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Abstract: An eflcient synthesis of a novel class of potent macrocyclic renin inhibitors exemplified by 
compounds 1 and 2, which involves the macrocvclization of 8 to 9 as the key step, is described. The macrocyclic 
design of renin inhibitors 1 and2 disclosed here incorporates (2R,3S)-3-a&o-&yclohe~l-2-hydroxybut&oic 
acid (norACHPA) as the transition-state isostere. Determination of stereochemistry of the substituent R 
(morpholitwmethyl) at Pz’position of the more potent diastereomer of the I3- membered cyclic renin inhibitors 1, 
2, and 9 is presented. 

The renin-angiotensin system @AS), a proteolytic cascade, has been implicated in several forms of 

hypertension.1 Renin. synthesized by the kidneys, is a highly specific aspartyl proteinase with only one known 

naturally occurring substrate, angiotensinogen. 2 Renin catalyzes the frrst and rate-limiting step of the RAS by 

cleaving the substrate angiotensinogen to produce the decapeptide angiotensin I in humans. Angiotensin I is 

further hydrolyzed by angiotensin-converting enzyme (ACE) to a biologically active octapeptide angiotensin II 

(AII), a potent vasoconstrictor that leads to the elevation of blood pressure. Because of the high substrate 

specificity of renin, its inhibitors could have pharmacological advantages over antihypertensive drugs with less 

specific modes of action such as ACE inhibitors. 3 Although many potent renin inhibitors have been reported, 

majority of these being peptidic in nature suffer kom problems such as poor oral absorption, short duration of 

action, proteolytic instability and rapid biliary excretion. 4 The development of cyclic renin inhibitors to combat 

these problems has attracted considerable attention recently. 5 Some of the more promising macrocyclic renin 

inhibitors have recently been reported.6 Advantages offered by the macrocyclic design of renin inhibitors include 

stabilization against cleavage by proteolytic enzymes and potential for increased binding interactions with active 

sites of the enzyme to achieve high potency due to their restricted conformations. We herein report on the 

synthesis of a novel class of highly potent macrocyclic renin inhibitors incorporating (2R,3S)-3-amino-4- 

cyclohexyl-2-hydroxybutanoic acid7 (norACHPA) as the transition-state isostere. 

The synthesis of the macrocycles 1 involves coupling of the appropriate aminoalcohol 4 with N-Cbz-L- 

glutamic acid-a-t-butyl ester 5 followed by acylation with Boc-norAC!HPA acetonide 76,7 and macrocyclization 

of the precursors 8 as illustrated in scheme 1. The aminoalcohol 4 was obtained by ring opening of the epoxide 3 

with LiN3 in DMP followed by hydrogenation of the azide using Pd(OH)2 as a catalyst. Coupling of 4 with Cbz- 

GLu-OtBu 5 using ethyl(dimethylamino)propylcarbodiimide (BDC) and hydroxybenzotriazole (HOBt) afforded 

glutamine derivative 6 as an inseparable mixture of diastereomers (for R = Et, n-Bu, n-hexyl, morpholinomethyl) 

in 7580% yield. The intermediate 6 was acylated with norACHPA derivative 7 utilizing BDCYDMAP to produce 

the macrocyclization precursor 8 in 56-908 yield. While the diastereomeric mixtures of 8a (R = Et), Sb (R = n- 
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Bu), and & (R = n-hexyl) were inseparable, the diastemomers of 8d (R = morpholinomethyl) were separated by 

flash column chromatography and/or MPLC in 37% yield for each diastereomer. 

The cyclization precursors !%a-d were cyclized by two different methods of macrocyclization. In method 

A,8 the intermediate 8 was deprotected by treatment with TFA, dried over P205n<OH, neutralized with N- 

methylmorpholine (NMM) and then subjected to macrocyclization conditions (EDC, HOBt, THP, O.COlM) under 

high dilution to afford the macrocycle 9 in (30-70%) yield. In method B,9 8 was treated with TFA, dried over 

P205KOH and a THF solution of the resultant deprotected aminoacid was added via a syringe pump over 20 h to 

a mixture of EDC/DMAP-HCl/DMAP in refluxing ethanol-free CHC13 to produce 9 in 5565% yield. Although 

diastereomers of 9a (R = Et) and 9c (R = n-hexyl) were obtained as inseparable mixtures, the diastereomers of 

9b (R = n-Bu) and 9d (R = morpholinomethyl) were isolated as pure compounds. The N-Cbz group of 9 was 

removed by hydrogenation and the resultant macrocyclic amine upon coupling with N-Boc-phenylalanine 

(BocPheOH) or (2R)-t-butylsulfonylmethyl-3-phenylpropionic acid 1010 using EDC/HOBt, after purification, 

afforded the pure diastereomers of macrccyclic renin inhibitors 1 and 2 respectively.ll 

Scheme 1: (a) i. LiNs, Dm ii. Hz. Pd(OH)z, MeOH, 68-789s for 2 steps; (b) 5. EDC. HOBt, CH2C12; 7580%; (c) 7, EDC, 
DMAP, CH2Cl2; 56-908; (d) i. TFA, CH2Cl2; ii. EDC, HOBt, NMM. THF, O.ODlM, 90 h; 34-70% for 2 steps; (e) i. WA, 
CH2CI2; ii. EDC. DMAP-HCl, DMAP, CHC13, THF, reflux; (S-65%) for 2 steps; (f) i. H2, W-C, EtOAc, THF, MeOH; ii. 
BocPheOH. EDC, HOBt. NMM, CH2Cl2; 45-751 for 2 steps; (g) i. Hz, Pd-C, EtOAc, THF, MeOH; ii. 10, EDC, HOBt, NMM, 
CH2Cl2; 30-40% for 2 steps. 

Results of the in vitro plasma renin assay12 (PRA) of the cyclic inhibitors 1 and 2 summarized in Table I 

revealed that one of the diastereomers (dl, the more mobile isomer on tic) of BocPhe analogues la-d, 

consistently displayed 5-25 fold higher potency 13 for renin inhibition than their epimers (dz, the less mobile 

isomer on tic). The incorporation of hydrophobic groups such as Et, n-Bu, n-hexyl and morpholinomethyl 

(CHzMorph) in la-d increased the renin inhibitory potency over that of the unsubstituted analogue le (Rl = H, 

R2 = H, IC50 = 610 nM)7a by lo-25 fold. We attribute this higher potency to the binding of R (Rl&) to S2’ 

subsite of enzyme, the binding pocket that accommodates the hydrophobic P2’ side chain of the angiotensinogen. 

The PRA demonstrate that replacement of BocPhe at the N-terminus of 1 with (2R)-t-butylsulfonylmethyl-3- 

phenylpropionic acid 10 affects a 5-g-fold enhancement in the potency of the macrocycles 2b and 2d. 
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Compound 

:z 
lb: 
lb 
lcr 
lcz 
Id1 
ldz 
2bl 
2dl 

Table I: Human Plasma Renin Inhibition by Macrccycles 1 and 212s13 

RI 
Et 
H 

Wo, nM 
22.9 
200 

n-Bu H 24.8 
H n-Bu 133.8 

n-Hexyl H 48.85 
H n-Hexyl 663.5 

CI-IzMorph H 55.4 
H CHzMorph 1300 

n-Bu 
CH2Morph : 2:: 

The stereochemistry of the side chain (R = Et, n-Bu, n-hexyl) in la-c was assigned by analogy to the 

stereochemistry of the chiral macrocycle ldl (Rt = C&Morph, R2 = H), established by enantiospecilic synthesis 

of the macrocyclic precursor 8dt to yield ldl, from the optically pure epoxide (2R)-(-)-glycidyl-3- 

nitrobenzenesulfonate 1114 (scheme 2). Treatment of 11 with the potassium salt of morpholine yielded epoxide 

3d by displacement of 3-nitrobenzenesulfonate group of 11. I4 Ring opening of the chiral epoxide 3d with LiN3 

gave the optically active hydroxyazide 12. Reduction of 12 followed by coupling of the resultant aminoalcohol 

with the glutamic acid derivative 5 and subsequent acylation with the Boc-norACHPA acetonide 7 as described in 

(Id2 [a]~ -1.1” (c 0.9, CHCI,) 

4 = Las mobile isomx 

t 
dare 

0 

0 N 

8dl [ah, -11.6” (c 0.78, CHCl$ 

4 = More mobile isomer 

t 
dar 

Sckme 2: 01) Morpholine, KH. THF, O”C-RT, (60%): (i) LiN3, THF, (73%); (i) Hz, Pd (0%. M~OH, (70%); 
(a-e) Refer to scheme 1. 
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scheme 1, yielded a single enantiomericallypure diastereomer Sdl, [a]~ -11.6’ (c 0.78, CHC13). The chiral 

intermediate %dl was found to display spectral data (1H NMR, Rf, [a]~) identical to that of the more mobile 

diastereomer 8dl of the two diastereomers (&I1 and 8d2) obtained from the racemic epoxide 3d by the synthetic 

route illuseated in scheme 1. The deprotection of Sdl (TFA/CH2C12) and subsequent macrocyclization (method 

B) gave the most active isomer 9dl (ICm = 223 nM) in the N-Cbz series of macrocycles 9a-d. Removal of the 

Cbz group (Hfld-C) of 9dl followed by coupling with 10 as described in scheme 1 yielded the cyclic inhibitor 

2dl (IC5o = 6.9 nM). 

In summary, we have described a highly convergent synthesis of enantiomerically pure macrocyclic renin 

inhibitors 1,2, and 9. The absolute configuration of the stereocenter bearing the P2’ substituent R (CHrMorph) 

in macrocyclic inhibitors 1,2 and 9 has been established as (S) in the more potent series of diastereomers (dl- 

series). We have also shown that the incorporation of P2’ substituents in the P2-Pi’ linked 13-membered 

macrocyclic renin inhibitors of the glutamine series, incorporating norACHPA as the transition-state mimic of the 

tetrahedral intermediate for hydrolysis of the scissile bond, yield potent inhibitors of renin. Further modification of 

the macrocyclic design 1 by replacement of the BocPhe amino-terminus with (2R)-t-butylsulfonylmethyl-3- 

phenylpropionic acid 10 provides a potent class of macrocyclic renin inhibitors 2bl (IC50 = 5 nM) and 2dl (IC50 

= 6.9 nM). The synthesis and design of the macrocyclic renin inhibitors 1 and 2 presented here offer possibilities 

for the development of new enzyme inhibitors of the aspartic proteinase class. 

Acknowledgement: We acknowledge Dr. P. K. S. Siegl and Mr. J. J. Doyle for plasma renin assays. 

1. 

2. 
3. 

4. 

5 

6. 

7. 

:. 
16. 

11. 
12. 

13. 
14. 

References and Notes 

(a) Antonaccio, M. J.: Wright, J. I. In Cardiovascular Pharmacology, Antonaccio, M. J.; Ed., Raven Press, New York, 
1990. p 201. (b) Brunner, H. R. Hosp. Pracr., 1990,25.71. (c) Johnson, C. I. Drugs, 1990. 39, suppl 1, 21. 
Peach, M. J. Physiol. Rev. 1977, 57. 313. 
(a) Gndetti. M. A. Circulalion. 1988.77, 1. (b) Ondetti, M. A.: Cushman, D. W. Annu. Rev. Biochem. 1982, 51,283. (c) 
Patchett, A. A.; Cordes. E. H. ln A. Meister (ed.), Adv. Ensymol., Vol 57. John Wiley and Sons, New York, 1985, pp l- 
84. (d) Wyvratt, M. J.; Patchett, A. A. Med. Res. Rev. 1985. 5,483. 
For recent reviews see: (a) Greenlee, W. J. Med. Res. Rev. 1990, 10, 173; Phurm. Res., 1987, 4, 364. @) Corvol, P.: 
Chauveau. D.: Jeunemaitre, X.; Menard. J. Hypertension, 1990. 16, 1. (c) Luther, R. R.; Stein, H. H.: Glassman, H. N.; 
Kleinert, H. D. Agsneim. Forsch. Drug Res., 1989, 39,1. (d) Wood, J. M. ; Stanton, J. L.; Hofbauer, K. G. J. Enzyme 
Inhibirion, 1987, 1, 169. (e) Kokubu, T.; Hiwada, K. Drugs of Toa’ay. 1987.23,101. (f) Boger, J. Trenak Phannacol. Sci., 
1987,8,370. (9) Antonaccio, M. J.; Wright, J. J. Progress in Drug Res., 1987,31, 161. 
(a) Boger, J. In Asparlic Proleinases and Their Inhibitors: Kostka. V., Ed.; Walter de Gruyter: Berlin 1985; p 401. (b) Dutta, 
A. S.; Gromley, J. J.; McLachlan. P. F.: Major, J. S. J. Med. Gem., 1990, 33, 2552 and 2560. (c) Thaisrivongs, S.; 
Blinn, J. R.; Pals, D. T.; Turner, S. R. ibid. 1991. 34, 1276. (d) Sham. H. L.; Rem@. C. A.; Stein, H. H.; Cohen, J. J. 
Chem. Sot., Chem. Commun. 1990.666. (e) Riven, R. A.; Green&, W. J. Tetrahedron Letters, 1991, 32,2453. 
(a) Weber, A. E.; Halgren, T. A.; Doyle, J. J.; Lynch, R. J.; Siegl. P. K. S.; Parsons, W. H.; Greenlee. W. J.; Patchett, A. 
A. J. Med. Chem. 1991, 34. 2692. (b) Yang, L.; Weber, A. E.; J. J. Doyle. Schom, T. W.; Siegl. P. K. S.; Halgren, T. 
A.; Greenlee.. W. J.; Patchett. A. A. 202nd ACS National Meeting, 1991, New York, NY. 
Iizuka. K.; Kamijo, T.: Harada, H.; Akahane, K.; Kubota, T.; Umeyama, H.; Kiso. Y. J. Chem. Sot., Chem. Commlm. 
1989. 1678. 
Olsen, R. K.; Apparao. S.; Bhat, K. L. J. Org. Chem. 1986,51,3079. 
Bode& E. P.; Keek, G. E. J. Org. Chem. 1985,50.2394. 
Buhlmayer, P.; Caselli, A.: Fuhrer, W.; Goschke. R.; Raaetti. V.; Rueger, H.; Stanton, J. L.; Scriscione, L.; Wood, J. M. 
J. Med. Chem. 1988.31, 1839. 
All structural assignments are in accord with high field 1~ NMR (300 MHz or 400 MHz) specrum and mass spectral data. 
The human plasma renin assay was conducted at pH 7.4 according to the procedure described in: Boger, J.; Payne, L.S.; 
Perlow. D. S.; L&r, N. S.; Poe, M.; Blaine, E. H.; Ulm, E. H.; Schom, T. W.; LaMont, B. I.; Lin. T-Y.; Kawai, M.; 
Rich, D. H.; Veber, D. F. J. Med. Chem. 1985,28, 1779. 
The potencies are expressed as IC50 values for suppression of angiotensin I formation. 
Klunder, J. M.; Gnami, T.; Sharpless, K. B. J. Org. Chem. 1989.54, 1295. 

(Received in USA 20 December 1991) 


