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Abstract:The reaction of diethylamine with carbon dioxide (C02) with PdC12(MeCN)2 

as a catalyst gives tetraethylurea(1) or diethylformamide(2) selectively under 

mild reaction conditions by employing the PPh3/CC14/MeCN and the HCOONa/methyl 

cellosolve systems, respectively. 

Effective synthetic utilization of carbon dioxide (CO2) is of great impor- 

tance. Relatively few reports, however, are available on the reactions of CO2 

with organic substrates in the presence of transition metal compounds. ') We 

reported the fixation reaction of CO2 with aromatic compounds such as benzene, 

anisole, furan, and thiophene by palladium catalysts to give aromatic acids. 2) 

In order to further explore the synthetic reaction with CO2, we have 

investigated the fixation reactions of CO2 with a secondary amine like diethyl- 

amine under mild conditions. There are a few reports on the synthesis of form- 

amides from amines, CO2 and H2 by transition metal catalysts. 3,4) However, 

these reactions employ high pressure of both CO2 and H2 gases. Now we find 

that N,N,N',N'-tetraethylurea(1) and N,N-diethylformamide(2) each can be 

prepared selectively by using the PPhS/MeCN/CCQ and the HCOONa/methyl cello- 

solve systems, respectively from the reaction of atmospheric CO2 with diethyl- 

amine with PdC12(MeCN)2 as a catalyst under mild conditions without the use of 

H2 gas: 

PdC12(MeCN)2 
CO2 + Et2NH Et2NENEt2 

0 
+ Et2NEH 

0 
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Typical experimental procedure is as follows. Diethylamine (20 mmol), 

PdC12(MeCN)2 (0.5 mmol), an additive, a solvent (10 ml), and a magnetic stirring 
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bar were placed in a 50-ml centrifuge tube and the tube was sealed with a cerum 

cap. After the tube had been bubbled with CO2 for ten min, the mixture was 

stirred at room temperature under a balloon of CO2 (1 atm) for 3 days. The 

reaction mixture was filtered and the starting amine was evaporated from the 

solution at room temperature. The yields of the urea and formamide were de- 

termined by GC (PEG 6000, 150 OC). The typical examples are shown in Table I. 

Table I. Selective Carbonylation of Diethylamine with Carbon Dioxide to 1 or 2" 

Entry 
Solvent Additive Product and Yield, %b 
(ml) (mmol) 1 2 

1 MeCN + CC14(10+1) PPh3 (14) 71oC 39 

2 MeCN + CC14(10+1) PPh3 (14)d 564c 4 

3 MeCN f CC14(10+1) PPh3 (4) 41oc 2 

4 MCe(lO) HCOONa (0.5) 13 174f 

5 MCe(l0) HCOONa (0.5)g 46 163f 

aPdC12(MeCN)2 (0.5 mmol), room temperature, 72 h. bYields are based on Pd. 
CTriphenylphosphine oxide was also formed. dPdC12(MeCN)2 (0.2 mmol). eMethyl 
cellosolve. fSmal1 amounts of Et2NGOCH2CH20CH3 were also formed. gPdCl2- 
(PPh3)2 was used as a catalyst. 0 

One can see from Table I that 1 or 2 can be prepared with a common catalyst 

PdC12(MeCN)2 by just changing the additive and the solvent from PPh3/MeCN/CC14 

(entries 1, 2 and 3) to HCOONa/Methyl cellosove (entries 4 and 5),respectively. 5) 

Substitution of other catalysts such as PdC12, PdC12(PhCN)2, PdC12(Et2NH)2, 

PdC12(dppe)2,Pd(OAc)2, Pd(OAc)2(bpy), Pd2(dba)3, Pd(acac)2, Pd(N03)2, PdPhI- 

(PPh3)2, Pd(CO)(PPh3)3, Rh(CO)(PPh3)2Br, RuH2(PPh3)4, RuC12(PPh3)2 or other 

solvent systems resulted in inferior yields. 

The selective formation of 1 and 2 from Et2NH and CO2 by the catalysis of 

Pd(I1) complexes is new. The mechanism, especially for the formation of urea 

(l), is not yet clear, but probably involves an HPdNEt2 intermediate derived 

via oxidative addition of Pd(0) species to H-NEt2 which would be activated by 

the formation of a salt such as HN+Et2(CC13).Cl- with CC14, and coordination 

of CO2 and its insertion into a Pd-N bond. Acetonitrile would serve as a good 

solvent for dissolving such a salt. 
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