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The direct coupling between N-protected a-dehydroamino acid (1) and N-free a-dehydroamino acid ester

(2) by the acid-chloride method was carried out to give several dehydrodehydrodipeptides (7).

Furthermore, the

two kinds of dehydrodipeptides with a hydroxyl group, obtained by the coupling of 1 with a serine or threonine
ester, and that of N-protected serine or threonine with 2, followed by mesylation and subsequent base-catalyzed f-

elimination gave a number of 7 substances in good yields.

The configurational structures of 7 obtained by

both direct condensation and elimination were found to have (Z,Z)-geometry.

Much attention has been focused on the correlation
between the structure and the bioactivity of dehydro-
oligopeptides containing one or more a-dehydroamino
acid (DHA or 4AA)? residues.>~? Recently, antibiotic
berninamycin A, a cyclodehydrodecapeptide with two
dehydrodehydrodipeptide (ADHP) sequences and seven
DHA moieties, has been isolated from a culture of
Streptomyces bernensis, and the primary structure con-
firmed, by Liesch and Rinehart.®) However, concerning
the synthesis of ADHP, few reports have been published
on its preparation by means of the base-catalyzed f-
elimination or by the direct coupling between two
different DHA’s, these being the indirect and restricted
preparative methods from unsaturated azlactone.?-10

In a previous communication,!) we briefly reported
on the synthesis of the N-protected ADHP ester by the
coupling of benzyloxycarbonyl (Cbz)-DHA (1) with
the N-free DHA ester (2) by the acid-chloride method.
Here, we wish to report on a method of synthesis
featuring the base-catalyzed f-elimination to dehydro-
dipeptide with a leaving group; we wish also to describe
the direct method in detail.

Results and Discussion

Coupling of (Z)-DHA with f-Hydroxy o-Amino Acid.

In order to prépare a dehydrodipeptide containing a
Ser or Thr residue at the C- or N-terminus according to
the method previously reported by us,»'® first, the
coupling of 1 with a-amino acid ester was performed.
The (Z)-1 compound, as a carboxyl component, readily
reacted with a racemic Ser or Thr ester by the usual
peptide synthetic method [mixed anhydride (MA),
dicyclohexylcarbodiimide (DCC), acid chloride, and
azide method] to give Cbz—(Z)-a-dehydroaminoacyl-
Ser and —Thr esters (3) respectively, as a colorless syrup
or crystals, in ca. 709, yields. Therefore, although
the yield was not significantly different, the preparation
of 3 by the DCC method was found to be superior to
that by the other methods. In Table 1, the yield of 3
by the DCC method is listed.

On the other hand, N-protected Ser or Thr was also
coupled with (Z)-2 as an amine component by the
similar DCC method to give Cbz—Ser- and —Thr—(Z)-a-
dehydroamino acid esters (4) respectively as colorless

crystals in ca. a 349, yield. However, because of the
weak basicity of the amino group in the amine com-
ponent, the yield was lower than that of 3, and the
coupling of the w«-dehydrophenylalanine ester with
Cbz—Ser or ~Thr was found to proceed to only a very
small degree.

In the IR spectral data, the characteristic differences
between 3 and 4 could not be recognized. The absorp-
tion bands of the hydroxyl and NH (3475—3175
cm™), ester carbonyl (1760—1720 cm™!), secondary
amide (1665—1625 cm~1), and carbon-carbon double
bond (1670—1620 cm~1) functions are consistent with
the assignment of the dehydrodipeptide structure.

The chemical shifts and the coupling constants of 3
and 4 were assigned as is shown in Tables 1 and 2. In
the NMR spectrum of 3, the signals at § 4.56—4.76 as
double doublets or double triplets, at § 7.07—7.53 as
doublets, and at § 2.84—3.80 as broad singlets are
attributable to methine, NH, and hydroxyl protons of
the a-AA residue, respectively and the signals at §
5.34—6.08, 6.37—7.10, and 6.76—7.52 regions as
singlets, to vinyl, olefinic, and NH protons of the 4AA
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DHA and DHA residues = A4Ala, ABut, AnorVal, AVal,
AnorLeu, ALeu, and APhe; R%2 = H and CH,; Y = CH,
and C,H;.

Scheme 1.
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residue respectively. On the other hand, in the case of
4, the corresponding signals appeared at & 4.30—4.35
(methine) as multiplets, at 6 6.01—6.19 (NH) as
doublets, and at ¢ 3.40—3.88 (hydroxyl) as broad
singlets of the a-AA residue, and at ¢ 6.55—6.81 and at
d 7.96—8.15 (vinyl and olefinic protons) regions as
broad singlets of the AAA residue. As a result, it was
found that the IR and NMR spectral patterns of 3
were remarkably similar to those of 4.
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According to the method confirmed previously,!) the
configurations of 3 and 4 could be readily determined to
have (Z)-geometry.

The yields, physical constants, and NMR spectral
data of 3 and 4 are summarized in Tables 1 and 2.

Preparation of Dehydro-dehydrodipeptides. In order
to carry out the following base-catalyzed f-elimination
easily, the mesylation of the hydroxyl group in 3 and 4
was performed. We followed a procedure reported

Tasie 1. Cbz—(Z)-4AA-Ser- anp ~Thr-OY (3)
Yield® Found (Calcd), % NMR spectrum, ¢ in CDCl;
Cbz-4AA-AA(OH)-OY ” Mp/°C Formula {C‘/I;—_I:I g‘l: tf(-l;:liz_jm) oc-P(x:?::)n“) NI OH
Cbz-4Ala—Ser-OMe 67 syrup?
Cbr-dBut-Scr-OMe 64 syup  CuHuNOs (57135790 833 (7.3) 7  (3.0.9.0) 7.264 72
Cbz-4dnorVal-Ser-OMe 70 syrup G HyoN,Op (gggg ggg 38(3)) (gg? t 4.62m, ;géﬁ’i’ 3.80
Cbz-AnorLeu-Ser-OMe 65 syrup CysH,,N,O4 (gggé ggi ;gg) ((733)&’ 4.66m, 33(2)21’ 3.20
Cbz-ALeu-Ser-OMe 86  100—101° CyHypN,0, (gg:‘g 8.8 7. éé) ((136‘.1(1)()1’ é:g?‘;fb) 700 3.69
Cbz-APhe-Ser-OMe 65 1071087 CuHuN,0, (0333 22 ;:(l)é) 7.10s, (gﬁg?gf’o) 8-78% 3.2
Cbz-dAl-Th-OMe 45  syrup  CuHuMiOr (37753760 553) Closd  (2.5.9.0) 7,95 2-%
mamone o wor oo, SHEEIN S i 1w
Cbz-AnorVal-Thr-OEt 61  65—66°  CyyH,N,0, (gg: 2102 Z:ig) (‘75:‘2*?“ é:g?g‘_ié) 7-005: 3.25
Cbz-dnorLeu-Thr-OEt 76 54567  CyoHyeN,Op (gi:gz 7.8 ;:{Z) (‘;:g;t’ é:g?g"ié) 880 3.20
Gosemiore 7w o, BBINID G LD OB am
Cbz-APhe-Thr-OEt 8¢  110—I117 CyHyuN,0, (22:3(75 8.32 g:gg’) ;:‘5“5’; (g:gfsg%) Taes 327
7.559

a) Yield by the DCC method. b) Ref. 1. c¢) Colorless prisms from benzene.
f) Colorless needles from CCl,.

needles from propyl ether.
residue.

d) Colorless prisms from CCl,. e) Colorless
g) Overlapped with phenyl protons. h) «-Proton of a-AA

TaBLE 2. Cbz-Ser— AND Thr-(Z)-4AA-OEt (4)

NMR spectrum, ¢ in CDCl,

Yield® Found (Calcd), %
Cbz-AA(OH)-A4AA-OEt Mp/°C?>  Formula ———"—— Olefinic- S
C
% C H N proton( Je,) a-Proton® NH OH
Cbz-Ser-AVal-OFEt 51 155—157 CygHaN,O, (ggzgg 6.8 7. Z)g) — 4.30m,  6.10d, 5 40
Cbz-Ser-AnorLeu-OEt 26 64—66  CyoHypN,O, (ggzgg I ;:23) (gzgt’ 4.35m,  6.190, 375
Cbz-Ser-ALeu-OFt 33 107—108  CyHyN,0, (ggzgé 7.2 ;:Zg) (18I8§’d’ 4.35m, 0.004 3.5
59.32 6.79 7.79  6.81q,  4.30m, 6.16d,
Cbz-Thr-ABut-OEt 21 8890  CuHuNiOs (5933 ¢ 64 7.69) (7.0)‘1 ™ e b 3:70
Cbz-Thr—AnorVal-OEt 25  99—100 CygHaeN,04 (38:2(1, 8.5 ;:ig) (‘7‘:8;“’ 4-30m, .06, 3.80
Cbz-Thr-AVal-OEt 50 159—161 CyyHuN,O, (ggzgg I.i ;:ﬁg) — .35m, 0014, 384
Cbz-Thr-AnorLeu-OEt 28  95—97  CyHypNaOs (g‘f:g? 7.8 ;:}Z) (?:g?t, 4.30m,  0.084,  3.88
Cbz—Thr-ALeu-OEt 38 100—101 CyHagN,O, (g{é? 8.8 ;:%i) (lgzgsr’d’ 4.30m,  6.06d, 3 gg

a) Yield by the DCC method. b) Colorless fibrous from CCl,.

¢) a-Proton of a-AA residue.
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previously,'® treating a solution of 3 and methanesulfon-
yl (mesyl) chloride in CH,Cl, with excess triethylamine
but, unexpectedly, ADHP (7) as a colorless syrup or
crystals was obtained directly in ca. a 749, vyield,
without any yield of the corresponding mesyloxy inter-
mediates (5).

On the other hand, a similar treatment of 4 with
mesyl chloride gave the corresponding stable mesyloxy
derivative (6) as colorless crystals in ca. an 809 yield.
The subsequent elimination reaction of the 6 isolated
purely was attempted in the presence of triethylamine,
but the reaction did not proceed at all. In consequence,
the treatment of a solution of 6 in THF in the presence
of 1,8-diazabicyclo[5.4.0]Jundec-7-ene (DBU), a stronger
base than triethylamine, was carried out successfully,
and the desired 7 was obtained in ca. a 659 yield.

In the spectrum of 6, the disappearance of the
hydroxyl absorption and in the 3260—3300 cm™! region
and the appearance of characteristic strong sulfonyl
function bands in the 1345—1360 and 1160—1190 cm—1
regions indicate unambiguously the formation of the
mesyloxy derivative. Moreover, the IR spectrum of 7
showed bands in the 3280—3400 and 3200—3300 cm~!
regions due to the NH group, bands in the 1680—1728
and 1500—1540, and 1620—1650 and 1490—1500 cm—!
regions due to two secondary amide functions, and a
weak band in the 1620—1670 cm~! region due to the
carbon-carbon double bond.

On the other hand, from the NMR spectral data of 7
listed in Tables 4 and 5, it was found that the signals
in the 6 4.46—7.74 and 7.61—8.61 regions as broad
singlets due to two NH protons, and the characteristic
signals at § 5.26—6.76 and at 6 6.30—7.24 due to vinyl
and olefinic protons of the AAA-AAA moeties respec-
tively, are consistent with the assignment of the dehydro-
dehydrodipeptide structure. In consequence, it can be
said that the appearance of two olefinic proton signals
indicates unambiguously the formation of 7.

As a result, it was found that the IR and NMR
spectral patterns of 7 derived from 3 via 5 were in fairly
good agreement with those of 7 from 4 via 6.
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DHA residues = 4Ala, ABut, AnorVal, AVal, dnorLeu,
ALeu, and APhe; Y = CH; and C,Hj

Scheme 2.

The vyields, physical constants, and NMR spectral
data of 6 and 7 are summarized in Tables 3, 4, and 5.

The geometric structure of 7 could be readily deter-
mined to have (Z,Z)-geometry, since the chemical shifts
and the spectral patterns of the individual AAA residue
in 7 were quite similar to the starting, (Z)-configura-
tional 1 and 2314 The above determination was
further confirmed independently by the following direct
coupling between two different (Z)-DHA’s.1)

The equimolar coupling of (Z)-1 as a carboxyl
component with (Z)-2 as an amine component by the
usual acid-chloride method gave the desired ADHP
(7) in ca. a 509, yield; its structure was completely in
agreement with that of 7 derived from 3 and 4 respec-
tively. Therefore, it was further ascertained that the
(Z)-geometry of the DHA and DHA residues was
maintained during the peptide-formation reaction and
the base-catalyzed f-elimination reaction.

TasLe 3. Cbz-Ser(Mes)— anp Thr(Mes)-(Z)-4AA-OEt (6)

Yield Found (Caled), % NMR spectrum, é in CDCl,
Cbz-AA (Mes)-4AA-OEt Mp/°C® Formula " Olefinic-  «-Proton®

b HO N proton(Je)  (Ju)

Cbz-Ser(Mes)-Val-OEt 80  135—I36 CyHy,N,0,S é}:gg g g:gg) - 4.60m,  6.12d
Cbz-Ser(Mes)—ALeu-OEt 78  107—108 CyyHueN,0,S (ggzgg 6.1 g:ﬁ) (lg:g?d, 4.60m,  6.00d
e a0 T8 i Gtwos QEINCH (e s sme
Cbz-Thr(Mes)-4norVal-OEt 85 130—131 CyeH,3N,O4S (gggé g(l)g gﬁ).) ((753;“’ (gg?gdé) ggggs
Cbz-Thr(Mes)-AVal-OEt 88  159—160 CyH,iN,04S (ggzgg 6-28 2:%1) - (g:g,zgfié) 5-Bod
Cbz-Thr(Mes)-AnorLeu-OEt 80  132—133 CyH,oN,0,S (ggzg‘f 6.39 g:gg) (?:g?t, (‘;:g?‘;‘_ié) 6-90d
o e OB T 0 Guinos (O SASE (SHe i sa

a) Colorless needles from CCl,.

b) e-Proton of a-AA residue.
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TasLe 4.  Cbz—(Z)-4AA—(Z)-AAA-OY (7) From 3
Yield Found (Caled), % NMR spectrum, § in CDCl,
Cbz-4AA-4AA-OY - Mp/°C® Formula —————— _ P
% H N CH,= R-CH=  ppq
Me-CH=(Jg,) (Ju)
59.41 5.23 9.13  5.26dd,  5.94d» 7.51b
Chbz-dAla-4Ala-OMe 62 syrup CisHaeNeOs (59790 5.30 9.21)  6.18d 6.58s 8 43bs
60.33 5.58 8.97  5.36t, 6.88q® 7.54b
Cbz-4But-4Ala~OMe 63 61—62  CyHiN:Os (60.37 5.70 8.80  6.22d (7.4) - 7.67bs
61.34 5.89 8.44  5.84d 6.43t, 6.60b
Cbz-AnorVal-4Ala-OMe 62  87—88 CuHauNOs (6143 607 8. 43)  6.60s (7°2) 8 40b:
62.42 6.56 7.89  5.86d, 6.47t, 6.63b
Cbz-AnorLeu-4Ala-~-OMe 76  100—101 CysH:N,O5 (6% 4% 6.40 8.09) 6.60s (7.2) 3.60b:
62.56 6.32 7.97  6.01d, 6.46d, 6.85b
Chbz-ALeu-4Ala-OMe 91 86—87  CiHuwNoO: (65°41 6740 8.09)  6.76s°  (10.2) ~  8.6lbs
Cbz-APhe-AAla-OMe 86 115—116  CuHyuN,0, (ggzgg i ;é?) 2-05d, 7.225,  0.07bs
60.54 5.81 8.97  6.68q, 5.36t,” 7.54b
Cbz-4Ala-ABut-OMe 65 syrup CuHiNeOs (60'37 5.70 8.80)  (7.2) 6.224  7.67bs
61.23 5.98 8.55  6.77q, 6.55¢,” 6.96b
Cbz-ABut-4But-OMe T srup CuHWNOs (@133 glo7 8.43)  (12) T (1) " 7.780s
63.11 6.79 7.59  6.77q, 6.47t,  6.93b
Chz-AnorVal-ABut-OEt 76 syrup CoHaaN:Os (63739 6.71 7.77) (7.2)q (7.5) 7.78bs
63.89 6.89 7.57  6.80q, 6.52t, 6.76b
Cbz-AnorLeu-ABut-OEt 69  syrup CaoHasN.Os  (83°15 7000 7.48) (7.2)‘1 (7.9) 2 79he
63.53 6.68 7.90  6.77q, 6.30d, 6.46b
Cbz-ALeu-4But-OMe 86 89—90  CuHuNoOs (¢3'75 7000 7.48) (7.2)  (10.2)  7.61bs
67.60 6.08 7.11 6.82q, 7.24s, 6.72b
Cbz-APhe-4But-OEt 79 7981 CuHuNiOs (0763 500 6'g6)  (7.0) (s DTS
a) Colorless needles from CCl,. b) Vinyl protons. c) 1-Propenyl protons.
TasLe 5. Cbz—(Z)-ABut—(Z)-4AA-OEt (7) rrom 6
Yield Found (Caled), % NMR spectrum, ¢ in GDCI;
Cbz-4AA-AAA-OEt Mp/°C® Formula — CHz- R-CH= NH
0, 0
7o € H N McCH(u) (u) ()
62.45 6.38 7.97 6.57q, 6.77q,  6.96
Cbz-ABut-ABut-OFt 61 syup  CuHuNiOs (6341 640 8.00) (7.2) (7.2)  7.78
63.45 6.88 7.70 6.70q, 6.77t 7.30
Cbz-ABut-AnorVal-OEt 65 syrup  CuHuNiOs (83755 671 7077)  (7.0) (7.5 806
63.22 6.89 7.98 6.56q, 6.95
Cbz-ABut-AVal-OEt 67 69—70  CuHuNOs (¢35 671 777 (7.9) — 77
63.98 6.09 7.48 6.60 6.71t,  6.90
Chbz-ABut-dnorLeu-OEt 65 4546 CuHuNiOs (¢i'y5 7000 7.48)  (1.2) (1.5) 775
64.33 6.89 7.37 6.70q, 6.57d, 6.9
Cbz—ABut-4Leu—OFt 66 67—68  CaHuNiOs (8415 7000 7.48) (7. 5)‘1 (7.2) A
a) Colorless needles from cyclohexane. b) Broad singlet.
R H R! R®
\/ \/
) 1 iI
TaBLE 6. Chz—(Z)-AAA~(Z)-AAA-OEt (7) ¥rom 1 AND 2 Ghe-NH-G-COOH + HﬂN‘g‘COOY
Cbz—AAA-AAA-OFEt Yield/%  Mp/°C R H Ri R
Cbz—ABut-ABut-OEt* 40 syrup & b
Cbz-ABut-AnorVal-OEt*» 41 syrup PCls Cbz-NH-—CO-NH--COO0Y
Cbz-ABut-4Val-OEt* 68 69—70 pyridine
Cbz-ALeu-AnorVal-OEt” 43 syrup® 7
Cbz-4norVal-AnorLeu-OEt» 51 syrup® DHA residues = A4But, 4norVal, dnorLeu, 4Val, and
Cbz-ABut-ALeu-OEt®? 65 67-—68 ALeu; Y = CH, and GyH,

a) See Table 5. b) Ref. 11. c¢) Found: C, 65.15; H,
7.40; N, 7.099%. Calcd for Cy;Hy,sN,O;: C, 64.93; H,
7.27; N, 7.21%. d) Found: C, 65.33; H, 7.41; N,
7.10%. Calcd for CyyHysN,O5: C, 64.93; H, 7.27; N,
7.21%,.

Scheme 3.

The vyields, physical constants, and NMR spectral
data of 7 obtained by the direct coupling are summarized

in Table 6.
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Experimental

All the melting points are uncorrected. The IR spectra
were recorded 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.

Starting Materials. The starting (Z)-1 and (Z)-2 were
prepared by the methods reported previously.1s11:12)

Preparation of 3. Into a solution of (Z)-1 (10 mmol)
and the Ser or Thr ester (10 mmol) in DMF (10 ml), we
stirred DCC (11 mmol) under cooling. After stirring at
room temperature for 12 h, the dicyclohexylurea 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 successively washed with 29}, aqueous
HCI, water, saturated aqueous NaHCO,, and water, and
finally dried over anhydrous Na,CO,. The subsequent
evaporation of the ethyl acetate under reduced pressure gave
crude crystals or a syrup, subsequently purified on a silica gel
column using benzene-ethyl acetate (4 :1 v/v) to give 3.
See Table 1.

Preparation of 4. Into a solution of (Z)-2 (10 mmol)
and Cbz-Ser or —Thr (10 mmol) in CH,Cl, (10 ml), we
vigorously stirred DCGC (11 mmol), portion by portion, below
0°C. After stirring at room temperature for 20 h, the reac-
tion solution was worked-up exactly according to the above
treatment procedure to give 4. See Table 2.

Preparation of 6. Into a solution of 4 (4 mmol) and
mesyl chloride (5 mmol) in CH,Cl; (20 ml) we stirred triethyl-
amine (12 mmol), drop by drop, at 0°C for 1h, and then
the stirring was continued at room temperature for 2 more h.
The reaction solution was then poured into CH,Cl, (50 ml),
and the resulting solution was washed once with chilled 1 M
HCl (50 ml) and twice with water and finally dried over
anhydrous MgSO,. The subsequent evaporation of the
solvent gave a crude syrupy residue, which was crystallized
with CCl, to give 6 as colorless needles. See Table 3.

Preparation of 7. From Ser Derivatives (3): Into a
solution of 3 (4 mmol) and mesyl chloride (5 mmol) in CH,CI,
(20 ml) we stirred triethylamine (12 mmol), drop by drop,
at 0—2 °C for 0.5 h, and then the stirring was continued at
room temperature for 1.5 more h. Dichloromethane (40 ml)
was further added to the reaction solution, and the result-
ing solution was washed with chilled 1 M HCI till the washing
solution reached pH 4 and twice with water, and finally
dried over MgSO,. The subsequent evaporation of the
CH,CI, gave 7 as a colorless syrup or crystals. See Table 4.

From Thr Derivatives (3): Similarly, the treatment of 3
(4 mmol) with mesyl chloride (5 mmol) in the presence of
triethylamine (20 mmol) was worked-up for I h; it was then
stirred at room temperature for 12 h to give a crude syrupy
substance, which was purified on a silica gel column using a
mixture of benzene-ethyl acetate (3 : 1 v/v) as the eluent to
give 7 as a colorless syrup or crystals. See Table 4.

From 6: Into a solution of 6 (4 mmol) in THF (20 ml) we
stirred DBU (4.5 mmol) under cooling. After stirring at the

Chung-gi SHIN, Yasuchika YoNEzAwA, Masatoshi Takanasat, and Juji YosmiMurAa
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same temperature for 2 h, the evaporation of THF gave a
crude reaction product; this product was dissolved in ethyl
acetate (20 ml) and chilled 1 M HCI (40 ml), and then the
residual solution was well shaked. The organic layer thus
separated was washed with water and dried over anhydrous
Na,SO,. After the removal of the ethyl acetate under
reduced pressure, the residual syrup thus obtained was chro-
matographed on a silica-gel column, using a mixture of
benzene—ethyl acetate (4 : 1 v/v) as the eluent, to give 7 from
the second fraction. See Table 5.

From 1 and 2: Into a solution of 1 (10 mmol) in dry THF
(20 ml) we successively stirred PCl; (11 mmol), portion by
portion, at 0°C and then, after 20 min, a chilled solution
of 2 (10 mmol) in dry pyridine (15 ml), drop by drop, all
below 5 °C. The reaction mixture was continuously stirred
at room temperature for 3 more h, and then the resulting
solution was poured into ice water (100 ml). The resulting
aqueous solution was extracted three times with ethyl acetate
(180 ml). The extracts were washed once with 3 M HCI
(50 ml) and three times with water (100 ml), and then dried
over anhydrous Na,SO,. After the evaporation of the ethyl
acetate under reduced pressure, the residual syrup thus
obtained was purified on a silica-gel column, using a mixture
of benzene-ethyl acetate (8 : 1 v/v) as the eluent, to give 7
as a pure colorless syrup or crystals. See Table 6.
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