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MesNO selectively abstracts the proton from [IrH{COXPPhs)l.(A)]*!*2~ (1) (A: -CCPh, Cl , CH;CN and L.
CH:CN, CI |, ClOy ) to give the rans-elimination products, Ir(CO)(PPhs)(A) (2). The reductive elimination of
H™and CI from It{H)Cl:(COYPPhs): (1b) to give IrCI(COYPPha): (2b) is first order in both 1b and MesNQ,
The rate law d[2b]/dt=kqus[ 1h]=A:[ 1b][MesNQ] suggests the formation of (PPh1):(C1)»(CO)r-H-ON*Me: in the
rate determining step (42) followed by the fast dissociation of both H-ON"Mes and the #rans ligand CI . The rate
significantly varies with the ¢/s ligand A and the frans ligand 1. and is slower with both A and L. being Cl than
other ligands. MeaNQ selectively eliminates CO from [Ir(H)»(CO)PPhs)..]%~ (3) (1.=CH;CN, CIOs ) to pro-
duce [Ir(H}{(PPh:):(CH;CN)]™ (4) (1.'=CH;CN, PPhs) in the presence of 1., MesNO does not readily remove
either H* or CO from ¢is, frans- and trans, trans-Iv(H)YCCPh):(COXPPha): and ¢fs, trans-Ir(H):CI{CO)PPhy)a,
The choice whether hydridocarbonyls, 1 and 3 undergo the deprotonation or decarbony lation may be understood
mostly in terms of thermodynamic stability of the products and partly by kinetic preference of MesNQ on proton

and CQO.

Introduction

Both deprotonation and decarbonylation of metal hydri-
docarbonyls are of interests since they produce coordina-
tively unsaturated metal species that may play important
roles in metal catalyzed reactions. Although transition
metal-hydrogen bonds are commonly referred to as metal-
hydrides (H-). some of them are abstracted in the form of
protons (H'). Various strong and weak bases have been used
to abstract protons from transition metal hydrides' when
their conjugate bases are stable. Trimethylamine N-oxide
(Me:NO) has been widely used as an effective reagent for
the decarbonylation of metal carbonyls {(including hydri-
docarbonyls).> while photochemical decarbonylation of
metal carbonyls has been reported mainly with non-prepara-
tive aspects.’

We, in attempts to obtain decarbonylation products, found
that the reaction ot equimoles of Me;NO with a hydridocar-
bonyl complex. [[rH(-CCPh}CH:CNYXCOXPPh:):]CIO,*
selectively eliminates the proton to produce [r{-CCPh)
(CO)(PPhz)>* leaving the coordinated CO intact in high
yield. This observation prompted us to look into the reac-
tions of related iridium(111) hydridocarbonyls with Me;NO.
We now wish to report that Me:NO selectively abstracts the
proton from monohydridocarbonyl iridinm(I[[) compounds
while it selectively eliminates CO of dihydridocarbonyl irid-
ium(111) compounds.

Results and Discussion

Selective Deprotonation from Monohydridocarbonyl
Iridium(111) Compounds. When equimoles ot Me;NO are
vsed, [IrH(-CCPh)(CH:CN)YCO)PPh:z):]" (1a) is converted
into Ir{-CCPh)(CO)PPh:): (2a) in alimost quantitative yield

(eq. 1). In the presence of excess Mez:NO. however, complex
2a reacts further with MesNO to give the unidentified prod-
uct(s) which does not contain a coordinated CO. Other
hydridocarbonyls, 1b-f and the carbonyls metal complexes.
2b, ¢ behave likewise in their reactions with Me;NO.
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Abstraction of the proton from 1 by Me:NO would give
the intermediate of the five-coordinated |8-electron [t(1)
species which would readily dissociate another ligand to
produce more stable complex 2 (eq. 1). The #ans ligand L to
the proton abstracted by MesNO would be the one that is
most readily eliminated from the intermediate, which is, in
fact, confirmed by the reactions of 1a, ¢, d, e (see eq. 1). It
may also be likely that the trasns Cl- and CH;CN (not the CI-
and CHiCN c¢is to the hydride) are eliminated in the reac-
tions of 1b and 1f, respectively.
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The #rans ligands CH;CN (in 1a, ¢, f) and ClOy~ (in 1d)
are known to be very labile.2%7 while the CI- of 1b is not so.
One may wonder whether the slower reaction rate for 1b is
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Figure 1, Spectral changes. scamed at an interval of 80 seconds.
during the reaction of” IrH{CD{ COXPPhz) (Th. 1.0x10- M) with
MesN=-(F (4.0x10> M) in CHClw av 17 *C. The product IrCl
{COYPPha): (2b) shows three absorption band at 34(). 388. and 442
nm whilc the reactant 1b shows no absorption band in the visible
region.

due to the less labile trans ligand Cl-. This prompted us to
look into the effects of the frans ligand L on this reductive
frans-elimination of H and L by MesNO {eq. 1). Detailed
kinetic measurements have been carried out for the reaction
of 1b with Me:NO by measuring the formation of 2b (Fig. 1).

The reaction, 1b +Me:NO — 2Zb +Me:N'OHCI- is first
order both in 1b and Me:NO. The pseudo first order rate
constants {(k.ns) show no dependency on the concentration of
the trans ligand CI-. The simple second order rate law d[2b]/
di—kons 1b]-42[ 1b[|Me:NO| (sce Table 1) suggests the for-
mation of "(PPhs)}:(C1(CO)r-11-ON'Me:" in the rate deter-
mining step {2) followed by the fast dissociation of both 11-
ON'Me: and the srans ligand Cl-. The formation of
"(PPhz)2(C13:(CO)e-11-ON Me:" in the first step is sup-

Table 1. Rate Constants (4. and 42) and Activaiion Parameters for
the Reaction. [rH(CD(COXPPhi):  {(1b)—Me:NO—=IrCICO)
{(PPha)2 (2b)+MesNOH Cl-in CHCly at 17 «C. [Ir]=5.0X10* M

d[1b)idt = kops[1b] = A2[1b][Me;NO]

IMeNOL 107 M ko, 107 571 o 107 M
3.00 1.20£0.01 2.40+0.02
10.00 2.44%0.01 2.44+0.02
13.00 3.56%0.01 2.37+0.02
20.00 4.59£0.01 2.3010.02
25.00 5.9710.01 2.3910.02

AH*—9.5040.49 kealfmol. AST—-29.541.5 calidegmol. AE."-9.9930.43
kealimol. at 1740 °C

Chong Shik Chin ef dl.

ported by the negative entropy of activation (AS*—-29.5+1.5
cal/degmol) obtained from 4 in the temperature range of 17-
40 °C. [t may now be said that the lability of the frans ligand
does not significantly affect the rate of the deprotonation
from complex 1.

Kinetic electrophilicity of M-H in related compounds may
also be discussed with respects to the ancillary ligands. The
electrophilicity of M-H in 1h-d may be predicted by the
trans ligand L (Cl-, Cl1Oy~ and CH:CN). The slower reaction
of 1b (than those of 1¢, d) may be understood by electronic
effects of frans ligand L: The hydride #ans to more basic
CI- in 1b would be less electrophilic than those #ans to
less basic CH3CN and ClOy in e, d (pK,, for ClI-, RCN and
ClOy are 7, ~10 and 10, respectively.?). The 'H NMR data
(¢ for the hydrides). however, do not simply agree with the
relative electrophilicity of the hydrides of 1b-d. The hydride
of 1b appears at 6 -15.34 whereas 1c and 1d show the
hydrides at 6 -17.42 and -22.41, respectively (see also
Experimental).

Selective Decarbonylation from Dihydridocarbonyl iri-
dium (I111) Compounds. Deprotonation is not observed in
the reactions of related dihydridocarbonyls. cis, trans-[[e(H)2
(CO)PPh;):(CH;:CNYCIOs (3a) and cis, trans-Ir{H)(CO)
(PPh;)(Cl10y4) (3b) with Mes;NO. Compounds, 3 undergo
CO elimination reaction to give [Ir(H)>(PPh;z): L'(CH:CN)|*
(L'-CH:CN, PPh;z) (4} in their reactions with Mes:NQ in the
presence of L' (eq. 2). Kinetic measurements have not been
carried for the reactions of 3 with Me:NO since no appropti-
ate experimental method has been found yet. It is notewor-
thy that the product 2* expected trom the deprotonation of 3
have not been isolated previously whereas product 4 are sta-
ble even in solution in air.
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Neither Deprotonation Nor Decarbonylation from cis,
trans-1r(H),CI(CO)PPh3); (5). cis, frans-ltH(-CCPh)(CO)
(PPh3); (6)* and trans, trans-lrH(-CCPh)(CO) (PPh;),
(7).° Some iridium(I11) hydridocarbonyls. on the other hand,
do not readily losc the proton or CO in their reactions with
MesNOQ. cis, trans-1r(11):CI{COYPPhs): (8). cis. trans-lt(L])
(-CCPh):(CO}PPhz): (6) and trans. trans-Ir(H1)(-CCPh),
(CO)(PPhz)z (7} do not undergo cither deprotonation or
decarbonylation even in the presence of excess MexNO and
CH:CN (eq. 3). The reaction mixture of 5 (or 6, 7) and
excess MeaNO yields unidentifiable compound(s) when it is
sticred for more than 5 houts at room temperatutc.

H H
Phsp\lr/A MezNO, L' phap\l :\A Me;NO F'haP\"CA
I L -
L '|. PPhs MeaN R . PPh, MesNOH R PPhy
<0, E G)
A=H L=Cl, R=CO (5)
Ph—==— Ph—=—— CO (6}
Ph—— COQ Ph—=— {7}
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Deprotonation  vs, Decarbonylation. The fact that
Me;NO sclectively abstracts the proton from monohydri-
docarbonyls. 1 while it sclectively climinates the CO from
dihydridocarbony Is. 3 could be discussed in several aspects.
There has been no report. 1o our knowledge. on the relative
clectrophilicity between M-H and M-CO for a given com-
pound. 1t docsn't scem feasible to discuss the relative clee-
trophilicity of M-H and M-CO of 1 and 3 until much more
works have been done in this ficld. The spectral data. for
cxample. (sce Experimental scction for vieco and & of Ir-H
of 1 and 3) do not provide a good cxplanation for the sclec-
tive attack of M¢;NO on the hvdrides of 1 in preference to
the carbony | groups in 3.

1t scems certain. however that the products 2 and 4 arc so
stable that they can be isolated without much precaution
whercas most of 4' and 2' have never been isolated excepl
that IrH(CI)2(PPhz):'" has been known to be very stable.
While the deprotonation is a reduction of six coordinated iri-
dium(111) species to four coerdinated iridium(l) specics. the
decarbony lation is a simple dissociation of a ligand. Another
ligand L'. therelore. should be present in the reaction mixture
1o produce stable six coordinaled complexes such as 4 when
the CO abstraction occurs in prefcrence to the deprotonation
as scen in ¢g. 2. Of the four coordinated 16 cleciron com-
pound 2'. (he hyvdridocarbonyl. frans-It(HY(CO)PPh;)- has
been only suggesied (never 1solated) as an intcrmediate in
rcactions of rclated complexes.!! Carbon monoxide scems (o
be the best Iigand Lo stabilize the related four coordinated
non-hydndo irndium(l) compounds containing two PPhs such
as Vaska's complex. On the other hand. dihydridoiridum(1I[)
compeounds such as 4 scem 1o be stabilized without coordi-
nalcd CO while many monohydrido complexes with no
coordinated CO such as 4' arc not stable cnough to be iso-
lated.

In genceral. products 2 and 4 scem to be the thermodynamic
products since the proton abstraction products. 2 and decarbo-
nylation products. 4 sccm more stable than 4' and 2'. respee-
tively. However. the  deprotonation  (rom  [r(H)C12(CO)
(PPh:)> (1b) in preference to the decarbonylation mayv not be
unambiguously understood either by a kinetic or thermody-
namic phenomenon since both of [rCI{CO)PPhs)- (2b) and
Ir(H)(C1)~(PPhs); (expected from decarbonylation of 1b) are
known to be very stable under the experimental conditions (23
°C., Na. CHCl: or CsHg).

That neither the proton abstraction products nor the decar-
bonylation products are obtained from the reactions of 5, 6
and 7 (eq. 3) may alse be explained by kinetic phenomenon
(high activation energy process) for both deprotonation and
decarbonylation reactions since Ir(-CCPh)(CO)PPh;)- (2a)*
and Ir(H)-CI(PPhs):'* are also known to be stable under the
experimental conditions.

Experimental Section
Caution! Extensive precantions must be taken. since per-

chlorate salts and perchlorato-transition metals are poten-
tially explosive.'?
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General Considerations and  Instruments, Rcactions
were carried out in an atmosphere of drv nitrogen. Solvents
were dricd and distilled before use. 'H and '*C NMR and [R
spectra were recorded on a Varian Gemini 200 or 300 MHz
spectrometer and Shimidzu IR-430 spectrophotometer.

Preparation of Reactants. Complex 1a,? 1b,'* 1d,% 3a’* and 3b**
were prepared by the literature methods. Relevant spectral data. vio
(cm-!. Nuyjol) and Ir-H (CDCl;. ppm) (sc¢ discussion) are as
follows: 1a (2020. -17.42): 1b (2024. -15.34): 1d (2054
-22.41): 3a (2035, -847 (rans 1o CO). -18.21 (trans to
CH;CN)): 3b (2004, -6.29 (trans 10 CO). -25.34 (frans 0
ClOy). [Ir(H{CHCH;CNYCO)PPh;),|Cl1O; (1¢): Ycl-
low CHCl; (13 mL) solution of [I{CH;CNYCO)
(PPh;3):|ClO4 (2¢) (0.10 2. 0.11 mmol) was slowly bubbled
with HCI for a minute until the reaction mixture turned pale
vellow. Hexane (25 mL) was immediately added and the
palc vcllow micro-crystals were collected over a filter.
washed and dricd in vacuum. The vicld was 0.095 g (0.10
mmol. 91%). '"H NMR (CDCl;): & 1.89 (s. 3H. CH;CN).
-16.30 (t. TH. Jpp=10.2 Hz. [r-H). [R (Nujol. cmm!): 2080 (s.
Vo). Anal. Caled lor 1rP-CioHuNOsCl-: C. 50.82: H. 3.72:
N. 1.52. Found: C. 51.09: H. 3.85: N. 1.49.

cis, trans-|Ir(H}{CH;CN)(CO)XPPh;): [{C104); (le):
The rcaction mixture of AgClOy (0.062 g. (.30 mmol) and
[r(HXCD(CO)PPh3): (1b) (0.10 2. 0.12 mmol) in CH-Cl:
(20 mL) was stirred at 25 °C for an hour during which time
the rcaction mixture turned into yellowish solution. AgCl
and ¢xcess AgClO4 were removed from the reaction mixture
by (iliration, CHLCN (0.016 mL. 0.30 mmol) was added to
the rcaction mixture that was stirred for an hour until the
solution turncd pale vellow. Addition of cold hexane (20
mL) gave pale yellow micro-crystals of 1e. The yicld was
0,099 g (0.096 mmol. 80 %). '"H NMR (CDCl3): & 1.7] (s.
3H. CH,CN). 2.03 (s. 3H. CH;CN). -16.65 (1. IH. Jp=10.2
Hz. [r-H). [R (Nyjol. cm-"): 20844 (5. vee). Anal. Caled for
[tP-C41H37NOuCla: C. 48.01: H. 3.6+ N. 2.73. Found: C.
49.00: H. 3.59: N. 2.69.

Identification of Products. Complex 2a,' 2h,'7 2¢'7 and
4a' were identified by comparison with spectral data previ-
ously reported. Relevant spectral data. vco (cm'. Nujol) and
Ir-H (CDCls. ppm) (see discussion) are as follows: 2a
(1970). 2b (1960). 2¢ (1990), 4a (-20.7). cis, mer-
[Ir(H)(CH3CN) (PPh3);]CIO, (4b): Me;:NO (0.11 nunol)
was added to the pale vellow solution of [Ir(H):(CO)
(CHaCN)(PPh1):|ClOy (3a) (0.09 g, 0.1 mmol) in CH-Cl:
(10 mL) to which PPha (0.11 nunol) was also added. A 10
mL of H-O was added to reaction mixture after 30 minutes
of stirring at 235 °C. The CH-Cl- layver was separated from the
water laver containing excess Me:NO and Me:xNOHCIOy.
Addition of cold hexane (20 inL) gave beige microcrystals
of 4b. The vield was 0.10 g (0.083 mmol. 83 %). 'H NMR
(CDCls): 6 1.83 (s. 3H. CH;CN), -12.20 (dt. 1H. Jepams-
=123 Hz. Jpruo1=21.6 Hz. Ir-H). -20.00 (q. 1H. Jp=13.4
Hz. Ir-FD. Anal. Caled for IrPaCs<H:oNOLCL: C, 39.97: H.
449:N. 1.25 Found: C. 60.12: H. 437:N. 1.21.

Reactions with M¢;NQ. All the reactions of 1 with
Me:NO were carried out under nitrogen in the same manuner
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as described above for the preparation 4b. Byproducts.
MesN-OHCIO,; and Me:NYOHC1 have been isolated and
identificd by 'H NMR (two singlets at 6 3.32 and 3.23 in
CDCl;s at 200 MHz and 235 °C) and IR (KBr. ca. 2750 ¢m!
(m. v and . 1100 cm-! (s. C10)).

Kinctic Measurements, A Hewlett Packard 8432A diode
array  spectrophotometer was used to follow the speciral
changes during the reaction at intervals of 1-20 seconds. All
the kinctic measurements were carricd out in the similar
manner as described below for the reaction of 1b with
Me;NO. Appropriate amounts of the stock solutions of 1b
(3.5x10-3 M in CHCl5) and Me;NO (3.5x10> M in CHCL)
were quickly added to CHCI: in a 3.5 mL ccll 1o make the
reaction mixture. The reaction mixture was shaken (or a fow
scconds before the spectral changes (incrcascs in absor-
bance) were measured at 388 nm.
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