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CHEMICAL STUDIES ON
BLEOMYCINS. I

THE ACID HYDROLYSIS PRODUCTS
OF BLEOMYCIN A2

Sir:
Isolation and properties of bleomycin group

 of anti-tumor antibiotics were described by
 H. Umezawa et al.l->2). In a previous paper2),
 degradation during purification was con

sidered possible and each bleomycin com

ponent was purified and designated bleo

mycin At-n. However, further studies have

 confirmed no such decomposition occurs.Therefore, each bleomycin component is now
 designated without that. In this communica
tion structures of the acid hydrolysis pro
ducts of bleomycin A22), one of the major

 components of bleomycins, are reported.
Bleomycin A2 was hydrolyzed with 6N
 HC1 at 105°C for 20hr in a sealed tube.
The hydrolysate contained at least seven

 ninhydrin-positive products. Each com

ponent was isolated by ion-exchange resin

 chromatography (Dowex 50Wx4), and was
 designated as the compounds I, II, III, IV,
 V, VI and VIIin orderoftheelution. The

 relative mobility (Rm-value) of high voltage

 paper electrophoresis and Rf-value of paper

 chromatography of the compounds are listed
 in Table 1.Compound I was identified as L-threonine
 by its chromatographic behavior, elemental

 analysis, infrared absorption spectrum and

 optical rotation.Compound II was crystallized from aque

ous alcohol. It darkens at ca. 200°C. It
 has the molecular formula* C9H12N4O4-H2O.
Potentiometric titration showed the presence

 of two basic groups of pK'a 9.2 and ca.
3.4 and two acidic groups of pK'a ca. 3.4

 and <2; the equivalent weight was 263
 (calcd. 258). The ultraviolet absorption

 spectrum of II showed two maxima at 234

 m^ (loge=3.9) and 274m/z (loge-3.7) in

 aqueous solution. Studies of the structure

 of II are now in progress.Compound III was crystallized from aque-

Table 1. Relative mobility (Rm-value) of paper
 electrophoresis and Rf-value of paper chro
matography of the acid hydrolysis products
 of bleomycin A2

P ro du ct
R m -

v alu e *

R f-

va lu e **

N in hy d rin reaction ***

room tem p . 100-C

I 0 . 67 0 .26 p u rp le p u rp le

TT**** 0 .71 0 .14 p u rp le y ellow

Ill 0 .95 0 .50 n one p urp le

TV 1.14 0 .ll pu rple brow n

V 1.38 0 .ll p urple pu rple

V I**** 0.60 0 .48 n one b row n

V II 2 .48 0 .17 n one pu rple

* Toyo filter paper No. 51, buffer solution ;
 formic acid-acetic acid-water (25 : 75 :
 900), Rm-value of alanine=l.
** Toyo filter paper No. 51, solvent ; n-butyl
 alcohol-acetic acid-water (4 : 1 : 2),
 descending.
*** 0.2% ninhydrin in acetone containing 5%
 pyridine, freshly prepared.
**#* showed UV absorption on paper chromato
gram.

ous butanol. It melts at 144~146°C,
 M2d3+10.7°(c 7.25, water). It has the mole

cular formula C6H13NO3-V2H2O. The n.m.r.
spectrum** of III showed the presence of
 two C-CH3 groups at d 1.26 (ppm) (doublet,
 J=7cps) and 1.30 (doublet, J=7cps) and
 three methine groups at 2.44 (double quartets,
 J=7 cps and 10 cps), 3.54 (double quartets,
 J=7cps and 2.5cps) and 3.83 (double
 doublets, J==10cps and 2.5 cps). This indi

cates that III has the partial structure
 CH3-CH-CH-CH-CH3. The potentiometric ti
I I I
 XYZ
 tration showed the presence of one of each

 amino (pK'a 10.2) and one carboxyl (pK/a 3.4)

 group with an equivalent of 168 (calcd.156). The elemental analysis suggested that
 III had an alcohol group as a substituent

 which was confirmed by formation of an

 acetyl derivative (1735cm"1). To explain
 the chemical shifts of III adequately, it must
 have the structure : 4-amino-3-hydroxy
2-methyl-n-valeric acid.
CH3-CH-CH-CH-COOH
I I I M
NH2 OH CH3

* Analytical values for all the compounds described in this paper are consistent with the
 indicated formulas.
** N.m.r. spectra were observed in deuterium oxide on a Varian A-60 spectrometer using- sodium
 2,2-dimethyl-2-silapentane-5-sulfonate as an internal reference.
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Table 2. The n.m.r. spectra of Compound
 and histidine

C o m p o u n d
C h e m ic a l S h ift ( 8 )

(*>')

IV in D oO 4 . 15

( / a& = 4 .5 c p s )
5 .3 2 7 . 17 7 .7 7

7 . 5 8 8 .8 0
(R = C O O H ) in l N D C ] 4 . 62

f/ a 6 = 3 .3 c p s )
5 .6 5

H is tid in e in D s- 3 .9 5 c a . 3 . 1 7 . 03 7 .7 3

(R = H <&/>) in I n D C l 4 .5 8 c a . 3 .6 7 .6 0 8 .8 3

N-

(d)H'

IN \

/\
-H<u>

(6) (a)
-CH-CH-COOH

H R NH,

Compound IV was crystallized from aque

ous alcohol as colorless needles. [<#]!?+
 30.5° (c 1.5,water), [a]l2+73.1° (c 1.35,
 1.2N HC1). It has the molecular formula
 C7H9N3O4-H2O. The potentiometric titra
tion showed the presence of two basic

 groupsof pK'a 9.4 and ca. 5.3 and two

 acidic groups of pK'a ca. 5.3 and <2.The equivalent was 222 (calcd. 217). It
 decomposed at 171°C giving histidine and

 carbon dioxide. A positive Pauly reaction
 (orange color)3) suggested that IV might be
 /?-carboxy-histidine, which was supported
 by n.m.r. spectra (Table 2).

N-

H

-CH CH-COOH
I I

COOH NH2

F

A mono-hydrochloride of V was crystal
lized from dilute hydrochloric acid and

 ethanol, m. p. 240°C. |>]2D9+7° (c 1.42,
has the molecular formula
 It was identified as L-j9
by comparison of infrared

absorption spectrum and optical rotation

 with those of the authentic sample.
H2N-CH2-CH-COOH
I V
NH2

5n HC1). It
 C3H8N2O2 - HC1

 aminoalanine4)

IV Compound VI was slightly solubl
 in water andwas crystallized by

neutralization of the hydrochloric

 acid solution with dilute sodium hy
droxide. It did not decompose at
 240°C. It has the molecular formula
 C9H9N3O2S2-H2O. The potentio

metric titration showed the pre

sence of one carboxyl (pK'a 2.8) and

 one amino (pK/a 9.2) group. The

 equivalent was 272 (calcd. 273).The ultraviolet absorption spect-
rum showed a maximum at 290raja
 (log e=4.10) in a hydrochloric acid

 solution. X-ray crystallographic

 studies of VI are now in progress.
Compound VII was isolated as a

 crystalline picrate with m. p. 230°(dec). It
 has the molecular formula C4H12N2-2C6H3N3
O7. It was identified as putrescine di-picrate
 by comparison of the infrared absorption

 spectrum with that of an authentic sample.
H2N-CH2-CH2-CH2-CH2-NH2 W
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