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Design and Synthesis of Potent, Selective, and Orally Active Fluorine-Containing

Renin Inhibitors!
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A series of primate renin inhibitors containing difluorocarbinol and difluoroketone groups at the P,-P,’ position
have been synthesized and studied both in vitro and in vivo. In vitro, the compounds were evaluated as inhibitors
of monkey renin and the closely related aspartic proteinase, cathepsin D (bovine), as a measure of enzyme selectivity.
Interestingly, the difluoroketone derivatives showed greatly reduced selectivity compared with the corresponding
alcohols. However, selectivity could be enhanced by judicious choice of other substituents. Sites influencing selectivity,
included not only P,, which is well-known to strongly affect selectivity, but also the P,, P,-P,, and P,’ sites. These
results make possible the design of inhibitors with a greater selectivity for either renin versus cathepsin D. In vivo
several of the compounds in the difluoroketone series have shown good oral activity in the salt depleted normotensive

cynomolgus monkey model.

Introduction

The renin-angiotensin system (RAS) plays a major role
in the control of blood pressure and in maintaining water
and electrolyte balance.? The octapeptide angiotensin II
is a potent vasoconstrictor and also stimulates aldosterone
release from the adrenal cortex, leading to sodium and
water retention. Several approaches to blockade of the
RAS have been studied for the treatment of essential
hypertension and heart failure.?

Converting-enzyme inhibitors have been successful as
antihypertensive agents* and more recently there is evi-
dence that these agents improve survival in patients with
congestive heart failure.*5

The recent discovery of orally active non-peptide an-
giotensin II antagonists provides another potential means
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(1) Abbreviations follow the recommendations of the IUPAC-IUB
Joint Commission on Biochemical Nomenclature for amino
acids and peptides: Eur.J. Biochem. 1984, 158, 9-31. Addi-
tional abbreviations: ACE, angiotensin converting enzyme;
DCC, dicyclohexylcarbodiimide; DMF, dimethylformamide;
DMSO, dimethyl sulfoxide; BOC, tert-butoxycarbonyl; Z,
benzyloxycarbonyl; TFA, triflucroacetic acid; TEA, triethyl-
amine; HOBT, 1-hydroxybenzotriazole; Sta, statine
((38,48)-4-amino-3-hydroxy-6-methylheptanoic acid); ACHPA,
(3S,45)-4-amino-3-hydroxy-5-cyclohexylpentanoic acid; DFSta,
(3R,4R)-4-amino-2,2-difluoro-3-hydroxy-6-methylheptanoic
acid; FCS, (3R,4S)-4-amino-2,2-difluorohydroxy-5-cyclohexyl-
pentanoic acid; DFO, (4S)-4-amino-2,2-difluoro-3-0xo0-6-
methylheptanoic acid; FCO, (4S)-4-amino-2,2-difluoro-3-oxo-
5-cyclohexylpentanoic acid; AEM, 4-(2-aminoethyl)-
morpholine; MBA, 2(S)-methylbutylamine.

(2) (a) Inagami, T.; Mizuno, K.; Nakamaru, M.; Pandey, K. N.;
Naruse, M.; Naruse, K.; Misono, K.; Okamura, T.; Kawamura,
M.,; Higashimori, K. The Renin-Angiotensin System: An Ov-
erview of its Intracellular Fraction. Cardiovasc. Drugs Ther.
1988, 2, 453-458. (b) Brunner, H. R.; Waeber, B.; Nussberger,
J. Renin Secretion Responsiveness: Understanding the Effi-
cacy of Renin-Angiotensin Inhibition. Kidney Int. 1988, 34
(Suppl 26), S80-S85. (c) Dzau, V. J. Circulating Versus Local
Renin-Angiotensin System in Cardiovascular Homeostatis.
Circulation 1988, 77 (Suppl 1), 1-4-1-13. (d) Ferrario, C. M. The
Renin—Angiotensin System: Importance in Physiology and
ls>athology. J. Cardiovasc. Pharmacol. 1990, 15 (Suppl 3), S1-

5.

(3) (a) Petrillo, E. W.; Trippodo, N. C.; DeForrest, J. M. Antihy-
pertensive Agents. Annu. Rep. Med. Chem. 1990, 25, 51-60
and previous volumes in this series. (b) Meinertz, T.; Drexler,
H.; Just, H. Therapeutic Advances in Heart Failure. Cardio-
vasc. Drugs Ther. 1988, 2, 413-418.

of intervention, although their therapeutic potential has
not been proven.® The search for orally active inhibitors
of human renin continues to challenge medicinal chemists.”
Since angiotensinogen is the only known substrate for
renin, inhibition at this step in the RAS may provide some
clinical advantages over ACE inhibition.

(4) (a) Ondetti, M. S.; Rubin, B.; Cushman, D. W. Design of
Specific Inhibitors of Angiotensin-Converting Enzyme: New
Class of Orally Active Antihypertensive Agents. Science 1977,
196, 441-444. (b) Cushman, D. W.; Cheung, H. S.; Sabo, E. F.;
Ondetti, M. A. Design of Potent Competitive Inhibitors of
Angiotensin-Converting Enzyme. Carboxyalkanoyl and Mer-
captoalkanoyl Amino Acids. Biochemistry 1977, 16,
5484-5491. (c) Kostis, J. B. Angiotensin Converting Enzyme
Inhibitors I. Pharmacology. Am. Heart J. 1988, 116 (6-1),
1580-1591. (d) Ertl, G. Angiotensin Converting Enzyme In-
hibitors and Ischaemic Heart Disease. Eur. Heart J. 1988, 9,
716-727. (e) Ball, S. G. Converting Enzyme Inhibitors and the
Cardiovascular System. ¢J. Cardiovasc. Pharmacol. 1987, 9
(Suppl. 3), S15-S18. (f) Gavras, H.; Gavras, I. Angiotensin
Converting Enzyme Inhibitors. Properties and Side Effects.
Hypertension 1988, 11 (3), Suppl. 11, 37-41. (g) Zanchetti, A.
Angiotensin-Converting Enzyme Inhibitors in Essential Hy-
pertension. J. Cardiovasc. Pharmacol. 1987, 9 (Suppl. 3), S2-
S5. (h) Kostis, J. B. Angiotensin-Converting Enzyme Inhib-
itors. Emerging Differences and New Compounds. Am. J.
Hypertens. 1989, 2, 57-64. :

(5) Nicholls, M. G.; Arakawa, K. Angiotensin-Converting Enzyme
Inhibitors in Congestive Heart Failure. J. Cardiovasc. Phar-
macol. 1987, 9 (Suppl. 3), S19-S21.

(6) (a) Timmermans, P. B. M. W. M.; Carini, D. J.; Chiu, A. T.;
Duncia, J. V.; Price, W. A.; Wells, G. J.; Wong, P. C.; Wezxler,
R. R.; Johnson, A. L. Nonpeptide Angiotensin II Receptor
Antagonists. Am. J. Hypertens. 1990, 3, 599-604. (b) Wong,
P.C.; Price, W. A,, Jr.; Chiuy, A. T.; Wong, N. Y,; Duncia, J. V;
Carini, D. J.; Johnson, A. L.; Timmermans, P. B. M. W. M.
EXP 6803, A Nonpeptide Angiotensin II Receptor Antagonist.
Cardiovasc. Drug. Rev. 1989, 7, 285-300. (c) Wong, P. C,;
Price, W. A,, Jr.; Chiu, A. T.; Duncia, J. V.; Carini, D. J.;
Wezler, R. R.; Johnson, A. L.; Timmermans, P. B. M. W. M.
Nonpeptide Angiotensin II Receptor Antagonists. VIIL
Characterization of Functional Antagonism Displayed by DUP
753, an Orally Active Antihypertensive Agent. J. Pharm. Exp.
Ther. 1990, 252, 719-725.

(7) For recent reviews, see: (a) Greenlee, W. J. Renin Inhibitors.
Med. Res. Rev. 1990, 10, 173-236. (b) Wood, J. M.; Stanton,
J. L.; Hofbauer, K. G. Inhibitors of Renin as Potential Ther-
apeutic Agents. J. Enzyme Inhib. 1987, 1, 169-185. (c)
Breipohl, G.; Geiger, R.; Henke, S.; Kleeman, H.-W.; Knolle,
J.; Ruppert, D.; Scholkens, B. A.; Urbach, H.; Wagner, A.;
Wegmann, H. Studies on Renin Inhibitors. Spec. Publ. R. Soc.
Chem. 1988, 65, 101-127. (d) Corvol, P.; Chauveau, D.; Jeu-
nemaitre, X.; Ménard, J. Human Renin Inhibitor Peptides.
Hypertension 1990, 16 (1), 1-11.
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Fluorine-Containing Renin Inhibitors

Although many potent and selective human renin in-
hibitors have been reported® and some of these have been
studied in man,® oral activity has been poor. First-pass
metabolism appears to be a major problem with many of
the renin inhibitors studied to date, due to their size and
lipophilicity.!! Low aqueous solubility also compromises
absorption.!!

Peptides that contain statine, difluorostatine, and di-
fluorostatone residues at the cleavage site of the substrate
have been found to be potent inhibitors of renin.’?* The
readily hydrated difluoroketone is proposed to mimic the
tetrahedral intermediate that forms during the enzyme-
catalyzed hydrolysis of a peptidic bond.’* We have pre-
pared a range of difluoroketone containing inhibitors of

(8) (a) Rosenberg, S. H.; Woods, K. W.; Sham, H. L.; Kleinert, H.
D.; Martin, D. L.; Stein, H.; Cohen, J.; Egan, D. A.; Bopp, B.;
Merits, L.; Garren, K. W.; Hoffmann, D. J.; Plattner, J. J.
Water-Soluble Renin Inhibitors: Design of a Subnanomolar
Inhibitor With a Prolonged Duration of Action. J. Med.
Chem. 1990, 33, 1962-1969. (b) Wood, J. M.; Criscione, L.; De
Gasparo, M.; Buhlmayer, P.; Rieger, H.; Stanton, J. L.; Jupp,
R. A; Kay, J. CGP 38560: Orally Active, Low-Molecular-
Weight Renin Inhibitor With High Potency and Specificity. J.
Cardiovasc. Pharmacol. 1989, 14, 221-226. (c) Morishima, H.;
Koibe, Y.; Nakano, M.; Atsuumi, S.; Tanaka, S.; Funabashi, H.;
Hashimoto, J.; Sawasaki, Y.; Mino, N.; Nakano, M.; Matsu-
shima, K.; Nakamichi, K.; Yano, M. A Novel Nonpeptide,
Orally Active Renin Inhibitor. Biochem. Biophys. Res. Com-
mun. 1989, 159 (3), 999-1005. (d) Kempf, D. J.; Lara, E. de;
Stein, H. H.; Cohen, J.; Egan, D. A.; Plattner, J. J. Renin
Inhibitors Based on Dipeptide Analogues. Incorporation of the
Hydroxyethylene Isostere at the P,/P; Sites. J. Med. Chem.
1990, 33 (1), 371-374. (e) Verburg, K. M.; Kleinert, H. D.;
Kadam, J. R. C.; Chekal, M. A.; Mento, P. F.; Wilkes, B. M.
Effects of Chronic Infusion of Renin Inhibitor A-64662 in So-
dium-Depleted Monkeys. Hypertension 1989, 13, 262-272. (f)
Kaltenbronn, J. S.; Hudspeth, J. P.; Lunney, E. A.; Michniew-
icz, B. M,; Nicolaides, E. D.; Repine, J. T.; Roark, W. H.; Stier,
M. A,; Tinney, F. J.; Woo, P. K. W.; Essenburg, A. D. Renin
Inhibitors Containing Isosteric Replacements of the Amide
Bond Connecting the P; and P, Sites. J. Med. Chem. 1990, 33,
838-845. (g) Doherty, A. M.; Kaltenbronn, J. S.; Hudspeth, J.
P.; Repine, J. T.; Roark, W. H.; Sircar, I.; Tinney, F. J.; Con-
nolly, C. J.; Hodges, J. C.; Taylor, M. D.; Batley, B. L.; Ryan,
M. J.; Essenburg, A. D.; Rapundalo, S. T.; Weishaar, R. E,;
Humblet, C.; Lunney, E. A. New Inhibitors of Human Renin
That Contain Novel Replacements at the P2 Site. J. Med.
Chem. 1991, 34, 1258-1271.

(9) (a) Kokubu, T.; Hiwada, K.; Murakami, E.; Munets, S.; Kita-
mi, Y.; Salmon, P. F. ES-8891, an Orally Active Inhibitor of
Human Renin. Hypertension 1990, 15, 909-913. (b) Bursztyn,
M.; Gavras, L; Tifft, C. P.; Luther, R.; Boger, R.; Gavras, H.
Effects of a Novel Renin Inhibitor in Patients With Essential
Hypertension. J. Cardiovasc. Pharmacol. 1990, 15, 493-500.
(c) van den Meiracker, A. H.; Admiraal, P. J. J.; Man, A. J. in't
Veld; Derkz, F. H. M.; Ritsema, H. J.; van Eck, Mulder, P.; van
Brummelen, P.; Schalekamp, M. A. D. H. Prolonged Blood
Pressure Reduction by Orally Active Renin Inhibitor RO 42-
5892 in Essential Hypertension. Br. Med. J. 1990, 301,
205-209. (d) De Gasparo, M.; Cumin, F.; Nussberger, J.;
Guyenne, T. T.; Wood, J. M.; Menard, J. Pharmacological
Investigations of a New Renin Inhibitor in Normal Sodium-
Unrestricted Volunteers. Br. J. Clin. Pharmacol. 1989, 27,
587-596. (e) Delabays, A.; Nussberger, J.; Porchet, M.; Wae-
ber, B.; Hoyos, P.; Boger, R.; Glassman, H.; Kleinert, H. D.;
Luther, R.; Brunner, H. R. Hemodynamic and Humoral Ef-
fects of the New Renin Inhibitor Enalkiren in Normal Hu-
mans. Hypertension 1990, 13, 941-947.

(10) (a) Taylor, D. C. Sites and Mechanisms of Intestinal Drug
Absorption. Pharm. Int. 1987, 179-183. (b) Humphrey, M. J.;
Ringrose, P. S. Peptides and Related Drugs: A Review of
Their Absorption, Mechanism, and Excretion. Drug Metab.
Rev. 1986, 17(3-4), 283-310.

(11) Greenfield, J. C.; Cook, K. J.; O'Learly, 1. A. Disposition, Me-
tabolism, and Excretion of U-71038, a Novel Renin Inhibitor
Peptide in the Rat. Drug. Metab. Dispos. 1989, 17, 518-525.
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renin and their precursor difluorocarbinol analogues in an
attempt to design potent, selective, and orally active renin
inhibitors. By modification of the substituents particularly
at the P, and P, !¢ sites, it has been possible to attain good
aqueous solubility, and indeed many of the compounds in
the difluoroketone series have shown good oral efficacy.

We and others have studied the factors involved in in-
creasing selectivity for renin over the closely related as-
partic proteinase cathepsin D (bovine) %72 In this study,
the difluoroketone analogues showed greatly reduced se-
lectivity for renin compared with the corresponding alco-
hols. However judicious choice of substituents at the other
sites has enabled the design of potent and selective renin
inhibitors.

Chemistry

The renin inhibitors in Table I-V were synthesized as
illustrated in Scheme I for compounds 5 and 9. The Re-
formatsky reaction of ethyl bromodifluoroacetate?”2* with
Boc-cyclohexylalaninal or Boc-leucinal has previously been
reported under both ultrasonic and heating conditions.!?
The aldehyde has been found to be very susceptible to
racemization and for this reason the ultrasonic conditions
initially appeared to be more desirable. However, although
the sonication method is successful on a small scale, in our

(12) Thaisrivongs, S.; Pals, D. T.; Kati, W. M.; Turner, S. R.;
Thomasco, L. M.; Watt, W, Design and Synthesis of Potent
and Specific Renin Inhibitors Containing Difluorostatine, Di-
fluorostatone, and Related Analogues. J. Med. Chem. 1986,
29, 2080-2087.

(13) Gelb, M. H.; Svaren, J. P.; Abeles, R. H. Fluoro Ketone In-
hibitors of Hydrolytic Enzymes. Biochemistry 1985, 24,
1813-1815.

(14) Fearon, K.; Spaltenstein, A.; Hopkins, P. B.; Gelb, M. H.
Fluoro Ketone Containing Peptides as Inhibitors of Human
Renin. J. Med. Chem. 1987, 30, 1617-1622.

(15) Damon, D. B.; Hoover, D. J. Synthesis of the Ketodifluoro-
methylene Dipeptide Isostere. J. Am. Chem. Soc. 1990, 112,
6439-6442.

(16) Subsite nomenclature (P,) is described in the following:
Schechter, 1.; Berger, A. On the Size of the Active Site in
Proteases. 1. Papain. Biochem. Biophys. Res. Commun. 1967,
27, 157-162.

(17) Hui, K. Y.; Carlson, W. D.; Bernatowicz, M. S.; Haber, E.
Analysis of Structure-Activity Relationships in Renin Sub-
strate Analogue Inhibitory Peptides. J. Med. Chem. 1987, 30,
1287-1295.

(18) Luly, d. R.; Yi, N.; Soderquist, J.; Stein, H.; Cohen, J.; Perun,
T. J.; Plattner, J. J. New Inhibitors of Human Renin that
Contain Novel Leu-Val Replacements. J. Med. Chem. 1987,
30, 1609-1616.

(19) Cumin, F.; Nisato, D.; Gagnol, J.-P.; Corvol, P. A Potent Ra-
diolabeled Human Renin Inhibitor, [*H]SR42128: Enzymic,
Kinetic and Binding Studies to Renin and Other Aspartic
Proteases. Biochemistry 1987, 26, 7615-7621.

(20) Salituro, F. G.; Agarwal, N.; Hofmann, T.; Rich, D. H. Inhib-
ition of Aspartic Proteinases by Peptides Containing Lysine
and Ornithine Side-Chain Analogues of Statine. J. Med.
Chem. 1987, 30, 286-295.

(21) Jupp, R. A,; Richards, A. D,; Kay, J.; Dunn, B. M.; Wyckoff,
J. B.; Samloff, I. M.; Yamamoto, K. Identification of the As-
partic Proteinases from Human Erythrocyte Membranes and
Gastric Mucosa (Slow-Moving Proteinase) as Catalytically
Equivalent to Cathepsin E. Biochem. J. 1988, 254, 895-898,

(22) For a review, see: Rathke, M. V. Organic Reactions; Wiley:
New York, 1975; Vol. 22, p 423.

(23) Hallinan, E. A.; Fried, J. 2,2-Difluoro-3-hydroxyesters by Re-
formatskii Reaction. Tetrahedron Lett. 1984, 25, 2301-2302.

(24) Schirlin, D.; Baltzer, S.; Altenburger, J. M. A Convenient
Synthesis of «/,8-Diamino-a,a-Difluoroketones, New Dipeptide
Isosteres. Tetrahedron Lett. 1988, 29 (30), 3687-3690.

(25) Thiasrivongs, S.; Shostarez, H. J.; Pals, D. T.; Turner, S. R.
a,a-Difluoro-g-Aminodeoxystatine-Containing Renin Inhibi-
tory Peptides. J. Med. Chem. 1987, 30, 1837-1842.
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Table I. Py Modifications

(o]
H
O  NSO,—N N\:)LN x-C ZTR
—/ H g i H o
R
1Ce, 1M ratio
compd X R renin®  cathepsin D> C/R molecular formula®
5 CHOH o/ % 0.70 2710 3871  CyHg,F,Ng0¢S-CH,0H
6 CHOH NHCH,CH(S)(Me)CH,CHj,4 0.32 36.5 114 Cy4HgFoN;0,S
7 CHOH OCH,CH;, 1.89 767 406 Cs HFoN,06S-0.5(CH),NCHO
8 CHOH /@ 0.21 165 788 CasHsoFoNg0O,S-1.6CH;0H
NHCH,CH,” SN
9 C=O NHCHZCHzN/_\O 1.20 164 137 C%H52F2N608S'CHaSOaH'ZHzO
10 Cc=0 NHCH,CH(S)(Me)CH,CH, 0.81 18.6 23 CyHgFyN;0,5:0.25C,sHyN;0
11 C=0 OCH,CH, 0.40 69.3 173 CgH,F,N,0580.2C,3H,N,0

C%H“F2N807S'CH3S03H' l .8H20

12 C=0 fj 0.23 24.5 108
o
NHCH,CH N

2

9 ICy, values determined using monkey plasma. °ICy values determined using bovine cathepsin D. ¢Analyses for C, H, N were within
+0.4%.

Table II. Py’ Modifications

N o R

/ N\ CF. NHCH,CH,N o)
o NSO,—N N\)LNJ\X 2 NHCHEHAN
—/ H g i H o
1
ICy, nM ratio
compd X R renin® cathepsin D? C/R molecular formula

CHz‘O 0.70 2710 3871

13 CHOH CH,Ph 0.46 1828 3974
14 CHOH O 0.87 >10¢ M >>10000

9 C=0 O”z—o 1.20 164 137

15 C=0 CH,Ph 0.36 90 251

16 C=0 O 0.31 761 2455

¢ ICgy values determined using monkey plasma. ?ICg, values determined using bovine cathepsin D. ¢ Analyses for C, H, N were within
+0.4%.

CasHquNaOaS'O. 32H20'0.5CH013
C34H52F2N808S'0. lzCHCls'O. 36H20

C%H52F2N808S'C H3S03H-2H20

CuHszNaOaS'CHsSOaH' l .90H20
C34H50F2N808S' 1. l5MeS03H- 1. 14H20

hands these conditions have been low yielding and un-
predictable upon attempted scale up. Under the thermal
conditions, careful preparation of the reagents allowed the
scale up of the Reformatsky reaction with reproducible
yields (30-40%). Since the organozinc reagent derived
from ethyl bromodifluoroacetate is unstable above room
temperature,? an excess is used in the reaction. Attempts
to carry out the transformation using ethyl chlorodi-
fluoroacetate?” under either ultrasonic or heating condi-

tions in a variety of solvents have been unsuccessful in our
hands. Crude alcohol 2 (R and S mixture) was crystallized
from hexane to give the pure R isomer 2A which was used
for subsequent transformations. Further coupling with
chiral amino acids indicated that the enantiomeric purity
of 2A was high (>95%).

The remainder of the difluorocarbinol synthesis follows
standard peptide chemistry to compound 5.2 The syn-
thesis of the difluoroketones however, has not been trivial.

(26) Kitagawa, O.; Taguchi, T.; Kobayashi, Y. Aldol Reaction of
Iododifluoroacetate-Zn and 2,2-Difluoroketene Silyl Acetal.
Tetrahedron Lett. 1988, 29, 1803-1806.

(27) Lang, R. W.; Schaub, B. Fluorine-Containing Organozine
Reagents. IV. Reformatskii-Type Rections of Chlorodi-
fluoroacetic Acid Derivatives. Tetrahedron Lett. 1988, 29,
2943-2946.

(28) (a) Konig, W.; Gieger, R. A New Method for Synthesis of
Peptides. Activation of the Carboxyl Group With Dicyclo-
hexylcarbodiimide Using 1-Hydroxybenzotriazole as Additives.
Chem. Ber. 1970, 103, 788-798. (b) Bodansky, M. Principles
of Peptide Synthesis; Springer-Verlag: Berlin, 1984. (c) Bo-
dansky, M. Peptide Chemistry—A Practical Textbook;
Springer-Verlag: Berlin, 1988.
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Table I11. P, Modifications
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H (e}
M\ N A CFo__NHCH,CHN  ©
0 NSO—N N2 TN/
\/ T H 5 EF M 7{
ICs0, nM ratio
compd X R renin®  cathepsin D° C/R molecular formula®
17 CHOH Yy 296  >104M  >10000  CyHyF,Ne0,S-CH,OH
P
CHyY °N
18 CHOH Is 069 95000 >10000  CyHyFoNgOsSyH,0
P =
CH” "N 2
19A  CHOH a 164 16940 103 CygHueFsNeO1oS;
P
21 CHOH H 123 >104M >1000  CyHyF,N;0sS-0.8CH,C,
23 CHOH  CO,Me 062 17730 >10000  Cy,H,F;Ng0,0S-0.5CH;0H
24 CHOH CHOHMe 0.82 7946 9690  Cy4Hy F,N40,5:0.12CH,Cl,
25 CHOH (CHp),NHC(=S)NHMe  2.33 9954 4272 CogHeF,Ng0sSy0.90CHCI,
9 C=0 Al L2 164 187 CagHysF;Ng04S-CH,SO,H-2H,0
26 C=0 In 0.9 >10¢ M >10000 036H52F2N808S'Hzod
{7
CH” °N
27 C=0 Is 0.50 3696 7392 C36H52F2N303S'M3S03H'32H20
qp =
CH” N 2
28 C=0 "Bu 0.35 36 102 C36H56F2N608S'0.90H2012
29 c=0 H 0.25 67200 >100000  CapH,oF,Ng0sS-CH,SO,H-EtOH
30 C=0 O"Pr 2.00 237 119 035H54F2N809S'CGH807'1.5H20
31 C=0  COMe 079 515 652 CyHyF,NgOyoS-2.5CH,S0,H-0.7H,0
32 C=0  COMe 117 202 173 CayHyF,N,048-CH,S0.H-.0.5Et0H-H,0

¢ICg, values determined using monkey plasma. °ICq, values determined using bovine cathepsin D. °Analyses for C, H, N were within

£0.4%, except where noted. ¢N: caled, 13.78; found, 13.05.

Table IV. P; Modifications

R

(o]
H /~\
H,N
O/_—\NSOZ-—NJ\H’N\.)LN X,CFzTNHCHzc N ©
H O H H O
|
ICs0, nM ratio
compd X R renin® cathepsin D? C/R molecular formula®
5 CHOH CH,Ph 0.70 2710 3871 CysH5FoNgOgS-CH;OH
33 CHOH CH,Ph(4-OMe) 1.50 4570 3047 CseHssF2N:0yS-CH;S0,H-2H,0
34 CHOH CH(OH)Ph 97.8 >10¢ M >1000 Cs5H;,FoNg0,S-H,0
9 C=0 CHzPh 1.20 164 137 035H52F2N608S'CH3S03H'2H20
35 C=O CHzPh(4'OMe) 0-30 71 236 036H54F2N609S'CH3S03H'2.0H20
36 C=0 C(O)Ph 10 1807 181 C3sH5oFNgO,S-CH,SO;H:1.1H,0

aICs, values determined using monkey plasma. °ICj, values determined using bovine cathepsin D. °Analyses for C, H, N were within

+0.4%.

Under a variety of different oxidative reaction conditions
including use of Swern,'2% Collins,*® PDC,*! and Dess—
Martin®?3® reagents, some epimerization a to the di-
fluoroketone group was unavoidable. In addition, the ease

(29) Omura, K.; Swern, D. Oxidation of Alcohols by ‘Activated’
Dimethylsulfoxide. A Preparative Steric and Mechanistic
Study. Tetrahedron 1978, 34, 1651-1660.

(30) Collins, J. C.; Hess, W. W.; Frank, F. J. Dipyridine-Chromium
(VI) Oxide Oxidation of Aleohols in Dichloromethane. Tet-
rahedron Lett. 1968, 3363-3366.

(31) Tarnus, C.; Jung, M. J.; Rémy, J.-M.; Baltzer, S.; Schirlin, D.
G. New Fluoroketones as Human Renin Inhibitors. FEBS
Lett. 1989, 249, 47-50.

with which this epimerization occurred was found to de-
pend on the nature of the other substituents present in
the target renin inhibitors. For example, compound 9 with
one basic center at Py’ was difficult to isolate as a single
isomer from several oxidation reactions, particularly on a

(32) Linderman, R. J.; Graves, D. M. Oxidation of Fluoroalkyl-
Substituted Carbinols by the Dess~Martin Reagent. J. Org.
Chem. 1989, 54, 661-668.

(33) Takahashi, L. H.; Radhakrishnan, R.; Rosenfield, R. E.; Meyer,
E. F.; Trainor, D. A. Crystal Structure of the Covalent Com-
plex Formed by a Peptidyl «,a-Difluoro-8-keto Amide With
Porcine Pancreatic Elastase at 1.78 A Resolution. J. Am.
Chem. Soc. 1989, 111, 3368-3374.
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X,CFz TR
(o]
ICs0 nM ratio
compd X R! R? renin®  cathepsin D? C/R molecular formula®
5 CHOH  /\, AEM 0.70 2710 3871 CasHs F,N;04S-CH,0H
—
37 CHOH O’ \Nco AEM 028 2377 8489 C%H“F2N307'05H20
—/
38 CHOH /., AEM 0.57 6850 12018 CasHgsF,N-078-2CH;S0,H-2H,0
s
39 CHOH " N\ AEM 0.42 25300 >10% CygH;,Fy,N;0,S:1.5H,0
oN NSO,
40 CHOH  BOC AEM 191 18820 985 CasHgsFoN;5O;
41 CHOH 9 AEM 0.22 >104 M >108 CaoHy F;NsOg-2CH,SO,H
\N / CH,CH,C
6 CHOH /N MBA 0.32 36.5 114 CyH; F,N;0,S
O NSO,
—/
42 L ™ MBA 1.49 259 174 CaoHgoF,Ne05-0.7(CHy),NCHO
9 C=0 O’ \Nso AEM 1.20 164 137 C35H52F2N303S'CH3S03H'2H20
(N
43 Cc=0 ¢ o AEM 0.10 32.9 329 CasHoF,N50-2H;0-CHySO0,H-0.5C;H,0H
—/
44 C=0 MBN’ \Nso AEM 0.92 728 791 C36H55F2N707S'20H3S03H'3.0H20
(A
45 =0 BOC AEM 3.55 1416 399 CaeHsF,N;07+0.60H;0¢
16 Cc=0 _ O AEM 0.23 1655 7196 CasHy,F,NsO5
\N /)~ CHCHLC
10 Cc=0 o MBA 0.81 18.6 23 CoHy FoN;0,5:0.25C,3H,,N,0
s
47 Cc=0 sooy’ Wso, MBA 2.46 11.4 46  CyHeF;NeOgS
—/
48 C=0 HN/ \NSO MBA 0.35 474 135 Cy H;,F,NgO¢S-HC1-0.8H,0
s

9ICs values determined using monkey plasma. °ICy, values determined using bovine cathepsin D. ¢ Analysis for C, H, N were within

+0.4%), except where noted. ¢N: caled, 9.77; found, 8.66.

large scale. Indeed, stability studies of 9 indicate that it
undergoes slow epimerization in phosphate buffer at pH
7.4.

Compounds without a basic group were found to be
more stable to this epimerization reaction. We have de-
veloped a procedure employing modified Pfitzner—Moffatt
conditions® with 1.5 equiv of dichloroacetic acid (for each
basic center, to form the acid addition salt of a basic
amine) and using CH,Cl, instead of DMSO as the reaction
solvent for ease of workup. At least 10 equiv of DCC is
required for reaction completion; smaller quantities always
resulted in recovered starting material. DMSO was used
in a 10-20-fold excess. Careful acidic workup as the
phosphoric acid salt allowed isolation of the pure oxidized

(34) Pfitzner, K. A.; Moffatt, J. G. Sulfoxide-Carbodiimide Reac-
tions. II. Scope of the Oxidation Reaction. J. Am. Chem. Soc.
1965, 87, 5670-5678.

(35) We thank Professor H. Rapoport for helpful advice regarding
workup and isolation of the difluorostatone products.

product without chromatography in good yield (usually
70-95%). The procedure was found to be fairly general,
allowing isolation of most of the compounds in Tables I~V
predominantly as single isomers.

However compound 44 (Table V) with two basic centers
in the molecule was found to be very susceptible to epim-
erization; indeed HPLC analysis of aliquots of the oxida-
tion reaction indicated partial epimerization even before
attempted isolation.

Discussion

Structure—Activity Relationships. The compounds
5~-48 listed in Tables I~V have been prepared in an attempt
to study structure-activity relationships systematically
within the difluorocarbinol and difluoroketone series.
Most of these compounds are highly potent primate renin
inhibitors. From previous observations we have found that
inhibition of monkey plasma renin activity (PRA) is pre-
dictive of inhibition of human PRA.% However since
baseline PRA values are considerably higher in the monkey
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than in the human, IC;, values for the former can be de-
termined more precisely. In most cases both the alcohols
and corresponding ketones are of comparable potency
toward inhibition of renin.

In Table I variation of the P, position allowed control
of the log P values of compounds and those with basic
groups at this position can form water-soluble addition
salts. Changes at this position have little effect on the in
vitro renin inhibitory potency among the compounds
studied.

Variation at the P,-P,’ site shown in Table II indicates
that the benzyl, cyclohexyl, and cyclohexylmethyl ana-
logues are of similar potency, contrary to previous results
with other series of renin inhibitors.® In Table III, var-
iation at the P, site is shown and it is obvious that a wide
range of groups are tolerated at this position. Within the
difluorocarbinol series the glycine derivative 21 and
CBZ-protected heterocyclic analogue 19 were the least
potent.

In Table IV, P; variation illustrates that Phe- and
Tyr(OMe)-containing inhibitors are at least 1 order of
magnitude more potent than derivatives 34 and 36.

P, variation in Table V provided some very interesting
compounds with a wide range of physicochemical prop-
erties. The oral activity of compound 44 will be high-
lighted.

(36) Luly, J. R.; Bolis, G.; BaMaung, N.; Soderquist, J.; Dellaria, J.
F.; Stein, H.; Cohen, J.; Perun, T. J.; Greer, J.; Plattner, J. J.
New Inhibitors of Human Renin that Contain Novel Leu-Val
Replacements. Examination of the P, Site. J. Med. Chem.
1988, 31, 532-539.
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Selectivity: Renin vs Cathepsin D. A number of
interesting structure-activity trends related to the selec-
tivity of the target inhibitors for renin versus the closely
related aspartic proteinase cathepsin D have been ob-
served. These results are of particular interest because
cathepsin D has been implicated in the pathophysiology
of a number of diseases,’”*® including breast cancer and
rheumatoid arthritis. The difluorocarbinol and difluoro-
ketone series show different structure-activity relation-
ships and are discussed separately.

Variation of the Py’ in the difluorocarbinol series indi-
cates that for higher renin selectivity it is preferable for
a basic group such as 4-(2-aminoethyl)morpholine (AEM)
to be present. Small, neutral groups tend to decrease the
selectivity for renin versus cathepsin D. This is seen by
comparison of compounds 5 and 8 with 6 and 7. Changes
at the P, site have less effect on the selectivity within the
difluoro ketone series (compounds 9-12).

Since it appears that hydration at the active site
markedly increases the binding to the cathepsin D enzyme
relative to the alcohol, variation at the P-P,’ site was
studied in an attempt to increase the selectivity for renin.
In Table II all of the difluorocarbinols are moderately
gelective with compound 14 showing a large increase in

(37) Lenarcic, B.; Kos, J.; Doleng, L; Lucovnik, P.; Krizaj, L; Turk,
V. Cathepsin D Inactivates Cysteine Proteinase Inhibitors
Cystatins. Biochem. Biophys. Res. Commun. 1988, 154,
765-772.

(38) Greenbaum, L. M.; Sutherland, J. H. Host Cathepsin D Re-
sponse to Tumor in the Normal and Pepstatin-Treated Mouse.
Cancer Res. 1983, 43, 2584-2587.
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selectivity for renin. In the difluoroketone series this same
trend is observed, compound 16 being considerably more
selective than 9 or 15. Thus it seems possible to control
renin selectivity by judicious variation at the P,-P,’ site.

Table III shows the results of modification at the P, site
upon selectivity. It has previously been reported that the
P, substitution is important for renin selectivity.'”"?! The
data in Table III verify this; indeed it is clearly the most
important position for control of selectivity toward renin.
Within the difluorocarbinol series, substitution with het-
erocyclic groups vs alkyl or heteroalkyl groups causes a
large decrease in the cathepsin D inhibition (cf. compounds
17 and 18 with 5 and 20, 22A, 24, 25). Thus compounds
17 and 18 are highly potent and selective primate renin
inhibitors.

Surprisingly the ester derivative 23 is a selective renin
inhibitor, but it should be noted that this compound is in
fact a mixture of diastereomers at P,. Within the di-
fluoroketone series, compounds with heterocyclic groups
at P, still possess superior selectivity (cf. compounds 26
and 27 with 9, 28, 30-32) to those with alkyl or ester
functionality. The unexpectedly high selectivity of glycine
analogues 21 and 29 could not be explained.

In general the corresponding difluoroketone analogues
are less selective than their difluorocarbinol precursors.

Table IV illustrates the effect of P; variation upon se-
lectivity for renin. Again the difluorocarbinols (5, 33, and
34) are more selective than the corresponding difluoro
ketones (9, 35, and 36).

In Table V we investigated variation at the P, site.
Among the difluorocarbinols substitution with basic groups
tends to increase renin selectivity (cf. compounds 38, 39,
and 41 with 5, 37, and 40). Conversely, inhibition of ca-
thepsin D can be increased by substitution with neutral
groups. Within the difluoroketone series this same trend
is observed (cf. compounds 44 and 46 with 9, 43, and 45)
although to a lesser extent. It is interesting to note than
when there is a neutral group at the P,’ position, which
is known to decrease the cathepsin D/renin ratio (earlier
discussion), the beneficial effect of the basic P, group upon
selectivity is reduced (compound 48).

Oral Efficacy

We have evaluated selected compounds in Tables I-V
for oral efficacy. Most of the difluorocarbinol derivatives
showed only modest blood pressure lowering effects (10-17
mmHg) upon oral administration (30 mg/kg) to salt-de-
pleted cynomolgus monkeys. The best profile was ob-
served for compound 5 and is shown in Figure 1. The ratio
of the maximum blood pressure lowering effect of the drug
and of the receptor antagonist saralasin (see Biological
Methods) provided a method of normalizing the blood
pressure responses for different monkeys. For compound
5 this ratio was found to be 0.50.

By contrast the difluoroketone series showed good oral
efficacy, particularly those compounds with a basic group
at P, and/or Py. The hypotensive effects of several
members of this series upon oral administration (30
mg/kg) to the salt-depleted normotensive cynomolgus
monkey are shown in Figure 2.

Compounds 9 and 44 showed the greatest oral efficacy
with maxirium blood pressure drops of 34 and 29 mmHg,
respectively. Compounds 10, 35, and 46 showed moderate
oral activity (only compounds 9, 10, and 44 shown in Figure
2). Oral efficacy does not appear to correlate with log P
(Table VI). The saralasin ratio for these compounds was
close to unity. The superior antihypertensive activity of
the difluoroketones compared with the difluorocarbinols
is not completely understood. The difluoroketones are
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Figure 1. Activity of compound 5 in salt-depleted normotensive
monkeys after an oral dose of 30 mg/kg.
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Figure 2. Activity of several difluoroketone renin inhibitors in
salt-depleted normotensive monkeys after an oral dose of 30

mg/kg.

hydrated in aqueous solution and this may contribute to
their oral efficacy. Molecular weight and log P values are
comparable for the two series.®

Figure 3 illustrates the oral efficacy of compound 9
compared with PD 132002 and PD 134672 (Figures 4 and
5), two orally active renin inhibitors from different series
that we have recently reported.4%>

(39) Roberts, D. A,; Bradbury, R. H.; Brown, D.; Faull, A,; Griffiths,
D.; Major, J. S.; Oldham, A. A.; Pearce, R. J.; Ratcliffe, A. H.;
Revill, J.; Waterson, D. 1,2,4-Triazole(4,3-a]pyrazine Deriva-
tives with Human Renin Inhibitory Activity. I. Synthesis and
Biological Properties of Alkyl Alcohol and Statine Derivatives.
J. Med. Chem. 1990, 33, 2326-2334.

(40) (a) Repine, J. T.; Himmelsbach, R. J.; Hodges, J. C.; Kalten-
bronn, J. S.; Sircar, I.; Skeean, R. W.; Brennan, S. T.; Hurley,
T. R.; Lunney, E. A.; Humblet, C. C.; Weishaar, R. E.; Ra-
pundalo, S. T.; Ryan, M. J.; Taylor, D. G.; Olson, S. C.; Mi-
chniewicz, B. M.; Kornberg, B.; Belmont, D. T.; Taylor, D. G.;
Olson, S. C.; Michniewicz, B. M.; Kornberg, B.; Belmont, D.
T.; Taylor, M. D. Renin Inhibitors Containing Esters at the P,
Position. Oral Activity in a Derivative of Methyl Amino-
malonate. J. Med. Chem. 1991, 34, 1935. (b) Patt, W. C.;
Hamilton, H. W.; Ryan, M. J.; Painchaud, C. A.; Taylor, M. D,;
Rapundalo, S. T.; Batley, B. L.; Connolly, C. J. C.; Taylor, D.
G., Jr. PD 134672-A Novel, Orally Active Renin Inhibitor with
a Long Duration of Action. American Chemical Society Re-
gional Meeting, Medicinal Chemistry Section, Atlanta, April
1991; MEDI 65.
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Figure 3. Comparative activity of PD 132002, PD 134672, and
compound 9 in salt-depleted normotensive monkeys after an oral
dose of 30 mg/kg.

Table VI
compd log P¢ compd log P¢
5 3.17 35 2.73
9 3.39 44 2.73
10 4.63 46 2.90

¢log P values measured at pH 7.4.

Summary

Novel renin inhibitors containing difluorocarbinol and
difluoroketone groups at the P,-P,’ site were prepared and
tested in vitro and in vivo. Most of these compounds were
highly potent primate renin inhibitors.

Selectivity for renin over cathepsin D could be controlled
by judicious choice of the substituents at the P,-P;, P,-P/’,
and Py’ sites, in addition to the P, site, which is well-known
to strongly affect selectivity. Small neutral groups at the
Py’ and P, sites decrease renin selectivity. Heterocyclic
groups at P, are preferred for high renin selectivity. Ox-
idation of the difluorocarbinol P,-P,’ group markedly de-
creased renin vs cathepsin D selectivity.

Many of the difluoroketones exhibited good oral activity
in the salt-depleted normotensive cynomolgus monkey
model.

Experimental Section

The NMR spectra were recorded on a Varian XL-200 instru-
ment. The FAB-MS was determined on a VG analytical
7070E/HF mass spectrometer in a thioglycerol matrix using xenon
as the target gas. Rotations were recorded on a Perkin-Elmer
Model 142 polarimeter. TLC was done on precoated sheets (silica
gel 60F 254, Merck). Silica gel chromatography was done with
Kieselgel 60 (70-230 mesh or 230400 mesh for flash).

Most compounds were purified by chromatography on silica
gel (5% MeOH/CH,Cl; unless otherwise stated) and were usually
obtained as foams that often retained solvent, even on prolonged
drying under vacuum. Intermediates and the compounds in
Tables I-V all showed the correct molecular ion in the FAB mass
spectrum. The NMR was consistent with the assigned structures.
Most compounds were analyzed by HPLC for purity employing
an Alltech RP C18 column (4.6 X 250 mm); 5-um particle size,
1.5 mL/min flow rate (unless otherwise noted), 214-nin detection,
and various mobile phases including 65:30:5 0.05 M Et;N (pH 7.0
with H,PO,—~CH;CN-THF or various ratios of MeOH-0.05 M
NH,H,PO, (aqueous) (pH 3.0 with H,PO,)). The log P values
of the compounds in Table VI were determined using a standard
HPLC correlation method.!!

Ethyl 4(S)-[(tert-Butyloxycarbonyl)amino]-5-(cyclo-
hexylmethyl)-2,2-difluoro-3(R)-hydroxypentanoate (2).
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Figure 5. Structure of PD 134672.

Activated zinc dust (9.2 g, 0.14 mol) was suspended in anhydrous
THF (300 mL) under N,. One crystal of I, was added and the
reaction brought to reflux. Ethyl bromodifluoroacetate (freshly
distilled, 0.1 mL) was added to initiate the reaction, and after
about 1 min, a mixture of the N-BOC-L-cyclohexylalaninal (1)#24
(18.0 g, 0.071 mol) and bromo difluoro ester (13.6 mL, 0.107 mol)
in THF (100 mL) was added at such a rate as to control the reflux
(as rapidly as possible). After refluxing for a further 30 min, the
mixture was allowed to cool and partitioned between ethyl acetate
(~400 mL) and 1 M KHSO, (~100 mL). The organic phase was
washed with water and brine and dried (Na,SO,). After evapo-
ration, the residue was chromatographed on silica gel eluting with
10 — 20% ethyl acetate—petroleum ether to afford the product
as a yellowish oil (10.7 g, 40%). Addition of hexane to this oil
allowed precipitation of a white solid which was removed by
filtration to give 2A (4.59 g, 17%) as a single diastereomer (HPLC,
mobile phase 80:20 CH;CN-H,0, tg = 3.9 min, 100%, single
isomer). The stereochemistry at the hydroxyl center was assigned
as previously reported.®® The remaining residue was recolumned
to afford further product (3.39 g, 12.6%, 5:1 ratio of diastereomers
and 0.74 g, 2.7%, ca. 3:2 ratio of diastereomers). For 2A: MS
(CI + CH,) m/z 380 (MH"), 324 (MH* - ‘Bu); 'H NMR (200
MHz, CDCl,) 4 4.67 (1 H, brd), 4.38 (2H, dd, J = 10.5, 5.8 Hz),
398 (3H, m), 1.68-0.90 (12H, m), 1.40 9 H,s),1.38 (3 H, t,J
= 5.8 Hz).

1,1-Dimethylethyl [1(S)-(Cyclohexylmethyl)-3,3-di-
fluoro-2(R)-hydroxy-4-[[2-(4-morpholinyl)ethylJamino]-4-
oxobutyl]carbamate (3). To a solution of ester 2A (1.50 g, 4.0
mmol) in THF (30 mL) was added NaOH (0.17 g in 5 mL of H,0)
and the resulting solution was stirred for 4 h. The pH was brought
to 2-3 with dilute HCl and the solution extracted three times with
EtOAc. The combined organic extracts were washed with H,O
and brine. Drying (Na,SO,) and removal of the solvent under
reduced pressure gave the acid (1.10 g, 79%) as a white foam which
was used directly in subsequent reactions. To the acid (1.25 g,

(41) Haky, J. E.; Young, A. M. Evaluation of a Simple HPLC
Correlation Method for the Estimation of the Octanol-Water
Partition Coefficients of Organic Compounds. J. Chromatogr.
1984, 7 (4), 675-689.

(42) Fehrentz, J. A.; Castro, B. An Efficient Synthesis of Optically
Active a-(t-Butoxycarbonylamino)-Aldehydes from o-Amino
Acids. Synthesis 1983, 676—678.

(43) Boger, J.; Payne, L. S.; Perlow, D. S.; Lohr, N. S.; Poe, M.;
Blaine, E. H.; Ulm, E. H.; Schorn, T. W.; LaMont, B. L.; Lin,
T.-Y.; Kawai, M.; Rich, D. H.; Veber, D. F. Renin Inhibitors.
Syntheses of Subnanomolar, Competitive, Transition-State
Analogue Inhibitors Containing a Novel Analogue of Statine.
J. Med. Chem. 1985, 28, 1779-1790.
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3.50 mmol) and HOBT (0.47 g, 3.50 mmol) in anhydrous DMF
at 0 °C was added DCC (0.72 g, 3.50 mmol) in DMF (20 mL).
4-(2-Aminoethyl)morpholine (0.46 g, 3.50 mmol) in DMF (30 mL)
was then added and the resulting mixture stirred at 0 °C for 1
h before warming to room temperature. After ca. 16 h the di-
cyclohexylurea was removed by filtration and the solvent evap-
orated under reduced pressure. The residue was taken up in ethyl
acetate, refiltered, and washed sequentially with saturated
NaHCO; solution and brine. After drying (Na,SO,), filtration,
and evaporation, the crude product was purified by column
chromatography on silica gel eluting with MeOH in CHCI; (6 —
7% gradient). The appropriate fractions were combined to afford
product 3 as a white foam (0.92 g, 56%): MS (CI + CH,) m/z
464 (MH*); HPLC, 80:20 CH;CH-H,0, tg = 4.07 min, 96.6%;
H NMR (200 MHz, CDC),) 5 8.02 (1 H, s), 7.10 (1 H, br s), 5.02
(1H,brd, J = 7.2 Hz), 4.68 (1 H, br s), 3.96 (2 H, m), 3.74 (4
H, br t), 3.49 (2 H, m), 2.56 (5 H, m), 1.80-0.90 (13 H, m), 1.45
9 H,s).

1,1-Dimethylethyl [1-[[[1(S)-(Cyclohexylmethyl)-3,3-di-
fluoro-2(R)-hydroxy-4-[[2-(4-morpholinyl)ethylJamino]-4-
oxobutyl]amino]carbonyl]-3(S)-butenyl]carbamate (4). To
a solution of 3 (7.34 g, 0.016 mol) in CHCl,; (200 mL) and MeOH
(20 mL) at room temperature was bubbled HCIl gas for 10 min,
After stirring for 1 h, the reaction mixture was concentrated and
the dihydrochloride partitioned between chloroform and saturated
NaHCO; solution. The aqueous layer was washed with CHCl;,
and combined organic extracts were dried (MgSO,), filtered, and
concentrated to a white foam (5.21 g, 93%). After drying for
several hours under high vacuum this material (FCS-AEM) was
used directly in the coupling reaction.

To a solution of N-a-BOC-L-allylglycine** (3.23 g, 0.015 mol)
and HOBT (4.06 g, 0.03 mol) in CH,Cl, (100 mL) at 0 °C was
added DCC (3.67 g, 0.017 mol) followed by FCS-AEM (5.21 g,
0.015 mol) in CH,Cl, (20 mL). After 2 h the reaction was allowed
to warm to room temperature and stirred for a further 16 h. The
reaction was then filtered and washed with saturated NaHCO;
solution, dried (MgSO,), filtered, and concentrated under reduced
pressure. The crude product was purified by flash chromatog-
raphy on silica gel eluting with 4% MeOH in CHCI, to afford 4
(6.53 g, 80%) as a white foam: MS (FAB, thioglycerol) m/z 561
(M*); 'H NMR (200 MHz, CDCl,) 6 7.93 (1 H, brs), 5.70 (1 H,
m), 5.20 (2 H, m), 4.17 (1 H, m), 3.96-3.50 (7 H, m), 3.22 (1 H,
m), 2.80 (1 H, br m), 2.60-2.34 (10 H, m), 1.82-0.80 (13 H, m),
1.44 9O H, s).

N-(4-Morpholinylsulfonyl)-L-phenylalanyl-N-[1(S)-(cy-
clohexylmethyl)-3,3-difluoro-2(R)-hydroxy-4-[[2-(4-mor-
pholinyl)ethyl]amino]-4-oxobutyl])-4,5-didehydro-L-norval-
inamide (5). To a solution of 4 (3.65 g, 6.52 mmol) in CH,Cl,
(150 mL) and MeOH (30 mL) at room temperature was passed
a stream of HCI gas for about 15 min. The solution was stirred
for a further 15 min and then evaporated under reduced pressure.
The residue was azeotroped several times with portions of CHCl;
and then dried in vacuo for several hours. The dihydrochloride
was utilized directly in the coupling reaction (3.50 g).

To the amine dihydrochloride prepared above (1.83 g, 3.43
mmol), HOBT (0.46 g, 3.43 mmol) and N-(4-morpholino-
sulfonyl)-L-phenylalanine®4° (1.07 g, 3.43 mmol) in anhydrous
DMF (50 mL) at 0 °C was added DCC (0.71 g, 3.43 mmol) in DMF
(10 mL), followed by Et;N (0.96 mL, 6.86 mmol). After 1 h the
reaction was allowed to warm to room temperature and stirred
for a further 16 h. The reaction was filtered and the DMF distilled
under reduced pressure. The resulting residue was taken up in
ethyl acetate and washed with saturated NaHCOj solution fol-
lowed by brine. The organic layer was dried (Na,SO,), filtered,
and evaporated.

Crude product 5 was purified by column chromatography on
silica gel eluting with 5 — 8% MeOH in CHCI, to afford pure
product (1.82 g, 70%) as a white foam. MS (FAB) m/z 757.3
(MH*); HPLC, 65:30:5 MeOH—0.05 M Et;N (pH 7.0 with
H;PO,)-THF, 1.2 mL/min, tg = 6.83 min, 95%, single isomer;

(44) Black, S.; Wright, N. G. Aspartic §-Semialdehyde De-
hydrogenase and Aspartic 8-Semialdehyde. J. Biol. Chem.
19885, 213, 39-50.

(45) Wegler, R.; Bodenbenner, K.' N,N-Dialkylamidosulfonyl Chlo-
rides. Ann. Chem. 1959, 624, 25-29.
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'H NMR (200 mHz, CDCL;) 5 7.46 (1 H, br s), 7.36 (4 H, m), 7.24
(3H, m), 6.84 (1H,d, J = 6.3 Hz), 5.68 (1 H, m), 5.19 (1 H, s),
512 (1 H,d,J=56Hz),492 (1 H,d,J =6.0Hz), 4.36 (1 H,
dd, J = 6, 10 Hz), 4.10-3.88 (2 H, m), 3.72 (4 H, t, J = 3.5 Hz),
3.52 (6 H,m), 3.20 (1 H, dd, J = 3.7, 11.3 Hz), 2.95 (3 H, m), 2.72
(3 H, m), 2.53 (6 H, m), 1.90-1.50 (9 H, m), 1.40-1.08 (4 H, m),
0.92 (2 H, m).
N-(4-Morpholinylsulfonyl)-L-phenylalanyl-N-[1(S)-(cy-
clohexylmethyl)-3,3-difluoro-2(R )-hydroxy-4-[(2-methylbu-
tyl)amino)-4-oxobutyl])-4,5-didehydro-L-norvalinamide (6).
Title compound 6 was prepared as described above for 5 using
2(S)-methylbutylamine instead of 4-(2-aminoethyl)morpholine
to yield a white foam (3.30 g, 84.2%): MS (FAB) m/z 714 (M
+ H)*; HPLC, 45:55:5 Et;N (0.025 M, pH 3)-CH;CN-THF,; ¢y
= 29.4 min; 94.4:5.6 ratio of isomers.
N-(4-Morpholinylsulfonyl)-L-phenylalanyl-N-[1(S)-(cy-
clohexylmethyl)-4-ethoxy-3,3-difluoro-2(R )-hydroxy-4-oxo-
butyl]-4,5-didehydro-L-norvalinamide (7). Title compound
7 was prepared as described above for 5 from 2. Product 7 (5.0
g, 89%) was obtained as a pale yellow foam: MS (FAB) m/z 673
M + H)*.
N-(4-Morpholinylsulfonyl)-L-phenylalanyl-N-[1(S)-(cy-
clohexylmethyl)-3,3-difluoro-2(R)-hydroxy-4-oxo-4-[[2-(2-
pyridinyl)ethylJamino]butyl}-4,5-didehydro-L-norvalinamide
(8). Title compound 8 was prepared as described previously for
5 using 2-(aminoethyl)pyridine instead of 4-(2-aminoethyl)-
morpholine to yield a white foam (1.50 g, 98%): MS (FAB) m/z
749.2 (M + H)*,
N-(4-Morpholinylsulfonyl)-L-phenylalanyl-N-[1(S)-(cy-
clohexylmethyl)-3,3-difluoro-4-[[2-(4-morpholinyl)ethyl]-
amino)-2,4-dioxobutyl]-4,5-didehydro-L-norvalinamide,
Methanesulfonate (9). To alcohol 5 (1.70 g, 2.0 mmol) in dry
CH,C),; (40 mL) at 0 °C was added dichloroacetic acid (0.24 mL,
2.9 mmol) followed by anhydrous DMSO (4.0 mL) and then DCC
(4.10 g, 20 mmol). The mixture was stirred at 0 °C for 1-2 h and
then at room temperature overnight (18 h). Ozxalic acid (2.6 g,
20 mmol) was dissolved in methanol and added slowly to the
reaction. After about 20 min, the solid was filtered and the filtrate
evaporated and diluted with EtOAc. The precipitate present was
removed by filtration once again. The ethyl acetate layer (300
mL) was washed with aqueous H;PO, (4:1) (4 X 25 mL). The
acidic aqueous layer was washed with EtOAc (2 X 25 mL) and
the pH of the solution brought to pH 4 (pH meter) with cold
aqueous NH,OH solution. The precipitated product was extracted
into EtOAc (4 X 100 mL), and the combined organic layers were
washed with brine. After drying (Na,SO,) the solution was filtered
and evaporated to an off-white foam (1.70 g). The foam was
dissolved in EtOH (15 mL) and methanesulfonic acid (147 uL,
freshly distilled) was added. After stirring for 10 min the solution
was evaporated to dryness under reduced pressure. The residue
was dissolved in H,O (50 mL) and lyophilized to yield a fluffy
foam (1.70 g, 85%): MS (FAB) m/z 755.2 (M + H)*; HPLC,
65:30:5 MeOH-0.05 M Et;N (pH 7.0 with H,PO,)-THF; t; = 8.83,
9.82 min, 98:2 ratio of diastereoisomers; !H NMR (200 mHz,
CDCl,) 6 8.78 (1 H, m), 8.05 (1 H, d, J = 9.3 Hz), 7.36 (4 H, m),
7.25(2 H, m),6.72 (1 H, m), 5.78 1 H,m), 520 (1 H,d, J = 14.1
Hz), 5.15 1 H, d, J = 8.5 Hz), 4.65 (1 H, m), 4.48 (1 H, m),
4.20-3.20 (16 H, m), 3.05 (2 H, m), 2.80 (3 H, m), 2.60 (2 H, m),
1.90-1.50 (8 H, m), 1.40-1.05 (5 H, m), 0.90 (2 H, m).
N-(4-Morpholinylsulfonyl)-L-phenylalanyl-N-[1(S)-(cy-
clohexylmethyl)-3,3-difluoro-4-[ (2-methylbutyl)amino]-2,4-
dioxobutyl})-4,5-didehydro-L-norvalinamide (10). Title com-
pound 10 was prepared as described above for 9 from 6. The
product was obtained as a white foam (1.30 g, 68.4%): MS (FAB)
m/z 712.3 (M + H)*.
N-(4-Morpholinylsulfonyl)-L-phenylalanyl-N-[1(S)-(cy-
clohexylmethyl)-4-ethoxy-3,3-difluoro-2,4-dioxobutyl]-4,5-
didehydro-L-norvalinamide (11). Title compound 11 was
prepared as described above 9 from 7. The product was obtained
as a white foam (0.80 g, 88.9%): MS (FAB) m/z 671 (M + H)*;
HPLC, 33:67 Et,N (0.05 M, pH 3 with H;PO,)-MeOH, ¢y = 5.48,
9.32 min, 90.9:9.1 ratio of isomers.
N-(4-Morpholinylsulfonyl)-L-phenylalanyl-N-[1(S)-(cy-
clohexylmethyl)-3,3-difluoro-2,4-dioxo-4-[[2-(2-pyridinyl)-
ethyl]lamino]butyl)-4,5-didehydro-L-norvalinamide, Meth-
anesulfonate (12). Title compound 12 was prepared as described
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above for 9 from compound 8. The product (0.80 g, 80%) was
converted to the methanesulfonic acid salt by treatment of an
ethanol solution of 12 with 74 uL of methanesulfonic acid and
stirring for 10 min. After evaporation the residue was taken up
in ethanol once again and evaporated under high vacuum to a
white foam (0.90 g): MS (FAB) m/z 747.3 (M + H)*; HPLC, 40:60
CH;CN-0.05 M Et;N (pH 3 with H;PO,), tg = 9.87, 12.73 min,
96.6:3.4 ratio of diastereoisomers.
N-(4-Morpholinylsulfonyl)-L-phenylalanyl-4,5-di-
dehydro-N-[3,3-difluoro-2(R)-hydroxy-4-[[2-(4-morpholi-
nyl)ethyllamino)-4-0xo-1(S)-(phenylmethyl)butyl]-L-nor-
valinamide (13). Title compound 13 was prepared as described
previously for 5 using a-N-BOC-L-phenylalanine as the starting
material for the Reformatsky reaction. Alcohol 13 was obtained
as a white foam (2.06 g, 92%): MS (FAB) m/z 751.3 (M + H)%;
HPLC, 60:35:5 CH;,CN-0.06 M NH,H,PO, (pH 3 with
H,PO,)-THF, tg = 9.82 min, 99.9%, single diastereoisomer.
N-(4-Morpholinylsulfonyl)-L-phenylalanyl-N-[1(S)-
cyclohexyl-3,3-difluoro-2(R )-hydroxy-4-[[2-(4-morpholi-
nyl)ethyllamino}-4-oxobutyl)-4,5-didehydro-L-norvalinamide
(14). Title compound 14 was prepared as described previously
for 5 using a-N-BOC-L-cyclohexylglycine as the starting material
for the Reformatsky reaction. Alcohol 14 was obtained as a white
form (7.43 g, 91%): MS (FAB) m/z 743.3 (M + H)*.
N-(4-Morpholinylsulfonyl)-L-phenylalanyl-4,5-di-
dehydro-N-[3,3-difluoro-4-[[2-(4-morpholinyl)ethyl]ami-
no}-2,4-dioxo-1(S)-(phenylmethyl)butyl]-L-norvalinamide,
Methanesulfonate (15). Title compound 15 was prepared by
oxidation of 13 according to the procedure outlined for compound
9. Difluoroketone 15 was obtained as a white foam (1.03 g) which
was dissolved in MeOH (20 mL) and ireated with freshly distilled
methanesulfonic acid (84 uL). After stirring for 15 min, the solvent
was removed under reduced pressure and the residue dissolved
in H,0 and lyophilized to obtain a white foam (2.03 g, 93%). MS
(FAB) m/z 749.3 (M + H)*; HPLC, 60:35:5 CH,CN-0.05 M
NH,H,PO, (pH 3 with H;PO,)-THF, tg = 9.56 min, 96%, single
diastereoisomer.
N-(4-Morpholinylsulfonyl)-L-phenylalanyl-N-[1(S )-
cyclohexyl-3,3-difluoro-4-[[2-(4-morpholinyl)ethyl]ami-
no)-2,4-dioxobutyl]-4,5-didehydro-L-norvalinamide, Meth-
anesulfonate (16). Title compound 16 was prepared by oxidation
of 14 according to the procedure outlined for compound 9. Di-
fluoroketone 16 was obtained as a white foam (1.93 g, 96%) which
was dissolved in MeOH (40 mL) and treated with freshly distilled
methanesulfonic acid (0.25 mL, 2.60 mmol). After stirring for
15 min, the solvent was evaporated under reduced pressure and
the residue dissolved in H,0 and lyophilized to obtain a white
foam (2.06 g, 94%): MS (FAB) m/z 741.2 (M + H)*; HPLC,
65:35:5 MeOH—0.05 M Et;N-THF (pH 7 with H;PO,), 1.0
mL/min, tg = 6.72, 7.2 min, 95%, 90:10 ratio of diastereoisomers.
N-(4-Morpholinylsulfonyl)-L-phenylalanyl-N-[1(S)-(cy-
clohexylmethyl)-3,3-difluoro-2(R )-hydroxy-4-[[2-(4-
morpholinyl)ethyl Jamino])-4-oxobutyl)-L-histidinamide (17).
Title compound 17 was prepared as described above for compound
5, using an N-imidazole trityl-protected histidine. The final
deprotection was performed by dissolving N-(4-morpholinyl-
sulfonyl)-L-phenylalanyl-His(irit)-FCS-AEM (0.70 g, 0.67 mmol)
in 80% AcOH (10 mL) and heating the reaction for 10 min at
80 °C. After cooling to room temperature and evaporation under
reduced pressure, the residue was taken in ethyl acetate (20 mL)
and washed twice with saturated NaHCO; solution before drying
(Na;S0,). Column chromatography (5 — 15% MeOH in CHCL;)
on silica gel gave a white foam product (0.23 g, 42.8%) as an 87:10
mixture of diasterecisomers (HPLC) and a minor less polar isomer
(80 mg, 14.9%). Major product (87:10 mixture): MS (FAB) m/z
797.4 (M + H)*; HPLC, 60:35:5 MeOH-0.05 M Et;N (pH 7 with
H;PO,)-THF, 1.2 mL/min, tg = 9.10, 8.70 min.
N-(4-Morpholinylsulfonyl)-L-phenylalanyl-3-(2-amino-4-
thiazolyl)-N-[1(S)-(cyclohexylmethyl)-3,3-difluoro-2(R )-
hydroxy-4-[[2-(4-morpholinyl)ethyl Jamino]-4-oxobutyl])-L-
alaninamide (18). Title compound 18 was prepared as described
above for compound 5 from the novel aminothiazole amino acid.*

(46) Patt, W. C,; Skeean, R.; Steinbaugh, B. S. Synthesis of Enan-
tiomerically Pure Amino Acids Containing a a-Amino-4-Thia-
zolyl Side Chain. Synth. Commun. 1990, 20 (20), 3097-3102.
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The product was obtained as a white solid (0.56 g, 41%): mp =
103-115 °C; MS (FAB) m/z 829.3 (M + H)*.
[4-[2-[[1(S)-(Cyclohexylmethyl)-3,3-difluoro-2(R )-
hydroxy-4-[[2-(4-morpholinyl)ethyl]amino]-4-0xobutyl]-
amino)-1-[[2(S)-[(4-morpholinylsulfonyl)amino]-1-oxo-3-
phenylpropyljamino]-2-oxoethyl)-2-thiazolylJcarbamic Acid,
1,1-Dimethyl Ether Ester (19A and 19B). Title compound 19A
was prepared as described above for compound 5. The product
was finally purified by chromatography on silica gel eluting with
3 —10% MeOH in a 1:1 mix of EtOAc and CH,Cl,, to afford two
diasterecisomers: fast isomer (19A) [1.26 g, 58%; MS (FAB) m/z
949.3 (M + H)*. Anal. C, H, N] and a slow isomer 19B (0.66
g, 30.3%) and additionally a mixture of the two isomers (0.20 g,
10%).
N-(4-Morpholinylsulfonyl)-L-phenylalanyl-N-[1(S)-(cy-
clohexylmethyl)-3,3-difluoro-2(R)-hydroxy-4-[[2-(4-
morpholinyl)ethyl)Jamino)-4-oxobutyl]-4,5-didehydro-L-
norleucinamide (20). Title compound 20 was prepared as de-
scribed above for compound 5. The product was obtained as a
white foam (2.84 g, 70.1%): MS (FAB) m/z 773 (M + H)*.
N-(4-Morpholinylsulfonyl)-L-phenylalanyl-N-[1(S)-(cy-
clohexylmethyl)-3,3-difluoro-2(R )-hydroxy-4-[[2-(4-
morpholinyl)ethyl)amino)-4-oxobutyl]-4,5-didehydro-L-
glycinamide (21). Title compound 21 was prepared as described
above for compound 5. The product was purified by chroma-
tography on silica gel eluting with 0 — 4% MeOH in CH,Cl, to
allord the product as a white solid: mp = 85-92 °C; MS (FAB)
m/z 717 (M + H)*.
N-[2-[[1(S)-(Cyclohexylmethyl)-3,3-difluoro-2(R )-
hydroxy-4-[[2-(4-morpholinyl)ethyl]amino]-4-0xobutyl]-
amino)-2-oxo-1-propoxyethyl]-a-[(4-morpholinylsulfonyl)-
amino]benzenepropanamide (22). Title compound 22 was
prepared as described abhove for compound 5 from the novel
a-heteroatom amino acid.*” The products were obtained as (two
diastereoisomers) white foams: fast isomer 22A [0.99 g, 19.6%;
MS (FAB) m/z 775.5 (M + H)*; HPLC, mobile phase A, tg =
4.54 min, 98.6% single isomer], slow isomer 22B [0.77 g, 15.3%,
MS (FAB) m/z 775.5 (M + H)*], and a mixture of the two isomers
(1.40 g, 27.8%) to give a total yield of 62.7%.
3-[[1(S)-(Cyclohexylmethyl)-3,3-difluoro-2(R )-hydroxy-
4-[[2-(4-morpholinyl)ethyllamino)-4-oxobutyl]amino]-N-
[N-(4-morpholinylsulfonyl)-L-phenylalanyl]-3-0x0-DL-ala-
nine Methyl Ester (23). Compound 23 was prepared as de-
scribed previously for compound 5. The product was purified
by flash chromatography on silica gel eluting with 5% MeOH in
CHCl, to afford 23 as a white foam (3.90 g, 41.9%). Repurification
was necessary by flash chromatography (eluting with 5% MeOH
in EtOAc) to afford 23 as a mixture of diastereoisomers (3.17 g,
34%): MS (FAB) m/z 775.4 (M + H)*; HPLC, 70:30 Et;N (0.05
M, pH 3)-CH;CN; 1.5 mL/min, tg = 19.52, 21.44 min, 97.2%,
72:28 ratio of isomers.
N-(4-Morpholinylsulfonyl)-L-phenylalanyl-N-[1(S)-(cy-
clohexylmethyl)-3,3-difluoro-2(R )-hydroxy-4-[[2-(4-
morpholinyl)ethylJamino]-4-0xobutyl)-L-threoninamide (24).
Compound 24 was prepared as described previously for compound
5. The product was finally purified by chromatography on silica
gel eluting with 0 — 4% MeOH in CH,Cl, to afford the product
as g white solid: mp = 107-112 °C, MS (FAB) m/z 761.4 (M +
H)*.
N-(4-Morpholinylsulfonyl)-L-phenylalanyl-N-[1(S)-(cy-
clohexylmethyl)-3,3-difluoro-2(R )-hydroxy-4-[[2-(4-
morpholinyl)ethyl)amino)-4-oxobutyl])-N-6-[ (methyl-
amino)thioxomethyl)-L-lysinamide (25). Title compound 25
was prepared as described previously for 5§ by DCC/HOBT
coupling of N-(4-morpholinylsuifonyl)-L-phenylalanine with &-
N-Z-Lys-FCS-AEM to afford the product as a white foam (1.81
g, 88.7%). The benzyl protecting group was removed by hy-
drogenation (20% Pd/C, H,, 100 mL of MeOH) to afford the free
amine (1.57 g, 100%). The crude amine (1.57 g, 2.0 mmol) was

(47) Repine, J. T.; Kaltenbronn, J. S.; Bonadies, L. A.; Doherty, A.
M.; Hamby, J. M.; Himmelsbach, R. J.; Kornberg, B. E.; Tay-
lor, M. D.; Rapundalo, S. T.; Batley, B. L. Renin Inhibitors
Containing a-Heteroatom Amino Acids as P2 Replacements.
199th National Meeting of the American Chemical Society,
Boston, MA, April 22-27, 1990.
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dissolved in CH,Cl, (80 mL) at 0 °C, and methyl isothiocyanate®
(145 mg, 2.0 mmol) in CH,Cl, (5 mL) was added. After 24 h of
stirring at room temperature, the solvent was removed under
reduced pressure and the residue chromatographed on silica gel
eluting with 5 — 20% MeOH in CHCI, to afford the product as
a white foam (0.89 g, 52%): MS (FAB) m/z 861.6 (M + H)*;
HPLC, 60:35:5 MeOH-Et;N (0.05 M, pH 7.0 with H,PO,)-THF,
1.5 mL/min, tg = 10.80, 11.70 min, 95.2%, 95.2:1 ratio of isomers.
N-(4-Morpholinylsulfonyl)-L-phenylalanyl-N-[1(S)-(cy-
clohexylmethyl)-3,3-difluoro-4-[[2-(4-morpholinyl)ethyl]-
amino)-2,4-dioxobutyl]-L-histidinamide (26). Title compound
26 was obtained by oxidation of N-(4-morpholinylsulfonyl)-1-
phenylalanyl-His(trit)-FCS-AEM followed by deprotection ac-
cording to the procedure described for compounds 17 and 9. The
crude product was obtained as a mixture of diastereoisomers (44:56
by HPLC) and was chromatographed on silica gel eluting with
5 - 15% MeOH in CHC), to afford the product as a white foam
(0.40 g, 40%) dried under high vacuum: MS (FAB) m/z 795.2
M + H)*.
N-(4-Morpholinylsulfonyl)-L-phenylalanyl-3-(2-amino-4-
thiazolyl)-N-[1(S)-(cyclohexylmethyl)-3,3-difluoro-4-[[2-
(4-morpholinyl)ethyl)amino]-2,4-dioxobutyl]-L-alaninamide,
Methanesulfonate (27). Title compound 27 was obtained by
oxidation of the TROC [[(trichloromethyl)oxy]carbonyl] protected
analogue of 18 by the procedure described previously for 9.
Removal of the TROC group was performed by treatment of
N-(4-morpholinylsulfonyl)-L-Phe-ATM(TROC)-FCO-AEM (crude
material, 0.86 g) with Zn (0.27 g) and solid NH,Cl (2 g) in
MeOH-THF (1:4, 30 mL) for 24 h. Further portions of zinc were
added periodically (2 X 0.27 g) until TLC indicated reaction
completion. The suspension was then filtered through Celite and
evaporated. The yellowish residue was purified by preparative
HPLC on an Econosil column eluting with pH 7 buffer system
to afford the required product 27 (0.49 g, 75%) as a 98:2 mixture
of diastereoisomers (white foam). The material was converted
to the monomethanesulfonic acid salt in the usual way. MS (FAB)
m/z 827.0 (M + H)*; HPLC 65:30:5 MeOH-0.05 M Et;N (pH 7
with H;PO,)-THF, 1 mL/min, tg = 7.93 min, 95%, single isomer.
N-(4-Morpholinylsulfonyl)-L-phenylalanyl-N-[1(S)-(cy-
clohexylmethyl)-3,3-difluoro-4-[[2-(4-morpholinyl)ethyl]-
amino)-2,4-dioxobutyl]-4,5-didehydro-L-norleucinamide (28).
Title compound 28 was obtained by oxidation of 20 by the pro-
cedure described previously for the preparation of 9. The product
was obtained as a white foam (1.70 g, 78.3%): MS (FAB) m/z
771.4 (M + H)*.
N-(4-Morpholinylsulfonyl)-L-phenylalanyl-N-[1(S)-(cy-
clohexylmethyl)-3,3-difluoro-4-[[2-(4-morpholinyl)ethyl]-
amino]-2,4-dioxobutyl)glycinamide (29). Title compound 29
was obtained by oxidation of compound 21 by the procedure
described for the preparation of 9. The compound (0.80 g, 84.2%)
was finally converted to the methanesulfonate salt by dissolving
in EtOH (15 mL) and CH;SO;H (80 uL). Evaporation gave a
white foam (0.90 g): MS (FAB) m/z 715.3 (M + H)*.
N-[2-[[1(S)-(Cyclohexylmethyl)-3,3-difluoro-4-[[2-(4-
morpholinyl)ethyl]lamino]-2,4-dioxobutyllJamino]-2-oxo-1-
propoxyethyl]-a-[(4-morpholinylsulfonyl)amino]benzene-
propanamide, 2-Hydroxy-1,2,3-propanetricarboxylate (30).
Title compound 30 was obtained by oxidation of 22AB according
to the procedure outlined previously for 9. The product was
obtained as a white foam (1.36 g, 76%). The compound was
converted to its citrate salt (1.19 g) to afford a white foam: MS
(FAB) m/z 773.7 (M + H)*.
3-[[1-(Cyclohexylmethyl)-3,3-difluoro-4-[[2-(4-
morpholinyl)ethyl}amino]-2,4-dioxobutylJamine)-N-[ N-(4-
morpholinylsulfonyl)-L-phenylalanyl]-3-oxo-(S)-DL-alanine,
Methyl Ester, Methanesulfonate (31). Title compound 31 was
prepared by oxidation of 23 according to the procedure described
previously for 9. The product (1.04 g, 99%) was dissolved in 20
mL of MeOH and 0.12 mL of CH;SO;H. After stirring for 15 min,
the solution was evaporated, redissolved in 15 mL of H;O and
lyophilized to afford a white foam (1.15 g, 100%): MS (FAB) m/z
773.4 (M + H)*.
N-(4-Morpholinylsulfonyl)-L-phenylalanyl-a-amino-N-
[1(S)-(cyclohexylmethyl)-3,3-difluoro-4-[[2-(4-
morpholinyl)ethyl]amino)-2,4-dioxobutyl]-3-oxo-L-butan-
amide, Methanesulfonate (32). Title compound 32 was pre-
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pared by oxidation of 24 according to the procedure described
previously for 9. The product (0.80 g, 47%) obtained from the
H,PO, extraction (0.80 g, 47%) was converted to the methane-
sulfonate by addition of CH;SO;H (37 L) in EtOH (5 mL)
followed by evaporation, redissolving in H,0, and lyophilization
to a white foam: MS (FAB) m/z 756.6 (M + H)*. From the ethyl
acetate extract was obtained a further 0.41 g of product 32.

O -Methyl-N-(4-morpholinylsulfonyl)-L-tyrosyl-N-[1-
(S)-(cyclohexylmethyl)-3,3-difluoro-2(R )-hydroxy-4-[[2-(4-
morpholinyl)ethylJamino)-4-oxobutyl]-4,5-didehydro-L-
norvalinamide, Methanesulfonate (33). Title compound 33
was obtained by the methods described previously for 5. The
product was finally purified by chromatography on silica gel
eluting with 4% MeOH in CH,Cl, to afford a white foam (3.38
g, 71.5%): MS (FAB) m/z 787.4 (M + H)*. The product (0.70
g, 0.89 mmol) was dissolved in EtOH (10 mL) followed by addition
of methanesulfonic acid (56 uL). After stirring for 30 min, the
solution was evaporated and the residue redissolved in H,O (100
mL) and lyophilized to afford a white foam (774 mg, 99%): MS
(FAB) m/z 786.9 (M + H)*; HPLC, 85:15 MeOH-0.05 M NH,-
H,PO, (pH 3 with H;PO,), 2.5 mL/min, tg = 13.1, 10.2 min, 92:6
ratio of isomers.

8-Hydroxy-N-(4-morpholinylsulfonyl)-L-phenylalanyl-
N-[1(S)-(cyclohexylmethyl)-3,3-difluoro-2(R )-hydroxy-4-
[[2-(4-morpholinyl)ethyl]amino}-4-oxobutyl])-4,5-didehy-
dro-L-norvalinamide (34). Title compound 34 was prepared by
the methods described previously for 5. The product was finally
purified by chromatography on silica gel eluting with 5% MeOH
in EtOAc to obtain a white foam (2.00 g, 51.8%): MS (FAB) m/z
773.3 M + H)*.

O -Methyl-N-(4-morpholinylsulfonyl)-L-tyrosyl-N-[1-
(S)-(cyclohexylmethyl)-3,3-difluoro-4-[[2-(4-morpholinyl)-
ethyl]amino)-2,4-dioxobutyl]-4,5-didehydro-L-norvalinamide,
Methanesulfonate (35). Title compound 35 was obtained by
oxidation of 33 according to the procedure described for 9 to obtain
a white foam (0.76 g, 84%) as a 98:2 mixture of diasterecisomers
(HPLC). The product was dissolved in EtOH (15 mL) and
methanesulfonic acid (63 xL) was added. After stirring for 15
mim, the solution was evaporated and the residue dissolved in H,O
and lyophilized to a white foam (1.00 g): MS (FAB) m/z 785.4
(M + H)*; HPLC, 55:45:5 0.05 M Et;N (pH 7.0)-CH,CN-THF,
1.5 mL/min, ty = 6.05, 6.68, 90:10 ratio of isomers.

N-(4-Morpholinylsulfonyl)-8-oxo-L-phenylalanyl-N-[1-
(S)-(cyclohexylmethyl)-3,3-difluoro-4-[[2-(4-morpholinyl)-
ethyl]lamino)-2,4-dioxobutyl]-4,5-didehydro-L-norvalinamide,
Methanesulfonate (36). Title compound 36 was obtained from
34 according to the procedure outlined for compound 9. The
product was obtained as a pale yellow foam (1.40 g, 70%) that
was converted to the CH;SO3H salt by dissolving in EtOH (15
mL) and CH;SOH (125 uL). After evaporation, 1.25 g (87%)
was obtained: MS (FAB) m/z 769.3 (M + H)*.

N-(4-Morpholinylcarbonyl)-L-phenylalanyl-N-[1(S)-(cy-
clohexylmethyl)-3,3-difluoro-2(R)-hydroxy-4-[[2-(4-mor-
pholinyl)ethylJamino)-4-oxobutyl)-4,5-didehydro-L-norval-
inamide (37). Title compound 37 was prepared as described
previously for compound 5 from BOC-N-(4-morpholinyl-
carbonyl)-L-phenylalanine (prepared in a similar manner to (4-
morpholinylsulfonyl)-L-phenylalanine. The compound was finally
purified by column chromatography on 0 — 4% MeOH in CH,Cl,
to affi)rd a white foam (2.20 g, 54.4%): MS (FAB) m/z 721 (M
+ H)*.

N-(1-Piperazinylsulfonyl)-L-phenylalanyl-N-[1(S)-(cy-
clohexylmethyl)-3,3-difluoro-2(R )-hydroxy-4-[[2-(4-mor-
pholinyl)ethyl}amino]-4-oxobutyl]-4,5-didehydro-L-norval-
inamide, Methanesulfonate (38). Title compound 38 was
prepared from BOC-N-(1-piperazinylsulfonyl)-L-phenylalanine
by the methods described previously for 5. The BOC-protected
derivative of 38 (3.33 g, 85%) was finally deprotected with excess
HCI1 in CHC]; (150 mL) followed by neutralization with solid
NaHCO;. The organic layer was washed with saturated aqueous
NaHCO;, dried (Na,SO,), filtered, and concentrated. The white
foam obtained was washed with Et,0 and dried under high
vacuum (2.56 g, 89%): MS (FAB) m/z 756.6 (M + H)*. The
product was converted to its methanesulfonate salt by addition
of methanesulfonic acid (2 equiv) in EtOH (10 mL). After
evaporation the residue was dissolved in H,O and lyophilized.
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N-[(4-Methyl-1-piperazinyl)sulfonyl]-L-phenylalanyl-
N-[1(S)-(cyclohexylmethyl)-3,3-difluoro-2(R )-hydroxy-4-
[[2-(4-morpholinyl)ethyl]lamino]-4-oxobutyl)-4,5-didehy-
dro-L-norvalinamide (39). Title compound 39 was prepared
from 38 (1.96 g, 2.60 mmol) by treatment of a mixture of 37%
formalin (2.0 mL, 0.024 mol), formic acid (10 mL), and EtOH (20
mL). The above mixture was refluxed for 3 h and then concen-
trated. The residue was partitioned between EtQOAc and 10%
K,CO; solution and the organic layer dried (Na,SO4). After
filtration and evaporation the product was purified by flash
chromatography on silica gel eluting with 15% MeOH in CHCl,4
to afford a white foam (1.18 g, 59%): MS (FAB) m/z 770.3 (M
+ H)*; HPLC, 60:35:5 MeOH-0.05 M Et;N (pH 7.0 with
H3P04)‘THF; tp = 8.31 min, 97.1%.

N-[(1,1-Dimethylethoxy)carbonyl)-L-phenylalanyl-N-[1-
(S)-(cyclohexylmethyl)-3,3-difluoro-2(R)-hydroxy-4-[[2-(4-
morpholinyl)ethyl]amino]-4-oxobutyl]-4,5-didehydro-L-
norvalinamide (40). Title compound 40 was prepared by
methods described previously for 5. The product was finally
purified by chromatography on silica gel eluting with 4% MeOH
in CH,Cl, to afford a white foam (3.89 g, 82%): MS (FAB) m/z
708.2 (M + H)*; HPLC, CH;CN-H,0 (50:50), tg = 12.1 min,
97.6%, single isomer.

N-[1-Ox0-3-(3-pyridinyl)propyl])-L-phenylalanyl-N-[1-
(S)-(cyclohexylmethyl)-3,3-difluoro-2(R )-hydroxy-4-[[2-(4-
morpholinyl)ethyl]Jamino]-4-oxobutyl])-4,5-didehydro-L-
norvalinamide, Methanesulfonate (41). Title compound 41
was prepared by methods described previously for 5. The product
was finally purified by filtration followed by washing several times
with EtOAc-Et,0. The product was dried at 65 °C in vacuo for
2 h to afford 41 as a white solid, mp = 195201 °C (4.02 g, 90.9%).
The product (1.0 g, 1.35 mmol) was converted to the bis(meth-
anesulfonic acid) salt by treatment with methanesulfonic acid (0.18
mL) and 10 mL of MeOH followed by evaporation to a white foam:
MS (FAB) m/z 7414 (M + H)*; HPLC, 48:52 0.05 M Et,;N (pH
3 with H;PO,)-CH,CN, tg = 10.4 min, 98.2%, single isomer.

N-[[4-[(1,1-Dimethylethoxy)carbonyl]-1-piperazinyl]-
sulfonyl])-L-phenylalanyl-N-[1-(cyclohexylmethyl)-3,3-di-
fluoro-2(R)-hydroxy-4-[(2-methylbutyl)amino]-4-oxobu-
tyl}-4,5-didehydro-L-norvalinamide (42). Title compound 42
was prepared by methods described previously for 5 from (pi-
perazinylsulfonyl)-L-phenylalanine and substituting 2(S)-
methylbutylamine (MBA) for 4-(2-aminoethyl)morpholine (AEM).
The product was finally purified by column chromatography on
silica gel eluting with 2.5% MeOH in CH,Cl, to afford the product
as a white foam (3.4 g, 76%): MS (FAB) m/z 813.3 (M + H)*
(NMR confirmed presence of DMF).

N-(4-Morpholinylcarbonyl)-L-phenylalanyl- N-[1(S)-(cy-
clohexylmethyl)-3,3-difluoro-4-[[2-(4-morpholinyl)ethyl]-
amino]-2,4-dioxobutyl]-4,5-didehydro-L-norvalinamide,
Methanesulfonate (43). The title compound 43 was prepared
by oxidation of 37 by the method described previously for 9. The
methanesulfonate salt was obtained as a white foam (1.60 g, 95%)
from 43: MS (FAB) m/z 718.85 (M + H)*.

N-[(4-Methyl-1-piperazinyl)sulfonyl})-L.-phenylalanyl-
N-[1-(cyclohexylmethyl)-3,3-difluoro-4-[[2-(4-morpholi-
nyl)ethyl)amino]-2,4-dioxobutyl]-4,5-didehydro-L-norvali-
namide, Methanesulfonate (44). Title compound 44 was
prepared by oxidation of 39 by the method described previously
for 9. HPLC of the crude material indicated a 36:64 mixture of
diastereoisomers (92% purity). The product was finally purified
by column chromatography on silica gel eluting with 5 — 10%
MeOH in CH,Cl, to afford a white foam dried under high vacuum
(0.45 g, 62%). The product was converted to the bis(methane-
sulfonate) by treatment with methanesulfonic acid (76 xL) in
EtOH (10 mL) followed by evaporation under reduced pressure
and lyophilization from H,0: MS (FAB) m/z 768.4 (M + H)*;
HPLC, 60:35:5 MeOH-0.05 M Et;N (pH 7.0 with H;PO,)-THF;
tg = 9.79, 11.15, 94 %, 42:52 ratio of isomers.

N-[(1,1-Dimethylethoxy)carbonyl]-L-phenylalanyl-N-[1-
(S)-(cyclohexylmethyl)-3,3-difluoroe-4-[[2-(4-morpholinyl)-
ethyllamino]-2,4-dioxobutyl]-4,5-didehydro-L-norvalinamide
(45). Title compound 45 was prepared by oxidation of 40 by the
method described previously for 9. The product was purified by
chromatography on silica gel eluting with 0 — 5% MeOH in
CH,CI; to afford a foam which was rechromatographed eluting
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with 30% EtOAc in CH,Cl; to 2:49:49 MeOH-EtOAc-CH,C), to
affgrd the product as a white foam: MS (FAB) m/z 706 (M +
H)*.

N-[3-(3-Pyridinyl)-1-oxopropyl])-L-phenylalanyl-N-[1-
(S)-(cyclohexylmethyl)-3,3-difluoro-4-[[2-(4-morpholinyl)-
ethyl]lamino}-2,4-dioxobutyl})-4,5-didehydro-L-norvalinamide,
Methanesulfonate (46). Title compound 46 was prepared by
oxidation of 41 by the method described previously for 9. The
methanesulfonic acid salt was prepared by addition of meth-
anesulfonic acid (0.32 g, 3.98 mmol) and ethanol (20 mL) to the
off-white foam 46 (2.48 g). The solution was evaporated and dried
under reduced pressure to afford the salt as an off-white foam
(2.40 g, 81.5%): MS (FAB) m/z 739.3 (M + H)*; HPLC, 30:70
0.05 M Et;N (aqueous)-CH;CN (pH 3 with H;PO,), tg = 1.56
min, 95.3:4.7 ratio of isomers.

N-[[4-[(1,1-Dimethylethoxy)carbonyl]-1-piperazinyl]-
sulfonyl]-L-phenylalanyl-N-[1(S)-(cyclohexylmethyl)-3,3-
difluoro-4-[(2-methylbutyl)amino]-2,4-dioxobutyl]-4,5-di-
dehydro-L-norvalinamide (47). Title compound 47 was prepared
by oxidation of 42 according to the method described previously
for 9. The product was finally purified by chromatography on
silica gel eluting with 20% EtOAc in hexane to afford the product
as a white foam (1.60 g, 61.5%): MS (FAB) m/z 811.4 (M + H)*.

N-(1-Piperazinylsulfonyl)-L-phenylalanyl-N-[1(S)-(cy-
clohexylmethyl)-3,3-difluoro-4-[ (2-methylbutyl)amino]-2,4-
dioxobutyl])-4,5-didehydro-L-norvalinamide, Monohydro-
chloride (48). Title compound 48 was prepared from 47 (1.0 g,
1.23 mmol) by deprotection with HCI(g) in CH,Cl, (100 mL) and
MeOH (1 mL). After bubbling through HCI for 15 min the
solution was evaporated. Additional CH,Cl, was added to the
residue and then evaporated, this procedure being repeated twice
more. Finally Et,O was added and the solution evaporated to
dryness. The product was dried under vacuum to afford the
hydrochloride salt as a white foam: FAB (MS) m/2 711.3 (M +
H)*; HPLC, mobile phase 60:35:5 CH;CN-Et;N (0.025 M) pH
7 with H;PO,~CH,CN-THF, tg = 5.16 min, 96.3%.

Biological Methods. Inhibition of renin activity by novel
inhibitor drugs was determined by a radioimmunoassay for an-
giotensin I, based on the method of Haber et al.®*% The in vitro
angiotensin I generation step utilized 500 uL of monkey plasma
(containing native renin and angiotensinogen), 50 uL of maleate
buffer (pH 6.0), 5 uL. of phenylmethanesulfonyl fluoride (PMSF)
and 2 uL of an appropriate concentration of inhibitor in a dimethyl
sulfoxide (DMSO) vehicle. Incubation was for 60 min at 37 °C.
Following incubation, each mixture was analyzed (in duplicate)
for angiotensin I via radioimmunoassay using !*I-labeled an-
giotensin I and carried out in tubes coated with rabbit anti-an-
giotensin I antibody (Gamma Coat RIA Kit, Dade Clinical Assays).
Monkey plasma renin activity ranged from 3-8 AI/mL per h.
Values for inhibitor tubes were compared to those for vehicle
(DMSO) control tubes to estimate percent inhibition. At the
concentration used, DMSO inhibits the generation of angiotensin
Iby <10%. The inhibition results were expressed as ICs, values,
which were obtained by plotting six inhibitor concentrations and
estimating the concentration producing 50% inhibition using
nonlinear regression analysis.

Inhibition of bovine cathepsin D (Sigma) activity was assessed
in duplicate by the hydrolysis of bovine hemoglobin (2X crys-
tallized, Sigma) at pH 3.2 and 37 °C (modified from Aoyagi et
al. and Kokubu et al.).*%®® Net absorbance (at 280 nm) was
measured in acid-precipitated supernatant fractions of inhibited

(48) Haber, E.; Kroener, T.; Page, L. B.; Kliman, B.; Purnode, A.
Application of a Radioimmunoassay for Angiotensin I to the
Physiologic Measurements of Plasma Renin Activity in Nor-
mal Human Subjects. J. Clin. Endocrinol. 1969, 29,
1349-1355.

(49) Aoyagi, T.; Morishima, H.; Nishizawa, R.; Kunimoto, S.; Tak-
euchi, T.; Umezawa, H.; Ikezawa, H. Biological Activity of
Pepstatins, Pepstanone A and Partial Peptides on Pepsin,
Cathepsin D and Renin. J. Antibiot. 1972, 25, 689-694.

(50) Kokubu, T.; Hiwada, K.; Nagae, A.; Murakami, E.; Morisawa,
Y.; Yabe, Y.; Koike, H.; Iijima, Y. Statine-Containing Di-
peptide and Tripeptide Inhibitors of Human Renin. Hyper-
tension 1986, 8 (Suppl. 1), 1-5.
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vs uninhibited control assays. The ICy, values were determined
as described ahove.

Conscious High-Renin Normotensive Monkey Model.
Male cynomolgus monkeys weighing between 4.9 and 7.7 kg were
placed on a low-sodium diet (Bio-Serv Inc., Frenchtown, NJ) 7-10
days prior to testing. Each monkey was then treated with fu-
rosemide (Lasix, INJ 5%, Hoechst-Roussel) at 2 mg/kg per day
im for 4 consecutive days prior to testing.

Solutions were prepared using a vehicle of DMA 7.5:30:62.5—
Tween 80-H,0. Concentrations were adjusted to allow the total
dose to be administered in a volume of 2 mL/kg. The solution
was administered by oral gavage using a 16-French rectal-colon
tube (Davol, Cranston, RI). The monkeys were instrumented with
vascular access parts (Norfolk Medical Products, Skokie, IL) for
intraarterial blood pressure monitoring. Blood pressure was
measured using a computer data acquisition system. Monkeys
selected for these studies had been trained to rest quietly in a
basic macaque restrainer (Primate Products, Woodside, CA). At
the end of each experiment monkeys were challenged with an
intravenous infusion (20 ug/mg per min for 30 min) of the an-
giotensin II receptor antagonist saralasin (Sar!-Val®-Ala%-AlI;
Bachem Inc., Torrance, CA). Maximum blood pressure lowering
effect of the drug compared to that with saralasin infusion, ex-
pressed as a ratio, provided a measure of the response.
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