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Summary 

The reaction of phenols with carbon monoxide at atmos- 
pheric pressure and room temperature in the presence of 
palladium chloride and a tertiary amine produces diary1 car- 
bonates and aryl salicylates. Only diary1 carbonates are 
produced when palladium carbonyl chloride is substituted 
for palladium chloride. Reaction pathways are proposed. 

Introduction 

The formation of dialkyl carbonates from the reaction of alcohols 

and carbon monoxide has been reported to be promoted by transition metal 

and post transition metal compounds_ 1-7 Diary1 carbonates have not been 

synthesized from phenols in analogous reactions.. Evidently the lower 

basicities of phenols and the ease of phenol oxidation has lead to a 

variety of side reactions instead of carbonates. 

Recently, it was reported that diphenyl carbonate was found in mod- 

erate yield from phenol and carbon monoxide in the presence of a base 

and a stoichiometric quantity of a Group VIIIB metal salt. 8 

As part of a general investigation of the carbonylation of phenols, 

we have studied the interaction of phenols with carbon monoxide and pal- 

ladium salts under ambient conditions. The results are described below. 
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Results and Discussion 

Bubbling carbon monoxide through a methylene chloride solution of 

a phenol, a tertiary amine, and bis(benzonitrile) palladium (II) chloride 

resulted in the immediate deposition of metallic palladium and a mixture 

of carbonate J and salicylate II, Equation l_ 

IEq.1 R@ OH + CO + Et3N + (PhCN)2PdC12 

PhCN + Et3NHCl + R @-0-!-O@jR OH ?i i 

b 0 
C-O@R 

R 

II - 

a) R=H- 
6) R=CH- 

d) R= @+ 

c) R = Cl? e) R = CH30- 

Para substituted phenols reacted under these conditions to produce 

carbonates in moderate yields and, in most cases, salicylates, Table 1. 

Only para-chlorophenol among the phenols tested failed to produce a salicylate. 

Table 1 

Reactions of Phenols and CO in the Presence of (PhCN)2PdCl2 

Substituent % Yield Ja % Yield gb 

a 49 49 

b 44 55 

C 67 0 

d 58 32 

e 32 17 

aYield based on Pd as per Scheme 2 

bYield based on Pd as per Scheme 1 

Control experiments indicated that I and 11 

the reaction conditions, although I is converted 

did not interconvert under 

to JJ at elevated temper- 
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atures _ 9 Reactions carried out in benzene, THF, chlorobenzene, methylene 

chloride, or hexane as solvent resulted in similar mixtures of I and II. 

Employment of tertiary amines such as triethylamine, diisopropylethylamine, 

or 1,2,2,6,6-pentamethylpiperidine, amines which differ greatly in their 

ability to complex palladium,resulted in similar mixtures of products although thl 

structurally more hindered amines invariably resulted in cleaner reaction 

mixtures. finally, palladium (II) nitrate, palladium (II) acetate, bis- 

(benzonitrile)palladium (II) chloride, and palladium (II) chloride were 

equally effective palladium sources and gave similar product mixtures. 

However, varying the time interval between introduction of carbon 

monoxide and addition of the tertiary amine had a dramatic effect on the 

ratio of Ia to IIa. Nhen the amine was added first, subsequent introduction - - 

of carbon monoxide resulted in high specificity for phenyl salicylate. 

On the other hand, introduction of carbon monoxide first followed by the 

amine after one hour resulted in high specificity for carbonate. The 

results are summarized in Table 2. 

Table 2 

Effect of Pretreatment of (PhCN)2PciC12 with CO 

Molar Ratio %!.!-l _- 

R3N added first 0.05 

R,N added after 5 minutes 0.25 

R3N added after 20 minutes 5.0 

R3N. added after 1 hour >50 

The following reaction scheme, or a similar one, could account for 

the salicylate products. Scheme 1 is a combination of two well-known 

reactions of palladium, pal ladation 10 and carbon monoxide “insertion. ,,l 1 

Scheme 1 

PhCN, ,Cl 
/Pd. 

-Cl_, 

Cl NCPh _ +c1 

PhCN, @ 

,Pd\ 
Cl 
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,Pd, 
Cl NCPh 

PhCN 
k ‘Pd’ 

Cl’ %Ph 
co 

C-Pd(PhCNj2Cl __, 

+ Pd’ 

f cl- 

+ 2PhCN 

Carbonate may not be formed from the palladium (II) halide, but rather 

from a preformed palladium carbonyl species resulting from the interaction 

of the palladium halide with carbon monoxide. The reaction of bis(benzo- 

nitrile) palladium (II) chloride with carbon monoxide in wet chloroform 

has been reported to produce a yellow powder of the composition Pd(CO)C1.‘L 

Subsequent reaction with chloride ion has been shown to generate the 

CPd2(C0)2C141 
= 

ion-l3 Either of these species may be generated in the 

course of the reaction and could be the precursor to the observed carbonates. 

Both palladium compounds were prepared and allowed to react with phenols, 

Equation 2. In all cases, salicylates were not detected and carbonates 

net-e formed in high yields, Table 3. 

ZPd(CO)Cl + 2 R 
-0 

CH2C12 
0 -OH + 2Et3N co b R 0 2c03 f c) 

I 

2Pd0 + 2Et3NHC1 

a) R=H- d) R=o+ 

b) R = CH3- 

c) R = Cl- e) R = CH30- 

This new.reaction of a palladium (I) species to form carbonates, formally a 

two electron change, is quite unusual, possibly involving two metal centers 

in the transformation. Surprisingly, although the stoichiometry of the 



139 

Table 3 

Reactions of Phenols with Pd(CO)Cl 

Ia 

Ib 

Ic 

Id 

Ie 

Product Z Yield 

99 

95 

35 

90 

45 

a 0 I)=0 
0 

0 &PG& 

90 

75 

35 

reaction would suggest that an excess of carbon monoxide groups were already 

present as ligands bound to the palladium.external carbon monoxide was 

found to promote the reaction. However, Cl3 labeling of the bound carbonyl 

groups in III, has shown that external carbon monoxide did not end up in the - 

products even though scrambling is fairly rapid. Finally, the reaction rate 

was retarded by an excess of chloride ion. With large amounts of added 

chloride ion, reaction times were increased from minutes to hours. A possible 

reaction scheme is suggested below. 

Evidently in structures III and/or IV 14 
- the carbon monoxide ligand - 

is activated toward nucleophilic attack by phenoxide. The transformation 

of g to y involves an internal redox reaction promoted by carbon monoxide. 

Recently, structures analogous to _V have been postulated as intermediates 

in dialkyl carbonate 15, 16 and oxalate l7 formation. An analogous phos- 

phine complex has been isolated. 18 
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Scheme 2 
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Currently we are extending this study to determine the scope and 

limitations of carbon monoxide activation by palladium (I) carbonyl complexes- 

Experimental 

General 

Phenol (Fall inckrodi), E-cumylphenol (Aldrich), B-methoxyphenol 

(Eastman), catechol (Baker) and 2,2’-biphen?ol (Aldrich) were used as 

received. Para-chlorophenol (Aldrich), Ecresol (Eastman), and ortho- 

cresol (Aldrich) were distilled prior to use_ Triethylamine (Eastman) 

and N-ethyldiisopropyl-amine (Aldrich) were used as received_ 1,2,2,6,6- 

pentamethylpiperidine was prepared by the literature route. 19 Tetra- 

butylammonium chloride was dried in vacua at 100°C for 48 hours before use. 

Bis(benzonitrile)paIladium chloride (Strem), palladium acetate (Engelhard), 

palladium nitrate (Fisher), palladium chloride (Fisher) were used as 

received. Palladium carbonyl chloride, 12 and bis(tetrabuty1 ammonium) 
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routes. All of the products were 
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(1)13 were prepared by the literature 

separable by gc techniques (10' x 2 mm 

3.X OV-17 on Gas Chrom Q) or by liquid chromatography_ Products were char- 

acterized by ir, nmr, ms, and elemental analysis_ Only typical examples 

of each reaction type are given below. 

Carbonylation of Phenol with (PhCN)2PdC12 

A 25 ml three neck flask equipped with.a stir bar; a subsurface carbon 

monoxide inlet tube, and an exit tube ("StandardReastii,n Vessel") was 

charged with 1.50 g (4.0 mmol) of (PhCN)2PdC12. 0.77 g (8.0 mmol) of phenol, 

and 10 ml of methylene chloride. The mixture was stirred, then slowly 

flushed with carbon monoxide. To this was added 1.5 9 (11.6 mmol) of 

i-Pr2NE,. Immediately the solution turned black and a precipitate of palladium 

metal formed_ After stirring at room temperature for 3 hours, the mixture 

was filtered. The precipitate was washed with methylene chloride, then 

dried in a stream of air, to yield 0.43 g (101%) of palladium metal. The 

filtrate was analyzed by gc and the identity of the materials determined by 

gc-ms. An internal yield analysis indicated the presence OF 0.45 g (53X) 

of phenyl salicylate and 0.23 g (52%) of diphenyl carbonate. The materials 

were separated by liquid chromatography and their identities confirmed by 

it-, nmr, and ms. 

Carbonylation of Phenol with Pd(CO)Cl 

The "Standard Reaction Vessel" was charged with 0.54 g (3.2 mmol) of 

Pd(CO)Cl, 0.30 g (3.2 mmol) of phenol and 10 ml of methylene chloride. 

The mixture was saturated with carbon monoxide, then 1.00 g (6.4 mmol) of 

1,2,2,6,6_pentamethylpiperidine was added. Immediately the mixture turned 

black and Cl.33 g (97%) of metallic palladium was isolated. GC analysis of 

the reaction mixture showed the presence of 0.34 g (99%) of diphenyl 

carbonate as the only product. Extraction of the reaction mixture with 

aqueous acid followed by solvent removal resulted in a pale oil which 

was recrystallized from cyclohexane to yield white needles of diphenyl 

carbonate 0.27 g (82X) mp 79-80”. Lit. 78-80.5. 



Acknovil edgments 

The authors wish to thank !d. V. Ligon, R. L. Johnson, E. A. :/illiams, 

and J. D. Cargioli for spectroscopic data. 

References 
2 

1. K. Kondo, N. Sonoda, and S. Tsutsumi, Tetrahedron Lett., (1971) 
4885. K. Kondo, N. Sonoda, and H. Sakurai, Bull. Chem. Sot. Japan, 
48, 108 (1975). 

2. T. Saegusa, T. Tsuda, K. Isayama, and K. Nishijima, Tetrahedron 
Lett., (1968) 581_ T. Saegusa, T. Tsuda, and K. Ksayama, J. Org. 
Chem., 35, 2976 (1970). 

3. 0. M. Fenton and P. J. Steinwand, J. Org. Chem., 9, 701 (1974). 

4. M. Graziani, P. Ugnagliati, and 6. Carturan, J. Organometal. Chem., 
27_, 275 (1971). 

- 

5. W_ Schoeller, &. 2144 (1920). 

6. 8. K. Nefedov, N_ S. Sergeeva, Y. T. Eidus, Izv- Akad. Nauk SSSR. Ser. 
Khim. 1635 (1972) Chem. Abstr., 77_, 151395y. 
Ibid 2733 (7972) Chem. Abstr., 18, 97074~. 
Ibid 804 (1973) Chem. Abstr., 3, 41358k. 

7. I. L. Marand and A. U. Blackham, U.S. Patent 3,114,762. 

8. A. J. Chalk, U.S. Patent 4,096,167 (1978). 

9. K. Fries and G. Fink, Ber. 41, 4271 (1908). 

10. A. C_ Cope and R_ W_ Siekman. J. Amer. Chem. Sot., 7, 3272 (1965). 

11. P. M. Henry, Tetrahedron Lett., (1968) 2285. 

12_ W_ Schnabel and E_ Kober, J_ Organometal. Chem., 19, 455 (1969). 

13. P. L. Goggin and J. Mink, J. Chem. Sot., Dal ton 534 (1974) _ 

14- A recent Xray crystal structure of [Pd4(CO)4(0Ac)4]-HOAc has been 
reported to have the essential core structure assumed for III and 
u_ I. I. Moiseev, T. A_ Stromnova. M_ N. Vargaftig, G_ JrMazo, 
L. G. Kuzmina, and Y. T. Struchkov, J. Chem. Sot., D. 27 (1978) _ 

15. R. J. Angelici, Accounts Chem. Res., 5, 335 (1972)_ 

16. S. Otsuka, A. Nakamura, T. Yoshida. f-l_ Naruto, and K_ Atake, 
J_ Amer_ Chem. SOC_~ ET 3180 (1973). 

17. F. Rivetti and U. Romano, J. Organometal. Chem., 154, 323 (7978). 

ia. M. Hidai, M. Kokura, and Y. Uchida, J. Organometal. Chem., 52, 431 (1973). 

19- H- 2. Sommer, H. I. Lipp, and L. L. Jackson, J. Org. Chem., 3&, 
824 (1971)_ 


