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Abstract - Reactlon of demethyl-BLM A2 with bremoscetyl deriva-
tives leads to the corresponding sulfonium salts which consti-

tute z new class of bioclogically active bleomycins.

The glycopeptide antibiotics known as bleomycins (1) discovered by Umezew\ra:I have
recelved a great deal of attention in view of their antitumour properties. The
various btleomycins possess a common acyl structural moiety corresponding to bleo-
mycinic acid (15), and differ from one another in the nature of the terminal
amine which is linked via an amide bond to this acid. A mixture of bleomycins
(BLM} containing 42 (1b, 70%) and B2 {1c, 20%) is currently employed in the clin-
ic in the treatment of sguamous cell carcinoma, Hodgkin's disease, lymphomas and

testis tumors2

. Administration of bleomycins (A2 + B2) in large dosage 1S, how-
ever, limited due to the side effect of pulmonary toxicity. The development of
modified bleomycins with lower pulmonary toxicity and increased therapeutic ef-
fect on human cancer is, consequently, of great importance.

Umezawa and coworkers have studied the pulmonary toxicity of modified bleomycins
and, based upon "lung fibrosis index" data, have shown that this side effect is
influenced by structural changes in the terminal amine part of the moleculeE.
These results suggest the need for developing simple methods for modificaticen of
the side chain which would allow convenient access to series of structurally re-

lated bleomycins. In this communication we describe one such method and its ap-

plication to the synthesis of several new bleowycins, together with preliminary

— 779 —




CONH,  NH,
N
H CONH,
i tdeesadna 7
N
cHy N o o
o) N
HO, 0 ) R
o H
ia Bleomycinic Acid OH
OH 0 OH .
OH 1t Bleomycin A2 NH{CH); —5 [CH,),
)
H
¢ Bleomycin B2 NH [CHa},—NHC=NH
OANHz = ye 24y ;
1 NH,
14 Demethyl A2 NHI{CHzl3-5-CH;
Scheme
id + BrCH,COY _— 1e—k
2
Y R Xy SOL b CH,
1 NHICH,I,SICH,yICHy X~ 2 94
10 NH(CH,),SCH, 2.1
20 oM e NH [CH,), S(CH,) CH,CO0™ 2.92
2b OEt 1f NH{CH,l, $1CH,] CH,CO0EE X~ 3 04
2c NH; 19 NHICHyly (CH)) CH,CONH, X~ 3.00
2d N::[ 1h  NH {CH,l; S(CHz} CHCON | X~ 300
Y
2e N © 1L NH ICHyl;S(CH) CHyCON € "o x- 2.99
- f—
2 M—C 15 NHI{CH), $1CH,) CHCoNH — X~ 3 00
29w 1k NH(CH, 1y S(CHl CHCONH—] X~ 300

— 780 —




. HETEROCYCLES, Vol 22, No 4, 1984

data on their biolegical activity.

Since BIM AZ, the major component of clinical bleomycin, is a sulfonium salt and
since, according to the currently accepted wechanism of action of bleomycin, the
positively charged sulfur stom is involved in an electrostatic interaction with
DNAq, it was felt that the modified side chain ought to retain this specific fea-
ture of the antibiotic. The simplest manner in which this could be achieved was
visualized via the replacement of one of the methyl groups of the sulfonium woi-
ety, by an alkyl residue bearing functionalized substituents. In view of the pre-
gence of a large number of sensitive structural elements in the molecule of blec-
mycin, we recognized that the reactions which were to be employed for the pro-

posed chemical conversions had to be highly selective in their operation.
R

As starting material for our studies we employed clinically outdated Blenoxane™,

5

provided by Bristol-Myers”. Bleomycin A2 was isolated from BlenoxaneR by chroma-
tography6 and subsequently demethylated to demethyl A2 {1d), employing essential-
ly the procedures described in the literatureT. Reaction of 1d with a variety of
electrophiles was investigated, in order *to develop a specific reactien at the
sulfur site. The results of this study led to the conclusion that electrophiles
of type BrCchOY (g, Scheme) were most effective 1n causing the desired trans-
formation in a practical, useful reaction. Thus, when 1d was allowed to react
with 25—58’9 {(pH 1.60, RT 2% h), the sulfonium salts ("modified bleomycins" 71e-k)
were cbtained in fair yields (~ 60%, Scheme). Details of the chromatographic se-
paration and isclation of the products will be presented elsewhere. Structure
elucidation of 7e-k required detailed NMR spectra of the "parent" mclecule 1b.
Utilizing high resolution (500 MHz) 1H and 3¢ ¥R in conjunction with two dimen-
sional Fourier transform techniques an unawbiguous and complete interpretation of

1H and 13C NMR spectra of BLM A2 (1h) has been madeqo. The mest significant

1

the
¢hange in the 'H NMR spectra accompanying the conversion of 1d to 1e-k isg the
downfield displacement of the signal of the S-methyl group. The chemical shifts
of the sulfonium wmethyls in 1e-k are presented in the Scheme, The chemical shifts

of the S-methyl in 1b and 1d are provided for comparison. Mass measurements of

the modified bleomycins by Past Atom Bambardment (FAB) method are in progress.

Biological Results: The effect of bleomycin analogues 1f-k on the survival of B16

mouse melanoma cells in vitro has heen studied. These results and the comparati-

ve data for bleomycin are presented in the Table.
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Table
b comparative study of the effect of Bleomycin and analogues 1f-k on the survival

of B16 melanoma cells in vitro.

Compound Dose pg/ml fercent survival
Bleomycin® 10 41 + 2
100 29 + 2
a1f 10 4% + 2
100 27 £+ 1
1g 10 36 + 2
100 21 + 2
Jh 10 35 + 3
100 26 + 5
1i 10 51 + 2
100 28 + 2
a3 10 Mo+ 3
100 2% + 3
1k 10 32 + 3
100 2% + 3

2 Bleomycin Lundbeck, obtained from H. Lundbeck and Co h/S Copenhagen.
B16 mouse melsnoma cells from log phase cultures were suspended in fresh medium
[Dulvecco's modified minimum essential eagle medium with 10% new born calf se-
rum (Gibeco, Europe)] at 5X’104 cells/ml. For the experiments, "6 Multiwell"
plates were employed, with two ml of the cell suspension in each well, After 24
hour the test agents were incubated with the B16 melanoma cells during 21
hours. After treatment, the cells were washed twice and fresh medium added, 2
ml/well. 48 Hours after the start of the incubation the cells were Trypsinized
and counted on a Sysmex microcell-counter. The number of cells surviving a par-
fticular drug treatment could be estimated by comparing counts of untreated
cells with those of treated cells. Viability was estimated by Trypsan blue ex-
clusion. Two doses were tested: 10 pg/ml and 100 pg/ml. Percent survival was
calculated according %o the formula T/C x 100. T = treated cells, C = untreated

control. The number i1s the mean of three samples.
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The procedure for modification of the side chain of bleomycin, described in this
report, can be applied to a large range of w-halogenated amides and peptideg, in-
cluding those incorporating structural moieties which might be expected to show
specific interaction with the DNA bases. Work in this direction is currently in

PTrOogress.
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