to give 
bridge splitting reactions and/or the resulting NAN 
or NA C complexes are not stable with respect to 
decomposition to starting compounds. Similar results 
were obtained in other reactions of Rh or Ir complexes 
with iminophosphoranes, in which it was shown that 
a p-nitrophenyl substituted N atom showed a much 
lower affinity towards the metal atom compared to 
a p-tolyl substituted N atom [16d, 17d, 201. 

Reaction conditions 
Variation of the reaction conditions, such as the 

solvent (C6Ha, CHIC12, THF), reaction temperature, 
reaction time or the sequence of reactant addition 
(M to Ia, Ia to M or mixing the reactants before 
dissolution) has only little effect on the final product 
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distribution. When long reaction times are employed 
(>4 h) decomposition reactions are observed, i.e. 
formation of Ph2PMe-NH-C6H,-R’-4, Ph,P(Me) =0 
and PhrP(=O)-NH-C&,-R’-4 as a result of hy- 
drogen migration reactions and/or the introduction 
of small quantities of oxygen or water in the reaction 
vessel was observed [llc, 281. 

Discussion 

In the reaction of [MLCI], with 
CH2(PPh2=N-C6H4-R’-4)z (I) products similar to 
those usually found in the bridge splitting reactions 
of [ML&l], with bidentate ligands XAY [l-5], i.e. 
at high metal to ligand ratios complexes of the type 
[Mb(Xr\Y)][MI&l,] (A) are formed, whereas re- 
action at higher ligand concentration gives rise to 
the anion-cation complexes [Mb(X A Y)]Cl (D). Ex- 
change of the Cl anion can be accomplished by 
reaction with sodium salts NaX (X=PFs, PF202, 
BF4, CF,OO) (Scheme 1). 

However, product formation in the reaction with 
I is very complex as a result of concomitant forrna- 
tion of two different types of cationic species, i.e. 
complexes in which the bis(iminophosphoranyl)meth- 
ane ligand is coordinated in a (T-N,c+-N’ mode (II) 
and complexes in which the ligand has adopted a 
a-N,a-C coordination mode (III). Moreover, since 
the formation of both the cationic and the anionic 
species are influenced in different ways by the reaction 
parameters, exact determination of the equilibrium 
constants as a function of these reaction parameters 
is very difficult. This is inter ah demonstrated by 
the influence of the metal to ligand ratio on the 
product formation. At high M:I ratios complexes of 
type A with the bis(iminophosphoranyl)methane li- 
gand in its a-N,u-C coordination mode (III) are 
preferred, whereas increasing the ligand concentra- 
tion leads not only to the formation of complexes 
of the type D, but also relatively more II is formed. 
This suggests that reaction of I with the dimer 
[ML#Zl], gives preferably III whereas with the anion 
[ML&- predominantly II is formed. Furthermore, 
at high ligand concentration the product ratio II:111 
may be influenced by interconversion between II and 
III according to Scheme 2. 

The complexity of the product formation as a 
function of several reaction parameters is also well 
demonstrated by the influence of sodium salts (NaX). 
If X would give interchange reactions with chloride 
only, one would expect the ratio II:111 to be in- 
dependent on the addition of these salts and the 
anion used. However, from the results (Table 1) it 

is clear that the ratio II:111 is determined to a large 
extent by whether or not NaX is present and by the 
type of anion. 

From the results in Table 1 and the discussion 
above it can be inferred that Scheme 1 represents 
a simplified picture of the reactions between 
[ML&l], and CH2(PPh2=N-R)2 and that other re- 
actions may occur as well. 

Several routes may be followed for the formation 
of both II and III in the reaction of either [ML&l], 
or [ML&l,]- with I, of which the most probable 
ones are depicted in Scheme 3. The first step in the 
formation of II and III is coordination of I via an 
N atom giving intermediate E in which the ligand 
is monodentate coordinated. Complex II can be 
formed from E via substitution of chloride by the 
free iminophosphorane N atom according to (xiii). 
Formation of III may be explained by a tautomeric 
equilibrium (xi), in which a methylene hydrogen 
migrates to the uncoordinated N atom giving in- 
termediate F, followed by coordination of the ylide 
C atom to the metal (xv). 

Alternatively II and III may be formed via cy- 
clometallation of the methylene group in E, followed 
by dissociation of chloride and coordination of the 
pendant N atom to the metal centre, giving the 
intermediate M(III)-hydride complex G (xii). Suc- 
cessive reductive elimination of N-H according to 
(xvi) gives III, whereas reductive elimination of C-H 
according to (xiv) yields II. These reductive elimi- 
nations should take place irreversibly as otherwise 
interconversions between II and III would be con- 
ceivable whereas such interconversions do not take 
place (vide supru). 

The tautomeric equilibrium (xi) between E and 
F would be closely related to those of the well known 
1,3-diketones or bis(methylenephosphoranyl)- 
methanes. Whereas such an equilibrium is not ob- 
served for free bis(iminophosphoranyl)methanes 
[7], coordination of one iminophosphorane entity 
may influence the acidity of the methylene group 
in such a way that equilibrium (xi) shifts towards 
tautomer F, in which the charge.on the ylide carbanion 
is stabilized by the polarized coordinated imino- 
phosphorane substituent. Schmidbauer et al. [29] 
have shown in a study on the tautomerization re- 
actions of several related ylide compounds, that 
substituents which are capable of stabilizing the 
charge on ylide carbanions shift the tautomeric equi- 
librium towards tautomers which are related to F. 

In general the difference in acidity between meth- 
ylene or aminophosphonium groups is quite large 
[30]. However, in E and F this difference is reduced 
as a result of the coordination of one of the imi- 
nophosphorane groups to the metal giving rise to 
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It2 [ML&l], + CH2(PPh2=N-R)2 

N. 
. H’ - 

F 

(xv) 

\ 
I 1 

+ 

“LM’“\NPL a 

L’ ‘CH/ 

\ 
/,P- N< 

III 
Scheme 3. Aryl substituents on N and P have been omitted. 

an extra polarization within the P-N entity, raising 
the acidity of the connected methylene group, fa- 
vouring the tautomeric form of I. This would explain 
the large difference in product formation upon vari- 
ation of the coligands L: with the strongly rr-accepting 
carbonyl ligands the polarization in the P-N entity 
would be strongest, thus favouring formation of III. 

The formation of II and III via intermediate G 
is in line with other reactions in which an initial 
oxidative addition to a rhodium(I) or iridium(I) centre 
is succeeded by hydrogen transfer reactions [S, 
31c, 321. Moreover, intermediate G has previously 
been observed in the reaction of the bis- 

- 
L 

\ /c’ 1 
M 

\ 
+ CH2(PPh2=N-R)2 

Cl I 

bw 

(xvi) 

/ 

+ 

cl 

(iminophosphoranyl)methanide complexes [M{(4- 
CHa-CaH.+-N=PPh,),CH}L] (M = Rh, Ir; b = 
(CO)*, COD) with 1 equivalent HCl [20]. This re- 
action yielded both II and III in ratios IL:111 of 1:4 
(M=Rh, L,=COD), 1:6 (M=Rh, L=CO) and 1:l 
(M=Ir, L= COD). Although these product ratios 
differ from those found in the reactions of [MI&I], 
with Ia (1:1.5, 15 and 153.5, respectively), formation 
of the intermediate complex G during the reaction 
of [MI&l], with I seems a reasonable alternative. 
In this respect we recall that both reactions were 
performed under different reaction conditions and 
it has been shown that the product ratio II:111 is 



86 

strongly dependent on several reaction parameters 
(Table 1). 

Both reaction pathways depicted in Scheme 3 may 
account for the formation of II and III. 

Conclusions 

It has been shown that pure compounds of the 
type [Mb{(4-R’-C,H,-N=PPh,),CH,)I+X- (II) 
and [ML(4-R’-C6H4-N=PPh2-CH-PPh,-NH- 
C6H4-R’-4)1+X- (III) have been obtained in the 
reaction of [ML&l], with CH2(PPh2=N-C6HrR’- 
4)* (I) only in a few favourable cases whereas generally 
mixtures of II and III are formed. The product ratio 
II:111 is influenced by several reaction parameters, 
such as ratio of reactants, the type of reactants and 
the reaction conditions, in a way that is not fully 
understood on the basis of the data yet available. 

Supplementary material 

Full details concerning the crystal structure de- 
termination can be obtained from the authors on 
request. 

Acknowledgements 

We thank Professor K. Vrieze for his interest and 
Johnson Matthey Technology Centre for a loan of 
rhodium chloride. 

References 

(a) H. van der Poel, G. van Koten and K. Vrieze, J. 
Organomet. Chem., 135 (1977) C63; (b) H. van der 
Poel, G. van Koten, K. Vrieze and C. H. Stam, Inorg 
Chim. Acfu, 39 (1980) 197; (c) J. Kopf, J. Klaus and 
H. tom Dieck, Cryst. Struct. Commun., 9 (1980) 783; 
(d) H. van der Poel, G. van Koten and K. Vrieze, 
Inorg Chim. Actu, 51 (1981) 253; (e) G. van Koten 
and K. Vrieze, Adv. Organomet. Chem., 21 (1982) 151; 
(f) H. tom Dieck and J. Klaus, J. Organomet. Chem., 
246 (1983) 301; (g) M. Iglesias, C. de1 Pino and J. L. 
Nieto, Znorg. Chim. Acta, II9 (1986) 7; (h) B. Crociani, 
F. di Bianca, M. Paci and T. Boschi, Znorg Chim. Acta, 
I45 (1988) 253. 
(a) J. Chatt and L. M. Venanzi, J. Chem. Sot., (1957) 
4735; (b) G. K. N. Reddy and G. H. Susheelanma, 
Chem. Commun., (1970) 54; (c) M. Green, T. A. Kuc 
and S. H. Taylor, J. Chem. Sot. A, (1971) 2334; (d) 
C. Cocevar, G. Mestroni and A. Camus, J. OTanomet. 
Chem., 35 (1972) 389; (e) G. Mestroni and A. Camus, 
Inorg. Nucl. Chem. Lerr., 9 (1973) 261; (f) G. Mestroni, 
A. Camus and G. Zassinovich, J. Organomet. Chem., 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

65 (1974) 119; (g) R. D. Gillard, K. Harrison and I. 
H. Mather, J. Chem. Sec., D&on Trans., (1975) 133; 
(h) G. Zassinovich, G. Mestroni and A. Camus, J. 
Organomet. Chem., 91 (1975) 379; (i) R. Uson, L. A. 
Oro, J. A. Cuchi and M. A. Garralda, 1. Organomef. 
Chem., 116 (1976) C3.5; (j) L. A. Oro, E. Pinilla and 
M. L. Tenajas, J. Orgunomef. Chem., 148 (1978) 81; 
(k) R. Uson, L. A. Oro, M. A. Garralda, M. C. Claver 
and P. Lahuerta, Transition Met. Chem., 4 (1979) 55. 
F. Pruchnik and K. Wajda, J. Organomet. Chem., 164 
(1979) 71. 
(a) G. Zassinovich, A. Camus and G. Mestroni, J. 
Oxanomet. Chem., I33 (1977) 377; (b) A. J. Deeming, 
I. P. Rothwell, M. B. Hursthouse and K. M. Abdul 
Malik, J. Chem. Sot., Dalton Trans., (1979) 1899; (c) 
H. Brunner, P. Beier, G. Riepl, I. Bernal, G. M. Reisner, 
R. Benn and A. Rufinska, OrganometuUics, 4 (1985) 
1732. 
(a) R. P. Hughes, in G. Wilkinson, F. G. A. Stone 
and E. W. Abel (eds.), Comprehensive Organomefullic 
Chemistry, Vol. 5, Pergamon, Oxford, 1982, p. 277 and 
refs. therein; (b) H. Brunner, G. Riepl, I. Bernal and 
W. H. Ries, Znorg Chim. AC&, II2 (1986) 65; (c) M. 
A. Garralda and L. Ibarlucea, J. Otganomet. Chem., 
311 (1986) 225. 
(a) P. Imhoff and C. J. Elsevier, J. Organomef. Chem., 
361 (1989) C61; (b) C. J. Elsevier and P. Imhoff, 
Phosphoncs Suljiir, 49150 (1990) 405; (c) K. V. Katti 
and R. G. Cavell, Organometuallics, 7 (1988) 2236; (d) 
8 (1989) 2147. 
P. Imhoff, R. van Asselt, C. J. Elsevier, K. Vrieze, K. 
Goubitz, K. van Malssen and C. H. Stam, Phosphoms 
Sulfur, 47 (1990) 401. 
E. W. Abel, M. A. Bennett and G. Wilkinson, J. Chem. 
Sot., (1959) 3178. 
J. L. Herde, J. C. Lambert and C. V. Senoff, Inorg. 
Synth., I5 (1974) 18. 
J. L. Herde, J. C. Lambert and C. V. Senoff, Inoq 
Synth., I5 (1974) 14. 
(a) V. A. Gilyarov, V. Yu. Kovtun and M. I. Kabachnik, 
Izv. Akud. Nuuk SSSR, Ser. Khim., 5 (1967) 1159; (b) 
V. Yu. Kovtun, V. A. Gilyarov and M. I. Kabachnik, 
IN. Akad. Nauk SSSR, Ser. Khim., I1 (1972) 2012. 
H. Schenk and C. T. Kiers, Simpel83, a program system 
for direct methods, Crystallographic Computing 3, Clar- 
endon Press, Oxford, 1985. 
N. Walker and D. Stuart, Actu Ctystallogr., Sect. A, 39 
(1983) 158. 
J. M. Stewart, P. A. Machin, C. W. Dickinson, H. L. 
Ammon, H. Heck and H. Flack, in The XRAY76 system, 
Tech. Rep. TR-446, Computer Science Center, University 
of Maryland, College Park, MD, 1976. 
(a) D. T. Cramer and J. B. Mann, Acfu Crystullogr., 
Sect. A, 24 (1968) 321; (b) Infemafionul Tables for X- 
Ray Crystallography, Vol. IV, Kynoch Press, Birmingham, 
U.K., 1974, p. 55. 
(a) F. J. Lahoz, A. Tiripicchio, M. Tiripicchio Camellini, 
L. A. Oro and M. T. Pinillos, J. Chem. Sac., Dalton 
Trans., (1985) 1487; (b) A. A. H. van der Zcijdcn, G. 
van Koten, R. A. Nordemann, B. Kojic-Prodic and A. 
L. Spek, Organomefullics, 7 (1988) 1957; (c) M. E. 
Krafft, L. J. Wilson and K. D. Onan, Organometaallics, 
7 (1988) 2528; (d) P. Imhoff, C. J. Elsevier and C. H. 
Stam, Znorg. Chim. Acfa, 175 (1990) 209. 



87 

17 (a) 3. A. Ibers and R. G. Snyder, Acru Crystullogr., I5 
(1962) 923; (b) M. Iglesias, C. de1 Pino, A. Corma, S. 
Garcia-Blanco and S. Martinez Carrera, Inorg. Chim. 
Acta, 127 (1987) 215; (c) M. A. Kulzick, R. A. Andersen, 
E. L. Muetterties and V. W. Day, J. Organomet. Chem., 
336 (1987) 221; (d) P. Imhoff, S. C. A. Nefkens, C. 
J. Elsevier, K. Goubitz and C. H. Stam, Organometullics, 
in press. 

18 (a) J. S. Miller, M. 0. Visscher and K. G. Caulton, 
Inorg. Chem., 13 (1974) 1632; (b) F. L. Phillips and 
A. C. Skapski, J. Chem. Sot., Dalton Trans., (1976) 
1448; (c) E. W. Abel and S. A. Mucklejohn, 2. Nu- 
turjorsch., Teif B, 33 (1978) 339; (d) P. Dapporto, G. 
Denti, G. Dolcetti and M. Ghedini, .r. Chem. Sot., 
Dalton Trans., (1983) 779; (e) N. Mronga, F. Weller 
and K. Dehnicke, Z. Anorg. A&. Chem., 502 (1983) 
3.5. 

19 (a) J. Kaiser, H. Hartung and R. Richter, Z. Anorg. 
Al&. Chem., 469 (1980) 188; (b) L. Pauling, in The 
Chemical Bond, Cornell University Press, Ithaca, 1967; 
(c) R. Appel, G. Haubrich and F. Knoch, Chem. Ber., 
117 (1984) 2063. 

20 P. Imhoff, R. van Asselt, J. M. Ernsting, C. J. Elsevier, 
W. J. J. Smeets, K. Vrieze, A. L. Spek and A. P. M. 
Kentgens, to be published. 

21 (a) H. Schidbaur, G. Blaschke, H. J. Fuller and H. P. 
Scherm, J. Organomet. Chem., 160 (1978) 41; (b) R. 
L. Lapinski, H. Yue and R. A. Grey, J. Organomet. 
Chem., 174 (1979) 213. 

22 (a) M. Fukui, K. Itoh and Y. Ishii, Bull. Chem. Sot. 
Jpn., 48 (1975) 2044; (b) H. Alper, J. Organomet. Chem., 
127 (1977) 385; (c) E. M. Briggs, G. W. Brown and 
J. Jiricny, J. Inorg. Nucl. Chem., 41 (1979) 667; (d) G. 
L. Hillhouse, G. van Goede and B. L. Haymore, Inotg. 
Chem., 21 (1982) 2064. 

23 E. I. Matrosov, V. A. Gilyarov, V. Yu. Kovtun and 
M. I. Kabachnik, I.. Akud. Nuuk SSSR, Ser. Khim., 
6 (1971) 1162. 

24 B. Crociani, U. Belluco and P. Sandrini, /. Organomet. 
Chem., 177 (1979) 385. 

25 J. Browning, P. L. Goggin, R. J. Goodfellow, M. G. 
Norton, A. J. M. Rattmay, B. F. Taylor and J. Mink, 
J. Chem. Sot., Dalton Trans., (1977) 2061. 

26 H. I. Heiner and S. J. Lippard, Inorg. Chem., 11 (1972) 
1447. 

27 H. El-Amouri, A. A. Bahsoun and J. A. Osborn, 
Polyhedron, 7 (1988) 2035. 

28 (a) A. M. Aguiar and J. Beislcr, J. Org. Chem., 29 
(1964) 1660; (b) A. M. Aguiar, H. J. Aguiar and T. 
G. Archibald, Tetrahedron Len., (1966) 3187; (c) R. 
Appel and I. Ruppert, Z. Anorg A&. Chem., 406 (1974) 
131. 

29 (a) H. Schmidbaur, U. Deschler, B. Zimmer-Gasser, 
D. Neugebauer and U. Schubert, Chem. Ber., 113 (1980) 
902; (b) H. Schmidbaur and U. Deschler, Chem. Ber., 
I14 (1981) 2491. 

30 (a) Yu. G. Golobolov, I. N. Zhmurova and L. F. 
Kaukin, Tetruhedron, 37 (1981) 437, and refs. therein; 
(b) K. A. Ostaja Starzewski and H. tom Dieck, InoR. 
Chem., 18 (1979) 3307. 

31 (a) H. M. Walborsky and L. E. Allen, J. Am. Chem. 
Sot., 93 (1971) 5465; (b) V. Marsala, F. Faraone and 
P. Piraino, J. Organomet. Chem., 133 (1977) 301; (c) 
A. W. Gal, J. W. Gosselink and F. A. Vollenbroek, 
J. Orgunomet. Chem., 142 (1977) 357; (d) J. W. Suggs 
and G. D. N. Pearson, Tetrahedron Lett., 21 (1980) 
3853. 

32 G. J. Leigh and R. L. Richards, in G. Wilkinson, F. 
G. A. Stone and E. W. Abel (cds.), Comprehensive 
Organometallic Chemistry, Vol. 5, Pergamon, Oxford, 
1982, p. 541, and refs. therein. 


