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Palladium catalyzed synthesis of symmetrical and unsymmetrical
ureas using chromium hexacarbonyl as a convenient and safe

alternative carbonyl source

Mozhdeh Mozaffari,? and Najmeh Nowrouzi*@

Abstract: Pd-catalyzed synthesis of urea derivatives from aryl iodides
and different aliphatic and aromatic amines using sodium azide and
chromium hexacarbonyl is described. In this process, carbonylation of
aryl iodides, curtius rearrangement of aroyl azides and nucleophilic
addition of amines sequentially occurs to afford the products in good
to excellent yields. This protocol is operationally simple and displays
a broad substrates scope.

Introduction

Carbonylation process as a fundamental and promising
transformation, is one of the most powerful methods for
synthesizing both simple carbonyl compounds and more complex
organic molecules. Urea is a very important class of carbonyl
compounds from both theoretical and practical point of views
because it is found in many compounds and materials. For
example, its ability to hydrogen bind with biomolecular targets
makes it a very practical scaffold in drug design.* Urea derivatives
have a wide range of applications in pharmaceuticals, agricultural
pesticides, antioxidants in gasoline and dyes for cellulose fibers.?
They can also be used as efficient organocatalysts® or ligands for
transition metals.* Recently Wrobel et al. discovered the nitroaryl
urea derivatives with antiproliferative properties (Figure 1, a).’
compound b is one of the multi target inhibitors with
antiangiogenic and immunomodulator properties reported by
Falomir et al. (Figure 1).5

MeO
(b)

Figure 1. Two derivatives of urea with biological properties.
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Due to the reasons given above, synthesis of ureas have been
the subject of extensive experimental studies and many
methodologies have been developed in the synthesis of these
compounds including the reaction of amines with highly toxic
phosgene,’ stoichiometric reaction of amines and isocyanates,®?
palladium-catalyzed amidation,® oxidation of benzylic primary
alcohols,!! reaction of aromatic acids and amines in the presence
of diphenylphosphorylazide,? and nitrogenation of aldehydes and
acohols.™®* Carbonylation reaction is one of the most applicable
protocol for this purpose. The commonly used carbonyl source for
the synthesis of ureas is carbon monoxide,**® which is highly
toxic, flammable and realy hard to use. Therefore, in recent years,
researchers have devoted their efforts to finding an efficient
alternative for carbon monoxide. Some of the alternatives are
include: carbon dioxide,®” chloroform,*® formic acid,'® and
methanol.?°

Metal carbonyls are one of the best replacements for carbon
monoxide. This solid carbonyl source is relatively stable and easy
to handle, consequently, the use of them has been more
developed recently in different carbonylation reactions.?'-2® herein,
we decided to study the possibility of synthesizing symmetrical
and unsymmetrical ureas through the curtius rearrangement
using chromium hexacarbonyl as the carbonyl source. In this way,
we used aryl iodide as the starting material, which is rarely
reported by researchers. Recently, Wang et al. studied the Pd/C-
catalyzed domino synthesis of urea derivatives from aryl iodides
using chloroform,’®® and Wu et al. described a palladium-
catalyzed domino procedure for the synthesis of unsymmetrical
ureas in the presence of formic acid.*® Arylation of phenylurea and
urea using aryl halides have also been reported by Mane et al.?,
Kotecki et al.1° and Artamkina et al.?® In another study, Buchwald
et al. reported a practical method for the synthesis of
unsymmetrical ureas through a Palladium-catalyzed cross-
coupling of aryl chlorides and triflates with sodium cyanate?®
(Scheme 1).
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Scheme 1. Synthesis of ureas using aryl halides as starting material.
Results and Discussion

Initial study was started using iodobenzene (1.0 mmol) and 4-
methylaniline (1.5 mmol) as model substrate in the presence of
chromium hexacarbonyl (1.5 mmol), sodium azide (1.5 mmol),
palladium acetate (5.0 mol%) and triphenylphosphine (10.0
mol%). The reaction was run in toluene at 100 °C and K>CO3 (2.0
mmol) was used as base. In this case, the desired product was
obtained in 71% yield (Table 1, entry 1) and amide was formed as
byproduct. Solvent screening showed that the coupling product
could be obtained in H,O and PEG-200, but in lower yield and no
product could be detected when the reaction was carried out in
DMF (Table 1, entries 2-4). Therefore, the subsequent reactions
were performed in toluene. To study the effect of ligand on
product formation, we first omitted triphenylphosphine from the
reaction mixture. In this case, desired urea didn't produce
efficiently (Table 1, entry 5). As shown in entries 6 and 7 of table
1, only trace amounts of product were obtained by using other
ligands such as DMAP and TMEDA instead of PhsP. In order to
check the role of base, a control experiment was performed and
we found that in the absence of K,COs3, the reaction yielded the
target product at low yield (Table 1, entry 8). Other bases such as
Na,COs3, BusN and KOH caused loss of efficiency (Table 1, entries
9-11). Due to the competition in nucleophilic addition between
sodium azide and 4-methylaniline in the anion exchange step, the
amount of these two starting materials should have an important
effect on the yield. As expected, increasing the amount of sodium
azide from 1.5 to 2.0 mmol, increased the yield (Table 1, entry 12).
Similar improvement was observed using less amount of 4-
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methylaniline (Table 1, entry 13). After these improvements, we
tried to decrease the catalyst loading. As shown in entry 14 of
Table 1, decreasing the amount of palladium acetate to 1.0 mol%
gave the product as well as 5.0 mol%, but further decrease,
resulted the product in lower yield (Table 1, entry 15). Reducing
the amount of triphenylphosphine from 10.0 mol% to 5.0 mol%
and 3.0 mol%, did not have any significant effect on the
conversion (Table 1, entries 16, 17).

Table 1. Optimization of the reaction conditions?.

Cr(CO)e Me
I NH, Pd(OAc),/Ligand @\ /@/
©/ +Me/©/ A NN Base N/\N
Solvent H H
i b
Entry Sl(g;irg/ Base P(?ngl';f )) z Ligand (Coﬁf&la(:sion
value) (%)
1 Toluene K2CO3 5 PPhs 71(100)°
2 DMF K2COs 5 PPhs 0 (0)
3 H20 K2COs3 5 PPhs 35 (70)°
4 PEG-200 K2CO3 5 PPhs 12 (25)°
5 Toluene K2CO3 5 - Trace (15)°
6 Toluene K2CO3 5 DMAP Trace (20)°
7 Toluene K2CO3 5 TMEDA Trace (20)°
8 Toluene - 5 PPhs 20 (25)
9 Toluene Na2COs3 5 PPhs 60 (80)°¢
10 Toluene BusN 5 PPh3 46 (75)°
11 Toluene KOH 5 PPhs 52 (100)¢
12¢ Toluene K2CO3 5 PPhs 80 (100)°
13 Toluene K2CO3 5 PPhs 92 (100)
14 Toluene K2CO3 1 PPhs 92 (100)
15 Toluene K2CO3 0.5 PPhs 67 (80)
169 Toluene K2CO3 1 PPh3 91 (100)
17h Toluene K2COs 1 PPhs 92 (100)

[a] General conditions: lodobenzene (1.0 mmol), 4-methylaniline (1.5 mmol), sodium
azide (1.5 mmol), base (2.0 mmol), Pd(OAc)2 (5.0 mol%), ligand (10.0 mol%), Cr(CO)e
(1.5 mmol), solvent (1.0 mL) , 100 °C, 24 h in a closed vessel.

[b] Yields are of pure isolated products.

[c] amide was formed as byproduct.

[d] several unwanted products were formed.

[e] Sodium azide (2.0 mmol)

[f] Sodium azide (2.0 mmol), 4-methylaniline (1.2 mmol)

[9] Sodium azide (2.0 mmol), 4-methylaniline (1.2 mmol), triphenylphosphine (5.0 mol%)
[h] Sodium azide (2.0 mmol), 4-methylaniline (1.2 mmol), triphenylphosphine (3.0 mol%)

After all these attempts to find the best reaction conditions,
substrate scope was examined. At first, we investigated the
reaction of various amines with iodobenzene. As it is shown in
Scheme 2, all types of amines, including primary or secondary
and aromatic or aliphatic amines tolerated this reaction and gave
the desired product in high yield. Not only aromatic amines
bearing electron-donating or electron-withdrawing substituents,
but also hetero-aromatic amine easily react with other substrates,
generating high yields (Scheme 2, 3e). In the case of diphenyl
amine, a little decrease in the yield of product was observed,
which might be due to the steric hindrance of phenyl groups
(Scheme 2, 3j). To further extend the substrate scope, various
amines were reacted with different aryl iodides. These reactions
proceeded smoothly in accordance with the optimized reaction
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conditions, affording the corresponding products in excellent

yields.
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Scheme 2. Substrate scope of the reaction.

On the basis of the above experiments and our previous study on
carbonylation reaction?® and also according to the literatures
review,'81° a proposed mechanism is shown in Scheme 3. Step 1
involves an oxidative addition in which Pd(0) inserts into the aryl
iodide bond. Insertion of carbon monoxide (which in situ released
from chromium hexacarbonyl®”) gives intermediate (Il). The
reaction is followed by anion exchange with sodium azide to form
intermediate (lll). Reductive elimination of this intermediate
smoothly occurs to produce aroyl azide along with the Pd(0)
catalyst. Then, aroyl azide undergoes curtius rearrangement to
generate aryl isocyanate, which, after the reaction with amine
produces the corresponding urea.

Pd(Il)
JCO
Arl
Pd(0) ———— Ar—Pd—I
Oxidative
Addition (0]
Reductlve? co (Cr( )s+CeHsCH3
Ellminationi Insertion Cr(CO)3(CeHsCH3)
NaN3
P _N
Ar N3 Ar” pgd e Ar/\Pd/l
\ ) (1 Nal (n
Curtius
Rearrangement
RIR’NH Are AL R
Ar—N= — = AN SN
K,CO3 H R2

Scheme 3. Proposed reaction mechanism.

Conclusions

In summary, we have developed a new protocol for the synthesis
of different symmetrical and unsymmetrical ureas through the Pd-
catalyzed carbonylation reaction using chromium hexacarbonyl
as CO-source. This solid carbonyl source is one of the most
applicable replacement for carbon monoxide which is a highly
toxic gas with undesirable effects on human health and it's also
difficult to apply in chemical procedures. So, different ureas are
synthesized in good to excellent yields by a simple procedure
under safe reaction condition. This protocol shows high
functional-group tolerance on both starting materials. Due to the
importance of carbonyl compounds in different branches of
sciences, we are going to continue our studies on carbonylation
reactions in order to reduce the use of toxic carbon monoxide for
this purpose.
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