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Schoepke, et al.,10 in which blood pressure, heart rate, 
and coronary sinus P02 are continuously monitored. 
Changes in the last variable can be related to the coronary 
blood flow when oxygen extraction by the myocardium 
does not alter markedly. The in vitro effects on adenosine 
and adenylate deaminase were also assessed. 

Scheme I. Synthesis oi Ethyl Adenosine-5'-carboxvlate 

CH..0H *. HOC = 0 
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The activity of exogenous adenosine and adenosine nu
cleotides as coronary vasodilators is well documented.1"3 

The effect is of a short duration, however, probably be
cause the compounds are rapidly metabolized and very 
quickly reach low, steady-state concentrations; adenosine 
itself is taken up rapidly by red blood cells and tissues4 

and converted to inosine5 while phosphorylated deriva
tives do not cross biological membranes readily. Indeed, 
the hemodynamic effects are usually studied by adminis
tration via the coronary artery or by direct injection into 
the atrium. Berne, et a/. ,6 - 9 argue that adenosine is an 
important physiological mediator of vasodilation. Al
though the exact role of adenosine has not been complete
ly elucidated, there is little doubt that it is a potent, va
soactive substance. 

As part of a program to prepare related compounds with 
similar activity but with a longer duration of action, ethyl 
adenosine-o'-carboxylate (3) was synthesized by the reac
tion sequence shown in Scheme I. The cardiovascular ef
fects were tested in the dog preparation described by 

Agsalt ( ' H ' H J ' » CH:;CH20C = 0 

NH 

OH OH 
3 

Results and Discussion 

Typical cardiovascular data obtained are shown in 
Table I. As expected adenosine elicited marked responses 
of a short duration when given intravenously and essen
tially no effects when administered intraduodenally at 
doses as high as 30 mg/kg. On the other hand, 3 exhibited 
a marked, long-acting effect in the P02 test which, like in
travenous adenosine, was initiated essentially instanta
neously after intravenous administration of 0.10 mg/kg 
doses and lower; the intraduodenal activity, which be
came evident approximately 5 min after administration, 
was of particular significance since it indicated that 3 was 
well absorbed when given by this route and that it was 
not hydrolyzed rapidly to adenosine-5'-carboxylic acid. 
The latter was orders of magnitude less active in the 
preparation. 

Table I. Effect on Cardiovascular Parameters in Anesthetized Dogs" 

Compd 

Adenosine 

3 

Injection 
route' 

iv 
id 
id 
iv 
iv 
iv 
id 
id 
id 

Dose. 
mg/kg 

2 
15 
30 

0.01 
0.05 
0,10 
0.025 
0.10 
0.50 

Po,, 
Change, 

% 
150 

3 
8 

19 
104 
145 

24 
57 

118 

'' mm 
D uration, 

m m 

4 
15 
20 
18 
32 
50 
83 
89 

102 

Mean aortic 

Change 
% 

- 5 0 
0 
0 

- 1 
- 1 
— 5 
- 3 
- 2 

- 2 5 

m m 
Pi 

D 

essure, 

uration, 
m m 

2 
0 
0 
9 
8 

26 
60 
60 
88 

Heart 
beats 

Change, 

- 4 0 
_ 2 

0 
5 

17 
17 
13 

2 
34 

rate. 
m m 
Duration, 

min 

3 
15 

0 
0 

32 
50 
65 
36 
75 

Peak changes are shown; the duration is the total time elapsed from the initiation of the change until return to pretest 
value. The range of the initial basal values of all the preparations was: Po i ; 15-25 mm; blood pressure, 90-120 ram; heart 
rate, 100 -140 beats min. The values cited are the averages of three measurements with a deviation of the order of 40%; 
iv dose responses were obtained in a given animal in three different preparations, while a total of six dogs were utilized 
to obtain the id data. '' Poj = partial pressure of oxygen. ' iv = intravenous; id = intraduodenal. 
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T a b l e I I . Studies wi th Deaminases 

Incuba t ion NH3 
Addit ion, t ime, formed, 
M X 1 0 ' m in fimol 

Adenyla te Deaminase 
2 . 6 7 5 ' - A M P 8 . 0 0 .32 
2 .67 5 ' - A M P + 

6 . 6 7 3 8 .0 0 .32 
9 .70 3 2 5 . 0 0 . 0 1 

Adenosine Deaminase 
5 .37 adenosine 3 .0 0 .72 
5 .37 adenosine -f 

6 . 6 7 3 3 .0 0 .75 
6 .67 3 1 5 . 0 0 .00 

T h e blood pressure and hear t ra te effects of 3 were vari
able in t h a t low doses given slowly usually caused a small 
change in both p a r a m e t e r s ; r ap id admin i s t ra t ion , how
ever, resul ted in a fall in pressure and a compensa tory rise 
in hea r t r a t e . Subsequen t pharmacologica l s tudies have 
verified t h a t it is a coronary vasodilator and t h a t pro
longed increases in coronary s inus P o 2 are observed when 
it is admin is te red to unanes the t i zed dogs, orally, in doses 
as low as 0.15 m g / k g . 1 1 

A possible mechan i sm for t he action of 3 migh t s t em 
from an abil i ty to inhibi t the deamina t ion of adenosine 
a n d / o r adenylic acid, thereby increasing the respective 
s t eady-s ta te levels and in some way increasing the adeno
sine concent ra t ion a t a receptor . To test th is hypothes is , 
the effect on adenosine deaminase from calf gut and ade
nyla te (5 ' -AMP) deaminase from rabb i t muscle was inves
t iga ted . These d a t a are shown in T a b l e II. In nei ther sys
t em was it an inhibi tor , nor was it a subs t ra te for the en
zymat ic react ion as seen by the longer incuba t ion wi thout 
the respective subs t r a t e s . It can be concluded then t h a t 
inhibi t ion of deaminase does not play a significant role in 
the mechan i sm of act ion. Addit ional ly , it has been shown 
t h a t 3 does not po ten t i a t e the coronary di lator or systemic 
h e m o d y n a m i c effects of adenos ine , 1 1 so a mechan i sm in
volving blockade of up t ake of adenosine by the lung or red 
blood cells is not likely. 

T h e two major pa thways for the metabo l i sm of adeno
sine involve deamina t ion to inosine and phosphoryla t ion 
a t the 5 '-hydroxyl group to form 5 ' -AMP. Since 3 has 
been shown to be a very poor subs t ra t e for bo th adenosine 
and 5 ' -AMP deaminase , and the 5 ' t e r m i n u s has been 
blocked so t h a t phosphoryla t ion would not be expected to 
occur, it is reasonable to assume t h a t ne i ther of these 
react ions plays an impor t an t role in its me tabo l i sm. Be
cause the cardiovascular effects are observed a lmost in
s tan taneous ly after in t ravenous admin i s t ra t ion , it is 
t e m p t i n g to specula te t h a t it exerts a direct act ion, per
haps on an "adenos ine recep tor . " The s imilar i ty of 3 to 
adenosine and the fact t h a t it would not be expected to be 
metabol ized by the normal , p r imary pur ine react ions fit 
the concept t h a t it could be a " long-act ing adenos ine . " 
Fu r the r s tudies involving blockade of the cardiovascular 
effects and physiological half-life are in progress in an at
t e m p t to clarify the mechan i sm of action. 

T h e inabil i ty of 3 to be phosphory la ted a t the 5 ' t e rmi 
nus precludes the possibili ty of its enter ing the normal 
metabol ic pool and being t ransformed into an abe r ran t 
nucleoside t r i phospha t e wi th a po ten t ia l for incorporat ion 
into RNA a n d / o r D N A . Th i s is an i m p o r t a n t consider
at ion from the viewpoint of long-term toxicity. It is inter
est ing t h a t the toxicity of 3 is qui te low; t he acu te LD50 in 
mice is greater t h a n 1000 m g / k g by the oral route and ap
proximate ly 700 m g / k g , in t ravenously . Doses as high as 

500 m g / k g , orally, and 100 m g / k g , int ravenously, are well 
to lera ted by bo th dogs and monkeys ; decreased act ivi ty is 
the major symptomato logy observed. 

Exper imenta l Sec t ion 

Adenosine-5'-carboxylic Acid (2). The acid was prepared from 
2',3'-0-isopropylideneadenosine (1, P-L Biochemicals)12 with a 
yield of 64%. The melting point was greater than 300° (lit.13 mp 
>320°). 

Ethyl Adenosine-5'-carboxylate (3). Typically, 2.2 g of 2 was 
suspended in 5 ml of H 2 0 and 2.7 ml of 3.0 M NH3 was added 
with stirring. After essentially all of the solid had dissolved, the 
solution was filtered and 1.47 g of AgN03 in 10 ml of H 2 0 was 
added dropwise with stirring to the filtrate. The resulting solid 
was filtered, washed, and dried in vacuo, in the dark, at 60° for 16 
hr to yield 3.2 g of the silver salt. This solid was suspended in 70 
ml of dry EtOH, 1.0 ml of EtI was added, and the mixture was 
refluxed in the dark for 6 hr. The suspension was filtered and 
upon cooling a white solid separated which was collected and 
dried to yield 0.53 g of 3: mp 196-199° dec (uncorrected, Thomas-
Hoover capillary melting point apparatus); nmr <5 (DMSO-<i6, 
TMS) 8.41 (s, 1, H-8). 8.16 (s, 1, H-2), 7.29 (s, 2. NH2), 6.08 (d, 1, 
J r , 2 ' = 6.2 Hz. H-l ' ) , 5.2-6.2 (b. 2, OH), 4.64 (m, 1, J2- 3 = 4.5 
Hz, H-2'), 4.49 (d, 1, J3.4> = 2.5 Hz, H-4'). 4.39 (m, 1, H-3'), 4.20 
(q, 2, J = 7 . 0 Hz, OCH2), 1.23 ppm (t, 3, CH3); Xmax (pH 7.0) 
259 nm (e 16,000); Xmin 227 nm; mass spectrum, found m/e 309. 
Anal. (Ci2Hi5N505) C, H, N, O. 

Cardiovascular Measurements. Dogs of either sex were anes
thetized with 250 mg/kg of barbital sodium, intravenously, after 
sedation with 3 mg/kg, subcutaneously, of morphine sulfate. 
Under artificial respiration, an incision was made in the fourth 
right intercostal space and the pericardium was incised. A Beck-
man polarographic Po2 microelectrode (in a Riley needle) was 
placed in the coronary sinus via the superior vena cava. Continu
ous recordings of the blood pressure, heart rate, and coronary 
sinus Po2 were made on a Grass Model 7 polygraph. Compound, 
dissolved in isotonic saline, was administered either intravenously 
(jugular) or intraduodenally through an indwelling catheter. 

Studies with Deaminases. Adenylate deaminase in glycerol 
was obtained from Sigma Chemical Co.; the incubation mixture 
contained 0.44 ng of protein in 3.0 ml of 0.14 M NaCl, 0.01 M ci
trate, and 2.67 x 10"4 M 5'-AMP, adjusted to pH 6.5. After 5 
min preincubation at 37° with 3, the reaction was started by the 
addition of 5'-AMP and 8 min later was terminated by the addi
tion of 0.2 ml of Nessler's reagent. The amount of ammonia 
formed was determined by measuring the absorbance at 425 nm. 
Adenosine deaminase in glycerol was obtained from Boehringer-
Mannheim; the incubation mixture contained 0.40 Mg of protein 
in 3.0 ml of 0.11 M NaCl, 0.05 M Na 2 HP0 4 . and 5.37 x 10~4 M 
adenosine, adjusted to pH 7.4. The same procedure was used as 
with adenylate deaminase except that the reaction was terminat
ed after 3 min. In both systems the conditions were chosen such 
that the reaction rate was linear with respect to enzyme concen
tration and incubation time. All tests were run in duplicate and 
the differences were of the order of 3%. 
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Nitrofuryl Heterocyc l ics . 3 1 
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The synthesis and an t ibac te r ia l propert ies of some 1-
[4-(5-nitro-2-furyl)-2-thiazolyl]hydantoins and -hydrourac-
ils have been described earl ier ,2 As par t of a search for 
new chemothe rapeu t i c ni t rofurans, the p repara t ion of hy-

danto in and hydrouraci l derivat ives of 2-amino-5-(5-nitro-
2-furyl)- l ,3,4-thiadiazole (I, R = H) was examined , since 
it has been es tabl ished tha t this la t ter ni trofuran and re
lated compounds (e.g., I. R = CHO) have potent an t ibac 
terial ac t iv i t ies , 3 

is j | N — N 

0;N—iQJ-AsJL_NHR 
1 

Chemistry . The prepara t ion of ureas II from I (R = H) 
and various acyl i socyanates , t he cyclization of 2- or 3-
haloacylureas to the corresponding hydanto ins or hy-
drouraci ls III with N a H in D M F , and the alkylat ion of 
these last compounds to the 3-subst i tu ted der ivat ives IV 
are described in the Exper imen ta l Section. 

Screen ing Resu l t s . Ni t rofurans 1-27 were tes ted in 
vitro against a variety of bac ter ia according to procedures 
described previously. t It can be seen from Tab le I, which 
records the more active compounds , t h a t most of the 
ni trofurans possessed efficacy against Staphylococcus au
reus and Streptococcus pyogenes. Selected compounds 
were evaluated further against S. aureus and .S. pyogenes 

'Author to whom correspondence should be addressed at the Chemical 
Research Laboratories. Wellcome Research Laboratories. Beckenham, 
Kent. England. 

f For a description of the general in vitrc and in vivo test procedures, sec 
ret 4. 

infections in mice by oral and subcu taneous admin i s t r a 
t ion. Al though some of these derivat ives were active in 
civej against N. pyogenes (Table II). none was effective 
against S. aureus. 

Nitrofurans 1 27 were also eva lua ted against Trichomo
nas vaginalis in vitro and in miee. t Most of the com
pounds had some activi ty in the in vitro screen, and when 
tested against T. vaginalis infections in mice, hydan to ins 
1(>, 17, and 21 were found to be ca. four t imes more active 
than metronidazole .§ Fur the r exper iments showed, how
ever, t h a t none of the compounds appeared in measurab le 
quant i t i es in the urine. 

In conclusion, when the ni t rofuryl thiadiazoles above are 
compared with the analogous l-[4-(5-nitro-2-furyl)-2-thia-
zolyl jhydantoins and -hydrouracils discussed earl ier ,2 two 
points of interest emerge. Firstly, as an t ibac te r ia l agents 
the two series have comparab le potencies against most or
ganisms in the in vitro screen. In civo, act ivi ty against .S. 
aureus and S. pyogenes is relatively widespread among ni-

T a b l e II . In Vivo Activity" 

T. vaginalis, 
S. pyogenes, met ron idazole 

ED5o (mice), mg. 'kg equiv, 
Compd po sc Mb 

2 200 50 c 
3 35 50 < 0 . 2 5 

11 42 .5 10.2 c 
16 e c 4 
17 c 0 4 
21 c c 2-4 

"See ref 4 and 5. ''M - E D M of metronidazole ED.„, of tes t 
compound. ' Ind ica tes tes t not done. 

trofurylthiazole congeners, and in these compounds hy
dan to ins and hydrouraci ls (i.e., der ivat ives equivalent to 
III and IV) appear to be more active t h a n the acylureas 
corresponding to II. In thiadiazoles II-IV, however, no 
compound appears to be effective against S. aureus in 
vivo, and act ivi ty against S. pyogenes in vivo is of a lower 
order t h a n t h a t shown by the analogous ni trofurylthia-
zoles. Finally, as t r ichomonicidal agents , the nitrofuryl
thiadiazoles above are very m u c h more potent in vivo 
t h a n the ni trofurylthiazoles discussed earl ier .2 In this re
spect, m a x i m u m act ivi ty appears to reside in the ni t rothi-

1 For a description of test met hods, see ref ,1. 
§ Flagyl 

T a b l e I . In Vitro Ant ibacter ia l and Trichomonicidal Act ivi ty of Nitrofurans 1-25" 

M i n i m u m inhibitory concentra t ion, ug ml 
Salmonella 

Staph, aureus, Diplococcus Strep, pyogenes, typhunurium, Shigella sonnei, 
Compd 

1 
2 
3 
4 
5 
6 
9 

11 
13 
15 
16 
17 
21 
23 
24 
25 

UC-76 

1 .25 
5 
5 
5 
0 .63 
0 .63 
1 .25 
2 .5 
1 .25 
0 .63 
1.25 
2 .5 
5 
1.25 
1 .25 
0 .63 

pneumoniae 

0 . 
0 . 
0 . 

20 
0 . 

> 2 0 
c 

5 
c 

> 2 0 
10 
c 

I 
10 

1 

31 
16 
16 

31 

.25 

.25 

C203 

1.25 
0 .16 
0 .63 
0 .31 
1.25 
0 .16 
0 .63 
0 .08 
0 .63 
0 .08 
0 .63 
1 .25 
5 

> 2 0 
5 
2 .5 

V-31 

2 .5 
20 
10 
20 

2 .5 
20 

~ 
> 2 0 
> 2 0 
> 2 0 
> 2 0 
> 2 0 
> 2 0 
> 2 0 

20 
> 2 0 

C-10 

2 .5 
20 
20 
20 

5 
5 

10 
> 2 0 
> 2 0 
> 2 0 

10 
20 

> 2 0 
> 2 0 

20 
20 

T. vaginalis 

> 2 5 (6.25 V-
> 2 5 
> 2 5 
> 2 5 

6 .25 
> 2 5 (1.56) 
> 2 5 
> 2 5 (6.25) 

25 
25 
25 
25 

> 2 5 (6.25) 
> 2 5 (6.25) 

25 
c 

See ref 4 and 5. ' 'Figures in parentheses indicate 90-99.9% inhibit ion at s ta ted levels. Indica tes test not done. 


