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THE STRUCTURE OF THE

SULFUR－CONTAINING

CHROMOPHORE OF

PHLEOMYCIN，AND CHEMICAL

TRANSFORMATION OF

PHLEOMYCIN TO BLEOMYCIN

Sir：

Phleomycins were discovered byUMEZAWA

eial．in1956as antトbacterial antibioticsl，2）．

In1962，it was found that phleomycins

inhibited animaltomors with a high thera－

Peuticindex3，4）．In1964，IKEKAWA et al．

reported that phleomycins were effectively

SeParatedinto their components by CM－

Sephadex C－25　column chromatography5）．

The components were named phleomycins

A，B，C，Dl，D2，E，F，G，H，Ⅰ，J，and K，

and could be classedin two groups by UV

absorption．Oneincluded phleomycins C，

D2，and F，and the otherincluded phle0－

mycins Dl，E，G，H，andI．The former
Showed a stronger UVabsorptionmaximum

at about295nm than thelatter．Therewas

no description of the UV absorption of A，

B，J，and K．

In1966，bleomycins were discovered by

UMEZAWA et al．after anintensive search

for phleomycin－1ike antibiotics6，7）．　Ble0－

mycins were also effectively separatedinto

their components by CM－Sephadex C－25

COlumn chromatography7）．Theyallshowed

UV spectra essentially the same as that of
PhleomycinsC，D2，andF．The UV absorp－

tion of phleomycins Dl，E，G，H，andI，We

Call the phleomycin－tyPe UV absorption，

and the UV absorption of all bleomycins

and phleomycins C，D2，and F，We Callthe

bl占omycin－tyPe UV absorption．Compara－

tive degradationstudiesindicatedthatphle0－

mycin D2is the same as bleomycin B2　and

phleomycinFisbleomycinB4．Theseresults

areinconsistent with the former assign一

ment7）．

Ⅰn this communication，the structural

relationships areelucidated，andthechemical

transformation of phleomycin to bleomycin

is presented．

Phleomycin Dl，Which has phleomycin－

type UV absorption，WaS hydrolyzed with
6N HClatlO50C for18hours．In Tablel，
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the acid hydrolyzate of phleomycin Dlis

COmPared to bleomycinB2．In the hydroly－

Zate Of phleomycinDlthere were six amine

COmPOnentS amOng SeVen Which were found

in the hydrolyzate of bleomycin B2．The

Only one missing component was com－

POund VI，Which contributes mostly to the

UV absorption maximum at about295nm

Of bleomycin．

These results suggested that there should

be present a substitute for VIin the mole－

cule of phleomycin Dl．Thefinding of　針

alanine（ⅤⅠ／pa）in the hydrolyzate of phle0－

mycinDISuPPOrtedthis speculation，because

VI might be biosynthesized from one mole

of針alanine and two moles of cysteinell）．

The NMR studies showed thattherewere

four protons between∂＝7～10ppmin the

spectrumofbleomycinB2（inD20，reference：
externalTMS）．They were assigned to the

2－and4－PrOtOnS Of theimidazole ofIV（∂
＝7．94and8．82，SenSitive to pH change and

coupled to each other withJ＜1．0Hz），and

the two ring protons of the bithiazole of

VⅠ（∂＝8．44and8．60ppm，Singlet）．On the

other hand，there were only three protons

in this regionofthespectrumofphleomycin

Dl．Twoofthemwere assigned to the ring

PrOtOnS OfIV（∂＝8．04and9．17ppm，SenSi－

tive to pH change and coupled withJ＜1．0

Hz）．The presence of the single proton at

Tablel．Components foundin the acid

hydrolyzate of phleomycln Dland

bleomycln B2

Ph始omyein Dll8座omy¢in鞄

・C”盟憲00日　馴　＋　　＋

1歳翫；CH至COOH9’

tll CH鴛許諾00”8’

ヰ　　　　　　　　　　　＋

tv W訂誌COO”10’
H

v NH2CHr？H‾COOH　引　．　　　ヰ

vINH皇C脚㌫躍‾C7SH＝・
12）

Vll NHiCH査CHPHPH2NH－C・NH2　　　十

品H　「］・
VILd NH乏CH査CH童COOH　　　　　　　＋
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8=8.60 (singlet) suggested that phleomycin
Dx contained only one thiazole ring.

From the above, we conclude that the
phleomycin equivalent of VI should be 2-[2-

(2-aminoethyl)-z/2-thiazolin-4-yl] -thiazole-
4-carboxylic acid. This should yield 2-
acetylthiazole-4-carboxylic acid (VF-b) in

the acid hydrolyzate of phleomycin Dx (Fig.
1). So, the acid hydrolyzate was extracted
with ethyl ether. The ether extract was
concentrated and treated with chloroform
and petroleum ether to yield crystals, m.p.
167-169°C. The molecular formula C6H5-
NO3S (M.W. 171) was established by ele-

mental analysis and mass spectrometry (m/e
171). It accorded with the formula of 2-
acetylthiazole-4-carboxylic acid. The UV

absorption [Ca* Et0H 283 nm (log e 3.68)]- was
similar to that of 2-propionylthiazole-4-
carboxylic acid13> DC£Et0H 282nm (logs

3.69)]. Methyl ester of VF-b was derived
by treatment with diazomethane, m.p. 80~
82°C [lit.14) 78~80°C]. The IR spectrum
was identical with that of methyl 2-acetyl-
thiazole-4-carboxylate15). Thus, 2-acetyl-
thiazole-4-carboxylic acid is present in the

acid hydrolyzate of phleomycin Dx.
To..confirm the postulated partial structure,
we oxidized phleomycin Dt under mild con-
dition, hoping to get compound VI from
the acid hydrolyzate of the oxidized product.
To the aqueous solution of phleomycin Dx
was added manganese dioxide. The suspen-
sion was stirred for two days at roomtem-
perature. The UVspectrum of the filtrate
showed increased UVabsorption at 295 nm.
The filtrate was dried and then dissolved in
0.01N HC1. In 0.01N HC1 solution at 27°C
for 24 hours, unreacted acid-labile phleo-

mycin was decomposed. However, the solu-
tion showed strong inhibitory activity against
Mycobacterium 607. The bioactive substance
was isolated by CM-Sephadexcolumn chro-
matography. It showed bleomycin-type UV
absorption. The acid hydrolyzate contained
compound VI, but did not contain VF-a

and b. The oxidized phleomycin Dx, dehy-
drophleomycin Du was compared with bleo-
mycin B2. They showed almost the same

activity (dehydrophleomycin Dx 2,680 u/mg,
bleomycin B2 2,720 u/mg) against Mycobac-
terium 607 by cup assay method (bleomycin
A2 free base: 1,000u/mg). The chromato-
graphic behavior was exactly the same:

The Rf values on Avicel thin-layer chromato-
graphy was 0.66 (MeOH-10% AcONH4-
10%NH4OH, 10:9:1) and 0.56 (rc-PrOH-

pyridine-AcOH-H2O, 15: 10:3: 12). They

were not separable by CM-Sephadex C-25
column chromatograpy. The IR, UV and
NMR spectra were identical, and hydroly-
zates of the two compounds gave the same
ninhydrin patterns after two-dimensional

electrophoresis, (HCOOH - AcOH - H2O, 25 :
75:900), and ascending paper chromato-
graphy (n-PrOH-pyridine-AcOH-H2O,
15:10:3:12). The sugar component was
analyzed by gas chromatography (SE-30 on
Chromosorb W.AW) of the trimethylsilyl
derivative of the methanolyzate of dehydro-
phleomycin Di16). Dehydrophleomycin D1

contains one mole each of glucose and 3-O-
carbamoyl-mannose.

Thus, dehydrophleomycin Dx is identical
with bleomycin B2. Similarly, dehydro-

phleomycin E was identified with bleomycin
B4.

Recently, two phleomycin-like antibiotics,



VOL. XXV NO. 3 THE JOURNAL OF ANTIBIOTICS

zorbamycin17) and YA-5618), were reported.
Zorbamycin has phleomycin-type UVabsorp-
tion, and the NMRspectrum in D2Oshowed
the presence of three protons in the low
magnetic field (d=ca 7.3, 8.0 and 8.2ppm,
reference) is not recorded), which was
similar to that of phleomycin. Antibiotic

YA-56 also has phleomycin-type UV absorp-
tion, and the acid hydrolyzate contains /?-
alanine (Y. Ito, personal communication).

These data suggest that both antibiotics may
have the same sulfur-containing chromo-
phore, 2-[2-(2-aminoethyl)-J2-thiazolin-4-
yl]-thiazole-4-carboxylic acid, as that of
phleomycin.
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