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Abstract

Reaction of square planar M{CH(PPh,=N-CsH,~CH;-4),}(COD)] (1a: M=Rh; 1b: M=Ir), in which the bis-iminophos-
phoranylmethanide ligand is bidentate N,C-coordinated, with I, Mel and MeOSO,CF,; yields products resulting from metal
or ligand (N atom) centred reactivity. Complexes 1la and 1b react with Mel and MeOSO,CF; to yield mainly cationic N-
methyl or N,N'-dimethyl derivatives. The reaction of 1b with I, results in the selective formation of the hexacoordinate Ir(III)
complex (OC-6-43)-[Ir(I)o-N,o-N',0-C-{CH(PPh,=N-CH ~CH,-4),}(n%,n*-COD)]*1~ (4). The molecular structure of 4 has
been determined by an X-ray crystal structure study; it crystallizes in space group P2,/c with a=21.040(2), b=18.399(2),
c=26.075(3) A and B=102.33(2)°. A total of 5243 reflections (I>2.50(I)) has been used in the refinement which converged,
after including a model for observed disorder, to R=0.061 (R,,=0.084). In the cationic part of 4 the N,N',C ligand is facially
tridentate coordinated to Ir, thus forming a [2.2.0]-bicyclohexane structure containing an Ir, a C, two P and two N atoms.
lodine is in trans position to the methanide carbon atom. Compound 4 represents a trapped cation—anion complex and may
be regarded as a model of an intermediate in the polar oxidative addition of I, to d® transition metal compounds. Instead
of coordinating the second iodine atom, stabilization of 4 is achieved by virtue of the adaptation of the
bis(iminophosphoranyl)methanide ligand by coordination of the pendant N atom.

Keywords: Rhodium complexes; Iridium complexes; Iminophosphorane complexes; Oxidative addition; Metallacycle complexes; Crystal structures

1. Introduction arally only possible when ligands are introduced that
have specific electronic or structural properties. For
example, a few metal-halocarbon complexes have been
isolated, i.e. [RhICI(Me)(PPh,),(IMe)] [2], 1ater shown
to be [RhI(Me)(PPhs),] [2], cis,trans-[IrtH,(o-

CeH,L,)(PPh,),]BF, [3], [Ir(COD)(n-0-BrCJH,PPh,)}-

Oxidative addition and reductive elimination reactions
are key steps in important catalytic processes, such as
hydrogenation and C-C coupling reactions [1]. There-
fore much effort has been spent on the elucidation of

the characteristics and mechanisms of these types of
reactions and several model compounds have been
developed to study the intermediates in these reactions.
Isolation of intermediates as stable complexes is gen-
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SbF, [4] and [IrH,(IMe),(PPh,),]SbF, [5], that may
serve as models for intermediates during the early
stages of oxidative addition reactions of alkylhalogen-
ides. Also, complexes of the type [PtR(n'-
L,)Y{CsH,;(CH,NMe,),-0,0’}] in which the I, molecule
is ' coordinated are known [6,7)]. The oxidative addition
of I, to the metal centre proceeds via an S2 mechanism
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and the initial step has convincingly been shown to be
the formation of a complex in which I, is end-on
coordinated to Pt. Further reaction proceeds probably
via an intermediate cation-anion complex of the type
[Pt(R){CsH,(CH,NMe,),-0,0'}]*1~ to give the oxi-
dative addition product [PtR(I),{C;H,(CH,NMe,),-
0,0'}].

In fact, cation—anion complexes in reactions of mono-
nuclear d® metal complexes with iodine have, to our
knowledge, never been isolated [8a). A related ionic
complex, fac-[PtMe;(SMe,),(NCCD;)]* I, occurring in
the oxidative addition of Mel to cis-[PtMe,(SMe,),],
has been characterized [8b]. This intermediate even-
tually reacts further to give the oxidative addition
complex fac-[Pt(IV)IMe;(SMe,),]. Ionic triorganopla-
tinum(IV) compounds containing rigid bidentate ni-
trogen ligands have also been authenticated [8c].

In another paper we reported on rhodium(I) and
iridium(I) complexes bearing a bis(iminophosphoranyl)-
methanide ligand, i.e. [M{CH(PPh,=N-R'),}L,] (1), in
which the ligand is coordinated as a 0-N,0-C chelate
[9]. It was anticipated that, as a result of the presence
of a second, uncoordinated iminophosphorane group
in 1, in metal centred reactions with, for example, HX,
MeX or X,, the bis(iminophosphoranyl)methanide li-
gand could adopt other coordination modes, such as
o-N,o-N' bidentate or o-N,0-N',0-C terdentate coor-
dination. In fact a terdentate coordination mode has
been suggested to occur as an intermediate complex
formed in the reaction of the Rh(I) and Ir(I) complexes
1 with HCL. It has been found that initially an oxidative
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addition of HCI to the metal centre with formation of
an M(III)-hydride intermediate occurred, which reacted
further via migration of the hydrogen atom to either
the iminophosphorane N atom or the methanide C
atom to yield 2 or 3, respectively (Eq. (1)) [9]. Based
on 'H and 3P NMR chemical shift data, a structure
in which the bis(iminophosphoranyl)methanide ligand
has adopted a fac o-N,o~N’,0-C coordination mode
could be assigned to the intermediate M(III) complex.

In this paper we describe the reactions of the
bis(iminophosphoranyl)methanide complexes [M{CH-
(PPh,=N-p-tolyl),}(COD)] (M=Rh (1a); Ir (1b)) with
I, and MeX (X=I, OSO,CF;). It will be shown that
in the reaction of [Ir{CH(PPh,=N-p-tolyl),}(COD)]
(1b) with iodine the new, hexacoordinate
[Ir(INK{CH(PPh,=N—p-tolyl),}(COD)]I is formed, in
which the bis(iminophosphoranyl)methanide ligand is
coordinated in a unique fac-terdentate mode. This
compound represents an isolated ionic complex, mim-
icking the situation halfway a polar oxidative addition
reaction of iodine to a d® transition metal compound.

2, Experimental

All reactions were performed under an atmosphere
of dry, purified nitrogen using standard Schlenk tech-
niques. All solvents were carefully dried and distilled
prior to use. [Rh{CH(PPh,=N—p-tolyl),}(COD)] (1a)
and [If{CH(PPh,=N-p-tolyl),}(COD)] (1b) were syn-
thesized according to literature procedures [9].

Elemental analyses were carried out by the section
Elemental Analysis of the Institute for Applied Chem-
istry, ITC/TNO, Zeist, Netherlands. Field desorption
(FD) mass spectra were obtained with a Varian MAT711
double focusing mass spectrometer, and were performed
by the Institute for Mass Spectroscopy of the University
of Amsterdam. 'H and *C NMR spectra were recorded
either on a Bruker AC100 or a Bruker WM250 spec-
trometer. *'P NMR spectra were obtained with a Bruker
WP80 or a Bruker AC100 spectrometer. Chemical shifts
are in ppm relative to SiMe, for 'H and **C spectra
and to 85% H,PO, for *'P spectra, with shifts to high
frequency positive. Coupling constants are in Hz. IR
spectra were recorded with a Perkin-Elmer 283 spec-
trophotometer.

2.1. Reaction of [Ir{ CH(PPh,=N-p-tolyl),}(COD)]
(1b) with I,

To a solution of ~0.05 mmol [Ir{CH(PPh,=N-p-
tolyl),}(COD)] (1b) in 15 ml Et,O was slowly added
1 equiv. of I, in 5 ml Et,O at room temperature. After
1 h a red precipitate had formed, which was filtered
off, washed with Et,O (2X10 ml) and pentane (2X 10
ml) and dried in vacuo giving red [Irl{CH(PPh,=N-p-
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tolyl),}(COD)]I (4) in 95% yield. Orange-red crystals
suitable for X-ray structure determination were obtained
by slow diffusion of hexane into a solution of 4 in a
CH,Cl/hexane mixture (~S5:1) at room temperature.

3P NMR (CD.ClL,): 61.5 ppm. '"H NMR (CD,CL):
2.09-2.12 (m, CH,, COD, 4H); 2.33-2.37 (m, CH,,
COD, 2H); 2.34 (CH,, tolyl, 6H); 2.59-2.63 (m, CH,,
COD, 2H); 3.34 (m, =CH, COD, 2H); 4.78 (m, =CH,
COD, 2H); 5.07 (t, 2(P,H)=2.6 Hz, P-CH-P, 1H);
6.96+7.10 (d, ¥(H,H)=7.9 Hz, tolyl, 8H); 6.87-6.94
(m, m-Ph, 8H); 7.29-7.37 (m, p-Ph, 4H); 7.74 (br, o-
Ph, 6H); 8.31 (br, o-Ph, 2H). IR (KBr): »(P-N)=1273
cm~'. FD mass found: m/z=1021 (M™; calc. for
C7H 1IN, P,: M =1020.959); 894 (=(M~1)"). Anal.
Found: C, 49.54; H, 4.29; N 2.40. Calc.: C, 49.18; H,
4.13; N, 2.44%.

2.2. Reaction of [ M{ CH(PPh,=N-p-tolyl),}(COD)]
(Ia,b) with MeOTf to give [ M{p-tolyl-N=PPh,~-CH-
PPh,-N(Me) (p-tolyl)}(COD)]OTf (5a,b)

(a) To a solution of 0.1 mmol [M{CH(PPh;=N—p-
tolyl),}(COD)] (1a,b) in 10 ml benzene 1 equiv. of
MeOSO,CF; (MeOTYf) was added. After stirring for 2
h the solvent was evaporated to dryness. The residue
was washed with pentane (2 X4 mi) and dried in vacuo,
giving [M{p-tolyl-N=PPh,-CH-PPh,~N(Me)(p-to-
lyD}(COD)]JOTS (5a,b) in 95% yield.

[Rb{p-tolyl-N=PPh,-CH-PPh,-N(Me)(p-tolyl)}-
(COD)JOTE (5a): *P NMR (CiD¢): 19.7 (br d,
2J(Rh,P)=14.6 Hz; J(P,P) <2 Hz); 44.4 (br, J(Rh,P),
%J(P,P) <2 Hz). '"H NMR (C4Dy): 1.1-1.3 (CH,, COD);
1.5-1.8 (CH,, COD); 1.84 (CH,, tolyl); 1.92 (CH,, tolyl);
2.58 (d, *J(P,H)=9.5 Hz, N-CH,); 3.75 (=CH, COD,
2H); 3.79 (br d, 2J(P,H) =15.2 Hz, J(P,H), Z/(Rh,H) < 1
Hz, P-CH-P); 4.15 (=CH, COD, 1H); 4.86 (=CH,
COD, 1H); 6.28+6.63 (d, 7.8 Hz, tolyl); 6.81+6.93 (d,
7.8 Hz, tolyl); 7.0~7.2 (m, m-Ph, p-Ph); 7.30 (m, m-Ph,
p-Ph); 745 (m, m-Ph); 7.67 (m, p-Ph); 8.16-8.24 (m,
o-Ph); 8.44-8.53 (m, o-Ph); 8.63-8.70 (m, o-Ph). Anal.
Found:.C, 61.20; H, 5.20; N, 3.21. Calc.: C, 60.75; H,
5.20; N, 2.89%. FD mass found: m/z=968 (M™; calc.
for C,oHsoF,N,O5P,RhS: M =968.861).

[Ir{p-tolyl-N=PPh,~CH-PPh,-N(Me)(p-tolyl)}-
(COD)]OTS (5b): *'P NMR (C¢Dy): 34.7 (d, 2J(P,P)=2.0
Hz); 46.5 (d, %J(P,P) =2.0 Hz). '"H NMR (C,Ds): 1.5-1.8
(CH,, COD, 4H); 1.80 (CH,, tolyl); 1.94 (CH,, tolyl);
2.0-2.2 (CH,, COD, 2H); 2.5-2.7 (CH,, COD, 2H);
2.67 (d, °J(P,H)=9.6 Hz, N-CH,); 3.47 (=CH, COD,
2H); 3.94 (=CH, COD, 2H); 4.69 (dd, 2/(P,H)=17.4
Hz, ?J(P,H)=1.7 Hz, P-CH-P); 6.30+6.65 (d, 8.0 Hz,
tolyl); 6.75+6.90 (d, 8.1 Hz, tolyl); 7.0-7.3 (m, m-Ph,
p-Ph); 7.6 (m, p-Ph); 8.18-8.48 (m, o-Ph). Anal. Found:
C, 55.89; H, 4.86; N, 2.97. Calc.: C, 55.62; H, 4.76; N,
2.65%. FD mass found: m/z=909 (M™*; calc. for
CasHsoItN,P,: M =909.09 for M — OTY).

(b) To a solution of ~0.05 mmol 1a or 1b in 3 ml
benzene a fivefold excess of MeOTf was added at room
temperature. After stirring for 24 h a brown oil had
separated. After addition of 10 ml Et,O a brown residue
was filtered off, washed with 5 ml Et,O and dried in
vacuo. The residue consisted, according to FD mass
spectroscopy, as well as 'H and *P NMR, of
[Ch,(PPh,~NMe-p-tolyl)(PPh,~NH-p-tolyl)}>* and
[CH,(PPh,~NH-—p-tolyl),]** [10].

[CH,(PPh,-NMe-p-tolyl)(PPh,-NH-p-toly)]**: 'H
NMR (CDCl,): 2.08 (CH, tolyl, 6H); 3.37 (d,
3J(P,H)=9.9 Hz, N-CH,, 3H); 5.36 (t, ¥(P,H)=15.6
Hz; P-CH,-P, 2H); 6.44 (d, 8.4 Hz, tolyl, 2H); 6.75
(d, 8.8 Hz, tolyl, 2H); 6.79 (d, 8.4 Hz, tolyl, 2H); 6.90
(d, 8.8 Hz, tolyl, 2H); 7.29-7.91 (m, Ph, 20H); 8.15 (d,
9.6 Hz, N-H, 1H). *P NMR (CDCl;): 30.0 (d); 41.8
(d); ¥(P,P)=124 Hz. FD mass found: m/z=759
([CH,(PPh,~NMe-p-tolyl)(PPh,-N-p-tolyl)JOTf), 609
([CH,(PPh,~NMe—p-tolyl)(PPh,~N-p-tolyl)]).

The yellow filtrate of the reaction of 1b with MeOQTf
contained, according to 'H and *'P NMR, [CH,(PPh,-
NMe-—p-tolyl)(PPh,~NH-p-tolyl)**, [CH,(PPh,~-NH—p-
tolyl),J** [10] and [Ir(COD)(OTY)] [11]. [Ir(COD)-
(OTH)]: 'H NMR (CDClL;): 1.9-2.2 (m, 8H); 4.70 (m,
4H).

2.3. Reaction of [ Rh(CODK CH(PPh,=N-p-tolyl),}]
(1a) with Mel to give [ CH(PPh,~NMe-p-tolyl),]I (6)
and [ RRI(COD)],

A solution of 138.2 mg 1a (0.17 mmol) and 100 ul
Mel (1.6 mmol) in 7 ml benzene was heated at 358
K for 3 h. After cooling down to room temperature
15 ml of pentane were added. The precipitate was
filtered off, washed with pentane (210 ml) and dried
in vacuo giving brown [CH(PPh,-NMe-p-tolyl),]I (6)
in ~80% yield.

[CH(PPh,~NMe—p-tolyl),]I: 'H NMR (CD,CL): 1.71
(t, Y(P,H)=9.9 Hz, P-CH-P, 1H); 2.30 (CH,, tolyl,
6H); 2.91 (vt, N-CHj, 6H); 6.82+7.03 (d, *J(H,H)="7.9
Hz, tolyl, 8H); 7.16-7.24 (m, m-Ph, 8H); 7.33-7.42 (m,
o-Ph, 8H); 7.57-7.62 (m, p-Ph, 4H). *C NMR (CD,Cl,):
12.6 (t, J(P,C)=149 Hz, P-CH-P); 41.0 (vd, 2.5 Hz,
N-CHs), p-tolyl: 21.0 (CH,); 128.1 (C,,.); 130.3 (C,.....);
136.9 (C,e); 141.6 (C,,,); phenyl: 126.8 (d, 112.3 Hz,
Ciso); 129.4 (vt, 6.5 Hz, C,,..,,); 132.7 (vt, 5.3 Hz, C,,.1,);
133.2 (Coara)- *'P NMR (CD,CL,): 39.2 ppm. IR (KBr):
»(P-N)=1263 cm~'. FD mass found: m/z=623 (M*),
608 ((M~CH,)"); calc. for C,;H, N,P,: M=623.741.
Anal. Found: C, 64.44; H, 5.40; N, 3.70. Calc.: C, 64.60;
H, 5.51; N, 3.73%. The filtrate, according to 'H and
3P NMR, consisted of unreacted 1a, [CH(PPh,~-NMe—p-
tolyl),]I (6) and [RhI(COD)], [12]. [RhI(COD)],: 'H
NMR (CDCl,): 1.54-1.78 (m, CH,, COD); 2.33-2.47
(m, CH,, COD); 4.64 (m, =CH, COD).
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2.4. Reaction of [Ir{ CH(PPh,=N-p-tolyl),}(COD)]
(1b) with Mel to give [ CH(PPh,-NMe-p-tolyl),]I (6)
and [Irl(COD)],

(a) A solution of 200 mg 1b (0.22 mmol) and 2 ml
Mel (~32 mmol) in 10 ml benzene was refluxed for
6 h. After cooling down to room temperature a small
amount of white precipitate had formed in an or-
ange-red solution. The white powder was filtered off,
washed with Et,O and pentane, and dried in vacuo.
The filtrate was evaporated to dryness in vacuo, washed
with Et,O and pentane, and dried in vacuo giving an
orange-red powder. *'P NMR (C¢Ds): —7.1 (d), +52.1
(d); ¥(P,P)=17.1 Hz (~40%); —6.2 (d), +55.8 (d);
2J(P,P)=17.1 Hz (~30%); 47.5 (30%). FD mass found:
mfz=894 (1b); 908 (M™; calc. for C,sHsIIN,P,:
M=909.09). The filtrate, according to 'H and >’P NMR,
consisted of unreacted 1b, [CH(PPh,~NMe-p-tolyl),]JI
(6) and [IrI(COD)],.

(b) A mixture of 7.6 mg 1b (8.5 mmol) and 5 ml
Mel (80.2 mmol) in 0.4 ml CDs in 2 5 mm NMR
tube was irradiated with a quartz filtered Hg lamp for
30 min at room temperature. After heating this mixture
at 323 K for 30 min, according to *P NMR, one
phosphorus containing product was formed (at 47.8
ppm). Workup of the reaction product gave decom-
position reactions, as evidenced by the formation of
[CH(PPh,-NMe-p-tolyl),]I (6), [IrI(COD)], and free
COD (*H and *P NMR).

2.5. Structure determination and refinement of 4

An orange-red needle shaped crystal was glued on
top of a glass-fibre and transferred to an Enraf-Nonius
CADAF diffractometer for data collection. Unit cell
parameters were determined from a least-squares treat-
ment of the SET4 setting angles of 25 reflections with
9.2<60<14.2°. The crystal reflected poorly and showed
broad reflection profiles. The unit cell parameters were
checked for the presence of higher lattice symmetry
[13]. Data were corrected for Lp, for a linear decay
(3.9%) of the intensity control reflections during the
95 h of X-ray exposure time and for absorption (Gaussian
integration). The heavy atoms (Ir, I) were located with
direct methods (SHELXS86) [14]; all other non-H atoms
were located from a series of subsequent difference
Fourier maps. Refinement on F was carried out by
full-matrix least-squares techniques. H atoms were in-
troduced on calculated positions (C-H=0.98 A) and
included in the refinement riding on their carrier atoms.
In view of the rather poor crystal quality and the
relatively small number of significant reflections, only
the Ir, I and P atoms were refined with anisotropic
thermal parameters. The C and N atoms were refined
with isotropic thermal parameters, and the H atoms
with one common isotropic thermal parameter

(U=0.09(1) A?). Eight hexane solvate and four dich-
loromethane solvate molecules located in a large cavity
of approximately 2000 A3 could not be located from
difference Fourier maps unambiguously and were taken
into account in the structure factor and refinement
calculations by direct Fourier transformation of the
electron density in the cavity, following the BYPASS
procedure [15]. An electron count of the electron density
in the void is consistent with the interpretation given.
The structure was found to be disordered in a ratio
of 94.3(3)%/5.7(3)% as indicated by a difference Fourier
map showing residual density peaks corresponding to
Ir and I atoms in alternatively oriented molecules. Due
to the poor resolution of the data set, only the heavy
atoms (Ir, I) could be refined with a disorder model;
the disorder effect of 5.7(3)% is irresolvable for the
lighter P, N and C atoms. Weights were introduced in
the final refinement cycles; convergence was reached
at R=0.061. Crystal data and numerical details of the
structure determination are given in Table 1. Neutral
atom scattering factors were taken from Ref. [16] and
corrected for anomalous dispersion [17]. All calculations
were performed with SHELX76 [18] and the EUCLID
package [19] (geometrical calculations and illustrations)
on a MicroVAX cluster.

3. Results

Reaction of the Rh and Ir complexes [M(COD){o-
N,0-C-CH(PPh,=N-p-tolyl),}] (M=Rh (1a); Ir (1b))
with the electrophilic reagents I,, MeOTf or Mel gave
rise to both metal and ligand centred reactivity. In the
reaction of 1b (M=Ir) with I, the new complex
[M(COD)Ko-N,0-N',0-C-CH(PPh,=N-p-tolyl),}]I (4)
is formed, in which the bis(iminophosphoranyl)-
methanide ligand has adopted a terdentate coordination
mode.

Reaction of 1 with MeOT{ proceeds via direct meth-
ylation of the nitrogen atom of the pendant imino-
phosphorane group to yield complexes of the type
[M(COD)(p-tolyl-N=PPh,—~CH-PPh,~NMe-p-tolyl)}-
OTIf (5). When employing Mel as the reagent, reaction
with the bis(iminophosphoranyl)methanide ligand as
well as with the metal occurred.

3.1. Reaction with I,

The reaction of 1a (M =Rh) with I, in diethyl ether
or benzene gave irreproducible results. During this
reaction several (decomposition) products were formed,
as evidenced by an intense blackening of the mixture
during the reaction in benzene, and the formation of
several organophosphorus compounds. Isolation of
either of these products failed due to further decom-
position reactions.
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Crystal data and details of the structure determination of [Ir(COD)I{CH(PPh,=N-C.H,~CHs-4),}]I (4)
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Crystal data

Formula

Molecular weight
Space group

Crystal system

a ()

b (&)

c &)

B ()

v (A%

z

Dculc (g cm—:!)
F(000)

p (em™)

Crystal size (mm)
Data collection
Radiation (A)

Bml'm emnx (o)

T (K)

Scan type

4w ()

Horizontal and vertical aperture (mm)
Distance crystal to detector (mm)
Reference reflections
Data set

Total data

Total unique data
Observed data

Refinement

No. refined parameters

Weighting scheme

Final R, wR values

(A/o),, in final cycle

Residual density: min., max. (¢ A~?)

CHNoP,LIr-CiH,, -4 CH,Cl,
1276.51

P2,/c (No. 14)
monoclinic
21.040(2)
18.399(2)
26.075(3)
102.33(2)
9861(2)

8

1.720

5016

429
0.50x0.25x0.12

Mo Ka (Zr-filtered), 0.71073
0.80, 21.50

100

/20

0.70+0.35 tané

3.0, 3.0

173

041 ~-202

—-21<h<0, 0<k<18, —25<1<26
11789

11293

5243 (I>2.50())

501

w=1.0/(*(F) +0.005284F?)
0.061, 0.084

0.015

~1.52, 1.50

p-tolyl +
[ , p-tolyl l

I
N | N
\ / \\P:Ph I >Ir: Ww.ptolyl T
/ Nch PR | "N~
. C(L ~ 3]
s 7N\
1b 4

However, reaction of 1b (M =1Ir) with an equimolar
quantity of slowly added I, in diethyl ether at room
temperature proceeded very cleanly to give one single
product (4) in 95% yield (Eq. (2)).

The molecular structure of this new compound 4,
which analyzed correctly for [IrL,{CH(PPh,=N-p-to-
1y1),}(COD)}, was elucidated by 'H and *'P NMR, IR,
FD mass spectroscopy and a single crystal X-ray struc-
ture determination. Performing the reaction with a
molar ratio I,:1b higher than 1:1 the same organoiridium
species was formed (IR, 'H and *P NMR). In this

case the product contained, according to elemental
analysis, more iodine than in the 1:1 reaction, which
is most probably a result of the formation of I,~ or
I~ anions by reaction of the 1™ anion with excess I,
[20].

Compound 4 is not soluble in apolar solvents such
as alkanes and Et,0O, slightly soluble in benzene and
quite soluble in dichloromethane, chloroform and THF.
It is thermally stable in moist air for at least 2 months.
In solution, 4 is configurationally stable (e.g. in toluene
at 373 K it neither isomerizes nor does it coordinate
the external iodide at the expense of one of the co-
ordinated ligands), but slow decomposition is observed
in CDCl, solution, which is complete within 4 days.

In the IR spectrum of 4 (KBr pellet) a strong band
is observed at 1273 cm ~!, a value indicative of {P=N)
of an iminophosphorane group within a four-membered
metallacycle, since it is close to the values found for
other four-membered metallo-iminophosphoranyl-
methanide complexes, e.g. 1294 and 1287 cm ™! for
[Rh(CH,PPh,=N-p-tolyD)L,] (L,=COD and (CO),,
respectively) [21] or 1285 and 1279 cm~! for
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[I{CH(PPh,=N-p-tolyl),}1;] (1, L,=COD and (CO),,
respectively) [9b].

In the "H NMR spectrum of 4 (CD,Cl,) the resonance
of the methanide proton is found at 5.07 ppm, split
into a triplet (¥(P,H)=2.6 Hz) due to coupling with
two equivalent phosphorus nuclei. For the two p-tolyl
groups only one methyl signal at 2.34 ppm and one
pair of doublets in the aryl region are found, indicating
that these groups are isochronous. The COD olefinic
hydrogen atoms are found as two broad resonances at
3.34 and 4.78 ppm. In the *’P NMR spectrum only
one signal is found for both phosphorus atoms at 61.5
ppm over the temperature range 193-373 K.

+
-tolyl Ph I
1P }qy é,Ph
~>rZ "TZcH T
P \N.—:i)/
/ n
p-tolyl Ph Ph

4 4

These NMR data indicate that the bis(iminophos-
phoranyl)methanide ligand is symmetrically coordinated
to the Ir atom and, by the observation of two signals
for the olefinic COD hydrogen atoms, that 4 should
have at least C, symmetry in solution. These symmetry
considerations are in agreement with a structure of 4
in which the bis(iminophosphoranyl)methanide has
adopted a terdentate facial o-N,0-N’,0-C coordina-
tion mode. Another structure, in which the ligand is
o-N,o-N’ bidentate coordinated (4') albeit in agreement
with these symmetry requirements, is not in agreement
with the details of the NMR data. (Coordination modes
such as in 4’ are known for complexes with related
ligands, see Refs. [22-24].) It was anticipated that the
bis(iminophosphoranyl)methanide ligand in 4 has a
terdentate coordination mode in solution, since (i) for
a bidentate coordination mode as in 4’ the methanide
proton should have considerable ylide character [22]
and is expected to resonate at much lower frequencies
in the '"H NMR spectrum than the observed value of
5.07 ppmin 4, e.g. 1.90 ppm in [WCL{NPPh,CHPPh,N}]
[22a] or in the range from —0.36 to 0.23 ppm in
bis(methylenephosphoranyl)methanide complexes [23),
and (ii) the *'P chemical shift of 61.5 ppm is indicative
of an iminophosphorane phosphorus nucleus in a four-
membered metallacycle [9b,21], whereas the *'P res-
onance of complex 4’ is expected at lower frequencies,
based on the chemical shifts of, for example,
[WCL{NPPh,CHPPh,N}] at 15.5 ppm [22a], [PtCl
{C(PPh,S);}(PEt;)] at 2532 and 35.29 ppm [25],
[P{C(PPh,S);}(PEt,),] at 32.40 and 39.50 ppm [25],
[M{CH(PPh,S),}(COD)] for M=Rh at 36.0 ppm and
for M=Ir at 341 ppm [24] or bis(methylene-
phosphoranyl)methanide complexes (10.2-13.8 ppm)

[22,23]. Our expectations were confirmed by an X-ray
crystal structure analysis of 4.

3.2. Molecular structure of [Irl{ CH(PPh,=N-p-tolyl),}-
(COD)]*1~ (4)

The unit cell of the title compound consists of eight
discrete molecules of 4 and voids containing disordered
solvents of crystallization. The asymmetric unit com-
prises two crystallographically independent cations, two
iodide anions, one molecule of CH,Cl, and two hexane
molecules. The molecular structure of one cation is
shown in Fig. 1. Selected bond distances and angles
for both molecules are given in Tables 2 and 3. Fractional
coordinates and equivalent isotropic thermal parameters
are given in Table 4. Unless the data differ by more
than 20, only molecule 1 will be described.

The most important feature of the structure of 4 is
the terdentate facial coordination mode of the
bis(iminophosphoranyl)methanide ligand to Ir, forming
two fused four-membered Ir-N~P~C metallacycles shar-
ing the Ir-C vertex. The coordination geometry around
Ir is distorted octahedral, with the two axial positions
taken by the iodide atom and the methanide C atom
of the bis(iminophosphoranyl)methanide ligand. The
equatorial sites are taken by the two N atoms of this
ligand and the two olefinic bonds of the COD ligand
(with M1 and M2 being the midpoints of C40-C41 and
C44-C45, respectively). The molecule has an approx-
imate mirror plane, defined by the atoms C1, Ir and
I.

The most striking deviations from octahedral ge-
ometry are the I-Ir-C1 angle of 151.8(7)° and the acute
C1-Ir-N angles of 70.0(9) and 71(1)°, and may be
attributed to constraints within the two four-membered

Fig. 1. Thermal ellipsoid plot (40% probability) of the cation of
[Ir{CH(PPh,=N-CH,~CH;-4),(COD)]*1~ (4). Hydrogen atoms
have been omitted for clarity and only one of the nearly identical
unique cations is shown.
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Table 2

Selected interatomic bond distances (A) of the cationic part of
[Ir(COD){CH(PPh,=N-C,H,~CH3-4),}]I (4) with standard devia-
tions in parentheses

Table 3

Selected interatomic bond angles (°) of the cationic part of
[Ir( CODY{CH(PPh,=N-C.H,~CH;-4),}]I (4) with standard deviations
in parentheses

Molecule 1 Molecule 2 Molecule 1 Molecule 2
Around Ir Around Ir
Ir-N1 2.14(2) 2.14(2) N1-Ir-N2 85.7(8) 87.2(8)
Ir-N2 2.13(2) 2.16(2) N1-Ir-C1 70.0(9) 70.5(9)
Ir—Cl1 2.22(3) 2.23(3) N1-Ir-1 89.8(6) 89.0(6)
Ir-1 2.713(2) 2.723(2) Ni-Ir-M1 171.2(9) 173.3(9)
Ir-M1 2.13(3) 2.09(3) N1-Ir-M2 95.7(9) 93(1)
r-C40 2.23(3) 2.23(3) N2-Ir-C1 71(1) 71.8(9)
Ir-C41 2.24(3) 2.18(3) N2-Ir-1 88.6(6) 88.6(6)
Ir-M2 2.14(3) 2.09(3) N2-Ir-M1 92.4(9) 93.3(9)
Ir-C44 2.24(3) 2.21(3) N2-Ir-M2 174(1) 175(1)
Ir—C45 2.27(3) 2.19(3) Cl1-Ir-I 151.8(7) 151.8(7)
- Cl-Ir-M1 101(1) 103(1)
zilm_gzbg”"d 1 49(4) 14603) Cl-I--M2 104(1) 103(1)
N1-P1 1.56(2) 1.60(2) I-Ir-M1 98.8(7) 97.7(7)
P1C1 1.83(3) 18103) 1-I--M2 97.1(8) 96.6(8)
P1-C16 1.77(3) 1.80(3) Mi-Ir-M2 85(1) 86(1)
P1-C22 1.75(3) 1.81(2) Within ligand
N2-C9 1.40(4) 1.45(3) 1r-N1-P1 101(1) 101(1)
N2-P2 1.61(2) 1.61(2) 1r-N1-C2 125(2) 127(2)
p2-Cl1 1.79(3) 1.85(3) P1-N1-C2 129(2) 127(2)
P2-C28 1.73(3) 1.83(3) N1-P1-Cl 95(1) 95(1)
P2-C34 1.81(3) 1.80(3) N1-P1-C16 120(1) 123(1)
i N1-P1-C22 114(1) 112(1)
g%(;oo 13304) 1.4504) C1-P1-Cl6 109(1) 108(1)
Ca4-Ca5 1.40(4) 1.38(4) C1-P1-C22 120(1) 120(1)
(CoprCopsd L51(4) 155(4) a2 %003) 0103,
—ir
{Cyp3=Cip3) 1.46(4) 1.48(4) P1-C1-P2 114(2) 115(1)
Ir-N2-P2 100(1) 99(1)
1r-N2-C9 131(2) 127(2)
metallacycles. The C1-M-N angles are even smalier P2-N2-C9 127(2) 128(2)
than those found in other complexes containing N2-P2-C1 96(1) 96(1)
M-N-P-C metallacycles, ie. 73.1(1)° in [Rh(p-to- ~ N2F2C28 ii‘;ﬁ; 338
lyl—N=°P'Ph2—CH—PPh2~NH—1o-tolyl)(COD)] 2 [9a]; Cl_P2-C28 120(1) 119(1)
74.2 (2) m [Rh(CHzPPh2= N—j)-tOI)'l) (COD)] or73 4(4) C1-P2-C34 107(1) 111(1)
[21] in [Ir{CH(PPh,=N-p-tolyl),}(COD)] (1b) [9b]. C28-P2-C34 101(1) 100(1)
The P-N bond distances of 1.56(2) and 1.61(2) A P2-Ci-Ir 91(1) 90(1)
fall well within the range usually found for coordination Within COD
complexes of iminophosphoranes [9,21,26] and also the (Cspr-CiprCipa) 123(2) 122(3)
Ir-N distances of 2.14(2) and 2.13(2) A are normal (Csp3~CoprCsp2) 118(3) 116(2)

values [27]. The Ir-C1 and Ir-I bond lengths are within
the ranges normally observed [3,5,28,29]. The cyclo-
1,5-octadiene ligand is coordinated in its standard
twisted boat conformation and is bent away from the
bulky iodide, as evidenced by the deviation of the angles
between the olefinic bonds and the coordination plane
(88(1) and 85(1)°) from the ideal 90°.

The observed facial terdentate coordination mode
of the bis(iminophosphoranyl)methanide ligand is un-
precedented; two fused four-membered metallacycles
sharing the M~-C vertex are present within one mon-
omeric complex. The scarcity of such complexes is not
surprising, because such a system is expected to be
rather unstable as a result of the presence of two
strained four-membered metallacycles in a metalladi-

azabicyclo[2,2,0]hexane structure. In 4 the strain in the
M-N-P-C rings is most probably minimized by a nar-
rowing of the N-P-C angle, the angles at the phosphorus
atom being adaptable as a result of available d-orbitals.
As a consequence, the M—-N-P and M-C-P angles will
be less acute, thus releasing some of the ring strain.
Indeed it was found that the N-P—C angles are somewhat
smaller and the M-N-P and M-C-P angles larger than
the corresponding angles in other iminophosphoran-
ylmethanide complexes [9,21].

Although several types of terdentate ligands are
known, they often concern systems that give five- or
six-membered rings upon coordination, these being the
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Table 4

Final coordinates and equivalent isotropic thermal parameters and
their e.s.d.s in parentheses for 4

Atom x y z Uy * or
Uso (AY)
12 0.6622(1) 0.0707(2) 0.1240(1) 0.062(1)
I3 0.1652(1) 0.2724(2) 0.1366(1) 0.074(1)
Molecule 1
Ir? 0.45114(6) 0.29732(6) 0.22045(5) 0.0169(4)
I® 0.57708(9) 0.3214(1) 0.26833(8) 0.0252(7)
P1 0.4055(3) 0.1550(4) 0.1829(3) 0.024(3)
P2 0.4117(4) 0.2807(4) 0.1083(3)  0.026(3)
Nt 0.472(1) 0.184(1) 0.2156(8) 0.019(5)
N2 0.479(1) 0.306(1) 0.1467(%) 0.027(6)
Cl 0.375(1) 0.245(1) 0.159(1) 0.025(7)
c2 0.524(2) 0.144(2) 0.252(1) 0.045(9)
C3 0.517(2) 0.118(2) 0.301(1) 0.031(8)
C4 0.565(1) 0.086(2) 0.337(1) 0.027(7)
Cs 0.622(2) 0.077(2) 0.322(1) 0.039(8)
C6 0.679(2) 0.046(2) 0.360(2) 0.09(1)
C7 0.632(2) 0.103(2) 0.275(1) 0.044(9)
C8 0.580(1) 0.134(1) 0.238(1) 0.014(6)
Cc9 0.531(1) 0.342(2) 0.132(1)  0.033(8)
C10 0.594(1) 0.304(2) 0.136(1) 0.035(8)
Cl1 0.656(1) 0.342(2) 0.127(1) 0.028(8)
C12 0.650(1) 0.400(2) 0.116(1) 0.022(7)
Ci3 0.707(2) 0.438(2) 0.106(1) 0.041(8)
C14 0.591(1) 0.447(2) 0.117(1) 0.036(8)
C15 0.533(1) 0.414(2) 0.121(1)  0.034(8)
C16 0.349(1) 0.114(1) 0.215(1) 0.018(7)
C17 0.365(2) 0.044(2) 0.240(1) 0.039(9)
C18 0.325(1) 0.005(2) 0.265(1) 0.035(8)
C19 0.261(1) 0.040(1) 0.264(1) 0.020(7)
C20 0.243(1) 0.104(2) 0.242(1) 0.029(8)
Cc21 0.287(1) 0.140(2) 0.216(1) 0.026(7)
Cc22 0.414(1) 0.087(1) 0.138(1) 0.021(7)
C23 0.360(1) 0.043(1) 0.113(1)  0.023(7)
C24 0.366(2) —0.004(2) 0.074(1)  0.037(8)
C25 0.426(1) -0.017(2) 0.058(1)  0.038(8)
C26 0.481(2) 0.026(2) 0.085(1) 0.06(1)
C27 0.474(2) 0.081(2) 0.122(1)  0.06(1)
C28 0.420(1) 0.226(2) 0.056(1) 0.025(7)
C29 0.366(2) 0.197(2) 0.021(1) 0.06(1)
C30 0.369(2) 0.153(2) —0.020(2) 0.07(1)
C31 0.422(2) 0.141(2) - 0.034(2) 0.08(1)
C32 0.481(2) 0.162(2) —0.001(1) 0.06(1)
C33 0.479(2) 0.209(2) 0.045(1) 0.06(1)
C34 0.357(1) 0.349(2) 0.074(1)  0.029(7)
C35 0.295(1) 0.354(2) 0.078(1) 0.039(8)
C36 0.251(2) 0.405(2) 0.046(1) 0.051(9)
C37 0.279(2) 0.450(2) 0.012(1)  0.06(1)
C38 0.345(2) 0.440(2) 0.009(1) 0.06(1)
C39 0.382(2) 0.392(2) 0.041(1)  0.050(9)
C40 0.388(1) 0.396(2) 0.203(1)  0.028(7)
c41 0.445(1) 0.418(1) 0.2312(9)  0.016(6)
c42 0.461(1) 0.436(2) 0.289(1)  0.030(7)
C43 0.453(1) 0.375(1) 0.326(1) 0.027(7)
C44 0.444(1) 0.299(1) 0.305(1) 0.026(7)
C45 0.382(1) 0.279(2) 0.276(1) 0.035(8)
C46 0.324(2) 0.323(2) 0.260(1) 0.047(9)
c47 0.3322) 0.387(2) 0.233(1)  0.043(9)
(continued)
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Table 4 (continued)

Atom x y z Ueg * or
Vo (A7)
Molecule 2
Ir® —0.04907(6) 0.06282(6) 0.21581(5) 0.0103(4)
ne 0.07472(9) 0.0366(1) 0.26943(8) 0.0164(7)
P1 ~0.0786(3) 0.0894(4) 0.1039(3) 0.023(3)
P2 —~0.0934(3) 0.2082(4) 0.1842(3) 0.018(3)
N1 ~0.014(1) 0.064(1) 0.1445(8) 0.015(5)
N2 -0.028(1) 0.178(1) 0.2217(8) 0.019(6)
C1 —~0.121(1) 0.120(1) 0.154(1)  0.021(7)
C2 0.040(1) 0.021(1) 0.1327(9) 0.007(6)
C3 0.034(1) —0.051(2) 0.117(1)  0.031(8)
Cc4 0.087(1) —0.090(2) 0.105(1)  0.032(8)
Cs 0.147(1) —0.056(1) 0.114(1)  0.025(7)
Cé6 0.205(1) —0.091(1) 0.101(1)  0.026(7)
Cc7 0.152(1) 0.016(1) 0.131(1)  0.017(7)
C8 0.099(1) 0.060(1) 0.142(1)  0.020(7)
C9 0.015(1) 0.215(1) 0.264(1)  0.017(6)
C10 0.078(1) 0.228(1) 0.256(1)  0.025(7)
c1l 0.125(1) 0.260(1) 0.299(1)  0.024(7)
C12 0.104(1) 0.282(1) 0.3441(9)  0.009(6)
C13 0.154(1) 0.310(2) 0.389(1)  0.040(8)
C14 0.043(1) 0.271(2) 0.349(1)  0.030(7)
C15 —0.004(1) 0.234(2) 0.309(1)  0.027(7)
C16 —0.132(1) 0.027(1) 0.062(1)  0.021(7)
C17 -0.103(1) -0.014(1) 0.028(1)  0.019(7)
C18 ~—0.146(1) ~0.064(1) —0.007(1)  0.026(7)
C19 —0.206(1) —-0.073(1) —0.002(1)  0.026(7)
C20 -0.234(1) —0.034(2) 0.028(1)  0.030(7)
C21 -0.198(1) 0.020(2) 0.064(1)  0.037(8)
c22 —0.061(1) 0.153(1) 0.0560(9) 0.015(6)
C23 0.001(1) 0.167(1) 0.0476(9) 0.013(6)
C24 0.011(1) 0.211(1) 0.009(1)  0.017(6)
C25 -0.043(1) 0.247(2) ~0.025(1)  0.038(8)
C26 —0.104(1) 0.238(2) —0013(1)  0.030(7)
C27 —0.114Q2) 0.188(2) 0.022(1)  0.037(8)
C28 —-0.078(1) 0.283(1) 0.142(1)  0.022(7)
C29 ~0.020(1) 0.288(1) 0.1287(9) 0.013(6)
C30 —0.009(1) 0.344(1) 0.0942(9) 0.013(6)
C31 —0.062(1) 0.387(1) 0.075(1)  0.023(7)
C32 —-0.119(1) 0.381(2) 0.087(1)  0.029(7)
C33 —0.131(1) 0.325(1) 0.117(1)  0.021(7)
C34 —0.155(1) 0.249(1) 0.213(1)  0.016(6)
C35 —-0.218(1) 0.214(2) 0.211(1)  0.031(8)
C36 —0.259(2) 0.255(2) 0.235(1)  0.039(8)
C37 —0.240(2) 0.319(2) 0.261(1)  0.036(8)
C38 —0.181(1) 0.347(1) 0.264(1)  0.020(7)
C39 —0.139(1) 0.309(2) 0.239(1)  0.031(8)
C40 —0.124(1) 0.078(2) 0.264(1)  0.025(7)
Cc41 ~0.064(1) 0.049(1) 0.296(1)  0.024(7)
C42 -0.058(2) —0.028(2) 0.317(1)  0.036(8)
C43 —0.046(2) —0.084(2) 0.278(1)  0.044(9)
C44 -0.050(1) ~0.057(1) 0.223(1)  0.023(7)
C45 —0.106(1) —0.035(2) 0.189(1)  0.036(8)
C46 ~0.172(2) —-0.032(2) 0.210(1)  0.040(8)
C47 —0.184(1) 0.026(1) 0.244(1)  0.022(7)
Minor disorder atoms (s.o.f.=0.057(3))
Ir2 0.548(2) 0.068(2) 0.291(2) 0.10(1)
I3 0.952(2) 0.339(2) 0.219(2)  0.09(1)
14 0.422(3) 0.098(3) 0.234(2)  0.08(2)
15 1.073(3) 0.307(3) 0.269(2)  0.08(2)

" Ueq=1/3 of the trace of the orthogonalized U matrix.

® Indicates major disorder atom (s.o.f. =0.943(3)).
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most stable metallacycles. Complexes containing a ter-
dentate ligand that forms at least one four-membered
metallacycle are relatively rare. They may, for example,
be formed via cyclometallation of a bidentate ligand
[30]. More than one four-membered metallacycle within
one complex has, to our knowledge, only been found
for tris(diphenylphosphino)methane in Fe(CsH;)}{CH-
(PPh,),} [31] or has been proposed as an intermediate,
like in [M{CH(PPh,);}(COD)] (M=Rh, Ir) [32] and
our previous studies [9].

3.3. Reaction with MeOTf

Reaction of 1a or 1b with a stoichiometric amount
of MeOT{ yielded rapidly the complexes [M(p-to-
lyl-N=PPh,-~CH-PPh,~-NMe-p-tolyl)(COD)]JOT{ (5a
or 5b, respectively) (Eq. (3)). In these reactions meth-
ylation of the nitrogen of the pendant iminophosphorane
group of la or 1b has occurred.

+
p-tolyl p-totyl l
U |

\M/N\\P _Ph MeOTf \M/ N\\P _Ph OTf
P NI
7 cqp P 1 e Ph 3)
\ - \P - Me
= 2
Pl oyt P poiy
1ab M=Rh,Ir Sa,b

In the 'H NMR spectra of 5a and 5b the signal of
the N-CH, group appears as a doublet at 2.58 and
2.67 ppm, respectively, with a *J(P,H) of ~9.5 Hz. The
methanide hydrogen atom is found at 3.78 and 4.69
ppm for 5a and S5b, respectively. Both signals show a
large coupling with the phosphorus nucleus of the
pendant aminophosphonium group (15.2 and 17.4 Hz,
respectively), whereas for 5a broadening of the signals
is found due to unresolved coupling with the phosphorus
of the coordinated iminophosphorane group and the
rhodium nucleus. All values fall well within the range
usually observed for iminophosphoranylmethanide
[9,21] and aminophosphonium [10,33] compounds. For
5a, three signals are found for the olefinic COD protons
at 3.75, 4.15 and 4.86 ppm (ratio 2:1:1). The observation
of three signals, instead of the two which would be
expected for a complex with C, symmetry, is probably
due to interaction of the OTf group with the Rh(I)
atom. This is corroborated by the results of FD mass
spectroscopy, in which a signal at m/z=969 was found
that can be attributed to [Rh(p-tolyl-N=PPh,~CH-
PPh,~NMe-p-tolyl)OTf(COD)] (5a). In the 'H NMR
spectrum of 5b (M=1Ir) two signals were observed for
the olefinic COD protons, in line with C, symmetry
for this complex.

In the *'P NMR spectrum of 5a and 5b, the signal
of the aminophosphonium group is found at 44.4 and
46.5 ppm, respectively. For 5a broadening of the signal

occurs due to unresolved %(P,P), whereas for 5b a
2J(P,P) of 2.0 Hz is found. The resonances of the
iminophosphoranylmethanide P atom are found at 19.7
and 34.7 ppm for 5a and 5h, respectively. Although
these signals are found at somewhat lower frequencies
than expected based on the chemical shift values of
known complexes containing iminophosphoranylme-
thanide ligands [9b,21], they must be attributed to this
group, since (i) a large high frequency shift is found
in going from M=Rh to Ir, and (ii) in the spectrum
of 5a a coupling of 19.7 Hz with the '®Rh nucleus is
found, which is a characteristic value for Rh(I)-imino-

phosphoranylmethanide complexes [9b,21].

When the reaction of 1a or 1b was performed with
a fivefold excess of MeOTf in benzene, 5a or 5b was
formed first, as could be inferred from in situ **P NMR
experiments. Subsequently a slow reaction took place
and a brown oil had formed after one day. This reaction
mixture contained, according to 'H and *'P NMR,
[CH,(PPh,~NMe-p-tolyl)(PPh,~NH-p-tolyl)]**  and
[CH,(PPh,~-NH-p-tolyl),]** [10]. Monitoring the re-
action of 1b with MeOTf by using *'P NMR showed
that during the reaction several products were formed,
but after 4 days these were all converted into the afore-
mentioned organophosphorus compounds. Most prob-
ably, apart from direct methylation of the N atom(s),
also oxidative addition followed by subsequent elimi-
nation takes place. Subsequently, displacement of the
ligand from the metal and/or hydrogen migration re-
actions occur, as evidenced by the product formation.

3.4. Reaction with Mel

Refluxing 1a or 1b with a tenfold excess of Mel in
benzene for 3 h yielded exclusively [MI(COD)], [12]
and [CH(PPh,-NMe—p-toly),]"1~ (6) (Eq. (4)).

p-tolyl
|

\M/N\\ _Ph MeOTf
1 Ncit P

1a,b M=Rh,ir )

+172 [MKCOD)),

The latter compound could unambiguously be identified
by IR, 'H, *C and *'P NMR, FD mass spectroscopy
and elemental analysis. An X-ray structure determi-
nation confirmed its structure [34]. [RhI(COD)}, and
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[IrI(COD)], were identified by comparison with au-
thentic samples, independently prepared from
[MCI(COD)], and Nal [12]. Interestingly, in the 'H
NMR spectrum of [CH(PPh,-NMe-p-tolyl),] "1~ the
N-CH; protons exhibit the coupling pattern of the X-
part of an AA’X,X’; spin system at 2.91 ppm, due to
coupling with two magnetically inequivalent P nuclei.
The methanide hydrogen atom appears as a triplet at
1.71 ppm (¥(P,H)=9.9 Hz).

Monitoring the thermal reaction between the Rh
complex 1a and Mel by *P NMR by taking samples
of the reaction mixture every half hour showed that
one other product accumulates: besides la and
[CH(PPh,-NMe—p-tolyl),] *1~ the mixture contained a
product that showed a single resonance at 47.1 ppm
(max. 5%). As the data point to two equivalent non-
coordinating iminophosphorane moieties, this inter-
mediate is most probably a Rh(I) coordination com-
pound of the type [RhI{CH(PPh,-NMe-p-to-
lyl),}(COD)]*I~ (7a). A similar compound 7b was
observed in the reaction of 1b with Mel. Isolation of
[M(COD){CH(PPh,~NMe-p-tolyl),}]*I~ (7a,b) was
not  successful due to their instability:
[CH(PPh,~NMe—p-tolyl),] *I~, [MI(COD)], and COD
were obtained.

Besides these, two other compounds (~5% each)
were observed when monitoring the reaction of 1b with
Mel by 3P NMR, which exhibit a pair of doublets at
—7.1and 52.1 ppm and — 6.2 and 55.8 ppm, respectively,
all signals showing ¥(P,P) of 17.1 Hz. The proximity
of these two pairs of signals indicates that two similar
products are formed. The chemical shifts at lower
frequencies (—7.1 and —6.2 ppm) are characteristic
for uncoordinated iminophosphoranes [10,35], whereas
those at 52.1 and 55.8 ppm are close to the value for
the Ir(IIT)-bis(iminophosphoranyl)methanide complex
4. In view of additional correct mass spectroscopic data
we feel confident that we are dealing with intermediates
arising from oxidative addition of Mel, i.e. two isomeric
(probably cis- and trans-) Ir(Me)(I){CH(PPh,=N-p-
tolyl),}(COD) (8) complexes, in which the ligand is
o-N,0-C chelating. Assuming other structures for 8,
for instance terdentate coordination of the
bis(iminophosphoranyl)methanide ligand with Me trans
to the methanide C atom (an analogue of 4), is not
in agreement with the spectroscopic data. Compound
8 does not convert into 7 upon adding Mel. Proposed
structures for compounds 7 and 8 are given in Fig. 2.

4, Discussion

As addition of I, to the square planar Ir(I) complex
1b afforded exclusively the complex [Irl{CH(PPh,=N-p-
tolyl),}(COD)]I (4), metal centred reactivity takes place
in this case, which results in the oxidative addition of

p-tolyl
1 Me |
I ;
I\\ / F\IJII/ x__Ph
M q
AN /15 TPh
7 “cH(PPh,-NMe)-p-tolyl); u } CH
P=ﬁ
- \
7a,b 8a,b Ph PI{ p-tolyl

Fig. 2. Proposed structures for 7 and 8 (M=Rh (a); Ir (b)).

diiodine. The unusual feature in this reaction is the
fact that only one iodine atom coordinates to Ir(III),
whereas the other occupies the second coordination
sphere.

Several mechanisms have been put forward to account
for the oxidative addition of halogens, i.e. radical [36],
concerted addition [37] and polar (Sx2-type) reactions
[6,7,38]. No evidence for the occurrence of iodine
radicals in the reaction of 1b with I, was obtained. A
concerted addition mechanism in which a side-on attack
of I, is followed by insertion of the metal into the I-I
bond would give excusively an oxidative addition product
in which the iodine atoms end up in mutual cis positions.
After initial addition of 1,, one of the iodine ligands
could then be substituted by coordination of the pendant
iminophosphorane group of the terdentate ligand. In
view of the severe mutual steric hindrance that would
be exerted in the hypothetical diiodide complex cis-
[IrL,{CH(PPh,=N-p-tolyl),}(COD)], this alternative
does not seem very likely. Although the possibility of
a concerted addition followed by substitution of one
iodide cannot be completely discarded, the fact that
polar solvents like diethyl ether are needed and the
notion that formation of 4 was faster in THF than in
ether indicate that the reaction proceeds via a polar
mechanism rather than a concerted mechanism. Hence
the sequence of events can be represented as outlined
in Scheme 1.

The first step ((i) in Scheme 1) is likely to be an
end-on coordination of the iodine to the Ir(I) centre
[6,7,38] by overlap of the filled d,. orbital on Ir with
the empty o orbital of the iodine molecule to give
B. The occurrence of such intermediates has been
substantiated by the isolation of a d® (n'-I,)Pt complex
[6,7]. Oxidation of Ir(I) to Ir(III) occurs by an overall
two-electron transfer from the metal to the coordinated
I,, which may be accomplished via initial formation of
the five-coordinate cation—anion intermediate of type
C according to (ii) in Scheme 1, which reacts further
to 4 by coordination of the second iminophosphorane
moiety to the Ir centre according to (v). A rearrangement
occurs in such a way that a structure is adopted in
which the central methanide C atom is situated frans
to I, being electronically most favourable due to the
high trans influence of the hydrocarbyl group.

Apparently, the chelate effect of the tripodal
bis(iminophosphoranyl)methanide ligand together with
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the formation of the Ir-N bond is large enough to
compensate for the alternative formation of a second
Ir-I bond. Possibly, attack of a second iodide on the
vacant sixth coordination site is furthermore inhibited
by the steric bulk of the bis(iminophosphoranyi)-
methanide ligand.

Another reaction pathway could encompass electron
transfer initiated by internal coordination of the pendant
iminophosphorane group to the Ir centre to form D
according to (iii) in Scheme 1. In the literature two

organometallic compounds are known in which such a
coordination of an (external) ligand precedes the for-
mation of the oxidative addition complex [8,38]. Al-
together the bis(iminophosphoranyl)methanide-Ir(IIT)
complex 4 can be considered as a trapped cation-anion
complex as a model for the situation halfway the polar
oxidative addition of I, to a mononuclear 16-electron
d® transition metal fragment. In the present case, the
reaction does not proceed beyond the stage of compound
4, which obtains its stability from the preference of N
over 1 coordination to the d° Ir centre and the resulting
chelate effect.

The reaction of 1a or 1b with MeOTf is the result
of direct nucleophilic attack of the nitrogen of the
pendant iminophosphorane group on MeOTH{, ie. a
ligand centred reactivity, similar to what has been found
for reactions with CF,COOH (Eq. (3)) [9]. This type
of reactivity is in concert with the high Lewis acidity
of the methyl group of MeOTf (as compared to Mel
and I,), hence its preference for direct interaction with
the hard (pendant) nitrogen atom in 1a,b.

For the oxidative addition of Mel to metal complexes
several competing mechanisms (i.e. nucleophilic attack,
radical pathways) may be operating simultaneously
[1,39]. A nucleophilic attack of the pendant imino-
phosphorane group on the methyl group (route (i)),
Scheme 2), such as has been found for the reaction
with MeOTY, is a viable route. As the stable N-meth-
ylated complex 5 (see Eq. (3)), now with I~ as the
anion) has not even been spectroscopically observed
during this reaction, reaction with a second molecule
of Mel must be faster than addition of the first. The
formation of 8 indicates that oxidative addition may
also occur first (according to (ii) in Scheme 2), followed
by transfer of the methyl group from iridium to the
coordinated N atom and reaction with a second molecule
of Mel to give [Ir](COD], and 6. As 8b is not converted
into 7b, the latter must be formed via an independent
pathway, probably by nucleophilic attack of an N atom
on Mel (see above).

Although not observed, formation of 8a as an in-
termediate in the reaction of 1a with Mel is plausible
in view of the identification of the related Ir compound
8b and leads in a straightforward way to the reaction
products [RhI(COD], and 6. The substantial contri-
bution of the oxidative addition pathway ((ii) in Scheme
2) in the reaction of Mel, especially with Ir compound
1b, is in agreement with the less Lewis acidic (softer)
character of Mel as compared to MeOTT (see above).
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