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A new procedure for the synthesis of primary acylureas from cyanamide and a variety of carboxylic acids
is described. Under mild reaction conditions, the products were obtained in good yield from commer-
cially available starting materials.
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Both primary acylureas and primary amides are relatively
hydrophilic moieties, which have been used as metabolically stable
bioisosteres of carboxylates. However, primary acylureas, unlike
primary amides, have the potential to form intramolecular hydro-
gen bonds as shown in Figure 1.' As a result of such interactions,
small molecules derived from primary acylureas are likely to exhi-
bit better permeability in cell-based assays than their primary
amide counterparts. Because of their greater metabolic stability,
aqueous solubility, and permeability, primary acylureas represent
important functional groups in the field of medicinal chemistry.

Few studies have been reported for the synthesis of functional-
ized primary acylureas,? and better synthetic protocols which are
efficient and do not require harsh reaction conditions are needed.
One procedure recently reported in the literature (Eq. 1, Fig. 2)
could potentially produce compound 4a from 3a (Eq. 2, Fig. 2).
However, in our hands when the reaction was carried out at a high
temperature (130 °C) for 10-24 h, only 17% of the desired product
was isolated after repeated attempts (Eq. 2, Fig. 2). In this Letter,
we report an efficient and general alternative method for the
synthesis of primary acylureas from a variety of commercially
available carboxylic acids (Eq. 3, Fig. 2).

Our study began with the coupling reaction of 3a and cyana-
mide (Table 1, entry 1). We envisioned that the cyanamide
would readily couple with the carboxylic acid in the presence
of BOP (1.2 equiv) and DIEA (3 equiv), and that the hydrolysis
step could then be performed in the same flask. Despite the lack
of literature reports on the hydrolysis of N-acylcyanamide to the
corresponding primary acylurea, we speculated that such a
transformation could be accomplished under acidic conditions.?
In our first attempt, 4a was isolated in 37% yield (Table 1, entry
1). It is worth noting that mild heating was often necessary to
hydrolyze the N-acylcyanamide, although higher reaction tem-
peratures did not improve the yield. We were able to improve
the reaction yield dramatically by allowing a longer reaction
time in both steps (entry 1 vs entry 2, Table 1). Based on these
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Figure 1. Evidence of intromolecular hydrogen bonding in 4a.
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Figure 2. Recent studies on the synthesis of primary acylureas.
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Table 1
Primary acylureas 4a-k produced via Eq. 3 in Figure 2

Entry Acids 3 Reaction conditions step 1%—step 2° Ureas 4 (Yield %)°
1 Benzoic acid 3a rt/3 h—50°C/6 h (Method A) 4a (37)
2 Benzoic acid 3a rt/16 h—50°C/16 h (Method B) 4a (84)
3 4-Methoxybenzoic acid 3b B 4b (74)
4 4-Chlorobenzoic acid 3¢ B 4c (71)
5 4-Isopropyl benzoic acid 3d B 4d (77)
6 6-Methylnicotinic acid 3e B 4e (65)
7 2-Fluorobenzoic acid 3f rt/16 h—-rt/16 h (Method C) 4f (77)
8 3-Nitrobenzoic acid 3g C 4g (72)
9 1H-Indole-3-carboxylic acid 3h C 4h (31)

10 Cyclohexanecarboxylic acid 3i C 4i (88)

11 (S)-2-Phenylbutanoic acid 3j B 4j (86)

12 1-Phenylcyclopropane carboxylic acid 3k B 4k (71)

2 The reactions were conducted in DMF with 1 equiv of 3, 1.5 equiv of cyanamide, 1.2 equiv of BOP, and 3 equiv of DIEA.

b Concentrated HCl (12 N) was added.
¢ For detailed purification procedures see Ref. 4.

observations, the reaction times of entry 2 were used throughout
the remainder of the study.* Reactions went smoothly at room
temperature for entries 7-10 (Table 1).

A broad range of acids has been studied for this reaction and
representative results are summarized in Table 1. For substituted
benzoic acids, both electron donating (entries 3-5) and withdraw-
ing groups (entries 7 and 8) were well tolerated. The reaction
yields ranged from 71% to 77%. It is worth mentioning that the
coupling reaction of 4-nitrobenzoic acid with cyanamide was not
successful under the current reaction conditions. However, hetero-
cyclic carboxylic acids such as 6-methylnicotinic acid (3e) and 1H-
indole-3-carboxylic acid (3h) were converted into the desired
products 4e and 4h in 65% and 31% yields, respectively (entries 6
and 9). The reaction also worked well with aliphatic carboxylic
acids. In the case of cyclohexanecarboxylic acid (3i), the reaction
gave 4i in excellent yield (entry 10). (S)-2-Phenylbutanoic acid
(3j) provided the corresponding acylurea 4j in 86% yield (entry
11). The sterically hindered 1-phenylcyclopropane carboxylic acid
(3k) was well tolerated to give 4k in 71% yield (entry 12).

In summary, we have developed a novel method for the syn-
thesis of primary acylureas from cyanamide and a variety of car-
boxylic acids. The combination of mild reaction conditions and
wide substrate scope makes this protocol both useful and prac-
tical. Currently, this methodology has been successfully applied
in our medicinal chemistry efforts to generate biologically active
primary acylurea derivatives. These results will be reported in
due course.
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