st Frrix, Czyzewskl, WINTER, AND iy ki Vol 12

The Synthesis and Diuretic Properties of Some N-Alkylaminocarbonyl- and

N-Pyrrolylearbonylanthranilic Acid Derivatives

Arrovr M. Feuix, Leo B. Czyzewskl, Doxanp Po Winter, axp R, Jay Frykr

Rescarel Department, Hoflmann=-Ta Roche, Toue, Nutley, New Serscy 07110

Received Oetober 14, 1968

The preparation of a new series of substitured N-pyrrolvlearbonylanthranilic acids (VI IVa-d) and N-alkyl-

aminocarbonylanthranilic acids (Ila-j) is reported.

In the first series, N-pyrrolylearbonyi-4-chloro-5-sulfa-

moylanthranilic acid (IVd) was the most active compound in our diuretic screen.  N-Indolvlearbonyl-4-chloro-3-
sulfamoylanthranilic acid (VII) showed somewhat diminished diureric activity, In the second series of compounds,
N-pyrrolidinylearbonyl-4-chloro-3-sulfamoyvlanthranilic acid (IT1]) was the most active diuretic. The mode of
action of these compounds was shown to be similar to that of hydrochlorothiazide.

I an atfempt to find diuretie drugs with a mechanism
of action differing from those already in use we syn-
thesized a number of derivatives of substituted anthra-
nilic acids.  These compounds were evaluated pharma-
cologieally and compared with hydrochlorothiazide and
furosemide.

Cleavage reactions of isatoie anhydride are known to
oceur with a variety of nucleophiles by two competing
mechanisms.'™  The intermediacy of an isoeyanate (11)
for path a reactions (Scheme 1) was proposed?? and
fater confirmed by ITwakura.* The successful reaction
of phenyl isocvanate with pyrrolylpotassium to give
l-pyrrolecarboxanilide®® encouraged us to treat isatoic
anhydrides with metal derivatives of pyrrole and indole.
We successfully prepared a new series of N-pyrrolyl-
carbonyl- (IVa-d) and N-indolylearbonylanthranilic
acids (VID) (see Table I). The diuretic activity of these
compoutuds prompted us to synthesize another series of
N-alkylaminocarbonyl-4-chloro-5-sulfamoylanthranilic
acids (ITIa-j) (Table II). Only the parent compound
(IT1a) has been reported™® in this series.  The starting
material, 4-chloro-3-sulfamoylisatoic anhydride (Id),
wus best prepared by the procedure of Gadekar and
Ross® from the corresponding anthranilic acid.™

The ureas (VII, IVa-d), the related esters (V, VI,
and  the series of N-alkyluminocarbonyt-4-chloro-5-
sulfamoylanthranilic acids (IITa-j) were all sereened for
their diuretie activity.

Biological Results.—The niost wuctive compound in
this study was N-pyrrolylearbonyl-4-chloro-s-sulfamoy!-
anthranilic acid (IVAd) (Table IIT). It was about 757,
as active as furosemide (Table IV), In the dog it was
equad to that of hyvdrochlorothiazide (Table V). Sinee
IVd did not produce any additive diuretic response in
the hydrochlorothiazide-loaded animal (Table VIII)
this suggested a mechanism of aetion similar to that of
the thiazides

Table TIT summarizes the diuretic response observed
in the adx (DOCA)Y rat for the N-pyrrolylearbonyl-

UHy See for example V' Chemistry of Isatoie Anlivdride.” Manmee Chemieals.
Toledo, Ohio.

12) R. P Staiger and 12 B, Miller, /. Grg. Chem., 24, 1212 (10593,
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anthranilic  aelds  and  N-indolylearbouyl-4-chloro-i-
sulfamoylanthranilic acid (VII) in order of decreasing
activity,  Replacement of the free CO;H in IVd by the
methyl ester (V) showed o moderate decrease in diwuretie
activity.  Removal of the sulfamoyl group (IVe) or
hoth the chloro and sulfamoyl groups (IVa) further
diminished the diuretic activity, Moreover, TVa wus
inactive in the saline-loaded rat (Table IV) and in the
nembutalized dog (Table V) where IVd showed some
activity.,

Table VI summarizes the diuretic activity in the adx
(DOCA) rat for the N-alkylaminocarbonylanthranilic
acids in order of deereasing activity.,  The most
active compound in this series was ITI1 (the tetrahydro
analog of IVd)., The least active in the series was the
parent compound ITla. In the pentobarbitalized dog
I11i produced a diuresis which appeared to be somewhat
less than that of hydrochlorothiazide (Table VII).
[t is interesting to note that although IIId had very
little diuretic activity, the corresponding ethyl ester
LIe produced a comparatively large increase in sodiuin
excretion.  IIId also exhibited less diuretic activity
than I1Ii.  The diuretic activity of the di-N-alkylated
derivative HIb was about equal to ITI1

In the hydrochlorothiazide-loaded dog 11H did not
produce any additive diuretic effects (Table VIII)
suggesting, as with IVd, a hydrochlorothiazide-like
action i the kidney,

Experimental Section

Biological Methods. Adrenalectomized DOCA-Treated Rat.

~Testing for diuretic activity in adrenalectomized (adx)
deoxycorticosterone acetate (DOCA) treated male rats (Charles
River) was based on a modified method of Marcus, ef al.1? The
animals were deprived of food and water for 2.5 hr prior to test
time and were injected subcutaneously with 12 ug of DOCA and
with 0.1 or 1.0 mg/rat of the test compound. A 5-hr pooled
urine sample obtained at each dose from three pairs of rats was
compared to controls receiving 1.0 mg/rat of furosemide sub-
cutaneously.  Volumes were recorded and samples were analyzed
for Na, K, and Cl. The ratios represent the mean urine and
electrolyte values from the test group (TG) compared to furo-
semide (F)-treated controls,

The DOCA inhibitory factor (DIF) was calculated using the
formula DIF = (Xt - - Xa)/(Xp — Xa) where X represents the
Na/K ratio of test drug (t), DOCA controls (d), and placebo
group (p). -\ value of 1.0 represents a complete inhibition of
DOCA response, while n minus value suggests a DOCA-like
activity.

While diuretic activity in this preparation may reflect DOCA

12y I Muarcus, Lo 0 Romanoft, und Go Pineus, Endoerinology. 500 286,

C1O52),
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TaBLE 1
N-PYRROLYLCARBONYL- AND N-INDOLYLCARBONYLANTHRANILIC ACID DERIVATIVES
R, : : :NHCONO D[NHCON
R, COOR;, COOR,
vV-VI
Compd R: R: Rs Crystd from*® Yield, %
IVa H H H A-B 37
IVh H Cl H A-B 18¢
IVe Cl H H A-B 56
vd Cl H.NSO. H A-B 20
v Cl H.NS80. CH, C-B 25
VI H Cl CH.CsH; A 33
VII Cl H.NSO: H THF-B 29

¢A = EtOH, B = H.O, C = DMF.
way using pyrrolyllithium.

b Satisfactory analyses were obtained for C, H, N.

208 dec

CisHpCIN:O;8

¢ This reaction was carried out in the usual

N-ALKYLAMINOCARBONYL-4~CHLORO-3-SULF AMOYLANTHRANILIC AcID DERIVATIVES

Cl
H,NSO,
Compd R, R. R;
IIIa H H H
IITb C.H; C.H; H
IIIC H CH(CH;)C)HJ H
II1d H CH(CHs). H
IITe H CH(CHs;), C:H;
ITIf H _ TN H
\ﬁ/
IIIg -(CHz ZO(CHQ r- H
IITh ~(CH;)N(CHa)— H
|
CH;
111 —(CHa)s— H
I11j —(CHa)s~ H
“A = DMF, B = H;0, C = EtOH, D = MeOH, It =

TasLe 11
R,
NHCONZ
OO
‘ COOR;
111
Crystd from* Yield, %
A-B 48
C-B 47
C-B 19
D-B 19
C-B 34
C-B 32
E-C-B 44
A-D 28
C-B 14
C-B 29
THF.

Mp, °C
225-227
2156-220
185-190
150-154
238-240
205-209

204-207
196-201

125-216
192-197

Formula®
CsHCIN,O53
C.HuCIN;0;8
Ci:HisCIN,O5S
CyHuCIN,O:8
C:H,:CIN;0:8
CiH;sCIN50:8

Cl'_]HHClNHOBS
CI.‘;H]']CINQOSS

C2H ,CIN:0:8
Ci:H1iCIN0;S

® Satisfactory analyses were obtained for C, H, N.
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Tasre 111
SUBSTITUENT LFFECT OF N-PYRROLYLCARBONYL-
AND N-INDOLYLCARBONYLANTHRANILIC ACIDS ON
ApreNaLecromizep DOCA-TreATED Rars

Dose,

mgirut TGk
Compd st DI Vol Na Na/K
[Vd 1.0 ENES] 0.615 0.903 1.031
V 0.1 1.564 0.249 0.417 0.932
VI 1.0 1.555 0.690 0.9%9 0.930
Ve 0.1 0.694 0.352 0.541 0.685
IVa 0.1 0.610 0.264 0.246 0.661

“ DIF refers to DOCA inhibitory factor (see biological methods).
» Ratios represent the mean urine and sodium value from the
test group (TG) compared 1o furosemide (F)-treated controls
(see biological methods). The mean control values for 29 pairs
of furosemide-treated rats equals urine volume 9.1 = 0.5,
Nu 1045 = 0.067, and K 0.937 = 0.063: for 69 pairs of DOCA-
treated rats arine volume equals 2.7 = 0.2, Na 0.330 = 0.033,
and K 0.645 = 0.037. The volume ix expressed as ml/5 hr and
electrolytes as mequiv/s hr.

Tasre IV
SUBSTITUENT [SFFECT OF N-PYRROLYLCARBONYL-
AND N-INDOLYLCARBONYLAN PURANILIC ACIDS ON
NORMAL SanINe Losbed Rars

WINTER, AND FRYER

Vol. 12

Anesthetized Dog.'%-Female mongrel dogs were fasted for
18 hr and permitted water ad libitum. The animals were preparcd
surgically for diuretic assay.11'* During the equilibration period
and just prior to drug administration, two 15-min urine control
specimens were obtained and were used as a comparison for the
30-min postdrug effect.

Animals received hydrochlorothiazide as an intravenous prim-
ing dose and as a sustaining infusion to maintain a maximal diuresis
during the testing period. Compounds were evaluated on the
basis of producing an additive diuretic effect during a sustained
hydrochlorothiazide infusion.1?

Chemical Methods. - -All melting points were  determined
microscopically on a hot stage and are corrected. Ir spectra were
determined on a Beckman IR-9 spectrophotometer, nmr spectra
with a Varian A-60 instrument. Tle was done on plates prepared
with silica gel (6. DMF and THF were dried over Woelm grade 1
neutral aluming and used directly., The structures of all com-
pounds were assigned on the basis of compatible ir and nmr
gpectra and on satisfactory analyses.

4-Chloro-5-sulfamoylisatoic Anhydride (Id).—COCI; was bub-
bled through 12.3 g (0.049 mol) of 2-amino-4-chloro-3-sulfamoyl-
henzoic acid! dissolved in a solution of 6.08 g (0.040 mol) of

TaBLE VI
SUBSTITUENT [SFFECT OF
N-ALKYLAMINOCARBONYLAN ITHIRANILIC ACIDS ON
AvreEnirseroMized DOCA-Treatep Rars

Doxre, B et N TR IR E
Compd mg ke po Vol N ] Nu/K
IV 10 0.25 0.36 0.35 0.52
20 021 0.30 0.33 0.4
40 0.21 0.26 0.32 0.40
Ivd 10 .02 0,44 0.4 0.64
20 0.6 0.65 0.59 0.66
40 0.45 .74 0.64 0.67

* Ralios represent the mean urine and electrolyte value from
test group (TG) compared to furosemide (F)-treated controls
(see biological methods). The mean control values for 12 pairs of
furosemide-treated (10 mg/kg) normal saline loaded rats equals
urine volume 8.57 = 1.30; N« 1.5385 = 0.185, IX 1.024 = 0.102;
for 3 pairs at 20 mg/kg urine volume equals 22.3 = 3.5, Na
3.340 = 0.446, K 1.538% = 0,14%; and for 3 pairs at 40 mg/kg
urine volume equals 48.5 = 1.50, Na 6.729 = 0.294, K 2,140 =
0.330; for 41 pairs of placebo-treated rats urine volume equals
6.47 = 0.49, Na 0.95 = 0.05, and K 1.02 = 0.04,

TaBrLe V
SUBSTIPUENT IFFECT OF N-PYRROLYLCARBONYL-
AND N-INDOLYLCARBONYLANTHRANILIC ACIDS ON
ANESTHETIZED Dots

Uv elecirolyies®

Time, Utrine, o - pequivimin=-—--
Compd  Dogno.  min ml/min Nt K ] Nu/K
IVd 1067 =30 A83 0 240 6y 154 348
—-15 d.1 212 68 126 3.12
0
15 5.0 300 a0 310 4.33
30 5.3 and 64 S09 5.57
I\Va 1037 ~30 48 530 36 13 1.34
- 15 4.1 By 3 12 1.06
Q
15 3.3 41 34 10 1.05
30 3.7 HH 37 11 1.51

“ Uy represents the excretion of clectroly tes. b5 mg/kg iv.

antagonism, other renal mechanisms cannot be ruled out on the
basis of this test.

Saline-Loaded Rat..—All food and water was removed 2 hr
prior to test time from adult male Charles River rats. At test
time, a 0.9%, saline loud was administered intraperitoneally at
30 ml/kg. Isach compound, at various doses, was administered
per 0s, to three separate pairs of rats. A pooled urine sample was
obtained from each pair and the mean values for urine and
clectrolytes were compared 1o similarly treated furosemide
controls. The results are expressed as ratios as previously cited.

Dose,

mg/rat S N ¢ 1 L
Compd < DIre Yol Nu Ni/ls
ITH 0.1 1.236 0.651 1.0:33 0.805
ITle 1.0 1.050 0.517 0.:322 0.507
IT1g 0.1 0.957 0.406 0.492 0.759
[I1f 1.0 0.4901 0.4%7 0.740 0.744
I11j 1.0 (0.858 0.452 0.672 0.733
[IIH 0.1 0818 0.270 0.435 0.720
IITe 1.0 0.581 0.360 0.396 0.654
[1Th 0.1 0.543 0.176 0.252 0.641
11d 0.1 0.482 0.318 0.425 0.625
[IIa 1.0 0.431 0.203 0.267 0.610

@ DIF refers to DOCA inhibitory factor (see biological methods ).
b Ratios represent the mean urine and Na* value from test group
(TG) compared to furosemide (F)-treated controls (see biologicul
Volume is expressed as ml/3 hr and electrolytes as
mequiv /5 hr,

methods).

Tasre VII

SUBSTITUENT ErPFECT OF N-ALKYLAMINOCARBONYLANTHRANILIC
Acips oN ANEsrHETIZED DoGs

Tv electrolytes

Time,  Urine, ~——pequiv/min
Compd  Dog no. min ml/min Na K Nu/KK
1M1 322 -30 47 33 70 133
=15 5.3 Ul 80 138
0
15 4.5 195 104 140 1.88
30 4.5 183 x4 112 2.006
1 155% =30 5.0 106 44 45 2.4l
—13 5.7 105 40 H 2.57
¥
15 3.5 182 54 1l 3.7
30 5.3 144 45 HY 320
111d 1837 =30 20 8.2 IS H12 045
— 15 2.3 7.8 19.8 4.6 0.39
0
15 3.2 102.4 48.0 G928 214
30 3.1 58.1 33.6 36.7 1.73

« Uy represenis the excretion of electrolytes.

(18) L. B. Czyzewski, complete details to be published.
(14) K. H. Beyer, J. E. Baer, J. K. Michaclson, and H. I

165,

Rusxo, ibid., 147.



May 1969

TasLe VIII

Divreric Activity oF Cowmpounps IIIb anp IVd bpuriNg
ContiNvoUs INFUSION OF HYDROCHLOROTHIAZIDE
IN THE ANESTHETIZED DoG

U electrolytes,®

Divreric AMINOCARBONYLANTHRANILIC ACIDS

Compd Dog no. min ml/min Na K Cl Na/K
IIb¢ 133 —75 3.6 110 45 30 2.44
HCT® prime 5 mg/kg iv plus 5 mg/kg/hr infused
—60 3.8 148 34 125 4.35
—15 3.8 171 34 148 3.03
—10 4.2 185 40 164 4.62
) 4.0 172 40 144 4.30
0
5 4.0 172 42 140 4.10
10 4.0 188 48 148 3.02
15 3.8 175 42 141 4.17
20 4.2 193 42 151 4.60
25 3.4 156 34 122 4.59
3 4.0 172 40 136 4.30
Ivde 122 —15 4.6 258 60 193 4.30
-10 3.8 217 49 163 4.43
-5 4.0 220 56 152 3.93
0
3 2.4 113 46 70 2.46
10 3.2 160 42 93 3.81
15 3.8 228 61 141 3.74
20 4.2 239 55 143 4.35
25 3.6 212 50 137 4.24
30 4.4 255 66 145 3.86

Time, Urine,

~——pequiv/min——

¢ Uv represents the excretion of electrolytes. ® Hydrochloro-
thiazide. ¢ 5 mg/kg iv.

N2;CO;-Hs0 in 140 ml of H:0 and 140 ml of THF. After 15 min,
the reaction mixture was immersed in an ice bath and phosgena-
tion continued for an additional 2 hr. N was bubbled through
the mixture to rid the system of COCl. and filtration afforded
5.1 g (639, based on unrecovered starting material) of Id as
white prisms, mp 282-290° dec, lit.” mp 293° dec. The mother
liquor afforded 4.9 g of starting material.

General Methad for the Preparation of N-Alkylaminocarbonyl-
4-chloro-5-sulfamoylanthranilic Acids (IIla—j).—To a solution
of 0.2 mol of the amine in 100 ml of H;O was added 0.02 mol of Id
portionwise with stirring. Stirring continued for 30 min at 25°.
The reaction mixture was worked up by the addition of 250 ml
of H,O followed by acidification with 4 ¥ H,S0s. The mixture
was cooled to 0° and filtered. Recrystallization from the appro-
priate solvent gave pure products (Table II).

N-Isopropylaminocarbonyl-4-chloro-5-sulfamoylanthranilic
Acid Ethyl Ester (Ille).—A mixture of 1.0 g (0.003 mol) of
N-isopropylaminocarbonyl-d-chloro-5-sulfamoylanthranilic  acid
(IId) in 75 ml of CsHs was treated with 10 ml of SOCL and
heated under reflux for 14 hr. The resultant yellow homogeneous
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solution was evaporated to dryness and taken up in 23 ml of
EtOH, and 100 ml of HyO was added. The mixture was cooled
to 0° and filtered. Recrystallization of the product from an
EtOH~H;O mixture gave 0.4 g (349;) of 1Ile as white rods,
mp 238-240°.

General Method for the Preparation of N-Pyrrolylcarbonyl-
anthranilic Acids (IVa-d).—A solution of 1.37 g (0.02 mol) of
pyrrole in 55 ml of DMF was treated portionwise with 0.8 g
(0.02 mol) of NaH (609 dispersion in mineral oil). The reaction
mixture was stirred at 25° for 2 hr under N, and then the isatole
anhydride {Ia-d) (0.01 mole) was added portionwise with stirring
over 30 min, The reaction mixture was stirred at 25° overnight
was then treated with 300 ml of H,O, filtered through Norit,
acidified with 2 M HC], cooled to 0°, and filtered. Recrystalliza-
tion of the product from EtOH-H.O gave the pure products
(Table I).

Methyl N-Pyrrolylcarbonyl-4-chloro-5-sulfamoylanthranilate
(V).—A solution of 3.44 g (0.01 mol) of N-pyrrolylcarbonyl-4-
chloro-5-sulfamoylanthranilic acid (IVd) in 150 ml of MeOH was
treated portionwise with a solution of CH.N; in Et,0.15 [A
total volume of 300 ml of nonstandardized CH,N; solution was
required to consume all of the carboxylic acid as shown by tle
(5:1 CHCL-EtOH).] Thereaction mixture was allowed to stand
at 0° overnight. The erude tan solid obtained by filtration was
recrystallized from DMF-H0 to give 0.9 g (259;) of V as white
prisms.

N.Pyrrolylcarbonyl-5-chloroanthranilic Acid Benzyl Ester (VI),
—A solution of 1.7 g (0.0064 mol) of N-pyrrolylearbonyl-5-
chloroanthranilic acid (IVb) in 200 ml of Et:O was treated with
a solution of phenyldiazomethane in Et:0.1% (A total volume of
150 ml of nonstandardized PhCHN; solution was required to
comsume all the carboxylic acid as shown by tle.) The Et;O
solution was extracted with saturated aqueous NaHCOQ;, dried
(MgS0,), filtered, and evaporated to dryness. Crystallization
of the residue from EtOH afforded 1.2 g (5639;) of VI as white
prisms, mp 108-109°.

N-Indolylcarbonyl-4-chloro-5-sulfamoylanthranilic Acid (VII).
—A solution of 11.1 g (0.095 mol) of indole in 100 ml of DMF
was treated with 3.75 g (0.095 mol) of NaH (609, dispersion in
mineral oil). The reaction mixture stirred at 25° for 2.5 hr under
Na. To this was added 7.35 g (0.0265 mol) of 4-chloro-5-sulifa-
moylisatoic anhydride (IVd) portionwise, and the resulting
mixture was stirred at 25° overnight. The reaction mixture was
treated with 250 ml of H,O, filtered through Norit, acidified with
2 N HC], cooled to 0°, and filtered to give 3 g (299%,) of VII.
Recrystallization from THF-H:;O gave the pure material as
white prisms.
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