POTENTIAL ANTIINFLAMMATORY AGENTS

of XXVI in 200 ml of Et;O and 300 ml of 59 aq NaOH with
shaking at room temp, and the shaking was continued for a
further 1 hr. The organic layer was sepd, washed (109, aq
NaOH and H;0), dried (K,;CO;), and evapd toleave 2.6 g (88.1%)
of XXV as a colorless oil: ir #% em~1, 1755 and 1645 (C=0).

3-Hydroxy-N-benzyl-9-azamorphinan (XX).—A suspension
of 0.5 g of XXIII and 1.0 g of LAH in 100 ml of dry dioxane was
refluxed for 6 hr and then the excess of LAH was decompd with
H.0. The organic layer was collected by decantation, dried
(MgS0y), and evapd to leave a solid, after trituration with hex-
ane, which was recrystd from PhH-hexane to give 0.25 g (67.69;)
of XX as colorless needles, mp 124-125°. XX-HCI was recrystd
from EtOH to afford colorless needles: mp 245° dec; ir »52r
em™1, 3200 (OH); nmr & (in CF,CO0H), 4.68 (2 H, s, NCHx-
CeHa). Anal. (22H2701N20>, C, H, N

3-Hydroxy-.N -cyclopropylmethyl-9-azamorphinan  (XXI).—A
suspension of 1.3 g of XXIV and 1 g of LAH in 80 ml of dry
THF was refluxed for 7 hr, and the excess of LAH was decompd
with H,O. The organic layer was collected by decantation,
dried (MgSO,), and evapd to leave a yellow oil, which was
solidified on trituration with Et,O and recrystd from EtOH-
Et;0 to afford 0.8 g (78.4%) of XXI as colorless prisms: mp
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172-174°; ir wiif em™Y, 2750-2200 (N+H); nmr § (in CDCl;)
4.07 (2 H, s, ArCH:N), 8.26 (1 H, broad s, OH). Anal. (CreHae-
ON:) C, H, N.

3-Hydroxy-\'-phenethyl-9-azamorphinan (XXII).—A suspen-
sion of 2.6 g of XXV and 3.0 g of LAH in 200 ml of dry dioxane
was refluxed for 6 hr and the excess LAH was decompd with
H,;0. The organic layer was separated by decantation, dried
(MgS0y), and evapd to leave a colorless oil, which was solidified
by trituration with Et,O and then recrystd from EtOH to give
1.03 g (50.09) of XXII as colorless prisms, mp 178-130°. This
sample was identical with a standard sample in all aspects.
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A number of l-aralkoxyhydrouracils and 1-aralkoxyhydantoins were prepared and evaluated as antiinflam-

matory agents.

The hydrouracils were synthesized by a novel route from N-aralkoxyurethans and «,8-unsatu-
rated carboxamides or from N-aralkoxyureas and «,5-unsaturated carboxylic esters.

The hydantoins were

prepared from N-aralkoxyureas by alkylation with bromo- or chloroacetic acid, followed by cyclization of the

resultant e-ureido acids.

The three most active 1-aralkoxyhydrouracils showed activities intermediate between
those of aspirin and phenylbutazone against kaolin-induced inflammation of the rat foot.

No consistent

relationship could be found between the activities of the compounds described herein and the activities of their

1-aralkyl analogs.

Our long-standing interest in hydroxylamine deriva-
tives,? bolstered by the finding that certain 1l-aralkyl-
hydrouracils possess antiinflammatory activity,? led us
to investigate the synthesis and biological activity of a
series of l-aralkoxvhydrouracils (Table 1) and 1-aral-
koxyhydantoins (Table II). We first attempted to
synthesize the l-aralkoxyvhydrouracils by the classical
reaction sequence shown in Scheme I.4

ScaeM T
R'INHCHR*CHR’COOR  —2<0,
RS
R® 0
-~—ROH
RINCHR'CHR'COOR =,
RIN_NH
CONH, \I(I)/

When R'is alkyl, the 8-amino ester starting material
may be prepared by addition of an amine to an «,8-
unsaturated ester, by aminomethylation of an appro-
priately substituted malonic ester followed by decar-

1 A portion of this material was presented at the Second International
Congress of Heterocyclic Chemistry, Montpellier, France, July 7-11, 1969,

(2) B. J. Ludwig, F. Diirsch, M. Auerbach, K. Tomeczek, and F. M.
Berger, J. Med. Chem., 10, 556 (1967).

(3) F. M. Berger, F. Diirsch, and B. J. Ludwig, U. 8. Patent 3,325,360
(1967): Chem. Abstr., 68, 49642 (1968).

(4) See D.J. Brown, '‘The Pyrimidines,” Interscience, New York, N. Y.,
1962, pp 434-435, for a discussion.

boxylation, or by reduction of an enamine of a 8-keto
ester. However, when R! is aralkoxy, we found that
only benzyloxyamine and a few ring-substituted benzyl-
oxyamines could be added to ethyl acrylate and these
amines failed to add to methyl methacrylate. The
aminomethylation reaction and enamine reduction also
failed to yield the esters needed for cyclization to C-5
and C-6 substituted 1-aralkoxyhydrouracils.

Since the classical sequence (Scheme I) proved to
have limited utility in the aralkoxy series, we employed
a synthetic route which utilized aralkoxyurethans or
aralkoxyureas instead of aralkoxyamines (see Scheme
II). This route provided the C-5 and C-6 substituted
l-aralkoxyhydrouracils as well as the C-5 and C-6 un-
substituted members in good vield.

The reaction of T with II depicted in Scheme II and
the reaction of aralkoxyamines with acrvlie esters both
involve a Michael-type addition of a nucleophilic agent
to an activated unsaturated system, vet the latter re-
action is much more limited in scope than the former.
Since the addition is a reversible reaction, we believe
this difference is due to the tendency for the adduct 11T
to undergo cyclization driving the addition step toward
completion. The amino ester formed by addition of an
aralkoxyamine to an acrylic ester cannot cyclize. 1Itis
unlikely that the observed difference in scope is a con-
sequence of differences in the strengths of the nucleo-
philic agents involved.
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No. Rt

1 CsHLCH.

2 CgHLCH,

3 CsH;CH,

4 CsH;CH.

5 CgHCH.

6 CsH;CH.

7 CeH;CH.

8 CsH;CH.

9 3-MeCeHCH
10 2-ICyHH,CH,
Il 4-(-Pr)CsH CH.
12 3-CF,CsH,CH.
13 3-MeOCH,CH,
14 4-CICsH,CH.
15 4-CICsH,CH.
16 3,4-Me,CeH,CH,
17 3,4-Me.CsHCH.
18 3,4-3182(‘/5H3()I{2
19 :)),4-3182(7(51'{3CH~J

[ N R VA

-1

x

ML (VI VI SV VI VIR (VI NV SV SV R

9
0
[
32 Me
33 H
34 H

Nection,

Although we have used the reactions of Ia with Ila
and Ib with IIb interchangeably, we have noted u
difference in the steric requirements for the respective
Benzyloxyurethans, including those with

reactunts,

3,4-Cl,CeH,CH,
3,4-CH.0.CeH3;CH.
CyH;CHM e
3,4-ClgCGH g(‘}{ A\I(’,
4-FCsH,CH It
4-FCeH, CHEN
[-Indanyl!
CeH;(CHa)s
CsH:i(CHay
(2-C;H N )YCHute
2-CyH8)CHYY
2,4-Cl,CHO(CHa ),

R1!
CeH:CH.
CsH,CH.
rrz—RIeCeH4C H 2
p-ClCSH.;(J H 2
p-ClCaI‘LCI‘Ie
(jﬁI{,((‘ I‘Iz )3

2,4-CLCsH3;0(CH)o
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H
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CeH,CH,
Dose, mg ‘kg, producing 50¢¢ inhibition of kaolin-induced inflammation in rats: =ee text for details of method.
¢ Diasteriomeric mixture.

3-Benzyloxyhydantoin
« See footnote g in Table I.
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I-ARALKOXYHYDROURACILS

CeH,;
H
H

4 2-Pvridylmethyl.

¢ HClsall.

S
}{"\Y\/L\(( )

SIMET, ef al

R'IONG_-NR
0
Mp or bp Recrystn solvent

Method iman), °C or #¥D Formula Analyses 15Dy
AB,C 138139 JMOH CyHpNLOy C H)N 135
D R3-86 MeOH CpHuNLO, CH,N > 120
A 136-137.5 MeOH CaH N0, C,H)N a0
A 04 5-96.5  MeOH CrpHENO; C,H.N > 120
b 210.5-213 F1OH CaHNL0; O H,N > 150
D 1475011 1.5452 CeNLOy C.HN >80
B 145.5-147.5  MeOH-H.O  CiHiN:O, CHN

D N5-87 MeOH CisHiNL0, C,H,N > 100
C 111112 I5iOH CrHNO; CLHLN >200
A 120-131 IT10Ae CH N0, CUHN > 150
A 14951500 ErOH NGO, [QRETAN > 150
A 10051015 1<tOH CpHpFeN.O, 0 CHEN S > 150
A 112.5-113.5  tOH CaHuN:Q, CH.N =120
C 152 .5153.5 NMeOH Cu 1 CINLO, - CHCLN 96
A 170171 MeOH CoHBCINO; CHLCLN S0
A 147 .5-149.5  KIOH CrH N0z CLHON > 150
D 106.5-105.5  1KtOH CraH 1 NL04 CVH,N > 150
B 43-H1 Ft0-hexane (‘mxguxg():: C.H.N > 150
B 62.5-64.5 FtOH-ligroin - CipHaNLO; COHON > 100
C 158.5-159.5 MeOH CyHpCLNOy - CHLCLN 145
A 176--179 MeOH N0 C,H,N > 150
A 123.5-125.5  1K10A« CrHNLO, C,HN > 100
A 160-161 MeOH (2HCLNO, CH,CLN 05
A 1215123 MeGH CrHu N0y CHEFN 4x
A RY-H5 ~PrOH-Et.0  CLpHEENO: CHFN >4
A 147 . 5-148.5 MeOH Cra N0, CHN > 150
A ST R82 FLOAe-I0  CatiNO; (' H,N > 100
A 127129 MeOl] CisH N0y ' H,N 120
A IS2.5-184.5 1Ol CopHpCINGO, CHL,CLN > 150
A 126-12% I1OH Cal LN O CHNS >120
A 132134 MeOH CpHpCLN:O, CH.CLN > 150
B 1321335 F1OH (‘”H)-_u\v-_‘():a (‘,H,A\'

I 214-215 MeOH CLHaN; ' HN 150
15 119121 -PrOH -111,0 CyHLNLO, CHON > 150

s

TanLe 11

Chenyl.

1-ARALKOXYHYDANTOINS

Method

b See Experimental Section.

0O
R NR
Rw>——x—«§
0
Mp., °C
165-166

107-109.5
119--120.
139-160.
125-126..
74.5-76.5
145.5-148
145-147.5
119-121

NI

Recrystn solvent
MeOH
MeOH-H:0
AMeOH-H.O
MeOH
CHCly~hexane
MeOH-H.0
MeOH

EtOH

EtOH

Formula
CioHpN 20y
ChHpEpN,0,
CuHEeN0,
CiroHpCIN 04
CiuHuCINLOy
(>1‘.’H14N‘203
CuHClN0,
C3H4N:O5
CIOHIONE()x

Analyses
CJHLN
CH,N
CH,N
C,H,CLN
C,H,CLN
C,H,N
C,1,CLN
C,H)N
CH,N

" see xperimental

AR
a5

> 150
> 100
> 150
> 150
> 50
125
> 150
140

bulky substituents such as o-ethvlbenzyloxy- and e«
ethylbenzyloxyurethan, react readily with acryvlamide.
Benzyloxyvurethan itself, however, fails to react with
cinnamamide even at clevated temperatures.

Benzyl-
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Scueme 1T

NaOEt
RIONHCOY + RCH=CRCOZz 228,
I 1
la, Y =OR Tla, Z = NH,
b, Y = NH, 1Ib, Z = OR
P RS -
CH Rs
e
RCH O R )
| 7| —
RION ¥ R'ON._NH
N T
I 0
i 0 v
I

Hla, Y=0R;Z =NH,
Iilb, Y =NH,; Z = OR

oxyurea, on the other hand, reacts smoothly with methyl
cinnamate. It appears that when R!in Ia is a-aralkyl,
the presence of an R¢ aromatic substituent in ITa inhib-
its the reaction. The reaction of Ib with IIb is not
subject to this limitation.

We have not found published reports of condensa-
tions of urethans with «,8-unsaturated amides analo-
gous to the reaction of Ia with IIa for the preparation of
1-alkyl- or 1-aralkylhydrouracils. Urea has been con-
densed with o,8-unsaturated acids® and esters® in re-
actions analogous to that of Ib with IIb to give hydro-
uracils having no substituents at N? and N3,

The reaction of Ib with IIb yields a single produect of
unambiguous structure even though Ib is an unsym-
metrical urea. The aralkoxy substituent renders the
NiH much more acidic than the N*-H. Under the
alkaline conditions of the reaction, the anion is formed
preferentially at N! and this N becomes attached to
the 8-C atom of the carboxylic ester.

Two of the l-aralkoxyhydrouracils, 1 and 16, were
treated with several alkyl halides under alkaline condi-
tions to obtain the corresponding 3-alkyl dreivatives.
1-Benzyloxyhydrouracil (1) and its 3-benzyl derivative
8 were debenzylated by ecatalytic hydrogenation to ob-
tain the corresponding 1-hydroxyhydrouracils 33 and
34.

We attempted the synthesis of l-aralkoxyhydantoins
by an alkylation-eyclization sequence analogous to that
of I with II using benzyloxyurethan and a-haloamides
or benzyloxyurea and a-halo esters. We were unable
to isolate either the desired hydantoin or its open-chain
precursor. Consequently, the I-aralkoxyhydantoins
in Table II were prepared by a 2-step route consisting
of alkyvlation of an aralkoxyurea with an a-halo acid in
aq NaOH, followed by cyclization of the intermediate
ureido acid by heating with SOCl, or PCl; in anhyd
dioxane (Scheme ITI). We found aq mineral acid to be
unsatisfactory for the eyclization of these aralkoxy-
ureido acids.

3-Benzyloxyhydantoin (43) was prepared for com-
parison with the isomeric 1-benzyloxyvhydantoin (35).
It was obtained by the reaction of benzyloxyamine
with ethyl isoeyanatoacetate followed by eyelization of

(5) E.Fischerand G. Roeder, Ber., 34, 3751 (1901).
(6) E. Philippi and E. Spenner, Monatsh. Chem., 86, 97 (1915).
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Scueme 111
1.0H™
RIONHCONH, + XCHR:COOH ———
0
RS
RIONCHR'COOH —22, NH
R'ONj(
CONH,
0

the resulting w-benzyloxyhydantoic ester with anhyd
HClin abs EtOH.

The aralkoxy compounds described here were isolated
as white to light tan solids. Their uv and ir spectra
have the same characteristics as those of the correspond-
ing aralkyl compounds, and the pmr spectra show only
one significant difference. The aralkoxy o-H resonates
at about a 0.4 ppm lower field than the corresponding
aralkyl o-H.

Antiinflammatory Activity.—The 1-aralkoxyhydan-
toins and l-aralkoxyhydrouracils prepared in this
study were evaluated for their antiinflammatory activ-
ity in rats according to a modification of the method of
Hillebrecht.” In this method the inflammation is pro-
duced by injection of 0.05 ml of a 109, aq kaolin sus-
pension sc in the upper planar surface of the rat foot.
The compounds are administered ip 60 min before
and 60 min after the kaolin injection. Five hours after
the kaolin injection, the volume of the kaolin-injected
foot is compared with the volume of the vehicle-injected
foot for each rat. The compounds are administered in
various doses, and 6 rats are used for each dose.

To compute the antiinflammatory value of the test
compound, the volume of the control foot is subtracted
from the volume of the inflamed foot. The volume
differences of the rats in each dose group are averaged
and the ED;, value, obtained by plotting the per cent of
inhibition of inflammation against the log of the dose, is
the dose which will inhibit inflammation by 509.

The antiinflammatory activities of the compounds
are included in Tables I and II. Neither series of com-
pounds possessed outstanding antiinflammatory activ-
ity, and the hydantoin derivatives were especially in-
active according to this assay procedure. The most
actlive members of the hydrouraecil series, 3, 23, and 24,
possessed an activity intermediate between that of
aspirin (ED;y = 76) and phenylbutazone (EDsy = 41).

A comparison of the antiinflammatory activities pre-
sented here with those of the corresponding 1l-aralkyl-
hydrouracils® reveals that no consistent activity rela-
tionship exists within these two series of compounds.
The EDs; value for 3,4-dichloro-e-phenethylhydro-
uracil, the most active compound reported by Berger,
et al.,® was 35 mg/kg compared with 65 mg/kg for the
corresponding hyvdroxylamino analog 23. However, 3
possessed somewhat greater activity than its aralkyl
counterpart. Substitution in the heterocyclic nucleus
had little effect on the antiinflammatory activity.

The LDy (ip) values in the rat for these aralkoxy
hydrouracils and hydantoins ranged from about 500 to
about 2000 mg/kg.

(7) J. Hillebrecht, Arzneimittel-Forsch., 9, 625 (1959).
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Tase 111
INTERMEDIATE HYDROXYLAMINE DERIVATIVES
RYONRIR?

No. R e R
44 3,4-CH.0,CeH;CH, H COOEt

151

|
45 4-FCHCH H COOIt
46 1-Indanyl H COOQEL
47 (2-C;H,N)CHy H COOEt
48 (2-CyH8)CH H COOIt
49 4-CICeH,CH. H CONH.
S0 CeH(CHy H CONH,
a1 CeH:CH. H CH,CH.COOMle
53 4-CIC¢H,CH, H CH,CH,COOJIe
54 3,4-CLCH,CH, H CH,CH.COOMe
5y CeHL.CH. CONH. CH.COOH
56 3-MeCyHCH., CONH, CH,COOH
57 4-CICsH.CH, CONH. CH,COOH
as CsHCH. CONH, CH.CH,COOMe
59 3-MeCsHCH, CONH., CH,CH,COOMe
680 4-CICsH,CH. CONH., CH:.CH,COOMe
61 3,4-CLCH,CH: CONH. CH,CH.COOM]e

(o caled, 59.74; found, 60.24.
42 Thenyl. < Not analyzed.

Experimental Section®

The a-halo acids and the a,8-unsaturated esters and amides
used in the procedures given below are commercially available.
Most of the aralkoxyurethans and aralkoxyureas have been de-
scribed previously.2919  The aralkoxyurethans not previously
described (Table I11) were prepared by alkylation of .V-hydroxy-
urethan? with known aralkyl halides. New aralkoxyureas (Table
II1) were prepared by alkaline hydrolysis of the corresponding
aralkoxyurethans, acidification of the reaction mixture, and
addition of KNCO to the acid soln.

Preparation of 1-Aralkoxyhydrouracils. Method A.—A soln
of 0.1 mole of NaOEt in 100-200 ml of anhyd EtOH was treated
with 0.1 mole of N-aralkoxyurethan and stirred for 0.5 hr. The
a,B-un=aturated amide (0.} mole) was added and the soln was
refluxed for 20-30 hr. The reaction mixture was acidified by
addition of glacial AcOH and concentrated under reduced pres-
sure. The crude product, generally in 50-80¢¢ yield, was washed
with H.0, dried, and purified by crystallization.

Method B.—The procedure i the same as for method A except
that an N-aralkoxyurea was used in place of the N-aralkoxyure-
than and an o,8-unsaturated carboxylic ester was used in place of
the amide. Yields were comparable with those obtained with
method A.

Method C.-—A =olution of .2 mole of an aralkoxyamine? and
0.2 mole of methyl acrvlate in 100 ml of MeOH was refluxed for
5-10 hr.  The MeOH was removed in 2acvo and the residual g-
aralkoxyaminopropionate was purified by distn (Table T1I).

The B-aralkoxyvaminopropionate was treated with 1 equiv of
HCL or HoSO, (0.3-1.0 X), and to the resulting soln or suspension
of its =alt, 1 equiv of KNCO was added slowly. After being
stirved for 1-2 hr, the resulting suspension was filtered and the
g-ureidopropionate was washed with H:0, dried, and purified by
recrystallization (Table I11).

A soln of 0.05 mole of the g-ureidopropionate in 200 ml of
MoOIT was added to a soln of 0.05 mole of NaOMe in 100 ml of
MeOH and the mixture was refluxed for 1-5 hr. The MeOH
was removed i1 vacuo and the residue was dissd or dispersed in
cold H:0.  HCl was added to pH 6 and the product was separated
by filtration, washed with H:O, and recrystd. Overall yields
based on aralkoxyamine were below 25¢7, In the case of 14,

18) Melting points were determined with a Thomas-Hoover apparatus and
are uncorrected, Where analvses are indicated only by symbols of the ele-
ments, analytical results obtained for these elements were within =0.4Y%
of the theoretical values., Amnalyses were performed by the Galbraith Lab-
oratoriex, Knoxville, Tenn. 37921,

(9 B.J. R, Nicolaus, G, Pagani, and E. Testa, Helv, Chim. Acta, 45, 1381
(19621,

(10) L. W.Jonesand R. T. Major, J. dmer. Chem. Soc., 49, 1527 (1927).

Recrysin solvent

S, of al.

Mp or bp {mm), 7C ar o 120 Formula \naly ses
H7-54 7-Pra) CyHNO; CHN
116 (0.5) 14000 (20 CrllieF NO; N
b 15335 (253.5) CrHpNGy CHON
T6-77.5 151OH CyH N2y L HN
103.5 (0.08) 1.5232 (255 CyHpNOpS CHN S
162--163 .5 FtOH CHCINGG, CH,CLN
89.5-91 Cils CralT N0y O ILN
88-90 (0.2) 15063 (25,0 ChHENO; CUHON
103 (0.05) 1 5046 (250 CpH NGOy CUHLN
112-116.5 (0. 1) 1.3206 25.2) 'y HCINO, COLCLN
134136 (0.07) 1 3310 (25.0) CaHCLNO, /
148-149 dec CHCY CralleNaO; LN
153 dec FTOH--H.0 CoHa N0, LN
148149 .5 dee i CHLCINLO, ‘
958-100 FAOH N0, CLHON
KO-01 11011 (‘1:{“1\.\'3()4 (‘,II,X
80.5-83 150 L CINLO, ' HLCLN
67-68.5 21,0 CHLCLNLO, C L CLN

b Molecularly distilled under 3.8-p pressure at a bath temperature of 107°.
7 Purified by dissolution in NaOH and reprecipitation with TICL

< 2-Pyridvlmethyl.

the last step of this procedure yielded the g-ureidopropionie acid
instead of the hydrouracil. The acid was cyclized by heating it
on a steam bath with 5.5 times its weight of Ac,O for 4 hr, shaking
the reaction mixture with H.Q overnight, and separating the
hydrouracil by filtration.

Alkylation of 1-Aralkoxyhydrouracils and 1-Aralkoxyhydan-
toins. Methed D.—T0 a =oln of 0.1 mole of NaOMe in 200 ml of
MeOH was added 0.1 mole of the hydrouraeil or hydantoin.  The
=oln was stirred for 1.5 hr, then coned under reduced pres=ure.
The residue was dissd or suspended in 200 ml of DMF and 0.1
mole of the alkyl halide was added, the temp of the reaction mix-
ture being kept below 35° by regulating the rate of addn and by
cooling. The reaction mixture was stirred for 1.5 hr after the
addn, then heated at 50-70° for 4-8 hr.  The DAMF wax removed
in vacuo and the residue wax treated with Et,O and H:0. The
Et,0 layer was washed with dil NaOH and H.0Q, then dried, and
after removal of the Et0, the crude product was purified by
erystn or distn.  Yields before purification were 60~707¢.

Debenzylation of 1-Benzyloxyhydrouracils and 1-Benzyloxy-
hydantoins. Method E.—A soln of 0.1 mole of the hydrouracil
or hydantoin in 150 ml of EtOH or ELOH-HO, with 2.0 g of 5%
Pd-C catalyst, was shaken at room temperature with Hz at 3 atm.
The reduction stopped when 1 equiv of H: was absorbed.  The
catalyst was removed, the solvent was evaporated, and the residue
was recrystallized, vielding about 80¢¢ of purified product.

Preparation of 1-Aralkoxyhydantoins. Method F.—A =oln ot
0.1 mole of the aralkoxyurea in 105.5 g of 1557 (w/w) aq KOH wux
chilled and 0.15 mole of the a-halo acid was added in portions with
stirring and cooling.  The resulting soly was stirred with cooling
for 0.5 hr and then allowed to stand for 2-3 days.  The p1I of the
soln was adjusted to 4-5 with AcOI], and the soln was filtered.
The filtrate was acidified firther to pH 1-2 and was refrigerated
overnight during which time the c-ureido acd slowly pptd.
The ureido acid, after filin and washing with Hy0), was purified by
recrystn (Table T1T).

The ureido acid was dissd or suspended in dioxane (3 mi g
of acid) and PCly (0.3 ml/g of acid) was added. The mixture
was heated rapidly to veflux, refluxed for 15 min, then cooled,
and poured onto ice, pptg the crude hydantoin.  After filtering,
washing with H.0, and drying, the crude product (357 vield)
was purified by recrystn.

The starting ureas for the prepuration of 37 and 41, and the
intermediate a-ureido acids for 36, 40, and 41 were used without
purification or characterization,

1-Benzyloxy-3-carboxymethylhydrouracil (5). -A suspension
of the Na salt of 1in DMF sas prepared as dexcribed in method D
and a suspension of 1 equiv of Na chloroacetate in DME was
added all at onee.  The reaction mixture was heated at 70-73° for
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13 hr, after which the DMF was removed in vacuo. The residue
was washed with abs Et;0, dissolved in H,O, and the soln was
acidified with HCl. The product was removed by filtration,
washed with H:0, and dried. Purification was effected by
recrystn.

3-Benzyloxyhydantoin (43).—A soln of 36.9 g of benzyloxy-
amiue and 38.7 g of ethyl isocyanatoacetate inn 300 ml of ahs Et.O
was refluxed for 1.25 hr.  The Et,O was removed n vacuo, 250 ml
of 3.9 M HCl in abs EtOH was added to the residue, and the soln
was refluxed for 2 hr.  About 100 ml of EtOH was evaporated
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under reduced pressure and the remainder of the soln was refriger-
ated, yielding 14.6 g of product which was sepd by filtration and
purified by recrystn.
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Sixty-seven N-substituted 4-halogeno-3-sulfamylmetanilic acids were prepared from the corresponding me-

tanilic acids by different alkylation processes.

The compounds were screened in dogs for their diuretic and salure-

tic properties and compared with 3 selected N-substituted 4-chloro-5-sulfamylanthranilic acids including furose-

mide, a well-established, high-ceiling diuretic.

in the influence of the N-substituent on the activity.

Several compounds of the new metanilic acid derivatives were
found to possess activity to be comparable with that of the anthranilic acid series.
The dose-response curves after iv and oral administration

However, there are differences

for N-n-butyl-4-chloro-3-sulfamylmetanilic acid (45) are presented.

Among the sulfonamide diuretics certain 4-halogeno-
5-sulfamylanthranilic acid derivatives showed an out-
standing characteristic of structure and diuretic effect.!
The most interesting compound of this series is 4-chloro-
N-(2-furylmethyl)-5-sulfamylanthranilic acid (furose-
mide), a well-established, nonthiazid type, high-ceiling
diuretic.? Tothe best of our knowledge the correspond-
ing metanilic acid derivatives have never been investi-
gated. Consequently, in line with our interest in the
structure—activity relationship of diuretics, we decided
to determine what effect the moving of the substituted
amino group from the 2 to the 3 position would have on
the saluretic and diuretic effect.

Chemistry.—The N-alkylated 4-chloro-5-sulfamyl-
metanilic acids® (2-65) listed in Tables I and II were
prepared by alkylation of 4-chloro-3-sulfamylmetanilic
acid (1) using different alkylation processes. Details
are given in the Experimental Section. Dialkylation
and attack at the sulfonamide nitrogen could be
avolded. The required metanilic acid 1 was available
from 4-chloro-3-chlorosulfonylbenzoic acid by nitration
followed by amidation to 4-chloro-3-nitro-3-sulfamyl-
benzoic acid and reduction of the NO, group. The
bromo analogs (66, 67, 68) were prepared in a similar
way and are listed in Table I11.

NH, NHR
Cl Cl

H,NO,S COOH H,NO,S

1 2-65

(1) K. Sturm, W. Siedel, R. Weyer, and H. Rushig, Chem. Ber., 99, 328
(1966).

(2) See R. Muschaweck and K. Sturm, ‘‘Arzneimittel,” G. Ehrhart and
H. Rushig, Ed., Vol. 1, Verlag Chemie, Weinheim, Germany, 1968, chapter
16, pp 700-703.

(3) P. W. Feit and H. Bruun, South African Patent 68/3145 (1968); Chem.
Abstr., 21, 3141 (1969).

COOH

Diuretic Effect and Structure-Activity Relation-
ships.—Although the metanilic acid derivatives de-
scribed in this paper are related in structure to the corre-
sponding anthranilic acid derivatives, it does not follow
that these compounds should possess similar activities.
The derivatives were screened in dogs for their saluretic
and diuretic properties following 10 mg/kg iv (solution
in NaOH). For details see the Experimental Section.
The urinary volume and electrolyte excretion from the
3-hr test period for those compounds resulting in a Na*
excretion = 1.5 mequiv per kg per 3 hr are summarized
in Table IV. The onset of diuresis was within 1 hr
after injection and became almost negligible after 3 hr.

Compared with 3 selected anthranilic acid derivatives
including furosemide the results (Table IV) indicate
that in the metanilic acid series compounds could be
found showing the same order of activity. The princi-
pal difference between these 2 series seems to be that
N-2-methylfuryl substitution afforded outstanding
activity! in the anthranilic acid series while in the
metanilic acid series several N-substituted compounds
approximated the corresponding N-2-methylfuryl com-
pound in its activity. Generally, however, minor
changes of the N-substituent had great influence on the
activity. Compounds 45 and 66 carrying the n-Bu side
chain were the most potent derivatives in the new series.
Compound 45 was subjected, therefore, to further in-
vestigation. The dose-response curves after iv and
oral dosage are given in Figures 1 and 2, respectively.
After oral administration the onset of diuresis was still
within the first hour. A prolonged effect at higher
dosage levels made it necessary to extend the test period
to 5 hr. It is interesting to note, that 45 is relatively
inactive in the rat assay. Given orally only doses
exceeding S0 mg/kg showed statistically significant
diuretic action.



