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Summary: An improved route to synthesize deglyco-bleomycin A2, the aglycon of 
bleomycin A2, aiming at the total synthesis of bleomycin is described. The new 
route is characterized by the stepwise elongation of the amino acid constitu- 
ents and the use of a thiol ester obtained by aldol condensation. 

Deglyco-bleomycin A2, the aglycon of bleomycin (BLM) A2, is a hexapeptide 

consisting of five amino acids and a terminal amine 1) . Deglyco-BLM was found in 

the culture broth in a trace amount and also isolated from the mild acid 

hydrolyzate of BLM 2) 3) . The first total synthesis of deglyco-BLM A2 , achieved 

by us, was based on the fragment condensation of the dipeptide (;t-z) and tri- 

peptide S 3, (2) followed by coupling with pyrimidoblamic acid (4). 
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Although deglyco-BLM A2 thus synthesized was fully characterized and 

optically pure, the yield in the final condensation was not satisfactory (30% 

after deprotection and purification) and, moreover, it is hard to prepare a 

derivative suitable for further elaboration leading to the total synthesis of 

BLM. We report herein an improved route to deglyco-BLM A2 via the stepwise 

elongation utilizing a thiol ester of 2 as a key intermediate. 

As described in the preceding paper 4) , optically pure thiol esters ga-c 
were directly obtained by stereoselective aldo1 condensation using E-vinyloxy- 

boranes. Compounds ,$a-c are N-protected active esters of 2 suitable for the 

peptide synthesis. Thus, these thiol esters were tried to react with tri- 

peptide s. The results are shown in Scheme 1 and Table 1. In the case of (p- 

nitrophenyl)thio esters zb and c, the condensation took place smoothly at room 

temperature without any catalyst, while an elevated temperature and catalytic 

Scheme 1 

+R2 + 
1) DMF,(catalyst) 

tripeptide S 0 
2) deprotection 

2a R' = 2, R2 =H 

2b R' = 2, R2 

2c R' 

= NO2 

= BOC, R2 = NO2 

3 

H2NH~;fN&$-~~ 
A CH3 

5 R = H (tetrapeptide S) 

6 R=Ac 

Table 1 Condensation of thiol esters 2a-c and tripeptide S 3. 

R' R2 catalyst temp. time yield(%)* 

2 H Cu(OAc) 2 4o"c 2 days 28 

2 N02 - r.t. 4 hrs. 47 

BOC N02 - r.t. 4 hrs. 53 

* Yields after removal of the amino protective group, R'. 
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amount of Cu(OAc)2 were needed for the condensation of the phenylthio ester 

2=* The resulting Boc- and Z-derivatives of tetrapeptide S were deprotected 

with 25% HBr-AcOH and CF3C02H, respectively, and were chromatographed on CM- 

Sephadex C-25, pretreated with 0.05 M pH 7.1 sodium phosphate buffer, developed 

with a linear gradient of NaCl to give tetrapeptide ;) (2). The synthetic 

tetrapeptide S was identical with the natural sample 
1 

in all respects (TLC, 

H-NMR, and optical rotation 6) ). 

Treatment of 2 with CH3COC1 in 6N HCl-AcOH (1:l) at room temperature 

afforded the di-0-acetyl derivative (,6) (O-AC: 62.74 and 2.49 in D20, external 

TMS reference) in 98% yield. Next, 

masked B-hydroxyhistidine (l)3) 

e was allowed to react with Boc- and Dnp- 

by DCC-HOBt in DMF to give a pentapeptide 

masked with Boc, Dnp and Ac(X2), (!$)7), in 65% yield after purification by 

Sephadex LH-20 (developed with MeOH) and Amberlite XT-2 (developed with 50-80% 

MeOH) chromatographies. The Boc-group of f$ was removed by TFA (almost quanti- 

tative) and then allowed to react with Boc-masked pyrimidoblamic acid *) by 

DCC-HOBt in DMF to give deglyco-BLM A2 masked with BOC, Dnp and Ac(X2), (42) 7) , 

in 96% yield after purification by the Sephadex and Amberlite chromatographies. 

To confirm the structure of Q, the protecting groups were removed by two 

steps: the Dnp- and AC-groups were first removed by treatment with 0.5N NaOH- 

MeOH (l:l), followed with TFA to remove the Boc-group. The resulting deglyco- 

BLM A2 (J&t.) was purified by CM-Sephadex C-25 chromatography as described pre- 
3) viously . The synthetic deglyco-BLM A2 thus obtained in 56% yield was iden- 

tical with the natural sample 2) in all respects (TLC, 
1 

rotation')). 

H-NMR, and optical 

This new route to deglyco-BLM A2 not only gave a better overall yield than 

the previous one 3) , but also gave a starting material for the total synthesis 

of BLM A2 as described in the other paper 10) . 

8 R' = 

9 R' = 

10 R' = __ 
11 R' = _- 

BOC, R2 = Dnp, R3 = AC 

H, R2 = Dnp, R3 = AC 

Boc-pyrimidoblamyl, R2 = Dnp, R3 = AC 

pyrimidoblamyl, R2 = R3 = H (deglyco-BLM A2) 
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