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Abetract-Carbon dioxide reacts with amines in the presence of phosphorus compounds and tertiary amines to give 
the corresponding ureas in high yield, and carbon disulfide gave thioureas. The presence of tertiary amines such as 
pyridine or imidtude facilitated the reactions. Aryl esters of phosphorous, phosphonous, pbospbinous and 
phosphonic acids were effective, whereas their corresponding alkyl esters were ineffective. Various molar ratios of 
phosphite:tartiary amine:amine (aniline), produced variations in yield showing that the reaction proceeds via a 
carbamoyloxy and a thiocarbamoylthioxy N-phosphonium salt of the tertiary amine. 

In our previous papers,‘” we have demonstrated a aniline along with phenol (see eqn 2). The urea was also 
hydrolysis-dehydration reaction for coupling between prepared in 93% yield in NJVdimethyiformamide (DMF) 
carboxylic acids and amines promoted by phosphorus by using imidaxole in lieu of pyridine. Similarly, carbon 

disulfide gave N,N’diphenylthiourea in a theoretical 
yield with aniline at 40°C for 4hr in pyridine in the 

compounds, such as phosphites, phosphonites, phosphi- 
nites, and phosphonates. The reaction with diphenyl 
phosphite in pyridine, for example, was proposed to 
proceed via an N-phosphonium salt of pyridine as follows: 

presence of diphenyl phosphite. 
Results of preparation of several symmetrical ureas by 

R’COOH + R’NHz + HCbP(OC&h ” p R’CONHR’ + C.H,OH + (HO)rP-OC&, 

N-Phosphonium 
salt 

Considering that the reactions of carbonic acids are 
similar to those of carboxylic acids, we have introduced 
aaseous carbon dioxide in nlace of carboxvlic acids in the 
above reaction (l), and obtained the corresponding ureas 
in high yields, as shown in our previous paper.’ Similarly, 
carbon disulfide reacted with amines to give thioureas.’ 

A 

CO2 + 2NHzR t HO-P(OCdIs\ 

RNHCONHR t C~HTOH t (HO)TP-OGH,. (2) 

In this paper, we describe the detailed results of the 
reactions of carbon dioxide and carbon disulfide with 
amines in the presence of phosphites and other phos- 
phorus compounds which have been found to promote 
amidation of carboxylic acids by the hydrolysis- 
dehydration as mentioned above. 

tUBtILTs AWD DISCUSSION 1 C 
When carbon dioxide was passed at 40°C for 4 h 

through a pyridme solution of diphenyl phosphite c 

(1 mole, twice theoretical amount) and aniline (1 mole) in 
a cylindrical flask fitted with a bubbling glass filter (see Fig Fii 1. Reaction vessel: A, inlet; B. outlet; C. a bubbling gl~ 
l), N,N’diphenylurea was obtained in 85% yield based on filter. 
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using diphenyl phosphite in pyridine are given in Table 1. 
Primary aromatic amines with the lower basicity than 
pyridine, such as aniline and o-toluidine, gave ureas in 
higher yields than more basic ahphatic amines, such as 
isopropylamine and cyclohexylamine. Secondary amines 
failed to give ureas; diphenylamine (!X%) was recovered 
from the reaction mixture, and N-methylaniline and 
diethylamine gave oily products, which showed no C=O 
stretching characteristic of ureas in the IR spectra. 

Table I. Symmetrical ureas from 
carbon dioxide and amines by using 

diphenyl phosphite in pyridine” 

Amine Yield(%) of ureasb 

Aniline 85 
o-Toluidine 74 
Isopropylamine 23 
Cyclohexylamine 27 
N-Methylanitine 0 
Diphenylamine 0 
Diethylamine 0 

“HO-P(OC.H,), = Amine = 50 
mmoles in 4OmI of pyridine; 
temperature = 40°C; time = 4 h 

‘Based on the amine used. 

Unsatisfactory results with aliphatic amines may be due 
to a retardation of forming a carbamoyloxy N- 
phosponium salt 1 owing to the predominant production 
of pyridine-insoluble and unreactive ammonium salts, 
because of their higher basicity than pyridine. No reaction 
with secondary amines may be accounted for by steric 
hindrance around the nitrogen atom, as in an unsuccessful 
direct carbonylation of diphenylamine with phosgene.’ 

The presence of tertiary amines facilitated the reaction 
of carbon dioxide with an amine (aniline) (Table 2). The 
yield of the urea was affected by both the basicity of the 
tertiarv amines and their steric hindrance around the 
nitrogen atom. The steric hindrance may be more 

Table 2. N.N’-Diphenyl-urea and thiourea from 
carbon dioxide and disulfide with aniline in various 

tertiary amines 

Yield(%) 

Tertiary amine pK. The urea’ The thiourea‘ 

lmidazole 7.12 93 80 
y-Picoline 6.02 88 84 
fi-Picoline 5.52 84 76 
Pyridine 5.23 85 65( lOO)* 
2.4.Lutidine 699 74 - 
o-Picoline 5.97 60 74 
2,CLutidine 699 32 75 
Triethylamine IO.87 70 75 
None 4’ I2 

‘Based on aniline used 
bHO-P(OC,H,)I = aniline = 50 mmoles in 40 ml 

of tertiary amines; imidazole = 100 mmoles in 40 ml 
of DMF: temperature = 40°C; time = 4 h 

‘HO-P(OC,H,b = aniline = 50 mmoles. CSI = 
lOOmmoles in 4Oml of DMF containing tertiary 
amines (100mmoles): temperature = 40°C; time = 
4h 

‘The yield obtained in 40 ml of pyridine 
‘The reaction was carried out in 40ml of DMF. 

influential on the reaction in pyridine derivatives (pK. 
values in the range of W-7.0), as reflected by unsatisfac- 
tory results in a-picoline, 2,4-lutidine and (remarkably) in 
2,blutidine. Dilferent from unfavorable results in amida- 
tion of carboxylic acids,” triethylamine with high basicity 
gave a favorable result in spite of having large steric 
hindrance. On the contrary, the reaction with carbon 
disullide was not affected so significantly by the basicity 
and the steric hindrance as that with carbon dioxide. The 
smaller effect in the reaction with carbon disulfide maybe 
due to the higher reactivity of carbon distdfide towards 
an amine (aniline) compared with carbon dioxide. 

The reaction producing urea was favoured also by the 
presence of phosphorus compounds other than diphenyl 
phosphite (Tables 3). As in the coupling between 
carboxylic acids and amines by the hydrolysis- 
dehydration,” triaryl phosphites, diphenyl ethylphospho- 

Table 3. N,N’-Diphenylurea from 
carbon dioxide and aniline by using 

various phosphorus compounds’ 

Phosphorus compound Yield(%)b 

HO-PfO 

HO-PfOEtk 0 

PfO 68 

87 

21 
50 
40 

PfOBub 0 

- 

Et -P(O 
-0 \/b 90 

Et-P(OEtb 0 

fQ_P-00 71 

Bu-PfOMO 

Et-P(O) (OEt), 0 

O=PfO 0 

O=P(OEt), 0 

“Phosphorus compounds = 
aniline = 50mmoles in 4Oml of 
DMF containing imidazole 
(IO0 mmoles); temperature = 4OV 
time=lh 

’ Based on aniline used. 
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nite, pheayl diphenyIph~p~te and diphenyi n- 
butylphoaphonate were effective also for the reaction of 
carbon dioxide and amines. On the other hand, their alkyl 
esters failed to give the urea. Both triphenyl and triethyl 
phosphates failed to promote the reaction. 

Both phosphorus compounds and tertiary amines were 
found to be stoichiometrically involved in the reactions of 
carbon dioxide and carbon isle with aniline. Figure 2 
shows the variation of the yield of the urea and thiourea 
based on aniline with the employed amount of diphenyl 
phosphite, indicating an increase of the yield of N,N’- 
diphenylurea and N,N’diphenylthiourea to a limiting 
value of about 1.0 in the molar ratio of diphenyl phosphite 
to aniline. 

Kn 

iso 
f 

Fig. 2. Variation of the yield of N,~diphenyl-lea (0) and 
-thiourea (a) with the molar ratio of diphenyl phosphite to aniline: 

aniline = 50 mmoles, CS, = lOOmmoles in 40 ml of pyridinc. 

A similar dependence of the yield on the amount of a 
tertiary amine (imidazole) was observed in these reactions 
(Fig. 3). 

The effect of the reaction conditions upon the yield of 
the urea in the reaction with aniline (2 moles) by using 
diphenyl phosphite (1 mole) in pyridine (Fig 4, Table 4). 
Better results were obtained at higher reaction tempera- 
tures, and the yield was nearly theoretical according to 
eqn (2), despite the decrease of the intuition of 
carbon dioxide in the reaction mixture at high tempera- 
tures. In addition, a higher ~oncen~ation of reactants in 
the mixture resulted in higher rate of producing the urea 
(Table 4). These results suggest that an initial reaction of 
carbon dioxide, phosphite and aniline, which probabty 

0 m 20 

Molwmno 
Fig. 3. Variation of the yield of N,~~~heny~~a (0) and 
-Maurea (@I with the molar ratio of imidazoie to dipheayl 
phosphite: aniline = ~phenyl phosphite = SO mmoles, CS2 = 

100 q molea in40 ml of DMF. 

Fig. 4. Effect of reaction conditions upon the urea formation: 
aniline = 50 mmolcs, diphenyl phosphite = 25 mmoles in 40 ml of 

pyridine. 

forms 1, is rapid. So a ~tedete~i~~ step is an 
aminotysis of I with amine into the urea. 

The results as deacriied above led to consider that 
the reaction of carbon dioxide with amines proceeded 
through a mechanism of the hydrolysis-dehydration 
similar to those of the ~idation of carboxylic acids with 
amines. The reaction with carbon dioxide by using 
diphenyl phosphite in pyridine, for example, may be 
represented in the folIowing way (Scheme 1). As 

C&NH, + CO% + HO-PKXLH,), 4 
1 

H7P,;-OC~ONHC& 

Py.H’-0 3 

I 1 

G&NHCONHGH, 
+ C&OH + oIC&--P-MT& 

Scheme 1. 
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Table 4. Effect of the concentration of reactants upon 
the urea formation” 

HO-P(CGH,)z Cd&NH2 N,N’-Diphenylurea 
mmole mmolc Yield, g 

I2 24 I.0 
24 48 2.5 
48 96 4.9 

‘The reaction was c&ed out at 40°C for 4 h in 40 ml 
of pyridine. 

previously proposed,’ a carbamoyloxy N-phosphonium 
salt of pyridine 1 is formed initially in the reaction of 
diphenyl phosphite, carbon dioxide and an amine (aniline) 
in pyridine, involving release of a phenolate anion from 
phosphite. 1 is converted into the corresponding urea, 
monophenyl phosphite and phenol by aminolysis with the 
amine. Another possible pathway for forming the urea 
through the isocyanate from 1 can be ruled out by the fact 
that exclusive yield ,of the urea and no urethane was 
obtained in the reaction in the presence of both phenol 
and aniline in a separate experiment. 

As with carbon dioxide, the reaction with carbon 
disulfide may be proceed via a thiocarbamoylthioxy 
N-phosphonium salt 2 like 1 followed by aminolysis. \_ 0 OCJL 

l / 
N 
I 

“IPTSCSNHCaH’ 
Py.H’-0 OG”, 

2 
In a similar fashion, the reactions using triaryl 

phosphites, diphenyl ethylphosphonite, phenyl diphenyl- 
phosphinite and diphenyl n-butylphosphonate may pro- 
ceed via the corresponding carbamoyloxy and thiocar- 
bamoylthioxy N-phosphonium salts like 1 and 2 given by 
the hydrolysis-dehydration followed by aminolysis (eqns 
3-Q 

-AL. 
Ureas from carbon dioxide and amine5 in lke pnsarce of 

diphenyl phphite. Gaseous czlmn dioxide was passed at 40°C 
for 4 h into a mixture of diphenyl phosphite (5Ommolcs) and 
aniline (50 mmoles) in 40 ml of pyridine in the cyhndrimd tlask (see 
Fig. I). The resulting mixture was evaporated under reduced 
pressure to a syrup. On treatment of the syrup @h 20ml of W% 
aqueous ethanol, N,N’diphenylurea was obtafned in 85% yield. 
The reaction was also carried out in 4Otnl of various tertiary 
amines or in 40 ml of DMF containfng imidazole (100 mmoles). 
Various phosphorus compounds (RImmoles) were tested io the 
reaction with aniline (50 mmoles) in the presence of imidazole in 
40 ml of DMF. The reaction with aniline (So q moles) was carried 
out by varying the amounts of diphenyl phoaphfte (O- 
100mmoles) in 40 ml of pyridine and of fmidazole (O- 
100mmoles) in 4OmI of DMF containing diphenyl phosphite 
(50 mmoles). The reactions under various temperatures and tunes 
were conducted using dipheayl phesphite (25 mmoles) and anihne 
(50 mmoles) in 40 ml of pyridine. 

Similarly, several symmetrical ureas were obtained by the 
reaction of amines (5Ommoles) and diphenyl phosphite 
(50 mmoles) in 40 ml of pyridine. 

N,N’-Diphenylthiourea from carbon dhlfide. aniline and 
diphenyl phosphate. A mixture of carbon disultide (1OOmmoles), 
aniline (50mmoles) and diphenyl phosphite (50 mmoles) was 
heated at WC for 4 h in 40 ml of pyridine or in 40 ml of DMF 
containing various tertiary amines (100 mmoles). The reaction of 
carbon disulfide (IO0 mmoles) and aniline (50 mmoles) was also 
carried out in 40 ml of pyridine by varying the amount of diphenyl 
phosphite (0- lOOmmoles). The thiourea thus produced was 
obtained by working up as above. 
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Itide P(OArh + 2NH2R + COZ- RNHCONHR t ArOH t HO-P(OArh 

'm'dude 

(3) 

CzH,-P(OGH& + 2NHtR t CO- RNHCONHR + CsHsOH + CzH-P(OH) (O&H,) (4) 

ImMuo,r 
(Cd&k-P-OWL + 2NHzR + CO- RNHCONHR t C&OH + (Cd&k-P-OH 

‘miduok C,H9-P(0) (OCsH& + 2NHzR + CO- RNHCONHR t GHSOH + C,H-P(0) (OH) (0Cs”~). 

(9 

(6) 


