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That the controlled-potential electrolysis produced the mon-
oprotonated form DH™ is evidenced by the two following results:
(i) UV-~visible spectrometry in aqueous media indicates that the
first protonation of D occurs with a pK,, of ca. 0.6 to give DH™.
On the basis of these spectral changes the spectrum of D in ACN
(1.05 M HCIO,) corresponds to that of the only acidic species DH™;
(ii) HPLC analysis of a solution of DH* prepared in ACN (1.05
M HCIO,) and chromatographed under the same conditions as
those used for the electrolyzed solution of 5HT reveals the
presence of only one HPLC peak due to D; i.e., the buffer capacity
of the HPLC eluent is efficient enough to convert remaining DH*
to D.

Formal Kinetics. The rsc mechanism consists of the reactions
given in eq 2-5 (see text). In the present case, reaction 5 is
practically irreversible since DH* is the only major product that
exists at equilibrium after electrolysis. The stationary-state ap-
proximation is assumed concerning DH,** and DH,**. Depro-
tonation (eq 5) is the rds if ky < k_C,y and at the same time
k3> KksCay't/Can. It follows that the apparent rate constant
is kopp = 2K 3K ks; then E; = E° + 50.6 - 19 log KK ksCu™! and
E;. - Ey, e = 37.5 mV, the potentials being expressed in mV and
the temperature being 15 °C,

The rre mechanism would consist of the reactions given in eq
2 (see text), 6, and 7:

AH™ Tk_—: A+ HY K= keks ®)
R
A* + AH"* — DH* )

The stationary-state approximation can be performed by treating
A’ as a reactive intermediate. Coupling 7 is the rate-determining
step (rds) as soon as k_gCy+ > k;Cyuy"+. Now the apparent rate
constant becomes 2K¢k;/Cy+; then E,, = E° + 50.8 - 19 log
K6k7C/CH+U and Epa - Epa/2 = 37.5 mV.
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The structure of FR900359, a novel cyclic depsipeptide from Ardisia crenata sims that shows inhibition of
platelet aggregation and decrease of blood pressure, has been determined as 3-acetamido-22-benzyl-10-[1-[(3-
hydroxy-4-methyl-2-propionamidopentanoyl)oxy]-2-methylpropyl]-4-isopropyl-7-(1-methoxyethyl)-19-methy-
lene-8,13,14,16,20-pentamethyl-1,5-dioxa-8,11,14,17,20-pentaazacyclodocosane-2,6,9,12,15,18,21-heptone by hy-
drolytic, *H and *C nuclear magnetic resonance spectroscopic, and mass spectrometric studies. FR900359 consists
of ten units: alanine, N-methylalanine, 8-hydroxyleucine (three residues), 3-phenyllactic acid, acetic acid, propionic
acid, and the uncommon amino acids N-methyldehydroalanine and N,0-dimethylthreonine.

Introduction

Ardisia crenata sims is an evergreen plant that grows
abundantly in the Far East and is widely used as an or-
namental plant in Japan. As a result of the continuing
search for potentially therapeutic materials in natural
products, we found that a cyclic depsipeptide, code-named
FR900359, isolated from a methanol extract of the whole
plants of Ardisia crenata sims, inhibits platelet aggregation
in rabbits in vitro, decreases the blood pressure, and causes
dose-related hypotension in anesthetized normotensive
rats.> It is cytotoxic to cultured rat fibroblasts and
myelocytic leukemia cells.

We report the structure determination of FR900359.4
Of particular significance of this cyclic depsipeptide is the

(1) FR900359 for this cyclic depsipeptide is a code number used by
Fujisawa Pharmaceutical Co., Ltd.

(2) Most of this work has been carried out at the Department of
Chemistry, Massachusetts Institute of Technology, during a sabbatical
leave (M.F.) from Analytical Research Laboratories, Fujisawa Pharma-
ceutical Co., Ltd.

(3) Horiai, H.; Shimizu, I.; Shibayama, F.; Kikuchi, H., unpublished
results.

(4) A preliminary investigation of the structure of FR900359 had been
carried out in collaboration with Masataka Shigi, Keiichi Nakashima,
Isamu Sumino, and Sueo Atarashi at Analytical Research Laboratories,
Fujisawa Pharmaceutical Co., Ltd.

0022-3263/88,1953-2820$01.50/0

Table 1. 'H and C NMR Spectral Data of FR900359
'H chemical shift,*b §

0.8-1.4 (m,° ca. 30)

1.9-5.4 (m,° ca. 20) methylene, methine

2.21 (s, 3), 2.67 (s, 3), 2.87 (s, 3), 3.14 (s, O-methyl, N-methyl,
3), 3.39 (s, 3) acetyl

6.74 (d, 1),6.84 (d, 1), 7.12 (d, 1), 7.56 (d, amide CH-NH-CO,
1), 8.50 (d, 1) alcohol CH-OH

7.28 (s, 5) aromatic hydrogen

18C chemical shift,? §

10-73 (ca. 30)
106.7 (1)

nature of hydrogens

aliphatic methyl

nature of carbons®

methyl, methylene, methine
olefinic =CH,
126.9 (1), 128.5 (2), 129.6 (2) aromatic =CH
136.0 (1), 145.3 (1) aromatic =C, olefinic =C
163.8 (1), 166.4 (1), 167.7 (1), 169.2 amide CO, ester CO

(1), 169.9 (1), 170.2 (1), 171.2 (1),

171.3 (1), 172.4 (1), 174.7 (1)

¢ Multiplicity: s; singlet, d; doublet, m; multiplet. ? Number of
hydrogens. ¢ Assignments of these signals were difficult, because of
their insufficient splitting. ¢ Number of carbons. ¢ Nature of car-
bons was proposed by the chemical shift values and proton off-
resonance experiments.

uncommon amino acid N-methyldehydroalanine found
previously only in a toxin from the blue-green alga Mi-

© 1988 American Chemical Society
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crocystis aeruginosa® and the novel amino acid N,0-di-
methylthreonine.

Results and Discussion

FR900359 was found to have the molecular formula
CH75N,0,5 on the basis of a molecular weight of 1001
determined by fast atom bombardment (FAB) and elec-
tron impact (EI) mass spectrometry (MS) and combustion
analyses. This formula was also confirmed by high-reso-
lution (HR) EI mass measurements. ‘H and *C NMR
data contained signals for about 75 hydrogens and 50
carbons, which were assigned as shown in Table I. The
IR spectrum showed a characteristic ester carbonyl band
at 1750 cm™ and amide carbonyl bands at 1665 and 1635
cml. The ten carbonyl carbons assigned in the 1*C NMR
spectrum are, therefore, attributed to amide and ester
groups. The cobservations that FR900359 was ninhydrin-
negative and did not react with diazomethane implied that
FR900359 had neither free carboxylic acid nor free amino
groups. These data suggested that FR900359 was a cyclic
depsipeptide composed of ten acid units; based on the
molecular formula, at most seven of them must be amino
acids and the remaining ones are presumed to be hydroxy
acids.

Complete hydrolysis with constant boiling hydrochloric
acid produced alanine, N-methylalanine, 8-hydroxyleucine,
and methylamine (1.0:1.0:2.2:1.2, by molar ratio) identified
by amino acid analysis and 3-phenyllactic acid identified
by gas chromatography-mass spectrometry (GC/MS),
which also confirmed the three amino acids above as their
N- and O-trifluoroacetyl butyl ester derivatives.

B-Hydroxyleucine was found not to be very stable under
the hydrolytic condition, giving 4-methyl-2-oxopentanoic
acid in the hydrolyzate of authentic 8-hydroxyleucine. The
formation of 2.2 mol of 8-hydroxyleucine in the hydrolyzate
of FR900359 suggests, therefore, that FR900359 contains
at least three 8-hydroxyleucine residues.

The presence of an N-methyldehydroamino acid in
FR900359 was suggested by the formation of methylamine
during the acid hydrolysis of FR900359. The other acidic
degradation product to be expected from N-methyl-
dehydroamino acid is an a-keto acid and this was identified
as the trimethylsilylated quinoxalinol derivative® by
treatment of the hydrolyzate of FR900359 with 1,2-
phenylenediamine followed by trimethylsilylation. The
derivatives of pyruvic acid, 4-methyl-2-oxopentanoic acid
and 2-oxobutyric acid (trace amount) were identified.
4-Methyl-2-oxopentanoic acid is the expected degradation
product of 8-hydroxyleucine, and the formation of pyruvic
acid and methylamine indicates the presence of N-
methyldehydroalanine. Further evidence for the presence
of an N-methyldehydroalanine residue was obtained by
reduction of FR900359 with sodium borodeuteride, fol-
lowed by complete hydrolysis affording N-methylalanine-d.

Gas chromatography (GC) of the hydrolyzate revealed
that acetic acid and propionic acid are formed in an ap-
proximate 1:1 molar ratio.

The acid hydrolysis products described above implied
that the following nine units were constituents of the

(5) Botes, D. P.; Viljoen, C. C.; Kruger, H.; Wessels, P. L.; Williams,
D. H. Toxicon 1982, 20, 1037.

(6) Blau, K.; King, G. S. Handbook of Derivatives for Chromatogra-
phy; Heyden & Son Ltd.: London, 1978; Chapter 7.

(7) Miyamae, A.; Fujioka, M.; Koda, S.; Morimoto, Y., in preparation.

(8) The isolation of FR900359 was carried out by Drs. Keizo Yoshida,
Yoshiyasu Koma, and Hiroyuki Kikuchi at Tokyo Research Laboratories,
Fujisawa Pharmaceutical Co., Ltd.

(9) Liesch, J. M,; Millington, D. S.; Pandey, R. C.; Rinehart, K. L., Jr..
J. Am. Chem. Soc. 1976, 98, 8237.
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Figure 1. Fragmentation (EI) of the butyl ester of acetylated
3-amino-2-(methylamino)propionic acid (2), the butyl ester of
pentafluoropropionylated 3-amino-2-(methylamino)propionic acid
(3), and the butyl ester of acetylated 3-(!N)amino-2-(methyl-
amino)propionic acid (6).
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Figure 2. Fragmentation (EI) of the butyl ester of acetylated
N-methylthreonine (4) and the butyl ester of pentafluoro-
propionylated N-methylthreonine (5).

FR900359 molecule: alanine, N-methylalanine, N-
methyldehydroalanine, 8-hydroxyleucine (three residues),
3-phenyllactic acid, acetic acid, and propionic acid. If
connected by amide and ester bonds to form a cyclic
depsipeptide, they account for C;3HgNgO13, leaving Cq-
H;;NO, for the tenth unit, to complete the molecular
formula of FR900359. The nine units account for most
of the NMR data, and the remaining NMR signals indi-
cated that there should be two methyl groups attributable
to N-methyl and O-methyl, one aliphatic methyl (from the
'H NMR), and one carbonyl carbon but no olefinic carbon
(from the 3C NMR) in the C4H;;NO, moiety. The com-
plete structure of the tenth unit of FR900359 was, however,
not readily apparent at this point. However, this moiety
was later identified as NV,0-dimethylthreonine in the course
of the investigation of an ammonolysis product (1) isolated
upon treatment of FR900359 with 20% aqueous ammo-
nia-methanol (1:1) for 48 h at room temperature. The
structure of 1 was deduced from the following experiments.
The FAB mass spectrum of 1 exhibited a (M + H)™* ion
at m/z 681 and a number of abundant fragment ions. Acid
hydrolysis of 1 with constant boiling hydrochloric acid
produced alanine, N-methylalanine, 8-hydroxyleucine,
3-phenyllactic acid, and two other compounds. These were
shown to be 3-amino-2-(methylamino)propionic acid and
N-methylthreonine, on the basis of the mass spectra of
their N-perfluoroacyl O-butyl esters (Figures 1 and 2, re-
spectively). That the 3-amino-2-(methylamino)propionic
acid is the product of ammonia addition to the 8-carbon
of the N-methyldehydroalanine residue was demonstrated
by the identification (by GC/MS) of 3-(**N)amino-2-
(methylamino)propionic acid in the hydrolyzate of 1(}*N),
produced by treatment of FR900359 with methanolic
(**N)ammonia under the conditions described above.
The structure of 1 (Figure 3) was deduced from its FAB
mass spectrum with the aid of those of the corresponding
N,O-acetylated (CH;CO and CD;CO, respectively) methyl
esters 7 and 8 and of ®N-labeled 1. Exact mass mea-
surements of the ions of m/z 681 and 534 in the spectrum
of 1 revealed the compositions C3HgsNgOyg and CogHyg-
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Figure 3. Structures of 1, 7, and 8 with an indication of the fragment ions observed in their FAB mass spectra.

N;0,, respectively. Acetylation indicated the presence of
a total of three amino or hydroxyl groups. According to
the 42 x n dalton shifts in the mass spectra, two of these
must be located within the first two and one at the fifth
unit. Only one esterifiable carboxyl group is present and
it must be at the C-terminus. When 1 was produced from
FR900359 by ammonolysis with ’NH,OH, the mass of all
N-terminal fragment ions and of (M + H)* increased by
1 dalton, indicating that one nitrogen atom is incorporated
in the course of the ammonia treatment and that it is
located in the second unit. Needless to say, the inter-
pretation of these FAB mass spectra were greatly facili-
tated by the knowledge of the structure of the six com-
pounds produced upon acid hydrolysis as outlined earlier.
The sum of their elemental compositions minus 5 X H,0
corresponds to CyHzNgO;, which is CH, less than the
composition of 1. Since the fragment of m/z 534 repre-
sents the loss of CgH;3NO; which must be from the C-
terminus (based on the C/H ratio alone), the additional
CH, must reside there in the form of a homologue or
methyl derivative. The only apparent discrepancy is the
finding of N-methylthreonine in the hydrolyzate, instead
of N,0-dimethylthreonine. This conversion can be ra-
tionalized by B-elimination of methanol to 2-(methyl-
amino)-2-butenoic acid which adds water to form N-
methylthreonine. This possibility is substantiated by the
finding of 2-oxobutyric acid, in addition to 4-methyl-2-
oxopentanoic acid (from B-hydroxyleucine) as well as
methylamine when the acid hydrolyzate of 1 was searched
for keto acids. It is also surprising that 1 has a free car-
boxyl group rather than an amide at the C-terminus. The
most likely explanation is hydrolysis during the evapora-
tion of the acidic (TFA) eluent of the HPLC fraction.

Assembling the ten units into the complete structure of
FR900359 is based on the ammonolysis data mentioned
above and on the mass spectral data of compounds pro-
duced upon partial acid hydrolysis and methanolysis of
FR900359. N-Acetyl-3-hydroxyleucine, N-propionyl-3-
hydroxyleucine, alanyl-N-methylalanyl-8-hydroxyleucyl-
N,0-dimethylthreonine, and N-methyl-3-phenyllactyl-
amide were identified by GC/MS analysis of the partial
acid hydrolyzate after derivatization by successive treat-
ment with methyl trifluoroacetate and B,D;, followed by
trimethylsilylation.!® The formation of N-methyl-3-
phenyllactylamide together with the acid lability of N-

(10) Carr, A. S.; Herlihy, W. C.; Biemann, K. Biomed. Mass Spectrom.
1981, 8, 51.
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Figure 4. Structures of 9 and 10 with an indication of the
fragment ions observed in their FAB mass spectra.

methyldehydroalanine implied that a 3-phenyllactyl-N-
methyldehydroalanine moiety was present in the
FR900359 molecule. This is in agreement with the
structure of 1 discussed earlier.

Methanolysis of FR900359 with 3 N methanolic hydro-
chloric acid gave one major segment (9). The FAB mass
spectrum of 9 exhibited a prominent (M + H)* ion at m/z
794 and informative sequence ions (Figure 4). Complete
hydrolysis of 9 followed by GC/MS analysis indicated that
it contains $-hydroxyleucine, 3-phenyllactic acid, and
N-methylthreonine, but neither alanine nor N-methyl-
alanine.

Treatment of 9 with diazomethane resulted in the re-
covery of the starting material, indicating the absence of
a free carboxyl group. On the other hand, acetylation of
9 showed that it had two functional groups susceptible to
acetylation, which were located on the first and second
units from the N-terminus.

The structure of 9 was deduced from the data discussed
above and the comparison of its mass spectrum with that
of the acetylated product (10), as shown in Figure 4.

Partial hydrolysis of FR900359 in constant boiling hy-
drochloric acid at 110 °C for 30 min gave ten segments
(Table II). The product (11) of highest molecular weight
(1019) was found to have the sequence shown in Figure
5, on the basis of its FAB mass spectrum and the simpler
spectra of the smaller components.

Since the molecular weight of FR900359 is 1001, it must
be a cyclic depsipeptide on the basis of all the data pres-
ented above. The C-terminal methylamide and the N-
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Table II. Tentative Structures of the Products from the Partial Acid Hydrolysis of FR900359°

Segment (M+H',

Tentative structure and FAB mass fragmentations

n/z)

12 (319) (N,0-diMe-Thr)~0-(N-Ac-R-OH-Leu)

(B-0H-Leu) C+2H(406)! Y 'Y
13 (535) 0 . B(388)} i X iz X1z

(B-OH-Leu)-{N,0-diMe-Thr)+0- (8~OH-Leu) o A

RiOIRGE R

(B-0H-Leu) C+2H(406)! ~CH+CO#NH+CH- ~CH+CO-OrCH-
14 (577) o B(388); ! - -1

(B-0H-Leu)~(N,0-diMe~Thr)+0+ (N-Ac-B-0H-Leu) Al c Al (o}

(B-OH—Leu) C+ZH(406)5 C+2H(537);
15 (696) O B(388) : B(517): H

(B-OH- Leu) (N,0-diMe-Thr)+ 0-‘-({3 OH- Leu)vO (N-Me-3-Ph-Lactylamide)

PY+2H(309)
(N-propionyl-$-OH-Leu) C+2H(462)!
B(186)-7 0 12(420) B(444)! i B(573):
16 (752) (B-OH- Leu) (N,0-diMe~ Thr)-‘-O (B-OH-Leu)+0r (N-Me-3-Ph-Lactylamide)
C+2H(333). C+2H{5%1)}

(B-OH-Leu) C+2H{406): C+2H(577)!
17 (738) O (388) 'Z(333) B(559)' 1

(B-0H~- Leu) {N,0-diMe-Thr )+ O-(N Ac~R-0OH- Leu)*O*-(N Me-3-Ph~Lactylamide)
9 (7%4) See Fig. 4

(B-OH-Leu)
O 'Y+2H(480) 12(333)
18 (894) Ala-(N—Me—Ala)—(B—OH—Léu)f—(N,O—diMe—Thr)—O~:—(N—Ac—B-OH-Leu)-Of(N—Me—3—Ph-Lactylamide)
B(415)! C+2H(562); C+2H(733)!
(B-OH-Leu)
5(227)v O 12(333)
19 (964) (Pyruvinyl-aAla)-(N-Me- Ala) (B ~OH- Leu)*(N 0-diMe-Thr)- O-(N Ac-R-OH-Leu)- Or(N Me-3-Ph-Lactylamide)
- B(485) |y+28 (480) :
C+2H(516)! C+2H(632)| C+2H(803).
11 (1020) See Fig. 5
% Abbreviations: Ala; alanine, N-Me-Ala; N-methylalanine, 8-OH-Leu; 8-hydroxyleucine, N-Ac-3-OH-Leu; N-acetyl-8-hydroxyleucine,

N,0-DiMe-Thr; N,O-dimethylthreonine, N-Me-3-Ph-Lactylamide; N-methyl-3-phenyllactylamide.
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Figure 5. Structure of 11 with an indication of the fragment ions
observed in its FAB mass spectrum.

terminal pyruvic acid residues of 11 must have been gen-
erated by the hydrolytic cleavage of the N-methyl-
dehydroalanine residue of the original molecule. There-
fore, the cyclic structure shown in Figure 6 is proposed for
FR900359. It is in complete agreement with the subunits
1 and 9 and all the partial acid hydrolysis products listed
in Table II, as well as the 'H and *C NMR data shown
in Table L.

The FR900359 molecule has a number of interesting
features: firstly, the novel amino acid N,0-dimethyl-
threonine; secondly, the macrocyclic 22-member ring [3-
acetamido-22-benzyl-10-[1-[(3-hydroxy-4-methyl-2-
propionamidopentanoyl)oxy]-2-methylpropyl]-4-iso-
propyl-7-(1-methoxyethyl)-19-methylene-8,13,14,16,20-,
pentamethyl-1,5-dioxa-8,11,14,17,20-pentaazacyclodoco-

CH; CH CH
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CHi~CH=C—N-CH=C 0—(I:H CH-CH; Neft
T
0 CH-oH HN—CH~¢ N~CH-¢ 0~CH ©
e ° CH; © HN-cl:H—tl:l
/N
CHy CH, |
(l:-_-o ?=0
CHy—CH CH;
N—CH;
CH; o
H I I
0=C=EH-N———C—C—N————C—CH-0
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Figure 6. Structure of FR900359.

sane-2,6,9,12,18,21-heptone]; and lastly, the susceptibility
of the N-methyldehydroalanine residue to nucleophilic
attack as shown in the ammonolysis, which may be in-
volved in the biological activity of FR900359.

In order to further confirm the structure of FR900359
and to determine the absolute configurations of the con-
stituents, an X-ray crystallographic study of this molecule
is in progress. Data obtained so far for all the non-hy-
drogen atoms of the molecule indicate that this structure
is correct (R value is 9.8%). The complete results will be
reported elsewhere.’

Experimental Section

A Varian MAT 731 mass spectrometer equipped with a FAB
gun purchased from Ion Tech Ltd. was employed with xenon as
the ionizing gas for FAB mass spectral measurements. Glycerol,
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glycerol-water (1:1), or glycerol containing 0.05% acetic acid was
used as a matrix. HREI mass measurements were performed on
a JEOL JMS-01SG-2 mass spectrometer operated at 70 eV. A
Varian MAT 212 GC mass spectrometer operated in the EI mode
at 70 eV and equipped with a capillary column (J & W: DB-5,
film thickness 0.25 pm, 0.32 mm X 15 m) was used for GC/MS
analyses, in which the column temperature was raised from 45
to 300 °C at a rate of 10 °C/min. A JEOL JGC-20K gas chro-
matograph was used for GC analyses. IR spectra were recorded
on a Shimadzu IR-420 spectrophotometer. NMR spectra were
determined at 100 MHz for proton and 25.1 MHz for carbon-13
spectra on a JEOL PFT-100 spectrometer, using deuterio-
chloroform as a solvent and tetramethylsilane as an internal
standard.

Amino acid analyses were carried out on a Beckmann automatic
amino acid analyzer. High performance liquid chromatography
(HPLC) was performed on a Waters system consisting of two 510
pumps, a 680 automated gradient controller, a 480 LC spectro-
photometer operated at 214 nm, and a U6K injector. A linear
gradient solvent delivery system from 0% to 70% acetonitrile
(containing 0.035% trifluoroacetic acid) in water (containing
0.06% trifluoroacetic acid) in 30 min was used with a Waters
wu-Bondapak Cig column (3.9 mm X 30 cm) at a flow rate of 1.5
mL/min.

Isolation of FR900359.8 FR900359 was isolated from Ardisia
crenata sims and purified at the Tokyo research laboratories of
Fujisawa Pharmaceutical Co., Ltd. A total of 160 kg of the whole
plants was homogenized in 540 L of methanol-water (8:2) and
allowed to stand for 4 days. The homogenized materials were
filtered, and the filtrate was reduced to about 40 L at reduced
pressure and extracted twice with 40 L of ethyl acetate. The
combined ethyl acetate layer was evaporated to dryness at reduced
pressure to give 420 g of crude extract. The crude extract was
dissolved in 4 L of diethyl ether. The diethyl ether layer was
washed successively with 8 L of 0.1 N sodium hydroxide and water
saturated with sodium chloride and then dried over anhydrous
sodium sulfate. After filtration, the diethyl ether solution was
evaporated to dryness at reduced pressure to give 121 g of material.

In the following three chromatographic procedures, each
fraction was tested for activity in decreasing the blood pressure
of anesthetized normotensive rats, and active fractions were
collected. Half of the material was applied to a silica gel column
(Merck, Kieselgel 60, 0.063-0.200 mm, 7.5 cm X 50 ¢m) and
developed with benzene—ethanol (10:1). After 2 L of eluent had
passed through the column, the active fraction (2-3 L) was col-
lected and evaporated to dryness at reduced pressure. The second
half of the material was purified by the same procedure. The
combined fractions (31 g after evaporation of the solvent) were
further chromatographed on a silicic acid column (Mallinckrodt,
CC-7 Special, 5.5 cm X 51 cm) using n-hexane—acetone (2:1) as
eluent. The active fraction (2-4 L) was collected and evaporated
to dryness at reduced pressure to give 2.1 g of material. The
material was purified by Sephadex LLH 20 (3.5 cm X 46 cm) column
chromatography using methanol as developing solvent. After 180
g of eluent had passed through the column, the active fraction
(180-200 g) was collected and evaporated to dryness at reduced
pressure to give 1.85 g of crude product which was crystallized
from n-hexane to give 1.1 g of FR900359. Anal. Caled for
CyH7N,0,5: C, 58.73; H, 7.54; N, 9.79. Found: C, 58.66; H, 7.72;
N, 9.83. IR (KBr): 3300 (NH and OH), 1750 (ester C=0), 1665
and 1635 (amide C=0) em™. HREIMS: m/z 1001.5402 (calcd
for C49H75N7015 1001.5321) FABMS: m/z 1002 (M + H)+. See
Table I for 'H and *C NMR spectral data.

Hydrolysis. A sample of 0.2 mg of FR900359 in 0.5 mL of
constant boiling HCI (Pierce, sequanal grade) was freeze-degassed,
evacuated, sealed, and heated at 110 °C for 20 h. The mixture
was evaporated to dryness at reduced pressure. An aliquot of the
hydrolyzate was dissolved in a small amount of 0.02 N HCl and
a small portion of the solution was subjected to automatic amino
acid analysis which indicated the presence of alanine, N-
methylalanine, @-hydroxyleucine, and methylamine at a
1.0:1.0:2.2:1.2 molar ratio. The remainder of the hydrolyzate was
sonicated in 0.5 mL of 10% HCI in anhydrous butanol (Regis)
at room temperature for 15 min and then heated at 90 °C for 30
min in a sealed vial. The mixture was evaporated to dryness at
reduced pressure, treated with 0.5 mL of 25% trifluoroacetic
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anhydride in methylene chloride at room temperature for 1 h,
and evaporated to dryness under nitrogen. The residue was
dissolved in 200 uL of methylene chloride. An aliquot of the
solution was analyzed by GC/MS which indicated the presence
of the derivatives of alanine, N-methylalanine, 8-hydroxyleucine,
and 3-phenyllactic acid. The identification of these compounds
was confirmed by comparison with commercially available au-
thentic samples.

The solution obtained from the complete hydrolysis of 0.2 mg
of FR900359 was neutralized with 6 N sodium hydroxide and
adjusted to pH 10 with 0.1 N sodium hydroxide. The solution
was evaporated to dryness at reduced pressure and dissolved in
a small amount of 0.1 N HC], and an aliquot of the solution was
analyzed by GC on a glass column (2 mm X 2 m) packed with
10% PEG 6000 on a 60—-80-mesh Shimalite (Shimadzu); column
temperature, 135 °C. Acetic acid and propionic acid were iden-
tified by direct comparison with authentic samples.

The solution obtained from the complete hydrolysis of 0.5 mg
of FR900359 was neutralized with 6 N sodium hydroxide and
acidified with 100 uL of 6 N HC1. To the solution was added 2
mL of 0.35% 1,2-phenylenediamine dihydrochloride (FLUKA)
in 0.6 N HC], and the mixture was allowed to stand for 5 h at
room temperature. The solution was extracted four times with
2 mL of ethyl acetate (Pierce, sequanal grade). The combined
ethyl acetate layer was reduced to 1 mL under nitrogen and rinsed
three times with 1 mL of 0.6 N HCI, and the solution was
evaporated to dryness under nitrogen to give the quinoxalinol
derivatives of a-keto acids. To the residue dissolved in 0.5 mL
of pyridine was added 0.5 mL of N,O-bis(trimethylsilyl)tri-
fluoroacetamide, the solution was heated at 60 °C for 30 min, and
excess reagents were removed under nitrogen. The trimethyl-
silylated samples were dissolved in 200 uL of chloroform and an
aliquot of the solution was analyzed by GC/MS. For comparison,
a mixture of 1 umol each of pyruvic acid, 2-oxobutyric acid
(Aldrich), and 4-methyl-2-oxopentanoic acid (Aldrich) in 1 mL
of 1 N HCI was treated with 2 mL of 0.35% 1,2-phenylenediamine
dihydrochloride in 0.6 N HCI to produce authentic quinoxalinol
derivatives. The mixture was treated in the same manner as
described above for comparison.

Hydrolytic Decomposition of 3-Hydroxyleucine. A sample
of authentic 8-hydroxyleucine was hydrolyzed in constant boiling
HCI at 110 °C for 20 h in an evacuated and sealed tube and
converted to a trimethylsilylated quinoxalinol derivative by
treatment with 1,2-phenylenediamine followed by trimethyl-
silylation in the same manner as described above. GC/MS
analysis of the resulting material showed the presence of 4-
methyl-2-oxopentanoic acid in the hydrolyzate.

Reduction of N-Methyldehydroalanine. A portion of
FR900359 was reduced with sodium borodeuteride, essentially
as described by Liesch et al.® To 0.2 mg of FR900359 in 100 uL
of tetrahydrofuran—ethanol (9:1) was added 0.2 mg of sodium
borodeuteride (Aldrich), and the solution was allowed to stand
for 24 h at room temperature. Subsequently, the solution was
acidified by addition of 200 uL of 50% aqueous acetic acid and
the solution was allowed to stand for 18 h at room temperature.
The sample was dried at reduced pressure and hydrolyzed in 1
mL of constant boiling HCl at 110 °C for 20 h. The hydrolyzate
was dried at reduced pressure and converted to trifluoroacetyl
butyl ester derivatives. The resulting derivatives were dissolved
in a small amount of chloroform and an aliquot of the solution
was injected into GC/MS. The derivatives of N-methylalanine
and N-methylalanine-d co-eluted but were identified on the basis
of their mass spectra. Butyl ester of N-trifluoroacetyl-N-
methylalanine: M*, m/z 255; M - OBu, 182; M - COOBu, 154.
Buty! ester of N-trifluoroacetyl-N-methylalanine-d: M*, m/z 256;
M - OBu, 183; M ~ COOBu, 155. Intensity ratios of m/z 154 to
155, m/z 182 to 183, and m/z 255 to 256 were approximatley 1.

Segment 1. A solution of 0.2 mg of FR900359 in 0.5 mL of
20% NH,OH aqueous solution-methanol (1:1) was allowed to
stand at room temperature for 48 h in a sealed tube and evapo-
rated to dryness at reduced pressure. The residue was fractionated
on HPLC to give one major segment (1): HRFABMS, m/z
681.3833 (caled for CzpHyyNgO,, 681.3823), 534.2935 (caled for
CysHoN5sO; 534.2928); see Figure 3 for FAB mass spectral data.

A sample of 1 was hydrolyzed in constant boiling HCI. An
aliquot of the hydrolyzate was subjected to automatic amino acid
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analysis to give alanine, N-methylalanine, 8-hydroxyleucine,
methylamine, and an unidentified amino compound. The re-
mainder of the hydrolyzate was converted to trifluoroacetyl or
pentafluoropropionyl butyl ester derivatives according to the
method described above and dissolved in a small amount of
chloroform, and a small portion of the solution was injected into
the GC/MS, showing the derivatives of alanine, N-methylalanine,
B-hydroxyleucine, 3-phenyllactic acid, and two new compounds,
3-amino-2-(methylamino)propionic acid and N-methylthreonine.
The EI fragments of the butyl ester of trifluoroacetylated (2) and
of pentafluoropropionylated (3) 3-amino-2-(methylamino)-
propionic acid are shown in Figure 1; those of the butyl ester of
trifluoroacetylated (4) and of pentafluoropropionylated (5) N-
methylthreonine are depicted in Figure 2. .

Ammonolysis of FR900359 with 20% INH,OH aqueous so-
lution (Cambridge Isotope Laboratories)-methanol (1:1) gave
1(**N) in the same manner: FAB mass spectrum, see Figure 2.
A sample of 1(*N) was hydrolyzed and converted to trifluoroacetyl
butyl ester derivatives and analyzed in the same manner as de-
scribed above for 1 to give the derivatives of alanine, N-
methylalanine, 8-hydroxyleucine, 3-phenyllactic acid, 3-(}3N)-
amino-2-(methylamino)propionic acid, and N-methylthreonine.
The EI fragments of the butyl ester of trifluoroacetylated 3-
(1’N)amino-2-(methylamino)propionic acid (6) are shown in Figure
1.

A solution obtained from the complete hydrolysis of a sample
of 1 in 0.5 mL of constant boiling HCl was treated with 1,2-
phenylenediamine and trimethylsilylated. Analysis by GC/MS
in the same manner as described above indicated the presence
of 2-oxobutyric acid and 4-methyl-2-oxopentanoic acid.

Methyl Ester of Acetylated 1 (7) and Methyl Ester of
2,2,2-Trideuterioacetylated 1 (8). An aliquot of 1 was esterified
in 0.5 mL of 3 N methanolic HC] at room temperature for 30 min
with sonication and evaporated to dryness at reduced pressure
to give the methyl ester of 1. An aliquot of the methyl ester of
1 was acetyalted in 0.5 mL of acetic anhydride—pyridine (1:1) and,
alternatively, with 2,2,2-trideuterioacetic anhydride (Merck)—
pyridine (1:1) at 60 °C for 30 min, and evaporated to dryness to
give 7 or 8, respectively. The FABMS fragments are listed in
Figure 3.

Trifluoroethyl O-Trimethylsilyl Polyamine Alcohols. An
evacuated and sealed tube containing 0.2 mg of FR900359 in 0.5
mL of constant boiling HCI was heated at 110 °C for 30 min. The
mixture was evaporated to dryness at reduced pressure and
converted to trifluoroethyl O-trimethylsilyl polyamino alcohol
derivatives according to the method reported by Carr et al.'° The
derivatives were dissolved in 200 uL of methylene chloride, and
an aliquot of the solution was analyzed by GC/MS to give eight
compounds. EI mass spectrum of derivative of N-acetyl-3-
hydroxyleucine, m/z (relative intensity): 294 (5), M — Me; 266
(8), M - CHMe,; 204 (76), M — CD,0SiMes; 164 (100), M -
HCOSiMe;CHMe,; 148 (24); 7; 114 (5), 204 - HOSiMeg; 102; ?;
73 (44), SiMe;. N-Propionyl-8-hydroxyleucine: 308 (1), M — Me;
280 (1), M - CHMe,; 218 (45), M — CD,0SiMeg; 178 (100), M —
CHOSiMe;CHMe,; 162 (21), ?; 128 (10), 218 - HOSiMe,; 118 (9),
?; 73 (68), SiMe;. N-Methyl-3-phenyllactylamide: 224 (8), M -
Me; 193 (34), M - CD,NHMe; 192 (17), ?; 149 (45), M - HOSiMe;;
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148 (12), M - 91; 91 (11), C;H,; 78 (100), SiMe;. Alanyl-N-
methylalanyl-3-hydroxyleucyl-N,O-dimethylthreonine: 411 (1),
M - 201 (Z,); 406 (1), M - 206 (A3 + 16); 390 (29), M - 222 (A,);
261 (9), 406 - CHOSiMe;CHMe,; 222 (62), CD,NMeCH(CHO-
MeMe)CD,0SiMe; (Z;); 217 (22), A, + 16; 201 (24),
CF;CD,NHCHMeCD,NMeCHMe (A,); 173 (18),
CF;CD,NHCHMeCD,NMe; 163 (13), 222 - CHOMeMe; 144 (15),
CF;CD,NHCHMeCD, (A; + 16); 105, CD,0SiMeg; 73 (100),
SiMe;. The remaining four derivatives were found to be the
derivatives of 8-hydroxyleucine, 3-phenyllactic acid, alanyl-N-
methylalanine, and 8-hydroxyleucyl-N,0-dimethylthreonine, but
their mass spectra are not shown. The notation A, and Z, is that
of Nau and Biemann.!!

Segment 9. To 0.2 mg of FR900359 was added 0.5 mL of 3
N methanolic HCl. The solution was heated at 75 °C for 50 min
in a sealed tube, evaporated to dryness at reduced pressure, and
then subjected to HPLC fractionation to give one major segment
(9). See Figure 4 for FAB mass spectral data.

An aliquot of 9 was hydrolyzed in constant boiling HC], con-
verted to trifluoroacetyl butyl esters according to the same method
described above, and analyzed by GC/MS to give the derivatives
of 8-hydroxyleucine, 3-phenyllactic acid, and N-methylthreonine.

The segment (9) was esterified in 0.5 mL of etheral diazo-
methane and evaporated to dryness under a stream of nitrogen
to give a residue, whose FAB mass spectrum was identical with
that of 9. Another aliquot of 9 was acetylated in 0.5 mL of acetic
anhydride—pyridine (1:1) at 60 °C for 30 min and evaporated to
dryness to give acetylated 9 (10). For FAB mass spectral data,
see Figure 4.

Segment 11. To 0.2 mg of FR300359 was added 0.5 mL of
constant boiling HC], and the solution was heated to 110 °C for
30 min in a evacuated and sealed tube. The partial hydrolyzate
was evaporated to dryness at reduced pressure and fractionated
by HPLC to give a segment (11) having a molecular weight of
1019 based on FABMS and nine segments , 9 and 12 - 19. FAB
mass spectral data of 11 are summarized in Figure 5 and those
of segments 12-19 in Table II.
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