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Palladium-catalyzed reductive alkylation of monosubstituted ureas 

has been studied in the presence of aldehydes and molecular 

hydrogen as a clean reductant, giving unsymmetrical N,N’-

disubstituted ureas with good to excellent isolated yields (60–93%) 

without the production of saline waste.  

This reaction was incorporated to a one-pot, solvent-free 

sequence involving the alkylation of in-situ generated 

monosubstituted ureas from the corresponding amines. 
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Introduction 

Substituted ureas are encountered in numerous biologically 

active compounds such as pharmaceuticals (i.e. Sorafenib, 

Cariprazine) and agrochemicals (i.e. Monuron, Isoproturon, 

Diuron).[1] For example, they have recently been identified as 

potential anti-nociceptive,[2] anti-glycating[3] and anti-cancer[4] 

agents. Urea derivatives are also used as substrates in material 

science, intermediates in macromolecular synthesis, linkers in 

combinatorial chemistry and as organocatalysts.[5] Recently, urea 

chemistry has gained a renewal of interest thanks to the unearthing 

of new reactivity and the development of modern synthetic 

methods.[6-9] 

Ureas are traditionally prepared from phosgene or commercially 

available isocyanates usually providing symmetrical and 

unsymmetrical products, respectively. Alternatively, isocyanates 

could be also generated in situ through Curtius, Lossen or 

Hoffmann rearrangements. Despite the fact that the toxicity and the 

dangerousness of these reagents have been demonstrated for 

decades, these methods are still widely used in industry. Intense 

efforts have been directed towards the replacement of these 

hazardous reagents by safer and environmentally-friendly 

substitutes such as triphosgene,[10] carbonyldiimidazole[11] and 

related compounds,[12] chloroformates,[13] carbamates,[14] 

carbonates,[15] among others.[16] Transition-metal catalyzed 

carbonylation of amines with CO has been reported as an excellent 

atom-economy pathway but the toxicity of this gas compromises 

the development of this route.[17] Finally, the most promising 

alternative is probably the use of carbon dioxide as a carbonylating 

agent. However, up to now this methodology is limited to the 

preparation of symmetrical ureas.[18] 

 The access to unsymmetrical ureas can be achieved from the 

functionalization of monosubstituted ureas via N-arylation or N-

alkylation. If several efficient methods of (hetero)arylation have 

already been reported,[19] this is not the case for alkylation that has 

been scarcely studied. Early methods relying on the use of alkyl 

halides or pseudohalides gave low yields due to the competing O-

alkylation. N-Alkylation could be attained under phase-transfer 

catalysis but only alkyl ureas could be used as starting materials.[20] 

Finally, the selective N-alkylation could be achieved by reductive 

alkylation of monosubstituted ureas using aldehydes as alkylating 

agents and hydrides as hydrogen source. Only three methods have 

been reported so far, unfortunately, none of them allows the use of 

enolizable aldehydes.[21-22] Moreover, it is often necessary to form 

the imine prior to the reduction step and to use the urea in excess in 

order to avoid over alkylation. The major drawback of these 

methodologies lies in the use of a large excess of hydrides leading 

to the production of large quantities of waste and rendering the 

work-up tedious. 

For several years, our laboratory has been interested in 

developing green and sustainable reductive alkylation methods 

using molecular hydrogen as reducing agent. Thus, amides,[23] 

alcohols[24] and polyols,[25] such as glycerol,[26] have been alkylated 

without the production of salts. Numerous methods using hydrogen 

have already been reported in the field of reductive amination[27] 

but, to the best of our knowledge, N-alkylation of ureas has never 

been described under such conditions. We report here our efforts to 

develop the selective reductive alkylation of monosubstituted ureas 

with aldehydes and molecular hydrogen as clean reductant. The 

inclusion of this procedure in a one-pot, solvent-free sequence to 

prepare unsymmetrical N,N’-disubstituted ureas from the 

corresponding amines is also described. 

Results and Discussion 

mailto:marc.lemaire.chimie@univ-lyon1.fr
mailto:florence.popowycz@insa-lyon.fr
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Preparation of monosubstituted ureas 

We have recently showed that trimethylsilylisocyanate (TMS-

NCO) is the main by-product of HMDS-catalyzed trimerization of 

alkylisocyanates.[28] As this route is the privileged one for the 

production of isocyanurates, tons of this compound are generated 

each year. Unfortunately, no economically-viable valorization 

process has been identified to date. It should be noted that 

trimethylsilylisocyanate can be viewed as an equivalent of 

isocyanic acid but with a lower volatility and an attenuated toxicity. 

Thus, the recycling of trimethylsilylisocyanate for the preparation 

of monosubstituted ureas was a determining step in this project. 

The addition of TMS-NCO to a range of commercially available 

(both aliphatic and aromatic) primary amines 1–7 gave the 

corresponding silylated ureas under solvent-free conditions. These 

intermediates were not isolated but submitted to methanolysis 

furnishing the corresponding ureas 8–14 with good to excellent 

isolated yields (70-93%) (Figure 1). 

NH2R

N C OSi

solvent free

90oC, 2h

N
H

N
H

O

R Si R
N
H

NH2

O

MeOH

1-7 8-14

N
H

NH2

O

Ph N
H

NH2

O

N
H

NH2

O

Ph

Ph N
H

NH2

O

N
H

NH2

O
O

NH2N
H4

12 (85%)

11 (70%)

13 (85%)

8 (93%) 10 (87%)9 (87%)

N
H

NH2

O
MeO

14 (90%)  

Figure 1. Preparation of a range of monosubstituted ureas. 

Reductive alkylation of monosubstituted ureas 

Initial studies focused upon the demonstration that 

monosubstituted ureas could be alkylated using aldehydes and 

molecular hydrogen as reducing agent. Thus, treatment of 

benzylurea 12 with decanal 15 (5 equiv) under reductive alkylation 

conditions (5%-Pd/C (10 mol-%), H2 (20 bar), Na2SO4 (2 equiv) in 

anhydrous MeOH at 100 °C) gave the corresponding urea 16 with 

a satisfying 60% yield. In this protocol, sodium sulfate was initially 

chosen for its dehydrating properties but could also act as a catalyst 

poison to prevent the reduction of the aldehyde. Unfortunately, the 

contaminant formation of decanol could not be avoided and the 

relatively harsh conditions also led to the formation of other by-

products (such as debenzylation and aromatic ring reduction) 

(Scheme 1).  

Scheme 1. Preliminary result for reductive alkylation of benzylurea. 

Optimization studies were carried out in order to find milder 

conditions aiming to make this protocol suitable for both aliphatic 

and aromatic aldehydes. For that purpose, aliphatic hexylurea 8 

was chosen as a model substrate and the reactions were typically 

carried out using decanal 15 in the presence of H2, 5%-Pd/C and 

Na2SO4 (2 equiv.) in dry methanol at 100 °C for 15h (Table 1). 

Table 1. Optimization of reaction conditions.[a]  

Entry 
Cat. 

loading 
(mol-%) 

H2 

(bar) 

15 
(equiv) 

Dehydrating 
agent 

Conv.[b] 

(%) 

1 10 20 5 Na2SO4 58 

2 5 20 5 Na2SO4 79 

3 2.5 20 5 Na2SO4 >95 

4 2.5 15 5 Na2SO4 >95 

5 2.5 10 5 Na2SO4 >95 

6 2.5 5 5 Na2SO4 >95 

7 2.5 5 3 Na2SO4 >95 

8 2.5 5 2 Na2SO4 73 

9 2.5 5 1.5 Na2SO4 45 

10 2.5 5 3 3Å MS[c] 81 

11 2.5 5 3 3Å MS[d] 85 

12 2.5 5 3 - >95 

[a] Reaction conditions: 1 mmol of 8, 15, 5%-Pd/C, H2, dehydrating agent 
(2 equiv.), 10 mL MeOH, 100 °C, 15 h. [b] Determined by 1H NMR. [c] 
200 mg (pellets). [d] 200 mg (grinded). 

The influence of the catalyst loading was first probed. High 

catalyst loadings resulted in partial conversion of the starting 

material (Table 1, Entries 1–2). This result was attributed to the 

fact that hydrogenation of the aldehyde was favoured under these 

conditions, thus limiting the amount available for the formation of 

the urea-aldehyde adduct. Decreasing the loading to 2.5 mol-% 

permitted to reach quantitative conversion of hexylurea to the 

corresponding alkylated urea 17 (Table 1, Entry 3). Keeping in 

mind that aromatic aldehydes will be also used as alkylating agents, 

the hydrogen pressure was progressively decreased from 20 to 5 

bar. No significant impact on the conversion was observed (Table 1, 

Entries 3–6). No attempt was made to decrease the hydrogen 

pressure down to 1 bar for technical and safety reasons.[29] 

Reducing the aldehyde amount to 3 equivalents did not affect the 

conversion (Table 1, Entry 7). Unfortunately, further decrease to 2 

and 1.5 equivalents did not permit to reach the total consumption 

of the starting material with 73 and 45% conversion, respectively 

(Table 1, Entries 8–9). Since the utilization of Na2SO4 as a 

dehydrating agent and/or catalyst poison leads to the production of 

waste, we attempted to replace it by 3Å molecular sieves. 

Conversions of about 80 % were observed in the presence of 

molecular sieves, whether as pellets or as grinded (Table 1, Entries 

10–11). Finally, a control experiment revealed that a dehydrating 

agent was not necessary to reach high conversion under these 

conditions (Table 1, Entry 12). This intriguing result shows that the 

presence of water is not detrimental for the reaction process. This 

could be explained by the potential dehydrating effect of dry 

methanol that allows the formation of an imine from the 

corresponding hemi-aminal. Subsequent hydrogenation would lead 

to the desired N,N’-disubstituted urea. However, an alternative 

mechanism pathway involving the hydrogenolysis of the hemi-

aminal could not be ruled out under these conditions (Scheme 

2).[27a] 
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Scheme 2. Potential mechanism pathways. 

Treatment of hexylurea 8 with 3 equivalents of decanal 15 under 

optimized conditions (5 bar H2, 2.5 mol-% Pd/C, 100 °C in MeOH) 

gave the corresponding decylhexylurea 17 with 88% isolated yield 

(Scheme 3).  

Scheme 3. Reductive alkylation under optimized conditions. 

The generality of the reductive alkylation of monosubstituted 

ureas was next established using hexylurea 8 as model substrate 

and a range of aliphatic and aromatic aldehydes, furnishing the 

corresponding N,N’-disubstituted ureas 17, 25–31 in 65–93% 

isolated yields (Table 2). A slight drop of yield was observed when 

decreasing the chain length of aliphatic aldehydes from 12 to 4 

carbons (Table 2, Entries 1–6). Propionaldehyde and acetaldehyde 

could also be used as alkylating agents, however, isolation and 

purification of the corresponding ureas proved to be laborious. 

Methylation with aqueous formaldehyde or paraformaldehyde 

failed to give hexylmethylurea and led to the formation of complex 

mixtures. Aryl- and alkylaryl- aldehydes were also tolerated, 

giving ureas 30 and 31 in 93 and 90% isolated yields, respectively 

(Table 2, Entries 7–8). It should be noted that neither 

debenzylation nor aromatic ring reduction were observed under 

these conditions. 

 

 Table 2. Scope of aldehydes.[a] 

Entry Aldehyde Urea Isolated yield (%) 

1 

 

18 
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2 

 

15 

 

17 88 

3 
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4 

 

20 
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5 
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29 65 
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[a] Reaction conditions: 1 mmol of 8, 3 mmol of aldehyde, H2 (5 bar), 5%-Pd/C (2.5 mol-%), MeOH (10 mL), 100 °C, 15 h. 

The substrate scope was next examined under optimized 

conditions (5 bar of H2, 2.5 mol-% of 5%-Pd/C, 100 °C in MeOH) 

using decanal as alkylating agent and a range of monosubstituted 

aliphatic, benzylic and aromatic ureas. The corresponding 
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unsymmetrical N,N’-disubstituted ureas 16, 33–38 were isolated in 

60–86% yields (Table 3). Commercially available methylurea 32 

was alkylated with only 60% yield (Table 3, Entry 1) but other 

alkyl-, cycloalkyl- and alkylaryl-ureas were efficiently converted to 

their corresponding disubstituted ureas with good yields (78–80%) 

(Table 3, Entries 2–4). Benzylic ureas 12 and 13 were also 

subjected to reductive alkylation conditions without debenzylation, 

affording ureas 16 and 37 with 86 and 72% yield, respectively 

(Table 3, Entries 5–6). Finally, aromatic urea 14 was also tolerated, 

generating the corresponding alkylarylurea 38 with 65% yield 

(Table 3, Entry 7). 

Table 3. Scope of ureas.[a]  

Entry Substrate Alkylated urea 
Isolated 

yield (%) 

1 

 

32 

 

33 86 

2 

 

9 

 

34 88 

3 

 

10 

 

35 82 

4 

 

11 

 

36 80 

5 

 

12 

 

16 78 

6 

 

13 

 

37 65 

7 

 

14 

 

38 90 

[a] Reaction conditions: 1 mmol of urea, 3 mmol of decanal 15, H2 (5 bar), 5%-Pd/C (2.5 mol-%), MeOH (10 mL), 100 °C, 15 h.

One-pot, solvent-free access to unsymmetrical ureas 

As monosubstituted ureas were prepared through the addition of 

trimethylsilylisocyanate to primary amines followed by 

methanolysis, we envisioned that the reductive alkylation could be 

directly realized on silylated ureas, without the need of isolating 

these intermediates. Furthermore, it was also envisioned that the 

whole procedure could be carried out under solvent-free conditions. 

To that purpose, the optimized reductive alkylation method was 

first checked under solvent-free conditions. Treatment of hexylurea 

with decanal gave the corresponding urea 17 with 80% isolated 

yield, confirming the robustness of this protocol (Scheme 4).  

Scheme 4. Reductive alkylation under solvent-free conditions. 

The one-pot, solvent-free procedure was next probed (Table 4). 

Treatment of hexylamine 1 with trimethylsilylisocyanate at 90 °C 

for 2 h gave the corresponding silylated urea. This intermediate 

was directly treated with decanal 15 in the presence of 2.5 mol-% 

Pd/C and 5 bar of H2 at 100 °C for 15 h furnishing decylhexylurea 

17 with 60% isolated yield (Table 4, Entry 1). This one-pot 

procedure also allowed amines 2–5 and 4-methoxy-aniline 7 to be 

readily converted to the corresponding unsymmetrical N,N’-

disubstituted ureas in 45–63% isolated yields (Table 4, Entries 2–

6). Notably, benzylamine could be turned into the corresponding 

benzyldecylurea 16 under these conditions without the formation 

of any debenzylation or aromatic ring reduction side-products 

(Table 4, Entry 5). 
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Table 4. One-pot, solvent-free procedure.[a]  

Entry Amine Disubstituted urea 
Isolated 

yield (%) 

1 

 

1 

 

17 60 

2 

 

2 

 

34 55 

3 

 

3 

 

35 59 

4 

 

4 

 

36 50 

5 

 

5 

 

16 63 

6 

 

7 

 

38 45 

[a] Reaction conditions: 10 mmol of amine, 12 mmol of TMS-NCO, 90 °C, 2 h, then, 30 mmol of decanal 15, H2 (5 bar), 5%-
Pd/C (2.5 mol-%), 100 °C, 15 h. 

Conclusions 

In summary, we described the palladium-catalyzed reductive 

alkylation of monosubstituted ureas using aldehydes as alkylating 

agents and molecular hydrogen as clean reductant. This method 

afforded the corresponding unsymmetrical N,N’-disubstituted ureas 

with good to excellent isolated yields (60-93%). In contrary to the 

previously reported methods using hydrides, such as NaBH4 and 

Et3SiH, this system allows the selective N-alkylation with both 

aliphatic and aromatic aldehydes. This protocol was then extended 

to the one-pot, solvent-free preparation of unsymmetrical N,N’-

disubstituted ureas from amines through reductive alkylation of the 

corresponding silylated ureas. 

Experimental Section 

General information 

All reagents and solvents used for synthesis were commercial, used without 

further purification and supplied by Aldrich, Acros, Lancaster, Alfa Aesar 

and Fluka. NMR spectra were acquired on either Bruker 300 (1H, 300 

MHz; 13C, 75 MHz) or Bruker 400 (1H, 400 MHz, 13C, 100 MHz) or Bruker 

500 (1H, 500 MHz, 13C, 125 MHz) spectrometer at 293 K. Shifts are 

referenced relative to the deuterated solvent residual peak. The chemical 

shifts (δ) are expressed in ppm and the coupling constants (J) are given in 

Hz. The following abbreviations are used to explain the multiplicities: s = 

singlet, d = doublet, t = triplet, q = quartet, qt = quintet, m = multiplet, br = 

broad. Electrospray ionization (ESI) mass spectra (MS) and High-

Resolution Mass Spectra (HRMS) were recorded in the positive mode using 

a Bruker MicrOTOF-Q II XL spectrometer. Thin-layer chromatography 

(TLC) was carried out on aluminum sheets coated with silica gel Merck 60 

F254 (0.25 mm). Flash column chromatography was performed with silica 

gel Merck Si 60 (40–63 μm). Infra-red (IR) spectra were recorded in a 

SMART iTR-Nicolet iS10 spectrometer using Attenuated Total Reflectance 

(ATR) and the wavenumbers ( max) are expressed in cm-1. Melting points 

were measured using a Banc Kofler apparatus and noted in °C. 

 

Procedure A: General procedure for the preparation of 

monosubstituted ureas. 

Trimethylsilylisocyanate (1.2 equiv) was added to an aliphatic or aromatic 

primary amine (1.0 equiv, neat) in a sealed tube at room temperature and 

the mixture was stirred at 90 °C for 2 hours unless otherwise stated. The 

reaction mixture was cooled, treated with methanol and the solvent was 

removed under reduced pressure. The residue was purified by 

recrystallization from EtOH/Et2O. 

 

Hexylurea (8). The title compound was prepared from hexylamine (1.31 

mL, 9.85 mmol) following the procedure A to give 8 (1.32 g, 93% yield) as 

a white crystalline solid. m.p.: 112 °C; 1H NMR (300 MHz, d6-DMSO) δ 
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0.85 (3H, t, J = 6.7), 1.10–1.50 (8H, m), 2.93 (2H, dt app q, J = 6.5), 5.42 

(2H, s, NH2), 5.94 (1H, t, J = 5.6, NH); 13C NMR (75 MHz, d6-DMSO) δ 

13.9 (CH3), 22.2 (CH2), 26.2 (CH2), 30.0 (CH2), 31.2 (CH2), 39.2 (CH2), 

159.0 (Cq); IR (ATR)  max: 3391 (N–H), 3197 (N–H), 2949, 2932, 2867, 

1655 (C=O), 1629, 1600, 1530, 1480, 1468, 1452, 1323, 1150, 780, 728; 

MS (ESI+) m/z 145 ([M + H]+, 51), 289 ([2M + H]+, 100). 

 

Cyclohexylurea (9). The title compound was prepared from 

cyclohexylamine (1.2 mL, 10.38 mmol) following the procedure A to give 

9 (1.29 g, 87% yield) as a white crystalline solid. m.p.: 205 °C; 1H NMR 

(300 MHz, d6-DMSO) δ 0.95–1.38 (5H, m), 1.40–1.88 (5H, m), 3.20–3.40 

(1H, m), 5.28 (2H, s, NH2), 5.81 (1H, d, J = 7.9, NH); 13C NMR (75 MHz, 

d6-DMSO) δ 24.6 (2 CH2), 25.4 (CH2), 33.4 (2 CH2), 47.7 (CH), 158.3 

(Cq); IR (ATR)  max: 3421 (N–H), 3327 (N–H), 3196 (N–H), 2928, 2852, 

1649 (C=O), 1620, 1595, 1544, 1446, 1384, 1351, 1257, 1157, 892, 779; 

MS (ESI+) m/z 143 ([M + H]+, 76), 285 ([2M + H]+, 100). 

 

1-(Cyclohexylmethyl)urea (10). The title compound was prepared from 1-

(cyclohexylmethyl)amine (1.3 mL, 9.79 mmol) following the procedure A 

to give 10 (1.33 g, 87% yield) as a white crystalline powder. m.p.: 180–

181 °C; 1H NMR (300 MHz, d6-DMSO) δ 0.70–0.96 (2H, m), 0.98–1.41 

(4H, m), 1.50–1.78 (5H, m), 2.79 (2H, dd app t, J = 6.3), 5.32 (2H, s, NH2), 

5.92 (1H, t, J = 5.4, NH); 13C NMR (75 MHz, d6-DMSO) δ 25.5 (2 CH2), 

26.2 (CH2), 30.4 (2 CH2), 38.2 (CH), 45.5 (CH2), 158.9 (Cq); IR (ATR)  

max: 3384 (N–H), 3198 (N–H), 2920, 2851, 1651 (C=O), 1606, 1546, 1451, 

1433, 1379, 1155, 959, 782; MS (ESI+) m/z 157 ([M + H]+, 61), 313 ([2M + 

H]+, 100). 

 

Phenylethylurea (11). The title compound was prepared from 2-

phenylethylamine (1.25 mL, 9.84 mmol) following the procedure A to give 

11 (1.13 g, 70% yield) as a white crystalline solid. m.p.: 112–114 °C; 1H 

NMR (300 MHz, d6-DMSO) δ 2.66 (2H, t, J = 7.2), 3.19 (2H, dt app q, J = 

6.8), 5.42 (2H, s, NH2), 5.90 (1H, t, J = 5.4, NH), 7.15–7.25 (3Har, m), 

7.25–7.35 (2Har, m); 13C NMR (75 MHz, d6-DMSO) δ 36.2 (CH2), 40.9 

(CH2), 126.0 (CH), 128.3 (2 CH), 128.7 (2 CH), 139.8 (Cq), 158.9 (Cq); IR 

(ATR)  max: 3420 (N–H), 3335 (N–H), 3213 (N–H), 1650 (C=O), 1598, 

1551, 1496, 1453, 1338, 1147, 774, 748, 697; MS (ESI+) m/z 165 ([M + H]+, 

100), 187 ([M + Na]+, 21), 329 ([2M + H]+, 34), 351 ([2M + Na]+, 17). 

 

Benzylurea (12). The title compound was prepared from benzylamine (1.1 

mL, 10.1 mmol) following the procedure A to give 12 (1.37 g, 85% yield) 

as a white crystalline solid. m.p.: 151 °C; 1H NMR (300 MHz, d6-DMSO) δ 

4.25 (2H, d, J = 5.9), 5.81 (2H, s, NH2), 6.63 (1H, t, J = 5.9, NH), 7.12–

7.47 (5Har, m); 13C NMR (75 MHz, d6-DMSO) δ 43.1 (CH2), 126.8 (CH), 

127.2 (2 CH), 128.4 (2 CH), 141.0 (Cq), 159.4 (Cq); IR (ATR)  max: 

3426 (N–H), 3328 (N–H), 1647 (C=O), 1597, 1556, 1467, 1455, 1386, 

1328, 1309, 1142, 1107, 750, 694; MS (ESI+) m/z 151 ([M + H]+, 100), 173 

([M + Na]+, 29), 301 ([2M + H]+, 48), 323 ([2M + Na]+, 24). 

 

1-(1-Phenylethyl)urea (13). The title compound was prepared from 1-

phenylethylamine (1.3 mL, 10.1 mmol) following the procedure A to give 

13 (1.42 g, 85% yield) as a white powder. m.p.: 117 °C; 1H NMR (300 

MHz, d6-DMSO) δ 1.34 (3H, d, J = 6.6), 4.78 (1H, t, J = 6.8), 5.62 (2H, s, 

NH2), 6.56 (1H, d, J = 7.7, NH), 7.00–7.67 (5Har, m); 13C NMR (75 MHz, 

d6-DMSO) δ 23.4 (CH3), 48.7 (CH), 125.9 (2 CH), 126.5 (CH), 128.3 (2 

CH), 145.9 (Cq), 158.4 (Cq); IR (ATR)  max: 3418 (N–H), 3328 (N–H), 

3208 (N–H), 2975, 1647 (C=O), 1593, 1533, 1494, 1450, 1372, 1279, 1148, 

1021, 900, 749, 695; MS (ESI+) m/z 187 ([M + Na]+, 32), 351 ([2M + Na]+, 

36). 

 

4-Methoxy-phenylurea (14). The title compound was prepared from p-

anisidine (1.23 g, 10 mmol) following the procedure A to give 14 (1.50 g, 

90% yield) as a white crystalline solid. m.p.: 78–79 °C; 1H NMR (300 MHz, 

d6-DMSO) δ 3.68 (3H, s), 5.72 (2H, s, NH2), 6.80 (2Har, d, J = 8.7), 7.29 

(2Har, d, J = 8.7), 8.31 (1H, s, NH); 13C NMR (75 MHz, d6-DMSO) δ 55.1 

(CH3), 113.9 (2 CH), 119.5 (2 CH), 133.7 (Cq), 154.0 (Cq), 156.3 (Cq); IR 

(ATR)  max: 3350 (N–H), 3317 (N–H), 2958, 2928, 2871, 2855, 1616 

(C=O), 1574, 1519, 1478, 1454, 1289, 1249, 1226, 1066; MS (ESI+) m/z 

167 ([M + H]+, 43), 189 ([M + Na]+, 100), 205 ([M + K]+, 13). 

 

Procedure B: General procedure for the palladium-catalyzed reductive 

alkylation of primary ureas.  

The monosubstituted urea (1 mmol) and the aldehyde (3 mmol) were 

dissolved in 10 mL of dry methanol in a 50 mL stainless steel autoclave, 

followed by the addition of 5%-Pd/C (53.2 mg, 2.5 mol-%). The reactor 

was tightly closed, purged three times and hydrogen pressure was 

introduced (5 bar). The reactor was then placed in a graphite bath on a 

magnetic stirrer and the reaction mixture was heated at 100 °C and stirred 

for 15 hours. After cooling to room temperature, hydrogen pressure was 

released and palladium (Pd/C) was filtered under vacuum over a Millipore 

filter and thoroughly washed with methanol several times. The filtrate was 

concentrated under reduced pressure. The corresponding alkylated ureas 

were purified either by recrystallization from diethyl ether or by column 

chromatography. 

 

1-Benzyl-3-decylurea (16). The title compound was prepared from 

benzylurea 12 (150 mg, 1 mmol) and decanal 15 (0.56 mL, 3 mmol) 

according to the procedure B. The residue was purified by recrystallization 

from Et2O to give 16 (250 mg, 86% yield) as a white powder. m.p.: 96 °C; 
1H NMR (400 MHz, d6-DMSO) δ 0.86 (3H, t, J = 6.8), 1.18–1.31 (14H, m), 

1.31–1.40 (2H, m), 2.98 (2H, dt app q, J = 6.5), 4.18 (2H, d, J = 6.0), 5.90 

(1H, t, J = 5.5, NH), 6.26 (1H, t, J = 6.0, NH), 7.17–7.27 (3Har, m), 7.27–

7.36 (2Har, m); 13C NMR (100 MHz, d6-DMSO) δ 14.0 (CH3), 22.1 (CH2), 

26.4 (CH2), 28.7 (CH2), 28.8 (CH2), 29.0 (CH2), 29.1 (CH2), 30.0 (CH2), 

31.3 (CH2), 39.3 (CH2), 42.9 (CH2), 126.5 (CH), 127.0 (2 CH), 128.2 (2 

CH), 141.1 (Cq), 158.1 (Cq); IR (ATR)  max: 3320 (N–H), 2957, 2920, 

2847, 1658 (C=O), 1625, 1596, 1564, 1499, 1479, 1464, 1443, 1315, 1298, 

1246, 1228; MS (ESI+) m/z 291 ([M + H]+, 12), 313 ([M + Na]+, 100), 603 

([2M + Na]+, 23); HRMS (ESI+) [M + Na]+ for C18H30N2NaO requires 

313.2250, found 313.2249. 

 

1-Decyl-3-hexylurea (17): The title compound was prepared from hexyl 

urea 8 (144 mg, 1 mmol) and decanal 15 (0.56 mL, 3 mmol) according to 

the procedure B. The residue was purified by recrystallization from Et2O to 

give 17 (250 mg, 88% yield) as a white powder. m.p.: 75 °C; 1H NMR (400 

MHz, d6-DMSO) δ 0.85 (6H, t, J = 6.4), 1.17–1.38 (24H, m), 2.94 (4H, dt 

app q, J = 6.2), 5.73 (2H, t, J = 5.4, 2 NH); 13C NMR (100 MHz, CD3OD) δ 

14.4 (CH3), 14.5 (CH3), 23.7 (CH2), 23.8 (CH2), 27.7 (CH2), 28.0 (CH2), 

30.48 (CH2), 30.52 (CH2), 30.7 (CH2), 30.8 (CH2), 31.36 (CH2), 31.39 

(CH2), 32.8 (CH2), 33.1 (CH2), 41.0 (2 CH2), 161.4 (Cq); IR (ATR)  max: 

3326 (N–H), 2956, 2920, 2849, 1610 (C=O), 1572, 1477, 1461, 1250, 1223, 

725; MS (ESI+) m/z 285 ([M + H]+, 67), 307 ([M + Na]+, 100), 591 ([2M + 

Na]+, 73); HRMS (ESI+) [M + H]+ for C17H37N2O requires 285.2900, found 

285.2902. 

 

1-Dodecyl-3-hexylurea (25). The title compound was prepared from hexyl 

urea 8 (144 mg, 1 mmol) and lauric aldehyde 18 (0.66 mL, 3 mmol) 

according to the procedure B. The residue was purified by recrystallization 

from Et2O to give 25 (270 mg, 86% yield) as a white powder. m.p.: 82 °C; 
1H NMR (300 MHz, d6-DMSO) δ 0.85 (6H, t, J = 6.3), 1.16–1.40 (28H, m), 

2.94 (4H, dt app q, J = 6.2), 5.70 (2H, t, J = 5.6, 2 NH); 13C NMR (100 

MHz, CD3OD) δ 14.38 (CH3), 14.44 (CH3), 23.70 (CH2), 23.74 (CH2), 27.7 

(CH2), 28.0 (CH2), 30.50 (CH2), 30.51 (CH2), 30.74 (CH2), 30.75 (CH2), 

30.77 (CH2), 30.80 (CH2), 31.36 (CH2), 31.38 (CH2), 32.8 (CH2), 33.1 

(CH2), 41.0 (2 CH2), 161.4 (Cq); IR (ATR)  max: 3328 (N–H), 2955, 2920, 

2848, 1611 (C=O), 1571, 1476, 1463, 1263, 1245, 723; MS (ESI+) m/z 313 
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([M + H]+, 100), 335 ([M + Na]+, 17); HRMS (ESI+) [M + H]+ for 

C19H41N2O requires 313.3213, found 313.3212. 

 

1-Hexyl-3-octylurea (26). The title compound was prepared from hexyl 

urea 8 (144 mg, 1 mmol) and octanal 19 (0.47 mL, 3 mmol) according to 

the procedure B. The residue was purified by recrystallization from Et2O to 

give 26 (210 mg, 82% yield) as a white powder. m.p.: 70 °C; 1H NMR (500 

MHz, d6-DMSO) δ 0.86 (6H, t, J = 7.0), 1.17–1.30 (16H, m), 1.30–1.40 

(4H, m), 2.94 (4H, dt app q, J = 6.5), 5.70 (2H, t, J = 5.4, 2 NH); 13C NMR 

(125 MHz, d6-DMSO) δ 13.91 (CH3), 13.95 (CH3), 22.1 (2 CH2), 26.1 

(CH2), 26.4 (CH2), 28.7 (CH2), 28.8 (CH2), 30.0 (CH2), 30.1 (CH2), 31.1 

(CH2), 31.2 (CH2), 39.2 (2 CH2), 158.1 (Cq); IR (ATR)  max: 3324 (N–H), 

2956, 2923, 2869, 2851, 1612 (C=O), 1574, 1477, 1461, 1290, 1264, 1245, 

1226, 1212, 1077, 727; MS (ESI+) m/z 257 ([M + H]+, 100), 279 ([M + Na]+, 

22); HRMS (ESI+) [M + H]+ for C15H33N2O requires 257.2587, found 

257.2585. 

 

1,3-Dihexylurea (27). The title compound was prepared from hexyl urea 8 

(144 mg, 1 mmol) and hexanal 20 (0.37 mL, 3 mmol) according to the 

procedure B. The residue was purified by recrystallization from Et2O by to 

give 27 (182 mg, 80% yield) as a white powder. m.p.: 87 °C; 1H NMR (400 

MHz, d6-DMSO) δ 0.86 (6H, t, J = 6.8), 1.15–1.42 (16H, m), 2.94 (4H, dt 

app q, J = 6.5), 5.71 (2H, t, J = 5.7, 2 NH); 13C NMR (100 MHz, d6-

DMSO) δ 13.9 (2 CH3), 22.1 (2 CH2), 26.1 (2 CH2), 30.0 (2 CH2), 31.1 (2 

CH2), 39.2 (2 CH2), 158.1 (Cq); IR (ATR)  max: 3324 (N–H), 2956, 2929, 

2856, 1611 (C=O), 1574, 1477, 1461, 1299, 1249, 1220, 1076, 728; MS 

(ESI+) m/z 229 ([M + H]+, 100), 251 ([M + Na]+, 34); HRMS (ESI+) [M + 

H]+ for C13H29N2O requires 229.2274, found 229.2272. 

 

1-Hexyl-3-pentylurea (28). The title compound was prepared from hexyl 

urea 8 (144 mg, 1 mmol) and valeraldehyde 21 (0.32 mL, 3 mmol) 

according to the procedure B. The residue was purified by column 

chromatography (EtOAc/cyclohexane 40:60) to give 28 (178 mg, 78% 

yield) as a yellowish powder. m.p.: 76–78 °C; 1H NMR (400 MHz, d6-

DMSO): δ 0.86 (6H, t, J = 7.0), 1.18–1.41 (14H, m), 2.94 (4H, dt app q, J = 

6.5), 5.71 (2H, t, J = 5.5, 2 NH); 13C NMR (100 MHz, d6-DMSO): δ 13.93 

(CH3), 13.97 (CH3), 21.9 (CH2), 22.1 (CH2), 26.1 (CH2), 28.6 (CH2), 29.7 

(CH2), 30.0 (CH2), 31.1 (CH2), 39.18 (CH2), 39.22 (CH2), 158.1 (Cq); IR 

(ATR)  max: 3327 (N–H), 2955, 2929, 2857, 1618 (C=O), 1574, 1479, 

1446, 1426, 1259, 1074; MS (ESI+) m/z 158 ([M + H – C4H9]
+, 38), 172 

([M + H – C3H7]
+, 35), 215 ([M + H]+, 100), 237 ([M + Na]+, 12); HRMS 

(ESI+) [M + H]+ for C12H27N2O requires 215.2118, found 215.2117. 

 

1-Butyl-3-hexylurea (29). The title compound was prepared from hexyl 

urea 8 (144 mg, 1 mmol) and butyraldehyde 22 (0.27 mL, 3 mmol) 

according to the procedure B. The residue was purified by column 

chromatography (EtOAc/cyclohexane 20:80) to give 29 (130 mg, 65% 

yield) as a white powder. m.p.: 70–75 °C; 1H NMR (300 MHz, d6-DMSO): 

δ 0.86 (6H, t, J = 7.0), 1.18–1.40 (12H, m), 2.90–3.00 (4H, m), 5.70 (2H, t, 

J = 5.5, 2 NH); 13C NMR (125 MHz, d6-DMSO): δ 13.7 (CH3), 13.9 (CH3), 

19.5 (CH2), 22.1 (CH2), 26.1 (CH2), 30.0 (CH2), 31.0 (CH2), 32.2 (CH2), 

38.9 (CH2), 39.2 (CH2), 158.1 (Cq); IR (ATR)  max: 3324 (N–H), 2954, 

2929, 2857, 1616 (C=O), 1569, 1479, 1464, 1272, 1245, 1225, 1075; MS 

(ESI+) m/z 201 ([M + H]+, 38), 223 ([M + Na]+, 100), 423 ([2M + Na]+, 35); 

HRMS (ESI+) [M + Na]+ for C11H24N2NaO requires 223.1781, found 

223.1782. 

 

1-Benzyl-3-hexylurea (30). The title compound was prepared from hexyl 

urea 8 (144 mg, 1 mmol) and benzaldehyde 23 (0.68 mL, 3 mmol) 

according to the procedure B. The residue was purified by column 

chromatography (EtOAc/cyclohexane 20:80) to give 30 (218 mg, 93% 

yield) as a white powder. m.p.: 74 °C; 1H NMR (300 MHz, d6-DMSO) δ 

0.86 (3H, t, J = 6.7), 1.20–1.42 (8H, m), 2.99 (2H, dt app q, J = 6.4), 4.18 

(2H, d, J = 6.0), 5.88 (1H, t, J = 6.3, NH), 6.24 (1H, t, J = 5.1, NH), 7.16–

7.26 (3Har, m), 7.26–7.35 (2Har, m); 13C NMR (125 MHz, d6-DMSO) δ 13.9 

(CH3), 22.1 (CH2), 26.0 (CH2), 30.0 (CH2), 31.0 (CH2), 39.3 (CH2), 42.9 

(CH2), 126.5 (CH), 127.0 (2 CH), 128.2 (2 CH), 141.0 (Cq), 158.0 (Cq); IR 

(ATR)  max: 3350 (N–H), 3318 (N–H), 3033, 2958, 2928, 2855, 1617 

(C=O), 1575, 1493, 1478, 1454, 1289, 1249, 1226, 1081, 1065, 1025; MS 

(ESI+) m/z 257 ([M + Na]+, 100), 491 ([2M + Na]+, 7); HRMS (ESI+) [M + 

Na]+ for C14H22N2NaO requires 257.1624, found 257.1626. 

 

1-Hexyl-3-(3-phenylpropyl)urea (31). The title compound was prepared 

from hexyl urea 8 (144 mg, 1 mmol) and 3-phenylpropionaldehyde 24 (0.40 

mL, 3 mmol) according to the procedure B. The residue was purified by 

column chromatography (EtOAc/cyclohexane 20:80) to give 31 (235 mg, 

90% yield) as a white powder. m.p.: 78 °C; 1H NMR (300 MHz, d6-DMSO) 

δ 0.85 (3H, t, J = 6.7), 1.17–1.42 (8H, m), 1.64 (2H, quintet, J = 7.0), 2.56 

(2H, t, J = 7.3), 2.95 (4H, app quintet, J = 6.4), 5.74 (1H, t, J = 5.6, NH), 

5.81 (1H, t, J = 5.6, NH), 7.12–7.23 (3Har, m), 7.23–7.33 (2Har, m); 13C 

NMR (125 MHz, d6-DMSO) δ 13.9 (CH3), 22.1 (CH2), 26.1 (CH2), 30.0 

(CH2), 31.0 (CH2), 31.9 (CH2), 32.5 (CH2), 38.8 (CH2), 39.2 (CH2), 125.7 

(CH), 128.2 (4 CH), 141.8 (Cq), 158.1 (Cq); IR (ATR)  max: 3328 (N–H), 

2951, 2924, 2855, 1621 (C=O), 1583, 1496, 1459, 1378, 1269, 1063, 1029; 

MS (ESI+) m/z 263 ([M + H]+, 21), 285 ([M + Na]+, 100), 547 ([2M + Na]+, 

5); HRMS (ESI+) [M + Na]+ for C16H26N2NaO requires 285.1937, found 

285.1939. 

 

1-Decyl-3-methylurea (33). The title compound was prepared from methyl 

urea 32 (74 mg, 1 mmol) and decanal 15 (0.66 mL, 3 mmol) according to 

the procedure B. The residue was purified by recrystallization from Et2O to 

give 33 (128 mg, 60% yield) as a white powder. m.p.: 83 °C; 1H NMR (300 

MHz, d6-DMSO) δ 0.85 (3H, t, J = 6.7), 1.11–1.40 (16H, m), 2.51 (3H, 

masked d, J = 4.5), 2.93 (2H, dt app q, J = 6.4), 5.61 (1H, d, J = 4.4, NH), 

5.79 (1H, t, J = 5.3, NH); 13C NMR (100 MHz, d6-DMSO) δ 14.0 (CH3), 

22.1 (CH2), 26.36 (CH3), 26.40 (CH2), 28.7 (CH2), 28.8 (CH2), 29.0 (CH2), 

29.1 (CH2), 30.1 (CH2), 31.3 (CH2), 39.3 (CH2), 158.7 (Cq); IR (ATR)  

max: 3334 (N–H), 2954, 2921, 2849, 1617 (C=O), 1579, 1521, 1479, 1466, 

1417, 1311, 1282, 1254, 1237, 1068; MS (ESI+) m/z 215 ([M + H]+, 100), 

238 ([M + Na]+, 54), 451 ([2M + Na]+, 14); HRMS (ESI+) [M + H]+ for 

C12H27N2O requires 215.2118, found 215.2121. 

 

1-Cyclohexyl-3-decylurea (34). The title compound was prepared from 1-

cyclohexylurea 9 (142 mg, 1 mmol) and decanal 15 (0.56 mL, 3 mmol) 

according to the procedure B. The residue was purified by recrystallization 

from Et2O to give 34 (220 mg, 78% yield) as a white powder. m.p.: 89 °C; 
1H NMR (300 MHz, d6-DMSO) δ 0.85 (3H, t, J = 6.6), 0.96–1.16 (3H, m), 

1.16–1.40 (18H, m), 1.42–1.56 (1H, m), 1.56–1.77 (4H, m), 2.93 (2H, dt 

app q, J = 6.4), 3.25–3.38 (1H, m), 5.62 (2H, app d, J = 7.4, 2 NH); 13C 

NMR (100 MHz, CD3OD) δ 14.5 (CH3), 23.7 (CH2), 26.1 (2 CH2), 26.8 

(CH2), 28.0 (CH2), 30.47 (CH2), 30.50 (CH2), 30.7 (CH2), 30.8 (CH2), 31.4 

(CH2), 33.1 (CH2), 34.8 (2 CH2), 40.9 (CH2), 49.8 (CH), 160.6 (Cq); IR 

(ATR)  max: 3347 (N–H), 3312 (N–H), 2961, 2922, 2850, 1616 (C=O), 

1589, 1579, 1521, 1461, 1279, 1252, 1236; MS (ESI+) m/z 283 ([M + H]+, 

100), 565 ([2M + H]+, 21); HRMS (ESI+) [M + H]+ for C17H35N2O requires 

283.2744, found 283.2738. 

 

1-(Cyclohexylmethyl)-3-decylurea (35). The title compound was prepared 

from 1-(cyclohexylmethyl) urea 10 (156 mg, 1 mmol) and decanal 15 (0.56 

mL, 3 mmol) according to the procedure B. The residue was purified by 

recrystallization from Et2O to give 35 (236 mg, 80% yield) as a white 

powder. m.p.: 82 °C; 1H NMR (300 MHz, d6-DMSO) δ 0.85 (3H, t, J = 6.6), 

1.05–1.40 (22H, m), 1.52–1.72 (5H, m), 2.80 (2H, t, J = 6.4), 2.94 (2H, dt 

app q, J = 6.4), 5.68 (1H, t, J = 5.3, NH), 5.75 (1H, t, J = 5.7, NH); 13C 

NMR (100 MHz, CD3OD) δ 14.5 (CH3), 23.7 (CH2), 27.1 (2 CH2), 27.7 

(CH2), 28.0 (CH2), 30.48 (CH2), 30.52 (CH2), 30.7 (CH2), 30.8 (CH2), 31.4 



Submitted to the European Journal of Organic Chemistry 8 

(CH2), 31.9 (2 CH2), 33.1 (CH2), 39.9 (CH), 41.0 (CH2), 47.4 (CH2), 161.4 

(Cq); IR (ATR)  max: 3343 (N–H), 3306 (N–H), 2923, 2850, 1619 (C=O), 

1577, 1522, 1480, 1460, 1251, 1234; MS (ESI+) m/z 297 ([M + H]+, 56), 

319 ([M + Na]+, 100), 615 ([2M + Na]+, 61); HRMS (ESI+) [M + H]+ for 

C18H37N2O requires 297.2900, found 297.2899. 

 

1-Decyl-3-(2-phenylethyl)urea (36). The title compound was prepared 

from 1-(2-phenylethyl)urea 11 (164 mg, 1 mmol) and decanal 15 (0.56 mL, 

3 mmol) according to the procedure B. The residue was purified by 

recrystallization from Et2O to give 36 (239 mg, 79% yield) as a white 

powder. m.p.: 92 °C; 1H NMR (300 MHz, d6-DMSO) δ 0.85 (3H, t, J = 6.4), 

1.10–1.41 (16H, m), 2.64 (2H, t, J = 7.3), 2.94 (2H, q, J = 6.3), 3.20 (2H, q, 

J = 6.7), 5.74 (1H, t, J = 5.6, NH), 5.82 (1H, t, J = 5.3, NH), 7.15–7.24 (3H, 

m), 7.25-7.35 (2H, m); 13C NMR (100 MHz, d6-DMSO) δ 14.0 (CH3), 22.1 

(CH2), 26.4 (CH2), 28.7 (CH2), 28.8 (CH2), 29.0 (CH2), 29.1 (CH2), 30.0 

(CH2), 31.3 (CH2), 36.2 (CH2), 39.2 (CH2), 40.9 (CH2), 126.0 (CH), 128.3 

(2 CH), 128.7 (2 CH), 139.8 (Cq), 158.0 (Cq); IR (ATR)  max: 3310 (N–

H), 2957, 2920, 2871, 2848, 1613 (C=O), 1597, 1566, 1500, 1478, 1463, 

1444, 1315, 1299, 1247, 1230; MS (ESI+) m/z 305 ([M + H]+, 26), 327 ([M 

+ Na]+, 100), 631 ([2M + Na]+, 17); HRMS (ESI+) [M + H]+ for C19H33N2O 

requires 305.2587, found 305.2593 (–1.9 ppm); [M + Na]+ for 

C19H32N2NaO requires 327.2407, found 327.2408. 

 

1-Decyl-3-(1-phenylethyl)urea (37). The title compound was prepared 

from 1-phenylethylurea 13 (164 mg, 1 mmol) and decanal 15 (0.56 mL, 3 

mmol) according to the procedure B. The residue was purified by column 

chromatography (EtOAc/cyclohexane 20:80) to give 37 (218 mg, 72% 

yield) as a white powder. m.p.: 65 °C; 1H NMR (400 MHz, d6-DMSO) δ 

0.85 (3H, t, J = 6.7), 1.10–1.40 (16H, m), 1.29 (3H, d, J = 6.8), 2.94 (2H, 

m), 4.71 (1H, dq app quintet, J = 7.2), 5.74 (1H, t, J = 5.5, NH), 6.22 (1H, d, 

J = 8.1, NH), 7.20 (1Har, tt, J = 6.0, 1.8), 7.25–7.34 (4Har, m); 13C NMR 

(100 MHz, d6-DMSO) δ 14.0 (CH3), 22.1 (CH2), 23.4 (CH3), 26.4 (CH2), 

28.7 (CH2), 28.8 (CH2), 29.0 (CH2), 29.1 (CH2), 30.0 (CH2), 31.3 (CH2), 

39.1 (CH2), 48.5 (CH), 125.7 (2 CH), 126.4 (CH), 128.1 (2 CH), 145.9 (Cq), 

157.3 (Cq); IR (ATR)  max: 3347 (N–H), 3311 (N–H), 2961, 2923, 2902, 

2851, 1614 (C=O), 1591, 1581, 1523, 1481, 1461, 1447, 1251, 1083, 1069; 

MS (ESI+) m/z 305 ([M + H]+, 100), 328 ([M + Na]+, 59), 609 ([2M + H]+, 

24), 631 ([2M + Na]+, 24); HRMS (ESI+) [M + H]+ for C19H33N2O requires 

305.2587, found 305.2582. 

 

1-Decyl-3-(4-methoxy-phenyl)-urea (38). 

The title compound was prepared from 4-methoxy-phenylurea 14 (306 mg, 

1 mmol) and decanal 15 (0.56 mL, 3 mmol) according to the procedure B. 

The residue was purified by column chromatography (EtOAc/cyclohexane 

20:80) to give 38 (198 mg, 65% yield) as a white powder. m.p.: 111–

112 °C; 1H NMR (400 MHz, d6-DMSO) δ 0.85 (3H, t, J = 6.8), 1.15–1.33 

(14H, m), 1.33–1.48 (2H, m), 3.04 (2H, dt app q, J = 6.5), 3.68 (3H, s), 

5.97 (1H, t, J = 5.6, NH), 6.79 (2Har, d, J = 9.0), 7.26 (2Har, d, J = 9.0), 8.15 

(1H, s, NH); 13C NMR (100 MHz, d6-DMSO) δ 14.0 (CH3), 22.1 (CH2), 

26.4 (CH2), 28.7 (CH2), 28.8 (CH2), 29.0 (CH2), 29.1 (CH2), 29.8 (CH2), 

31.3 (CH2), 39.0 (CH2), 55.1 (CH3), 113.8 (2 CH), 119.3 (2 CH), 133.8 

(Cq), 153.8 (Cq), 155.4 (Cq); IR (ATR)  max: 3325 (N–H), 2954, 2923, 

2849, 1630 (C=O), 1609, 1560, 1507, 1478, 1466, 1244, 1184, 1030, 829; 

MS (ESI+) m/z 307 ([M + H]+, 100), 329 ([M + Na]+, 71); HRMS (ESI+) [M 

+ H]+ for C18H31N2O2 requires 307.2380, found 307.2366. 

 

Procedure C: General procedure for the one-pot, solvent-free 

preparation of unsymmetrical N,N’-disubstituted ureas 

The primary amine (10 mmol) and trimethylsilylisocyanate (12 mmol) were 

introduced in a 50 mL-stainless steel autoclave. The reactor was tightly 

closed, purged three times with Argon, and then placed in a graphite bath 

on a magnetic stirrer and the reaction mixture was heated at 90 °C and 

stirred for 2 hours. After cooling to room temperature, decanal (30 mmol) 

and 5%-Pd/C (2.5 mol-%) were added to the reaction mixture. The reactor 

was tightly closed, purged three times and hydrogen pressure was 

introduced (5 bar). Then, it was placed on a magnetic stirrer and the 

reaction mixture was heated at 100 °C and stirred for 15 hours. After 

cooling to room temperature, hydrogen pressure was released, the crude 

mixture was dissolved in methanol, and palladium (Pd/C) was filtered 

under vacuum over a millipore filter and thoroughly washed with methanol 

several times. The filtrate was concentrated under reduced pressure and the 

corresponding alkylated ureas were purified by column chromatography 

using (EtOAc / cyclohexane). The spectroscopic data of N,N’-disubstituted 

ureas prepared according to this procedure were in accordance with those 

reported before for the reductive alkylation of monosubstituted ureas; see 

above data for the full characterization. 

 

Supporting Information (see footnote on the first page of this article): 1H 

and 13C NMR spectra of monosubstituted and disubstituted ureas. 
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