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As part of a search for potent and long-lasting angiotensin converting enzyme (ACE) inhibitors, various types
of N-[(1S)-1-carboxy-5-(4-piperidyl)pentyl]-L-alanine derivatives (7a, 8—11) were prepared. The key synthetic
intermediate, /V-[(15)-5-(1-benzyloxycarbonyl-4-piperidyl)-1-ethoxycarbonylpentyl]-L-alanine (17a), was synthe-

sized by asymmetric reduction of the a-oxoester (13) w

ith Lactobacillus paracasei subsp. paracasei followed by a

substitution reaction with zert-butyl L-alaninate (15) and subsequent treatment with hydrogen chloride. Compounds
7a and 8—11 showed potent and long-lasting ACE-inhibitory activity in rats,
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Since the discovery of captopril’ and enalapril,? a
number of analogues have been designed with the aim of
obtaining more potent and orally active angiotensin
converting enzyme (ACE) inhibitors.® In our previous
papers,” we reported the synthesis of optically active
1,5-benzothiazepine and 1,5-benzoxazepine derivatives
(1—4, Chart 1) and their ACE-inhibitory activities.
From the structure-activity relationships of these
compounds, replacement of the phenethyl side chain
with the w-(4-piperidyl)alkyl group (1, 2—3, 4) was
found to increase markedly the duration of in vivo ACE-
inhibitory activity. Among the 1-carboxy-w-(4-piper-
idyl)alkylamino derivatives (3, 4), compound 5, which has
an (15)-1-carboxy-5-(4-piperidyl)pentyl residue, showed
the longest duration of activity in vivo.*®

These results prompted us to prepare N-[N-[(1S)-1-
carboxy-5-(4-piperidyl)pentyl]-L-alanyl]- N-(2-indanyl)
glycine (8, Chart 2), which is a hybrid compound of 5 and
CV-3317-COOH (6, Chart 1). Since the biological test®
results revealed that the indanylglycine derivative (8) had
inhibitory activity in vitro” comparable to that of 5,
we synthesized several N-[(15)-1-carboxy-5-(4-piperidyl)-
pentyl]-L-alanine derivatives 9—11 (Chart 2), which
contain tetrahydroisoquinoline® and 2-azabicyclo[3.3.0]-
octane® nuclei.!®

For efficient synthesis of these compounds (7a, 8—11),
we investigated stereoselective preparation of the key in-
termediate, N-[(15)-5-(1-benzyloxycarbonyl-4-piperidyl)-

1-ethoxycarbonylpentyl]-L-alanine (17a), and establish-
ed a route including a chemoenzymatic process using
Lactobacillus paracasei subsp. paracasei. This report
describes the synthesis of compounds 7a and 8—11 and
their in vivo ACE-inhibitory activities.

Chemistry Our initial method for the synthesis of
2-indanylglycine derivatives (7a, 8) involved reductive
alkylation of the amino ester (12)> with the a-oxoester
13*? in the presence of sodium cyanoborohydride
(NaBH;CN), as illustrated in Chart 3 (method A). This
reductive alkylation proceeded without asymmetric in-
duction and gave a diastereomeric mixture (14a,b) in a
ratio of ca. 1:1. This mixture could be separated
by column chromatography on silica gel into the more
polar substance 14a and the less polar substance 14b. The
configuration of the newly formed asymmetric center (C*
of each isomer was predictable from the Rf on silica gel
thin layer chromatography (TLC, developed with hex-
ane-AcOEt) on the basis of our observation in previous
studies on 1—#6, that is, the diester derivative of the more
active isomer with the (S)-configuration at this center (C*)
showed a lower Rf without exception.*> To ascertain
the correctness of our prediction, compounds 14a and
14b were deprotected by treatment with a hydrogen
bromide-acetic acid solution (HBr-AcOH) to give the
monoesters 7a and 7b, respectively. In the in vivo
ACE-inhibitory activity assay'! in rats using i.v. ad-
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ministration, 7a showed more potent activity than 7b.}?
Therefore, 14a and 7a were considered to have the desired
(S),(S)-configurations. Unambiguous chemical assign-
ment of the configurations of 14a and 7a was then
accomplished. Compound 7a was hydrolyzed with
aqueous sodium hydroxide (NaOH) to give the corre-
sponding diacid 8.

Next, we investigated stereoselective synthesis of com-
pounds 7a and 8. The key intermediate for synthesis
was considered to be N-[(15)-5-(1-benzyloxycarbonyl-4-
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piperidyl)-1-ethoxycarbonylpentyl]-L-alanine (17a). We
initially attempted stereoselective preparation of 17a by
reductive alkylation of zerr-butyl L-alaninate (15) with the
a-oxoester 13 (Chart 4). However, asymmetric induction
was not observed, and a mixture of two isomers (16a, b:
ca. 1:1) was obtained. After chromatographic separation
on silica gel, the diesters, 16a (more polar) and 16b (less
polar), were deprotected to give the monoesters, 17a and
17b, respectively, by treatment with a hydrogen chlo-
ride—ethyl acetate solution (HCI-AcOEt). The monoesters,
17a and 17b, were coupled to tert-butyl 2-indanylglycinate
18> to give 14a (more polar) and 14b (less polar),
respectively (method B). These isomers, 14a and 14b,
were identical to those prepared by method A. Therefore,
the monoester 17a was considered to have the (S),(S)-
configuration.

Our second approach for preparing the intermediate 17a
was a route including an S¥2 reaction of compound 15
and the optically active mesylate 20 (Chart 5). In our
previous report*” on the synthesis of compound 5, we
described practical synthesis of the (R)-a-hydroxyester
(19), the precursor of the mesylate 20, by asymmetric
reduction of the a-oxoester 13 with baker’s yeast and a
subsequent S~2 reaction of the 3-aminobenzothiazepine
derivative (21) with the mesylate 20, affording the diester
22 without racemization.

However, the enantiomeric excess (ee) of 19 upon
baker’s yeast reduction was ca. 60%. Therefore, we
searched for other microoganisms which could reduce the
a-oxoester 13 to 19 with a higher optical purity. Several
enzymes such as lactate dehydrogenase, 2-hydroxy fatty
acid dehydrogenase and hydroxyisocaproate dehydroge-
nase are known to reduce a-oxoacids to a-hydroxyacids.!®
Among them, D-hydroxyisocaproate dehydrogenase
seemed to be promising for reduction of the a-oxoester 13
to (R)-a-hydroxyester 19 from the viewpoint of substrate
specificity.!3? p-Hydroxyisocaproate dehydrogenase was
first isolated from Lactobacillus paracasei and subse-
quently found in certain strains of the genera Lacto-
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H , bacillus and Leuconostoc,'*” which are lactic acid bac-
HOOCO.N )QCOOEt teria. Thus, we screened a variety of strains of lactic
Hac H /\/\CNZ acid bacteria and found that Lactobacillus paracasei
; subsp. paracasei could reduce 13 to 19 with high optical
7a purity. The a-oxoester 13 was reduced to (R)-a-hydroxy-
ester 19 with a 94% ee.!+1>
The Sn-2 reaction of 20 prepared from 19 (94% ee) with
13 H HCI 15 afforded the (S),(S)-diester 16a, accompanied with a
L-Ala-OBu’ Bu’OOC‘}gN = COOEt trace amount of the (S),(R)-diester 16b, which could be
NaBH,CN HeC H \D\/\CNZ removed by chromatography on a short silica gel column.
15 The diester 16a was identical to 16a prepared by reductive
* alkylation (method B) as described above. From these
%g% g results, 17a and 14a were confirmed unambiguously to
have (S),(S)-configurations.
The (S),(S)-monoester 17a was allowed to react with
NH the optically active amino acid esters (23,'® 25'7) to yield
HOOC $/N + COOEt S 0C J 8 the diesters (24, 26), which have the favored configura-
HaC H WNZ tions (Chart 6). Deprotection of the diesters (24, 26) was
Ha, b accomplished by treatment with HBr-AcOH or by
c* DEPC catalytic hydrogenolysis and subsequent saponification
17a gg)) with aqueous NaOH to obtain the diacids 10 and 11,
17b respectively. In the case of the synthesis of 10, the
Chart 4 monoester intermediate 9 was isolated.
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TaBLE 1. Inhibitory Activities against Angiotensin I-Induced Pressor
Response in Rats

% inhibition upon p.o. administration®
Dose ° pon p

No. e
(mg/kg) /3 1 2 3 5 7

21 61 66 72 76 78 63
2 13 39 52 57 60 43
83 85 86 89 90 88 80
58 77 90 86 90 93 9
5 19 - 50 42 53 36
80 99 96 100 100 94 91
3 24 57 54 50 54 49
55 83 86 91 93 87 85
1 21 20 43 36 27 14
70 84 90 91 88 84 43

-
(=]
W= W = W = ) W = W

a) Each value is the average of the results obtained in two or more experiments.
b) Not determined.

Biological Results

The ACE-inhibitory activities'? of the derivatives (7a,
8—11) upon p.o. administration to rats are shown in Table
I. All derivatives (7a, 8—11) exhibited potent and
long-lasting ACE-inhibitory activities, which were com-
parable to that of compound 5 at doses of 1 and 3 mg/kg.
These results indicate that the I1-carboxy-5-(4-piper-
idylDpentyl group is effective for both potent ACE-
inhibitory activity and long duration of action, even when
this group is incorporated into different types of a-amino
acids.

The monoesters 7a and 9 had a somewhat slow onset
of action as well as low potency compared with the
corresponding diacids 8 and 10. The monoester 7a is
considered to be hydrolyzed immediately to the diacid
8, based on the activity after i.v. administration.'?
Therefore, these results are probably due to the relatively
low level of absorption of 7a upon p.o. administration. In
the case of ACE inhibitors such as enalapril and CV-3317,
the monoester form has been shown to be essential for
potent in vivo activity upon p.o. administration because
of the low absorbability of the corresponding active-form
diacids.>> However, the diacids 8, 10 and 11 showed
potent and long-lasting ACE-inhibitory activity upon p.o.
administration. Therefore, it is considered unnecessary to
convert them to monoester prodrugs.®

Experimental

The infrared (IR) spectra were recorded with a Hitachi 260-10
spectrophotometer. The proton nuclear magnetic resonance (*H-NMR)
spectra were recorded on Varian EM-360, EM-390 and Gemini 200
instruments in the indicated solvents. Chemical shifts are reported as
d-values relative to tetramethylsilane (TMS) as an internal standard.
Mass spectra (MS) were obtained on a JEOL JMS-01SC mass spec-
trometer. Secondary ion mass spectra (SIMS) were measured with
a Hitachi M-80A spectrometer. The [a]}, values were determined in the
indicated solvents on a JASCO DIP 181 4-4822 instrument.

Reactions were run at room temperature unless otherwise noted and
followed by TLC on Merck Silica gel F,s, plates. Standard work-up
procedures were as follows. The reaction mixture was partitioned between
the indicated solvent and water. The organic extract was washed in the
indicated order with water, brine, NaHCOj solution (aqueous NaHCO,),
and H;PO, solution (aqueous H3PO,), then dried over MgSO,, filtered
and evaporated in vacuo. Chromatographic separation was done on
Merck Silica gel 60 using the indicated eluents.

Asymmetric Reduction of the a-Oxoester (13) with Lactobacillus
paracasei subsp. paracasei A loopful of L. paracasei subsp. paracasei

583

IFO 12004 cells which had been grown by stab culture on GAM agar
medium (Nippon Pharmaceutical Co.) was inoculated into a 200 ml
Erlenmeyer flask containing 20 ml of the following seed medium: glucose
2%, meat extract (Erlich) 1%, Polypepton 1%, yeast extract 0.5%,
K,HPO, 0.2%, Tween 80 0.1%, CH;COONa 0.5%, ammonium citrate
tribasic 0.2%, MgSO, - 7H,0 0.02% and MnSO, - ca. 4H,0 0.05%. The
cultivation was carried out at 37 °C for 24 h without shaking. Three ml
of this culture broth was transferred into each of a series of baffled flasks
(200 ml x 83) containing 60 m! of the same seed medium. After incubation
for 22h at 37°C without shaking, ethyl 6-(1-benzyloxycarbonyl-4-
piperidyl)-2-oxohexanoate (13*7: purity 68.2%) 1%, glucose 3% and
CaCO; 2% were added to the medium and incubation was carried out
for 96 h on a rotary shaker (190 rpm). The resulting mixture was extracted
with AcOEt (4, 3, 21). The organic layers were combined, washed with
water, dried over MgSO, and concentrated in vacuo to give the crude
product A (50.1g). The product was dissolved in AcOEt and extracted
with aqueous NaHCO,. The organic layer was dried over MgSO,, and
concentrated in vacuo to give ethyl (2R)-6-(1-benzyloxycarbonyl-4-
piperidyl)-2-hydroxyhexanoate 19 (product B, 23.5 g, 44.2% purity, 29%
calculated yield) with 94% ee. The aqueous NaHCOj; layer was acidified
with concentrated HCI and extracted with AcOEt. The organic layer
was dried over MgSO, and concentrated in vacuo. A mixture of the
residue, p-TsOH- H,0 (3g) and EtOH (100m!) was refluxed for 8h.
The resulting mixture was concentrated in vacuo and worked up (AcOEL,
aq. NaHCO,;) to give 19 (product C, 23.3 g, 81% purity, 54% calculated
yield based on 13) with 50% ee.

Ethyl (2R)-6-(1-Benzyloxycarbonyl-4-piperidyl)-2-methanesulfonyl-
oxyhexanoate (20) The crude product B (5g) obtained above was
purified by silica gel column chromatography (hexane : AcOEt=2:1) to
give pure 19 (1.8 ¢g) as a colorless oil, [a]3* —0.85° (c=1.09, MeOH).
The (R)-a-hydroxyester 19 was allowed to react with methanesulfonyl
chloride according to the method described previously*® to give 20 (2.1 g)
ina 98% yield. '"H-NMR (CDCl,) §: 1.31 (3H, t, J=7Hz, CH,), 1.0—2.1
(13H, m), 2.4—3.1 (2H, m), 3.15 (3H, s, CH;S0,), 4.25 (2H, q, J=7Hz,
OCH,;), 3.9—4.4 (2H, m), 5.01 (1H, t, J=6Hz, CHOM:s), 5.12 (2H, s,
CH,CO00), 7.35 (5H, s, Ph).

tert-Butyl N-[(15)-5-(1-Benzyloxycarbonyl-4-piperidyl)-1-ethoxy-
carbonylpentyl]-L-alaninate (16a) and terr-Butyl N-[(1R)-5-(1-Benzyl-
oxycarbonyl-4-piperidyl)-1-ethoxycarbonylpentyl]-L-alaninate (16b) A
mixture of 15-(COOH), (5g), 13*? (11 g), AcONa (1.6 g), AcOH (1.2 g)
and EtOH (100 ml) was stirred for 1 h. A solution of NaBH,CN (1.9g)
in EtOH (100 ml) was added dropwise over a period of 4h to the mix-
ture. After being stirred overnight, the mixture was worked up (AcOEt,
water). The residue was purified by silica gel column chromatography
(hexane : acetone=4:1) to give firstly 16b (1.7 g, 17%) as a colorless oil.
IR vietem™': 3350 (NH), 1730, 1700 (C=0). MS m/z: 504 (M *). [o(]32
—11.4° (¢=0.51, MeOH). 'H-NMR (CDCl,) §: 1.45 (9H, s, tert-Bu),
1.0-—2.0 (15H, m), 2.6—2.9 (3H, m), 3.1—3.3 (3H, m), 4.0—4.3 (6H,
m), 5.13 (2H, s, CH,Ph), 7.36 (5H, s, Ph). The second fraction afforded
16a (1.5g, 15%) as a colorless oil. IR v c¢m™*: 3350 (NH); 1730, 1700
(C=0). MS m/z: 504 (M*). [a]3? —18.8° (¢=0.68, MeOH). 'H-NMR
(CDCl,) 6: 1.45 (9H, s, tert-Bu), 1.0—1.8 (15H, m), 2.6—2.9 (3H, m),
3.1—3.3(3H, m),4.0—4.3(6H, m), 5.12 (2H, s, CH,Ph), 7.35(5H, 5, Ph).

A mixture of 15 (0.48 g) and 20 (0.6 g) prepared from 19 (94.4% ee)
was heated for 24h at 80°C. The resulting mixture was worked up
(AcOEt, water) and purified by silica gel column chromatography
(hexane: AcOEt=3:1) to give 16a (0.50 g, 75%) as a colorless oil, which
was identical with 16a prepared by reductive alkylation described above.

N-[(15)-5-(1-Benzyloxycarbonyl-4-piperidyl)-1-ethoxycarbonylpentyl]-
L-alanine (17a) and N-[(1R)-5-(1-Benzyloxycarbonyl-4-piperidyl)-1-eth-
oxycarbonylpentyl]-L-alanine (17b) A solution of 16b (1.7g) in 5N
HCI/AcOEt (20ml) was allowed to stand for 4h. Et,0 (100ml) was
added to the mixture to precipitate 17b-HCl (1.2 g, 71%). MS m/z: 448
M™). [ald* —9.9° (¢=0.5, MeOH). Anal. Caled for C,,H;,N,O,-
HCI-H,0: C, 57.31; H, 7.81; N, 5.57. Found: C, 56.91; H, 7.85; N, 5.92.
'H-NMR (DMSO-d¢-D,0) §: 0.8—2.2 (15H, m), 2.6—3.5 (6H, m),
3.8—4.5 (6H, m), 5.15 (2H, s, CH,Ph), 7.47 (5H, s, Ph).

Compound 17a-HCI (1.15g, 77%) was prepared similarly from 16a.
MS mjz: 448 (M™). [a]d* +12.7° (¢=0.5, MeOH). Anal. Calcd for
C,4H34N,04-HCI-H,0: C, 57.31; H, 7.81; N, 5.57. Found: C, 57.19;
H, 8.06; N, 5.61. "H-NMR (DMSO-ds-D,0) §: 0.8—2.0 (15H, m),
2.5—3.4(6H, m), 3.8—4.4(6H, m), 5.06 (2H, s, CH,Ph), 7.37(5H, s, Ph).

tert-Butyl  N-[ N-[(15)-5-(1-Benzyloxycarbonyl-4-piperidyl)-1-ethoxy-
carbonylpentyl]-L-alanyl]-V-(2-indanyl)glycinate (14a, Table II) and
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TaBLE II. N-[5-(1-Benzyloxycarbonyl-4-piperidyl)-1-ethoxycarbonyl-  tert-Butyl N-[N-[(1R)-5-(1-Benzyloxycarbonyl-4-piperidyl)-1-ethoxycar-

pentyl]-L-alanine Derivatives bonylpentyl]-L-alanyl}-N-(2-indanyl)glycinate (14b, Table II) Method
H A: A solution of NaBH;CN (0.6 g) in EtOH (50 ml) was added dropwise

HgC(sU{] (5, COOEt to a stirred mixture of 12-(COOH),® (2g), AcONa (0.78 g), AcOH

. )9/ (0.58 g), 13 (3.6 g), molecular sieves 3A (10g) and EtOH (50ml) over a

Rl‘HH g NZ period of 3h. The mixture was allowed to stand overnight, then con-

centrated in vacuo and worked up (AcOEt). The residue was purified

by silica gel column chromatography (hexane: AcOEt=1:1—2:3). The

Config.  Yield MS IR vi&em ™! (S),(R)-isomer 14b (0.35g, 11%) was obtained as a colorless oil from

Cc* (%) M*(m/2) ~ the first fraction. 'H-NMR (CDCl,;) §: 1.46 (9H, s, teri-Bu), 0.8—2.0

NH C=0

(18H, m), 2.3—3.6 (9H, m), 3.6—5.1 (7H, m), 5.13 (2H, s, CH,Ph),

7.1—7.4 (9H, m, aromatic). From the second fraction, the (5),(S)-isomer

N . 14a (0.4 g, 12%) was obtained as a colorless oil. 'H-NMR (CDCl,) d:

14 J § 129517677 3320 1760, 1690, 1640 4 44 (951§, rers-Bu), 0.9—1.9 (18H, m), 2.3—3.4 (9H, m), 3.6—4.4 (7H,
Bu'0OC m), 5.13 (2H, s, CH,Ph), 7.1—7.5 (9H, m, aromatic).

Method B: Diethyl phosphorocyanidate (DEPC) (0.1 ml) was added

14b )N” R 11,7449 677 3320 1730, 1690, 1650 o an jce-cooled solution of 18% (25mg) and 17a-HCl (50mg) in

Bu'O0OC dimethylformamide (DMF) (2 ml) and the mixure was stirred for 30 min.

Et;N (0.1 ml) was added at ice-bath temperature and the resulting mixture
was stirred at 0°C for 30min and for a further 30min at room
24
N_

S 99% 663 — 1730, 1690, 1640  temperature. Work-up (AcOEt) and purification of the residue by silica
gel column chromatography (hexane: AcOEt=1:1) gave 14a (35mg,
51%) as a colorless oil.

Compound 14b was prepared similarly. These compounds 14a, b were

(), identical with 14a, b, respectively, prepared by method A.
26 s N— S 395 675 — 1740, 1690, 1640 tert-Butyl (35)-2-[ N-[(1.5)-5-(1-Benzyloxycarbonyl-4-piperidyl)-1-
5 ethoxycarbonylpentyl]-L-alanyl]-1,2,3,4-tetrahydroisoquinoline-3-car-
boxylate (24, Table II) DEPC (0.4 ml) was added to an ice-cooled so-
lution of 23-HCI'® (0.4g) and 17a-HCI (0.4g) in DMF (20ml) and
a) Method A. b) Method B. the mixture was stirred for 30 min. Et;N (0.4ml) was added at ice

(S5
Bu'0O0C

BzI0OC

TaBLe III. N-[1-Carboxy-5-(4-piperidyl)pentyl]-L-alanine Derivatives

H
HyC (S_\)\I‘\I>(S),COOR2
g™

R
(¢]
Analysis (%) [o] ¢
3 D
No. R! R2 C(glfg. \E(x;’l)d Formula Calcd (Found) ) Temp. SII\/'IS
C H N Solvent ) mE
Ta )N_ Et S 72 C,,H,N;0, 46.09 7.01 5.97 +2.6 0.51 488
HOOC -2HBr-3H,0 (46.19 695 591)  MeOH (22) (MH")
7b )N_ Et R 81 C,,H, N0, 4494 7.13 5.82 —-7.9 0.79 488
HOOC -2HBr-4H,0 (4533 697 572)  MeOH 22) (MH")
8 )N— H s 62 C,sH;,N,0; 60.59 834 8.48 +6.1 0.38 460
HOOC -2H,0 (60.37 7.99 8.70) H,0 24 (MH™Y)
9 Et s 99 C,¢H3oN,05 4779 663 643 +58 0.38 474
y (sl;]_ -2HBr-H,0 (48.00 6.42 6.39) MeOH (25) (MHY)
HOOC
10 H s 68 C,aH,5N;0, 5830 831 9.52 7.3 0.37 446
N— .CH,CN-3H,0 (5833  7.88 9.52) H,0 (24) (MH*)
X
HOOC
Gh{
11 }i N— H S 87 C,,H;,N;0, 58.65 8.95 9.33 —9 424
/) -3/2H,0 (58.46 880  9.35) (MH*)
HOOC

a) Not measured.
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bath temperature and the resulting mixture was stirred at 0°C for 1h
and for a further 30 min at room temperature. Work-up (AcOEt, 5%
H,PO,, water) and purification of the residue by silica gel column
chromatography (hexane : acetone=2:1) gave 24 (0.37 g, 99%) as a col-
orless oil. 'H-NMR (CDCl;) 6: 1.20 (9H, s, tert-Bu), 0.8—2.3 (21H, m),
2.3—3.3 (4H, m), 3.3—4.8 (7H, m), 5.07 (2H, s, CH,Ph), 7.0—7.3 (OH,
m, aromatic).

Benzyl (15,38,55)-2-[ N-[(15)-5-(1-Benzyloxycarbonyl-4-piperidyl)-
1-ethoxycarbonylpentyl}-L-alanyl]-2-azabicyclo[ 3.3.0]octane-3-carboxyl-
ate (26, Table II) Compound 26 was prepared by the same method
from benzyl (1S,3S5,55)-2-azabicyclo[3.3.0]octane-3-carboxylate 257
and 17a-HCL

N-[N-[(15)-1-Ethoxycarbonyl-5-(4-piperidyl)pentyl]-L-alanyl]-N-
(2-indanyl)glycine (7a, Table III) and N-[N-[(1R)-1-Ethoxycarbonyl-5-
(4-piperidyl)pentyl]-L-alanyl]-N-(2-indanyl)glycine (7b, Table III) A
30% HBr-AcOH solution (2 ml) was added to a solution of 14a (0.4g)
in AcOH (2 ml). The resulting solution was allowed to stand for 1 h and
then diluted with Et,O (50 ml). The deposited precipitate was collected
by filtration, washed with Et,O and dried in vacuo to give 7a-2HBr
0.3 g, 72%) as a white powder. 'H-NMR (DMSO-d¢-D,0) 6: 1.0—2.1
(18H, m), 2.6—3.4(9H, m), 3.7—5.1 (7H, m), 7.0—7.4 (4H, m, aromatic).

Compound 7b-2HBr was prepared similarly from 14b. '"H-NMR
(DMSO-d,-D,0) 6: 1.0—2.1 (18H, m), 2.6—3.4 (9H, m), 3.7--5.1 (TH,
m), 7.0—7.4 (4H, m, arommatic).

(35)-2-[ N-[(1.5)-1-Ethoxycarbonyl-5-(4-piperidyl)pentyl]-L-alanyl]-
1,2,3,4-tetrahydroisoquinoline-3-carboxylic Acid (9, Table III) Com-
pound 9-2HBr was prepared from 24 in a manner similar to that described
for the synthesis of 7a. 'H-NMR (DMSO-d,-D,0) é: 1.0—2.2 (22H,
m), 2.6—3.5 (4H, m), 3.6—5.3 (7TH, m), 7.2—7.4 (4H, m, aromatic).

N-[N-[(1S)-1-Carboxy-5-(4-piperidyl)pentyl]-L-alanyl]- V-(2-indanyl)-
glycine (8, Table II) A mixture of 7a-2HBr (0.25g) and 1~ NaOH
(6ml) was allowed to stand for 30 min, then neutralized with AcOH.
The solution was submitted to-XAD-2 column chromatography (0.1 M
NH,OH-5% CH,;CN). The eluent was concentrated in vacuo and
lyophilized to give 8 (0.11g, 62%) as a white powder. 'H-NMR
(DMSO0-ds-D,0) §: 1.0—2.0 (15H, m), 2.6—3.8 (11H, m), 4.9—5.4 (2H,
m), 7.0—7.3 (4H, m).

(35)-2-[ N-[(1S5)-1-Carboxy-5-(4-piperidyl)pentyl]-L-alanyl]-1,2,3,4-
tetrahydroisoquinoline-3-carboxylic Acid (10, Table III) Compound 10
was prepared from 9 in a manner similar to that described for the
synthesis of 8. '"H-NMR (DMSO-d,-D,0) §: 1.80 (3H, s, CH;CN),
1.0—2.2 (19H, m), 2.5—3.5 (4H, m), 3.6—5.0 (SH, m), 7.1—7.3 (4H, m,
aromatic).

(15,35,55)-2-[V-[(1.5)-1-Carboxy-5-(4-piperidyl)pentyl]-L-alanyl]-2-
azabicylco[3.3.0]octane-3-carboxylic Acid (11, Table III) A solution of
26 (0.26 g) in EtOH (50 ml) was hydrogenated over 10% Pd-C (50%
wet, 0.2¢) under atmospheric pressure. The catalyst was removed by
filtration and the filtrate was concentrated in vacuo to give (15,35,55)-
2-[ N-[(15)-1-ethoxycarbonyl-5-(4-piperidyl)pentyl]-L-alanyl]-2-azabi-
cyclo[3.3.0Joctane-3-carboxylic acid as an oil. A solution of this
compound in 1 N NaOH (5ml) was allowed to stand for 1h, and then
neutralized with AcOH. The solution was submitted to XAD-2 column
chromatography (0.15M NH,OH-5% CH,CN). The eluent was
concentrated in vacuo and lypophilized to give 11 (0.15g, 87%) as a
white powder.
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