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In a search for novel antithrombotic agents, various {[(dialkylamino)alkyl]thio}heterocyclic derivatives
containing acridine, 1,2,3,4-tetrahydroacridine, benz[c]acridine, benzo[5][ 1,5 Inaphthyridine, benzo-
[2][1,10]phenanthroline, benzo[ f Jquinoline, [1]benzothieno[3,2-b]quinoline, phthalazine, quinazoline,
and thioxanthenone nuclei were prepared. The compds were obtained in 12-95% yield by the condensa-
tion of the requisite chloroheterocycle with the appropriate [(dialkylamino)alkyllthiol. Five compds pro-
duced >50% inhibition of platelet aggregation in vitro at a concn of 1075 M, 7-{[3-(Dimethylamino)-
propyllthio}benz[clacridine dihydrochloride also caused 30-100% inhibition of platelet aggregation in

plasma from rabbits given single iv 6-12 mg/kg doses.

The importance of adenosine diphosphate (ADP) in plate-
let aggregation and thrombosis®” has stimulated a search
for inhibitors of ADP-induced platelet aggregation in anti-
cipation that such substances may be useful for the preven-
tion and treatment of thrombosis and embolism. In a recent
communication from these laboratories,! it was reported
that certain 3,6-bis(dimethylamino)-9-{ [(dialkylamino)-
alkyl]thio}acridines (I) and related substances were potent
inhibitors of ADP-induced platelet aggregation in vitro and
in plasma from rabbits that had been treated with these
substances. Moreover, 3,6-bis(dimethylamino)-9-{[2-(1-
pyrrolidinyl)ethyl]thio}acridine (1) also caused a significant
increase in both primary and secondary bleeding time from
a micropuncture wound in the mouse mesentery 4 and 24
hr after a single iv 10 mg/kg dose.'
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To enable an assessment of the importance of the [(di-
alkylamino)alkyl]thio side chain and the (dialkylamino)-
acridine moieties relative to the antithrombotic effects of
the 9-{[(dialkylamino)alkyl]thio}-2- and 3-(dialkylamino)-
acridines,! a variety of {[(dialkylamino)alkyl]thio}hetero-
cyclic compds were synthesized and evaluated as inhibitors
of platelet aggregation. The results of these studies are sum-
marized in the present communication.

Chemistry. The condensation of 3-(dimethylamino)-1-
propanethiol hydrochloride with 6,9-dichloro-2-methoxy-
acridine,t 6,9-dichloro-2-methoxyacridine 10-oxide,® and
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9-chloro-2-methoxy-6-nitroacridine® in PhOH afforded 6-
chloro-9-{[3-(dimethylamino)propyl]thio}-2-methoxyacri-
dine dihydrochloride (10) (77%), 6-chloro-9-{ [3-(dimethyl-
amino)propyl]thio}-2-methoxyacridine 10-oxide (11) (27%),
and 9-{ [3-(dimethylamino)propyl]thio}-2-methoxy-6-nitro-
acridine hydrochloride (12) (43%), respectively (procedures
I, II, Table I). Clinton and Suter'® previously reported the
synthesis of several thioacridine analogs from 6,9-dichloro-
2-methoxyacridine utilizing the corresponding [(dialkyl-
amino)alkyl]thiol and Na in EtOH. The PhOH procedures
were also employed successfully in the prepn of the follow-
ing {[(dialkylamino)alkyl]thio}heterocyclic compds (Table
I) via the requisite chloroheterocycles:''™*® 2-{[2-(di-
methylamino)ethyl]thio}-3-(2-pyridyl)quinoxaline (6)
(52%); 7-chloro-10-{[3-(dimethylamino)propyl]thio}-
2-methoxybenzo [b][1,5]naphthyridine dihydrochloride (7)
(93%); 3-{[3-(dimethylamino)propyl]thio}benzo[ f]-
quinoline (8) (12%); 1-{[3-(dimethylamino)propyl]-
thio}-4-phenylphthalazine (13) (40%); 4-{[3-(dimethyl-
amino)propyl]thio}-2-phenylquinazoline (14) (53%); 7-{[3-
(dimethylamino)propyl]thio}benzo [6][1,10]phenanthroline
dihydrochloride (16) (69%); 2-butoxy-7-chloro-10-{[3-
(dimethylamino)propyl]thio }benzo[b][1,5naphthyridine
(17) (44%); and 7-{[3(dimethylamino)propyl]thio}benz [c]-
acridine dihydrochloride (18) (95). The condensation of 9-
chloro-1,2,3 4-tetrahydroacridine* and 1,6-dichloro-4-
methylthioxanthen-9-one!® with the anion of 3-(dimethyl-
amino)-1-propanethiol and 2-(diethylamino)ethanethiol in
EtOH afforded 9-{ [3-(dimethylamino)propyl]thio}-1,2,3 4-
tetrahydroacridine dihydrochloride (9) (38%) and 6-chloro-
1-{[2-(diethylamino)ethyl]thio}-4-methylthioxanthen-9-one
(15) (36%), respectively (procedure III, Table I).

6-{ [3-(Dimethylamino)propyl|thio} [1]benzothieno [3,2-b]-
quinoline dihydrochloride (5) (Table I) was obtained as out-
lined in Scheme I. Treatment of potassium anthranilate with
3-bromobenzo [b]thiophene?® (2) in DMF in the presence
of 4-ethylmorpholine and CuBr, afforded N-(benzo [b]thien-
3-yl)anthranilic acid®! (3) in 32% yield. Cyclization of 3
with POCl; gave 6-chloro[1]benzothieno[3,2-b]quinoline
(4) (65%), which was condensed with 3-(dimethylamino)-
1-propanethiol hydrochloride in PhOH to give § (75%).

Biology. The {[(dialkylamino)alkyl]thio}heterocyclic
compds § and 7-18 (Table I) were tested as inhibitors of
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Table L. {[(Dialkylamino)alkyl]thio }heterocyclic Compounds

Chloro- Inhibition of platelet
Yield hetero- aggregation in vitro
purified,  Purificn cycle Concn, %
No. Het NR,R, Mp, °C % solvent Procedure reference Formula Analyses Mx 107  inhibition
Het-S—(CH,),NR R,
6 [C)@ Q N(CH,), 70-72 52 n-Heptane I 11 Ci-H,oN,S C,H,N
N H
7 OO N(CH,, 196-197 93  Me,CO I 12 C,,H,,CIN,0S - 2HCI- 2.5H,0  C,H,N,CI,S;H,0¢ 1 32
Cl N 0.1 0
8 N(CH,,  73-75 12 MeCN I 13 C,sH,N,S C, H,S;N? 1 44
N
9 @CI] N(CH,, 210-211 38 iPrOH il ¢ C,;H,.,N,S - 2HCI-H,0 C,H,N, S, H,0 1 50
N
OCH
10 @@ N(CH,), 205-208 77 Me,CO 1 d C,,H, ,CIN,0S - 2HCI - H,0 C,H,N, S,H,0 1 0
Cl
ocC
11 @@ N(CH,, 112-113 27  n-Heptane I 8 C,,H,,CIN,0,8 C,H,N 1 30
cl N*
|
o
OCH _
12 @@ N(CH,), 262-264 43 MeCN | 9 C,,H,,N,0,S-HCl C,H,N,CI, S 1 0
NO, N
13 @ N(CH,)),  74-75 40  i-Pr,0 I 14 C.oH,N,S C,H,N 1 45
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9H,0: calcd, 9.38; found, 8.90. bN: calcd, 9.45; found, 9.04. €Aldrich Chemical Co., Inc., Milwaukee, Wis. 53233. dWinthrop Laboratories, New York, N. Y. 10016. €CI™: calcd, 16.67; found, 16.22.
fSee reference 1. &See reference 2.
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ADP-induced platelet aggregation in vitro utilizing a modifi-
cation? of the method of Born and Cross.® Briefly, when
ADP is added to rabbit platelet-rich plasma (prp) and the prp
is gently agitated, the individual platelets aggregate, or stick
together, to form clumps. Each clump contains a large num-
ber of platelets. The consequent decrease in the number of
particles in suspension causes a decrease in the optical density
of the prp. Compds that inhibit platelet aggregation mini-
mize or prevent this decrease in the optical density. Colori-
metric measurements afford a quantitative measure of the
amount of the platelets.>S

Five substances (8, 9, 14, 15, 18) produced 2 50% inhibi-
tion of platelet aggregation i# vitro at a concn of 1075M
(Table I), and were thus comparable with or superior to the
reference drugs 3,6-bis(dimethylamino)-9-{[2-(1-pyrrolid-
inyl)ethyl]thio}acridine (1),! 5,10-dihydro-3-(o-methoxy-
phenyl)thiazolo[3,2-b] [2,4]benzodiazepine hydrochloride,?
methapyrilene hydrochloride 2% adenosine,? and TAME -
HCL.? 1t is especially noteworthy that the 9-{[(dialkyl-
amino)alkyl]thio}acridines (10-12) and benzo[b][1,5]naph-
thyridines (7, 17), which lack a nuclear dialkylamino sub-
stituent, were inactive or only weakly active.

Several of the {[(dialkylamino)alkyl]thio}heterocyclic
compds (5, 8,9, 13-16, 18) were also evaluated for their
effects on platelet aggregation in prp taken from rabbits that
had received a single iv dose of the drug prior to blood
sampling. As in previous work,? female rabbits (New Zea-
land strain) were anesthetized and a jugular vein and a caro-
tid artery were cannulated for drug administration and blood
sampling, respectively. The drug was added to saline and in-
jected during a 5-min period. Blood samples were drawn
prior to and at 30- and 60-min intervals posttreatment. Each
animal was dosed only once and was sacrificed at the term-
ination of the test. Platelet-rich plasma (prp) was prepared?
and an aliquot was added to a tube containing (HOCH,)s-
CNH; and NaCl, pH 7.0. The mixt was stirred in a Bryston
platelet aggregometer with continuous recording of the
optical density. An aliquot of a soln of 2.5 or 5.0 ug/ml
of ADP in saline was added and the decrease in optical
density measured. The effect of the thio compd on platelet
aggregation by ADP was determined by comparing the
values obtained with the pre- and posttreatment samples
of prp.

In the above in vitro-in vivo test, §, 8,9, and 13-16
failed to produce a significant inhibition of platelet aggrega-
tion 30 or 60 min after single iv doses ranging from 6.25
to 25 mg base/kg. 7-{ [3-(Dimethylamino)propyl]thio}benz-
[clacridine dihydrochloride (18) produced strong inhibition
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Table II, Inhibition of Platelet Aggregation in Plasma from Rabbits
Treated with 7-{[3-(Dimethylamino)propyl]thio }benz [c]acridine
Dihydrochloride (18)

% inhibition? of ADP-induced Final

Single iv No. of platelet aggregation at post-  ADP
dose, mg rabbits treatment periods concn,
of base/kg tested 30 min 60 min ug/ml
12.0 1 100 100 0.5
6.0 3 31 (19-55) 30 (20-41) 0.5
6.0 1 16 21 0.25
1.5 3 3 (0-8) 12 (0-23) 0.5

%Average and (range) of values.

of platelet aggregation in the prp from a single rabbit at 12
mg/kg (Table II), but was only weakly active or inactive at
lower doses. Thus 18 was much less promising than 3,6-bis-
(dimethylamino)-9-{[2-(1-pyrrolidinyl)ethyl]thio}acridine
(1)! and related 9-{[(dialkylamino)alkyl]thio}-3-(dimethyl-
amino)acridines (I) reported previously.!

The overall results of the present study and previous work!
suggest that a dialkylamino substituent on the heterocyclic
moiety plays a key role in conferring optimal antithrom-
botic properties among various {[(dialkylamino)alkyl]thio}-
heterocyclic compds.

Experimental Section$ +#

{[(Dialkylamino)alkyl]thio }heterocyclic Compounds (5-18,
Table I). Procedure I. A mixt of 10.0 g (0.041 mole) of 4-chloro-
2-phenylquinazoline,'® 6.8 g (0.041 mole) of 85% 3-(dimethyl-
amino)-1-propanethiol hydrochloride (Evans), and 30 g of PhOH was
stirred and heated on a steam bath for 3 hr. The mixt was cooled
and poured into 1 1. of Me,CO with vigorous stirring. The Me ,CO
suspension was boiled on a steam bath for 5 min and chilled. The
crude HCI salt was collected by filtration, dried in vacuo at 60° for
18 hr, and dissolved in 100 ml of H,O. The soln was made alk with
50% aq NaOH and the base was extd with CHCl,. The combined
CHCI, exts were dried (K,CO,) and the CHCl, was removed in
vacuo. The residue was crystd from MeCN to give 7.0 g (53%) of
4-{[ 3-(dimethylamino)propyl]thio} 2- phenylquinazoline (14) as
colorless crystals, mp 65-66°.

Procedure II. A mixt of 6.0 g (0.022 mole) of 6-chloro[1]-
benzothieno[3,2-b]quinoline (4), 4.0 g (0.022 mole) of 85% 3-(di-
methylamino)-1-propanethiol hydrochloride, and 20 g of PhOH was
stirred and heated on a steam bath for 3 hr. The reaction mixt was
processed according to procedure I, but the free base did not crystal-
lize. The crude base was dissolved in Et,0O and the Et,0 soln was
treated with excess HCl. The HCIl salt that pptd was collected and
crystd from MeCN. The desired 6-{[3-(dimethylamino)propyl]thio]:
[1]benzothieno[3,2-b]quinoline dihydrochloride (5) (7.0 g, 75%)
was obtained as yellow crystals, mp 224-226°.

Procedure III. To a warm soln of 4.6 g of Na in 100 ml of
EtOH was added in one portion 15.6 g (0.1 mole) of 3-(dimethyl-
amino)-1-propanethiol hydrochloride and the mixt was heated to
reflux. To it was added dropwise over 0.5 hr a soln of 21.8 g (0.1
mole) of 9-chloro-1,2,3,4-tetrahydroacridine$ in 100 ml of EtOH,
and the mixt was boiled under reflux for 4 hr and chilled. It was
filtered, and the residue was triturated with MeCN and extd with
Et,0. The combined Et,0 exts were treated with HCl and the crude
HCl salt was crystd from MeOH-Et,0 (24.0 g, mp 199-201°). The
HCI salt was dissolved in 200 ml of H ,O and the soln was made basic
with 50% aq NaOH and extd with Et, 0 The combined Et,0 exts
were dried (K,CO,) and treated with HCl Crystn of the HCl salt
from i-PrOH gave 15.0 g (38%) of 9-{[ 3-(dimethylamino)propyl]-
thio}-1,2,3,4-tetrahydroacridine dihydrochloride monohydrate (9)
as pale yellow crystals, mp 210-211°.

N-(Benzo[b]thien-3-yl)anthranilic Acid (3). A mixt of 28.0¢g
(0.13 mole) of 3-bromobenzo[b]thiophene,*® 35.0 g (0.20 mole) of

§ Melting points (corrected) were taken on a Thomas-Hoover capil
lary melting point apparatus.

#Where analyses are indicated only by symbols of the elements or
functions, analytical results obtained for those elements or functions
were within +0.4% of the theoretical values.



Tumor Inhibitory Solapalmitine Analogs

potassium anthranilate, 16.4 ml of 4-ethylmorpholine, 2.5 g of
CuBr,, and 50 ml of DMF was stirred under reflux for 2 hr and
made alk with aqg NaOH. The mixt was filtered warm to remove in-
soluble impurities, and the filtrate was acidified to ppt the crude
product as an oil which soon solidified. Recrystn first from EtOH-
H,0 (decolorizing charcoal), then from C H,, afforded 11.2 g (32%)
of yellow needles, mp 202-204°, 4nal. (C,H,,NO,S)C,H, N, S.
6-Chloro[1]benzothieno|[3,2-b]quinoline (4). N-(Benzo[b]-
thien-3-yl)anthranilic acid (3) (10.0 g, 0.037 mole) was added to
100 g of POCI,, and the mixt was cautiously warmed on a steam
bath with stirring. An exothermic reaction ensued. The mixt was
heated under reflux for 1.5 hr, cooled, and poured slowly with
vigorous stirring into 1 kg of ice. After hydrolysis of the POCl,,
the mixt was made alk with an excess of 50% aq NaOH in ice and
the product was extd with CHCl,. The combined CHCI, exts
were washed with H,0, and the CHCl; was removed in vacuo. The
residue was crystd from MeCN to give 6.5 g (65%) of pale yellow
needles, mp 157-158°. 4nal. (C,H,CINS)C, H, C], N.
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Tumor Inhibitors. 70. Structure-Cytotoxicity Relationships among

N-Acyltriamines Related to Solapalmitine’f
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The results of a study directed toward determination of the structural requirements for growth-inhibitory
activity among N-acyltriamines and other relatives of solapalmitine (1) are reported. Most of the synthetic
derivatives were prepared viz hydrogenation of tertiary aminonitriles (4) to the appropriate secondary
amines (5) and acylation to the N-acyltriamines (6). It was found that, for maximal cytoxicity, N-acyl-
triamines require an acyl residue at least 12 C in length. The number of CH,’s between the tertiary amine
functions and the amide N is not crucial, and variation from 2 to 7 CH, groups causes no major change in
activity. Reduction of the amides to the corresponding N2 -alkyltnammes afforded products with potent
cytotoxicity in the series wherein the N%-alkyl group is at least 12 C in length. Ten of the most cytotoxic
compounds were found to show significant in vivo inhibitory activity against the Walker 256 carcinosar-
coma in the rat. The palmitamide and solamine moieties appear to represent the optimal structural char-
acteristics for in vivo inhibitory activity. Four of the most cytotoxic compounds inhibited the growth of
Escherichia coli at very low concns. The mode of action of these N-acyltriamines appears to be disruption

of surface properties of the cell walls.

In the course of a continuing search for tumor inhibitors
of plant origin, 2 new liquid alkaloids, solapalmitine (1)
and solapalmitenine (2), were isolated from an alcoholic ex-
tract of Solanum tripartitum Dunal (Solanaceae).?> Both
alkaloids showed significant inhibitory activity in vivo
against the Walker 256 im carcinosarcoma in rats (WM) and
in vitro against cells derived from the human carcinoma of
the nasopharynx (KB). We report herewith the results of a
study directed toward the determination of the structural
requirements for biological activity among N-acyltriamines
and other compounds related to solapalmitine.

+This work was supported by grants from the National Cancer
Institute (CA 11718) and the American Cancer Society (T-2785).
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Biological evaluation of solamine (3) revealed that this tri-
amine was devoid of in vivo or in vitro growth inhibitory
activity. Consequently, the first synthetic efforts were
directed toward N-acyltriamines bearing the general struc-
ture 6 (Table I). The acylsolamines 15-23 were prepared by
acylation of solamine in Et,O with the appropriate acyl
chloride in the presence of a 10-fold excess of Et3N. The
next series was addressed to the effect of varying the dis-
tance between the terminal tertiary amino functions and



