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

N-Pyrrolylearbonylanthranilic Acid Derivatives
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The preparatini on a new series of substituted N-pyrrolvicarbonylanthrinilic acids (VI EVa~d) and N-alkyl-

aminocarbonyvlanthranilic acids (ITla-j) is reported.

In the first series, N-pyrrolylearbouyl-4-chloro-3-sulfa-

moylanthranilic aeid (IVd) was the most active comrpound in our diuretic sereen.  N-Indolylearbonyl-4-chloro-3-
sulfamoylanthranilic acid (VII) showed somewhat dimiuished diureric activity. In the second series of compounds,
N-pyrrolidinylearbonyk4-chloro-g-sulfamoylantliranilic acid (III]) was the most active diuretic.  The mode of
action of these componuds was shown to he similar to that of hydrochlorothiazide.

In an attempt to find diuretic drugs with a mechanism
of action differing from those alrcady in use we syn-
thesized a number of derivatives of substituted anthra-
nilic acids.  These compounds were evaluated pharma-
cologically and campared with hydrochlorothiazide and
furosemide.

Cleavage reactions of 1satoic anhydride are known to
aceur with a variety of nucleophiles by two competing
miechanisnis,'*  The intermediacy of an isocyvanate (1)
for path a reactions (Scheme T) was proposed®® and
later confirmed by Iwakura.* The successful reaction
of phenyl isocvanate with pyrrolylpotassium to give
l-pyrrolecarboxanilide”® encouraged us to treat isatoic
anhydrides with metal derivatives of pyrrole and indolc.
We successfully prepared a tiew series of N-pyrrolvl-
carhonyl- (IVa-d) and N-mdolyvlearhonylanthranihic
actds (VII) (sec Table Ty, The diuretic activity of thesc
compounds prompted us to synthesize another series of
N-altkylaminocarbonyl-4-chloro-5-sulfumoylanthranilic
acids (ITa-]) (Table II).  Only the parent compound
(ITI) has been reported™ in this sertes. The starting
material, 4-chloro-3-sulfamoylisatoic anhydride (1),
was hest prepared by the procedure of Gadekar and
Ros¢® from the correspondiug anthranilic acid,”

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

Biological Results.—Thc most active compound in
this study was N-pyrrolylearbonyl-4-chloro-3-sulfamoyi-
anthranilic acid (IVd) (Tahle IIT). It was about 757,
as active as furasemide (Table TV). In the dog it was
cqual to that of hyvdrochlorothiazide (Table V). Since
IVd did not produce any additive diuretic respanse in
the hydrochlorothiazide-loaded animal (Tuble VIII)
this suggested o mechanism of action similar to that of
the thinzides !

Table TIT sunnmarizes the diuretic response abserved
i the ads (DOCA)Y rat for the N-pyrrolylearbonyl-
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anthranilic  aclds  and  N-indolylearhonyl-t-chlaro-a-
sulfamoylanthranilic acid (VI in order of decreasing
activity.  Replacement of the free CO.H in IVd hy the
utethyl ester (V) showed a moderate decreasc in diuretic
activity.  Remaval of the sulfamoyl group (IVe) or
hoth the chlore and sulfamoyl groups (IVa) further
diminished the diuretic activity,  Moreover, TVa was

mactive i the saline-londed rat (Table IV) and i the
nembutalized dog (Table V) where IVd showed some
activity.,

Table VI sunumarizes the diuretic activity in the adx
(DOCA) rat for the N-alkylaminocarbonylanthranilic
acids o order of decreasing activity.  The most
active compound in this series was 1111 (the tetrahydro
analog of IVd). The least active in the series was the
parent compound IIla, In the pentobarbitalized dog
ITI1 produced o diuresis which appeared to be somewhat
less than that of hyvdrochlorothiazide (Table VII).
[t 18 Interesting to unote that although IIId had very
little diuretic activity, the corresponding ethyl ester
I1e praduced a comparatively large increase in sodium
excretion,  IITd also exhibited less diuretic activity
than I11i. The diuretic activity of the di-N-alkylated
derivative TTIh was about equal to IT14

In the hydrochlorothiazide-loaded dog T1H did not
produce any  additive diuretic effects (Table VII
suggesting, as with IVd, a hydrochlorothiazide-hke
action in the kidney,

Experimental Section

Biological Methods. Adrenalectomized DOCA-Treated Rat.

~Testing for diuretic activity in adrenalectoniized (adx)
deoxycorticosterone acetate (DOCA) treated male rats (Charles
River) was based on a modified method of Marcus, «f al.1? The
amimals were deprived of food and water for 2.5 hr prior to test
time and were iujected subcutaneously with 12 ug of DOCA and
with 0.1 or 1.0 mg/rat of the test compound. A 3-hr pooled
urine sample obtained at each dose from three pairs of rats was
compared to coutrols receiving 1.0 nig/rat of furesemide sul»-
cutaneously.  Volumes were recorded and samples were analyzed
for Na, K, and ClL. The ratios represent the mean urine and
clectrolyte values from the test group (TG) compared to furo-
semide (F)-treated controls,

The DOCA iubibitory factor (DIF) was calculated using the
formula DIF = (Xt - - X1)/(X, — Xa) where X represents the
Nu/K ratio «f test dg (1), DOCA controls (d), and placebo
group (p). A valne of 1.0 represents a complete inhibition of
DOCA resprnise, while nminus vahie suggests n DOCA-like
detivity.

While dinretic netivity ip 1his preparation may rellecy DOCA
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TaBLE I
N-PYRROLYLCARBONYL- AND N-INDOLYLCARBONYLANTIIRANILIC ACIb DERIVATIVES

R, : :NH CONQ : :N HCON

R, COOR, COOR,
V-VI

Compd Ry R. Rs Crystd from® Yield, % IMp, °C Foraulab
IVa H H H A-B 37 202-204 Cl:HlU:\—:Otl
IVb H Cl H A-B 18¢ 220-222 C:HyCIN.Os
IVe Ci H H A-B 56 216-222 C.:H(CIN:0;
Ivd Cl H.NSO. H A-B 20 263-265 C.H1oCIN;0,8
v Cl H.NSO. CH;, C-B 25 275-280 CuH,.CIN,0:8
VI H Cl CH.CsH; A 53 105-109 C1yH,,CIN.O;
VII Cl H,NSO. H THIF-B 29 208 dec CiiHi:CIN:O;8

@A = ItOH, B = H.0, C = D)MF. °Satisfactory analyses were obtained for C, H, N. ¢ This reaction was carried out in the usual
way using pyrrolyllithium.

TaBLe II
N-ALKYLAMINOCARBONYL-4-CHLORO-3-8ULFAMOYLANTHRANILIC AcCiD DERIVATIVES
R;
I NHCONZ
JOGH
H,NSO, COOR,
111
Coropd R; R4 Rs Crystd from* Yield, % Mp, °C Formolad

I1Ia H H H A-B 45 225-227 CsHCIN,0:3
IIIb C.H; C,H; H C-B 47 215-220 C.:HyCIN,0:8
I1Ic H CH(CH,)C.H; H C-B 14 185-190 C..H sCIN,0O;S
II1d H CH(CH()Z H D-B 19 150-154 CuH.CIN,O;58
IIIe H CH( CH@) C,H; C-B 34 238-240 Ci:H,:CIN;0:8
It H H C-B 32 205-200 C1H,sCIN0,58

\_/
IIIg —(CH,4):0(CHy)2— H -C-B 44 204207 CH,CINO6S
I1Th _(CHQ)‘_‘N)—(CH?)?_ H A-D 28 106201 Ci:H:CINLO;8

}

CH;
I1Ii —(CHz)q— H C-B 14 125-216 C1:H,,CIN:0;8
111 —(CHg)s— H C-B 29 102-197 CisH,CIN;058

*A = DMF, B = H.O, C = EtOH, D = MeOH, I = THF. ? Satisfactory analyses were obtained for C, H, N.
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TasLe 1
SUBSTITCENT Errecr or N-PYHKOLYLCAKBONYL-
AND N-INDOLYLCARBONYLANTLRANILIC ACIDs ON
Apnenareeromzep DOCA-TreETED Rars
o=y,
Nz vt ‘)'(‘.,1’”
Congnl st D1y Vol Na Na/lx
Vd 1.0 ENE 0.G15 0.903 1.031
V 0.1 1.504 0.24% 0.417 0.932
VI 1.0 1.555 3.G00 0.084 0.930
Ve 0.1 0.644 0.352 0.541 0.685
IVa 0.1 0.610 0.264 0.246 0.661

WiNTER, AND FRYER

" DIF refers to DOCA inliibitory factor (see hiological methods).
¥ Ratios represent the mean urine mnd sodium valne fronn the
test group (TG) compared to furosemide (F)-treated contrals
(sce biologieal methiods). The menu ccntrol values for 29 pairs
of furosemnide-treated rats equals urine vohimme 9.1 = 0.5,
Na 1.045 = 0.067, and K 0.037 = 0.063: for 69 pairs of DOCA-
treated rats urine volume cquals 2.7 = 0.2, Na 0.339 = 0.053,
and X 0.645 = 0.037. The volume is expressed as ml/5 hr and
cleetrolytes as mequiv /s hr,

TasLe 1V
SUBSTITUENT lSrFECT 0F N-PYRROLYLCARBONY L~
AND N-INDOLYLCARBONYLAN PVRANILIC ACIDS ON
NousaL Sanize Lostasn Rars

Vol. 12

Anesthetized Dog.'% —-Female mongrel dogs were fasted for
18 hr and permitted water ad libitum. The animals were prepared
surgically for diuretic assay. ¢ During the equililiration period
and just prior to drug administration, two 13-miu urine countrol
speciiens were obtained and were used as a comparison for the
30-min postdrug effect,

Animals received hydroehlorothiazide as an intravenons prine-
ing dose and as a sustaining infusion to maintain a maximal diuresis
during the testing period. Compounds were evaluated on the
hasis of producing an additive diuretic cffeet during a sustained
hydrochlorothiazide infusion. !

Chemical Methods. -All melting points were determined
microscopicnlly on o hot stage and are corrected. Ir spectra were
determined on a Beckman IR-9 spectrophotometer, nunir spectra
with a Varian A-60 instrument. Tle was done on plates prepared
with silica gel . DMT and THF were dried over Woehn grade I
ueutral alumina and nsed directly. The structures of all com-
poands were assigned on the hasis of compatible ir and umr
spectra and on satisfactory analyses.

4-Chloro-5-sulfamoylisatoic Anhydride (Id).—COCIL, wis hub-
bled through 12,3 g (0.049 mol) of 2-amino-4-chloro-3-sulfumoyl-
benzoie acid® dissolved i a solution of 6.08 g (0.049 mml) of

TaBLe VI
SLBSTITUENT ISFFECT OF
N-ALKYLAMINOCAEBANYLAN THE ANILIC ACIDS 0N
Aprensiscromized DOCA-TruatED Rars

Daose, B el N CFD UM e
Cyropd IR pa Vot Na 3 Na/K
[V 10 0.25 0.36 0.35 0.52
20 0.21 0.0 0.33 0.43
40 021 0.26 0.:32 0.40
IVd 10 .02 0,44 0.:34 0.04
20 0.3t 0.65 0.59 0.66
40 0.45 0.74 0.64 0.67

" Ratios represent thie mean urine and electrolvte value from
test group (TG) compared to furosemide (F)-(reated controls
(see biological methods). The mean control values for 12 pairs of
furesenide-treated (10 mg/kg) normal saline loaded rats equals
urine volume 8.57 = 1.30; Na 1.585 = 0.185, X 1.024 = 0.102;
for 3 pairs at 20 mgikg urine vohnne equals 22,3 = 3.5, Na
4340 = 0.446, K 1.5388 = 0.148; and for 3 pairs at 40 mg/kg
urine volume equals 48.5 = 1.50, Na (.720 = 0.204, I¥ 2,140 =
0.430; for 41 pairs of placcho-treated rats urine volume equals
6.47 = 0.40, N 0.45 = 0.05, and K 1.02 = 0.04,

TyprLe V
SUBSTITUENT IGFFECT OF N-PYRBOLYLCARBONY L~
AND N-INDOLYLCARBONYLANTHRANILIC ACIDS ON
ANESTHETIZED DaGs

Uv electyolyiest

Timne, Uvrine, - e LIV Tl
Chmpd Dog o, 1wy mlanin N K Ch Nu/lK
IVd 1060 — 50 5.3 240 6 154 348
-15 5.1 212 08 126 3.12
§]
15 5.0 S0 a0 310 4.33
350 5.t 384 131 5309 3.57
1Va 105" —30 4.8 50 30 13 139
~ 15 4.1 HG 3 12 1.06
0
15 3. 41 S 10 1.05
30 3.7 ho BT 11 1.51
“ Uy represents the exeretion of dectrolytes. ” 3 mg/kg iv.

antagouisi, other renal mechanisms camot be ruled out on the
hasis of this test.

Saline-Loaded Rat.—All fuod und water was removed 2 hr
prior to test time from adult male Charles River rats. At test
time, a 0.9¢ saline load was administered intraperitonenlly at
30 mijkg.  Iiach compound, at various doses, was administered
per 08, to three separate pairs of rats. A pooled urine sample was
ubtained from ench pair and the mean values for urine and
¢lectrolytes  were compared to shmilarly  treated furosemide
controls. The results are expressed os ratios as previvusly cited.

Dose,

me/rat S Y STy L —
Coragul M Dlire Vol Nu Na/ls
I 0.1 12306 0.631 1.033 0.804
e 1.0 1.050 0.517 0.322 0.507
IIIg 0.1 0.957 0.406 0.402 0.754
HIf 1.0 0.401 0.487 0.740 0.744
I11;j 1.0 0.8H8 0.452 0.672 0.7:33
IIIhL 0.1 1.818 0.270 0.4:33 0.720
I11e 1.0 0.581 0.3060 0.346 0.1354
HIh 0.1 0.543 0.176 0.252 0.641
ITIId 0.1 0.482 0,318 0.425 0.625
IIa 1.0 0.431 0.203 0.2067 0.610

* DIF refers to DOCAulithitory factor (see biological methods
® Ratios represent the mean urine and Na* value from test group
{TG) compared to furosemide (Fi-treated controls (sce biologicd
methods)  Vainne is expressed as ml/3 hr aud clectrolytes as
mequiv S hr,

TasLe VII
SCBSTITUENT EFFECT 0F N-ALKYLAMINOCALBONYLANTHLANIEIC
Acips oN AnNpsneTiIZED Docs
Uy clectrolytes”

Tinw,  Urine, g e UiV i,
Compd  Dog . o odjmin Na K [ No/K
1, b 30 47 Ui 70 2] 1o
-~ 13 5.4 (1 =0 21 1.438
0
13 4.5 195 104 140 1.88
30 4.5 185 =0 112 2.06
1 1550 =30 5.0 106 14 15 24l
-~ 13 3.7 104 40 07 257
0
15 5.0 182 o4 111 3T
430 5.3 144 45 HY 3,20
HId 1Rl 30 2.0 181 412 0.45
=15 204 19.8 4.6 0.:39
0
15 4.2 102.4 438.0 2.y REE
0 31 8.1 33.6 36.7 1.74
b

° Uv represenls the excretion of electrolytes.

i13) L. B. Czyzewskl, complete details to be publisked.

(14) K. H. Beyne, J. E. Baer, J. K. Michaelson, and H. I

bHues).

5 mgkg iv.

Rns=xh, yid., 147.
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TasLe VIII

Divreric Acmivity ofF Cowmpounps IIIb anxp IVd DuRING
ConTiNvoUus INFUSION 0F HYDROCHLOROTHIAZIDE
IN THE ANESTHETIZED DoG

Uyv electrolytes,?®

Di1vRETIC AMINOCARBONYLANTHRANILIC ACIDS

Time, Urine,

~——pequiv/min——

Compd Dog no. min ml/min Na K Cl Na/K
I1Ib¢ 133 —75 3.6 110 45 30 2.44
HCT? prime 5 mg/kg iv plus 5 mg/kg/lir infused
- 00 3.8 148 34 125 4.35
—15 3.8 171 34 148 3.03
-10 4.2 185 40 164 4.62
-3 4.0 172 40 144 4.30
0
5 4.0 172 42 140 4.10
10 4.0 188 48 148 3.92
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
IvVde 122 =15 4.6 238 60 193 4.30
- 10 3.8 217 49 163 4,43
-3 4.0 220 56 152 3.93
0
5 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 30 137 4.24
30 4.4 255 66 145 3.86

“ Uy represeutls the excretion of electrolytes. * Hydroelloro-

thiazide. ©5 mg/kg iv.

Na,CO; - Ho0 in 140 mi of H2O 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 (IIa-j).—To a solution
of 0.2 mol of the amine in 100 m! 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 N HsSOs. 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 (IIle).—A mixture of 1.0 g (0.003 mol) of
N-isopropylaminocarbonyl-4-chloro-5-sulfamoylanthranilic  acid
(IT11d) in 75 ml of CiHs was treated with 10 m! of SOCI; and
heated under reflux for 14 hr. The resultant yellow honiogeneous
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solution was evaporated to dryness aud taken up in 25 ml of
EtOH, and 100 ml of H;O was added. The mixture was cooled
to 0° and filtered. Recrystallization of the product from an
LEtOH-H;O mixture gave 0.4 g (349;) of Ille 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 isatoic
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 HCI, cooled to 0°, and filtered. Recrystalliza-
tion of the product from EtOH-H:0 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-pyrrolylearbonyl-4-
chloro-5-sulfamoylanthranilic acid (IVd) in 150 ml of MeOH was
treated portionwise with a solution of CH:N; in Et;0.1® [A
total volume of 300 ml of nonstandardized CHaN; 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 crude tan solid obtained by filtration was
recrystallized from DMF-H:0 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-pyrrolylecarbonyl-3-
chloroanthranilic acid (IVb) in 200 ml of t.O was treated with
a solution of phenyldiazomethane in It,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 NaHCO;, dried
(MgS0,), filtered, and evaporated to dryness. Crystallization
of the residue from EtOH afforded 1.2 g (539;) 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
Ny To this was added 7.35 g (0.0265 mol) of 4-chloro-5-sulfa-
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 HCJ, cooled to 0° and filtered to give 3 g (29%) of VII.
Recrystallization from THF-H;O gave the pure material as
white prisms.
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