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The previous paper reported on the synthesis and pharmacological evaluation of N-(6-amino-3- 
pyridy1)-N’-bicycloalkyl-N”-cyanoguanidine derivatives, from among which three compounds were 
selected as potent potassium-channel openers. In the present study, selected compounds were 
tested for antagonism of potassium-induced contraction of rat aorta, hypotensive activity in 
normotensive rats, and diuretic activity in spontaneously hypertensive rats. This led to further 
evaluation of compound (&)-lo and selection of (+)-N-(6-amino-3-pyridyl)-N’-[(1S,2R,4R)-bicyclo- 
[2.2.l]hept-2-yll-N”-cyanoguanidine ((+)-lo) (AL0670) for development as an antihypertensive 
agent. Although LO670 is regarded as a pinacidil-type K+-channel opener, i t  showed different 
pharmacological and conformational profiles from pinacidil. 

Introduction 
Potassium-channel openers have a function of vaso- 

relaxation through hyperpolarization of the cell membrane 
in vascular smooth muscle.’ They also relax a variety of 
nonvascular tissues including the vas deferens, uterus, 
urinary bladder, trachea, and intestinal smooth muscle.= 
They therefore have possible applications in the treatment 
of, for example, hypertension, irritable bladder, coronary 
artery and peripheral vascular diseases, and obstructive 
airway disease.“’ A number of the compounds have shown 
effectiveness in models of hypertension. There are several 
structural groups in this class of compounds, represented 
by cromakalim (l), pinacidil(2), diazoxide (31, aprikalim 
(4), nicorandil (5), and minoxidil sulfate (6) (Figure 1). 
Although it is controversial in some instances, the ATP- 
sensitive potassium channel ( K A ~  channel) has generally 
been suggested to be the target of these compounds. 
Despite this structural diversity, synthetic elaborations 
have focused mainly on modification of the cromakalim- 
type structure with few based on structural modification 
of the pinacidil-type structure. The present approach to 
the latter type, which involved structural modification of 
3,4-diaminopyridine (71, a nonspecific potassium-channel 
blocker, successfully generated novel potassium-channel 
openers.8 From among these were selected three N46- 
amino-3-pyridyl~-N’-bicy~loal~l-N’’-cyano~anidine de- 
rivatives (8) for the purpose of development of an 
antihypertensive agent (Figure 2). This paper reports on 
further pharmacological evaluations of these three com- 
pounds and their corresponding enantiomers for antago- 
nism of potassium-induced contraction of de-endo- 
thelialized rat aorta, hypotensive activity in normotensive 
rata (NTR), and diuretic activity in spontaneously hy- 
pertensive rata (SHR). It also discusses differences in 
pharmacological and structural profiles between the final 
candidate and pinacidil. 

Chemistry 
The racemic compounds 9 and 10 listed in Table 2 were 

prepared using the method reported in the previous paper? 
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1 Cromakalim 2 PinacMil 3 Diazoxide 
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4 Aprikaiim 5 Nicorandil 6 Minoxidii sulfate 

Figure 1. Six structurally different potassium-channel openers. 
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Figure 2. 
8 

The enantiomerically pure compounds (+)-9, (-)-9, (+)- 
10, and (-)-lo were synthesized via the route outlined in 
Scheme 1. The requisite enantiomerically pure endo-6- 
norbomene-2-carboxylic acids 13 and 16 were prepared 
by asymmetric Diels-Alder reactions described by PolLgJo 
(R)-Pantolactone and (S)-2-hydroxy-N-methylsuccinimide 
are highly efficient chiral auxiliaries for compounds 13 
and 16. Preparation of exo-6-norbomene-2-carboxylic 
acids 14 and 17 was performed according to the method 
of Benson.” The endo acids (13,16) were thus converted 
to their Corresponding methyl esters and equilibrated. The 
resulting mixture of esters was hydrolyzed and each of the 
desired exo acids (14,17) obtained by removing the endo 
acids as the corresponding lactones formed by iodolac- 
tonization. After catalytic hydrogenation of the enan- 
tiomerically pure acids 13, 14, 16, and 17, the obtained 
carboxylic acids 1 8 8 4  were converted to the amines 19a-d 
according to a modification of Weinstock’s method12 
without epimerization. Reaction of the amines 1984 and 
N-(2-amino-.5pyridyl)-”-cyanO-phenylis (20) pre 
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Scheme l a  
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12 chiral auxiliary: COOH 
13 lS, 5s 

XpOH: (R)-panlolactone 
14 lS ,  5R 

H H  Hoot-@ - e-h ' Z " ' ( C 1  - i ON 4 K NCN '0 
4 HZ" 

180: ( 1 %  2% 4R) 
b: (lR, 2R, 45) 
c: (1% 2R,  4R) 

19a: (1s. 2s. 4R) 
b: (1  R, 2R, 4s) 
c: (1s. ZR, 4R) 

(t)-9: (1s. 2s. 4R) 
(-) -9: (1R. 2R. 4s) 
(+)-lo: (1s. ZR. 4R) 
(-) -10: (1R. 2s. 45) d: (lR, 2 s .  4s) d: (lR, 25 .4s)  

15 chiral auxiliary: 16 1R. 5R 171R,SS XhOH: 
(S)-2-hydroxy-N-methylsucclnimlde 

20 

Reagente: (a) catalytic TeOH/MeOH; (b) NaOMe/MeOH; (c) 12, NazCOdHzQ (d) Hz, 10% Pd/C; (e) ClCOat, TEA/hexane; (0 NaNd 
HzO/acetone; (g) hexane, 4 (h) 12 N HCVxylene; (i) 2OIAcOEt. 

CI1 @@ O' 

62 O3 

0 2  
(+)-I 0' (+)-lo" 

Figure 3. Two crystallographically independent moleculea ((+)- 
10' and (+)-lo") of (+)-lo in asymmetric unit. 

pared from N-cyanodiphenoxyimidocarbonatelS and 2,5- 
diaminopyridine gave the corresponding cyanoguanidines 
(+)-9, (-1-9, (+)-lo, and (-1-10, respectively. Single-crystal 
X-ray analysis of (+)-lo hydrochloride confirmed the 
absolute configuration to be 1S,2R,4R (Figure 3). 

The enantiomerically pure (+)-ll and (-1-11 were 
synthesized via the route outlined in Scheme 2. endo- 
(f)-a-Amino-l-methylnorbornane (22) was prepared using 
a combination of methods reported by Inger~olll~ and 

with a minor modification. 1-Methylnorbor- 
nanone (21) was converted to an exo:endo (13:87) mixture 
of the amine 22 by the Leuckart reaction. Preparation of 
pure (f)-endo-22 (exo:endo = 199) was found in recrys- 
tallization of the fumalic acid salta. Several attempta to 
produce the enantiomers of the endo amine 24a,b via 
fractional crystallization of their diastereomeric salta were 

Scheme 2. 

HN*Z!Jhe ZPheONH 
(+)-23 (-)-23 

'I 'I 
24a 24b 

(t)-11 (-) . l l  

a Raagents: (a) HCOOH, HCONHa; (b) 6 N HC1, & (c) fumalic 
acid./MeOH, (d) NaOWH20; (e) ZPhe, HBT, WSC/THF; (0 aeparate 
diastereomers by HPLC; (g) 12 N HCl, 4 (h) 21/AcOEt. 

unsuccessful. Ultimately, (*)-endo-22 was converted to 
a mixture of diastereomeric amides of N-(benzyloxy)- 
carbonyl-protected phenylalanine (f)-23, which was then 
separated by HPLC to give pure (+I- and (-1-23. Sub- 
sequent hydrolysis with concentrated HC1 gave the 
enantiomerically pure endo-2-amino- 1-methylnorbornanes 
24a,b. Reactions of the amines 24a,b with 20 gave the 
cyanoguanidines (+)-ll and (3-1 1, respectively. 

To determine the absolute configuration of 24a,b, a 
modification of Mosher's method using a-methoxy-a- 
(trifluoromethy1)phenylacetic acid amides (MTF'A amides) 
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Table l4 

25 RIH 
26 R = M o  

no. R 2u 3u,3f3 4 5u,5@ 6u,6f3 7a,7b 
25 -31 6 20,25 2 -14,-11 -48,-92 - 9 , O  
26 -36 -5 39,24 4 8,-2 -24,-64 -22,-4 

a Valuea are chemical shift differences (Ab)  given in hertz. 

was applied.16 Its appropriate application to these amines 
was demonstrated with the amide 25 (R = H) of the amine 
19c, whose absolute configuration was confirmed by X-ray 
analysis of (+)-lo (vide supra). Chemical shift differences 
(A6 = 6s - 6 ~ ;  A6 values given in hertz) obtained by 
subtracting the chemical shift ( b ~ )  of protons of the (R)- 
MTPA amide from those (6s) of the (8)-MTPA amide are 
shown in Table 1. As is apparent from the table, all protons 
of 25 having large positive A6 values are located at carbon 
3 and those having large negative A6 values at carbons 1 
and 6. The 1 S,2R,4R configuration observed was identical 
with that seen in the X-ray study. The MTPA amide 26 
(R = Me) showed exactly the same profile as 25 with regard 
to A6 values. The absolute configuration of 26 derived 
from 24b was unambiguously determined as lS,2R,4R. 

Results and Discussion 
The candidate compounds exo-(*)-9, endo-(f)-lO, and 

endo-(A1-11 were selected on the basis of studies on the 
inhibition of spontaneous mechanical activity on rat portal 
vein and iv hypotensive activity in NTR.8 It was previously 
reported that antihypertensive activity following oral 
administration to conscious SHR was in keeping with that 
observed in rat portal vein. Vasorelaxant activity of (*I- 
9-(A)-ll, pinacidil, and cromakalim was evaluated on the 
basis of ability to relax endothelium-denuded rat aortic 
strips toned with 20 mM KC1 (Table 2). From the data 
in Table 2, these compounds are seen to show potent 
vasorelaxant activityin rat aorta, which was also consistent 
with the results obtained in the study using rat portal 
vein. 

Resolution of the racemates of pinacidil and cromakalim 
demonstrated that the (-)-enantiomers of both compounds 
were more potent than their corresponding (+)-enantio- 
mers in in vitro potassium-channel-opening activity. For 
pinacidil, it was found that potassium-channel-opening 
activity was stereoselective with (R)-(-)-pinacidil being 
12 times more potent than (S)-(+)-pinacidil in inhibition 
of spontaneous mechanical activity and stimulation of %Rb 
efflux in rat portal vein,17 while cromakalim enantiomers 
were found in these studies to possess an eudismic ratio 
of 100 to 200.18 Attention was therefore turned to 
evaluation of the individual enantiomers of 9-1 1. As shown 
in Table 2, similar stereoselectivity was found for (*)-lo 
but not for (Ab9 and (A)-l l .  These enantiomers showed 
good correlation between invitro study and iv hypotensive 
activity. Thus, (+)-lo was approximately 7 times more 
potent than (-1-10 in its ability to relax rat aortic strips 
and equipotent to cromakalim. The eutomer (+)-(IS,- 
2R,4R)-10 had a reverse optical rotation to the eutomer 
(R)-(-)-pinacidil but the same R configuration at the carbon 
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atom attached to the nitrogen in the guanidine moiety. 
Despite these compounds having potent activities, the lack 
of stereoselectivity of 9 and 11 and the relatively small 
eudismic ratio of 10 seem unusual in that they are counter 
to Pfeiffer’s rule.1g*20 

Pinacidil is the most clinically evaluated of all the 
potassium-channel openers.21 While patients given pi- 
nacidil in a placebo-controlled monotherapy study have 
shown significant decreases in total cholesterol and 
triglyceride with effective antihypertensive activity, dose- 
related edema, a typical phenomenon of most general 
vasodilators, has been observed as a side effect.= Cotzeat- 
ment with diuretic agents to control edema seems to 
diminish the beneficial effect of pinacidil on blood lipids.23 
The attention of this study was therefore focused on further 
evaluation through observation of diuretic activity. Oral 
diuretic activity on SHR was examined by measuring 
urinary volume and urinary excretion of Na+ and K+. As 
shown in Table 3, the test compounds at a dose of 1 mg/kg 
did not produce significant changes in urinary volume or 
urinary excretion of Na+ and K+. At a dose of 5 mg/kg 
of (*)-9 and (A)-11, however, Na+ excretion was suppressed 
and the urinary Na+/K+ ratio was significantly decreased. 
Surprisingly, (*)-lo at the same dose, which is sufficient 
to produce antihypertensive activity (reduces systolic blood 
pressure of SHR by approximately 30% in oral admin- 
istration), increased urinary volume without changing 
excretion of Na+ and K+ or the urinary ratio of Na+/K+, 
whereas pinacidil significantly decreased both. The results 
obtained in this study indicate that (*)-lo possesses a 
diuretic activity which does not affect urinary balance of 
electrolytes. A study of the diuretic effect of the eutomer 
(+)-lo (date presented elsewhere) found that it increased 
urinary flow, urinary excretion of electrolytes, and frac- 
tional excretion of electrolytes following intrarenal arterial 
infusion to anesthetized These results show that 
(+)-lo has the potent hypotensive and diuretic activity 
which are necessary criteria for an antihypertensive agent. 

 KAT^ is known to be present in a variety of tissues. The 
potency of different types of compounds in potassium- 
channel-opening activity may vary considerably with tissue 
localization of the  KAT^ channels. Relative order of 
potency of several potassium-channel openers in smooth 
muscle is significantly different from that in pancreatic 
@-cells. In the latter, diazoxide stimulates the opening of 
KAW, inducing membrane hyperpolarization and inhibit- 
ing insulin ~ecre t ion .~~ Thus, diazoxide produces 93 % 
inhibition of insulin release at a concentration of 100 pM, 
whereas a higher concentration of cromakalim (500 pM) 
produces only 35 % inhibition. Pinacidil inhibits release 
by 36% and 72% at 100 and 500 pM, respectively. 
Accordingly, the order of potency for inhibition of insulin 
release is diazoxide > pinacidil> cromakalim.26 However, 
the order of potency for inhibition of spontaneous activity 
in vascular smooth muscle is the reverse: cromakalim > 
pinacidil > d i a z ~ x i d e . ~ ~ ~ ~ ~  This suggests that the channels 
in vascular smooth muscle and pancreatic &cella have quite 
different pharmacological profiles. Recently, Pirotte 
synthesized derivativesof pyrido[4,3-el-1,2,4-thiazine 1,l- 
dioxides 27 bearing different aminoalkyl side chains at 
the 3-position (Figure 4).29 A study of insulin release from 
rat pancreatic islets showed that 28 (BPDZ 44) was more 
active than diazoxide. Pirotte’s speculation that the 
sulfonylguanidine of 27 can be regarded as a bioisostere 
of the cyanoguanidine of pinacidil-type derivatives is also 
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Table 2 

H-N Q"YNHR NCN 

relaxation of rat aorta, 
20 mM K+, ICW (nM)b 

223 f 16 
267 f 30 
278 f 33 
392 * 66 
90 f 22 
593 f 52 
79 f 6 
118 * 24 
71 f 7 

380 f 19 
110 f 10 

hypotensive activity, 
EDao (mg/kg)c 
0.51 * 0.21 
0.40 * 0.13 
0.57 * 0.21 
0.17 * 0.05 
0.10 * 0.01 
0.74 f 0.15 
0.20 * 0.05 
0.18 f 0.05 
0.28 f 0.18 

0.15 f 0.03 
0.11 * 0.01 

~~ 

0 Analyses for elements indicated were within fO.4% of theoretical values. Values are means f standard error of the mean (SEM). Number 
of determinations, 12. Hypotensive activity in anesthetized normotensive rats by iv injection. Systolic blood pressure (SBP) measured 30 
min after injection; all values expressed as EDw values (doee of drug producing 30% fall in SBP) (n = 4). 

Table 3. Diuretic Effects of Compounds 9-1P 
dose urinary volume Na+ excretion K+ excretion 

no. (mdkg) (mL/kg/5 h) (mequiv/lrg/5 h) (mequiv/kg/5 h) Na+/K+ ratio 
(*)-9 vehicle 5.15 f 0.82 1.357 f 0.209 1.078 * 0.148 1.28 f 0.15 

1 8.77 * 2.97 1.523 * 0.436 1.350 * 0.297 1.08 f 0.15 
5 4.68 f 0.79 0.694 f 0.248 1.249 f 0.138 0.50 f 0.14** 

(*)-10 vehicle 6.84 f 1.64 1.072 f 0.260 0.800 f 0.218 1.56 * 0.24 
1 5.53 * 1.10 0.890 * 0.187 0.646 * 0.160 1.54 f 0.28 
5 18.37 f 2.88** 1.865 A 0.325 1.460 & 0.216 1.27 * 0.05 

1.56 * 0.24 
1 6.92 f 1.21 0.800 0.091 0.747 f 0.085 1.08 f 0.08 
5 7.31 * 2.46 0.311 f 0.057 0.515 f 0.030 0.59 * 0.08** 

pinacidil vehicle 5.15 f 0.82 1.357 f 0.209 1.078 f 0.148 1.28 f 0.15 
1 7.62 f 0.98 1.270 * 0.306 1.646 f 0.153 0.78 * 0.17 
5 2.56 f 0.812 0.078 f 0.032*** 0.584 f 0.135* 0.12 0.02*** 

(f)-ll vehicle 6.84 f 1.64 1.072 h 0.260 0.800 f 0.218 

~ _ _ _ _ _  

Compounds administered orally to spontaneously hypertensive rata (n = 5 or 6). Values are means f SEM. Asteriske (*, **, or ***) 
represent significant difference from value in control group at p < 0.05,0.01, or 0.001, respectively. 

27 28 BPDZ 44 

Figure 6. Eight different conformations of cyanoguanidine 
derivatives. 
supported by crystallographic data for pinacidiLW It is 
known that N-alkyl-N"-pyridyl-N'-cyano~idines can 
exist theoretically in eight different conformations due to 
the restricted rotation around their carbon-nitrogen bonde 
(see a-h, Figure 5). The staggered conformations b and 
h seem energetically the most favorable; pinacidil, however, 
assumes conformation e in the crystal form. In contrast, 

Manley suggested that the staggered conformation b in 
derivatives with a nitroethanediamine moiety, which is 
another bioisostere of cyanoguanidine, could correspond 
to the active conformation at the binding site of the 
channel.31 The present X-ray analysis of the hydrochloric 
acid salt of (+)-lo (Figure 3) showed that the crystal was 
composed of asymmetric crystal units formed by two 
independent molecules, (+)-lo' and (+)-lo'', which were 
generated by rotation around the NZC3 and N2ZC23 bonds. 
In rotamer (+)-lo', the torsion angle is 58O around the 
atoms C4-CrN2-Ce and the bond distances between C g  
N4, CsN2, and CgN3 are the same (1.33 A), while rotamer 
(+)-lO"has the N2d23 bond twisted 120° relative to that 
of the rotamer (+)-lo'. The guanidine moiety has anearly 
planar geometry. The analysis confirmed that (+)-lo 
assumes conformation b, which is identical to the active 
conformation suggested by Manley. Further pharmaco- 
logical investigations using rat aorta have been presented 
demonstrating that at high concentration (10 pM), AL0671 
(the hydrochloride of (+)-lo), in common with cromakalim, 
does not inhibit contraction induced by 60 mM KC1 
whereas pinacidil almost totally suppresses the latter.32 It 
has been reported that, at high concentrations, diazoxide 
also has the abilityto inhibit contractions produced by 80 
mM KCl.33 Considering the conformational differences 
among them, this discrepancy may be speculated to come 
from the direction of the alkyl-NH bond in the guanidine 
moiety (conformation b versus e in Figure 5). The fact 
that the vasorelaxant effects of AL0671 are competitively 
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inhibited by the potassium-channel blocker glibenclamide 
indicates that vasorelaxation caused by AL0671 is due to 
K+ hyperpolarization through an ATP-sensitive potassium 
channel.32 Further evidence of this mode of action comes 
from whole-cell current measurements in cultured rat 
aortic smooth muscle cells using a patch clamp technique, 
which have clearly shown that AL0671 opens an ATP- 
modulated channel.33 AL0671 also possesses dose-related 
serum lipid-lowering action in obese Zucker rats.M 

Conclusion 
Theabove describes the synthesis and biological activity 

of aminopyridine derivatives structurally related to pi- 
nacidil-type potassium-channel openers. From the study, 
(+)-lo (AL0670) was found to be a potent potassium- 
channel opener. Interestingly, it showed different phar- 
macological and conformational profides from pinacidil. 
AL0670 appeared to fulfill the criteria of vasorelaxant 
potency and diuretic effect suitable for an antihypertensive 
agent. 

Experimental Section 
Chemistry. Reagents were purchaaed from commercial 

suppliers and used without further purification. Reaction 
solvents were distilled from an appropriate drying agent before 
use. Melting points were measured on a Yanaco micromelting 
point apparatus and are uncorrected. Optical rotations, unless 
otherwise indicated, were measured at 25 'C in 99% EtOH with 
a JASCO DIP-181 digital polarimeter. IR and NMR spectra, 
which were in agreement with the structures cited, were recorded 
on a Shimadzu IR-420 instrument for IR and a Brucker AM-500 
spectrometer (500 MHz for 'H NMR and 125 MHz for I3C NMR) 
and a Brucker AC-200 spectrometer (200 MHz for 'H NMR and 
50 MHz for NMR) for NMR using TMS as an internal 
standard. Chemical shifts are reported in parta per million (6 ) ,  
and signals are expressed as s (singlet), d (doublet), t (triplet), 
q (quartet), m (multiplet), or br (broad). Coupling constants (J) 
are shown in Hz. ELMS and SI-MS were taken on a Shimadzu 
QP-1000 maas spectrometer and a Hitachi M-2000 maas spec- 
trometer, respectively. Optical purity of selected final compounds 
was determined by HPLC using an Ultron ES-OVM column (150 
mm X 6 mm 0.d.; Shinwa Chemical Ind. Ltd.): mobile phase, 20 
mM phosphate buffer (pH 7.85)/CHsCN, 200:5 (v/v); flow rate, 
1 mL/min; temperature, 5 'C; sample size, 2 pg/& injection 
volume, 1 gL; detection, 230 nm. 

(+)-( lJ&4R,5B)-Bicycl0[2.2.1 Jhept-2-ene-6-carboxylicacid 
(16) was prepared according to Poll'O as a colorless crystal. mp 

c = 2.4, 95% EtOH)). 
(-)-( IS,4S,bS)-Bicyclo[2.2.l]hept-2-ene-S-carboxylic acid 

(13) was prepared according to Polle as a colorless crystal: mp 

c = 3.0, 95% EtOH)). 
(-)-( 1S,4S~~-Bicyclo[2.2.l]hept-~ne-~~bo~lic Acid 

(14). To a solution of 13 (4.87 g, 35.2 "01) in 180 mL of MeOH 
was added toluenesulfonic acid monohydrate (0.67 g, 3.5 mmol) 
at room temperature. After refluxing for 16 h, the reaction 
mixture was concentrated under reduced pressure (>20 mmHg). 
The residue was diluted with EhO and washed successively with 
10% aqueous Na2C03 and brine. The organic layer was dried 
over anhydrous MgSO,, fiitered, and concentrated under reduced 
pressure to give the methyl eater (4.41 g) as a colorless oil. To 
a solution of sodium methoxide (from 266 mg of sodium) in 48 
mL of MeOH was added the methyl ester (4.41 g, 29.0 "01) in 
10 mL of MeOH at room temperature, and the mixture was heated 
at  reflux for 40 h. MeOH (48 mL) was then distilled off, and to 
the residue was added 6 N NaOH. After refluxing for 2 h, the 
resulting solution was cooled to room temperature, acidified (pH 
1-2) with concentrated HC1, and extracted with EhO. The 
organic layer was washed with brine, dried over anhydrousMgS04, 
filtered, and concentrated in vacuo to give 3.94 g of a mixture of 
acids (endo/exo, Ul).  The acid mixture was dissolved in a solution 

42-44 OC; [a]D = +146.2' (c = 3.0) (fit.= [a]D = +149' (20 'c, 

44.5-45.5 'c; [a]D = -147.1' (C = 27)  (kg [a]D = -147' (20 'c, 
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of 8.33 g of NaaCOg in 132 mL of water and treated for 25 min 
with dropwise addition of a solution (65 mL) of iodine (7.3 g) in 
87 mL of water. At this point, there was a permanent excess of 
iodine. The precipitated brown oil was decolorized with 10% 
sodium thiosulfate and washed with EhO. The aqueoue layer 
was carefully acidified to pH 3 with concentrated HC1 and 
extracted with EhO. The extract was washed with brine and 
dried over magnesium sulfate to give the crude product (1.88 g, 
39 % 1. Further purification was accomplished by distillation (bp 
77-81 'C, 0.3 mmHg) to give the title compound (1.57 g, 32%) 
as a colorlesa oil: [a]D = -13.9' (c = 3.6); 'H NMR (200 MHz,  
CDCb) 6 6.12 (m, 2 H), 3.09 (br 8, 1 H), 2.92 (br 8, 1 H), 2.25 (dd, 
J = 4.4, 5.8 Hz, 1 H), 1.93 (dt, J = 4.0, 12.1 Hz, 1 H), 1.52 (d, J 
= 8.3 Hz, 1 H), 1.45-1.33 (m, 2 HI; IR (CHCb) 3000,1700 cm-l. 

(+)-( IR,~S)-Bicyclo[2.2.l]~pt-29ne-&carb acid 
( 17) was prepared aa a colorless oil using a method similar to that 
described above (10%):  ID = +14.0° (C 
+14.3' (20 'C, c = 3.7,95% EtOH)). The spectral data were 
identical to those of 14. 

(+ )- (lS,2U,dR)-Bicyclo[ 2.2.1 ]heptane2-carboxylic Acid 
(lfk). To a solution of 16 (56.9 g) in 550 mL of AcOEt was added 
10% Pd on charcoal (2.0 9). After the mixture had been stirred 
for 3 h under a hydrogen atmosphere, the catalyst was removed 
by fitration through Celite and the fiitrate concentrated in vacuo 
to give quautitatively the title compound as a colorless oil: [a]D 

EtOH)); 'H NMR (200 MHz, CDCL) S 2.83 (dt, J = 5.5,10.3 Hz, 
1 HI, 2.59 (m, 1 HI, 2.28 (m, 1 HI, 1.70-1.32 (m, 8 H); IR (CHCb) 
3300-2200,1670 cm-l. 

3.6) (lit.= [ a ] ~  

= +31.8' (c = 1.1) (lit." [a]D +33.9 (20 'c, c = 1-06, 96% 

Compounds 18a,b,d were prepared in the same way. 
(-I-( IR,2S,4S)-Bicyclo[ 2.2.l]heptane-2-carboxylic acid 

( 18d) was prepared quantitatively as a colorless oil: [a]D = -30.6' 
(C = 1.1) (lit.'6 [ a ] ~  -30.6' (26 'c, C = 1.2,95% EtOH)). The 
spectral data were identical to those of lac. 
(+)-(1S,ZS,4R)-Bicyclo[2~.l]heptane-2-carboxylic acid 

(18a) was prepared quantitatively as a crystal: mp 43.5-45 OC; 

(br, 1 H), 2.55 (br 8, 1 H), 2.4-2.1 (m, 2 H), 1.9-1.7 (m, IH), 
1.7-1.3 (m, 4 H), 1.3-1.0 (m, 3 H); IR (CHCW 3000,2920,1700 
cm-I. 
(-)-(1R,2R,4S)-Bicyclo[2.2.1]heptane-2-carboxylic acid 

(lab) was prepared quantitatively as a crystal: mp 42-45 OC; 
[#ID = -25.5' (c = 3.7, CHCL). The spectral data were identical 
to those of Ma. 
(-)-(1S,2R,4R)-2-Aminobicyclo[2.2.l]heptane (19c). To a 

solution of ethyl chloroformate (52.5 mL) in hexane (500 mL) 
were added dropwise for 1 h a solution of 18c (85.5 g) and 
triethylamine (85 mL) in hexane (500 mL) with temperature 
maintained below 10 'C. After being stirred for 30 min at 0 OC, 
the reaction mixture was fiitered and concentrated in vacuo. The 
residual dil was disaolved in acetone ("L) and added dropwiee 
for 45 min to a solution of sodium azide (59.5 g) in water (500 
mL) with temperature maintained below 10 'C. After being 
stirred for 2 h at  0 OC, the reaction mixture was poured into ice 
water and extracted with hexane. The organic layer was dried 
over anhydrous MgSOl and fitered and the filtrate added 
dropwise to hexane (500 mL) under reflux. After being refluxed 
for 5 h, the reaction mixture was cooled to room temperature and 
concentrated in vacuo. To the residue redissolved in xylene (350 
mL) was added slowly concentrated HC1 (150 mL) at room 
temperature. After being stirred for 1 h at  room temperature, 
the mixture was heated at reflux for 2 h. Xylene (130 mL) was 
then distilled off and the residue cooled to 0 'C to give the HCl 
salt of the title compound as a white solid (66.3 g, 74%): mp 

To the solution of 6 N NaOH (1 L) was added the HCl salt 
(145 g) at  0 OC. After being stirred for 1 h at  0 'C, the mixture 
was extractedwith CHzClz. The extracts were washed with brine. 
Most of the solvent waa distilled off under atmospheric pressure, 
and a small portion of the residue was distilled (bp 156 'C) to 
give the title compound as a waxy solid (94.3 g, 87%): [OlD 5 

-25.5' (c = 2.2); 'H NMR (200 MHz, CDCb) 6 3.17 (m, 1 H), 2.06 
(m, 1 H), 1.99 (m, 1 H), 1.88-1.13 (m, 9 H),0.60 (m, 1H); IR (KBr) 
3250,2950,1660, 1490,1460 cm-1; MS (EI) M+ 111. 

[all, = +25.7' (C = 3.5); 'H NMR (200 MHZ, CDCb) 6 9.Q-6.O 

>250 '0, [#ID +4.6' (C = 0.5). 

Compounds 19a,b,d were prepared in the same way. 
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ende2-Amino- 1 -met hylbicyclo[ 2.2.1 ]heptane (22). To 1- 
methylnorbornanone (24.2 g) were added furmic acid (45 
mL) and formamide (45 mL), and the mixture was azeotropically 
refluxed at  160 "C. After 3 h, an additional 100 mL of formic 
acid was added and the reaction mixture kept at 150 "C for 23 
h, after which it was cooled to room temperature and extracted 
with CHzC12. The extracts were washed successively with water, 
saturated aqueous NaHC03, and water. The organic layer was 
dried over anhydrous MgSO4, filtered, and concentrated in vacuo 
to give the crude (f)-~-(formylamino)-l-methylbicyclo[2.2.1]- 
heptane (29.0 9). This material was added to 6 N HCl(300 mL) 
and refluxed for 4 h. The reaction mixture was cooled and washed 
with CHzClz and the aqueous layer made alkaline (pH >lo) with 
28% aqueous ammonia and extracted with CHaC12. The 
combined organic layer was washed with brine, dried over 
anhydrous NafiO4, and fitered to give the mixture of ex0 and 
endo amine (18.2 g, 75%) in a ratio of 1387 as determined by 
W M H z  NMR. This mixture (18.2 g) was converted to the salt 
of fumalic acid and recrystallized from MeOH. The crystalline 
was dissolved in water and the solution made alkaline and 
extracted with Et& to give the pure endo amine (9.4 g, >99% 
purity as determined by 500-MHz NMR): 'H NMR (500 MHz, 
CDCb) 6 2.87 (ddd, J = 1.8, 5.1, 10.6 Hz, 1 H), 2.10-2.04 (m, 2 
H), 1.661.59 (m, 2 H), 1.37-1.12 (m, 6 H), 1.05 (e, 3 H), 0.75 (m, 
1 H); MS (E11 M+ 125. 

Resolution of ende2-Amino-l-methylbicyclo[2~.l]hep- 
tane. To a solution of 22 (1.2 g), carbobenzoxy-L-phenyl- 
alaniie (ZPhe, 0.50 g), and 1-hydroxybenzotriazole (0.54 g) in 
THF (20 mL) was added 1-ethyl-3- [3-(dimethylamino)propyll- 
carbodiimide hydrochloride (0.77 g) a t  room temperature. After 
being stirred for 16 h, the reaction mixture was poured into water 
and extracted with AcOEt. The organic layer was successively 
washed with 1 N HC1, saturated aqueous NaHco3, and brine 
and dried over anhydrous MgS04. The extract was filtered and 
concentrated in vacuo. The residue was purified by recrystal- 
lization from EtO/hexane to give the diastereomer 23 (1.43 g, 
88% 1. Thii diastereomer was resolved by preparative HPLC to 
give the (-)-amide of (1S~,4R)-2-amino-l-methylbicyclo[2.2.1]- 
heptane ((-)-23) ( f i t  peak) as a white powder ([&I = -3.0" (25 
O C ,  c = 1.9, 99% EtOH); 99.8% de; mp 106106 "C) and the 
(+)-amide of (1R,2S,4S)-2-amino-ll-methylbicyclo[2.2.11 heptane 
((+)-23) (second peak) as a colorlew crystal ([& = +7.2O (c = 
1.6); 99.2% de; mp 132.5-133.5 "C). 

Separation conditions for preparative HPLC: column, YMC- 
PackR&DD-S&5 (250" X 20mmo.d.) (YamamuraChemical 
Lab. Co., LM.); eluent, THF/hexane, 1:7 (v/v); flow rate, 10 mL/ 
miqdetection, 235nm; sample size, 100mg/mL; injection volume, 

Analytical conditione: YMC-Pack R&D R-SIL-5 (250 mm X 
4.6 mm 0.d.); eluent, THF/hexane, 1:7 (v/v); flow rate, 1 mL/ 
min; detection, 235 nm; sample size, 1 mg/mL, injection volume, 
10 pL. 

Spectral data for (-)-23: 1H NMR (500 MHz, CDCla) S 7.37- 
7.28 (m, 7 H), 7.267.21 (m, 3 H), 5.51 (br, 1 H), 5.38 (br, 1 H), 
5.13 (d, J = 12.3 Hz, 1 H), 5.09 (d, J = 12.3 Hz, 1 H), 4.34 (q, J 
= 6.0 Hz, 1 H), 3.88-3.83 (m, 1 H), 3.18 (dd, J = 6.0,13.5 Hz, 1 
H),2.93(ddS J=8.8,13.5Hz,lH),2.08-2.0l(m,2H),1.60-1.53 
(m, 1 H), 1.29 (d, J = 9.9 Hz, 1 H), 1.20 (d, J 9.9 Hz, 1 H), 
1.11-1.01 (m, 3 H), 0.99 (8, 3 H), 0.48 (d, J = 11.0,l H); NMR 
(125 MHz, CDCb) 6 170.6 (a), 136.8 (e), 136.2 (e), 129.3 (d), 128.8 
(d), 128.5 (d), 128.2 (d), 128.0 (d), 127.1 (d), 67.0 (t), 56.6 (d), 54.7 
(d), 47.3 (a), 45.1 (t), 39.1 (t), 38.9 (t), 36.6 (d), 31.0 (t), 28.6 (t), 
18.6 (9); IR (KBr) 3300,2950,1700,1650,1540 cm-'; MS (SI) M + H+ 407. 

Spectral data for (+)-23: 'H NMR (500 MHz, CDClg) 6 7.36- 
7.26 (m, 7 H), 7.24-7.21 (m, 3 H), 5.60 (br, 1 H), 5.42 (br, 1 H), 
5.11 (d, J = 12.3 Hz, 1 H), 5.07 (d, J = 12.3 Hz, 1 H), 4.36 (q, J 
= 6.6 Hz, 1 H), 3.11 (dd, J = 6.0, 13.7 Hz, 1 H), 3.09 (m, 1 H), 
3.00 (dd, J = 8.2,13.7 Hz, 1 H), 2.16-2.09 (m, 1 H), 2.07 (t, J = 
4.4 Hz, 1 H), 1.61-1.55 (m, 1 H), 1.30 (d, J = 9.9 Hz, 1 H), 1.21 
(d, J = 9.9 Hz, 1 H), 1.17-1.14 (m, 1 H), 1.04-1.01 (m, 2 H), 0.94 
(a, 3 H), 0.72 (d, J = 12.6, 1 H); NMR (125 MHz, CDCb) 6 
170.7 (s), 136.6 (s), 136.2 (s), 129.2 (d), 128.8 (d), 128.5 (d), 128.2 
(d), 128.0 (d), 127.1 (d), 67.0 (t), 56.7 (d), 54.9 (d), 47.3 (8),45.2 
(t), 39.2 (t), 39.0 (t), 36.6 (d), 31.0 (t), 28.5 (t), 18.5 (9); IR (KBr) 
3300,2950,1700, 1650,1540 cm-I; MS (SI) M + H+ 407. 

100 pL. 

Eda et al. 

Eachofamide (+)-23 and (-)-23 was heated with concentrated 
HC1 at 110 OC for 72 h in a sealed tube and then cooled to room 
temperature, diluted with water, made alkaline with KOH, and 
extracted with EhO. The organic layer was washed with brine, 
dried over anhydrous Na2SO4, fitered, and concentrated under 
atmospheric pressure to give respectively the crude enantiomers 
24a and 24b containing EhO. These were used in the next step 
without further purification. 

N-(R)-MTPA Amide of 24b. To a solution of (1S,2R,4R)- 
2-amino-l-methylbicyclo[2.2.1] heptane (24b) (23 mg) and tri- 
ethylamine (50 mg) in CHzCl2 (1 mL) was added (+)-MTPA 
chloride at room temperature. After being stirred for 1 h, the 
reaction mixture was poured into water and extracted with EhO. 
The organic layer was washed with 1 N HCl, saturated aqueous 
NaHCOa, and brine, dried over anhydrous Mgso4, fitered, and 
concentrated in vacuo. The residue was purified by HPLC ( t ~  
= 12.615 min) to give the title compound (36 mg, 57%): 'H 
NMR(500MHz,CDCl~)67.567.50(m,2H),7.45-7.35(m,3H), 
6.72 (br d, 1 H), 4.09 (m, 1 H), 3.45 (e, 3 H), 2.21 (m, 1 H), 2.17 
(m, 1 H), 1.71 (m, 1 H), 1.49 (m, 1 H), 1.41 (dd, J = 1.3,9.9 Hz, 
lH),l .31 (d,J=9.9Hz,lH),1.30(m,lH),1.28(ddd, J=2.1 ,  
2.6,6.0 Hz), 1.13 (a, 3 HI, 0.84 (ddd, J = 1.5,3.2,13.0 Hz, 1 HI. 

Conditionsfor HPLC column, YMC-Pack R&D D-SIL-5 (250 
mm X 20 mm 0.d.); eluent, THF/hexane 1:20 (v/v); flow rate, 10 
mL/miq detection, 235 nm; sample size, 360 mg/mL; injection 
volume, 100 pL. 

N-(S)-MTPA d d e ~ f  24b was prepared in the way described 
above: IH NMR (500 MHz, CDCb)6 7.58-7.53 (m, 2 H), 7.42- 
7.38 (m, 3 H), 6.69 (br d, 1 H), 4.08 (m, 1 HI, 3.43 (s,3 H), 2.26 
(m, 1 H), 2.18 (t, J = 4.4 Hz, 1 H), 1.71 (m, 1 H), 1.40 (dd, J = 
2.0,lO.O Hz, 1 H), 1.36 (m, 1 H), 1.32 (m, 1 HI, 1.27 (m, 1 H), 1.22 
(dt, J = 2.0,12.2 Hz), 1.06 (e, 3 H), 0.92 (ddd, J = 3.3,4.4, 13.0 
Hz, 1 H). 

N-(R)-MTPA amideof 190 wasprepared in the way described 
above: 'H NMR (500 MHz, CDCb) 6 7.54-7.52 (m, 2 H), 7.41- 
7.38 (m, 3 H), 6.80 (br d, J = 4.9 Hz, 1 H), 4.15 (m, 1 H), 3.42 
(q, J = 1.4 Hz, 3 H), 2.52 (t, J = 4.0 Hz, 1 H), 2.24 (t, J = 4.4 Hz, 
1 H), 2.09 (ddd, J = 3.1,4.7, 12.1 Hz, 1 H), 1.60 (ddd, J = 4.6, 
7.8,12.0 Hz, 1 H), 1.49 (m, 2 H), 1.45 (ddd, J = 1.7,2.7,10.0 Hz, 
1 H), 1.35 (ddd, J = 1.8, 2.4, 10.4 HI, 1 H), 1.23 (ddd, J = 2.0, 
4.5, 11.8 Hz, 1 H), 0.75 (ddd, J = 3.1, 4.6, 13.0 Hz, 1 H). 

N-(B)-NLTPAamideof 19cwaspreparedinthewayd&bed 
above: lH NMR (500 MHz, CDCb) d 7.54-7.52 (m, 2 H), 7.41- 
7.38 (m, 3 H), 6.73 (br d, J = 4.9 Hz, 1 H), 4.16 (m, 1 H), 3.44 
(9, J =  1.4Hz,3H),2.47 (t, J54.0Hz,lH),2.24(t, J=4.4Hz, 
1 H), 2.13 (ddd, J = 3.1, 4.7, 12.1 Hz, 1 H), 1.57 (ddd, J = 4.6, 
7.8,12.0Hz, 1 H), 1.45 (ddd, J= 1.7,2.7,10.0Hz,lH),1.40(ddd, 
J = 1.6,4.6,12.1 Hz, 1 H), 1.33 (ddd, J = 1.8,2.4,10.4 Hz, 1 H), 
1.31 (m, 1 H), 1.21 (ddd, J = 2.0,4.5, 11.8 Hz, 1 H), 0.80 (ddd, 
J = 3.1, 4.6, 13.0 Hz, 1 HI. 

N-(6-Amino-bpyridyl)-lW-cyano-Ophenyl~urea (20). 
To a solution of 2,bdiaminopyridine (1.66 g) in i-PrOH (40 mL) 
was added N-cyanodiphenoxyimidocarbonate' (3.62 g) at room 
temperature. After the mixture had been stirred for 2 h, i-Pr2O 
(20 mL) was added and the mixture cooled to 0 OC. After further 
stirring for 1 h at 0 "C, the resulting precipitate was collected by 
filtration to give the title compound as a purple powder (3.38 g), 
the color of which was removed by refluxing in MeOH with 
cha"lfor5mintogiveawhitepowder (2.37g,70%): mp>172 
OC dec; 1H NMR (200 MHz,  DMSO-&) 6 10.41 (br 8, 1 H), 7.92 
(d, J - 2.6 Hz, 1 H), 7.5-7.4 (m, 3 H), 7.3-7.2 (m, 3 H), 6.43 (d, 
J = 8.8 Hz, 1 H), 6.04 (br s,2 H); IR (KBr) 3450,3350,2200,1620 
cm-I; MS (SI) M + H* 254. 
(+)-N-(gAmino-3-pyriayl)-l-[ (1S~U1)-bicyclo[2.2.1]- 

~ p t - 2 - y l ] - ~ ' ~ y a ~ o ~ ~ d i n e  ((+)-lo). To a solution of 
isourea (20) (76.0 g) in AcOEt (500 mL) was added amine 190 
(36.7 g) at mom temperature. After beiig refluxed for 16 h, the 
reaction mixture was cooled to room temperature and the 
reaulting precipitate collectsd by fiitration. The powder was 
recrystallized successively from acetonitrile and water/MeOH 
to give the title compound (59.6 g, 68% ) as a white powder: mp 

HPLC (tR = 37.0 mink 'H NMR (SIX) MHz, DMSO-de) 6 8.45 (a, 
1 H), 7.74 (d, J = 2.6 Hz, 1 H), 7.21 (dd, J = 2.6, 8.7 Hz, 1 H), 
6.58 (d, J = 5.3 Hz, 1 H), 6.43 (d, J = 8.7 Hz, 1 H), 5.91 (8, 2 H), 
3.94 (9, J = 5.3 Hz, 1 H), 2.41 (br s, 1 H), 2.13 (br 8, 1 H), 1.87 

1&6185 "c; [a]D = +12.0" (c 0.6); 99.9% 88 based on third 
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(m, 1 H), 1.45 (m, 2 H), 1.34 (m, 2 H), 1.26 (m, 2 H), 1.02 (d, J 

(s), 144.7 (d), 135.2 (d), 122.9 (a), 117.1 (8),107.7 (d),52.9 (d), 40.0 
(d), 37.5 (t), 36.0 (d), 35.0 (t), 29.1 (t), 21.0 (t); IR (KBr) 3300, 
2900,2300,1590 cm-I. Anal. (Cl4Hl&) C, H, N. 
(-)-N-(6-Amino-3-pyridyl)-N-[ (fR,ZS,4S)-bicyclo[ 26.11- 

hept-2-yl]-N'-cyanoguanidine ((-)-lo) waspreparedas a white 
powder using a method similar to that described above (68%): 
mp 184-185 "c; [a]D = -12.0" (c = 0.6); 99.9% ee based on chiral 
HPLC (tR = 30.6 min). The spectral data were identical to those 

(+)-N-( 6-Amino-3-pyridyl)-N-[ (1S,2S,4R)-bicyclo[26.1]- 
hept-2-yl]-N'-cyanoguanidine ((+)-9) was prepared as a white 
powder using a method similar to that described above (27% ): 
mp 174-175 "c; [a]D = +16.6" (c = 0.5); 99% ee based on chird 
HPLC (tR = 32.4 min). lH NMR (500 MHz, DMSO-&) 6 8.43 
(e, 1 H), 7.71 (d, J =  2.6 Hz, 1 H), 7.19 (dd, J =  2.6,8.8 Hz, 1 H), 
6.44 (br, 1 H), 6.41 (d, J = 8.8 Hz, 1 H), 5.90 (br, 2 H), 3.56 (br, 
1 H), 2.19 (br, 2 H), 1.61 (br, 1 H), 1.5-1.3 (m, 4 H), 1.16 (br t, 
J = 10.3 Hz, 1 H), 1.07 (br d, J = 8.9 Hz, 2 H); I3C NMR (125 

(a), 117.1 (a), 107.7 (d), 54.7 (d), 41.7 (d), 38.4 (t), 35.1 (d), 34.7 
(t), 27.8 (t), 25.8 (t); IR (KBr) 3300,2950,2150,1580 cm-l. Anal. 
(ci4Hi~6-3/6&o) C, H, N. 
(-)-N-( 6-Amino-3-pyridyl)-N-j (fW&45)-bicyclo[ 2.2.11- 

hept-2-yl]-W'-cyanoganidine ((-)-9) was prepared as a white 
powder using a method similar to that described above (50%): 
mp 173.5-175 O C ;  [ a ]D  = -15.8" (c = 0.5); 99% ee based on chiral 
HPLC ( t ~  = 49.8 min). The spectral data were identical to those 

(+)-N-(6-Amino-3-pyridyl)-Ncyano-N'-[ (fR,ZS,45)-1- 
methylbicyclo[2~.l]hept-2-yl]guanidine ((+)-11) was pre- 
pared as a white powder using a method similar to that described 
above (25%): [ a ]D  = +84.3" (c = 0.5); 99% ee based on chird 
HPLC (tR = 33.2 min); mp 225.5-227 "C;lH NMR (500 MHz, 

= 2.6, 8.7 Hz, 1 H), 6.42 (d, J = 8.7, 1 H), 6.38 (d, J = 7.1 Hz, 
1 H), 5.93 (br 8, 2 H), 4.02-3.90 (m, 1 H), 2.18-1.97 (m, 2 H), 
1.58-1.45 (m, 2 H), 1.40-1.20 (m, 4 H), 1.08 (8, 3 H), 1.02-0.92 
(m, 1 H); 1% NMR (125 MHz, DMSO-&) S 159.0 (a), 157.7 (a), 
144.4 (d), 135.0 (d), 122.9 (a), 117.1 (e), 107.8 (d), 56.5 (d), 47.5 
(a), 44.7 (t), 37.0 (t), 36.0 (d), 30.5 (t), 28.1 (t), 18.7 (9); IR (KBr) 
3450,3320,3280,2920,2850 cm-'; MS (SI) M + H+ 285. Anal. 

12.4 Hz, 1 H); "C NMR (125 MHz, DMSO-&) 6 158.7 (E), 157.8 

of (+)-IO. Anal. (CiJI&J/zHzO) C, H, N. 

MHz, DMSO-&) 6 157.9 (E), 157.8 (E), 144.8 (d), 135.2 (d), 122.9 

of (+)-9. Anal. (cl4Hl&) C, H, N. 

DMSO-&) 6 8.55 (8, 1 H), 7.73 (d, J = 2.6 Hz, 1 H), 7.19 (dd, J 

(cl5&&) C, H, N. 
(-)-N-(6-Amino-3-pyridyl)-N'-cyano-N'-[ (1 SJR,4R)- 1- 

methylbicyclo[26.l]hpt-2-yl]guanidine ((-)-11) was pre- 
pared as a white powder using a method similar to that described 
above (75%): mp 225.5-227 "C; [a]D = -79.8" (c = 0.5); 99% ee 
based on chiral HPLC ( t ~  = 58.9 min). The spectral data were 
identical to those of (+)-11. Anal. (Cl6Hd6) C, H, N. 

Biology. All compounds were dissolved in DMSO and diluted 
with experimental vehicle (described in the following procedure) 
to the appropriate concentration. 

Vasorelaxant Studies in Aorta. Male Wister rata (200-300 
g) were sacrificed and the thoracic aorta removed, cleaned of 
extraneous fat, and cut into spiral strips. The strips were 
suspended in an organ bath containing physiological salt solution 
(PSS) maintained at  37 "C and aerated with 5% COS in 0 2 .  A 
resting tension of 1.0 g was applied, and developed tension was 
measured isometrically with a force-displacement transducer 
(TB612T; Nihon Kohden, Osaka, Japan). The strips were 
equilibrated for 30 min in the bathing solution with replacement 
of fresh solution every 20 min. After equilibration, the tissues 
were contracted by the addition of 20 mM KC1 and the contractile 
responses allowed to reach a plateau. The ability of test 
compounds to relax the tissues was then examined using a 
cumulative dose-response protocol. At the end of the experi- 
menta, l(r M papaverine was added to obtain maximum 
relaxation. Drug activity is expressed as the ICW value, that is, 
the concentration of a drug producing 50% of the maximum 
relaxation as induced by papaverine. The PSS had the following 
composition (mM): NaCl 117.0, KCl 5.0, CaClz 1.5, NaHzPO4 
1.0, NaHCOs 25.0, MgSO, 1.2, glucose 11.5. 

iv  Hypotensive Activity in Normotensive Rats. Male 
Wistar rata (250-300 g) were anesthetized with pentobarbital 
sodium salt (42 mg/kg, ip) and the tracheas cannulated. The 

Journal of Medicinal Chemistry, 1994, Vol. 37, No. 13 1989 

Table 4. SingleCrystal X-ray Crystallographic Analysis of the 
Hydrochloric Acid Salt of ALO670 

formula 
formula weight 
crystal size (mm) 
crystal system 
space group 
molecdes/unit cell 
unit cell dimensions: a, A 

b, A 
c, A 
8, degrees 

density (calcd), g/cm3 
absorption coefficient, cm-1 
system used 
eo 1 ut ion 
refinement method 

number of reflections 
observed reflections 
wavelength, A, A 
R index 

0.3 X 0.25 X 0.20 
monoclinic 
P21 
4 
11.510(1) 
14.880(1) 
11.612(1) 
115.406(7) 
1.334 
21.09 
Rig& AFC5R 
direct methods 
full-matrix 

leaat-squares 
2373 
2093 
1.54178 
0.044 

right carotid artery was cannulated for arterial preseure and heart 
rate measurement. SBP were measured using a pressure 
transducer (Statham P - 50; Gould) coupled to a polygraph (AP- 
601G; Nihon Kohden, Osaka, Japan). The tested compounds 
were administered in bolus from the tail vein. An estimate of 
the dose level of a compound inducing a 30% fall in SBP (EDSO) 
was made using linear regression of change in SBP versus log 
dose. 

Diuretic Study in Rats. SHR (250-280 g) were fasted 
overnight, gavaged with the drug dose in a total volume of 5 
mg/kg of drug solution and vehicle, and immediately confiied 
to metabolic cages. Individual urine was collected for 5 h after 
drug administration. Urinary volume as well as Na+, K+, and C1- 
excretion was measured using an electrolyte autoanalyzer (NAKL- 
2; Olympus Optical, Japan). 

X-ray Structure Determinations. Intensity data were 
collected with a Rigaku AFC5R diffractometer and T e h  
software. Linear and empirical absorption corrections% as well 
as secondary extinction corrections were applied to the intensity 
data. The crystal structure was solved using a direct method" 
and expanded using Fourier techniques@ and then refined with 
a full-matrix least-squares procedure against a set of unique 
reflections. Anomalous dispersion effects were taken into account 
in structure factor calculations. Absolute confi ia t ion of the 
structure was determined by comparing the observed Bijvoet 
differences with those calculated from the refined model; see 
also Table 4. 
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