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The diuretic activity of 219 nitrogen containing heterocyclic compounds, classified into
13 groups based on the structural features, was studied on the saline loaded rats. One hun-
dred and four out of the 219 compounds were active at the oral doses of 10 to 30 mg/kg.
‘Several of pyrimidopyridazines, pyridazinopyridazines and pyridopyridazines produced as
potent diuresis and natriuresis as hydrochlorothiazide at the oral dose of 0.1 mg/kg, in which
2-phenyl-5,8-dimorpholinopyrimido[4,5-d]-pyridazine (DS-210) and 1,4-dimorpholino-7-
s phenylpyrido[3,4-d]pyridazine (DS-511) were selected for more extensive evaluation as
diuretic agents. Structure-activity relationships of the tested compounds are discussed.

Yurugi, et al." have synthesized a series of pyrimido- and pyndo pyridazines,» some of
which have been found to show diuretic activity in diuretic assay using rats. Although it is
knownthat in various nitrogen-containing heterocyclic compounds pteridine exemplified by
triamterene and a few pyrimido- or pyrido-pyrimidines®® possess a diuretic activity, there
has been no report on the diuretic activity of pyrimido- or pyrido-pyridazine derivatives.
We have already reported the diuretic properties of 2-phenyl-5,8-dimorpholinopyrimido[4, b-d]-
pyridazine (DS-210)%" and 1,4-dimorpholino-7-phenylpyrido[3,4-d]pyridazine (DS-511), and
the data indicated that they possessed an excellent diuretic activity and some diuretic charac-
teristics different from any of the known diuretics such as thiazides, carbonic anhydrase
inhibitors or furosemide. In view of these interesting results the synthetic works have been
extended to other triaza- and tetraaza-naphthalene derivatives such as pyrazino-pyridazines,?
pyridazino-pyridazines,1 pyr1m1do -pyrimidines and pyrido-pyrimidines, and pyrldazmes and
phthalazines. ‘

In this paper the screening results for the diuretic activity of 219 derivatives from above-
mentioned series are presented and their structure-activity relationships are discusse(ui.‘
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Methods

1. Assay of Diuretic Activity The diuretic activity of test agents was assayed according to the method
described by Lipschitz, ¢f al.'®  Groups of 6 male Sprague-Dawley rats weighing about 200 g were withdrawn
of diet and water 18 hr prior to study. One group was used as untreated control and rats were given 25
ml/kg p.0. of 0.9% NaCl and rats in other test groups were treated likewise with 25 ml/kg of 0.9% NaCl con-
taining 0.1 to 30 mg/kg of test agents suspended in a small amount of gummi arabicum. Immediately there-
after, by keeping the rats in metabolism cages (1 rat/cage) spontaneous urine was collected for 5 hr. The par-
ameters used for diuretic evaluation were urine volume (V) and amounts of sodium and potassium in the urine
(UnoV and UxV), which were calculated as the values per 100 g body weight per 5 hr. The relative potency
of test compounds was expressed as the ratio of the response evoked by test animals to those evoked by control
ones. Data obtained were analyzed statistically with the Student’s ¢-test between the control and test groups,
and the probability levels of significant difference were described as *0.01<Cp<C0.05, ¥*0.001<p<C0.01 and

Tase I.  Classification of Test Compounds and Di}iretic Activity

Anti-
. : : . X No. Dluretlc . diuretic
Group Structure i of . " (mg/kg) * (mg/kg)
. : ompd. . N —t,

30 1 0.1 30 10

I pyrimido(4,5-dlpyridazine
Ia 2,4,5,8-tetrasubstituted-pyrimido[4,5-d]pyridazine 44 20 4 1
Ib 8-morpholino-5-0x0-2-phenyl-6-substituted-5,6- 10 3
dihydroxypyrimido[4,5-d]pyridazine
Ic 2,3,4,5,8-pentasubstituted-3,4-dihydropyrimido 48 27 4 3
[4 5- d]pyrldazme ' :
Ia 5,8-dimorpholino-2-phenyl-1,4-disubstituted-1,4- 6 3
» d1hydropyr1m1do[4 5- d]pyrldazme
I pyrazino[2,3-d]pyridazine
2-phenyl-5,8-disubstituted-pyrazino[2,3-d]pyridazine 3
I pyridazino[4,5-c]pyridazine
3-phenyl-5,8-disubstituted-pyridazino{4,5-c]Jpyridazine 2 2 2 1
IV pyrido[2,3-d]pyridazine
2-phenyl-5,8-disubstituted-pyrido[2,3-d]pyridazine 6 2
v pyrido(3,4-d]pyridazine
Va 1,4,5,7,8-pentasubstituted-pyrido[3,4-d]pyridazine 50 31 11 5 1
Vb 1,4-dimorpholino-7-phenyl-5,5-disubstituted-5,6- 5 4 3 1
dihydropyrido[3,4-d]pyridazine
VI phthalazine
1,4,6,7- tetrasubstltuted«phthalazme 6 , 2
VI pyridazine
1,4,5,6-tetrasubstituted-pyridazine 4
VII pyrimido[4,5-d]pyrimidine _ '
Vila 7-phenyl-2,4-disubstituted-pyrimido[4,5-d]pyrimidine 11 7 1
- Viib 5,7-dimorpholino-2-phenyl-4-substituted-3,4~ dlhydro- _ 5 1 1

pyrimido[4,5-d]pyrimidine
IX - pyrimido[5,4-d]pyrimidine

2,4-dimorpholino- 6-pheny1pyr1m1do[5 4- d]pyrlmldme 2 : 1
X pyr1do[2 3-d]pyrimidine
E 2,4,5,6,7- pen’casubstltuted-pyndo[2,3-d]pyr1m1d1ne : 8 2
XI pyrido[3,2-d]pyrimidine
-+ 2,4-dimorpholino-6-phenylpyrido[3,2- d]pyr1m1d1ne 1
X1 pyr1do[3 4-d]pyrimidine . .
. 6-phenyl-2,4,8-trisubstituted-pyrido[3,4- d]pyr1m1d1ne 7 1
X1 pyrido[4,3-d]pyrimidine
2,4-dimorpholino-7-phenylpyrido[4,3- d]pyrlmldme K 1 1
Total 219 104 26 8 8 0

11) W.L. Lipschitz, Z. Hadidian, and A. Kerpscar, J. Pharmacol. Exp. Ther., 79, 97 (1943).
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*%%5<0.001. The reference compound used was hydrochlorothiazide (Esidrex, CIBA) (10 mg/kg, p.0.)
mary sodium and potassium were measured with a flame photometer (Hitachi, 205 D).

2. Test Compounds As shown in Table I, 219 compounds tested were classified into the groups of I
to XIII based on the structural features. These are pyrimido[4,5-d]pyridazines (I), pyrazino[2,3-d]pyrida-
zines (II), pyridazino[4,5-d]pyridazines (III), pyrido[2,3-d]pyridazines (IV), pyrido[3,4-d]pyridazines (V),
-phthalazines (VI), pyridazines (VII), pyrimido[4,5-d]pyrimidines (VIII), pyrimido[5,4-d]pyrimidines (IX),
pyrido[2,3-d]pyrimidines (X), pyrido{3,2-d]pyrimidines (XI), pyrido[3,4-d]pyrimidines (XII) and pyrido[4,3-
d]pyrimidines (XIIT).

Uri-

Results and Discussions

1. Diuretic Activity of Hydrochlorothiazide

~ Table II shows diuretic activity of hydrochlorothla,mde (10 mg/kg) obtained in 6 experl-
‘ments with groups of 5 or 6 rats. Hydrochlorothiazide at the dose of 10 mg/kg p.0. was
previously confirmed to produce the maximum diuresis in the rats.® When values were
expressed as the ratio of the response evoked by hydrochlorothiazide-treated rats to that
.evoked by control rats, the mean increases in V, Uy,V, UxV and Uy,/Uy caused by hydro-
«chlorothiazide were 1.82:+0.14, 1.97+0.24, 1.62+-0.09 and 1.23-+0.11 times, described by
‘teans +S.D., respectively, over the control values.

TasrLe II. Diuretic Activity of Hydrochlorothiazide (HC)

Dose No.
Group mg/kg of 14 UnaV UxV Una/Ux

p.o. rats ml/5hr/100 g, B.W. peq/b hr/100 g, B.W.
G G 3 iERe Bifuom GH.om ST 0
GG 1 EE aw Bil.om S am (58w
HEY 0 6 35w Feiigus00) pp0kiie (LT §i7E0 6022
1 LR W ORI
HETY W05 40504180 Sgidigee(L7) isiage (149 5HEYes (129
5§ IERE.0m BEeen B 0w B2 0w

a) means+S.D.,,significant difference: *0.01 <{p <{0.05, ¥*0.001 < p <0.01 and *** $<0.001, numbers in
the parentheses: the ratio of the response evoked by hydrochlorothvaIde(HC) -treated group to that
evoked by control group

2. Diuretic Activity of Test Agents

a) The First Screening——Diuretic data on 219 compounds screened at the dose of
:30 mg/kg p.o. are shown in Tables I and III. In Table I, 104 of 219 compounds showed
-significant diuretic action, in which diuretic evaluation was performed for V andfor Uy,V.
‘Eight of 219 compounds caused antidiuresis. Chemical structures and diuretic data of all
«compounds tested are shown in Table III.

b) The Second Screening As shown in Table IV, 87 compounds which significantly
:enhanced both water and sodium excretion in the first screening were further tested at the dose
:0f 0.1 to 10 mg/kg p.o. At the dose of 1 mg/kg p.0. 24 compounds were effective in promoting
water and sodium excretion. Eight derivatives shown in Table V, 2-phenyl-5,8-dimorpholino-
‘pyrimido[4,5-dJpyridazine (DS-210), 3-phenyl-5,8-dimorpholinopyridazino(3,4-d]pyridazine
{DS-515), 1,4-dimorpholino-7-phenylpyrido[3,4-d]pyridazine (DS-511), 1,4-dimorpholino-7-
(p-hydroxyphenyl)pyr1do[3 4-d]pyridazine (DS-984), 1,4-bis-(2-methylmorpholino)-8-methyl-

pyrido[3,4-d]pyridazine  (DS-1058), 1,4-dimorpholino-7-phenyl-8-methylpyrido[3,4-d]pyri-
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TasLe III, -The First Screening on Diuretic Activity -

Ny
I..  Pyrido[4,5-d]pyridazine I\g\/\CI‘\I

Ia. 2,4,5,8-Tetrasubstituted-pyrimido[4,5-d]pyridazine

NII-Electronic Library Service

Re N O
Ty
& A

RZ R3

DS R R - IR -

NO. ) 1 2 ‘ R3 . R4 V UNa.V B UKV UN&/UK,‘

315 CoH, H oH OH 091 1.06 0094 112

. o : . /C2H5 . - B : .

248 CoH, H OH. N 1.18 1.28 1,08 . 1.17
‘ ‘ \C,H,0H o '
428 C.H, H OH X © 132 1.45% 1.14 1.12
N/

211 C.H, CH OCH, OCH, = 1.02 ~'1.32% 0.84  1.55%

408 CeH, H SCH, SCH, 0.93 0.74 0.84 0.91

407 C.H, H. 1{__3) - SCH, 1.10  0.83 0.83 1.01"

‘ o L - ,CH, , ’

239 . CgHy CH- cl NHCH L1500 1.23 111 - 1.10-
o ‘ : ' \CH, .
o . ; : - . ,CH, . . . o "

238 CoH, 'H - NHCH Cl 1,05 - 1.19  1.00 1.34

, ; \CH, . -
. foe CH,CH, e L

240 CoH, H N : cl 111 1.26 0 111 1.00n

o ¢ ‘ o .\CzH;; OH - . . . o

233 C.H, H - "¢l N 0 1147 0.96  1.04  0.92

. . L N/ - A.’:E

‘ U CH, JCH, . - , z

235 CoH, H NHCH NHCH .. 1.29 '1.15 0.82 1.36

. DR : NCHy . NCHj. o .
271 CoH; 'H  NHCH,~OCH, NHC,H,-OCH,. 1.16 1.21 1.22 1.05
272 CoH, H  NHCH,OCH, NHCH,-OCH, 1.07 1.19 1.00 1.16
,CH, CH, S S
412 C,H, H N N 0.93 0.75 0.86  0.90:
' \C,H,0H \C,H,0H S :

234 C.H, " H ' NHCH,C.H, NHCH,C,H, 1.10 0.93 0.89  1.04.

510  C.H, H v,NH-@ NH_<E> 1.20 © 1.35%% 1.34% 1.02°

373 CH, H NHC,H, NHC H, 1.18° 1.09 1.03 1.13

Gy H e e = 1.03 |

374 CH, H NH- > NH-< > 119 1.05 0.88 1.19

209 C.H, - H 1{* : N -} 1.67%k% 1,9gkws 1 15wk 1 74knn

L ' - — . X . i .

208 CoH, H N N > 1.56%%F 1,854+ (,64%4% 2, 99k

Ne—. Ne—. . R

7~ _ N - . ; o Y

462 CeHy. - H N NcH, N NCH, 076 08 0.7 121
) t. © N\—- - . " oon
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o Ry Ra Rs Ri V  UyaV UxV UraUx
NS N
463 C.H, H <—_> <=—> 1,09 1.01 098 1.13
210 CH, H N 0O I\f—:O 1.93%k% 2, 15w 1 pGws ], 716
N/ N—-.
(CH, /CH,
. — /TN . ;
470 .C.H, H . N O N 0 1.74%6% 1,06%%% 1.48% 1.34
N/ —
H,Cy_CH, H,Cy_CH, ,,
488 . C.H, H N O N 0 1.74%%% 1 97H0% 1,26 1,67
N’ N’ .
T cH, (CH, ‘
. o~ — o e :
493 C.H, H N o ¥ 0 1.24%  1.38% 1.16  1.29
. . N/ N .
) cH, . {cH, ._ .
489 C.H, H N 5 N :s 1,15 1.38%% 1.04  1,32%
N Ne—’ ) .. . .
K  CH, CHy
250 ~—< : H NHCH ' NHCH 0.80 0:90 0.8 1:05
- \CH, \CH, |
. _‘/CH3‘ — ) /__ R .
245 -{ H N > N 1.23  1.21* 0.89  1.39*
o A== Lo N—. R N—. : E
’CH, ’ -
) — /TN P
a4 <L H N 0 N 0 1.49%%% 1.66% 1,21  1.40
R - : N N : :
260 ~<~>-c1 . H _ 16_> | N 1.71% 1.41%  1.19  1.21
“N= : N— : — _
259 —<—>-'c1 H N 0 N o 2,010k 1.68%% 1.81% 0,97
—— N/ Ne—/"
262 "<~>-No2 H N N 1,15 1.36%  1.51* 0.92
— Ne—. N——s
261 <_ -NO, H N 0 N O . 1.87%* 1.65% 1.53 1.10
===, N/ N/ v
417 1) H : > N > 107 091 078 1.16
— N
, 1 7N N
405 1) H N 0 N 0 2.38%kk 2 8gHa 1 5ok 1 71k
. N/ N’ B :
. Py — -
49 [ ] H . N N 1.03  0.85 070 1.19
NN/ ~— ~—
2N\ A N 77N '
416 i H N 0 N 0 1640 1.38% 1.16 1.24
ot NN/ e o NN N’ - :
R . 7 Van . .
a8 L) > . H N N 0.76 " 0.64 0.67  1.00
. RS 77N TN e L
406 - N0 H X 0 N 0 1.85% 1.91% 1.61% 1.10
N/ ) N/ \—/ o
854 CH, CH, N 0 N 0  1L13 118 1.3 0.9
) , N’ N—s . : -
860 C.H, C.H, N O N 0 1.38  1.26 1.31* 0.94
: ST N’ N R ~ 7
855 C.H, CH,C,H, 1\(2) 1{—3) 1.30*  1.27¢ 119 110
861  C.H, CH, 1{__\9 I\i_\O 0.97 . 0.98 1.05 0.93
) e — E - K
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Ib.  8-Morpholino-5-0x0-2-phenyl-6-substituted-5,6-dihydropyrimido[4,5-d]pyridazine

®

CeHs YN AN
N N—Ry
0
DS-NO. R 14 UNQ |4 UgV U,Na./ Uk
/CH,4 ' :
513 CH. : 1.18 116 1.06 0.95
\CH,

534 CH,-COOC,H, 0.93 1.05 1.06 1.01
514 CH,CgHj, 1.07 - Lol 1.11 0.76
717 C,H,C.H, - 1.04 0.90 1.01 0.85

718 C,H,~CH(CH,), 0.98 0.95 .00 - 0.89

. ALl
S T .
775 C,H,~N /N-{ > 1.41% | 1.48%% = (.95 1.57%%
! ~_ —
852 C,H,-N :N—CQH,‘-CH(CGI-I&)Z\ 0.88 1.07 0.95 1.14
N—7 ) .
536 C,H-N }3 : 1,615 1.71%% 0.89 1, 94*
Ne—. .
(CH,

. Ve X R :

774 CH-N_ O 0.88 0.98 0.80 1.19
851 csHs-N":o f | 1.50% - 1.79%*  1.04 1,794k
| "

Tc. 2,3,4,5,8-Pentasubstituted-3,4-dihydropyrimido(4,5-d]pyridazine.
. R
v R,\%\r 1}]
R.—N N

R: H R4

DS
No.

g
o
I
g

Ry R, V  UwaV UxV UpelUx

381 CeH; H N 0 2.03%*% 1 96** 2, 22%kx ( 83

533 C,H, CH, N ©O 0.55%+% 0,60% 0.94  0.65%
643 C.H, C,H, N O 0.72%% 0.71 0.68  1.01
683  C,H, CH, N O 0.98 109 0.97 114
682 CeH;  CH,-CHy=CH, 0.72  0.77  0.66* 1.20
736 CoH, C.H, N O 0.76 0.82 0.91 0.91
715 C.H, CH,C,H, K 0 1.36% 1.50% 1.04 1.38

697 CgH,  C.H,Cl N O 1.01° 0.9 1.41 0.68

o= J o < S = - S s T« - S s « - S« s B « o
Z
o

716 C.H, - C,H,Br N O 1,06  1.00 1.00 0.97
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DS

No. Ri Rs Rs R4=Rs 14 UnaV. UxV UnalUx

561 - C.H, COCH, H N 0 1.78%%% 1.60%* 1.34  1.13

: CH,

562 C.H, cocH H N 0 1,970k 1,925k 110 2,06%
\(::[—I3 N7

563 CoH, COC,H; H \ N O 1.69%% 1,59% 1.17  1.24
564  C,H, COOC,H, H _ N 0 1.42  1.46% 0.97 1.43
769 CoH, H CH, N O 1.02  1.06 1.24 0.80

770 - CoH; H - ' .C;H, N O 1.11 1.25 0.71 1.61% -
; . ' . . . /CH, /7N '
806 CeH; H CH N O 1.28 1.34 1.09 1.23
\CH, N—

737 CeH; H CH,-CH=CH, N O 1.90%%* 2,10%** 1,14 1. 82%*
771 CH; 'H C,H, N O 0.88 1.04 0.44%  2.40%*

t-C,H, N O 2.65%*% 2 _45rxk 2 gO¥¥¥ () 85
/CHa Ve o
C,H,CH N O 1.44%  1.40%* 1.14  1.26%

\CHS N :

CeH,s N O 106 1.14 1.00 1.18

e

853 CoH

=

807 C.H;
808 C.H;
644 CH, CH,C.H, N 0 2.94%%% 3 0F%k% 1 BERE 1, 8Tk
773 C.H, CH, ~—>-CH3 N 0 1.91%% 2 27%%k 1,29 1.56%

810 CeH, CH2—<:>—C1 N 0 1.84%%% 2. 25%0% 112 2.02%

==« s R «s i « v«

811 CoH, CH2—<—>—OCH3 N O 2.05%k% 2 26Fk 1 81H* 1,12
e
v

oo

—I VAR
CH2-< >-0 N ©O 1.63% 1.86%%* 1.16  1.44%
—N VN
ey X 0 2.98%k 2 3gkek 1 5Kk ] p4¥

C,H,C.H, N O 1.03 1.03 0.84 1.33

@ I\i—b‘ 1.41%%  1.40%* 1.31%% 1,00
—

C.H, N O 0.77  0.96 0.61 1.44

812 C.H,

856 C,H;
815 CoH,
809 CoH,
772 CoH,

804 "CeHjy CH,0H N O 1,88k 1 87#%k ] 78%+* 1 05

jurJ = o o s B« S« S o o

805 - C.H, CHCH, N 0 1.67%% 1.76%%% 1.68%% 1,05

sl

NV
813 C.H, CHC,H, 1{_\9 1.98%8% 1, 94%k% 1 G4%+% 1,18

-0
857 C.H, H < 7 1§ 0 1.83%% 2,00%* 1,73* 1,24

814 CeH; H \g~/ = N O 1.74%%% 1, 77%% 1.31% 1.35

-N 7\
816 C.H, H —{ 3 N O 0.91  0.93 0.86 1.13

738 CoH, CH,C,H, CH,C,H, N O 1.02 -~ 1.41%  0.62%% 2, 29%%x
e
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DS | ;
No.” Ra Ra Ry Ry Rs UnveV UxkV UnralUx
956 CH, = H H ~NHC,H, NHCH; .06 109 1.15 0.96
817 CH, H C,H, I\j—:o C,H, 118  1.24 0.8 1.53
/CH, — /CH, | ‘ |
818 CoH, H cH N 0O 1.11  1.23  0.89 1.29
ot \ i \Cng N/ \CHa S B o )
819 - C.H, H C.H, 1{ E) C,H, 1.35%%+ 1 49%% 104  1.33
— ’
820 CH;, H CeH,, 1{ 0 CeHys 1.00 1.06 1.33 0.75 -
821 : CH, = H CH,C.H, 1\3_3) CH,CH;  0.95 1.07 149  0.65
802  C.H, H CH,C.H, - 1{“ 1{- 1.62%% 1,57% 1.16  1.37%*
" " /——<CH3_ . _<CH3 o
_ o
g3 - CH, H cHCH N o X 0 1,720k 1, 74%0x 1 51%  1.21
W Ne—/
. '.—-/CH3 R : CH ', /CH3 T
955 -{ . H H  NHCA @ NHCA 0.94 1.24 0.8 1.50
RS \CH, = ‘CH, A
o5t L) B ® - N > N> 12 L+ 08 L7
i1 Nt { *
27 g) H H N 0O N © 114  1.36* 1.47  0.92
E X o . N N , v

" 1d. 5,8-Dimorpholino-2-phenyl-1,4-disubstituted-1,4-dihydroxypyrimido[4,5-d]pyridazine

6

CeHs\[rN N
N N
e
DS-No. R, Ry 14 UnaV UxV UnalUx
o702 ., H H 2.04%%% 1. 76%* 3. 58%** 0. 47%*
701 " CH,C.H;, H 1.47% 1.48%x 1.36%* 1.14
700- . CgH, C.H,. 1.20 1.38 0.88 1.46*
699 CH,CH=CH, CH,CH=CH, 1.18 1.25 0.98 1.24
.73 . CH, C,H, 1.34%* 1.65%* 0.91 1.80%
CH,CH, 1.22 1.26 1.16 1.04

685 CH,CH,

‘N "
- II. Pyrazino[2,3-d]pyridazine [ nl
N N

_.2-Phenyl-5,8-disubstituted-pyrazino[2,3-d]pyridazine -

R |
CsHs N N .
- (Nﬁ& |
R, .
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DS-NO. ‘ Rl .V UNq, 14 UK 14 Uzva,/ UK
207 NHGH; =~ = L18 ~  1.23 0.86 1.50%
206 X 1.24 1.04 0.99 1.15
205 K 0 121 1.00 1.04 0.98
III. Pyridazino[4,5-c]pyridazine N ILI

. \N
3-Phenyl-5,8-disubstituted-pyridazine[4,5-c]pyridazine

DS-No. R, v UnaV UxV UralUx
516 1{“ o 1.80%k 1.96%%% 1,02 1.85%%%
515 ii":o ©OL9OW  logesr 137 1.21
IV. Pyrido[2,3-d]pyridazine - N

N
~ :2-Phenyl-5,8-disubstituted-pyrido[2,3-d]pyridazine
C.H Ry
6+ 45 I}I
4
R,

DS-No. R, : v UnaV UxV UralUx
491 NHCH(CH,),  1.47* 1.51%* 079 1. 95%%
492 NHCH,C,H, 0.92 1.00 10.89 1.13
545 NH-® 1.26 1.24 0.94 1.28
546 NHC,H, 1.28 1.15 1.02 1.05
544 1{ | 1.22 10.95 0.82 1.15
490 I{_E) Cofox 0.97 1.58 0.63

V. Pyrido[3,4-d idazine 4
. eyaosapyiasine (]

Va., 1,4,5,7,8-Pentasubstituted-pyrido[3,4-d]pyridazine
Ri Rs | |

R, N
N N

Rs R
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o Ri Re Rs Ri=Rs V  UxaV UxV UyalUx
512 H C.H, H NHCH,C,H,  1.04 1.11 1.08 0.88
950 H C,H, H N 1.02%k% 2 10% 1,07 1.71%*
e
908 H C.H, H N 1.79%k% 1,95%%% 0,91  2,13%*
N
511 H C,H, H N 0 2. 42H%k 2 Arrn ] BowE 1,56
Neen”” .
: ,CH; ’
/7N
936 H C,H, H N 0 2. 44mxk 9 3GRek 1 39%  1.72%
. A
938 H -{ﬁ>-01 H N O 2.16%F% 2,04k 1.60% 1,20
s, N )
! -\
986 H -{ > H N 0 1L14 113 0.9 113
— N—-/
" OH .
_ L
985 H -{ S H € 0 1.08 110 1.02 1.09
—_ N L .
984 H —<_>—OH H N O 1.84%m% 1,935k 1 59%k 1,22
. —, Ne—’"
962 H —<—>-—OCH3 H N 0 2.40%F 2, 22%k% 1.78%F 1,24
— . A \_/ H
| CoH,CHO\ .
_ L
983 H -{ > H K 0 .10 112 1.02 L11
===, | W
_OCH,C,H, IR
982 H -{ > H XN 0O = 114 L4 102 LI3
== N’
981 H —<~_>-OCH2C8H5 H N O L.38% 148 1.52% 0,99
s, — \"'f/
50N ©
— —7 2N
964 H  -{_y-ocH, H K o 1.19 128 121 1.06
(N 7 ¢
963 H 1,) H £ 0 1.89%4 1.76%% 1,32 1.35
N —.
_ —oH,
1045 H -{ N-oH  H N O 1.66%% 1,85% 1 58%* 1,08
o Ne——”?" .
e | (CH, |
o | ,—<CE | . N
1047 H -{ S-OCH,CH; H N 0 1.23 1.16 147 0.86
1046 H -<_~>—OCH2C6H5 H N 0.97 0.8 111 0.8
- N—
883 H C.H, CHCH, N O 0.84 0.83 112 0.81
’ E N/
7\ o
957 H C,H, a X O 1.19 113 1.06 1.03
Ne?
/7N Ve
958 H C.H, N 0 X 0 1.40% 1.37% 1.67% 0.82
) \_._/‘
845 a1 CH, H N O 1.06  1.09 1.26 0.89
. N
1061 cl C.H, H K 0 2,540k 2 5Pk 1,856k 1 36+
. | W
1043 CH, C,H, H I{—:o 2.03%% 2,388k 1 46 1,52
_<CH3
, L
1058 CH, C,H, H N 0 2. 41%%k g TgEHE ] GORHE | 55EE
Ne—”
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oS R: Re Rs Ry=Rs V  UwaV UxV Uxa/Ux

1055 CH, -<—>-—OH H Isf—:o 2.43%k% 2 58%% 1 90%* 1,30
—. N
1054 C,H, C,H, H 1§_§) 1.83%%k 1 80%k 1,52 1,23
1060 C.H, C.H, H ﬁ—z) 1.06 1.07 1.12 0.97
No—.
600 OCH, CH, H I\f—> 1.21  1.22  0.95 1.16
Ne—
599 OCH, CH, H I\f_:o 2.12%%k 2 240k 132 1,56%
N,
866 OCH, C,H, H 1{—33 1.3¢  1.56% 1.03 1.52
(CH, —
865 OCH, cH H N 0 1.26  1.41* 0.91 1,45
_ ~ \CH, N’ .
867 OCH, C.H, H I\f:o 1.20 1.28% 0.93 1,39
,CH, - —
840 OCH, CH,CH H N 1.58%F 1,500 1 24% 1,22
\CH, ~—
/CH3 /7N
839 OCH, CH,CH H N O 1.67#%x 2 0l%0x 1 40% 1,53
\C}:-I3 A .
CH, .
I LT
868 OCH, CHCH,CH, H K 0 1.39%% 1.48%* 1,06 - 1.39
1048 OCH, C.H, H ﬁ_p 1.46%% 1.62%%* 1,07 1,51
) —
841 OCH, CH,C,H, H ﬁ—\g 0.88 092 1.02 0.89
N
844 0C,H, CH, H N 1.05 1.07 1.05 1.03
N
843 OC,H, CH, H : ﬁ_:o 1.69%% 1,73%0x 1 72%% 1,04
N\—
869 OC,H, CH, H N 0o 0.74* 091 0.75 1.16
Ner/
1049 CoH; CH, H : I\f_E) 0.81 0.8 1.09 0.80
N\—.
1057 C.H, CoH, H N 112 1.54% 1,13  1.49
|
1056 CH,C,H, CoH, H 1‘\?——3) 154 1.69% 1.42 1.20
' N
DS M .
DS R: R Rs R Rs V. UvaV UxV UrelUx
598 H CH, H OH OH 112 1.02 0.92 1.0
959 H C,H, H OH OH 1,97%4% 1 84wk 2 01%% 0,91
960 H CoH, H 16_:0 OH 1.62¢  1.82% 122 1.48
N |
961 H C.H, H OH 1{ :o 1.63%0% 1, 74%%% 1,33 1,29
1011 H C.H, H 1{—:0 OCH, 0.98 0.92 0.91 0.93
1012 H CoH, H OCH, 1{—:0 1.39% 1.28° 1.72% 0.67
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Vb. 1,4—Dimorpholino-7-phény1-5,5-disubs’cituted—5,6—dihydropyri'do[3,4—d]pyridazine‘ :

o)

W
HN N
R RENj ’.
0
DS-No. R Re 4 UvaV =~ UxV Uva|Ux
o35 H H 2,200k 2 o4k 2 978 0,09
.913 C(CH,), H 2.51%6F 2 40%ex 1 81 130
862 CH,C,H, H 2.45%%% 2 ogkkk ] 5O% 1.56%
863 CH, H 1,475 1.39%. . 1.10 L3
884 CH,C,H, CH, . 1.18 124 1.3+ 0.92
\ VI Pllfiﬂ'ialaziﬁé ' II\I
N
- '1,4,6,7-Tetrasubstituted-phthalazine
R
R: IT]
R. N
Rs
DS-No. Ri - Ra "Rs % UnaV UgV  Uya/Ux
471 H H 1§” 70,96 1,01 0.90  1.13
465  H . H X > 123 100 128 - 0.9l
464 H H | 1\2—"3) 104 099 113 0.9
916 CH, H : > 1.19 1.25 0.58%% 2 26%
907 CH, - - H. Tl\fvb 1.06 .~ 0.76%  1,39%  0,53%
——
918 C.H, OCH, Nf_p 0.68  0.65%  0.81 0.81

- VIL . PyAridazine.

1,4,5,6-Tetrasubstituted-pyridazine
' R,
Ri— N
R N

R
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DS-No. R: Re Re  Re  V  UwaV  UsV  UyalUx
687 Br H C.H, CH,  1.06 - 1.04 091. 1.08
686 COOH H C.H; CH, 0.90  0.92 0.94 0.94
688 CONH H C.H, CH, . 120  1.10 1.11 1.06
535 CHO NH, N O N O 098 097 1.06 0.88
N/ N/ ‘

- . o NN
VIII. Pyrimido[4,5-d]pyrimidine N LN
| S A
VIIla. 7-Phenyl-2,4-disubstituted-pyrimido[4,5-d]pyrimidine
CGHS\'/;N\”/N\I/RI .
SN N
Ny
Ri
DS-No. R, v UraV UxV'  Una/Ug
6639 NH, 1.58%0% 1 71%k%. ] 60% 1.05
750 N(C,Hy), 1.36%* 1430 1,17 1.24
753 NHCH(CH,), 1.20%% 1.21 1.23 1.04
748 NHCH,C,H, 1.20 1.19 1.25° 0.95
749 NHC,H,0H 1.03 1.10 0.9 1.24
664 N 1.53%0k 1 64k 0.78 2.04%*
‘\: .
752 N }I—CGHE 0.82 0.81 0.97 0.82
N—.
565 N 0O 2.25kkk g 7Rk 1 g1 1.03
N’
CHyg, -
/TN R
923 N 0 1.71% 1.76%+ 1.33 1.23
N . .
- /CH,4
=\ T .
751 N 0 2.12%%k° 2 0peE 1,32 1.67*
N . o
s .
922 K 0 0.81 1.02 . 0.71 1.30
Ne—.
—cH,

a) This compound was screened at the dose of 10 mg/kg.

VIIIb. 5,7-Dimorpholino-2-phenyl-4-substituted-3,4-dihydropyrimido-,
[4,5-d]pyrimidine
27N\
C6H5\|4N\/N\\I/_I\i Y
AN AN
VA i

R.]__H/N\

Lo/

DS-No. R, vV UyaV UxV Unal Uk
836 CH, 0.65% 0.97 1.470%  0,65%
887 C,H; 0.87 1.08 1.10 1.00
888 C,H, 0.91 . 0.97 0.95 1.08
858 . ‘CH,C:H;, 2.01%* 1.92%kk 1.50% 1.32%
889 . . CeHj; 1.17 0.99 1.15 0.83
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N'/ /N\
. IX. Pyrimido[5,4-d]pyrimidine ) II\I
\N/\/
2,4-Dimorpholino-6-phenylpyrimido[5,4-d]pyrimidine
Ry
Ve
N\ NN O
LY
C6H5/\\N/\¢
)
O/
DS-No. R, _ v UyaV  UxV UralUs
566 H 0.98 1.08 1.08 1.41
924 N 0 0.38* 0.50 0.78 0.60
\N—
/N\/N\
X. Pyrido[2,3-d]pyrimidine | N
N\~
2,4,5,6,7-Pentasubstituted-pyrido[2,3-d}pyrimidine
Rl\AN\/N\'/R5 '
RN
Rs Ru
DS-NO. R1 Rz R3 R4 R5 14 UNGV UKV UNa,[UK
915 CH, H H NH—<E> NH~( H> 1.23  1.04 1.05 1.04
912 CoH, H H N N 0.79 0.90 0.97 1.06
N—. N
,CH, CH,
914 C.H, H H N N 1.19 1.30 1.28 1.15
CHOH  ‘C,H,OH
910 C.H, H H X 0 R 2,174k 2 9%k 3 4knk () G4HN
Ne— Nt
803 C.H, H cg, X 0O N O 074 091 087 106
) N ) W
911 C,H, Br H N 0 N 0 1.56%% 1.40% 1.58  0.94
. N’ N7
902 OH H H N C.H, 1.02  0.90 0,90 1,03
N—..
901 OH H H N 0 C,H, 1.2 111 0.90 1.17
N/
. e e /\/N\
XI1. Pyrido[3,2-d]pyrimidine | | l{I
WAL
2,4-Dimorpholino-6-phenylpyrido[3,2-d]pyrimidine
VA
ANKE D
ceHs/L\N/\(N
AN
(o)
DS-NO. |4 UyaV UgV UNQ/ Uk
909 o 0.97 0.85 0.77 1.14
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. L NN Ny
XII. Pyrido[3,4-d]pyrimidine ColoN
AV
6-Phenyl-2,4,8-trisubstituted-pyrido[3,4-d]pyrimidine
$1
N"é /N\/Rz
CHy NN
v R ; .
DS-No. R, R, v UvaV  UxV  UneUx
899 H N 1090 1,07 - 0.98  1.04
| W
,CHg ~ ‘
900 H N 1.08 110~ 1.03 1.06
\C,H,0H _
896 H ﬁz) CL7IM 1.66%%  1.34 1.29
Ne—.
897 CH, NH<H> 0.86 1.00 0.96 1.07
895 CH, 1{— 0.83 0.91 0.55%%  1,69%*
| /CH, :
898 CH, N 0.88 0.96 0.92 1.03
, \C,H,0H |
894 CH, N 0 1.02 0.99 0.87 1.35
N’
) o VAVIN
XIII. Pyrido[4,3-d]pyrimidine N LN
VAWV

2,4-Dimorpholino-7-phenylpyrido[4,3-d]pyrimidine
/7N
C6H5\1 /\I I/ N‘Y N O

N——’
YA
/N\
o)
DS-No. 1% UnaV UgV UnalUx
1062 2.01%% - 1, 70%%* 1.57* 1.12

significant difference: * 0.01<$<C0.05, ** 0.001<p<0.01 and *** $<0.001

dazine (DS-1043), 1,4-dimorpholino-7-phenyl-8-methoxypyrido[3,4-d]pyridazine (DS-1048)
and 1,4-dimorpholino-7-phenyl-5-benzyl-5,6-dihydropyrido[8,4-d]pyridazine (DS-862) were
significantly effective in promoting the excretion of water and sodium at the dose of 0.1mg/kg.

3. Mode of Diuresis

a) Time Course of Diuretic Activity——Figure 1 shows the time course of diuresis caused
at oral dose of 1 mg/kg of DS-210, DS-515, DS-511, DS-1043, DS-1048 and DS-862. Hydro-
chlorothiazide (10 mg/kg p.0.) was used as a reference. Each of 6 compounds caused diuretic
effects similar to those of hydrochlorothiazide, but was more rapid in onset of the action than
hydrochlorothiazide. .

b) Diuresis by the Combined Use of DS-Compounds Table VI shows the diuretic
activity by single dose of four DS-compounds, DS-210, DS-515, DS-511 and DS-862, at the
maximum diuretic dose (10 mg/kg #.0.) and by combined use of DS-210 with either of DS-515,
DS-511 or DS-862. The diuretic activity between DS-210 alone and the combined use was
not different each other. “
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TasrLe IV. The Second Screening on Diuretic Activity

Group  DS-No. mg/?(c;ep.a. V. UsV UsV UsefUx |  Group DSNo. mgﬁ(?;’;.o. Vv UwV  UxV  UrelUx
Ia 209 1 1.16 128 1,07 1.23 IIX . 516 1 1.42% 1.41%% 1,16 1.17
208 10 2,08%kk 2 S1%kx ] 43 1.51 ' 0.1 1.07 1.30 1.00 1.32
5 1,69%k  2,20%kk ] 90%x¢ 1 02 o 515. 10 2.07%0k 2 gf%kk ] G1R% ] SIkE
1 1.00 1.10 1.30 1,12 ' ’ 1 1,50%k% 1 77k 1 44% 1.19
210 10 2,200k 2 ogkik 1 16 1,93k L 0.1 L70%  1,69%* 1.09 1,55%k*
1 1.50%*  1,43% 1.11 1.26 v - 491 10 1.31 1.24 0.84 1,51 %%
0.1 l.dg+ 1.40% 118 115 Va ' 950 1 151 1.23 L1l 1.12
470 10 1,64%%  1,72%+ 1 36 1.29 0.1 1,03 0.99 1.15 0.83
1 1.11 1.19 1.03 1.12 . 908 10 2,51%0k 9 gkkk 1 93 2. 114k
488 10 1.72%%  1,80%%% 1,15 1,58%% 1 1.64%%  1,65%%+ 125 1,40
1 1,30% 1.34* 1,00 1.33 0.1 0.90 0.89  0.77% 1.12
0.1 0.92 0.97 1.10 0.85 511 10 \2.37%k 9 17%k% 1 3 1.62%
493 10 1,27 1.45% 0,93 1,64%* ‘ 1 20430k 9 qgeex ] glRer ].36%
1 1,33. 1,32 1.14 1.18 : 0.1 1.73%%% 1 77%%% 1.27 1.38%
244 10 1,75% 1.70* 1.38 1.31* . 936 1 2,39%k% 1 8%k 1 30 1.49*%
1 1.20 119 101 1.20% : 0.1 1.00 1,06 0.99 1.10
260 5 1.20 © 1,07 0.96 1.17 c 938 1 1.07 1.09° 1.08 0.94
259 5 1,88%% 1 8%+ 138 1,18 984 10 2.,05%kk 2 AG¥ik ] Gakk ] 5Q%
1 1.37%F  1.39%* 1,34 1,08 1 1,40* 1.53% 1,17 1.31
0.1 070  0.69 0.8 0.8 0.1 L6l 1.70%* 1.05  1.50%%
261 1 1.07 « 1,12 1,18 0,97 .. ‘962 1 1.25 1.23 1.08 1.09
405 10 L 77%k% 2 020 1 24%  1,48% ~ 981 10 1.51% 1.54% 1,13 1.36%
1 1,30 1.49 1.32 1.13 i . 1 1,03 1.18 1.04 1.13
416 -10 1.64%%  1,38* 1,16 1.24 ¢ 963 1 1.43%%  1.46%% 1,13 1.24
1 1.57% 1,59%% 1,25 1,30%* 0.1 1.07 1.21 1.33 0.91
0.1 - 0.63 0.89 0.82 1,10 i 1045 10 2.18%%* 2 (2%%% () 99 2.42%
406" 10 1.24% 1.18 1:17 1.03 1 0.99 1.08 0.95 1.17
1 tz21 120 124 101 . 958 1 112 115 071 1,28
855 10 1,09 0.98 0.83 1.22 1061 1 1.91%x% 1 8gwx 1 72%% 1,11
Ib 775 10 1.24 1.32 0,97 1.43% . 0.1, 1.24 1.30 1.38 0.99
536 10 1.09 1.25 1.49%* (.97 . 1058 1 2,90%%% 2 19%* 1,08 2.17*
1 0.98 1,14 1,18 1,09 ’ 0.1 1.44% 1,36 0,76 1.97%
851 10 1.76%%  1,69% 1,06 1.56%* 1043 10 2,870k D Bk ] 4]1* 2.02%
-1 1,39 1.32 1.19 1,11 . 1 2,04%6% 1 g3+R* ] 39% 1.36%
Ic 381 10 2.03%%%  1,96%% 2 90%k () 83 0.1 1,60%%% ] 86*k* 1 32% 1.13
’ B | 1.38 1.41% 7 1.26 1.08 1055 1 2.32%kk 1 88Kk (78 2,470k
0.1 117 1.01 1.01 1.05 : 0.1 1.18 112 0.7 1.48%
533 10 1.35 1.16 1.20 0.95, 1054 10 1,71%%% 1 86%++ ] 58* 1.15
1 1.30 1.13 1.18 0.93 - 1 1,36%% 1,50% 1,14 1,47
643 10 0.87  0.90 085  1.01 0.1 - 106 096 - 1.04 095
682 10 1.18 1,15 1.11 1.04 599 10 1.45 1.65%F 1,12 1.32
715 10 156%  1.63ee 117 1.47% 1. Los 121 108 1.22
1 15 16 106 1.03 840 10 1.79% 175+ 1.45% 1,25
561 10 1.39%  1.87¢  L27  L12 ! 1 et Llo 128
1 12 192 106 103 839 10 1,58% 1890k 1,15  1,69%*
562 10 1.56%  1.39%  1.04  1.83 : 1 Lsz 129 119 103
i 114 115 10l 112 868 10 113 098 126 0.8l
. ., 1048 10 2. 74kkk 2 G8¥xk ] TIwxk ] 47%
I S W) S ) gy
1 1.21 ’1"37 1'01 1'34 0.1 1,55%k%  § g3kkk 1 42%k 110
853 1 1'07 1‘26 1'04 1'32 843 10 1.81%%k ] g7%xx 115 1.67%%%
. : N . ! 1 1.25 1.35 1.17 1.23
807 10 1.45% 1.42% 1.06 1.47 869 1 1'01 0.87 1'08 0‘83
1 0.88 0.90 0.84 1.09 1056 1 ‘1.06 0‘94 0.69 1'34
644 10 1,88%kk ] g%k () 78 2.,40%* . . : N
1 1.40% 1.37* 1.22 1.07 959 10 1.14 1.14 1.03 1.06
0.1 0.75 0.98 0.69 1,53 960 10 0.93 .60 .0.90 L
773 10 2.03%kk5 9 BOkkk ] 48% 1 5E%E 961 10 0.78 0.84 0.68 1.22
-1 1.39 -1.30 1,07 1.20 Vb 935 1 2.04% 1.71%% 127 1.36
810 10 1.92%k% ] 85kxk () G8¥X 9 Tl 0.1 1.10 1.34 1.34 0.97
"1 1.15 "1:29 1.20 1,03 913 10 2,67%k% 2 71Rkx 2 57k 1 01
811 10 1.85%0% 1 71¥%% 0,90 . - 1,85%kk . . 1. 2.01k6k 2 Q4R ] 80%xk 1 18
1 1.28 1.36°  "1.10 1.22 o 0.1 1.13 ‘1,13 1.06 1,08
812 10 1.73%  1.43% 1,02 1.38% 862 10 2.02%%% 2 06¥%k 1,60% 1,26
1 1.35 1.50 1.07 1.37 1 1,81%kk ] 72%kx 1,08 1.59%+%
856 1 1.33% . 1.30*% 1.13 . 1.04 L 0.1 1,25% 1.52%% 1,31 . 1.15 :
: 0.1 0,99 1.13 1.23 0.90 863 10 1.38 1.23 1.23 1.02,
. 809 10 o 1.78* 1.79%%% 125 1.43% 2 907 1 0.94 0.97 0.94 0.98
‘ 1 1.35 114 . 091 1.19 - ’ 918 1 0.85 0.88 0.87 0.97
804 10 2,170k 2 02%%x ] 58%% 125 VIIIa .. 663 10 1,68 - 1, 71k%k 1.60%: 1,05
1 0.82 0:88 0.96 0.93 1 1.03 1.10 1.50 0.80
805 10 2.47%%% 2 28Rk 1 5%k 1 50* 750 1 0.92 0.97 . 0.95 0.97
1 1.15 1.27 1,08 1,21 : 664 10 1.05 1.04 0.83 1.18 ¢
813 10 2.2¢%xx 1 74%66 1 05 1,64* 565 10 2.41%%% 2 0300k 1 63%  1.28
1 1,79%  1,95%ek ] 57k ] 25%* . T 1.38* 1.44%%  1,64% 0.85
0.1 0.85 0.95 1.24 0.77 0.1 0.80 0.74 0.66 1.24
857 10 1,78 1.36* = 0.81 1.91% . . 923 1 1.10 0,97 1.03 0.93
o 1 0.94 109 122 0.8 . 751 10 1.55%  1.57%  1.43%  1.03 .
814 - 10 | 1,62* 1.50**%  0.85 1.80%* ’ 1 1,03 0,94 0,74 ° 1,2 |
1 0.76 =~ 0.93 0.9  0.97 VIIIb 886 r 0.8 097 098 0,98
819 1 0.85 = 0.83. 0.91 0.94 " 858 io 1.80%% - 1.80% 1,37 " 1.34%
802 1 1.28 1.26 0.99 1.20 1 0.96 1.04 0.98 1.06
803 1 1.24 1.17 1.13 1,04 X 924 1 1.06 0,96 0.93- ° 1,01
Id - 702 10 . 1.96%kk 1.60*+ 1.68%* 0,95 v X 910 10 J1.91%% 1,53 2,43%xx  (,63%*
B “ 1 1.30 1:19 1.02 1.13 . 1 1.03 0.95 ‘1.12 Q.85
. 701 10 -1,48% 1.36* 1.43 1,00 . 911 1 1.14 1.11 1.03 1,10
s -1 0.93 08 09 083 XIE 896 1 0.82 091 079 121
S s 10 0.91. 097 0.70. 1.46 XUT 1062 10 2.03%%  1.62 . 1.00 ©  1.51%
oI 516 10 1.80%  1,96% 1,02  1,85%k 1 0.78*  0.84*" " 0.97  0.91

signiﬁcént difference: * 0.01<p<C0.05, ** 0.001<p<0.01 and *** p< 0,001
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TaBLE V. Active Substances at the Oral Dose of 1 mg/kg
Group Structure DS-No. R, R, Ry
VAR
210% CeHs N 9
P
R N Rz CH3>—<CH3
I 1 N 488 CeHs N O
a 1{1 N
— . —\
N 259 -{ >—Cl . N 0
R2 zo, N/
AN P
416 (o N O
O /\‘.N/ N’
[ j 381 H
. N 644 CH2CoHs
¢ CeHs N -N
S 4 856 CH~_ >
HN. N OH . =
R: H \er /7
. [Nj 813 CH <_>
0)
I R: e
CsHs N 516 N
1 N
Ny AN 5159 N 0
N N
Ri
-908 C6H5' N
Ne—.
5119 CoHs X ©
N’
(e
936 CeHs N O
Re R, 940 -{_-oH N0
m N
Va Ry N 963 L) X 0
N N 1061 CoHs N O o
R ’ I N4
2 . /___<CH3
1058 CeH; 1\£ 9 ' CH;
10439 CeHs N o CH; -
N/
1048% CoHs 1{ E) OCHs
o 1055 —<—>*~OH N 0 CHy
[N] ) 1054 CeHs I\i 9 C:H;
Vb
CsHs N 935 H
‘ | 913 C(CHs)s
HN ‘ N - 8629 CH.CsHs
R: H
)
o
Vs CSHEE{;N\,N\\IG& . Y
&/ |¢ N—
Ry

a) Diuretic at the dose of 0.1 mg/kg.
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1043
862

1048

control

Urine volume (ml/hr/100g b.w.)
rd
Urine volume (ml/hr/100g b.w.)

0 ! )\ 1 I ) 0 ! L 1 I
0—1 1-2 2—3 3—4 4—5hr 0—1 1—2 2—3 3—4 4—-b5hr

Fig. 1. Time Course of Urine Excretion of DS- 210 511, 515, 862, 1043, 1049
and Hydrochlorethiazide (HC)

DS-210, 515, 511, 862, 1043 or 1048: 1 mg/kg, p.o. hydrochlorothiazide: 10 mg/kg, p.o.

TaBLE VI. Diuretic Action of DS-210 in Combined Use with DS-515, 511 or 862

Dose No. 14 UnaV UxV
" Group mg/kg of ml/5 hr/100 g ueq/5 hr/100 g Una/Ux

p.o. rats B.W. B.W.
Control — 13 1.76+0.399  240+44 70419 3.57+0.96
DS-210 10 13 3.9240.65%%  5E0+£78%0F 102+ 18FKF 5520, 684k
DS-515 10 6 4.45+0.17%%  672438%0F 1151206k 6091 59wk
DS-511 10 12 4.2640.50%%  585LEIM* 10823k 5 5941, 10%k
DS-862 10 7 4.1040.81%%F 582186k 80+24 7.83 42,710k
DSZIOE 10410 7 4.14:£0.33%%F 57343900 100£10%F  5.79:+0.78%
DEZIOE 10410 7 41330430 GIIx93F 92329 6.97 +1,28%#+)
DSZI0F 10410 7 3.97+0.52% 5724860 92x11%  6.37x1.44wex

a) means+S.D., significant difference between control and experimental groups, * 0.01 < p <{0.05, **
0.001 < p < 0.01 and *** p < 0.001, and between DS-210 treated group and the other, &) 0.001<p
< 0,01

4. Structure-Activity Relationships

Among the structural features of I to XIII classified in Table I, pyrimido[4,5-d]pyrimidines
(I), pyridazino[3,4-d]pyridazines (III), pyrido[8,4-d]pyridazines (V) and pyrimido[4,5-d]-
pyrimidines (VIII) gave potent diuretic compounds in the diuretic assay at the dose of 1 mg/kg
p.0. The remaining structures were, in general, ineffective or weakly active.

The effect of modifications of the substituent on diuretic activity was mainly studied
on the groups of I and V.

In the series of I-a the most potent compound was DS- 210 (R;=CeH;, Ry=H, Ry=R,=

N O). The diuretic activity caused by modifying the substituent at the 2-position (R,)
N—V
(CHs

decreased in the order: DS-210>DS-259 ( 1=—<:>—C1), DS-416 (_ | N |)>DS- 244( { > >

N\

Ds-405 (- J)>Ds-261 (—<;>—N02), Ds-406(-{ ) J-N 0) Introduction of a sub-

stituent at the 4-position (R,) resulted in loss of diuretic act1v1ty (DS-854, DS-860, DS-855 and
DS-861, in which CH,, C,H,, benzyl and phenyl groups are substituted at the 4-position,
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tespectively). In comparison with DS-210 the substances which have various substituents
at Ry and R, showed weaker diuretic activity in the following order:

CHy,_ CHy B B __CH,
DS-210°>DS-488 (Ra R4—N o)>DS—209( \_'), DS-208 (1§_>) DS—470(1\EW9),
CH
DS-493 (N :));Ds-zn (OCHs), DS-428 (Rg_OH R4—I\i 9) DS-510 (NH-<E>),
< _ =
DS-489 (I\f_\s).
N

Mono- or disubstitution of Ry and R, by SCH, or alkylamino group resulted in loss of
activity.
Cl .
In the I-b series DS-775 (C,H,~N N- { > DS-536 (C2H4-1{ E)) and DS-851 (R, =

N/

£C3H6—1\f—\0) possessed significant diuretic activity with little effect on potassium excretion,
N

but these were ineffective or weakly active in the lower doses such as 1 and 10 mg/kg p.o.
In the series of I-c, 3,4-dihydro derivatives of I-a, DS-381 (R;=C¢H;, R,=R,;=H, R,=

R5—N O) exhibited a potent diuretic activity, but enhanced potassium excretion more
—

‘than DS 210. The effects of introduction of substituents at the 2-,5- and 8-position (R,, R,
and Rj, respectively) on the diuretic activity were almost parallel to those of the I-a series.
“The substituents other than H at R, of DS-381 reduced the diuretic activity. The substitution
by CH,C¢Hy (DS-715), COCH; (DS-561), COCH(CHj), (DS-562) and COC4H; (DS-563) caused
less kaliuresis than DS-381, and the lower alkyl substituents such as CH,; (DS-533), C,H,
{DS-643), CH,CH=CH, (DS-682) and C,H, (DS-736) rather caused antidiuresis. The substitu-
tion of R; by a saturated straight alkyl group such as CH; (DS-769), C,H; (DS-770), C,H,
{DS-771) and CgH,; (DS-808) resulted in loss of activity, but the substitution by a branched
-or unsaturated alkyl group such as CH,-CH=CH, (DS-737), -C,H, (DS-853) and C,H,CH-
(CHy), (DS-807) gave active diuretics. The substitution of R; by a group containing «-
hydroxy group such as CH,OH (DS-804), ?HCH3 (DS-805) and C]HC(;H5 (DS-813) also caused
OH OH
significant diuresis. Thus, among the group I-c potent compounds were DS-644 (R;=CH,-
CgH;), DS-856 (R3=CH2~< N/\ ) and DS-813, which were effective even at the dose of 1 mg/kg.
Substitution of para position of CH,C¢H; group in DS-644 by CH, (DS-773), Cl (DS-810) and
OCH, (DS-811), and substitution of R, by <E> (DS-809), < > (DS-857) and A g}

\()_//
(DS-814) slightly decreased the diuretic activity, while the substitution by C,H,CsH, (DS-815),

C,H, (DS-772) and -(1\} (DS-816) resulted in loss of activity. DS-738, a 3,4-dibenzyl
derivative of DS-381, showed far less diuretic activity than DS-381, and rather potassium
sparing activity.

In the I-d series DS-702 (R;=R,=H), a tautomer of DS-381, possessed a similar diuretic

activity to DS-381. Introduction of groups other than H to R, or to both R, and R, markedly
reduced diuretic activity.

Of the two compounds in the IIT series, DS-515 (Rlzl\f——b) was active at a small dose
N/

as 0.1 mg/kg p.o., which proved to be one of the most potent compounds among 219 derivatives
screened in the present work, while the piperidino derivative (DS-516) was less active.
In the IV series, DS-491 (R,;=NHCH(CHj),) showed a weak diuretic activity. The
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other five compounds including DS-490 (R,= l\f_b), an analogue of DS-511, were inactive.
N /7 : -

In the V-a series DS-511 (R,=R,=H, Ry,=C,H,, R,=R,=N 0), which has the same
N

substituents with those in DS-210 (I-a), emerged as one of the most potent compounds. Intro-
duction of C1 (DS-938), OH (DS-984), OCH, (DS-962) and OCH,C¢H; (DS-981) to the para.
position of the 7-phenyl group in DS-511 sustained the activity, where DS-984 was as potent
as DS-511. On the other hand, substitution of ortho- or meta-position of the 7-phenyl group:
by 0-OH (DS-986), m-OH (DS-985), o-OCH,CH, (DS-983) and m-OCH,C¢H, (DS-982) afforded:
compounds inactive at the dose of 30 mg/kg p.0. Introduction of substituent such as CH,C¢H,.

Cland N O to the b-position (R;) markedly reduced the diuretic activity. The diuretic

N/
activity of compounds having various substituents of R, and R, decreased in the order:
/CH3 . . .
DS-511>>DS-936 (R4~R5—N o )>DS-908 (N >)> DS-950 (N |), and DS-512
Ne— AN

(NHCH,C¢H;) was inactive. Compounds in which one of the two morpholino groups in:
DS-511 was substituted by a hydroxyl group (DS-960 and DS-961) were fairly active at the:
dose of 30 mg/kg p.0., in contrast to the case of the I-a series. Other potent compounds in the:

V-a series were DS-1043 (R;=CHj, Ry=CqH, Ry=H, R4=R5=1\f_b) DS-1048 (Ry=OCH,

Ry=CeH;, Ry=H, R4_R5~N O) and DS-1068 (R;=CHj, R,=Cq H5, R3_H Ry;=R;=
_¢CH,
N O) all of: which possessed diuretic activity comparable to DS-511. Substitution of

R by ethyl or n-propyl group (DS-1054 and DS-1060) decreased the activity. Introduction of
C1 or an alkoxy group at the 8-position (R,;) further made possible the synthesis of a series.
of derivatives bearing aliphatic substituents at R,, where several of them (DS-599, DS-840,,
DS-868 and DS-843) were active, although less potent than DS-511. '
' In the V-b series, 5,6-dihydro derivatives of DS-511, DS-935 (R,=R,=H) was active,
but less potent than DS-511. Substitution of R, by C(CH,); (DS-918) or CH,CcH; (DS-862):
showed a potent diuretic activity, in which DS-862, an analogue of DS-644 in the I-c series,.
was active even at the dose of 0.1 mg/kg p.0. On the other hand, DS-863 (R,=C¢H;) was
weakly active and DS-884 (R,=CH,Cq H5, R,=CH,), a 5,5-disubstituted derivative, was.
inactive. o

‘No diuretic compounds were found among the six phthalazine and four pyridazine deriva-
tives in the series VI and VIL. v

In the series of VIII-a, DS-565 (Rl-—:l\f Hb) was more potent than DS-663 (R,=NH,})

which has already been reported as a d1uret1c compound by Graboyes, ¢t al.: DS-565 was.
active at the dose of 1 mg/kg p.0., whereas DS-663 was inactive at the same dose. Modifications.
of the substituent R1 resulted in a decrease in diuretic act1v1ty in the order: DS-565>DS-663,

: P /(Dfis- S — ) (3I13\ —
DS-751 (l\i 0 ) >DS-750 (N(C,Hj),), DS-664 (I\i >), DS-923 ( N (2)>DS 75&
—7 . } —
(NHCH(CHy,),), while DS-748 (NHCH,C¢H;), DS-749 NH(CH,),0H), DS-752 (1{ ;\I-CGHE,)»
/——<CH3 ) |
and DS-922 (N O - ) were inactive.
N/
: - TXCH,

The VIII-b series are 3,4- dlhydro derivative of VIII-a. Effect of modifications of the
substituent R, was similar to that of I-c. = Namely, DS-858 (CH,C¢H;) was active at the dose:
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of 10 mg/kg p.0. DS-888 (C,H,) and DS-889 (C4H;) were inactive, and DS-886 (CH,) rather
antidiuretic.

In the remaining series, DS-910 (series X), DS-896 (series XII) and DS-1062 (series XIII),
which were analogues of DS-511 and DS-565, possessed a diuretic activity. However, the
.other analogues, DS-566 (series IX).and DS-909 (series XI) showed no effect.

Based on the screening results at the doses of 0.1 and 1 mg/kg p.0., the following conclusions
on structure-activity relationships were obtained (Table V).

1) Structural features giving potent diuretic compounds are pyrimido[4,5-d]pyridazine
(I-a) and its 3,4-dihydro derivatives (I-c), pyridazino[3,4-d]pyridazine (III), pyrido[3,4-d]-
pyridazine (V-a) and its 5,6-dihydro derivatives (V-b), and pyrimido(4,5-d]pyrimidine (VIII-a).

2) Among the amino groups di-substituted on the pyridazine ring (I-a, ITI and V-a) and
jpyrimidine ring (VIII-a), morpholino group is the most preferable for a diuretic activity.

3) The introduction of a phenyl group to R, of pyrimido (I-a, b and VIII-a), pyridazino
(I1I) and pyrido ring (V) seems desirable to potentiate the activity.

4) In the series V-a, the introduction of C1, alkyl or alkoxy groups to the 8-position leads
to potent diuretic compounds. '

5) Substituents other than H at the 4-position of the I-a series markedly reduce the
diuretic activity.

6) In the series of I-c and V-b, 4-benzyl and b-benzyl derivatives respectively give the
potent diuresis with less effect on potassium excretion.
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