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Abstract 

The bromo- and chloro-arene groups of Ph,P(o-HalC,H,) (Lc’, X = Cl; LB’, 
X = Br) are nonchelating in [IrCl(cod)L] (1) but chelate to the metal in [Ir(cod)L]SbF, 
(2), as shown by ‘H and 31P NMR and X-ray structural studies of both the Lc’ and 
LB’ species. The Ir-Hal distances of 2.381(4) and 2.473(4) A, respectively, are 
normal covalent distances. The LF analog of 1 is formed but an analog of 2 could 
not be made. 2 reacts with Cl- to open the chelate ring to give 1 back again. MeCN 
adds to give a 5-coordinate species at - 80°C but this opens to the substitution 
product [Ir(cod)(MeCN)(q’-LB’)]SbF6 at room temperature. H, adds to give a 
dihydride, which is an alkene hydrogenation catalyst, even though 2 does not 
oxidatively add a C-Hal bond of the L ligand. C-Hal oxidative addition is 
presumed to be involved in the conversion of 2 to [IrBr(cod)PPh,)] by LiBEt,H or 
NaOCHO. LiMe give [IrMe(cod)(#-LB’)]. Selected crystal data (the data for the LB’ 
analogue is given first) are: a 13.127(l), 13.094(6); b 10.293(4), 10.184(4); c 
12.007(g), 11.933(7) A; (Y 68.12(4)“, 68.47(4)“; /_? 77.07(4)“, 76.75(4)“; y 104.16(2)“, 
103.59(3) O) R = 9.6, 6.7%. There is disorder in the SbF, and cod groups. Both 
species crystallize in the Pi space group with Z = 2. 

Halocarbon complexes of the type LnM +- X-R (X = halogen; R = alkyl, aryl) in 
which the C-X bond is intact have been proposed on several occasions [l] notably 
by Beck [2]. The failure of an X-ray structural study [3] to confirm the earliest 
proposal for such binding emphasizes the desirability of structural data in this area. 
We were able to obtain structural support for the iodocarbon complexation in 
[IrH,(o-C,H,I,)(PPh,),]+ [4a] and [IrH,(IMe),(PPh,),]+ [4b], and have reported 

* Dedicated to Prof. Cohn Eaborn in recognition of his many contributions to chemistry. 



preliminary structural data for the bromocarbon complex [ Ir(cod I( ti- 
C’,,HSX(PPh,)}] ’ (X = Br) [4c]. We now report the full data on this and the 
chlorocarbon analog, together with some reactions of thcsc species. 

Other crystallographicall~~,-confirmeJ bromocarhon complexes ha\~ been oh- 
served more recently [S]. The X- M bond length for .X -7 Cl. Rr and I i appropriate 
for a single bond, but the LI F distances in the few knoxvn flucvocarbnn adducts [h] 
are much longer than the SCJITI of the co~zlent radii., and :G ‘SC”COIII~;I~\ hondinp’ ha\ 
been invoked in these case>+. 

We chose to study chelating phosphorus ligands in which a phc>sphorus atom 
brings the halocarbon intc‘l the close vicinity of the metal, because "P h’MR is an 
excellent criterion [7] for distinguishing between chelation. c~clc~rr~~tall;~tic,n (oxida 
tive addition), and displacement of the halocarbon. :ind because the chcmrstry t>f 
phosphines is so well understood. 

One of the key requirements for observing halocarbon complexes is that oxida- 
tive addition of the halocarbon to the metal &)e.s not occur. In the iridium(I11) 
systems studied previousi>. this did nklt happen becnuse ir'" * II-' c. usu,Al\ an 
unfavorable transformation It was therefore possible that h~~iocarb~in binding 
would prove to be a propertv only of high oxidation state complc.~es. U‘e therckfc)re 
chose iridium(l) for our nc\;t ~.!ries of experiments both in order to check the 
generality of halocarbon binding and lo see under what cimti~lic~ils ivl.l~,inet:ll;iti~)t~ 

(c>xidatice addition) w.ould be observed. 

Results and discussion 

[IrCl(cod)] reacts with o-C,HqBr(PPh,) ( = La’ ) to give jIrCl(cod)LH’ ] ( 1) 3 
)dlou monomeric material closely resembling the PPh 3 analog. This compound 
could in principle contain 16e Ir’ and monodentate 1,“’ or I Se Ir’ and hidenrate L”‘. 
or even 18e Ir”’ and cyclometailated L”‘. It would he tedious to h,tve to do a crlstal 
structure at each step of this study. so we developed two xpectrc~~copr~ criteria to 
distinguish hetlveen the different possible types of binding. 

Ph,P 

Br 

[IrCl(cod)], _-----_) 

w 
- (cod)lr iii 
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work of Garrou [7], who has documented the large and predictable changes in 31P 
chemical shift with changes in the ring size of a phosphorus-containing molecule. In 
the case of 5-membered rings (i.e., L chelating via P and halogen), a shift of + 25 to 
+ 33 ppm is expected; we observe shifts of + 28 to + 33 ppm (see below). 

The second spectroscopic criterion is the appearance in the ‘H NMR only in 
unchelated systems of a multiplet corresponding to one proton at 6 6.8 to 7.2 ppm. 
It is always clear of the other aromatic protons which resonate to low field of S 7.2 
(7.2-7.8 ppm). This unique proton is most probably ortho to the halogen on the 
substituted ring. The diamagnetic shift due to the electrons of the halogen sub- 
stituent may well be much reduced on binding, presumably because these electrons 
are perturbed by binding to Ir. 

These criteria show that LB’ in 1 is monodentate. This is not surprising, since 
[IrCl(cod)(PPh,),] readily dissociates PPhj to give the analogous PPh, complex [8]. 
Perhaps more surprising is the fact that the bromoarene in 1 shows no tendency to 
cyclometallate even after 16 h at 110” C even though bromoarenes generally give 
rapid oxidative addition to iridium(I) complexes, such as Vaska’s compound [9]. 

We next treated 1 in CH,Cl, with AgSbF, to remove the Cl- from the iridium to 
give a 14-electron species which would be much more likely to bind the halocarbon. 
As expected the product, 2, contains a chelating LB’ group. The 31P NMR shows a 
peak at 6 + 52.7 ppm with a chelate shift relative to 1 of + 32 ppm. In the ‘H 
NMR, aromatic resonances are only observed in the range 6 7.55-8.0 ppm, but not 
to high field of 6 7.2 ppm, again consistent with chelation. 

Finally, the cod-vinyl resonances appear at 6 5.65 (tram to P) and 3.55 ppm 
(tram to Br). We have found [lo] in complexes of the [IrX(cod)L] type that the 

Table 1 

Crystal data for the complexes studied 

Formula IrSbClPF,C,,H,, IrSbBrPF,C,,H,, 

Mol. wt. 

(1 
b 

c 

; 

Y 

V 

F(OOO) 

~Mo-K, 
hMo-K, 

LlC 
Z 
Obs. refl. 
R 

Space group 

832.9 

13.094(6) A 
10.184(4) 
11.933(7) 
68.47(4) 
76.75(4) 
103.59(3) 

1348.4(12) A3 
792 
61.34 cm-’ 
0.71069A 
2.05 g cme3 
2 
3863 
6.7% 
pi 

877.3 

13.127(l) A 
10.239(4) 
12.007(8) 
68.12(4) 
77.07(4) 
104.16(2) 

1360.3(10) A3 
1292 
83.8 cm-’ 
0.71069A 
2.14gcmm3 
2 
3213 
9.6% 
pi 

Matrix for conversion to reduced cell (all angles > 90 o ): 

i 01 0 10 0 -1 0 0 I 



cod-vinyl resonances in the ‘II NMR are very sensitive to the nature of the W~IIIS 
ligand. The weaker t~il,zs-influencing ligands lead to the rrcurs-ir(C-3’) ~IX)LII) having 
a greater metsllacyclcrpropane character. 

Selected PositionaI Parameters i X I!) ’ ) 
_________ -._.__ 

4tom [Ir(cod)(~q2-1.’ ’ ,]SbF* 

II- 1722(l) 

(I 145(4l 

Rr 

Sh ‘xX)( i ) 

I’ 21371’) 

F( 1 i lh?ylx) 

F(2) 1461(1X) 

F(_‘) .3531(?.4) 

F(4) 3664(X1) 

F(5) 292.i( 1x1 

F(h) !18U21, 

(‘C 1) 1645ilhj 

(‘(2) 91%lh) 

C’(i) llfi8(22) 

C’(4) 2183!21) 

C(5) ZhOX( 17 i 

(‘(6) 3355t15) 

C‘(7) 3698( 1Y) 

(‘IX) 2754( IX) 

C‘( 11) i;hJC 13) 

(‘( 12) 5(D) 

C(M) 1012(14) 

C(14) - !147(16) 

c‘(l5) - 0311(16) 

(.(lh) 862( 15) 

6196(l) 

8090(4) 

145(l) 

6447(j) 

730(1hi 

141~7(i,) 

X19(74, 

-1771(1X) 

507(19) 

522(‘.3! 

(x320( 16) 

574?(171 

.x137(22 5 
349X( 19 i 
4154( 161 

4941(x31 

5185(77: 

563X(71 b 
7567(15) 

829% 15 i . 

Yl52( 16) 

9315(1X) 

XbS?( 191 
‘7X>i i 7) I 
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We crystallized a sample of 2 and the X-ray structure (Tables l-3) showed that 
the chelating structure is retained in the solid state. Disorder of the F atoms in the 
SbF, group and in C(4)-C(5) of the cod ligand lessened the quality of the structure; 
the final R factor was 9.6%. Fortunately the point at issue, namely the existence of 
an Ir-Br bond is unequivocally established. The bond length 2.473(4) A is ap- 
propriate for a full covalent bond between Ir and Br and so, as in the case of the 
iodoarene complexes we studied previously [4a,4c], the halocarbon is fully coordi- 
nated and not simply involved in outer sphere or secondary interactions with the 
metal. This distance is considerably shorter than in the Feces-Faces compound [5a] 
(Rl-Br 2.660(l) A) but similar to the distance in theoCotton and Lahuerta [5b] 
compound IrCl,(o-BrC,F,PPh,)(PPh,) (Ir--Cl2.479(2) A). The structure also shows 
the expected square planar arrangement and the n4-cod ligand. We defer a more 
detailed examination of the structure to a later section, where we will compare it 
with its o-C,H,Cl(PPh,) (= L”) analog. 

Chemistry of the halocarbon complex 
We were interested to see whether the bound halocarbon in 2 could be displaced 

by various ligands L. This turns out to be relatively easy. NaCl displaces the 
halocarbon to give back 1. 

More interesting behavior was observed with MeCN, one equivalent of which 
was sufficient to open the chelate ring, to give 3a. This was suggested by the shift of 
the 3’P NMR resonance to 6 + 19.56 ppm, a nonchelating position, and the 
appearance of a ‘H NMR resonance at S 6.8-7.05 ppm. Attempted crystallization 
of the product with Et ,O, led to precipitation of the original chelated complex 2. 
The ‘H NMR data for 3a showed only one cod-vinyl resonance instead of the two 
expected, one C=C group being tram to P and the other to N. We wondered 
whether this fluxionality could arise through the formation of a 5-coordinate 
intermediate [Ir(cod)(NCMe)( n*-LB’)]’ (3b). NMR data shows that the addition of 
equivalent of MeCN to 2 at - 80 o C does indeed give 3b. Ring opening by loss of 
the bromoarene to give 3a only occurs on raising the temperatuare. At 25 “C, 3a 
appears to be the dominant species; no doubt the ring opening has a large entropic 
driving force. 

MeCN 
- (cod)lr 

-80°C 
MeCN 

2 3b 

Br 

PhzP 
25°C t/ 
- w (cod)lr, (2) 

NCMe 

3a 



One important reason for this study was to understand how our alkane activation 
chemistry [ll] (eq. 3) could proceed so well in halocarbon solvents: 

CH,CI, iL = PPh$ 

.4n iridium intermediate must react competitively with cyclopentane in the presence 
of halocarbon. This seems to require that oxidative addition to a C- I-1 bond hc 
kinetically favored over attack on a chlorocarhon C--H or Cm Cl bond. The balance 
is close, however, and some C Cl bond breaking does IXXUI’. indeed. TX the slightI\ 
less reactive alkane. cyclohexane. no alkane activation prcsducts art” obserwd in 

halocarbon solvents, only (1 --C: cleavage products 1121. Movin, 0 lo alkane as solvent 
successfully dealt with this problem. 

We therefore looked at the reaction of Hz with 2 as a model for the oxidative 
addition of a C-- 1-I bond, which is important in the reaction sequence of eq. .?. We 
find that even at - 80°C or st room temperature t-E, reacts to give the cf.+dih>dridc 
4 (eq. 4): 

(cod)lr 

This shows that oxidative addition of HL does occur under conditions for which 
C-Br addition does not take place. It is not yet clear whether the reluctance elf’ the 
c’- Br bond to react is kinetic 91. thermodynamic. Arguments can bc made for both 
possibilities. The mechanism of the reaction would he enpected j 13j 10 go b\ 
electron transfer from metal to halocarbon or b> nucleophilic Lrttacb on the 
aromatic ring. Both require rhe metal d-electrons to be accessible. !n fact. NY hart ;I 
system in which these electrons are less available. because of (~1 the prrscncc c.>f rhc 
electron-withdrawing cod ligand, and (ii) the positive charge on the metal. Oni\ the 
first factor is applic&le in rhc case of 1. which make5 it difficult 10 judpe Ilo\\ ~;IIJC% 
each contributes. The addition of Hz does not require the metai TV> 171: SO clectr~~~ 
rich as is the case for C -Rr addition. 4 bar&\ of caticjnic complc~~. Eden (\nc\ 
containing very electron withdrawing iigands (e.g.. [(cod) / Ir] ’ ). rcadil\ :jcld I1 % c\ en 
at -- 80” CY [ lO]. Saillard and Hoffman [14] have argued on theortitical groun& th;lt 
H, - M charge transfer is important in the early stages of the ~kxidati~c add~ti<~n o!’ 
H,. We and others [lS~- 171 ha\-e isolated molecular h)drogerl cc~mplexes :~rrd ha\,c 
suggested that H,(n) -3 M(ir’,) electron donation is the IXLIJJ”~ factor’ in\i!\icii in 
bond formation between the dihydrogerr and the met ;A. I’h~rmod~n~luic i’nctors, 
particularly the strength oi‘ the M-II bonds to be formed. ~,~~ill !hen &cidtz Al Lhe 
reaction Lvill go on to o,xidarive addition or not. 
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Alternatively, thermodynamics may be involved in the failure of 1 and 2 to 
undergo oxidative addition of the C-Br group. Since the addition of H, to such 
cationic iridium species may have reducing character, this may give rise to a more 
stable product than the addition of a highly oxidizing C-Br bond. The latter would, 
for example, disfavor Ir(C=C) bonding by making the d-electrons even less available 
and this in turn might be enough to disfavor the addition. We hope to be able to 
answer this question of kinetics vs. thermodynamics by making a halocarbon 
oxidative addition adduct by an independent route and seeing if it loses halocarbon. 
This has not proved possible with this system. 

Since 2 reacts with H, and can then go on the generate vacant sites by opening 
of the chelate ring, it seemed reasonable to try it as a hydrogenation catalyst. In 
CH,Cl, under conditions in which [Ir(cod)(PCy,)(py)]BF, (5) [17b] is active (1 atm 
H,, 25 o C), 1-methylcyclohexene was reduced by 2 about 20 times slower than by 5, 
but much faster than by RhCl(PPh,), in EtOH, which is very sluggish for 
trisubstituted olefins. The catalyst 2 was not active at 0°C however, because the 
dihydride 4 did not undergo H transfer to the cod ligand at that temperature; this 
step is of course necessary to obtain an active catalyst. 

We tried to induce oxidative addition in a complex of LB’ by moving to a more 
electron-rich environment. The neutral complex [IrCl(cod)LB’] (1) also failed to 
react after 6 h at 110 o C. In an attempt to make the hydride analog, we treated 2 
with an equivalent of LiBEt,H. The final product was [IrBr(cod)(PPh,)] presuma- 
bly formed by the sequence shown in Scheme 1. Since Li[BEt,H] is known to 
displace the halide from certain haloarenes to give the unsubstituted arene, we 
wondered whether this might be happening here. In order to distinguish between 
this route and the one shown in eq. 5 (Scheme l), we needed a reducing agent 
sufficiently mild so that there was no question of nucleophilic attack of H-- at the 
ring. Sodium formate proved to be effective. We find that this reagent cleanly 
transfers H- to [(cod)IrL,]+ by loss of CO, (eq. 6). 

(cod)lr 

H- 

- (cod)lr’ 

- (cod)!& 

PPh2 
Br 

- 

Scheme 1 



0 

,A 
NaOCHO 

(cod)lr+(-;;3 

gyH 

3 (cW(\ PPh 
I 

3 

PPh, 

-co* 
- (cod)lsH(PPh,), (6’: 

Reaction of sodium formate with 2 in CH,Cl, over 36 11 al><) gave 
[(cod)lrBr(PPh,)] in 80% yield. In this case the reaction cannot occur h\ direct 
displacement of BJ-- by attach of H on the ring and set wt’ arc left wth the route of 
eq. 5 (Scheme I). 

In an effort to provide a deeper insight into the reaction we added MeLi to 2. [II 
this case an air-sensitive red methyl complex. [(cod)IrMe( ??!--I “’ )] (4) ~+a:, formed. 
The 31P NMR resonance at t 30.5 ppm shows that the ligand i.4 unchelated. In &he 
‘H NMR. the methq’! group appears as a doublet at CT; 0.X:? ppm ( ‘J(P.fl) 0.2 117.). 
and the presence of an absorption in the aromatic region (~‘3 6.6 6,75 ppn~) confirrn~ 
the nonchelating character. 

No reaction takes place after heatin g the methyl complc~ 4 at 60 0 C. for 12 h in 
C,D,. At refiux. however. a reaction does take place. NhlR r\~~dencc wggesta that 
[(cod)IrBr(o-MeC,H,PPh, 1) may he the product (‘H NhlR: cwf-\,in!l. (7 7.82 and 
5.57 ppm: MeC,H,PPh,. 6 3.22 ppm. “P NMR: S + ll. 1 ppmi but UCL hil\L 11c>t 

yet confirmed this by independent synthesis of’ the ~ompIc.\. 
The addition of HBF., to the methyl complex 4 leads IO ;he formation of 2 I>> 10~5 

of CH,: 

Hydrogen addition at -XO”C can be followed by ‘H NMR spectroscopy in 
toluene-d,. The dihydride shown in eq. 4 is formed. The peaks of thih species then 
disappear with time and are replaced by those for C‘II, (ii 0.79 ppmi over 2 h at 
.-- X0 o C. Ultimately. after warming to 25’ C‘. [(codiIrRr( PPh : )] is ohser-\eci ;I; 

product. The most reasonable pathway is reductive eliminutlc)n of methane from the 
dihydride, followed by the osidative addition/reduction ehnrin,~ti~w ~eyurnc~ of eq. 
5. At -~-X0 o C. an intermediate is observed by ‘H NNR wilh :m Ir-if rcsowncc at zi 
-- 12.1 ppm (‘J(P.H) 20 Hz). It is probably the c~-clomi:tall;lrzci~t~~~~t~~ll~~te~i intcwi~ediatr (>I 
[(cod)IrH(q’-LBr)], although soluhility difficulties pre\cntcti ~1:~ f:c>m icwhi~g .it the 
“P NMR. 

The same species [(cod)IrBr(PPh3)j was observed from the reai:tion cut’ I.rHfit >t-1 
with [IrClfcod)(q’-I-“’ j] at X0 o C. We propose that jIrHicc~l)( .rji-L”’ )] i\ fcwneci 
and that this reacts by the route of ey. 5 
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The mechanism of C-Br oxidative addition 
The isolation of these halocarbon complexes suggests a mechanism for oxidative 

addition in which the aryl group migrates directly from the halogen atom to the 
metal. Hoffmann et al. [18] have examined this possibility theoretically for the case 
of Me1 and find it to be a reasonable pathway. A migration of this sort may also be 
involved in the cleavage of S-C and P-C bonds in SR, and PR, complexes, the 
latter being important in the deactivation of phosphine-containing homogeneous 
catalysts [19]: 

M----r - M-Br (8) 

The chloroarene analogue 

The analogous ligand o-C,H,Cl(PPh,) (= L”) gave very similar chemistry to the 
bromocarbon analog. Both 5 and 6, analogs of 1 and 2 were made in an analogous 
way. The 31P NMR showed that 5 was nonchelating (6 + 17.31 ppm) and 6 
chelating (6 + 45.9 ppm); the chelation shift is + 28.6 ppm. 

We were particularly interested in the structure, in order to make a more detailed 
comparison between the two ligands. The data (Tables 1-3, Fig. 1) show that the 
two analogues are almost isostructural. The Ir-Cl bond length is 2.381(4) A, close to 

Fig. 1. The ORTEP diagram of the cation of the chelate complex [Ir(cod)(q2-o-ClC,H,PPh,)lSbF,. The 
o-BrC,H,PPh, complex has an almost identical structure (for ORTEP diagram see ref. 4c). 



In order to verify that halocarhon hindin g is alho possible in the second row 
analogues, we studied complexes of L”’ with [Rh(cod)Cl] ,. :\nalogue~ of I anti 2 
were prepared by methods similar to the ones used for the Ir specie<. Once again the 
“I’ NMR suggests that the analog of 1 i< noncheiating i ij i 3.3 pp. ri. ‘.I( P,Rhj 
145 Hz). while that of 2 is chelating (8 -t .‘9 ppm ai. ‘.li P.Rh) 141 t-l/i 

As suggested by the structural data. the halocarbon seems tc) he :icting 11s a Lcwi\ 
base via its largely p-type ionc pairi. In principle, the metal coi.ild :flso he filling the 
C-Hal u* orbital by back donation. ‘That the binding, o! the halocarbon is 
encouraged by the electrophilicit~ of the metal (compare tile C‘;~SO ol’ 1 and 2). 
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suggests that the latter is a minor contributor. The largely u acceptor character of 
the metal also encourages the binding of ‘agostic’ C-H bonds and of molecular H, 
in closely related systems [17a]. It may be that a binding site that tends to form one 
of these structures is a good candidate for binding the other ligands in a nondissoci- 
ated form. The reason that a u-acceptor metal may favor nondissociative binding of 
all three ligands is that depleting the C-X or H-H u bond weakens, but does not 
break that bond. A good a-donor metal, on the other hand will tend to occupy the 
u* levels of the ligands and so break the C-X or H-H u bonds to give dissociative 
binding (oxidative addition). The factors that will probably favor nondissociative 
binding of halocarbons are (i) electron acceptor ligands and (ii) the presence of a 
positive charge. It remains to be seen how far these expectations will be borne out in 
practice. 

Experimental 

o-BrC,H,PPh, was purchased from Organometallics Inc. (31P NMR: 6 -7.3 
ppm), o-ClC,H,PPh, was prepared according to Hart [20]. o-FC,H,PPh, was a gift 
of Dr. R.J. Uriarte (General Electric Corp.). 

Crystallography 
Crystals of [Ir(cod)Cl(o-C,H,(X)pph,>l (X = Br (2), X = Cl (6)) were mounted 

on a Syntex P3 automated diffractometer. Unit cell dimensions (Table 1) were 
determined by least squares refinement of the best angular positions for 15 indepen- 
dent reflections (26’ > 15 o ) during normal alignment procedures using molybdenum 
radiation (X 0.71069 A). Data (7342 points 2; 7641 points, 6) were collected at 
20°C using a variable scan rate, a 8-28 scan mode and a scan width of 1.2” below 
Km1 and 1.2’ above KaZ to a maximum 28 of 116”. Backgrounds were measured at 
each side of the scan for a combined time equal to the total scan time. The 
intensities of three standard reflections were monitored after every 97 reflections 
and as these intensities showed less than 8% variation, decomposition corrections 
were not made. Data were corrected for Lorentz, polarization and background, but 
not absorption effects. 3863 reflections were considered observed. [I > 3u( leO)]. The 
positional parameters were calculated using normal geometry and an 0.97 A C-H 
distance. These hydrogen positional parameters were included but held constant in 
the final cycle of refinement with isotopic thermal parameters of U = 0.03. The final 
cycle of refinement (Function minimized C( 1 F, 1 2 - ( F, 1 2, led to a final agreement 
factor R = 6.7%. (R = (C 1 I F, ) - I F, I I/C IF, I) x 100). Anomalous dispersion cor- 
rections were made for Ir, Sb, Cl and P. Unit weights were used throughout. 

The same procedure was used for the bromo analogue but 3213 reflections were 
used and the final R value was a less satisfactory 9.6%, probably due to disorder in 
the SbF, and cod groups. Some disorder was also noted in the chloroarene analogue. 

q2-(v4-Cyclooctadiene){ q2-halophenyl(diphenylphosphine)}iridium(I) hexajluoroan- 
timonate 

Step I. To [IrCl(cod)], (300 mg, 0.447 mmole) in CH,Cl, (15 ml) was added the 
appropriate phosphine (0.984 mmol) and the mixture stirred for 12 h at 25 o C. The 
volume of the solution was reduced to 5 ml and heptane (20 ml) added to 
precipitate the yellow solids in 80-85s yield. The three complexes (X = F, Cl and 



‘Table 4 

NMR data for the complexes studied 
_-.___-._. 

Compound ’ II NMR ” 

[IrCl(cod)( q1 - I_’ ‘,] 

[IrCl(cod)($-L”)] 

[RhCl(cod)( r,‘-L”‘)] 

7 

[Rh(cod)(11--LB’)]SbF,, 

[Ir(cod)(MeCN)(1)‘-I.“‘)]SbF,, <i 

[Ir(cod)(MeCNj($-I “)]%F ’ . 6 
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Table 4 (continued) 

Compound ‘H NMR” 31P NMR 

[IrBr(cod)(PPh3)] 

[IrMe(cod)(n’-LB’)] 

[IrMeH,(cod)(n’-LB’)] 

19.4 

30.5 

36.2 

1.2-2.2, c (br), cod-allyl; 
2.94, br, 2H, cod-vinyl trans 
to Br; 5.60, br, 2H, cod-vinyl 
trans to P; 7.0-7.85, c, 
phenyl 
0.83, d, 6.2, Ir-Me; 
1.7-2.3, c (br), cod-allyl; 
3.60, br, 2H, cod-vinyl truns 
to Me; 4.42, br, 2H, cod-vinyl 
tram to P; 6.6-6.75, c, lH, 
phenyl; 7.03-7.65, c, phenyl 
- 10.55, dd, 33.6 and 15.2, 
Ir-H cis to P; -9.4, dd, 118.2 
and 15.2, Ir-H tram to P; 
0.79, d, 10.7, Ir-Me; 1.2-2.3, 
c (br), cod-allyl; 2.5-5.7, br, cod- 
vinyls; 6.54, c, phenyl; 6.9- 
8.1, c, phenyl 

[IrH(cod)(n’-LB’)] e - 8.46, d, 21.1, Ir-H; 17.4 
3.27 and 4.26, br, cod-vinyl; 
7.1-7.6, c, Ar 

a All NMR data are reported as chemical shift (ppm), multiplicity (s, singlet; d, doublet; t, triplet; dd, 
doublet of doublets; br, broad; c, complex), coupling constant (J(PH) and J(HH)) in Hz, integrated 
intensity, and assignment. All spectra were recorded at 25 o C unless otherwise stated. The “P NMR of 

c1 free ligands was: L , 6 - 13.228; LB’ S - 7.328; PPh,, 6 - 7.70 ppm. ’ This 3’P resonance appears as a 
‘31 doublet with J(Rl-H) 145 Hz. ’ The P resonance appears as a doublet with J(Rl-H) 141 Hz. d This 

complex [19] is in equilibrium with the chelated form at room temperature. <‘H NMR measured at 
- 80 ’ C (193 K). 

Br) were isolated by filtration, washed with heptane and dried in vacua. The 
rhodium analog of the bromoarene was prepared by an analogous method in 65% 
yield. 

Step II. The bromo- and chloroarene complexes prepared by the route described 
above (0.838 mmole) were dissolved in CH,Cl, and treated with AgSbF, (288 mg, 
0.838 mmole). The reaction mixture was stirred for 20 min in the dark, filtered 
through Celite and concentrated to 5 ml. Et *O (40 ml) was added and the products 
were precipitated as orange solids in 89-93% yield. Anal. Found: C, 35.51; H, 3.10; 
Br 8.91. C,,H,,BrF,PSbIr calcd.: C, 35.59; H, 2.99; Br, 9.11%. Found: C, 37.47; H, 
3.17; Cl, 4.93. C,,H,,CIF,PSbIr calcd.: C, 37.49; H, 3.15; Cl, 4.26%. Found C, 
39.59; H, 3.47; Br, 9.61. C,,H,,BrF,PSbRh calcd.: C, 39.62; H, 3.33; Br, 10.14%. 
NMR spectra of these and all the species studied are reported in Table 4. The 
bromoarenerhodium analogue was prepared by the same method in 85% yield. 

Reactions of [Ir(cod)($-o-BrC,H,PPh,}]SbF, 2 with H,. Through a solution of 
2 (100 mg, 0.114 mmole) in CH,Cl, (5 ml) at 0” C was bubbled H, (1 atm, ca. 100 
ml/mm) for 4 min Et,0 (35 ml) was added while maintaining the H, atmosphere 
and a colorless precipitate of the dihydride was formed. This was isolated by 
filtration, washed with Et,0 (3 x 3 ml) and dried in vacua for 1 h. It was unstable 
on heating and therefore was not analysed. 





509 

[IrH(cod)( ql-LB’)] formed. The same monohydride was prepared independently 
from 1 (28 mg, 0.04 mol) and LiBEt,H (40 ~1 of 1 M solution in toluene) in 
toluene-d, at - 80 o C in an NMR tube. 

Supplementary material available. The full X-ray data for the bromo-complex 
was deposited with our original communication (ref. 4c) and can be ordered by 
consulting any current masthead page of ‘Organometallics’. The data for the 
chloro-analog can be obtained from E.M.H. or R.H.C. 
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