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A potent macrocyclic inhibitor of neutral endopeptidase (NEP) 24.11 was designed using a computer 
model of the active site of thermolysin. This 10-membered ring lactam represents a general mimic 
for any hydrophobic dipeptide in which the two amino acid side chains bind to  an enzyme in a 
contiguous orientation. The parent 10-membered ring lactam was synthesized and exhibited 
excellent potency as an NEP 24.11 inhibitor (IC50 = 3 nM). In  order to  improve oral bioavailability, 
various functionality was attached to  the macrocycle. These modifications lead to  CGS 25155, an 
orally active NEP 24.11 inhibitor that  slows down the degradation of the cardiac hormone atrial 
natriuretic factor, producing a lowering of blood pressure in the DOCA-salt rat model of hypertension. 

Introduction 

Atrial natriuretic factor (ANF) is a cardiac hormone 
that is released into the circulation in response to changes 
in intra-cardiac pressure, and it plays an important role 
in the regulation of electrolyte levels and the suppression 
of renin and aldosterone secretion.’ In animal models, as 
well as clinical studies, infusion of ANF produces rapid 
natriuresis, diuresis, and lowering of blood pressurea2 
However, because ANF is a 28-amino acid peptide, it is 
poorly absorbed and rapidly metabolized,3 thus limiting 
its utility as a drug for cardiovascular disorders. With the 
discovery that neutral endopeptidase (NEP) 24.11 in the 
kidney is the major enzyme responsible for the hydrolysis 
and inactivation of ANF? a number of groups have been 
exploring the possibility of potentiating the action of ANF 
by slowing down its degradat i~n.~ In this report, we 
summarize our own efforts to discover orally active 
inhibitors of NEP 24.11 as a new therapyfor hypertension. 

Results and Discussion 

Molecular Modeling. Although the 3-dimensional 
structure of NEP has not been solved, there is a similarity 
in terms of primary sequence and substrate specificity to 
the bacterial enzyme, thermolysin,6 for which there is a 
good deal of structural data. In fact, several X-ray crystal 
structures of inhibitor-thermolysin complexes have been 
published.7 For this reason, our chemistry strategy was 
initially guided by studying potential drug candidates in 
the active site of thermolysin using molecular modeling. 
Our expectation was that a good “fit” in thermolysin would 
be predictive of good affinity for NEP. 

Important insight was gained by examining Bartlett’s 
transition-state inhibitor 1 (Figure 1) in t he rm~lys in ,~~  
which revealed some of the crucial enzyme-inhibitor 
interactions needed for tight binding. Particularly note- 
worthy was the contiguous orientation of the two hydro- 
phobic enzyme pockets that accommodated the two leucine 
side chains. This suggested to us that a novel inhibitor 
could be assembled in which these side chains were joined. 
Inclusion of a zinc-binding group, an internal amide bond, 
and a terminal carboxylic acid optimized the design to 
yield macrocycle 2. Using molecular modeling,* macro- 
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Figure 1. Macrocyclic inhibitor target. 

cycle 2 was docked into the active site of thermolysin, and 
a qualitatively good fit was readily apparent. As seen in 
Figure 2, the hydrophobic pockets of the enzyme make 
excellent van der Waals contact with the inhibitor, and 
key hydrogen bonds are aligned quite well. In addition, 
the conformation of the macrocycle necessary for binding 
to the enzyme is accessible (-4.5 kcal above the lowest- 
energy conformation). Since macrocycle 2 met our re- 
quirements for a potent inhibitor, its synthesis was 
undertaken. 

Chemistry. The general strategy employed in the 
synthesis of the 10-membered ring lactam consisted of 
consecutive ring expansion reactions of readily available 
cyclooctanone (Scheme I). 

Cyclooctane was first ring-expanded, following a liter- 
ature procedure? with ethyl diazoacetate and boron 
trifluoride etherate to provide the 9-membered ring @-keto 
ester 4 after distillation. Compound 4 was then ring- 
expanded a second time by treatment with sodium azide 
and methanesulfonic acidlo to provide the 10-membered 
ring latam 5. Thus, in two simple operations, the 
macrocyclic template is produced lacking only the mer- 
captomethyl functionality. 

In order to place substituents a to the amide group, 
lactam 5 was brominated,ll providing exclusively the cis 
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Figure 2. Macrocycle 2 (white) docked into the active site of thermolysin (purple); the zinc atom is in green, and the accessible surface 
of the active site is shown as an orange mesh. Note that 2 fits perfectly onto the accessible surface, except where a hydrogen bond 
is made between the amide of the macrocycle and an arginine side chain of thennolysin. 

Figure 3. X-ray crystal structure of bromide 6. 

isomer 6; the stereochemistry of bromide 6 was determined 
by X-ray crystallography (Figure 3). The formation of 
onlyone isomer in this reaction is probably due to selective 
peripheral attack of bromine on the 10-membered ring.** 
The cis stereochemistry turned out to be important, since 
all attempted S N ~  type displacements of the bromide (e.g. 
NaNs or NaOAc, 140 "C)  yielded only recovered starting 
material. Examination of the X-ray structure suggested 
that back-side attack on the bromide was blocked by the 
carbon tether across the ring. For this reason, S N ~  type 
displacements were tried, and remarkably, treatment of 
6 with silver acetate, followed by ethanolysis, yielded very 
cleanly the hydroxy macrocycle 7 as a single isomer. An 

Figure 4. X-ray crystal structure of thioacetate 10. 

X-ray crystal structure of compound 7 showed that the cis 
isomer had again been formed, suggesting that the 
approach by acetate to the macrocycle occurred from the 
same peripheral face as bromine. Alcohol 7 was oxidized 
to ketone 8, providing a handle for putting in the ero- 
methylene group. That transformation turned out to be 
problematical. For instance, a standard Wittig reaction 
only gave small amounts of impure olefin 9. However, a 
two-step Peterson olefination yielded very clean olefin 9. 
Stirring this intermediate overnight in thiolacetic acid gave 
twodiastereomericthioacetatesina51 ratio,and themajor 
isomer 10 was separated by flash chromatography. The 
reelatiue stereochemistry of the major isomer was deter- 
mined by X-ray crystallography to be trans (Figure 4). 
Hydrolysis of compound 10 yielded the parent macrocyclic 
thiol-acid 2; since the trans isomer of 2 was about 6 times 
more potent in the enzyme assay than the corresponding 
cis isomer, all subsequent analogs were synthesized from 
the major trans-substituted macrocycle. 
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Scheme I. Synthesis of the Parent Macrocyclea 
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Table I. Inhibition of NEP 24.11 by Macrocycles 

I b  
C V Y  Q COpEt 

5 
6 :  X = Br 

7 :  X = OH 

l e  

0 :  x = o  
9 :  X = CH, 

0 (a) N2CH&02Et, EbOBF4; (b) NaNs, MeS03H; (c) Br2, PCls, 
12; (d) (1) AgOAc; (2) K2COs; (e) PCC; (f) (1) TMSCH2MgBr; (2) 
BFs-OEtZ; (9) AcSH; (h) NaOH. 

The macrocyclic amides listed in Table I (12a-i) were 
all made by standard EDC/HOBt couplings followed by 
removal of the protecting groups as outlined in Scheme 
11. 

In order to synthesize the individual enantiomers of 
lead macrocycle 2, an Evan's chiral oxazolidinone was 
attached to the carboxylic acid as outlined in Scheme 111, 
and the two chiral diastereomers 13 were separated by 
flash chromatography. Initially, each isomer had to be 
carried forward to determine which would lead to the more 
potent inhibitor; this turned out to be (+)-13. Interest- 
ingly, the chiral auxiliary could be removed selectively by 
lithium hydroxide, providing the chiral thioacetate (+)- 
11, and allowing easy access to chiral macrocylic amide 
derivatives, such as hydroxyproline derivative (-)-12i. 
Chiral thiol-acid (+)-2 was obtained by a second hydrolysis 
using sodium hydroxide. Chiral thiol-acid (-)-2 was 
prepared similarly from (-)-13. Prodrug (+)-14 was made 
by the standard coupling procedure, and an X-ray crystal 
structure was solved (Figure 5) ,  establishing the absolute 
stereochemistry of the ring asymmetric centers (as that 
drawn in the scheme) by correlation to the hydroxyproline 
asymmetric center. 

Analysis of in Vitro NEP 24.11 Inhibition. The 
compounds listed in Table I were evaluated for NEP 24.11 
inhibition using a literature procedure.4a As predicted, 
macrocycle 2 is a very potent NEP 24.11 inhibitor, 
confirming that the 10-membered ring lactam is a good 
mimic of a dipeptide comprised of two hydrophobic 
residues that are contiguous in their binding mode. 

Analogs 12a-e lack a terminal carboxylic acid group 
and are less potent inhibitors. Moreover, the most 
hydrophobic analog, compound 12b, is significantly less 

molecular 
compd' R ICm, (nM) formulab 
e ) - 2  
(+)-2 
(-)4 
12a 
12b 
12c 
12d 
120 
12f 

12h 

(-)-12i 

OH 
OH 
OH 
NH(B-pyridyl)-HCl 
NH (phenyl) 
NHCH~CHZOCH~CH~OH 
NHCHzCHzCHzOH 
NHCH~CHZCHZS(O)ZCH~ ;CwHa 

corn 
N&OH 
H 

COO" 

4 
3 

>lo00 
59 

551 
84 

209 
63 
14 

11 

2 

0.8 

Compounds in this table are racemic (except for (+)-2, (+2, and 
(-)-12i), with trans ring stereochemistry. Analyses for C, H, N were 
within &0.4%. H: calcd, 7.69; found 7.14; N calcd, 7.69; found, 
7.16. 

Scheme 11. Synthesis of Amide Analogsa 

w 11 w 12 
(a) (1) EDC, HOBt, various amines; (2) removal of protecting 

groups. 

Figure 5. X-ray crystal structure of CGS 25155. 

active than the others. These results are consistent with 
the notion that the P3' area of the NEP active site is 
hydrophilic, possibly extending out into the surrounding 
surface of water, as is the case in thermolysin. 

Amino acids were attached to the macrocycle in order 
to make analogs (12f-i) that retain a terminal carboxylic 
acid but a t  the same time contain a side chain that allows 
for modification of the compound's physical properties. 
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Scheme 111. Synthesis of Chiral Macrocyclesa 

0 COOH 0 

w 11 (+) 13 

I 

COS 25155 

0 (a) Pivaloyl chloride, (R)-4-benzyl-2-oxazolidinone anion; (b) 
LiOH (c) NaOH (d) (1) EDC, HOBt, 4-hydroxyproline ethyl ester; 
(2) NaOH; (e) EDC, HOBt, 4-hydroxyproline benzyl ester. 

The conformationally restricted proline and hydroxypro- 
line derivatives exhibit very good activity, and in fact, 
compound 12i became the focus of our efforts to optimize 
the macrocycle series for in vivo efficacy. In addition, 
compound 12i is very selective for NEP 24.11; no ACE 
inhibition is measured at  100 MM. 

In Vivo Pharmacology. From the start of this work, 
an assumption was made that a long-acting, orally active 
thiol-based NEP inhibitor could be identified only if the 
thiol functionality was masked as a prodrug. This turned 
out to be the case, as none of the analogs listed in Table 
I showed any effect when given orally (30 mg/kg) in the 
biological assays used in this project to evaluate a 
compound for ANF-related antihypertensive activity. On 
the other hand, CGS 25155, a thioacetate-benzyl ester 
prodrug, demonstrated excellent in vivo activity as de- 
scribed in detail below. Other esters of CGS 25155 such 
as ethyl or 5-indanyl, combined with the thioacetate, did 
not show any efficacy in vivo. 

The first indication that CGS 25155 had promise as a 
drug was inferred from its good pharmacokinetics profile, 
shown in Figure 6. As seen in the graph, persistent and 
steady plasma levels of the active inhibitor, compound 
(-)-12i, were measured for a t  least 6 h in rats when the 
prodrug was given orally a t  30 mg/kg. Remarkably, even 
at  the 6-h time point, drug levels exceed 200 times the IC50 
of the inhibitor. It should be pointed out that drug levels 
in this experiment are indirectly quantitated, based on an 
ex vivo enzyme assay of rat plasma at  each time point. 

CGS 25155 was then studied in a more relevant assay 
that demonstrates the ability of an NEP inhibitor to affect 
plasma ANF levels. In this experiment, exogenous ANF 
is continuously infused in rats a t  a constant rate, while a t  
the same time compound is administered orally in a single 
dose. As seen in Figure 7, treatment with CGS 25155 
resulted in elevated plasma ANF levels for several hours, 

0.8 O.'i 

0 i 1 2 3 4 5 6 

Hours 

Figure 6. Plasma levels of active inhibitor in conscious rata 
determined by exvivo NEP assay when CGS 25155 is dosed at 
30 mg/kg PO. Values at each time point are the average of four 
animals. 
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Figure 7. Potentiation of infused ANF in conscious rata due to 
CGS 25155 dosed at 10 mg/kg PO. Plasma ANF values were 
determined by specific radioimmunoassay and are the average 
of three animals at each time point. 
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Figure 8. The decrease in mean arterial pressure (MAP) due 
to CGS 25155 in conscious DOCA-salt hypertensive rats. Com- 
pound (solid circles) is dosed at 30 mg/kg po; 3% cornstarch is 
the control (open squares). Each point is the average of seven 
animals. 

indicating that the inhibitor could prevent the degradation 
of the hormone in vivo and potentiate ita duration of action. 

Finally, CGS 25155 was studied in the DOCA-salt rat 
model of hypertension. As seen in Figure 8, this compound 
produced a maximum drop in blood pressure of 44 f 13 
mmHg at  5 h. Thus, due to significant pharmacological 
effects in all of these in vivo assays, CGS 25155 was selected 
for toxicological studies and clinical development. 
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(m, 1 H), 1.5 (m, 8 H), 1.35 (t, J = 7 Hz, 3 H); MS (DCI, CHI) 
m/e 306,308 (M + 1). Anal. (C12H&rNOa) C, H, N. 

Ethyl 3-Hydroxy-2-oxo-1-azacyclodecane- 10-carboxylate 
(7). Bromide 6 (2.96 g, 9.67 mmol) is dissolved in dimethylfor- 
mamide (30 mL). Silver acetate (6.35 g, 38 mmol) is added, and 
the reaction is heated to 100 OC for 3 h. After cooling back to 
room temperature, the reaction mixture is diluted with ethyl 
acetate (100 mL) and filtered through a pad of silica gel, and the 
solvent is evaporated to give the crude acetate (9.82 9). 

This acetate (9.82 g) is then dissolved in ethanol (150 mL). 
Potassium carbonate (1.35 g, 9.67 mmol) is added, and thereaction 
mixture is stirred at  room temperature for 4 hours. The reaction 
mixture is diluted with ethyl acetate (200mL) and filtered through 
a pad of silica gel, and the solvent is evaporated to give 2.3 g of 
the title compound (-100% from 6): mp 93-94 OC; NMR (250 
MHz, CDCl3) a 7.6 (d, J = 6 Hz, 1 H), 4.6 (m, 1 H), 4.3 (dd, J 
= 3 Hz, 3 Hz, 1 H), 4.2 (m, 2 H), 3.5 (broads, 1 H), 2.15 (m, 1 
H), 1.85 (m, 3 H), 1.4 (m, 8 HI, 1.25 (t, J = 7 Hz, 3 H); MS (DCI, 
CH4) rnle 244 (M + 1). Anal. (C12H21NOd) C, H, N: calcd, 5.76; 
found, 5.19. 

Ethyl 2,3-Dioxo-l-azacyclodecane-l0-carboxylate (8). Al- 
cohol 7 (1.63 g, 6.7 mmol) is dissolved in methylene chloride (70 
mL), and pyridinium chlorochromate (2.89,13.4 mmol) is added. 
The reaction mixture is stirred at  room temperature overnight, 
diluted with ethyl acetate, and filtered through a pad of florisil. 
The product is purified by silica gel chromatography (30% ethyl 
acetatelhexane) to give 1.21 g of the title compound (75%): mp 

(m, 1 H), 4.2 (q, J = 6 Hz, 2 H), 3.2 (dd, J = 7 Hz, 11 Hz, 1 H), 
2.2 (m, 1 H), 1.8 (m, 2 H), 1.5 (m, 8 H), 1.3 (t, J = 6 Hz, 3 H); 
MS (DCI, CH4) mle 242 (M + 1). Anal. (C12HleNO4) C, H, N. 

Ethyl 3-Met hylidene-2-oxo-l-azacyclodecane-l0-carbox- 
ylate (9). Ketone 8 (5.02 g, 20.81 mmol) is dissolved in ether (50 
mL), andthemixtureiscooledtoOOC. [(T~imethylsilyl)methyl]- 
magnesium chloride (42.0 mL of a 1.0 M solution in ether, 42.0 
mmol) is added dropwise, and the reaction mixture is stirred at  
0 OC for 20 min and then heated to reflux overnight. The reaction 
is quenched with saturated ammonium chloride and extracted 
several times with ethyl acetate. The combined organic layers 
are dried (NazSOd), and the solvent is evaporated. The product 
is purified by silica gel chromatography (10% ethyl acetate/ 
hexane) to  give separately the  two diastereomers of 
ethyl-3- [ (trimethylsilyl)methyl] -3-hydroxy-2-oxo-1-azacyclode- 
cane-10-carboxylate: 2.16 g of the major isomer (31 %) [mp 129- 
130 OC; NMR (250 MHz, CDCl3) a 7.7 (d, J = 5 Hz, 1 HI, 4.5 (m, 
1 H), 4.2 (m, 2 H), 2.1 (m, 1 H), 1.7 (m, 2 H), 1.5 (d, J = 16 Hz, 
1 H), 1.4 (m, 10 H), 1.3 (t, J = 6 Hz, 3 H), 1.0 (d, J = 16 Hz, 1 
H), 0.0 (s,9 H); MS (DCI, CHI) rnle 330 (M + l), 2421 and 1.11 
g of the minor isomer (16%) [mp 175-177 OC; NMR (250 MHz, 
CDCl3) d 6.2 (d, J = 5 Hz, 1 H), 4.65 (m, 1 H), 4.2 (m, 2 H), 2.45 
(m, 1 H), 1.8 (m, 2 H), 1.4 (m, 10 H), 1.3 (t, J = 6 Hz, 3 H), 1.15 
(d, J = 16 Hz, 1 H), 1.0 (d, J = 16 Hz, 1 H), 0.0 (s,9 H); MS (DCI, 
CHI) rnle 330 (M + 111. 

The silyl alcohol intermediate (0.98 g, 2.98 mmol) is dissolved 
in methylene chloride (50 mL), and boron triflate etherate (1.8 
mL, 15 mmol) is added. The reaction mixture is stirred at room 
temperature for 26 h. The reaction is quenched with saturated 
ammonium chloride and extracted several times with methylene 
chloride. The combined organic layers are dried (MgSOI), and 
the solvent is evaporated. The product is purified by silica gel 
chromatography (20% ethyl acetatelhexane) to give 0.52 g of the 
title compound (73%): mp 91-92 OC; NMR (250 MHz, CDCl3) 
a 6.3 (d, J = 4 Hz, 1 H), 5.8 (d, J = 2 Hz, 1 H), 5.3 (d, J = 2 Hz, 
1 H), 4.7im, 1 H), 4.2 (m, 2 H), 2.45 (dd, J = 5 Hz, 5 Hz, 2 H), 
1.5 (m, 10 H), 1.3 (t, J = 7 Hz, 3 H); MS (DCI, CHI) rnle 240 (M 
+ 1). 

Ethyl 3 4  (Acetylthio)methyl]-2-oxo-l-azacyclodecane- 10- 
carboxylate (10). Olefin 9 (1.0 g, 4.18 mmol) is dissolved in 
thiolacetic acid (6 mL). The reaction mixture is stirred at room 
temperature overnight, and the solvent is evaporated. The 
product is purified by silica gel chromatography (25",, ethyl 
acetatelhexane) to give separately the two disatereomers of the 
title compound: 0.80 g of the major (trans) isomer (61 "(5 ) [mp 

4.70 (m, 1 H), 4.2 (m, 2 H), 3.0 (m, 2 H), 2.4 (111. I H), 2.3 (s, 3 
H), 2.2 (m, 1 H), 1.85 (m, 2 H), 1.6 (m, 2 H). 1.4 (m. 7 H), 1.25 

71-73 OC; NMR (250 MHz, CDCla) a 6.0 (d, J = 8 Hz, 1 H), 4.5 

115-117 OC; NMR (250 MHz, CDCln) 8 6.3 (d, J = 6 Hz, 1 H), 

Conclusion 

Examination of the way known compounds bind to 
thermolysin leads to a general understanding of exactly 
what kinds of interactions were important in an inhibitor- 
metalloprotease complex. On the basis of the assumption 
that the active site of thermolysin is a reasonable model 
for the active site of NEP 24.11, a novel macrocycle was 
designed by molecular modeling with the expectation that 
it would be a potent NEP inhibitor. Once this template 
had been identified, analogues were synthesized until one 
prodrug was optimized for significant antihypertensive 
activity. 

Experimental Section 

General. Molecular modeling studies using MacroModel13 
were run on a VAX 8820 computer with an Evans and Sutherland 
PS 390 color graphics terminal. Solvents and reagents were used 
as received. Flash chromatography on silica gel was performed 
with a forced flow of the indicated solvent system on EM Science 
silica gel 60 (230-400 mesh). lH NMR spectra were recorded on 
a Bruker AC-250 (250 MHz) or a Varian XL-300 (300 MHz) in 
the indicated solvent. Mass spectra were determined on a 
Hewlett-Packard 5985B quadrupole mass spectrometer using 
desorption chemical ionization with methane. Melting points 
were determined on a Hoover capillary melting point apparatus. 
Optical rotations were determined on a Jasco DIP-370 polarim- 
eter. 
2-(Ethoxycarbonyl)cyclononanone (4). Cyclooctanone (25 

g, 198 mmol) is dissolved in methylene chloride (500 mL), and 
the solution is cooled to 0 OC. Triethyloxonium tetrafluoroborate 
(121.6 g, 640 mmol) is added. Ethyl diazoacete (41.61 g, 365 
mmol) is then added dropwise over 25 min, and the reaction is 
stirred at 0 OC for 4 h. This reaction is quenched by pouring into 
a solution of sodium bicarbonate (160 g) in water (1.6 L) and 
stirring overnight. The reaction mixture is then extracted several 
times with methylene chloride, the combined organic layers are 
dried (NazSOd), and the solvent is evaporated. The product is 
purified by vacuumdistillation (0.2-1.0 mmHg), and the fraction 
boiling between 100 and 125 OC is collected to give 42.0 g of the 
title compound (-100%): NMR (300 MHz, CDC13) d 4.1 (m, 2 
H), 3.6 (dd, J = 6 Hz, 5 Hz, 1 H), 2.6 (m, 2 H), 2.4 (m, 1 H), 2.1 
(m, 2 H), 1.9 (m, 2 H), 1.7 (m, 1 H), 1.5 (m, 6 H), 1.2 (t, J = 7 
Hz, 3 H). 

Ethyl 2-Oxo- 1 -azac yclodecane- 10-carboxylate (5). Keto 
ester 4 (13.72 g, 64.7 mmol) is dissolved in chloroform (200 mL) 
and cooled to 0 OC. Methanesulfonic acid (62.4 g, 650 mmol) is 
added, followed by sodium azide (12.68 g, 195 mmol). The 
reaction mixture is stirred at room temperature for 30 min and 
then heated to reflux for 4 h. The reaction mixture is poured 
onto ice, made basic with concentrated ammonium hydroxide 
(pH = 9), and extracted several times with methylene chloride. 
The combined organic layers are dried (MgSO,), and the solvent 
is evaporated. The product is purified by silica gel chromatog- 
raphy (40% ethyl acetatelhexane) to give 5.80 g of the title 
compound (40%): mp 101-103 OC; NMR (300 MHz, CDC18) d 
6.3 (m, 1 H), 4.7 (m, 1 H), 4.2 (m, 2 H), 2.3 (m, 3 H), 1.7 (m, 6 
H), 1.4 (m, 5 H), 1.3 (t, J = 7 Hz, 3 H); MS (DCI, CH4) rnle 228 
(M + 1). Anal. (C12H21N03) C, H, N. 

Ethyl 3-Bromo-2-oxo-1-azacyclodecane- 10-carboxylate (6). 
Lactam 5 (4.0 g, 17.6 mmol) is dissolved in methylene chloride 
(50 mL) and cooled to 0 OC. Phosphorus pentachloride (3.85 g, 
18.5 mmol) and iodine (.051 g, 0.2 mmol) are added. The reaction 
mixture is stirred for 15 min at 0 "C. Then, bromine (3.10 g, 19.4 
mmol) is added, and the reaction is stirred at 0 "C for 4 h. The 
reaction is quenched by adding saturated sodium sulfate (until 
the color of excess bromine disappears) and extracted several 
times with methylene chloride. The combined organic layers 
are dried (Na2S04), and the solvent is evaporated. The product 
is purified by silica gel chromatography (15% ethyl acetatel 
hexane) to give 3.09 g of the title compound (57% ): mp 132-134 
"C; NMR (300 MHz, CDC13) a 7.2 (broad s, 1 H), 4.6 (m, 1 H), 
4.35 (dd, J = 7 Hz, 5 Hz, 1 H), 4.2 (m, 2 H), 2.25 (m, 3 H), 1.75 
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(t, J = 6 Hz, 3 H); MS (DCI, CH4) m/e 316 (M + 1). Anal. 
(C1J-lSIly04S) C, H, N] and 0.16 gof the minor (cis) isomer (12% ) 
[mp 179-180 OC; NMR (250 MHz, CDCb) t3 6.2 (d, J = 6 Hz, 1 
H), 4.55 (m, 1 H), 4.2 (m, 2 H), 3.1 (ddd, 2 H), 2.45 (m, 1 H), 2.3 
(8, 3 H), 1.6 (m, 5 H), 1.35 (m, 7 H), 1.25 (t, J = 6.5 Hz, 3 H); MS 
(DCI, C)4) m/e 316 (M + 1). Anal. ( C I J - ~ ~ O I S )  c, H, Nl. 

34 Mercaptomet hy1)-2-oxo- 1-azacyclodecane- 1 O-carbox- 
ylic Acid [(*)-2]. The major (tran8)thioacetate 10 (1.35 g, 4.29 
mmol) is diesolved in nitbgen-degassed ethanol (30 mL). Sodium 
hydroxide (13.0 mL of a 1.0 M aqueous solution, 13.0 mmol) is 
also nitrogen-degaaeed and then added. After the mixture is 
stirred for 75 min, the reaction is quenched with 1 M hydrochloric 
acid (15.0 mL), and the solvent is removed. The residue is 
partitioned between ethyl acetate and water, and the aqueous 
phase is thoroughly extracted with ethyl acetate. The combined 
organic layers are dried (MgSOd), and the solvent is evaporated 
to give 1.05 g of the title compound (-100%): mp 180-185 "C; 
NMR (250 MHz, CDsOD) a 8.2 (d, J = 6 Hz, 1 H), 4.55 (m, 1 H), 
2.75 (dd, J = 10 Hz, 12 Hz, 12 Hz, 1 H), 2.55 (m, 1 H), 2.45 (m, 
1 H), 2.45 (m, 1 H), 2.15 (m, 1 H), 1.85 (m, 2 H), 1.45 (m, 10 H); 
MS (DCI, CHI) m/e 246 (M + 1). Anal. (C11HleN03S) C, H, N. 

3 4  (Acety1thio)methyll-2-oxo- 1-azacyclodecane-10-car- 
boxylic Acid [(A)-111. Thiol (*)-2 (0.75 g, 3.06 mmol) is 
dissolved in pyridine (20mL). Acetyl chloride (0.26 g, 3.37 mmol) 
is added, and the reaction is stirred at  room temperature 
overnight. The reaction is quenched by cooling to 0 "C, adding 
concentrated hydrochloric acid (20 mL), diluting with water, and 
extracting several times with ethyl acetate. The combined organic 
layers are dried (MgSOd), and the solvent is evaporated to give 
0.90 g of the title compound (-100%) as an oil: NMR (300 
MHz, CDCls) t3 9.5 (broad s, 1 H), 6.6 (d, J = 5 Hz, 1 H), 4.65 
(m, 1 H), 3.0 (m, 2 H), 2.4 (m, 1 H), 2.3 (8, 3 H), 2.2 (m, 1 H), 1.90 
(m, 2 H), 1.4 (m, 9 H); MS (DCI, CH4) m/e 288 (M + l), 246. 

General Procedure for Analogs 12a-e. The procedure used 
to synthesize these compounds is the same as that described in 
detail for compound (-)- 121 below, except that racemic macrocycle 
(f1-11 is the starting material. 

General Procedure for Analogs 12f-h. The procedure used 
to synthesize these compounds is described below in detail for 
12. 

K[[ tran~3-(Mercaptomethyl)-2-oxo-l-azacyclodec-lO-yl]- 
carbonyl]- serine (12g). The thioacetate (A)-11 (1.15 g, 4.0 
mmol), 1-hydroxybenzotriazole (0.61 g, 4.0 mmol), 4-methyl- 
morpholine (1.32 mL, 12.0 mmol), and L-serine tert-butyl ether 
tert-butyl ester hydrochloride (1.02 g, 4.0 mmol) are all dissolved 
in methylene chloride (40.0 mL), and the reaction mixture is 
cooled to 0 "C. To this solution is added N-[(dimethylamino)- 
propyl]-N'-ethylcarbodiimide hydrochloride (1.54 g, 8.0 mmol), 
and the reaction mixture is allowed to warm up to room 
temperature and stir overnight. The solvent is then removed, 
and the residue is partitioned between ethyl acetate and water. 
After the aqueous layer is discarded, the organic layer is washed 
with 2.5 N hydrochloric acid, saturated sodium bicarbonate and 
brine and dried (NafiOd), and the solvent is evaporated. The 
product is purified by silica gel chromatography (30% ethyl 
acetate/hexane) to give 1.03 g of N-[[truns-3-[(acetylmethyl)- 
thio] -2-oxo-l-azecyclodec-lO-yllcarbonyll-~-serine tert-butyl ether 
tert-butyl ester (53% ) as a mixture of diastereomers: NMR (300 
MHz, CDCb) 86.5 (m, 1 H), 4.55 (m, 2 H), 3.75 (m, 1 H), 3.5 (m, 
1 H), 3.0 (m, 2 H), 2.25 (m, 2 H), 2.25 (8,  3 H), 1.85 (m, 1 H), 1.65 
(m, 2 H), 1.4 (8, 9 H), 1.3 (m, 9 H), 1.1 (8, 9 H); MS (DCI, CHI) 
mle 487 (M + l), 431, 375. Anal. (CuH42N2OeS) C, H, N. 

This intermediate (0.87 g, 1.78 mmol) is dissolved in nitrogen- 
degassed ethanol (18.0 mL). An aqueous solution of 1 N sodium 
hydroxide (3.6 mL, 3.6 mmol), also nitrogen-degassed, is added, 
and the reaction mixture is stirred for 90 min. The reaction is 
quenched with 1 M hydrochloric acid (5.0 mL), and the mixture 
is partitioned between ethyl acetate and water. The aqueous 
layer is extracted several times with ethyl acetate, the combined 
organic layers are dried (Na&304), and the solvent is evaporated. 
The product is purified by silica gel chromatography (25% ethyl 
acetate/hexane) to give 0.66 of N-[[truns-3-(mercaptomethyl)- 
2-0xo-l-azacyclodec-lO-yl]carbonyl-~-serine tert-butyl ether tert- 
butyl ester (83%) as a mixture of diastereomers: NMR (300 
MHz, CDCla) t3 6.6 (d, J = 7 Hz, 2 NH of diastereomer I), 6.5 (d, 
J = 7 Hz, NH of diastereomer 2), 6.4 (d, J = 7 Hz, NH of 
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diastereomer 2), 4.60 (m, 2 H), 3.80 (m, 1 H), 3.5 (m, 1 H), 2.9 
(m, 1 H), 2.3 (m, 3 H), 1.8 (m, 1 H), 1.5 (8,  9 H), 1.35 (m, 11 H), 
1.1 (8,  9 HI; MS (DCI, CHd m/e 445 (M + l) ,  389,333. 

This intermediate (0.43 g, 0.97 mmol) is dissolved in methylene 
chloride (25.0 mL). Anhydrous hydrochloric acid gas from a 
lecture bottle is bubbled into the solution for 15 min, and the 
reaction mixture is stirred for 24 h. The solvent is then evaporated 
to give 0.30 g of the title compound (93%) as a mixture of 
diastereomers: NMR (300 MHz, CDsOD) a 8.4 (d, J = 7 Hz, NH 
of diastereomer l) ,  8.2 (d, J = 7 Hz, NH of diastereomer l), 8.0 
(d, J = 7 Hz, NH of diastereomer 2), 7.9 (d, J = 7 Hz, NH of 
diastereomer 2), 4.7 (m, 1 H), 4.5 (m, 2 H), 3.9 (m, 1 H), 2.75 (m, 
1 H), 2.55 (m, 1 H), 2.45 (m, 1 H), 2.15 (m, 1 H), 1.8 (m, 2 H), 
1.4 (m, 10 H); MS (DCI, CHI) m/e 333 (M + l), 315,228. Anal. 

(R)-N-[ [3(R)-[ (Acetylthio)methyl]-2-oxo-l-azacyclodec- 
10(S)-yl]carbonyl-4-benzyl-2-oxazolidinone [(+)-131. The 
carboxylic acid (*)-ll (2.90 g, 10.1 mmol) is dissolved in 
tetrahydrofuran (45.0 mL), triethylamine (1.48 mL, 10.2 mmol) 
is added, and the reaction mixture is cooled to -78 OC. Pivaloyl 
chloride (1.31 mL, 10.2 mmol) is added, and the reaction mixture 
is warmed to 10 "C, stirred for 3 h, and then cooled down again 
to -78 OC. Meanwhile, in a separate flask, (R)-4benzyl-2- 
oxamlidinone (1.88 g, 10.2 mmol) is dissolved in tetrahydrofuran 
(35 mL) and cooled to -78 OC, butyllithium (6.63 mL of a 1.6M 
solution in hexane, 10.2 mmol) is added, and the reaction mixture 
is stirred at -78 OC for 30 min. This oxazolidinone anion is then 
cannulated into the first reaction flask, which is stirred at -78 
"C for an additional 1 h and then allowed to warm up to room 
temperature and stir overnight. The reaction is quenched with 
saturated ammonium chloride, and all of the solvent is evaporated. 
The residue is partitioned between ethyl acetate and water, the 
organic layer is washed with 1 N hydrochloric acid and saturated 
sodium bicarbonate and dried (MgSOd), and the solvent is 
evaporated. The product is purified by silicagel chromatography 
(15% ether/lO% hexane/45% methylene chloride) to give 1.08 
g of the less polar, minor chiral isomer (24%) [[(YID = -102.90O 
(c = 7.58 mg/mL, CH2Clz)l and 1.37 g of the more polar, major 
chiral isomer, the title compound (30%): mp 66-66 "C; NMR 
(300 MHz, CDC13) a 7.35 (m, 3 HI, 7.2 (m, 2 H), 6.5 (d, J = 7 Hz, 
1 H), 5.75 (m, 1 H), 4.7 (m, 1 H), 4.25 (m, 2 H), 3.2 (dd, J = 9 
Hz, 2 Hz, 1 H), 3.0 (m, 2 H), 2.8 (dd, J = 9 Hz, 11 Hz, 1 H), 2.4 
(m, 1 H), 2.3 (8,  3 H), 2.2 (m, 1 H), 1.85 (m, 2 H), 1.5 (m, 3 H), 
1.35 (m, 6 H); MS (DCI, CHI) m/e 447 (M + 11, 270; [a]D = 
+10.97O (c  = 7.52 mg/mL, CHZC12). 

3(R)-[ (Acetylthio)methyl]-2-oxo-l-azacyclodecane-10(S)- 
carboxylic Acid [ (+)-111. The macrocyclic oxazolidinone (+)- 
13 (1.23 g, 2.75 mmol) is dissolved in tetrahydrofuran (45.0 mL) 
and water (15.0 mL), and the reaction mixture is cooled to 0 OC. 
Lithium hydroxide hydrate (0.116 g, 2.75 mmol) is added, and 
the reaction is stirred at 0 O C  for 45 min. The solvent is then 
evaporated, and the residue is partitioned between saturated 
sodium bicarbonate and methylene chloride. The aqueous layer 
is extracted several times with methylene chloride to remove the 
chiral auxiliary, and then the aqueous layer is acidified with 2.5 
N hydrochloric acid to pH = 3. The aqueous layer is extracted 
several times with ethyl acetate, the combined organic layers are 
dried (MgS04), and the solvent is evaporated to give 0.620 g of 
the title compound (79%): mp 144-145 OC; NMR (300 MHz, 
CDCls) a 6.65 (d, J = 5 Hz, 1 H), 5.0 (broad 8, 1 H), 4.70 (m, 1 
H), 3.0 (d, J = 7 Hz, 2 H), 2.5 (m, 1 H), 2.3 (s,3 H), 2.2 (m, 1 H), 
1.90 (m, 2 H), 1.4 (m, 9 H); MS (DCI, CHI) m/e 288 (M + l), 246; 

3( R)- (Mercaptomethyl) -2-oxo- 1 -azacyclodecane- 10( S)- 
carboxylic Acid [(+)-21. The thioacetate (+)-11 (0.15 g, 0.52 
mmol) is dissolved in nitrogen-degassed ethanol (3.5 mL). 
Nitrogen-degassed sodium hydroxide (1.5 mL of a 1 N aqueous 
solution, 1.5 mmol) is added, and the reaction mixture is stirred 
at  room temperature for 90 min. The reaction is quenched by 
adding 1 N hydrochloric acid (1.6 mL), and the solvent is 
evaporated. The residue is triturated with water, and the 
precipitate is collected by filtration to give 0.090 g of the title 
compound (70%): mp 213-215 O C ;  NMR (300 MHz, CDsOD) a 
8.2 (d, J = 6 Hz, 1 H), 4.55 (m, 1 H), 2.75 (m, 1 H), 2.55 (m, 1 

(CuHuNzOsS.0.33CHzC12) C, H, N. 

[ a ] ~  = +88.36' (C = 6.9 mg/mL, CHZCla). 
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H), 2.45 (m, 1 H), 2.15 (m, 1 H), 1.85 (m, 2 H), 1.45 (m, 10 HI; 
[a]D = +48.56" (c = 4.3 mg/mL, MeOH). Anal. (C11HleNOaS) 
C, H, N. 
3(S)-(Mercaptomethyl)-2-0~0- 1-azacyclodecane- 10(R)- 

carboxylic Acid [ (+)-21. In the same manner as deecribed above 
for (+)-2, the less active enantiomer (-)-2 was synthesized from 
the less polar chiral oxazolidine (-) 13: mp 220 "C; NMR (300 
MHz, CDaOD) a 8.2 (d, J = 6 Hz, 1 H), 4.55 (m, 1 H), 2.75 (m, 
1 H), 2.55 (m, 1 H), 2.45 (m, 1 H), 2.15 (m, 1 H), 1.85 (m, 2 H), 
1.45 (m, 10 H); MS (DCI, CI&) m/e 246 (M + 1). Anal. ( C d l s -  

trams-N-[ [ 3(R)-( Mercaptomethyl)-2-0~0- 1-amcyclodec- 
10( 9)-yl]carbonyl]-4-hydroxy-~-proline [ (4- 12i]. The thio- 
acetate (+)-11 (0.23 g, 0.80 mmol), l-hydroxybenzotriazole (0.11 
g, 0.80 mmol), 4-methylmorpholiie (0.22 mL, 2.0 mmol), and 
L-hydroxyproline ethyl ester hydrochloride (0.16 g, 0.80 mmol) 
are dissolved in methylene chloride (5.0 I&), and the reaction 
mixture is cooled to 0 "C. To this solution is added %[(dim- 
ethy1amino)propyll-N'-ethylcarbodiimide hydrochloride (0.31 g, 
1.60 mmol), and the reaction mixture is allowed to warm up to 
room temperature and stir overnight. The reaction mixture is 
diluted with more methylene chloride, and the organic layer is 
washed with 1 N hydrochloric acid and saturated sodium 
bicarbonate and dried (MgSO4), and the solvent is evaporated. 
The product is purified by silica gel chromatography (80% ethyl 
acetate/hexane) to give 0.278 g of trans-N-[[3(R)-[(acetylthio)- 
methyl] -2-oxo-l-azacyclodec-lO(S)-y1]carbonyl-4-hydro~~-pro- 
line ethyl ester (81 % ): NMR (300 MHz, CDCq) a 7.3 (d, J = 7 
Hz, 1 H), 4.75 (m, 1 H), 4.60 (dd, J = 7 Hz, 7 Hz, 1 H), 4.5 (m, 
1 H), 4.2 (d, J = 4 Hz, 1 H), 4.15 (m, 2 H), 3.80 (d, J = 9 Hz, 1 
H), 3.65 (dd, J = 9 Hz, 3 Hz, 1 H), 2.85 (m, 2 H), 2.4 (m, 2 H), 
2.25 (8, 3 H), 1.95 (m, 2 H), 1.8 (m, 2 H), 1.55 (m, 1 H), 1.35 (m, 
8 H), 1.3 (t, J = 7 Hz, 3 H); [a]D = +5.73" (c = 4.1 mg/mL, 
MeOH). 

Thb thioacetate ester (0.137 g, 0.32 mmol) is dissolved in 
nitrogen-degassed ethanol (2.5 mL). Nitrogen-degassed sodium 
hydroxide (1.0 mL of a 1 M aqueous solution, 1.0 mmol) is added, 
and the reaction mixture is stirred at  room temperature for 90 
min. The reaction is quenched by adding 1 N hydrochloric acid 
(l.lmL),and thesolventisevaporated. Theresidueispartitioned 
between ethyl acetate and water, the aqueous layer is extracted 
well with ethyl acetate and dried (MgSO4), and the solvent is 
evaporated to give 0.090 g of the title compound (78%): mp 

4.80 (m, 1 H), 4.50 (m, 2 H), 3.75 (m, 2 H), 2.70 (m, 1 H), 2.50 
(m, 1 H), 2.40 (m, 1 H), 2.30 (m, 1 H), 2.0 (m, 3 H), 1.80 (m, 2 
H), 1.5 (m, 4 H), 1.3 (m, 6 H); MS (DCI, (2%) m/e 359 (M + 1); 
[ a ] D  = -50.30' (c = 4.5 mg/mL, MeOH). Anal. (c1&&08) 
C, H, N. 

traneN-[[3(R)-[ (Acetylthio)rnethyl]-2-~~l-azacgclodec- 
lO(S)-yl]carbony1]-4-hydro.yl-~-proline Benzyl Ester [ (+)- 
14, CGS 261551. The thioacetate (+)-11 (0.30 g, 1.04 mmol), 
1-hydroxybenzotriaz.de (0.141 g, 1.04 mmol), 4-methylmorpholine 
(0.287 mL, 2.60 mmol), and L-hydroxyproline benzyl ester 
hydrochloride (0.269 g, 1.04 mmol) are dissolved in methylene 
chloride (22.0 mL), and the reaction mixture is cooled to 0 "C. 
To this solution is added N-[(dimethylamino)propyll-N'-eth- 
ylcarbodiimide hydrochloride (0.400 g, 2.08 mmol), and the 
reaction mixture is allowed to warm up to room temperature and 
stir overnight. The reaction mixture is diluted with more 
methylene chloride, the organic layer is washed with 1 N 
hydrochloric acid and saturated sodium bicarbonate and dried 
(MgS04), and the solvent is evaporated. The product is purified 
by silica gel chromatography (3 % methanoVmethylene chloride) 
to give 0.325 g of the title compound (64%): mp 145 "C; NMR 
(300 MHz, CDCla) B 7.35 (broad s, 5 H), 7.0 (d, J = 7 Hz, 1 H), 
5.20(dd,J= 22 Hz,9 Hz,2 H),4.75(rn,2H),4.55(m,lH),3.75 
(m, 2 H), 3.0 (m, 2 H), 2.8 (d, J = 3 Hz, 1 H), 2.4 (m, 2 H), 2.3 
(8,  3 H), 2.0 (m, 2 H), 1.9 (m, 1 H), 1.65 (m, 2 H), 1.3 (m, 8 H); 

mg/mL, CH&12). Anal. (CE,H&ZO&) C, H, N. 
Biological Assays. NEP 24.11 activity was determined by 

the hydrolysis of the substrate glutaryl-Ala-Ala-Phe-2-naphth- 
ylamide using a modified procedure'of Orlowski and Wilk." In 
brief, the incubation mixture (total volume 125 pL) contained 
4.2 pg of protein (rat kidney cortex membranes prepared by the 

NOaS) C, H, N. 

128-130 "C; NMR (300 MHz, CDsOD) 8 8.1 (d, J = 7 Hz, 1 H), 

MS (DCI, CHI) m/e 491 (M + l),  222; [a ]D  +4.36" (C = 8.9 
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Table 11. Single-Crystal X-ray Crystallographie Analysis of 6 
A. Crystalparameters 

formula CdaoNOsBr 
formula weight 306.2 
crystal size (nm) 
crystal system triclinic 
space group Pl 
molecules/unit cell 2 
unit cell dimensions: a, A 

0.1 X 0.2 X 0.5 

4.9470( 15) 
b, A 8.6776(16) 
c, A 16.498(5) 
a, deg 95.13(2) 
8, deg 93.26(3) 
Y, deg 102.32(2) 

density (calcd), mg/ma 1.480 
absorption coefficient, mm-1 4.090 

B. Refinement Parameters 
system used Nicolet SHELXTL PLUS 
solution direct methods 
refinement method full-matrix leasbsquares 
number of reflections 1827 
observed reflections 1066 

R index 0.0743 
wavelength, A, A 1.541 84 

Table 111. Single-Cryatal X-ray Crystallographic Analysis of 7 
A. CryatalParameters 

formula CizHziNOi 
formula weight 243.3 
crystal size (mm) 
crystal system monoclinic 
space group P2da 
molecules/unit cell 4 
unit cell dimensions: a, A 

0.3 X 0.5 X 0.8 

9.974(2) 
b, A 12.7195(16) 
c, A 11.334(2) 

115.147(12) 
1.242 density (calc), mm/m3 

absorption coefficient, mm-1 0.726 
B. Refinement Parameters 

system used Nicolet SHELXTL PLUS 
solution direct methods 
refinement method full-matrix least-squares 
number of reflections 1761 
observed reflections 1518 

R index 0.0496 

8, A 

wavelength, A, A 1.541 84 

method of Maeda'b), 50 mM tris buffer, pH 7.4 at  25 "C, 500 pM 
substrate, various concentrations of inhibitor, and leucine 
aminopeptidase M (2.5 pg). The mixture was incubated for 10 
min at  25 "C, and then 100 pL of fast garnet was added. Enzyme 
activity was measured spectrophotometridy at 640 nm. 

Exvivo pharmacokinetic studies were conducted using DOCA- 
salt hypertensive rata. After dosing compound po blood samples 
were obtained viaa catheter in the femoral artery from conscious, 
unrestrained animals. The blood was collected in EDTA and 
centrifuged for 1 min in a microfuge. Protein-bound compound 
was separated from the plasma by centrifugation through an 
ultrafiltration membrane. The concentration of unbound in- 
hibitor in the plasma ultrafitrate was then determined (ex vivo) 
in the standard in vitro NEP assay. It should be emphasized 
that this assay measures NEP inhibitor activity, not the direct 
direction of the compound. 

For the ANF potentiation assay, rata were infueed continuo- 
usly with ANF at  450 ng/kg/min iv through a catheter in the 
femoral vein for the duration of the experiment. After baseline 
plasma ANF levels were established (1 h), rata were dosed with 
compound, and blood samples were taken from a catheter in the 
femoral artery at  the various time pointa. Plasma ANF levels 
were determined by a specific radioimmunoasaay, using rabbit 
anti-rANF serum, [l%I]rANF, and goat anti-rabbit IgG serum 
coupled to paramagnetic particles. 

DOCA-salt hypertensive rata were prepared by the standard 
method. Rata underwent a unilateral nephrectomy, and 1 week 
later were implanted with silastic pellets containing 100 mg/kg 
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Table IV. Single-Crystal X-ray Crystallographic Analysis of 10 
A. CrystalParameters 

formula C i a d O 4 s  
formula weight 315.4 
crystal size (mm) 
crystal system monoclinic 
space group P21 
molecules/unit cell 2 
unit cell dimensions: a, A 

0.05 X 0.07 X 0.7 

11.335(2) 
4.9181(6) 
16.163(3) 

b, A 
c, A 
8, deg 106.009(13) 

density (calcd), mg/ms 1.209 
absorption coefficient, mm-l 1.742 

B. Refinement Parameters 
system used Nicolet SHELXTL PLUS 
solution direct methods 
refinement method full-matrix least-squares 
number of reflections 1352 
observed reflections 1114 

R index 0.0562 
wavelength, A, A 1.541 84 
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Table V. Single-Crystal X-ray Crystallographic Analysis 
of CGS 25155 

A. CrystalParameters 
formula C’ddZOES 
formula weight 490.6 

0.1 x 0.2 x 0.2 
crystal system orthorhombic 

molecules/unit cell 8 
unit cell dimensions: a,  A 

crystal size (mm) 

space group P212121 

12.583(2) 
17.870(3) 
22.559(4) 

b, A 
c, A 

density (calcd), mg/mg 1.280 
absorption coefficient, mm-l 1.442 

B. Refinement Parameters 
system used Siemens SHELXTL PLUS 
solution direct methods 
refinement method full-matrix least-squares 
number of reflections 3877 
observed reflections 2394 
wavelength, A, A 1.541 84 
R index 0.0652 

of DOCA. The rata were maintained on 1% NaC1/0.2% KC1 
drinking water for 3-5 weeks until sustained hypertension was 
established. To evaluate a drug, baseline mean arterial blood 
pressure was first measured through a catheter in the femoral 
artery. Compound was then given PO, and blood pressure was 
monitored for the duration of the experiment. 
X-ray Structure Determinations. The X-ray structure 

determinations were performed with a Siemens Mm/v diffrac- 
tometer and SHELLXTL PLUS software on a MicroVax I1 
computer; see also Tables 11-V. 
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