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(57) ABSTRACT 

The present invention relates to novel adenosine derivatives 
having the formula (I): 

X 
HN1 

21 N y 
N 

R N N 

HO 
O 

(I) 

HO OR 

wherein R is a lower alkyl group; R is hydrogen or a lower 
alkyl group; X is a cycloalkyl group, an alkyl group having 
at least one hydroxy group, an alkyl group having at least 
one phenyl group, a bicycloalkyl group, a naphthylalkyl 
group, an acenaphthylenylalkyl group or a group of the 
formula (II) or (III); 

(II) 
21 A. 

Z-H 
N cy 

(III) 

CCO 
Q Y 

Z is hydrogen, a hydroxy group or a lower alkoxy group, 
Q is hydrogen or a hydroxy group, A is -CH2-, 
-O-, -S- or shows a direct connection; Y is 
-(CH), or shows a direct connection; n is an 
integer of 1 to 3; and the broken line is a double bond 
or a single bond. 

and pharmaceutically acceptable Salt thereof, which are 
useful as antihypertensive agents. 

4 Claims, 1 Drawing Sheet 
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ADENOSINE DERVATIVES AND 
PHARMACEUTICAL COMPOSITION 

THEREOF 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 

This is a Reissue of Ser: No. 07/462,246, filed Jan. 9, 
1990, U.S. Pat. No. 4,985,409. 

BACKGROUND OF THE INVENTION 

The present invention relates to novel adenosine 
derivatives, pharmaceutically acceptable Salts thereof and 
pharmaceutical compositions containing them as an active 
ingredient. 

Hypertension is one of the most Serious risk factors 
causing cerebral apoplexy and cardiopathy which are 
included in the major causes of death. Thus various antihy 
pertensive agents Such as diuretics, Sympathetic depressant 
drugs, direct-acting vasodilators, calcium antagonists or 
angiotensin antagonists have been developed and used for 
treatment of hypertension. However, for example, Side 
effects Such as bradycardia causing various Symptoms Such 
as tiredness, depression of activity, disturbance of cerebral 
circulation or cerebral ischemia are Sometimes observed 
under the treatment with Sympathetic depressant drugs. 
Therefore, the developments of antihypertensive agents hav 
ing greater Safety and effectiveness are desired. As a result 
of investigations for orally administrable antihypertensive 
compounds, the inventors have found adenosine derivatives 
having vasodilatively hypotensive effect. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide novel 
adenosine derivatives and pharmaceutically acceptable Salts 
thereof having an excellent antihypertensive effect. Another 
object of the present invention is to provide pharmaceutical 
compositions containing these adenosine derivatives or 
pharmaceutically acceptable Salts thereof as an active ingre 
dient. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a result of hypotensive activity of the 
present invention compared to another adenosine derivative. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The adenosine derivatives of the present invention are 
represented by the following formula (I): 

1O 
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(I) 
X 

HN1 

Na y 
ls R N N 

HO 
O 

HO OR 

wherein R is a lower alkyl group; R is hydrogen or a lower 
alkyl group; X is a cycloalkyl group, an alkyl group having 
at least one hydroxy group, an alkyl group having at least 
one phenyl group, a bicycloalkyl group, a naphthylalkyl 
group, an acenaphthylenylalkyl group or a group of the 
formula (II) or (III); 

(II) 

21 
z-H 
N cy 

(III) 
A. 

Q Y 

Z is hydrogen, a hydroxy group or a lower alkoxy group, 
Q is hydrogen or a hydroxy group, A is -CH-, 
-O-, -S- or shows a direct connection; Y is 
-(CH), or shows a direct connection; n is an 
integer of 1 to 3; and the broken line is a double bond 
or a single bond. 

In the above formula (I), R represents a lower alkyl group, 
preferably a Straight or branched alkyl group having 1 to 3 
carbon atoms, Such as methyl, ethyl, propyl or isopropyl. R' 
represents hydrogen or a lower alkyl group, preferably a 
Straight or branched alkyl group having 1 to 3 carbon atoms, 
Such as methyl, ethyl, propyl or isopropyl. 
X represents a cycloalkyl group, preferably a cycloalkyl 

group having 3 to 8 carbon atoms, Such as cyclopropyl, 
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl or cyclooc 
tyl; an alkyl group having at least one hydroxy group, 
preferably a Straight or branched alkyl group having 1 to 4 
carbon atoms, Such as methyl, ethyl, propyl, isopropyl, 
butyl, isobutyl, sec-butyl or tert-butyl having one or two 
hydroxy groups, an alkyl group having at least one phenyl 
group, preferably a phenylalkyl group or a diphenylalkyl 
group, for example, a Straight or branched alkyl group 
having 1 to 3 carbon atoms, Such as methyl, ethyl, propyl or 
isopropyl having one or two phenyl groups, a bicycloalkyl 
group, preferably endo- or exo-bicyclo2.2.1]heptyl group; a 
naphthylalkyl group, preferably an alkyl group having 1 to 
3 carbon atoms, Such as methyl, ethyl, propyl or isopropyl 
having a naphthyl group; an acenaphthylenylalkyl group 
including 1,2-dihydro form thereof, preferably an alkyl 
group having 1 to 3 carbon atoms, Such as methyl, ethyl, 
propyl or isopropyl having a acenaphthylenyl group, or a 
group of the above formula (II) or (III). 
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In the formulas (II) and (III), Z represents hydrogen, a 
hydroxy group or a lower alkoxy group, preferably a Straight 
or branched alkoxy group having 1 to 3 carbon atoms, Such 
as methoxy, ethoxy, propoxy or isopropoxy. Q represents a 
hydrogen or a hydroxy group. A is -CH2-, -O-, -S- 
or shows a direct connection. Y is -(CH), or shows a 
direct connection. n is an integer of 1 to 3, and the broken 
line represents a double bond or a single bond. 

The adenosine derivatives of the present invention include 
pharmaceutically acceptable Salts of the compounds having 
above formula (I), for example, Salts with alkali metal Such 
as Sodium or potassium, with alkaline-earth metal Such as 
calcium or barium, or with other metals. Such as aluminum, 
or Salts as acid addition with an acid Such as hydrochloric 
acid, Sulfuric acid, nitric acid, phosphoric acid, formic acid, 
acetic acid, citric acid or lactic acid, or Salts with an organic 
base Such as ammonia or the like. These Salts can be 
prepared from free adenosine derivatives or other Salts of 
these derivatives by a known method. 
When optical isomers exist in the compounds of the 

invention, the present invention includes any of the dl, d and 
1-isomers. 
The adenosine derivatives of the present invention can be 

prepared as follows. 
(1) Both 3'-O- and 5'-O-positions of an adenosine deriva 

tive are protected by tetraisopropyldisiloxane (TIPDS) 
group to carry Out O-alkylation Selectively at the 2'-O- 
position. A 6-Chloropurine-9-riboside and TIPDS-Cl (1,3- 
dichloro-1,1,3,3-tetraisopropyldisiloxane dichloride) are 
stirred for several hours at room temperature to protect 3'-O- 
and 5'-O-positions, and then 2'-O-position of the compound 
protected by TIPDS can be selectively alkylated by an 
alkylating agent Such as methyl iodide, ethyl iodide, propyl 
iodide or butyl iodide in the presence of catalyst Such as 
silver oxide. 

After the 2'-O-alkylation, a group of -NH-X is intro 
duced to 6-position of the purine by using an amine 
(X-NH2) containing the group X in the formula (I) accord 
ing to a conventional method. The protecting group, TIPDS, 
can be removed before or after this replacement reaction 
between the amine and chloro group at 6-position of the 
purine or adenosine. 

(2) The compound of the present invention can be pro 
duced by alkylation or an adenosine derivative correspond 
ing to the compound represented by the formula (I), in which 
R is hydrogen, by an alkylating agent. A diazoparaffin, Such 
as diazomethane, diaZoethane or diaZopropane, can be used 
as the alkylating agent. The appropriate Solvent which does 
not inhibit the reaction Such as 1,2-dimethoxyethane can be 
preferably used. This O-alkylating reaction can be carried 
out as follows: 

(i) The reaction mixture is reacted for Several minutes to 
Several hours at room temperature in the presence of a 
catalyst Such as p-toluenesulfonic acid. 

(ii) The starting material is dissolved in about 80° C. hot 
water and an alkylating agent Such as diazoparaffin is 
added thereto, and the reaction mixture is reacted for 
Several hours to a day. 

The resulting compounds of the present invention can be 
purified by known methods Such as distillation chromatog 
raphy and recrystallization. Identification is established 
through, inter alia, melting point (m.p.), elemental analysis, 
IR, NMR, UV, mass spectrum, etc. 

EXAMPLE 

The following examples, which are illustrative only and 
not intended to limit the Scope of the invention, describe the 
preparation of the compounds of the present invention. 
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4 
EXAMPLE 1. 

(i) 500 ml of acetic anhydride and 500 ml of pyridine were 
added to 100 g of inosine, and the reaction mixture was 
Stirred for 4 to 10 hours at room temperature. After concen 
tration under reduced pressure, the precipitated crystalline 
was separated by filtration, washed with water and dried to 
give 132 g of 2',3',5'-O)-triacetylinosine (yield: 98%) 

(ii) 50 g of 2',3',5'-O-triacetylinosine was dissolved in 400 
ml of chloroform. 30 ml of thionyl chloride and 7.2 ml of 
dimethylformamide were added, and the Solution was 
refluxed with heating for 2 to 4 hours. The reaction mixture 
was poured into ice cold water, and the Separated chloroform 
layer was washed with Saturated aqueous Solution of Sodium 
hydrogencarbonate and brine. After drying over Sodium 
sulfate anhydride, the solvent was distilled off. The residue 
was dissolved in 20% ammonia methanol Solution and the 
container was Sealed. After Stirring for 3 to 5 hours, the 
Solution was concentrated under reduced preSSure. The 
precipitated crystalline was separated by filtration and dried 
to give 6-chloro-9-8-D-ribofuranosyl-9H-purine (yield: 
60%). 

(iii) 20g of 6-chloro-9-B-D-ribofuranosyl-9H-purine was 
dissolved in 350 ml of pyridine. 26 g of TIPDS-Cl was 
added thereto and the Solution was stirred for 1 to 4 hours at 
room temperature. The Solution was concentrated by dry 
neSS and the residue was Suspended in water. Benzene was 
added thereto to extract the resulting product. The benzene 
layer was washed with 0.1N hydrochloric acid aqueous 
Solution, Saturated aqueous Solution of Sodium hydrogen 
carbonate and brine. After drying over Sodium Sulfate 
anhydride, the solvent was distilled off. The residue was 
recrystallized from n-hexane to give 24 g of 6-chloro-9-(3', 
5'-O-TIPDS-f-D-ribofuranosyl)-9H-purine (yield: 65%). 

(iv) 20g of the resulting product was dissolved in 300 ml 
of benzene and 200 ml of ethyl iodide, and silver oxide were 
added thereto to carry out methylation. After reacting for 4 
to 10 hours, silver oxide and silver iodide were filtered off 
and the crude product was purified by Silica gel column 
chromatography to give 6-chloro-9-(2'-O-methyl-3',5'-O- 
TIPDS-B-D-ribofuranosyl)-9H-purine (yield: 75%). 

(v) 16.3 g of the resulting product was dissolved in 
tetrahydrofuran and 66 ml of 1M solution of tetrabutylam 
monium fluoride was added. The reaction mixture was 
stirred for several minutes. The solvent was distilled off and 
the residue was purified by Silica gel column chromatogra 
phy to give 6-chloro-9-(2'-O-methyl-B-D-ribofuranosyl)- 
9H-purine. 

(vi) To 1.5 g of 6-chloro-9-(2'-O-methyl-f-D- 
ribofuranosyl)-9H-purine and 510 mg of cyclopentylamine, 
1.5 ml of triethylamine and 70 ml of ethanol were added. 
The solution was refluxed with heating for several ten 
minutes to 8 hours. After washing the residue with water, 
methanol was added and the Solution was concentrated to 
dryneSS again. The residue was recrystallized with ethyl 
acetate to give N'-cyclopentyl-2'-O-methyladenosine 
(Compound 1). yield: 80% 
NMR(DO): 8=1.57(4H.m), 1.72(2H.m), 1.94(2H,m), 3.36 

(3H,s), 3.58(1H.m), 3.70(1H.m), 4.00(1H.m), 4.35(2H, 
m), 4.53(1H,m), 5.27(1H.d.J=5.37Hz), 5.45(1H.m), 6.02 
(1H.d.J=5.86Hz), 7.78(1H.m), 8.21 (1H,s), 8.39(1H,s) 
In the same manner as mentioned above, the following 

compounds were obtained. 
N'-cyclohexyl-2'-O-methyladenosine (Compound 2) 
NMR(DO): 8=1.33(4H.m), 1.61(2H.m), 1.74(2H,m), 1.87 

(2H.m), 3.30(3H,s), 3.55(1H.m), 3.67(1H.m), 3.97(1H, 
m), 4.09(1H,m), 4.34(2H.m), 5.25(1H.d.J=4.88Hz), 5.43 
(1H.m), 6.00(1H.d.J=5.86Hz), 7.65(1H.m), 8.19(1Hs), 
8.37(1Hs) 
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Sive effects at a slight amount of dosage. Furthermore, as 
shown by FIG. 1, the compounds of the invention, in which 
characteristically 2-position of Sugar part of adenosine is 
O-alkylated, have longer hypotensive effects compared to 
the characterleSS adenosine derivatives which is not 
O-alkylated. Hypotensive activities of the present invention 
are kept for long time, So that they have the advantage of 
cutting down on taking time of drug administration. 

Thus the compounds of the present invention have excel 
lent antihypertensive effect at oral administration and do not 
have severe side effect such as bradycardia. Therefore, the 
compounds of the present invention are not only useful as 
antihypertensive drugs for oral administration, but also as 
drugs for various disease caused by hypertension, e.g., 
cerebrovascular disease Such as cerebral hemorrhage, cere 
bral infarction or Subarachnoidal hemorrhage, cardiopathy 
Such as congestive heart failure, myocardial infarction or 
Sudden cardiac death, and renal insufficiency. 

The compounds of the present invention can be made into 
pharmaceutical compositions by combination with appro 
priate medicinal carriers or diluents, and can be formulated 
into preparations in Solid, Semisolid, liquid or gaseous form 
Such as tablets, capsules, powders, granules, Solutions, 
Suppositories, injections and cataplasms in usual ways for 
oral or parenteral administrations. 

In pharmaceutical dosage forms, the compounds of the 
present invention can be used in the form of their pharma 
ceutically acceptable Salts, and also can be used alone or in 
appropriate association, as well as in combination with other 
pharmaceutically active components. 

In case of oral preparations, the compounds can be used 
alone or combined with appropriate additives to make 
tablets, powders, granules or capsules, e.g. with conven 
tional additives Such as lactose, mannitol, corn Starch or 
potato Starch, with binderS Such as crystalline cellulose, 
cellulose derivatives, acacia, corn Starch or gelatins, with 
disintegratorS Such as corn Starch, potato Starch or Sodium 
carboxymethylcellulose, with lubricants Such as talc or 
magnesium Stearate; and if desired, with diluents, buffering 
agents, moistening agents, preservatives and flavoring 
agents. 

Furthermore, the compounds of the invention can be 
made into a Suppository by mixing with a variety of bases, 
e.g. fatty and oily base Such as cacao butter, emulsifying 
base or water-Soluble base Such as macrogol. 

The compounds of the present invention can be formu 
lated into a preparations for injections for dissolving, Sus 
pending or emulsifying in aqueous or nonaqueous Solvent, 
Such as distilled water for injection, physiologically Saline 
Solution, vegetable oil, Synthetic aliphatic acid glycerides, 
esters of higher aliphatic acid or propylene glycol. 

Cataplasms can be prepared by mixing the compounds 
with mentha oil, concentrated glycerin, kaolin or other 
Suitable additives. 

The desirable dose of the compounds of the present 
invention varies with the Subject, form of the drug, method 
and period of administration. However, in order to obtain 
desirable effects, generally it is recommended to administer 
orally 0.1 to 1,000 mg, preferably 0.2 to 500 mg daily. Unit 
preparations are also recommended for administration in one 
to Several units daily. 

In case of parenteral administrations e.g. injections, doses 
of the compounds in the order of one tenth to one Second of 
the above dose are preferable as daily doses. 
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Some prescriptions of the pharmaceutical compositions 

are shown below as examples which contain the compounds 
of the present invention as active ingredients. 

Prescription example 1 (tablet) 

Component Content in a tablet (mg) 

compound of this invention 5 
lactose 145 
corn starch 40 
magnesium stearate 1O 

Total 200 mg 

Prescription example 2 (capsule) 

Component Content in a capsule (mg) 

compound of this invention 1O 
lactose 240 

Total 250 mg 

Prescription example 3 (injection) 

Component Content in an ampule (mg) 

compound of this invention 5 
sodium chloride 
distilled water for injection 

proper amount 
proper amount 

Total 1 ml 

What is claimed is: 

1. An adenosine compound of the formula (I): 

X 
HN1 

21 N y 
N 

R N N 

HO 
O 

(I) 

HO OR 

wherein R is a C- alkyl group; R is hydrogen or a C 
alkyl group; X is a Cas cycloalkyl group, a C- alkyl 
group having one or two hydroxy groups, a C-s group 
havine one or two phenyl groups, a bicycloheptyl group, a 
C. alkyl group having a naphthyl group, a C- alkyl group 
having an acenaphthylenyl group, or a group of the formula 
(II) or (III); 

(II) 
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-continued 
(III) 

A. 

wherein Z is hydrogen, a hydroxy group or a C- alkoxy 
group, Q is hydrogen or a hydroxy group, A is -CH2-, 
-o-, -S- or shows a direct connection; Yis-(CH2)- 
or shows a direct connection; n is an integer of 1 to 3; and 

12 
the broken line represents the presence or absence of a 
Second bond, or a pharmaceutically acceptable Salt thereof. 

2. An adenosine compound or a Salt thereof according to 
claim 1 wherein R' is hydrogen. 

3. A pharmaceutical composition comprising as an active 
ingredient an effective amount of an adenosine compound or 
Salt thereof of claim 1, together with a pharmaceutically 
acceptable carrier. 

4. A method for treating hypertension in a mammal which 
comprises administering to the mammal an antihypertensive 
effective amount of at least one adenosine compound or 
pharmaceutically acceptable Salt thereof of claim 1. 

k k k k k 


