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Summary: Bleomycin A2 has been synthesized for the first time.

Bleomycin (BLM) is an antitumor antibiotic clinically used in the treat-
ment of squamous cell carcinoma, malignant lymphoma and testis tumors. BLM A2
(%)2), the major component of natural BLMs, consists of a linear hexapeptide
named deglyco-BLM A2 and an O-carbamoyl disaccharide. We have already reported
the syntheses of deglyco-BLM A23’4) and 2—0—(a—D-mannopyranosyl)—L-guloses),
the disaccharide of BLM. Therefore, the total synthesis of BLM A2 is formally
established by introduction of carbamoyl group to the disaccharide and glyco-
sylation of deglyco~-BLM A2 with the O-carbamoyl disaccharide. 1In this communi-

cation, we report the first total synthesis of BLM.
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Introduction of carbamoyl group to the 3-hydroxyl group on the mannose moiety
of the disaccharide of BLM
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3,4,6-Tri-O-acetyl-2-0-(2,4,6-tri-O-acetyl-3-0-carbamoyl-a-D-mannopyrano-
syl) —e-L-gulopyranosyl bromide (8) was prepared from 2-O-(o-D-mannopyranosyl)-=
L—gulopyranoses) (2) by the following pathway. Treatment of 2 with t-BuMeZSiCl/
imidazole (in DMF, room temp., 2 days) gave 6,6'-di- (3, 51%) and 1,6,6'-tri-
O-silyl derivatives (3', 20%). Treatment of 3 and 3' with N,N'-carbonyldiimi-
dazole (in THF, room temp., overnight) gave the corresponding 2',3'-cyclic
carbonates (4, 58%; &' 86%). Removal of the silyl protecting groups (with
Bu4NF in THF) from 4 and 4' followed by acetylation gave 1,3,4,6,4',6'-hexa-0-
acetyl-2'-0:3'-O-carbonyl derivative (3, 65% from 4 and 59% from 4'). Dis-
solving of 3 in liquid ammonia (-75°C, then gradually to room temperature to
evaporate ammonia) followed by acetylation gave a mixture of per-O-acetylated
2'-Q-carbamoyl (Q, 28%) and 3'-O-carbamoyl (7, 15%) 8 derivatives. The latter
was led to § with HBr/CH,Cl,, 0°C, overnight, ('H-NMR in CDCl,: 62.08, 2.09,
2.12, 2.15 (6H), 2.23 for acetyls; §5.20 s, H-1'; 86.43 slightly br. 4, J 4.0
Hz, H-1), and used for the glycosylation in the total synthesis of BLM.

Glycosylation and total synthesis of BLM A2
Several attempts to glycosylate a protected deglyco-BLM A2 with 8
failed due to undesired reactions. Therefore, to minimize the undesirable

4)

reactions, a protected pentapeptide 3, which was synthesized in the other
paper4), was chosen as the reactant for the glycosylation.

Protected pentapeptide ) was allowed to react with 8 in anhydrous sul-
folane in the presence of Hg(CN)2 and molecular sieve 4A at 40°C overnight.
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The reaction mixture was passed through a column of Sephadex LH-20 developed
with methanol and an eluate containing a mixture of the reaction products
including %Q was collected. The mixture was used without further separation
in the following reactions because of the instabilitys). After treatment with
TFA to remove the Boc-protecting group, the resulting mixtures) containing

il was allowed to react with Boc-protected pyrimidoblamic acid7) (12) by DCC-
HOBt in DMF overnight at room temperature. The resulting product containing
i3 was treated with 0.1M NaOH-MeOH (1:1) at room temperature overnight to
deprotect the Dnp and acetyl groups. At this stage, the reaction products
were analyzed by silica gel TLC developed with 10% AcONH4-MeOH (1:1). The
main product gave the Rf-value of 0.49, which was different from that of
desired Boc-protected BLM A2 (ké)g) (Rf=0.47), although the spot of 14 was
detected on the TLC. The mixture containing 14 was treated with TFA at 0°C
for 30 min. to deprotect the Boc-group. The products were transformed to the
Cu-complexes and analyzed by TLC under the same condition described above.

The main product gave the Rf-value of 0.08 and BLM A2 was found at Rf 0.51 as
a minor product. The spot of BLM A2 showed antimicrobial activity by biocauto-
graphy.g) Thus, the formation of BLM A2 was secured at this point. The
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mixture containing BLM A2 Cu-complex was separated by a column chromatography
of CM-Sephadex C-25, pretreated with 0.05 M sodium acetate buffer of pH 4.5,
developed with a linear gradient of NaCl. A bioactive fraction containing BLM

A2 and a fraction containing the main reaction productlo)

were collected.

The BLM fraction was rechromatographed on CM-Sephadex C-25, pretreated
with 0.05 M sodium phosphate buffer of pH 7.1, developed with a linear gradi-
ent of NaCl. The biocactive fraction was desalted and decoppered on an Amber-
lite XT-2 column by adsorption, washing (with EDTA) and desorption [with
0.002M HC1-MeOH (1:4)], and colorless metal~free BLM A2 was obtained. The
synthetic and natural samples of BLM A2 were identical in all respects as

measured by TLC, HPLC and lH-NMR. In particular, the purity including stereo-

chemistry was ascertained by the fine structure of the high magnetic field lH-
NMR spectrum (250 MHz). Thus, the total synthesis of BLM has been achieved

for the first time.
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