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Abstract-itled compounds, 8- and 12, were efficiently 
synthesized from 2,3-dihydro-1H-pyrrololl.2-alindole deriva- 

tives by closure of the aziridine ring. 

2 Mitomycins A' (L), C 1;) etc. form a group of one of the most popular anti-cancer 

agents, and mitomycin C has been used clinically. After many studies on the 

mechanism3 responsible for the binding of mitomycins to DNA, it was found that 

aziridinopyrrolo[l,2-alindoles (Form I), produced via reduction to the semiquinone 

radical anion and subsequent loss of methanol, are the activated form to be 

attacked by the DNA molecule and plays a very important role in the mode of action 

of these drugs (Scheme 1). 

The chemical derivation of natural mitomycins to such activated aziridinopyrrolo- 

indoles has recently been achieved by several  group^.^ However, only a fey 

successful synthetic approaches5 toward them have been appeared in the stabilized 

cases ( for instance, the electron density of the B ring was diminished by conju- 

gation with a carbonyl group at the 10- or 3-position, etc.). The further appli- 

cation of this approach for the synthesis of mitomycins has not been attempted. 

The first elegant total synthesis of mltomycins was achieved by Kishi's group5' 

Scheme 1 

Mitomycin A ; X=OCH3 (1) I 

Mitomycin C ; X=NH2 19 



via ring closure of the eight-membered ring derivative containing the aziridine 

ring prepared at the acyclic early stage. Subsequently, aziridine ring closure 

after the ring construction of mitomycins has been avoided in most synthetic 

studies. In this paper, we report a novel method synthesizing the aziridino- 

mitosene derivatives (Type I) starting from pyrroloindole derivatives (Schemes 2 

and 3). 

Pyrroloindole 2 was'oxidized with MoOPH after formation of its anion in THF with 
LDA at -78'~ to afford the corresponding hydroxy derivative 4, mp 155-158 'c, in 

56% yield. Compound &was converted to diacetate 2 in two steps I 1) NaBH4 

IMeOH-THF, 2) Ac20/Py I in 71 % overall yield. Introduction of nitrogen function 

was achieved by treatment of Lwith sodium azide in AcOH-H20 I2:l) at 60 'C, 

followed by hydrolysis of its acetoxy group with 1 N NaOH to give l-azido-2- 

hydroxy derivatives 6 a .  These were easily separated on a silica gel TLC plate 

to the trans- and cis-isomers (6_a7:S_b8=3:1). After mesylation of the trans-isomer 

62 (MsCl/Py; 98%), the azido group was converted to phosphoryl amide 5 with 
P(OMeI3 in 67% yield. 

After treatment of Lwith 1.2 equiv. NaH in THF at 25'~ for 10 min, the reaction 

mixture was checked by chromatography on a silica gel TLC plate. Although a new 

major spot was detected on the TLC plate, preparative TLC separation of the 

extracted reaction mixture (at this stage, no decomposition of the product was 

observed) gave the other polar compounds. These results indicated that the 

initial product obtained by treatment L with NaH was very unstable. We therefore 

1 measured the H-nmr spectrum of the reaction mixture (over 90% recovery) without 

purification by silica gel TLC. The spectrum in CDCl3 indicated that the reac- 

tion mixture contained the desired phosphorylaziridino derivative 2 in over 80% 

purity. The ms spectrum im/z 292 (~'11 also supported the structure of 2. No 

1 signal assignable to & in the H-nmr spectrum of in CD30D was observed at all, 

but signals of ring-opened compounds similar to 9 were observed. A methanol 

solution of the crude 8_ at 25OC for 10 min gave ring-opened products and g_bl' 

(1:l) in quantitative yield. The structures of w w e r e  determined by measure- 

ments of their spectroscopic data to be 92 (trans-isomer) and 9A(cis-isomer). It 

should be noted that the ratio of the cis- and trans-isomers was 1:1, since acid- 

catalyzed ring opening of aziridinomitosene or mitomycins is known to give cis- 

amino alcohol as a major product (cis: trans=3:1-5:l). 12 

These methods were further studied for the synthesis of aziridinopyrroloindole 12 
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Scheme 2 

Scheme 3 

Reagents: a) LDA/MoOPH, b) NaBH4/MeOH-THF, c )  Ac20/Py, d) NaNjlaq. AcOH, 

e) 1N NaOH/MeOH, f) MsCl/Py, 9) P(OCH3)3/THF, hl NaH/THF, i) MeOH, 

j )  H2/Pd-C, kl CH31/LiOH 

(Scheme 3). Pyrroloindoloquinone 12,13 synthesized from indole previously, was 

reduced with H2/Pd-C and followed by methylation with CH31/LiOH to afford the pro- 

tected hydroquinone derivative in 64% overall yield. 

The aziridine ring was introduced into 12 in 8 steps by application of the 

previous ring closure method to give in 17% overall yield. Aziridine 12 was 

also a very reactive compound, especially under acidic conditions even on a silica 

gel plate, similarly to k. These reactivities of 5 and 12 are very reasonable 

because their structures are very similar to those of activated mitomycins [type 

I1 and their B-ring is not stabilized as in the case of earlier syntheses. 
5 
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