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4) Influence of buffer content on the fluorescence intensity is less.
5) Existence of excess magnesium does not cause a decrease of fluorescence intensity
as shown in the previous paper.?
This method is as high sensitive as atomic absorption spectrophotometry and is remarkably
more excellent than the Oxin Method used previously in regard to sensitivity and precision.
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Predominance of platelets in the white clot of blood in arteries has focused attention
of their importance in arterial occlusion and has suggested that the inhibitor of platelet aggre-
gation may be more useful than standard anticoagulant therapy.® Several organic compounds
‘that powerfully inhibit adenosine 5’-diphosphate- and/or collagen-induced platelet aggrega-
tion have been investigated, and heterocyclic compounds including pyrimidopyrimidines,®
thieno compounds,®? thiazolo compounds,®® benzonaphthyridine,'® pyrimidines,'¥ fluoren
compound,'® aniline derivative,'® quinazoline,'® and others'® are known as strong inhibitors
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of platelet aggregation. - The present communication deals with the in vitro test result of a
series of heterocyclic compounds such as pyrrolopyrimidines, pyrimidines, thienopyrimidines,
indol derivatives, benzothiophenes, and benzoquinolizine as inhibitors of platelet aggregation.

Experimental

Materials Pyrrolo[2,3-d]pyrimidines (I; 1—8, II; 9—11),%%®) 1 3-dimethyl-6-mercaptouracils (11I;
12—15),%9and thieno[2,3-d]pyrimidines (IV; 16—19)16@) were the gifts of Professor H. Ogura of Kitasato
University. Indole derivatives (V; 20—32, VI; 35-—42),160-9) benzo[b]thiophenes (VII; 43—47),1%¢) and
3-cyano-2-methylthio-4-o0x0-6,7-dihydrobenzo[a]quinolizine (48)16/)were the gifts of Professor G. Kobayashi
of University of Nagasaki. Indole derivatives (V; 33, 34) were the gifts of Dr. Y. Nitta of this company.
‘' Platelet Aggregation——Biological methods and materials have been partly described in the previous
papers.biD : St :

Platelet-rich citrated plasma obtained from male rabbits was used without buffer (a), or with an equal
volume (b} ot half a volume (c) of: isotonic barbital buffer (pH 7.3),:® by the degree.of the aggregation of
the platelet-rich citrated plasma. .’ The platelet-rich citrated plasma was stored at 25° for use within 5 hr.
Therate and extent of platelet aggregation were measured by the optical density method of Born and Cross!®
by use of Evans EEL 169 aggregation meter. Thus, a cuvette containing 1.0 ml of platelet-rich citrated
plasma (PRCP) (a, b or c) preincubated at 37° for 3—b min was placed in an aggregation meter set at 37°,
and allowed to incubate with a test sample dissolved in dimethylsulfoxide or saline with stirring for 3 min.
At this point, the platelet-rich citrated plasma was challenged with 10 pl of a solution of adenosine 5'-di-
phosphate, or 100 pl of a solution of collagen in saline. The final concentration of adenosine 5’-diphosphate
and collagen required for aggregation were 10—%M and 0.4 mg/ml respectively. Most of the test samples were
dissolved in 10 pl of dimethylsulfoxide®® and compound (34) was dissolved in 10 pl of saline, and the final
concentrations of each of the test samples were 10-%M. Percent inhibition of aggregation by a test sample
was calculated by dividing the maximum deflection: of the optical density.curve by that observed in the
absence of a test sample,then multiplying by 100. . Percent inhibitions were not absolute ‘as.the sensitivity
of platelets to aggregating agents varies from preparation to preparation, and a reference standard, adenosine
(10—4wm), was tested in every platelet- -rich. citrated plasma preparation for comparison of the ‘inhibition.
Relative potency (Rad) of inhibition of every compound to adenosine compared at 10"4M in the same pre-
paration. of platelet-rich citrated plasma was a direct measure’ of the potency of inhibition. Adenosine
showed 30—1009, inhibition against-adenosine 5’-diphosphate- and collagen-indiced platelet aggregation.. -

Result

- Compounds (1—48) including pyrrolo[? 3- d]pyrlmldmes (1—11), 1,3 d1methy1—6—mer—
fcaptouraclls (12—15), thieno[2,3- d]pyrumdmes (16-—19), indole derivatives (20—42), benzo-
[b]thiophenes (43—47), and’ benzo[a]qumohzme (48). were. tested n vitro as inhibitors of rabbit
platelet aggregation induced by adenesine 5'-diphosphate and collagen. The rate and extent
‘of platelet aggregatlon were measured by the optical densfcy method of Born and Cross.!®
The results are summarized in the Table ;

, Pyrrolo[2,3- d]pyrlmldme derivatives (1—I11), 1,3—dimethy1—6.-mercaptouracil derivatives
.(12-15), :and thieno[2,3-d]pyrimidine derivatives (16-—19) did not show remarkable inhibitory
effects against adenosine 5’-diphosphate- and collagen- induced platelet aggregation. Re-
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TasrLe I. Inhibition of Platelet Aggregation by Heterocyclic Compounds
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Inhibition of platelet aggregation

ggg;d R, R, R, R, ADP-induced Collagen-induced
T o e
PRCP® 9 Rad® PRCP2 9, Rad®
I, 1 H Me a 25 0.3 c 0 0
2 H Ph a 23 0.3 c 13 0.3
3 H p-BrPh a 28 03 c 0 0
4 Me Me a 20 0.3 c 0 0
5 Me Ph a 18 0.2 c 3 0.1
6 Me p-BrPh a 14 0.2 c 3 01
7 Ph Ph a 0 0 a 7 0.1
8 Ph p-BrPh a 0 0 a 0 0
I, 9 H a 27 0.3 c 0 0
10 Me a 27 0.3 c 0 0
11 Ph a 0 0 a 0 0
H, 12 Me a 0 0 a 5 0.1
13 Ph a 0 0 a 0 0
14 p-BrPh a 0 0 a 4 0.1
15 OEt a 24 0.4 a 15 0.4
IV, 16 Me a 9 0.1 a 11 0.3
17 Ph a 6 0.1 a 19 0.4
18 p-BrPh a 0 0 c 4 0.1
19 OH a 20 0.4 c 11 0.3
V, 20 H H Ph % a 0 0 a 0 0
~C-NHCH:Ph
21 H H ~CON(CHs) P a 12 0.1 a 7 0.2
~C-SCH;
22 H Me Me S a 0 0 b 67 0.7
0 ,
N/
23 H Me Me % a 6 0.1 b : 79 0.9
~C -NHCH:CHs-
OH
24 H Me Me ISl a 30 0.3 a 0 0
‘ —-C -NHCH:Ph
25 H % H (;,N a 21 0.2 b 53 0.9
-C-SCH;s -+ —C=C(SCHs): ; ,
26 H % H cIN a 11 0.1 b 77 08
—-C-NHCH:Ph - C=C(SCHs):
27 H s H . CN a 6l 06 b . 54 06
-C —I\i /O —-C=C(SCHj3):
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Inhibition of platelet aggregation
g’gﬂl 1 R R, R, R, ADP-induced  Collagen-induced
e e e S
| PRCP® 9,» Rad® PRCP® 9, Red®
28 H 0 SCHs OH a 25 03 . a 10 0.2
~C-CHs ~C=C(EQOCHs
29 H S H CN a 4 05 a 32 06
~C-NHN= cCEe ~C=C(SCHs)z
30 H H H 0 a 13 01 a 2 01
: I :
NC\\m
A Aon
|
. COOCH: .
) 0.3
31 H H —CON(SPHI: CHs x a 28 03 a 9
32 H -0 'SCH; OH a 24 03 a 19 07
- . 1l [ .
~C-CHs ~C=NSO,~
ST : (p~CHs)Ph
33 H 0 h b 13 01 ¢ 100 1.0
- ~Cp- Cl)Ph
34 MeO . _CHECHzN ’ Ph H b 49 11 . ¢ 100 20
VI, 35 H ol b a 3 0 a 0. 0
+CH,COPh
36 Me o a 36 04 a 28 0.3
AL |
37 Me N (p~CL) Ph a 30 03 ‘a 17 0.2
Q
\j—/CO— (r-CI) Ph ' )
38 Me N _Ph a 36 04 a 43 05
OJCOPh
39 Me NO,—CH—Ph a 37 0.4 a 53 0.6
Lcn.copn . ’ \
40 Me (»-CI)Ph a 22 0.4 a 6 0.1
\_ji(‘OOCsz .

41 Me HO———Ph a 14 03 a 17 05
42 Me (0-0CH,) Ph a 5 01 a 0 .0
VI, 43 OH. = -NH-(p-CH:)Ph a 67 07 a 50 0.6
44 OH  -NHCH.CH.OH a 11 05 a 0 0
45 OH ¢y “a 93 1.0 a 34 04

N’
46 0. a 8 1.0 a 54 1.0
=CH-C-Ph '
A7 0 a 100 1.0 a 100 1.2
=CH-C~CHs :
48 a 61 08 a 36 1.0

a) Platelet—rlch citrated plasma without buffer (a), or Wxth an equal volume (b) or half a volume (c) of buffer.
.b) % inhibition was not absolute.
¢) Relative potency (Rad) of every compound to adenosme was a direct measure of potency Ph=phenyl!

latively potency (Rad) of inhibition of these compounds to adenosine compared at 104m did
not exceed 0.5.
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Among the indole derivatives (20—42) several compounds were found active as platelet
aggregation inhibitors. Compounds (22, 23, 25, 26, 32, 33) were as effective as adenosine against
collagen-induced platelet aggregation. Compounds (27, 29, 34) were active against both
adenosine 5’-diphosphate- and collagen-indiuced platelet aggregation. Of these indole deriva-
tives, N(1-pyrrolidinyl)ethyl-2-phenyl-5-methoxy-indole (34) was found most effective, and
it showed rather stronger inhibition than adenosine at 10—*m against adenosine 5’-diphosphate-
and collagen-induced platelet aggregation. This series of compounds are structural analogs
of a nonsteroidal antiinflammatory drug such as indomethacin which have been reported to
inhibit collagen-induced platelet aggregation.2”

Benzo[b]thiophene derivatives (43—47) had rather strong inhibitory activity except
compound (44) against both adenosine 5'-diphosphate- and collagen-induced platelet aggrega-
tion. 3-Cyano-2-methylthio-4-ox0-6,7-dihydrobenzo[a]quinolizine (48) was also effective
as an inhibitor of platelet aggregation mediated by both inducers. These compounds (43,
45, 46, 47, 48) could be appreciated to be of new classes of platelet aggregation inhibitors
and these are valuable compounds for further pharmacological studies.

In summary, several heterocychc compounds were found effective in vitro as 1nh1b1tors
of platelet aggregation. It is of interest that some of them inhibited both adenosine 5'-di-
phosphate- and collagen-induced platelet aggregation and others inhibited only the aggre-
gation mediated by collagen. The utility of these active compounds as antithrombotic agents
depends on further pharmacological investigations.
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As one of carbohydrate components of several T7rachelospermum species (Apocynaceae),
‘we have reported the isolation of dambonitol (1,3-di-O-methyl-myo-inositol).?)

This report is concerned with the isolation and identification of sucrose and 5-hydroxy-
methylfurfural from the stems of Trachelospermum asiaticum Naxa1 var. intermedium NAaxa1.

The procedure of extraction was as described in the experimental section. The extract
‘with chloroform-methanol (2:1) was subjected to a column chromatography of activated
charcoal and eluted successively with water, methanol-water (1:99), methanol-water (1: 1)
and methanol alone. The colorless grains (I), CyyH,,0yy, mp 176—179°, []% +4-66.0° (water)
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