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collected, washed, and dried to give 0.2 g (60%) of 43.

(2) By Reduction of 18. Compound 18 (500 mg, 2 mmol) was
added portionwise to a stirred and cooled mixture of Zn dust (320
mg, 5 mmol), CuSO,5H,0 (2 mg), water (0.5 mL), and 20% NaOH
(1 mL). The mixture was stirred in the cold for !/, h, diluted
with water (2 mL), and heated at 90 °C for 1 h. The Zn was
filtered off, and the filtrate was concentrated to about half its
volume and acidified (concentrated HCI) in the cold to pH 3. The
crude 4-chloro-2-(hydroxymethyl)benzoic acid thus obtained was
cyclized by heating in concentrated HCI (1 mL) at 90 °C for !/,
h. The solid was collected, washed well with water, and dried
to give 43 (55%). The spectral data (NMR, IR, MS) of the
5-chlorophthalide prepared in this way are identical with those
of the authentic phthalide obtained as described above. No
depression was observed in a mixture melting point.

Pharmacology. For saludiuretic screening, all test compounds
were prepared as a solution or as a suspension in saline and fed
with a stomach tube to male “Sabra” rats (weight 170-200 g) of
the Hebrew University, Jerusalem. The animals received 50
mg/kg in a loading volume of 25 mL of saline/kg of body weight.
Eight rats were used for testing each compound. Four test com-
pounds and two controls (furosemide or saline, eight rats each)
were tested simultaneously on each experimental day. The rats
were starved 18 h prior to the feeding and, following adminis-
tration of the test compounds, were immediately placed in
metabolic cages (two animals/cage) in a sound-proof 22 + 1 °C,
well-ventilated, 12:12 h illuminated room. No food or water was
supplied during the experimental period. The urine was collected
into plastic graduate measuring cylinders (each containing 2 drops
of toluene), measured, and analyzed 5 and 24 h after adminis-
tration of the compound. pH was measured immediately upon
collection of the urine. The samples were centrifuged at 2000 rpm,
and chlorides were titrated, after acidification with HNO;, by
Hg(NO,), in the presence of diphenylcarbazone as indicator. Na*
and K* were determined by atomic absorption with a Perkin-
Elmer Model 403 spectrophotometer.

For antihypertensive screening, groups of six Sprague~Dawley
rats, of 250-350 g of body weight, with a systolic blood pressure

(BP) of minimum 170 mmHg, were treated daily subcutaneously
with 10 mg/kg doca and saline. When the BP reached 170 mmHg
(usually after 3-4 weeks of doca/saline treatment), the test
compounds were given orally in doses of 25 mg/kg in 5 mL/kg
of 1% methylcellulose. BP was determined by the tail-cuff
method prior to and at 1, 4, and 24 h following administration.
Hydralazine (4 mg/kg), hydrochlorothiazide (25 mg/kg), and
furosemide (25 mg/kg) served as positive controls.

Summary statistics (mean and standard deviation) for all
compounds tested were calculated, and comparisons between
compounds analyzed were made by the Student'’s ¢ test for in-
dependent samples.
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A number of peptides and modified peptides were synthesized and studied for their ability to reverse electroconvulsive
shock-induced amnesia in rodents. A few of these peptides were selected for secondary evaluation in tests of short-term
memory in rats and aged rhesus monkeys. A number of the peptides and modified peptides were active in the amnesia
reversal test. In selected secondary tests, however, the chosen compounds failed to show significant activity in enhancing
memory. New methods for preparing methyleneamino and methyleneoxy isosteres of peptides are reported. Other
modified peptides also included methylenethio, methylenesulfonyl, and ethylene isosteres in place of the normal

peptide amide bond.

The ability of peptides to influence cognitive functions
has been the subject of several recent investigations.}* de
Wied has shown that lysine vasopressin delays the ex-
tinction of active avoidance behavior in the intact rat and
Walter et al. have reported on the protective effects of
neurohypophyseal hormones and analogues and C-terminal
fragments of these hormones on the amnestic action of
puromycin in mice.

An interest in the area of pharmacological treatments
for cognitive dysfunctions or impairments has been actively

tDepartment of Chemistry.
! Department of Pharmacology.

pursued in these laboratories for some time. Previous
reports covered the activity of 3-(aryloxy)pyridines® and
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Scheme I°
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N-[(disubstituted amino)alkyl]-2-oxo-1-pyrrolidineacet-
amides with emphasis on pramiracetam (CI-879).” Our
purpose in the present study was, first, to confirm the
previous reports that peptides indeed do reverse amnesia
and, second, to develop an orally active modified peptide
modeled after one of the more active peptide fragments.

By a modified peptide, we are referring to those types
of structures in which the normal peptide amide bond is
replaced with an isosteric bond such as methyleneamino,
methylenethio, methyleneoxy, ethylene, ketomethylene,
etc. Recently, considerable attention has been focused on
this approach with the hope of finding nonenzymatically
degradable, orally active peptides. A certain amount of
progress has been made in this direction. An ethylene
isostere of an enkephalin gave enhanced biological activity.?
Szelke et al.? have reported that isosteric replacement of
the Leu-Leu bond in angiotensinogen resulted in a com-
pound possessing renin-inhibiting properties. Almquist
et al.'" prepared a Leu-enkephalin with a ketomethylene
isostere between Tyr-Gly and Gly-Gly. Hudson et al.!
made a Met-enkephalin with -CH,NH- and -CH,CH,~
replacements in these positions. A review of this area has
appeared.'> Admittedly, there is no solid proof that
isosteric peptides will be orally active and only further
work will answer this question. Of equal, or perhaps of
more importance, is the half-life of the modified peptide,
a longer half-life being desirable since most peptides have
short half-lives. Unless more satisfactory delivery systems
for peptides are forthcoming, the use of many peptides as
drugs will continue to remain a problem.

Chemistry. A number of modified peptides were pre-
pared. The original intent was to model the isosteres after
the most active of the peptides, but synthetic problems
with lysine resulted in mostly Pro-Leu-Gly type com-
pounds being prepared. The peptides in Table I were
prepared by standard methods of solution synthesis, sol-
id-phase synthesis, or combinations of these. The synthetic
methods for preparing peptide isosteres are less well
known. Some of these methods are very limited and
produce isosteres that require Gly to be a component.
Reductive amination via an imine generated from an amino
acid aldehyde and an amino acid ester (Scheme III) can
be successfully used, but yields are low and the reaction
success is dependent on the amino acids used. Racemi-
zation is a recurring problem. Equally as good for certain
compounds was the ring opening of aziridines with amino

(7) Butler, D. E.; Nordin, I. C.; L'Italien, Y. J.; Zweisler, L.; Pos-
chel, B. P. H.; Marriott, J. G. J. Med. Chem. 1984, 27, 684.
(8) Hann, M. M.; Sammes, P. G.; Kennewell, P. D.; Taylor, J. B.
J. Chem. Soc., Perkin Trans. 1 1982, 307.
(9) Szelke, M.; Leckie, B.; Hallet, A.; Jones, D. M.; Sueiras, J.;
Atrash, B.; Lever, A. . Nature (London) 1982, 299, 555.
(10) Almquist, R. G.; Olsen, C. M.; Uyeno, E. T.; Toll, L. J. Med.
Chem. 1984, 27, 115.
(11) Hudson, E; Sharpe, R.; Szelke, M. Int. J. Peptide Protein Res.
1980, 15, 122.
(12) Spatola, A. F. “Chemistry and Biochemistry of Amino Acids,
Peptides, and Proteins”; Marcel Dekker: New York, 1983; Vol.
7, pp 267-357.
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esters or with H,S, giving methyleneamino or methy-
lenethio isosteres (Scheme II). We have found that azir-
idines derived from amino acids can be successfully opened
with amino acid esters or hydrogen sulfide to give me-
thyleneamino or methylenethio isosteres. This reaction
does have limitations. The amine opening is carried out
in refluxing ethanol so the amino ester must be such that
it cannot form a diketopiperazine. These reactions are
shown in Scheme II. One side reaction that was observed
with the aziridine ring opening was the alkylation of the
secondary amine 77 to give the dialkyl derivative, which
on removal of the benzyloxycarbonyl groups cyclized to
55. We have also prepared methyleneoxy isosteres by a
novel method (Scheme I). Since most amino acid alcohols
can now be obtained, this method is applicable for making
nearly all modified dipeptides with a C-terminal Gly. In
the original synthesis we were limited to making methy-
leneoxy isosteres with glycine C-terminal, but more recent
work has overcome this restriction. The same applies to
the ethylene isostere 28 and 29. A Phe[CH=CH] Phe
peptide has been recently obtained.!®

Pharmacology. Initially, compounds were tested for
their ability to reverse electronconvulsive shock (ECS)
induced amnesia in rodents.%” Briefly, animals were placed
into a small, highly illuminated area that was connected
to a large, darkened compartment through an opening in
the center of the wall. On entry into the darkened com-
partment (all four feet into the chamber) footshock was
applied through the grid floor until the animal returned
to the lighted area or 3 s had elaspsed. Training continued
in rats until the animal remained in the lighted com-
partment for 60 s. Footshock was delivered only once in
tests using mice. Two hours after training, ECS (20 mA
for 1 s) was delivered transcorneally through saline-soaked
electrodes. All animals were required to exhibit maximal
hindlimb extension. Two hours after training, drugs were
administered intramuscularly (im) at selected doses. One
hour after drug treatment, animals were placed into the
lighted area, and latency to enter the darkened compart-
ment was recorded. If animals remained in the safe area

(13) Marriott, J. G.; Bartus, R. T.; Moyer, C.; Voigtman, R. E.
Physiol. Behav. 1979, 22, 715.

(14) Marriott, J. G.; Abelson, J. S. Age 1980, 3(1).

(15) Unpublished results.
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Table I. Chemical and Biological Data of Di- and Tripeptides

Journal of Medicinal Chemistry, 1986, Vol. 29, No. 6 961

reversal of electroconvulsive shock
induced amnesia in rodents®

% %
[@]®p, deg (¢ dose, reversal reversal
compound 1, MeOH) formula anal. mg/kg im rats mice
1, Arg-vasopressin -21.2b CyeHesN15015S, 0.10 60
0.010 100
0.001 0
2, Lys-vasopressin -25.2b C46H85N1301282 0.10 56 67
0.010 20 58
0.001 20 58
3, Pro-Lys-Gly-NHg -60.5¢ 013H25N503'0.8H2003 C, H, N 0.10 78 39
0.010 78 48
0.001 78 100
4, Z-Pro-Lys-GlyNH, -55.3 Cq H31N;O5-HOAc1 /,H,0 C,H,N 0.10 63
0.010 100
0.001 9
5, BOC'PI’O-LyS-Gly-NHz -59 ClgH33N505'H20'1/3CHCla Cl,d C, H, N 0.10 33
0.010 17
0.001 25
6, Z-Pro—Lys(BOC)-Gly—NHZ -43.8 Cst39N507 C, H, N 0.10 0
0.010 0
0.001 50
7, BOC-Pro-Lys(Z)-Gly—NHz -38.1 CZSH39N5O7'1/2H20 C, H, N 0.10 0
0.010 63
0.001 91
8, Z-Pro-Lys(BOC)-Gly—OCH;; —45 CZ7H40N408 C, H, N 0.10 0
0.010 54
0.001 91
9, Z-Pro-Lys-Gly -52.9 CleagN403'CFacOZH'1'1/2H20 C, H, N 0.10 79
0.010 79
0.001 100
10, Pro-Lys(Z)-Gly-NHz -17.6 C21H31N5052CF3C02H-31/2H20 H,e C, N 0.10 60 100
0.010 40 92
0.001 60 66
11, BOC-Lys(Z)-Gly-NHZ -3.7 Cle32N408 C, H, N 0.10 16 35
0.010 47 53
0.001 33 48
12, Z-Lys(BOC)-Gly-NHz —-5.9¢ Cle32N406 C, H, N 0.10 33
0.010 25
0.001 33
13, Pro-Leu—Gly—NHz —49.4 013H24N403'1/2H20 C, H, N 0.10 43 42
0.010 43 33
0.001 14 42
14, Z-Pro-Leu-Gly-NHz -74 CZIH30N405 C, H, N 0.10 100
0.010 47
0.001 93
15, Pro-Arg-Gly—NHz -53.5¢ 013H25N703'H2003'3/4H20 C, H, N 0.10 30
0.010 0
0.001 30
16, BOC-Pro-Arg—Gly-NHz -50.4 ClgH33N705'H20'1/4CHCla C, H, N, Cl 0.10 71
0.010 43
0.001 0
17, BOC-Pro-Arg(NO,)-Gly-NH; —42.8 ' CgH3NgO!/,CHCl N/C, H 0.10 33
0.010 20
0.001 44
18, BOC'AI’ﬂ(NOz)'Gly'NHz -3.0% 013H25N708 C,H N 0.10 73
0.010 53
0.001 33
19, Arg-Gly-NH, +8.3¢ CnggNSOZ'Hch;g C,h H, N 0.10 27
0.010 20
0.001 51

¢ Except for one or two compounds, replicate experiments were not done. Criteria established with control animals was such that the
results obtained with test compounds were taken as having definitive value. °0.5 HOAC. *H,0. ¢Calcd 7.75, found 7.20. °Calcd 6.04, found

5.22. fCaled 21.05, found 22.22. ¢DMF. *Calcd 36.98, found 36.48.

for 60 s, they were recorded as having retained the avoi-
dance response.

Comparison of results obtained from tests of peptides
in mice vs. rats did not appear to be unacceptably diver-
gent, and since extreme difficulties in running the mouse
test were encountered, most testing was done in the rat
model.

These data were analyzed by using the normal approx-
imation to the binomial distribution. According to an
established criteria, 75% of ECS-control animals must

exhibit amnesia (enter the darkened compartment in less
than 60 s). With this constraint 40% or greater reversal
of amnesia was significantly different from ECS-control
(p <0.05) and the compound was rated as active.
Compounds selected for their ability to reverse ECS-
induced amnesia were tested for effects on performance
of rats on a delayed alternation task.!®* Briefly, male
hooded rats ranging in age from 4 months to 3 years were
used. These animals were drug- and test-sophisticated and
were food deprived 22 h prior to testing. Groups of 15-20
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Table II. Chemical and Biological Data of Modified Di- and Tripeptides

reversal of electroconvulsive shock
induced amnesia in rodents?

[a]**p, % %
deg dose, reversal reversal
compound® (MeOH) formula anal, mg/kg im rats mice
20, Z-Pro[CH,0]Gly 527 CyHypNO; C,HN 0.10 50
0.010 40
0.001 40
1 37
10 62
100 62
21, Z'Pl‘O[CHQO]LGU'Gly =79 CZIHSON206 C, H, N 0.10 43
0.010 71
0.001 29
22, Z-PI'O[CHQO]CHQCOGIY -41.7 C”HnNQOG C, H, N 0.10 57
0.010 43
0.001 14
23, Z-Pro[CH,0]CH,COGly-NH, 41 CyHuN;O4 C,H,N 0.10 20
0.010 33
0.001 56
24, Z-PI'O[CHQO]LQU'GIY-NHQ -76.9 021H31N305 C, H, N 0.10 0
0.010 0
0.001 33
25, Z-Pro-Leu[CHZO]Gly —69.6 CZlHSONZOG C, H, N 0.10 0
0.010 0
0.001 29
26, Z'PI'O-LeU[CHQO]Gly-NHz -55.3 C21H31N305 C, H, N 0.10 14
0.010 57
0.001 42
27, Z-Pro-Phe[CH,0]Gly-NH, 451 CaHyN;Os C,H N 100 25 7
10 42 59
1 25 20
0.10 0
0.010 11
0.001 11
28, Z-Pro-Leu[CH=-CH]Gly-NH, -73.0 CgH3 N30, C.HN 0.10 44
0.010 77
0.001 33
29, <Glu-Leu[CH=CH]Gly-NH, 391 CyHyN;0, C,H,N 0.10 44
0.010 0
0.001 11
30, Z-PI'O[CHQNH]LGU'GIY'NHQ -62.6 Cng32N4O4 C, H, N 100 60 57¢
10 60 67
1 80 85
0.10 0
0.010 0
0.001 11
31, Z-Pro-Leu[CH,NH]Gly-NH, -55.2 CyH;,N,0,HC1/ H,0 C,H,N 10(()) g
1
1 0
0.10 43
0.010 43
0.001 43
32, <Glu-Leu[CH,NH]Gly -4.3 C,3Hy3N;0,-HCl/ H,0 C,H, N, Cl 108 58
1
1 66
0.10 33
0.010 33
0.001 33
33, Z-Pro[CH,;NH]Leu[CH,NH]Gly 72 CyuHyN;0,13/HClY/;H,0 G H N,Cl 100 ©
1 10
0.10 14
0.010 20
0.001 0
34, Tos-Pro[CH,NH]Leu[CH,NH]Gly =~ -69.1  CyH;N;0,82HCI C,H,N 58 88
1
1 20
0.10 40
0.010 0
0.001 0
35, Tos-Pro{CH,;NH]Leu-Gly 610 CyoHgNsOsS1.4HCl C,H N 0.10 0
0.010 33
0.001 33
36, TOS-PI’O-LBU[CHZNH]G]Y -120.5 CmHalNaoss'Hcl C, H, N 0.10 17
0.010 33
0.001 17
37, Tos-Pro[CH;NH]-D-Leu-Gly-NH, -79.4 C4oH3,N,0,83/,H,0 HeC, N 1(1)8 g;
1 75
0.10 34
0.010 0

0.001 0
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Table II (Continued)

reversal of electroconvulsive shock
induced amnesia in rodents®

[a]”D, ) % %
eg dose, reve reversal
compound® . (MeOH) formula anal. mg/kg im rats mice
38, BOC-Pro[CH,NH]-D-Lys(Z)-Gly-NH, -13.5 CogHN;Og!/ (CH,Cl, HfC,N 0.1 16
0.010 33
. 0.001 16
39, Pro[CH,NH]-D-Lys(Z)-Gly-NH, -7.9 C,,Hy3N:0,-2CF;CO,H C/H,N,F 100 83
10 16
1 16
0.10 33
0.010 16
) 0.001 0
40, Z-Pro[CH,NH]Leu[CH,S]Gly -16.1 CyH3N,0,S C,H,N, S 100 100
10 0
1 60
0.10 60
0.010 80
: 0.001 20
41, Z-Pro[CH,;NH]Leu[CH,S]Gly-NH, -5.9 CyH3:N;0,8-HCIY/ H,O SfC H,N 0.10 gg
0.010
0.001 45
42, Z-Pro-Leu[CH,S]Gly -18.0 CHyN204S-0.1CH,Cl, C,H,N,S 0.10 14 69
0.010 57 77
0.001 57 69
43, Z-Pro(4-CO)-Leu[CH S1Gly -32.5 CyHosN,OgS C,H,N,S 10 80 0°
1 100 17
0.10 83 17
0.010 50
0.001 17
44, Z-Pro-Leu[CH,S0,]Gly C;HyoN,0,8 C,H,N,S 0.10 0
0.010 0
0.032 66
0.010 100
0.001 50
45, Z-<Glu-Leu[CH,S]Gly +0.26  CyHpeN,068 C,H,N,S 100 0
10 0
1 0
0.10 0
0.010 33
0.001 33
46, Z-Pro-Leu[CH,S1Gly-NH, -30.3 CyH3N30,8:1/,H,0 C,H,N, S 0.10 50
) 0.010 33
0.001 66
0.0001 0
47, Z-Pro[CH,S]Lys(Z) -34 CyH3 N;OcSNa C,H,N 0.10 45
’ 0.010 12
0.001 45
48, Bz(4-OMe)-Pro-Leu[CH;S]Gly -38.1 Cy H3yN,05S C,H,N, S 0.10 60 12¢
) 0.010 050
0.001 40 12
49, Z-Pro[CH,S]Leu-NH-C;H, -35.5 CyH3N,0,S C,H,N,S 0.10 20
0.010 20
. 0.001 60
50, Z-Pro[CH,S]Leu-NHCH,CH,SCH,CH; -21.5 Cy3H3gN,03S, C,H,N, S 0.10 0
0.010 0
0.001 33
51, /A 0 +57.3 C“H21N0382 C, H,N,S 0.10 20
H;C/Qg—Llu[CHzS]GIy 0.010 60
0.001 60
52, 2™ o +48.3 C,HxN,0;8-HC10.2H,0 C,H,N, S 0.10 14
BN 0.010 0
~—Leul CHzSIGIy . 0.001 57
53, Z-Pro-NHC(CH,0H)H(CH,),NHZ —28.4 CyyH3sN;0, C,H,N 100 0
10 20
1 0
0.10 40
0.010 40
0.001 50

@ All amino acids L unless otherwise designated. Z = benzyloxycarberyl, BOC = tert-butoxycarbonyl, Bz = benzoyl, Tos = tosyl. The
moiety in brackets, e.g., [CH;0], indicates that the amide bond, CONH has been replaced with that function. The structure of compound
20 therefore would be Z-Pro[CH,0]CH,CO,H. ®Except for one or two compounds, replicate experiments were not done. Criteria established
with control animals was such that the results obtained with test compounds were taken as having definitive value. ¢Oral. ¢Calcd 7.82,
found 7.28. ¢Calcd 7.73, found 7.34. /Calcd 46.37, found 45.84. ¢Calcd 7.90, found 8.67.

animals were used at each dose of the selected compounds. successive trials. Accuracy of performance as a function
Discrete-trial, operant procedures were used to assess of the intertrial interval (ITI) was used as the measure of
short-term memory with use of a two-choice, delayed-al- retention. ‘Generally, performance on this task was above

ternation problem. This tastk required the animal to 90% correct with ITIs of less than 30 s. A progressive
alternate lever-press responses between two levers on decline in accuracy occurred as the ITI is lengthened until
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Table III. Cyclic Modified Peptides

Nicolaides et al.

[a]%p, reversal of electroconvulsive shock
deg induced amnesia in rodents
compound (MeOH) formula anal. % %
dose, reversal reversal
mg/kg im rats mice
54, 0 C;H;;NO, C,H,N 100 63°
10 77
1 58
0.10 33
0.010 33
0.001 0
55. C14HyN3 1.7HCL CtClH,N 100 24
» 10 0
1 20
W\N\/KO 0.10 66
NH, 0.010 83
0.001 50
0.0001 82
56, <Glu-Lew[CHpN —213 ClgHMN,gOa'HCl'HzO I'I,d C, N 0.10 0
m 0.010 0
0.001 0
0
57,7 -Pro-LeulCH,N -25.5 CZ7H42N404'HCI'1/2H20 C, H, N 100 80
: /K\( 10 0
1 0
0 0.10 50
0.010 17
0.001 17
58, H .1
Sz-Phe[CHz“’N—QEN> Cz7H29N503 /4CHCla GHN 1(1)8 gg
7 4 1 50
0.10 43
0.010 0
0.001 0

¢Oral. ®Calcd 52.98, found 52.52. °Calcd 18.99, found 18.02. 4 Calcd 8.86, found 8.09.

responding fell to chance (50% correct) with ITIs greater
than 120 s. Selected compounds were administered in-
tramuscularly 30 min prior to testing. Each dose level was
studied in an independent group and was compared to the
immediately preceding control session in the same animals.

One modified peptide, Z-Pro[CH,NH]Leu-Gly-NH,, 30,
was tested at 0.1, 1.0, 10.0, and 100.0 ug/kg (im) for its
ability to improve performance of aged and young rhesus
monkeys in a delyaed response test. These procedures are
described in detail elsewhere.* Briefly, a stimulus was
presented on one of nine panels arranged in a 3 X 3 matrix.
Recall of the spatial position of the stimulus was tested
following retention intervals of various lengths. Drug ef-
fects were evaluated by comparing the percent correct and
the average delay attained under drug and control con-
ditions by using an analysis of variance with repeated
measures.

Results and Discussion

Lysine vasopressin (LVP) and arginine vasopressin
(AVP) and several peptides related to the C-terminal
portion of these two hormones were tested for their effects
on memory. Pro-Leu-Gly-NH, and Z-Pro-Leu-Gly-NH,
were also tested. Several of these peptides showed sig-
nificant activity in reducing electroconvulsive shock-in-
duced amnesia in rodents. These results confirm earlier
observations obtained with puromycin-induced amnesia.

We also found very little difference between the activity
of LVP and AVP. Z-Pro-Leu-Gly-NH, (14) was about
twice as active as the unprotected peptide 13 and was one
of our most active compounds. Peptides containing Lys
had significant activity also.

There was not a large difference in activity between the
Z peptide and the non-Z 3 and 4. However, other struc-
tural changes in the Lys peptides were significant. Re-
placement of Z with BOC gave an inactive compound 5.
The terminal amide was not essential since the free acid

9 had good activity. A BOC group on the N¢Lys appeared
to be detrimental, 6 and 8, but a Z in this position in-
creased activity, 7. Dipeptides of Lys-Gly 11 and 12 were
weakly active. In general, peptides containing Arg were
uniformly less active and it was decided not to pursue the
synthesis of modified peptides containing this amino acid
for the present.

With all of the peptides investigated, there appeared to
be a “window” of activity in which compounds were active
at a fairly narrow dose level. This window occurred at
various dose levels, which make structure-activity com-
parisons difficult. For example, choosing the most active
compound from 4, 9, and 10 would be problematical, at
best.

The modified peptides were tested mainly in the rat for
their ability to reverse electroconvulsive shock-induced
amnesia, and several of these were significantly active. One
of the most consistently active compounds was 20, but
some caution must be used in ascribing its activity to its
structural relationship to a tripeptide since it does have
some resemblance to pramiracetam.” The other methy-
leneoxy isosteres in this series, 21-27, are more easily
defined. The compounds with this isosteric replacement
between the Pro and Leu are more active than those be-
tween the Leu and Gly. This can also be said for a single
methylene amino isostere 30 and 31. A doubly modified
methyleneamino isostere, 33, was nearly inactive; a tosyl
group replacing a Z increased activity slightly, 34. This
contrasts with other tosyl replacements that were of
doubtful value, e.g., 35. In compound 37, it is possible that
the D-Leu contributed to its activity sufficiently to over-
come the negative effect of the tosyl group. In contrast
to the low activity of the double methyleneamino com-
pound, the mixed methyleneamino, methylenethio peptide
40 was very active. The methylenethio isosteres were of
some interest. The majority of those prepared had low to
moderate activity, 42-52. The sulfone 44 had good activity
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at low doses only (window effect), and the 4-ketoproline
43 was active at most doses but was inactive orally.

The activity of some of the cyclic compounds in Table
III was surprising. Compound 54 was quite active orally
in the mouse but inactive im in the rat, which is an
anomalous result. Compound 55 was very active at low
doses.

From a comparison of the peptides containing isosteric
amide bond replacements with the parent peptides, it can
be concluded in general that the isosteres were somewhat
less active. However, this is very dependent upon the type
of isostere and its position in the peptide. Also in some
cases this comparison is difficult since not all the parent
peptides were prepared.

In order to further study the effect of peptides and the
modified peptides on short-term memory, five compounds,
3,9, 10, 13, and 30, were selected for evaluation in the
rodent delayed alternation test. The compounds were
given im and three of them showed very weak activity in
this test, 9, 10, and 13. Compound 30 was also tested in
the rhesus monkey for effects upon delayed-response
performance at four dose levels (0.1, 1.0, 10.0, and 100
pg/kg, im) administered 30 min before testing. Statistical
analyses indicated that 30 did not significantly facilitate
short-term memory in either rats or aged rhesus monkeys.

Our conclusions from these tests were that, although
some of the peptides and modified peptides reverse am-
nesia, there were no significant effects in tests of short-term
memory. However, it is certainly possible that a different
type of learning and memory test would give different
results.

Experimental Section

Melting points were determined in a Thomas-Hoover melting
point apparatus and are uncorrected. Microanalyses were within
+0.4% unless otherwise indicated. Infrared spectra were recorded
on a Digilab FTS-14 pulsed Fourier-transform spectrophotometer.
The NMR spectra were recorded on a Varian EM-390, Varian
XL-200, or a IBM WP100SY instrument. The IR and NMR
spectra were compatible with the assigned structures. Rotations
were recorded on a Perkin-Elmer Model 141 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). Protected amino acids were purchased
from Bachem, Inc. or Chemical Dynamics.

Methyl N-[NS-[(1,1-Dimethylethoxy)carbonyl]-N2-[1-
[(phenylmethoxy)carbonyl]-L-prolyl]-L-lysyl]glycinate.
Z-Pro-Lys(BOC)-Gly-OMe (8). A solution of 8 g (0.0177 mol)
of Z-Lys(BOC)-Gly-OMe!® and 1.14 g of citric acid in 50 mL of
MeOH was hydrogenated at 50 psi with 0.5 g of 20% Pd/C for
18 h. The catalyst was removed and the filtrate evaporated in
vacuo to a gum. The gum was dissolved in 50 mL of DMF and
cooled to 10 °C, and 2.5 g (0.0177 mol) of 1H-benzotriazol-1-ol
(HOBT), 5 mL of Et;N, 4.5 g (0.0177 mol) of Z-Pro, and 3.8 g
(0.0177 mol) of DCC were added. The solution was stirred for
2 days at 25 °C, filtered, and evaporated. Hexane gave a solid;
6 g (62%), mp 103-105 °C, [a]?*®p -45° (¢ 1, MeOH). Anal.
(CH,xN,Oy C, H, N.

N-[N-[1-[(Phenylmethoxy)carbonyl]}-L-prolyl]-L-lysyl]-
glycine. Z-Pro-Lys-Gly (9). To a solution of 4 g (0.0073 mol)
of 8 in 25 mL of MeOH was added 10 mL of 2 N NaOH. After
1 h, the MeOH was evaporated, 10 mL of 2 N HCI was added,
and the solution was extracted with EtOAc. The EtOAc was dried
and evaporated to a solid. The solid was taken up in 30 mL of
trifluoroacetic acid (TFA) and kept 15 min at 25 °C. The solution
was evaporated and then gave a white solid; 2.7 g (85%), [«]%p
-52.9° (C 1, MeoH) Anal. CZIH30N406'2CF3C02H) C, H, N.

I-[(1,1-Dimethylethoxy)carbonyl]-L-prolyl-N5-[imino-

(16) Ten Kortenaar, P. B. W.; Wilkerson, W. W.; Boggs, N. T.;
Madar, D. A,; Koehler, K. A,; Hiskey, R. C. Int. J. Peptide
Protein Res. 1980, 16, 440.
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(nitroamino)methyl]-L-ornithylglycinamide. BOC-Pro-
Arg(NO,)-Gly-NH, (17). This peptide was prepared by solid-
phase synthesis on a 2% Merrifield resin with use of standard
procedures. The product was obtained as a white solid; [«]®p
-42.8° (¢ 1, MeOH). Anal. (C,gH3,N;0-0.5CHCl,) C, H; N: caled,
21.06; found, 22.22.
1-[(1,]1-Dimethylethoxy)carbonyl]-L-prolyl-L-arginyl-
glycinamide. BOC-Pro-Arg-Gly-NH, (16). Catalytic hydro-
genation of peptide 17 in MeOH gave 16 as a cream solid; [«]%p
-50.4° (C 1, MeOH). Anal. (ClgH33H7O5'H20) C, H, N.
(S)-2-Chloro-N-[1-(hydroxymethyl)-3-methylbutyl]acet-
amide (59). A solution of chloroacetyl chloride (25.64 g, 0.227
mol) in 57 mL of acetone was added dropwise with stirring to a
solution of L-leucinol (26.63 g, 0.227 mol), and NaOAc (37.24 g,
0.454 mol) in a mixture of 340 mL of acetone and 170 mL of H,0
at 0-5 °C. The mixture was stirred and allowed to reach room
temperature over 2 h, the solvent was evaporated in vacuo, and
the residue was suspended in 250 mL of CHCl; and washed with
H,0. The CHCI, layer was separated, dried over Na,SO,,
evaporated in vacuo, and the residue was purified by chroma-
tography using silica gel and eluting with CH,Cl,~-MeOH (95:5)
to give 59, 28 g (64%); [a]®p -32.6° (¢ 0.52, MeOH). Anal.
(CsH,¢CINO,) C, H, N.
(S)-5-(2-Methylpropyl)-3-morpholinone (60). Compound
59 (26.34 g, 0.136 mol) was dissolved in 450 mL of THF, the
solution was cooled to 0-5 °C, and 7.8 g (0.195 mol) of 60% NaH
in mineral oil dispersion was slowly added. The mixture was
allowed to reach room temperature and was stirred for 14 h. H,0
(10 mL) was added, the solvents were evaporated in vacuo, and
the residue was suspended in 250 mL of CHCl; and washed with
100 mL of H,0 and then a saturated aqueous solution of NaCl.
The CHC], layer was separated, dried over Na,SO,, and evapo-
rated in vacuo. The residue was purified by chromatography using
silica gel and eluting with CH,Cl,~-MeOH (95:5) to give 60; 5.1
g (24%), mp 69-70 °C, [a]®p -13.7° (¢ 1.11, MeOH). Anal.
(CgH,;5sNOy) C, H, N.
(S)-[[4-Methyl-2-[[(phenylmethoxy)carbonyl]Jamino]-
pentylJoxyJacetic Acid (61). Compound 60 (3 g, 0.019 mol) was
suspended in a solution of 50 mL of concentrated HCl and 50 mL
of H,0, and the mixture was refluxed for 4 h, cooled to room
temperature, and extracted with 200 mL of CH,Cl,. The aqueous
layer was separated and evaporated in vacuo, the residue dissolved
in 200 mL of H,0, and the pH adjusted with a 10% aqueous
solution of NaOH to pH 10-10.5. The solution was cooled to 5
°C and 3.73 g (0.022 mol) of benzyl chloroformate added dropwise
while the pH was maintained at pH 10 with a 10% aqueous
solution of NaOH. The mixture was stirred 1 h and extracted
with 100 mL of diethyl ether. The aqueous layer was separated
and the pH was adjusted to pH 3-4 by the addition of a 10%
aqueous solution of HCl. The mixture was extracted with CH,Cl,.
The CH,Cl, layer was separated, washed with a saturated aqueous
solution of NaCl, separated, dried over Na,SO,, and evaporated,
and the residue was purified by chromatography using silica gel
and eluting with CH,Cl,-MeOH (95:5) to give 61; 5 g (85%), [«]%p
-30.5° (¢ 0.55, MeOH). ‘Anal. .(C,;¢HyNO;) C, H, N.
(S)-Phenylmethyl [1-[(2-Amino-2-0xoethoxy)methyl]-3-
methylbutyl]carbamate (62). Methyl chloroformate (0.87 g,
0.009 mol) was added dropwise with stirring to a solution of 2.52
g (0.008 mol) of 61 and 0.93 g (0.009 mol) of Et;N in 100 mL of
CH,Cl, at -5 to 10 °C. The mixture was stirred for 30 min at
-5 °C, allowed to reach 0 °C, and saturated with NHj; for 5 min.
The mixture was allowed to reach room temperature and stirred
for 1 h, the solvent was evaporated in vacuo, the residue was
dissolved in 200 mL of CH,Cl, and washed with a saturated
aqueous solution of NaCl, and the CH,Cl, layer was separated,
dried over Na,SO,, and evaporated in vacuo. The residue was
purified by chromatography using silica gel and eluting with
CH,Cl,-MeOH (95:5) to give 62; 1.8 g (78% ), mp 78-79 °C, [a]*p
-22.1° (¢ 1.15, MeOH). Anal. (C,sH;N,0,) C, H, N.
[S-(R*,R*)]-Phenylmethyl 2-[[[1-[(2-Amino-2-0x0eth-
oxy)methyl]-3-methylbutyl]lamino]ecarbonyl]-1-
pyrrolidinecarboxylate (26). A stirred suspension of 1.58 g
(0.0051 mol) of 62 and 0.3 g of 20% Pd/C in a 100 mL of MeOH
was exposed to H, gas for 15 min, the suspension was purged with
N, gas and filtered, and the solvent was evaporated in vacuo at
30 °C. The residue was dissolved in 100 mL of CH,Cl,, the
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Table IV. Intermediates

Nicolaides et al.

compound mp, °C formula anal. [«]%p, deg (MeOH)
59, CICHZCONHTHCHZOH CgH;sCINO, C,H,N -32.6
CH,CH(CH3);
60. ﬁj\ 69-70 CgH5sNO, C,H,N -13.7
o | CH,CHICHy)p
H
6t CsH_-,CHZOCONHTHCHzOCHzCOzH Ci16H2sNO; C,H,N -30.5
CH,CHICH3),
62, C,H,,CHZOCONHTHCHZOCHZCONHZ 78-79 C1gHaN0, C,H N -22.1
CH,CH(CHy),
3. CosHasN,Og C,H N -62.8
Q\CONHCHCHZOCHZCOZC(CH,)Z
z HaCH(CH3),
64, CICHZCONNTHCHZOH 83-82 CiiH,CINO, C,H N -25.9
CH,CeHs
€5, 2Oj\ 95-98 CuH]gNOz C, H, N
OFNT N CHCH
86. ZNHCHCH,0CH,CO,H 96~100 CisHuNO; CHN
CH,CeHs
67, ZNHCHCH,0CH,CONH, 135-137 CygHuN,0, C,H,N
CHCeHs
€8, |5f 79-82 CquoBl'NOz C, H, N -54.0
—cocr4cnzcr4(cn,)z
CHoCHICHy), 61-65 C,,H;gNO, C,H,N -73.3
O\ C1sHNO; C,H,N -78.7
CH,ocnco,H
CHZCH(CH_.,)Z
O\ CysHauN:0, C,H,N -72.7
CHZOCHCONHCHZCOzEt
cnzcr4(cn,)z
Q\ CysHagN;0g C,H,N -70.2
CHZO HCONHCHZCO,CICH )5
L cngn(cn,)z
73 f C,H,,CINO, C,HN -62.2
Q_Lw.
OH
74, Q\ C1gHsNo0g C,H N -37.3
CH,OCH,CONHCH,CO,E
}
75 7 CHCHCHy), C1H;gNO, C,H N -46.1 (CHCly)
N
l
r4
76, (CHs)zCHCHzTHCHzN—CH —CH<S:;(CH3)2 107-108 CMH51N306 CHN w163
NHZ  CHyCO,C(CH)y
77. (CHg),CHCH,CHCH,NHCH,CO,C(CH)3 50-52 Cy0H3N,0, C,H N -10.0
NHZ
78, (CHS)ZCHCHZTHCHZSH CgH,sNS C,H,N, 8 +35.5
NH,
79, (CH,)zCHCHzTHCHzSCHZCOZC(CHS)Z C,.HyNO,S C,H, N, S +486.7
NH,
go. ] CysH3sN;058 C,H,N, S -11.6
O\ ﬁ 255138 N 905
N NHiHCHzSCHzCOZC(CH3)3
|Z Ha

CH(CH3)
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Table IV (Continued)
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compound mp, °C formula anal.  [a]}®p, deg (MeOH)
n 89-91 CosH3sN,06S C,HN,S +33.2
com-«cr-«cr-«zscr-«zcozucr-cs)3
cr-«zcr-«cr-cs)z
2 81-83 C1sH;oNO;S C,H,N, 8 +56.5
i 18F1191NU3S,
H,c/<:>\coNr-«cr-«cr-czscnzcozC(cr-43)3
CHoCH(CH3),
o{)\ CasH3sN06S C,H N, s +13.0
com-«cr-«cr-«zscr-«zcozc(cr-cs)3
cr-«zcr-c(cr-cs)z
@\ CISH25N203S C, H, N, S +57.9
CONH HCHZSCHZCOZC(CHS)_.,
G'IZCH(CH_.,)Z
83, Q\ CasH3sN,0,S C,HN,S -38.3
| CONHCHCH,S0,CH,CO,CICH,)s
z HaCH(CH3)y
86, 117-121 CasH3sN,05S C,HN,S -30
conHe <cr-4zcr-4(cr-43)z
CH,S0,CH,C0,C(CHy)5
cocsmocr-«3
8. CysHN,0,S-1/;CHCl, C,HN,S —21.4
CHzNHCI:HCHzSCHzCOzC(CHS)S
CH,CH(CH3),
ss. CasH N30:S NG, H, 8 +16.6
O\CHZN CHCH,SCH,CONH,
z aoc CHCHICH3)y
8e. SH20H 90-91 CyH,;NO;38 C,H N -89.4
~—$0,CeHgCH3
0. GCHO 139-140 CyH;sNO,S C,H,N -121.0
N—S0,CeHsCH3
91, (CH3)}xCOCNHCHCH==CHCH,COH 126-1928 CZ(_}I.I“I\IZO4 C,H N -18.0
O CH,CH(CH3),
*NH{CeH, )z
92, (CHy);COCNHCHCH==CHCH,CONH, 88-94 C14HgN, 0, C,H,N -920.0
O CH,CHICH3),
93, NH,CHCH==CHCH,CONH, CnggNzo'HCl'3/4H20 H,b C, N +20.9
CH,CH(CH3),
94. Q\ 015H19N03S'1/8DIAD C, H, N
| CHaSCOCH3
z
9, Q\ C13H17NO,S-1/,DIAD C,H N
| CH,SH
z
9. erHCOZH C]4H18BI'NO4'0.1HBI' C, H, N
(CHo L NHZ
97, BrCHICH,),NHZ C1sH3BrNO, C,HN
COaCH3
9. Q\ Cy3Hy NO,S C,H N, S
N cnstr-c—ooZC(cr-cs)3
CH,CHICH3),

aCaled 8.27, found 7.72. ®Caled 9.38, found 8.65.

solution was cooled to 0 °C, and 1.3 g (0.0051 mol) and Z-Pro,
0.78 g (0.0051 mol) of HOBT, and 1.1 g (0.0051 mol) of DCC were
added. The mixture was allowed to reach room temperature,
stirred for 14 h, and filtered, the solvent evaporated in vacuo, and
the residue dissolved in 200 mL of CH,Cl, and washed successively
with a 5% aqueous solution of Na,CO3, 10% aqueous solution

of citric acid, and a saturated aqueous solution of NaCl. The
CH,Cl, layer was separated, dried over Na,SO,, and evaporated
in vacuo and the residue purified by chromatography using silica
gel and eluting with CH,Cl,-MeOH (95:5), yielding 26; 1.1 g (53 %),
mp 141-148 °C, [«]%p -55.3° (¢ 1.31, MeOH). Anal. (CyHjN;O05)
C,H, N.
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[S-(R*,R*)]-Phenylmethyl 2-[[[1-[[2-(],]-Dimethyleth-
oxy)-oxoethoxy]methyl]-3-methylbutyl]lamino]carbonyl]-1-
pyrrolidinecarboxylate (63). Compound 61 (1.75 g, 0.0057 mol)
was dissolved in 50 mL of CH,Cl,, the solution was placed in a
pressure vessel and cooled under N, gas to 5 °C, 0.5 mL of con-
centrated H,S0, was added, the mixture was recooled to 5 °C,
and 10 mL of isobutylene was added. After 65.5 h the mixture
was poured with stirring over a mixture of 1.35 g (0.0098 mol)
of K,CO;3, 50 mL of H,0, 50 g of ice, and 50 mL of CH,Cl, at such
a rate that the temperature did not exceed 15 °C. The CH,Cl,
layer was separated, washed with a saturated aqueous solution
of NaCl, dried over Na,SO,, and evaporated in vacuo. The residue
was purified by chromatography using silica gel and eluting with
CH,Cl,-MeOH (98:2), affording the intermediate tert-butyl ester.
A stirred suspension of 0.92 g (0.0025 mol) of the intermediate
tert-butyl ester and 0.2 g of 20% Pd/C in 100 mL of MeOH was
exposed to H, gas for 15 min, the suspension was purged with
N, gas and filtered, and the solvent evaporated in vacuo at 50
°C. The residue was dissolved in 100 mL of CH,Cl,, the solution
was cooled to 0 °C, and 0.63 g (0.0025 mol) of Z-Pro, 0.4 g (0.0025
mol) of HOBT, and 0.52 g of DCC were added. The mixture was
allowed to reach room temperature, stirred for 14 h, and filtered,
the solvent evaporated in vacuo, and the residue dissolved in 200
mL of CH,Cl, and washed successively with a 5% aqueous solution
of Nay,COj3, 10% aqueous solution of citric acid, and a saturated
aqueous solution of NaCl. The CH,Cl, layer was separated, dried
over Na,SO,, evaporated in vacuo, and eluted with CH,Cl,-MeOH
(98:2), giving 63; 0.9 g (34%), [a]*, 62.8° (¢ 0.56, MeOH). Anal.
(CysH3sN,Og) C, H, N.

[S-(R*,R*)]-Phenylmethyl 2-[[[1-[(Carboxymethoxy)-
methyl]-3-methylbutyl]amino]carbonyl]-1-pyrrolidine-
carboxylate (25). Compound 63 (0.6 g, 0.0013 mol) was dissolved
in 20 mL of TFA at 0 °C. The mixture was allowed to stand 15
min at 0 °C and then allowed to reach room temperature over
30 min, and the solvent was evaporated in vacuo at 25 °C. The
residue was dissolved in 100 mL of CH,Cl; and washed with a
saturated aqueous solution of NaCl. The CH,Cl, layer was
separated, dried over Na,SO,, and evaporated in vacuo and the
residue purified by chromatograpy using silica gel and eluting with
CH,Cl,-MeOH (95:5), affording 25; 0.4 g (75.5%), mp 118-120
°C, [a]?p -69.8° (¢ 0.52, MeOH). Anal. (C, H3N,0¢) C, H, N.

[S-(R*,R*)]-Phenylmethyl 2-[[[1-[(2-Amino-2-oxo0eth-
oxy)ethyl]-2-phenylethyl]Jamino]carbonyl]-1-pyrrolidine-
carboxylate (27). This compound was obtained from interme-
diates 64-66 via Scheme I in 41.5% yield; mp 137-142 °C, [«]®p
-45.1° (C 109, MeOH) Anal. (C24H29N305) C, H, N.

[S-(R*,R)]-Phenylmethyl 2-[[1-[[(Carboxymethyl)-
amino]carbonyl]-3-methylbutoxy]methyl]-1-pyrrolidine-
carboxylate (21). Hydrolysis of 72 with TFA at 0 °C for 30 min
and subsequent chromatography on silica gel with CH,Cl,-MeOH
(95:5) gave the desired product in 71% vyield; [«]* —=79° (¢ 0.34
MeOH). Anal. (C,Hy4N,0¢) C, H, N.

[S-(R*,R*)])-Phenylmethyl 2-[[1-[[(2-Amino-2-oxoethyl)-
aminojcarbonyl]-3-methylbutoxy]methyl]-1-pyrrolidine-
carboxylate (24). A solution of 2 g (0.0046 mol) of 71 in 200 mL
of MeOH saturated with NH; was kept 14 h at 25 °C. Evaporation
and silica gel chromatography afforded 1.6 g (86%) of 24; [«]%y
-~76.9° {¢ 0.46 MeOH). Anal. 021H31N305) C, H, N.

Tetrahydro-1H-pyrrolo[2,1-c][1,4]oxazin-4(3H)-one (54).
A solution of 12 g (0.068 mol) of 73 in 500 mL of THF was treated
with NaH and gave 4.4 g (46%) of the desired product, mp 63.5-66
°C. Anal. (C;H;;NO,) C, H, N.

(S)-Phenylmethyl 2-[(Carboxymethoxy)methyl]-1-
pyrroldinecarboxylate (20). From 5 g (0.0354 mol) of 54 there
was obtained after HCI hydrolysis and then acylation with benzyl
chloroformate 8 g (77%) of 20; [«]%}, -52.7° (¢ 1, MeOH). Anal
(C;sHpNO;) C, H, N.

(S)-Phenylmethyl 2-[[{2-[(2-Amino-2-0xoethyl)amino]-2-
oxoethoxy]methyl]-1-pyrrolidinecarboxylate (23). A 4-g
(0.0106 mol) sample of 74 with NH;-~MeOH yielded 3 g (81%)
of 23; mp 108.5-111 °C, [a]?® -41.0° (¢ 0.57, MeOH). Anal.
(C17H23N305) C, H, N.

(S)-Phenylmethyl 2-[[2-[(Carboxymethyl)amino]-2-oxo-
ethoxy]methyl]-1-pyrrolidinecarboxylate (22). Treatment
of 3.87 g (0.0102 mol) of 74 with 1 equiv of 50% NaOH in MeOH
for 4 h afforded 1.75 g (49%) of product, [«]?, —41.7° (¢ 0.58,

Nicolaides et al.

MeOH). Anal. (CI7H22N206) C, H, N.

(S)-Phenylmethyl 2-(2-Methylpropyl)-l-aziridine-
carboxylate (75). To a solution of 24.3 g (0.0245 mol) of (S)-
2-(2-methylpropyl)aziridine!” in 500 mL of ether at 0 °C was added
34.2 mL (0.0245 mol) of Et;N followed by 40.4 mL of benzyl
chloroformate dropwise over 30 min. After 1 h at 0 °C, the ether
solution was filtered and evaporated and the residue distilled;
bp 105-112 °C (0.6 mm), yield 51.7 g (80.5%), [a]*, —-46.1° (c
1, CHClLy). Anal. (C;,H\(NO,) C, H, N.

Aziridine Ring Opening. With Amines. To a refluxing
solution of 15.1 g (0.115 mol) of Gly-O-tert-butyl in 200 mL of
absolute EtOH was added dropwise over 1 h 24.2 g (0.104 mol)
of 75 in 50 mL of absolute EtOH. The solution was refluxed for
2 days, the solvent removed, and the residue chromatographed
on silica gel with CHCl;-EtOAc (3:1). A fast-moving component
was isolated and was recrystallized from hexane; 14.3 g, mp
107-108 °C, [a]*p -16.3° (¢ 1, MeOH). This product was iden-
tified as [S-(R*,R*)]-1,1-dimethylethyl N,N-bis[4-methyl-
2-[[(phenylmethoxy)carbonyl]Jamino]pentyl]glycinate (76).
A slow-moving fraction from the silica gel gave 17.6 g of an oil,
which crystallized; mp 50-52 °C, [«]%p -10.0° {c 1, MeOH). This
proved to be the expected product 77.

Aziridine Ring Opening. With H,S. To a solution of 27
g (0.79 mol) of H,S in 100 mL of absolute EtOH at —78 °C was
added in small portions 8.99 g (0.09 mol) of (S)-2-(2-methyl-
propyl)aziridine. The stirred solution was allowed to warm to
25 °C, and the solvent was evaporated, leaving a yellow oil, which
crystallized. Silica gel chromatography using CH,Cl,-MeOH (97:3)
gave 6.63 g (55%) of (S)-2-amino-4-methyl-1-pentanethiol (78);
[@]®p +85.5° (¢ 1, MeOH). Anal. (C¢H,;3sNS) C, H, N, S.

[S-(R*,R*)]-Phenylmethyl 2-[[[1-[[(2-Amino-2-0xo0-
ethyl)amino]methyl]-3-methylbutyllamino]carbonyl]-1-
pyrrolidinecarboxylate (31). The carbobenzoxy group was
removed from 77 with use of 20% Pd/C-H, at 50 psi in MeOH.
To a solution of 1.34 g (0.0058 mol) of the crude amino ester, 1.45
g (0.0058 mol) of Z-Pro, 0.786 ¢ of HOBT in 40 mL of THF at
0 °C was added 1.21 g (0.0058 mol) of DCC. The mixture was
stirred 18 h at 25 °C, filtered, and evaporated. The product was
purified by chromatography over silica gel, eluting with
CHCl;-MeOH (98:2), and yielded 1.77 g of [S-(R*R*)]-
phenylmethyl 2-[[[2-[[[2-(1,1-dimethylethoxy)-2-0x0ethyl]-
amino]methyl]-3-methylbutyljamino]carbonyl]-1-pyrrolidine-
carboxylate. The ester was added to a solution of 50 mL of MeOH
saturated with HCI gas. After the solution was allowed to stand
for 4 h at 25 °C and 18 h at 0 °C, the solvent was removed, leaving
1.14 g of the methyl ester as an oil. The oil was dissolved in 50
mL of MeOH at 0 °C and saturated with NHj; gas. The flask was
stoppered and let stand 18 h. The solvent was removed and the
residue chromatographed on silica gel with CHCl;-MeOH (9:1).
The product, 31 (0.86 g, 37%), was converted to the hydrochloride
salt; [«]®p -55.2° (¢ 1.18, MeOH). Anal. (CyH3,N,0,-HCL
0.25H,0) C, H, N.

(S)-1,1-Dimethylethyl [(2-Amino-4-methylpentyl)thio]-
acetate (79). To 200 mL of liquid NH; was added 2.66 g (0.020
mol) of 78 followed by 3.95 g (0.020 mol) of 1,1-dimethylethyl
bromoacetate. The NH; was allowed to evaporate, H,O was
added, and the mixture was extracted with ether. The ether was
dried and evaporated, and the residual oil was chromatographed
on silica gel using CH,Cl,-MeOH (98:2), affording 2.11 g (43%)
of product; [«]*p +46.7° (c 1, MeOH). Anal. (C,,Hy;NO,S) C,
H, N, S.

[S-(R*,R*)])-Phenylmethyl 2-[[[1-[[[2-(],1-Dimethyleth-
oxy)-2-oxoethyl]thiolmethyl]-3-methylbutyl]amino]-
carbonyl]-1-pyrrolidinecarboxylate (80). A mixture of 7.51
g (0.03 mol) of 79, 7.61 g (0.03 mol) of Z-Pro, 4.08 g (0.03 mol)
of HOBT, and 6.34 g (0.03 mol) of DCC was kept at 0 °C for 3
days, filtered, and evaporated, and the residue was taken up in
ether. The ether solution was washed with NaHCOj; solution, 10%
citric acid solution, dried, and evaporated to a white solid, 80;
11 g (77%), [a]*p -11.6° (¢ 1.2, MeOH). Anal. (Cy;H3sN,05S)
C,H,N,S.

[2S-(R*,R*)]-Phenylmethyl 2-[[[1-[[(Carboxymethyl)-
thiolmethyl]-3-methylbutyl]amino]carbonyl]-1-

(17) Tsuboyama, S. Bull. Soc. Chem. Jpn. 1962, 35, 1004.
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pyrrolidinecarboxylate (42). To 10 mL of TFA (0 °C) was
added 1.8 g (0.0038 mol) of 80. The solution was allowed to warm
to 25 °C and evaporated in vacuo and the residue purified on silica
gel, eluting with CH,Cl,-MeOH (98:2), to give 0.92 g (56%) of
42; [a]st -18.0° (C 1, MeOH) Anal. (C21H30N2055-0.1CH2C12)
C,H/N,S.

[S-(R*,R*)])-Phenylmethyl 2-[[[1-[[(2-Amino-2-0x0-
ethyl)thiojmethyl]-3-methylbutyl]amino]earbonyl]-1-
pyrrolidinecarboxylate (46). To a solution of 4.59 g (0.010 mol)
of 42 in 100 mL of CH,Cl, at -5 °C were added 1.1 g Et;N and
0.99 g (0.01 mol) of methyl chloroformate. The solution was cooled
to —15 °C and NH; gas bubbled into the solution for 1 h. The
solution was kept 18 h at 25 °C, filtered, washed with 10% Na,COj4
solution and 10% citric acid solution, dried, and evaporated to
an oil. The oil was chromatographed on silica gel, using
CH,Cl,-MeOH (98:2), to give 0.92 g (21%) of 46; []?5, -30.3°
(C 1, MeOH) Anal. (C21H31N304S'0-5H20) C, H, N, S.

[S-(R*,R*)]-N-[4-Methyl-2-[[(5-0x0-2-pyrrolidinyl)-
carbonyl]amino]pentyl]glycine Hydrochloride (32). Reaction
of the amino ester derived from 77 (1.54 g, 6.68 mmol) with 830
mg (6.68 mmol) of 5-oxo-L-proline, 904 mg (6.68 mmol) of HOBT,
and 1.4 g (6.68 mmol) of DCC gave the tert-butyl ester of 32. The
tert-butyl ester was removed with TFA and the product converted
to hydrochloride 32; 730 mg (33%), mp 94-125 °C, [a]%* -4.3°
(C 1, MeOH) Anal. (C13H23N304'HC1'0.25H20) C, H, N, CL

[S-(R*,R*)]-4-(2-Amino-4-methylpentyl)-6-(2-methyl-
propyl)-2-piperazinone (55). Hydrogenation of 8.15 g of 76 over
20% Pd/C in methanol gave an oil (3.13 g, 89%), which was
converted to hydrochloride 55, mp 163-173 °C. Anal. (C,,Hyg-
N;0-1.7HCI) Caled: C, 52.98; Cl, 18.99. Found: C, 52.52; Cl, 18.02;
H, N.

[2S-[2R*,4[R*(R*)]]]-Phenylmethyl 2-[[[3-Methyl-1-
[[3-(2-methylpropyl)-5-oxo0-1-piperazinylJmethyl]butyl]-
amino]carbonyl]-1-pyrrolidinecarboxylate Hydrocloride
(57). Reaction of 2.0 g (0.0078 mol) of the 55 free amine with
1.95 g (0.0078 mol) of Z-Pro, 1.05 g (0.0078 mol) of HOBT, and
1.63 g (0.0078 mol) of DCC in THF afforded after conversion to
its hydrochloride salt in ether solution 1.69 g (41%) of 57; mp
95-120 °C, [Q]ZED -25.5° (C 1, MeOH) Anal. (Cz7H42N404'H‘
Cl.0.5H,0) C, H, N.

[2S-[2R* 4[R*(R*)]]]-N-[3-Methyl-1-[[3-(2-methyl-
propyl)-5-oxo-1l-piperazinyl]lmethyl]butyl]-5-0x0-2-
pyrrolidinecarboxamide Hydrochloride (56). 5-Oxo-L-proline
(1.08 g, 8.34 mmol) and the amine from §5 (2.13 g, 8.34 mmol)
with HOBT and DCC gave an oil, which in ether afforded the
hydrochloride 56; mp 77-110 °C, 25% yield; [«]%®p -21.3° (c 1,
MeOH). Anal. (C,gH3N,05-HCI-H,0) Caled: H, 8.86. Found:
H, 8.09; C, N.

[S-(R*,R*)]-Phenylmethyl 2-[[[1-[[(Carboxymethyl)-
thiolmethyl]-3-methylbutyl]Jamino]carbonyl]-4-oxo-1-
pyrrolidinecarboxylate (43). Coupling of Z-Pro (4-CO) with
79 (DCC-HOBT) gave 81. The tert-butyl ester was removed with
TFA, yielding 43 in 19% yield; [«]®p -32.5° (¢ 1, MeOH). Anal.
(Ca1HygN,048) C, H, N, S.

(S)-[[4-Methyl-2-[[(5-methyl-2-thienyl)carbonyl]amino]-
pentyl]thio]acetate (51): prepared in the manner described for
43 from compound 82, [a]®p +57.3° (¢ 0.52, MeOH). Anal.
(C1,HyNO;sS,) C, H, N, S.

[S-(R*,R*)]-Phenylmethyl 2-[[[1-[[(Carboxymethy])-
thiolmethyl]-3-methylbutyl]amino]carbonyl]-5-o0xo-1-
pyrrolidinecarboxylate (45). The DCC-HOBT coupling of 74
with Z-5-oxo-L-proline gave 83, which on treatment with TFA
produced 45; [«]%}, +0.26° (c 0.54, MeOH). Anal. (C,HosN,0S)
C,HN,S.

(S)-[[4-Methyl-2-[(2-pyridinylcarbonyl)amino]pentyl]-
thio]acetate hydrochloride (52): prepared from 84, which was
obtained from a DCC-HOBT reaction of 79 with 2-pyridine-
carboxylic acid; [«]%p +48.3° (¢ 1, MeOH). Anal. (C, HyN,-
0;S-HCL0.2H,0) C, H, N, S.

[S-(R*,R*)]-Phenylmethyl 2-[[[1-[[(Carboxymethyl)-
sulfonyl]methyl]-3-methylbutyl]amino]carbonyl]-1-
pyrrolidinecarboxylate (44). Refluxing 2.54 g (0.0053 mol) of
46 for 24 h in CHCI; with 3 equiv of m-chloroperoxybenzoic acid
gave 85. Treatment of 85 with TFA gave 44 in 38% yield. Anal.
(Cy1H3N,0,8) C, H, N,S.

[S-(R*,R*)]-[[2-[[[1-(4-Methoxybenzoyl)-2-
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pyrrolidinyl]carbonyl]amino]-4-methylpentyl]thio]acetate
(48). A 5-g (0.02 mol) sample of 79 and 5.52 g (0.022 mol) of
1-(4-methoxybenzoyl)-L-proline with HOBT-DCC gave 3.5 g
(36%) of 86. The tert-butyl ester was removed with TFA, giving
48 in 99% yield; [«]% -38.1° (¢ 1, MeOH). Anal. (C,H;3N,0:S)
C,H, N, S.

(S)-N-[[1-[(Phenylmethoxy)carbonyl]-2-pyrrolidinyl]-
methyl]-L-leucylglycinamide (30). To a stirred solution of 12.17
g (0.065 mol) of leucylglycinamide in 600 mL of dry THF was
added 120 g of 5A molecular sieves (dried at 400 °C) and 17.5
g (0.067 mol) of Z-prolinal. The mixture was stirred overnight,
the solvent evaporated, and the residue dissolved in 500 m1, EtOH.
A crystal of bromcresol green and then 8.17 g (0.13 mol) of
NaCNBH; were added. The color of the solution was adjusted
to green with EtOH saturated with HCl gas. The mixture was
stirred for 2 days at 25 °C and then 119 g of solid citric acid was
carefully added. The solvent was evaporated, the residue extracted
with EtOAc, and the EtOAc washed with H,O and 10% Na,CO;
solution, dried, and evaporated. The residue (13 g) was chro-
matographed on silica gel with' CHCl;-MeOH (95:5). The product
was obtained as a white solid; 8.3 g (32%), mp 98-99 °C, [«]*p
—62.6° (C 1, MeOH). Anal. (C21H32N404) C, H, N.

[S-(R*,R*)]-Phenylmethyl 2-[[[l-[[(Carboxymethyl)-
thio]methyl]-3-methylbutyllamino]methyl]-1-pyrrolidine-
carboxylate (40). Compound 40 was obtained in 44% yield from
87 with TFA. Compound 87 was prepared from Z-prolinal and
79 in 80% yield. Anal. (C21H32N204S) C, H, N, S.

[S-(R*,R*)]-Phenylmethyl 2-[[[]1-[[(2-Amino-2-0xo0-
ethyl)thio]jmethyl]-3-methylbutyl]lamino]methyl]-1-
pyrrolidinecarboxylate Hydrochloride (41). Compound 40
was reacted with di-tert-butyl dicarbonate and then with isobutyl
chloroformate to generate a mixed anhydride, which with NH;
gas gave 88. HCI removed the BOC group, giving 41; [a]*; -5.9°
(c 1, MeOH). Anal. (CyH33N;0,8) Caled: S, 7.90. Found: S,
8.67;C, H, N.

[S-(R*,R*)]-Phenylmethyl 2-[[[]1-[[(Carboxymethyl)-
amino]lmethyl]-3-methylbutyl]Jamino]lmethyl]-1-
pyrrolidinecarboxylate (33). Removal of the benzyloxycarbonyl
group from 77 and reaction with Z-prolinal and NaCNBH; gave
the desired double modified tripeptide tert-butyl ester. The
tert-butyl group was removed with TFA. The resulting oil was
converted to the hydrochloride in CH,Cl,, yielding a white solid;
[a]®p -7.2° (¢, 1, MeOH). Anal. (C4;H33N;0,HCL) C, H, N, CL

(S)-1-[(4-Methylphenyl)sulfonyl]-2-pyrrolidinemethanol
(89). Reaction of (S)-L-pyrrolidine-2-methanol with p-toluene-
sulfonyl chloride in HyO-acetone at 10 °C gave an oil in 83% yield,
which crystallized from ether-cyclohexane; mp 90-91 °C, [a]%,
-89.4° (C, 1, MeOH). Anal. (C12H17N03s) C, H, N.

(S)-1-[(4-Methylphenyl)sulfonyl]-2-pyrrolidinecarbox-
aldehyde (90). Oxidation of 89 with either oxalyl chloride-DMF
or pyridine-SO; in Me,SO gave the aldehyde in excellent yield
(95-96%) as a solid; mp 139-140 °C, [a]®p -121° (¢ 1, MeOH).
Anal. (C12H15N035) C, H, N.

[S-(R*,R*)]-N-[4-Methy!-2-[[[1-[(4-methylpheny])-
sulfonyl]-2-pyrrolidinylJmethyl]amino]pentyl]glycine Di-
hydrochloride (34). The benzyloxycarbonyl group was removed
from compound 77 with 20% Pd/C-H; and then treated with
di-tert-butyl dicarbonate to give the BOC derivative. The resulting
compound was reacted with 90 and NaCNBH; as previously
described to give the desired tert-butyl ester. The BOC and
tert-butyl ester were removed with TFA, and the resulting oil was
converted to the hydrochloride salt 34; mp 138 °C dec, [«]%p
-69.1° (C 1, MeOH). Anal. (Con33N304S'2HCl) C, H, N.

[S-(R*R*)]-N-[4-Methyl-2-[[[1-[(4-methylpheny])-
sulfonyl]-2-pyrrolidinyl]carbonyl]Jamino]pentyl]glycine
Hydrochloride (36). This compound was prepared by reacting
N-tosylproline with the same intermediate 90 was reacted with
in the previous example (34). The protecting groups were removed
as before, yielding 36; mp 175 °C dec, [a]*p -120.5° (c 1, MeOH).
Anal. (C20H31N305S'HC1) C, H, N.

(S)-N-[N-[[1-[(4-Methylphenyl)sulfonyl]-2-
pyrrolidinyllmethyl]-L-leucyl]glycine Hydrochloride (35).
Reductive amination of 77 with 90 and NaCNBH; gave the desired
ester, which after treatment with TFA and then HCI gas in ether
afforded 35; mp 148 °C dec, [a]?®p -61.0° (¢ 1, MeOH). Anal.
(C23H31N305S'HC1) C, H, N
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(S)-N-[[1-[(4-Methylphenyl)sulfonyl}-2-pyrrolidinyl]-
methyl]-D-leucylglycinamide (37). Reductive amination of 90
with D-leucylglycinamide followed by silica gel chromatography
with CHCl;-MeOH (90:10) gave 37 as an oil in 49% yield; [«]%®p
-79.4° (c 1, MeOH). Anal. (CyH3,N,0,S) Caled: H, 7.82. Found:
H, 7.28;C, N.

(§)-N-[[1-[(1,]1-Dimethylethoxy)carbonyl]-2-
pyrrolidinylJmethyl]-N5-[ (phenylmethoxy)carbonyl]-p-ly-
sylglycinamide (38). BOC-prolinal and p-lysylglycinamide with
NaCNBH,; gave 38; [«]% -13.5° (c 1, MeOH). Anal. (CyH,1N5Op)
Caled: H,7.73. Found: H, 7.24; C, N. Removal of the BOC group
with TFA gave 39; [a]®} -7.9° (c 1, MeOH). Anal. (C,Hy;N,-
0,-2CF;CO,H) Caled: C, 46.37. Found: C, 45.04; H, N, F.

[S-(E)]-5-[[(1,1-Dimethylethoxy)carbonyl]amino]-7-
methyl-3-octenoic Acid (91). Under N,, a suspension of 84.0
g (0.185 mol) of [3-(trimethylsilyl)-1-propyne]triphenyl-
phosphonium bromide in 1 L of THF was cooled to —80 °C and
treated dropwise with 88.3 mL (0.185 mol) of a 2.1 M solution
of n-butyllithium in hexane. After the mixture was stirred for
45 min at —80 °C, a solution of 39.9 g (0.185 mol) of BOC-L-leucinal
in 600 mL of THF was added. After stirring at —80 °C for 30 min,
the mixture was allowed to warm to room temperature over 2 h.
The mixture was concentrated to one-half volume under reduced
pressure and poured into 1 L of HyO. The mixture was extracted
with ether and then two times with petroleum ether. The com-
bined organic extracts were washed with saturated NaCl solution
and dried over MgSO,, and the solvent was removed under re-
duced pressure. The residue was dissolved in petroleum ether
and the insoluble triphenylphosphine oxide removed by filtration.
Removal of the solvent under reduced pressure gave the crude
product. After chromatography on silica gel, eluting with CHCl;,
there was obtained 34.2 g of [S-(E)-1,1-dimethylethyl [1-(2-
methylpropyl)-5-(trimethylsilyl)-2-penten-4-ynyl]carbamate
sufficiently pure to use in the following reaction.

Under Ny, a solution of 316 mL (0.316 mol) of borane (1 N in
THF) was cooled in ice and treated dropwise with a solution of
64 mL (0.732 mol) of cyclohexene in 830 mL of THF. After stirring
at 0 °C for 35 min, the solution was treated dropwise with a
solution of 27.94 g (0.0903 mol) of [S-(E)-1,1-dimethylethyl [1-
(2-methylpropyl)-5-(trimethylsilyl)-2-penten-4-ynyl]carbamate
in 110 mL of THF. After stirring for 0.5 h, the solution was treated
dropwise with 112 mL of MeOH and 157 mL of 2 N NaOH and
then over 0.5 h with 102 mL of 30% H,0, while the temperature
was maintained below 10 °C. The solution was then stirred for
0.5 h and poured into 2.2 L of H,0O containing 112 mL of 2 N
NaOH. After extraction three times with ether, the pH was
adjusted to 2.0 and the solution extracted three times with ether.
The combined ether extracts were washed with saturated NaCl
solution and dried over MgSO,. Removal of the solvent under
reduced pressure and chromatography on silica gel, eluting with
CHCl,-MeOH (95:5), gave 10.7 g of [S-(E)]-5-[[(1,1-dimethyl-
ethoxy)carbonyl]amino]-7-methyl-3-octanoic acid as an oil suitable
for use in subsequent reactions. The product was characterized
by converting a small amount to the N-cyclohexylcyclohexanamine
salt; mp 126-128 °C, [a]®p -18.0° (¢ 1.02, methanol). Anal.
(CysH4sN,0,) C, H, N.

[S-(E)]-1,1-Dimethylethyl [5-Amino-1-(2-methyl-
propyl)-5-0xo-2-pentenyl]carbamate (92). A solution of 6.0
g (0.0221 mol) of [S-(E)]-5-[[(1,1-dimethylethoxy)carbonyl]-
amino]-7-methyl-3-octenoic acid in 60 mL of THF was cooled in
ice and treated with 2.44 mL (0.022 mol) of 4-methylmorpholine
followed by the dropwise addition of 2.9 mL (0.022 mol) of isobutyl
chloroformate. After 5 min at 0 °C, 6.0 mL of concentrated
NH,OH was added and the solution allowed to stir at 0 °C for
1 h. The solvent was removed under reduced pressure and the
residue taken up in EtOAc, washed with H,0, 1 N citric acid,
saturated NaHCO;, and then with saturated NaCl solution. After
drying over MgSO, and removal of the solvent under reduced
pressure, the residue was chromatographed on silica gel, eluting
with CHCl;-MeOH (9:1). There was obtained 3.5 g of 92 as an
oil, which solidified on standing. The material was suitable for
use in the following reaction. A small sample, recrystallized from
toluene—hexane had mp 85-89 °C, [a] %}, —20.0° (c, 1.04, methanol).
Anal. (CI4H26N203) C, H,N

[S-(E)]-8-Amino-7-methyl-3-octenamide Hydrochloride
(93). A solution of 6.23 g (0.023 mol) of 92 in 60 mL of TFA was
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stirred at room temperature for 1 h. The TFA was removed under
reduced pressure, the residue taken up in CH,Cl,, and the solvent
removed again. The residue was taken up in CH,Cl, and HCI
gas bubbled into the solution for a few minutes. The solvent was
then removed under reduced pressure. The residue was taken
up in a small amount of CH,Cl, and added dropwise to excess
ether. The solid was collected and washed with ether. There was
obtained 4.14 g of 93 suitable for use in the following reaction
[a]st +20.9° (C 1.1, methanol). Anal. (CngaNzo'HCl'O.75H20)
Calcd: H, 9.38. Found: 8.65; C, N.

[S-(R*,R*-(E))]-Phenylmethyl 2-[[[5-Amino-1-(2-
methylpropyl)-5-0x0-2-pentenyl]amino]carbonyl]-1-
pyrrolidinecarboxylate (28). To a suspension of 2.0 g (9.7
mmol) of 93 in 50 mL of THF was added 2.42 g (9.7 mmol) of
Z-Pro and 1.31 g (9.7 mmol) of HOBT. The mixture was cooled
in ice and treated with 1.35 mL (9.7 mmol) of Et3N followed by
a solution of 2.0 g (9.7 mmol) of DCC in 10 mL of THF. The
solution was kept at 0 °C for 1 h and then at room temperature
overnight. The solution was then filtered and the filtrate con-
centrated under reduced pressure. The residue was taken up in
EtOAc and washed with H,0, 1 N citric acid, saturated NaHCO;,
and then with saturated NaCl. After drying over MgSO, and
removal of the solvent under reduced pressure, the residue was
chromatographed on silica gel, eluting with CHCl;-MeOH (95:5).
After combining the appropriate fractions, there was obtained
1.54 g of 28; mp 140-142 °C, [«]*p -73.0° (¢ 1.03, methanol). Anal.
(C22H31N304) C, H, N.

[S-(R*,R*-(E))]-N-[5-Amino-1-(2-methylpropyl)-5-oxo-
2-pentenyl]-5-ox0-2-pyrrolidinecarboxamide (29). This com-
pound was obtained in the same manner as 28 from 2.1 g (0.01
mol) of 93 and 1.32 g (0.01 mol) of 5-oxo-L-proline, 1.03 g of 29;
mp 150-152 °C, [a]st -39.1° (C 1, MeOH) Anal. (CI4H23N303)
C,H,N.

(S)-Phenylmethyl 2-(Mercaptomethyl)-1-pyrrolidine-
carboxylate (95). To a solution of 33.6 g (0.0128 mol) of tri-
phenylphosphine in 150 ml of THF at 0 °C was added 25.2 mL.
(0.128 mol) of diisopropyl azodicarboxylate (DIAD) over 10 min.
The solution was stirred 0.5 h at 0 °C and 15 g (0.064 mol) of
Z-prolinol and 9.2 mL (0.128 mol) of ethanethioic acid in 75 mL
of THF was added dropwise. After 18 h at 25 °C, evaporation
gave 94 in 78% yield. To a solution of 1.7 g (0.0058 mol) of 94
in 25 mL of CH3CN was added 5.3 g (0.058 mol) of hydrazine
hydrate. The solution was heated to 50 °C for 0.5 h, evaporated,
and extracted with ether. The ether solution was washed with
1 N HCI, dried, and evaporated to a purple oil, 1.4 g. Silica gel
chromatography gave 1.1 g (75%) of 95. Anal. (C,3H;;NO,S:
1/.DIAD) C, H, N.

(S)-Methyl 2-Bromo-6-[[(phenylmethoxy)carbonyl]-
amino]hexanoate (97). Lys (Z) (40 g, 0.14 mol) was dissolved
in 120 mL of 6 M aqueous HBr at 0 °C. Sodium nitrite (10.6 g,
0.15 mol) was added in portions over 30 min with stirring. After
5 min the mixture was extracted with EtOAc and the EtOAc dried
and evaporated to an orange oil, 23.2 g (96). Ten grams of the
oil was dissolved in MeOH at 5 °C and HCI gas bubbled in for
5 min. After 3 days at 5-10 °C the solution was evaporated to
give the ester as a yellow oil, 9 g (86%) (97). Anal. (C;sHBrNO,)
C,H,N.

[S-(R*,R*)]-Phenylmethyl 2-[[[1-Carboxy-5-[[(pheny]-
methoxy)carbonyl]lJamino]pentyl]thio]lmethyl]-1-
pyrrolidinecarboxylate Sodium Salt (47). A 2.7-g (0.0106 mol)
sample of 95 in 50 mL of THF was cooled to 0 °C and 1.7 g (0.043
mol) of NaH was added followed by 3.8 g (0.0106 mol) of 97 in
50 mL of THF. The mixture was stirred 18 h at 25 °C. The THF
was evaporated, and the residue was dissolved in CH;Cl;, washed
with 1 N HCl and 10% Na,COj, solution, dried, and evaporated.
The residue was chromatographed on silica gel. After combining
the appropriate fractions, the ester was taken up in MeOH and
hydrolyzed with 1 equiv of 1 N NaOH. Evaporation of the solvent
gave 47 or the sodium salt, [a]p? -34° (c 1, MeOH): Anal
(C27H34N2065N8) C, H, N.

[S-(R*,R*)]-Phenylmethyl 2-[[[]-(Hydroxymethyl)-5-
[[(phenylmethoxy)carbonyl]amino]pentyl]amino]-
carbonyl]-1-pyrrolidinecarboxylate (53). A solution of 5 g
(0.0136 mol) of BOC-lysinol (Z) was stirred 15 min in 50 mL of
TFA. The solution was evaporated to an oil, which solidified when
treated with ether, 4.3 g, mp 91-95 °C. Reaction of the N*Z-lysinol
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with Z-Pro, HOBT, and DCC in CH,Cl, solution gave 2.5 g (68%)
of 53 as a white solid; [«]®p —28.4° (¢ 1, MeOH). Anal. (Cy-
H3N;0¢) C, H, N.

[S-(R*,R*)]-Phenylmethyl 2-[[[3-Methyl-1-[(propyl-
amino)carbonyl]butyl]thio]lmethyl]-1-pyrrolidine-
carboxylate (49). DL-Leucine was converted to its a-bromo
derivative with NaNO,~HBr in 65% yield. The tert-butyl ester
of this acid was obtained in 50% yield with use of tert-butyl
alcohol, DCC, and N,N-dimethyl-4-pyridinamine. Condensation
of this a-bromo ester with 2-pyrrolidinemethanethiol in liquid
NH; gave 98 in 20% yield. The pyrrolidine was then protected
with benzyloxycarbonyl chloride and the tert-butyl ester removed
with TFA. Reaction of the crude oil with 1-propylamine, DCC,
and HOBT yielded an oil, which after chromatography on silica
gel gave pure 49; [«]%®p -35.5° (¢ 1, MeOH). Anal. (C,,H3N,0,S)
C,H, N, S

Reaction of the crude acid from above with 2-(ethylthio)-
ethylamine in the presence of DCC-HOBT gave [S-(R*,-
R*)]-phenylmethyl 2-[[[1-[[[2-(ethylthio)ethyl]amino]-
carbonyl]-3-methylbutyl]thio]Jmethyl]-1-pyrrolidine-
carboxylate (50) as a clear oil; [«]?; -21.5° (¢ 1, MeOH). Anal.
(Cy3H3gN,048,) C, H, N, S.

2-[2-(Benzoylamino)-3-phenylpropyl]hexahydro-3-(1H -
imidazol-4-ylmethyl)pyrrolo[1,2-a ]pyrazine-1,4-dione (58).
Reductive amination of benzylphenylalaninal with prL-His-Pro-
OBzl and NaCNBHj; in MeOH for 4 days gave a white solid, which
was identified as the cyclized product 58 by NMR and MS; mp
107-122 °C. Anal. (Cz7H29N503'1/4CHCla) C, H, N.
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