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Abstract-A comparative study of the reaction of Rh and Ir complexes with the ortho- 
bromo-arylphosphipe PCBr [PCBr = P(o-BrC,FJ(C,H,),], is presented. Various PCBr 
complexes of Ir(1) and Rh(1) undergo rapid insertion of the metal atom into a C-Br bond 
provided the phosphine is coordinated in a q2-mode (P-Br). If the Br coordination is 
substituted by a superior ligand such as CO or an olefin, no reaction occurs under normal 
conditions. PCBr complexes of the tervalent metals require a two-electron reduction step 
prior to the ortho-metallation reaction. Most intermediates were characterized by chemical 
and spectroscopic analysis. Two intermediates of general formula IrX2(n2-PC)(q2-PCBr), 
[PC = P(C,FJ(C,H&l (X = Cl, 5, X = Br, 6) were characterized by a single crystal 
analysis. 5 crystallizes in the monoclinic space group P2,/n with cell dimensions a = 
14.741(5) A, b = 13.558(5) A, c = 18.303(7) A, /I = 112.35(2)“, 2 = 4. 6 crystallizes in 
the same space group P2,/n and has cell dimensions a = 19.05(l) A, b = 19.554(6) A, c = 
20.337(5) A, B = 93.63(5)“, 2 = 8. Both compounds have distorted octahedral coordi- 
nation around the metal centre. 

Reactions of coordinated phosphine ligands to 
give cyclometallated products have received con- 
siderable attention.’ In particular, cyclometallated 
rhodium or iridium compounds obtained by C-H 
bond activation in triarylphosphites’ or tri- 
arylphosphines3 have been reported. Activation of 
C-H bonds in alkyl phosphines4 is less common. 

We have observed that rhodium(I) compounds 
containing PCBr can undergo thermal ortho-metal- 

*Authors to whom correspondence should be addressed. 
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lation by metal insertion into the C-Br bond. 
Mononuclear rhodium(II1) compounds’ containing 
a four atom metallocycle and binuclear compounds 
with an ortho-metallated PCBr phosphine bridg- 
ing a dirhodium(+4) unit have been isolated.6 
Examples of ortho-metallation of this phosphine 
with activation of a C-H aryl bond are also 
known.’ 

We report here the results of a comparative study 
of the ortho-metallation reaction in rhodium and 
iridium compounds with PCBr. Included are the 





Table 2. Selected bond distances (/r) and angles (degrees) for compounds 5 and 6 

Compound 5 

I#>--Br(1) 

Irw-P(l) 
IrW--P(2) 
IrW--W~ 
Iw--Cl~2~ 
IrW---C~l6~ 
P(l>-cU 1) 
Pw--C~21) 
P(l)--c(31) 
WlW~l6) 
Pf2>--~(41) 
P(2)-Cf51) 
P@-C(61~ 
Br(l)--cC46) 
C(41)--c(46) 

2.55q2) 
2.253(4) 
2.274(3) 
2.418(3) 
2.403(3) 
2.03(i) 
1.80(l) 
1.83(l) 
1.81(2) 
1.43(2) 
1.82(l) 
1.83(l) 
1.83(l) 
1.90(l) 
1.37(2) 

Br( ljIr( I)-P( 1) 
Br(ljIr(l)--P(2) 
Br(ljIr(l)--Cl(l) 
Br(1 jIr(ljCi(2) 

B~ljIr~l~(l6) 
PUjIrW--P(2) 
P(ljIr(l~l(l) 
PUjIrW---W2) 
PUjIr(ljW6) 
P(2)--Ir( l)---Cl( 1) 

Pf2jIr( 1 )--cKQ 
WV--WO--W6~ 
Cl(ljIr(l)--Cl(2) 
Cl(ljIr(l~(l6) 
Cl(2 )---Ir(ljC(16) 

IrtljW---C(l1) 
I~l~~(l~(21) 
Ir~ljIW---C(3l~ 
w2jIw-C(4~~ 
Ir(2jP(l~(51) 
Ir(2h--IW---C(6~) 
Ir-C(16)--C(ll) 

Molecule A Compound 6 Molecule B 

168.71(8) 
86.2(l) 
85.1(l) 
83.10(9) 

101.8(4) 
100.8(l) 
103*3(l) 
89.4( 1) 
69.2(4) 
92.0( 1) 

169.1(l) 
93.4(3) 
89.3(l) 

171.5(4) 
86.6(3) 
86.3(5) 

119.9(S) 
123.6(S) 
106.0(4) 
112.3(4) 
122.0(4) 
106.6(S) 

Ir(l)-Br(ll) 2.549(2) 
Ir(l)--P(ll) 2.262(4} 
Ir(1 jP(l2) 2.283(4) 
Ir(l)--Br(12) 2.568(2) 
Ir(l~Br(1) 2.542(2) 

IrW-C(261 2.06(l) 

PC1 1)--c(21) 1.79(2) 

Pfllwwl) 1.81(l) 

P(ll)--c(31) 1.79(l) 

C(2 1 FCC261 1 M(2) 

Pww(41~ 1.86(l) 

Pww(511 1.84(l) 

PWQ-C~61~ 1.80(2) 
Br( 1 i)-C(46) 1.88(l) 

C(41>--c(46) 1.41(2) 
Br(ll)-Ir(ljP(11) 168.9(l) 
Br(ll)---Ir(1 jP(12) 86.4(l) 
Br(ll jIr(l jBr(12) 86.63(6) 
Br(1 I)-Ir(ljBr(l) 82.21(6) 
Br(11 jIr( ljC(26) 102.9(4) 
P(l l)-(I)-P(12) 99.5(l) 
P(ll)-Ir(ljBr(12) 102.3( 1) 
P(l l)-Ir(1 j-Br(1) 91.1(l) 

PC1 l>-IW--C(26) 67.6(4) 
P(12)-Ir(fjBr(12) 93.5(l) 
P(fZ)--IrfljBr( 1) 167.7(l) 
P(12)-Ir(ljC(26) 92.3(4) 
Br(lZ)-Ir(ljBr(1) 90.40(6) 
Br(12)-Ir(l)--C(26) 169.2(4) 
Br(l)-Ir(l)---C(26) 85.9(4) 

Iw-PU 1&4x21) 87.5(6} 
Ir(l)-P(lljC(I1) 118.5(5) 
Ir(l)--P(1 ljC(31) 123.0(5) 
Ir(l)-P(12jC(41) 107.4(5) 
Ir(l)-P(12)--C(51) 123.7(5) 
Ir(l)-P(12)--C(61) 112.6(5) 

ItiQ-C(26jWl~ 107(l) 

W9--W) 
Ir(2jP(22) 
Ir(2jP(21) 
Ir(2jBr(22) 
Ir(2jBr(21) 
Ir(2)--C( 106) 
P(22j-q 111) 

Pw%--w21~ 
P(22jqlOl) 
C(lOljC(106) 

P(2lk--C(91) 
P(2lwx7l1 
P(2ljC(81) 
Br(2jC(96) 

C(91k--C(96) 
Br(2jIr(2jP(22) 
Br(2 jIr(2 jP(21) 
Br(2 jIr(2jBr(22) 
Br(2jIr(2 jBr(21) 
Br(2 jIr(2jC( 106) 
P(22jIr(2 jP(21) 
P(22 jIr(2jBr(22) 
P(22 jIr(2 jBr(21) 
P(22~Ir(2~(1~) 
P(2 ljIr(2 jBr(22) 
P(21 jIr(2jBr(21) 
P(2ljIr(2~(1~) 
Br(22 jIr(2jBr(21) 
Br(22jIr(2)--C( 106) 
Br~2ljIr(2~(1~) 
Ir(2jP(22)---C(lOl) 
Ir(2jP(22jC(121) 
Ir(2jP(22 j-C( 111) 
Ir(2 jP(21jC(91) 
Ir(2 jP(21j-C(81) 
Ir(2 jP(21jC(71) 
Ir~2~(106~(101) 

2.561(2} 
2.2Slf4) 
2.274(4) 
2.550(2) 
2.517{2) 
2.05(2) 
1.79(2) 
1.82(2) 
1.79(2) 
1.41(2) 
1.86(l) 
1.85(l) 
1.81(2) 
1.89(2) 
1.41(2) 

169.7( 1) 
85.9(l) 
86.16(6) 
82.93(6) 

103.0(5) 
lOOS(2) 
101.5(l) 
90*1(l) 
68.7(5) 
92.6(l) 

168-3(l) 
94.2(4) 
90.22(6) 

169.0(4) 
84.9(4) 
86.7(S) 

119.4(6) 
12X.1(5) 
107.7(S) 
123.5(S) 
112.5(S) 
106(l) 

89 
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were obtained from the three-dimensional Pat- 
terson map. The remaining atoms were located by 
using successive least-squares refinement and 
difference Fourier maps. The refinement converged 
at residuals of R = 0.040, R, = 0.052 for 5 and 
R = 0.043, R, = 0.053 for 6.* 

Preparation ofRhClBr(PC)(PCBr) (1) 

(a) From RhCl,. 3H20. RhC&* 3H20 (52.7 mg, 
0.2 mmol) and PCBr (330 mg, 0.8 mmol) were 
refluxed in 10 cm3 of ethanol. After 1 h the solution 
became lighter yellow and a yellow precipitate was 
obtained. It was then filtered off, washed with 
ethanol and air dried. Yield : 70-80%. 

(b) From [RhCl(C,H,&],. A weighted amount 
(100 mg, 0.14 mmol) of [RhCl(C,H,& was added 
to a solution of 230.4 mg (0.56 mmol) of PCBr in 
15 cm3 of ethanol. The solution became red and 
then orange and a yellow product precipitated. This 
product was filtered off, washed with ethanol/ether 
and air dried. Yield : 70%. 

(c) From RhCl(COD)PCBr. A solution of 100 
mg (0.15 mmol) of RhCI(COD)(PCBr) and 62.5 mg 
(0.15 mmol) of PCBr were refluxed in 10 cm3 of 
xylene. The reaction was followed by TLC and after 
30 min no free phosphine was observed. The solvent 
was then evaporated to dryness and the product 
recrystallized from dichloromethane/ethanol. 
Yield: 80%. Molecular weight measurement by 
osmometry in benzene: Found: 980 (average 
of three determinations). Calc. for RhCIBr(PC) 
(PCBr) : 964. Found : C, 45.1; H, 2.2%. Calc. 
for C36H2,,FsP2C1Br2Rh: C, 44.8; H, 2.1%. 

Preparation ofRhBr,(PC)(PCBr) 

RhC& - 3H,O (52.7 mg, 0.2 mmol) and NaBr (206 
mg, 2.0 mmol) were refluxed in 20 cm3 of ethanol 
for 1 h. Then PCBr (330 mg, 0.8 mmol) was added 
and the mixture was refluxed again for 1 h. The 
resulting yellow precipitate was separated and 
washed with a 1 : 1 mixture of water : ethanol and 
later with ethanol. The compound was crystallized 
from dichloromethane/hexane. Found : C, 43.0; H, 
2.0%. Calc. for Cj6H2,,FsP2Br,Rh : C, 42.9 ; H, 
2.0%. 

* Supplementary material available : Fractional coor- 
dinates have been deposited with the Director, Cam- 
bridge Crystallographic Centre. Complete listings of 
bond distances and angles are available from the Editor. 

Preparation of IrXY(PC)(PCBr). (XY = C12, 5 ; 
Brz, 6 ; ClBr, 7a, 7b) 

(a) From [IrC1(C8H14)2]2. A weighted amount (90 
mg, 0.1 mmol) of [IrCl(C$H,.,)& was dissolved in 
10 cm3 of dichloromethane on an ice-bath and 166 
mg (0.4 mmol) of PCBr were added with stirring. 
The initially orange solution turned red rapidly. 
After 15 min the solution was slowly warmed to 
room temperature, and the stirring continued for 6 
h, the colour becoming yellow. The solution was 
concentrated to ca. 2 ml and transferred to a chro- 
matography column (30 x 2 cm) packed with silica- 
gel in hexane. Elution with dichloromethane/ 
hexane 1: 1 separated two yellow bands, which 
contained compounds 6 (fraction 1) and 7a and b 
(fraction 2). Further elution with dichloromethane 
yielded a new yellow band, which contained com- 
pound 5. All the fractions were evaporated to dry- 
ness and recrystallized from dichloromethane/ 
hexane. Yields : 6,18 ; 7a and b, 40 ; 5,25%. Found : 
C, 40.1 ; H, 2.1%. Calc. for Cj6H2,,FsP2Br,IrH(6) : 
C, 39.4; H, 1.8%. Found: C, 41.5; H, 1.9. Calc. 
for C3,H2,FsP2C1Br,Ir (7): C, 41.0; H, 1.9%. 
Found: C, 43.2; H, 2.0%. Calc. for 
C36H2,FsP2Cl,BrIr (5) : C, 42.8 ; H, 2.0%. When the 
reaction was carried out in the presence of a large 
excess of NEt4X (X = Cl, Br) the compounds 5 and 
6 were isolated in high yield (70-75%), respectively. 

(b) From IrCl(COD)PCBr. A weighted amount 
of IrCl(COD)(PCBr) (150 mg, 0.2 mmol) and 83 mg 
(0.2 mmol) of PCBr were refluxed in 12 cm3 of 
xylene for 10 h. During this time, the solution, 
initially orange, changed to yellow. The com- 
pleteness of reaction was followed by TLC and 3’P 
NMR. The solvent was then evaporated to dryness, 
the resulting oil dissolved in dichloromethane and 
chromatographed on a column (30 x 2 cm) packed 
with silica-gel in hexane. The chromatographic sep- 
aration was as described for method (a). Yields : 5, 
20; 6, 15; 7, 35%. 

(c) From IrCl(CO)(PCBr),. A solution of 
IrCl(CO)(PCBr), (112 mg, 0.1 mmol) in 8 cm3 of 
xylene was boiled under reflux until IR and TLC 
showed no traces of starting material in solution. 
After 13 h the solution was cooled and evaporated 
to dryness. The isomers were separated as above. 
Yield: 5, 18; 6, 16; 7, 30%. 

Preparation of IrBr,(PC)(PCBr), (6) 

A solution of IrBr(COD)(PCBr) (80 mg, 0.1 
mmol) and PCBr (41 mg, 0.1 mmol) in 8 cm3 of 
xylene was refluxed for 6 h, until the TLC and 3’P 
NMR showed no starting material in solution. The 
solvent was evaporated under vacuum, and the 
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crude product was recrystallized from dichloro- 
methanelhexane. Yield 85%. Found : C, 39.8 ; H, 
1.9%. Calc. for &H2,,FsPZBr31r: C, 39.4; H, 1.8%. 

Preparation ofRhCl(CO)(PCBr),, (8) 

[RhCl(C,H,,)& (143 mg, 0.2 mmol) and PCBr 
(165 mg, 0.4 mmol) were dissolved in 12 cm3 of 
dichloromethane at - 10°C. CO was bubbled 
through the solution until TLC showed no free 
phosphine in the reaction medium. The pale yellow 
solution was concentrated to cu. 2 ml and 
transferred to a column (25 x 1.5 cm) packed with 
silica-gel in hexane. Elution with dichloromethane/ 
hexane 1: 1 yielded a pale yellow band, which 
was collected and evaporated to dryness. Recrys- 
tallization from dichloromethane/hexane gave the 
pure product. Yield: 65%. Found: C, 44.7; 
H, 2.0%. Calc. for C37H2,,0FsP,C1Br2 : C, 45.0 ; H, 
2.1%. IR v(C0) = 1970 cm-’ (in CHC13). 

Br7 
P 

Preparation ofIrCl(CO)(PCBr),, (9) 

This compound was made using an equivalent 
procedure to that for the rhodium analogue. 
Yield : 60%. Found : C, 40.9 ; H, 2.0. Calc. for 
C3,HZ00FsP,C1Br,. C, 41.1; H, 1.8%. IR v(C0) = 
1965 cm-’ (in CHC13). 

RESULTS AND DISCUSSION 

An overview of the various chemical inter- 
conversions for the Rh and Ir phosphine com- 
pounds is given in Scheme 1. Most structures were 
derived by a combination of chemical methods and 
NMR spectroscopy. Additionally, compounds 5 
and 6 were subjected to an X-ray structure analysis 
and thus served as structural anchors. 

We have shown before that the 3’P spectroscopic 
parameters are of direct diagnostic value with 
respect to the various modes of ligation of the PCBr 

Br-\ 
P 

~~z[RhCl(CgH,& L 
4 I 

(VI)_ OC-yRh-Cl 

3 

I/ 

‘LBr 

III) 1 

(VIII 

RhCl, ~ ~RhCGJ-WCBr 

(Cl)Br 

P-Rh-Br 

la, lb 

Br 

J 
Br7 

P 

kz[IrCl(C,H,,&], 0 [-if-CL 0 CC--I!- Cl= IrClK,H,,FCBr 

Br d / 

Br? 
D 

(II ‘IP 
IrC$ - 

cfl I 

(CllBr 

AC 
p-i;-Br + P-.i;-Br + !%I;--Br 

b-/ bJ P-/ iJ-/ 
6 6 W7b 

Scheme 1. Reactivity pattern for Rh and Ir compounds; (I) +4 PCBr, refluxing in EtOH; (II) 
CH$l,, R.T. ; (III) refluxing in toluene; (IV) +PCBr, refluxing in toluene ; (V) +PCBr, CH,Cl,, 
R.T. ; (VI) + CO, CH&l,, R.T. ; (VII) + PCBr, +CO, CH+&, R.T. ; (VIII) refluxing in xylene ; (IX) 

+ PCBr, refluxing in xylene ; (X) electrochemical reduction (2e -). 
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tH6 
I I I I I I 

60 40 20 
8 1 ppmol 

-20 -40 

Scheme 2. “P chemical shifts vs coordination mode of the phosphine PCBr. 

ligand in dirhodium systems.6 This is equally true 
for mononuclear complexes.’ The expected chemi- 
cal shift ranges for various rhodium compounds 
are given in Scheme 2.17 Although there are fewer 
examples of Ir(PCBr) complexes, the respective 
chemical shifts are systematically observed at lower 
frequencies (2CL40 ppm). 

Starting with the rhodium system we find that 
upon reaction of RhCls * 3H20 and PCBr in a 1: 4 
molar ratio in refluxing ethanol a yellow precipitate 
is obtained in high yield. It is soluble in most sol- 
vents but insoluble in hexane or ethyl ether. The 
elemental analysis is consistent with a composition 
“RhCl(PCBr),“, 1. Molecular weight measure- 
ments, by osmometry in benzene, confirm the 
mononuclear formulation. 

The 3’P NMR spectrum shows two blocks of 
signals centred at 45-50 ppm and at about -27 
ppm. The low field region shows two well resolved 
doublets : dp, 51.9 ppm ( ‘&,_ra 122 Hz) and &b 
47.0 ppm (‘Jru_rb 123 Hz). THe high field region 
can be #interpreted as the result of two partially 
overlapping doublets P,’ and Pi centred at about 
- 24 ppm. 

The relative intensities of these signals assigned to 
P, and Pb and consequently to P,’ and Pi were 
observed to vary with the experimental conditions 
so as to indicate that compound 1 is in fact a 
mixture of two isomers a and b. The observed 
chemical shifts together with the analysis and 
molecular weight are consistent with the for- 
mulation RhClBr($-PC)(q2-PCBr). The signals at 

*There is indication that 2 is a minor component 
(< 5%) of the reaction mixture containing la, b, as peaks 
approximately corresponding to those of 2 are detected 
in high quality 3’P spectra. 

higher field are thereby assigned to P atoms of the 
four-membered metallocycle.5**8 The signals at 
lower field are in the chemical shift range which is 
typical for the chelating (P-Br) bonding mode.6,7 
All signals exhibit additional splitting due to intra- 
molecular JF_p long range coupling and possibly 
also due to 2Jpp.. The magnitudes of these couplings 
are small ( < 20 Hz) in all cases, indicating that the 
phosphorus atoms in all the isomers are mutually 
in cis-configurations. 

The above formulation of 1 is further cor- 
roborated by a comparison with the structurally 
characterized Ir analogues 5 and 6 (see below). Fur- 
thermore, two crystalline derivatives of 1 were 
isolated after prolonged exposure to air. They 
were structurally characterized by X-ray crys- 
tallography” and turned out to be isomers of 
RhClBr[$-oP(C6F,)(C6H&l($-PcBr) formed by 
air oxidation of the metallocycle. Concomitantly 
the 3’P spectrum lacks the high field signal charac- 
teristic for the metallocycle and shows a singlet at 
70.2 ppm instead, without a resolved Rh-O-P 
splitting. 

If the reaction of RhC13 - 3H20 and PCBr is per- 
formed in the presence of a 10 molar excess of 
NaBr, only one major product which analyses as 
RhBr2(q2-PC)(q’-PCBr), 2, is obtained. It shows sig- 
nals at 6P 51.6 ppm, ‘JR~_~ 121 Hz, and 6P’ 24.7 
ppm (‘JRh_-p 107 Hz).‘~ Small amounts of la and 
lb are also observed in solution. 

A comparison of products la, b and 2* with the 
starting material RhC13 suggests a complex reaction 
mechanism involving a redox process. Whether or 
not this redox reaction precedes the ortho-metal- 
lation step was proved by the following experiment : 
[RhCl(C,H,,),], was reacted with PCBr in a 1 : 4 
molar ratio at room temperature to give a yellow 
product with analytical and spectroscopic results 



C-Br insertion reactions in rhodium and iridium compounds 

Table 3. “P NMR data 
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Compound x(PCBr) J(Rh-P) c(PC) J(Rh-P) 

RhCl(COD)(PCBr) 
IrCl(COD)(PCBr) 
RhCl(CO)(PCBr) 
IrCl(CO)(PCBr), 
RhCl(PCBr), 

RhBr,(PC)(PCBr) 
IrBr,(PC)(PCBr) 
IrCl,(PC)(PCBr) 
RhClBr(PC)(PCBr) 

IrClBr(PC)[PCBr) 

31.6 
23.8 
36.4 
28.4 
52.3 
81.7 
15.5 
44.6 
51.6 
14.6 
10.2 
51.9 
47.4 

9.7 
15.2 

148 

135 

213 
182 

121 -24 107 
-68.6 
- 66.8 

122 -25” 90” 
123 - 24” 90” 

-67.8 
-67.8 

z in ppm. J in Hz. 
’ estimated values. 

&?2~k+T to 2, a%& tit’h a &EX?2t r&k? 01 tk?e two 
kumers 8 a!& h. If the reaction is carried out at 
0°C an intermediate red compound is obtained. In 
agreement wkb fhe ekmc$d an&& sod the 31P 
NMR spectrum (CDCI,, - 40°C) we formulate this 
new compound as ~hCl(~‘-~8r)~tt’-PCBr) 3. The 
bidentate phosphine shows a resonance at 6P 8 1.76 
ppm (I&&82 Hz), and the monodentate one at 
6P 53.02 ppm (1JRh_-p 213 Hz). The 2Jp_p coupling 

Compouxid 3 in dichloromethane undergoes 
inlramukcu\ar o&o-m&aUation yiel&ng 1. X this 
reaction is monitored by ‘iP NMR, new signals 
(#P - 4 1.1 ppm ; ‘Jsp 525 Hz) corresponding to a 
new intermediate orrho-metallated compound with 
the two P atoms in a mutually tram disposition 
can be observed. If 3 is exposed to 1 atm of CO 

ryC(56) 
h45) 

, 

)-~,F(43) 

Fig. 1. ORTEP representation (thermal ellipsoid 50% probability) and lalxlling scheme of compound 5. 
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at - 10°C a carbonyl containing product 8 is 
obtained which analyses as RhCI(CO)(PCBr),. It 
shows only one signal in the 3’P spectrum (36.4 
ppm; ‘JRh_-p 135 Hz) and is therefore proposed to 
be a square planar RhCl(CO)($-PCBr)2 complex 
with a tram arrangement of the phosphines. This 
compound does not undergo ortho-metallation at 
room temperature and reacts only sluggishly in 
refluxing toluene to yield 1. 

Focusing our attention now on the Ir system 

we find an analogous reaction pattern for the Ir(1) 
starting material IrCl(#-PCBr)($-PCBr), 4. Com- 
pound 4 shows 31P resonances at 44.6 ppm (che- 
lating phosphine, P-Br) and 15.5 ppm (mono- 
dentate, PCBr). The coupling constant Jpp 25 Hz 
is indicative of a c&configuration. Compound 4 
undergoes rapid ortho-metallation at room tem- 
perature in CH,C$ solution. The reaction is com- 
pleted within 3&40 min analogously to the Rh 
system. CO substitution yields a carbonyl con- 

(B) 

Fig. 2. (A and B). ORTEP representations (thermal ellipsoid 50% probability) and labelling scheme 
for the two independent molecules of compound 6. 
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taining product IrCl(CO)(PCBr),, 9, which is de- 
activated with respect to the orrho-metallation 
reaction. The single 3’P resonance at 28.4 ppm is 
consistent with the proposed truns arrangement. 

The intramolecular ortho-metallation reaction 
of compound 4 yields three products 5, 6 and 
7 of general stoichiometry IrXX(PC)(PCBr) which 
differ in their halogen content. The following analy- 
ses were found : compound 5 : XY = Cl2 ; com- 
pound 6 : XY = Br2 ; compound 7 : XY = ClBr 
(isomeric mixture). For compound 7 which is the 
mixed Cl, Br species two isomers are detected by 
3’P NMR. All the “P NMR data are given in Table 
3. 

The crystal structures of 5 and 6 have been deter- 
mined. The compounds are isostructural though 
not crystallographically isomorphous because 6 
crystallizes with two independent molecules per 
asymmetric unit and a molecule of solvent. Per- 
spective views of the molecular complexes are 
shown in Figs 1 and 2 for 5 and 6, respectively. 
Important bond lengths and angles are given in 
Table 3. 

The coordination geometries of the iridium 
centres are based on the octahedron with distor- 
tions imposed by the geometrical constraints of the 
bidentate ligands. One of the phosphines is bonded 
through the phosphorus atom and the ortho-carbon 
atom of the perfluorinated phenyl ring such as to 
form a four-membered metallocycle. Consequently 
the Ir-P-C bond angles are compressed with 
respect to the octahedral geometry, viz. 69.2(4) and 
68.1(8) for 5 and 6, respectively. The second phos- 
phine exhibits an #-mode of coordination through 
the phosphorus and the o-Br atoms, resulting in a 
five-membered metallocyle with P-Ir-Br bond 
angles of 86.2(l) and 86.1(3) for 5 and 6, respec- 
tively. The average Ir-X distances are 2.41[1] - 
and 2.54[2] A for Cl and Br. In light of the octa- 
hedral coordination and diamagnetic NMR behav- 
iour a tzg6 electron configuration is postulated. 

That the q*-PCBr coordination mode is a pre- 
condition for the ortho-metallation step can be 
shown in an experiment other than the CO 
substitution reaction. Reaction of [IrC1(COD)]2 
(COD = cis- 1,5-cyclooctadiene) with 1 equivalent 
of PCBr leads to the known mononuclear complex 
IrCl(COD)PCBr.” Because of the bidentate nature 
of the COD ligand the phosphine acts as a 
monodendate ligand. Orrho-metallation occurs 
in this compound only under vigorous conditions 
such as 10 h reflux in xylene to afford a mixture 
of 5, 6 and 7. The homologous Rh compound 
RhCl(COD)(PCBr) also gives la, b after 3 h reflux 
in toluene. 

Finally when IrCl, - 3H,O is reacted with PCBr 

(1: 4) in refluxing ethanol a complex of Ir(II1) of 
composition IrC13(q2-PCBr)(q’-PCBr) is obtained 
in near-quantitative yield.8 This compound can be 
chemically or electrochemically reduced to yield a 
very reactive Ir(1) species assumed to be 4.’ 

In conclusion we propose that the ortho-metal- 
lation reactions of mononuclear Rh and Ir com- 
pounds with PCBr occur from the univalent oxi- 
dation state of the metals. *While this can be 
achieved, starting from the M(III) halides, by in situ 

reduction of the Rh(II1) by the excess of phosphine, 
the Ir(II1) has to be reduced chemically or elec- 
trochemically. The resulting square planar com- 
plexes MCl(q*-PCBr)($-PCBr) undergo ortho- 
metallation at room temperature provided that one 
of the phosphines assumes the $-PCBr mode of 
ligation. If the o-halogen ligation is competitively 
substituted by a superior ligand such as CO or 
olefin, no o&o-metallated products are formed 
under normal reaction conditions. Finally, the Ir 
compounds are subject to halogen exchange while 
such reactions are only of marginal importance in 
the case of the Rh system. 
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