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Dehydrooligopeptides. I. The Facile Coupling of a-Amino Acids
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N-Cbz- or N-Tos-a-dehydroamino acid (DHA) and its ester were prepared by the condensation of 2-oxo

carboxylic acid or ester with benzyl carbamate or p-toluenesulfonamide.

Subsequently, the N-protected DHA and

its N-free ester thus obtained were coupled with several L-a-amino acid esters and N-protected (Boc or Cbz)-L-a-
amino acid respectively by the usual peptide synthetic methods to give a number of different types of dehydro-

dipeptide.
geometry.

Recently, much interest has been directed to the
synthesis and bioactivity of dehydropeptide (DHP),
containing a-dehydroamino acid (DHA) residues, which
are very important constituents in an increasing number
of antibiotic and phytotoxic peptides.l~® The previous
methods of synthesizing the simple DHP has been
almost exclusively indirect, i.e., methods using the
reaction of unsaturated azlactone with ¢-amino acid%
and the f-elimination of peptide, which has a leaving
group.b-®  Concerning the direct condensation, no
report has been published on the coupling of DHA
with a-amino acid, except for two examples?19 involving
earlier work by one of the present authors (C. S.).

In a previous paper, we briefly reported the direct
coupling of (Z)-2-(benzyloxycarbonylamino)-2-alkenoic
acid (4) as a carbonyl component with the L-leucine
ethyl ester by the usual synthetic method.1

In the present paper, we wish to report in detail on
the general preparation of the DHA N-protected with
the benzyloxycarbonyl (Cbz) group (2 and 4) or the
p-tolylsulfonyl (Tos) group (3 and 5), and on the facile
synthesis of the two kinds of N-protected DHP from
the N-protected DHA (4AA)'® and several r-a-amino
acid (AA) esters, and from N-protected AA and ethyl
(Z)-2-amino-2-alkenoate (1)!319 by the mixed an-
hydride, DCC, or azide method.

Results and Discussion

N-Protected (Z )-a-Dehydroamino Acids. In order
to prepare the DHA with a useful protecting group as a
carboxyl component, according to the method reported
previously by us,!® the condensation reaction of «-
oxoalkanoic acids with amides under various acidic
conditions have been extensively reinvestigated. As a
result, the optimum experimental conditions for the
preparation of 2-Cbz- or 2-Tos-amino-2-alkenoic acids
(4 and 5) and ethyl 2-Cbz- or 2-Tos-amino-2-alkenoates
(2 and 3) were established as follows. The condensation
reaction of equimolar 2-oxoalkanoic acid with benzyl
carbamate or p-toluenesulfonamide in benzene in the
presence of p-toluenesulfonic acid (PTS) as the catalyst
under reflux for ca. 4 h gives 4 and 5 in yields ca. 75
and ca. 519, respectively. On the other hand, in the
case of the reaction of ethyl 2-oxoalkanoate with benzyl

The configurations of all the new DHA and dehydrodipeptides obtained were shown to have (Z)-

carbamate or p-toluenesulfonamide, it was found that
a similar condensation readily occurred in the presence
of phosphoryl chloride rather than PTS to give 2 and 3
in ca. 69 and 729, yields respectively. However, the
attempt to effect a similar direct condensation of 2-
oxoalkanoic acid or its ester with fbutyl carbamate
failed because of the unstability of the ¢-butoxycarbonyl
(Boc) group under acidic conditions.

The «-dehydroamino acid structure of 2—5 was
supported by the characteristic signals of olefinic (8
5.63—6.94), vinyl (6 5.68—6.22), and y-protons (4
1.68—3.19) in the NMR spectra and the characteristic
absorption bands of NH - (3220—3310 cm™1), ester
(1720—1740 cm™1), carbonyl (1705—1710 cm-1), and
carbon-carbon double bond (1640—1665 cm-1) func-
tions in the IR spectra. Although the configuration of
2—5 could not be determined from the above spectro-
scopic data, the geometric structures of the esters were
unambiguously determined to have (Z)-geometry by
comparison with 2 and 3 prepared independently by
the acylation of (Z)-1% with benzyloxycarbonyl
chloride (Cbz-Cl) or tosyl chloride (Tos-Cl) respectively
in the usual way. Moreover, the configurational
structures of the free acid prepared by the hydrolysis

R-CH=C-COOEt
I
NH,
1

X-Cl l Base

NH,-X
R-CH,-C-COOEt — —T R-CH=C-COOEt
Il TS or POCl, |
o) o NH-X
2; X=Cbz
3; X=Tos

NaOH l
NH,-X
R-CH,-C-COOH — R-CH=C-COOH
It PTS or POCl, 1
O NH-X
4; X=Cbz
5; X=Tos
a; R=H, b; R=CHj,, ¢; R=C,H;, d; R=»-C;H,,
e; R=:-C;H,, f; R=C:H;

Scheme 1.
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TasLe 1. ErtnyL (Z)-2-(Cbz-AMINO)- AND (Z)-2-(Tos-AMINO)-2-ALKENOATES (2 and 3)
NMR spectrum, ¢ in CDCl,

Yield(%) Found (Caled), %
CcKInpd ,_,._: Mp/°C Formula —_—— °
o A» B» C H

N Olefinic proton  y-Proton NH

(Jaa) (Ja)
2a 6l 34359  C,H,NO, (2322}1 6.0 g:‘ég) 6.22s, 5.80d

2b 69 9 syrup  CyH;NO, (ggzgg 8.3 g:,g) 6.67q (7.2), 1.78d (7.2), 6.32s

2 69 85 syrup  CyHy,NO, (gZ:gg 6. g:gg) 6.58t (7.5), 2.10p (7.5), 6.64s

66.01 7.23 4.99
(65.95 7.27 4.81)

66.07 7.34 4.69

2d 72 88 syrup C,.Hy,NO, 6.64t (7.8), 2.26q (7.5), 6.28s

2 70 81 syup  GuHuNO, (2200 J00 Lf) 6.45d(9.8), 2.70m 6.28s
26 71 22 60—62° Cy,H,,NO, (;8:{‘; 3o j‘;:%) 7.14—7.60m, 6.44s
3a 51 76—770  Cy,H,;NO,S g‘;:gg 2o g:gé) 5.69s, 7.40bs

3b 76 66 93—950 C,H,;,NO,S (gg% 8 o2 i:gg) 6.94q (7.5), 2.09d (7.5), 6.21s

3¢ 77 63 45-—46® C,H,NO,S (ggzgg 6.4l 2"73‘13) 6.82¢ (7.5), 2.55p (7.8), 6.11s

3d 75 62 59—60° CyHyuNO,S (g;:gg 6.8 i:gg) 6.82t (8.0), 2.49q (7.8), 6.22s

57.81 6.71 4.45

3e 71 64 79-80° CuHuNOS  (37g5 o'y 450 6-58d (11.0), 3.19m, 6.14s
3f 80 80 89—91® C,H,,NO,S (ggﬁg(l) 598 i'ég) 7.12—7.90m,® 6.37s

a) Yield from ethyl 2-oxoalkanoate and benzyl carbamate or p-toluenesulfonamide. b) Yield from ethyl 2-amino-
2-alkenoate and Cbz-Cl or Tos-Cl. ¢) Colorless needles from hexane—ethyl acetate (5: 2 v/v). d) Colorless needles
from diisopropyl ether. e) Overlapped with phenyl protons.

TaBLE 2. (Z)-2-(Cbz-AMINO)- AND (Z)-2-(Tos-AMINO)-2-ALKENOIC AcIDS (4 and 5)
NMR spectrum, ¢ in CDCI,

Compd Vild(%) o Tormu Found (Caled), % (4) or DMSO-d, (5)
—— P 'ormula —_———
No. A®» BW C H N Olefinic proton  y-Proton NH
(i) (Jas)
4a 42 100—101®  C,,H,;NO, (gg'gg g:%g) 5.92s, 5.68s, 8.62bs

4b 73 8¢ 152153 GuHLNO, g1y 6.50q (7.0), 1.68d (7.0), 8.54s

4c 80 92  100—101® C,H,,NO, (ggzgi 207 563 6-40t(7.0), 2.19 (7.0), 8.55s

4d 82 91  126—I127%® C,H,,NO, (ggzgé 667 g:gg) 6.41¢ (7.0),  2.10q (7.0), 8.54s

63.62 6.46 5.30

5.19

5.01
61.29 5.63 5.68

5.57

5.60

4e 79 93 105106 CuH,NO, (302 0% 230 6.27d (10.0), 2.62m, 8.50s
4f 92 92 170—171® C,H,NO, (gg:g‘; o i:??) 7.35—7.70m,» 8.94s

5b 41 18  138—140° C,H,;;NO,S é}:;}s T g:g) 6.93q (7.2), 1.68d(7.2), 9.11s

5¢ 45 17 128—129P C,H,NO,S 2348 5.70 5.26 ¢ 47 7 8y 9.14p(7.8), 9.13s
(53.53 5.62 5.20)

5d 50 16  149—I150° C,H,NO,s 22-20 6.10 4.90 ¢ o5 (7.8), 2.05q(7.8), 8.90s
(55.12 6.05 4.95)

55.29 6.13 4.88

e 47 21 140—141° CuHNOS 237y g3 g5 6.53d (10.8), 2.64m, 7.42s
5 71 80  208—209° C,H,;NO,S (gg-gé e 2'2?) 7.02—7.78m,» 9.23s

a) Yield from 2-oxoalkanoic acid and benzyl carbamate or p-toluenesulfonamide. b) Yield from the hydroly-
sis of 2 or 3. c) Colorless needles from chlorobenzene. d) Colorless needles from cyclohexane-benzene. e)
Colorless prisms from chloroform. f) Colorless prisms from benzene. g) Colorless prisms from 509, ethanol.
h) Overlapped with phenyl protons.
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of (Z)-2 and 3 were identical with those of 4 and 5
respectively.

The yields, physical constants, and NMR spectral
data of 2—4 and 5 are listed in Tables 1 and 2.

Coupling of (Z)-DHA with v-a-Amino Acid. As
has been reported in the preceding communication,?
Compound 4 as a carboxyl component was subjected
to a reaction with the appropriate L-¢-amino acid (Gly,
Ala, Ser, Leu, Met, Cys(benzyl), Phe, Trp, and Tyr)
esters (methyl and ethyl). As expected, the equimolar
coupling of N-protected DHA with the amino acid

ester by either the mixed anhydride (MA) method (in
the presence of triethylamine and ethyl chloroformate in
THF-chloroform at 0 °C for 1h), the DCC method
(in the presence of dicyclohexylcarbodiimide and
triethylamine in chloroform at 0 °C for 3 h), or the
usual azide method occurred to give Cbz-(Z)-dehydro-
aminoacylamino acid esters (6) as colorless syrup or
crystals in ca. 709, yields.

On the other hand, N-protected L-a-amino acid (Leu,
Cys(benzyl), and Phe) was first coupled with (Z)-1
as an amine component by the similar DCC method to

TasLE 3. Cbz—(Z)-4AA-L-AA-OR (6)

NMR spectrum, d in CDCl,

Yield . Found (Calcd), % .
AAA-1L-AA-OR (%) Mp/°C Formula G T N Olefinic «-Proton NH [«]E
pl‘OtOl’l (JH:) (Jﬂz)
55.97 5.62 8.88 6.08d (2.0), 4.57dd
AAla-Ser-OMe 43  syrup C,;H,;sN,Oq (55.89 5.63 8.69) 5.34d (9.0, 2.6), 7.62 —15.0
60.11 6.21 8.71 4.07d 6.99s
o - - )
ABut-Gly-OE: 82 106—107” CyHwNiOs (3966 0130 g 75 6-6% (7-0), 5.2, T
60.97 6.51 8.19 ,
ABut-Ala-OEt 65 syrup CuHuNiOs (61706 ¢.63 8.3 6-5%4(7.0), 4.62m, g‘;?é
ABut-Phe-OEt 61  95—96°  CyHyN,0, (g;:gg R g:gg) 6.54q (7.0), 4.95m, 0595 _o.2
.99 5.68 7.0l .
ABut-Tyr-OMe 71  syrup CysH,,N, 04 (22_06 288 6‘29) 6.46q (7.2), 4.8lm,  O'53%
ABut-Trp-OMe 72  147—148° CyHyN;O, (ggj’é 25 lg:é;) 6.40q (7.2), 4.86m, 0535 6.3
65.38 8.22 7.14 4.58dt  6.67s
ALew-Lew-OEt 67 7475 CuHuN:O, (23730 557 Grgq 6.25d (10.2), (0% o 057% —29.1
ALeu-Cys-OEt 64.59 6.9 5.81 6.555
o 83  syrup CuHuN:OS (0435 glog 5.7 6-32d (10.0), 4.81m, 5005 —41.3
66.00 5.84 7.27 4.09d 6.955
| __ D
APhe-Gly-OE: 85 118—119 CuHuNO: (@800 3'50 733 7-31s 5.2, So1:
APhe-Ala-OFt 85 116—117% CyH,.N,0, (gg:gg e- ;zgi) 7.27s, 4.68m, S yorg
PR o 62.51 5.81 6.25
eMet-OMe 61  81—82° CuHuNOS (03733 2°0; oa3) 735 4.89m,  6.95s —30.9

a) Yield by the DCC method. b) Colorless needles from CCl,. c) Colorless prisms from diisopropyl ether.
d) Colorless prisms from diethyl ether. ) Colorless needles from ethyl acetate. f) Measured in ethanol (¢ 1.0).

TasBLE 4. Boc- anp Cbz-L-AA-(Z)-4AA-OR (7)

Found (Calcd), %

NMR spectrum, ¢ in CDCl,

L-AA-AAA-OR Yi(e(}/zl;) Mp/°G Formula Cr__—Il'I¥——\N Olefinic «-Proton NH o]’ ®
proton (Ju,)  (Jas)
Phe-ABut-OEt® 67 61—622  CyH,eN,O; (gﬁig? T ;:2}}) 6.86q (7.6), (7f*5f3(7’_d(§)’ >-36d _18.9
Phe-AVal-OFEt 72 150—151® C,HyN,O; (gj:% 8.09 ;:‘f% — (7f‘5',5(7’f‘5), o2 _20.2
Phe-AnorVal-OEt® 46 96—97®  C,H,N,O; (21153 7-89 ;:‘1’3) 6.76¢ (7.5), (7f*5f§f’(§): 5-30d _19.4
Phe-AnorLeu-OEt® 55 82—839  CyHyN,O, (22:5 .z g:gg) 6.83t (7.5), (7f*5,5§‘_13), 2334 _19.5
Phe-ALeu-OEt® 57 94959  Cy,H,,N,O; (gg:gg 78 gjgé) 6.58d (10.0), (7f*5~f"7‘f1(§)’ 2-38d 2.6
Qys-AnorLeu-OEt” 56 79500  (yH,N,0, (giﬁg? ot 225(2)) 6.86¢ (7.0), (7%5',4 ?c.i(t)), Y o0e —28.1

Bzl
o o 65.20
Leu-ALeu-OEt 89 98—999  CyHyuNO; (65739

8.09 7.21 5.80d
7.97 6.93) 6-48d(10.0), 4.36m,  J'gel 7.4

a) Protected with the Boc group. b) Protected with the Cbz group. c¢) Colorless needles from hexane. d)
Colorless needles from carbon tetrachloride.  e) Colorless needles from cyclohexane.  f) Colorless prisms
from diisopropyl ether. g) Measured in methanol (¢ 1.0). h) Yield by the DCC method.
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give N-protected r-leucyl-, benzylcysteinyl-, or phenyl-
alanyl-(Z)-dehydroamino acid esters (7) as colorless
crystals in ca. 569, yields. However, the coupling of the
a-dehydrophenylalanine ester with N-protected amino
acid scarcely proceeded at all because of the weak
basicity of the amino group in the amine component.

In the IR spectral data, the characteristic differences
between 6 and 7 could not be recognized. The presence
of secondary amide absorption bands in the 1620—1670
and 1520—1560 cm~! regions indicated the formation
of the peptide bond. Moreover, the absorption bands
of NH (3200—3400 cm—1), ester carbonyl (1735—1750
cm~!), and carbon-carbon double bond (1640—1685
cm~1) functions are constituent with the assignment of
the dehydrodipeptide structure.

The chemical shifts and the coupling constants of 6
and 7 were assigned as is shown in Tables 3 and 4. In
the NMR spectrum of 6, the signals in the § 4.07—4.95
region as multiplets and in the § 6.72—7.21 region as
doublets are attributable to methine and NH protons
of the a-AA residue, while the signals at § 5.34 and in
the 6.08—7.35 and 6.55—6.99 regions are attributable
as singlets to vinyl, olefinic, and NH protons of the AAA
residue respectively. On the other hand, in the case of
7, the corresponding signals of the a-AA residue appeared
in the § 4.36—4.60 as double triplets and in the &
5.24—5.80 region as doublets, while those of the 4AA
residue appeared in the § 6.48—6.86 and 7.58—7.90
regions as singlets.

The configurations of 6 and 7 were readily deter-
mined to have (Z)-geometry, since the chemical shifts
and the spectral patterns of the DHA residue in 6 and
7 were quite similar to the those of the corresponding
(Z)-configurational 2—5. Accordingly, it was found
that the (Z)-configuration of DHA residue has been
maintained during the peptide formation reaction.

The yields, physical constants, and NMR spectral
data of 6 and 7 are listed in Tables 3 and 4.

R R
N 7
C R2
1] I
X-NH-C-COOH + NH,-CH-COOY
4)
R R
N 7
C R®
1] !
— X-NH-C-CO-NH-CH-COOY
(6)
R R!
N 7
R? C

1
X-NH-CH-COOH + NH,-C-COOY

@
R R!
N s
R?2 C
— X-NH-CH-CO-NH--cooY
(7)
a-Amino acid residues=Gly, Ala, Ser, Leu, Met, Cys-
(benzyl), Phe, Tyr, and Trp. a-Dehydroamino acid
residues=A4Ala, ABut, 4AVal, AnorVal, AnorLeu, ALeu,
and 4APhe. X=Cbz and Boc groups. Y=Me and Et.

Scheme 2.
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Experimental

All the melting points are uncorrected. The IR spectra
were recored with a Hitachi EPI-G3 Spectrometer. The
NMR spectra were measured with a JNM-PS-100 Spectrom-
eter (Japan Electron Laboratory Co. Ltd.), using tetra-
methylsilane as the internal standard. The specific rotations
were measured in a 0.5 dm using a JASCO DIP-4 Polarimeter
(Japan Spectroscopic Co., Ltd.).

Preparation of 2. Procedure A: A solution of ethyl
2-oxoalkanoate (50 mmol), benzyl carbamate (60 mmol), and
POCl; (3ml) in dry benzene (70 ml) was refluxed for
4h. To the reaction solution we then added benzene at
room temperature, after which the resultant solution was
washed with saturated aqueous NaHCO,; and three times
with water. The benzene layer was dried over anhydrous
Na,SO, and concentrated under reduced pressure to give a
syrupy residue, which was purified on a silica gel column,
using benzene as the eluent, to give 2 as a colorless viscous oil
or colorless crystals.

Procedure B: Into a solution of (Z)-1 (20 mmol) and
pyridine (30 mmol) in dry diethyl ether (14 ml), we stirred
Cbz-Cl (20 mmol), drop by drop, under cooling. After
stirring at room temperature for 6 h, more diethyl ether
(40 ml) was added to the reaction solution. The pyridinium
salt thus deposited was filtered off, and the filtrate was suc-
cessively washed with chilled 3 M HCI, saturated aqueous
NaHCO;, and water, and finally dried over anhydrous
Na,SO,. The syrupy residue thus obtained was similarly
worked up to give 2.

Preparation of 3. Procedure A: In a manner analogous
Procedure A described for 2, the solution of ethyl 2-oxoalkano-
ate (50 ml), p-toluenesulfonamide (60 mmol), and POCI, (3
ml) in dry benzene (60 ml) was worked up for 9 h to give 3
as colorless crystals.

Procedure B: Into a solution of (Z)-1 (20 mmol) in dry
pyridine (14 ml) we stirred Tos-Cl (20 mmol) under cooling.
After stirring at room temperature for 12 h, the excess pyridine
was evaporated under reduced pressure. The syrupy residue
thus obtained was dissolved in ethyl acetate (40 ml), and
then the resultant solution was similarly worked up to give 3.

Preparation of 4. Procedure A: A solution of 2-oxoalkanoic
acid (50 mmol), benzyl carbamate (50 mmol), and PTS (2 g)
in dry benzene (70 ml) was refluxed for ca. 4 h, by which
time the theoretical amount of water has separated out. After
the solution had then been allowed to stand at room tempera-
ture, the crystals deposited were filtered. The filtrate was
further extracted twice with saturated aqueous NaHCO, and
the aqueous layer was washed once with ethyl acetate. The
resultant aqueous layer was acidified to pH 2 with 6 M HCI
and extracted well with ethyl acetate. The organic layer
was washed with 209, aqueous NaCl and then dried over
anhydrous Na,SO,. After the removal of the ethyl acetate,
more crystals were obtained. The recrystallization of the
combined crystals from chlorobenzene or cyclohexane-
benzene gave 4 as colorless needles.

In an analogous manner, pyruvic acid (250 mmol) was
treated with benzyl carbamate (100 mmol) in the absence of
PTS to give 4a.

Procedure B: A solution of 2 (10 mmol) in dioxane (20 ml)
was treated with 1 M NaOH (30 ml) with stirring at ca. 35 °C
for 2h. After cooling with ice water, the reaction solution
was acidified to pH 2 with 3 M HCI, and the resultant solution
was extracted three times with ethyl acetate (30 ml). The
extracts were washed with saturated aqueous NaCl, dried
over anhydrous Na,SO,, and then concentrated under reduced
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pressure to give 4.

Preparation of 5. Procedure A: A solution of 2-oxoalkanoic
acid (50 mmol), p-toluenesulfonamide (50 mmol), and PTS
(2.4 g) was worked up exactly according to Procedure A
above to give 5 as colorless prisms.

Procedure B: The hydrolysis of 3 (10 mmol) with 1M
NaOH (30 ml) in dioxane (20 ml) was done exactly according
to Procedure B above to give 5.

Preparation of 6. Procedure A: Into a solution of 4 (20
mmol) and triethylamine (20 mmol) in dry THF (60 ml)
we vigorously stirred ethyl chloroformate (20 mmol), below
—15°C. After stirring had been continued for 15 min, a
solution of an appropriate a-amino acid ester (20 mmol)
in dry CHCI; (60 ml) was stirred into the resultant solution
at 0°C. After stirring at 0°C for 1.5h and then at room
temperature for a further 12 h, the reaction solution was
concentrated under reduced pressure to give a residual syrup,
which was subsequently dissolved in a mixture of ethyl acetate
(300 ml) and water (150 ml). The resulting organic layer
was successively washed with 49, aqueous NaHCO;, water,
109 aqueous citric acid, and water, and finally dried over
anhydrous Na,SO,. The evaporation of the ethyl acetate
under reduced pressure gave crude crystals or a syrup, subse-
quently purified on a silica gel column, using benzene as the
eluent, to give 6. Cbz—ALeu-Leu-OEt; yield, 529%. Cbz-
Aphe-Gly-OEt; vyield, 56%. Cbz—A4But-Ala-OEt; vyield,
50%.

Procedure B: Into a solution of 4 (10 mmol) and an ap-
propriate a-amino acid ester (10 mmol) in DMF (10 ml) we
stirred DCC (11 mmol), portion by portion, under cooling.
After the mixture had been stirred at room temperature for
12 h, the urea deposited was filtered off and washed well
with ethyl acetate. The filtrate was poured into water
(70 ml), and the aqueous solution was extracted twice with
ethyl acetate (60 ml). The combined extracts were succes-
sively washed with 2%, aqueous HCI, water, saturated aqueous
NaHCO, and water, and finally dried over anhydrous Na,CO,.
The evaporation of the ethyl acetate under reduced pressure
gave crystals or a syrup, subsequently purified on a silica gel
column, using benzene-ethyl acetate (4: 1 v/v), to give 6.
See Table 3.

Procedure C: Into a solution of ethyl «-(Cbz-amino)cin-
namate (2f; 5 mmol) in ethanol (20 ml) we stirred hydrazine
hydrate (5.5 mmol) at room temperature. After the mixture
had been stirred for 5 h, the ethanol was evaporated to give
a residual syrup. To a solution of the syrup obtained in
1 M HCI (15 ml) and ethyl acetate (20 ml) we added a solution
of NaNO, (5.5 mmol) in water (12 ml) by stirring below 0 °C.
After stirring had been continued for 30 min, chilled ethyl
acetate (15 ml) was added to the reaction solution and the
resulting organic layer was dried over anhydrous Na,SO, at
0°C. Finally, to the resultant chilled solution we added
a solution of Gly-OEt (6 mmol) in dry diethyl ether (16 ml),
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and then the solution was stirred at 0 °C for 12 h and then
at room temperature for 12 more h. The reaction solution
was washed successively with 2 M HCI, 3%, aqueous NaHCO,,
and water, and then dried over anhydrous Na,SO,. The
subsequent evaporation of the solvent gave Cbz—APhe-Gly-
OEt in a 619, yield.

Preparation of 7. Procedure A: Into a solution of Boc—
L-AA (20 mmol) in dry THF (60ml) and triethylamine
(20 mmol) we vigorously stirred ethyl chloroformate (20
mmol) at —15°C. After stirring had been continued for
5 min, a solution of (Z)-1 (20 mmol) in dry CHCI; (50 ml) was
stirred into the resultant solution. The reaction solution was
then worked-up exactly according to Procedure A above to
give 7. Boc-Phe-~ABut-OEt; yield, 33%. Boc-Phe-4Leu-
OEt; yield, 349%,.

Procedure B: Into a solution of (Z)-1 (10 mmol) and an
appropriate N-protected L-AA (10 mol) in CH,Cl, (10ml) we
vigorously stirred DCC (11 mmol), portion by portion, below
0°C. After stirring had been continued at room temperature
for 20 h, the reaction solution was worked-up exactly according
to Procedure B above to give 7. See Table 4.
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