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Reaction of Ir(ClO.} (CO) {PPh,), with trans-C,H,CH = CHCO,C,H, produces 2 new cationic iridium(l) complex, [Ir (frans-
C.H,CH = CHCO,C.H,) (CO) (PPh,1,}CI0, where trans-C,H,CH =~ CHCO,C,H, seems to be coordinated through the carbonyl
oxygen rather than through the n-system of the olefinic group according to the spectral data. It has been found that INC10.)-
{CO){PPh.), catalyzes the hydrogenation of CH, = CHCQ,C;H,, #rans-CH,CH=CHCO,C,H; and ¢rans-C;H;CH = CHCO,C,H;
to CH.CH,CO,C,H,, CH,CH,CH,CO,C,H, and C,H,CH,CH,CO,C.H;, respectively at room temperature under the atmospheric
pressure of hydrogen. The relative rates of the hydrogenation of the unsaturated esters are mostly understood in terms of

steric reasons.

Introduction

The hydrogenation of unsaturated esters' and soybean oil
{a mixture of unsaturated esters)® to the corresponding
saturated esters has been known to be catalyzed with a
rhodium(]) perchlorato complex, Rh(ClQ,) (CO) (PPh,), at room

temperature. The iridium(I) analogue, INC10.) (CO) (PPh,)}, -

(1) has been found 'to react with unsaturated compounds to
form cationic iridium(l) complexes, {IrL(CO) (PPh;),]C1O,
(L =unsaturated nitriles** and unsaturated aldehydes® coor-
dinated through the nitrogen and oxygen atom, respectively,
but not through the olefinic group) which show the catalytic
activities for the hydrogenation of L to the corresponding
saturated nitriles and saturated aldehydes. In this paper, we
wish to report the synthesis of a cationic iridium(]) complex
of an unsaturated ester and the catalytic hydrogenation of un-
saturated esters to the corresponding saturated esters with
[r(Cl10,) (CO) (PPh,), (1) at room temperature under the at-
mospheric pressure of hydrogen.

Results and Discussion

Reaction of 1 with 2rans-CsH;CH = CHCO,C;H,) (2) pro-
duces a new cationic iridium {I) complex [Ir{zrans-C;HCH =
CHCO,C,H{CONPPh;),) C10. (3) according to equation 1. At-
tempts to isolate any iridium complexes of CH, = CHCO,C.H.
(4} and trans-CH,CH = CHCO,C,H, (5} have heen unsucces-
sful. Complex 3 is soluble in polar solvents such as chloroform,

II’(C]04} {CO} (PPh3)2 + f?’dﬂs-—caH‘«,CH =CHCO;C;H5 -
1 2
3

dichloromethane and chlerobenzene but insoluble in non polar
solvents such as hexane and benzene. 1t is stable in the solid
state in air and in solution under nitrogen at room temperature.
Bonding between iridium and trans-C,H,CH = CHCO,C;H,
(2} in [Ir(trans—C,H,CH = CHCO,C,H,) {(CO) {PPh,).|C10,
(3). Electronic absorption spectrum of 3 in the visible region
(Table 1) suggests that 3 is a four coordinated iridium(I) com-
plex where 2 is coordinated through the oxygen atom to
iridium but not through the n-system of the olefinic group.
It is well-established that the related four coordinated
iridiunI) complex, 1rA{CO} (PPh,), (A=0H. CI, Br, I, CN,

NCS, Cl10,) and [IrL{CO} (PPh,);]ClO, (L = unsaturated nitr-
iles®* and unsaturated aldehydes® coordinated through the
nitrogen and oxygen atom, respectively) show the very similar
three bands in the same region. It is also well-know that IrX(L)
{COY(PPh,), (X =Cl, Br, I, L =CH,; = CHCN, #rans-(CN)-
CH = CH(CN), (CN),C=C(CN),”) and {IrL{CO} (PPh),)CIO,
(L = trans-(CN)YCH = CH(CN)*) where L is coordinated through
the nm—system of the olefinic group, show no absorption bands
in the visible region. Infrared spectral data in Table 1 sup-
port the bonding between the carbonyl oxygen and iridium
in 3. The significant decreases in v.., of the ester group in 2
upon coordination are indicative of the bonding between the
carbony] oxygen and the metal. There has been no report on
the transition metal complexes of esters where an ester is coor-
dinated through the oxygen of C-0~C group. The data for
Ve Of 2 would provide valuable information on the nature of
the bonding between 2 and 3. The absorption band due to
v... of 2, however, is not resolved due to the strong absorp-
tion of v.., near it. A strong and broad band at ca. 1100 cm™
observed for 3 (not given in Table 1} is attributable to the
tetrahedral (Td) anion ClO,",* which supports that 3 is an
1:1 electrolyte as confirmed by the conductance measurements
(see Experimental). The slight upfield shifts have been
observed for the protons of 2 upon coordination to kr(CO)-
(PPh,),;* (Table 1), and practically no changes in coupling con-
stants have been found for the protons of 2 in 3 from those
of free 2 (not given in Table 1).

Catalytic hydrogenation of unsaturated esters with Ir(CiO.)
{COXPPh;), (1). It has been found that complex 1 catalyzes

the hydrogenation of CH,=CHCO,C,H, 4), trans-CH,CH =

CHCOQ,C.H; (5} frans—C,H:CH=CHCO,C,H, (2) to the cor-
responding saturated esters, CH,CH,CO,C;H,, CH,CH.CH;
C0,C,Hy, and CHCH,CH,CO.C,H,, respectively. The
catalytic hydrogenation of 2 with 3 gives the same results
shown in Figure 1 obtained using 1 in place of 3, which is
readily understood since the reaction of 1 with 2 could give
3 immediately in the reaction mixture under the catalytic con-

ditions. This catalytic hydrogenation of 2, 4 and 5 with 1 is
certainly an evidence that there is an interaction between the
olefinic group of the unsaturated esters and the iridium in 1.
The hydrogenation is relatively slow, but it does not show any
decrease in the rates for a considerably long period of time
(see Figure 1). The slowness of the hydrogenation of the un-
saturated esters, 2, 4 and 5 with 1 is prabably due to the in-
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Talbe 1. Electronic Absorption {CH,CL.), Infrared {(Nujol) and 'H-~
NMR (CDCI;) Spectral Data for #rans-CH.,CH=CHCO,C;H; (2) and

Compound electronic absorption, nm*

3 437 {530), 382 (2240), ca. 320*
infrared absorption, cm™

Visa Ves,©
2 1634, 1709
3 1580, 1625 1962
'H-NMR, d(ppm)?
2 1.2%,CH,,3H), 4.20(q,CH,,2H), 6.35(d. CHCO,,1H),
7.36(d,C,H.CH=,1H), 7.62(m,C;H;,5H)
3 1.24(t,CH,.3H), 4.05(q.CH,,2H), 6.33(d,CHCO,,1H).

ea. 7.50m.C¢H.CH, C.H.CH, PC,H;,36H)

« Under nitrogen at 25°C. Extinction coefficients are given in paren-
theses. * A shoulder due to the strong absotption by the ligands at
¢a. 300 nm. < CO coordinated directly to iridium. ¢ Under nitrogen
at 25°C at 60 MHz. Chemical shifts are relative to Me.Si.
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Figure 1. Hydrogenation of unsaturated esters (37 mmol) with
[e(C10,) (CO) (PPh,), {0.1 mmol) at 25°C under hydrogen {Py; + vapor
pressure of the solution=1 atm).

—0Q—0—, CH,=CHCO,C,H,; —0—DO—, #rans-CH,CH = CHCO,C,H,;
-A-A-, frans-CsHCH = CHCO,C,H,.

teraction of the catalyst metal with the carbonyl oxygen ot
the ester group as observed for 3 (see text). The extremely
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slow rate observed for 2 may be understood in terms of the
stability of 2 due to the extended conjugated system as well
as the steric reason since the bulk phenyl group may interfere
the interaction between the olefinic group of 2 and the catalyst.
It may be also said that the hydrogenation of 2 with 1 is very
slow partly because the bond between the iridium and the car-
bonyl oxygen of 2 in 3 is so stable that the interaction bet-
ween the catalyst and the olefinic group of 2 is somewhat less
likely to occur. The faster rate observed for 4 than for 5 is
probably explained also by a steric effect that the interaction
of the olefinic group with the metal catalyst is more facile for
4 than for 5. It is interesting to notice that the hydrogenation
of the unsaturated esters (2, 4 and 5) with 1 (Figure 1) is much
faster than that of unsaturated nitrites with [IrL{(CO)-
{PPh,),]C10, (L = unsaturated nitriles coordinated through the
nitrogen atom) which are formed by the reactions of 1 with
L.? while it is comparable with that of unsaturated aldehydes
with 1 whose reactions with unsaturated aldehydes show good
evidences for the interaction between the iridium and carbonyl
oxygen of the aldehydes.s.

Experimental

Infrared, electronic absorption and proton NMR spectra
were obtained on Shimadzu [R-440, Shimadzu UV-240 and
Varian 60MHz (EM-360A). Conductance measurements were
carried out with Wiss-Tech. Werkstitten Weinheim/Obb. con-
ductometer. Elemental analyses were performed at Spang
Microanalytical Laboratory, Eagle Harbor, Michigan, U.S.A.
A standard vacuum line and Schlenk-type glassware were us-
ed in handling metal complexes. CH, = CHCO,C,H, (Aldrich),
trans-CH,CH =CHCO,C,H, (Fluka) and trans-CsH,CH=
CHCO,C,H; (Fluka) were used after distillation. Ir(ClI0,}(CO)-
(PPh;): was prepared by the literature method.? Nitrogen and
hydrogen were extra pure grade from Dong Yang Argon in
Korea.

Preparation of [Ir{trans-C,H,CH = CHCO,C,H)XCO) {PPh.};]
C10, (3). Addition of trans-C,H,CH = CHCO,C,H, (20 drop,
ca. 6 mmole) into the benzene solution of Ir{C10,) {CO) (PPh;),
(0.27 g, 0.3 mmole) under nitrogen at 25°C immediately
resulted in precipitation of pale yellow microcrystals which
were collected by vacuum filtration, washed with hexane (30
ml) and dried under vacuum. The yield was 0.20 g (65% bas-
ed on 3). Anal Calcd. for IrC,;H,;0.CIP.:: C, 56.50; H, 4.15;
Cl, 3.47: P, 6.07. Found: C, 55.98; H, 4.59; Cl, 3.54; P, 6.19.
Molar conductance = 100 ochm™cm*mol™ ((Ir] =5.0x 10~ M in
trans-C H,CH = CHCO,C,H; at 25°C under nitrogen). The
molar conductance of the standard 1:1 electrolyte, (n-Bu)~
NCIQ, was measured to be 110 ohm™'cm?mol™ in #ans—
C,H,CH=CHCO,C,H; at 25°C under nitrogen {[(n-Bu)-
NCIQ,] =5.0x 10-5M). :

Catalytic hydrogenation of unsaturated esters with Ir(ClO.}
(CO) (PPh;),. The following procedure was followed in all ex-
periments using 0.1 mmole of IHClO,) (CO) (PPh,), (1) and
37 mmoles {cz. 5.0 ml} of the corresponding unsaturated ester.
Complex 1 was dissolved in the corresponding unsaturated
ester in a 25 ml round-bottomed flask under nitrogen at 25°C.
Then the reaction mixture was flushed with hydrogen several
times and stirred under hydrogen (P, + vapor pressure
of the reaction mixture = 1 atm). A portion of the reac-
tion mixture was taken out of reactor and analyzed by
proton NMR measurements at intervals. Hydrogenation of
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CH,=CHCO,C,H; was followed by measuring the disap-
pearence of the signals due to CH,=CH - at 5.2-6.2 ppm
{relative to Me,Si}. The quartet due to -CO,CH,CH; at 4.0
ppm was employed as an internal standard. Hydrogenation
of trans-CH,CH = CHCO,C,H; was followed by measuring
the disappearence of the signals at 6.3-6.5 ppm dueto -CH=
CH- and using the quartet at 4.0 ppm due to -CO,CH,CH,
as an internal standard. Hydrogenation of #frans-C.H;CH=
CHCO,C,H; was followed by measuring the disappearence of
the signals at 6.3-6.4 ppm due to -CH=CHCO,- and using
the quartet at 4.2 ppm due to -CO,CH,CH, as an internal
Standard.

Acknowledgement. We are very grateful for the financial
support for this study from the Korea Science and Engineer-
ing Foundation and the Ministry of Education.

Hyun Mok Jeong and Chonge Shik Chin

References

1. Submitted for publication.

2. H.M. Jeong and C.S. Chin, Bull. Korcan Chem. Soc., 5,
199 (1984).

3. S.H. Park, H.-K. Park, and C.S. Chin, frorg. Chem., 24,
1120 (1985).

4. S.H. Park, H.-K. Park, and C.S. Chin, Buil Korcan Chen.
Sac.. B, 167 (1984).

5. Submitted for publication.

6. R. Brady, B.R. Flynn, G.L. Geoffroy, H.B. Gray, J. Peone,

Jr. and L. Vaska, Inorg. Chem., 15, 1485 {1976).

. L. Vaska, Acc. Chem. Res., 1, 335 (1968).

C.S. Chin, unpublished results {see ref. 9 of ref. 4).

J. Peone, Jr. and L. Vaska, Angew. Chent, ini. Ed., 10,

511 (1971).

© 00 =

Reactions, Hydrogenation and Isomerization of
Unsaturated Esters with a Rhodium(I)-Perchlorato Complex

Hyun Mok Jeong and Chong Shik Chin”
Department of Chemistry, Sogang University, CPO Box 1142, Seoul 121, Recefved August 30, 1986

The isolated products from the reactions of Rh(CIO.} (CO) (PPh,); (1) with CH, = CHCO,C,H, (2) and ¢rans~CH;CH = CHCO,C, H,
{3) contain 80~90% of [RMCH, = CHCO,C,H,) (CO) (PPh,),JC10, (4) and {Rh(trans-CH,CH = CHCO,C,H;) {CO) (PPh,},JCIO.
(5), respectively where 2 and 3 seem to be coordinated through the carbonyl oxygen. It has been found that complex 1 catalyzes
the isomerization of CH, = CH(CH,),CO,C,H, (6} to CH,(CH;} .CH = CH({CH,},.. CO,C.H; (n=0~7) under nitrogen at 25°C.
The isomerization of 6 is slower than that of CH,=CH(CH,)CH, to CH,(CH,).,CH=CH(CH,),_.CH, (n=0~8), which is
understood in terms of the interactions between the carbonyl oxygen of & and the catalyst. It has been also observed that
complex 1 catalyzes the hydrogenation of 2, 3, 6, trans-C;H.CH = CHCO,C,H; (7), CH,(CH,), CH = CH(CH,),CO,C.H; (8}
and CH, = CH(CH,)CH, (9), and the isomerization (double bond migration} of 6 and 9 under hydrogen at 25°C. The interac-
tions between the carbonyl oxygen of the unsaturated esters and the catalyst affect the hydrogenation in such a way that
the hydrogenation of the unsaturated esters becomes slower than that of simple olefins.

Introduction

Perchlorato ligand (C10,) in M(CIQ,) {CO) (PPh,), (M =Rh,
Ir) is so labile that it is readily replaced even by various sol-
vent molecules.! We recently reported that CIO, group in
M(C10.,) (CO){PPh,), {M = Rh, Ir} is replaced with unsaturated
nitriles,? unsaturated aldehydes® and unsaturated alcohols* to
give cationic complexes, [ML(CO) (PPh,),JCIC, (L =unsaturat-
ed nitriles, unsaturated aldehydes and unsaturated alcohols)
which show catalytic activities for the hydrogenation, isomer-
ization and oligomerization of the corresponding unsaturated
compounds (L). We also found that Rh(CI0.,)(CO){PPh,). (1)
catalyzes the hydrogenation and isomerization of soybean oil
which is a mixture of unsaturated esters and saturated esters.®
The interactions between the rhodium in 1 and the carbonyl
oxygen of soybean oil, however, could not be established in
- that study.®

Accordingly, we have decided to investigate the interac-
tion between pure unsaturated esters and 1, In this paper, we

wish to report the formation of cationic rhedium(I) complexes
of unsaturated esters and the catalytic activities of 1 for the
hydrogenation and isomerization of unsaturated esters.

Results and Discussion

Reactions of Rh(ClO,) (CO) (PPh,), (1) and unsaturated
esters, Interaction is apparent between the rhodium in 1 and
the carbonyl oxygen of the ester group in the unsaturated
esters chosen in this study (see below) although pure com-
plexes have not been isolated from the reactions of 1 and the
unsaturated esters. The reactions of 1 with CH,=CHCO,C,H;
(2) and trans-CH,CH = CHCO,C,H, {3) vield pale yellow solids,
respectively (see Experimental for details), while no rhodium
complexes have been isolated from the reactions of 1 with
other unsaturated esters, frans-C,H,CH=CHCOQ,C,H;,
CH, = CH(CH,),CO,C.H, and CH,CH,),CH =CH(CH,), CO,

‘C,H.. The products obtained from the reaction of 1 with 2

and 3 lose 2 and 3, respectively when they are dissolved



