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Abstract

Rhodium(l) carbonyl complexes [Rh(CSDIL] (1) wher L = Py-2-CHO §), Py-3-CHO p) and Py-4-CHO ¢) have been synthesized
and characterized by elemental analyses,'HRand**C NMR spectroscopy. The complex&sindergo oxidative addition reactions with
different types of electrophiles such as £HC,Hsl, CsHsCH,Cl and b to yield [Rh(CO)(COCH)CIIL] (2), [Rh(CO)(COGHEs)CIIL] (3),
[Rh(CO)(COCHCsHs)CI,L] (4) and [Rh(CO)CIL] (5) complexes, respectively. The kinetic study of the compléxeith CH;l reveals a
two-stage kinetics and the second-stage reactions are faster than that of the first stage by about 80-100 times. The rate ofleaction of
higher than that ofb andl1c. The catalytic activity of complexekin carbonylation of methanol, in general, is higher (TON 800 — 1250) than
that of the well-known species [Rh(C£)]~ (TON 650).
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction transfer of hydrogen from isopropanol to acetopherja8g
As a part of our work20-25] i.e. the effects of differenttypes

The oxidative addition (OA) reaction is of great impor- of ligands on rhodium-catalyzed carbonylation of methanol,
tance in inorganic and organometallic chemistry because ofwe report here the synthesis of rhodium(l) complexes con-
their application in carbonylation of alcohols, hydroformyla- taining Py-2-CHO, Py-3-CHO and Py-4-CHO ligands and
tion of alkenes, etd1—6]. The most representative example their oxidative reactivity towards different electrophiles such
is the carbonylation of methanol to acetic aiid12] where as Chl, CoHsl, CgHsCHoCland b. The kinetic study of OA
the OA reaction of CHl with cis-[Rh(CO)l2]~ is the rate- reactions of complexelsa—1cwith CHzl and the catalytic ac-
determining step. Nucleophilicity on the metal center plays tivity of the complexes on the carbonylation of methanol are
an important role on the rate of OA reaction which can be also evaluated.
increased by increasing electron density on the metal cen-
ter. Attempts are being made to modify the existing indus-
trial catalytic species [Rh(CQIp]~ for the enhancement of
its activity by introducing electron-donating ligand8—18]
Literature survey reveals that rhodium(l) complexes contain-
ing Py-2-CHO ligand have been used as active catalyst for the

2. Experimental

All the solvents used were distilled undes Nrrior to use.
Elemental analyses were done on a Perkin-Elmer 2400 ele-
mental analyzer. IR spectra (4000—400cirwere recorded

* Corresponding author. Tel.: +91 376 2370081/2370147; using a Per1k|n-EIm1e3r 2000 spectrophotometer in G340l
fax: +91 376 2370011, KBr discs.“H and °C NMR spectra were recorded on a
E-mail addressdipakkrdutta@yahoo.com (D.K. Dutta). Bruker DPX-300 MHz spectrometer, and the and 13C
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chemical shifts are quoted relative to SiMas an internal lected IR data (CHG): 2075 )(CO), cnm1], 1710 [p(COO),
standard in CDGl. The carbonylation of methanol was car- c¢cm-1].

ried outin a 150-crTeflon-coated pressure reactor (HR-100 2c: Yield: 95%:; Anal. found (calcd.) for §HgCIINO3Rh
Berghof, Germany) fitted with a pressure gauge and the re-(%): C, 24.33 (24.38); H, 1.75 (1.80); N, 3.17 (3.16); se-

action products were analyzed by GC (Chemito 8510, FID). |ected IR data (CHG): 2077 p(CO), cn1], 1718 [o(COO0),
RhCk-3H20 was purchased from M/S Arrora Matthey Ltd., cm1].

Kolkata. All the ligands were purchased from Aldrich, USA, 3a  Yield: 95%; Anal. found (calcd.) for

and used as received. C10H10ClIINO3Rh (%): C, 26.23 (26.26); H, 2.20 (2.19); N,
3.09 (3.06); selected IR data (KBr): 206&5(CO), cnt 1],
2.1. Starting material 1703 [(COO), cnt ).

3b:  Yield: 93%; Anal. found (calcd.) for
[Rh(COXCI]> was prepared by passing CO gas over C;gH;oCIINOzRh (%): C, 26.28 (26.26); H, 2.17 (2.19); N,
RhCk-3H,0 powder at 100C in the presence of watf6]. 3.07 (3.06); selected IR data (KBr): 2072€O), cnt1],
1709 p(COO0), cnmi].

2.1.1. Synthesis of the complexes [Rh(€IM)] (1), L = 3c.  Yield: 95%; Anal. found (calcd.) for
Py-2-CHO §), Py-3-CHO p) and Py-4-CHO ¢ C10H10CIINO3Rh (%): C, 26.22 (26.26); H, 2.22 (2.19); N,
[Rh(COXCI]2 (0.0257mmol) was dissolved in 3,02 (3.06); selected IR data (KBr): 2072CO), cnt 1],

dichloromethane (10cf) and to this 0.0514mmol of 1710 (COO), cnm1].
the respective ligands were added. The reaction mixture was  4a Yield: 95%; Anal. found (calcd.) for

stirred at room temperature (r.t.) for about 10min and the C;5H;,CIoNO3Rh (%): C, 42.11 (42.09); H, 2.85 (2.80); N,
solvent was evaporated under vacuum. The yellowish-red 3 26 (3.27); selected IR data (KBr): 207&CO), cnr],
color compound so obtained was washed with diethyl ether 1657 [,(COO), cn1].
and stored over silica gel in a desiccator. 4b:  Yield: 94%:; Anal. found (calcd.) for
Analytical data for the complexdst1c are as follows. C15H12ClLNOsRh (%): C, 42.14 (42.09); H, 2.82 (2.80); N,
la Yield: 92%; Anal. found (calcd.) for §H5CINOzRh 3.22 (3.27); selected IR data (KBr): 2045CO), cnt 1],
(%): C,31.83(31.87);H, 1.61(1.66); N, 4.60 (4.65); selected 1701 [(COO), cn1].
IR data (CHC$): 2088, 2015 §(CO), cnt ], 1716 [o(CHO), 4c. Yield: 96%; Anal. found (calcd.) for
cm1]. C15H12CI2NOsRh (%): C, 42.12 (42.09); H, 2.84 (2.80); N,
1b: Yield: 95%; Anal. found (calcd.) for §HsCINOsRh 3.232 (3.27); selected IR data (KBr): 204(€0), cnt 1],
(%): C,31.82(31.87); H, 1.64 (1.66); N, 4.62 (4.65); selected 1714 [,(COO), cn1].
IR drilta (CHC#): 2095, 2023 §(C0O), cnT!], 1714 [v(CHO),
cm™-].

1c: Yield: 96%; Anal. found (calcd.) for gHsCINOzRh
(%): C, 31.83(31.87); H, 1.60 (1.66); N, 4.63 (4.65); selected
IR data (CHC}): 2087, 2012§(CO), cnT1], 1717 p(CHO),

2.1.3. Synthesis of [Rh(CO)gl] (5)
[Rh(CORCIL] ((0.430mmol) was dissolved in
dichloromethane (15 cfj and to this solution, 0.510 mmol

cm1. of I, was added. The reaction mixture was stirred at r.t. for
about 4 h and the solvent was evaporated under vacuum. The
2.1.2. Synthesis of [Rh(CO)(COR)CIXL] (R = GHK = brown color compound so obtained was washed with diethyl
1 (2); R = CyHs, X = 1 (3): R = CeHsCHy, X = CI (4)) ether and stored over silica gel in a desiccator.
[Rh(CORCIL] (0.332mmol) was dissolved in Analytical data for the complexdsa—5c are as follows.

5a: Yield: 95%; Anal. found (calcd.) for @gHsClIoNO2Rh
(%): C, 15.90(15.95); H,0.91 (0.95); N, 2.61 (2.66); selected
IR data (KBr): 2075 §(CO), cnt1], 1707 [v(CHO), cnt!].

5b: Yield: 93%; Anal. found (calcd.) for ¢HsClIoNO2Rh
(%): C, 15.92 (15.95); H, 0.91 (0.95); N, 2.63 (2.66); selected
JR data (KBr): 2077 {(CO), cnml], 1696 [v(CHO), cnt 1.

5c¢: Yield: 94%; Anal. found. (calcd.) for @HsClIoNO2Rh
(%): C, 15.96 (15.95); H, 0.93 (0.95); N, 2.68 (2.66); selected
IR data (KBr): 2088 {(CO), cnT!], 1714 [y(CHO), cnT1].

dichloromethane (15cf and RX (5¢cmd) (RX = CHal,
CoHsl, CgHsCH2CI) was added to it. The reaction mixture
was then stirred at r.t. for about 2, 4 and 6h for 4LH
CoHsl and GsHs5CHLCI, respectively. The color of the
solution changed from yellowish-red to reddish-brown and
the solvent was evaporated under vacuum. The compound
so obtained were washed with diethyl ether and stored over
silica gel in a desiccator.

Analytical data for the complex@s—2c, 3a-3cand4a—4c
are as follows.

2a Yield: 92%; Anal. found (calcd.) for gHgCIINO3Rh 2.2. Kinetic experiment
(%): C, 24.35 (24.38); H, 1.75 (1.80); N, 3.14 (3.16); se-
lected IR data (CHG): 2071 /(CO), cnt 1], 1709 p(COO), The kinetic experiments of OA reactions of complexes
cm 1. la-1cwith CHsl were monitored by using IR spectroscopy

2b: Yield 94%; Anal. found (calcd.) for gHgCIINOzRh in a solution cell (1.0 mm path length). Ten milligrams of
(%): C, 24.31 (24.38); H, 1.72 (1.80); N, 3.11 (3.16); se- complexeda-lcwere added to 1 cAof neat CHl atr.t. An



N. Kumari et al. / Journal of Molecular Catalysis A: Chemical 222 (2004) 53-58 55

aliquot of the reaction mixture was transferred by a syringe CO in the ranges 180-188 ppm, aldehydic CO in the
into the IR cell. Then kinetic measurements were made by rangeé 192-196 ppm and pyridine carbon in the rarfige
monitoring the simultaneous decay of lower energgO) 150-159 ppm§ 125-127 ppm¢ 135-142 ppm for C2, C3
band of complexesa-1cin the range 2010-2025 cth and and C4, respectivelyTable J).

increasing the acyl(CO) band in the range 1705-1720¢h
of [Rh(CO)(COCH)CIIL]. A series of spectra were taken at
a regular time intervals.

3.2. Reactivity of the [Rh(C@TIL] complexes

The complexeda-1care coordinatively unsaturatégD]
and undergo OA reaction with different types of electrophiles
such as CH, CoHsl, CgHsCH2Cland b, The alkyl and halo
groups can occupy coordination siteans- or cis-to each
other depending upon the stereochemical requirement. Thus,
there may be several possible hexa-coordinated intermedi-
ates which will undergo alkyl migratory insertion reaction
to yield final acyl products§cheme L The OA of CHl
with complexesl gives five-coordinated rhodium(lll) acyl
complexes of the type [Rh(CO)(COG)TIIL] (2) which
are probably formed through unisolable hexa-coordinated
intermediates. The IR spectra of the compleXas?2c show
two different types of(CO) bands in the range 2070-2080
and 1700-1720cmt attributable to terminal and acyl
carbonyl groups, respective],20-25] The higher values
of the terminalv(CO) bands indicate the formation of the
oxidized products. As most of the five-coordinated carbonyl-
Rh(lll)-acyl complexes reported are square-pyramidal in
nature[31-33] it is likely that the acyl complexe2a—2c

The dimeric complex [Rh(CQEI]> undergoes a bridge  would also have a similar geometry. The presence of a single
splitting reaction with two molar equivalent of the high terminah(CO) value is consistent with CO grotans
pyridine-aldehyde ligands to give the complex of the type to a weakransinfluencing chloridg31]. On the other hand,
[Rh(CORCIL] (1), where L = Py-2-CHO &), Py-3-CHO  the hightransinfluencing nature of the acetyl group favors
(b), Py-4-CHO ¢€). The IR spectra of the complexés-1c strongtrans directing iodine in itstrans position [31,32]
exhibits two equally intense(CO) bands in the range  Therefore, the most probable structure of the acyl complex
2012-2095 cm? indicatingcis disposition of the two termi- (2a_2(:) is represented bybo (Scheme )_ Chauby et al.
nal carbonyl group§27-29] *H NMR spectra of the com-  [34] reported that cationic rhodium(lil) complex in general
plexesla-1b exhibit a doubletin the regioh8.93-8.98 ppm  show much higher value ofCO) bands for, e.g. 2118 and
for H1 and a multiplet in the regios 7.19-7.73 ppm and 2087 cntl in [Cp*Rh(CORMe]*, therefore, it is probable
7.68-8.45 ppm for H2 and H3 protons, respectivébhle 1 that the acyl complexes reported in this communication are
of the pyridine. The compledtc shows a doublet of dou-  not cationic in character.
blet in the ranges 7.83—-8.97 ppm for H1 and H2 of the 1H NMR spectra of the complexé&a-2c show a singlet
pyridine. The complexesa-1c exhibit a singlet in the re-  in the regions 2.67—3.44 ppmTable ) indicating the for-
gion § 10.07-11.05 ppm for the substituted aldehydic pro- mation of acyl group'3C NMR spectra of the complexes of
ton of the pyridine.!3C NMR spectra of the complexes the type [Rh(CO)(COCE)CIIL] show five different types of
la-1c show characteristic resonances of terminal carbonyl characteristic resonances: they are terminal carbonyl CO in

2.3. Carbonylation of methanol using [Rh(C@JL], L
= Py-2-CHO, Py-3-CHO and Py-4-CHO as catalyst
precursors

In the catalytic reactor a mixture of methanol (0.099 mol,
4cnP), CHsl (0.016 mol, 1 cm), H,O (0.055mol, 1 crf)
and complexe (0.054 mmol) were placed. The reactor was
then purged with CO for about 5min and then pressurized
with CO gas (20bar at r.t., 0.080 mol). The carbonylation
reactions were carried out at 13 °C for 1 h. The products
were collected and analyzed by GC.

3. Results and discussion

3.1. Synthesis and characterization of [Rh(GOIL] (1)

Table 1
NMR (*H, 13C) data of the complexes

IH NMR § (ppm)

Complex/ligands 13C NMR § (ppm)

Hy Ha Hs CHO CH C2 C3 C4 CO CHO (CQy CHs
a 8.82(d)  7.60-7.30(m)  7.98-7.92(m) .00 - 151 120 136 - 192 - -
b 8.43(d) 7.35-7.26(m)  7.54-7.51(m) .49 - 150 120 135 192 - -
c 8.90(d)  7.75-7.47(m) - 0 - 150 121 140 190 - -
la 8.93(d) 7.67-7.19(m) 7.88-7.68(m) .0F - 150 125 135 180 196 - -
1b 8.98(d) 7.73-7.69(m) 8.45-837(m) .1@ - 159 127 140 182 193 - -
1c 8.97(d) 7.85-7.83(m) - 107 - 153 125 142 188 192 - -
2a 9.62(d)  7.92-7.19(m)  8.32-8.19(m) .08 2.67 153 129 139 182 194 206 52
2b 8.66(d) 7.49-7.45(m) 7.65-7.62(m) .06 292 160 124 136 187 190 205 48
2c 9.01(d)  8.89(d) - 103 3.44 155 130 145 188 195 206 55
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the range’ 182—-188 ppm, aldehydic CO &t190-195 ppm,
acyl CO até 205—-206 ppm, methyl carbon in the range
48-55 ppm and pyridine carbon in the raides3—160 ppm,
8 124-130 ppm and 136-145 ppm for C2, C3 and C4, re-
spectively. Similarly, complexeta—1c undergo OA reac-
tions with GHsl exhibiting five-coordinated rhodiurti()
acyl species [Rh(CO)(COEis)CIIL] (3). The complexes
3a-3c show characteristig(CO) bands for the terminal and
acyl group in the range 2065-2072 and 1703-1710%me-
spectively. The OA reactions withgElsCH,Cl also produce
a similar type of complexes [Rh(CO)(COGEsH5)CloL]
(4) which exhibit two different types of(CO) bands in the
range 2047-2079 and 1657—-1714¢reorresponding to ter-
minal and acyl carbonyl group; Ireacts oxidatively with
complexesla-1cto form the complexes [Rh(CO)CIE] (5)
which exhibit only one terminal characteristigCO) band of
rhodium(l11) complex in the region 2075—-2088 th Due to
solubility problem, the NMR spectra of the complex@$
were not possible to determine.

3.3. Kinetic study of OA reaction of the complegesith
CHasl

The OA reaction of alkyl halide to the metal center is the
key rate-determining step in the metal complex-catalyzed car-
bonylation of alcoho[16,20-25,35,36]The oxidative reac-
tivity of the metal complexes depends on the nucleophilicity
of the metal center, which in turn depends upon the steric
and electronic characteristics of the ligand. It is widely ac-
cepted that the OA reaction of GHproceeds through two-
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center at the methyl carbon to displace iodide and form a
metal-carbon bond and subsequently the iodide forms a co-
ordination bond with the metal to form hexa-coordinated in-
termediate. Depending upon the stereochemical requirement
of the intermediate complex, the alkyl and iodide ligands can
be placed mutuallgis or transin the intermediat¢34]. In
order to understand the steric, electronic and the positional
effects of the substituent at the pyridine ligand on the OA
reactions of CHI with the complexeda-1c¢, a kinetic study
was carried out.

The reaction kinetics was monitored by following the si-
multaneous decay of th§CO) absorption (lower value) in
the region 2010-2025 cm for the complexesla-1c and
the formation of acyb(CO) in the region 1705-1720 cth
for the complexe®a-2c. During the course of the OA re-
actions, a series of IR spectra were recorded in a definite
time intervalsFig. 1 shows a plot of decrease in intensity of
the terminab(CO) bands for complexesa—1c against time.
From the plot, it has been observed that for all the complexes
la—1cthe OA reactions follow a two-stage kinetics, an initial
slow step followed by a faster one till the end of reaction.
In case of complexXa, the slow step proceeds up to a pe-
riod of about 15 min and thereafter proceeds exponentially.
However, for complexe$b and1c this slow step continues
up to a period of about 310 and 295 min, respectively, and
then proceeds in an exponential manner. The observed two-
stage kinetics may be due to an initial equilibrium between
the parent complex and a hexa coordinate unisolable Rh(lll)
alkyl intermediate $cheme 1 It is worth to mention here
that a similar type of kinetics was also observed from the
growth of the acyl band at around 1705-1720¢niThe ki-
netics of OA is complicated as revealed from IR data. The
two-terminalv(CO) bands of the parent compléa at 2088
and 2014 cm? are gradually replaced by the acyl compiax
bands at 2073 (terminalCO) band) and 1735 cni (acyl
v(CO) band). The entire course of the OA reactions is ac-
companied by the formation of different types of complex
intermediates as evidenced from IR data. Up to a period of
15 min of the OA reaction, there is very little change in ter-

100

80 -

60

40 -

Concentration (%)

20

200 400 600
Time (min)

Fig. 1. The decay of the termina(CO) band in the complexds-1cduring

step mechanism involving nucleophilic attack of the metal the OA reaction with CHl against time.
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minal v(CO) bands and only the intensity of the lowg€O) Table 3
band at 2014 cmt is slightly reduced. During 30-min reac- Result of carbonylation of methanol in the presence of compbecatalyst
tion time, the parent(CO) bands shift to lower region with ~ Precursors at 13& 27°C and 35+ 3bar pressure for 1h

broad bands at 2076 and 2013chbut the intensity of the ~ Catalyst ACOH (%) AcOMe (%) Total conversion (%) TON
former remains almost unchanged while the latter one exhibit [Rh(COCll.  3.34 3074 3404 653
reduced intensity along with appearance of another three newt2 1289 5189 6472 1243
bands at 2028, 2000 and 1735chwhich (former two) are 2‘2 221 ii? ggi

due to terminab(CO) bands and the remaining one is due to
acyl v(CO) band. Thus it indicates clearly that a mixture of
complex intermediates are formed. With the progress of the
reaction up to about 60 min, a sharp and very strong band ap-on-conventional secondary interacti®%] and thus over-
pears at 2075 cmt and the band at 2013 crh shows much coming the sterical hindrance. To substantiate the study by
reduced intensity. The bands at 2028 and 2000%cshow X-ray crystal structure determination was not possible be-
almost the same intensity while the acyl band at 1735tm  cause no suitable crystals could be developed. The complex
exhibits higher intensity indicating the enhancement of con- 1cis sterically less hindered to be attacked by thesiém-
centration of the acyl complex in the mixture. During 75 min Pared to that of the completb and therefore, the rate of OA
reaction time, the intensity of acyl band at 1735¢hnin- reaction for the complekcis higher thariLb.
creases while the band at 2075chremains unaltered. The
intensity of bands at 2028, 2013 and 2000¢nstarts de-  3.4. Catalytic activity
creasing indicating depletion of the intermediate complexes.
With the progress of the reaction, the band at 2075tm The results of carbonylation of methanol to acetic acid
shows no change accompanied with increase in intensity ofand its ester in the presence of the complebaed c as cata-
the acyl band at 1735 cnd, while the other bands are almost lyst precursors are shownrable 3 It appears fronTable 3
vanished indicating almost depletion of the intermediates. that the highest TON 1243 (total conversion 64.7%) and the
During 275-min reaction, only two intense bands at 2074 and lowest TON 626 (total conversion 32.6%) were found for the
1735 cnt ! are observed indicating transforming all the inter-  complexeslaand1b, respectively, while complekc shows
mediates to a single acyl complex. Thus, the above observa-a moderate TON 801 (total conversion 41.7%), therefore, the
tions corroborate the formation of different unstable interme- efficacy follows the ordeta> 1c> 1b. On the other hand,
diates during the progress of the OA reactions as indicated inthe commercial species shows TON only 653 (total conver-
Scheme 1 sion 34.0%). Therefore, the advantage of the compkeas

The reaction was found to be first order in both{Leind catalyst is obvious over the rest of the species. The efficacy
the complexe$7]. Kinetic measurements were done by ap- trend of the complexes towards carbonylation could not be ex-
plying pseudo-first-order condition, i.e. at high concentration plained based on the donor capability of the ligands because
of CHgl. A plot is made for InAg/A; versus time, wheréy the presence of electron-withdrawing —CHO group at the 2-
andA, are the absorbance at tirhe 0 andt, respectively. A and 4-positions of the pyridine ring of the ligands should
two-stage linear fit, each of pseudo-first-order is observed for reduce the basicity of the N-atom and consequently tend to
the entire course of OA reaction with GHFrom the slope  lower the catalytic activities. In carbonylation of methanol,
of the plot, the rate constants for both the stages of the OA the OA of CH;l is the rate-determining step, and the higher
reactions were calculated and the valueksgfare shownin  the rate of OA reaction, higher is the catalytic activity. From
Table 2 In general, the second-stage reactions are faster tharour kinetic study of OA reaction of Cil with complexesl

@ TON: mole of product per mole of catalyst.

that of the first stage by about 80-100 times. it has been observed that the rate of OA reaction also follows
Table 2reveals that the overall rate of OA reaction for the same order as mentioned above. Therefore, the said dif-
the complexes follows an ordéa > 1c > 1b. The high re- ference in reactivity is due to the observed difference in rate

activity of complexla over 1b and1c may be due to the  of OA reactions (vide supra).
enhancement of nucleophilicity on the metal center by the

neighboring group effedB87] where the 2-substituted alde-

hydic group probably interacts with the metal center by some Acknowledgements

Table 2 The authors are grateful to Dr. P.G. Rao, Director, Re-
Thekops values for the OA reactions of complexia-1c with CHal gional Research Laboratory (CSIR), Jorhat, India, for his kind
permission to publish the work. The authors thank Dr. P.C.

Complex kobs (S7) ) . L
: Borthakur, Head, Material Science Division, RRL, Jorhat,
First stage Secondstage  foy hjs encouragement and support. The Department of Sci-
la 8.33x 107 L5x 104 ence and Technology (DST), New Delhi, DST International,
1b 0.50x 107 0.90x 107 New Delhi, and Oil Industry Development Board (OIDB),
lc 1.17x 10°© 1.22x 1074

Ministry of Petroleum and Natural Gas, New Delhi, are ac-




58

knowledged for their partial financial grant. The authors N.K.,
M.S. and P.C. thank CSIR, New Delhi, for the award of Senior
Research Fellowships (SRF).

References

[1] J.P. Collman, L.S. Hegedus, J.R. Norton, R.G. Finke, Principles and
Applications of Organotransition Metal Chemistry, University Sci-
ence Books, Mill Valley, CA, 1987.

[2] M. Sharma, N. Kumari, P. Das, P. Chutia, D.K. Dutta, J. Mol. Catal.
A 188 (2002) 25.

[3] G. Yagupsky, C.K. Brown, G. Wilkinson, J. Chem. Soc. A (1970)
1392.

[4] A. Stefani, G. Consiglio, C. Botteghi, P. Pino, J. Am. Chem. Soc.
95 (1973) 6504.

[5] J. Falbe (Ed.), Reactivity and Structure Concepts in Organic Chem-
istry. 11. New Syntheses with Carbon Monoxide, Springer-Verlag,
Berlin, 1980.

[6] H.W. Bohnen, B. Cornils, Adv. Catal. 47 (2002) 1-64.

[7] 1.C. Douek, G. Wilkinson, J. Chem. Soc. A (1969) 2604.

[8] D. Forster, Adv. Organomet. Chem. 17 (1979) 255.

[9] T.W. Dekleva, D. Forster, Adv. Catal. 34 (1986) 81.

[10] M.J. Howard, M.D. Jones, M.S. Roberts, S.A. Taylor, Catal. Today
18 (1993) 325.

[11] A. Haynes, B.E. Mann, G.E. Morris, P.M. Maitlis, J. Am. Chem.
Soc. 115 (1993) 4093.

[12] J.K. Stille, K.S.Y. Lau, Acc. Chem. Res. 10 (1977) 434.

[13] M.J. Baker, M.F. Giles, A.G. Orpen, M.J. Taylor, R.J. Watt, J. Chem.
Soc., Chem. Commun. (1995) 197.

[14] J.R. Dilworth, J.R. Miller, N. Wheatlay, J.G. Sunley, J. Chem. Soc.,
Chem. Commun. (1995) 1579.

[15] R.W. Wegman, A.G. Abatjoglou, A.M. Harrison, J. Chem. Soc.,
Chem. Commun. (1987) 1891.

N. Kumari et al. / Journal of Molecular Catalysis A: Chemical 222 (2004) 53-58

[16] P.M. Maitlis, A. Haynes, G.J. Sunley, M.J. Howard, J. Chem. Soc.,
Dalton Trans. (1996) 2187.

[17] T. Ghaffar, H. Adams, P.M. Maitlis, G.J. Sunley, M.J. Baker, A.
Haynes, J. Chem. Soc., Chem. Commun. (1998) 1023.

[18] J. Yang, A. Haynes, P.M. Maitlis, J. Chem. Soc., Chem. Commun.
(1999) 179.

[19] L.A. Oro, M.P. Lamata, Trans. Met. Chem. 8 (1983) 48.

[20] P. Das, D. Konwar, P. Sengupta, D.K. Dutta, Trans. Met. Chem. 25
(2000) 426.

[21] D.K. Dutta, M.M. Singh, J. Ind. J. Chem. LXV (1988) 235.

[22] P. Das, D. Konwar, D.K. Dutta, Ind. J. Chem. 40A (2001) 626.

[23] P. Das, M. Boruah, N. Kumari, M. Sharma, D. Konwar, D.K. Dutta,
J. Mol. Catal. A 178 (2002) 283.

[24] P. Das, M. Sharma, N. Kumari, D. Konwar, D.K. Dutta, Appl.
Organomet. Chem. 16 (2002) 302.

[25] N. Kumari, M. Sharma, P. Das, D.K. Dutta, Appl. Organomet. Chem.
16 (2002) 258.

[26] J.A. McCleverty, G. Wilkinson, Inorg. Synth. 8 (1966) 221.

[27] L.M. Vallarino, S.W. Sheargold, Inorg. Chim. Acta 36 (1979) 243.

[28] D.K. Dutta, M.M. Singh, Trans. Met. Chem. 19 (1994) 290.

[29] D.K. Dutta, M.M. Singh, Trans. Met. Chem. 4 (1979) 230.

[30] F. Faraone, J. Chem. Soc., Dalton Trans. (1975) 541.

[31] H. Adams, N.A. Bailey, B.E. Mann, C.P. Manuel, C.M. Spencer,
A.G. Kent, J. Chem. Soc., Dalton Trans. (1988) 489.

[32] E. Lindner, Q. Wang, H.A. Mayer, R. Fawzi, M. Steimann,
Organometallics 12 (1993) 1865.

[33] A.G. Kent, B.E. Mann, C.P. Manuel, J. Chem. Soc., Chem. Commun.
(1985) 728.

[34] V. Chauby, J.-C. Daran, C.S.-L. Berre, F. Francois, P. Kalck, O.D.
Gonzalez, C.E. Haslam, A. Hynes, Inorg. Chem. 41 (2002) 3280.

[35] D.K. Dutta, J.D. Woollins, AM.Z. Slawin, D. Konwar, P. Das,
M. Sharma, P. Bhattacharyya, S.M. Aucott, J. Chem. Soc., Dalton.
Trans. (2003) 2674.

[36] M. Cheong, R. Schmid, T. Ziegler, Organometallics 19 (2000) 1973.

[37] J.C. Jeffrey, T.B. Rauchfuss, Inorg. Chem. 18 (10) (1979) 2658.



	Oxidative addition reaction of rhodium(I) carbonyl complexes of the pyridine-aldehyde ligands and their catalytic activity in carbonylation reaction
	Introduction
	Experimental
	Starting material
	Synthesis of the complexes [Rh(CO)2ClL] (1), L = Py-2-CHO (a), Py-3-CHO (b) and Py-4-CHO (c)
	Synthesis of [Rh(CO)(COR)ClXL] (R = CH3, X = l (2); R = C2H5, X = I (3); R = C6H5CH2, X = Cl (4))
	Synthesis of [Rh(CO)ClI2L] (5)

	Kinetic experiment
	Carbonylation of methanol using [Rh(CO)2ClL], L = Py-2-CHO, Py-3-CHO and Py-4-CHO as catalyst precursors

	Results and discussion
	Synthesis and characterization of [Rh(CO)2ClL] (1)
	Reactivity of the [Rh(CO)2ClL] complexes
	Kinetic study of OA reaction of the complexes 1 with CH3I
	Catalytic activity

	Acknowledgements
	References


