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Using DMSO as solvent, a mild and efficient procedure for the
synthesis of unsymmetrical N,N'-disubstituted ureas from phenyl
carbamates is described. The carbamates are treated with a stoichio-
metric amount of amine at ambient temperature, generating the
ureas in high yield and high purity. The reaction is mild, fast, and
easily scaled up.

N,N'-Unsymmetrically substituted ureas have found use
in a wide variety of areas including applications in me-
dicinal chemistry.! The preparation of ureas from amines
is well documented? and it is based on the use of phos-
gene,® phosgene substitutes,* carbonic acid deriva-
tives,>% and isocyanates.” Recently, novel methods for
the preparation of ureas have been described. These in-
volve the reaction of unsymmetrical diaryl carbonates®
or S,S-dimethyl dithiocarbonates with amines® and the
treatment of ethyl carbamates with magnesium amides.*°
Others involve formation of isocyanates from fert-butyl
carbamates using DMAP!! or a stronger base for de-
protonation.!? Processes involving the aminolysis of
alkyl carbamates have been described!® and very often
require high temperature reaction conditions.'* Forma-
tion of ureas from phenyl carbamates is also cited in the
literature,!® but procedures often call for harsh condi-
tions, long reaction times, and occasionally a large excess
of amine.'® Consequently, an improved general method
was sought. In this communication, we wish to report
optimized conditions for the synthesis of ureas via the
aminolysis of phenyl carbamates under neutral and mild
conditions using DMSO'7 as solvent.

Phenyl carbamates were prepared according to a known
procedure!® and obtained as stable, often crystalline, prod-
ucts. We found that reacting phenyl carbamates with
amines (1.05 equiv), in DMSO at ambient temperature,
rapidly generated urea derivatives in high yield. The only
byproduct was phenol which was easily removed by a
1M NaOH wash. Several representative examples are
shown in Table 1 which include chiral, nonracemic sub-
strates. The compatibility of a number of functional
groups with the present reaction conditions was examined
(Table 1). For example, the product from the reaction of
prolinol with carbamate 1a was isolated in 87 % yield
after only 15 minutes (entry a). The chiral and pharma-
ceutically important amine!® (entry d) also gave the urea
2d at room temperature in an excellent yield. No alco-
holysis product was observed in either case. The scope
of the reaction was also extended to cover amines in
aqueous solution such as NH,OH (1.1 equiv) and urea
2f was isolated in 74 % yield (entry f). The method was
also successfully applied to secondary amines and gener-
ated the N,N,N'-trisubstituted ureas in high yield at am-
bient temperature (entries a,b,d, and j). When the HCI
salt of an amine was used, it was neutralized in situ with
an equimolar amount of 10 M aqueous NaOH (entry b).

No hydrolysis product of the methyl ester of phenyl carb-
amate was detected in this case. Aromatic amines such
as aniline (entry ¢) also reacted to form the corresponding
ureas, although this reaction required heating to 85°C
for 1 hour. In accordance with the findings of La-
mothe, %20 the reaction times were usually longer in the
case of aliphatic carbamates compared to carbamates
derived from aniline (60 minutes instead of 15 minutes;
entries e, f,g,1). In contrast to the alternative approaches
using strong base for carbamate deprotonation,'? com-
pounds 2e,2f, and 2g were conveniently prepared under
mild and neutral conditions, in high yield, and were found
to be enantiomerically pure (> 99 % ee).2! Moreover,
this method is not limited to the use of sterically non-
hindered amines. In fact, the use of hindered primary or
secondary amines did not affect the rate of conversion
and gave products 2d and 2h in 89 and 95% yield, re-
spectively (entries d,h). To further explore the utility of
this method, the symmetrical urea 2k was prepared at
ambient temperature in 93 % yield. This result stands
with that reported by Freer et al.® where the reaction
conditions used for the same reaction required heating
for several hours at 80°C. All attempts to convert the
carbamate of secondary amine 11 into the corresponding
urea failed even when heated at 190°C for 3 hours.

We also investigated the application of this method in
the context of combinatorial or parallel synthesis, a sub-
ject that has recently received considerable attention.??
Particularly interesting was the example involving the
concomitant use of a primary (4-fluorobenzylamine) and
a secondary (dibutylamine) amine (0.51 equiv of each
amine) with one equivalent of carbamate (Scheme 1).
The conversion was completed after 15 minutes and a
1:1 mixture of ureas 2m and 2n was isolated in 93 %
combined yield. Thus, this result demonstrated the po-
tential of the method for the introduction of chemical
diversity.>* We then examined the difference in reactivity
between a primary and secondary amine®* (1 equiv of
each) with 1 equivalent of carbamate 1d under the same
experimental conditions. Ureas were obtained in high
combined yield (90 %) and in a 3.7:1 mixture favoring
the secondary amine. The greater reactivity of the latter
can be rationalized by the fact that secondary amines are
more nucleophilic than primary ones.?°

We found that the rate and the yield of the reaction were
highly dependent on the solvent used. The use of DMSO
is critical to the mildness of the conditions as exemplified
in the preparation of urea 20 (Scheme 2, Table 2). Com-
pared to DMSO, the reaction was much slower in MeOH,
dioxane,?> DME,?¢ or CH,Cl, in which the carbamate
1d was insoluble at the beginning of the reaction. With
THF as solvent, refluxing for 5hours was required to
complete the reaction. DMF?7 provided a reaction rate
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Table 1. Preparation of Ureas from Phenyl Carbamates
Carbamates 1 Amine® Time® Ureas 2 Yield® mp (°C)
a 15 min 87% 140-142
3 X = o O °
~ @N oPh ; _N/U\N :
(0] | HN )
H G H
b HCl- HNMe,*? 30 min /[OJ\ 80% 168-170
_'}l N/
g
c 0 85°C, 1h 0 87% 208-210
O w O O
H H H
d o] 1.5h j\ 89 %°* 161-163
(o]
HN OH
>—©—r§k0Ph Q‘ —N7 N OH
H CO,NHtBu H KAV
,NHtBu
o/ f _
e - HzN/\© th j\ 84% 70-72
+BUO~_ A —
\ﬂ/\'}‘J\OPh E E/\Q
(o} H
f NH,OH* 1h i 74 %F 135-137
—N7 TNH,
H
g 25h G 92 %! 107-109
H,N —N/lkN
1 )
H H
. o B
h o j\ 15 min /IOJ\ ></© 95% 105-107
Meo/u\—O‘N oPh ></© —N7 "N
! Lo
i fo} To) 1h j)]\ 80% 85-87
H,N
EtO)]\/\ '}‘/U\OPh /\© - N
H H H
. 78% 126128
j o 15 min 0o
MeO*@—lﬂJLOPh HN: > ——III/U\N )
H H
k (o] 3h j\ 93% 169-171
BnN<:>—N/U\OPh HZN—CNBn —~N l}l~<:>NBn
i!i H H
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Table 1. (continued)
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Carbamates 1

Amine® Time® Ureas 2 Yield® mp (°C)

HNBn, 190°C, 3h

no reaction - -

o »

Unless otherwise noted 1.05 equiv of amine were used.
DMSO at r.t. (concentration 0.5 M) unless otherwise noted and  © 1.1 equiv of NH,OH were used.

the time values represent an upper limit.

Yield of isolated pure product.

4 1.05 equiv of aq 10 M NaOH were used.

f See ref 30 for [o], values.

NI
H

HNBu, (1.05 mmol)

MeO
)—@-'}l O—Ph —_— > 2m (47%) mp = 91-92°C
3 N 4-F-CgH4CH,NH,
1a (1.05 mmoi)
(2 mmol)

Scheme 1

similar to that of DMSO, but a lower yield of product

was obtained (74 vs. 96 %).

(0]

)J\ HNBu,
N O—FPh
}|., solvent

1d
(0]
S A
VAl
H
20
Scheme 2

o (o]
DMSO, RT L
15 min MeO 'I‘ ’I‘
H H

F
2n (46%) mp = 191-193°C
(93% combined yield, ratio 1:1)

Unlike isocyanates,?® phenyl carbamates were stable in
DMSO at ambient temperature. The mechanism of urea
formation from phenyl carbamates has been contro-
versial.22'?° In an attempt to shed light on this question,
carbamate 1d was treated with half an equivalent of
dibutylamine and half an equivalent of triethylamine for
15 minutes in DMSO (Scheme 3). The products isolated
were the urea 20 (47% based on carbamate) and the
starting carbamate 1d (45 % recovered). The absence of
isocyanate or its hydrolysis product under the conditions
that generated the urea indicated that the aminolysis
probably did not proceed via an E, mechanism. A more
plausible mechanism was the direct displacement of phen-
oxide ion by the amine via a tetrahedral intermediate.

Table 2. Solvent Effect in Reaction of Carbamate 1d with Dibutylamine®

Solvent DMSO DMF THF MeCN
Condition rt rt reflux rt
Time® 15 min 15 min 5h 1h
Yield (%)° 96 74 92 79

Dioxane DME CH,Cl, MeOH Pyr
reflux rt t rt rt

5h 24h 24h 24h 2.5h
65 92 90 74 85
3) ) @

2 1.05 equiv of amine were used.
® The time values represent an upper limit.

¢ Refers to pure isolated products (values in parentheses indicate recovered starting material).

Downloaded by: University of Arizona Library. Copyrighted material.



1192

Scheme 3

In conclusion, we have described a mild and efficient
synthesis of urea derivatives under neutral conditions

from primary phenyl carbamates and a stoichiometric

amount of amines in DMSO at ambient temperature.
The scope of the method has been assessed using a variety
of aromatic and aliphatic amines including amino acid
derivatives. The procedure described herein represents

Table 3. Spectroscopic Data for Ureas 2

(45% recovered)

Papers SYNTHESIS
o]
Oy
o]
L HNBu, (0.5 eq) ° H
}@—w O—Ph —_— 20 (47%)
Et,N (0.5 eq)
o} H 3
DMSO, RT J\
1d 15 min
(1eq)

an improvement to existing methods and should find
general applications.

Melting points were determined on a Biichi 510 apparatus and are
uncorrected. 'HNMR (400 MHz) and ‘3C NMR (100 MHz) spec-
tra were recorded on a Bruker AMX 400 spectrometer using DMSO-
d solvent referenced at 2.50 and 39.51 ppm, respectively. Elemental

Compound?

IHNMR (DMSO-d)
8, J(Hz)

13CNMR (DMSO-d,)
B

MS FAB
mfz (%)

2a

2b

2c¢

2d

2e

2f

2g

2h

2i

2j

2k

8.96 (br s, 1H), 7.85 (d, 2H, J = 8.7), 7.60 (d, 2 H,
J=8.7), 5.34 (br s, 1H), 3.96 (br s, 1 H), 3.80 (s,
3H), 3.47-3.39 (m, 4H), 1.93-1.77 (m, 4H)

8.65 (s, 1H), 7.84 (d, 2H, J = 8.6), 7.63 (d, 21,
J =8.6), 3.80 (s, 3H), 2.94 (s, 6 H)

9.47 (s, 1H), 8.83 (s, 1H), 7.74 (d, 2H, J = 8.7),
7.64 (d, 2H, J = 8.9), 7.46 (d, 2H, J = 8.9), 7.30
(t,2H, J=17.5),7.00 (t, 1H, J = 7.5)

8.98 (s, 1H), 7.87 (d, 2H, J = 8.9), 7.61 (d, 2H,
J=89), 7.31 (s, 1 H), 4.83 (d, 1H, J = 4.4), 4.53
(quint., 1H, J = 6.4), 3.86 (m, 1 H), 3.74 (m, 1 H),
3.51(dt, 1 H, J = 13.0, 3.4), 2.50 (s, 3 H), 2.05-1.98
(m, 1H), 1.86-1.80 (m, 1 H), 1.71-1.53 (m, 2 H),
1.25 (s, 9H)

7.30-7.18 (m, 10H), 6.54 (¢, 1 H, J = 6.0), 6.19 (d,
1H, J=83), 435 (q, 1 H, J=7.2), 419 (d, 2H,
J = 6.0), 2.91 (m, 2H), 1.33 (s, 9H)

7.31-7.14 (m, SH), 6.18 (d, 1H, J = 8.4), 5.60 (s,
2H),4.29(q, 1 H, J = 8),2.90 (dd, 1 H, J,5, = 11.7,
Jix=6.6), 2.86 (dd, 1H, J,p = 11.7, Jyx=17.9),
1.30 (s, 9H)

7.32-7.13 (m, 10 H), 6.59 (d, 1 H, J = 8.3), 6.03 (d,
1H, J=8.3), 470 (quint., 1H, J = 7.0), 4.29 (q,
1H, J = 6.6),2.90 (dd, 1 0, J,p = 11.6, J o5 = 6.6),
2.86 (dd, 1 H, J,p = 11.6, Jyx = 7.0), 1.33 (s, 9H),
130 (d, 3H, J = 7.0)

8.22 (s, 1 H), 7.33-7.12 (m, 9 H), 5.73 (s, 1 H), 3.60
(s, 3H), 3.57 (s, 2H), 3.00 (s, 2H), 1.22 (s, 6 H)

7.32-7.19 (m, 5H), 6.41 (t, 1 H, J = 6), 6.00 (¢, 1 H,
J=6.6),4.19 (d,2H, J = 6), 406 (q, 2H, J = 7.2),
3.25(q, 2H, J = 6.3),2.42 (t, 2H, T = 6.6), 1.18 (1,
3H,J=12)

8.22 (s, 1), 7.32 (4, 2H, J = 8.9), 6.80 (d, 2H,
J=89), 3.69 (5, 3H), 3.39-335 (m, 4H),
1.56-1.52 (m, 2H), 1.49-1.45 (m, 4 H)

7.32-7.21 (m, 10H), 5.66 (d, 2H, J = 8.0), 3.42 (s,
4H), 3.38-3.30 (m, 2H), 2.67 (bd, 4H, J = 10.8),
2.00 (t, 4H, J = 10.8), 1.71 (bd, 4H, J = 10), 1.28
(q, 4H, J = 10.5)

166.0, 154.1, 145.3, 130.0, 122.0,
117.9, 63.5, 58.9, 51.6, 46.6, 27.7,

232

166.8, 156.0, 146.4, 130.7, 122.9,

119.2, 52.5, 371

152.9, 145.0, 140.0, 134.1, 129.7,

123.2,120.1, 119.4, 118.8, 104.1

197.1, 172.2, 156.3, 146.2, 131.1,
130.0, 119.0, 62.9, 53.8, 51.0, 38.5,

34.4,33.0,293,27.1

171.6, 1574, 140.6, 137.2, 129.3,
128.2, 128.1, 126.9, 126.5, 126.4,

80.5, 54.5, 42.8, 38.0, 27.6

171.7, 1579, 137.2, 129.3, 128.1,

126.4, 80.4, 54.2, 38.0, 27.6

169.9, 155.0, 144.0, 135.5, 127.8,
126.6, 126.5, 124.9, 1241, 79.0,

52.7, 470, 36.4, 26.0, 21.7

172.7, 155.3, 140.2, 139.3, 131.1,
130.4, 128.6, 127.4, 126.7, 118.3,

53.1,524,45.1,283

171.7, 157.9, 140.8, 128.1, 127.0,

126.5, 59.8, 42.9, 35.4, 34.9, 14.1

156.0, 155.1, 134.6, 122.3, 114.3,

55.9, 454, 26.3, 25.0

157.4, 139.3, 129.4, 128.8, 127.5,

62.9, 52.6, 46.8, 33.2

279 (100, MH™),

223 (100, MH*),

238 (100, MH*),

362 (35, MH ™), 201 (50)

355 (10, MH™), 299 (60)

265 (20, MH*), 209
(100)

369 (10, MH*), 313 (25),
180 (75), 120 (100)

341 (100, MH™)

251 (100, MH*)

235 (100, MH ™)

407 (100, MH™)

2 Satisfactory microanalyses obtained: C + 0.38, H + 0.15, N + 0.15.
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analyses (C,H,N) were carried out using a Fisons Instruments EA
1108 CHN elemental analyzer. MS and HRMS were recorded on
a Micromass Autospec. Specific optical rotations were measured in
MeOH using the Na lamp (589 nm) of a Perkin Elmer 241 polari-
meter. HPLC analyses were performed on a Vydac C-18 column
using MeCN/H,O gradients with 0.06% TFA. All solvents used
were anhydrous grade. Phenyl chloroformate and the various
amines were from commercial sources and used as received. The
phenyl carbamates used were analytically pure based on HPLC,
elemental analysis and/or high resolution mass spectroscopy. The
yields reported in this work were of isolated, purified products.

Typical Procedure for Carbamate Formation; Phenyl N-(4-Acetyl-
phenyl)carbamate (1.d):

A dry, 500-mL flask equipped with an N, inlet adapter, a rubber
septum, and a magnetic stirring bar, was charged with 4-amino-
acetophenone (13.5g, 100 mmol) in anhyd THF (200 mL) and
cooled to 0°C. Pyridine (10.1 mL, 125 mmol) and phenyl chloro-
formate (12.9 mL, 103 mmol) were added to the mixture. The
resulting suspension was stirred at 0°C for 5min and allowed to
warm to r.t. for 1 h. EtOAc (600 mL) was added and the suspension
was washed successively with 1 M HCI (100 mL), H,O (100 mL),
sat. ag NaHCO, (200 mL) and brine (100 mL), dried (MgSO,), and
concentrated under reduced pressure to give the crude product,
which was triturated with Et,O/hexane (hot) and furnished 1d as
an ivory solid; yield: 23.9 g (94%); mp 167-169°C.

'HNMR (DMSO-dy): 6 = 10.62 (s, 1 H), 7.94 (d, 2 H, J = 9.0 Hz),
7.65 (d, 2H, J = 9.0 Hz), 7.46-7.43 (m, 2H), 7.30-7.24 (m, 3H),
2.53 (s, 3H).

13C NMR (DMSO-d,): § = 196.5, 151.6, 150.3, 143.2, 131.5, 129.6,
129.5, 125.6, 121.9, 117.6, 26.4.

MS FAB: m/z (%) = 256 (100) [MH]}".
HRMS: m/z Caled for C,H,,NO, 256.0973; found 256.0965.

Typical Procedure for Urea Formation; N-(4-Acetylphenyl)-N',N'-
dibutylurea (20):

To a dry, 100-mL flask equipped with an N, inlet adapter, a rubber
septum, and a magnetic stirring bar, was placed phenyl N-(4-ace-
tylphenyl)carbamate (1d; 6.38 g, 25 mmol) in DMSO (50 mL). Di-
butylamine (4.42 mL, 26.25 mmol) was slowly added to the mixture.
The resulting solution was stirred at r.t. for 15 min, after which
time EtOAc (250 mL) was added to the mixture. The latter was
washed successively with H,0 (2 x 50 mL), 1 M HC1 (100 mL), H,O
(100 mL), 1 M NaOH (100 mL) and brine (100 mL), dried (MgSO,),
and concentrated under reduced pressure to give a crude solid,
which was triturated with Et,O/hexane and furnished 20 as a white
solid; yield: 6.98 g (96 %); mp 90-92°C.

'HNMR (DMSO-d;): 6 = 8.30 (s, 1 H), 7.84 (d, 2H, J = 8.7 Hz),
7.62(d,2H,J = 8.7 Hz), 3.32-3.29 (m, 4 H), 2.49 (s, 3H), 1.48-1.44
(m, 4H), 1.30-1.27 (m, 4 H), 0.89 (t, 6H, J = 7.5 Hz).

I3CNMR (DMSO-d,): § = 196.2, 154.3, 145.6, 130.1, 129.0, 118.3,
46.1, 30.2, 26.2, 19.5, 13.8.

MS FAB: m/z (%) = 291 (100) [MH]*.

N,N-Dibutyl-/V'-[4-(methoxycarbonyl)phenyljurea (2m) and N-[(4-
fluorophenyl)methyl]-/V-[4-(methoxycarbonyl)phenyljurea (2n):

A dry, 25-mL flask equipped with an N, inlet adapter, a rubber
septum, and a magnetic stirring bar, was charged with carbamate
1a (542.5mg, 2mmol) in DMSO (3.5mL). To the mixture was
added a combination of dibutylamine (178 uL, 1.05 mmol) and 4-
fluorobenzylamine (120 ¢L, 1.05 mmol) in DMSO (0.5 mL). The
resulting solution was stirred at r.t. for 15 min, after which time
EtOAc (60 mL) was added to the mixture. The organic layer was
washed successively with H,O (2x25mL), 1 M HCl (2 x 25 mL),
1M NaOH (2x25mL) and brine (30 mL), dried (MgSOQ,), and
concentrated under reduced pressure to give a white solid, which
was purified by flash chromatography (1:30; i-PrOH/CH,Cl,) and
yielded 2m (288 mg, 47 %) as a white solid and 2n (278 mg, 46 %)
as a white solid.

Urea 2m: (R, = 0.24; 1:30; i-PrOH/CH,Cl,); mp 91-92°C.
'HNMR (DMSO-d,): 6 = 8.49 (s, 1H), 7.83 (d, 2H, J = 8.9 Hz),
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7.63 (d, 2H, J = 8.9 Hz), 3.80 (s, 3H), 3.32 (t, 4H, J = 7.6 Hz),
1.52-1.44 (m, 4H), 1.32-1.23 (m, 4H), 0.89 (t, 6 H, J = 7.6 Hz).
3CNMR (DMSO-d): 6 = 165.9, 154.3, 145.3, 129.7, 121.9, 118.4,
51.6, 46.0, 30.1, 19.4, 13.7.

MS FAB: m/z (%) = 307 (100) [MH]*.

Urea 2n: (R, = 0.14; 1:30; i-PrOH/CH,Cl,); mp 191-193°C.
'HNMR (DMSO-d,): 6 = 9.0 (s, 1H), 7.84 (d, 2H, J = 8.9 Hz),
7.54 (d, 2H, J = 8.9 Hz), 7.36-7.32 (m, 2H), 7.17-7.13 (m, 2 H),
6.78 (t, 1H, J = 5.7Hz), 428 (d, 2 H, J = 5.7 Hz), 3.31 (s, 3 H).
13CNMR (DMSO-d,): § = 165.9, 162.3, 159.9, 154.7, 145.0, 136.2,
130.2, 129.1, 129.0, 121.7, 116.7, 115.0, 114.8, 51.6, 42.0.

MS FAB: m/z (%) = 303 (100) [MH]*.
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