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250 ml of HiO. A gummy precipitate was produced when the
pH of the aq solution was carefully adjusted to 4. The mixture
was allowed to staud for 2 hr at room temperature, the superna-
tant liquid was decanted, and the residual gum was triturated
with abs EtOH to give 1.2 g (18%) of Ia, mp 204-207° dec.
The product was recrystallized from a large volume of H,0O
and dried in vacuo at 135° to yield analytically pure product:
mp 235-237° dec; NE!' 288 mp (e 27,800); AF 245 mp (e
12,400); A% 290 mp (e 29,100).  Anal. (CisHxoNsOs) C, H, N.

Method B.—A solution of 7.4 g (0.025 mole) of dimethy! p-
aminobenzoyl-L-glutamate,’® 3.0 g (0.0125 mole) of IIb and a few
crystals of KI in 250 ml of abs EtOH was refluxed for 16 hr. The
resulting solution was evaporated uiider reduced pressure and
the residue was dissolved in 250 ml of H;O. The pH of the aq
golution was adjusted to 89 with NaHCO; which caused the
precipitation of a gummy substance. No attempt was made to
isolate the diester intermediate. The aq layer was decanted and
to the residual gnm was added 200 ml of 1 ¥ NaOH. The mix-
ture was allowed to stir at room temperature for 2 hr. The pH
of the solutiou was carefully adjusted to 4 with 6 N HCI at which
point the product precipitated. It was purified by recrystalliza-
tion from H,0 to give 1.1 g (17¢%) of Ia. The product was found
to be identical with that prepared by method A.

Method C.—To a solution of 3.1 g (0.007 mole) of p-{{(2,6-
diacetamido-8-purinyl)methyl]-¥-acetamido}benzoic acid in 250
ml of DMF cooled at 0° was added 0.7 g (0.007 mole) of Et;N
followed by 0.8 ml (0.007 mole) of ethyl chloroformate. The
mixture was stirred at 0° for 1 hr. A solution of 1.5 g (0.007
mole) of dimethyl L-glutamate- HC] and 0.7 g (0.007 mole) of
Et;N in 50 ml of DMF was then added to the mixture. The
resulting suspension was stirred for 20 hr at room temperature.
Excess solvent was evaporated under reduced pressure at ca.
45°. To the residue was added 200 m! of 1 N NaOH. The
resulting dark solution was refluxed for 30 min, purified with
charcoal, and filtered. The filtrate was acidified with 6 ¥ HCI
to give a light yellow solid, which was recrystallized twice from
H:0 to give 1 g (339%) of Ia. The product was found to be
identical with that prepared by method A.

p-{1(2,6-Diamino-8-purinyl )methyl] - N -methylamino | ben-
zoyl-L-glutamic Acid (Ib).—A solution of 34 g (0.1 mole) of diethy]
p-methylaminobenzoyl-L-glutamate,® 17 g (0.075 mole) of 1Ib, and
a few crystals of KI in 500 ml of abs EtOH was refluxed for 48 hr.
The reaction mixture was evaporated under reduced pressure
and the diester intermediate was saponified by stirring the residue
with 200 ml of 1 ¥ NaOH at room temperature for 2 hr. The
solution was then acidified to pH 4 with 6 N HCI and a gummy
substance was formed. After decantation of the supernatant
liquid, the residual gum was triturated with absolute EtOH.
The resulting yellow solid was collected by filtration to give 10 g
of crude product. Recrystallization from H;O gave, after being
dried at 133° 4n vacuo, 4.5 g (129,) of analytically pure Ib:
mp 216-218°;  ATE1202mpu (¢29,200); A 249 my (e 13,200);
)\:ﬁx“ 295 mu (e 32,800) Anal. (CmszNsOs) C, H, N.
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Cholecystography is the roentgenographic visualiza-

tion of the gallbladder after an administered radio-
opaque substance or its metabolite has been secreted in

(1) Bilopaque.
(2) (a) Deceased: (b) author to whom inquiries should be addressed.
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the bile and collected in the gallbladder. We wish to
report that sodium 3-butyramido-a-ethyl-2,4,6-tri-
iodohydrocinnamate, sodium tyropanoate! (5), showed
favorable characteristics in laboratory studies as an
oral cholecystographic agent.

R
(%sz LH
CH,CHCO,H 2,COH
I 1 3,COCH,
4,COC,H;
NHR 5, CO(CH,),CH; (Na salt)
1 6, CO(CH,),CH,

7,CO(CH,),CH;

Sodium tyropanoate (5) is a derivative of iopanoic
acid (1) and was found to excel iopanoic acid and other
oral agents®— in one or more laboratory studies.
Table I compares the acute toxicities in mice and the
average cholecystographic indexes'! (ACI) in cats of
Na tyropanoate and other agents. Both iv and oral
toxicities are given in Table I although there are short-
comings in the comparison of compounds by each
method. Since only oral administration is used in the
clinic for these agents, there is not necessarily a direct
relationship between the acute iv toxicity and the ad-
verse effects observed in the clinic. The acute oral
toxicities may be ineffective for comparison purposes
because of the difficulty of giving a massive dose which
is required to produce mortality in animals in a manner
which corresponds to the clinical administration. The
method of Hoppe and Archer!! was used for determining
the acute oral toxicities reported in Table I. This con-
sisted of administering the materials as a powder sus-
pended in H,O with gum tragacanth in a volume of
0.5 = 0.35 ml by stomach tube. In the clinic iopanoic
acid is administered in tablets and Na tyropanoate in
capsules. Large variations in the acute oral toxicity
can exist from sample to sample for some agents. For
lopanoic acid the toxicities varied from 6.6 to 15.8
g/kg (24 hr) and 5.9 to 13.9 g/kg (7 days) for a series
of more than 10 samples. Most 7-day values were
between 6 and 10 g. The reason for this broad range
was not readily determined. It is speculated that the
cause 1s a combination of differences in particle size and
crystalline habit. Other workers reported acute oral
LDg; values of 5.12'2 and 3.87'% g/kg in mice for iopanoic
acid but did not describe their methods.

With samples of Na tyropanoate (5) values in the
acute oral LDjg, toxicities ranged from 4.8 to 16.3 g/kg.
This variation is believed to be due to different methods
of erystallization which produced crystals with different
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was followed for dztermining the acute iv toxicities.
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¢ The method described by J. O. Hopps, A. A. Larsen, and F. Coulston, J. Pharmacol. Exp. Thee., 116, 394 (1956,
2The nisthod dexcribed in ref 11 was followed for the determiuation of the acute
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of gallbladder; 3 = distinet shadow of gallbladder; 4 = sharp autline of the gallbladder.
5.9 = 2.3 to 13.9 & 1.0, ninst were between 6 and 10 g for a series of niore thau 10 samplex.

dang, J. Pharm. Soc., 50, 959 (1961).
Obendorf, and R. Kilches, Arzneimiti. Forsch., 11, 384 (1961).

rates of solution. The inherent difficulties of deter-
mining acute oral toxicities by the administration of
solids eould be avoided by the use of aqueous solutions,
but we belicve this would correspoud even less to clinical
procedure than the method used here. In addition, an
agent like lopanoic acid would have to be converted
first to a water-soluble salt. Despite these problems,
the acute oral and intravenous toxicities are the usual
manner for obtaining a preliminary assessment of the
mafety of oral cholecystographic agents.

Sodium tyropanoate (5} is the Na salt of the butyryl
derivative of iopanoic acid (1).  Other acyl derivatives
of T which contain 1 to 6 C atons in the acyl group were
made and Table IT shows the acute v LDse values 1
mice and the ACT values in cats of this series of com-
pounds.  All of these compounds showed good to ex-
cellent gallbladder visualization in cat= exeept for the
formyl derivative, and the toxicitiex ereased with
inereasing size of the acyl group excludiug the formyl
derivative. 3-Acetamido-ea-cthyl-2,4,6-triiodohydro-
cinnamic acid™ (N-acetyliopanic aeid, 3), 1= the least
toxic mewber of this xeries and was previously investi-
gated i the clinie.’ It had a marked reduction in
observed side effects in comparison to lopanoic aeld,
but unfortunately, there wax a deerease in the efficiency
of gallbladder visualization and it did not appear to
huve any advantage. The poor visualization found in
the clinic with 3 is attributed to too much loss of mate-
rial by urinary exeretion. Na tyropanoate, which has
2 more methylenes on the acyl group than N-acetylio-
panoic acid, was prepared with the expectation that it
would have less urinary and more biliary excretion than

114) 3. Archier and 1. O, Leppe, UL X, Parent 2,845,988 (1Y59): Chen
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N-acetyliopanoie acid.  Thix followed from the studies
of Epstein'® and coworkers aud Hoppe and Archer?
which showed that the addition of CH. groups to a
poteutial cholecystographic ngeut may mercase the
biliary excretion. Clinical results indicated that this
supposition was correct xince Na tyropanoate produecd
gallbladder visualization equivalent to or better than
iopanoic acid!7-?? while the N-acetyliopanoic (3) acid
gave visualization inferior to that of opanoic aecid. ™1
The Na salt of tyropanoic acid was preferred becanse
animal studies showed more consistent visualization of
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the gallbladder with the salt than with the free acid.
The side effects observed with Na tyropanoate in the
clinic were less than those seen with iopanoic acid.!820—22

A crossover study in man by McChesney and Banks
showed that 509, of a 4.5-g dose of Na tyropanoate is
excreted in the urine in 108 hr while 379, of a 3-g dose
of iopanoic acid was in the urine.?* NMcChesney and
Hoppe reported that iopanoic acid and Na tyropanoate
are metabolized in the cat and man and that the biliary
excretion is mostly as the glucuronic acid conju-
gates.*~?"  The suggested metabolite of Na tyropan-
oate is shown in 8.

CH,
CH,CHCO,CHCHOH CHOHCHOHCHCO,H
I I 0
NHCOCH,CH,CH,
I
8

Experimental Section®

a-Ethyl-3-formamidoe-2,4,6-trilodohydrocinnamic Acid (2), Na
3-Acetamido-a-ethyl-2,4,6-triiodohydrocinnamate (3, Na Salt),
and Na a-Ethyl-2,4,6-triiodo-3-propionamidohydrocinnamate (4,
Na Salt).—The preparation of the first two of these compounds
by the acylation of iopanoic acids is described elsewhere.’* The
acid 4 corresponding to the last of the above compounds is also
described.’* The Na salt of 4 was prepared by the method em-
ployed for Na tyropanoate and was obtained as colorless crystals,

mp 199-210°. Anal. (CisHi:I:NNaQO;) C, H; I: caled, 58.66;
found, 58.06.
Tyropanoic Acid, 3-Butyramido-«-ethyl-2,4,6-triiodohydro-

cinnamic Acid (5, Acid).—A mixture of 50.0 g (0.0875 mole) of
iopanoic acid® (1), 28.6 ml (0.175 mole) of butyric anhydride,
310 m! of PrCO,H, and 5 drops of H.SO; was heated on a water
bath at 70-80° for 2 hr. A solution formed and was poured into
H;0. The solid which separated was collected and dried, 47.0 g
(849,) of tan solid, neutralization equiv, 637; caled for Cis-
HyiI;NO;s:  neutralization equiv, 641. Recrystallization from
EtOAcgave very pale tan prisms, mp 182-184° (reported mp 172—
185.5°14); neutralization equiv 640; uv max (959, EtOH) 237
mu (e 33,900); ir (3/4% KBr dise) 1660 (CONH), 1690 (COOH),
2500-2670 (broad H bonding), 2940 (CH), and 3220 cm-~!
(NH).

Na Tyropanoate, [Na 3-Butyramido-«-ethyl-2,4,6-triiodohy-
drocinnamate (5)].—Tyropanoic acid (5, acid) was converted
into its Na salt by the addition of a slight excess of methanolic
NaOH to a suspension of 5 (acid) in MeOH. A solution was
obtained and a gummy material separated when Et,0 was added.
The addition of fresh Et,O to the residue after the liquid layer
was decanted and trituration produced a solid which was col-
lected and dried. There wax obtained a colorless solid, mp
208-210°.  Anal. (C:HiIsNNaOy) C, H; It caled, 57.42; found,
56.6. Other samples of Na tvropancate were recrystallized
from H:0 and aq ¢+~PrOH.

Na «-Ethyl-2,4,6-triiodo-3-valeramidohydrocinnamate (6, Na
Salt).—The reaction of iopanoic acid® with valeric anhydride in
the presence of valeric acid and H,SO; in the manner described
for tyropanoic acid (5, acid) gave a-ethyl-2,4,6-triiodo-3-valer-
amidohydrocinnamic acid (6). Recrystallization (EtOH) gave

(23) E. W, McChesney and W, F. Banks, Jr., Proc. Soc. Exzp. Biol. Med.,
119, 1027 11965).

(24) E. W. McCuesuey and J. O. Hoppe, Arch. Intn. Pharmacodyn.,
99, 127 (1954).

(25) E.W. McChesney and J. O. Hoppe, ibid., 105, 306 (1956).

(26) E. W.McChesney and J. O. Hoppe, ibid., 142, 562 (1963).

(27) E. W. McChesney, Biochem. Pharmacol., 18, 1366 (1964).

(28) When analyses are indicated only by symbols of elements, analytical
results obtained for those elements were within =0.49% of the theoretical
valpes.  Meliing points were taken in a Hershberg-type apparatus and
are corrected.  The spectra were determined on a Cary 15 vltraviolet spec-
tronhiotometer and on a Perkin-Klmer 21 infrared spectropliotometer.
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colorless prisms, mp 189-190.5°. Anal. (CisHyl:NO;) neutra-
lization equiv: caled., 655; found 652. The Na salt of 6 was
obtained as colorless solid, mp 212-217° dee, from 6 in the man-
ner described for Na tyropanoate. Anal. (CigHisluNNaO;)C,
H; I: caled, 56.23, found, 56.75.

Na «-Ethyl-3-hexanamido-2,4,6-triiodohydrocinnamate (7).—
The reaction of iopanoic acid® with hexanoy! anhydride and H,80;
gave a-ethyl-3-hexanamido-2,4,6-triiodohydrocinnamic acid (7)
as colorless prisms (EtOH), mp 196-198°. Anal. (Ci;Hy2I:NO3)
C, H: I: caled, 56.90; found, 56.01. The Na salt of 7 was pre-
pared from the acid in the manner described for Na tyropanoate
(5) and was obtained as a colorless solid, mp 170-190°. Anal.
(ClTHnIaNNaOa) C, H, I.
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Because quinolines have played such an important
role in malaria chemotherapy, we believed that the
heretofore unexplored class of 3-aminoisoquinolines
deserved further investigation. In our previous report!
we presented the synthesis and biological activity of a
number of 3-aminoisoquinolines which do not contain
the usual dialkylaminoalkylamino side chain, a common
feature of the active quinoline antimalarials such as
chloroquine (Ia) or pamagquine (Ib).

Q—NHCHCH;CH,CH,N (C:Hj):
H,

Ta, Q = 4-(7-chloroquinoline)
= 8-(6-methoxyquinoline)

This report will present the synthesis and biological
activity of such isoquinoline derivatives.

Chemistry.—The synthesis of the diamines (VI) was
carried out by the sequence of reactions shown in
Scheme I from the appropriately substituted aminoiso-
quinoline! (II). The attempted alkylation of the 3-
chloropropionamide 27 with N-methylaniline yielded
only the elimination product, N-(3-isoquinolyl)acryl-
amide.** Such an elimination also occurred when the

(1) Paper 1: J. L, Neumeyer and K. K. Weinhardt, J. Med. Chem., 13,
613 (1970).
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Presented in part at the 153th National Meeting of the American Chemical
Society, Miami, Florida, 1968, N-28.

(3) To whom inquiries should he addressed at the Department of Medi-
cinal Chemistry, College of Pharmaey, Northeastern University, Boston,
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(4) (a) This compound was described in the previous paper (ref 1) and
was designated as compound 14; (b) This compound was described in the
previous paper (ref 1) and was designated as compound 18.



