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1. Introduction 
1.1. Sulfur containing derivatives of 2,5-diketopiperazines (Figure 1). 
• Epidithio-diketopiperazine (1) and bis-(methylthio)diketopiperazines (2) 
show good biological activity: antiviral, antibacterial, antiallergic, 
antimalarial, and cytotoxic properties.  
• They remain largely unexplored due to their natural scarcity and the 
synthetic laboratory challenge they pose: S–S bridge is 
sensitive to the reductive, basic, and strongly acidic 
condition. 
1.2. Previous Work (Figure 2) and its Problems 
Synthesis of epidithio-diketopiperazine (1)  
• narrow variety of the products and low yield (a, c).  
• many steps and overreaction (b). 
Synthesis of bis-(methylthio)diketopiperazines (2) 
• poor stereocontrol (d).  
1.3. This Work 
• Improved method for the sulfenylation reaction 
- Use of mixture of bis[bis(trimethylsilyl)amino] sulfide 
[(TMS)2N(S)nN (TMS)2] prepared from S element with 

NaHMDS in situ) as sulfenylating species     
- Broader substrate scope. 
- Desired products were obtained with perfect 
stereocontrol.  

- Product are obtained in high yield (~70%). 
 

• Total synthesis of several interesting 
natural products (Figure 3). 
• Biological evaluation of the synthesized 
compounds and discovery of potent 
antipoliovirus and anti Plasmodium 
falciparum （ マ ラ リ ヤ 原 虫 , 恶 性 疟 原 虫 ） 
componds.  

Figure 1. 
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Figure 3.  Compounds synthesized in this report. 
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Figure 2.  Selected sulfenylation methods of 
2,5-diketopiperazines 
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2. Results and discussion 
2.1. Development of the sufenylation reaction (Scheme 2). 
 
Preparation of sulfenylating species 
- The reaction of elemental sulfur with NaHMDS produced 
mainly three reactive species (Scheme 1). 

- The reaction mixture reacted with 2,5-diketopiperazine in 
situ (Scheme 2). Presumably  not only tetrasulfide (12)but 
also tri-, penta-, and oligo- sulfide effected the 
sulfenylation reaction.  

• Intramolecular sulfenylation with 
[NaN(TMS)2] (10c   10d). 
- This gave only syn- type desired 
products (16).  

Perspective 
• Applicable to a variety of the 
substrates (Tables 1 and 2, only selected 
substrates). 
• Perfect stereoselectivity  
- disubstituted diketopiperazine (10) 
gave the desired products (Tables 1 and 
2)  
- Both syn- and anti- 3,6-disubstituted 
diketopiperazine (10) systems give only 
syn- products (16) with the same yield 
(For example, Table 1, entries 2 and 3). 
• Pure 
bis[bis(trimethylsilyl)amino]trisulfide([(
TMS)2N(S)3N (TMS)2]) was added 
instead of ([(TMS)2N(S)nN (TMS)2]).  
- Tetrasulfide (13) and disulfide (15) 

were produced as same. 
- The reaction occurred 
intramolecularly. 

  

Table 2.  Preparation of Selected bis-(Methylthio)diketopiperazines Table 1.  Preparation of Selected Epidithiodiketopiperazines  

Scheme 1.  Reaction of Sulfur (S8) with NaHMDS 
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Scheme 2.  Sulfenylation of 2,5-Diketopiperazines with [NaHMDS-S8] 

N
N Me

Me

O

O

N
N Me

Me

O

ONa

a) NaHMDS (1.0 equiv)

N
N

R1

Me

Me

O

O S
S
SS

NTMS TMS

N
NR2

R1

Me

Me

ONa

O S
S
SS

N
TMS TMS

N
NR2

R1

Me

Me

O

O

S4b) NaBH4 (25 equiv)
N

NR2

R1

Me

Me

O

O S

S

N
NR2

R1

Me

Me

O

O

S
S

c) NH4Cl
d) KI3

e) MeI

N
N Me

Me

O

O

MeS

SMe

S S S N TMS

TMS

R1, R2 = benzyl; 69% R1, R2 = benzyl; 72%

R1

R2

only syn-

10

16
15

12

10b

10c

10d

13 (22%)14

R1

R2

R1

R2
R2

n = 1, 2, 3

in situ

NTMS

TMS

n

NaHMDS 
(2.0 equiv)

15
+

N
N

O

O

N
N

O

O

N
N

O

O

H

H

H

H

Me

Me

N
N

O

O
R4

R1 R2

R3

Entry Substrate Producta Overall Yield [%]

a) [NaHMDS-S8], THF
b) NaBH4, THF/EtOH
c) aq. KI3 N

N

O

O
R4

R1 R2

R3

S
S

1

2

3

N
N

O

O

Me

Me

N
N

O

O

N
N

O

O

45

65

68

S
S

S
S

S
S

aRacemic mixture

N
N

O

O
R4

R1 R2

R3

a) [NaHMDS-S8], THF
b) NaBH4, THF/EtOH
c) MeI N

N

O

O
R4

R1 R2

R3

MeS

SMe

Entry Substrate Producta Overall Yield [%]

aRacemic mixture

N
N

O

O

Me

Me Me

N
N

O

O

Me

Me

MeS

SMe

N
N

O

O H

H

N
N

O

O

Me

Me

MeS

SMe

N
N

O

O

Me

Me

N
N

O

O SMe

MeS

Me
SMe

MeS

SMe

MeS

70

51

67



 3 

 
2.2. Total synthesis of epicoccin G (4) (Scheme 4). 

 
 
• Stereoretention through deoxygenation 
with DBU (Figure 4) (19 20) 
• Stereoselective reduction (20 21) 
• Intermediate 21 was separately processed 
with LiOH and TFA to afford coupling 
partners 22 and 23 respectively followed by condensation (21  24). 
• Deprotection of Boc and 
ester hydrolysis followed by 
condensation to produce 
amide (24   25). 
• Trifluoroacetate was 
obtained with bis-allylic 
alcohol and trifluoroacetic anhydride (25  26) 
• Deprotonation in the presence of Pd cat. to produce diene (26  27). 
• Sulfenylation and reduction/methylation to produce 28 and 2, 2’-epi-28 
• Reaction with singlet dioxygen followed by Kornblum-DeLaMare rearrangement (Figure 6) (28 
 29). 
• Reduction of alkene under dihydrogen in the presence of Pd cat (29   30) 
 
 

Scheme 3.  Total Synthesis of Epicoccin G 
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2.3 Biological Evaluation (Table 3) 
 
• Antipoliovirus assay; compounds 
possessing S–S bridge (31, 32, 34) 
and compounds possessing 
disulfide (4) were most potent. 
- These show better activity than 
standard poliovirus drug (35). 
- S–S moieties may play an 
important role (Disulfide bridge can 
inactivate proteins, and catalytically 
produce toxic superoxide with 
dioxygen.) 
• Anti P. falciparum assay; 31, 32, 33, 
34, and epicoccin G (4) were most 
potent.  
- 33 showed good activity despite 
the low activity against poliovirus. 
- The reason is not clear. 
 
 
 
 
3. Conclusion 
• An improved method for the sulfenylation of 2,5-diketopiperazines has been developed with 
perfect stereocontrol of bis- (methylthio )diketopiperazines. 
• Application of the method led to the total synthesis of an array of sulfenylated deketopiperazine 
systems. 
• Biological investigation led to the discovery of potent anti polivirus agents and anti P. falciparum 
lead compounds. 
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