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Abstract — Pepleomycin, 3-(S-l-phenylethylamino)}-propylamino-
bleocmycin, has been synthesized from bleomycin A2, the main
component ©of natural bleomycins, by a series of the following
reactions: demethylation, cyclic imincether formation, hydra-
tion and aminolysis with 3- (5-l-phenylethylamino)-propylamine.
Pepleomycin has stronger activity and less pulmonary toxicity
than natural blecmycin mixture c¢linically used today in the
treatment of cancer and will become the second generation bleo-

mycin in its cancer therapy.

Bleomycins (abbreviated as BLMs) are anti-tumor antibiotics discovered by Prof. 0O.
Umezawa and his collaborators.l They are a group of structurally related glyco-

peptidases produced by Streptomyces verticillus. The total structures were con-

clusively determined recently (Fig, 1).2 They are different from each cther in

their terminal amine moieties (R in Fig. 1}.3 From viewpoint of biesynthesis, the
peptide part of BLM containing pyrimidine and bithiazole nuclei is formed by modi-
fication of a single peptide chain. The amino acid containing pyrimidine nucleus
appears to be derived from asparagylasparagine via dehydrative cyclization, dehy-

drogenation, amination and methylation, and the amino acid containing bithiazocle
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chromophere is found to be derived from B~-alanylcysteinylcysteine.4

The biological action of BLM has been recently found to be shown by reactive oxy-
gen radicals which are formed at the sixth coordination site of BLM-Fe (II} com-
ple}-{.s_7 BLM is now c¢linically used for the treatment of squamous cell caricnoma,
testicular carcinoma and malignant lymphoma. BLM clinically used today is a
mixture of natural BLMs, of which the major component is BLM A2 (see Fig. 1l). The
most serious adverse affect of the present BIM is pulmonary fibrosis. Distribution
of BLM parenterally administered is affected by the terminal amine, and the affini-
ty between BIM and DNA is alsc dependent on the electric charge of the terminal
amine.B We have been devoting cur efforts to develop new more effective and less
toxic BLMs with unnatural terminal amine under Prof. Umezawa's guidance, and have

already prepared more than 300 new BLMs by microbial, enzymatic and chemical
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Fig. 1. Structures of bleomycin A2, pepleomycin and bleomycinic acid

procedures, Pepleomycin {see Fig. 1) has been selected among them as the second
generation BLM. In this short review, chemical transformation of BLM A2 into
pepleomycin is described. New artificial BLMs with unnatural terminal amine were
first prepared by fermentaticn method.9 When a BIM-producing microorganisms is
cultured in a medium containing a special amine, which is not present in nature,
the amine is incorporated into BLM, and a new BLM, which has the added amine in

its terminal amine moiety, is preduced. The structural requirement for the amine

—470—




HETEROQCYCLES, Vol 13,

in the incorporation is to have a primary amino group at the end of a short alkyl
chain, which forms the amide bond with bleomycinic acid (see Fig. 1}, and at least
one more basic functional group such as amino, guanidium, imidazole etc.

The second method for preparation of new BLMs is the semi-synthetic method start-
ing from bleomycinic acid, which was first cbtained by enzymatic hydrolysis of BLM
B2, the second major compopnent of natural BLMs, with acylagmatine amidohydrolase
produced by a Fusarium.l0 Bleomycinic acid is a starting material suitable for
preparation of new semi-synthetic¢ BLMs, because it has only one free carboxyl
group, which will be connected with the terminal amine, and the free primary aminec
group present in bleomycinic acid can be readily protected by copper—chelation.6
The following is concerned with the chemical selective cleavage of BLM tc obtain
bleomycinic acid.ll

In the course of the structural study of BIM, it was found that the amide bond
connecting between the bithiazole-containing amino acid and the terminal amine is
meost resistant to acid hydrolysis among seven amide bonds present in BLM. There-
fore, in order to cleave this amide bond selectively without any change in the
other part of the molecule, some modification of this amide bond by participation
of a neighboring functional group was necessary prior to the hydrolysis. It was
first noted that BLM A2 has the reactive dimethylsulfonium group at the terminal.
Attempt to form the cyclic iminoether directly from BLM A2 driven by liberation of
dimethyl gulfide was not successful (see Fig. 2}. However in this study, it was
found that under a mild pyrolytic condition the methyl group, but not dimethyl
sulfide, can be easily removed from the dimethylsulfenium group to give BLM
demethyl-a2. BLM demethyl-AZ is contained in natural BLM mixture as a minor com-
ponent. However, it is not a direct fermentation preoduct, but is a spontanscus
degradation product of BIM A2 during isolation and storage. If BLM demethyl-AZ2
were available as the starting material, it would be expected that cyclic imino-
ether would be formed by treatment with cyvanogen bromide since leaving of methyl
thiocyanate is much easier than dimethyl sulfide. This idea was suggested by the
selective cleavage of methionyl peptide bond by evanogen bromide,lz though this
reaction involves the carbeoxy side of methionine while the present purpose is
scission at the amino side of decarboxymethicnine. Pyrolytic degradation of the
copper complex of BLM A2 hydrochloride at 100°C for 24 hr in an evacuated vessel
gave BLM demethyl-A2 in a maximum yield of ahout 70%. However this pyrolysis on

a large scale was not satisfactory. Finally, transformation of BLM A2 into BLM
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demethyl-A2 was achieved in over 85% yield by treatment with sodium thioccyanate
at 120°C for 2 hr in methanol sclution in a pressure vessel with good reproduci-
bility. Thus, it became feasible to use BLM demethyl-A2 as the starting material
for chemical transformation.

Bleomycin demethyl=-A2 was dissolved in 1% trifluoroacetic acid and was reacted
with excess cyanogen bromide at room temperature overnight. The main product was
isolated by CM-Sephadex C-25 column chromatography in 75% yield. The product was
not the expected cyclic iminoether, but the 3-aminopropyl ester of bleomycinic
acid,l0 the hydration product of the former (see Fig. 2).

Under mild alkaline hydrolysis conditions, the carbonyl group of the ester bond,
which was formed by the treatment of cyanogen bromide, shifted readily to the
newly formed terminal amino group to form a stable amide. Under mild acid hydro-
lysis conditions, bleomycinic acid {see Fig. 1) was obtained in about 50% yield,
but formation of an appreciable amount of hy-produects, which were formed by acid
hydrolysis at the other weak bonds and were not easily separable from bleomycinic
acid, could not be aveided., To block the Q to N acyl migration in alkali, selec-
tive acylation of the terminal amino group was studied. The primary aminc group
present originally in BLM was protected by copper—chelation6 and N-benzovliation
was carried out with benzoyl chloride at pH 7.5. The desired meono-N-benzoyl
derivative was obtained in over 90% yield. Mild alkaline hydrelysis {0.025N KCH
at 0°C) of it afforded bleomycinic acid in over 90% yield. Thus, selective
chemical cleavage of the terminal amide bond of BLM A2 to yield bleomycinic acid
was achieved by participation of the terminal dimethylsulfonium group through
successive elimination of methyl thiocyanate.

Copper-complex of bleomycinic acid was reacted with 3-(S-l-phenylethylamino)-
propylamine in the presence of l-ethyl-3-(3-dimethylaminopropvl)carbediimide, a
coupling reagent for peptide synthesis, to afferd pepleomycin in a good yield.
Pepleomycin was derived more easily and more efficiently by direct aminolysis of
benzoylamincpropyl ester of bleomycinic acid (see Fig. 2) with 3-(S-1-phenylethyl-
amino) propylamine in a methanol solution in over 85% yield. The study on chemical
transformation of BLM was motivated by establishment cf an enzymatic method for
preparation of bleomycinic acid. However, the chemical transformation metheod
became much superiocr to the enzymatic method after examination of reaction condi-
tions in each réaction step and by finding a new direct route to semi-synthetic

BLM from the intermediate.
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Peleomycin has been selected as the second generation BIM because of its less lung
toxicity, higher antitumor effect and effectiveness against chemically induced
stomach adenc-carcinoma in rats, which is not sensitive to the present BLM.H'_15

The first and the second qualities were confirmed clinically, but the third one

was not successfully evaluated clinically.ls'17

However, prostatic cancer, which
is 2 kind of adeno-carcinoma and resistant to the present BLM, was found to respond
wall to pepleomycin.18

We are now partially successful to predict the clinical qualities of new BLMs

from the experimental gualities found in laboratory animals, and are searching

for new BLMs with less toxicity and broader antitumor spectrum as the third
generation BLMs, which are modified in their nucleus moiety. The leading principle
is that of Prof. Umezawa, that is, selectivity in distribution, inactivation and
activation.19

It seems the nature of Prof. Umezawa to find succesively the weapons to fight
against cancer and other intractable diseases among the secondary metabolites of
microbes. Sarkomycinzo, BLMs, an??racyclines such as aclacincmycin21 and baumy-
cinzz, macromomycinZB, a high mo}ecular weight antitumor antibiotic which dena-
tures membrane of tumor cell, G}yo-1124, which restores the lost requlation mecha-
nism of tumor cell-division, aqﬁ coriolinszs, which react to microtubuli, were
found as new antitumor substances in the Institute of Microbial Chemistry under
the leadership of Prof. Umezawa. There were also found, by their enzyme inhibitor

a7 and

research among the secondary metabolites of microbes, bestatinzs, amastatins
forphenicineza, which are inhibitors of membrane-bcund enzymes, and were found to
be potential immuncomcdulators for the treatment of cancer, viral infectious dis-
ease and autoimmune diseases. And another enzyme inhibitor, 1eupeptin29, which
inhibits proteases, has become a potential drug against muscular dystrophy.

The reasons why so many important substances were found under direction of one
person, Prof. Umezawa, are his diligence with his hard work and his mathematical
logic in research planning. And the determinants in these two gualities are his
inherent love for the research work and his respect to human lives, which has bgen
cultivated since his childhood born in a medigcal family.

Celebrating the 65th birthday of Prof. Hamao Umezawa, we are glad to have an appor-
tunity to introduce some parts of our works under his guidance and cordially wish

the readers of this journal, Heterocycles, to be more interested irn his works and

attitude and further improvement of the substances found by him with the’knowledge
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of heterocyclic chemistry.
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