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Dehydrooligopeptides. XVI.
Convenient Syntheses of Two Kinds of Antrimycins Av and Dv
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Eight kinds of peptide antibiotics, antrimycins (1), consist of four sorts of unusual a-amino acids, that is,
hydroxymethylserine, (25,35)-2,3-diaminobutanoic acid, (S5)-2,3,4,5-tetrahydro-3-pyridazinecarboxylic acid, and
dehydrovaline (AVal) or (E)-dehydroisoleucine (Alle) from the N-terminus of 1. The practical syntheses of the
three segments containing these four acids, and all of the protected 1 by the usual fragment condensations of the
three segments were accomplished. Moreover, after mild deprotection of the protecting groups, the two kinds of
1, antrimycins Av and Dv comprising Ala®~AVal® and Leu®-AVal® segments respectively, were synthesized.

Peptide antibiotics, antrimycins (1), produced by
Streptomyces (St.) zanthocidicus MG-125-CF1, are
unique linear heptapeptides composed of a common
N-terminal tetrapeptide and eight kinds of C-terminal
tripeptide segments, and are similar to cirratiomycins,®
produced by St. cirratus 248-Sq2, as illustrated in
Fig. 1. As can be seen from the structures, despite
the small dehydrooligopeptides, interestingly, the natu-
ral products (1) are composed of four kinds of unusual
a-amino acid residues, hydroxymethylserine (HMSer),
(2S5,39)-2,3-diaminobutanoic acid (Dab), (35)-2,3,4,5-
tetrahydro-3-pyridazinecarboxylic acid (Pya), and de-
hydrovaline (AVal) or (F)-dehydroisoleucine (Alle)
from the N-terminus of 1.

We have already reported briefly an easy syntheses
of the C-terminal dehydrotripeptides® by the one-pot
condensation of N-a-carboxy-dehydrovaline or dehydro-
isoleucine anhydride (2: AVal:NCA or Alle-NCA) with

R;=Me, Et, n-Pr, i-Bu, R,=Me, Et

Z=Z

1: Antrimycins

Compd. No. R,y Ry
1a Av Me Me
1b Bv Et Me
1c Cv n-Pr Me
1d Dv i-Bu Me
1e A Me Et
1 B Et Et
19 o} n-Pr Et
1h D i-Bu Et
Fig. 1.

amine (N-) and carboxyl (C-) component a-amino acids
(ANCA method).>® In our preceding papers,”® the
stereoselective syntheses of the Dab and Pya derivatives
and the acids containing dehydrotri- and tetrapeptides
have been also reported.

Although the total synthesis of antrimycin Dv (Leu®-
AVal®) has been reported,®!® we have also succeeded in
the syntheses of antrimycins Dv and Av (Ala®-AVal®)
by a different route.!) Here, we wish to report in detail
on the syntheses of the above-mentioned four unusual
a-amino acid derivatives, the acids containing three seg-
ments, and all of the protected 1 from different routes.
Futhermore, the examination of the optimal conditions
for the deprotection of the protected 1 and the syn-
theses of antrimycins Av and Dv are also described in
detail.

Results and Discussion

Syntheses of Three Segments of 1. To synthe-
size the C-terminal tripeptide of 1, the one-pot con-
densation of 2% with an appropriate N-¢butoxycar-
bonyl (Boc)-a-amino acid (AA: Ala, Abu, Nva, and
Leu) (Abu=2-aminobutanoic acid; Nva=norvaline) and
then H-Ser—OBzl (benzyl ester) in CH2Cl; in the pres-
ence of 4-dimethylaminopyridine (DMAP) at 0 °C gave
Boc-AA-AVal (3a—d)- and Alle-Ser—-OBzl (3e—h)
(Scheme 1). Although the yields of 3a—h were com-
paratively low and, similarly in the cases of 2e—h, the
geometries of the obtained products (3e—h) remained
unchanged as a mixture of (E)- and (Z)-isomers in a
3:2 ratio, and this direct coupling method has been
found to be superior to the usual stepwise elongation.
Furthermore, to examine the deprotection conditions,
variously protected similar dehydrotripeptides (3i—k)
were also synthesized.

The yields, melting points, and physical constants
(IR, 'HNMR, and specific rotation) of 3a—k are sum-
marized in Tables 1 and 2.

The obtained 3a—h were then condensed with
the C-component dipeptide, Boc-Dab(Cbz)-Pya-OH
(14) (Cbz=benzyloxycarbonyl), which was prepared
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Table 1. The Yields and Melting Points of X~AA-AVal- and Alle-Ser-Y (3)
Compound Yield Mp® Formula Found (Caled)/%
No. % Bm/°C C H N
3a 62 97—98 023H33N207 59.23 6.83 9.09
(59.60 7.18 9.07)
3b 58 150—151 C24H35N307 60.08 7.35 8.70
(60.36 7.39 8.80)
3c 53 145—147 Ca5H37N307 60.71 8.05 8.48
(61.08  7.59  8.55)
3d 57 158—159 C26H39N307 61.86 7.76 8.31
(6176 7.76  8.31)
3e 59% 107108  C4H3sN3O;  59.60  7.31  8.59
(60.36 7.31 8.59)
3f 54*  141—143  CpsH3NsO;  60.75 734 8.17
(61.08 7.59 8.55)
3g 55%) 146—148 Ca6H39N307 61.75 7.71 8.34
(61.76  7.76  8.31)
3h 54%  146—147  CyyHuN3O7; 6235 7.90 815
(6241  7.95  8.09)
3i 55 158—159 C20H27N307 56.92 6.60 9.65
(57.00 6.46 9.97)
3j 56 139—141 Co6H31N30O7 62.44 6.11 8.20
(6277  6.28  8.45)
3k 58 150—152 C27Ha3N307 63.40 6.50 8.21
(63.56  6.51  8.27)
a) Mixture of E- and Z-isomers. b) Colorless needles from EtOAc or hexane-EtOAc.
Re ter (4). After ester hydrolysis of 4 with 1 M LiOH
Ry _S\_(O R —\S__( (1 M=1 moldm™2), the condensation of the obtained
XHNJ\COOH o, o XD 1 acetal acid (5) with pivaloyl chloride (Piv—Cl) in the
R=Me.Et Pr.i-Bu Y Y presence of EtzN in THF at —78 °C and then M-
i o o © - .
2:R=Me,Et Ry=Me,EtPr,+Bu lithium (S)-4-benzyl-2-oxazolidinone'®) gave the corre-
Ra-Mo Et sponding N-acyl-2-oxazolidinone (6). The compound 6
OH was treated successively with butyllithium (BuLi) and
,[ R 4 O o di-t-butyl azodicarboxylate (DBAD) in THF at —78 °C
N7 cOOv,_ NJ\"/N NJ;I/OY to give the corresponding (S)-4-benzyl-3-[(S)-2-hydrazi-
) H o 5 nojoxazolidinone derivative (7) in 93% yield with 90%
R de. Futhermore, intramolecular cyclization between the
formyl and hydrazino groups by treatment of 7 with
CF3COOH (TFA) in CH»Cl, took place smoothly to
Compd.No X Y R R give the expected (S)-4-benzyl-3-[(5)-2,3,4,5-tetrahy-
da Poo Bz Me Mo dro-3-pyridazinylcarbonyl]-2-oxazolidinone (8) in 83%
c Boc Bzl n-Pr - Me yield.
d Boc Bzl i-Bu Me .
e Boc B Me Et On the other hand, the reaction of 7 with MeOMgI*®
g Boc Bz  n-Pr Et in the mixture of CHyCl, and MeOH at 0 °C was done
h Boc Bz  i-Bu Et . 1 . . -
i Cbz Me Me Me to remove oxazolidinone ring, giving the corresponding
A Spz B2 Mo W hydrazino methyl ester (9). Then, the ester 9 was cy-

Scheme 1.

by the coupling of Boc-Dab(Cbz)-OH® with the
Pya derivative synthesized below.  As shown in
Scheme 2, the starting methyl 5-oxopentanoate, de-
rived by the oxidation of methyl 5-hydroxypentanoate
with CsHsNH*-CICrO; (PCC) in CHCly,'*'® was
treated with MeOH in the presence of p-toluenesulfon-
ic acid (p-TsOH) to give the corresponding acetal es-

clized with TFA in CH5Cl; to give the desired 3-pyrid-
azine-3-carboxylate (10) in 95% yield (Scheme 3).

The configurations of both 8 and 10 could be read-
ily identified as S by comparison of the 2,4-dinitro-
phenyl derivative of the dihydro ester 11 with the au-
thentic methyl (R)-1-(2,4-dinitrophenyl)-2,3,4,5-tetra-
hydro-3-pyridazinecarboxylate [(R)-12].'®) That is, the
treatment of 10 with Na[BH3CN] in MeOH and imme-
diate arylation of the formed intermediate (11) with
2,4-dinitrophenyl fluoride (DNP-F) in EtOH was done
to give the expected DNP-pyridazinecarboxylate (12).
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'HNMR, é in CDCl;

Compd. IR, v/ecm™! in KBr -NH- (J/Hz) CHs— CHsz— [ /°
No. -NH- -C=C- br s br d (CH3CH,-) (c 1.00, MeOH)
3a 3442 1656 7.80 6.99 (7.7) 5.02 (6.6) 2.06s 1.76s -32.5
3b 3268 1644 7.82 7.03 (7.5) 5.07 (7.0) 2.05s 1.76s —24.9
3c 3260 1650 7.82 7.04 (7.0) 5.09 (6.6) 2.20—1.10m -20.8
3d 3260 1650 7.64  7.00 (7.5) 4.94 (7.3) 2.06s 1.76s ~226
3e 3466 1650 8.14  7.08 (7.7) 5.25 (6.6)  (E;2.39q) 1.72s

7.00 (7.7) (Z:2.09q) 2.01s
3f 3262 1647 7.85  7.00 (6.8) 5.00 (6.8)  (E;2.40q) 1.74s

6.95 (6.8) (2:2.12q) 2.01s
3g 3448 1650 7.86  7.05 (7.7) 5.08 (6.8)  (E;2.45q) 1.74s

6.95 (7.7) (Z:2.11q) 2.02s
3h 3450 1650 775 6.97 (7.6) 4.97 (6.6)  (E;2.39q) 1.74s

6.94 (7.6) (Z;2.11q) 2.02s
3i 3436 1668 811  7.15 (6.2) 5.61 (6.2) 2.09q 1.72s ~32.4
3j 3334 1668 8.06 7.16 (8.0) 5.57 (6.4) 2.06q 1.72s -31.0
3k 3380 1670 7.90  7.04 (7.0) 5.44 (5.9)  (E;2.42q) 2.04s

7.04 (7.0) (Z:2.08q) 1.69s
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HO OMe ~ CH,Cl, OHC\/\/U\OMG MeOH

78%

IS WL JS U
—
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5:R=H
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Scheme 2.

Since the specific rotation of the synthesized 12 showed
the reverse sign and value to the (R)-isomer of 12,'%
the configuration of the Pya derivatives, thus obtained,
could be confirmed to be the (S)-isomer and was found
to be identical with the Pya residue of 1. Consequently,
the stereoselective formation of the 2,3,4,5-tetrahydro-
pyridazine ring was first successful.

Subsequently, the coupling of 8 with Boc-Dab(Cbz)-
OH was done in CH,Cly in the presence of DMAP
by the dicyclohexylcarbodiimide (DCC) method to give
the expected dipeptide oxazolidinone amide (13) in 53%
yield. Finally, the removal of the oxazolidinone ring of
13 by using LIOOH'™ gave 14 in 86% yield (Scheme 4).

On the other hand, the synthesis of an N-termi-
nal dipeptide, Boc-HMSer(MOM);-Ala~OR (MOM =

methoxymethyl, 18; R=Bzl, 19; R=H), was achieved
from Boc—-HMSer—OH (15) in four steps. The com-
pound 15, derived by the N-protection of H-HMSer—
OH'#19 with di-t-butyl dicarbonate (BocpO) in the
presence of EtsN in a mixture of HoO and dioxane,
was further protected with chloromethyl methyl ether
(MOM-CIl) in the presence of diisopropylethylamine
[(+Pr)oNEt] to give Boc-HMSer(MOM),-OMOM (186).
The selective ester hydrolysis of 16 with 1 M LiOH in
MeOH gave Boc—-HMSer(MOM),—OH (17), which was
then coupled with H-Ala—OBzl in the presence of di-
phenylphosphinic azide (DPPA) and EtsN to give 18.
Finally, the catalytic hydrogenolysis of the Bzl group
of 18 with 10% Pd/C in EtOH was done to give 19 in
91% yield (Scheme 5).
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Scheme 3.

Consequently, all of the three partial skeletons 3, 14,
and 19 of antrimycins (1) could be synthesized and used
for the next fragment condensations.

Synthesis and Deprotection of the Protected
1. Deprotection of the Boc group of 3 with TFA
in CH2Cl, and then fragment condensation with 14
by using DPPA in the presence of EtsN in DMF was
done to give the expected Boc—Dab(Cbz)-Pya—AA—
AVal (20a—d)- and Alle-Ser—OBzl (20e—h) in about
67% yields. Subsequently, final coupling of 19 with H-
Dab(Cbz)-Pya—AA-AVal- or Alle-OBzl, formed by
the deprotection of the Boc group of 20 by using TFA,
was done in the presence of DPPA and EtzN to give
the protected 1, Boc-HMSer(MOM);—Ala-Dab(Cbz)—
Pya-AA-AVal (21a—d) and Alle-Ser-OBzl (21e—h)
in about 65% yields, according to Scheme 6.

Unfortunately, however, the protected 1 (21a—h)
containing the Alle residue was obtained as a mixture
of (E)- and (Z)-geometric isomers in about a 3:2 ra-
tio, to the last. Accordingly, the deprotections of all
the protecting groups of the obtained 21a (Ala%) and
21d (Leu®) containing a AVal residue, followed by the
purification, gave antrimycins Av and Dv.

In order to deprotect under mild conditions, the cat-
alytic hydrogenolysis of Cbz and Bzl groups with Pd/C
and the hydrolytic deprotections of Boc and MOM
groups with organic acid were studied extensively. Be-
fore the hydrogenolytic deprotection of the protected 1,
it was necessary to examine whether or not the carbon—
carbon double bond of a-dehydroamino acid residue was
hydrogenated. Accordingly, for example, five kinds of
C-terminal dehydrotripeptide segments of 1 protected
with different N- and C-protecting groups, that is, Boc—
Ala-AAA-Ser-OBzl (3a: AVal, 3e: Alle), Cbz—Ala—
AVal-Ser-OMe (3i), and Cbz—-Ala—AA A-Ser-OBzl (3;j:
AVal, 3k: Alle) mentioned above, were submitted to
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the catalytic hydrogenation with 5% Pd/C in MeOH
at room temperature. (Figs. 2, 3, and 4). In all cases,
the Cbz and Bzl groups of the substrates were read-
ily deprotected to give Boc—Ala~-AA A-Ser-OH, H-Ala—
AVal-Ser-OMe, and H-Ala—AA A-Ser—OH respectively
almost quantitatively within only 20 min, without any
hydrogenation to a C=C bond.

From the above results and the fact that the other
protecting groups, MOM and Boc, are easily depro-
tected with acids such as TFA, the final deprotection
of 21a and 21d with 5% Pd/C in MeOH-AcOH for 2 h
and then with 70% TFA for 12 h at room temperature
was done to give the deprotected product. The crude
peptide thus obtained was purified on reversed-phase
HPLC column using 15% CH3CN-H;0-0.05% TFA as
the eluent to give antrimycins Av(la) and Dv(1d) as
TFA adducts in about 66% yields.

Consequently, all of the chemical and physical con-
stants of thus obtained antrimycins Av and Dv were
almost identical with those of the naturally occurring
peptides,?® as summarized in Table 3.

Experimental

Melting points were measured with a Yamato Mp-21 mi-
cro-melting point apparatus, and uncorrected. The IR spec-
tra were recorded with a Hitachi 270-30 spectrometer in
KBr. The 'HNMR and '*CNMR spectra were measured
with JEOL EX 90, FX 200, and JNE 500 spectrometers in
CDCl3, DMSO-ds, CgDs, or CD30D solution with tetra-
methylsilane used as the internal standard. The specific
rotations were measured in a 0.5 dm tube using a JASCO
DIP-4 polarimeter in MeOH or H2O. Thin-layer chromatog-
raphy (TLC) was done with Merck silicagel 60F-254 plates
and column chromatography was carried out with Merck
silicagel 60 and Wakogel C-300. High-pressure liquid chro-
matography (HPLC) analyses and separaticns were done on
the following columns using 15% CH3CN-H>0-0.05% TFA
with a flow rate of 6.0 mlmin~' by detecting UV (215 nm)
absorption: E. Merck Lichrosorb PR-18 (4¢x250 nm) and
Tosoh gel ODS-120T (21.5 mmIDx30 cm).

Boc-AA- AAA-Ser—-OBzl (3a—h), Cbz—Ala—
AVal-Ser—OMe (3i), Cbz—Ala—AAA-Ser—OBzl (3j,
k).  According to the method reported previously,‘” one-
pot coupling of AAA-NCA (2) with X~AA-OH (X=Boc
or Cbz) and then with H-Ser—-OY (Y=Me or Bzl) in the
presence of DCC and pyridine in CH;Cl; gave the expected
3a—k (Tables 1 and 2).

Methyl 5,5-Dimethoxypentanoate (4). A solution
of methyl 5-oxopentanoate!?!® (2.3 g, 18 mmol) in MeOH
(30 ml) in the presence of p-TsOH-H;0 (0.10 g, 0.53 mmol)
was stirred overnight at room temperature. The reaction
mixture was neutralized with EtsN and then concentrated
in vacuo. The obtained residue was dissolved in EtOAc (50
ml) and washed twice with brine (15 ml) and then dried
over anhydrous Na»SO4. Concentration in vacuo gave a
residue, which was purified on a silica-gel column using hex-
ane-EtOAc (1:1 v/v) to give 4 as a colorless oil. Yield 74%.
IR (KBr) 1734 cm™!. *"HNMR (CDCl3) §=1.57—1.76 (m,
4H), 2.26—2.44 (m, 2H), 3.26 (s, 6H), 3.61 (s, 3H), 4.34 (br
t, 1H).
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Scheme 5.
Table 3. The Chemical Data of Antrimycins Av and Dv
Synthetic Natural
Antrimycin Av Mp/°C 173 (decomp) 178 (decomp)
(1a) [a]p —63.0° —65.0°
(H20) (c 0.224) (c0.2)
TLC(RY) 0.12 0.12
Antrimycin Dv Mp/°C 189 (decomp) 191 (decomp)
(1d) [o]p —64.7° —74.0°
(H,0) (c 0.118) (c 0.1)
TLC(Rf) 0.28 0.28

5,5-Dimethoxypentanoic Acid (5). A solution of
4 (5.00 g, 28.4 mmol) in MeOH (100 ml) in the presence
of 1 M LiOH (42.6 ml, 42.6 mmol) was stirred for 2 h at
room temperature. The reaction mixture was concentrated
in vacuo to give a resulting aqueous solution, which was
washed twice with diethyl ether (20 ml). The aqueous layer
was adjusted to pH 3—4 with 10% citric acid and then ex-
tracted three times with EtOAc (30 ml). The combined ex-
tracts were washed with brine (20 ml) and dried over anhy-
drous NazS0O4. Concentration in vacuo gave 5 as a colorless
oil, which was used to the next reaction without further pu-
rification. Yield 65%. IR (KBr) 3100, 1710 cm™'. "HNMR
(CDCls) 6=1.60—1.79 (m, 4H), 2.32—2.48 (m, 2H), 3.32
(s, 6H), 4.38 (br t, 1H), 9.23 (br s, 1H, COOH).

(R)- 4- Benzyl- 3- (5, 5- dimethoxypentanoyl)- 2- ox-
azolidinone (6). To a solution of 5 (0.65 g, 4.0 mmol) in
THF (15 ml) in the presence of EtzN (0.49 g, 4.8 mmol) un-
der Ar gas at —78 °C was added Piv-Cl (0.51 g, 4.2 mmol).
Colorless precipitates were deposited and the resulting mix-
ture was stirred at —78 °C, and then treated with a solution
of 5-lithium (R)-4-benzyl-2-oxazolidinone [made from (R)-
4-benzyl-2-oxazolidinone (0.68 g, 3.8 mmol) in THF (10 ml)
and BuLi (2.4 ml, 3.8 mmol, 1.6 M hexane solution at —78

°C]. After it was stirred at 0 °C for 30 min, the reaction
mixture was further treated with saturated aqueous NH4Cl
solution (30 ml) and then the organic solvent was removed
in vacuo. The residual aqueous solution was extracted three
times with CHCls (20 ml). The combined extracts were
washed with saturated aqueous NaHCOg3 solution (10 ml)
and brine (10 ml), and then dried over anhydrous Na»SOj4.
Concentration in vacuo gave a crude residue, which was pu-
rified on a silica-gel column using hexane-EtOAc (4:1 v/v)
give 6 as a colorless syrup. Yield 96%. [a]E +83.6° (c
1.11, MeOH). IR (KBr) 1782, 1704 cm~'. *HNMR (CDCls)
§=1.68—1.87 (m, 4H), 2.75 (dd, 1H, J=9.2 and 13.2 Hz),
2.88—2.97 (m, 2H), 3.30 (dd, 1H), 3.33 (s, 6H), 4.18 (m, 2H),
4.41 (br t, 1H), 4.65 (m, 1H), 7.15—7.46 (m, 5H). Found: C,
63.28; H, 7.41; N, 4.49%. Calcd for C17H23NOs: C, 63.53;
H, 7.21; N, 4.36%.
(S)-4-Benzyl-3-[(S)-2-[1,2-bis(¢t-butoxycarbonyl)-
hydrazino]-5,5-dimethoxypentanoyl]-2-oxazolidinone
(7). To a solution diisopropylamine (70 mg, 0.69 mmol)
in THF (2.2 ml) under Ar gas at —78 °C was added BuLi
(0.27 ml, 0.67 mmol, 2.5 M hexane solution) dropwise for 20
min. A solution of 6 (0.20 g, 0.67 mmol) in THF (30 ml)
was added slowly to the resulting solution. After this was
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stirred for 30 min, a solution of DBAD (0.17 g, 0.75 mmol)
in CH2Cl; (4 ml) was added. After 3 min, acetic acid (90 pl,
1.6 mmol) and a saturated aqueous NH4Cl solution (10 ml)
were added at —78 °C for 30 min. The reaction mixture was
concentrated in vacuo to give a residue, which was extracted
three times with CH2Clz (10 ml). The combined extracts
were washed with brine (10 ml) and dried over Na2SOy,
and then concentrated in vacuo. The residue obtained was
purified on a silica-gel column using hexane-EtOAc (4:1
v/v) to give crystals, which were recrystallized from hex-
ane-EtOAc to glve 7 as colorless prisms. Yield 93%, mp
124—126 °C. [a]¥+52.1° (¢ 2.09, MeOH). IR (KBr) 3424,
1785, 1755, 1716, 1689 cm™'. 'HNMR (CDCl3) §=1.45 (s,
18H), 1.71—2.00 (m, 4H), 2.62—3.36 (m, 8H), 4.17 (m, 2H),
4.41 (m, 1H), 4.52 (m, 1H), 5.73 (m, 1H), 6.67 (s, 1H, NH),
7.14—7.36 (m, 5H). Found: C, 58.64; H, 7.63; N, 7.59%.
Calcd fOI‘ C27H41N309: C, 58.79; H, 7.49; N, 7.62%.

(S)- 4- Benzyl- 3- [(9)- 2, 3, 4, 5- tetrahydro- 3- pyri-
dazinyl]-2-oxazolidinone (8). A solution of 7 (0.10 g,
0.18 mmol) and TFA (0.5 ml) in CH2Cl2 (0.5 ml) was stirred
at room temperature for 1 h and then concentrated in vacuo.
The residue was dissolved in benzene (5 ml). Azeotropic dis-
tillation was done three times to give a residue, which was
again dissolved in CH2Cly (10 ml). The resulting solution
was washed with a saturated aqueous NaHCO3 solution (5
ml) and the aqueous layer was extracted twice with CHCl;
(5 ml). The combined extracts were dried over anhydrous
Na2SO4 and concentrated in vacuo. The obtained residue
was purified on a silica-gel column using hexane-EtOAc (1:2
v/v) to give crystals, which were recrystallized from hexane—
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Fig. 2. Correlation between the yield and reaction

time in the deprotection of Boc-Ala—AAA—-Ser-OBzl
(3a and 3e) by the catalytic hydrogenolysis. O:
AVal, @: Alle.

100
O

9
‘__!j 50
'2
=

[

0 A L A L i A 1 A L

0 4 8§ 12 16 20

Time (min)

Fig. 3. Correlation between the yield and reaction
time in the deprotection of Cbz—Ala—AVal-Ser-OMe
(8i) by the catalytic hydrogenolysis.

EtOAc to give 8 as colorless prisms. Yield 83%, mp 116—
117 °C. [a]#+168° (¢ 1.09, MeOH). IR (KBr) 1785, 1778,
1698 cm™!. 'HNMR (Ce¢Dg) 6=1.69—2.28 (m, 4H), 2.45
(dd, 1H, J=7.1 and 13.6 Hz), 2.77 (dd, 1H, J=3.5 and 13.6
Hz), 3.32 (dd, 1H, J=9.0 Hz), 3.55 (dd, 1H, J=3.5 and 9.0
Hz), 4.16 (dddd, 1H), 4.50 (br t, 1H), 6.23 (br s, 2H), 6.82—
7.31 (m, 5H). Found: C, 62.42; H, 5.84; N, 14.42%. Calcd
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Fig. 4. Correlation between the yield and reaction
time in the deprotection of Cbz—Ala—AA A~Ser-OBzl
(3j and 3k) by the catalytic hydrogenolysis. O:
AVal, @: Alle.

for Cl5H17N303: C, 62.70; H, 5.96; N, 14.63%.

Methyl (S)-[1,2-Bis(t-butoxycarbonyl)hydrazino]-
5,5-dimethoxypentanoate (9). To a suspension of 7
(0.30 g, 0.54 mmol) in MeOH (1.4 ml) and CH>Cl, (1.4 ml)
was added under stirring, a suspension of MeMgl [made from
Mg (0.19 g, 7.8 mmol) and Mel (0.93 g, 6.51 mmol) in dieth-
yl ether (10 ml) at —78 °C] in MeOH (1 ml). After this was
stirred for 5 min at room temperature, a saturated aqueous
NH,4Cl solution (10 ml) was added to the reaction mixture
and then the organic solvent was evaporated. The residual
aqueous solution was extracted three times with CHCl3 (10
ml) and the combined extracts were washed with brine (10
ml) and dried over anhydrous NazSO4. Concentration in
vacuo gave a residue, which was purified on a silica-gel col-
umn using hexane-EtOAc (2:1 v/v) to give 9 as a colorless
syrup. Yield 96%. [a]3®—25.7° (¢ 1.11, MeOH). IR (KBr)
3316, 1746, 1713 cm ™. "HNMR (CDCl3) §=1.47 (s, 18H),
1.53—2.13 (m, 4H), 3.31 and 3.32 (s, 6H), 3.72 (s, 3H), 4.36
(m, 1H), 4.76 (br s, 1H), 6.47 (br s, 1H, NH). Found: C,
52.85; H, 8.57; N, 6.87%. Calcd for C18H34N203: C, 53.19;
H, 8.43; N, 6.89%.

Methyl (S)-2,3,4,5- Tetrahydro- 3- pyridazinecar-
boxylate (10). A solution of 9 (0.21 g, 0.52 mmol) and
TFA (2 ml) in CH2Clz (2 ml) was stirred at room tempera-
ture for 30 min and then concentrated in vacuo. The residue
obtained was dissolved in benzene and then azeotropic dis-
tillation was done three times. The residue was dissolved
in CHCI3 (20 ml) and the solution was washed with a satu-
rated aqueous NaHCO3 solution (5 ml). The aqueous layer
was extracted twice with CHCIl3 (5 ml), the combined ex-
tracts were washed with brine (5 ml), and then dried over
anhydrous NaySO4. Concentration in vacuo gave 10 as a
colorless syrup. Yield 95%. [a)&+139° (¢ 0.831, MeOH).
IR (KBr) 3318, 1740 cm™!. '"HNMR (CDCl3) §=1.76—2.34

Synthesis of Antrimycins Containing Dehydrovaline

2157

(m, 4H), 3.66—3.86 (m, 4H), 5.20 (br s, 1H, NH), 6.73 (br
s, 1H). Found: C, 46.36; H, 7.88; N, 21.63%. Calcd for
CsH10N202: C, 46.14; H, 7.75; N, 21.53%.

Methyl (S)-1-(2,4-Dinitrophenyl)-3-pyridazinecar-
boxylate [(5)-12]. A solution of 10 (70 mg, 0.49 mmol)
in MeOH (1 ml) was stirred with Na[BH3CN] (72 mg, 0.99
mmol) at room temperature overnight. The reaction mix-
ture was concentrated in vacuo to give a residue, which
was added to brine (5 ml). The resulting solution was ex-
tracted four times with CHCl3 (5 ml), and the combined
extracts were dried over anhydrous Na;SO4 and concen-
trated in vacuo. The obtained residue (11) was dissolved
in EtOH (0.5 ml) and treated with excess 2,4-dinitrophen-
yl fluoride (DNP-F) (93 mg, 0.49 mmol). After this was
stirred for 30 min, the reaction mixture was concentrated
in vacuo to give a residue, which was purified on a sil-
ica-gel column using hexane-EtOAc (3:1 v/v). The ob-
tained crystals were recrystallized from CHCls—hexane to
give (S)-12 as yellow needles. Yield 33%, mp 95—96 °C.
(@)% —296° (c 0.315, CHCl3) Lit,'® R-isomer: [a]3} +250°
(c 0.3, CHCl3). IR (KBr) 3250, 1750, 1608 cm™!. 'HNMR
(CDCls) 6=1.59—2.23 (m, 4H), 3.17 (m, 1H), 3.55—3.89
(m, 6H), 7.00 (d, 1H, J=9.2 Hz), 8.18 (dd, 1H, J=2.6 and
9.2 Hz), 8.38 (d, 1H, J=2.6 Hz). Found: C, 46.64; H, 4.43;
N, 17.98%. Caled for C1oH14N4Og: C, 46.45; H, 4.55; N,
18.06%.

(5)- 4- Benzyl- 3- [(S)- 2- [(2S, 35)- 3- (benzyloxy-
cabonylamino-2-(#butoxycarbonylamino)butanoyl]-
2,3,4,5-tetrahydro- 3- pyridazinylcarbonyl]- 2- oxazo-
lidinone (13). To a solution of Boc-Dab(Cbz)-OH (0.12
g, 0.35 mmol) in CH2Cl; (2 ml) was added a solution of
DCC (80 mg, 0.38 mmol) in CH2Cl> (1 ml) at 0 °C. Af-
ter this was stirred for 20 min, the resulting solution was
further treated with 8 (0.10 g, 0.35 mmol) in the presence
of DMAP (5 mg, 0.04 mmol) at 0 °C for 1 h and at room
temperature for 5 h. The dicyclohexylurea deposited was
filtered off and the filtrate was concentrated in vacuo. The
obtained residue was purified on a silica-gel column using
hexane~EtOAc (3:1 v/v) to give 13 as a colorless syrup.
Yield 83%. [a]3!+131° (¢ 0.420, MeOH). IR (KBr) 3424,
1785, 1671, 1635, 1500 cm™'. 'HNMR (CgDs) 6=1.24 (d,
3H, J=6.8 Hz), 1.40 (s, 9H), 1.40—1.66 (m, 4H), 2.53 (dd,
1H, J=8.1 and 13.6 Hz), 2.92 (dd, 1H, J=3.3 and 13.6 Hz),
3.30 (dd, 11H, J=9.2 Hz), 3.55 (dd, 1H, J=3.1 and 9.2
Hz), 4.15 (dddd, 1H, J=3.1, 3.3, and 9.2 Hz), 4.75 (m, 1H),
5.09 (s, 2H), 5.75—6.20 (m, 4H), 6.43 (br s, 1H), 6.96—17.35
(m, 10H). Found: C, 61.74; H, 6.11; N, 11.19%. Calcd for
C32H3gNs0s: C, 61.82; H, 6.32; N, 11.27%.

(5)-2-[(25,35)-3- (Benzyloxycarbonylamino)- 2- (¢
butoxycarbonylamino)butanoyl]-2,3,4,5-tetrahydro-
3-pyridazinecarboxylic Acid (14). To a solution of
13 (0.10 g, 0.16 mmol) in THF-water (2.8 ml, 3:1 v/v) was
added 30% H202 (0.1 ml) and then 1 M LiOH (0.33 ml,
0.33 mmol) at 0 °C. After this was stirred at 0 °C for 3
h, the excess H2O, was quenched by a saturated aqueous
Na2S203 solution and the resulting solution was added to a
saturated aqueous NaHCOj3 solution (15 ml). Evaporation
of THF gave an aqueous solution, which was washed three
times with diethyl ether (10 ml) and then adjusted to pH 4
with citric acid. The aqueous solution was extracted three
times with EtOAc (10 ml) and the combined extracts were
washed three times with brine (5 ml) and dried over anhy-
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drous NazQOy4. Concentration in vacuo gave a residue, which
was purified on a silica-gel column using hexane-EtOAc (1:1
v/v) to give 14 as a colorless syrup. Yield 89%. [a]3'+6.9°
(c 0.67, MeOH). IR (KBr) 3364, 1725, 1677, 1632, 1515
cm™ !, 'THNMR (CDCl;) §=1.08 (d, 3H, J=6.6 Hz), 1.41 (s,
9H), 1.70—2.50 (m, 4H), 4.24 (m, 1H), 5.09—5.90 (m, 6H),
6.98 (br s, 1H), 7.33 (s, 5H), 8.39 (br s, 1H, COOH). Found:
C, 56,84; H, 6.21; N, 11.87%. Calcd for 022H30N407: C,
57.13; H, 6.54; N, 12.11%.

Boc—HMSer—OH (15). To a solution of H-HMSer—
OH (13.5 g, 99.9 mmol) in water (100 ml) was added a
solution of BoczO (26.2 g, 120 mmol) in dioxane (200 ml)
and Et3N (16.7 ml, 117 mmol) at room temperature. After
this was stirred for 4 h, a dioxane solution (100 ml) of Boc,O
(26.2 g, 120 mmol) and EtzN (16.7 ml, 117 mmol) was added
three times to the prepared solution at 4-h intervals. After
this was stirred for 2 h, the reaction mixture was poured into
water (200 ml). The resulting solution was washed three
times with diethyl ether (100 ml) and the aqueous layer was
acidified to pH 2 with 1 M HCl and then extracted four
times with EtOAc (200 ml). The combined extracts were
washed three times with brine (80 ml) and dried over anhy-
drous NazS04. Concentration in vacuo gave crude crystals,
which were recrystallized from EtOAc to give 15 as colorless
prisms. Yield 60%, mp 135—137 °C. IR (KBr) 3436, 1734,
1692, 1548 cm™!. 'HNMR (DMSO-ds) 6=1.37 (s, 9H), 3.32
(br s, 2H, OH), 3.64 (s, 4H), 6.28 (br s, 1H, NH), 11.00—
13.00 (br s, 1H, COOH). Found: C, 46.03; H, 7.32; N, 5.89%.
Caled for CoH17NQs: C, 45.95; H, 7.28; N, 5.96%.

Boc-HMSer(MOM).—OMOM (16). To a solution
of 15 (0.30 g, 1.3 mmol) in THF (4 ml) was added three
times a mixture of MOM-CI (0.90 ml, 12 mmol) and (¢
Pr)oNEt (2.1 ml, 12 mmol) at 2-h intervals at room temper-
ature. After this was stirred overnight, the reaction mixture
was concentrated in vacuo to give a residue, which was dis-
solved in EtOAc (30 ml) and washed twice with brine (10
ml) and then dried over anhydrous Na;SO4. Concentration
in vacuo gave a residue, which was purified on a silica-gel col-
umn using hexane-EtOAc (4:1 v/v) to give 16 as a colorless
syrup. Yield 96%. IR (KBr) 3450, 1760, 1710, 1503 cm™!.
"HNMR (CDCl3) §=1.44 (s, 9H), 3.34 (s, 6H), 3.48 (s, 3H),
4.00 (ABq, 4H, J=9.9 Hz), 4.62 (s, 4H), 5.35 (s, 2H), 5.54
(br s, 1H, NH). Found: C, 49.28; H, 8.10; N, 3.81%. Calcd
for C15H29NOg: C, 49.04; H, 7.96; N, 3.81%.

Boc—-HMSer(MOM),—OH (17).  To a solution of
16 (0.20 g, 0.54 mmol) in MeOH (2 ml) was added 1 M
LiOH (1.1 ml, 1.1 mmol) at room temperature. After it
was stirred for 6 h, the reaction mixture was treated with
a saturated aqueous NaHCOj3 solution (20 ml) and then
MeOH was distilled away. The residual aqueous layer was
washed twice with diethyl ether (10 ml) and acidified to pH
3—4 with citric acid, and then extracted three times with
EtOAc (15 ml). The combined extracts were dried over an-
hydrous NaySO4 and concentrated in vacuo. The obtained
crystals were recrystallized from hexane-diisopropyl ether
to give 17 as colorless prisms. Yield 57%, mp 79—80 °C.
IR (KBr) 3348, 3364, 1722, 1503 cm~!. 'HNMR (CDCl3)
§=1.44 (s, 9H), 3.45 (s, 6H), 3.98 (ABq, 4H, J=9.9 Hz),
4.63 (s, 4H), 5.73 (br s, 1H, NH), 7.24 (br s, 1H, COOH).
Found: C, 48.29; H, 8.00; N, 4.29%. Calcd for C13H25NOs:
C, 48.29; H, 7.79; N, 4.33%.

Boc—HMSer(MOM).—Ala—OBzl (18). To a solu-
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tion of 17 (1.0 g, 3.1 mmol) and p-TsOH-H-Ala~OBzl (1.1
g, 3.1 mmol) in DMF (15 ml) was added dropwise, with
stirring, a solution of DPPA (0.80 ml, 3.7 mmol) in DMF
(5 ml) and then a solution of (+-Pr);NEt (1.2 ml, 6.8 mmol)
in DMF (5 ml) at 0 °C. After it was stirred at 0 °C for 30
min and at room temperature overnight, the reaction mix-
ture was added to EtOAc (150 ml). The resulting solution
was washed twice with 10% citric acid (30 ml), a saturated
aqueous NaHCOj3 solution (30 ml), and brine (30 ml), and
then dried over anhydrous Nay;SO4. Concentration in vacuo
gave a crude residue, which was purified on a silica-gel col-
umn using hexane-EtOAc (3:1 v/v) to give crystals of 18.
Recrystallization from hexane—diisopropyl ether gave 18 as
colorless prisms. Yield 76%, mp 46—48 °C. [a]3'—10.3° (c
1.22, MeOH). IR (KBr) 3406, 3322, 1752, 1713, 1674, 1533
cm~!. 'THNMR (CDCls) 6=1.42 (d,3H, J=7.0 Hz), 1.43 (s,
9H), 3.34 (s, 6H), 3.98 (ABq, 2H, J=10.1 Hz), 3.99 (s, 2H),
4.62 (s, 4H), 4.65 (dq, 1H, J=6.2 Hz), 5.16 (s, 2H), 5.65 (br
s, 1H, NH), 7.35 (s, 5H), 7.48 (br d, 1H, NH, J=7.0 Hz).
Found: C, 5698, H, 738, N, 568% Caled for CQngeNzOgZ
C, 57.01; H, 7.49; N, 5.78%.

Boc-HMSer(MOM):—Ala—OH (19). A suspension
of 18 (868 mg, 1.79 mmol) in EtOH (8 ml) in the pres-
ence of 10% Pd/C (100 mg) was hydrogenated catalytically
at room temperature for 1 h. After removal of Pd/C, the
filtrate was concentrated in vacuo to give crystals, which
were recrystallized from hexane-EtOAc to give 19 as col-
orless prisms. Yield 91%, mp 121—122 °C. [a]3'—2.6° (c
1.1, MeOH). IR (KBr) 3430, 3334, 1710, 1635, 1524 cm™ .
'HNMR (CDCl3) 6=1.43 (s, 9H), 1.46 (s, 3H), 3.35 (s, 6H),
3.98 (s, 4H), 4.45—4.85 (m, 5H), 5.83 (br s, 1H, NH), 7.56
(br d, 1H, NH, J=6.6 Hz), 10.57 (br s, 1H, COOH). Found:
C, 48.56; H, 7.50; N, 6.92%. Calcd for Ci6H30N20g: C,
48.72; H, 7.67; N, 7.10%.

Protected C-Terminal Pentapeptides (20). Typ-
ical Procedure: A solution of an appropriate 3 (0.18
mmol) in a mixture of TFA and CH2Cly (1 ml, 1:1 v/v)
was stirred at room temperature for 30 min and then con-
centrated in vacuo. The obtained residue was dissolved in
a small amount of benzene and then azeotropic distillation
was done three times. A solution of DPPA (47 ul, 0.22
mmol) in DMF (0.25 ml) and then a solution of EtsN (56
pl, 0.43 mmol) in DMF (0.25 ml) was added slowly to a
solution of the obtained residual TFA-salt and 14 (38 pl,
0.18 mmol) in DMF (0.5 ml) at 0 °C. After it was stirred
at 0 °C for 2 h and at room temperature overnight, the re-
action mixture was poured into EtOAc (30 ml) and washed
with 10% citric acid (5 ml), a saturated aqueous NaHCO3
solution (5 ml) and brine (5 ml), and finally dried over an-
hydrous Na;SO4. Concentration in vacuo gave a crude vis-
cous syrup, which was purified on a silica-gel column using
CHCI3-MeOH (50:1—20:1 v/v) to give 20 as a colorless
amorphous solid.

Boc—Dab(Cbz)-Pya—Ala—AVal-Ser—OBzl (20a).
Yield 66%. [a]3—17.8° (c 0.589, MeOH). IR (KBr) 3328,
1662, 1521 cm~!. 'HNMR (DMSO-ds) 6§=1.16 (d, 3H,
J=6.7 Hz), 1.37 (d, 3H, J=7.3 Hz), 1.43 (s, 9H), 1.75—
2.26 (m, 10H), 3.82 (br s, 1H), 3.97 (dd, 2H), 4.12 (dq, 1H),
4.23 (dt, 1H), 4.69 (dq, 1H), 4.93 (br s, 1H), 5.16 (s, 2H),
5.19 (s, 2H), 5.35 (br t, 1H), 5.52 (br d, 1H, J=9.1 Hz), 5.28
(br s, 1H), 6.98 (br s, 1H), 7.10 (br d, 1H, J=7.3 Hz), 7.19
(br s, 1H), 7.30—7.36 (m, 10H), 7.76 (br s, 1H). Found: C,
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58.71; H, 6.54; N, 11.79%. Calbd for C40H53N7011~1/2H20:
C, 58.81; H, 6.66; N, 12.00%.
Boc—Dab(Cbz)-Pya—Abu—AVal-Ser—OBzl (20b).
Yield 61%. [o]® —11.5° (c 0.716, MeOH). IR (KBr) 3424,
2974, 2932, 1725, 1665, 1521 cm™}. 'HNMR (DMSO-de)
§=0.82 (t, 3H, J=7.7 Hz), 0.92 (d, 3H, J=7.6 Hz), 1.31
(s, 9H), 1.50—1.85 (m, 7H), 1.93 (s, 3H), 2.07—2.20 (m,
2H), 3.60—3.80 (m, 2H), 4.15—4.23 (m, 2H), 4.38 (m, 1H),
4.85 (t, 1H, J=6.1 Hz), 4.80—5.20 (m, 3H), 5.13 (ABq,
2H, J=12.8 Hz), 6.40 (br d, 1H, J=7.9 Hz), 6.80 (br d,
1H, J=7.2 Hz), 6.95 (br s, 1H), 7.30—7.36 (m, 10H), 7.64
(br d, 1H, J=7.0 Hz), 8.20 (br d, 1H, J=7.0 Hz), 9.15 (br
s, 1H). Found: C, 59.06; H, 6.61; N, 11.82%. Calcd for
C41H55N7011°1/2H202 C, 59.27; H, 6.79; N, 11.80%.
Boc—Dab(Cbz)—Pya—Nva—AVal-Ser—OBzl (20c).
Yield 77%. [@]F —11.7° (¢ 0.522, MeOH). IR (KBr) 3364,
2974, 1662, 1524 cm™!. 'HNMR (DMSO-ds) 6=0.86 (t,
3H, J=7.3 Hz), 0.91 (d, 3H, J=6.7 Hz), 1.25—1.36 (m,
2H), 1.37 (s, 9H), 1.70—1.48 (m, 7H), 1.72—1.85 (m, 2H),
1.93 (s, 3H), 2.08—2.20 (m, 2H), 3.60—3.80 (m, 2H), 4.15—
4.28 (m, 2H), 4.37 (m, 1H), 4.85 (t, 1H, J=6.1 Hz), 4.96—
5.07 (m, 3H), 5.13 (ABq, 2H, J=12.8 Hz), 6.40 (br d, 1H,
J=8.5 Hz), 6.79 (br d, 1H, J=7.9 Hz), 6.95 (br s, 1H),
7.30—7.36 (m, 10 Hz), 7.63 (br d, 1H, J=7.9 Hz), 8.20 (br
d, 1H, J=7.0 Hz), 9.15 (br s, 1H). Found: C, 59.44; H, 6.67;
N, 1160% Calcd fOI‘ C42H55N7011'1/2H202 C, 5927, H,
6.79; N, 11.80%.
Boc—Dab(Cbz)—Pya—Leu—AVal-Ser—OBzl (20d).
Yield 63%. [a)® —5.1° (¢ 0.53, MeOH). IR (KBr) 3430,
2962, 1719, 1665, 1589, 1515 cm™'. 'HNMR (DMSO-dg)
6=0.84 and 0.90 (d, 6H, J=6.4 Hz), 0.90 (d, 3H, J=6.2
Hz), 1.37 (s, 9H), 1.47 (m, 2H), 1.62—1.90 (m, 6H), 1.93
(s, 3H), 2.08—2.18 (m, 2H), 3.62—3.79 (m, 2H), 4.12—4.40
(m, 3H), 4.86 (t, 1H, J=6.1 Hz), 4.94—5.13 (m, 6H), 6.78
(br d, 1H, J=8.6 Hz), 6.95 (br s, 1H), 7.30—7.36 (m, 10H),
7.61 (br d, 1H, J=7.0 Hz), 8.21 (br d, 1H, J=7.3 Hz), 9.17
(br s, 1H). Found: C, 59.83 H, 6.79; N, 11.41%. Calcd for
C43H59N7011°1/2H20: C; 60.13; H, 7.04; N, 11.41%.
Boc—Dab(Cbz)—Pya—Ala— Alle—Ser— OBzl (20e).
Yield 64%. [o]% —21.3° (¢ 0.627, MeOH). IR (KBr) 3424,
2938, 1668, 1521 cm~!. 'HNMR (DMSO-ds) §=0.91 and
0.95 (m, 9H), 1.26 (d, 3H, J=7.0 Hz), 1.37 (s, 9H), 1.70—
1.85 (m, 2H), 1.64 and 1.95 (s, 3H), 2.08—2.25 (m, 2H), 2.02
and 2.35 (q, 2H, J=7.0 Hz), 3.60—3.80 (m, 2H), 4.20—4.40
(m, 3H), 4.86 (t, 1H, J=6.1 Hz), 4.94—5.16 (m, 6H), 6.39 (br
d, 1H, J=8.6 Hz), 6.80 (br d, 1H, J=7.3 Hz), 6.95 (brs, 1H),
7.30—7.36 (m, 10 H), 7.50 and 7.53 (br d, 1H, J=7.0 Hz),
8.30 and 8.32 (br d, 1H), 9.10 and 9.12 (br s, 1H). Found: C,
59.37; H, 655, N, 1189% Calcd for C41H51N7011°1/2H20:
C, 59.27; H, 6.79; N, 11.80%.
Boc—Dab(Cbz)—-Pya— Abu— Alle-Ser—OBzl (20f).
Yield 58%. [a]& —10.6° (¢ 0.619, MeOH). IR (KBr) 3346,
2974, 1662, 1521 cm™'. *HNMR (DMSO-ds) 6=0.88—0.95
(m, 6H), 1.37 (s, 9H), 1.51—1.90 (m, 4H), 1.64 and 1.92 (s,
3H), 2.08—2.20 (m, 2H), 2.03 and 2.20 (q, 2H, J=7.6 Hz),
3.62—3.78 (m, 2H), 4.08—4.42 (m, 3H), 4.85 and 4.87 (4,
1H, J=6.1 Hz), 4.95—5.16 (m, 6H), 6.39 (br d, 1H, J=7.9
Hz), 6.80 (br d, 1H, J=8.0 Hz), 6.95 (br s, 1H), 7.30—7.36
(m, 10 H), 7.55 and 7.59 (br d, 1H, J=7.3 Hz), 8.19 and 8.21
(br d, 1H), 9.12 and 9.14 (br s, 1H). Found: C, 59.18; H,
6.96; N, 11.62%. Calcd for C42Hs7N7011-1/2H20: C, 59.07;
H, 6.96; N, 11.48%.
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Boc—-Dab(Cbz)—Pya—Nva— Alle-Ser—OBzl (20g).
Yield 72%. [a] —11.0° (c 0.634, MeOH). IR (KBr) 3442,
2932, 2872, 1665, 1521 cm~'. 'HNMR (DMSO-ds) 6=
0.82—1.00 (m, 6H), 1.20—2.40 (m, 16H), 3.50—3.80 (m,
2H), 4.10—4.46 (m, 3H), 4.80—5.10 (m, 5H), 5.12 (s, 2H),
6.40 (br d, 1H, J=8.3 Hz), 6.81 (br d, J=7.6 Hz), 6.95 (brs,
1H), 7.20—7.40 (m, 10H), 7.44—7.64 (m, 1H), 8.22 and 8.23
(br d, 1H, J=6.7 Hz), 9.15 (br s, 1H). Found: C, 60.13; H,
6.82: N, 11.47%. Calcd for C43H59N7011-1/2H20: C, 60.13;
H, 7.04; N, 11.41%.

Boc—Dab(Cbz)—Pya—Leu— Alle—Ser— OBzl (20h).
Yield 60%. [a]& —9.0° (c 0.616, MeOH). IR (KBr) 3424,
2962, 1665, 1521 cm™~'. 'HNMR, (DMSO-ds) §=0.80—1.00
(m, 9H), 1.20—2.40 (m, 17H), 3.50—3.80 (m, 2H), 4.00—
4.50 (m, 3H), 4.80—5.20 (m, 7H), 6.42 (br d, 1H), 6.80 (br d,
1H), 6.95 (br s, 1H), 7.30—7.40 (m, 10H), 7.56 and 7.60 (br
d, 1H), 8.26 (br d, 1H), 9.18 (br s, 1H). Found: C, 60.87; H,
7.10; N, 1094% Calcd fOI‘ C44H61N7011'1/2H201 C, 6054,
H, 7.16; N, 11.23%.

Protected Antrimycins (21). Typical Procedure:
A solution of an appropriate protected pentapeptide (20)
(0.12 mmol) in TFA and CH2Cl; (1 ml, 1:1 v/v) was stirred
at room temperature for 30 min. Concentration in vacuo,
followed by the azeotropic distillation with benzene three
times, gave a residual syrup, which was crystallized by trit-
uration with diethyl ether. A solution of DPPA (30 ul, 0.14
mmol) in DMF (0.2 ml) and then a solution of EtsN (38
ul, 0.29 mmol) in DMF (0.2 ml) was added to a solution of
the obtained crystals and 19 (47 mg, 0.12 mmol) in DMF
(0.5 ml) at 0 °C. After it was stirred for 1 h and left at
room temperature overnight, the reaction mixture was di-
luted with EtOAc (30 ml) and washed twice with 10% citric
acid (5 ml), a saturated aqueous NaHCOj3 solution (5 ml),
and brine (5 ml), and finally dried over anhydrous Na;SO4.
Concentration in vacuo gave crystals, which were purified on
a silica-gel column using a mixture of CHCl3—MeOH (20:1
v/v) to give 21 as colorless amorphous solid.

Boc—HMSer(MOM)z— Ala— Dab(Cbz)- Pya— Ala—
AVal-Ser—OBzl (21a).  Yield 65%. [o]3'—30.2° (c
0.414, MeOH). IR (KBr) 3334, 2974, 2938, 1659, 1530 cm™!.
'"HNMR (DMSO-ds) 6=0.94 (d, 3H, J=6.7 Hz), 1.20 (d,
3H, J=6.7 Hz), 1.26 (d, 3H, J=7.0 Hz), 1.35 (s, 9H), 1.65
(s, 3H), 1.72—1.82 (m, 2H), 1.95 (s, 3H), 2.10—2.20 (m,
2H), 3.19 and 3.21 (s, 6H), 3.64—3.88 (m, 6H), 4.18—4.30
(m, 2H), 4.35—4.43 (m, 2H), 4.47—4.54 (m, 4H), 4.87 (4,
1H, J=6.1 Hz), 4.96 (m, 1H), 4.98 (ABq, 2H, J=13.1 Hz),
5.13 (ABq, 2H, J=12.8 Hz), 5.45 (dd, 1H), 6.62 (br d, 1H,
J=8.2 Hz), 6.88 (br s, 1H), 6.98 (br s, 1H), 7.30—7.36 (m,
10H), 7.59 (br d, 1H, J=7.4 Hz), 7.65 (m, 10H), 7.77 (br d,
1H), 8.31 (br d, 1H, J=6.4 Hz), 9.11 (br s, 1H). Found: C,
55.31; H, 6.64; N, 11.33%. Calcd for 051H79N9017°H203 C,
55.58; H, 6.86; N, 11.44%.

Boc—HMSer(MOM);—Ala—Dab(Cbz)-Pya— Abu—
AVal-Ser—OBzl (21b).  Yield 62%. [a]F —20.2° (c
0.645, MeOH). IR (KBr) 3328, 2968, 2938, 1722, 1659, 1533
cm™!. '"HNMR (DMSO-dgs) §=0.88 (t, 3H, J=7.3 Hz), 0.92
(d, 3H, J=6.7 Hz), 1.20 (d, 3H, J=6.7 Hz), 1.35 (s, 9H),
1.50—2.00 (m, 10H), 2.10—2.15 (m, 2H), 3.19 and 3.21 (s,
6H), 3.60—3.90 (m, 6H), 4.10—4.45 (m, 4H), 4.45—4.60
(m, 4H), 4.87 (t, 1H, J=6.1 Hz), 4.95—5.05 (m, 3H), 5.13
(s, 2H), 5.46 (br d, 1H), 6.62 (br d, 1H, J=8.2 Hz), 6.88
(br s, 1H), 6.98 (br s, 1H), 7.31—7.36 (m, 10 H), 7.65 (br
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d, 1H, J=7.1 Hz), 7.79 (br d, 1H, J=7.2 Hz), 8.22 (br d,
1H, J=7.0 Hz), 9.15 (s, 1H). Found: C, 56.17; H, 6.81; N,
10.97%. Calcd for 052H75N9017'H20: C, 55.95; H, 6.95; N,
11.29%.

Boc-HMSer(MOM)2— Ala—Dab(Cbz)—Pya—Nva-—
AVal-Ser—OBzl1 (21c). Yield 70%. [o]F ~19.5° (c
0.611, MeOH). IR (KBr) 3322, 2938, 1719, 1659, 1555 cm™ .
"HNMR (DMSO-ds) §=0.86 (t, 3H, J=7.4 Hz), 0.94 (d,
3H, J=6.7 Hz), 1.20 (d, 3H, J=6.7 Hz), 1.25—1.85 (m,
18H), 1.93 (s, 3H), 2.05—2.20 (m, 2H), 3.19 and 3.21 (s,
6H), 3.60—3.90 (m, 6H), 4.15—4.45 (m, 4H), 4.48—4.54
(m, 4H), 4.86 (t, 1H, J=5.8 Hz), 4.95—5.12 (m, 3H), 5.13
(s, 2H), 5.48 (br d, 1H), 6.60 (br d, 1H, J=8.6 Hz), 6.90
(br s, 1H), 6.97 (br s, 1H), 7.30—7.36 (m, 10H), 7.64 (br
d, 1H, J=7.4 Hz), 7.79 (br d, 1H, J=7.0 Hz), 8.22 (br d,
J=7.4 Hz), 9.14 (br s, 1H). Found: C, 56.78; H, 7.01; N,
11.07%. Caled for Cs3H77NgO17:1/2H20: C, 56.77; H, 7.01;
N, 11.24%.

Boc-HMSer(MOM)2— Ala—Dab(Cbz)—Pya—Leu—
AVal-Ser—OBzl (21d). Yield 55%. [a]3 —16.4° (¢ 0.534,
MeOH). IR (KBr) 3334, 2956, 1656, 1524 cm™'. 'HNMR
(DMSO-ds) 6=0.83 and 0.88 (d, 6H, J=6.4 Hz), 0.91 (d,
3H, J=6.7 Hz), 1.20 (d, 3H, J=6.7 Hz), 1.40—1.95 (m,
11H), 1.93 (s, 3H), 2.05—2.20 (m, 2H), 3.19 and 3.21 (s,
6H), 3.60—3.90 (m, 6H), 4.15—4.45 (m, 4H), 4.48—4.58
(m, 4H), 4.87 (t, 1H, J=5.8 Hz), 4.95—5.06 (m, 3H), 5.13
(s, 2H), 5.50 (m, 1H), 6.59 (br d, 1H, J=8.6 Hz), 6.90 (br
s, 1H), 6.97 (br s, 1H), 7.30—7.36 (m, 10H), 7.62 (br d, 1H,
J=T7.0Hz), 7.80 (brd, 1H, J=7.0 Hz), 8.24 (br d, J=7.6 Hz),
9.17 (br s, 1H). Found: C, 56.92; H, 6.97; N, 10.85%. Calcd
for Cs4H7gN9017-1/2H201 C, 57.13; H, 7.10; N, 11.10%.

Boc—HMSer(MOM):— Ala—Dab(Cbz)—-Pya— Ala—
Alle—Ser—OBzl (21e). Yield 65%. [o)F —35.8° (c
0.227, MeOH). IR (KBr) 3330, 1650, 1530 cm™*. 'HNMR
(DMSO-dg) 6=0.95 and 0.97 (t, 3H, J=5.8 Hz), 1.20 (d, 3H,
J=7.0 Hz), 1.25 (d, 3H, J=5.8 Hz), 1.35 (s, 9H), 1.70—1.85
(m, 2H), 1.64 and 1.94 (s, 3H), 2.08—2.22 (m, 2H), 2.02 and
2.44 (q, 6H, J=5.8 Hz), 3.19 and 3.21 (s, 6H), 3.60—3.90
(m, 6H), 4.18—4.31 (m, 2H), 4.32—4.80 (m, 2H), 4.96 (m,
1H), 4.99 (ABq, 2H, J=12.8 Hz), 5.13 (ABq, 2H, J=13.4
Hz), 5.45 (m, 1H), 6.62 (br d, 1H, J=7.6 Hz), 6.89 (br s,
1H), 6.98 (br s, 1H), 7.30—7.36 (m, 10H), 7.52 and 7.55 (br
d, 1H, J=7.7 Hz), 7.65 (br s, 1H), 7.76 (br s, 1H), 8.31 and
8.32 (br d, 1H, J=6.8 Hz), 9.10 and 9.11 (br s, 1H). Found:
C, 54.77; H, 6.71; N, 10.95%. Ca,lCd fOI‘ 051H79N9017'2H20:
C, 55.06 H, 7.02; N, 11.11%.

Boc-HMSer(MOM);—Ala—Dab(Cbz)-Pya— Abu—
Alle-Ser—OBzl (21f). Yield 70%. [a)F —25.6° (c
0.522, MeOH). IR (KBr) 3328, 2974, 2938, 1656, 1533 cm™".
'HNMR (DMSO-ds) 6=0.88 (t, 3H, J=7.3 Hz), 0.93 and
0.94 (t, 3H, J=7.6 Hz), 1.20 (d, 3H, J=7.3 Hz), 1.35 (s,
9H), 1.50—1.85 (m, 2H), 1.64 and 1.94 (s, 3H), 2.05—2.16
(m, 2H), 2.03 and 2.32 (q, 6H, J=7.6 Hz), 3.19 and 3.21
(s, 6H), 3.60—3.88 (m, 6H), 4.18—4.42 (m, 4H), 4.48—4.57
(m, 6H), 4.86—4.89 (m, 1H), 4.96—5.04 (m, 3H), 5.13 (ABq,
2H, J=13.4 Hz), 5.47 (m, 1H), 6.61 (br d, 1H, J=8.6 Hz),
6.10 (br s, 1H), 6.98 (br s, 1H), 7.36—7.30 (m, 10H), 7.58
and 7.62 (br d, 1H, J=7.3 Hz), 7.80 (br s, 1H), 8.21 and
8.22 (br d, 1H, J=6.7 Hz), 9.13 and 9.15 (br s, 1H). Found:
C, 56.37; H, 6.86; N, 11.16%. Calcd for Cs3H77NgO17-H20:
C, 56.32; H, 7.05; N, 11.15%.

Boc—-HMSer(MOM).— Ala—Dab(Cbz)—Pya—Nva—
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Alle-Ser—OBzl (21g). Yield 73%. [o]B —21.5° (c
0.536, MeOH). IR (KBr) 3334, 2962, 2938, 1719, 1659, 1530
cm™!. 'HNMR (DMSO-ds) 6=0.86 (t, 3H, J=7.4 Hz),
0.92—0.96 (m, 3H), 1.20 (d, 3H, J=6.7 Hz), 1.30—1.70 (s,
13H), 1.70—1.86 (m, 2H), 1.64 and 1.92 (s, 3H), 2.00—2.10
(m, 2H), 2.03 and 2.32 (q, 6H, J=7.5 Hz), 3.19 and 3.21
(s, 6H), 3.60—3.85 (m, 6H), 4.08—4.30 (m, 8H), 4.86—4.89
(m, 1H), 4.95—5.05 (m, 3H), 5.13 (ABq, 2H, J=12.8 Hz),
5.23 (m, 1H), 6.60 (br d, 1H, J=8.6 Hz), 6.89 (br s, 1H),
6.97 (br s, 1H), 7.30—7.36 (m, 10H), 7.55 and 7.59 (br d,
1H, J=7.3 Hz), 7.64 (br d, 1H), 7.80 (br s, 1H), 8.21 and
8.22 (br d, 1H, J=7.1 Hz), 9.17 and 9.18 (br s, 1H). Found:
C, 57.39; H, 6.98; N, 10.96%. Calcd for C54H79N9017: C,
57.59; H, 7.07; N, 11.19%.

Boc—HMSer(MOM);— Ala—Dab(Cbz)—Pya—Leu—
Alle-Ser—OBzl (21h). Yield 62%. [a]F —17.9° (c
0.514, MeOH). IR (KBr) 3334, 2962, 2938, 1719, 1656, 1530
cm™!, "HNMR (DMSO-ds) §=0.83 and 0.89 (d, 6H, J=6.7
Hz), 0.92—0.96 (m, 3H), 1.20 (d, 3H, J=7.9 Hz), 1.30—
1.50 (m, 12H), 1.70—1.90 (m, 2H), 1.64 and 1.92 (s, 3H),
2.05—2.20 (m, 2H), 3.19 and 3.21 (s, 6H), 3.60—3.85 (m,
6H), 4.05—4.58 (m, 8H), 4.80—5.03 (m, 4H), 5.13 (s, 2H),
5.50 (m, 1H), 6.59 (br d, 1H, J=8.6 Hz), 6.89 (br s, 1H),
6.97 (br s, 1H), 7.54 and 7.58 (br d, 1H, J=7.3 Hz), 7.31—
7.36 (m, 10H), 7.64 (br d, 1H), 7.80 (brs, 1H), 8.25 and 8.27
(br d, 1H, J=7.3 Hz), 9.15 and 9.17 (br s, 1H). Found: C,
57.24; H, 7.13; N, 1064% Calcd fOI‘ Cs5H81N9017-H202 C,
57.08; H, 7.14; N, 10.64%.

Hydrogenolytic Deprotection of 3. Typical Pro-
cedure: A suspension of 3 (0.1 mmol) in MeOH (0.1 ml)
was hydrogenolyzed catalytically with 5% Pd/C (10 mg)
at room temperature for 20 min. After removal of Pd/C,
the filtrate was concentrated in vacuo to give crude crys-
tals, which were recrystallized from hexane-EtOAc to give
colorless prisms or solid.

Boc—Ala—AVal-Ser—-OH from 3a.  Yield 89%, mp
171—173 °C. [o]% —14.8° (¢ 0.520, MeOH). IR (KBr) 3340,
3286, 1749, 1659, 1524 cm™!. '"HNMR (DMSO-ds) 6=1.21
(d, 3H, J=7.3 Hz), 1.37 (s, 9H), 1.68 and 1.98 (s, 6H), 3.33
(br s, 1H, OH), 3.68 (m, 2H), 4.00 (dq, 1H, J=7.3 and 7.7
Hz), 4.27 (dt, 1H, J=3.3 and 6.6 Hz), 7.00 (br d, 1H, NH,
J=6.6 Hz), 7.38 (br d, 1H, NH, J=7.7 Hz), 9.02 (br s, 1H,
NH), 12.00 (br s, 1H, COOH). Found: C, 51.25; H, 7.10;
N, 11.08%. Calcd fOI‘ C16H27N3O7: C, 51.47; H, 7.29; N,
11.25%.

Boc—Ala—Alle-Ser—OH from 3e. Colorless solid,
yield 92%. [a]F —15.9° (¢ 0.887, MeOH). IR (KBr) 3340,
1662, 1524 cm™'. 'THNMR (DMSO-ds) 6=0.94 and 1.00 (t,
3H, J=17.7 Hz), 1.22 (d, 3H, J=7.0 Hz), 1.45 (s, 9H), 1.67—
2.52 (m, 5H), 3.58 and 3.73 (m, 2H), 4.00 (dq, 1H, J=7.0
Hz), 4.27 (dt, 1H, J=3.2 Hz), 7.00 (d, 1H, NH, J=6.4 Hz),
7.30 (d, 1H, NH, J=7.0 Hz), 7.30 (br s, 1H, NH). Found:
C, 50.11; H, 7.46; N, 10.11%. Calcd for C17H29N307'H201
C, 50.36; H, 7.71; N, 10.36%.

H-Ala—AVal-Ser-OMe from 3i. Yield 89%, mp
136—138 °C. [o]F+25.0° (¢ 0.404, MeOH). IR, (KBr) 3328,
1755, 1653, 1632, 1506 cm™!. 'HNMR (DMSO-ds) 6=1.36
(d, 3H, J=7.0 Hz), 1.85 and 2.02 (s, 6H), 2.68 (br s, 1H,
NH), 3.60 (q, 1H, J=7.0 Hz), 3.78 (s, 3H), 4.63 (dt, 1H,
J=3.5 and 11.9 Hz), 6.96 (br d, 1H, NH, J=7.0 Hz), 7.33
(br s, 1H, NH). Found: C, 49.19; H, 7.15; N, 14.60%. Calcd
fOI’ 012H21N305°1/4H202 C, 49.39; H, 7.43; N, 14.40%.
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H-Ala—AVal-Ser—OH from 3j. Yield 87%, mp 205—
207 °C (decomp). [a]F +62.7° (c 0.623, MeOH). IR (KBr)
3388, 3220, 1758, 1686, 1659, 1587, 1512 cm™!. 'HNMR
(CDsOD) 6=1.57 (d, 3H, J=7.5 Hz), 1.79 and 2.07 (s, 6H),
3.86 (d, 2H, J=4.2 Hz), 4.05 (q, 1H, J=7.5 Hz), 4.30 (t, 1H,
J=4.2 Hz). Found: C, 46.84; H, 6.83; N, 15.16%. Calcd for
C11H19N3O3~1/2H20: C, 46.80; H, 7.14; N, 14.89%.

H-Ala—Alle—Ser—OH from 3k. Colorless solid, yield
92%. [a]F+67.2° (¢ 0.568, MeOH). IR (KBr) 3394, 1758,
1623, 1536 cm™'. 'HNMR (CD30D) 6§=1.04 and 1.10 (t,
3H, J=7.3 Hz), 1.57 (d, 3H, J=7.0 Hz), 1.79 and 2.03 (s,
3H), 2.18 and 2.45 (q, 2H, J=7.3 Hz), 3.85 (d, 2H, J=4.2
Hz), 4.12 (q, 1H, J=7.0 Hz), 4.27 (t, 1H, J=4.2 Hz). Found:
C, 47.17; H, 7.28; N, 13.45%. Calcd for C13H21N305-H20:
C, 47.21; H, 7.59; N, 13.76%.

Antrimycins Av (la) and Dv (1d). A solution of an
appropriate protected antrimycin 21 (0.10 g, 0.10 mmol) in
MeOH (1 ml) and acetic acid (0.3 ml) was hydrogenolyzed
catalytically with 10% Pd/C at room temperature for 2 h
under vigorous stirring. Pd/C was filtered off and the fil-
trate was concentrated in vacuo. The obtained residue was
dissolved in 70% TFA (2.6 ml) and the resulting solution
was stirred at room temperature for 12 h. After concentra-
tion in vacuo, the crude peptide obtained was purified by
HPLC using Tosoh TSK gel ODS-120T (21.5 mm i.d.x30
cm) column with 15% CH3CN-H20 0.05% TFA by the flow
rate 6.0 mlmin~"! to give 1 as a colorless amorphous solid.

Antrimycin Av (la). Yield 73%. IR (KBr) 3400, 1674,
1530 cm™!. 'HNMR (D20) 6=1.15 (d, 3H, J=7.0 Hz, Dab -
CHs), 1.31 (d, 3H, J=7.3 Hz, Ala—CH3s), 1.34 (d, 3H, J=7.0
Hz, Ala—CHs), 1.79 and 1.92 (s, 6H, AVal -CH3), 2.15—2.23
(m, 2H, Pya ring-H), 3.75 and 3.85 (dABq, 2H, J=4.6 and
12.0 Hz, Ser -CH,-), 3.88 (dq, 1H, J=7.0 and 4.6 Hz, Dab
B-H), 3.80 and 3.92 (ABq, 2H, J=12.5 Hz, HMSer -CH,0-),
3.81 and 3.93 (ABq, 2H, J=12.5 Hz, HMSer -CH,0-), 4.23
(q, 1H, J=7.3 Hz, Ala o-H), 4.37 (q, 1H, J=7.0 Hz, Ala o-
H), 4.44 (dd, 1H, J=4.6 Hz, Ser a-H), 4.96 (t, 1H, Pya a-H),
5.58 (d, 1H, J=4.6 Hz, Dab «-H), 7.07 (d, 1H, J=3.9 Hz,
Pya H-6). *CNMR (D20) §=13.92, 17.01, 17.24, 20.04,
20.61, 20.71, 21.27, 21.27, 48.84, 50.69, 51.69, 52.99, 53.70,
55.69, 61.49, 62.04, 66.99, 122.45, 144.51, 149.18, 168.36,
169.53, 170.02, 172.54, 174.09, 175.16, 176.04. TLC (Rf):
0.12 (BuOH: AcOH:H20=4:1:2). Ninhydrin: positive.

Found: C, 38.88; H, 5.26; N, 12.88%. Calcd for
C27H45N9011'3CF3COOH1 C, 39.10; H, 4.77; N, 12.44%.

Antrimycin Dv (1d).  Yield 68%. IR (KBr) 3436,
1680, 1530 cm™!. 'HNMR (D20) §=0.93 and 0.98 (d, 6H,
J=6.4 Hz, Leu -CHs), 1.28 (d, 3H, J=7.0 Hz, Dab ~CHs),
1.44 (d, 3H, J=7.3 Hz, Ala —-CHs), 1.64—1.75 (m, 3H, Leu
B-H, v-H), 1.79 and 2.05 (s, 6H, AVal —-CHs), 2.01—2.08
(m, 2H, Pya ring-H), 2.25—2.37 (m, 2H, Pya ring-H), 3.88
and 3.99 (dABq, 2H, J=4.0 and 11.6 Hz, Ser -CH,0-), 3.94
and 4.05 (ABq, 2H, J=12.5 Hz, HMSer -CH20-), 3.95 and
4.07 (ABq, 2H, J=12.2 Hz, HMSer -CH,0-), 4.09 (dq, 1H,
J=7.0 and 4.6 Hz, Dab -H), 4.41 (dd, 1H, J=4.9 and 9.2
Hz, Leu o-H), 4.51 (q, 1H, J=7.3 Hz, Ala a-H), 4.56 (dd,
1H, J=4.3 Hz, Ser o-H), 5.10 (t, 1H, Pya o-H), 5.72 (d,
1H, J=4.6 Hz, Dab o-H), 7.21 (d, 1H, J=3.7 Hz, Pya H-6).
13CNMR (D20) §=14.30, 17.67, 20.35, 20.99, 21.16, 21.69,
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21.99, 23.27, 25.63, 40.89, 49.22, 51.57, 53.41, 53.84, 54.10,
56.17, 61.91, 61.94, 62.42, 67.40, 122.91, 144.92, 149.48,
168.83, 169.95, 170.41, 173.20, 174.57, 175.30, 176.47. TLC-
(Rf): 0.28 (BuOH: AcOH:H,0=4:1:2). Ninhydrin: posi-
tive.

Found: C, 40.63; H, 5.28; N, 11.70%. Calcd for
C30H51N9011'3CF3COOH: C, 40.95; H, 5.16; N, 11.94%.

We wish to thank Dr. H. Naganawa (Institute of Mi-
crobial Chemistry) for his good suggestion and pre-
sentation of all the data of the naturally occurring
antrimycins. This work was supported in part by
Grant-in Aid for Scientific Research Nos. 03640467 and
05640619 from the Ministry of Education, Science and
Culture.

References

1) Part XV: C. Shin, M. Seki, N. Kakusho, and N.
Takahashi, Bull. Chem. Soc. Jpn., 66, 2048 (1993).

2) N. Shimada, K. Morimoto, H. Naganawa, T. Takita,
M. Hamada, K. Maeda, T. Takeuchi, and H. Umezawa, J.
Antibot., 34, 1613 (1981).

3) T. Shiroza, N. Ebisawa, K. Furihata, T. Endo, H.
Seto, and N. Otake, Agric. Biol. Chem., 46, 865 (1982).

4) C. Shin, M. Ikeda, and Y. Yonezawa, Agric. Biol.
Chem., 49, 2243 (1985).

5) C. Shin, T. Yamada, and Y. Yonezawa, Tetrahedron
Lett., 24, 2175 (1983).

6) C. Shin and Y. Yonezawa, Chem. Lett., 1985, 519.

7) Y. Nakamura and C. Shin, Chem. Lett., 1991, 1953.

8) Y. Nakamura and C. Shin, Chem. Lett., 1992, 49.

9) U. Schmidt and B. Riedl, J. Chem. Soc., Chem. Com-
mun., 1992, 1186.

10) U. Schmidt and B. Riedl, Synthesis, 1993, 809 and
815.

11) Y. Nakamura and C. Shin, “18th Symposium on
Progress in Organic Reactions and Syntheses. -Applications
in the Life Science-,” Sapporo, October 8, 1992, Abstr., 1P-
02.

12) M. Huckstep and R. J. K. Taylor, Synthesis, 1982,
881.

13) T. Masuda and N. Nakatani, Agric. Biol. Chem., 55,
2337 (1991).

14) D. A. Evans, Aldrichimica Acta, 15, 23 (1982).

15) D. A. Evans, T. C. Britton, and J. A. Ellman, Tetra-
hedron Lett., 28, 6141 (1987).

16) K. Bevan, J. S. Davies, C. H. Hassall, R. B. Morton,
and D. A. S. Phillips, J. Chem. Soc. C., 1971, 514.

17) D. A. Evans and A. E. Weber, J. Am. Chem. Soc.,
109, 7151 (1987).

18) T.T. Otani and M. Winitz, Arch. Biochem. Biophys.,
90, 254 (1960).

19) M. J. O’Conner, J. R. Brush, and S. -B. Teo, Aust.
J. Chem., 30, 683 (1977).

20) K. Morimoto, Ph. D. Thesis, The University of Tokyo,
Japan, 1982.




