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General Strategy for inducing C-H Bond Fission
(Cycloiridation) in Some Aryl, Heterocyclic, Alkenyl or
Alkyl Groups in Azines derived from Aldehydes or Methyl

Ketonest

Sarath D. Perera, Bernard L. Shaw * and Mark Thornton-Pett
School of Chemistry, University of Leeds, Leeds LS2 9JT, UK

The phosphino hydrazone Z-PPh,CH,C(Bu)=NNH, | has been shown to be a convenient ‘reagent’ for
converting aldehydes or ketones into azines which can then be cycloiridated rapidly with C-H bond
fission to give iridium(i) hydrides. Condensation of 1 with a series of substituted benzaldehydes
(RCHO) gave mixed azines of type Z,£-PPh,CH,C(Bu®)=N-N=CHR [R = C,H,(OMe),-3.4.5 lla, Ph llb,
C,H,OMe-4 llc, C,H,NO,-4 Iid, C,H,Br-2 lle, C,H,CI-2 lif, C,H,F-2 llg, CHOH-2 lth or C;H,(OH-
2)(OMe),-4.6, lli]. The Z£ configuration is necessary for the subsequent cyclometallation and when
the azine lla was treated with [IrCI(CO),(H,NC,H ,Me-p)] in benzene at 75 °C for 5 min it underwent
an aryl C-H bond fission to give the cyclometallated chiorocarbonyliridium(iii) hydride

[IrH(C1)(CO){PPh,CH,C(Bu")=N-N=CH[C,H(OMe),-3.4.5]}] 1a. The crystal structure of 1a showed
that (/) oxidative addition of the aryl C-H bond to iridium was cis with the hydride ligand trans
to chloride, and (i) the cyclometallated azine ligand was in the terdentate mer arrangement. Azines
lib-llg reacted similarly. Treatment of llh with [IrCI(CO),(H,NC,H,Me-p)] in dichloromethane
at 20°C effected O-H bond fission to give the O-cyclometallated iridium(it) hydride
[IrH(C1)(CO){PPh,CH,C(Bu')=N-N=CH(C,H,0)}]. which isomerised in benzene at 75°C to the
C-metallated isomer. Similar treatment of Ili also gave an O-cyclometallated iridium(ii) hydride.
The phosphino hydrazone 1 condensed with ferrocenecarbaldehyde to give an azine, which with
[IrCI(CO),(H,NC,H,Me-p)] gave a cyclometallated iridium(m) hydride. Treatment of | with the
2-carbaldehydes of pyrrole, N-methylpyrrole or thiophene or with indole-3-carbaldehyde gave
the corresponding azine phosphines with the required Z.£ configuration. When the pyrrole azine
was treated with [IrCI(CO),(H,NC,H ,Me-p)] the N-cyclometallated chlorocarbonyliridium(in)

hydride [IrH(CI)(CO){PPh,CH,C(Bu)=N-N=CH(C,H,N)}] was formed via a N-H bond fission. The
azine phosphines of N-methylpyrrole, thiophene and indole gave C-cyclometallated chloro-
carbonyliridium(m) hydrides. Condensation of | with cinnamaldehyde or 3-methylpent-3-en-2-one
gave azines which underwent oxidative addition of the olefinic C-H bonds readily to give
corresponding C-cyclometallated iridium(i) hydrides. Phosphino hydrazone | also condensed with
tert-butyl methyl ketone to give an azine which with [IrCI(CO),(H,NC,H,Me-p)] gave the C-
cyclometallated chlorocarbonyliridium(in) hydride, i.e. metallation in this case occurred on the single

methyl group. Proton, *'P-{'*H} and some *C-{"H} NMR data are given.

In a previous paper! we described the synthesis of a new
phosphino hydrazone Z-PPh,CH,C(Bu')=NNH, I from the
corresponding phosphino dimethylhydrazone Z-PPh,CH,-
C(Bu')=NNMe, by a hydrazine-exchange reaction. The very
reactive functionalised phosphine I condenses with aldehydes
or ketones QC(=0)R (Q = H or Me, and R more sterically
demanding than Q) to give mixed-azine phosphines of type
PPh,CH,C(Bu')=N-N=C(Q)R !!! having the Z,E configur-
ation. Under mild conditions one would expect an azine of
this type to chelate to a metal through phosphorus and the
N=C(Q)R nitrogen to give a six-membered chelate ring thus
forcing the sterically demanding R group against the metal (M)
but in the co-ordination plane defined by the N-M-P chelate
system. We have used this strategy to promote agostic
interaction (C-H—Ru)?® or aryl fluoride co-ordination
(RF—Ru)* with ruthenium(ir), and also to promote cyclometal-
lation involving C-H,*-¢ C-1,%7 C-Br,% " C-Cl,” C-F,® N-H >:¢

t Supplementary data available: see Instructions for Authors, J. Chem.
Soc., Dalton Trans., 1995, Issue 1, pp. XXv—xxx.

or O-H **° bond fission with tungsten(0) ’ or platinum(t1) ¢ and
with iridium(r)® in a preliminary publication. We have now
extended this work with iridium and report on it more fully.
Cyclometallation processes involving C-H bond fission in
ligands containing nitrogen, phosphorus or sulfur donors have
been reviewed.!271¢ Some examples of cyclometallated iridium
hydrides (X-Ir-H), formed by oxidative addition of an X~-H
(X = C, N, O, S or Si) bond, are with phosphine ligands such as
P(C¢H,X-p); (X = H, F, OMe or Me),!” PBu',R (R = allyl,
Pr", Pr’, Bu® or Bu"),'%:1? PPr';,1° P(C4H, ,)3,2° Bu',P(CH ) sP-
Bu',,2! m-Bu',PC¢H,PBu',,2? 0-Ph,PC,H,CHO,?* 0-Ph,P-
C¢H,OH,?? 0-Ph,PC,H,CO,H,?? 0-Ph,PCiH,NHR (R = H,
Et or CH,Ph),24-?% Ph,PCH,CH,SH?¢ and Ph,PCH,CH,-
SiHR, (R = Me or Ph).?” In all these cases the oxidative
addition of an X-H bond to iridium is cis.

Results and Discussion

The mixed azines and the complexes prepared from them are
shown in Schemes 1-3. Elemental analytical, mass spectral and
some carbon-13 NMR data are in the Experimental section and
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Table1 *'P-{'H}“and 'H NMR" data

Compound 3(P) 3(IrH) 3(Bu') 3(CH,P) 3(CH=N)

I —22.6 — 098(9H,s)  3.10(2H,d,2.2°) —

IIa¢ -92 — 1.50(9H,s) 3482 H,d, 3.4°) 8.02 (1 H, d, 1.0°)

Iib —10.0 — 122(9H,s)  3.52(2H,d,32°) 8.04 (1 H, s)

1% —~10.0 — 12209H,s)  3.52(2H,d, 3.2 8.04 (1 H,s)

mds —104 — 125(9H,s)  3.50(2H,d, 2.9 8.14(1 H, s)

Tle —10.8 — 124(9H,s)  349(2H,d,2.5% 8.33(1 H, s)

i —-10.7 — 1.24(9H,s)  3.50(2H,d, 2.7 8.39 (1 H, s)

Iig —10.7 — 1.24(9H,s)  3.50(2H,d,2.7°) 8.24 (1 H,s)

TTh —14.1 — 1.26(9H,s)  345(Q2H,d, 1.2) 7.95(1 H, s)

Imi* —142 — 121(9H,s) 341 (2H,d,1.2° 8.38 (1 H,s)

1af 10.2 —17.44(1H,d,10.3°)  0.76(9H,s)  3.49(1 H,dd, 132/ 12.5) 8.91(1 H,s)
4.03 (1 H, dd, 13.2, 12.5°)

1b 11.4 —16.89(1H,d,10.3°)  082(9H,s)  3.53(1H,dd, 12,9,/ 13.6°) 8.99 (1 H,s)
4.03(1H,t,12.9712.99)

1c 10.0 —1698(1H,d,10.1°)  0.76(9H,s)  3.47(1H,dd, 12,9, 13.6) 8.83(1 H, s)
3.96 (1 H, t, 12,9, 12.9)

1d' 1.5 —~16.74(1H,d,103°) 0809 H,s)  3.56(1 H,dd, 12,9, 13.6) 9.09 (1 H, s)
4,05 (1H,t, 12971329

1e 12.1 ~1677(1H,4d,10.3°)  0.79(9H,s)  3.50(1 H,dd, 12.9, 13.6) 9.36 (1 H, s)
399 (1 H, t, 12.97 12.6)

1f 11.8 —1681(1H,d,10.3°)  0.78(9H,s)  3.53(1H,dd, 12.9; 13.5%) 9.36 (1 H, s)
4.02(1H,t, 129/ 12.89)

1g 11.5(d)™ ~1689(1H,d,10.3°)  0.79(9H,s)  3.51 (1 H,dd, 13.2/13.5%) 9.20 (1 H, s)
4.02 (1 H, dd, 13.2712.8)

1h 10.7 ~17.34 (1 H, d, 9.8°) 0.79(9H,s)  3.51(1H,dd, 12.9,7 13.5°) 9.19 (1 H,s)
3.97(1 H,t, 12.9/ 12.8%)

2a” 139 —16.10(1H,d,154°)  0.73(9H,s)  3.41(1H,dd, 132/ 15.4°) 8.23(1 H,s)
4.40 (1 H, dd, 13.2,7 15.4%)

2b° 14.6 —1620(1H,d,154°)  0.74(9H,s)  3.39(1 H,dd, 13.2, 15.4%) 8.55(1 H, s)
4.10 (1 H, dd, 13.2,/ 15.4¢)

3r —8.1 - LI1(OH,s)  343(2H,d,3.99) 8.09 (1 H, s)

41 13.3 ~17.00 (1 H,d, 11.0°Y  077(9H,s)  3.53(1 Ht, 12.4713.1%) 8.89 (1 H, s)
381(1H,t,12.47132°)

MIa’ —9.0 — 123(9H,s)  3.50(2H, d, 2.9) 8.10 (1 H, s)

MIb* ~109 — LISOH,s) 349(H,d, 3.4 8.07 (1 H,s)

e —9.5 - 120(9H,s)  3.54(2H,d,2.7%) 8.15(1 H, s)

v ~10.0 — 1L1I8(OH,s)  3.66(2H,d, 3.4 8.37(1 H,s)

5° 53 —17.15(1H,d,13.3°)  077(9H,s)  3.43(1H,dd, 132, 154°) 8.35 (1 H, s)
4.04(1 H, dd, 13.2,/14.7%)

6a” 79 —17.65(1H,d4,11.0°Y 078 (9H,s)  3.45(1H.t, 13.2/13.2%) 8.58 (1 H, s)
3.87(1H,t, 13.2,/13.2)

6b 8.2 —1740(1 H,d,11.0°)  0.79(9H,s)  3.50(1 H,dd, 12.5/ 13.2°) 8.87 (1 H, s)
3.95(1 H, t, 12.5/ 12.5)

7+ 6.1 —17.14(1 H,d,11.0°)  0.76(9H,s)  3.44(1H,dd, 12.5/ 13.9) 8.87 (1 H, s)
3.85(1 H, dd, 12.5,/13.2¢)

Va? —93 — 122(9H,s)  3.41(2H,d, 2.9°) 7.82(1 H, dd, 9.3, 0.6°)

Vb* —11.6 — 1.14(9H,s)  3.23(2H,d,3.29) —

8a 6.6 —17.13(1H,d,11.0°)  077(9H,s)  3.45(1H,dd, 12.8713.9) 8.66 (1 H, d, 2.2%)
3.90(1 H, t, 12.8, 12.8°)

8bt 12.6 —1740(1H,4d,10.3°)  0.73(9H,s)  3.39(1H,dd, 12.5/13.1%) —
3.69(1 H, dd, 12.5 12.1)

% 5 —12.4 — 099(9H,s)  323(2H,d,4.4° —

1.02(9H, 5)
9§ 14.9 —17.77(1 H, d, 9.8°) 129(9H,s)  4.08(1 H, dd, 18.379.2) -

144(9H,s)  4.49(1 H,dd, 18.3711.0%)

“ Recorded at 36.2 MHz, chemical shifts 3(P) are in ppm relative to 85%, H;PO,. ® Recorded at 100 MHz, chemical shifts are in ppm relative to SiMe,,
J values are in Hz; solvent for the phosphines I, IIa-IIi, 3, Illa-Illc, IV, Va, Vb and VI is CDCl, whilst all the metal complexes are in CD,Cl, or
otherwise stated. < 2J(PH). % 5 3.73 (6 H, s, 2 OMe) and 3.87 (3 H, 5, OMe). ¢ >J(PH). 5 3.81 (3 H, s, OMe).* § 8.03[2 H, d, 3J(HH) 8.6 Hz, H? and
H%]1.%83.79(6 H,s,2 x OMe), 5.90[1 H, d, *J(HH) 2.2, H* or H*] and 6.02[1 H, d, *J(HH) 2.2 Hz, H* or H*]. 7 $ 3.79 3 H, s, OMe), 3.84 3 H, s,
OMe), 3.96 (3 H, s, OMe) and 7.13 [1 H, d, °J(PH) 2.2 Hz, H2]./ 2J(HH). * 5 3.87 (3 H, s, OMe). ' 5 8.61 [1 H, dd, *J(HH) 2.2, *J(PH) 6.2 Hz, H*].
m SJ(PF) = 8.8 Hz. " For the minor isomer &p 34.5 and &,; —19.64 [1 H, d, 2J(PH) 16.1 Hz, IrH].° § 3.78 (6 H, 5, 2 x OMe), 5.70[1 H, d, *J(HH)
2.2, H3 or H’] and 6.02[1 H, d, *J(HH) 2.2, H? or H%]; for the minor isomer §p 35.5and §; —19.76 [1 H, d, 2J(PH) 16.1 Hz, IrH].» § 4.15 (5 H, 5,
C;H,),4.30(2H, m, CsH,)and 4.82(2H, m, CsH,). 16422 (5H, s, CsH;),4.77 (2H, m, C;H,) and 442 (1 H, m, C;H,).” § 6.10[1 H, dd, J(HH)
2.6, 5.5 Hz, pyrrole H] and 6.41 (2 H, m, pyrrole H). * § 3.56 (3 H, s, NMe), 6.09 [1 H, dd, J(HH) 2.4, 3.9, pyrrole H], 6.41 [1 H, dd, J(HH) 1.8, 3.8
Hz, pyrrole H] and 6.62 (1 H, m, pyrrole H).* 6 6.69 (1 H, m, thiophene H) and 7.13 (1 H, m, thiophene H). * 6 8.46 (1 H, brs, NH). “ 6 6.40 (1 H, m,
pyrrole H), 7.03 (1 H, m, pyrrole H) and the other pyrrole hydrogen resonance was not resolved. ¥ § 3.81 (3 H, s, NMe), 6.43 [1 H, t, 3J(HH) =
4J(PH) 2.2, H*] and 7.00 [1 H, d, 3J(HH) 2.2 Hz, H*]. 8§ 9.50 (1 H, br s, NH). > § 6.37 [1 H, dd, 3J(HH) 16.1, 9.3, CH=CPh] and 6.77 [1 H, d,
3J(HH) 16.1 Hz, =CHPh]. * *J(HH). * 5 1.69 (Me), 1.76 [3 H, d, J(HH) 1.0 Hz, Me], 1.83 (Me) and 5.90 (1 H, m, CH=). { § 1.95 (Me), 2.48 (Me) and
2.86 [3 H, d, J(PH) 6.6 Hz, Me]. 1 § 1.83 (3 H, s, MeC=). § § 3.26 [1 H, dd, 2J(HH) 17.6, 3J(PH) 5.9, CH,Ir] and 3.53 [1 H, dd, 2/(HH) 17.6,
3J(PH) 5.9 Hz, CH,Ir].
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proton and phosphorus-31 NMR data are in Table 1. Carbon-
13 spectra were assigned using attached proton tests and by
comparison with published data.?-4.7-9-28-31

The phosphino hydrazone Z-PPh,CH,C(Bu')=NNH, 1
readily condensed with a range of benzaldehyde derivatives
(RCHO) to give mixed azine phosphines of type Z E-
PPh,CH,C(Bu' )=N-N=CHR [R = C4H,(OMe);-3,4,511a, Ph
1Ib, C¢H,OMe-4 Ile, C¢H,NO,-4 IId, C;H, Br-2 Ile, CoH, C1-2
If, C;H,F-2 IIg, C;H,OH-2 ITh or C;H,(OH-2)(OMe),-4,6
IIi] (Scheme 1). The phosphorus-31 resonances for these azine
phosphines IMa-IIg were singlets at § ~ —10 whereas the
resonances for ITh and Ili were at § ~ —14. When IIa,®
derived from 3.4,5-trimethoxybenzaldehyde, was treated with
[IrCK(CO),(H,NCcH,Me-p)]3? in benzene at 75°C for
5 min it underwent an aryl C-H bond fission to give
the cyclometallated chlorocarbonyliridium(ir)  hydride

[IrH(CI)(CO){PPh,CH,C(Bu')=N-N=CH[CH(OMe),-3,4,

1691

5131 1a in 96% yield. Except when stated otherwise, these
conditions were used with other azines and the progress of the
reaction was followed by *!P-{'H} NMR spectroscopy. The
iridium(mm) hydride 1a was characterised by microanalyses, IR
and mass spectroscopy (Experimental section) and by proton,
31p-{'H} and **C-{*H} NMR spectroscopy and the molecular
structure was confirmed by a crystal structure determination
(Fig. 2, see below). The crystal structure shows that (i) the
cyclometallated azine ligand is in the terdentate mer
arrangement, (ii) the oxidative addition of the aryl C-H bond
to iridium is cis, and we assume all our other oxidative-addition
processes are cis as are most other X~-H(X = H,B,C, N, O, S
or Si) 17-27:33-36 pond-activation processes and (iii) the hydride
ligand is trans to chloride. The microanalytical data were in
agreement with the composition C,oH;;CIIrN,0,P-0.25C,Hy,
and the presence of benzene was evidenced by proton NMR
spectroscopy and also by X-ray crystallography. The IR bands
due to v(Ir-H) and v(C=0) occurred at 2195 and 2040 cm™!,
respectively.!”-26-33:35-37 [ the !'*C-{'H} NMR spectrum a
doublet was observed at 8 151.9 with a large 2J(PC) value of
92.6 Hz for the quaternary aryl carbon (i.e. C®) directly bonded
to iridium confirming that it was trans to the phosphorus atom.
The low value of 8¢ 21.6 observed for the CH, carbon agreed
well with the values reported for methylene carbons in six-
membered rings in similar complexes.?-”-*® In the proton NMR
spectrum, the resonance at § —17.44 with 27(PH) = 10.3 Hz is
typical of a hydride ligand cis to a tertiary phosphine ligand.
Such a chemical shift is more likely for a hydride ligand trans to
a chloride!”2¢3% than to a phosphine, carbonyl or aryl
ligand.23:26-27-33 Similar hydride chemical shifts and NMR
data were obtained for the other iridium(1r) hydrides discussed
below suggesting that in all these cases the hydride ligand was
trans to the chloride ligand. Treatment of the azine phosphines
Ib, Ic or Id, derived from benzaldehyde, 4-methoxybenzalde-
hyde or 4-nitrobenzaldehyde, with [IrCl(CO),(H,NC;H ,Me-
)] gave the corresponding iridium(r) hydrides, 1b-1d which
showed similar NMR and IR properties to those of 1a.

We used the azine phosphines Z,E-PPh,CH,C-
(Bu')=N-N=CH(C4H,X-2) (X = Br Ile, Cl IIf or F Ilg),
derived from 2-halogenobenzaldehydes, to investigate in
particular the tendency (or the relative reactivity) of the C-H
bond in the presence of the weaker C-X bond (X = Br or
Cl). When the azine phosphine Ile was treated with
[IrCI(CO),(H,NCzH Me-p)] in benzene it underwent C-H
bond fission to give the cyclometallated iridium(im) hydride Ie
as the only product, isolated in excellent 979 yield (Scheme 1).
In the proton NMR spectrum, the hydride resonance appeared
as a doublet at § —16.77 with 2J(PH) = 10.3 Hz. It has been
shown that the cationic iridium(1) complex [Ir(cod)(o-
PPh,CcH, Br-P,Br)]* (cod = cycloocta-1,5-diene) does not
undergo C-Br bond fission even at 100 °C but reacts with H,
at —80°C to give hydridoiridium(in) complex [IrH,(cod)-
(0-PPh,CcH, Br-P,Br)]1*.3% In contrast, treatment of the
2-bromo azine phosphine Tle with a dimethylplatinum(ir)
complex or [W(CO),(NCEt);] effected the C-Br bond
fission to give the cyclometallated platinum(iv) complex
[PtMe,Br{PPh,CH,C(Bu')=N-N=CH(C,4H,)}]° or the tung-
sten(ir) complex [{WBr(CO),{PPh,CH,C(Bu')=N-N=CH(C,-
H,)}].” Treatment of the 2-chloro azine phosphine IIf or the
2-fluoro azine phosphine IIg with [IrCl(CO),(H,NC¢H,Me-
p)] similarly gave the cyclometallated iridium(tir) hydride 1f or
1g, respectively. The carbon-13 resonances (see Experimental
section and Fig. 1) of the iridium(mr) hydride 1g were fully
assigned with the aid of J(FC) values, and the '*C-{'H} NMR
data for the C¢H;F-2 moiety are as follows: C! at § 129.2
(obscured by C,, of the PPh, group), C2 as a doublet of doublets
at 8 163.4 with 'J(FC) = 262.6 and *J(PC) = 7.2 Hz, C?as a
doublet at & 110.2 with 2J(FC) = 19.1 Hz, C* as a triplet at
8 136.2 with 3J(FC) = *J(PC) = 7.6 Hz, C* as a doublet of
doublets at § 133.3 with *J(FC) = 1.2 and *J(PC) = 3.0 Hz
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Fig. 1 Portions (between & 128 and 176) of the '*C-{'H} NMR spectrum of the complex [I'rH(Cl)(CO){I;PhZCH2C(Bu')=N~N=CH(é6H3F-2)}]
1g, recorded in CD,Cl, at 100.6 MHz; C;, C,,, C, and C, refer to the ipso-, meta-, ortho- and para-carbons of the PPh, group

and C¢ as a doublet of doublets at § 165.9 with 3J(FC) = 3.3
and 2J(PC) = 92.4 Hz.

The azine phosphine ITh,? derived from 2-hydroxybenzalde-
hyde, underwent O-H bond fission very rapidly at 20 °C in
dichloromethane solution to give the O-cyclometallated
iridium(i) hydride 2a (Scheme 1). The IR band due to
v(Ir-H) was at 2185 cm™*, and in the proton NMR spectrum
8(IrH) occurred at —16.10 with 2J(PH) = 154 Hz. The
analogous O-cyclometallated iridium(in) hydride 2b was
prepared using the azine phosphine Ili,° derived from
4,6-dimethoxysalicylaldehyde. Dehydrochlorination of 2b
gave the corresponding iridium(x) complex
[Tr(CO){PPh,CH,C(Bu')=N-N=CH[C,H,0(0OMe),-4,6]}]
which underwent oxidative-addition reactions with organic
halides such as iodomethane, allyl chloride, acetyl chloride
and propargyl (prop-2-ynyl) chloride.® On heating at 75°C
in benzene solution 2a isomerised to the C-cyclometallated
iridium(in) hydride 1h, for which v(O-H) occurred at 3225
cm™!. This complex was prepared directly by treating the azine
phosphine Ith with [IrCI(CO),(H,NC;H,Me-p)] in benzene at
75 °C for 3 h.

Condensation of the phosphino hydrazone I with ferrocene-
carbaldehyde gave the azine phosphine 3 as reddish brown
needles in 86% yield (Scheme 1). Treatment of it with
[IrCCO),(H,NC-H Me-p)] gave the cyclometallated irid-
ium(tir) hydride 4 as a purple solid. This showed a hydride
resonance as a doublet at § —17.00 with 2J(PH) = 11.0 Hz,
and v(Ir-H) was at 2200 cm™*.

We also investigated the C-H/N-H bond activation
reactions of azine phosphines of type Z,E-PPh,CH,C(Bu')=
N-N=CHR in which R is a heterocyclic group containing
a pyrrole (IIla), N-methylpyrrole (Illb), thiophene (Ill¢) or
indole (IV) moiety (Scheme 2). When the pyrrole azine
phosphine Illa® was treated with [IrCl(CO),(H,NC;H,Me-
p)] it underwent N-H bond activation to give the N-
cyclometallated iridium(iir) hydride § as a yellow solid in 85%
yield. The hydride resonance was a doublet at 8 —17.15 with
2J(PH) = 13.3 Hz, and v(Ir-H) occurred at 2190 cm™. The
3C-{'H} NMR spectrum (see Experimental section) showed
that three of the heterocyclic carbons of the pyrrole moiety were

N’H
NH.
Y 0 )NL: 0 {4
- PPh -
HOSN PP, Bu' : SN peh
N\ N\
Bu' 1 But
X
a NH v
IIIb NMe
Mc S
W)
l ()]
W)
4 5 N/H
NN co =2} co // Hco
2 \l'r/ 2 2 lVr/ f I'r/
7N NS '
H l;l Ci PPh, H I"W Ci PPh, H b'l/c|\Pth
IS I Iy
Bu! Bu! Bu!
X
5 6a NMe 7
6bS

Scheme 2 (i) Heterocyclic aldehyde; (ii) [IrCI(CO),(H,NCsH Me-
p]

each attached to a single hydrogen (attached proton test),
confirming that the N-H bond had been cleaved. Similar N-H
bond fission occurred when IIla was treated with [PtMe,-
(cod)], giving the N-cyclometallated platinum(n) complex
[PtMe{PPh,CH,C(Bu')=N-N=CH(C,H,N)}] and methane.®
The azine phosphines IIIb and Illc C-metallated exclusively in
the 3 position to give the iridium(ii) hydrides 6a and 6b
respectively. The azine phosphine IV, derived from indole-3-
carbaldehyde, C-metallated exclusively in the 2 position to
give the iridium(ur) hydride 7 in 83% yield. The IR bands
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Scheme 3 (i) Aldehyde or ketone; (ii) [IrCI(CO),(H,NC¢H Me-p)]

due to v(N-H) and v(Ir-H) occurred at 3290 and 2195 cm™,
respectively.

We have also studied cyclometallation processes involving an
alkenyl or alkyl bond fission by iridium(1) (Scheme 3). When the
azine phosphine Va, derived from cinnamaldehyde, was treated
with [IrCI(CO),(H,NCsH,Me-p)] it underwent an olefinic
C-H bond activation reaction to give the cyclometallated
iridium(m) hydride 8a as a yellow solid in 92% yield.
The hydride resonance was a doublet at 8 —17.13 with
2J(PH) = 11.0 Hz, and v(Ir-H) occurred at 2180 cm™. In the
13C-{*H} NMR spectrum, a doublet was observed at § 205.6
with a large 2J(PC) value of 89.4 Hz for the quaternary olefinic
carbon IrCPh, confirming that it was trans to the phosphorus
atom; ie. as expected the cyclometallated azine ligand is in
the mer arrangement. Similarly, the azine phosphine Vb,
derived from 3-methylpent-3-en-2-one, gave the corresponding
iridium(1m1) hydride 8b as a yellow solid in 72%; yield.

When we attempted to activate a C-H bond in the rerz-butyl
[MeC(Bu')=] group of the azine phosphine VI,> by treating
it with [IrCI(CO),(H,NCzH,Me-p)] in benzene at 75°C, it
yielded the iridium(ir) hydride 9 as a white crystalline solid in
62% yield; i.e. metallation had occurred on the single methyl
group MeC(Bu')= due to isomerisation around the C=N bond
of the PPh,CH,C(Bu')=N moiety. The 'H-{3'P} NMR
spectrum showed (i) a singlet at § —17.77 for the hydride
ligand, (i) two singlets at 8 1.29 and 1.44 for the two ftert-butyl
groups, and (iii) two AB patterns for the CH,P and CH,Ir
groups with 2J(HH) values 18.3 and 17.6 Hz, respectively. The
13C.{'H} NMR spectrum showed a doublet at § 22.4 with a
large 2J(PC) value of 71.6 Hz for the IrCH, carbon trans to the
phosphorus atom, and a doublet at § 46.8 for the CH,P carbon
as expected for a methylene carbon in a five-membered chelate
ring.z‘29’39

Crystal Structure of
[IrH(Cl)(CO){]"PhZCHZC(Bu')=N—1'\I=CH[('36H(OMe)3-3,4,
5]}] 1a.—The hydridoiridium(mr) complex la crystallised
from benzene-ethanol as triclinic crystals in the space group
P1. The molecular structure is shown in Fig. 2 with atom

1693

Fig. 2 Molecular structure of

[IrH(CI)(CO){PPh,CH,C(Bu")=N-N=CH[C,H(OMe);-3,4,5]}] 1a.
Ellipses are shown at the 50% probability level. In the interest of clarity
both phenyl carbon atoms and hydrogen atoms are drawn as circles
each with an arbitrarily small radius

coordinates in Table 2 and selected bond lengths and angles in
Table 3. The iridium atom has a distorted octahedral co-
ordination sphere. The metallated ligand is in the mer
arrangement and the hydride ligand is trans to the chloride.
The cyclometallated aryl ring and the adjacent five-membered
chelate ring are essentially in the same plane. The structure
showed that the distances and angles are quite normal as
found in similar azines, or hydrazones!-22°-3%#! and irid-
ium complexes.*?~>* The Ir-C;H(OMe); bond distance of
2.077(3) A is close to those observed previously [2.03(1)-
2.081(17) A].424445 The Ir-P distance of 2.328(1) A falls
within the range of 2.22-2.37 A normally observed for other
iridium complexes.*?-52 The Ir-H distance of 1.664 A is
within the values (1.47-1.71 A) reported for other iridium
hydrides.2+#547-53 The Ir-Cl bond length of 2.490(1) A
is at the high end of the range normally found (2.361-
2.492 A),*34749:52 presumably as a result of the strong trans
influence of the hydride ligand.

Experimental

All the reactions were carried out in an inert atmosphere of dry
nitrogen or dry argon. Benzene was distilled from sodium under
nitrogen immediately before use. Infrared spectra were
recorded using a Perkin-Elmer model 457 grating spectrometer,
NMR spectra using a JEOL FX-90Q (operating frequencies for
'H and 3'P of 89.5 and 36.2 MHz respectively), a JEOL FX-100
(operating frequencies for *H and 3!P of 99.5 and 40.25 MHz
respectively) or a Bruker AM-400 spectrometer (operating
frequencies for *H, *'P and !3C 0£400.13, 161.9 and 100.6 MHz
respectively). The 'H and *3C chemical shifts are relative to
tetramethylsilane and the 3!P shifts to 85% phosphoric acids.
Electron impact (EI) and fast atom bombardment (FAB) mass
spectra were recorded using a VG Autospec spectrometer with
8 kV acceleration, and for metal complexes m/z values are
quoted for !°3Ir.

Preparation of Phosphines.—The compound Z-PPh,CH,-
C(Bu')=NNH, I'! and the azine phosphines ITa—IIi,%"-° II1a®
and Illc ® were prepared according to our published procedures.

The following azine phosphines were prepared in a similar
manner and on a similar scale:” Z,E-PPh,CH,C(Bu‘)=N-N=
CH(CsH,)Fe(CsHy) 3, yield 86% (Found: C, 70.15; H, 6.25; N,
5.8. C,oH;,FeN,P requires C, 70.45; H, 6.3; N, 5.65%), m/z
(EI) 494 (M — 1) and 437 (M — Bu'); Z,E-PPh,CH,C(Bu')=
N-N=CH(C,H;NMe) HIb, yield 77% (Found: C, 74.0; H, 7.4;
N, 10.9. C,,H,¢N;P requires C, 74.0; H, 7.25; N, 10.8%), m/z
(EI) 388 (M — 1) 374 (M — Me) and 332 (M — Bu'); Z,E-
PPh,CH,C(Bu)=N-N=CH(CgH;NH) 1V, yield 79, (Found:
C,75.9;H,6.6; N, 9.7. C,,H,gN,P requires C, 76.2; H, 6.65; N,


http://dx.doi.org/10.1039/DT9950001689

1694

J. CHEM. SOC. DALTON TRANS. 1995

Table 2 Fractional non-hydrogen atomic coordinates (x 10*) for
compound la with estimated standard deviations (e.s.d.s) in paren-
theses

Atom x y z

Ir 721.12(10) 3085.94(9) 2413.54(6)
Cl 2618.8(7) 5224.7(6) 2539.14)
P 2280.8(7) 2135.8(6) 2710.0(4)
C(11) 3479(3) 2746(2) 3711(2)
C(112) 2967(3) 2439(3) 4429(2)
C(113) 3838(3) 2855(3) 5211(2)
C(114) 5208(3) 3563(3) 5279(2)
C(115) 5713(3) 3872(3) 4573(2)
C(116) 4847(3) 3470(3) 3783(2)
C(121) 1651(2) 350(2) 2545(2)
C(122) 2442(3) —273(3) 2885(2)
C(123) 2000(3) —1631(3) 2668(2)
C(124) 786(3) —2376(3) 2110(2)
C(125) —6(3) —1766(3) 1782(2)
C(126) 418(3) —409(2) 2002(2)
C(1) 3328(3) 2471(3) 1912(2)
CQ2) 2531(3) 1824(2) 1016(2)
cl) 3092(3) 988(3) 454(2)
C(22) 3131(3) —170(3) 837(2)
C(23) 4516(3) 1848(3) 383(2)
C(24) 2197(3) 428(3) —430(2)
N@3) 1465(2) 1948(2) 663.2(13)
N(@4) 842(2) 2677(2) 1127.3(13)
C(5) 88(3) 3050(2) 634(2)
C(6) ~731(3) 3686(2) 1007(2)
C(7) —1588(3) 4094(2) 504(2)
C@®) —2451(3) 4577(2) 875(2)
O(81) ~3370(2) 4962(2) 451.4(12)
C(82) —3520(3) 4741(3) —446(2)
C(9) —2442(3) 4649(2) 1744(2)
Oo(91) —3415(2) 4947(2) 2109.2(12)
C(92) —3392(3) 6248(3) 2180(2)
C(10) —1540(3) 4289(2) 2232(2)
0O(101) —1567(2) 4357(2) 3081.8(11)
C(102) —933(5) 5638(3) 3609(2)
c1n —657(3) 3788(2) 1879(2)
C(12) 486(3) 3425(3) 3514(2)
0(12) 366(3) 3629(3) 4204.0(13)

9.9%), IR (KBr disc) v(N-H) 3400 cm™, m/z (EI) 424 (M — 1)
and 368 (M — Bu'); Z,E-PPh,CH,C(Bu')=N-N=CHCH=
CHPh Va, yield 62% (Found: C, 78.35; H, 7.0; N, 6.95.
C,-H,4N,P requires C, 78.6; H, 7.1; N, 6.8%), m/z (EI) 412
(M*) and 355 (M — Bu'); Z,E-PPh,CH,C(Bu")=N-N=C-
(Me)C(Me)=CHMe Vb, yield 34%; (Found: C, 76.25; H, 8.3; N,
7.4. C,,H;N,P requires C, 76.15; H, 8.25; N, 7.4%), m/z (EI)
321 (M — Bu'); Z,E-PPh,CH,C(Bu")=N-N=C(Me¢)Bu' VI,
yield 619 (Found: C, 75.15; H, 8.85; N, 7.15. C,,H;3N,P-
0.25EtOH requires C, 75.05; H, 8.85; N, 7.15%), m/z (EI) 323
(M — Bu').

Preparation of  Hydridoiridium(1ir) Complexes.—

[IrH(CI)(CO){PPh,CH,C(Bu')=N-N=CH[C;H(OMe);-3 4,

53131 1a. A mixture of [IrCI(CO),(H,NC¢H, Me-p)] (50 mg,
0.13 mmol) and the azine phosphine IIa (62 mg, 0.13 mmol) in
benzene (ca. 2 cm?®) was warmed to ca. 75 °C for 5 min. The
resultant yellow solution was concentrated to low volume (ca.
0.5 cm?) under reduced pressure. Addition of hexane to the
residue gave the hydridoiridium(iir) complex 1a as pale yellow
microcrystals (90 mg, 96%) (Found: C, 48.9; H, 4.7; C1, 4.65; N,
4.05. C,oH;,ClIrN,0,P-0.25C4H, requires C, 48.75; H, 4.65;
Cl, 4.7; N, 3.75%). IR (KBr disc): v(Ir-H) 2195 and v(C=0)
2040 cm™. m/z (FAB): 731 (M — H) and 697 (M — CI). *C-
{*H} NMR (100.6 MHz, CD,Cl,): 21.6 [1 C, d, 'J(PC) 26.8,
CH,1, 27.2 3 C, s, CMe,), 41.2 [1 C, d, 3J(PC) 3.0, CMe,],
56.7 (1 C, s, OMe), 60.9 (1 C, s, OMe), 61.1 (1 C, s, OMe), 111.2
[1C,d,*J(PC)5.5,C*],1288[2C,d, *J(PC) 10.3,C,], 129.1

Table3 Selected bond lengths (A) and angles (°) for compound 1a with
e.s.d.s in parentheses

Ir-C(12) 1.842(3) I-C(11) 2.077(3)
I--N(4) 2.105(2) Ir-P 2.328(1)
-l 2.490(1) Ir=H(1) 1.664
C(1)-C(Q2) 1.517(3) C(2)-N(3) 1.282(3)
C(2)-C(21) 1.528(4) C(21)-C(23) 1.522(4)
C(21)-C(24) 1.528(4) CQ1)-C(22) 1.540(4)
NG3)-N(4) 1.413(3) N(4)-C(5) 1.294(3)
C(5)-C(6) 1.444(4) C(6)-C(11) 1.399(4)
C(6)-C(7) 1.405(4) C(7)-C(8) 1.381(4)
C(8)-0(81) 1.370(3) C(8)-C(9) 1.407(4)
O(81)-C(82) 1.425(3) C(9)-0(91) 1.378(3)
C(9)-C(10) 1.391(4) 0(91)-C(92) 1.432(3)
C(10)-0(101) 1.381(3) C(10)-C(11) 1.398(4)
O(101)-C(102) 1.419(4) C(12)-0(12) 1.145(3)
C(12)-Ir-C(11) 97.60(11)  C(12)-Ir-N(4) 175.86(11)
C(11)-Ir-N(4) 78.86(9) C(12)-Tr-P 94.65(9)
C(11)-Ir-P 167.61(7) N(@)-Tr-P 88.83(6)
C(12)-Ir-Cl 95.84(10)  C(11)-Ir-Cl 90.68(7)
N@)-Ir-Cl 86.39(6) P-Ir—Cl 89.94(3)
C(12)-Ir-H(1) 85.24 C(11)-Ir-H(1) 87.13
N@)-Ir-H(1) 92.40 P-Ir-H(1) 92.03
Cl-Ir-H(1) 177.67(2) C(1)-P-Ir 103.65(9)
C@2)-C(1)-P 112.8(2) NG3»-CQ-C(1)  127.1(2)
N(3)-C(2)-C(21) 116.0(2) C(1)-C(2)-C21)  116.9(2)
C(2)-N(3)-N(4) 120.9(2) C(5)-N(@)-N(3) 111.6(2)
C(5)-N(@4)-Ir 114.6(2) N(3)-N(@)-Ir 133.4(2)
N(4)-C(5)-C(6) 118.2(2) C(11)-C(6)-C(7)  123.7(2)
C(11)-C(6)-C(5) 115.3(2) C(-C6)}-C(5)  120.92)
C(®)-C(7)-C(6) 118.8(2) O@B1)-C(8)-C(7) 124.8(2)
O(81)-C(8)-C(9) 116.2(2) C(H-CB)»-CO)  119.1(2)
C(8)-0O(81)-C(82) 117.1(2) O(91)-C(9}-C(10) 118.4(2)
0(91)-C(9)-C(8) 120.6(2) C(10)-C(9)-C(8)  120.7(2)
C(9)-0(91)-C(92) 118.1(2) O(101)-C(10)-C(9) 119.2(2)
O(101)-C(10}-C(11)  118.8(2) C(9)-C(10)-C(11)  121.9(2)
C(10)-0(101)-C(102) 115.0(2) C10-C(11)-C(6) 115.8(2)
C(10)-C(11)-Ir 131.2(2) C(6)-C(11)-Ir 113.002)
O(12)-C(12)-Ir 178.4(3)

[2C,d,3J(PC) 10.7,C,], 130.0 [1C, d, 'J(PC) 48.9, C;], 131.0
[1C,d, "J(PC)51.3,C,], 131.2[1 C, d, *J(PC) 1.8, C,], 132.2
[2C.d,2/(PC)9.8,C,]. 132.3[1 C, d,*J(PC) 2.3, C,], 135.0 [2
C,d, 2J(PC) 12.3,C,1,135.6 (1 C, s, aryl), 147.3[1 C, d, J(PC)
5.3, aryl], 151.7 (1 C, s, aryl), 151.9 [1'C, d, 2J(PC) 92.6, C®],
156.4 (1 C, s, aryl), 167.6 [1 C, d, 2J(PC) 5.2, C=0], 171.1 (1 C,
s, Bu'C=N) and 180.3 [1 C, d, *J(PC) 5.3 Hz, HC=N1].
The following six hydridoiridium(nr) complexes were pre-
pared in a similar manner and on a similar scale to those of 1a.
[IrH(CI)(CO){PPh,CH,C(Bu)=N-N=CH(C4H,)}11b. Yield
94% (Found: C, 53.0; H, 4.5, Cl, 5.15; N, 3.9. C,¢H, -ClIrN,OP-
C¢Hj, requires C, 53.35; H, 4.6; Cl, 4.9; N, 3.9%). IR (KBr disc)
v(Ir-H) 2190 and v(C=0) 2040 cm™* m/z (FAB): 642 (M *) and
614 (M — CO). '*C-{'H} NMR (100.6 MHz, CD,Cl,): § 21.9
[1C,d, 'J(PC) 25.6,CH,], 27.2 (3 C, s, CMe;), 41.3[1 C, d,
3J(PC) 3.0, CMe,], 1243 (1 C, s, C*), 1289 [2 C, d, *J(PC)
10.3,C,],129.1 [2C, d, *J(PC) 10.6, C,.], 130.2 [1 C, d, 'J(PC)
472, C;], 131.0[1 C, d, J(PC) 4.8, aryl], 131.2 [1 C, d, J(PC)
51.2,C,], 130.3 [1 C, d, “J(PC) 2.4, C,], 132.1 [2C, d, 2J(PC)
104, C,], 1323 [1C, d, “J(PC) 2.4, C,1,133.5[1C,d, J(PC)
6.1,aryl], 1348 [2C, d, 2J(PC) 12.5,C,], 137.6 [1 C, d, J(PC)
1.4, aryl], 141.2 [1 C, d, *J(PC) 2.5, C1], 163.4[1 C, d, 2J(PC)
91.5, C°], 168.7 [1 C, d, 2J(PC) 5.2, C=0], 1723 (1 C, s,
Bu'C=N) and 180.6 [1 C, d, *J(PC) 5.2 Hz, HC=N].
[IrH(CI)(CO){PPh,CH,C(Bu")=N-N=CH(CH;0Me-4)}]
Ic. Yield 849 (Found: C, 49.35; H, 4.2; N, 4.1. C,,H,,ClIr-
N,0,P-0.2CcH, requires C, 49.25; H, 4.4; N, 4.05%). IR (KBr
disc): v(Ir-H) 2190 and v(C=0) 2035 cm™'. m/z (FAB): 671
(M — H), 644 (M — CO) and 637 (M — ClI).
[ItH(C1)(CO){PPh,CH,C(Bu‘)=N-N=CH(CH;NO,-4)}]
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1d. Yield 77% (Found: C, 50.9; H, 4.20; Cl, 4.6; N, 5.65.
C,H,6ClIrN;0,P-1.1C¢H{ requires C, 50.65; H, 4.25; Cl, 4.6;
N, 5.45%). IR (KBr disc): v(Ir-H) 2170, w(C=0) 2030 and
v(NO,) 1510 and 1340 cm™. m/z (FAB): 687 (M *) and 651
(M — HCI).
[IrH(CI)(CO){PPh,CH,C(Bu")=N-N=CH(C¢H;Br-2)}] 1le.
Yield 97% (Found: C, 45.5; H, 3.85; N, 3.85. C,¢H,¢BrCllIr-
N,OP-0.5C¢Hg requires C, 45.8; H, 3.85; N, 3.7%). IR (KBr
disc): V(Ir-H) 2195 and v(C=0) 2045 cm™. m/z (FAB): 721
(M — H)and 687 (M — Cl).
[IrH(CI)(CO){PPh,CH,C(Bu')=N-N=CH(C¢H,CI-2)}] 1f.
Yield 86% (Found: C, 46.7, H, 3.9; Cl, 10.55; N, 4.0.
C,6H,cCLIrN,OP-0.1C4H, requires C, 46.65; H, 3.9; Cl,
10.35; N, 4.1%). IR (KBr disc): v(Ir-H) 2170 and v(C=0) 2040
cm™!. m/z (FAB): 675 (M — H) and 641 (M — CI).
[IrH(CI)(CO){PPh,CH,C(Bu)=N-N=CH(C4H,F-2)}] 1g.
Yield 75% (Found: C, 479; H, 4.0; Cl, 5.15; N, 4.05.
C,6H,cCIFIrN,OP-0.1C,H{ requires C, 47.8; H, 4.0; Cl, 5.3;
N, 4.2%). v(Ir-H) 2190 and v(C=0) 2040 cm™. m/z (FAB): 660
(M*) and 625 (M — Cl). '3C-{'H} NMR (100.6 MHz,
CD,Cl,): & 219 [1 C, d, 'J(PC) 26.0, CH,], 272 3 C, s,
CMey), 41.4[1C, d, 3J(PC) 2.9, CMe;], 110.2[1 C, d, 2J(FC)
19.1,C%],128.9[2C,d,3J(PC) 10.5,C,],129.2[2 C, d, 3J(PC)
10.7, C,], 129.2 [1 C, C*(obscured)], 129.8 [1 C, d, 'J(PC)
48.0,C;],1309 [1C, d, 'J(PC) 53.0, C), 131.4[1 C, d, *J(PC)
24,C,],1321[2C, d, 2J(PC) 10.3,C,], 132.4[1 C, d, “J(PC)
2.5,C,], 133.3[1C, dd, 3J(PC) 3.0, *J(FC) 1.2, C*], 134.8 [2
C, d, gJ(PC) 124, C,], 136.2 [1 C, t, *J(PC) = 3J(FC) 7.6,
C*],163.4[1C, dd, 'J(FC) 262.6, *J(PC) 7.2, C*], 1659 [1 C,
dd, 2J(PC) 92.4, 3J(FC) 3.3, C%], 168.2 [1 C, d, 2J(PC) 5.6,
C=0],173.0(1 C,s,Bu'C=N)and 175.3[1 C, d, 3J(PC) 5.5 Hz,
HC=N].
[IrH(CI)(CO){PPh,CH,C(Bu")=N-N=CH(C¢H,0H-2)}]
1h. This complex was prepared in a similar manner to that of 1a
except with a reaction time of 3 h. Yield 68%; (Found: C, 47.8;
H, 4.15;Cl, 5.8; N, 4.2. C,4H,,CIIrN,0,P requires C, 47.45; H,
4.15; Cl, 5.4; N, 4.25%). IR (KBr disc): v(O-H) 3225, v(Ir-H)
2215 and W(C=0) 2040 cm™. m/z (FAB): 657 (M — H) and 623
(M — Q).
[IrH(Cl)(CO){PPh,CH,C(Bu')=N-N=CH(C,H,0)}] 2a. A
mixture of [IrCI(CO),(H,NCsH Me-p)] (50 mg, 0.13 mmol)
and the azine phosphine ITh (48 mg, 0.12 mmol) in CH,Cl,, (ca.
2 cm?®) was put aside at 20 °C for 20 min. The resultant yellow
solution was concentrated to low volume (ca. 0.3 cm?®) under
reduced pressure. Addition of cyclohexane to the residue gave
the hydridoiridium(ir) complex 2a as yellow microcrystals
(66 mg, 78%) (Found: C, 50.25; H, 4.7; Cl, 5.3; N, 4.35.
C,6H,,CIlIrN,0,P-0.6C,H,, requires C, 50.15; H, 4.85; Cl,
5.0; N, 3.95%). IR (KBr disc): v(Ir—H) 2185 and v(C=0) 2050
cm'. mjz (FAB): 657 (M — H) and 623 (M — CI).
[IrH(Cl)(CO){PPh,CH,C(Bu')=N-N=CH[C,H,0(OMe),-
4.6]}] 2b. Yield 78% (Found: C, 50.8; H, 4.95; Cl, 4.8; N, 3.55.
C,sH;ClItN,0,P-0.9C4H, requires C, 50.85; H, 4.65; Cl, 4.5;
N, 3.55%). IR (KBr disc): v(Ir-H) 2200 and v(C=0) 2055 cm™.
m/z (FAB): 717 (M — H) and 683 (M — CI).
[IrH(CI1)(CO){PPh,CH,C(Bu")=N-N=CH(C ;H,)Fe(C-
H;)}] 4. Yield 68% (Found: C, 48.0; H, 4.0; Cl, 4.85; N, 3.6.
C;oH;,CIFelrN,OP requires C, 48.05; H, 4.15; Cl, 4.75; N,
3.75%). IR (KBr disc): v(Ir-H) 2200 and v(C=0) 2030 cm™*.
[IrH(Cl)(CO){PPh,CH,C(Bu)=N-N=CH(C,H,N)}] 5.
Yield 85% (Found: C, 49.15; H, 4.65; Cl, 4.9; N, 6.65.
C,4H,¢CIIrN;OP-0.6CcH, requires C, 48.9; H, 4.4; Cl, 5.2; N,
6.2%). IR (KBr disc): v(Ir-H) 2190 and v(C=0) 2050 cm™. m/z
(FAB): 631 (M *) and 596 (M — Cl). 13*C-{*H} NMR (100.6
MHz, CD,Cl,): 8 21.6 [1 C, d, 'J(PC) 34.7, CH,], 27.3 (3C, s,
CMe,), 40.8 [1 C, d, 3J(PC) 3.4, CMe;], 116.0[1 C, d, *J(PC)
4.7,C*],121.0[1 C, d, *J(PC) 2.4, C*], 128.3[1 C, d, 'J(PC)
61.6,C],129.0[2C,d, 3J(PC)13.1,C,], 129.2[2C,d, 3J(PC)
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119, C,], 129.7 [1 C, d, 'J(PC) 64.6, C]], 132.1 (1 C, s, C,),
1322[2C,d, 2J(PC)9.5,C,],1329(1 C,s5,C,), 1347 [2C, d,
2J(PC) 11.5, C,], 1359 (1 C, s, C?), 139.9 (1 C, s, C%), 161.7
(1C,s, HC=N), 164.5[1 C, d, 3J(PC) 2.2, Bu'C=N] and 165.4
[1C,d, 2J(PC) 8.3 Hz, C=0].
[IrH(CI)(CO){PPh,CH,C(Bu')=N-N=CH(C,H,NMe)}] 6a.
Yield 84% (Found: C, 49.8; H, 4.6; Cl, 5.05; N, 6.15.
C,sH,5ClIrN,OP-0.6C,H, requires C, 49.65; H, 4.6; C1, 5.1; N,
6.05%). IR (KBr disc): v(Ir-H) 2195 and v(C=0) 2040 cm ™. m/z
(FAB): 645 (M *), 617 (M — CO) and 609 (M — HCI).
[IrH(C1)(CO){PPh,CH,C(Bu)=N-N=CH(C,H,S)}]  6b.
This complex was prepared in a similar manner to that of 1a
except with a reaction time of 1 h. Yield 87% (Found: C, 46.6;
H,4.4;Cl,5.3; N, 4.45. C,,H, ;ClIrN,0PS-0.4C4H, requires C,
46.65; H, 4.05; Cl, 5.2; N, 4.15%,). IR (KBr disc): v(Ir-H) 2180
and v(C=0) 2030 cm™. m/z (FAB): 648 (M *), 620 (M — CO)
and 613 (M — CI).
[IrH(Cl)(CO){PPh,CH,,C(Bu')=N-N=CH(CgH,NH)}] 7.
Yield 83% (Found: C, 50.85; H, 4.15; Cl, 5.3; N, 5.85.
C,gH,4CIIrN,0P-0.25CcH¢ requires C, 50.55; H, 4.25; Cl,
5.05; N, 6.0%). IR (KBr disc): v(N-H) 3290, v(Ir-H) 2195 and
v(C=0) 2050 cm'. m/z (FAB): 681 (M *).
[TrtH(CI)(CO){PPh,CH,C(Bu')=N-N=CHCH=CPh}]  8a.
Yield 92% (Found: C, 47.65; H, 4.95; Cl, 54; N, 4.55.
C,sH,,CIlIrN,OP requires C, 47.35; H, 4.95; Cl, 5.6; N, 4.4%).
IR (KBr disc): v(Ir-H) 2180 and v(C=0) 2030 cm ™. m/z (FAB):
668 (M*), 640 (M — CO) and 632 (M — HCIl). 3C-{'H}
NMR (62.9 MHz, CD,Cl,): 5 21.0 [1 C, d, *J(PC) 26.6, CH,],
26.9(3C,s, CMe,),40.7[1 C,d, 3>J(PC) 3.1, CMe, ], 126.1 [1C,
d, 3J(PC) 2.1, CH=CPh], 126.4 [2 C, d, *J(PC) 2.8, =CPh],
128.2(2C, s,=CPh), 128.3 (1 C, s, <CPh), 128.8 [2C, d, *J(PC)
10.3,C,], 128.8 [2C, d, >J(PC) 10.8,C,], 129.2[1 C, d, ' J(PC)
54.6,C;],129.9[1C,d, 'J(PC)51.6,C], 131.0[1C, d, *J(PC)
2.4,C,], 131.8 [2C, d, 2J(PC) 10.8, C,], 132.0 [1 C, d, *J(PC)
2.5,C,], 134.6 [2 C, d, 2J(PC) 12.1, C,], 149.7 [1 C, d, *J(PC)
2.3, =CPh], 167.7 [1 C, d, 2J(PC) 3.8, C=0], 1678 (1 C, s,
C=N), 179.2 [1 C, d, 3J(PC) 6.7, HC=N] and 205.6 [1 C, d,
3J(PC) 89.4 Hz, IrCPh].
[IrH(CI)(CO){PPh,CH,C(Bu‘)=N-N=C(Me)C(Me)=CMe}]
8b. Yield 729, (Found: C, 47.65; H, 4.95; Cl, 5.4; N, 4.55.
C,sH;,ClIrN,OP requires C, 47.35; H, 4.95; Cl, 5.6; N, 4.4%).
IR (KBr disc): v(Ir-H) 2195 and v(C=0) 2025 cm™*. m/z (FAB):
634 (M *), 606 (M — CO) and 598 (M — HCI).

[IrH(CI)(CO){PPh,CH,C(Bu')=N-N=C(Bu')CH,}] 9. This
complex was prepared in a similar manner that to of 1a except
with a reaction time of 1.5 h. Yield 629;,. An analytical sample
was crystallised from CH,Cl,-EtOH (Found: C, 46.3; H, 5.45;
Cl, 7.2; N, 4.3. C, sH;;CIIrN,OP-0.2CH,Cl, requires C, 46.35;
H, 5.15; Cl, 7.6; N, 4.3%). IR (KBr disc): v(Ir=H) 2085 and
v(C=0) 2010 cm™!. m/z (FAB): 636 (M *), 608 (M — CO) and
601 (M — Cl). 3C-{"H} NMR (62.9 MHz, CD,Cl,): § 22.4 [1
C, d, 2J(PC) 71.6, CH,Ir], 29.1 3 C, s, CMe,), 29.4 3 C, s,
CMe,), 3741 C, d, *J(PC) 3.1, CMe,], 39.7 [1 C, 4, 3J(PC)
7.0, CMe,], 46.8 [1 C, d, 'J(PC) 30.3, CH,P], 1289 [2 C, d,
3J(PC)10.7,C,],129.0[2C, d, 3J(PC) 10.3,C,], 130.1 [1 C, d,
'J(PC)45.9,C],130.8[1 C,d,*J(PC)24,C,], 131.4[2C, d,
2J(PO)11.8,C,],131.5(1 C,5,C,), 133.8[2C, d, 2J(PC) 12.1,
C,], 136.1[1C,d, 'J(PC)48.8,C;],173.6 [1 C, d, 2J(PC) 4.8,
C=0], 185.7[1 C, d, J(PC) 3.5, C=N] and 198.4 [1 C, d, J(PC)
3.3 Hz, C=N1].

Single-crystal X-Ray Diffraction Analysis of Compound 1a.—
All crystallographic measurements were carried out on a Stoe
STADI4 diffractometer operating in the ©-8 scan mode using
graphite-monochromated Mo-Ka radiation (A = 71.069 pm)
and an on-line profile-fitting method.>* The data set was
corrected for absorption using azimuthal ¥ scans (maximum
and minimum transmission factors 0.1894 and 0.3458 respec-
tively).
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The structure was determined by heavy-atom methods using
SHELXS 86°% and refined by full-matrix least squares (based
on F?) using SHELXL 93.56 All data were used in the
refinement. All non-hydrogen atoms were refined with
anisotropic thermal parameters including those of two
independent benzene solvate molecules (one positioned across a
centre of symmetry). Restraints were applied to the phosphine
phenyl groups and benzene solvate molecules so each remained
flat with overall C,, symmetry. All hydrogen atoms, with the
exception of the metal hydride H(1), were constrained to
calculated positions (C—H 0.93, 0.96,0.97 and 0.99 A for phenyl,
methyl, methylene and methine hydrogen atoms respectively)
with fixed isotropic thermal parameters of n(U,,) of the parent
carbon atom where n was 1.5 for methyl hydrogens and 1.2 for
all others. The highest peak in the Fourier-difference synthesis
gave an acceptable hydride position but the atomic coordinates
had to be constrained as the atom moved to an unrealistic
position during refinement. The weighting scheme w =
[6%(F,2) + (0.0216P)? + 1.0201PT", where P = (F,% +
2F,%)/3], was used. The final Fourier-difference synthesis was
flat and showed no features of chemical significance (maximum
and minimum residual densities 0.592 and —0.515 ¢ A~3). Final
non-hydrogen atomic coordinates are given in Table 2 and
selected bond lengths and angles in Table 3. An ORTEP >’
diagram is given in Fig. 2.

Crystal data. C,gH;3;CIIrN,0,P-1.5C¢Hg, 0.54 x 0.38 x
0.31 mm, M = 849.36 (includes solvate molecules), triclinic,
space group P1,a = 10.758(2), b = 11.190(2), c = 16.335(3) A,
« =99.534(9), B =97.023(9), vy =110.801(10°, U=
1777.6(6) A3.

Data collection. 4.0 < 20 < 50.0°; each scan divided into 30
steps, scan widths and step sizes calculated from a learnt profile;
scan speeds 1.0-8.0° min™! (subject to a fast pre-scan). Number
of data collected = 6436; number of unique data, n = 6261;
number with F, > 4.0 6(F,) = 5706; R, = X(6F,%)/Z(F,%) =
0.0217; T = 173 K.

Structure refinement. Number of parameters, p = 431; R, =
T|IF,| — |F.|/ZIF,| = 0.0174; wR, = {E[W(F,2 — F.2)?/
I[w(F,2)?]}* = 0.0423; goodness of fit s = I[w(F,2 —
F.)*)/(n — p)t = 1.022; maximum A/c = 0.001 (in Y/b of Ir),
mean A/c = 0.000.

Additional material available from the Cambridge Crystallo-
graphic Data Centre comprises H-atom coordinates, thermal
parameters and remaining bond lengths and angles.
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