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Convenient new synthesis of 1,3-diaroylureas’
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It has been found that symmetrical 1,3-diaroylureas can be prepared in good yields by allowing urea
to react with aromatic esters and excess sodium hydride in refluxing 1,2-dimethoxyethane. Applications
of this method to the synthesis of unsymmetrical 1,3-diaroylureas and substituted monoaroylureas are

also described.
Canadian Journal of Chemistry, 47, 2097 (1969)

In connection with a continuing study of base-
catalyzed condensations involving nitrogen-
containing carbonyl compounds (1, 2), we had
occasion to investigate the reactions of urea and
certain urea derivatives with aromatic esters,
employing sodium hydride as the condensing
agent. During the course of this investigation it
became evident that these reactions provide a
facile new method for the synthesis of 1,3-
diaroylureas. Unlike several previously reported
methods (3-6), which are either inconvenient or
of untested generality, the present procedure
utilizes readily available starting materials and
appears to be quite general in scope.

Results

Treatment of urea with slightly-more than two
molecular equivalents of the appropriate aromatic
ester and excess sodium hydride in refluxing 1,2-
dimethoxyethane: (DME) until hydrogen evolu-
tion was complete, produced symmetrical 1,3-
diaroylureas la-c, eq. [1]. Similarly, dibenzoyl-
urea (1a) and unsymmetrical diaroylureas 2a-b
were obtained from the reaction of benzoylurea

1Supported by the United States Public Health Service,
Research Grant No. GM-14340 from the National
Institute of General Medical Sciences.

1. ArCOOCH;, NaH
2, Acid

NH,CONH,

ArCONHCONHCOAr
[1] la, Ar = CgHj
b, Ar = CcH,Clp
¢, Ar = CcH,OCH;-p
with methyl benzoate, methyl p-chlorobenzoate,
and methyl anisate, respectively. In addition, this
procedure was extended to the synthesis of mono-

aroylureas 3a-b, which were produced on treat-
ment of methylurea and phenylurea with methy!l

CsHsCONHCONHCOATr RNHCONHCOCH 5
2a, Ar = CsH,Cl-p 3a, R = CHj;
b, Ar = C¢H,OCH;-p b, R = CsHs

benzoate and sodium hydride in refluxing DME.
The results of these experiments are presented in
Table I where it may be seen that yields were gen-
erally good to excellent. Incidentally, in an
attempt to effect dibenzoylation of biuret by the
above method, cleavage of one of the amide
groups occurred and dibenzoylurea, instead of
the expected dibenzoylation product of biuret,
was isolated from the reaction.

Structural assignments for new diaroylureas
1b—c and 2a-b were based on analyses (Table I)
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TABLE 1
Synthesis and properties of diaroylureas and substituted monoaroylureas

Starting Reaction Yield, Melting

material Methyl ester Product period, h % point, °C
Urea Benzoate 1,3-Dibenzoylurea (1a) 4 98 2122132k
Urea p-Chlorobenzoate 1,3-Di(p-chlorobenzoyl)urea (15)¢ 2.5 80 241-2434
Urea Anisate 1,3-Dianisylurea (1c)® 6.5 66 212.5-213.5°

Benzoylurea Benzoate

Benzoylurea Anisate
Methylurea Benzoate
Phenylurea Benzoate

1,3-Dibenzoylurea (1a)

Benzoylurea p-Chlorobenzoate 1-Benzoyl-3-(p-chlorobenzoyl) urea (2a)”
1-Benzoyl-3-anisylurea (25)?
1-Benzoyl-3-methylurea (3a)
1-Benzoyl-3-phenylurea (35)

88 212-213%°
76 207-209°
202-204*
67 170-171h¢
90 209-210%1

— oW
W
~I

aRecrystallized from absolute ethanol.
¥Lit. (5) m.p. 208-209°.

cAnal, Caled. for C;sH;¢N,0sCls: C, 53.43; H, 2.99; N, 8.31; Cl, 21.03. Found: C, §3.23; H, 2.96; N, 8.29; Cl, 20.94.

dRecrystallized from acetic acid.

cAnal. Caled. for C;7H¢N.0s: C, 62,19; H, 491; N, 8.53. Found: C, 62.15; H, 4.86; N, 8.37.
SAnal. Caled. for CysH; ;N,O3Cl: C, 59.51; H, 3.66; N, 9.26; Cl, 11.71, Found: C, 59.51; H, 3.92; N, 9.48; Cl, 11.90.
sAnal. Caled. for C;6H 4N,O4: C, 64.42; H, 4.73; N, 9.39. Found: C, 64.34; H, 4.81; N, 9.42.

kRecrystallized from 95 ethanol.
iDixon (7) reports m.p. 170-171°.
JLit. (5) m.p. 210°,

and spectral data. The i.r. spectra of these com-
pounds, which were similar to that of dibenzoyl-
urea, had strong NH absorption at 3360-3400 and
two intense carbonyl bands at 1670 and 1750
cm™!. The nuclear magnetic resonance (n.m.r.)
spectra had absorption for two NH protons at
12.1-13.2 and resonance for the appropriate
number of aromatic protons at 7.8-8.5 p.p.m.;
the methoxy protons of 1¢ (6H) and 26 (3H)
appeared as singlets at 4.0 and 4.3 p.p.m.,
respectively.

Experimental?

Synthesis of Symmetrical Diaroylureas 1a~c

These reactions were carried out in a 11 two-necked
flask equipped with a heating mantle, a magnetic stirring
bar, and a reflux condenser, connected at its upper end
through a cold trap (dry ice — acetone) to a Precision
Scientific wet-test meter filled with water. The other neck
of the flask was connected, through rubber tubing, to a
150 ml round-bottomed flask. The reaction flask was
charged with 250 m] of DME? and 0.50 mole of sodium

2Melting points were taken on a Thomas-Hoover
“Uni-Melt” apparatus in open capillary tubes, and are
corrected. Analyses were performed by Galbraith
Laboratories, Knoxville, Tenn., and by Miss Q. H. Tan
using an F & M model 185 C, H, and N analyzer. Infra-
red (i.r.) spectra were taken on a Beckman IR-5A infrared
spectrophotometer using the potassium bromide pellet
method. Nuclear magnetic resonance (n.m.r.) spectra
were obtained on a Varian Associates A-60 spectrometer.
Chemical shifts, relative to internal tetramethylsilane,
were measured to the center of a singlet or multiplet.
Dimethyl sulfoxide-ds was used as the n.m.r. solvent.
Unless specified otherwise, chemicals were commercial
reagent grade and were used without further purification.

3The DME was distilled from sodium ribbon immedi-
ately before use,

hydride,* and a slurry of 0.05 mole of urea and 0.125 mole
of the appropriate ester in 60 ml of DME was placed in
the addition flask. The system was then flushed with dry
nitrogen and closed to the atmosphere. The sodium
hydride — DME slurry was brought to reflux, and when
thermal equilibrium had been established (15-20 min) an
initial reading was taken on the test meter. The slurry of
urea and ester in DME was then added during 5-7 min.
Readings were taken periodically on the gas meter until
hydrogen evolution had ceased.® Most of the solvent was
then removed to give a pasty residue, which was cooled to
0° in an ice-water bath. Ether (150 ml) was added, and the
resulting suspension was allowed to stir for 5-10 min.
Cold water (100 mt) was added cautiously, and the solid
which separated between the layers was collected by
filtration and acidified with cold 6 N HCl. The resulting
solid was collected, washed with 5% sodium bicarbonate
solution, and recrystallized from the appropriate solvent
(see Table I). Yields and analytical data for la-c are
presented in Table I.

Synthesis of Unsymmetrical Diaroylureas 2a—b and
Substituted Monoaroylureas 3a-b

These reactions were effected essentially as described
above, employing 0.05 mole of the appropriate sub-
stituted urea, 0,08 mole of the appropriate aromatic ester,
and 0.25 mole of sodium hydride. The reaction mixture
was refluxed until hydrogen evolution ceased,® and the
reaction mixture was processed in the usual manner.
Recrystallization solvents, yields, and analytical data for
the products obtained from these reactions are presented
in Table I.

“This reagent was used as a 55% dispersion in mineral
oil as obtained from Metal Hydrides, Inc., Beverly,
Massachusetts.

In all.of these experiments four molecular equivalents
of hydrogen were evolved.

SThree molecular equivalents of hydrogen were
liberated in these experiments,
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Attempted Dibenzoylation of Biuret

To a suspension of 0.50 mole of sodium hydride in
250 ml of refluxing DME was added a solution of 5.16 g
(0.05 mole) of biuret and 17.02 g (0.125 mole) of methyl
benzoate in 150 ml of DME. The reaction mixture was
refluxed for 19.5 h and then processed in the usual manner
to afford, after one recrystallization from absolute eth-
anol, 5.10 g (38 %) of 1,3-dibenzoylurea (1a), m.p. 215-
217°; mixture m,p, 215-217°. The i.r. spectrum of this
material was identical with that of a sample of 1a prepared
from the dibenzoylation of urea.
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Selective reduction of esters with sodium trimethoxyborohydride
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The rate of reduction of representative methyl esters with sodium trimethoxyborohydride decreases
in the order primary > secondary > tertiary. Sodium trimethoxyborohydride reduces with 100%;
selectivity the secondary ester group in the alicyclic diester-acid 2c.

Canadian Journal of Chemistry, 47, 2099 (1969)

Since its first preparation and brief examination
of its properties in 1953 by Brown and Mead (1),
sodium trimethoxyborohydride appears to have
received little attention by organic chemists (2).
We now report the 1009/ selective reduction of
the alicyclic diester-acid 2¢ with sodium tri-
methoxyborohydride in refluxing dimethoxy-
ethane. In order to gauge the synthetic utility of
this reagent in selective ester reductions, we have
measured the rates of reduction of the primary,
secondary, and tertiary methyl esters, methyl
3-phenylpropionate, methyl cyclohexylcarbox-
ylate, and methyl abietate 4.

The diester-acid 2¢ was prepared from the
known compound (3) methyl 12-oxopodocarp-
13-en-16-o0ate 1. Ozonolysis of 1 in ethyl acetate
at 0° followed by treatment with hydrogen
peroxide in acetic acid yielded a dicarboxylic
acid 2a, which on methylation with diazomethane
afforded the triester 2b. Selective hydrolysis with
one mole-equivalent of sodium hydroxide in
methanol (4) yielded the diester—acid 2¢ in 75%;
overall yield from 1.

The selective reduction of the secondary ester
function in 2¢ was accomplishéd by treatment
with a three mole-equivalent excess of sodium
trimethoxyborohydride in refluxing dimethoxy-
ethane. The ester — acid — alcohol 3 was obtained
in greater than 959 yield, either as the free

CH;00C

2 a,R1=R2=H
b,R1=R2=CH3
C,R1=H;R2=CH3

alcohol or in the form of its 8-lactone. Careful
examination of the crude reaction product by
proton magnetic resonance (p.m.r.) spectroscopy
showed that the C-15 carbomethoxy group at 3.64
p.p.m. had suffered no observable reduction. The





