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sites. The inducible 3-hydroxylation occurs at a type I site,
while the noninducible O-demethylation presumably oc-
curs at a type II site.

In summary, the metabolism of BP and its derivatives
involves at least three different enzyme activities: (1) a
3-hydroxylase in uninduced microsomes which has some
1-hydroxylase activity, (2) a 3-hydroxylase in 3-MC-in-
duced microsomes which has more 1-hydroxylase activity
and which is more sensitive to the structure of the sub-
strate, and (3) an O-dealkylase which is not inducible. This
last activity may or may not involve the uninduced 3-
hydroxylase. Both have the same positional specificity:
the hydroxylase can attack positions 1, 3, and 6, but not
12, while the O-dealkylase can O-dealkylate groups at
positions 1, 3, and 6, but not 12. However, the hydroxy-
lation occurs at a type I site and the O-dealkylation at a
type II site, and, accordingly, different active sites are
involved. The various activities may be due to different
forms of cytochrome P-450. Both uninduced and induced
microsomes contain a number of forms of these enzyme
systems, all of which vary somewhat in substrate specif-
icity, 8744 positional specificity,** and stereospecificity.*

(44) F. P. Guengerich, J. Biol. Chem., 252, 3970-3979 (1977), and
references therein.

(45) J.P. Villeneuve, P. Mavier, and J. G. Joly, Biochem. Biophys.
Res. Commun., 70, 723-728 (1976).

For example, warfarin®® can be hydroxylated at five dif-
ferent positions. This is reported to involve at least four
different monooxygenases, one of which is not inducible
by PB or 3-MC.

Detoxification and elimination of aromatic hydrocarbons
generally proceeds through an initial oxidation of the
molecule. There has been considerable study of the effects
of enzyme induction on the rate of hydrocarbon hy-
droxylation. However, this study indicates that induction
may also affect the position of the initial oxidation. This
factor would modify the metabolic pathways, which could
conceivably affect the biological activity and disposition
of the compound, as well as the change in the rate of
oxidation. The biological activity of aromatic hydro-
carbons in different tissues and species presumably reflects
both the disparate inducibilities and positional specificities
of enzymes in different tissues. This important problem
warrants further comparison of the products of initial
metabolic oxidation of polycyclic aromatic hydrocarbons
in uninduced and induced tissues.
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Studies on Cardiovascular Agents. 6. Synthesis and Coronary Vasodilating and
Antihypertensive Activities of 1,2,4-Triazolo[1,5-a]pyrimidines Fused to
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The synthesis and coronary vasodilating and antihypertensive activities of 1,2,4-triazolo[1,5-a}pyrimidines fused
to pyrrole, thiophene, pyran, pyridine, and pyridazine are described. Among these compounds, 8-tert-butyl-7,8-
dihydro-5-methyl-6H-pyrrolo[3,2-¢]{1,2,4]triazolo[1,5-a¢]pyrimidine (23) was found to be the most promising potential
cardiovascular agent, having been shown to be more potent in coronary vasodilating activity than trapidil [7-(di-
ethylamino)-5-methyl-1,2,4-triazolo[1,5-a}pyrimidine] and approximately equipotent to guanethidine sulfate in

antihypertensive activity.

Some 1,2,4-triazolo[1,5-a]pyrimidine derivatives are
known to possess potent pharmacological activities. For
example, trapidil [7-(diethylamino)-5-methyl-1,2,4-tri-
azolo[1,5-a]pyrimidine] is used as a coronary vasodilator!
and 2-amino-4,5-dihydro-6-methyl-5-oxo0-4-propyl-1,2,4-
triazolo[1,5-a]pyrimidine has shown significant activity
against bronchospasm.?2 Therefore, in attempts to prepare
new types of 1,2,4-triazolo[1,5-a]pyrimidine derivatives
superior to trapidil, we have synthesized a number of
compounds which have a pyrrolotriazolopyrimidine nu-
cleus resulting from the fixation of an ethylamino chain
of trapidil to the triazolopyrimidine nucleus in a continuing
search for cardiovascular agents.® Furthermore, triazo-

(1) (a) E. Tenor and R. Ludwig, Pharmazie, 26, 534 (1971); (b)
H. Fuller, F. Hauschild, D. Modersohn, and E. Thomas,
Pharmazie, 26, 554 (1971); (c) “The Merck Index”, 9th ed,
Merck and Co., Rahway, N.J., 1976, p 1230.

(2) G. E. Davies, J. Pharm. Pharmacol., 25, 681 (1973).

0022-2623/80/1823-0927301.00/0

lopyrimidines fused to thiophene, pyran, pyridine, and
pyridazine were prepared and screened for coronary va-
sodilating and antihypertensive activities. Among these
compounds, 8-tert-butyl-7,8-dihydro-5-methyl-6H-
pyrrolo[3,2-e][1,2,4]triazolo[1,5-a]pyrimidine (23) was
found to be the most promising potential cardiovascular
agent. This paper deals with the synthesis and biological
activity of the title compounds.

Chemistry. The synthetic routes to the 7,8-dihydro-
6H-pyrrolotriazolopyrimidines 5-28 and 30-102 are out-
lined in Scheme I. Condensation of the 3-aminotriazoles
(l; R! = H, CH3, CSH5, and 4-CH30'06H4) with the ap-
propriate a-acetyl-y-butyrolactones in the presence of
boron trifluoride led to the 3-[[1-(tetrahydro-2-0x0-3-fu-
ryl)ethylidene]amino]triazoles 2a—f (Table I), which are

(3) H. Fujita, Y. Shimoji, S. Kojima, H. Nishino, K. Kamoshita,
K. Endo, S. Kobayashi, S. Kumakura, and Y. Sato, Sankyo
Kenkyusho Nempo, 29, 75 (1977).

®© 1980 American Chemical Society
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Table I. 3-[[1-(Tetrahydro-2-oxo-3-furyl)ethylidene]amino]-1,2,4-triazoles
Q
Rﬁo H——N-—QJ
>
_c=N N)\R‘
H3C
recrystn yield,
no. R! R* mp, °C solvent %% formula?
2a H H 156-158 EtOH 88 C,H,,N,O,
2b CH, H 179-182 MeOH 50 C,H,,N,O,
2¢ C,H; H 201-202 dioxane 83 C,,H,N,O,
2d 4-CH,0-C,H, H 192-195 MeOH 63 C,;H,N,O,
2e H CH, 164-166 MeOH 69 C,H,,N,O,
2f H C,H, 136-138 MeOH 65 C,.H,N,O,

¢ The compounds were analyzed for C, H, and N. Analytical results are within 0.4% of the theoretical

values.

Table II. 6-(Hydroxyalkyl)-1,2,4-triazolo[1,5-a]pyrimidin-7(4H)-ones
4
R
l Q
HOCHCH;
e
R
B T)\N
H
recrystn  yield,
no. R! R? R* method® mp,°C solvent % formula®
3a H CH, H A 265-266 dec  H,O 89 C,H,,N,O,
3b CH, CH, H A 269-270 dec  MeOH 75 C,H,,N,O,
3¢ C.H, CH, H A 278-279 MeOH 88 C,.H,N,O,
3d 4-CH,0-C H, CH, H A 293-294 dec  MeOH 57 C,H,\N,O,
3e H CH, CH, A 199-201 deec  i-PrOH 57 C,H,,N,O,
3f H CH, C.H, A 190-193 i-PrOH 80 C,.H,,N,O,
3g 4-Cl-C H, CH, H B 309-310 MeOH 70 C,,H,,CIN,0,-0.5H,0
3h 3,4,5-(CH,0),C.H, CH, H B 274-275 dec  MeOH 74 C,,H,N,0,-0.5H,0
3i H ¢-C,H, H B 235-236 dioxane 17 C,,H,,N,0O,

@ The letters relate to the procedure given under Experimental Section. ? The compounds were analyzed for C, H, N, and,
Analytical results were within 0.4% of the theoretical values.

where present, Cl.

Table III. 7-Chloro-6-(chloroalkyl)-1,2,4-triazolo[1,5-a]pyrimidines
;\)4
J T
ClCHCPZ\)\ .
N
\> R
RZ/L\N)\\\}
recrystn yield,
no. R! R? R* mp, °C solvent % formula?®
4a H CH, H 89-91 THF-i-Pr,0 78 C,H,CL N,
4b CH, CH, H 153-1564 THF-i-Pr,0 87 C,H,,CI,N,
4c C.H; CH, H 164-166 THF-i-Pr,0 83 C,.H,,CLLN,
4d 4-CH,0-C,H, CH, H 183-184 THF-i-Pr,O 66 C.H,CLN,O
4e H CH, CH, 77-178 THF-i-Pr,O 82 C,H,,CI,N,
4f H CH, C.,H. 109-110 THF-i-Pr,0 81 C,H,CL,N,
4g 4-Cl-C,H, CH, H 194-196 THF-i-Pr,0 94 C,.H,,CL,N,
4h 3,4,5-(CH,0),-C,H, CH, H 239-240 THF 58 C,,H,,Cl,N,O,
4i H c-C,H, H 105-107 i-Pr,0 94 C,.H,,CL,N,

¢ See footnote b in Table II.

readily cyclized in an aqueous basic solution (method A)
to give the 6-(hydroxyalkyl)triazolopyrimidin-7(4H)-ones
3a—f (Table II). Compounds 3g-i were prepared by
heating 1 [R! = H, 4-Cl-CgH, and 3,4,5-(CH;0)5-C4H,] with
a-acetyl-y-butyrolactone or «a-(2-hydroxyethyl)-8-oxo-
cyclopropanepropionic acid vy-lactone,* respectively (me-
thod B). The chlorination of 3a—-i with phosphorus oxy-
chloride (Table III), followed by treatment with the ap-
propriate primary amines (methods C, D, and E), afforded

(4) H. Hart and O. E. Curtis, Jr., J. Am. Chem. Soc., 78, 112
(1956).

the desired compounds 6-28, 30—46, and 48-96 (Tables IV,
V and VI). Additionally, the chlorination of the 8-(hy-
droxyalkyl) derivatives 88 and 89 with thionyl chloride
(method F), followed by acyloxylation (method G), gave
the corresponding acyloxyalkyl compounds 99-102. Re-
action of 4a with acetamidine (method H) yielded 7,8-
dihydro-5-methyl-6 H-pyrrolo| 3,2-e][1,2,4]triazolo[1,5-a]-
pyrimidine (5). The butylation or benzylation of 5 with
butyl or benzyl bromide (method I) proceeded to give 17
and 51, respectively, but attempts to obtain 23 by alky!-
ation of 5 with tert-butyl bromide or iodide were unsuc-
cessful. The reaction of 23 with methyl iodide (method
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J) afforded its quaternary methiodide 47.

The 8-tert-butyl-7,8-dihydro-5,6-dimethyl-6 H-pyrrolo-
triazolopyrimidine 29 was prepared as illustrated in
Scheme II. Reaction of 3-aminotriazole (1; R! = H) with
diethyl 2-acetyl-3-methylsuccinate® afforded a mixture of
the triazolopyrimidin-7-one 103 and the triazolopyrimi-
din-5-one 104 whose structural assignments were made
from their UV spectral data (see Experimental Section).
The chlorination of 103 with phosphorus oxychloride,
followed by treatment with tert-butylamine and successive
hydrolysis, gave 105, which was cyclized to 8-tert-butyl-
7,8-dihydro-5,6-dimethyl-7-ox0-6 H-pyrrolo[3,2-€}[1,2,4]-
triazolo[1,5-a]pyrimidine (106) with dicyclohexylcarbodi-
imide (DCC) in benzene. Reduction of 106 by means of
NaBH, yielded the 6-(2-hydroxy-1-methylethyl)triazolo-
pyrimidine derivative 107 and the 7-hydroxy-7,8-dihy-
dro-6H-pyrrolotriazolopyrimidine 108. The ring closure
of 107 to 29 was accomplished by reaction with thionyl
chloride, followed by treatment with sodium hydroxide at

(5) P.J. Ashworth, G. H. Whitham, and M., C. Whiting, J. Chem.
Soc., 4633 (1957).
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Scheme II
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=
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room temperature (method K). The dehydration of 108
with hydrochloric acid (method L) afforded the pyrrolo-
triazolopyrimidine 109 (Table VII). The other derivatives,
110-114, were obtained conveniently by dehydrogenation
of the corresponding 7,8-dihydro-6 H-pyrrolotriazolopyri-
midines 5, 22, 23, 53, and 57 with active manganese dioxide
(method M).

In order to confirm the new ring system, 6 H-pyrrolo-
[3,2-e][1,2,4]triazolo[1,5-a]pyrimidine, an alternate syn-
thesis of 6 was attempted as shown in Scheme III. Ace-
tylation of 1-methyl-2-(methylthio)-2-pyrroline (115) with

(6) R. Gompper and W. Elser, Justus Liebigs Ann. Chem., 725, 64
(1969).
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Table VII. Coronary Vasodilating and Antihypertensive Activities of 8H-Pyrrolo[3,2-e][1,2,4]triazolo[1,5-a]pyrimidines
5
R N=
| d —:\N
N
SO
R3
CH3
recrystn yield, mean  mean
no. R? RS method® mp, °C solvent % formula® IVP¢ HI¢
109 CH, +C,H, L 127-128  i-Pr,0 35  C,Hp,N, 330 20
110 H H M  300dec  DMF 41  C,HN, 45 60
111 H i-C,H, M 121-122  i-PrOH-H,0 47  C,H.N, 38 15
112 H t-C,H, M 148-149  iPrOH-H,0 73  C,H,N, 246 160
113 H CH,C,H,-4-OCH, M  151-152  i-PrOH-H,0 34  C,H,N,0 55 0
114 H CH,C.,H,-2-Cl M 209-210 EtOH 41 C,:H,,CIN, 22 12
b Gee, respectively, footnotes @ and b in Table II. ¢ See, respectively, footnotes ¢ and d in Table IV
Table VIII. Coronary Vasodilating and Antihypertensive Activities of 1,2,4-Triazolo[1,5-a]pyrimidines
Fused to Thiophene, Pyran, Pyridine, and Pyridazine
~N
recrystn yield, mean mean
no. A B mp, °C solvent % formula® IvVp? HI®
118 S (CH,), 231-232 EtOH 87 C,H,N,S 0 10
119 NCH, NH(CH,), 224-226 EtOH 51 C,H,,N, 0 5
120 NCH, NCH,(CH,), 172-174 THF 53 C,H,.N, 45 25
123 o) (CH,), 222-223 EtOAc 6 C,H,N,0 0
125 NCH,C,H,-2-Cl (CH,), 215-217 EtOH 51 C,H,CIN, d 10
126 NCH,C,H,-2-F (CH,), 194-196 EtOH 42 C,H, FN, d 0
@ See footnote b in Table II. ?-¢ See, respectively, footnotes c-e in Table IV.
acetyl chloride, followed by condensation with 1 (R! = H) Scheme III
(method N), gave a product identical with 6 prepared by CH3 CH3
method D. In addition, a structural determination of 23 | scH h|‘ scH
was made by X-ray analysis.” N 3 3
The synthesis of the triazolopyrimidines fused to <_/7/ -
thiophene, pyran, pyridine, and pyridazine is outlined in 115 COCHs
Scheme IV. Condensation of 4a with thiourea and the
appropriate hydrazines afforded the thienotriazolopyri-
midine 118 and the pyridazinotriazolopyrimidines 119 and method N| L(R'=H)
120, respectively (Table VIII). The dichloro derivative CHs N CHs
122 which was obtained from 1 (R! = H) and ethyl 2-(3- N | o
chloropropyl)acetoacetate® was reacted with tert-butyl- N ’ N~z
amine to afford the pyranotriazolopyrimidine 123 and the 4a — ~ .0
7-(tert-butylamino) compound 124 instead of the expected
9-tert-butyl-6,7,8,9-tetrahydro-5-methylpyrido[3,2-¢]- CHa CHy
[1,2,4]triazolo[1,5-a]pyrimidine. The conversion of 122 to 6 117

the pyridotriazolopyrimidines 125 and 126 was accom-
plished by heating with o-chloro- or o-fluorobenzylamine,
respectively.

Biological Results and Discussion. Preliminary
screening of coronary vasodilating activity was conducted
in isolated guinea pig hearts perfused with a constant
volume of Tyrode solution by Langendorff’s technique.
The test compounds were injected intraarterially in a bolus
of 100 ug. Coronary vasodilating activity was expressed
as a magnitude of integrated vasodilating potency (IVP),
the product of the compound-induced maximum percent

(7) Crystals of 23-HBr-(H,0); were used for X-ray analysis.

(8) V. P. GoI'mov and V. N. Balakhontseva, Uch. Zap., Pyati-
gorsk, Farm. Inst., 2, 322 (1957); Chem. Abstr., 54, 19475h
(1960).

decrease in the perfusion pressure and the duration of the
effect in minutes. For integrated vasodilating potency
above 500, coronary vasodilating activity was regarded as
excellent, 500-100 as marked, 100-60 as moderate, 60-30
as slight, and below 30 as insignificant. Screening results
of the 7,8-dihydro-6H-pyrrolotriazolopyrimidines 5-102 are
shown in Tables IV-VI. When compared to trapidil, 14
compounds, 9, 23, 28, 29, 31, 35, 39, 45, 55, 58, 62, 68, 94,
and 96, were found to have integrated vasodilating potency
greater than trapidil, with 2 of the 14 (23 and 35) pos-
sessing excellent activity. Simple manipulation of the
8-alkyl side chain of the 7,8-dihydro-6 H-pyrrolotriazolo-
pyrimidines indicated that integrated vasodilating potency
tended to increase with an increase, up to a maximum of
four or five, in the number of carbon atoms (Table IV).
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Scheme IV
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However, a striking specificity of structure was observed
in that the 8-tert-butyl (23) and 8-tert-amyl derivatives
(35) were especially active, but activity markedly dimin-
ished when the tert-butyl group was replaced with the
n-butyl, sec-butyl, or n-amyl group (17, 21, and 33). A
marked decrease in potency found with the 8-ethyl de-
rivative 8, resulting from the cyclization of an ethylamino
chain of trapidil to the triazolopyrimidine nucleus, was of
interest. Coronary vasodilating activity changed to coro-
nary vasoconstricting action when the side chain was
lengthened to n-decy! (41) and n-dodecyl (42). Within the
8-aryl- or 8-aralkyl-substituted 7,8-dihydro-6H-pyrrolo-
triazolopyrimidines, compounds 52, 55, 56, 58, 62, and
66—68 showed marked integrated vasodilating potency, but
none had levels of activity comparable to 23 and 35 (Table
V). The presence of an hydroxy function in the 8-tert-
butyl group of 23, as in compound 91, resulted in a marked
decrease of coronary vasodilating activity, similar to that
of the 8-(hydroxyalkyl)-substituted 7,8-dihydro-6H-pyr-
rolotriazolopyrimidines 88-89 (Table VI). The 8-(amino-
alkyl) or 8-[(acyloxy)alkyl] derivatives 72-87 and 99-102,
with the exception of 82, were substantially inactive (Table
VI).

Therefore, in order to study the influence of the sub-
stituent on coronary vasodilating activity, 23, one of the
most active compounds, was selected. The introduction
of a methyl or ethyl group at the 2, 6, or 7 position of 23
led to less active compounds (24, 29, 30, and 31). The
introduction of an aryl group, such as phenyl, p-chloro-
phenyl, p-methoxyphenyl, and 3,4,5-trimethoxyphenyl, at

Sato et al.

the 2 position of 23 (25-27) showed coronary vasocon-
stricting action, with the exception of 3,4,5-trimethoxy-
phenyl derivative 28. In general, with the exception of 82,
the other 2-aryl-substituted 7,8-dihydro-6H-pyrrolotria-
zolopyrimidines, 11-13, 18, 59, 63, and 83, were also found
to be coronary vasoconstrictors. Replacing the methyl
group of 23 by the cyclopropyl group to give the compound
32 showed a decrease in coronary vasodilating activity,
indicating that, for the activity, the methyl group attached
at the 5 position in 23 was preferred. A similar reduction
in the activity was observed with 35 and 36 (Table IV).
Conversion of 28 to the quaternary methiodide 47 led to
a substantially inactive compound. Coronary vasodilating
activity was generally reduced by dehydrogenation of the
7,8-dihydro-6H-pyrrolotriazolopyrimidines (e.g., 23 vs. 112).
However, compounds 109 and 112 still retained marked
activity (Table VII).

Replacing the pyrrole ring of the 7,8-dihydro-6H-pyr-
rolotriazolopyrimidines by thiophene, pyran, and pyrida-
zine led to the slightly active compound 120 and the in-
active compounds 118, 119, and 123. The pyridotriazolo-
pyrimidines 125 and 126 showed coronary vasoconstricting
activity (Table VIII).

Antihypertensive activity was evaluated in the sponta-
neously hypertensive rat assay. Genetically hypertensive
rats, having a systolic blood pressure of 180 mmHg or
greater, were administered the test compounds orally with
0.3% carboxymethylcellulose as the vehicle. Systolic blood
pressures were measured in the tail, by the plethysmog-
raphy method. A predose measurement of blood pressure
was made to establish the control level. Compounds were
administered at a dose of 30 mg/kg, and blood pressure
readings were taken at intervals of 2, 4, and 6 h after
dosing. To measure antihypertensive activity, the area
under the time-hypotensive response curve for a 6-h period
was expressed as a hypotensive index (HI).

The results obtained are shown in Tables IV-VIII. Four
compounds, 17, 51, 58, and 112, were found to be more
active than mecamylamine but less active than guan-
ethidine sulfate. The activity of 23 was approximately
equal to that of guanethidine sulfate. Since the finding
of stronger coronary vasodilating agents than trapidil was
one of our synthetic goals, we also evaluated the data in
terms of coronary vasodilating activity as described above.
Among these five compounds, only 23 showed excellent
integrated vasodilating potency (Table IV). Compounds
58 and 112 possessed integrated vasodilating potency
greater than trapidil but were less active than 23. Re-
placing the tert-butyl group of 23 by the tert-amyl group,
as in compound 35, resulted in a marked decrease in
antihypertensive activity, although coronary vasodilating
activity of 35 was nearly equipotent to 23. These results
would appear to indicate that the tert-butyl group attached
at the 8 position in 23 plays an important role in coronary
vasodilating and antihypertensive activities. The dehy-
drogenation of 23 to give 112 had little influence on
antihypertensive activity (Table VII).

The triazolopyrimidines fused to thiophene, pyridine,
and pyridazine showed no significant antihypertensive
activity, with the exception of 120 which had weak activity
(Table VIII).

On the basis of the above ohservations, 23 was selected
to estimate its effect on the coronary blood flow in an-
esthetized, open-chest dogs. The results obtained are
shown in Table IX. When 238 was injected intravenously,
it produced a dose-related increase in coronary sinus
outflow, even though systemic blood pressure decreased,
indicating that the vasodilating action of 23 seemed to be
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Table IX. Effects of 23 and Trapidil on Coronary Blood Flow and Blood Pressure in Anesthetized Dogs

increase in coronary BF,*

max % decrcase

dose, no. of mean : SE in MBP,¢
compd mg/kg, iv dogs max % duration, min rel potency? mean + SE
23 0.1 3 34,7+ 138.5 4.3+ 04 0.7 + 0.2 -3.3 + 0.3¢
0.3 4 132.3 + 36.1°¢ 9.3:1.9 3.8+ 0.5¢ -11.7 + 2.3¢
1.0 7 219.8 + 49.3¢ 10.6 + 3.0 8.4t 0.6° -32.3 + 4 .4°¢
trapidil 0.3 3 20.3 + 7.2 2.8+ 0.7 0.4:0.1 -16.8+17.1
1.0 12 46.8 £ 6.7°¢ 4.7+ 0.3 1.0 -22.8 + 2,3¢
3.0 5 94.0 + 16.9¢ 114+ 1.7 4.4 % 0.3¢ -37.0+ 2.8¢

@ Abbreviations used are: BF, blood flow; MBP, mean blood pressure. ? Relative potency is based on the integrated cor-
onary blood flow response to 1 mg/kg, iv, of trapidil. ¢ Significantly different from the predose level (p < 0.05).

highly selective to the coronary arteries. The coronary
vasodilating activity of 23 was approximately eight times
as potent as that of trapidil.

Thus, 23 was thought to be the most promising potential
coronary vasodilating agent. Further investigation of 23
is now in progress in our laboratories.

Experimental Section

Melting points were determined on a Yamato capillary melting
point apparatus and are uncorrected. IR spectra were determined
on a Perkin-Elmer 221, NMR spectra were recorded on a Varian
A-60 spectrometer using Me,Si (6 0.00) as an internal standard.
UV spectra were obtained using Cary 14 and 118-C spectrometers.
Where analyses are indicated only by symbols of the elements,
analytical results obtained for these elements were within 0.4%
of the theoretical values. Typical examples of the various methods
are described.

3-[[1-(Tetrahydro-2-0xo-3-furyl)ethylidenelamino]-1,2,4-
triazole (2a). To a solution of 1 (R! = H; 16.8 g, 0.2 mol) and
a-acetyl-y-butyrolactone (38.4 g, 0.3 mol) in absolute EtOH (60
mL) was added BF;-MeOH (2 mL). The mixture was allowed
to stand at room temperature for 72 h. A colorless precipitate
was collected and recrystallized from EtOH to give 34 g (88%)
of colorless needles: mp 156-158 °C; UV (EtOH) Ay, 306.3 nm
(log € 4.31); NMR (Me,SO-dg) 6 2.37 (s, 3, CH3), 2.88 (t, J = 8
Hz, 2, 3-CH,), 4.33 (t, J = 8 Hz, 2, v-CH,), 84 (s, 1, CsH), 10.37
(s, 1 NH), 13.58 (s, 1, NH); MS m/e 194 (M*), 150 (M - COy).

Method A. 6-(2-Hydroxyethyl)-5-methyl-1,2,4-triazolo-
[1,5-a]pyrimidin-7(4 H)-one (3a). A mixture of 2a (1.9 g, 9.9
mmol) and triethylamine (1 g, 9.9 mmol) in H,O (5 mL) was
allowed to stand at room temperature for 18 h. The solution was
neutralized with AcOH to give a crystalline product. Recrys-
tallization from H,0 afforded 1.7 g (89%) of colorless prisms: mp
265-266 °C dec; UV (EtOH) A, 210.1 nm (log « 4.35), 240.9 (3.66),
279.0 (4.05).

Method B. 6-(2-Hydroxyethyl)-5-methyl-2-(3,4,5-trimeth-
oxyphenyl)-1,2,4-triazolo[1,5-a Jpyrimidin-7(4 H)-one (3h).
Aminotriazole 1 [R! = 3,4,5-(CH30)5-C¢H,] was prepared analo-
gously to 3-amino-5-phenyl-1,2,4-triazole® beginning with ami-
noguanidine hydrogen carbonate and 3,4,5-trimethoxybenzolyl
chloride: overall yield 29%; mp 195-196 °C. Anal. (C;;H,N,O,)
C,H, N

A mixture of 1 [R! = 3,4,5-(CH;0);-CsHy; 3 g, 12 mmol) and
a-acetyl-y-butyrolactone (1.5 g, 11.7 mmol) was heated at 155 °C
for 1 h under reduced pressure. After the mixture cooled, the
solid was recrystallized from MeOH to give 3.2 g (47%) of colorless
needles, mp 274-275 °C dec.

7-Chloro-6-(2-chloroethyl)-5-methyl-1,2,4-triazolo[1,5-a]-
pyrimidine (4a). A mixture of 3a (85 g, 0.44 mol) and POCl,
(120 mL) was refluxed for 3 h with stirring. After cooling, the
mixture was poured into ice-H,0, and a crystalline solid was
collected by filtration. The product was recrystallized from
THF-isopropy! ether to give 79 g (78%) of pale yellow crystals,
mp 89-91 °C.

Method C. 8-tert-Butyl-7,8-dihydro-5-methyl-6 H-
pyrrolo[3,2-e][1,2,4]triazolo[1,5-a ]pyrimidine (23). A mixture
of 4a (2.3 g, 9.95 mmol), tert-butylamine (1 g, 13.7 mmol), and

(9) E. Hoggarth, J. Chem. Soc., 612 (1950).

Na,COj; (1.8 g, 17.0 mmol) in EtOH (20 mL) was refluxed for 2
h, cooled, and filtered. The filtrate was concentrated in vacuo
to give a solid, which was recrystallized from i-PrOH-H,0 to give
1.6 g (70%) of colorless needles, mp 177-178 °C.

Method D. 7,8-Dihydro-5-methyl-8-(2-morpholino-
ethyl)-6 H-pyrrolo[3,2-e][1,2,4]triazolo[1,5-a Jpyrimidine (75).
A mixture of 4a (2.3 g, 9.95 mmol), N-(2-aminoethyl)morpholine
(1.4 g, 10.8 mmol), and triethylamine (3 mL, 21.5 mmol) in EtOH
(20 mL) was refluxed for 2 h, cooled, and filtered. The filtrate
was concentrated in vacuo and made basic with aqueous NaOH
solution to afford crystals, which were recrystallized from benzene
to give 1.3 g (38%) of pale yellow needles, mp 134-135 °C.

Method E. 8-(2,6-Dichlorophenyl)-7,8-dihydro-5-methyl-
6 H-pyrrolo[3,2-e][1,2,4]triazolo[1,5-a Jpyrimidine (49). A
mixture of 4a (2 g, 8.65 mmol) and 2,6-dichloroaniline (1.45 g,
8.95 mmol) was heated at 190 °C for 0.5 h. After cooling, the
mixture was treated with aqueous Na,COj solution and extracted
with CHCl,;. The extract was concentrated, and the residue was
purified by chromatography on silica gel and recrystallized from
THF-isopropyl ether to give 1.08 g (39%) of colorless needles,
mp 192-194 °C.

Method F. 8-(2-Chloroethyl)-7,8-dihydro-5-methyl-6 H-
pyrrolo[3,2-e][1,2,4]triazolo[1,5-a]pyrimidine (97). A mixture
of 88 (1 g, 4.56 mmol) and SOCl, (0.8 g, 6.72 mmol) in CH,Cl,
(10 mL) was refluxed for 8 h and extracted with H,O. The extract
was made basic with K,COj; to give crystals, which were recrys-
tallized from THF-isopropyl ether to afford 0.65 g (60%) of
colorless needles, mp 167-168 °C.

Method G. 7,8-Dihydro-5-methyl-8-[2-[(3,4,5-trimethoxy-
benzoyl)oxy]lethyl]-6 H-pyrrolo[3,2-e][1,2,4]triazolo[1,5-a]-
pyrimidine (99). A mixture of 97 (1 g, 4.21 mmol) and 3,4,5-
trimethoxybenzoic acid potassium salt (1.15 g, 4.59 mmol) in DMF
(10 mL) was refluxed for 0.5 h. The mixture was concentrated
in vacuo. The residue was washed with H,O and recrystallized
from EtOH to give 1.1 g (63%) of colorless needles, mp 197-199
-]

C.

Method H. 7,8-Dihydro-5-methyl-6 H-pyrrolo[3,2-¢]-
[1,2,4]triazolo[1,5-a Jpyrimidine (5). A mixture of 4a (2 g, 8.65
mmol), acetamidine hydrochloride (0.82 g, 8.67 mmol), and
Na,CO; (2.76 g, 26 mmol) in EtOH (40 mL) was refluxed for 4
h, cooled, and filtered. The filtrate was concentrated in vacuo
and the residue was recrystallized from EtOH to give 1.1 g (73%)
of pale yellow needles, mp 250-252 °C.

Method 1. 8-Benzyl-7,8-dihydro-5-methyl-6 H-pyrrolo-
[3,2-e][1,2,4]triazolo{1,5-a ]pyrimidine (51). To a solution of
5 (175 mg, 0.999 mmol) in DMF (10 mL) was added NaH (52.9%
in mineral oil, 54 mg, 1.19 mmol). The mixture was stirred for
0.5 h and then refluxed with benzyl bromide (205 mg, 1.20 mmol)
for 1 h with stirring. The mixture was concentrated in vacuo and
extracted with CHCl;. The extract was concentrated to give a
solid, which was purified by chromatography on silica gel and
recrystallized from EtOH to afford 118 mg (45%) of colorless
crystals, mp 170-172 °C. These were identical with 51 prepared
by method C.

Method J. 8-tert-Butyl-7,8-dihydro-5-methyl-6 H-
pyrrolo[3,2-e][1,2,4]triazolo[1,5-a Jpyrimidine Methiodide
(47). A mixture of 23 (2.31 g, 9.99 mmol) and CHyl (7.1 g, 50
mmol) in EtOH (20 mL) was refluxed for 16 h. The mixture was
concentrated in vacuo and the residue was recrystallized from
EtOH-isopropyl ether to give 0.6 g (16%) of pale yellow needles,
mp 204 °C dec.



936 Journal of Medicinal Chemistry, 1980, Vol. 23, No. 8

Method K. 8-tert-Butyl-7,8-dihydro-5,6-dimethyl-6 H-
pyrrolo[3,2-e][1,2,4]1triazolo[1,5-a]pyrimidine (29). A mixture
of 107 (1.5 g, 5.7 mmol) and SOCl, (1.36 g, 11.4 mmol) in CH,Cl,
(50 mL) was stirred for 1 h and then stirred with 20% aqueous
NaOH solution (20 mL) for an additional 2 h at room temperature.
The organic layer was separated and concentrated in vacuo. The
residue was recrystallized from isopropy! ether to give 0.93 g (67%)
of colorless needles, mp 115-116 °C.

Method L. 8-tert-Butyl-5,6-dimethyl-8 H-pyrrolo[3,2-
e][1,2,4]triazolo[1,5-a]pyrimidine (109). A mixture of 108 (102
mg, 0.39 mmol), 0.1 N HCI (10 mL), and CHC]; (5 mL) was stirred
at room temperature for 1 h. The organic layer was separated
and concentrated in vacuo. The residue was recrystallized from
isopropyl ether to give 33.6 mg (85%) of pale yellow needles: mp
127-128 °C; NMR (CDCly) 6 1.92 [5, 9, C(CHy);], 246 (d, J = 1
Hz, 3, C4CHy), 2.92 (s, 3, C;CHy), 7.00 (m, 1, C;H), 8.37 (s, 1, C,H).

Method M. 8-tert-Butyl-5-methyl-8 H-pyrrolo[3,2-e]-
[1,2,4]triazolo[1,5-a Jpyrimidine (112). A mixture of 23 (13.86
g, 0.06 mol) and active MnQ, (36.51 g, 0.42 mol) in benzene (300
mL) was refluxed with stirring for 50 h. After filtration, the filtrate
was concentrated in vacuo to give a crystalline product, which
was recrystallized from i-PrOH-H,0 to afford 10.1 g (73%) of
colorless prismis, mp 148-149 °C. This compound was obtained
also by UV irradiation of a solution of 23 in MeOH, yield 25%.

Method N. 7,8-Dihydro-5,8-dimethyl-6 H-pyrrolo[3,2-
e][1,2,4]1triazolo[1,5-a ]pyrimidine (6). To a solution of 115
(2.58 g, 20 mmol) and triethylamine (2.4 g, 24 mmol) in dry DMF
(15 mL) was added dropwise a solution of AcCl (1.65 g, 21 mmol)
in DMF (8 mL) over a period of 50 min. The mixture was stirred
for an additional 1.5 h at 0 °C and filtered. The filtrate was added
to a solution of 1 (R! = H; 1.68 g, 20 mmol) in DMF (15 mL) and
then heated at 80 °C for 10 h. The mixture was concentrated
in vacuo and the residue was fractionated by chromatography on
silica gel. After concentration of the first eluate, recrystallization
from EtOH gave 0.2 g (12%) of colorless needles: mp 164-166
°C; IR (Nujol) 1710, 1670, 1620 cm™'; NMR (CDCly) 6 2.06 (t, J
=2 HZ, 3, C4CH3), 2.80 (m, 2, C3H2), 2.84 (S, 3, N'CHs), 3.62 (t,
J =8 Hz, 2, C,H,), 4.71 (s, 1, C;H). This compound was assumed
to be 2,3-dihydro-1,4-dimethylpyrano{4,3-b]pyrrol-6(1H)-one (117).
Anal. (CoH;;NO,) C, H, N.

The crystals obtained from the second eluate were recrystallized
from EtOH to give 0.1 g (3%) of colorless needles, mp 215-217
°C. These were identical with 6 prepared by method D.

Ethyl 2-[5-Methyl-7(4 H)-0xo0-1,2,4-triazolo[1,5-a ]pyrimi-
din-6-yl]propionate (103) and Ethyl 2-[7-Methyl-5(4H)-
0x0-1,2,4-triazolo[1,5-a Jpyrimidin-6-yl]propionate (104). A
mixture of 1 (R! = H; 1.68 g, 20.0 mmol) and diethyl 2-acetyl-
3-methylsuccinate® (4.6 g, 20 mmol) in AcOH (10 mL) was refluxed
with stirring for 10 h, The mixture was poured into ice-H,0O and
extracted with CHCl;. The extract was concentrated in vacuo
and the residue was fractionated by chromatography on silica gel
(5% EtOH-CHCIly). After concentration of the first eluate, re-
crystallization from EtOH gave 0.56 g (11%) of 104 as colorless
needles: mp 139-141 °C; IR (Nujol) 1720, 1700 cm™ (C=0); UV
(EtOH) Mg, 230.7 nm (log € 4.12), 285.4 (3.59); NMR (CDCly)
6 1.40 (t,J = 7 Hz, 3, CH,CHj), 1.72 (d, J = 7 Hz, 3, CHCH,),
2.31 (d, J = 2 Hz, 3, C,CHjy), 4.42 (q, J = 7 Hz, 2, CH,CHj), 5.08
(dd, J = 7 and 2 Hz, 1, CHCHjy), 7.92 (s, 1, CoH). Anal. (Cj;-
H{N,0;) C, H, N.

The crystals obtained from the second eluate were recrystallized
from EtOAc to give 0.57 g (11%) of 103 as colorless needles: mp
139-141 °C; IR (Nujol) 1735, 1670 cm™! (C=0); UV (EtOH) A,
209.2 nm (log € 4.31), 245.9 (3.70), 277.4 (4.01); NMR (CDCly) 8
1.22 (t,J = 7 Hz, 3, CH,CHy), 151 (d, J = 7 Hz, 3, CHCH,), 2.57
(s, 3, C;CH,), 3.8-4.2 (m, 3), 8.15 (s, 1, C,H). Anal. (C;;H,N,O;)
C,H, N.

2-(7-tert-Butyl-5-methyl-1,2,4-triazolo[1,5-a ]Jpyrimidin-
6-yl)propionic Acid (105). The chloride (10.6 g) prepared by
heating 103 (10 g, 0.04 mol) with POCl; (40 mL, 0.44 mol) was
added to a solution of tert-butylamine (6.34 g, 0.087 mol) in
i-PrOH (40 mL), and the mixture was refluxed for 7 h. The
mixture was concentrated in vacuo and extracted with CHCl,.
The extract was washed with H,O and concentrated to give an
oil (10.8 g, 90%), which was stirred with 5% KOH (80 mL) at
room temperature for 1 h. The mixture was made acidic with
HCIl. The resulting crystals were recrystallized from EtOH to
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give 6.47 g (66%) of colorless prisms, mp 194.5 °C dec. Anal.
{C1sH1sN:09) C, H, N.
8-tert-Butyl-7,8-dihydro-5,6-dimethyl-7-0x0-6 H-pyrrolo-
[3.2-e][1,2,4]triazolo[1,5-a ]pyrimidine (106). A mixture of 105
(1.39 g, 5.01 mmol) and DCC (1.24 g, 6.01 mmol) in benzene (10
mL) was stirred at room temperature for 4 h and allowed to stand
overnight. The mixture was filtered and the filtrate was washed
with 1 N HCI and concentrated in vacuo. The residue was re-
crystallized from EtOAc-isopropyl ether to give 0.3 g (23%) of
pale yellow needles: mp 128-129 °C; IR (Nujol) 1750 cm™ (C=0).
Anal. (Cl3H17N50) C, H, N.
7-(tert-Butylamino)-6-(2-hydroxy-1-methylethyl)-5-
methyl-1,2,4-triazolo[1,5-a ]Jpyrimidine (107). To a solution
of 106 (259 mg, 0.99 mmol) in MeOH (10 mL) was added NaBH,
(113 mg, 2.9 mmol) under ice cooling, and the mixture was stirred
at room temperature for 4 h. Additional NaBH, (113 mg, 2.9
mmol) was added three times every 1 h. The mixture was allowed
to stand overnight and extracted with CHCl;. The extract was
evaporated to afford crystals, which were recrystallized from EtOH
to give 167 mg (63%) of colorless prisms: mp 224-225 °C dec;
NMR (Me,SO-dg) 6 1.38 (d, J = 7 Hz, 3, CHCH,), 1.59 [s, 9,
C(CHj,)g], 2.52 (s, 3, CsCHy), 3.70-3.95 (m, 3, CHCH,-0), 6.03 (t,
J = 4 Hz, 1, OH), 8.22 (br, 1, NH), 8.37 (s, 1, CoH). Anal.
(C13Hy N:;0) C, H, N.
8-tert-Butyl-7,8-dihydro-7-hydroxy-5,6-dimethyl-6 H-
pyrrolo[3,2-e][1,2,4]triazolo[1,5-a Jpyrimidine (108). To a
solution of 106 (259 mg, 0.99 mmol) in MeOH (10 mL) was added
NaBH; (113 mg, 2.9 mmol) under ice cooling. The mixture was
stirred for 0.5 h, decomposed with AcOH (0.2 mL), made basic
with 5% NaHCOQj,, and extracted with CHCl;. The extract was
concentrated in vacuo and the residue was recrystallized from
MeOH to give 95 mg (36%) of colorless prisims: mp 200-202 °C;
NMR (Me,S0-dg) 6 1.12 (d, J = 7 Hg, 3, C;CHy), 1.75 [s, 9,
C(CH3)3], 2.38 (S, 3, C5CH3), 2.98 (q, J=7 HZ, 1, CGH), 5.22 (d,
J=8Hz1,C/H),6.48(d,J = 8 Hz, 1, OH), 840 (s, 1, C,H). Anal.
(CisHgN;0) C, H, N.
1-Methyl-2-(methylthio)-2-pyrroline (115). This compound
was prepared by a modified Gompper’s method® using 1,5-dia-
zabicyclo[5.4.0]undec-5-ene instead of ¢t-BuOK: yield 47%.
5-Methyl-6,7-dihydrothieno[3,2-e][1,2,4]triazolo[1,5-a]-
pyrimidine (118). A mixture of 4a (1 g, 4.33 mmol) and thiourea
(0.32 g, 4.20 mmol) in EtOH (10 mL) was refluxed for 2 h and
concentrated in vacuo. To the residue was added 3 N K,CO; (10
mL), and the resulting mixture was extracted with CHCl;. The
extract was evaporated and the residue was recrystallized from
EtOH to give 0.7 g (87%) of pale yellow needles, mp 231-232 °C.
6,7,8,9-Tetrahydro-5,9-dimethylpyridazino[4,3-e¢]{1,2,4]-
triazolo[1,5-a]pyrimidine (119). A mixture of 4a (2 g, 8.65
mmol), methylhydrazine (0.4 g, 8.68 mmol), and Na,CO; (3.67
g, 34.6 mmol) in THF (20 mL) was refluxed for 6 h and con-
centrated in vacuo. The residue was dissolved in H,O and ex-
tracted with CHCl;. The extract was concentrated and the residue
was recrystallized from EtOH to give 0.9 g (61%) of colorless
needles: mp 224-226 °C; NMR (CF;CO,D) 6 2.66 (s, 3, CsCHj),
3.05 (t, J = 6 Hz, 2, C¢gH,), 3.65 (t, J = 6 Hz, 2, C;Hy), 4.29 (s,
3, NyCHy), 8.55 (s, 1, CoH); IR (Nujol) 3220 em™ (NH); UV (EtOH)
Amax 222.2 nm (log € 4.31), 308.9 (4.08).
6,7,8,9-Tetrahydro-5,8,9-trimethylpyridazino[4,3-e]-
[1,2,4]triazolo[1,5-a]pyrimidine (120). The procedure was the
same as that used for 119, except that N,N’-dimethylhydrazine
was used. Colorless needles resulted: mp 172-174 °C; NMR
(CF3CO,D) 6 2.69 (s, s, CsCHy), 2.94 (s, 3, NyCHj), 3.08 (t, J =
6 HZ, 2, Cst), 3.55 (t, J=6 HZ, 2, C7H2), 4.26 (S, 3, NgCH3), 8.53
(s, 1, CoH); UV (EtOH) Ap.e 224.2 nm (log € 4.29), 310.9 (4.09).
Ethyl 2-(3-Chloropropyl)acetoacetate. This compound was
prepared by a modified Gol'mov’s method® using benzene instead
of EtOH as solvent: yield 23%.
6-(3-Chloropropyl)-5-methyl-1,2,4-triazolo{1,5-a Jpyrimi-
din-7(4 H)-one (121). A mixture of 1 (R! = H; 1.4 g, 16.7 mmol)
and ethyl 2-(3-chloropropyl)acetoacetate (4.57 g, 22.1 mmol) in
AcOH (20 mL) was refluxed for 6 h and treated by a procedure
similar to that described for 103. Colorless needles resulted: yield
56%; mp 180-181 °C. Anal. (CiH,,CIN,O) C, H, N, CL
7-Chloro-6-(3-chloropropyl)-5-methyl-1,2,4-triazolo[1,5-
a]pyrimidine (122). This compound was prepared from 121 in
a manner similar to that described for 4a: yield 72%; mp 78-80
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°C. Anal. (CgHmClgN4) C, H, N, CL
7,8-Dihydro-5-methyl-6 H-pyrano[3,2-e][1,2,4]triazolo-
[1,5-a]pyrimidine (123) and 7-(tert-Butylamino)-6-(3-
chloropropyl)-5-methyl-1,2,4-triazolo{1,5-a ]Jpyrimidine (124).
A mixture of 122 (0.61 g, 2.49 mmol) and tert-butylamine (0.73
g, 9.98 mmol) in EtOH (5 mL) was refluxed for 3 h and concen-
trated in vacuo. The residue was dissolved in H,0 and extracted
with CHCl,;. Evaporation of the solvent gave a solid, which was
fractionated by chromatography on silica gel (5% EtOH-CHCl,).
After concentration of the first eluate, the crystals were recrys-
tallized from isopropyl ether to give 0.05 g (7.1%) of 124: mp
121-123 °C; MS m/e 281 (M*). Anal. (CgHyCINg) C, H, N, CL.
The crystals obtained from the second eluate were recrystallized
from EtOAc to give 0.03 g (6.3%) of 123, mp 222-223 °C; MS m/e
190 M*). Anal. (CsH;,N,0) C, H, N.
9-(o-Chlorobenzyl)-6,7,8,9-tetrahydro-5-methylpyrido-
[3,2-e][1,2,4]triazolo[1,5-a Jpyrimidine (125). A mixture of 122
(1.23 g, 5.02 mmol), o-chlorobenzylamine (0.78 g, 5.51 mmol), and
triethylamine (5 mL) in EtOH (10 mL) was refluxed for 16 h and
treated in a manner similar to method D: mp 215-217 °C; UV
(EtOH) A, 215.6 nm (log € 4.41), 268.0 (3.65), 315.1 (4.24).
Pharmacological Method. (1) Evaluation of Integrated
Vasodilating Potency (IVP) in Guinea Pig Hearts. Guinea
pigs of either sex weighing 250 to 500 g were killed by a blow on
the head, and their hearts were immediately excised. The isolated
hearts were perfused with Tyrode solution aerated with 95%
oxygen and 5% CO, at 36 °C by Langendorff’s technique'® using
a Harvard Model 1203 fixed rate pump. Perfusion pressure close
to the aorta was measured with a Nihonkoden Model MPU 0.5
pressure transducer, amplified using a Nihonkoden Model RP-2
amplifier, and recorded continuously on a Nihonkoden Model
WI-260 ink-writing oscillograph recorder. The test compounds
were dissolved in 0.1 mL of saline or 0.01 N hydrochloric acid and
injected intraarterially in 10 s in order to avoid any artifact from
the injection itself. Because of constant volume perfusion, a fall
in the perfusion pressure indicated coronary vasodilation resulting
from the compound being screened. The coronary vasodilating
activity for each compound was evaluated by the magnitude of
integrated vasodilating potency (IVP) expressed as the product
of the compound-induced maximum percent decrease in the
perfusion pressure and the time period in minutes required for
its return to the predose level. Trapidil, a coronary vasodilator,
was used as a standard. Each result represented the mean value
of the data obtained from three hearts. The integrated vasodi-
lating potency of trapidil varied from 83 to 179, resulting in a mean
value 142, while that of 23 varied from 676 to 1155, yielding a
mean value 815.
(2) Effects on Coronary Blood Flow and Blood Pressure
in Dogs. Effects of intravenous administration of 23 and trapidil

(10) R. Charlier, Handb. Exp. Pharmacol., (New Ser.), 31, 65-70
(1971).
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on coronary blood flow were measured in mongrel dogs of either
sex weighing 10 to 13 kg, respectively. The dogs were anesthetized
with sodium pentobarbital (30 mg/kg iv), and the chest was
opened under artificial respiration,'® using an Aika Model 60-A
respirator, with a frequency of 15 strokes/min and a tidal volume
of 30 mL/kg. After systemic heparinization (1000 units/kg iv),
a cannula was inserted into the coronary sinus through the right
atrium and a loop was completed between the cannula and the
right jugular vein. Coronary sinus outflow was recorded through
a Nihonkoden Model MF-25 electromagnetic flow probe (3 mm
in diameter). Blood pressure was measured with a Nihonkoden
Model MPU 0.5 pressure transducer and recorded on a Nihon-
koden Mode! WI-380 ink-writing oscillograph recorder. The test
compounds were dissolved in 0.1 mL/kg saline containing 0.01
N HCl and injected into the femoral vein at rate of 0.1 mL/s. The
results of several experiments were statistically evaluated using
student’s ¢ test for paired samples.

(3) SHR Test for Antihypertensive Activity. Spontaneously
hypertensive, male rats, 19 to 23 weeks of age, were used. The
systolic blood pressure was determined by the tail plethysmog-
raphy method using Natsume’s apparatus. The tail cuff was
inflated to approximately 240 mmHg. The pressure in the cuff
was slowly released and, as the pressure fell below the systolic
pressure, blood flow in the tail recurred and the volume of the
tail increased. The blood pressure of each rat was determined
three times, from which a mean value was derived. The animals
were prewarmed for 30 min in an incubator set at 30 °C and then
placed in a heated cage, set a 45 °C for 3 min, immediately prior
to determining the blood pressure. Before any animal was in-
cluded in the screening program, a 2-week training period was
employed to acclimate the animal to the test environment. Groups
of five rats, having systolic blood pressure of 180 mmHg or greater,
were used per test. The test compounds (30 mg/kg) were ad-
ministered orally in 0.3% carboxymethylcellulose (2 mL/kg) as
a solution or suspension. The systolic blood pressure was de-
termined 1 h before and 2, 4, and 6 h after dosing. The area under
the time-hypotensive response curve was expressed as a hypo-
tensive index, calculated from the formula:

hypotensive index = 56X - (2a + 2b + ¢)

where X is the systolic blood pressure 1 h before dosing, and qa,
b, and ¢ are, respectively, the systolic blood pressure 2, 4, and 6
h after dosing. Each result represents the mean value of the data
obtained from five rats. For a hypotensive index below 20,
antihypertensive activity was regarded as insignificant.
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