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2,4-Diamino-6,7-dimethoxyquinazolines. 3. 2-(4-Heterocyclylpiperazin-1-yl)
Derivatives as o;-Adrenoceptor Antagonists and Antihypertensive Agents
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A series of 4-amino-6,7-dimethoxy-2-(4-heterocyclylpiperazin-1-yl)quinazolines (3) was prepared and screened for
a-adrenoceptor affinity and antihypertensive activity. These quinazoline derivatives showed high binding affinity
(ca. 1071° M) and selectivity (>10000) for a)-adrenoceptors in vitro, with no relevant activity at «, sites. Several
compounds displayed similar activity to prazosin (K; = 1.9 X 1071° M) while the dimethoxytriazine derivative 30
(K; = 8 X 107! M) was more potent. Like prazosin (pA, = 8.37 £ 0.24), 30 proved to be a potent (pA4, = 8.63
0.15), competitive antagonist of the o)-mediated vasoconstrictor action of norepinephrine. The high binding affinity
of series 3 is most likely due to formation, at physiological pH, of the protonated, «;-adrenoceptor pharmacophore
33, coupled with efficient hydrophobic interactions of the quinazoline 2-substituents. Computer-assisted super-
imposition of prazosin and 30 showed little structural correspondence between the furoyl and dimethoxytriazine
moleties, and specific interactions of these molecular fragments with the receptor protein appear unlikely. Series
3 was evaluated for antihypertensive activity after oral administration (5 mg/kg) to spontaneously hypertensive
rats, and blood pressure was recorded after 1 and 6 h. In vivo performance was markedly dependent on the nature
of the distal heterocyclic system and various derivatives demonstrated superior or equivalent profiles to prazosin,
with respect to both antihypertensive efficacy and duration of action.

In previous papers,? the design, synthesis, and struc-
ture—activity relationships (SARs) for two series of 2,4-
diamino-6,7-dimethoxyquinazoline derivatives (1, 2) were
described. Many of these compounds proved to be potent,
long-lasting antihypertensive agents in animals, and dox-
azosin®* (1, X = H) was chosen for clinical development.
High affinity and selectivity for «;-adrenoceptors is
characteristic of these quinazoline derivatives and several
members of series 2 proved equiactive with prazosin. It
was suggested that the enhanced basicity of the quinazoline
nucleus in 2, as compared to 1, and hydrophobic interac-
tion of the carboxamide substituents (Y, Z) dominated
receptor interactions.? Thus, it was apparent that the
carbonyl functions in 1, 2 occupied different spatial ori-
entations that did not permit a common receptor recog-
nition mode. In order to clarify further the importance
and function of these = systems, the preparation and
pharmacological properties of a series of 2-(4-heterocy-
clylpiperazin-1-yl)quinazoline derivatives, 3, are now re-
ported. For these compounds, the carbonyl moiety com-
mon to series 1, 2 is replaced by a hetercaromatic r sys-
tem,’ which also allows the influence of dipole direction
to be probed. In addition, modification of the heterocyclic
substituents (3, R!, R?) permits optimization of hydro-
phobic interactions, by analogy with SARs developed
around 2.

Chemistry

Compounds for biological evaluation were synthesized
by either of the approaches summarized in Scheme 1.6 In
route A, an appropriate N-(heterocyclyl)piperazine, 4, was
condensed with 4-amino-2-chloro-6,7-dimethoxy-
quinazoline (5) in butanol and products 14, 16, 17, 25, 29
isolated by conventional procedures. In a complementary
approach, reaction of a chloro heterocycle, 6, with 4-
amino-8,7-dimethoxy-2-piperazin-1-ylquinazoline (7) under
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similar conditions provided an efficient entry to 18-24, 26,
27, 30-32 (route B). Products from route B that contained
a labile chlorine atom in the heterocyclic ring could be
further transformed by either hydrogenolysis (15, route
C) or reaction with an appropriate amine (28, route D) as
shown in Scheme II. Final compounds were often char-
acterized as acid addition salts, although many proved to
be hygroscopic, as confirmed by elemental analysis (Table

I).

Most of the intermediates 4, 6 employed in routes A and
B either were known compounds or could be prepared by
conventional means. For example, reaction of N-formyl-
piperazine (8) with 2,4-dichloropyrimidine (9) gave inter-
mediate 10, which on treatment with sodium phenate
followed by acidic cleavage of the protecting group gave
2-phenoxy-4-piperazin-1-ylpyrimidine (11, route E, Scheme
III). Alternatively, reaction of 3-chloro-6-piperazin-1-
ylpyridazine (12) with sodium isopropoxide provided 3-
isopropoxy-6-piperazin-1-ylpyridazine (13, route F) di-
rectly.

Results and Discussion

SARs for in Vitro a-Adrenoceptor Activity. In
Table II, the effects of variation of the heterocyclic sub-
stituent in series 3 on «;- and a,-adrenoceptor binding
affinities are presented. Initial inspection of these data
confirms that no compounds display any relevant activity
at a,-sites whereas a;-adrenoceptor binding affinity is
generally within the 107° M range. Comparison of entries
14-17 indicates that these isomeric diaza aromatic deriv-
atives show similar, prazosin-like potency and that the
introduction of alkoxy (18, 19, 23, 24, 26, 29) or amino (20,
28) substituents is well tolerated. Activity was slightly

© 1987 American Chemical Society
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reduced in the 4-methylpyrimidin-2-yl derivative (21) while
incorporation of an aryl 7 system (22) reduced potency
some sixfold compared to the parent heterocycle, 14. By
contrast, activity was fully recovered with the phenoxy
analogue 25. Introduction of an additional nitrogen atom
into the pyrimidinyl systems, 14, 15, appeared to be par-
ticularly beneficial and the dimethoxy-s-triazine derivative
(30) was 2-3 times more potent than prazosin, with activity
in the 10™1* M range. Unexpectedly, the diphenoxy and
diamino analogues (31, 32) were slightly less potent than
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Figure 1. Calculated (CNDO) dipole moments for the heteroaryl
fragments in 14-17 and the furoyl unit of prazosin.

the corresponding pyrimidines.

Apart from 26, none of the novel compounds in Table
11 significantly displaced [*H]clonidine from a,-adreno-
ceptor binding sites, even at concentrations up to 10 M.
These binding data demonstrate that series 3 displays
outstanding «, /e, selectivity ratios (>10000) and that any
intrinsic affinity of the N-(heterocyclyl) piperazinyl moiety
for a,-receptors’ is completely overwhelmed by the «;-
adrenoceptor pharmacophore 33.!:2

LT
CH3C N+ r\Il
Y \Rs
=N
CH30
NH2
33

The data in Table II demonstrate that the heteroaryl
moieties in 3 provide effective replacements for the car-
bonyl function present in prazosin. The similar potency
shown by the isomeric derivatives 14-17 and prazosin
suggests that neither the magnitude nor direction of the
heteroaryl or carbonyl dipoles® (Figure 1) has any partic-
ular influence on a,-adrenoceptor interactions. However,
comparison of the results in Table II with the unsubsti-

(7) Gueremy, C.; Audiau, F.; Renault, C.; Benavides, J.; Uzan, A.;
LeFur, G. J. Med. Chem. 1986, 29, 1394,

(8) Dipoles given (CNDO) for parent heterocyclic and furoyl sys-
tems.? The influence of the piperazine nitrogen atom is as-
sumed to be common although different degrees of sp? vs. sp?
hybridization may exist.!

(9) For experimental values: Tables of Experimental Dipole
Moments, A. L. McClellan, Ed.; W. H. Freeman: San Fran-
cisco, 1963.

(10) Lumma, W. C,; Hartmann, R. D.; Saari, W. S.; Engelhardt, E.
L.; Hirschmann, R.; Clineschmidt, B. V.; Torchiana, M. L.;
Stone, C. A. J. Med. Chem. 1978, 21, 536.
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Table I. Synthetic Routes and Physical Data for Variation of Groups Het, R!, and R?

~N
CHgO
NHs

no. Het R! R? route  mp,°C  solvent® formula anal

14  pyrimidin-2-yl H H A 265-266 E C1sHy,N;0,2HCI C,H N
15  pyrimidin-4-yl H H C 261 E CysHz N;O, C.H N
16 pyridazin-3yl H H A 214-215 F CiHnN,0,HCL0.5H,0  C, H, Ne
17 pyrazin-2-yl H H A 291-293 G CsHy N,0,HC1 C,H,N
18 pyrimidin-2-yl  4-OCH, H B 202-203 H C1oHyN70; C.H N
19 pyrimidin-2-y1  4-OC,H, H B 265-269 I CyHyN,0z2HCLH,0  C, H, Nt
20 pyrimidin-2yl  4-N(CHj), H B 262-264 J CaoHpNO,HCL0.5H,0  C, H, N
21 pyrimidin-2y]  4-CH, H B 295-226 J CyoHzsN;0, C, H, N¢
22 pyrimidin-2yl  4-CeH, H B 250 K CpH,sN;0,:0.5H,0 C.H,N
23 pyrimidin-4-yl  6-OC.H, H B 939-241 J CyyHp7N;040.5H,0 C.H,N
24 pyrimidin-d-yl  6-0-i-CyH; H B 263-265 K o1 HprN-O, C,H,N
25 pyrimidin-d-yl  2-OC.H, H A 253-9254 J CpHpsN;04:0.75H,0 C,H, N
26 pyrimidin-4yl  2-OCH, 6-OCH, B 194-195 - L CaoHpsN4O, C.H N
27 pyrimidin-4-yl  6-N(CHy), H B 187-188 L CpoHyeNg0,:0.5H,0 C, H, N¢
28 pyrlmidln-4-y1 2-N(CH2CH2)20 H D 232-233 L C22H23N803 C, H, N
29 pyridazin-3-yl 6-0-i-C3H; H A 247-248 J CyHyyN;O;4 C,H,N
30  s-triazin-2yl  4-OCH, 6-OCH, B 995-226 M C16H,,N;O, HCI-H,0 C.H,N
31  s-triazin-2yl  4-OCgH, 6-0CH, B 145-150 J CaoH,sN;O, C,H N
32 s-triazin-2-yl 4NH, 6-NH, B 276-277 E Cy7H3N,,0, C.H N

@H: caled, 5.9; found, 5.4. *H: calcd, 6;1; found 5.6. ¢Contains 0.33 mol of ethanol. ¢Contains 0.5 mol of ethyl acetate. ¢E, CH;OH; F,
DMF, G, C4H,OH; H, C;H,0H; I, C,H;OH/CH,0H; J, C,H;OH; K, DMF/(C,Hj;),0; L, CH;CO,C,H; M, DMF/H,0/(C,H;),0.

Table II. Binding and Antihypertensive Activities for
4:Amino-2-(4-heterocyclylpiperazin-1-y1)-6,7-dimethoxy-
quinazoline Derivatives

%

reduction

in SHR (n

= 6) blood

pressure®

(dose, 5

mg/kg,
a-receptor binding affinity” po)

no. a® ay lh 6h
14 0.26 £ 0.08 NA 40 28
15 0.27 = 0.09 NA 21 12
16 0.40 = 0.06 NA 22 20/
17 0.18 £ 0.09 NA 7 8
18 019016 NA 15 14
19 0.32 £ 0.17 NA 34 22
20 0.27 % 0.09 NA 7 13
21 0.92 £ 0.56 NA 28 15
22 1.66 = 1.78 NA 17 17
23 0.36 = 0.18 NA 39 22
24 0.18 = 0.05 NA 55 49
25 0.24 £ 0.12 NA 19 24
26 0.18 54.2 £ 4.9 22 20
27 NT NT 8 18
28 0.31 £ 0.10 NA 18 437
29 0.29 £ 0.09 NA 39 33f
30 0.08 £ 0.03 NA 15 22
31 0.87 £ 0.03 NA 9 8
32 0.47 £ 0.07 NA ) 2 12
prazosin 0.19 = 0.02 4830 + 12804 33 29

2Rat brain homogenate preparation; all results are the mean *
SEM of at least three separate experiments performed in tripli-
cate. °K; (nM) for displacement of [*H]prazosin. °Percentage
dlsplacement of [3H]clon1d1ne at 10® M; NA indicates less than
50%. ¢K; (nM). ¢Falls in blood pressure below 10% are not sig-
nificant. /Four-hour time point, dose 3 mg/kg, po.

tuted piperazin-1-ylquinazoline!! 7 (K; = 3.3 X 108 M)
shows an increase in a,-binding affinity of at least 100-fold,

confirming that appropriate substituents in this area of
the quinazoline moleculg can have a profound effect on
receptor affinity. The wide tolerance for a range of het-
erocyclic systems in series 3 supports the view that these
substituents occupy a relatively open area on the a;-
adrenoceptor, and the major contribution to binding af-
finity relies on the expulsion of water molecules from the
receptor active site! (vide infra).

Previous studies suggested that the quinazoline cation
33 was essential for a;-adrenoceptor recognition, but di-
aminopyrimidine derivatives such as 20 do provide an
alternative protonation site. Physicocliemical measure-
ments confirm the presence of two basic centers in 20 (pK,
= 7.2, 5.9) corresponding to mono- and diprotonated
species. Literature precedent suggests coincidental bas-
icities for the quinazoline and pyrimidine fragments'? and
thus the N-1 protonated, «;-pharmacophore 33 would be
expected to exist (ca. 20%) in equilibrium with the cor-
responding pyrimidinium species (ca. 20%) at physiological
pH.1® Dication formation will be much less favored (<-
5%). The measured pK, (6.7) for 30 is almost identical
with that for prazosin (pK, = 6.8), and both compounds
also display high o-adrenoceptor binding affinities (8 X
1071 M, 1.9 X 1071 M). In addition, 30 and prazosin are
essentially equipotent, competitive antagonists (pAy: 30,
8.63 % 0.15; prazosin, 8.37 £ 0.24) of the a;-mediated va-
soconstrictor effects of norepinephrine.}* However, while
computer-assisted superimposition of 30 with prazosin

(11) Campbell, S. F. X-Ray Crystallography and Drug Action;
Horn, A. S., De Ranter, C. J., Eds.; Clarendon: Oxford, 1984;
p 347.

(12) Dissociation Constants of Organic Bases in Aqueous Solution,
Perrin, D. D., Ed.; Butterworths: London, 1965, 1972.

(13) Monoprotonation of 20 at physiological pH should be approx-
imately 40%.

(14) Rabbit pulmonary artery; slopes: 30, 1.27 £ 0.12 (n = 3);
prazosin, 1.14 £ 0.31 (n = 4). .
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Figure 2. Computer-assisted superimposition of 30 (hollow
bonds) and prazosin (solid bonds); hydrogen atoms omitted.

demonstrates the obvious equivalence of the piperazin-1-
ylquinazoline nuclei, there appears to be little structural
correspondence between the dimethoxytriazine and furoyl
moieties!® (Figure 2). Thus, while these molecular features
are particularly well accepted by the «,-adrenoceptor,
specific interaction with the receptor protein may be less
important than efficient dislocation of water molecules
from the active site.

SARs for in Vivo Antihypertensive Activity. The
compounds in Table I were administered orally to spon-
taneously hypertensive rats (SHR), and reductions in blood
pressure at 1 and 6 h are presented in Table II. The
pyrimidin-2-yl derivative (14) displayed excellent, long-
lasting efficacy with a similar profile to prazosin and was
clearly superior to the isomeric diaza analogues 15-17.
Introduction of a range of 4-substituents into 14 was
generally detrimental, although some activity was re-
covered with the propoxy derivative 19. A similar modi-
fication of the pyrimidin-4-yl series was also beneficial (cf.
15, 23) and activity was markedly improved with the 6-
isopropoxy analogue 24. Indeed, this compound displayed
superior antihypertensive efficacy to prazosin at both the
1- and 6-h time points. The outstanding in vivo perform-
ance of 24, compared to 18, 19, and 23, for example, may
be due to a reduced susceptibility of the branched alkyl
chain to metabolic O-dealkylation. In agreement, the
6-isopropoxypyridazine 29 displayed a similar in vivo
profile to prazosin whereas 30 was only moderately active,
despite demonstrating the highest o;-adrenoceptor binding
affinity in vitro. The isomeric (dimethylamino)pyrimidines
20, 27 showed modest activity in SHR, but incorporation
of a 2-morpholino substituent (28) into the latter series led
to a further improvement, particularly in duration of ac-
tion.

In summary, the data in Table IT demonstrate that many
of the quinazoline derivatives 3 are potent, effective
antihypertensive agents in SHR and that in vivo per-
formance can be optimized by appropriate structural
modification. Thus, 14, 23, 24, 28, 29 demonstrate
equivalent or superior profiles to prazosin and most likely
act by selective blockade of the postjunctional, vasocon-
strictor effects of norepinephrine.

Experimental Section

Chemistry. Melting points were determined in a Biichi ap-
paratus in glass capillary tubes and are uncorrected. Spectroscopic
data for all compounds were recorded on Perkin-Elmer 257 (IR),
AEI MS12 or VG 7070F (MS), Perkin-Elmer R12B, Varian XL
100, or Nicolet QE300 (NMR) instruments and were consistent
with assigned structures. Where analyses are indicated only by
symbols of the elements, results obtained were within £0.4% of
the theoretical values.

(15) Compound 30 was built with use of appropriate bond
lengths/angles obtained from related structures in the Cam-
bridge Crystallographic Data Base. The triazine-piperazine
torsion angle was set at 9° and further energy minimization
was not undertaken.
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Route A. 4-Amino-6,7-dimethoxy-2-[4-(2-phenoxy-
pyrimidin-4-yl)-piperazin-1-yl]lquinazoline, 0.75-Hydrate
(25). 4-Amino-2-chloro-6,7-dimethoxyquinazoline (0.8 g, 3.3 mmol)
and 2-phenoxy-4-piperazin-1-ylpyrimidine dihydrochloride (1.2
g, 4.7 mmol) were heated under reflux in butanol (50 mL) ov-
ernight. After cooling, the mixture was evaporated, and the
residue was partitioned between chloroform/methanol/saturated
aqueous sodium carbonate solution (300 mL:100 mL:50 mL). The
chloroform/methanol layer was separated, dried (Na,SO,), and
evaporated, and then the residue (1 g) was purified by chroma-
tography on silica (85 g). Elution with chloroform/methanol (100:0
— 97.5:2.5) provided a solid product which was crystallized from
ethanol to give 4-amino-6,7-dimethoxy-2-[4-(2-phenoxy-
pyrimidin-4-yl)piperazin-1-yl]quinazoline, 0.75-hydrate (0.14 g,
9%), mp 253-254 °C. Anal. (C,H,;N,040.75H,0) C, H, N.

Route B. 4-Amino-6,7-dimethoxy-2-[4-(4-phenyl-
pyrimidin-2-yl)piperazin-1-yl]quinazoline, Hemihydrate
(22). 4-Amino-6,7-dimethoxy-2-piperazin-1-ylquinazoline (3.44
g, 12 mmol) and 2-chloro-4-phenylpyrimidine (2.5 g, 13 mmol)
in butanol (250 mL) were heated under reflux for 6 h. After
cooling, the solid product was collected, washed with ether, then
partitioned between chloroform, and saturated sodium carbonate
solution. The chloroform layer was separated, the aqueous phase
was extracted with chloroform, and the combined organic layers
were washed with water, dried (Na,SO,), and then evaporated.
The residue (5.0 g) was purified by chromatography on silica gel
with chloroform and chloroform/methanol (97.5:2.5) as eluants.
The resulting solid product was crystallized from DMF /ether to
give 4-amino-6,7-dimethoxy-2-[4-(4-phenylpyrimidin-2-yl)-
piperazin-1-yllquinazoline hemihydrate (2.28 g, 42%), mp 250
°C. ‘Anal. (C24H25N702'0.5H20) C, H, N.

Route C. 4-Amino-6,7-dimethoxy-2-(4-pyrimidin-4-yl-
piperazin-1-yl)quinazoline (15). A sample (3.1 g, 7.75 mmol)
of the product from route D (a) and triethylamine (1.6 g, 14.4
mmol) in dioxane (250 mL) was hydrogenated over Pd/C at 50
°C (50 psi) for 9 h. The mixture was filtered, the catalyst was
washed with dioxane, and then the combined organic fractions
were evaporated. The residue was partitioned between sodium
hydroxide (5 N) and chloroform, and the organic layer separated,
dried (Na,S0,), and evaporated. The residue was purified by
chromatography on silica (32 g), eluting with chloroform/methanol
(100:0 — 99.5:0.5) followed by crystallization from methanol to
give 4-amino-6,7-dimethoxy-2-(4-pyrimidin-4-ylpiperazin-1-yl)-
quinazoline (0.7 g, 25%), mp 261 °C. Anal. (C\gH, N-0,) C, H,
N.
Route D. 4-Amino-6,7-dimethoxy-2-[4-(2-morpholinopy-
rimidin-4-yl)piperazin-1-yl]quinazoline (28). (a) 4-Amino-
6,7-dimethoxy-2-piperazin-1-ylquinazoline (30.0 g, 0.10 mol),
2,4-dichloropyrimidine (17.3 g, 0.12 mol), and triethylamine (20.5
g) in ethanol (1200 mL) were heated under reflux for 3 h. After
cooling, the solid product was collected, washed with hot pro-
pan-2-ol and methanol, and then partitioned between aqueous
sodium carbonate solution (10%) and dichloromethane/methanol
(95:5). The organic layer was separated, washed with water, dried
(Na,S0,), and evaporated. The residue was treated with hot
propan-2-ol and then collected to give 4-amino-6,7-dimethoxy-
2-[4-(2-chloropyrimidin-4-yl)piperazin-1-yl]quinazoline (20.0 g,
50%), mp 266 °C. Anal. (C;gH,,CIN;O,) C, H, N.

(b) A sample (2.0 g, 5.0 mmol) of the above product and
morpholine (1.1 g, 12.6 mmol) in butanol (150 mL) were heated
in a sealed bomb at 160 °C for 19 h. The mixture was then
evaporated and the residue partitioned between sodium hydroxide
(5 N) and chloroform/methanol (95:5). The organic layer was
separated, washed with water, dried (Na,S0,), and evaporated.
The residue was purified by chromatography on silica (20 g), and
elution with chloroform followed by crystallization from ethyl
acetate gave 4-amino-6,7-dimethoxy-2-[4-(2-morpholinopyrimi-
din-4-yl)piperazin-1-yl]quinazoline (0.8 g, 35%), mp 232-233 °C.
Anal. (C22H23N803) C, H, N.

2-Phenoxy-4-piperazin-1-ylpyrimidine (11). (a) 1-
Formylpiperazine (38.5 g, 0.385 mol) and triethylamine (34 g, 0.34
mol) in ethanol (500 mL) were added slowly to a stirred solution
of 2,4-dichloropyrimidine (50 g, 0.33 mol) in ethanol (2500 mL)
at room temperature. The mixture was stirred at room tem-
perature for 24 h and then evaporated and the residue partitioned
between chloroform and water. The organic phase was washed
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with water and the aqueous phase extracted with chloroform. The
combined chloroform extracts were dried (Na,SO,) and evaporated
and the residue was crystallized from ethyl acetate to give 2-
chloro-4-(4-formylpiperazin-1-yl)pyrimidine (24.0 g, 32%), mp
125-126 °C. Anal. (CyoH,,CIN,O) C, H, N. ‘

(b) A solution of sodium phenoxide (2.50 g, 22 mmol) in 1,2-
dimethoxyethane (160 mL) was treated with a sample (5.0 g, 22
mmol) of the product from (a) and then heated under reflux for
24 h. The solvent was evaporated, the residue partitioned between
chloroform (50 mL) and water (30 mL), and the aqueous phase
extracted with chloroform. The combined chloroform extracts
were dried (Na,SO,) and evaporated, and the residue was tritu-
rated with ether followed by crystallization from ethyl acetate
to give 2-phenoxy-4-(4-formylpiperazin-1-yl)pyrimidine 0.25-
hydrate (2.93 g, 47%), mp 149-151 °C. Anal. (Cy;H;N,O,
0.25H,0) C, H, N.

(c) A sample (2.6 g, 9.2 mmol) of the above product in methanol
(27 mL) and 2 N hydrochloric acid (6.9 mL) was left at room
temperature for 24 h and then heated on a steam bath for 0.5 h.
The mixture was evaporated and the residue crystallized from
propan-2-ol to give 2-phenoxy-4-piperazin-1-ylpyrimidine (1.5 g,
64%) characterized spectroscopically (12).

3-Isopropoxy-6-piperazin-1-ylpyridazine (13). 3-Chloro-
6-piperazin-1-ylpyridazine (4.0 g, 20 mmol) and sodium iso-
propoxide [from sodium (0.7 g, 30 mmol) and propan-2-ol (70 mL)]
were heated in a sealed bomb at 130-140 °C for 10 h. The mixture
was then evaporated, the residue taken up in dichloromethane
(300 mL), and the solution washed with water (2 X 50 mL). The
organic layer was dried (Na,SO,) and evaporated to give 3-iso-
propoxy-6-piperazin-1-ylpyridazine (3.3 g, 74%). A sample of the
product was converted to the dimaleate salt hemihydrate, which
was recrystallized from ethanol, mp 144-145 °C. Anal. (Cy;-
HgN,0-2C,H,0,-0.56H,0).

2-Chloro-4-propoxypyrimidine, bp 101-103 °C (14 mm), was
prepared in a similar manner from 2,4-dichloropyrimidine and
sodium propoxide at 40 °C and characterized spectroscopically.

Biology. Experimental details for evaluation of a-adrenoceptor
binding and antihypertensive activities have been detailed pre-

viously.! Okamoto SHR were used for the evaluation of 15, 16,
28, 29 and New Zealand AS genetically hypertensive rats for the
remaining compounds in Table II.
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It has been shown that agents that inhibit chloride influx'and therefore lower intracellular chloride levels in a major
cell type in cerebral gray matter, the astrocyte, inhibit agtrocytic swelling in vitro and in vivo. In our laboratories,
4-[(N-alkyl-1,3-dioxo-1H,3H-isoindolin-5-yl)oxy]alkanoic acids and related derivatives have been synthesized and
tested for ability to lower intracellular astrocytic chloride levels in an established in vitro eultured rat astrocyte
model. In general, derivatives with nitrogen substituents such as relatively small alkyl groups are active at 0.1 mM
and/or 0.5 mM levels whereas larger substituents such as cyclopentyl and cyclohexyl are less active. Halogen
substitution on the aromatic ring did not enhance activity. Derivatives with acid side chains of four carbons

demonstrated superior activity to those of two carbons.

It has been shown that cerebral swelling is due largely -
to swelling of the glial cell, the astrocyte, in the cerebral
gray matter.! Astrocytic swelling is a consequence of
increased chloride influx followed by passive influx of an
osmotic equivalent of water. Loop diuretics such as eth-
acrynic acid and furosemide markedly inhibit the influx
of chloride in both cultured rat astrocytes and those as-
sociated with intact cerebral tissue.?® In addition to the
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increased intracranial pressure that results from such
swelling, astrocytic swelling alters capillary-tissue inter-
action and is detrimental to capillary-tissue solute transfer
since astrocytes are involved in the structure of the
blood-brain barrier.*
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