2624 ' Vol. 25 (1977)

GhemFhacm Bally . UDC 547.857.7.04.09 : 615.272.011.5.076.9

Platelet Aggregation Inhibitors. X.» S-Substituted
2-Thioadenosines and Their Derivatives
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A series of S-substituted 2-thioadenosines (IV) were prepared. by treatment of 2-
thioadenosine (III) with a requisite halide in NaOH-H,0, NaOH-H,0-EtOH, Na/dimeth-
ylformamide, NaOMe/dimethylformamide or NaH/dimethylformamide. N-Substituted

. 2-aminoadenosines (V) were obtained by treatment of 2- chloroadenosme (I5) with a
requisite amine. Compounds (IV and V) and N-oxide derivatives of them were tested '
as inhibitors of adenosine 5’-diphosphate- and collagen-induced rabbit platelet aggrega-
tion. 2-Cycloalkyl- or 2-polycycloalkylthioadenosines (IV,.,), water-soluble 2-piperazino-
ethylthioadenosines (IVy4_;) and 2-thioadenosine N-oxide (X,) were found effective.
Most of them showed long lasting activity during the incubation with rabbit plasma.
Compounds- (IV,=,) ~Were -also -inhibitory against-human -platelet- aggregation.

Keywords 2-thioadenosine; S-Substituted 2-thioadenosines;  2-thioadenosine
N-oxide; N-substituted 2-aminoadenosines; mass spectrum; NMR spectrum; platelet
aggregation; inhibition of platelet aggregation; platelet aggregometer

Adenosine, a structural analog of a blood platelet aggregation.inducer, adenosine 5’-
diphosphate (ADP), is known to be a potent inhibitor of blood platelet aggregation.®) But
its effects are of relatively short duration because it is rapidly deaminated by blood cells.%%
Among the derivatives of adenosine, 2-chloroadenosine (II) is a potent inhibitor with long-
durating activity® but it is toxie.” In the course-of our investigations of the adenosine
derivatives as effective inhibitors of platelet aggregation,®-1» S-substituted 2-thioadenosinel®
and their 5-monophosphate derivatives'? have been found to show potent and long-lasting
inhibitory activity against ADP- and collagen-induced platelet aggregation. These com-
pounds have been readily synthesized from 2-thioadenosine (III). Although the preparation
of the key intermediate (III) had been very troublesome at that time,'® a facile synthetic
procedure has been demonstrated'® that it is prepared from adenosine via 2-steps in an
overall yield of 60%. The availability of III prompted us to synthesize a wider variety of
S-substituted 2-thioadenosines and to investigate inhibitory activity of them towards platelet
aggregation.

The present paper deals with the synthesis of S-substituted 2-thioadenosines and the
inhibitory activity of them against platelet aggregation.
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Synthesis

2-Thioadenosine (I1I) was prepared frorn adenosine (I)V or from 2- chloroadenosme (I1).10
Reaction of II with NaSH/d1methylformam1de1°) gave 2- dlmethylammoadenosme (V¥ as a
by-product.

Treatment of 2-thioadenosine (I1I) with a requisite alkyl halide (R,X) gave S-substituted
2-thioadenosines (IV). 2-n-Propylthio- (IV,),}® 2-(8-hydroxyethyl)thio- (IV,),1® 2-(y-hydro-
xypropyl)thio- (IV,), 2-carboxymethylthio- (IV,) and 2-cinnamylthio- (IV,) adenosines were
obtained by reaction with a halide in NaOH-H,0 or NaOH-H,0-EtOH according to the
previous methods.}® .
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Chart 1

An introduction of a polycycloalkyl substituent was difficult when III was treated in
NaOH-H,0-EtOH at 50° or Et;N—dioxane-dimethylformamide at reflux. 2-(Adamantan-2-
yl)thio- (IV,) and 2-(exo-norbornan-2-yljthio- (IV,) adenosines were prepared by reaction of

) H.J. Schaeffer and J. Thomas, J. Am. Chem. Soc., 80, 3738 (1958).
15) M.H. Maguire, D.M. Nobbs, R. Einstein, and J.C. Middleton, J. Med. Chem., 14, 415 (1971).
16) a) R. Marumoto, Y. Yoshioka, O. Miyashita, S. Shima, K. Imai,-K. - Kawazoe, and M. I-Ion]o, Chem.
Pharm. Bull. (Tokyo), 23, 759 (1975); b) Japan Kokai Patent, 49-80096. .
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IIT with the corresponding halide in Na-dimethylformamide or NaOMe-dimethylformamide
at reflux. 2-Cyclopentylthio-, 2-cyclohexylthio- and 2-cycloheptylthio- (IV,) adenosines were
prepared in a good yield in NaOMe-dimethylformamide. Reaction of III with 1-bromoada-
mantane or cyclopropyl bromide was unsuccessful. Treatment of III with an aromatic halide
such as iodobenzene and p-bromonitrobenzene in NaOMe-dimethylformamide gave 2-phenyl-
thio- (IVy()'%® and 2-(p-nitrophenyl)thio- (IVy,) adenosines, respectively, yielding 2-methyl-
thioadenosine (IV;) as a by-product. - The compound (IV,) was yielded by treatment of ITI

'NH, NH, NH.

Hsj\];]:f> CH*H\)I > CHaSj\IN)I:>

DN N NaS —— +NaOH
HOH.C :0: l NaOCHs\ HOH.C :i ’ HOH.C O

HO OH HO OH o HO OH
m | IX : IV,

- Chart-2

in NaOMe-dimethylformamide, probably wiz the intermediate (IX) shown in the chart.
2-Phenylthio- (IV,,) and 2-tolylthio- (IVy,) adenosines were also prepared by reaction of
2-chloroadenosine (II) with an aryl mercaptan (R, SNa) benzenethiol and thiocresol, respec-

tively.
An introduction of a water-soluble substituent was conducted by treatment of III with
aminoalkyl halides such as dialkylaminoalkyl halides and 4-substituted piperazinoethyl hal-
: ides'® in NaOH-H,0-EtOH, and compounds

NNH2 N (IVi3_19) were obtained. Secondary alkyl
(B+H) /K substituents containing nitrogen atom were
1004 v 181 CH:S N introduced by treatment of III with a
80 HOH.C © requisite halide in NaH-dimethylformamide,
601 182(B+2H) 4 and compounds (IVZ(,._zz) were obtained.
a0l 135 210(k) Wi Compognd (IY%) having a .Water-soluble
& aromatic substituent was obtained by treat-
220 108 24(@)  313(M) ment of IT1 with 2-bromopyridine in NaOMe-
= L , N dimethylformamide.
2 Attempts to convert III, IV or
;f adenosine-2-sulfonate (VI)“”‘ into 2-am%no—
1001 181(B+H) CHsS : adenos;ne derlyanyes (V) failed. 2-Amino-
80 HOH-C adenosine derivatives such as 2-cycl‘ohexyl-
601 VII amino- (V,)'¥ and 2-cyclooctylamino-(Vy)
401 lffég;g}sl()d) HO OCH, adenosines were prepared by reaction of II
20 lllL 108 ‘ 5146 , l 327(M) with a requisite amine (R2R3NH).14’ '
Lol b i fwdf L] , , Treatment of 2-methylthioadenosine
50 100 150 20D 250300350 (IV,) with CH,I-NaOH gave VII, whose
structure was confirmed to be 2-methylthio-
Fig.1. Mass Spectrum of 2-Methylthioadenosine 2’-O-methyladenosine by UV  spectrum,

(IV,) and 2-Methylthio-2’-O-methyladenosine

(VID) NMR spectrum and mass spectrum. It

consumed no metaperiodate. The frag-
mentation pattern of the mass spectrum of VII compared to that of IV, is presented in
Fig. 1. Molecular ion peak of VII appeared at m/e 327 and the characteristic ion peaks!?

17) S.J. Shaw, D.M. Desiderio, K. Tsuboyama, and J.A. McClosky, J. Am. Chem. Soc., 92, 2510 (1970).

NII-Electronic Library Service



No. 10 2627
NHz NH.
> 1
/K Rau A\
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Tasie I.  2-Substituted Adenosines t Ry N v
HOH.C HOH,C 0
HO OH HO OH
Analysis (9 . .
N Rior )  Formul (%Z“Cd&()@ UV: Zor € 1079 o svent
. 0, or mp ormuia oun
R —— pH 1 HO  pHB EOH. {7
¢c H N
CsHigN: O3S 44.56 5,75 19.99. 272(16.2) 236(20.2) 236(20.0)
Vb CHs(CHy- 165—167.5 [}3H,0 (44.56) (5.40) (20.05) ( 278(14.4)  278(14.0) 0.70 0.84
211-212.5 41.97 4.99 20.40 271(16.0) 235(31.5) 234(2L.3)
Vs HOCHLCHe- dec. . CutllN:O:S (41.71) (4.93) (20.24) ¢ 277(14.8)  277(14.6) 0.35 0.61
CusHisN: 05+ 43,14 5.43 19.35 271(15.9) 235.5(20.7) 235.5(21.0)
Vs HOCHCH.CHy W= o o G o35 50 D e ) 0.46 0.67
236238 CHuN:iOsS- 30.83 4.32 19. 36 260(14.7) 235(21.5) 235(21.5) ey
Vs  HOOCCH:- dec. 140 (39 89) (4.21) (19.45 ( 277(14.4)  277(14.5) 0.58
— . 258(25 8)® 238s(23.6)D 2405(24.3)9
CaoHuNO,S- 76 5.22 16.50
v -CH-CHCH;~ 87— 90 2855(17.0) 258(26.9). 259(27.2) 0.77 0.91
« O ’ 1/2H:0 5:68) 3.09) 183D 2955(1306) 285 (17.0) 2855(18.0) :
274.5-277 55.41 6.28 16.16 240(23.2)
v g dec, CaoHarNsOsS (55.30) (6.24) (16.05) 80,5(14,7) 0-87 0.90
272—274.5 51.89 5.89 17.80 24 0(
Ve [O/ dec,  CvHuNOS (51.77) (5.92) (17.94) S ais) g 0-85 0.9
51.63 6.37 17.71 273(15.9 237.5(20.0) 237(20.2) :
Ve O’ 234237 CuHuN:OS (1.60) (6.38) (1778 (15.9) 279(15.3)‘ Zea 0.86 0.89
— CoHPNOSS 49.60 4.77 18.08 236(24.3)
v (- 2 2/3H:0 (49.48) (4.52) (18.41) 231&5 B 072 0.83
232(22.6)
238246 45.71 3.84 19.99
Mu Noz—( - 26 CLHuN,OsS b gzgéggg; 0.67 0.82
¥ 250—270  CyHuNOS- 51,63 5.01 17.71 26(26.7) o 17 0.87
2 caa><= dec, 1/3H,0 (51.74) (4.91) (17.50) a20(16.8) 077 0-
210.5—213.5 15,68 6.00 18.80 270(15.6) 231.5(23.3) 235(21.4)
¥a _N-cHcHr dec,  CwHaNOSHCL (4555 ©.00)(19.20 ( 715(15.0) ~ 277(15.1) 0.12 0.83
s 191.5—193 46.59 5.86 zo -y 270(14.6) 233(21.5)  234.5(21.4) _
Vi O N-CH.CH;- eff. CaeHziNiOsS (46.61) (5.88) (20 (14.6) 275514.4) 277(1«E 6) 0.57
- 215218 . 44.39 5.82 19, 41 270(15.1)  231.5(23.0) 235(21.3)
M | N-CHCHe- dec. CaHaNiOSHCL (44714 (5 74)(19.04) ¢ 275(15.1) = 276(15.2) 0.09 0.35
\ ) 159—163  CoHuNO.S- 49.28 6.23 16. 56 260.5(13.5) 234(18.1)  234.5(19.5)
Vio {_>-CH-X N-CHCH- off. §/3HCI-2/3E(OH  (49.28) (6. 19) (16.89) 76512.9) 278{13.5 0.18 -0.56
— - . 190" ’ 221.5(26.2) 223(29.1) 235s(21.1)
i N TNocHGH. | 110=120  CuHuCINOS.  41.08 5.40 14.58 — 065
Vi O H-cHr§ N-CHCH e, SHCISPHO  (40.69)(338) (15.00) SeA(14-0 He(L D 280(1L.9)
mes Zs ey
— X 95105  CosHaN/O:S- 45.84 5.85 14.97 3) ; s
4 _CH=CHCH;-N N-CH.CHy A 281s(14.7) 280s(14.9) 262s(21.7) — 0.69
i <=.> N N-CHiCHzr “ogp, 3HCI-H,0 (46.27) (6.16) (15.06) 2915510_5) ( LR
: 281s(13.6)
{S 220?(38. ;) 525(3?.;; 2%8223
- - p ‘e 227(38.8 232(31. 2 .
TN ~ 191 CioHsN,0.S: 51,55 5.67 14.51 22 232(31. 4 0.34 0.76
W [ >N N-chicH, off, ZHCI-32H0  (51.77)(5.36) (14.60) 231308 %gg%‘jg) 305(2.8)
2825 (23.7)
2195(18.6) 231.5(21.8) 237.5(18.7)
138—142  CyHyN,O;S-HCl. 44.48 .6.22 17.29 _
Vo Eg dec, H:O-1ZEOH (44,68 (5.87) (17, 16) 32%5%?22%) 276(14.8) ~ 279(14.8) 0.08
o~ 151165  CyHuN,0:S: 41,78 6.14° 18.27 271(14.7) 233.5(19.6) 236(20.0)
Va CHB'I‘i_>‘ dec. HCI.3/2H,0 (41.85) (5.94) (17.81) 291s(11.0) 276(14.0) = 278(14.0) 0.07 0.52
< 97111 CyHuNOS- 43.08 6.38 17.73 270(12.9) 232(20.1)  235.5(19.8
Va CHaCHTT‘\‘_> dec. HC1-3/2H,0 (43.08) (6.12) (17.74) 2875(10 %) 275%12.8) 279(12.8) ) - -
¥ /\" 208—212.5 CysHiNeOS- 46.75 4.45 21.81 269(17.3) 232(20.3) 231(20.7) 0.44 0.7
= N dec. 1/2H.0 (46.42) (4.31) (22.19) 318(6.4) 273(16.1) 274(15.9) 440
. 216 226.5 226
217218 CyHiNO;- 5.14 6.00 26.32
J! — .
Vs CHs CHs dec, 1/28:0 (44.7%) (3.99) (o6.5%) %l 253 23 0.61
_ 257(15.1) 222(22.8)  260(12.2).
CiysHaNoOy« 51.46 6.75 22.51
Va0 £>_ 147—150.5 liﬁﬂ:bo 4 (31.58) (6.51) (22.41) 302(8.9) ggggézog) 290(8.6) 0.79 0.83
] 257(15.3)  223.5(23.6) 260(11.9)
Vs O’ 219202 f;g‘g;m»@ (§2:§g> (;:'ﬁ) (ggjgg) 302.5(8.9) ggggzg) 290(8.3) 0.84 0.86

a) Symbol, s, indicates Shoulder; &) Ref, 16: mp 168°; ¢ ) Ref. 184 mp 207—208"; &) Taken in solvent containing 3% EtOH;
) Ref. 16a: :p125—128°; f) Ref, 14: mp 213'(dec.); g) Ref. 16b: mp 148—150%,
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to 2"-O-methyladenosine derivatives, @ and w, appeared at m/e 238 and 146, respectively.
An ion peak characteristic to 3’-O-methyl derivatives corresponding to M-61 (c- OMe)'" was
not observed. :

S-Substituted 2-thioadenosine such as IV, could be readily converted into 2',3'-0-isopro-
pylidene derivative (VIII) by the known procedure.1®

Synthesis of adenosine N-oxide derivatives (X, XI) shown in the chart have been de-
scribed in the previous paper.V

Physicochemical properties of the compounds (IV and V) synthesized, and NMR spec- .
trum of the representative IV, V, VII and VIII are presented in Table I and II, respectively.

TasLe II. NMR Spectrum of 2-Substituted Adenosines

PR : o S J, ppm
Compound (gfizgg‘;g) R , SR : ) PP : o
Substituent - C8H» CI'te C2" HY
Iv, DMSO (TMS) 3.50 (S H,) R 8.23 5.86(6) 4.66 (6)
Py-D,0 (DSS) 2.66 (s, CH,) BT '8.40 6.30(6) 4.83(6)
2ESAR® DMSO (TMS) 3.10 (q, SCH,-, ]CH2,CH3—8HZ) 8.23 5.82(6) 4.57(6)
1.33 (t CHs, JCH2,CH3—8HZ) .
Iv, DMSO (TMS) 3.10 (t, SCHy-, Jcn,,cn,=7Hz) 8.23 5.88(6) 4.62(6)
1.70 (m, -CH,-)
1.00 (t, CH;, Jcm,,cu,=7Hz)
2nASARS DMSO (TMS) 3.10 (t, SCH,—, Jcm,,cn,=6Hz) 8.23 5.85(6) 4.62(6)
1.4 (bm, —(CH,),~ ’
0.90 (t, CH,, ]CHZ,CH3—6HZ)
2iASAR®  DMSO (TMS) 3.10 (t, SCHy—~, Jcm,, cn,=7Hz) 8.23 5.83(6) 4.63(6)

1.6 (bm, ~-CHCH,~)
0.95 (d, CH;, Jen,cu, =6Hz)
IV, - DMSO (TMS) 3.6 (OCH,), 3.20 (t, SCH,~, Jcm,,cn,=6Hz)  8.20 5.83(6) 4.63(6)
v, DMSO (TMS) 3.6 (OCH,), 3.17 (t, SCHy, Jcm,,cr,=6Hz), 8.23 5.85(6) 4.63(6)
1.83 (m, ~CH,-)
2AISARM  DMSO (TMS) 5.97 (m,=CH-), 5.32 (d, CHy=trans, Jcm,ca 8.23 5.85(6) 4.60(6)
: . =16Hz), 5.08 (d, CH,=c¢is, Jcnu, ca=9Hz)
3.80 (d, SCH2—, ]CH,CH2=7HZ)

IV, DMSO (TMS) 7.40 (bm, PhCH=), 6.60 (m, CH=), 8.27 5.92(5) 4.63(5)
3.97 (d, SCHy—, Jen, CHy= 6Hz)

2DSARY) DMSO (TMS) 3.10 (bs, SCH,-), 1.26 (b, —(CH,)s), . 8.23 5.83(5) 4.63(5)
0.87 (b, CH,)

IV, DMSO (TMS) 1.9 (bm, Adam) . 8.23 5.83(5) 4.73(5)

IV, DMSO (TMS) 1.5 (bm, Norbor) 8.23 5.83(5) 4.63(5)

Iv, DMSO (TMS) 1.6 (b, —(CH,)¢-) 8.20 5.80(5) 4.,63(5)

2CPSARY  DMSO (TMS) 1.7 (b, =(CH,) &) 8.22 5.82(5) 4.63(5)

vy, DMSO (TMS) 8.27, 7 86 (d and d, phenyl, Jcu,ca=8Hz) 8.30 5.75(5) 4.58(5)

Iv,, Py (TMS) 7.2 (b, phenyl), 2.50, 2.23 (s, CH 3) 8.55 6.50

IV, DMSO (TMS) 1.80 (bm, Piper) 8.30 5.92(6) 4.50(6)

IV, DMSO (TMS) 8.5, 7.98, 7.4 (bm, Pyri) 8.30 5.78(6) 4.57(6)

Vv, DMSO (TMS) 3.10 (s, CH,) 7.96 5.80(6)

V, DMSO (TMS) 1.0—2.0 (bm, —(CH,)4-) 7.87 5.73(6) 4.63(6)

V, DMSO (TMS) 1.57 (bm, —(CH,),-) 7.90 5.73(5) 4.63(6)

VII Py-D,O (DSS) 38.66 (s, OCH,), 2.66 (s, SCH,) 8.43 6.23(5)

VIII DMSO (TMS) 1.9 (bm, Adam), 1.53 (s, CH,), 1.33 (s, CH;) 8.20 6.10(3) 5.47(q,3)

a) DMSO: dg-dimethylsulfoxide and Py: d;-pyridine.

b) All appeared as a singlet.

¢) All appeared as a doublet having (J¢, x.¢,/u Hz).

d) All except VIII appeared as a triplet having (J¢, i, ¢,/ Hz).

¢) 2-Ethylthio-. f) 2-n-Amylthio-. g) 2-iso-Amylthio-. %) 2-Allylthio-. ¢) 2-n-Decylthio-.
7) 2-Cyclopentylthioadenosines in Ref. 10.

18) J.A. Zderic, J.G. Moffatt, D-K.K. Gerzon, and W.E. Fitzgibbon, J. Med. Chem., 8, 275 (1965).
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-~ HOH.C O_B-* _
. =k v nfe 313 (R=H),
l\}/~——\{/ 327 (R=CH,)

HO OR o NH: Rb NH.
R NN Rs/%\l '
BH* . | HOH.C O |  HOH.C O
g Ommt BPH O momc N |
& w 0 lz o H HO OH HO OH
Or HO OR CH.O” X XI
d c ) w ; gsng 1 R4=®-CH2, Rs=H
mle 224 mje 283 mfe 210 mle 146 °
/(R=H), (R=H), 3 Ry=CH,:S 2 R4=®—CH2,»R5=SH
238 297 4 Rs=
(R=CH,) (R=CHy,) ? @'CHZ .
B+H B+H—-SCH, B+H-SCH,~HCN Chart 4
mfe 181 mfe 135 mfe 108

Chart 3

Pharmacological Results and Discussions

S-Substituted 2-thioadenosines (IV), N-substituted 2-aminoadenosines (V), VII and ade-
nosine N-oxide derivatives (X,XI) were tested as inhibitors of ADP- and collagen-induced
rabbit platelet aggregation according to the method of Born and Cross.'%1%  Prior to test of
the compounds, aggregation and its inhibition profiles of rabbit platelet-rich plasma were
compared with two types of the aggregometer, Bryston and Evans EEL 169. Platelet-rich
plasma was pretreated with or without an inhibitor, and subsequently challenged with ADP
or collagen. Inhibition percentages of adenosine in ADP-induced aggregation were 36%, on
a Bryston aggregometer and 82%, on an Evans aggregometer, and those in collagen-induced
aggregation were 159, and 439, respectively. Differences of the degree of inhibition might
be due to the differences of the stirring method, stirring speed and the light source of the
meters. As a matter of convenience, the experiments on ADP-induced aggregation were
performed on a Bryston aggregometer and those on collagen-induced aggregation on an Evans
aggregometer. :

Platelet-rich plasma was pretreated with a test compound (10-%4m and 10-%m) at 37° for
83 min. The inhibitory activity of every compound was estimated by the extent of the de-
crease in the optical density of platelet-rich plasma after the addition of 10-5m ADP or col-
lagen. Compounds insoluble in saline were tested with solutions in dimethylsulfoxide (DMSO).»
Inhibition percentages of every compound were calculated based on the extent of aggregation
with the control solvent. As inhibition percentages differed from preparation to preparation
of platelet-rich plasma and with the type of aggregometers, relative potency (Rap) to a ref-
erence standard, adenosine, in the same concentration was a direct measure of potency of
inhibition. The results are summarized in Table III.

2-n-Propylthioadenosine (IV,), described to be inactive against sheep platelet aggrega-
tion,'® showed relatively potent activity as did 2-ethylthio- and 2-n-amylthioadenosine.!?
2-Hydroxyalkylthio- or 2-carboxymethylthioadenosine (IV;_;) were as or less effective than
the corresponding 2-alkylthioadenosines.®  2-(Adamantan-2-yl) thio- (IV,), 2-(exo-norbornan-
2-yD)thio- (IVy) and 2-cycloheptylthio- (IV,) adenosines were as potent as 2-cyclopentylthio-
or 2-cyclohexylthioadenosines,’® all bearing branched a-carbon atoms in the substituents
(Fig. 2A and Fig. 3A). 2-Arylthioadenosines (IVy,_;,) were less potent than IV._,.

19) G.V.R. Born and M.]J. Cross, J. Physiol., 168, 178 (1963).
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Among the water-soluble compounds having nitrogen-containing substituents (IV,5_p5),
2-piperazinoethylthioadenosines (IVy4_s9) showed much stronger activity at 10-4m than adeno-
sine against both ADP- and collagen-induced aggregation. Compound (IV,,) showed high
potency: Rap 1.9 (ADP) and 2.2 (collagen) at 10— m, but it showed much lower potency: Rap
0.6 (ADP) and 0.4 (collagen) at 10-5m (Fig. 2B and Fig. 38B). Most adenosine derivatives
having high Rap value at 10-% m showed lower Rap value at 10-5m,%19 and this concentration
dependency was much more obvious in these compounds (IVys_44). Nitrogen-containing com-
pounds (IVy; ,5) had rather stronger activity against collagen—mduced than against ADP-
induced aggregation. :

- Tabre III. Inhibition of Rabbit Platelet Aggregation by 2-Substituted Adenosines

ADP-induced aggregation? Collagen-induced aggregation®
Compound ~ Solvent® 9% aggre 10—4m ' 10-5m 10—4m 10-5m
: ga’“fmcy.;“‘—“ 0/.’1‘1.“**‘* (y.’};.‘“““ (y.';l.—"—“
o inhi- inhi- inhi- inhi-

solvent l:())ition Rap® lgition Rap® l:(;ition Rap® lgition Rap®
v, A 75 44 1.0 17 0.5 43 1.0
v, A 69 36 0.6 50 0.6
v, A 69 19 0.3 69 0.8
IV, A 69 12 0.2 0 0
v, C 58 52 0.8
v, B 54 54 1.3 13. 0.3 81 1.2 53 1.1
IV, B 54 71 1.7 - 19 0.5 83 1.3 47 1.0
v, B 54 . 65 1.5 22 0.6 74 1.1 38 0.8
2CPSAR® B 54 50 1.2 22 0.6 81 1.2 45 1.0
2CHSARSN B ‘54 - 46 1.1 24 0.6 76 1.2 51 1.1
IV B 57 58 0.9 89 1.0
v, B 57 82 1.2 87 1.0
Iv,, B 57 62 0.9 87 1.0
IV, A 69 52 0.9 74 0.9
IV, A 69 17 0.3 77 0.9
IV, A 75 27 0.6 » .
IV, A 73 100 1.9 21 0.6 96 2.2 15 0.4
v, A 73 55 1.1 12 0.4 96 2.2 4 0.1
IV, A 73 49 0.9 10 0.3 89 2.0 4 0.1
IV, A 73 74 1.4 8 0.2 96 2.2 2 0
IV, A 73 37 0.7 - 14 0.4 39 0.9
v, A 75 12 0.3
IV, A 73 42 0,8 7 0.2 37 0.9
IV, A 69 38 0.7 74 0.9
v, B 67 16 0.5 0 0
v, B 67 25 0.8 15 0.6 83 1.0 67 1.0
V, B 67 25 0.8 10 0.4 85 1.0 44 0.6
Vii A 69 0 0
X, A 75 39 0.9 17 0.5 43 1.0
X1, A 51 10 0.1 , '
X, A 73 52 1.0 45 1.4 61 1.4 50 1.4
X, A 51 0 0
X, C 58 0 0
X1, C 58 33 0.5

a) A:10 ul of saline, B: 1 ul of DMSO and C: 10 ul of DMSO.

b) ADP-induced aggregation was measured on a Bryston aggregometer and the final concentration of ADP
was 10-° u (See Experimental).

¢) Collagen-induced aggregation was measured on an Evans EEL 169 aggregometer and total optical density
of collagen added was 0.15—0.20 (See Experimental).

d) Rup represents the relative potency to adenosine at the same concentration.

e) 2-Cyclopentylthio- and f) 2-Cyclohexylthioadenosines in Ref. 10.
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Fig. 2. Inhibitory Profiles of ADP-
induced Rabbit Platelet Aggregation Fig. 3. Inhibitory Profiles of Collagen-induced Rabbit
by S-Substituted 2-Thioadenosines Platelet Aggregation by S-Substituted 2-Thioadeno-
(IV) and Adenosine N-Oxide Derivative sines (IV) and Adenosine N-Oxide Derivative (X) on
(X) on a Bryston Aggregometer an Evans Aggregometer
(A) Platelet-rich plasma (1.0 ml) was treated (A) Platelet-rich plasma was treated with a compound in 1 ul of
with a compound in 1 gl of DMSO at 37° for DMSO at 37° for 3 min, and then challenged with collagen.
3 min, and then challenged with 10-%x ADP. (B) Platelet-rich plasma was treated with a compound in 10 ul of
(B) Platelet-rich plasma (1.0ml) was treated saline at 87° for 3 min, and then challenged with collagen.

with a compound in 10 ul of saline at 37° for
3 min, and then challenged with 10-5x ADP.

2-Cycloalkylaminoadenosines (V,,3), derivatives of 2-cycloalkylthioadenosines, were potent
but less effective.

Adenosine N-oxide (X;), inhibitory against human?® and turtle platelet aggregation?V,
was effective to rabbit platelet aggregation, but its benzyl derivative (XI,) was much less.
Although III has been found inactive,’® its N-oxide (X,) was found effective as adenosine at
10—% and 10-°m in both ADP- and collagen-induced rabbit platelet aggregation. Compound
(X;) had little concentration dependency compared with other derivatives (Fig. 2B and Fig.
3B).  2-Alkylthioadenosine N-oxides (X;,) were less effective than the corresponding 2-
methylthio- and 2-benzylthioadenosines.'® N,-Benzyloxy-2-thioadenosine (XI,) was less
effective.

Among the compounds tested, 2-cycloalkylthio- or 2-polycycloalkylthioadenosines (IV,_g),
2-piperazinoethylthioadenosines (IV,¢_;o) and 2-thioadenosine N-oxide (X;) were found to be
potent inhibitors. Effect of incubation of these compounds with rabbit plasma on platelet
aggregation was investigated. Compounds (IV,_g) were as effective as 2-cyclopentylthio- and
2-cyclohexylthioadenosine (Fig. 4), and 2-[2-(4-benzylpiperazino)ethyl]thioadenosine (IVy) was
also effective (Fig. 5) during the incubation period of 120 min, while adenosine lost its activity
owing to its susceptibility to adenosine deaminase.'® 2-Thioadenosine N-oxide (X,) showed
rather different profiles and it lost its activity during the incubation probably due to its chemi-
cal unstability (Fig. 5).

2-Cycloalkyl- and 2-polycycloalkylthioadenosines including I'V,_, were tested as inhibitors
of ADP-induced human platelet aggregation, and found effective at 10-%4m (Fig. 6).

20) G.V.R. Born, R.]J. Haslam, and M. Goldman, Nature (London), 205, 607 (1965).
21) M. Kien, F.A. Belamarich, and D. Shepro, Am. J. Physiol., 220, 604 (1971).
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vary during 120 min, and was quite identical with that obta-
ined with saline (1 pl).

Adenosine, O; 2-cyclopentylthioadenosine, {4; 2-cyclohexyl-
thioadenosine, A; 2-(adamantan-2-yl)thioadenosine (IV,), A;
2-(exo-norbornan-2-yl)thioadenosine (IVg), M; and 2-cycl-
oheptylthicadenosine (IVy), [1.
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Fig. 6. Inhibitory Profiles of Human Platelet

Aggregation by S-Substituted 2-Thioadeno-
sines :

Platelet~rich plasma (1.0 ml) was treated with each of the
test compounds (adenosine, 2-cyclopentylthioadenosine, 2-
cyclohexylthioadenosine, IV,, IVy and IVy) in 1 ul of DMSO
(10-4 or 105 u final concentration) at 37° for 3 min and was
challenged with 10-% ¥ ADP.
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Fig. 4. Effect of Incubation of S-Substituted 2-
thioadenosines (IV) with Rabbit Platelet-rich 60|
Plasma on ADP-induced Platelet Aggregation
Platelet-rich plasma (1.0 ml) was incubated at 37° with the 120min 2 4 6
test sample in 1 ul of DMSO without stirring, and after the 0, 10, 40, 120min Time (min)
indicated period it was challenged with 10-5x ADP, 9 T ¢ ’ ]
Inhibition was plotted vs. incubation interval. Extent of contro
aggregation in the control experiment (DMSO, 1 ul) did not (saline)

Fig. 5. Effect of Incubation of IV, and X, with
Rabbit Platelet-rich Plasma on ADP-induced
Aggregation
Platelet-rich plasma (1.0 ml) was incubated at 37° with the

test sample in 10 ul {of saline (10—*x final concentration)

without stirring, and after the indicated period it was chal-
lenged with 10~° » ADP.
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Chart 5

syn-conformation

Among the S-substituted 2-thioadenosines (IV) including those described in the previous
papers,1%11 the compounds with bulkier substituents at the 2-position had a potent inhibitory
activity. The circular dichroism spectra of S-substituted 2-thioadenosines have been report-
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ed,?® and the inversion of the sign of the circular dichroism band for S-substituted 2-thio-
adenosines with bulkier substituents indicated the predominance of anm#i- rather than syn-
conformation in aqueous solution. The results indicate that the pharmacological activity of
2-thioadenosine derivatives synthesized must be due to the anti-conformation of the molecules.

Experimental®®

2-n-Propylthioadenosine (IV,) To a solution of 1.0 g (3.16 mmol) of 2-thioadenosine (III) in a mixture
of 2.4 ml (9.6 mmol) of 4N NaOH and 12.6 ml of H,O was added 583 mg (4.74 mmol) of #-propyl bromide.
The mixture was stirred at room temperature for 10 hr. The neutral reaction mixture was evaporated to
dryness, and the residue was purified through a cellulose column (2.5 ¢ X 55 cm) with elution by #-BuOH-H,0
(84: 16) and successively through a silica gel column (10 g) with elution by CHCl;~MeOH (49: 1) and subsequ-
ently CHCI;~MeOH (24:1). Fractions containing the product were combined and evaporated to dryness.
The residue was crystallized from MeOH giving 800.4 mg of the product. Recrystallization from EtOH~H,0
gave 532 mg (48.0%) of IV,.

2-(p-Hydroxyethyl)thioadenosine (IV,) To a solution of 200 mg of III in 8.1 ml of 0.25 N NaOH was
added 790 mg (6.3 mmol) of ethylene bromohydrin. The mixture was stirred at room temperature for 3 hr,
and it was neutrallized with 1~ HCl. The aqueous reaction mixture was extracted with 20 ml of petroleum
ether twice and it was evaporated to dryness. The residue was crystallized from 30 ml of H,O to yield 188
mg of IV, Recrystallization from H,O gave 174.1 mg (80.5%) of white columns of IV,.

2-(y-Hydroxypropyl)thiadenosine (IV,) To a solution of IIT (200 mg) in 0.25 8 NaOH (8.1 ml) were
added 880 mg (6.3 mmol) of 3-bromo-1-propanol and 15 ml of EtOH. The mixture was stirred at room
temperature for 3 hr. It was then evaporated to small volume, neutrallized with 1~ HCI, extracted with
petroleum ether and evaporated to dryness. The residue was crystallized from EtOH containing small
amount of H,O to give 144 mg of the product. Recrystallization from #-BuOH-H,O afforded 81.8 mg
(36%) of IV,.

2-Carboxymethylthioadenosine (IVy) To a solution of 200 mg of IIT in 8.1 ml of 0.25 8 NaOH was
added 880 mg (6.3 mmol) of bromoacetic acid. The mixture was stirred at room temperature for 3 hr.
The precipitate separated was collected by filtration and recrystallized from H,O to afford 173.5 mg (yield
76.1%) of IV,

2-Cinnamylthioadenosine (IV) To a solution of 600 mg of III in 7.8 ml of 0.25 ¥ NaOH were added
290 mg (1.89 mmol) of cinnamyl chloride and 20 ml of EtOH. The mixture was allowed to stand at room
temperature for 2 days and then cooled. The precipitate separated was collected by filtration which was then
recrystallized from EtOH containing small amount of H,0 gave 392 mg (yield 499%) of fine needles of IV,

2-(Adamantan~2-yl)thioadenosine (IV,) To a suspension of 11.0 g of III in 150 ml of anhydrous
dimethylformamide were added 14.9 g (69.3 mmol) of 2-bromoadamantane (Aldrich Chemical Company,
Inc.) and 1.21g (52.6 mmol) of Na metal. The mixture was refluxed overnight. The slightly alkaline
reaction mixture was filtered through cotton fibers and the filtrate was evaporated i» vacuo to a syrup which
was extracted with 200 ml of ligroin twice. The residue was suspended in 200 ml of H,O and the suspension
was extracted with 200 ml of ethyl acetate several times. The extracts were combined and evaporated.
The residue was dissolved in 300 m! of hot EtOH and to the hot solution was added 700 ml of H,0. Crystals
of IV, separated were collected by filtration giving 19.785 g. Recrystallization from 1.0 liter of EtOH-H,0
(3:7) gave 9.67 g (yield 64.3%) of a pure sample of IV,.

2-(exo-Norbornan-2-yl)thioadenosine (IV,) To a suspension of 11.0 g of III in 150 ml of anhydrous
dimethylformamide were added 70 ml of 1M NaOMe/MeOH and exo-2-bromonorbornane (Aldrich Chemical
Company, Inc.) (12.1 g, 69 mmol). The mixture wasrefluxed overnight. Theslightly acidic reaction mixture

22) S. Higuchi and K. Kikugawa, 3rd Symposium on Nucleic Acid Chemistry, Sapporo, September, 1975.

23) Melting points were determined on a Buchi-Tottoli apparatus and are uncorrected. UV spectra and
NMR spectra (TMS: tetramethylsilane or DSS: 4,4-dimethyl-4-silapentanesulfonic acid sodium salt
as an internal standard) were measured with a Hitachi recording spectrophotometer EPS-3T and a
Varian-T 60 spectrometer, respectively. High and low resolution mass spectrum was obtained on a
CEC-110B double focus mass spectrometer at the National Chemical Laboratory for Industry.
Paper chromatography was performed with solvent systems: solvent 1, #-BuOH-H,O (84: 16)
and solvent 2, n-BuOH-acetic acid-H,O (2: 1: 1). Preparative paper chromatography was done with
Toyo Roshi No. 51A paper. Cellulose column chromatography was performed with cellulose powder
A (Toyo Roshi Kaisha, Ltd.). Thin-layer and preparative thin-layer chromatography were performed
using Merck Kieselgel HFy;, nach Stahl (Type 60). Silica gel and silicic acid column chromatographies
were carried out with Merck Kieselgel 60 (70—230 mesh) and silicic acid from Mallinckrodt Chemical
Works, respectively. A qualitative metaperiodate consumption test on the chromatogram was done
with coloration by metaperiodate-benzidine reagent.
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was neutrallized with aqueous NaOH and filtered through cotton fibers. The filtrate was evaporated to a
syrup, which was extracted with 200 ml of ligroin. The residue was evaporated to dryness and dissolved in
300 ml of hot EtOH. To the hot solution was added 1.7 liter of H,0. Crystals separated were collected by’
filtration, 6.034 g. Recrystallization from EtOH-H,O (3:7) gave 5.522 g (yield 40.4%) of a pure sample
of IV,.

2-Cycloheptylthioadenosine (IV,) To a suspension of 11.0 g of JIT in 150 ml of anhydrous dimethyl-
formamide were added 70 ml of 1M NaOMe/MeOH and 12.3 g (69 mmol) of freshly distilled cycloheptyl
bromide (Aldrich Chemical Company, Inc.). The mixture was refluxed overnight. The slightly acidic
reaction mixture was neutrailized with 4 N NaOH and filtered through cotton fibers. The filtrate was evap-
orated to dryness and the residue was dissolved in 70 ml of hot EtOH. To the solution was added 400 ml of
H,0, yielding 12.147 g of crystals of IV,. Recrystallization from EtOH-H,O (3:7) afforded 7.89 g (yield
(67.5%) of a pure sample of IV,,

2-Cyclopentylthioadenosine A mixture of 15.0 g of ITI, 71 ml of 1 M NaOMe/MeOH and 9.90 g (94.6
mmol) of cyclopentyl chloride in 200 ml of dimethylformamide was refluxed overnight. The mixture was
neutrallized with 4 ¥ NaOH and filtered. The filtrate was evaporated to dryness and the residue was crystal-
lized from EtOH-H,O to yield 15.135 g of the product. Recrystallization from #-BuOH gave 11.15 g (yield
64.29%) of a pure sample of the product, mp 217—220° (lit.2» 223—224.5°).

2-Cyclohexylthioadenosine A mixture of 11.0 g of III, 52 ml of 1M NaOMe/MeOH and 11.3 g (69
mmol) of cyclohexyl bromide in 150 ml of dimethylformamide was refluxed overnight. The mixture was
filtered after neutrallization with 4~ NaOH. The filtrate was evaporated to dryness and the residue was
crystallized from EtOH-H,O to yield 8.708 g of the product. Recrystallization from EtOH-H,O (4: 6) gave
7.425 g (yield 55.4%) of a pure sample of the product, mp 226—227.5° (lit.2® 225—227.5°).

2-Phenylthioadenosine (IV,;): Method A——A mixture of 200 mg of III, 0.63 ml of 1M NaOMe/MeOH
and 257 mg (1.26 mmol) of iodobenzene in 3 ml of anhydrous dimethylformamide was refluxed for 18 hr.
Paper chromatography (solvent 2) of the reaction mixture revealed two spots having Rf value of 0.68 and 0.83.
The products were separated by preparative paper chromatography (solvent 2). 2-Methylthioadenosine
(IVy), 36.6 mg, mp 228.5—230° (lit.10 228—229.5°), was obtained from the aqueous EtOH-extract of the
lower spots of the chromatogram. NMR (D,0-ds-pyridine, DSS) ppm; 8.40 (1H, s, C;H), 6.30 (1H, d, C,/H),
2.66 (3H, s, CH,).  Awnal. Caled. for C,,H,;N,0,S-1/2H,0; C, 40.99; H, 4.96; N, 21.73. TFound: C, 40.98;
H, 4.84; N, 21.67. The product, IV, 11.3 mg, was obtained from the aqueous EtOH-extract of the higher
spots of the chromatogram with successive purification by preparative thin-layer chromatography (solvent,
CHCl,-MeOH, 17: 3).

Method B To a mixture of 881 mg (8 mmol) of benzene thiol and 150 mg (6.5 mmol) of Na metal
in 8 ml of anhydrous dimethylformamide was added 200 mg (0.65 mmol) of 2-chloroadenosine (I1).19 The
mixture was heated at reflux for 4 hr. To the solution was added an ice-water mixture and the aqueous
solution was evaporated to a small volume, which was neutrallized with 6 N HCI. The solution was extracted
with petroleum ether and evaporated to dryness. The residue was purified by preparative thin-layer chro-
matography (solvent, CHCl,-MeOH, 9:1). The ethyl acetate extract of the band having Rf of 0.5 was
evaporated to dryness and the residue was crystallized and recrystallized from EtOH-H,O (1:9) to afford
23.5 mg (yield 9.39%,) of a pure sample of IVy,.

2-(p-Nitrophenyl)thioadenosine (IV,;) A mixture of 200 mg of III, 0.95 ml of 1M NaOMe/MeOH and
255 mg (1.26 mmol) of p-bromonitrobenzene in 3.0 ml of anhydrous dimethylformamide was refluxed for
18 hr. The mixture was evaporated to dryness and the residue was purified by preparative thin-layer
chromatography (solvent, CHCl;~MeOH, 9: 1). From the ethyl acetate-extract of the band having Rf of
0.4, 111.2 mg of IV,, was obtained. Recrystallization from EtOH gave 87.2 mg (yield 32.9%) of a pure
sample of IVy,.

2-Tolylthioadenosine (IV,,) Commercial o-thiocresol was used after steam distillation, by mm we 73°.
A mixture of 2.5 g of o-thiocresol, 375 mg of Na metal and 500 mg of II in 20 ml of anhydrous dimethyl-
formamide was refluxed for 5 hr. To this was added ice-water, and the aqueous mixture was evaporated
to dryness. The residue was purified by preparative thin-layer chromatography (solvent, CHCl;-MeOH,
9:1). Ethyl acetate-extract of the band having Rf of 0.3 was evaporated to dryness and the residue was
crystallized from EtOH-H,0, 85.6 mg. Recrystallization from EtOH-H,0 gave 60.7 mg (yield 9.2%) of a
pure sample of IV,,. NMR spectrum of IVy, (Table IT) showed 2 proton signals corresponding to 2 methy!
groups, indicating that IV, was a mixture of 2 methyl isomers of ortho, para and metha.

Reaction of 2-Thioadenosine (III) with NaOMe——A mixture of 200 mg of III, 1.0 ml of 1 » NaOMe/MeOH
in 3.0 ml of anhydrous dimethylformamide was heated at reflux overnight. Paper chromatography (solvent
1) revealed a spot (Rf 0.46) corresponding to 2-methylthioadenosine (IV;). The aqueous extract of the
spot showed UV-absorption spectrum identical with that of IV,.

2-(2-Piperidinoethyl)thioadenosine - HCl (IV,;) A mixture of 5.0 g of III, 9.83 ml (39.4 mmol) of 4N
NaOH, 65 ml of H,0, 2.90 g (15.75 mmol) of N-(2-chloroethyl)piperidine-HCI (Aldrich Chemical Company,
Inc.) and 50 ml of EtOH was allowed to stand at room temperature for 3 days. The mixture was then
evaporated in vacuo to dryness, and the residue was extracted with 100 ml of hot EtOH three times. The
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ethanolic extract was neutrallized with 1~ HCl and evaporated to dryness. The residue was crystallized
and recrystallized from MeOH to yield 4.75 g (yield 58%) of pure IVy,.

2-(2-Morpholinoethyl)thioadenosine (IV,,) A mixture of 200 mg of II1, 0.393 ml of 4 N NaOH, 2.61 ml
of H,0, 117.2 mg (0.63 mmol) of N-(2-chloroethyl)ymorpholine-HCl (Aldrich Chemical Company, Inc.) and
2 ml of EtOH was allowed to stand at room temperature for 3 days. The mixture was then evaporated to a
small volume and neutrallized with 1~ HCl. It was evaporated to dryness and extracted with 10 ml of
EtOH twice. The alcoholic extract was evaporated to dryness and the residue was dissolved in 20 ml of
H,0. The solution was passed through a column of 5 ml of Dowex 1 X2 (HCO,~) and the effluent was
evaporated to dryness. The residue was crystallized and recrystallized from EtOH to afford 38.3 mg (yield
14.7%) of a pure sample of IV,,.

2-(2-Pyrrolidinoethyl)thioadenosine - HCl (IV,;) A mixture of 200 mg of III, 0.39 ml of 4~ NaOH,
2.6 ml of H,0, 107 mg (0.63 mmol) of N-(2-chloroethyl)pyrrolidine-HCl (Aldrich Chemical Company, Inc.)
and 1.0 ml of EtOH was allowed to stand at room temperature for 5 days. The mixture was then evaporated
to dryness and the residue was extracted with 10 ml of hot EtOH three times. The extract was neutrallized
with 0.1~ HCI and evaporated. The residue was crystallized and recrystallized from MeOH-H,O to yield
100 mg (yield 37%) of a pure sample of IV,;.

2-[2-(4-Benzylpiperazino)ethyl]thioadenosine .5/3HCl (IV,,) A mixture of 3.60g (11.34 mmol) of
111, 11.4 ml of 4 ¥ NaOH, 43.2 ml of H,0, 4.26 g (13.68 mmol) of 1-benzyl-4-(f-chloroethyl)piperazine - 2HCI*®
and 60 ml of EtOH was kept at 50° for 2 days. The reaction mixture was evaporated to dryness and the
residue was extracted with 50 ml of hot EtOH three times. To the alcoholic extract was added 200 ml of
H,O and the mixture was adjusted to pH 4 with 1~ HCl. It was decolorized with 1.5 g of active carbon
and evaporated to dryness, The residue was dissolved in 80 ml of EtOH and the insoluble NaCl was filtered
off. On cooling the filtrate gave 4.15 g (yield 61.79%) of IV,,. Recrystallization from EtOH gave a hygro-
scopic sample of IV, It had three pK. values; 2.0, 3.5 and 7.0 estimated by titration with acid and alkali.

2-[2-(4~p-Chlorobenzylpiperazino)ethyl]thioadenosine . 3HCI (IV,,) A mixture of 200 mg of III, 0.63 ml
of 4~ NaOH, 2.4 ml of H,0, 263 mg (0.76 mmol) of 1-(p-chlorobenzyl)-4-(f-chloroethyl)piperazine-2HCI»
and 5.0 ml of EtOH was allowed to stand at room temperature for 5 days. The mixture was then evaporated
to dryness and the residue was extracted with 10 ml of hot EtOH three times. The alcoholic extract was
evaporated to dryness and the residue was purified through a column of silica gel (10 g) by elution with
1.0 liter of CHClL,-MeOH (49: 1) and successively with 1.0 liter of CHCl,~MeOH (19: 1). The fractions contain-
ing the product were pooled and evaporated to dryness. The residue was dissolved in 10 ml of EtOH and to
this was added a few drops of 409, HCI/EtOH. The precipitate separated was collected by filtration and
recrystallized from EtOH-H,O giving 150 mg (35%,) of IV,,.

2-[2-(4~Cinnamylpiperazino)ethyl]thioadenosine - 3HCl (IV,,) A mixture of 200 mg of III, 0.63 ml
of 4N NaOH, 2.4 ml of H,0, 257 mg (0.76 mmol) of 1-cinnamyl-4-(f-chloroethyl)piperazine-2HCI'® and 3 ml
of EtOH was allowed to stand at room temperature for 5 days. The reaction mixture was treated as the
preparation of IVy,. A pure sample of IV,; was obtained in a yield of 459, (185 mg).

2-[2-(4-Fluoren-9-yl-piperazino)ethyl]thioadenosine - 2HCl (IV,,) A mixture of 200 mg of III, 0.63 ml
of 4~ NaOH, 2.4 ml of H,0, 293 mg (0.76 mmol) of 1-(luoren-9-yl)-4-(-chloroethyl)piperazine . 2HCI®) and
5 m] of EtOH was allowed to stand at room temperature for 5 days. The reaction mixture was purified
through a silica gel column as described. The fractions containing the product were evaporated to dryness
and the residue dissolved in EtOH-H,0 was neutrallized with 0.1~ HCI to yield IV,,. Recrystallization
from EtOH-H,0 gave 98 mg (23%,) of a pure sample of IVy,.

2-(Quinuclidin-3-yl) thicadenosine - HC1 (IV,,) To a solution of 4.54 mmol of NaH, which was obtained
from 50% NaH in oil by washing with anhydrous petroleum ether, in 20 ml of anhydrous dimethylformamide
was added 600 mg of III. The mixture was stirred at room temperature for 3 hr. Dry 3-chloroquinuclidine-
HCI (Aldrich Chemical Company, Inc.), 413 mg (2.27 mmol), was added to the mixture and it was refluxed
overnight. The reaction mixture was evaporated to dryness and the residue was purified through a column
(2.7 $ X 55 cm) of cellulose by elution with #-BuOH-H,0 (84:16). The fractions containing the product
were combined and evaporated to dryness. The residue was dissolved in EtOH-H,O (1: 1) and the solution
was neutrallized with 0.1~ HClL. It was then evaporated to dryness and the residue was crystallized from
EtOH giving 200.4 mg (21.8%) of IVy,. Recrystallization from EtOH-MeOH gave a pure sample of 70.4 mg
(7.7%) of IVy,.

2-(N-Methylpiperidin-4-yl)thioadenosine -HCl (IV,,) To a solution of 4.54 mmol of NaH in 20 ml of
anhydrous dimethylformamide was added 600 mg of I1I. After the mixture was sirred at room temperature
for 3 hr, to this was added 386 mg (2.27 mmol) of 4-chloro-N-methylpiperidine-HCl (Aldrich Chemical
Company, Inc.). The mixture was refluxed overnight. The reaction mixture was evaporated to dryness
and the residue was purified through a cellulose column by elution with %-BuOH-H,O (84: 16). Fractions
containing the product were pooled and neutrallized with 1~ HCl and evaporated to dryness. Crystallization
of the residue from EtOH gave 177.4 mg (20.4%) of the product. Recrystallization from EtOH gave a pure
sample of IV,;,.

2-(N-Ethylpiperidin-3-yl)thioadenosine -HCl (IV,,) To a solution of 4.45 mmol of NaH and 600 mg
of III in anhydrous dimethylformamide stirred for 3 hr was added 418 mg (2.27 mmol) of 3-chloro-N-ethyl-
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piperidine-HCl (Pfaltz and Bauer, Inc.). The mixture was refluxed overnight. The reaction mixture was
evaporated to dryness and the residue was purified through a cellulose column by elution with #-BuOH-H,0O
(84:16). The fractions containing the product were combined and evaporated to dryness.  After the
residue dissolved in EtOH-H,O (1: 1) was adjusted to pH 4 with HCOOH, the solution was evaporated to
dryness. The residue was dissolved in 20 m! of H,O and passed through a column of Dowex 1 x 2 (Cl~) (5 ml).
The effluent and washings were combined (40 ml) and decolorized with 0.5 g of active carbon. The carbon
was filtered off and the filtrate was evaporated to dryness. The residue was crystallized from ¢so-PrOH-MeOH
(8:2) yielding 238.2 mg (26.69,) of IV,,. Recrystallization from EtOH-ethyl acetate gave a pure sample
of IV,,.

2-(Pyridin-2-yl)thioadenosine (IV,,) To a suspension of 200 mg of I1I and 0.63 ml of 1 M NaOMe/MeOH
in 3.0 ml of dimethylformamide was added 200 mg (1.26 mmol) of 2-bromopyridine, and the mixture was
refluxed for 8 hr. The reaction mixture was evaporated to dryness and the residue was purified by prepara-
tive paper chromatography (solvent 2). The spots corresponding to the product were extracted with H,O.
The aqueous extract was adsorbed to a column of Dowex 50 X 4 (HT) (5 ml) which was subsequently washed
with H,O. The column was eluted with 20 ml of 109 NH,OH-H,0 and the effluent was evaporated to
dryness. The residue was crystallized from H,0 yielding 101.2 mg (26.3%) of a pure specimen of IV,;,.

Reaction of 2-Chloroadenosine (II) with NaSH/Dimethylformamide 2-Chloroadenosine (II), 8.0 g,
was treated with NaSH in dimethylformamide as described in the previous paper.'® Paper chromatography
(solvent 2) of the reaction mixture showed 2 spots having Rf of 0.39 and 0.61. A mother liquor from
2-thioadenosine (ILI), 4.44 g (recrystallization gave 3.86 g, yield 47%), was evaporated to dryness. One
twenty fifth of the residue was applied onto a cellulose column (1.7 ¢ X 50 cm) with elution by »-BuOH-H,O
(84: 16). The fractions containing the product having Rf of 0.61 (solvent 2) were pooled and evaporated to
dryness. The residue was crystallized and recrystallized from H,O giving 83 mg (yield 25.3%) of a pure
sample of 2-dimethylaminoadenosine (V;).1%

2-Cyclohexylaminoadenosine (V,) A solution of 500 mg (1.6 mmol) of I in 5.0 ml of a freshly distilled
cyclohexylamine was refluxed for 5 hr. The mixture was evaporated to a gum, which was dissolved in 10 ml
of EtOH and subsequently added with 5 ml of ethyl acetate. Needles of cyclohexylamine hydrochloride
separated were filtered off and the filtrate was evaporated to dryness. The residue was purified through a
silicic acid column (20 g) by elution with ethyl acetate and successive ethyl acetate—EtOH (9: 1). Fractions
containing the product were combined and evaporated to dryness. The residue was crystallized and recry-
stallized from EtOH-H,O giving 161 mg (279%,) of a pure sample of V,.

2-Cyclooctylaminoadenosine (V) A solution of 500 mg of II in 5 ml of cyclooctylamine (Aldrich
Chemical Company, Inc.) was heated at 160° for 4 hr. The reaction mixture was evaporated to dryness,
and the residue was purified through a silicic acid column. Crystallization and recrystallization from EtOH-
H,O gave 115 mg (yield 16.4%) of a pure specimen of V.

2-Methylthio-2'-0-methyladenosine (VII)——A mlxture of 200 mg (0 62 mmol) cf 2- methylthloadenosme
(IV,), 0.465 ml of 4~ NaOH, 2.525 ml of H,0, 5 ml of EtOH and 1.76 g (12.4 mmol) of CH,I was allowed to
stand at room temperature for several days. The reaction mixture was evaporated to dryness. The residue
was dissolved in a mixture of H;O and ethyl ether. The aqueous layer was purified by preparatuve paper
chromatography (solvent 1). The band having Rf of 0.70 was extracted with H,O and the aqueous extract
was evaporated to dryness. Crystallization and recrystallization of the residue from H,O gave 9.5 mg
(yield 8.0%) of a pure sample of VII, mp 100° shrink, 189.5—192°. UV: A%! (¢) nm, 270 (16300), A% 235
(20900), 277 (14500), A2 235 (21400), 277 (14800). Paper chromatographic Rf: 0.70 (solvent 1) and 0.82
(solvent 2). It consumed no metaperiodate. Mass spectrum and NMR spectrum are shown in Fig. 1 and
Table 1I, respectively. Aunal. Caled. for C;,H;N,0,S-H,0; C, 41.73; H, 5.55; N, 20.28. Found: C, 41.94;
H, 5.41; N, 20.29. ’

2/,3’-0-Isopropylidene-2-(adamantan-2-yl)thioadenosine (VIII) A mixture of 7ml of anhydrous
acetone, 0.7 ml of 2,2-dimethoxypropane and 0.08 ml of 709, HCIO, was kept at room temperature for 5 min.
To this was added 200 mg of IV,. The solution was stirred at room temperature for 2.5 hr. To the mixture
was added 300 mg of K,CO,4 and the suspension was stirred for 1 hr. The solid was removed by filtration and
the filtrate was evaporated to dryness. The residue was triturated with H,0 and then recrystallized from
MeOH-H,0 yielding 150 mg (yield 69%) of VIII, mp 216—221°. UV: AEH (¢) nm, 239.5 (25100), 279 (15300).
NMR spectrum is shown in Table II. Anal. Caled. for Cp3Hy N;O,S; C, 58.33; H, 6.60; N, 14.79. Found:
C, 58.16; H, 6.58; N, 14.65. ;

Pharmacological Methods and Materials All glasswares and tubes coming into contact with blood
or platelet-rich plasma were siliconized with Siliconizer N-A (Fuji Kobunshi Kogyo Company, Ltd.). Collagen
was a lyophilized preparation of bovine Achilles tendon (Sigma Chemical Company, Ltd.), and 100 mg of
collagen was placed in a glass homogenizer covered with 5 ml of saline and homogenized to a fine suspension
with a Teflon covered piston at about 2000 rpm. The turbid supernatant was removed, estimated by optical
density at 420 nm, stored in a refrigerator, and mixed well before use. Adenosine 5’-diphosphate disodium
salt (ADP) was a product of Sigma Chemical Company, Ltd.

Rabbit Platelet-rich Plasma A rabbit (1.8—3.0 kg) was anesthetized with ethyl ether. The carotid
artery was carefully cut and cannulated with a 20 cm-piece of polyethylene tubing. The first 5—10 mi
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portion of blood was discarded, and about 60—90 ml of blood was transferred into 50 ml-polyethylene
centrifuge tubes covered with 0.1 volume of 3.8%, sodium citrate (pH 7.3) stored at 37°. It was centrifuged
at 1000 rpm for 10 min. The supernatant platelet-rich plasma (20—40 ml, pH 7.7—7.9) was immediately
diluted with an equal volume of isotonic barbital buffer (pH 7.3) in order to prevent the increase of the pH
of the plasma.?® The pH of the buffered platelet-rich plasma was 7.7+0.1 during aggregation assays. The
buffered platelet-rich plasma containing 3—4 x 108 cells/ml was stored at 20° and used during the period of
1—5 hr. Platelet-poor plasma was obtained by centrifugation of the buffered platelet-rich plasma at
3000 rpm for 30 min.

ADP-induced Rabbit Platelet Aggregation ADP-induced platelet aggregation test was carried out
by use of a Bryston aggregometer attached to a Hitachi Recorder, Type 056, or a Rikadenki Auto-pen
Recorder N-14 (10 mV). The absorbancy of buffered platelet-rich plasma was set at 0% while that of
platelet-poor plasma was set at 1009, aggregation rate. A siliconized glass cuvette (¢ 7 mm) containing
1.0 ml of buffered platelet-rich plasma preincubated at 37° for 3—>5 min was placed in an aggregometer set
at 37°. It was allowed to stir at 1100 rpm for 3 min by a siliconized stirring bar with 1 or 10 ul of a solution
of a test compound in saline or dimethylsulfoxide (DMSO). It was then challenged with 10 pl of a solution
of ADP (105w, final concentration) in saline. Aggregation percentage relative to platelet—poor plasma was
calculated in every case from the maximum deflection of the optical density curve. Inhibition percentage
by a test compound was calculated from the maxumum deflection relative to that observed with the control
solvent. The inhibition percentages thus obtained were not absolute as the sensitivity of platelets to the
aggregating agent varied from preparation to preparation, and a reference standard, adenosine, was tested
in every experiment for comparison of potency of inhibition. The relative potency (Rap) of inhibition of a
test compound to adenosine at the same concentration was a direct measure of potency of inhibition (Table
III, Fig. 2). '

Effect of Incubation of the Adenosine Derivatives with Rabbit Platelet-rich Plasma on Platelet Aggregation
A cuvette containing 1.0 ml of buffered platelet-rich plasma was preincubated at 37° for 3—>5 min and
mixed with 1 or 10 pl of a solution of a test compound in saline or DMSO. The mixture was allowed to
incubate at 37° without stirring during the period of up to 120 min and it was challenged with 10-m ADP
in a Bryston aggregometer set at 37° with stirring at 1100 rpm. (Fig. 4, Fig. 5).

Collagen-induced Rabbit Platelet Aggregation Collagen-induced platelet aggregation tests were
carried out by use of an Evans EEL 169 aggregometer attached to a Rikadenki Auto-pen Recorder N-14
(10 mV). A plastic cuvette containing 1.0 ml of buffered platelet-rich plasma preincubated at 37° for 3—5
min was mixed with 1 or 10 pl of a solution of a test compound in saline or DMSO and allowed to incubate at
37° for 3 min without stirring. It was then placed in an aggregation meter set at 37° and challenged with
100 pl of a solution of collagen in saline (total optical density at 420 nm: 0.15—0.20) with stirring. RaD wasa
direct measure of potency of inhibition (Table III, Fig. 3).

Human Platelet Aggregation 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
containing 2.0 ml of 3.8 w/v9% sodium citrate. The whole blood (20 ml) was immediately transferred to
a 30 ml-polyethylene centrifuge tube. Platelet-rich plasma was obtained by centrifugation at 1000 rpm
for 10 min, and stored at 25° for use during the period of 1—2hr. It contained 2—3 X 10® cells/ml. A
cuvette containing 1.0 ml of platelet-rich plasma preincubated at 37° for 5 min was placed in a Bryston
aggregometer set at 37° and allowed to stir at 1100 rpm with a test sample in 1 pl of DMSO for 8 min. It
was then challenged with ADP in the usual way (Fig. 6).
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