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Synthesis of Prolyl Endopeptidase Inhibitors and Evaluation of Their
Structure-Activity Relationships: In Vitro Inhibition of Prolyl Endopeptidase

from Canine Brain
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By chemical modification of a known prolyl endopeptidase (PEP) inhibitor (N-[/N-(4-phenylbutanoyl)-L-
prolyl]pyrrolidine; SUAM-1221), several arylalkanoyl derivatives (V-1—27) were synthesized and tested for in vitro
inhibitory activity towards PEP from canine brain. Among them, 4-(2-thienyl)butanoyl derivatives (V-24—27) showed
more potent PEP-inhibitory activity than SUAM-1221. The structure-activity relationships of these compounds are

discussed.
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derivative

Prolyl endopeptidase (PEP) [EC 3.4.21.26]" is highly
active in the brain and readily degrades proline-containing
oligopeptides such as thyrotropin releasing hormone,®
luteinizing hormone releasing hormone,® angiotensin I1,%
bradykinin,> substance P,* and neurotensin.” The enzyme
also degrades vasopressin, a cyclic nonapeptide hormone,
which controls blood pressure and acts as an antidiuretic
hormone. The hormone and its metabolites have been
reported to play an important role in learning and memory
processes.® "0

Recently, many potent PEP inhibitors siuch as Z-Gly-
Pro—-CH,Cl1,'? Z-Pro-prolinal,!? phenylbutanoyl-Pro—
prolinal,’® and related compounds'*~'? including a
non-peptide PEP inhibitor'® have been reported.

Yoshimoto et al.!* first reported that compounds
capable of inhibiting PEP were effective for preventing
experimental amnesia induced by scopolamine in rats and
inferred that PEP inhibitors have functions in the fixation
of memory. They also found that the anti-amnesic effects
of such compounds were approximately parallel to the
inhibitory activities towards PEP in vitro. It has been
reported that aniracetam, which is being developed as a
nootropic drug, showed inhibitory activity against PEP.1%
Furthermore, Saito et al.'® reported that PEP plays an
important role in the regulation of learning and memory
consolidation in brain and inhibitors of the enzyme were
suggested to be possible candidates for anti-amnesic drugs.
These lines of evidence have prompted us to search for
novel PEP inhibitors.

N-[ N-(4-Phenylbutanoyl)-L-prolyl ]pyrrolidine (SUAM-
1221, A), in Chart 1, is a potent PEP inhibor.2? Therefore,
we started chemical modification of the compound (A) in
an attempt to find more potent analogues. In this paper,
we describe the syntheses of the analogues of A and their

@—CHz(;HZCHZCO————P
N

SUAM-1221 (A)
Chart 1

structure—activity relationships.

Synthesis

The compounds (V-1—27) were prepared as outlined in
Chart 2 and their biological activities are listed in Table I.

Compounds (II) were prepared from the corresponding
N-BOC-prolines (Ia) or N-BOC-thioprolines (Ib) by treat-
ment with pivaloyl chloride in the presence of triethylamine
followed by condensation with pyrrolidine or thiazolidine.
Hydrolysis of the N-BOC compounds (IT) with hydrochloric
acid gave II1. Arylalkanoic acids (IV) were condensed with
these compounds (III) in the presence of pivaloyl chloride
and triethylamine to give the desired compounds (V-1—6,
11—13, 16 and 18—27).

Other compounds (V-7—10, 14, 15 and 17) were synth-
esized by a different route (method B). 4-Phenylbuta-
noyl chloride (VI) was treated with the proline derivatives
(VII e—g) in the presence of sodium carbonate to afford
the N-butanoylprolines (VIII e—g), which were condensed
with the cyclic amines (IX h—I1) by a similar method to
that used for the preparation of II from I, giving rise to
V-7—10, V-14, V-15 and V-17. The yields and physical
and analytical data of V are collected in Table I.

Discussion

It is well known that PEP inhibitors having a form-
yl,1#13:16.17.21) chloroacetyl,'” or diazoacetyl*? group
exert very potent PEP inhibition. Since they are chemically
reactive, they inhibit PEP in an irreversible manner and
may be unstable.

We tried to synthesize less chemically reactive and more
stable compounds since we hoped to find a PEP inhibitor
suitable for clinical use. Consequently, we selected SUAM-
1221 (A), which is a potent reversible PEP inhibitor, as
our lead compound. By chemical modification of the
compound, various new compounds (V) were synthesized.
The PEP-inhibitory activity of these compounds was
assayed using PEP purified from canine brain, and the
results are summarized in Table I.

To estimate the effect of the number of methylene groups
in the phenylalkanoyl series on the inhibitory activity, we
examined five compounds (V-1, 2, 3,29 4,29 5) having
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method A
BOC N/\x i) tert-BuCOCI, EtzN BOC N/\x
ii) pyrrolidine
COOH or 0 Sy
thiazolidine
I (L-a, b; p-a, b) I (L-a—d, p-a—d)
a. X:CHz
b:X=S a:X=Y=CH,
d:X=Y=S

i) tert-BuCOCI, Et3N

Ar—(CH,), — COOH

_ -
dioxane

~
Ar —(CH,) —CON
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HCI HN/\X
HCI
[o] AY
/

I (L-a—d, p-a—d)

b:X=CH, Y=S ¢c:X=S, Y=CH;

X

i) I
0F >Ny
v V (1—-6, 11—13, 16, 18—27)
method B
HN VII
COOH i) tert-BuCOCI, Et3N
Ph—(CH,); —COCl — = Ph—(CH,); —CON . Ph —(CHy); —CON
Na;COg Vo)
OOH o NO
VI Vil
V (7—10,14,15,17)
Vile : L-proline IXh : oxazolidine
f ! L-thioproline i . 3-pyrroline
g : L-pipecolinic acid j:1,2,3, 6-tetrahydropyridine
k : 2-pyrrolidinone
1

: thiazolidine

Chart 2

different numbers of methylene groups. Among them,
V-4(A) having three methylene groups (n=3) showed the
strongest inhibitory activity.

On the basis of this result, the 4-phenylbutanoyl group
was fixed, and L- or D-proline, L- or D-thioproline, or
L-pipecoline was introduced as the amino acid moiety,
and pyrrolidine, thiazolidine, oxazolidine, pyrroline,
piperidine, 1,2,3,6-tetrahydropyridine, or pyrrolidinone as
the amine moiety, ring (B), of the prolyl amide of V,
respectively.

The activities of the compounds (V-6 and 8) possessing
a sulfur atom and a double bond in the pyrrolidine ring
were slightly increased as compared with that of V-4.
However, compound V-7 having an oxygen atom and
V-9 and V-10 having a 1,2,3,6-tetrahydropyridine or 2-
pyrrolidinone moiety in ring B, showed decreased inhib-
itory activities. In contrast, V-122°9 and V-132° having
a sulfur atom in ring A of V-4 and V-6, showed increased
activity compared with V-4 and V-6, respectively. The
inhibitory activity of V-14 having an oxygen atom in ring
B was decreased, like that of V-7. On the other hand, the
inhibitory activities of V-11 and V-16 having p-proline and
D-thioproline as the amino acid moiety were drastically
diminished, as in the case of Z-D-Pro-pyrrolidine or
-thiazolidine reported by Yoshimoto et al.2%?

We also examined the effect of a substituent at the
para-position on the phenyl ring in V-12. The inhibitory

activities of the substituted compounds (V-18, V-19 and
V-20) were at almost the same level of 10~ M. However,
the activities of V-21, V-22 and V-23 were less by one order
of magnitude. On the other hand, the inhibitory activities
of V-24—27, in which the phenyl groups of V-4, V-6, V-12
and V-13 were replaced by 2-thienyl groups, remained in
the 10~ 8 M range, and were superior to that of V-4, the lead
compound (A).

In the case of the series of 4-phenylbutanoyl and
4-(2-thienyl)butanoyl derivatives, introduction of a sulfur
atom in ring A and/or B resulted in inceased inhibitory
activity. These results are in agreement with those of
Yoshimoto et al.2%?

In the present study, we have demonstrated that several
compounds (V-6, 8 and 17—20) showed inhibitory activity
nearly equal to that of compound A, and V-24—27 had
even more potent inhibitory activities. We are investigating
these compounds to assess their usefulness as nootropics.

Experimental

Melting points were determined on a Yamato melting point apparatus
or a Biichi 535 digital melting point apparatus and are uncorrected. IR
spectra were measured with a JASCO A102 or a Shimadzu DR-8000
spectrophotometer. 'H-NMR spectra were taken on a JEOL JNM
RMX60 or a GSX270 spectrometer with tetramethylsilane as an internal
standard. Mass spectra were measured with a JEOL JMS DX300 or a
DX302 instrument. Optical rotations were recorded with a JASCO
DIP370 digital polarimeter in methanol.
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TaBLE 1. Structures, Physical Properties, and PEP-Inhibitory Activities of the Synthesized Compounds (V)
Ar—(CH,),~CO-(A)-CO—(B)

Analysis PEP
i ° Caled (Found e
C(;r]r:)pd. Ar n A B Y(';;};i (Rerggls(tcs)ol) (in 1[\2116}1) Formula aled (Found) inhibition
' T C H N 1Csq (uM)
1 Ph ( Z (j 70 oil 626 C,gH;0N,0, 272.1524 1.84
—N —N (c=0.99) (272.1517)
2 Ph D (D 68 oil _571 C,.HpN,0, 286.1681 0.71
—N —N c=101) (286.1672)
3 Ph (7 (D 74 oil —539  C,3H,,N,0, 300.1838 0.53
—N —N (c=1.00) (300.1819)
4 Ph ] O 73 oil 300  C,,HyN,0, 314.2020 0.076
—N —N (c=1.10) (314.2007) :
5 Ph 7 (j 62 oil 2330 CyoHp,N,0, 3282151 0.25
—N —N (c=1.00) (328.2161)
s
6 Ph ] ( _7 45 53—55 230 C,H;N,0,8 6503 728 843 0.041
—N —N (IPE-n-hexane)  (c=1.00) (6524 1733 8.42)
0
7 Ph S 7 ¢ _7 23 0il —19.8  C,gH,,N,0, 316.1777 0.21
—N —N (c=1.02) (316.1769)
8 Ph { Z (E 56 oil —250 C,gH,,N,0, 312.1837 0.057
—N —N (c=1.16) (312.1849)
9 Ph ] N 6 oil —442  C,oH,6N,0, 326.1989 3.36
—N —N (c=1.13) (326.1994)
10 Ph @ Q 28 80—81 452 CH,N,0, 6949 737 853 571
—N —N (IPE-n-hexane) (c=1.01) (69.58 7.50  8.41)
RS
1 Ph () ( _7 40 oil 245  C,4H,aN,0,8 332.1558 215
—N—wm =N (c=1.24) (332.1566)
s
12 Ph ( 2 O 48 100102 1044 C,gH,,N,0,8 6503 728 843 0.031
—N —N (AcOEt-IPE)  (c=1.01) 6479 744  8.35)
S s ‘
13 Ph 7 ( _7 46 80—82 —-930 C,;;H,,N,0,S, 5825 633 7.99 0.021
—N —N (AcOEt-IPE)  (c=1.00) (5848 642  8.07)
s 0
14 Ph 7 ( j 20 71—72.5 ~830 C,,H;,N,0,8 6105 6.63 838 0.13
—N —N (IPE-n-hexane) (c=1.01) (61.04 6.65 8.68)
S
15 Ph ( () a8 oil 993 C;oHyN,0,8 346.1714 6.89
—N —N (c=1.01) (346.1707)
S s
16 Ph e _7 ( _7 50 80—81 940 Cy,H,,N,0,8, 5825 633 799 1020
—N—f =N (AcOEt-IPE)  (c=1.00) (5855 6.14 8.15)
17 Ph { 2 <s_7 60 oil —16.5  C,oH,N,0, 3282151 0.061
—N —N (c=1.06) (328.2148)
18 4-Cl-Ph (sj (j 53 107—108 —912  C,3H,,CIN,0,8 5892 632  7.64 0.063
—N —N (AcOEt-IPE)  (c=1.01) (5907 593  7.52)
19  4-OH-Ph (S () 5 109—111 —973  CgH,N,0,S 6204 694 8.04 0.063
—N —N (EtOH-ACOEt) (c=1.00) (6222 697 8.14)
20 4-Me-Ph (s () 73 75—176 —103.0  C,;oH,eN,0,8 6586 7.56 8.09 0.047
_Nl_ —N (IPE) (c=1.05) (6591 7.68 7.91)
21  4-OMe-Ph (S (j 52 73.5-745 957  ClHpN,0,8 6296 723 773 0.115
_Nl_ —N (AcOEt-IPE)  (c=1.02) (6299 712  7.68)
22 4-NO,-Ph (S () 58 93.5-94.5 —859 CgH,N,0,8 5728 614 11.13 0.152
N _7__ —N (AcOEt-IPE)  (c=1.00) (5729 6.18 11.10)
23 4NH,-Ph (S O 27 183—184 —856 CusH,sCIN,0,S 5631 6.83 1095 0.743
_Nj_. N (EtOH-ether)  (c=1.01) (5620 7.01 10.72)
24 @_ 3 () 73 oil 321 C,;HuN,0,8 320.1558 0.034
S —N —N (c=1.01) (320.1566)
25 3. Y (Sj 73 oil ~195  C¢HN,0,8, 338.1123 0.027
S —N —N (c=1.04) (338.1122)
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TaBLE I. (continued)
Analysis PEP
Compd. Yield mp (°C) [e]p Calcd (Found) .
No. Ar " A B (%) (Recryst. sol) (in MeOH)  Formula inhibition
C H N ICso (um)
S
26 @_ 3 ¢ 2 () 96 oil —99.7  C,6H,,N,0,S, 338.1123 0.029
S —N —N (c=1.00) (338.1123)
S .
27 R\ 3 ( 2 (S 73 oil —86.4  C,5H,oN,0,S, 356.0687 0.017
S —N —N (c=1.02) (356.0678)

Synthesis of IL. General Procedure A solution of pivaloyl chloride
(20 mmol) in chloroform (10 ml) was added dropwise to a stirred solution
of 1 (20 mmol) and triethylamine (22 mmol) in chloroform (40 ml) over a
15—20 min period at 0—5°C. The reaction mixture was stirred for an
additional 1h. A solution of pyrrolidine (20mmol) and triethylamine
(22 mmol) in chloroform (20 ml) was then added. Stirring was continued
for 3h at room temperature and then the mixture was successively washed
with water, 30% citric acid, saturated aqueous NaHCO,, and water. The
chloroform layer was dried over anhydrous MgSO, and evaporated in
vacuo. The resulting solid residue was recrystallized from an appropriate
solvent.

II-L-a: Yield, 88%. mp 84—85 °C (from isopropy! ether (IPE)-AcOE).
[o]3® —36.4° (c=1.00). IR (KBr): 1700 (C=0), 1649 (C=0)cm™'.
NMR (CDCly) 6: 1.40 (4.5H, s), 1.46 (4.5H, s), 1.77—2.20 (8H, m),
3.35—3.77 (6H, m), 4.35 (0.5H, dd, J=5, 8 Hz), 4.88 (0.5H, dd, J=3,
7THz). Anal. Calcd for C;,H,,N,0;: C, 62.66; H, 9.01; N, 10.44. Found:
C, 62.76; H, 9.28; N, 10.59.

I--b: Yield, 81.2%. mp 71—72.5°C (from IPE). [«]3® —26.6°
(¢=1.00). IR (KBr): 1700 (C=0), 1642 (C=0)cm~!. NMR (CDCl,) §:
1.41 (4.5H, s), 1.46 (4.5H, s), 1.80—2.00 (2H, m), 2.02—2.25 (2H, m),
2.94—3.04 (1H, m), 3.04—3.15 (1H, m), 3.36—3.58 (3H, m), 3.83—3.94
(1H, m), 4.35—4.80 (3H, m). 4nal. Caled for C,3H,,N,0,S: C, 54.52; H,
7.74; N, 9.78. Found: C, 54.32; H, 7.96; N, 9.78.

H-L-c: Yield, 85.7%. mp 107—108°C (from IPE-n-hexane). [oa]3*
—146.2° (¢=1.00). IR (KBr): 1700 (C=0), 1645 (C=0)cm~!. NMR
(CDCLy) é: 1.45 (9H, s), 1.84—2.02 (4H, m), 3.14 (1H, dd, /=6, 11 Hz),
3.29 (1H, dd, J=6, 11 Hz), 3.38—3.80 (4H, m), 4.52 (I1H, d, J=9Hz),
4.60—5.00 (2H, m). 4nal. Calcd for C,3H,,N,0,S: C, 54.52; H, 7.74; N,
9.78. Found: C, 54.64; H, 7.88; N, 9.51.

II-L-d: Yield, 74%. mp 108—110°C (from AcOEt-IPE). [a]3® —124.1°
(c=1.00). IR(KBr): 1700 (C=0), 1640 (C=0)cm~'. NMR (CDCl,) é:
1.40 9H, s), 2.95—3.36 (4H, m), 3.65—4.18 (2H, m), 4.45—5.10 (SH, m).
Anal. Caled for C,,H,,N,0,8,: C, 47.35; H, 6.62; N, 9.20. Found: C,
47.48; H, 6.87; N, 9.35.

II-p-a: Yield, 73.2%. mp 88—90 °C (from IPE-n-hexane). [a]23 +37.1°
(¢=1.00). IR (KBr): 1697 (C=0), 1647 (C=0)cm~!. NMR (CDCl,) §:
1.40 (4.5H, s), 1.45 (4.5H, s), 1.76—2.23 (8H, m), 3.35—3.78 (6H, m),
4.33—4.37(0.5H, m), 4.95—4.51 (0.5H, m). Anal. Caled for C,,H,,N,O,:
C, 62.66; H, 9.01; N, 10.44. Found: C, 62.38; H, 8.82; N, 10.57.

II-p-b: Yield, 79.2%. mp 69—69.5°C (from IPE-n-hexane). [a]3?
+29.7° (¢=1.01). IR (KBr): 1693 (C=0), 1647 (C=0)cm~!. NMR
(CDCI3) é: 1.41, 1.46 (total 9H, each s), 1.45—2.00 (2H, br), 2.00—2.25
(2H, m), 2.95—3.16 (2H, m), 3.35—3.73 and 4.01—4.11 (total 3H, each
m), 3.80—3.90 (1H, m), 4.32—4.78 (3H, m). Anal. Calcd for C,3H,,N,0,S:
C, 54.52, H, 7.74; N, 9.79. Found: C, 54.81; H, 7.90; N, 9.89. )

II-p-c: Yield, 87%. mp 107—109°C (from IPE). [a]3® +143.3° (c=
1.00). IR (KBr): 1700 (C=0), 1648 (C=0O)cm~'. NMR (CDCl,) é: 1.45
(OH, m), 1.80—2.05 (4H, m), 3.11—3.17 (1H, m), 3.26—3.33 (IH, m),
3.38—3.80 (4H, m), 4.52 (1H, d, /=9 Hz), 4.60 (2H, m). Anal. Calcd for
Cy3H,,N,058: C, 54.52; H, 7.74; N, 9.78. Found: C, 54.28: H, 7.90; N,
9.59.

II-p-d: Yield, 70.5%. mp 109—111°C (from AcOEt-IPE). [«]32
+123.0° (¢=1.00). IR (KBr): 1695 (C=0), 1640 (C=0)cm~!. NMR
(CDCl,) 6: 1.46 (9H, m), 2.95—3.20 (3H, m), 3.31 (1H, dd, /=7, 11 Hz),
3.65—4.15(2H, m), 4.43—5.05 (5H, br m). Anal. Calcd for C,,H,(N,0,S,:
C, 4734, H, 6.62; N, 9.20. Found: C, 47.54; H, 6.51; N, 8.99.

Synthesis of II1. General Procedure A compound II (5 g) was dissolved
in a mixture of 4N HCl-dioxane (30 ml). The solution was stirred for 2h
at 60°C and then evaporated to dryness in vacuo. The resulting residue
was recrystallized from an appropriate solvent to give IT1, except for ITI-L-b
(sec below).

II-L-a: Yield, 85.7%. mp 85—88°C (from CHCI,—-IPE). [a]3® —74.1°
(c=1.00). IR (KBr): 1646 (C=0)cm™'. Anal. Calcd for CoH,,CIN,O:
C, 52.80; H, 8.37; N, 13.69. Found: C, 52.91; H, 8.12; N, 13.69.

III-L-b: The residue was dissolved in 10% Na,CO; and extracted with
chloroform. The extract was dried with MgSO, and evaporated in vacuo.
The resulting residue was crystallized by addition of a solution of oxalic
acid in ethanol. The precipitated solid was collected and recrystallized
from ethanol. Yield, 65%. mp 141—143°C. [«]2® —85.6° (¢=1.00). IR
(KBr): 1648 (C=0), 1720 (C=0)cm™ . Anal. Caled for C,oH;6N,Oq:
C, 43.47; H, 5.84; N, 10.14. Found: C, 43.55; H, 5.79; N, 10.04.

II-L-c: Yield, 97%. mp 170—172 °C (from EtOH-Et,0). [«]3* —166.0°
(¢=1.00). IR (KBr): 1650 (C=0)cm ™. Anal. Caled for CgH, sCIN,OS:
C, 43.14; H, 6.79; N, 12.58. Found: C, 43.41; H, 6.98; N, 12.58.

III-L-d: Yield, 93%. mp 194 °C (dec.) (from MeOH-IPE). [«]3> —166.5°
(¢=1.00). IR (KBr): 1650 (C=0)cm ™. Anal. Caled for C,H,,CIN,OS,:
C, 34.92; H, 5.44; N, 11.64. Found: C, 35.04; H, 5.20; N, 11.66.

II-p-a: Yield, 92%. mp 88—90°C (from CHCI;-IPE). [«]3® +73°
(¢=1.00). IR (KBr): 1645 (C=0)em™'. Anal. Caled for C4H,,CIN,O:
C, 52.80; H, 8.37; N, 13.69. Found: C, 52.60; H, 8.05; N, 13.97.

HI-p-b: yield, 80%. mp 59—62°C (from CHCl;-ether). [«]3> +69.9°
(c=1.12). IR (KBr): 1648 (C=0)cm™". Anal. Calcd for CzH, ;CIN,O0S:
C, 46.47; H, 7.31; N, 13.55. Found: C, 46.25; H, 7.09; N, 13.78.

HI-p-c: Yield, 82%. mp 168—170 °C (from EtOH-Et,0). [«]3* +161.5°
(c=1.01). IR (KBr): 1648 (C=0)cm™'. 4nal. Caled for CgH, sCIN,OS:
C, 43.14; H, 6.79; N, 12.58. Found: C, 43.48; H, 6.51; N, 12.58.

II-p-d: yield, 82% mp 180.5—182°C (dec.) (from methanol). [«]2>
+165° (¢c=1.06). TR (KBr): 1651 (C=O0)cm™!. Anal. Caled for
C;H5CIN,0S,: C, 34.92; H, 544; N, 11.64. Found: C, 34.77; H, 5.40;
N, 11.49.

Synthesis of V (1—6, 11—13, 16, 18—27). General Procedure (Method
A) Pivaloyl chloride (20 mmol) was added dropwise to a stirred solution
of an arylalkanoic acid (IV) (20mmol) and thietylamine (22mmol) in
chloroform (40ml) at 0—5°C. Stirring was continued for 1h, then a
suspension of III (20mmol) and triethylamine (22 mmol) in chloroform
(30ml) was added to the solution. The reaction mixture was stirred for
3h at room temperature and successively washed with 10% HCI, water,
saturated aqueous NaHCO,, and brine. The chloroform layer was drid
over MgSO, and evaporated in vacuo. The resulting residue was chro-
matographed over silica gel using CHCl;-MeOH (20:1) as an eluent
to give V. Physical and analytical data of V are listed in Table 1.

V-1: IR (KBr): 1628 (C=0)cm~'. NMR (CDCl,) §: 1.50—2.60 (8H,
m), 3.24—4.02 (6H, m), 4.28 (0.2H, dd, J=4, 8 Hz), 4.85 (0.8H, dd, J=6,
8Hz), 7.35—7.44 (3H, m), 7.57—7.61 (2H, m).

V-2: IR (neat): 1638 (C=0)cm™'. NMR (CDCl,) é: 1.78—2.34 (8H,
m), 3.28—3.87 (6H, m), 3.70 (2H, s), 4.37 (0.3H, dd, J=3, 8Hz), 4.67
(0.7H, dd, J=4, 8 Hz).

V-3: IR (neat): 1638 (C=0)cm~!. NMR (CDCl,) §: 1.78—2.39 (8H,
m), 2.52—2.73 (2H, m), 2.94—3.00 (2H, m), 3.30—3.50 (3H, m), 3.55—
3.70 (2H, m), 3.82—3.90 (1H, m), 4.22—4.26 (0.1H, m), 4.65 (0.9H, dd,
J=4, THz), 7.16—7.32 (5H, m).

V-5: IR (neat): 1644 (C=0)cm™!. NMR (CDCl,) é: 1.63—1.72 (4H,
m), 1.74—2.15 (8H, m), 2.20—2.41 (2H, m), 2.60—2.65 (2H, m), 2.37
(1H,dt,J=7, 12Hz), 3.14 (1H, dt, /=7, 10 Hz), 3.47 (1H, dt, J=7, 10 Hz),
3.57 (1H, dt, J=7, 12Hz). 3.68 (1H. ddd, J=5, 8, 10Hz), 3.83 (1H, dt,
J=7, 12Hz), 4.63 (0.9H, dd, /=4, 8Hz), 4.42 (0.1H, dd, J=4, 8 Hz).
7.10—7.16 (5H, m).

V-6: IR (neat): 1635 (C=0O)cm™!. NMR (CDCl,) é: 1.44—2.40 (8H,
m), 2.65 (2H, t, J=6Hz), 2.85—4.83 (7H, m), 4.53 (2H, m), 7.16 (SH,
brs).

V-11: IR (KBr): 1640 (C=0)cm ™ !. NMR (CDCl,) §: 1.53—2.40 (8H,
m), 2.66 (2H, t, J=6Hz), 2.86—4.83 (7H, m), 4.56 (2H, brs), 7.16 (5SH,
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brs).

V-12: IR (KBr): 1635 (C=0)cm ™. NMR (CDCl,) é: 1.53—2.37 (6H,
m), 2.23 (2H, t, J=6Hz), 2.67 (2H, t, J=6 Hz), 3.01—3.98 (6H, m), 4.55
(2H, brs), 5.02 (1H, t, J=7Hz), 7.14 (5H, brs).

V-13: IR (KBr): 1650 (C=0)cm™'. NMR (CDCl,) é: 1.64—2.60 (4H,
m), 2.64 (2H, t, J=6Hz), 2.79—4.26 (6H, m), 4.52 (4H, brs), 5.03 (1H,
t, J=7Hz), 7.15 (SH, brs).

V-16: IR (KBr): 1650 (C=0)cm™!. NMR (CDCl,) é: 2.00 (2H, quint,
J=THz), 2.37 2H, t, J=7Hz), 3.68 (2H, t, J=7Hz), 2.98—3.32 (4H, m),
3.66—3.95 (1H, m), 4.15—4.25 (1H, m), 4.47—4.65 (4H, m), 5.05—5.13
(1H, m), 7.16—7.31 (4H, m).

V-18: IR (KBr): 1641 (C=0)cm~*. NMR (CDCl,) §: 1.83—2.10 (6H,
m), 2.37 (2H, t, J=7Hz), 2.64 2H, t, J=THz), 3.15(1H, dd, J=7, 11 Hz),
3.28 (1H, dd, /=7, 11 Hz), 3.14 (1H, dt, /=7, 12Hz), 3.43 (1H, dt, /=7,
10Hz), 3.56 (1H, dt, /=7, 12Hz), 3.84 (1H, dt, J=7, 10 Hz), 4.57 (1H,
d, J=9Hz), 4.65 (1H, d, J=9Hz), 5.05 (1H, t, J=7Hz), 7.13 (2H, dt,
J=2, 8Hz), 7.25 (2H, dt, J=2, 8 Hz).

V-19: IR (KBr): 1638 (C=0)cm™*. NMR (CDCl,) é: 1.80—2.10 (6H,
m), 2.34 2H, t, J=7Hz), 2.48—2.59 (2H, m), 3.15 (1H, dd, /=7, 12Hz),
3.28 (1H, dd, J=7, 12Hz), 3.39—3.48 (2H, m), 3.54—3.63 (1H, m),
3.83—3.91 (1H, m), 4.56 (1H, d, J=9Hz), 4.66 (1H, d, J=9Hz), 5.01
(1H, d, J=9Hz), 5.10 (1H, t, J=9Hz), 6.72 (2H, d, /=8 Hz), 6.80 (1H,
br), 6.96 (2H, d, /=8 Hz).

V-20: IR (KBr): 1649 (C=0)cm™!. NMR (CDCl,) §: 1.80—2.07 (6H,
m), 2.31 (3H, s), 2.36 (2H, t, J=7Hz), 2.63 (2H, t, J=7Hz), 3.16 (2H,
dd, J=7, 11Hz), 3.27 (2H, dd, J=7, 11 Hz), 3.36 (2H, m), 3.52—3.61
(1H, m), 3.81—3.90 (1H, m), 4.53 (1H, d, /=8 Hz), 4.64 (1H, d, /=8 Hz),
5.06 (1H, t, J=7Hz), 7.08 (4H, s).

V-21: IR (KBr): 1640 (C=0)cm~!. NMR (CDCl,) é: 1.83—2.04 (6H,
m), 2.35 (2H, t, J=7Hz), 2.61 2H, t, J=7Hz), 3.14 (1H, dd, /=7, 11 Hz),
3.27 (1H, dd, J=7, 11 Hz), 3.36—3.46 (2H, m), 3.51 (1H, m), 3.78—3.89
(1H, m), 3.78 (3H, s), 4.59 (2H, dd, J=9, 22Hz), 5.05 (1H, t, J=7Hz),
6.82 (2H, d, J=9Hz), 7.10 (2H, d, J=9Hz).

V-22: IR (KBr): 1650 (C=0)cm ™ '. NMR (CDCl;) §: 1.82—2.11 (6H,
m), 2.42 (2H, t, J=7Hz), 2.79 (2H, t, J=7Hz), 3.11—3.62 (5H, m),
3.79—3.88 (1H, m), 4.63 (2H, dd, /=9, 20Hz), 5.05 (1H, t, J=7Hz),
7.37 (2H, d, J=9Hz), 8.14 (2H, d, /=9 Hz).

V-23 (as the HCI Salt): IR (KBr): 1640 (C=0), 1620 (C=0O)cm™'.
NMR (DMSO-dg) d: 1.74—1.93 (6H, m), 2.31—2.64 (4H, m), 2.93—3.62
(6H, m), 4.31—4.97 (3H, m), 7.24—7.31 (4H, m), 10.2—10.6 (3H, br).

V-24: IR (neat): 1643 (C=O)cm~!. NMR (CDCl;) é: 1.80—2.13
(9H, m), 2.15—2.45 (3H, m), 2.90 (2H, t, J=7Hz), 3.28—3.48 (3H, m),
3.52—3.68 (2H, m), 3.79—3.87 (1H, m), 4.64 (1H, dd, J=4, 8 Hz), 6.81
(1H,dd,J=1,3Hz),6.90(1H,dd, J=3,5Hz),7.10(1H,dd, J=1, 5 Hz).

V-25: IR (neat): 1640 (C=0)cm~!. NMR (CDCl;) §: 1.49—2.58 (8H,
m), 2.73—3.28 (2H, m), 2.92 (2H, t, J=7Hz), 3.36—4.04 (4H, m), 4.42—
491 (1H, m), 4.60 (2H, s), 6.78—7.24 (3H, m).

V-26: IR (neat): 1649 (C=0)cm™'. NMR (CDCl,) §: 1.83—2.09 (6H,
m), 2.42 2H, t, J=7Hz),2.90 2H, t, J=7Hz), 3.14 (1H, dd, J=6, 11 Hz),
3.36—3.46 (2H, m), 3.57 (1H, dt, /=7, 12Hz), 3.85 (1H, dt, /=6, 10Hz),
4.58 (1H, d, J=9Hz), 4.65 (1H, d, J=9Hz), 5.05 (1H, t, J=7Hz), 6.81
(1H, d, /J=3Hz), 6.91 (1H, dd, /=3, 5Hz), 7.11 (1H, d, J=5Hz).

V-27: IR (neat): 1647 (C=0)cm~!. NMR (CDCl,) é: 2.04 (2H, dt,
J=6, 6Hz), 2.42 (2H, t, J=6Hz), 2.90 (2H, t, J=6Hz), 2.95—3.32 (4H,
m), 3.65—4.00, 4.15—4.24 (total 2H, each m), 4.50—4.68 (4H, m),
4.85—4.90, 5.14—5.30 (total 1H, each m), 6.81 (1H, dd, /=1, 3Hz), 6.91
(1H, dd, J=3, 5Hz), 7.12 (1H, dd, J=1, 5Hz).

Synthesis of VIII e—g. General Procedure (Method B) y-Phenylbuta-
noyl chloride (20 mmol) was added dropwise to a stirred solution of VII
(20mmol) in 10% Na,CO; (40ml) under ice cooling. Strirring was
continued for 1h, then the mixture was acidified with 10% HCIL. The
resulting precipitate was collected and recrystallized from AcOEt-IPE.

VI e: Yield, 77%. mp 100.5—101°C. [«]3* —88.4° (¢c=1.01). IR
(KBr): 1730, 1605cm ™. NMR (CDCl;) : 1.92—2.36 (8H, m), 2.68 (2H,
t, J=7Hz), 3.31—3.63 (2H, m), 4.53—4.56 (1H, m), 7.15—7.30 (SH, m),
9.40—9.70 (1H, br). Anal. Caled for C;sH,;,NO;: C, 60.19; H, 6.13; N,
5.01. Found: C, 60.33; H, 5.97; N, 5.16.

VIII f: Yield, 73%. mp 85—85.5°C. [«]3® —55.7° (¢=1.00). IR (KBr):
1730, 1605cm™~!. NMR (CDCl;) é: 1.95—2.06 (2H, m), 2.25—2.40 (2H,
m), 2.60—2.70 (2H, m), 3.19—3.37 (2H, m), 4.41—4.78 (2H, m), 4.66
(0.5H, dd, J=4, 7Hz), 5.08 (0.5H, dd, /=4, 7Hz), 7.16—7.30 (5H, m),
9.41 (1H, s). Anal. Caled for C,,H,,NO,S: C, 68.94; H, 7.33; N, 5.36.
Found: C, 69.02; H, 7.25; N, 5.56.

VIII g: Yield, 76%. mp 131-—133°C. [«]3® —44.5° (c=1.02). NMR
(CDCl;) é: 1.33—1.50 (2H, m), 1.53—1.80 (3H, m), 1.90—2.06 (2H, m),
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2.29 (1H, brd, J=12Hz), 2.39 2H, t, J=7.5Hz), 2.67 (2H, t, J=7, 5Hz),
3.23—3.26 (1H, m), 3.65 (1H, brd, J=12Hz), 540 (1H, d, J=5Hz),
7.14—7.32 (5H, m), 9.59 (1H, br). Anal. Calcd for C,(H,,NO;: C, 69.79;
H, 7.69; N, 5.07. Found: C, 69.54; H, 7.41; N, 4.87.

Synthesis of V (7—10, 14, 15, 17). Geneal Procedure Pivaloyl chloride
(20 mmol) was added dropwise to a stirred solution of VIII (20 mmol) and
triethylamine (22 mmol) in chloroform (40 mi) over a 10 min period under
ice-cooling. Stirring was continued for 1 h, then a solution of IX (20 mmol)
and triethylamine (20 mmol) in chloroform (10 ml) was added dropwise.
The mixture was stirred for 3h at room temperature and successively
washed with 10% HCI, H,O, saturated aqueous Na,CO,, and brine.
The CHCI; layer was dried and evaporated in vacuo. The residue was
chromatographed over silica gel using CHCl;-MeOH (20: 1) as the eluent
to give V. The physical data of V are listed in Table 1.

V-7: IR (KBr): 1645 (C=0)cm™~!. NMR (CDCl,) §: 1.94—2.04 (2H,
m), 2.36 (2H, t, J=THz), 2.67 (2H, t, J=THz), 3.15—-3.31 (2H, m),
3.48—3.56 and 3.68—3.72 (total 2H, each m), 3.99—4.17 (2H, m),
4.50—5.27 (5H, m), 7.15—7.30 (5H, m).

V-8: IR (neat): 1620 (C=0)cm ™. IR (CDCl;) é: 1.70—2.50 (8H,
m), 2.50—2.80 (2H, m), 3.33—3.76 (2H, m), 4.05—4.40 (3H, m), 4.55—
4.75 (2H, m), 5.70—5.95 (2H, m), 7.10—7.40 (SH, m).

V-9: IR (neat): 1640 (C=0)cm~!. NMR (CDCl,) é: 1.43—2.80 (10H,
m), 3.03—4.10 (8H, m), 4.50—4.93 (1H, m), 5.30—5.93 (2H, m), 7.00
(5H, s).

V-10: IR (KBr): 1735 (C=0), 1690 (C=0), 1640 (C=0)cm™!. NMR
(CDCl,) é: 1.57—2.87 (14H, m), 3.28-3.99 (4H, m), 5.28—5.62 (1H, m),
7.14 (5H, m).

V-14: IR (neat): 1640 (C=0)cm~!. NMR (CDCl,;) é: 1.89—2.40 (8H,
m), 2.64 QH, t, J=7Hz), 3.33—3.75 (4H, m), 3.99—4.16 (2H, m),
4.27—4.31, 4.53—4.57 (total 1H, each m), 4.92—5.01, 5.28—5.29 (total
2H, each m), 7.14—7.29 (5H, m).

V-15: IR (neat): 1645 (C=0)cm™!. NMR (CDCl,) &: 1.42—1.81 (6H,
m), 2.00 (2H, quint, J=7Hz), 2.39 (2H, t, J=7Hz), 2.68 (2H, t, /=7 Hz),
3.06 (1H, dd, J=5, 11 Hz), 3.27 (1H, dd, J=8, 11 Hz), 3.42—3.66 (4H,
m) 4.58 (1H, d, J=19Hz), 4.62 (1H, d, J=19Hz), 5.39 (1H, dd, J=5,
8 Hz), 7.14—7.32 (5H, m).

V-17: IR (neat): 1630 (C=0)cm~!. NMR (CDCly) é: 1.59—2.02
(12H, m), 2.35 (2H, t, J=7Hz), 2.66 2H, t, J=7Hz), 3.29—3.74 (6H,
m), 5.30—5.31 (1H, m), 7.14—7.29 (5H, m). .

In Vitro Experiments. 1) Enzyme PEP was purified from canine brains
by the method of Tanaka et al.>® The purified enzyme was homogeneous
as judged by polyacrylamide gel electrophoresis in the presence or absence
of sodium dodecyl sulfate. The enzyme activity was measured using
Z-Gly-Pro—p-nitroanilide (Z-Gly-Pro—pNA) as a substrate according to
the method of Yoshimoto ez al.2* One unit of enzyme activity was defined
as the amount of the enzyme which released 1 g mol of p-nitroaniline per
min at 37°C. The specific activity of the enzyme was over 62 units/mg
protein.

2) Measurement of PEP-Inhibitory Potency A test compound was
dissolved in dimethylsulfoxide (DMSO) at various concentrations. The
solution (10 ul) was incubated for 10 min at 37 °C with purified PEP (2.7
3.6 x 1073 units) in 990 ul of 0.1 M Tris-HCI buffer (pH 7.6) containing
Imm EDTA, 1 mM 2-mercaptoethanol and 0.05mg/ml gelatin. To the
mixture of the compound and the enzyme, 0.1 ml of 2.5mm Z-Gly—Pro—
PNA in 40% dioxane was added and the mixture was incubated for 10 min
at 37 °C. The enzyme reaction was stopped by adding 0.1 ml of 5% Triton
X-100 in 50% acetic acid and then the absorbance at 410 nm was measured.
The potency of inhibitory activity was represented by the ICs, value,
which was defined as the concentration of the test compound that resulted
in 50% inhibition of the enzyme with respect to the DMSO control.
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