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a-Adrenergic receptors (a-ARs) serve key switching 

functions in both the central and peripheral nervous 
systems.l These proteins traverse the cell membrane 
with seven putative a helical segments. In response to 
changes in the extracellular concentration of the neu- 
rotransmitter norepinephrine, a-ARs modulate various 
intracellular biochemical processes via G proteins and 
effector systems. The involvement of a-ARs in the 
regulation of numerous physiological events makes 
them important targets for drug design. Potential 
therapeutic indications for a-adrenergic drugs include 
the treatment of benign prostatic hyperplasia (BPH),2,3 
cardiac a r r h ~ t h m i a , ~  g la~coma,~  hypertensioq6 and 
pain.7 

Prior to the mid-l970s, only one a-AR was known to 
exist. In the past 2 decades, new pharmacological tools 
and, more recently, molecular biological techniques have 
been used to identify and chemically characterize six 
a-ARs, which are designated ai,, a l b ,  a l d ,  a2,, a2b ,  and 
a2c.1'8 The next challenge in this field will be to 
determine the distribution and physiological roles of 
each of these subtypes and to  discover drugs that act 
specifically at individual subtypes. To this end, we have 
previously used cloned human a-AR assay systems to 
determine that the al-AR that mediates human pros- 
tatic smooth muscle tone has the pharmacological 
properties of the cloned ala-AR subtype (formerly re- 
ferred t o  as the alc-AR s ~ b t y p e ~ ) . ~  We now report on 
the use of these cloned human receptor assay systems 
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to discover antagonists that are specific for the human 
ala-AR. These compounds will be useful in receptor 
localization and functional characterization studies. 
They will also provide structural information of use to 
drug design efforts targeting various disorders, includ- 
ing BPH. 

Cell membrane preparations from cell lines express- 
ing the three cloned human al-AR genes, ala, a l b ,  and 
a l d ,  and the three cloned human a2-AR genes, a2,, a 2 b ,  

and azC, were used in radioligand displacement experi- 
ments as described p r e v i o ~ s l y . ~ - ~ ~  The binding char- 
acteristics of structurally diverse, known a1-m antago- 
nists were determined at these cloned human receptor 
subtypes by displacement of [3Hlprazosin at the al-ARs 
and [3Hlrauwolscine at the a2-ARs. 

Most of the known al-AR antagonists that were tested 
in the cloned human a-AR assay systems were found 
t o  have little or no selectivity for individual al-AR 
 subtype^.^ For example, structural analogs of prazosin, 
such as terazosin, doxazosin, alfuzosin, and abanoquil, 
were all found to  bind nonselectively to all three human 
al-AR s u b t y p e ~ . ~ J ~  Some of these compounds have been 
used t o  treat BPH and found to  cause undesired side 
effects, such as dizziness and a ~ t h e n i a . ~ , ~  These side 
effects may be due to cross-reaction of these compounds 
at the am or  a l D  receptor. 

In contrast to the prazosin analogs, the 1,kdihydro- 
pyridine (SI-(+I-niguldipine (S-(+)-1)l2 exhibited 340- 
and 630-fold selectivity in binding to the cloned human 
ala-AR relative to the alb-AR and ald-AR, re~pectively.~ 
Moreover, this compound bound with high affinity (Ki 
= 0.2 nM) to the human ala-AR (see Table 1). (SI-(+)- 
Niguldipine also showed potent calcium channel block- 
ing activity and has been investigated as an antihyper- 
tensive by Byk Gulden.14 (R)-(-)-Niguldipine (R-(-)- 
1) was 29-fold less potent at the ala-AR than its 
enantiomer and also less subtype-selective. We de- 
signed and synthesized analogs of l, with the aim of 
achieving greater selectivity and affinity for the human 
al,-AR and reducing calcium channel affinity. 

Results and Discussion 
The affinity of 4-(nitrophenyl)-l,4-dihydropyridines 

for the L-type calcium channel is known to depend on 
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Table 1. Binding Affinities a t  Cloned Human a-ARsa and the Rat L-Type Calcium Channelb 
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K, f SEM (nMF 

S-(+)-l 
R-(-)-l 
8 
(+)-9 
(+)-9 
(-1-9 
terazosin 
Drazosin 

0.16 f 0.04 
4.7 i 1 
0.32 i 0.1 
0.35 f 0.06 
37 & 7 
0.18 f 0.02 
6.9 f 0.5 
0.27 f 0.02 

55 f 8 
56 i 6 
50 f 5 
220 i 14 
410 f 25 
180 f 17 
2.6 i 0.04 
0.21 f 0.02 

100 f 21 
170 f 28 
210 f 54 
540 f 48 
780 + 79 
630 i 43 
3.7 i 0.5 
0.30 f 0.04 

530 i 100 
900 i 330 
800 f 65 
1200 f 85 
1100 f 150 
1300 f 210 
550 f 69 
210 f 43 

420 f 32 
660 f 81 
570 f 37 
800 f 92 
860 f 100 
780 f 120 
26 f 4 
13 f 1 

330 f 48 
450 f 54 
300 f 52 
370 f 81 
460 f 81 
680 f 73 
170 f 23 
24 f 3 

4.6 & 1 
92 i 24 
250 f 47 
540 i 130 
370 f 110 
670 f 220 
> 10 000 
'10 000 

Displacement of [3H]prazosin from al-ARs (ref 9; incubation time 4 h)  and [3Hlrauwolscine from a2-ARs (ref 11). Displacement of 
[3H]nitrendipine from ra t  brain (ref 13). e Average of three to  six independent determinations. 

Y H 

S-(+)-Niguldipine, 1 

the position of the nitro g r 0 ~ p . l ~  For example, in the 
nifedipine series (1,4-dihydro-2,6-dimethyl-4-(nitrophe- 
nyllpyridine dicarboxylic acid dimethyl esters), the 
binding affinity of the 444-nitrophenyl) analog to L-type 
calcium channels is 2-3 orders of magnitude lower than 
the affinities of the 443-nitrophenyl) and 4-(2-nitrophe- 
nyl) analogs.16 Therefore, in our search for analogs of 
1 with reduced calcium channel affinity, we prepared 
the 4-(4-nitrophenyl) analog 817 by the Hantzsch 
method14 as shown in Scheme 1. We also examined the 
effect upon activity of an amide linkage attaching the 
3-(4,4-diphenylpiperidin-l-yl)propyl side chain to the 
dihydropyridine nucleus, as in compound 9. For phar- 
macological characterization, the monohydrochloride 
salts of 8 and 9 were used. 

A s  expected, 8 exhibited a 54-fold reduction in potency 
relative to S-(+)-l as an antagonist of the L-type calcium 
channel (see Table 1). Notably, 8 maintained high 
affinity and subtype selectivity for the ala-AR. Amide 
9, which we designated SNAP 5089, showed an even 
more desirable binding profile than 8 (see Table 1). 
Compound 9 bound to the human ala-AR with Ki = 0.4 
nM and exhibited selectivities of 630-, 1500-, and 1500- 
fold in binding t o  the ala-AR relative to the alb-AR, the 
ald-AR, and the L-type calcium channel, respectively. 
This compound was also > 1000-fold selective in binding 
to the human ala-AR relative to the cloned human a2a- ,  
a2b- ,  and azc-ARs. 

To determine the abilities of compounds 8 and 9 to 
elicit functional (agonist) responses at cloned human a1- 
A R s ,  changes in intracellular free calcium ion concen- 
tration were measured in transfected cells by microspec- 
trofluorometry with the calcium-sensitive dye fura-2 
(data not shown).18 Neither 8 nor 9 was able to produce 
a functional response at  a concentration of 1 pM at any 
of the three human al-ARs. However, at this concen- 
tration, both compounds were able to inhibit the intra- 
cellular calcium response induced by norepinephrine at 
a concentration of 10 p M .  A 1 pM concentration of 
either 8 or 9 inhibited norepinephrine-induced libera- 
tion of intracellular calcium by 95%, 30%, or 20% in cells 
transfected with the ala-, a lb - ,  or  ald-AR, respectively. 

The enantiomers of 9 were separated by HPLC on a 
chiral c01umn.l~ The (-)-enantiomer proved to be more 

Scheme 1. Synthesis of 8 and 9" 

b or c,d 
HO OH 

HCI HCI 

2 3 

A 

4,X=OH 
5, X = NH, 

0 A 

6, X = 0,95% 
7 ,  X = NH, 78% 

X-N 

8, X = 0,51% 
9, X = NH, 25% SNAP 5089: 

(I (a) Mc13, benzene, 72%; (b) Br(CH2)30H, K2C03, 1,4-dioxane, 
76%; (c) CH2-CHCN, EhN, EtOH, 87%; (d) BHyTHF, 66%; (e) 
diketene, toluene; (0 Me02CCH=C(NH2)CH3, 4-nitrobenzalde- 
hyde, 2-propanol. 

active at the ala-AR but less active at the L-type calcium 
channel than the (+)-enantiomer (see Table 1). 

In summary, through the use of cloned human recep- 
tor assay systems, we have discovered the first subtype- 
selective antagonists for the human ala-AR. Compound 
9 in particular shows high selectivity for the human ala- 
AR relative to the human a l b - ,  alp, a2a-, a2b- ,  and azC- 
A R s  and the rat L-type calcium channel. Compounds 
8 and 9 should prove exceedingly useful in the anatomi- 
cal localization and functional characterization of hu- 
man al-AR subtypes. Information gained through such 
studies will aid the discovery of new therapies for 
disorders where modulation of a-ARs proves to  be 
beneficial. The effects of 8 and 9 in inhibiting alA-AR- 
mediated contraction of human prostate tissue in vitro 
will be reported in due course. 
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ala, respectively. This new naming system reflects the cor- 
respondence between the proteins encoded by the al, and a l b  
genes (new IUF'HAR nomenclature) and the receptors character- 
ized by traditional pharmacological means as a l A  and alB, 
respectively, in the literature. Note that recombinant receptors 
and receptors characterized pharmacologically in tissues are 
distinguished by lowercase and uppercase subscripts, respec- 
tively. 

(9) Forray, C.; Bard, J. A.; Wetzel, J .  M.; Chiu, G.; Shapiro, E.; Tang, 
R.; Lepor, H.; Hartig, P. R.; Weinshank, R. L.; Branchek, T. A,; 
Gluchowski, C. The al-Adrenergic Receptor that Mediates 
Smooth Muscle Contraction in Human Prostate has the Phar- 
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