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room temperature. Et2O was added and the supernatant 

liquid decanted off. The residue was washed with Et?。(3X 

10 m/). The combined organic extracts were filtered through 

a short pad of Florisil and the solvent was removed. The 

crude product obtained was purified by CC on silica gel 

(EtOAc-w-hexane, 1:15) to produce aldehyde le (1.1 g, 88%) 

as a oil. IR (neat) 心 cm-1: 1719, 1453. 】H-NMR (CDC13): 

8 9.7& (1H, t, J=0.9 Hz), 5.36 (2H, m), 2.42 (2H, dt,J=7.3, 

1.2 Hz), 2.01 (4H, m), 1.62 (2H, m)t 1.43-1.30 (12H, m), 0.90 

(3H, t, J-7.4 Hz).

(2E,4E914Z)-2,444-Octadecatrienoic acid ethyl es­
ter (If). To a solution of lithium diisopropylamide (LDA) 

which prepared from diisopropylamine (622 mg, 6,2 mmol) 

and w-BuLi in THF was added triethyl phosphonocrotonate 

(1.4 g, 5.6 mm이) at — lOt. After strring for 10 min, the 

mixture was cooled to — 78t. The aldehyde le (980 mg, 

4.7 mmol) was then added slowly, the mixture was stirred 

and allowed to warm to 25t. This was then poured into satu­

rated NazSQ solution (25 ml) and extracted with Et2O. The 

Et2O extract was dried and concentrated. The residue was 

purified by flash column chromatography (EtOAc-w-hexane, 

1:15) to give trienoic acid ethyl ester If (934 mg, 65%) 

as a colorless oil. IR (neat) cm-1: 1714, 1612, 1441, 1361, 

1290, 1252, 1170, 1030, 994;】H NMR (CDC13): 8 7.20 (1H, 

m), 6.15 (2H, m), 5.78 (1H, d( J= 15.4 Hz), 5.35 (2Ht m)( 4.19 

(2H, qj=7.2 Hz), 2.17 (2H, m), 2.01 (4H, m), 1.44-1.26 (17H, 

m), 0.90 (3H, t, J=7.3 Hz).

(2E,4E,14Z)・N・(2,4,14・QctadecatH5EyDplpNridlne 
(1). To a cooled solution of piperidine (744 mg, 8.7 mmol) 

in CH2CI2 at—40t was added trimethyl aluminum and the 

mixture was allowed to warm to Ot during a period of 20 

min. A s이ution of the ester If (535 mg, 1.8 mmol) in CH2C12 

was then added, the mixture was stirred overnight at room 

temperature. The reaction mixture was poured into saturated 

sodium potassium tartrate solution (10 m/) and extracted 

with CH2CI2 (3X10 m/). The combined extracts were dried 

over MgSO4 and filtered. The solvent was evaporated in 

vacuo and the crude product was purified by flash column 

chromatography (EtOAc-w-hexane, 1: 4) to give the desired 

product 1 (332 mg, yield 55%) as a colorless oil, which was 

identical with the natural product.
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Carbonylation of Benzyl Alcohols and Benzyl Bromide 
to 까lenylacetic Acids with Rhodium(I) and Iridium(I) Complexes
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Rhodium® and iridium® complexes, M(C104)(C0)(PPh3)2 and [M(CO)(PPh3)3] C1O4 (M=Rh, Ir)f and RhX(CO)(PPh3)2 

(X=C1, Br, OH) catalyze the carbonylation of benzyl alcohols to produce phenylacetic acids under 6 atm of CO at 

11 此 in deuterated chloroform. Benzyl alcohols initially undergo dehydration to give dibenzyl ethers which are then 

carbonylated to benzyl phenylacetates, and the hydrolysis of benzyl phenylacetate produces phenylacetic acids and 

benzyl alcohols. The carbonylation is accompanied with dehydrogenation followed by hydrogenolysis of benzyl alcohols 

giving benzaldehydes and methylbenzenes which are also produced by CO2 elimination of phenylacetic acids. Phenyl­

acetic acid is also produced in the reactions of benzyl bromide with CO catalytically in the presence of Rh(ClO4)(CO) 

(PPh3)2 and H2O, and stoichiometrically with Rh(OH)(CO)(PPh3)2 in the absence of HQ.

Introduction

Catalytic carbonylation of alcohols to produce acids has 

been 마udied with several metal complex catalysts but mostly 

in the presence of iodide as a promoter in aqueous solution1 

while metal-catalyzed carbonylation of allyl alcohols has been
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Table L Products of the Reactions of Benzyl Alcohols (2.0 

mm이) with CO (6 atm) in the Presence of Rh(C104)(C0)(PPh3)2 

(0.1 mmol) in CDCI3 (2.0 mZ) at llOt： for 20 hours

Substrate Products (%)。

RCH2OH RCH2COOH (RCH2)2O RCH2COOCH2R
RCH3+

RCHO

r=c6h5 50 10 13 trace

/>-C6H4(CH3) 84 trace trace trace

o-C6H4(CH3) 83 trace trace trace

/>-C6H4Cl 98 trace trace trace

o-C6H4C1 98 trace trace trace

心LF 23 4 16 23

a Average values of at least five experiments.

reported to occur in the absence of an iodide promoter.2 

We have been intere옹ted in a new catalytic system that is 

effective for the carbonylation of alcohols to produce acids 

in the absence of an iodide promoter. We now wish to report 

production of phenylacetic acids from the carbonylation of 

benzyl alcohols catalyzed by rhodium(I) and iridium(I) com­

plexes in the absence of an iodide promoter. The carbonyla­

tion of benzyl alcohols in this report occurs through a totally 

different pathway (vide infra) from the well-known one with 

an iodide promoter.1

Experimental

Instruments. Varian 60 MHz (EM-360A) (or Bruker WP 

80 MHz FT-NMR), Shimadzu IR-440, Shimadzu UV-240, and 

Varian 3700 gas chromatograph were used for analysis- of 

reactants and products, and for identification of metal com­

plexes.

Materi시s. All of the metal complexes were prepared 

by the literature methods.3 Benzyl alcohols, dibenzyl ether 

and benzyl bromide were purchased from Aldrich and/or 

Fluka and used without further purification. Benzyl phenyl­

acetate was prepared by the reaction of phenylacetic acid 

with benzyl alcohol.

Catalytic Reactions. Carbonylation of all the benzyl 

alcohols in Tables 1 and 2 was carried out in the same man­

ner as described below for benzyl alcohol. Benzyl alcohol 

(2.0 mmol) was added into a CDCI3 (2.0 mZ) solution of metal 

complex (0.1 mmol) in a reactor (Parr 1341 bomb reactor, 

volume=360 m/) under nitrogen which was immediately 

flushed with CO before the cap of the reactor was applied. 

Then CO was introduced into the reactor through the con­

nection tube until the pressure of the reactor reached to 

6 간m at room temperature (CO pressure was ca, 7.2 atm 

at llOt where the catalysis was actually carried out). The 

reactor was kept in an oven maintained at HOt： for certain 

period of time and cooled at intervals for product anaysis. 

A part (0.5 mZ) of the reaction mixture was taken out of 

the reactor and analyzed mostly by 2H-NMR and by GC in 

some cases (see Figure 1 for analysis of reactants, interme­

diates and products with 】H-NMR spectral changes).

Reactions of dibenzyl ether and benzyl bromide with CO 

in the presence of metal complexes were carried out in the 

same manner as described above for the carbonylation of

Table 2. Products of the Reactions of Benzyl Alcohols (2.0 

mmol) with CO (6 atm) in the Presence of 0.1 mmole of Rh(ClQ) 

(CO)(PPh3)2 (la), ERh(C0)(PPh3)3]C104 (lb), RhCl(CO)(PPh3)2 (1 

0, RhBr(CO)(PPh3)2 (Id), Rh(OH)(CO)(PPh3)2 (le)f Ir(ClO4)(CO) 

(PPh3)2 (If) and Clr(C0)(PPh3)3]C104 (1g) in CDCI3 (2.0 ml) under 

CO (6 atm) at 110°C for 20 hours

Catalyst F

Product (%尸

'hCHzCOOH (PhCH2)2O PhCH2COOCH2Ph
PhCH3

+ PhCHO

la 50 10 33 trace

lb 47 4 13 17

1c 47 5 11 11

Id 55 8 12 1

lefr 50 18 11 1

If 40 8 7 29

7 14 8 35

a Average values of at least five experiments. bln d6-benzene. 

Practically the same yields were obtained in CDC13.

PPM

Figure 1. LH-NMR spectra of the reaction mixture at 60 MHz 

at 25t. (a) Rh(C104)(C0)(PPh3)2 (0.1 mmol) and C6H5CH2OH (2a, 
2.0 mmol) in CDCI3 (2.0 m/) under N2. (b), (c) and (d) were 

measured after 10, 20, and 25 hours, respectively under CO (6 

atm) at 1107二 Signals due to -CH2- of C6H5CH2OH (2a), (CeH5- 

CH2)2O (3砂，C6H5CH2C(O)OCH2C6H5 (4a), and C6H5CH2COOH 

(5a) are indicated by the corresponding numbers. The singlet 

8 2.2 ppm is due to C6H5CH3 and the signals at S 3.8 ppm 

are due to unknown compound(s).
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2.0 mmol) in CDCI3 (2.0 m/) under N2. (b), (c) and (d) were 
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atm) at 1107二 Signals due to -CH2- of C6H5CH2OH (2a), (CeH5- 

CH2)2O (3砂，C6H5CH2C(O)OCH2C6H5 (4a), and C6H5CH2COOH 

(5a) are indicated by the corresponding numbers. The singlet 

8 2.2 ppm is due to C6H5CH3 and the signals at S 3.8 ppm 

are due to unknown compound(s).
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.ch2cooh
——冬一回 + 2

5

X=H (a), CH3 (b), Cl (c), F (d) 

catalyst M(C104)(C0)(PPh3)2t [M(CO)(PPh3)』CK)4 (M=Rh, 

Ir)f RhX(CO)(PPh3)2(X=Cl, Br, OH)

Scheme 1.

benzyl alcohol.

Identification of the product, RhBr(CO)(PPh3)2 from the 

reaction of Rh(OH)(CO)(PPh3)2 with benzyl bromide and CO 

was done by comparison of infrared spectra.

Results and Discussion

Phenylacetic acids are produced in the reactions of benzyl 

alcoh이s with CO in the presence of rhodium(I) and iridium 

(I) complexes (see Scheme 1). Table 1 and 2 summarize 

the results and Figure 1 shows the spectral changes during 

the carbonylation of benzyl alcohol (2a) with Rh(ClO4)(CO) 

(PPh3)2 (la). These experimental data unambiguously show 

that the carbonylation (Scheme 1) occurs via dehydration 

of benzyl alcohols (2) to give dibenzyl ethers (3) which then 

undergo the carbonylation to yield benzyl phenylacetates (4), 

and the hydrolysis of 4 produces the final products phenyl­

acetic acids (5) and 2.
The reaction pathway (Scheme 1) is based on the fact 

that the two intermediates, (CeH5CH2)2O (3a) and C6H5CH2C 

(O)OCH2C6H5 (4a), have been actually identified during the 

reaction of C6H5CH2OH (2a).
Figure 1(b) clearly shows that most benzyl alcohol (고a) 

was converted into the first intermediate, dibenzyl ether (3a) 
within 10 hours by which time only a small amount of the 

second intermediate, benzyl phenylacetate (4a) was produced 

with a trace amount of the final product, phenylacetic acid 

(5a). Figure 1(c) and (d) confirm the production of 4a and 

5a at the expenses of 3a and 4a, respectively. The two inter­

mediates, 3a and 4a and the final product 5a were identified 

by measuring ^-NMR spectra of the reaction mixtures with 

the authentic samples of dibenzyl ether (3a, -CH2- at 8 4.41 

ppm), benzyl phenylacetate (4a, -CH2- at 8 3.53 and 4.97 ppm) 

and phenylacetic acid (5a, -CH2- at 8 3.47 ppm).

Dehydration of alcohols to give ethers has been known 

to occur in the presence of metal complexes.4 Dehydrogena­

tion (to give aldehydes) and simultaneous hydrogenolysis (to 

give hydrocarbons and H2O) of alcohols are known to be 

catalyzed by M(C104)(C0)(PPh3)2 (M = Rh,5 Ir6). It is, there­

fore, not so surprising to see the reaction, 2T3 in Scheme 

1 in the presence of those metal complexes at elevated tem­

perature. In the absence of CO (under N2), the reaction of 

benzyl alcohol (2a) with Rh(C104)(C0)(PPh3)2 (la) at llOt 

yields mostly C6H5CHO and C6H5CH3t the products of dehy­

drogenation and hydrogenolysis with a very small amount 

of dibenzyl ether, 3a. This may be understood in terms of 

different metal complexes present in the reaction mixtures 

in the presence and absence of CO, respectively.

While iodide-promoted metal catalyzed CO insertion into 

C-0 bond has been studied,7 direct CO insertion into C-0 

bond with metal complexes has been also reported.8 It was 

found in a separate experiment using dibenzyl ether (3a) 
as the initial reactant that 3a undergoes carbonylation to 

give 4a in the presence of la under the same experimental 

conditions employed for Scheme 1. The last step of Scheme 

1 (4~>5) is a hydrolysis of an ester one may expect to occur 

in the presence of a metal complex at such high temperature. 

In another separate experiment, it was also observed that 

benzyl phenylacetate 4a readily undergoes the hydrolysis to 

give 5a and 2a in the presence of la.
The fact that the carbonylation of 2a to 5a occurs in 

the presence of Rh(OH)(CO)(PPh3)2 in CgD6 (see Table 2) 

excludes the possibility that it is catalyzed by the acid (such 

as HCIO4 or HC1) produced during the reaction. Under the 

same experimental conditions given in Table 1 and 2, the 

reaction of benzyl alcohol (2a) with CO in the presence of 

HCIO4 (2a/HCK)4 = 20) and in the absence of a catalyst did 

not produce phenylacetic acid at all but the uncharacterized 

m가erial(s), whereas in the presence of both the catalyst, la 
and HCIO4 (2a: HC1O4: Rh=20: 1:1), a small amount (ca. 

10%) of phenylacetic acid was obtained. These observations 

support a metal catalyzed pathway (non-acid catalyzed path­

way) for the carbonylation (Scheme 1).

Addition of a free radical initiator, benzoyl peroxide never 

increased the rate of the carbonylation (Scheme 1): addition 

of a large amount of benzoyl peroxide (2a/benzoyl peroxide/1 
a= 10/10/1) significantly decreased the yield. The presence 

of a free radical scavenger, hydrobenzoquinone (2a/hydrobe- 

nzoquinone/la= 10/1/1) slightly reduced the yield by ca. 5%. 

The observations may suggest that the carbonylation 

(Scheme 1) does not occur through a free radical involved 

step.

In general, the rhodium(I) complexes give higher yields 

of acids than do the iridium® complexes while no significant 

differences in the yields were observed between rhodium® 

complexes (see Table 2). Both methyl- and chlorobenzyl al­

cohols give higher yields of acids while the fluorine substi­

tuted alcohol shows considerable amounts of dehydrogena­

tion and hydrogenolysis products (see Table 1).

It should be mentioned here that the reactions of other 

ale아】ols such as CH3OH and M-C3H7OH with CO in the pre­

sence of la in CDCI3 under the same experimental condi­

tions produced very small amount of ethers ((CH3)2O and 

(m-C3H7)2O), esters (CH3C(O)OCH3 and CH3(CH2)2C(O)O(CH2)2- 

CH3), acids (CH3COOH and m-C3H7COOH) and small amo­

unts of uncharacterized materials while neither (CH3)2CH- 

COOH nor (CH3)2CHC(O)O(CH2)2CH3 was observed in the 

reaction of 为-C3H7OH. These results also support a non-acid 

catalyzed pathway for the carbonylation (Scheme 1).

Of other products in Table 1 and 2, benzaldehydes seem 

to be the products of the dehydrogenation of benzyl alcohols 

and methylbenzenes may be produced both from the hydro­

genolysis of benzyl alcohols and the CO2 elimination of phen­

ylacetic acids (pide infra). Metal complex catalyzed dehydro­
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genation of 지coh이s to give aldehydes is somewhat w이 1- 

known.4,910 Rhodium(I) and iridium® complexes, M(C104) 

(CO)(PPh3)2 (M=Rh (la), Ir (If) are known to catalyze the 

dehydrogenation and simultaneous hydrogenolysis of C6Hs 

CH = CHCH2OH to give C6H5CH = CHCHO and C6H5CH= 

CHCH3, respectively.5,6 The reaction of 2a with la under 

N2 actually produced benzaldehyde and methylbenzene (see 

Eq. 1).

Methylbenzene is also produced in the reaction of phenyl­

acetic acid, 5a with la under N2 (see Eq. 2). Benzaldehydes 

in Tables 1 and 2 seem to be the products of the dehydroge­

nation of benzyl alcohols whereas methylbenzenes could be 

produced by Eq. (1) (hydrogenolysis of benzyl alcohols by 

metal hydrides formed in the dehydrogenation of benzyl al­

cohols as seen before in the reactions of alcohols with If6) 
and Eq. (2).

2.0 mmol

Rh(ClOd)(CO)(PPh3)2 (0.1mm이)

CDCI^ (2.0 mmol), 110 °C, N2, 2() hr

Rh(ClO4)(CO)(PPh3)2 (0.1 mm이)

CDCI3 (2.0 mmol), 110 °C. N2, 20 hr

2.0 mmol

CH2C(X_>H

Carbonylation of benzyl halides to produce phenylacetic 

acids has been known to occur in the presence of various 

transition metal compounds under somewhat relatively mild 

conditions.11

During the investigation for production of phenylacetic 

acids, we have found that Rh(OH)(CO)(PPh3)2 reacts with 

benzyl bromide and CO to give phenylacetic acid and RhBr 

(CO)(PPh3)2 (see Eq. 3). Benzyl bromide is also converted 

to phenylacetic acid by the reaction of CO in the presence 

of Rh(C104)(C0)(PPh3)2 and H2O (see Eq. 4). Neither dibenzyl 

ether nor benzyl phenylacetate was observed during the 

reactions of benzyl bromide with CO in the presence of Rh 

(OH)(CO)(PPh3)2 (Eq. 3) and Rh(C104)(C0)(PPh3)2 (Eq. 4). 

Reactions of benzyl bromide (Eq. 3 and 4) evidently do not 

follow the same reaction pathway of benzyl alcohols (Scheme 

1): they may well be initiated by the oxidative addition of 

benzyl bromide. The reaction with Rh(OH)(CO)(PPh3)2 (Eq. 

3) may follow the well-known steps: oxidative addition of 

benzyl bromide, CO insertion into metal-benzyl bond with 

CO addition, and reductive elimination of phenylacetic acid 

to yield RhBr(CO)(PPh3)2. The reaction with Rh(Cl()4)(CO) 

(PPh3)2 in the presence of H2O (Eq. 4) may occur through 

a very similar pathway with that of Rh(OH)(CO)(PPh3)2 with 

CO except the last step, i.e., the hydrolysis of phenylacetyl 

bromide, the presumable product of the reductive elimination 

of Rh(Br)(COCH2C6H5)Ln.

RhgH)(CO)(PPh3)2 + -co CDCI3 (2 ml)
二6o¥，Si】r (3)

0.1 mmol 0.1 mmol 6 aim

0.09 mmol

CHjCOOH

1.0 mmol

Rh(CIQ)(CO)(PPh3)2 (0.1 mmol)

( 6 atm ), HQ, 100 °C, 15hr

RhBr(CO)(PPh3)2

0.09 mm 이

0.9 mmo)
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