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Various N®-substituted adenosines 1-21 were synthesized in 20-100% yields by reaction of 6-chloro-
purine ribonucleoside or 2-amino-6-chloropurine ribonucleoside with the requisite substituent amine in
EtOH. N®-Benzyl- (or allyl-) adenosine 5-monophosphate 27 and 28 was prepared by treatment of adeno-
sine 5"-monophosphate with benzyl (or allyl) bromide and alkali. Among the N%substituted adenosines
1-26 and N%substituted adenosine 5'-monophosphate 27 and 28, N%phenyl- (1), N%-o0-chlorophenyl-
(2), N%p-chlorophenyl- (4), N%p-methoxyphenyl- (7), N-cyclopentyl- (10), N®-cyclohexyl- (11), N°{p-
hydroxyphenylethyl)- (23), N®(indole-3-ethyl)- (24), and N®-allyl- (26) adenosines showed strong inhibi-
tory activity at 10™* M against adenosine 5'-diphosphate and collagen induced rabbit platelet aggregation,
Incubation of these active compounds with rabbit platelet-rich plasma for a period exceeding 2 hr did
not lead to loss of activity. Rabbit platelet adhesiveness to glass beads was inhibited by compounds 1
and 11. These also inhibited adenosine 5'-diphosphate induced platelet aggregation in plasmas obtained
from rabbits given single intravenous doses of 8 mg/kg. Compounds I and 11 were also active as inhibi-

tors of human platelet aggregation.

Platelet aggregation or platelet thrombus formation is of
primary importance in arterial thrombogenesis.? Agents that
inhibit platelet aggregation are of interest as potential drugs,
and a number of compounds have been tested as inhibitors
of adenosine 5'-diphosphate (ADP) and/or collagen induced
platelet aggregation.®™** Among them, prostaglandin E,,*
certain adenosine derivatives,”’ pyrimidopyrimidines,®*®
thieno compounds,'® thiazolo compounds,! [(dialkylamino)-
alkyl]thio heterocyclic compounds,’®*® and a fluorene de-
rivative'® are typical strong inhibitors of platelet aggrega-
tion, but few have been evaluated as antithrombotic agents
owing to their undesirable side effects or toxicity.

Among the derivatives of adenosine, 2-chloroadenosine®
has been found to be a powerful inhibitor of platelet aggre-
gation, but it is very toxic.'* Recently, 2-methylthioadeno-
sine S-monophosphate which is less toxic has been evalu-
ated to be an antithrombotic agent, although it showed rather
weak inhibitory activity against platelet aggregation.'® In the
course of our studies on platelet aggregation inhibitors, we
have found 6-hydroxyaminopurine ribonucleosides to be
ten times as potent as adenosine in the inhibition of rabbit
plasma platelet aggregation.” However, they showed little
activity against human platelet aggregation. ™!’

In order to secure further information on the structure-
activity relationships in this series of adenosine derivatives,
some additional N°-substituted adenosines and N°substi-
tuted adenosine 5-monophosphates were prepared and ex-
amined for the inhibitory activity of platelet aggregation in-
duced by ADP and collagen.

Chemistry. 6-Substituted purine ribonucleosides have
been synthesized by treatment of 6-halogenopurine ribonuc-
leosides, »'®?2 6-methyl- (or benzyl-) thiopurine ribonucleo-
sides,? or 6-trimethylsilyloxypurine ribonucleosides?* with
appropriate amines or via N'-substituted adenosines ob-
tained by reaction of adenosine with appropriate halides.
Fleysher, ef al.,*>** have synthesized several N®-substituted
adenosines by treatment of 6-chloropurine ribonucleoside
with amines in the presence of CaCO; or Et;N and also by
the N! quaternization of adenosine with the appropriate
halides. In the present study, 6-chloropurine ribonucleoside'®
or 2-amino-6-chloropurine ribonucleoside®® was allowed to
react with large excesses of various amines and the corres-
ponding N°substituted adenosines 1-21 were obtained. The
reaction was performed in EtOH in the absence of an auxili-
ary acid acceptor which facilitated the isolation of the pro-
ducts. The structures and the physical data of 1-21 are given
in Table I. Compounds 8-10 and 12-21 have not been re-
ported thus far, while compounds 1,%' 11,222,827 25 2
and 26 have been reported in the literature and compounds
2-7 have been described in the patent field.?* N®-Substituted
adenosine 5'-monophosphates 27 and 28 were prepared by re-
action of adenosine 5'-monophosphate (AMP) with benzyl (or
allyl) bromide and subsequent treatment of the intermediate
N'.benzyl- (or allyl-) AMP with alkali (Scheme I).

Pharmacology. The N®substituted adenosines 1-26 and
Né-substituted AMP 27 and 28 were tested in vitro as in-
hibitors of ADP- and collagen-induced rabbit platelet aggre-
gation according to the method of Born and Cross.?® The

21,25



Platelet Aggregation Inhibitors

Scheme I
NH, _ 1
o RNI N> o k\ﬁl >

1 1l -
P-OCH, RBr, lo-—P-ocH, o,

| | 0

o kO 0"

HO OH HO OH
NHR
NS
0 k\N
i
0'-1:-00}1,
o (0]
HO OH
27, R =PhCH,-

28, R = CH,=CHCH,-

inhibitory activity of every compound was estimated by the
extent of the decrease in the optical density of platelet-
rich citrated plasma (PRCP) after the addition of ADP or
collagen.

Rabbit PRCP was buffered at pH 7.7 £ 0.1 in order to
keep pH of the plasma constant, since the extent and the
capacity of aggregation of platelets were largely influericed
by pH of the plasma.®® In order to test the inhibitory effect
of compounds insoluble in saline such as 9, aprotic solvents
were examined as solvents of inhibitors of aggregation (Table
I1). Dimethylformamide (DMF), hexamethylphosphoramide
(HMPA), and formamide (FA) were not proper solvents,
since aggregation was greatly influenced by DMF and HMPA,
and certain inhibitots such as hydroxylamine>! were inacti-
vated by FA. Dimethy! sulfoxide (DMSO) did not show in-
hibition greater than 50% against ADP- and collagen-induced
aggregation and was found to be useful as a solvent for in-
hibitors. Comparisons of the inhibitory activities of several
compounds relative to adenosine (Rad) in DMSO with those
in saline (Table IIT) indicated that DMSO was a proper sol-
vent of inhibitors.

Among the compounds 1-28, N®-phenyl- (1), No-chloro-
phenyi- (2), N®p-chlorophenyl- (4), N®-p-methoxyphenyl-
(7), Ne<cyclopentyl- (10), N®cyclohexyl- (11), N°{p-hy-
droxyphenylethyl)- (23), N®{(indole-3-ethyl)- (24), and N°-
allyl- (26) adenosines showed strong inhibitory activity at
10™ M against ADP- and collagen-induced rabbit platelet
aggregation (Table III). The relative potency (Rad) of each
of these to adenosine at 107 M was greater than 0.6, and
these were as potent as the parent compound, adenosine.
Other compounds except N%-hydroxyethyladenosine (22)
had little or no inhibitory activity at 10™* M. Inhibitory
effects of the active compounds were concentration depen-
dent and each at 107° M was less active than at 10™* M and
than adenosine at 1075 M,

The inhibitory profiles of 1 and 11 at 10™* M against ADP-
induced aggregation are presented in Figure 1A, which
demonstrated that the inhibitory effect of these compounds
was similar to that of adenosine and different from that of
previously reported compouiids, 6-hydroxyaminopurine
ribonucleosides,” which induced very strong deaggregation
after the maximal aggregation. Deaggregation potencies of
1 and 11 against platelet aggregates medijated by ADP were
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Figure 1. Inhibitory profiles of N®-phenyl- (1) and N®cyclohexyl-
(11) adenosines against ADP-induced platelet aggregation. A: buf-
fered PRCP (rabbit) was treated with each of the test samples in
saline for 3 min and challenged with ADP. B: buffered PRCP (rabbit)
was challenged with ADP. After the maximum aggregation (indicated
by an arrow) each of the test samples in saline was added. C: PRCP
(human) was treated with each of the test sampies in saline for 3

min and challenged with ADP. Adenosirie (107* M), O; N°-phenyl-
adenosine (1, 107* M), A; Né-cyclohexyladenosine (11, 107* M), @;
and saline (control), X.
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Figure 2. Incubation effect of N°-substituted adenosines with rab-
bit platelet-rich plasma on ADP-induced platelet aggregation. Buf-
fered PRCP was treated with the test sample (10™* M) for the indi-
cated period and challenged with ADP. N¢Phenyladenosine (1), A;
N®-o-chlorophenyladenosine (2), @; N®p-chlorophenyladenosine
(4), w; N°-p-methoxyphenyladenosine (7), ©; N°-cyclopentyladeno-
sine (10), A; N®-cyclohexyladenosine (11), @; N®-(p-hydroxyphenyl-
ethyl)adenosine (23); W; adenosine, O; and 2-chloroadenosine, ©.

investigated (Figure 1B), and they were as strong as that of
adenosine at 107 M though weaker than those of 6-hydroxy-
aminopurine ribonucleosides.’
6-Hydroxyaminopurine ribonucleosides which strongly in-
hibited rabbit platelet aggregation have been ineffective
against human platelet aggregation.”!” Compounds 1 and
11 were active as adenosine against human platelet aggre-
gation induced by ADP. Profiles are shown in Figure 1C.
The compounds 1, 2,4, 7, 10, 11, and 23 were incubated
at 37° with buffered rabbit PRCP over the longer intervals



Table 1. N°-Substituted Adenosines w
——— —— S - - _ g\
[
() :
NR R, /\T\, i
= N/ \ &
X Sy’ <
N
RN HOCH, s
HOCH20 o g
g
HO OH Paper HO OH 5
1-20 chroma- 21 <
Yield, Purifen tography® Uv, A max (e X 1073, nm =
No. Compound R R, R, Method? % solvent Mp, °CP RfA RfB pH1.0 H,0 pH13.0 Formula and analyses? <
1 NePhenyladenosine® H  H CH,- A 88.3  EtOH-H,0 195-196 0.82 0.89 275 290 290 (C,H,,0,N,) C,H,N S
(17.8) (20.8) (20.9) —
2 NSoChlorophenylr H H 0-CIC H,- A 523  EtOH-H,0 190-19270.85 274 279 2815  (C,H,,0,N,Cl-0.5H,0-0.5C,HOH) C, H,N &
adenosine (21.7)  (20.7) (20.1) g
3 NSm-Chlorophenyl- H H m-CIC H,- A 748  EtOH 208-210/0.86 277 2935 2945  (C,H,,0,N,Cl-0.5C,H,OH) C, H, N .
adenosine (18.6) (23.5) (23.8)
4  NSp-Chloropheny- H H p-CIC H,- A 820 EtOH 205-206/ 0.84 277 2945 2945  (C,H,,0,N,Cl-05C,H,OH) C,H, N
adenosine (20.4) (25.3) (25.5)
5  N®o-Methoxyphenyl- H H 0-OMeC H,- A 829  EtOH 229-230/0.79 272 2825 2825  (C,H,,0,N,-0.5C,HOH)C, H,N
adenosine (18.6) (17.4) (17.9)
6  NSm-Methoxyphenyk H H m-OMeC H - A 90.1  EtOH 201-20370.76 276 298 298 (C,.H,,0,N;-0.5C,H.OH) C, H, N
adenosine (18.5) (21.1) (21.6)
7 NSpMethoxyphenyl- H H p-OMeC H - A 88.5  EtOH 2132177074 092 275 288.5 2885  (C,,H,,ON,-C,H,0H)C,H,N
adenosine 21.00 (21.8) (22.3)
8  N'{a-Naphthyl- H H «-Naphthyl A 789  EtOH 170-172 0.82 265 273sh  273sh  (C,H,,0,N,-0.5C,H,0OH) C, H, N
adenosine (19.1) (16.6) (16.6)
283 sh 283 283
17.7) (17.3) (17.2)
9 N®(g-Naphthyl)- H H g-Naphthyl A 96.1  EtOH 228-230 0.79 277 272sh  272sh  (C,H,,0,N,-0.5C,H.OH) C, H, N
adenosine (29.6) (22.9) (24.0)
279.5 279.5
(26.2) (27.5)
309.5 309.5
20.8) (224
10 NSCyclopentyl- H H e-C.H,- B 748 HO 77-81 093 266 270 269.5  (C,H,,0,N)C,H,N
adenosine 22.7) (19.9) (20.4)
11 NéCyclohexyl-
adenosine® H H cCH,,- B 100 AcOEt-EtOH  187-188 0.83 265.5 270 270 (€, H,,0,N,) C, H,N
(19.0) (18.3) (18.0) z
12 N*Cycloheptyl- H H cCH, - C 220  EtOH 9397 0.84 2655 271 271 (C,.H,,0,N,-C,H,OH) C, H, N &
adenosine 21.8) (19.3) (21.0) 2
13 N*Cyclooctyl- H H ¢-CH, - B 540 H,0 167-168 0.85 265 2705 2705  (C,,H,,0,N;-0.5H,0) C,H, N S
adenosine 2217 (19.2) 21.1) =
14 NS(4Cyclohexyl- H H CH, (CH),~- A 760  EtOH-H,0 108-114 0.88 264.5 270 2695  (C,H,,0,N,-0.5C,HOH) C,H, N g,
butyl)adenosine (21.1) (17.0) (17.7) R
15  NsDi(hydroxyethyl)) H  HOC,H,~ HOC,H,- A 845  EtOH-H,O 228-230 040 0.66 274 279 279 (C,,,0N,)C, H,N g
adenosine (18.3) (20.2) (20.5) §'
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Table II. Effect of Aprotic Solvents on Rabbit Platelet Aggregation

Amount of solvent % aggregation?

Buffered Collagen

Solvent PRCP, ul/ml Concn, M ADP induced induced
Saline 10 100 100
Dimethy! sulfoxide (DMSO)? 10 0.14 57 59
Dimethylformamide (DMF) 10 0.13 17 12
Hexamethylphosphoramide (HMPA) 10 0.06 30 12
Formamide (FA) 10 0.25 67 89

4Expressed by per cent aggregation compared with saline. BPMSO has been shown to be inhibitory against ADP-induced rat platelet ag-
gregation: P. Gorog and I. B. Kovacs, Proc. Int. Symp., Inflammation Biochem. Drug Interaction, 197 (1968).

Table III. Inhibition of Rabbit Platelet Aggregation by N®-Substituted Adenosines?

Inhibition of ADP-
induced aggregation®

Inhibition of collagen-
induced aggregation®

107% M 1075 M 107* M 1075 M
Compound Solvent? % Rad % Rad % Rad % Rad
NS-Phenyladenosine (1) 1 82 09 30 1.0 41 0.6 18 0.3
3 86 0.7
N¢-0-Chlorophenyladenosine (2) 1 71 0.8 23 0.3 45 0.8 5 0.1
3 53 0.7 48 0.9
N¢-p-Chlorophenyladenosine (4) 2 73 0.8 27 0.5 72 0.8 37 0.7
3 85 1.0 78 1.2
N¢-p-Methoxyphenyladenosine (7) 2 72 09 47 0.6 94 1.2 18 0.4
3 87 1.0 57 0.9
N°*-(8-Naphthyl)adenosine (9)4 3 28 0.4 59 0.8
N8Cyclopentyladenosine (10) 1 64 09 8 0.1 75 09 42 0.6
3 56 0.7
N8Cyclohexyladenosine (11) 1 84 1.1 49 0.7 75 0.9 27 0.4
3 71 1.0
N¢-Hydroxyethyladenosine (22) 2 21 0.4 0 0 12 0.3 7 0.3
NS-(p-Hydroxyphenylethyl)adenosine (23) 2 62 09 17 04 31 1.0 4 0.2
Né(Indole-3-ethyl)adenosine (24) 2 41 0.6 13 0.3 27 0.6 0 0
Ne-Allyladenosine (26) 1 33 1.0 4 0.2 37 1.0 7 0.2
Adenosine 1 30-80 1.0 20-80 1.0 30-90 1.0 20-70 1.0
2 50-80 1.0 20-80 1.0 3090 1.0 20-70 1.0
3 70-100 1.0 50-90 1.0

4Among the N®-substituted adenosines 1-26 and Nésubstituted 5’-AMP’s 27 and 28, compounds unlisted in Table III were inactive (Rad
<0.3). bCompounds were dissolved in the following solvents at 107 or 107® M when added to buffered PRCP (1 mi): (1) saline (10 ul), (2)
saline (100 wl), and (3) DMSO (10 ul). “Inhibition percentages were not absolute (see Experimental Section). Relative potency (Rad) of in-
hibition of every compound to adenosine compared in the same solvent under the same conditions was a direct measure of potency of in-

hibition. 9Insoluble in saline.

Table IV, Inhibition of Rabbit Platelet Aggregation by Adenosine
Derjvatives Incubated with Platelet-Poor Plasma

PR 2
Sample incubated with % inhibition of aggregation

platelet-poor plasma 0 60 120
Saline 2 -5 3
Adenosine 83 91 81
2-Chloroadenosine 85 86 85
N®-Phenyladenosine (1) 54 59 81
Ne¢Cyclohexyladenosine (11) 76 78 78

9Incubation time in minutes.

aggregation induced by ADP and collagen. These were active
against both rabbit and human platelet aggregation and were
characterized by long-lasting activity. Availability of these
active compounds synthesized depends on further pharma-
cological investigations, because there has been found a good
correlation between vasodilative and antithrombotic activ-
ity with some derivatives of adenosine.3

Experimental Section

Chemical Methods and Materials. Paper chromatography was
performed using TOyo Roshi No. 51A paper in an ascending tech-
nique with solvent systems: A, n-BuOH-H,0 (84:16); B, n-BuOH-
AcOH-H,0 (2:1:1); C, +PrOH-NH ,OH-H,0 (7:1:2); D, EtOH-0.5
M NH,OAc (5:2); and E, NH,OH-H,0 (pH 10). Uv spectra were
measured with a Hitachi recording spectrophotometer, ESP-3T, Ani-

line, 0-, m-, and p-chloroanilines, 0-, m-, and p-anisidines, o- and g-
naphthylamines, cyclohexylamine, NV,N-djethanolamine, N,N-di-
methyl-1,3-propanediamine, tyramine hydrochloride, and piperi-
dine were purchased from Wako Pure Chemical Industries, Ltd. V,N-
Diethylethylenediamine was from Tokyo Kasei Kogyo Co., Ltd. Cy-
clopentyl-, cycloheptyl-, cyclooctyl-, and cyclohexanebutylamines
were the products of Aldrich Chemical Co., Inc. Calf intestinal phos-
phomonoesterase was purchased from Tokyo Kasei Kogyo Co., Ltd.

N¢-Hydroxyethyladenosine (22),>”® N*-(p-hydroxyphenylethyl)-
adenosine (23), and N°®-(indole-3-ethyl)adenosine (24) were gifts of
Dr. M. Shikita, N®-Benzyladenosine (25) and N%-allyladenosine (26)
were originally prepared according to ref 20 and 21 and were now
products of this company, 2-Chloroadenosine was synthesized ac-
cording to the modified method of Montgomery and Hewson.'*®

N¢-Substituted Adenosines 1-21. Method A. N®-(a-Naphthyl)-
adenosine (8). 6-Chloropurine ribonucleoside (2.0 g, 7 mmol) and
a-naphthylamine (6.01 g, 42 mmol) were dissolved in 42 m] of
EtOH. After the mixture was refluxed for 5 hr, it was kept overnight
in a refrigerator. The crystals of 8 which separated were collected by
filtration.

Method B. NS-Cyclooctyladenosine (13). A mixture of 6-
chloropurine ribonucleoside (2.0 g), cyclooctylamine (5.35 g, 42
mmol), and EtOH (42 ml) was refluxed for 5 hr and it was evapor-
ated in vacuo to dryness. The residue was triturated with a small
amount of EtOH, and the crystals of 13 were obtained.

Method C. N°-Cycloheptyladenosine (12). A mixture of 6-
chloropurine ribonucleoside (2.0 g), cycloheptylamine (4.8 g, 42
mmol), and EtOH (42 ml) was refluxed for 5 hr and it was cooled
in an ice bath. A crystalline precipitate of cycloheptylamine hydro-
chloride was filtered off, and the filtrate was evaporated in vacuo to
one-half of the original volume. The precipitate which separated con-
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Table V. Inhibition of Platelet Adhesiveness by Adenosine Derivatives
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At 24° At 37°
Compound Adhesiveness, % Inhibition, % Adhesiveness, % Inhibition, %
Control (saline) 44 0 45 0
Adenosine 21 52 34 24
N®Phenyladenosine (1) 23 47 23 49
N8Cyclohexyladenosine (11) 18 60 7 85

taining 1? was collected, washed with H,O, and crystallized from
EtOH.

Method D. N®(3-Dimethylaminopropyl)adenosine (16). 6-
chloropurine ribonucleoside (2.0 g) and N,N-dimethyl-1,3-propan-
ediamine (14.3 g, 140 mmol) were dissolved in 42 mil of EtOH. The
mixture was refluxed for 5 hr and evaporated in vacuo to dryness.
The residue was applied onto a cellulose column (1.7 X 40 cm) and
eluted with solvent B. Fractions containing 16 examined by paper
chromatography (solvent B) were evaporated in vacuo to dryness.
The residue was redissolved in 200 ml of H,O and passed through a
Dowex 1X4 (CI”) column (40 ml). The effluent was evaporated in
vacuo to dryness and the residue was crystallized from EtOH to af-
ford a crystalline powder of N°(3-dimethylaminopropyl)adenosine
hydrochloride (16).

N¢-Diethylaminoethyladenosine (17). A mixture of 6-chloro-
purine ribonucleoside (2.0 g), NV,N-diethylethylenediamine (16.3 g,
140 mmol), and EtOH (42 ml) was refluxed for S hr and was evapo-
rated in vacuo to dryness. The residue was triturated with EtOH to
afford a hygroscopic crystalline powder. The powder was purified
using a cellulose column and a Dowex 1 column successively as de-
scribed above and the crystalline N°-diethylaminoethyladenosine
hydrochloride (17) was obtained from EtOH-acetone.

Method E. 2-Amino-N%phenyladenosine (18). 2-Amino-6-
chloropurine ribonucleoside (2.0 g, 6.6 mmol) and aniline (3.92 g,
42 mmol) were dissolved in 42 ml of EtOH and refluxed for 6 hr.
The mixture was kept in a refrigerator overnight, The crystals of
18 which separated were collected by filtration,

Method F. 2-Amino-N®-(p-hydroxyphenylethyl)adenosine (20).
Tyramine hydrochloride (2.42 g, 14 mmol) was dissolved in 41 ml
of hot absolute EtOH and the mixture was added with 784 mg (14
mmol) of KOH dissolved in 3 ml of absolute EtOH. White precipi-
tate of KCl was filtered off and to the filtrate was added 2.0 g (6.6
mmol) of 2-amino-6-chloropurine ribonucleoside. The mixture was
refluxed for 12 hr and was evaporated in vacuo to a small volume.
The product (20) which separated was collected by filtration.

N¢-Benzyladenosine 5’-Monophosphate (27). 5’-AMPNa, (1.9 g,
4.8 mmol) was suspended in 12 ml of anhydrous DMF and the mix-
ture was added to 2 ml (16 mmol) of benzyl bromide. After the
mixture was stirred at 40° for 48 hr, it was added to an additional
2 ml of benzyl bromide and the reaction was continued for 24 hr.
Paper chromatography (solvent C) of the reaction mixture revealed
a major spot having a R¢ of 0.35 (R¢ of 5'-AMP, 0.20). The uv spec-
trum of the aqueous extract of the spot showed A max (H*) 260
and A max (H,0, OH) 261 nm, which was identified as that of N!-
benzyladenosine 5’-monophosphate. The reaction mixture wasevap-
orated in vacuo and the residue was washed with 50 ml of CHCl,
twice to remove excess benzyl bromide. The residue was dissolved
in 50 ml of concentrated NH,OH and heated at 60° for 3.5 hr.
Paper chromatography (solvent C) revealed a major spot having a
higher R ¢ value of 0.50. The mixture was evaporated in vacuo to
dryness and the residue was purified through a cellulose column
(1.5 X 50 cm) with solvent C. The fractions containing the product
were evaporated in vacuo to dryness to afford 711 mg of crude am-
monium salt of 27, The salt was redissolved in 100 ml of H,0 and
absorbed to diethylaminoethyl cellulose (HCO,") column (2 X 20
cm) and eluted with 0.01 @ Et,N-HCO,. Fractions (1000-2000 ml)
containing the product were evaporated to dryness, and the residue
was redissolved in 10 ml of H,O and absorbed to a column of 10 ml
of Dowex 1X2 (OH"). After elution of the column with 200 mi of
2 N HCOOH, the eluate was evaporated in vacuo (below 35°) to dry-
ness. Coevaporation with EtOH several times furnished a crystalline
powder of 27. 1t was dried at 40° in vacuo over NaOH and weighed
598 mg (yield, 28%): uv A max (pH 1) 266 nm (ep 19,700), (pH 7)
270 (19,700), and (pH 13) 270 (19,900); paper chromatography
R¢0.50 (solvent C); purity 102.5% (phosphorus assay). The com-
pound (27) was treated with calf intestinal phosphomonoesterase at
pH 7.5 and 37° for 1 hr, and paper chromatography of the dephos-
phorylated mixture showed a spot having R¢’s of 0.78 (solvent C)

and 0.87 (solvent D) which were identical with those of an authentic
N¢-benzyladenosine (25),%

N®-Allyladenosine 5’-Monophosphate (28). 5'-AMPNa, (946
mg, 2.4 mmol) was treated with allyl bromide in DMF as described
above. Paper chromatography (solvent C) of the reaction mixture
revealed a major spot having a R¢ of 0.45. The mixture was evapo-
rated in vacuo to dryness to obtain a gum, which was subsequently
treated with 50 ml of concentrated NH,OH at 60° for 3 hr. Paper
chromatography (solvent C) of the mixture showed a major spot
having a R¢ of 0.30. The mixture was evaporated in vacuo to dryness
and the residue was purified through a cellulose column as described
in the preparation of 27. The yield of 28 was 28% (296 mg); uv A
max (pH 1) 264 nm (ep 20,500), (pH 7) 267 (20,000), and (pH 13)
268 (20,300); paper chromatography R¢ 0.30 (solvent C); purity
87% (phosphorus assay). The compound (28) was treated with
phosphomonoesterase, and the paper chromatography (solvents A,
C, and D) of the dephosphorylated mixture showed that the product
was identical with an authentic sample of A%-allyladenosine (26).2°

Pharmacological Methods. Methods and materials have been
partly described in the previous papers.b”**' All glassware coming
into contact with blood or PRCP was siliconized with Siliconizer
N-A (Fuji Ko-bunshi Kogyo Co., Ltd.).

Collagen was a lyophilized preparation from bovine achilles
tendon (Sigma Chemical Co., Ltd.). Approximately 100 mg of col-
lagen was placed in a glass homogenizer covered with 20 ml of saline
and homogenized to a fine suspension with a Teflon covered piston.
The collagen suspension was kept in a refrigerator and mixed well
before use.

Platelet Aggregation (Rabbit). Platelet aggregation were mea-
sured by the optical density method of Born and Cross®® by use
of Evans EEL 169 aggregation meter. Platelet-rich citrated plasma
(PRCP) obtained from a male rabbit was immediately buffered with
an equal volume (in the case of ADP-induced aggregation) or with a
half volume (in the case of collagen-induced aggregation) of isotonic
barbital buffer (pH 7.3).%° The pH of the buffered PRCP was 7.7
t 0.1. The buffered PRCP was stored at 25° for use within 8 hr.

A cuvette containing 1.0 ml of buffered PRCP preincubated at
37° for 3-5 min was placed in an aggregation meter set at 37° and
allowed to incubate with a 10-ul or 100-ul solution of the test sam-
ple in saline with stirring for 3 min. At this point, the buffered
PRCP was challenged with 10 ul of a solution of ADPor 100 ul of a
solution of collagen in saline. The final concentration of ADP and
collagen required for aggregation were 107° M and 0.5 mg/ml, re-
spectively. Inhibition percentage of aggregation by a test compound
was calculated by dividing the maximum deflection in the optical
density curve by that observed in the absence of a test compound
and then multiplying by 100. When DMSO was used as a solvent of
a test sample, buffered PRCP was allowed to incubate with a 10-ul
solution of test sample in DMSO with stirring for 3 min and then
challenged with ADP or collagen similarly. Inhibition percentage
was calculated by dividing the maximum deflection by that ob-
served with 10 ul of the control solvent, DMSO, The inhibition per-
centages thus obtained were not absolute as the sensitivity of plate-
lets to aggregating agents varied from preparation to preparation
and by minor changes in the experimental conditions. Accordingly,
a reference standard, adenosine, was tested in every experiment for
comparison of the inhibition. Relative potency of inhibition to
adenosine (Rad value) was a direct measure of inhibition.

Platelet Aggregation (Human). Blood samples were obtained
from healthy laboratory staffs by clean venipuncture with a 22-gauge
Terumo sterile disposable needle, connected to a 20-ml disposable
plastic syringe. Whole blood (18 ml) was immediately transferred
into a 30-ml centrifuge tube containing 2 mi of 3.8% Na citrate in
saline. PRCP was prepared by centrifugation at 1000 rpm for 10
min and stored at 25° for use within 3 hr after blood sampling.

Two PRCP preparations used in the experiment contained 2.5 and
2.9 X 10° platelets/ml. A cuvette containing 1.0 ml of PRCP pre-
incubated at 37° for 5 min was placed in an aggregation meter and
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allowed to incubate with a test sample in saline for 3 min. 1t was
then challenged with ADP in the usual way.

Effect of Incubation of N®-Substituted Adenosines with Platelet-
Rich Plasma on Platelet Aggregation. A cuvette containing 1.0 ml
of buffered PRCP (rabbit) was preincubated at 37° for 3 min and
added with 100 ul of a solution of the test compound in saline. The
mixture was allowed to incubate at 37° without stirring during the
period of up to 120 min and it was challenged with ADP in an aggre-
gation meter with stirring. Inhibition percentage of ADP-induced
platelet aggregation was plotted vs. incubation interval (FFigure 2).
I’xtent of aggregation in the control experiment (saline, 100 pl) did
not vary during the incubation period of 120 min.

Effect of Incubation of Adenosine Derivatives with Platelet-
Poor Plasma on Platelet Aggregation. Platelet-poor plasma was ob-
tained from buffered PRCP (rabbit) by centrifugation at 3000 rpm
for 20 min. A solution (1 ml) of 107® M test compound in saline
was incubated with 1 ml of the platelet-poor plasma at 37° for up to
120 min. Buffered PRCP (1.0 ml) was mixed with 0.2 m] of the
above mixture in an aggregation meter and was challenged with ADP
in the usual way. Inhibitory effect of the test compounds is listed
in Table 1V.

Tlie optical density unit (260 nm) of the mixture of adenosine
and platelet-poor plasma was 15.0 before and after the incubation,
whereas that of the control (a mixture of saline and platelet-poor
plasina) was 7.2 throughout the incubation period. The incubated
mixture of adenosine and platelet-poor piasma was submitted to
paper chromatography (solvent E). A single spot of adenosine (R¢
0.40) was observed and not even a trace of inosine (R¢ 0.78) could
be detected on a chromatogram after the incubation of 120 min.
The results indicated that adenosine was not degraded under the
conditions.

Platelet Adhesiveness to Glass Beads.*> A tube containing 0.8
ml of PRCP (rabbit) and 0.1 ml of 4 solution of the test compound
in saline was kept at 24° for 30 min (or 37° for 10 min). After it was
added with 0.1 ml of a solution of ADP in saline, an aliquot (0.5
ml) of the mixture was iinmediately passed through the glass beads
column” during 20 sec, and the platelets were counted within 5 min
with an automatic microcell counter, PA-701 (Toa Electric Co.,
1.td.). The final concentration of the test sample was 107* M at 24°
and 10°* M at 37° and that of ADP was 1077 M,

Effect of Infused Adenosine Derivatives on ADP-Induced Plate-
let Aggregation.''»®® Male rabbits weighing 2-3 kg were anesthetized
with Et,0. Using siliconized polyethylene tubing washed with hep-
arin, a carotid artery was cannulated for blood sampling. A test
compound (1072 M) in saline was infused through an ear vein during
a period of 30 min. Blood samples (3.7 ml of whole blood, 0.3 ml
of 3.8% Na citrate) werc drawn prior to and at 30-, 60-, 90-, 120-,
and 150-min intervals post treatment and were immediately buffered
with an equal volume of isotonic barbital buffer (pH 7.3). Buffered
PRCP’s were obtained by centrifugation of the above blood sam-
ples at 1000 rpm for 5 min, stored at 20° for 30 min, and were sub-
nitted to ADP-induced aggregation in the usual manner, Aggrega-
tion percentage of platelets was calculated on the basis of the aggre-
wation just before the infusion.

Acknowledgments. The authors wish to express their
sincere thanks to Messrs. Y. Higuchi and H. Suehiro and
Miss R. Sugata for their technical assistances and to Dr. M.
Shikita of National Institute of Radiological Sciences for
his kindness in supplying compounds 22-24.

References

(1) K. Kikugawa and K. lizuka, J. Pharm. Sci., 61, 1904 (1972)
(paper 3).

(2) 1. F. Mustard, M. I, Glynn, F. Hovig, L. Jorgensen, M. A. Pack-
ham, F. Nishizawa, and H. C. Rowsell, “Physiology of Hemo-
stasis and Thrombosis,” S. A. Johnson and W. H. Seegers, Ed.,
Charles C Thomas, Springfield, 11l., 1966, p 288.

(3) J. F. Mustard and M. A. Packham, Pharmacol. Rev., 22,97 (1970).

(4) P. R. Emmons, J. R. Hampton, M. J. G, Harrison, A. J. Honour,
and J. R. A. Mitchell, Brit. Med. J., 2, 468 (1967).

(5) G. V. R. Born, Nature (London), 202, 95 (1964).

(6) R. G. Herrman and J. D. Frank, Proc. Soc. Exp. Biol. Med.,

Kikugawa, lizuka, Ichino

123, 654 (1966).

(7) (a) K. Kikugawa, K. lizuka, Y. Higuchi, H. Hirayama, and M.
lchino, J. Med, Chem., 15,387 (1972); (b) K. lizuka, K. Kiku-
gawa, and M. Ichino, paper presented at the 34th Annual Meet-
ing of the Japan Hematological Society, Niigata, Japan, April
21, 1972,

(8) P. R. Emmons, M. J. G, Harrison, A. J. Honour, and J. G. R.
Mitchell, Nature (London), 208,255 (1965).

(9) A. A. Hassanein, A, G, G. Turpie, G. P. McNicol, and A. S.
Douglas, Brit. Med. J., 5, 83 (1970).

(10) (a) M. Nakanishi, H. Imamura, and K. Goto, Yakugaku Zasshi,
90, 564 (1970); (b) J. J. Sixma and A. M. C. Trieschnigg,
Scand. J. Haematol., 8,417 (1971).

(11) E. F. Elslager, N. F. Haley, J. R. McLean, S. C. Perricone, D. Po-
toczak, H. Veloso, D. F. Worth, and R. H. Wheelock, J. Med.
Chem., 14, 397 (1971).

(12) E. F. Elslager, N. F, Haley, J. R. McLean, S. C. Perricone, D. Po-
toczak, H. Veloso, D. F. Worth, and R. . Wheelock, ibid., 14,
782 (1971).

(13) E. F. Elslager, N. I', Haley, J. R. McLean, D. Potoczak, H. Vel-
oso, and R. H. Wheelock, ibid., 15, 61 (1972).

(14) (a) R. D. Mackenzie, T. R, Blohm, E. M, Auxier, J. G. Hender-
son, and J. M. Steinbach, Proc. Soc. Exp. Biol. Med., 137, 662
(1971); (b) R. D. Mackenzie, T. R. Blohm, and J. M. Stein-
bach, Biochem. Pharmacol., 21, 707 (1972).

(15) R. H. Thorp and L. B. Cobin, Arci. Int. Pharmacodyn., 117,
95 (1959).

(16) (a) F. Michael, M. H. Maguire, and G. Gough, Nature (London),
222, 1073 (1969); (b) M. A. Packham, M. A. Guccione, D. W.
Perry, R. L. Kinlough-Rathbone, and J. F. Mustard, 4Amer.

J. Physiol., 223,419 (1972).

(17) G. V. R. Born, R. J, Haslam, and M. Goldman, Nature (London),
205, 678 (1965).

(18) J. I'. Gerster, J. W. Jones, and R, K. Robins, J. Org, Chem.,

28, 945 (1963).

(19) (a) H. M. Kissman and M. J. Weiss, ibid., 21, 1053 (1956); (b)
J. A. Montgomery and K. Hewson, J. Heterocycl. Chem., 1,
213 (1964); (¢) M. lkehara, H. Uno, and F. Ishikawa, Chem.
Pharm. Bull., 12, 267 (}964); (d) M. Ikehara and H. Uno, ibid.,
13, 221 (1965); (e) J. Zemlicka and F. §orm, Collect. Czech.
Chem. Commun., 30, 1880 (1965); (f) R. H. Hall, M. J. Ro-
bins, L. Stasiuk, and R. Thedford, J. Amer. Chem. Soc., 88,
2614 (1966).

(20) M. H. Fleysher, M. T. Hakala, A. Bloch, and R. H. Hall, J. Med.
Chem., 11, 717 (1968).

(21) M. H. Fleysher, A, Bloch, M. T. Hakala, and C. A. Nichol, ibid.,
12, 1056 (1969).

(22) M. H. Fleysher, ibid., 15, 187 (1972).

(23) (a) J. J. Fox, 1. Wempen, A. Hampton, and 1. L. Doerr, J. Amer.
Chem, Soc., 80, 1669 (1958); (b) T. Naito, K. Ueno, and F.
Ishikawa, Chem. Pharm. Bull,, 12,951 (1964); (c) S. M. Hecht,
N. I. Leonard, W. J. Burrows, D. J. Armstrong, F. Skoog, and
J. Occolowitz, Science, 166, 1272 (1969).

(24) H. Vorbriiggen, Angew. Chem., Int. Ed. Engl., 11, 304 (1972).

(25) (@) J. W. Jones and R. K. Robins, J. Amer. Chem. Soc., 85,193
(1963); (b) N. J. Leonard, S. Achmatowicz, R. N. Lopky, K. L.
Carraway, W. A. H. Grimin, A. Szweykowska, H. Q. Hamzi,
and F. Skoog, Proc. Nat. Acad. Sci., 56,709 (1966).

(26) (a)J. F. Gerster and R. K. Robins, J. Org. Chem., 31, 3258
(1966); (b) South African Patent, 68-0577 (Jan 28, 1969).

(27) (a) H. G. Windmueller and N. O. Kaplan, J. Biol. Chem., 236,
2716 (1961); (b) Y. Takagi, F. Sato, M. Shikita, and S. Aka-
boshi, Chem. Pharm. Bull,, 18,2514 (1970).

(28) (a) German Patent, 1814711 (1969) [Chem. Abstr., 73, 56375
(1970)}; (b) French Patent, 202617 (1969); (c) South African
Patent, 8663-69 (1970).

(29) G. V. R. Bornand M. J. Cross, J. Physiol., 168, 178 (1963).

(30) K. Kikugawa, K. lizuka, and M. Ichino, Chem. Pharm. Bull.,
20, 1569 (1972).

(31) K. lizuka and K. Kikugawa, ibid., 20, 614 (1972).

(32) A.J. Hellem, Scand. J. Clin. Lab. Invest., Suppl., 12, 51 (1960).

(33) G. V. R. Born, A. J. Honour, and J. R. A, Mitchell, Nature
(London), 202, 761 (1964).

(34) K. Dietmann, H. Birkenheier, and W, Schaumann, Arzneim.-
Forsch., 1749 (1970).



