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hydroxyapatite, and gel filtration (details to be published else- 
where). The K,,, values for ATP and PI for this PI  kinase 
preparation were 47 and 105 pM, respectively, and the specific 
activity was 25 nmol of PIP formed min-I mg-'. 

PI 4-kinase was assayed in a buffer containing 0.3% (w/v) 
Triton X-100,100 pM [ Y - ~ ~ P J A T P  (50000 cpm nmol-'), 200 pM 
PI, 1 mM dithiothreitol, 15 mM Mgcl,, 1 mM EGTA, 0.1 M NaCl, 
and 50 mM HEPES (pH 7.4,30 "C) in a total volume of 0.2 mL. 
Reactions were linear over the time period used. The incubations 
were terminated by the addition of 0.75 mL of CHCl,/MeOH/ 
concentrated HC1 (40:801). Two phases were obtained by the 
addition of 0.25 mL of CHC13 and 0.1 M HCl, and the organic 
phase was washed twice with 0.5 mL of CHC13/MeOH/0.1 M HCl 
(3:4847). A 200-pL portion of the resulting organic phase was 
then counted for 32P radioactivity. To confirm that the assay 
monitored specifically the formation of PI 4[32P]P, the organic 
phase obtained as described above was dried under vacuum, the 

phospholipids were deacylated with MeNH2, and the products 
were analyzed by ion-exchange HPLC on a partisphere wax 
column as described previously.6 At  least 95% of the 32P was 
found to co-migrate with authentic l-(sn-glycer-3-ylphospho)-~- 
myo-inositol 4-phosphate. 
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An approach to the design of potential combined antithrombotic-antihypertensive agents is described. A series 
of 1,4-dihydropyridines bearing a lH-imidazol-l-yl or pyrid-3-yl substituted side chain in the 2-position were synthesized 
and tested for antihypertensive activity in spontaneously hypertensive rats and for inhibition of TXAz synthetase 
in rabbit platelets, in vitro. 1,4Dihy&e2-( l H - i m i d a z o l - 1 - y l m e t h y l ) ~ m e t h y l - 4 - ( 3 - ~ ~ o p h e n y l ) p y r i d i n ~ 3 , ~ ~ ~ ~ ~ ~  
acid 3-ethyl 5-methyl diester (1) was shown to be similar in potency to nitrendipine as an antihypertensive agent. 
Compound 1 inhibited TXAz synthetase in rabbit and human platelets in vitro and reduced plasma TXB2 levels 
in rats at antihypertensive dose levels. The reductions in thromboxane production observed in vivo and in vitro 
were accompanied by enhanced levels of 6-KPGF1,, reflecting diversion of the arachidonic acid cascade toward 
prostacyclin synthesis. 

Hypertension is an important risk factor for a variety 
of cardiovascular disorders. With the availability of ef- 
fective antihypertensive agents, therapy for marked and 
moderate hypertension is now routine. Although effective 
antihypertensive therapy reduces the incidence of car- 
diovascular related morbidity and mortality in previously 
hypertensive patients, the level of risk is not entirely re- 
duced to that present in normotensive subjects. For ex- 
ample, extensive trials of antihypertensive drug therapy 
in hypertensive patients have shown a significant reduction 
in the incidence of stroke, congestive heart failure, and 
renal damage but little or no reduction in coronary artery 
disease (CAD) and associated myocardial infarction or 
sudden death.' Given the present availability of safe and 
effective antihypertensive agents with relatively few 
side-effects, further advance may require the development 
of agents having additional properties capable of reducing 
the incidence of CAD related events. One such approach 
would be to design a combined antithrombotic-antihy- 
pertensive agent. 

CAD is characterized by the presence of atherosclerotic 
plaque on the coronary blood vessel wall. Acute myo- 
cardial infarction is believed to be initiated by plaque 
disruption and exposure of underlying collagen which 
stimulates platelet aggregation leading to  thrombus for- 
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mation and vasospasm due to release of vasoactive sub- 
stances from the aggregating platelets., Recent studies 
have highlighted the role of prostaglandins in 
Thromboxane A2 (TXA,) is synthesized in platelets by the 
action of TXA, synthetase on prwtaglandin endoperoxides 
and is one of the products released during platelet ag- 
grega t i~n .~  TXA, has been shown to be a potent vaso- 
constrictor and platelet-aggregating agent and these pro- 

(1) (a) Rose, G. Am. Heart. J .  1987, 114, 1013. (b) Sever, P. S. 
Trends Pharmacol. Sci. 1986, 7, 134. 

(2) Feldman, R. L. Am. J.  Cardiol. 1987,59, 1187. 
(3) Cross, P. E.; Dickinson, R. P. Annu. Rep. Med. Chem. 1987, 

22, 95. 
(4) Gerrard, J. M. Prostaglandins and Leukotrienes; Brinkhous, 

K. M., Ed.; Marcel Dekker, Inc.: New York, 1985; pp 217-238. 
(5) Hamberg, M.; Svensson, J.; Samuelsson, B. Roc.  Natl. Acad. 

Sci. U.S.A. 1975, 72, 2994. 
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thrombotic actions may be implicated in CADa6p6 Inhib- 
ition of TXAz release by inhibition of TXAz synthetase 
is therefore of potential value for the prophylactic treat- 
ment of CAD. In addition, selective inhibition of TXAz 
synthetase redirects prostaglandin endoperoxides to the 
synthesis of prostacyclin, a powerful platelet-aggregation 
inhibitor and vasodilator.68 Following an early obser- 
vation that imidazole inhibited TXAz synthetase? a num- 
ber of laboratories have developed 1-substituted imidazole 
derivatives showing potent and selective TXAz synthetase 
inhibiting activity.'*lZ It has also been demonstrated that 
the 1-imidazolyl group may be replaced by 3-pyridy1.l' 

Clinical studies have been reported on dazoxiben,13 
da~megrel, '~ OKY-1581,15 and OKY-04616 (Chart I). In 
general these compounds do not have antihypertensive 
activity although dazmegrel is reported to lower blood 
pressure in spontaneously hypertensive rats at high doses." 
However, given the potent vasoconstricting action of TXAz, 
the possibility of a synergistic effect of TXAz inhibition 
of blood pressure was envisaged when combined with 
antihypertensive activity in a single molecule. 

The general structural requirements for TXAz synthe- 
tase inhibiting activity in this class of compounds consists 
of a basic heterocyclic ring and a polar, generally carboxyl, 
functionality separated by a wide variety of structural 
components such that the distance between the basic 
center and the polar function is about 8.5-10 A."J2 We 
felt that these relatively nonspecific structural require- 
ments might be incorporated into a known antihyperten- 
sive structure without loss of TXAz synthetase inhibiting 
activity. In particular we were attracted to the possibility 
of combining these structural components with a calcium 
antagonist of the dihydropyridine (DHP) type, typified by 
nitrendipine (Chart 1I).l8 
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Because of their potency and selectivity for vascular 
smooth muscle, DHP calcium antagonists are important 
compounds for the treatment of hypertension and angi- 
na.18120 In the longer term, calcium antagonists have a 

(18) (a) Nitrendipine; Scriabine, A., Vanou, S., Deck, K., Eds.; 
Urban and Schwarzenberg: Baltimore-Munich, 1984. (b) 
Buhler, F. R.; Frohlich, E. D.; Distler, A.; MacGregor, G. A.; 
Triggle, D.; Zanchetti, A. J. Cardiovasc. Pharmacol., Suppl. 
4 .  1988, 12. 
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Table I. Dihydropyridines" 

Archibald et  al. 

Et Me CH, Im 3-N02 i-PrOH-MeOH 223-225 B 0.03 51 (3) 38 (2) 1 

2 
3 
4 
5 

6 

7 

8 
9 

10 
1 1  
12 

13 
14 

15 
16 

17 
18 

19 

20 

Et Et  CHZCHZ 
Et  Me CHzO 
Et  Me CHzOCH, 
Et  Me CHzOCHr 

Et  Me CH20CHr 

Me Me CH2 

Et  E t  CH, 
Me E t  CH, 
Et i-Pr CH2 

E t  Me CH, 

CH2 

CHZ 

E t  t-Bu CHp 

Et  Et  CHzCHz 
Et  Me CH, 

Me E t  CH, 
Et  Me CH2 

Me E t  CH2 
Et  Me CHI 

Et  Me CH, 

Et  Me CH2 

nitrendipine 
dazoxiben 

Im 3-N02 
Py 
Py 
Py 

Im 3-NO2 

Im 3-NO2 

Im 3-N02 
Im 
Im 3-N02 
Im 3-N02 
Im 2-N02 

Im 2-N02 
Im 2-OCHF2 

Im 2-OCHFz 
Im 2-C1,3-CF3 

Im 2-C1,3-CF3 
Im 2-C1 

Im 2,3-C12 

Im 2,-C1,6-F 

EtOH-EbO 

EtOH-EbO 
EtOH-EbO 

EtOAc-Et20 

EtOAc 

MeOAc 

EtOAc-EtOH 
i-PrOH-MeOH 
EtOH 
EtOAc-EtOH 
i-PrOH-MeOH 

EtOH 
Et20  

EtOAc-MeOH 
EtOAc-MeOH 

EtOAc-MeOH 
EtOAc 

EtOAc 

i-PrOH-MeOH 

174-175 
201-203 

175-177 

199-201 

223-224 

132-137 
204-207 
115-117 
150-156 
156-157 

142-143 
166-168 

155-157 
187-190 

139-141 

19G193 
127-130 

186-187 

227-229 

C 
D 
A 
A 
A 

A 

C 

B 
B 
B 
B 
B 

D 
B 

C 
B 

C 
B 

C 

B 

18 
60 
41 
33 
35 
31 

29 

25 

18 
14 
8 
14 
16 

30 
5 

53 
19 

60 
11 

12 

12 

0.003 
0.03 
0.03 
0.03 
0.03 

0.03 
0.003 
0.03 
0.003 
0.03 
0.03 
0.03 
0.03 
0.03 
0.003 
0.03 
0.03 
0.003 
0.03 
0.03 
0.003 
0.03 
0.03 
0.003 
0.03 
0.003 
0.03 
0.003 
0.03 
0.15 

34 (4) 28 (9) 
40 (5) NS 
31 (2) 17 (2) 
18 (5) NS 
40 (6) NS 

56 (4) 42 (7) 
NS NS 
42 (3) 27 (2) 
NS NS 
47 (7) 13 (5) 
NS NS 
21 (9) 19 (5) 
NS NS 
59 (3) 56 (2) 
44 (4) 14 (3) 
37 (3) NS 
55 (3) 48 (2) 
NS NS 
48 (4) 31 (5) 
60 (3) 52 (5) 
16 (1) NS 
31 (4) 15 (7) 
56 (0) 48 (4) 
NS NS 
54 (3) 49 (3) 
40 (1) 20 (3) 
48 (4) 35 (4) 
NS NS 
39 (9) 33 (7) 
NS NS 

5 

11 
12.8 
1.4 

72 

115 

11.8 

1.4 
2.2 
2 

23 
3.2 

2.3 
1.1 

25 
16 

125 
0.5 

13 

19.5 

lo00 
2.5 

a All compounds exhibited IR and 'H NMR spectra consistent with the assigned structure. *Mean percent fall in systolic blood pressure: standard errors of 
the mean (SEM) are indicated in parenthesis. All results were analyzed for statistically significant differencea from control by analysis of variance, nonsignificant 
values 0, > 0.05) are indicated by NS. C, H, and N analyses were within *0.4% of the theoretical valuea for the formulae given. dMolar concentration required 
to produce a 50% reduction in maximal stimulated release of thromboxane A, (TXA), from rabbit platelet. eQuarter hydrate. /Half hydrate. gH: calcd, 5.55; 
found, 5.08. Hydrate. I Succinate. J Maleate. 

potentially protective role in atherosclerosis,21 and incor- 
poration of an antithrombotic component could be syn- 
ergistic in further reducing morbidity and mortality among 
treated hypertensives and others with CAD. This ap- 
proach received further support from a report of synergism 
between calcium antagonists and TXA2 synthetase inhib- 
itors, or prostacyclin, in terms of platelet antiaggregatory 
activity which appeared following initiation of this project 
in our laboratories.22 

We also noted that this class of compounds contain ester 
groupings which could provide the desirable polar func- 
tionality present in previously reported TXA2 synthetase 
inhibitors. In one approach to our goal of a combined 
antihypertensive-antithrombotic agent, we synthesized a 
series of analogues related to nitrendipine bearing a het- 
eroarylalkyl substituent at the 2-position of the dihydro- 
pyridine ring. These studies led to the discovery of a 
number of compounds possessing both marked antihy- 

(19) Van Houte, P. M.; Cohen, R. A. Am. J. Cardiol. 1983,52,99A. 
(20) Weiner, D. Therapy of Angina Pectoris; Weiner, D., Frishman, 

W. H., as.; Marcel Dekker Inc.: New York, 1986; pp 145-204. 
(21) Hughenholtz, P. G.; Lichtlen, P. Eur. Heart. J .  1986, 7, 546. 

Henry, P. D. Circulation 1985,72,456.  Fleckentein, A.; Frey, 
M.; Zorn, J.; Fleckenstein-Grun, G. Trends Pharmacol. Sci. 
1987, 8, 496. 

(22) Onoda, J. M.; Sloane, B. F.; Honn, K. V. Thromb. Res.  1984, 
3 4 ,  367. 

pertensive activity and TXA2 synthetase inhibiting ac- 
tivity. 

Chemistry 
The compounds listed in Tables I and I1 were prepared 

by four general methods illustrated in Schemes I and 11. 
@-Keto esters bearing a heterocyclic side chain were 
available by reaction of ethyl 4-chloroacetoacetate sodium 
enolate with sodium imidazolide or the sodium salt of a 
heterocyclic alcohol or phenol (Scheme I). Hantzsch type 
condensationa of these keto esters with a benzylidene keto 
ester and ammonia gave a mixture of DHPs bearing one 
or two heterocyclic side chains a t  the 2-position or 2,6- 
positions (route A, Scheme 11). In a further variant of the 
Hantzsch condensation, ethyl 4-imidazolylacetoacetate was 
treated with a substituted benzaldehyde and methyl 3- 
aminocrotonate to give a 2-(imidazolylmethyl)-substituted 
DHP (route B). Routes A and B proved versatile but low 
yielding and accordingly other approaches to our target 
structures were examined; in particular, we sought im- 
provements in routes to 2-(imidazolylmethyl) DHPs. This 
led to an alternative approach, route C, in which chloro- 
benzylidene derivatives, available by Knoevenagel con- 

(23) For a review of the Hantzsch synthesis and related condensa- 
tions, see: Kuthan, J.; K u h t ,  A., Znd. Eng. Chem. Prod. Res. 
Deu. 1982, 21, 191. 
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Table 11. Bis-Heterocyclic Substituted Dihydropyridines" 

Q"" 

Het-A A-Hef 
I 

H 

TXAz 
% bpb crystn % dose, PO, inhibxd 

compd R' RZ A-Het solv mp, "C method yield formulac mmol/kg 2 h 6h ICm,bM 

169-171 A 25 C3,H3zN408.2HClg 0.03 NS NS NTj 23 Et Et cH,wH,* - 

132-134 A 30 C33H36N408.2HClh 0.03 NS NS NT 
CH20CH,CH, 

24 Et Et 

a-hSee footnotes to Table I. 'See the Experimental Section. jNot tested. 

densation of methyl or ethyl 4-chloroacetoacetates with 
a benzaldehyde, were condensed with an aminocrotonate 
and the intermediate chloromethyl DHP was reacted with 
imidazole. Route C was high yielding and could be applied 
to compounds in which the ester functions were unsym- 
metric. Route D utilized a Mannich base derived from a 
preformed DHP which was then subjected to base-cata- 
lyzed displacement with imidazole to give 2- (imidazolyl)- 
ethyl derivatives. 
Pharmacological Results and Discussion 

Antihypertensive activity was determined in spontane- 
ously hypertensive rats (SHR). Systolic blood pressure 
(BP) was measured by an indirect tail-cuff technique. All 
compounds were tested at an oral dose of 0.03 mmol/kg; 
BP was measured at  2- and 6-h time points. The more 
active compounds were retested at 0.003 mmol/kg. A 
measure of TXA, synthetase inhibition was obtained by 
determining the ability of compounds to inhibit release of 
the TXA, degradation product thromboxane B2 (TXB,) 
in rabbit platelets aggregated by addition of adenosine 
diphosphate and epinephrine. 

Antihypertensive activity among the Hantzsch type 
DHPs is critically dependent on the nature of the 4-aryl 
substituent. Since the presence of a 3-nitrophenyl sub- 
stituent in the 4-position confers good antihypertensive 
activity on a number of DHPs, we initially examined 
analogues in which this feature was retained while the 
nature of the ester and heterocyclic side chain was varied. 
As may be seen from Table I, introduction of an imidaz- 
olylmethyl side chain at  the 2-position of a DHP gave a 
compound (1) which combined good antihypertensive ac- 
tivity and TXA, synthetase inhibiting activity similar in 
potency to dazoxiben. Antihypertensive activity of ana- 
logues related to l declined as the A chain increased from 
one to three atoms (1-4) but was partially restored for the 
four atom chain analogues (5, 6). This observation may 
reflect increasing steric hindrance to binding at the calcium 
channel as the chain increases, up to the point where the 
chain becomes sufficiently long (four atoms) for the aro- 
matic heterocyclic ring to fold away from the DHP ring. 
On the other hand, TXA, synthetase inhibiting activity 
was retained for A-chain lengths from one to three atoms 
but fell markedly when the chain reached four atoms. 
Introduction of a second heteroalkyl side chain at  the 
6-position (Table 11) gave analogues devoid of significant 

Table 111. Effect of Compounds on Plasma Levels of TXBz and 
6-KPGF', in Rats 2 h after Oral Administration 

dose, 
compound mg/kg n TXB," 6-KPGF,," 

vehicle 13 572 f 79 
1 0.3 10 484 f 33 

1 10 402 f 88 
3 10 330 f 62* 

10 10 280 f 346 
dazoxiben 3 10 384 f 606 

10 10 270 f 41b 
nitrendipine 3 10 564 f 57 

10 10 562 f 120 

37 f 13 
22 f 5 
NT 
68 f 27 
94 f 40 
86 f 20 
202 f 1196 
62 i 24 
60 f 25 

Plasma concentration expressed as pg/mL, values are mean f 
SEM. 

antihypertensive activity, at the dose level tested, though 
retaining TXA, synthetase inhibition. Variation of the 
ester function within compounds 1 and 7-11 revealed that 
optimum antihypertensive activity was obtained in the 
unsymmetric ethyl methyl ester 1 in which the larger ester 
group is adjacent to the imidazole side chain. This ob- 
servation agrees with previous studies showing unsym- 
metric esters to be more potent than their nearest sym- 
metric analogues. However, we were surprised to observe 
that the reversed ester 9 showed greatly reduced antihy- 
pertensive activity relative to its isomer 1. This marked 
difference was also observed for other corresponding pairs 
of unsymmetric esters within our series such as compouds 
14/ 15 and 16/ 17. TXA, synthetase inhibiting activity was 
relatively insensitive to changes in the ester functions. 

Having established that the optimum values for the ester 
and side chain substituents were those present in com- 
pound 1, these were retained while the 4-substituent was 
varied (compounds 12-20). Variation of the 4-substituent 
gave a number of highly potent compounds in both of our 
test procedures although no general trends were observed. 

A number of compounds were selected for further 
evaluation and results for 1 are shown in Tables I11 and 
IV. In normotensive rats, 1 produced a dose-related de- 
crease in plasma TXBz levels over the range 0.3-10 mg/ kg 
and at 3 and 10 mg/kg raised plasma levels of the pros- 
tacyclin degradation product 6-ketoprostaglandin F1, (6- 
KPGF,,) (Table 111). The effects of 1 on TXB, and 6- 
KPGF,, release in human platelet-rich plasma (PRP) 
following aggregation by collagen was also determined 
(Table IV). Compound 1 (10-7-10-3 M) produced a con- 

Statistically different from controls (p < 0.05). 
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overnight and the solvent was then evaporated. The residue was 
poured as a thin stream onto a mixture of concentrated hydro- 
chloric acid (13.2 g) and ice-water (150 9). The mixture was 
extracted with CHCl,; the extract was washed with brine, dried 
(MgSO,), and evaporated. The residual oil was purified by 
chromatography on silica using CHC13-MeOH (96:4) as eluent 
to give an oil (17.4 g, 56%). A sample (2.6 g) was dissolved in 
EtOAc and treated with a solution of oxalic acid dihydrate (1.26 
g) in EtOAc to precipitate the oxalate salt: 2.7 g; mp 66-68 "C; 

(2 H, q, OCH2CH3), 4.25 (2 H, s, OCHzCO), 7.4 (1 H, m, 5-H), 
7.78 (I H, m, 4-H), 8.5 (2 H, m, 2,6-H), and 10.7 (2 H, br, H+); 
IR 1747,1631,1554,1322, and 805 cm-'. Anal. (C,,H,,NO,) C, 
H, N. 
1,4-Dihydro-2-methy1-4-(3-nitrophenyl)-6-[ (2-pyrid-3-yl- 

ethoxy)methyl]pyridine-3,5-dicarboxylic Acid 3-Methyl 
5-Ethyl Diester Hydrochloride (5) and 1,4-Dihydro-4-(3- 
nitrophenyl)-2,6-bis[ (2-pyrid-3-y1ethoxy)methyllpyridine- 
3,5-dicarboxylic Acid Diethyl Ester Dihydrochloride (24). 
Method A. A solution of the base of 28 (3 g, 0.01 mol), methyl 
(3-nitrobenzy1idene)acetoacetate (3 g, 0.0075 mol), and concen- 
trated aqueous ammonia (2 mL) in 50 mL of EtOH was heated 
at reflux for 6 h. The solvent was then evaporated and the residue 
was partitioned between EgO and 2 M hydrochloric acid. The 
aqueous phase was basified with aqueous ammonia, extracted with 
CHC1, and the extract was dried over NazS04. The extract was 
evaporated and the residue was subject to chromatography on 
silica using EtOAc as eluent to give 2.7 g of 5. The base was 
dissolved in EtOAc, acidified with ethanol-HC1, and diluted with 
EgO to precipitate the hydrochloride: 2 g (31%); mp 175-177 

s, 2-CH3), 3.1 (2 H, t,  CHzCH20), 3.6 (3 H, s, OCH3), 3.8 (2 H, 
t, CH2CHzO), 4.05 (2 H, m, CHzO), 4.65 (2 H, q, OCHzCH3), 5.03 
(1 H, s, 4-H), 7.55 (2 H, m, ArH), 8.0 (3 H, m, ArH), 8.47 (1 H, 
m, ArH), and 8.75-9.05 (3 H, m, ArH + NH); IR 1710,1680,1528, 
1205,1100, and 780 cm-'. Further elution using EtOAc/EtOH 
(4:l) gave 0.85 g of 24 (30%); treatment of the base with etha- 
nol-HC1 gave the dihydrochloride: mp 132-134 "C; 'H NMR 
(DMSO-d6) 6 1.15 (6 H, m, OCHzCH3), 3.1 (4 H, t, CH2CHzO), 
3.85 (4 H, t, CHzCHzO), 4.0 (4 H, m, CHzO), 4.7 (4 H, q, 
OCHzCH3), 5.0 (1 H, s, 4-H), 7.6 (2 H, m, ArH), 7.95-8.1 (4 H, 
m, ArH + NH), 8.35-8.55 (3 H, m, ArH), and 8.8-9.05 (4 H, m, 
pyridine 2,6-H); IR 1673, 1527, 1346, 1200, 1086, and 688 cm-I. 

Ethyl 3-OXO-4-( 1H-imidazol-1-y1)butanoate Oxalate (25). 
A solution of imidazole (308.7 g, 4.54 mol) in 1800 mL of dry THF 
was added over 1 h to a stirred, ice-cooled, suspension of sodium 
hydride (218 g, 4.54 mol, as a 50% w/w dispersion in mineral oil) 
in 1150 mL of dry THF, maintained beneath argon and below 
25 "C. After addition was completed, the solution was stirred 
for 20 h and a solution of ethyl 4-chloro-3-oxobutanoate (373.3 
g, 2.27 mol) in 230 mL of dry THF was added below 25 "C over 
1 h. The reaction was stirred for 24 h, and the suspended solid 
was collected and washed with THF. The solid was dissolved in 
a mixture of lo00 mL of HzO, 270 mL of AcOH, and ice (260 g) 
and then extracted with 4 X 500 mL of CHCl* The combined 
extracts were washed with 500 mL of saturated NaCl solution, 
dried (NaZSO4), and evaporated. The residual oil was dissolved 
in 500 mL of EtOAc and filtered into a hot solution of oxalic acid 
dihydrate (245 g) in 1500 mL of 2-propanol to give the oxalate 
of 25: 418 g (64%); mp 112-114 "C dec; 'H NMFt (CD,OD) 6 1.3 

5.25 (2 H, s, CHzN), 7.5 (1 H, m, imidazole, 5-H), 7.6 (1 H, m, 
imidazole, 4-H), and 8.2 (1 H, m, imidazole, 2-H); IR 3151, 1724, 
1692,1213,1050,860, and 632 cm-'. Anal. (C9Hl2N2O3C2HZO4) 
C, H, N. 
4-[2-Chloro-3-(trifluoromethyl)phenyl]-l,4-dihydro-2- 

( 1H-imidazol-l-ylmethyl)-6-methylpyridine-3,~dicarboxylic 
Acid 3-Ethyl 5-Methyl Diester Succinate (16). Method B. 
The oxalate of compound 25 (2.72 g, 0.01 mol) was dissolved in 
a minimum volume of water, and the solution was brought to pH 
6.5 by addition of aqueous potassium carbonate solution and 
extracted with CHC13. The extract was dried and evaporated to 
give the free base of 25 (1.24 g, 0.0068 mol), which was dissolved 
in 10 mL of EtOH and heated at  reflux under nitrogen with 
2-chloro-3-(trifluoromethyl)benzaldehyde (1.2 g, 0.004 mol) and 

'H NMR (DMSO-de) 6 1.2 (3 H, t,  OCHzCH3), 2.9 (2 H, t, 
CHZCHZO), 3.55 (2 H, 9, COCHZCO), 3.7 (2 H, t, CHZCHZO), 4.12 

"C; 'H NMR (DMSO-de) 6 1.16 (3 H, t, OCHZCH,), 2.34 (3 H, 

(3 H, t, OCHZCHJ, 3.15 (2 H, 9, CHZ), 4.1 (2 H, 4, OCHZCH,), 

Table IV. Effect of Compounds on TXBz and 6-KPGF,, 
Production in Human Platelet-Rich Plasma 

molar % % 
compound conc TXBz' 6-KPGF1," 

1 10-7 92 f 5 100 
104 
10-5 
10-4 
10-3 

dazoxiben 10-7 

10-5 

10-3 

10-5 

106 

104 

10'6 

10-4 

nitrendipine 

67 f 14 
43 f 11 
10 f 4 

O f 1  
97.5 f 2.5 
69 f 18 
21 f 7 
5 f 3  
2 f l  

87 f 13 
84 f 16 
81 f 19 
40 f 12 

112 f 12 
119 f 19 
431 f 203 
460 f 220 
115 f 9 
463 f 223 
603 f 224 
460 f 177 
345 f 141 
112 f 12 
113 f 8 
136 f 22 
121 f 12 

10-3 35 f 17 96 f 6 
Percentage release relative to controls, values are mean f SEM 

calculated from four determinations at each concentration. 

centration-related inhibition of collagen-stimulated TXBz 
production in PRP, with complete inhibition from lo4 M, 
and a rise in 6-KPGFl, levels over the same concentration 
range. The rise in 6-KPGF,, production in PRP reflects 
diversion of endoperoxide intermediates to prostacyclin 
synthesis, by prostacyclin synthetase contained in leuco- 
cytes. Similar results were obtained with dazoxiben in 
human PRP whereas nitrendipine had no effect in con- 
centrations up to M. 

At  the commencement of this work, published SAR" on 
dihydropyridines suggested that only methyl or amino 
groups were well tolerated at  the 2/6-positions. Subse- 
quently other workers showed that larger 2-substituents 
(2-[(aminoethoxy)methyl]) were tolerated.% Our results 
also show that a 2-(imidazolylmethyl) substituent can be 
incorporated with retention of antihypertensive activity 
and that this substituent confers marked TXA, synthetase 
inhibiting activity. Compound 1 was of particular interest 
as a potential combined antihypertensive-antithrombotic 
agent. 

In vivo compound 1 lowered blood pressure and reduced 
plasma TXB, levels in rats over the same dose range. In 
vitro 1 reduced TXB, release from human and rabbit PRP. 
The reductions of TXBz release observed in vivo and in 
vitro were accompanied by enhanced release of 6-KPGF1,, 
reflecting diversion of the arachidonic acid cascade by 
selective inhibition of thromboxane synthetase. Com- 
pound 1 (Wy 27569) was selected for further studies in 
man. 
Experimental Section 

Melting points are uncorrected. IR spectra were obtained in 
Nujol with a Perkin-Elmer Model 521 spectrophotometer. NMR 
spectra were obtained on a Brucker WP200 instrument. C, H, 
and N analyses were within *0.4% of theoretical values. 4-(2- 
Nitrophenyl)-l,4-dihydropyridines are sensitive to light; all 
chemical and biological procedures involving these were shielded 
from light wherever practical. 

Ethyl 3-0x0-4-(2-pyrid-3-ylethoxy)butanoate Oxalate (28). 
A solution of 3-(2-hydroxyethyl)pyridine (15 g, 0.116 mol) in 20 
mL of THF was added dropwise over 1 h to a stirred suspension 
of sodium hydride (11.13 g, 0.231 mol as a 50% w/w dispersion 
in mineral oil) in 150 mL of THF, followed by addition of a 
solution of ethyl 4-chloroacetoacetate (18.16 g, 0.115 mol) in 50 
mL of THF over a further 1 h. The mixture was allowed to stir 

(24) Bossert, F.; Meyer, H.; Wehinger, E. Angew. Chem. Int. Ed. 
1981, 20, 762. 

(25) Arrowsmith, J. E.; Campbell, S. F.; Cross, P. E.; Stubbs, R. A.; 
Burges, D. G.; Blackburn, K. J. J. Med. Chem. 1986,29, 1696. 
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methyl 3-aminocrotonate (0.46 g, 0.004 mol) for 20 h. The solvent 
was then evaporated and the residue was partitioned between Ef20 
and 1 M hydrochloric acid to precipitate the product hydro- 
chloride. The crude hydrochloride was collected by filtration and 
partitioned between CHC13 and aqueous potassium carbonate 
solution. The CHC13 phase was separated, dried (Na2S04), and 
evaporated. The residue was dissolved in a mixture of 3 mL of 
EtOAc and 1 mL of MeOH and a solution of succinic acid (0.16 
g) in the same volume of solvent added to precipitate the succinate 
salt (0.46 g, 19%): mp 187-190 "C; 'H NMR (DMSO-de) 6 1.05 
(3 H, t, OCH2CH& 2.25 (3 H, s, 6-CHd, 2.40 (4 H, s, succinic acid), 
3.45 (3 H, s, OCH3), 4.0 (2 H, m, OCH,CH3), 5.15 (2 H, d/d,  
CH,N), 5.45 (1 H, s,4-H), 6.9 (1 H, 8,  imidazole, 5-H), 7.18 (1 H, 
s, imidazole, 4-H), 7.25-7.0 (3 H, m, Ar-H), and 9.4 (1 H, s, 
imidazole, 2-H); IR 3151,1724,1692,1213,1050,860, and 632 cm-'. 
1,4-Dihydro-2-methyl-6-[2-(dimethylamino)ethyl]-4-(2- 

nitrophenyl)pyridine-3,5-dicarboxylic Acid Diethyl Ester. 
A solution of 1,4-dihydro-2,6-dimethyl-4-(2-nitrophenyl)- 
pyridine-3,5-dicarboxylic acid diethyl ester (7.5 g, 0.02 mol), 
dimethylamine hydrochloride (2.44 g, 0.03 mol), paraformaldehyde 
(0.9 g, 0.03 mol), and 0.4 mL of concentrated hydrochloric acid 
in 35 mL of EtOH was heated at reflux for 10 h. The solvent was 
then evaporated, and the residue was partitioned between 2 M 
hydrochloric acid and EtOAc. The aqueous phase was separated, 
basified with aqueous ammonia, and extracted into EhO. The 
extract was dried and evaporated, and the residue was chroma- 
tographed on neutral alumina (250 g, activity I) using CHC1, as 
eluent to give 4 g of the crude product (46.4%). Recrystallization 
from 10 mL of diisopropyl ether gave 1.8 g (21%): mp 111-113 
"C; 'H NMR (CDClJ 6 1.2 (6 H, m, OCH2CH2), 2.2 (3 H, s,2-CH& 
2.27 (6 H, 8, NCH3), 2.6 (2 H, m, CH2CH2N), 2.8 (1 H, m, 
CH2CH2N), 3.25 (1 H, m, CH2CH,N), 4.05 (4 H, m, OCH2CH3), 
5.85 (1 H, s,4-H), 7.2-7.75 (4 H, m, Ar-H), and 10.15 (1 H, 8, NH); 
IR 1690, 1528,1500,1280,1200,1095, and 790 cm-'. 

4-[2-Chloro-3-( trifluoromethyl)phenyl]-1,4-dihydro-2- 
( la-imidazol- l-ylmethyl)-6-methylpyridine3,5-dicarboxylic 
Acid 5-Ethyl 3-Methyl Ester Succinate (17). Method C. A 
solution of 2-chloro-3-(trifluoromethyl)benzaldehyde (1.14 g, 
0.00547 mol), methyl 4-chloroacetoacetate (0.82 g, 0.00545 mol), 
benzylamine (0.035 g), and acetic acid (0.02 g) in 5 mL of i-PrOH 
was stirred at  room temperature for 20 h. Methyl %amino- 
crotonate (0.7 g, 0.00543 mol) was then added and the stirring 
was continued for a further 24 h. Concentrated hydrochloric acid 
(0.25 mL) was then added and after stirring for a further 2 h the 
precipitated chloromethyldihydropyridine was collected by fil- 
tration (1.01 g, 40.9%). 

1,4-Dihydro-2-met hyl-6424 lH-imidazol-l-yl)ethyl]-4-(2- 
nitropheny1)pyridinedicarboxylic Acid Diethyl Ester Ma- 
leate (13). Method D. A solution of 1,4-dihydro-2-methyl-6- 
[ 2-(dimethylamino)ethyl]-4-(2-nitrophenyl)p~idinedicarboxylic 
acid diethyl ester (2.15 g, 0.005 mol), 1,8-diazabicyclo[5.4.O]un- 
dec-7-ene (0.75 g), and imidazole (1.36 g, 0.02 mol) in 50 mL of 
chlorobenzene was heated at reflux for 22 h. The solution was 
diluted with 50 mL of CHC13, washed with 100 mL of H20, dried 
(Na2S04), and evaporated. The residue was crystallized from 15 
mL of EtOAc to give 1.5 g (66%) of yellow crystalline product. 
The base was suspended in 5 mL of EtOH, acidified with maleic 
acid (0.216 g), and diluted with EtOAc to precipitate the maleate: 
0.85 g (30%): mp 142-143 "C; 'H NMR (CD,OD) 6 1.15 (6 H, 
m, OCH2CH3), 2.28 (3 H,s ,  2-CH3), 3.2 (2 H, m, CH2CH2N), 4.0 
(4 H, m, OCH2CH3), 4.55 (2 H, t, CH2CH2N), 5.75 (1 H, s, 4-H), 
6.2 (2 H, s, maleic acid) 7.3-7.75 (6 H, m, Ar-H), and 8.76 (1 H, 
t, imidazole 2-H); IR 1687,1590,1276,1206,1098, and 864 cm-'. 

The above product was added over 5 min to a stirred solution 
of imidazole (1.5 g) in 10 mL of MeCN to give a clear solution. 
After standing for 20 h, the solution was diluted with 15 mL of 
H20 and the precipitated product was collected and washed with 
water to give 0.81 g (75.8%). The base was dissolved in 8 mL 
of hot EtOAc-MeOH (7:1), and succinic acid (0.2 g) was added 
in the same solvent (8 mL); on cooling the succinate crystallized 
and was collected by filtration and washed with EtOAc to give 
0.8 g (61%): mp 190-193 "C; 'H NMR (DMSO-dE,) b 1.05 (3 H, 
t, OCH2CH3), 2.28 (3 H, s, 6-CH3), 2.45 (4 H, s, succinic acid), 
3.56 (3 H, s, OCH,), 3.95 (2 H, m, OCHzCH3), 5.13 (2 H, d/d, 
CH,N), 5.45 (1 H, s, 4-H), 6.85-7.7 (5 H, m, Ar-H), 7.8 (1 H, s, 
NH), and 9.33 (1 H, s, imidazole, 2-H); IR 1692,1587,1431, 1213, 
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1163, 1046,806,793, and 632 cm-l. 
1,4-Dihydro-2,6-bis( lH-imidazol-l-ylmethyl)-4-( 3-nitro- 

phenyl)pyridine3$-dicarboxylic Acid Ethyl Methyl Diester 
Hydrochloride (21). Phenyltrimethylammonium perbromide 
(7.52 g, 0.02 mol) was added to a stirred, ice-cooled solution of 
1,4-dihydro-2,6-dimethyl-4-(3-nitrophenyl)pyridine-3,5-di- 
carboxylic acid ethyl methyl diester (3.6 g, 0.01 mol) in 30 mL 
of MeCN maintained below 10 "C. The solution was allowed to 
stand for 0.75 h and a solution of imidazole (6.8 g, 0.1 mol) in 30 
mL of MeCN was added with ice-cooling to maintain the mixture 
below 30 OC. After stirring for a further 2 h, the solvent was 
evaporated, and the residue was dissolved in water, basified with 
ammonia, and extracted with CHC1,. The extract was dried and 
evaporated, and the residue was purified by chromatography on 
neutral alumina (100 g, activity I) using CHC13-MeOH (191) as 
eluent to give the base of 21 (1.5 g, 35.3 %). Treatment of the 
base with ethanol-HC1 gave the hydrochloride: 0.6 g (10%); mp 

(3 H, s, OCH3), 4.1 (2 H, m, OCH,CH3), 5.07 (1 H, 8, 4-H), 5.55 
(4 H, m, C H a ) ,  7.5-8.1 (8 H, m, Ar-H), and 9.3 (2 H, m, imidazole 
2-H); IR 1690, 1525, 1292,1190, 1110, 750, and 625 cm-'. 

Antihypertensive Activity i n  SHR. The systolic blood 
pressure of female SHR (250-300 g) was measured in a 37 "C 
constanbtemperature housing by a tail-cuff technique. Tail pulses 
were detected by a pneumatic pulse transducer (Narco Biosys- 
tems) and recorded on a Devices M x 2  recorder. Rats with systolic 
pressures below 155 mmHg were discarded. 

Groups of four hypertensive rata 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. Results 
were appraised statistically by an analysis of variance. 

Inhibition of Thromboxane Release from Rabbit Platelets. 
Venous blood, approximately 75 mL, was obtained from an an- 
esthetized rabbit and centrifuged at  200g for 10 min to obtain 
platelet-rich plasma (PRP). A 425-pL aliquot of PRP was in- 
cubated for 10 min at 37 "C in the presence of vehicle (25 pL, 
aqueous DMSO 2.5%) or test compound dissolved in the same 
volume. Platelet aggregation was induced by addition of adenosine 
diphosphate (10 pmol) and epinephrine (5 pmol) in 50 p L  of water. 
After incubation for a further 5 min the platelets were removed 
by centrifugation at  loooOg for 3 min and a 50-pL aliquot was 
taken for radioimmunoassay of T W . =  The difference between 
the amounta of TXB, in aggregated PRP and that in nonaggre- 
gated PRP was taken as the maximal stimulated release. The 
effect of compounds on TXB, release was expressed as a per- 
centage relative to this value, and ICs values were calculated from 
a computed linear-regression analysis of the log concentration 
effect curve. 

Prostanoid Release from Human PRP. PRP was prepared 
from venous blood obtained from healthy volunteers and treated 
as above except that aggregation was induced by 50 pg of collagen 
in 50 pL of an isotonic glucose solution pH 2.7. The basal level 
of TXB, in human PRP was 0.98 & 0.3 ng/mL, which increased 
to 6.4 f 1.3 ng/mL in the presence of collagen. Basal levels of 
6-KPGF1, were normally less than 20 pg/mL but rose to a 
maximum of 580 * 220 pg/mL in the presence of complete TXB2 
production. 

Plasma Concentrations of TXB2 and CKPGF1, in the Rat. 
Female normotensive rata were killed by C02 asphyxiation 2 h 
after oral dosing with vehicle or 1. Blood was withdrawn from 
the posterior vena cava and 1 % EDTA was added as anticoag- 
ulant. The blood samples were immediately centrifuged at lOOOOg 
for 10 min and the plasma was removed and stored at -30 "C prior 
to radioimmunoassay for TXBz and 6-KPGF',. 
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A series of (8@)-6-methylergoliie amide derivatives was synthesized with various alkyl Substituents in the "-position 
in order to evaluate their effectiveness in blocking vascular 5HT2 receptors. The influence of both the N' substituent 
and amide derivative proved to be of great importance on binding affinities to vascular 5HT2 receptors. Within 
each series of amides, however, maximum affinity was achieved with an N1-isopropyl substituent (14, 18,26,38, 
and 41; all with 2.7-50 times greater affinity than their N'-H analogues), with the exception of two cases (22 and 
37) in the cyclohexylamide derivatives wherein N1-methyl equalled the isopropyl in potency. Other than these 
exceptions, affiiities followed the pattem of H < Me < Et < iPr, with potencies falling off with larger akyl substituents. 

The suggestion has been made that the serotonin an- 
tagonist activity of ergot alkaloids may be selectively en- 
hanced by methylation of N', the indole nitrogen,' but 
exceptions to this have been reported to exist.2 Previous 
papers from these labora tor ie~~,~  expanded on the struc- 
turGactivity relationships of the (8/3)-ergoline-&carboxylic 
acid esters as potent and selective serotonin antagonists 
as measured specifically by their vascular 5HT2 receptor 
binding affinities. The 5HT2 binding affinities of the er- 
goline esters were shown to be influenced by their ester 
substituents, alkyl substituents a t  N6, but especially by 
their alkyl substituents at N', with isopropyl substitution 
resulting in maximum affmity. Because the ergoliie esters 
are hydrolyzed in vivo to the less active carboxylic acid 
m ~ i e t y , ~  we initiated studies of the structure-activity of 
a series of amide ergolines. We now report on the effect 
of N' substitution of a variety of ergoline amide derivatives 
on 5HT2 receptor affinity as measured by antagonism of 
serotonin-induced contractions in the rat jugular vein. 
This tissue is known to possess 5HTz receptors that are 
responsible for contractions induced by ~e ro ton in .~  

Chemistry 
The "-alkylated (8~)-6-methylergoline-8-carboxylic 

acids were prepared from dihydrolysergic acid as reported 
previous1ya6 As depicted in Scheme I, ergoline acetic acid 

(2) was synthesized from dihydrolysergol(1) by the pro- 
cedure of Semonsky and Kucharcyzk.' The N1-alkylation 
of 2 by the above procedure yielded the homologated er- 
goline carboxylic acids necessary to prepare the amides of 
Table 111. The amides of both Tables I and I11 were 
synthesized by several methods, in part to evaluate the 
synthetic utility of these methods for the preparation of 
ergoline derivatives. Method A, using 1,l'-carbonyldi- 
imidazole, and method E, using the acid chloride produced 
via POC13/DMF, proved to be the most convenient to use 
and gave excellent yields. Method B, acylation via the 
mixed anhydride with isobutyl chloroformate, also gave 
excellent yields, but required the use of less convenient 
(-45 "C) temperatures. Method C, condensation with 
EEDQ, and method D, oxidative amidation of the ergoline 
carboxylic acid hydrazide, proved to be least useful because 
of low and variable yields. Chromatographic procedures 
were not required to obtain pure products. Instead, 
crystallization of either the free base or maleate salt from 
various solvents proved sufficient. 

The ergoline tetrazoles of Table I1 were produced from 
their respective parent amides by method F, which is de- 
rived from the standard method of malung tetrazoles from 
N-substituted  amide^.^^^ These were all isolated as ma- 
leate or mesylate salts. 

The (8P)-aminoergolines (Scheme 11) required as in- 
termediates for the synthesis of the "reverse amides" in 
Table IV were made-via the Curtius degradation of the 
parent acids.1° The previously reported"J2 syntheses of (1) Floss, H. G. Tetrahedron 1976, 32, 873. 

(2) Manoni, G.; Garbrecht, W. L.; Fludzinski, P.; Cohen, M. L. J. 
Med. Chem. 1987,30, 1823. 

(3) Garbrecht, W. L.; Marzoni, G.; Whitten, K. R.; Cohen, M. L. 
J. Med. Chem. 1988, 31, 444. 

(4) Cohen, M. L.; Fuller, R. W.; Kurz, K. D.; Parli, J.; Mason, N. 
R.; Meyers, I). B.; Smallwood, J. K.; Toomey, R. E. J .  Phar- 
macol. Exp.  Ther. 1988, 244, 106. 

(5) Cohen, M. L.; Fuller, R. W.; Wiley, K. S. J. Pharmacol. Exp.  
Ther. 1981, 218, 421. 

(6) Marzoni, G.; Garbrecht, W. L. Synthesis 1987, 651. 
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