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4.5; NaHCOa, 25; MgCl2,1.25; dextrose, 10; (Ca/Na2) EDTA, 0.025. 
After a cumulative dose-response curve was obtained for 1-
norepinephrine bitartrate (NE), the test compound was added 
in a volume of between 0.01 and 0.1 mL, and the cumulative 
dose-response curve for NE was again determined in the presence 
of the test compound incubated for 10 min. The test compounds 
and prazosin hydrochloride (PZ) were dissolved in dimethyl 
sulfoxide. Phentolamine mesylate (PT) and NE were diluted with 
saline. PA2 values were determined according to the method of 
Van Rossam.19 
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Some years ago, a series of amide derivatives of 2-
aminobenzoquinolizine was reported and examined for 
antihypertensive activity.1 Of particular interest from this 
series was compound 1, which showed vasodilating activity 

H ' 

Ph 

1 

and was chosen for further evaluation.2 Despite this in
terest in amides of 2-aminobenzoquinolizine, the related 
sulfonamides remained unexplored. We were therefore 
prompted to prepare a series of 2-sulfonamidobenzo-
quinolizines for evaluation as antihypertensive agents. A 
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number of these sulfonamides have shown marked anti
hypertensive activity. 

Chemistry. In initial experiments, the required in
termediate, 2-aminobenzoquinolizine (2), was prepared by 
reduction of the oxime 3 over Raney nickel (Scheme I). 
Treatment of 2, prepared in this way, with methane-
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sulfonyl chloride gave an approximately 1:1 mixture (TLC) 
of isomeric sulfonamides, which were separated by frac
tional crystallization. The IR spectra of both compounds 
showed strong "Bohlmann" bands at 2750 and 2800 cm"1, 
characteristic of a trans ring fusion at the 5,llb-positions.3'4 

Therefore, the products only differ in the stereochemistry 
at the 2-position and must possess structures 4 and 5 
(Scheme I) in which the 2-protons occupy equatorial and 
axial positions, respectively. The NMR signals for equa
torial protons in six-membered rings are well known to 
occur at slightly lower field than the equivalent axial 
protons.5 The position of the 2-proton signal has therefore 
been used previously to assign stereochemistry to isomeric 
pairs of 2-substituted benzoquinolizines.6 The XH NMR 
spectrum (in chloroform) of the low Rf isomer obtained 
above showed the 2-proton as a complex multiplet at 5 3.8, 
downfield from the unresolved aliphatic backbone protons. 
In the spectrum of the high Rf isomer, the 2-proton signal 
was assigned to a shoulder at 8 3.5 on the broad aliphatic 
backbone signals. On the basis of this chemical-shift data, 
the low Rf isomer is assigned structure 4 in which the 
2-proton is equatorial and conversely the high Rf isomer 
is assigned structure 5. Similar pairs of isomers were 
isolated from reaction of amine 2 with ethane- and ben-
zenesulfonyl chlorides. At this point it became apparent 
that biological activity was greater in the derivatives that 
were stereochemically related to 5. Accordingly, a ste
reoselective synthesis of 2 in which the amino group is 
equatorial was required. In the absence of overwhelming 
steric effects, reduction of the oxime 3 (Scheme I) should 
lead predominantly to the more stable isomer in which the 
amino group is equatorial. Because Raney nickel/hydro
gen has a large steric requirement, attack from the least-
hindered face of 3 is favored and leads to undue prepon
derance of the less thermodynamically stable (but kinet-
ically favored) unwanted axial amino compound, resulting 
in a mixture of isomers as observed above. We reasoned 
that the use of a sterically undemanding reducing agent, 
such as sodium-ethanol, to reduce 3 would favor the re
quired equatorial isomer of 2. When amine 2 prepared in 
this way was reacted with methanesulfonyl chloride, TLC 
showed almost exclusive formation of 5. This provides 
further evidence for the validity of our structural assign
ments from NMR data. In subsequent experiments, amine 
prepared by this second route was used, and all products 
are therefore assumed to possess stereochemistry analogous 
to 5. The secondary amine intermediate to compound 11 
was prepared from 2 by formylation, followed by reduction 
with lithium aluminium hydride. In addition to sulfon
amides, we also prepared examples of the closely related 
sulfamides 16-22 (Table I). These were generally pre
pared by reaction of sulfamyl chlorides with 2, except for 
compounds 14 and 20, which were prepared by reaction 
of sulfamide with the appropriate 2-aminobenzo-
quinolizine. 

Pharmacological Results and Discussion 
The antihypertensive activity of compounds in Table 

I was evaluated in DOCA/saline hypertensive rats.7'8 

(3) Bohlmann, F. Angew. Chem. 1957, 69, 641. 
(4) Crabb, T. A.; Jackson, D.; Newton, R. F. Chem. Rev. 1971, 71, 

109. 
(5) Emsley, J. W.; Feeney, J.; Sutcliffe, L. H. "High Resolution 

Nuclear Magnetic Resonance Spectroscopy"; Pergamon Press: 
London, 1966; Vol. 2, p 696. 

(6) Hanaoka, M.; Horii, Z.; Ikeda, M.; Kotera, K.; Saito, S.; Sug-
imoto, N.; Tamura, Y.; Tanaka, T.; Yamauchi, M. Chem. 
Pharm. Bull. 1966, 14, 917. 

(7) Sturtevant, F. M. Am. Heart J. 1956, 51, 410. 

Systolic blood pressure (BP) and heart rate (HR) were 
measured by an indirect tail-cuff technique.9 All com
pounds were tested initially at an oral dose equivalent to 
50 mg/kg of compound as its free base. BP and HR were 
measured at 2, 6, and 24 h, all of the compounds being 
inactive at the 24-h time point. The more active com
pounds were retested at lower doses as shown; results for 
the less active compounds at higher doses have not been 
reported. 

As already indicated, initial results obtained on com
pounds 4-7 showed that optimum cardiovascular activity 
was present in compounds in which the sulfonamide group 
is equatorial, and further discussion of structure-activity 
relationships (SAR) is confined to this latter class. The 
methane- and ethanesulfonamides 5 and 6 showed marked 
activity, but 5 was marginally more potent and longer 
acting. Further extension of the side chain to propyl (8) 
reduced activity. Interestingly, the ethanesulfonamide 12 
was more potent than the methane- or propanesulfon-
amides in the N-methylated series 11-13. The effect of 
substituents at the 9/10-positions was unfavorable in the 
two examples studied, 14 and 15. SAR for the closely 
related sulfamides 16-22 followed that observed for the 
sulfonamides, and the least substituted example 16 showed 
the greatest antihypertensive activity. 

The effect of the compounds on heart rate is notable. 
Tachycardia occurred frequently in this series and may 
reflect a reflex mediated response to lowered BP. How
ever, the severity of tachycardia does not always parallel 
the severity of BP reduction. For example, 5 elicited 
marked tachycardia at 10 mg/kg but had no effect on heart 
rate at 25 mg/kg, despite the greater fall in BP produced 
by the higher dose. Compound 5 was selected for further 
studies to define its cardiovascular profile. 

Central (icv) administration of 5 to conscious, normo-
tensive rats evoked similar decreases in BP to those evoked 
by the same dose given peripherally, but the onset of action 
was delayed. These experiments suggested that the mode 
of action was mainly peripheral. 

In anesthetized rats (ganglion blocked with pentolinium 
to maintain a stable basal BP), 5 elicited dose-dependent 
reductions in norepinephrine-induced pressor responses, 
suggesting a-adrenergic blockade or a direct action on 
vascular smooth muscle. A direct action on smooth muscle 
was ruled out, since 5 at 10~5 M neither antagonized con
tractions elicited by barium or potassium ions on the rat 
isolated perfused mesentery nor inhibited spontaneous 
myogenic contractions of the rat isolated portal vein. In 
further isolated tissue studies, 5 was devoid of 5-
hydroxytryptamine, histamine H1? and /3X- or ^-adreno
ceptor antagonist actions. 

In renal hypertensive cats implanted with aortic can
nulas10 5 decreased mean arterial pressure by 37, 46, and 
39% at doses of 5, 10, and 25 mg/kg orally. Heart rate 
rose by 25% at 5 mg/kg but was decreased by 15 and 30%, 
respectively, at the higher doses. In contrast to the effects 
observed in the cat and rat, 5 had no significant effect on 
BP but increased heart rate in conscious renal hypertensive 
dogs at 5 and 10 mg/kg. 

Species specificity and the presence of tachycardia 
precluded further development of 5 as an antihypertensive 
agent. However, continuing studies on related compounds 
have led to the discovery of agents having selective a2-
antagonist activity.11 Structure-activity relationships for 

(8) Grollman, A. Proc. Soc. Exp. Biol. Med. 1944, 57, 102. 
(9) Baum, T.; Shropshire, A. T. Am. J. Physiol. 1967, 212, 1020. 

(10) Poyser, R. H.; Shorter, J. H.; Whiting, R. L. Br. J. Pharmacol. 
1974, 51, 149P. 



Table I. Benzoquinolizines" 
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4 0 
74.2 
12.7 
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16 
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27 
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39 .5 

11 .8 
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24.7 

46.2 

21 .2 
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an t ihyper tens ive ac t . : 
DOC A/saline r a t b 

formula d 

C , 4 H 2 0 N 2 O 2 S H C l 
C , , H 2 „ N 2 0 2 S H C 1 

C l s H 2 2 N 2 0 2 S -
HC1 

C 1 5 H 2 2 N 2 0 2 S H C 1 
C l r ,H 2 4N 20 2S-HCl 
C i g H 2 2 N 2 0 2 S* 

HCl 
C 1 9 H 2 2 N 2 0 2 S H C 1 
C 1 5H 2 2N 20 2S-HC1 
C 1 6 H 2 4 N 2 0 2 S H C 1 
C H J . N J O . S -

HC1 
C 1 6 H M N 2 0 4 S -

H C 1 0 . 2 5 H 2 O 
C1 4H1 9C1N204S-

H C 1 0 . 5 H 2 O 
C ^ H ^ N . O . S -

HCl 
C I 4 H 2 , N 3 0 2 S -

HCl 
C 1 5 H 2 3 N 3 0 2 S 

HCl 
C „ H 2 7 N , 0 2 S -

H C 1 0 . 2 5 H 2 O 
C 1 7 H 2 S N 3 0 2 S-

H C 1 0 . 5 H „ O 
C w H 2 3 N 3 0 2 S -

H C 1 0 . 5 H 2 O 
C 1 5 H „ N , 0 4 S -

H C 1 0 . 5 H 2 O 

dose , 
mg/kg , 

po 

50 
75 
50 
50 
25 
10 
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25 
10 
50 
50 
50 

50 
50 
25« 

50 
25 
50 

50 

50 
10 
50 

50 

50 

50 

50 

50 

2 
10 
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* 
* 
* 
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7 
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3 

4 

4 

12 

6 

7 
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6 
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* 
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* 
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5 0 + 5 
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4 3 + 3 
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* 
* 
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* 
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* 
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* 
* 
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* 
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* 
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* 

* 

* 

* 
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° All compounds exhibited IR and ' H NMR spectra consis tent wi th t he assigned s t ruc tu re . b There were four ra ts per group in each exper imen t . c Yield of analytically 
pure material ; yields were no t opt imized. d C, H, and N analyses were wi th in ±0.4% of theore t ica l values for the formulas given. e Means ± SE; all results were analyzed for 
statistically significant differences from cont ro l values using analysis of variance; nonsignificant values (p > 0 .05) are indica ted by an asterisk, f Decompos i t ion . g Toxic at 
50 mg/kg. 
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the agents having this new pharmacological activity will 
be the subject of a future communication. 

Experimental Section 
Melting points were obtained on a Reichert microscope heating 

stage and are uncorrected. IR spectra were obtained as Nujol 
mulls with a Perkin-Elmer Model 521 spectrophotometer. NMR 
spectra were determined on a Varian EM 360 instrument. C, H, 
and N analyses were within ±0.4% of theoretical values. TLC 
separations were performed on Merck silica gel 60 F264 plates 
(0.25-mm thickness) and were visualized under UV light. 

1,3,4,6,7,1 lba-Hexahydro-2.ff-benzo[a ]quinolizin-2a- and 
-2£-ylamine (2). Method A. A suspension of the oxime hy
drochloride 31 (8.2 g, 0.0324 mol) in a mixture of 200 mL of ethanol 
and 200 mL of H20 was basified to about pH 12 with 50% NaOH. 
The mixture was stirred vigorously and maintained below 30 °C 
while nickel-aluminium alloy powder (50% Ni, 8.2 g) and 20 mL 
of 50% NaOH were added concurrently over 5 min. The mixture 
was stirred for an additional 2.5 h and then filtered, and the 
ethanol was removed from the filtrate by evaporation in vacuo. 
The aqueous residue was extracted with four 100-mL portions 
of CHC13. The extracts were dried and evaporated, and the 
residual oil was dissolved in 10 mL of ethanol, acidified with 
ethanolic HC1, and diluted with 30 mL of EtOAc to precipitate 
the crystalline dihydrochloride (6.8 g, 76.5%). 

1,3,4,6,7,1 lb«-Hexahydro-2if-benzo[a ]quinolizin-2/?-yl-
amine (2). Method B. Sodium chips (165 g) were added over 
1 h to a vigorously stirred refluxing solution of oxime 3-HCI (98 
g, 0.39 mol) in 1650 mL of ethanol. After the addition was 
complete, stirring and refluxing were maintained for an additional 
3 h. The solvent was then evaporated in vacuo, and the residue 
was diluted with H20 and extracted with ether. The extract was 
dried and evaporated to yield the title compound, which was 
converted to the dihydrochloride (86.7 g, 81.5%) as described in 
the previous preparation. 

JV-( 1,3,4,6,7,1 lba-Hexahydro-2H-benzo[a ]quinolizin-2£-
yl)formamide. Acetic anhydride (43.5 mL) was added at room 
temperature to a stirred solution of amine 2 base (31.2 g, 0.0876 
mol), obtained by method B, in 75 mL of formic acid. After 
stirring for an additional 1.75 h, the mixture was heated at reflux 
for 2.5 h. The solvent was then evaporated in vacuo, and the 
residue was treated with 600 mL of sodium carbonate solution 
(10%) and extracted with CH2C12. The extract was dried and 
evaporated, and the residue was crystallized from ethanol-hexane 
to give the title compound (26.9 g, 75.8%) mp 152-154 °C. Anal. 
(C14H18N20) C, H, N. 

JV-( 1,3,4,6,7,1 lba-Hexahydro-2H-benzo[a ]quinolizin-2#-
yl)methylamine. A solution of the above formamide (26.9 g, 
0.117 mol) in 400 mL of dry THF was added slowly to a stirred 
suspension of lithium aluminium hydride (15.3 g, 0.4 mol) in 300 
mL of dry THF. The mixture was heated at reflux for 24 h under 
nitrogen and then decomposed by the dropwise successive addition 
of 15 mL of H20,15 mL of 4 N NaOH, and 45 mL of H20. After 
filtration, the solution was evaporated in vacuo to give the title 
compound as an oil (20.6 g, 81.6%). A sample converted to the 
hydrochloride in ethanol gave mp 248-251 °C dec. Anal. (C14-
H20N2-2HC1) C, H, N. 

JV-(l,3,4,6,7,llba-Hexahydro-2.ff-benzo[a]quinolizin-2a-
yl)methanesulfonamide (4 and 5). Method C. The amine 
dihydrochloride 2 (1.38 g, 0.005 mol) obtained by method A was 
suspended in a stirred, ice-cooled mixture of triethylamine (2.8 
mL, 0.02 mol) and 10 mL of CH2C12. To the above suspension 
was added dropwise a solution of methanesulfonyl chloride (0.63 
g, 0.0055 mol) in 2 mL of CH2C12. The mixture was stirred at 
room temperature for 1 h, then poured into water, and the CH2C12 
layer was separated, dried, and evaporated to yield an oil con
taining equal amounts of 4 and 5: TLC (toluene/ethanol/am-
monia, 80:20:1) Rf 0.40 and 0.54. The oil was dissolved in 10 mL 
of a 1:1 mixture of ethanol and EtOAc; on acidification with 
ethanol-HCl, 4-HC1 separated (0.56 g, 35.5%). The mother liquors 
were evaporated, basified, and extracted with CHC13. The extract 
was dried and evaporated, and the residue was crystallized from 

(11) Lattimer, N.; Rhodes, K. F.; Ward, T. J.; Waterfall, J. F.; 
White, J. F. Br. J. Pharmacol. 1982, 75, 154P. 

acetonitrile to give 5 (0.2 g, 14.6%). 
iV-(l,3,4,6,7,llba-Hexahydro-2H-benzo[a]quinolizin-2/8-

yl)methanesulfonamide (5). Method D. The amine di
hydrochloride 2 (5.5 g, 0.02 mol) obtained by method B was 
dissolved in a stirred, ice-cooled mixture of K2C03 (11 g, 0.08 mol), 
H20 (40 mL), and CH2C12 (40 mL). To the above mixture was 
added dropwise methanesulfonyl chloride (3 g, 0.026 mol) over 
5 min. After stirring for a further 0.5 h, the organic phase was 
separated, dried, and evaporated to yield a residue containing 
essentially a single product (TLC). The product was dissolved 
in 12 mL of ethanol and acidified with ethanol-HCl to precipitate 
5-HC1 (4.27 g, 67.5%), identical by TLC and spectroscopic com
parison with the high Rf isomer from method B. 

JV-(l,3,4,6,7,llba-Hexahydro-2Jff-benzo[a]quinolizin-2|8-
yl)sulfamide (16). Method E. A solution of amine 2 (2.26 g, 
0.011 mol) obtained by method B and sulfamide (1.34 g, 0.014 
mol) in 50 mL of 1,2-dimethoxyethane was heated at reflux for 
21 h. The clear supernatent solution was decanted free from a 
black tar and evaporated in vacuo. The residue was dissolved 
in 25 mL of CH2C12 and washed with two 15-mL portions of H20; 
on standing, the title compound crystallized from solution (0.9 
g, 29.7%), mp 192-193 °C, and was converted to the hydrochloride 
with ethanol-HCl (0.71 g, 20.3%). 

DOCA Hypertensive Rat Assay. Female Charles River rats 
(50-70 g) were rendered hypertensive by subcutaneous implan
tation of deoxycorticosterone acetate (DOCA) pellets (30 mg) and 
unilateral nephrectomy under halothane anesthesia. The drinking 
water was replaced with 0.9%, w/v, saline for the subsequent 4 
weeks. After an additional 2 weeks, systolic blood pressures were 
measured in a 37 °C constant-temperature housing by a tail-cuff 
technique. Tail pulses were detected by a pneumatic pulse 
transducer (Narco Biosystems) and recorded on a Devices MX2 
recorder. Rats with systolic pressures below 155 mmHg were 
discarded. 

Groups of four hypertensive rats were dosed orally with the 
test substance in 0.5% (hydroxypropyl)methylcellulose/0.9% 
saline vehicle (10 mL/kg) or vehicle alone. Blood pressures were 
recorded before dosing and at 2, 6, and 24 h after dosing. Heart 
rates were derived from the pulse traces. Results were appraised 
statistically by an analysis of variance. 

Central and Peripheral Administration to Conscious 
Normotensive Rats. Rats were prepared with chronically im
planted brain cannulas.12 Blood pressure and heart rate were 
recorded from a carotid arterial cannula. Groups of four rats were 
given 5 (2 mg/kg) in saline vehicle either via the brain cannula 
(icv) or via the arterial cannula (ia). Control groups were given 
vehicle alone, 10 ML (icv) or 1 mL/kg (ia). 

Ganglion-Blocked Rats. Rats were anesthetized with sodium 
pentobarbitone (60 mg/kg ip). A carotid artery and jugular vein 
were cannulated for the recording of blood pressure and the 
administration of compounds, respectively. Ganglion blockade 
was induced with pentolinium (5 mg/kg), and periodic challenges 
with nicotine (100 Mg/kg) were made to ensure maintenance of 
the blockade. Response curves to norepinephrine were made 
before and 15 min after single doses of 5 (1,10, and 50 mg/kg). 

Renal Hypertensive Cats. Cats were prepared with chron
ically implanted aortic cannulas and made hypertensive by in
ducing perinephritis with cellophane.10 Gelatine capsules filled 
with lactose or 5 (5, 10 or 25 mg/kg) were administered orally. 
Blood pressure and heart rate were recorded continuously. 
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A series of substituted (£)-3-(4-oxo-4ff-quinazolin-3-yl)-2-propenoic acids was prepared and evaluated in the rat 
passive cutaneous anaphylaxis (PCA) test for antiallergic activity. Alkoxy, alkylthio, and isopropyl substituents 
at the 6- or 8-positions provided highly potent compounds. Conversion to the Z isomer, reduction of the side chain 
double bond, or reduction of the quinazoline ring resulted in substantial loss of activity. Among the analogues that 
exhibited oral activity in the PCA test, (E)-3-[6-(methylthio)-4-oxo-4#-quinazolin-3-yl]-2-propenoic acid (5i) was 
the most potent. 

Disodium cromoglycate (DSCG) is the only antiallergy 
drug currently available for the prophylactic treatment of 
bronchial asthma believed to act by inhibiting the release 
of mediators of allergic reactions from sensitized mast cells. 
Since the introduction of DSCG, which is not orally active, 
numerous compounds that have similar pharmacological 
properties but are orally active in animal models have been 
described in the scientific literature.1 

Several recent publications,2,3 have disclosed the an
t ia l lergic ac t iv i ty of s u b s t i t u t e d py r ido [2 , l -6 ] -
quinazolinecarboxylic acids (1). We describe here a new 
series of potential antiallergy agents, the CE)-3-(4-oxo-4if-
quinazolin-3-yl)-2-propenoic acids (5), which can be con
sidered bicyclic analogues of 1. 

COOH 

1 , R = 2 - 0 C H 3 , 2 -CH(CHj ) 2 

C h e m i s t r y . The (£)-3-(4-oxo-4tf-quinazolin-3-yl)-2-
propenoic acids (5) were prepared as shown in Scheme I. 
The crucial intermediates required were the quinazolin-
4(3H)-ones (3) and the methyl ester of 3-chloro-2-propenoic 
acid. The substituted anthranilic acids (2) needed for the 
preparation of the quinazolin-4(3i/)-ones were prepared 
either by literature procedures or as described under Ex
perimental Section. Special attention was given to de
velopment of an efficient procedure for the synthesis of 
2-amino-5-(methylthio)benzoic acid (8), which is the in
termediate needed for the preparation of the most potent 
analogue (5i). Initially, 8 was prepared (Scheme II) by 
catalytic hydrogenation of 7, which required several cat
alyst loadings. During the course of this work we examined 
the reported4 reaction of 6 with 1 equiv of sodium sulfide 
in base, followed by methylation with dimethyl sulfate to 
give 7. In the presence of excess sodium sulfide, a facile 
reduction also occurred, providing an extremely efficient 
conversion of 6 directly to 8. Heating the anthranilic acids 
(2) with formamide5 gave the quinazolin-4(3H)-ones (3, 
Table I). 
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Two different literature methods were used to prepare 
the required 3-chloro-2-propenoic acids (Scheme III). 
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