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Abstract —— Synthetic approaches towards mitomycins and their
analogs are described. The strategy of this study includes a
simple synthesis of mitosene derivatives and their transformation
to seco-mitosane type compounds which have been shown to be key
intermediates in the total synthesis of the mitomycins. Synthetic

studies on mitomycins appearing in the literature are also reviewed.
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INTRCDUCTION

Mitomycin antibiotics were isclated in 1955 by Hata et gl.l from

culutures of Streptomvces caespitosus. These compounds have been found

to be active against Ehrlich’s cancer cells and Yoshida’s sarcoma, as
well as ageinst Gram positive and Gram negative bkacteria. Hata et gl.z

and Wakaki et 1-3 separated three crystalline compounds named mitomyecin

A, B and C, Later, Herr et él-4 isolated porfiromycin from S. ardus, and

3

Lefemine et al.” isolated mitiromycin, together with above four anti-

biotics, from 8. werticillatus. In 1962, Webb et a.l-6 determined the

structures of the mitomycins as follows: Reaction of mitomycin A with
methanolic ammonia gave mitomycin €. Similarly, N-methylmitemycin A, made
by treatment of mitomycin A with methyl 1odide and sodium hydregen carbo-
nate in dimethylformamide, afforded porflromycin.7 Although mitomycin B
could not be obtained directly from, or coanverted to, any of the other
antibiotics, it has been degraded, by treatment with U.lE hydrochloric
acid, to a product which has been shown to be identical to that obtained
from similar treatment of N-methylmitomyecin A. The chromophores of mito-

mycin A and B were identified by the similarity of their ultraviolet (u.v.)

spectra to that of 2-dimethylamino-5-methoxybenzoquinone (7). Likewise
Chart 1
0 —OCONH, 0
Y OMe MeO
Me N Me N
0 0
1-4)
( . 3 (5) (6)
{(1)Mitomyecin A MeO H Mitomycin B Mitiromycin

(2 )N-Methyl-
Mitomycin &4 MeO Me

(3)Mitomycin ¢ NH, H
(4)Porfiromycin NH, Me

— 412~




HETEROCYCLES, VYol 13, 1979

the chromophores of mitomycin C and porfiromycin were similar to that of
2,5-bisdimethylaminobenzoguinone {(8). ©n standing in 0.1N-hydrochloric
acid at 25°C for a few hours, mitomycin A underwent a marked change
forming one mole of methanol and a new product, named apo-mitomycin A,
containing one C-methyl, one O-methyl, one hydroxyl and one amino group-

This compound proved to have the -CH ()C(}NH2 group from its infrared (1.r.)

2
spectrum, and by its acidic hydrolysis to form carbon dioxide and ammonia.
Hydrolysis of apg-mitomycin 4 (9) in 0.1N-sodium hydroxide liberated one
mole of methanol and resulted in a new product (10}, whose chromophore

was similar to that of 5,6,7,8-tetrahydro-3-hydroxy-2-methyl-1,4-carb-

azoledione(11). The arrangement of the groups (-OH, —NH2, -CHZOCUNH ) on

2
the skeleton of (9) was established bv its treatment with nitrous acid to
produce a compound (12), called desammono-apo-mitomycin A, which contained
a new carbonyl group, and lacked the NH2 and OH groups of}(9). As the

v.v. spectrum of (12} indicated probable conjugation of the new carbonyl
function with the indoloquinone chromophore but was unlike that of (13),
the new carhonyl was assigned to the 2—position.8 The nuclear magnetic
resonance (n.m.r.) spectrum of (12} displayed two widely separated triplets
characteristic of an A2X2 system not shown by (9). This suggested the
presence of the moiety N-CH,-CH,CO- at the 2-position of indole (N atom

had te be the indole nitrogen) and (12) must have been formed by a
pinacolic deamination of a 1,2-aminoalcohol function in (9). The formation
of a 1,2—aminoalcoh019 from mitomycin A by acid hydrolysis suggested that
mitomycin A contained a fused aziridine ring (in the i.r. spectrum of
mitomycin A, a weak band at 3030 cm_1 is assignable to aziridine C-H
stretching). The acid-labile methoxy group could be assigned to the C-9a
position as a typical twelve peak ABX pattern was present in the n.m.r.
spectrum as expected for the coupling of the single proton on C-9 with

the dissimilar protons at C-10. The above considerations lead to the

structural formula (1) for mitomycin A, This structure was confirmed by
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10,11

X-ray structure analysis carried out by Tulinsky. Recently, Yahashi

and Matsubara12 reported the absolute structure of mitomycin B as

determined by X-ray analysis of 7-demethoxy-7-p-bromoanilinomitomycin B.

13

"On the strueture of mitiromycin, Morton et al. in 1970 proposed

formula (6) from analysis of the mass and n.m.r. spectra. Concerning

14,15 reported a chemical

17

structural studies on the mitomycins, Uzu et al.

degradative method, Van Lear16 reported mass spectra, and Lown et al.
reported the TH_ and '3¢-n.m.r. spectra.

The characteristics of the structure of the mitomycins make them the
first naturally occurring examples of an aziridine, and the pyrrolo-
f1,2-alindole ring system with an aminobenzoquinene, urethane,18 and
angular methoxy group. Webb et a,l.6 proposed the trivial name "mitosane”

for the structural component (14) common to all four antibiotics.19

Chart 3
O OCONH,
\
Me N
0
(14) Mitosane (15) Mitosene
0 OCONH,
H,N
a,b 2
(4) ———
Me N NMe
0
(16)
0 OCONH
2 a. Hz/Pd-G
(1) 5 b. ON(SO3K)2
Me N | NMe c. ¥a,S,0
o 2274
a. Pd-C/Na2803
(18) e. PA-C/NaOMe

f. H2/Pt-02
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Thus mitomycin A (1) is 7,9a-dimethoxymitosane. This structure can be

seen in the derivatives (16 and 17) as well as in the natural mitomycins.
Namely, Kinoshita et Ql.20 treated porfiromycin (4) with sodium boro-
hydride followed by Fremy’s salt to give T-aminomitosane derivative {16).
Hornemann gt gl.zl prepared sodium 7-aminomitosane-%9a-sulphonate (17} by
the reaction of mitomycin C (3) with sodium dithionite, or with sodium
sulphite in the presence of palladium-charcoal under a hydrogen atmosphere.
Furthermore, they reconverted (17) to mitomyein C (3) by treatment with
sodium methoxide in the presence of palladium-charcoal under & hydrogen
atmosphere. This experiment constitutes the first example of the

converston of unnatural cempounds to natural mitomycins.

Chart 4

Cco Et
N02

(19} (21)

C0 Me
2 (24)
CONH2

(25)
(26) (27)

a. t-BuOK/(CO,E%), g. AlCl,
b. Zn/HOAc h. ON(so3K)2
c. CH2=CH002Me/NaH i. A020/3F3~Et20 m. NaBH4fMe0H
d. 95%HOAc j. NaCH n. FeCl,
e. NHZNHZ/KOH k. 0, o. C1CO,Ph/Py
f. DMF/POCl3 1. CH,N, P NH3/CHCI3
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Cn the other hand, Webb et al. preposed the trivial name "mitosene”

for the structural component common to apo-mitomycin type compounds. This

structure (15) can be seen in (9 and 13) as well as in 7-methoxy-1,2-{N-

22

methylaziridino)mitosene (18), which was prepared by Webb et al. from

N-methylmitomycin A.{(2) by catalytic reduction in the presence of platinum

23

followed by air oxidation. {Chart 3)

Unt1l recently, synthetic studies on mitomycin related compound have

been confined to mitosene derivatives, or to pyrrnlo[1,2—g]indole24_30

derivatives, because there are no efficient methods for introduction of the

31

9a angular methoxyl group. Weiss et al. synthesised 7-methoxymitosene

{?7), which hes the features of mitomycins without the angular methoxyl
group and the aziridine ring, and found 1t active against Gram positive
organisms. (Chart 4).

Later, studies to introduce various substituents into pyrrolof1,2-a]-

32-34 35

indole system, and synthetic studies on indoloquinone derivatives

were extensively investigated. Remers et al. reported the synthesis of 1-

acetoxy-T-methoxymitosene (30),36 l-acetamide~7-methoxy-N-methylmitomysene

(32),37 l-acetamide-2-rcetoxy-7-methoxy-N-methylmitosene (35}38 and des-
37

ammono-apo-mitomycin A (12}, the latter being the chemical degradation
product of mitomyecin A (1). Synthesis of (12) is the first example of the

synthesis of a degradation product of the mitomycins but syntheses of others

such as aziridinomitosene (18) and apo-mitemycin A {9) have not yet been

reported. (Chart 5)
33,39

at intreoduction of aziridine into pyrrolo[l,2—alindoles
40

Attempts
have been made by Matsui et al. and by Franck et al. M-tsui et al.
reported the synthesis of aziridinopyrroloe[1,2-glindole (39) by reaction of
the 3H-pyrrolo[1,2-alindole derivative (37} with iodine azide to form the

adduct (38), followed by the reduction of (38). (Chart 6)
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Chart 6
COzMe
MeO a,b MeD C,d MeO e
W, —— DA e —
Me NTC0RE me 5o Me N
(21) (36) (37)
COoMe Co.M
MeQ 2% f-h MeO 2" a. LiAlH
S \ 4
Me N 3 Me N NCO,Me b. Cro
I ¢. CH,=CPPh;Br
(38) (39) a. Me2003/KOBu-t
e, IN3
f. H2/Pd—c
g, NaOMe
h. C1CO,Me

Franck et al. prepared the 3H-pyrrolo[1,2-alindol-3-one derivative

(44) from (43)41 by alkylation followed by photo-oxygenation-42 Reaction

of (44) with benzyl azide followed by photolysis of the resulted tri-
)‘43(

azolo derivative afforded the aziridino compound (a5 Chart 7).

The first example of the introduction of the 9a methoxyl group in
synthetic studies on mitomycin related compounds was achieved hy the
photo-oxygenation of the 9H-pyrrolo[1,2-a|indol-9-one derivative (49).
Kametani et gl.44 reported the formation of (50) and {51} when (49) in
methanol in the presence of rose bengal was irradiated with a halegen
tamp. Hydroperoxide (50) could be converted to the alcohol (51) as shown
in Chart 8.
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Lown et 1.1 suggested that transannular cyclisation of the 1-

benzazocin-5-one derivative (5%}, which can be called '

'seco-mitosane™, will
become an efficient synthetic method for the introductien of oxygen
function at the C-9a position, because the biosynthetic pathway to mito-

46-50
proposed

mycins may contain this transannular cyclisation. Hornemann
the biosynthetic pathway to mitomycins which are derived from sugar and
aminosugar. That is, they showed that L-tryptophan, L-phenylalanine, E—

tyresine and shikimic acid are not incorporated 1nto mitomycins by S.

verticillatus, but that D-glucose, D-glucosamine, methionine and citrulline

are incorporated. Tt is thought that D-glucose produces the C-seven unit
(53}, via dehydroquinic acid (52), and that this condenses with D-glucos-
amine to give (54). Lown extended Hornemann’s hypothesis and speculated
that transannular cyeclisation of (55}, wroduced from (54), would yield

mitomycins.

Chart 9
CHO CH
OH OH OH
HO oH OH
2 — (X —— QT
CH,OH HO® [57 =0 Me Mz ope/ "V,
2 (53)
D-glucosge (52) D-glucosamine
OH
7 OH
_ OH 0"
mitomycins € ; Q OHOH
Me NH2 Me N
R \) NE
H 2
(55) (54)

1. prevared l-benzazocin-5-

According to this hypothesis, Lown et

one derivatives (56-58) and subjected them to conditions expected to
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produce transannular cyclisation. However, the expected compound (61)

could not be obtained and only dehydrated compounds (23, 59 and 60) were

obtained.45’51
Chart 10
' COzMe
Meo@CHzcocozEt MeO COzEt MeO 0H
Me N0, a-g Me N-)- Me N
Ts
(20) (55) I (61)
bl
j I ¢
0 CO2 eo 0
MeO MeO MeO COzEt
Me N Me N Me N
Ts Ts Ts
(56) (57) (58)
lg g l g
Co,Me
2 MeO
MeO A MeO N < 002Et
(23) (59) (60)
d. TsCl
a. H202/NaOH e. Br(CH2)3002Et
b. H2SO4/MeOH f. t-BuCK
c. H2/Pd—C g. Na-NH,
Kishi et gl.52 succeeded in the synthesis of deiminomitomycin A (70} ——-

a mitosane type compound which has the 9a-methoxyl group—hy transannular
cyclisation of the "eight-membered quinone" (69), and this is the Tirst
successful synthesis of such a compound. Thus, phenol (62), obtainable
from 2,6-dimethoxytoluene in 3 steps, was transformed to the amine {66)
in 14 steps. Hydrogenolysis of {66} followed hy treatment with oxygen

afforded the eight-memberd ring compound (68), which is the product of
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intramolecular Michael reaction of the quinone intermediate (67).

Compound (68) was then transformed to the hemithioketal {69}, and this

compound was subjected to transannular cyclisation with mercuric chloride.

Chart 11
OH PhCH,0 PhCH,0 Ode
MeO a-e MeO. f-3  MeO 0 k,1
— —— R e
Me Me Me
OMe PhCH,0 PhCH,0 CN
(62} (63) (64)
PhCH,,0 OA;MG PhCH,,0 oMo o " Ote
MeO SMe_m.’_Ii.,M‘ao OMe 9+2 | Me0 € .
Me Me Me N
PhCH,0  CN PhCH,,0 0 &
NH 2
(65) (66) 2 (67)
0CO0,Fh
o &8 oMe 0 S e 0  ~—OCONH,
MeO oMe g,r Meo SMe 5, % Meo \, OMe
Me N Me N Me N
H 0 H 0
(68) (69, (70)
0 OCONH,,
MeO OMe
a. CH2=CHCH2Br/K2003 k. MeSH/BFB—ZACOH Me -
b. PhiMe, 1. Et,N/MeOH 5
c. T0% HNO3 m. HgClZ/EtBN/MeOH (71)
d. Zn/HOAc n. LAH/Et,0
e. PhCH,Br 0. Hg/Pd—C/MeOH l
f. H,0,/PhCN p. 0,/MeOH (27)
g. IDA/MeCN q. ClCOzPh/Py
h. Cr03/H2304 r. I‘ﬂeSI—I/lBCl3
i. NaOMe/(CH20)3 8. chlz/EtaN
J. Ac,0/Py t. NH,

—423—

13, 1979




The product was treated with ammonia to yield deiminomitomycin A (70).

The product from the transannular cyclisation reaction is a mixture of
cis and trans isomers,but the cis.isomer {(71) was too unstable to isolate.
Although deiminomitomyein A (70) can be isolated, it is unstable in the
presence of silica gel or of catalytic amounts of acetic acid. The
instability of these compounds is due to the easy elimination of methanol
to form (27). (Chart 11)

)53

Kishi gt al. reported the total syntheses of porfiromycin (4 and

mitomycin A (1)54 using the above transannular cyeclisation. Introductioen
of the aziridine moiety was accomplished from the synthetic intermediate
(65) of deiminomitomycin A, by way of olefin (72}, diol (74) and epoxide
(75). In the synthsis of porfiromycin (4}, the eight-membered ring
compound (78) was prerared after the nitvogen atom was methylated with
methyl iodide. However in the case of the synthesis of mitomycin A, as
the yield of eight-membered ring compound was low without protection of
the nitrogen atom of the aziridine, it was protected with the —(CHZ)BOAC
group hefore preparing the eight-membered ring compound {81). In the
crucial steps, transannular cyclisation, ketals (78 and 81) were treated
with trityl tetrafluoroborate, tetrafluorohoric acid, or perchloric acid
to yield the desired compounds (79 and 82). The conditions used for the
transannular cyclisation in the synthesis of deimincmitomycin A could not
be applied to the cyeclisation of (78) to (79) because trans-ketalisation
of (78) to ithe corresponding hemithioketal was unsuccessful. The trityl
tetrafluoroborate conditions were not successful for the synthesis of
deiminomitomycin A because elimination of methancl occurred. {(Chart 12).
As surveyed above, important problems in the synthesis of mitomycins
are, first of all, efficient preparation of the T-methoxy-6-methyl-
pyrrolo[1,2-a]indole system, secondly, the introduction of various sub-
stituents (particularty and the aziridine ring) into this system, and

finally, introduction of the Sa-oxygen function. In this thesis, facile
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syntheses of the pyrrolof1,2-alindole system and of 7-methoxymitosene

(27)°°

are described in Chapter 1, introduction of oxygen functions inte
the pyrrolo[l,Z—g]lndole system56 and, synthesis of 3H-pyrrolo[1,2-a|indole
together with preparation of desammono-gpo-mitomyecin A (12)?T are described
in Chapter 2, and synthesis of seco-mitosane type compound558_60 are

reported in Chapter 3.
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Chart 12

OCH Ph OCH,, Ph
PhCH,0 < PhCH,0 £ fome PROH,)0 vd Oéd;e
Meom f MeO @f—ﬁ g-i MeO l j
PhCH PhoH PhCH20 "
(63) (72) (73)

OCHzPh

r,1,q
N(CH,Ph)
25819
(76}
OMe
u v (4)
(79)
JW,x,i
OCH,Ph o
PhCH PLS CMe . 0 4
MeO aML__, MeO 8,¥,2
“MNR {11
RG Me ~N(CH,}. 04
PhCH,,0 L ) 2)304¢c
2 N(CH,Ph) H
R=(0H2)30AC R:»:(CHZ)BOAC
a. NaOMe/MeOH I° Ac,0/Py r. MeI/K,CO,
b. PhCH,Br J. 080, s. Hy/Pd-C—0,
c. HgClg/MeOH k. MSCl/EtBN £, PhBCBF4
d. LDA/THF 1. NéH u. COC1,
e. PhSeBr m. L1N3/DMF V. NI-I3
n. Ms,0/Py w. CH,=CHCHO
l f. H202 5 ”
(3) h. NaBH /Mecn P- P(OMe);  y. DMSO/DOC
4 q. LAH z. HClO4/PhNMe2
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CHAPTER 1 SYNTHESIS OF 7-METHOXYMITOSENE

In the area of synthetic studies on mitomyeins, one of the most
important problems, as already described, seems to be the preparation of
mitosene derivatives. Synthesis of 7-methoxymitosene {27} requires the
9-substituted 2,3-dihydro-7-methoxy-6-methyl-1H-pyrrole[1,2-ajindole
system (83) (R=CHO, CN, or CO,Me; which can be easily converted to the
—CH2OCONH2 group).61 However, there are few reported procedure324 for
the synthesis of this system which are satisfactory both from the point
of view of yield and of number of steps. Therefeore the author first
ex=mined synthetic routes to this system. PFrom the structure of (83),
its synthetic precursor could be (84} if ring closure is effected at the
4-4a positions. For the preparation of (84), condensation of phenyl-
acetonitrile (85) with 2—methoxy-41—pyrr011ne (8697 vas thought to be a
possibility.

Chart 13

0 9 CN CN
MeO A MeO MeO OMe
P
g4 2
Me N Me Br y Me Br N
0 H
(27) (84) (85) (86)

In the preliminary experiment, heating Z—methoxy—Al—pyrroline {86)

with the arylacetonitrile (87)63

in the presence of triethylamine or 1,5-
diazabicyclo[5.4.0]undec-5-ene (DBU} at 100-120°C gave the corresponding
G-aryl-a-pyrrotidin-2-ylideneacetenitrile (88} in good yield.64 However,
condensation of 2—methoxy—[ﬂ—pyrroline (86) with methyl 3,4-methylenedioxy-
phenylacetate (90)65 gave a pyrrolidinylideneacetate {91) 1n low yield,

on heating with DBU. Refluxing the pyrrolidinylideneacetonitrile {(88)

with ethanol previously saturated with dry hydrogen chloride gas66 gave

the corresponding ethyl pyrrolidinylideneacetate (89). The a-aryl-u-
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pyrrolidin-2-ylideneacetates{8% and 91) showed i.r. absorptions due to
NH at 3350 and to ester at 1640 cmfl. Their n.m.r. spectra showed the NH
signals at O 8.40-8.50 (broad sing}et) and the pyrrolidine 3—H2 signals

at & 2.42-2,46 (triplet, J 6Hz). The nitrile (88) showed i.r. absorptions
at 3450 (NH) and 2180 em™ ! (CN). Its n.m.r. spectrum showed the NH signal

at & 4.80-5,50 (broad singlet) and the pyrrolidine 3-H, signal at & 2.95

2
pepem. (triplet, J 6Hz). 1In the light of the above observation, hydrogen
bonding between the NH and the ester groups is expected for the acetates
{89 and 91). Therefore these acetates are thought to exist in the Z-form,
in which the pyrrolidine 3-protons are shielded by the aryl group. The
nitrile, showing no such shielding, may well exist in the E-form. This

asstgnment is in complete agreement with the result of experiment carried

out by Onaka.6

Chart 14
CN CO,Et
g _86) . S
e0 a or b MeO Me0
8
(87) (88) gy (89) q
MeO 0 \ B
e Me .
CN =0
uEt
co,Me CO,Me
(0 __._a____;,<° S$—nn
Y 0 a. {86)/DBU
(90) (91) p. (86)/Bt5K

¢. HC1/EtoH

As the condensation of 2—methoxy—A]-pyrr01ine (86) with nhenylaceto-
nitrile (87) gave successful results, the condensation of (86) with o-
bromophenylacetonitrile derivative (92)?8 readily available from vanillin,
was examined. This yielded the condensation product (93), which was

subjected to a variety of ring closure conditions. In the unactivated
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aromatic ring which has no electron-withdrawing substituents, the direct
displacement of halogen by a nucleophile demands drastic conditions ; but
several modified nucleophilic aromatic substitutions have been reported

69-74 The formation of pyrrelo[l,2-alindole by a route involving

recently.
an intramolecular nucleophilic aromatic substitution was attempied. Thus,
although cyclisation did not ocecur when (93} was treated with sodium

amide in liquid ammonia, irradiation of (93) in ligquid ammonia in the

69,70

presence of potassium t-butoxide afforded (94) in 2 % yield by a photo-
induced SRNl reaction, with debrominated compound (96)75 a5 the main
product. =Eefluxing {93) with sodium hydride in dry dimethylformamide,

followed by chromatographic purification, gave the desired pyrrololl,2-g]-

indole (94) in 70 % yield. The reaction was catalysed by copper (1)

Chart 15
oN CN CN
Me0 a MeO \N b,cd MeO N
Me( Br Me0 Br H or MeO N
(92) (93) |, (94)
e
CN CN CHO
MeO a Me O Me . N
—
MeC MeO g MeQ N
(95) (96) (97)
b or| 4
CN CN
MeO a Me -
N a. (86)/DBU
MeO MeO
Br Br EH b. £-BuOK/NH, /by
c. NaH/DMF/refl.
(98) (99}

d. NaH/DMF/CuBr/r.%t.
e. Ni-A1/50% HOAc
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bromlde.71’72 Thus treatment of (93) with an equimolar amount of sodium
hydride in the presence of copper {I) bromide in dry dimethylformamide
at room temperature for 3h afforded (94) in 90 % yield. In the above
reactions, a benzyne mechanism is not probable because heating the 3-
bromo-4,5-dimethoxyphenyl ana]ogue(99)76 with sodium hydride in dry di-
methylformamide in the presence, or in the absence, of copper (I} bromide
gave none of the cyclised compound (94), with only starting material (99)
and the debrominated compound {96) being iseolated from a tarry product.
Refluxing the nitrile {94) with nickel-aluminium allay in 50 % aqueous
acetic acidTT gave the aldehyde (97} in 91 % yield. Replacement of

T8

aqueous acetic acid by agueouns formic acid in this reaction gave an
unsatisfactory result.

2-Bromo-5-methoxy-4-methylphenylacetonitrile (85), which has the
required substituents for T-methoxymitosene synthesis, was prerared from
commercially availahle p~tolualdehyde (46) in eight steps as follows.
Nitration of the aldehyde (46) with potassium nitrate yielded the nitro

79

compound (100), which was transformed by reductionSO followed by di-

Chart 16

@cr%oa ozmgcm b,c HO@CHO d HO@CHO e
_— ———— s e
Me Me Me Me Br
(46) (100) (101) (102)
a. KN03/H2804

CH CON
MeQ CHO MeQ g,h MeO b. Sn012/301
@ t @/ - @/ c. NaNO,/BC1—H,0
Me Br Me Br Me Br d. Brz/CH013
(103) (104) (85) e. Me,S0,/KO0H
f. NaBH4/MeOH

g. S0C1
h. KCN

2
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azotisation %o the phenol (101)§l Bromination of the phenol (101) yielded
the bromide (102), which was methylated with dimethyl sulphate to give

the aldehyde {(103).52

Reduction of (103) with sodium borohydride, followed
by chlorination of the resulting alcohol (104} with thionyl chloride, and
cyanation with potassium cyanide in the presence of sodium iodide in ethyl

methyl ketone, gave the nitrile (85) in 69 % yield from (103).

Chart 17
CO,Et CO,Et
Ma0l. >~ NE a MeO V
—_—
Me Br Me N
{105) (106)
11,
CR CN CHO
Meo]:::rAkwi:> a MeO N\ c  _MeO A\ d
Me Br g Me N Me ¥
(84) (107) (24)
N0, cHo NH, oHO 0 CHO b
MeO N\ e MeQ \ hy MeO A g,
Me N Me N Me N
0
108 (109)
(108) (26)
0 OH . 0 0CO,Ph 0 CONH,
MeO A MeO N , Me0 N
Me N Me N j Me N
0 0 0
(110) (111) (27)

a. NaH/CuBr/DMF f. ON(303K)2

b. HC1/EtOH g. NaBH4/MeOH
c. Ni-A1/50% HOAc h. FeCly

d. HN03/H0Ac i. C1CO,Ph/Py
e. Fe/50% HOAc 3o NH3/0H013

—431—




The nitrile (85) thus obtained was converted to the condensatian
product (84). Treatment of (84) with ethanol saturated with hydrogen
chloride gas afforded the ester (105). The nitrile (84) and the ester
(105) on treatment with sodium hydride and copper (I) bromide in dry di-
methylformamide gave the cyclised products (107) and (106), respectively,
in excellent yield. The nitrile {(107) afforded the aldehyde (24) on
reaction with nickel-aluminium alloy in aqueous acetic acid. Weiss
et _l.?l as shown previously in Chart 4, transformed the aldehyde (24)
to the p-quinone {(26) by way of the o-quinone (25}. The author syntheSisea
the p-quinone (26} from the aldehyde (24) by nitration followed by
reduction of (108) and then oxidation of the resuliing amine (109} with
Premy’s salt. The melting point and spectral data of {(26) were identical
to those already revorted. According to Weiss’s procedure, sodium boro-
hydride reduction of (26} followed by oxidation with ferric chloride was
carried out to afford the quinone-alcohol (110). 7-Methoxymitosene (27)
was prepared from (110) wvia the phenyl carbonate derivative (111}. The

melting point and spectral data of (27) were identical to those already

reported.
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CHAPTER 2 INTRODUCTION OF OXYGEN FUNCTIONS INTO THE PYRROLO[],Z—Q]—
INDOLE SYSTEM
Part 1 Reaction of Pyrrolo[l,2-ajindoles with N-Bromosuccinimide in

Protie Solvents.

Comparing the structural formula of mitomycin A (1) or apo-mitomyein
A (9) with the pyrrolo[i,2-a]indele skeleton (112} shows that the intro-
duction of oxygen funclions into pyrrolol1,2-glindole is an important

problem in the synthetic studies of mitomycins.

Chart 18
—OCONH 0 OCONH v v
2 v
Py OH (
o NH Me N Me N
(!
(1) (9) (112)

Bromination of pyrrolo[1,2-a]indoles such as (28) [ synthetic inter-
mediate of (35)38 shown in Chart 5] and indoloquinone (115)83 is known
to be a highly efficient method for functionallisation of these nuclei
in the synthesis of mitomycin rélated c¢ompounds. (Chart 19).

On the other hand, it is well known that reactions of indole de-—
rivatives (118%% or 120%%) with N-bromosuccinimide (NBS) in protic
solvents give interesting results. Therefore reaction of pyrrolofl,2~g]—
indole derivatives with NBS in protic solvents, was expected to provide
some useful procedures for the synthesis of mitomycin related compouns,

especially those having 9a-oxygen functions. {(Chart 20},

Treatment of 2,3-dihydro—?-methoxy—6—methyl-lﬂ—pyrro]0[1,2—g]indole-
9-—carbonitrile (107) with NBS in methanol gave 8-bromo-2,3-dihydro-7-
methoxy-6-methy1—1§-pyrrolo[1}2-@]indole—9—carbonitrile {122) and 5-bromo-
2,3-dihydro-7,8-dimethoxy—-6-methyl-1H-pyrrolo[1,2-glindole-9~carbonitrile

{123). The structure of the latter compound was initially assigned as

—433—
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Chart 19

0 OCONHMe
Me0 . a,b Me0 ¢ MeO
N —_— N 0 —» N
Me N Me N Me N NHAc
‘ 0 OhAc
(28) (113) (35)
d
Br CHN
MeO
Me N Me N
(114) (107)
0 CHO o CHO 0 of
N b Br f-i MeQ
e —— Yo = Q
N e Me Me
Br N H N
0 Et 0 Et 0 Et
(115) (116) (117)
Me Sicl f. NaOH
a» Tegel €. CH,N
b. Br 22
2 h. NaBH /MeOH
¢. cf.Chart 5
i. FeCl
d. HBr/Br, 3
e. CulN
Chart 20
(11§) (119} (120) (121)
a, NBS/qu b. NBS/HCAc
formula (125). However, debromination of the compound revealed that the
structure should be corrected to (123). Thus, the compound was heated
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with tri-n-butyltin hydride in benzene in the presence of azobisiso-
butyronitrile.86 The resonance signal of the methylene protons at the
3-position of the debrominated compound (124} was observed at4.08 p.p.m.
in the n.m.r. spectrum, while that of those protons of the starting
material (123) appeared at 4.56 p.p.m. Such a great difference in the
chemical shift would indicate that the bromine atom was present at the
5-position. Bromination of the pitrile (107) with NBS in acetic acid
furnished {122) as the sole product with no corresponding acetoxy compound
(126) being obtained. Treatment of the ketone (28) with one molar
equivalent of NBS in methanol afforded the compound (114), which had
bromine at the 9-position, in good yield. The spectral data were

consistent with those previously reported.32

Chart 21
CN .~ Br on OMe oy
MeO N\ a MeO A + MeO 2
Me N Me N Me N
Br
(107) (122) (123)
lb
Qhc. oN Br  CN OMe oy
Me( \ MeO $ MeO <
Me N Me ¥ Me N
r OMe
(126) (125) (124)
Br
Me( O\ o a Me O Q
M N M N 0
e
€ a. NBS/MeOH
(28) (114) b. n-Bu,SnH
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Then the reaction of some pyrr010[1,2—g]indole~5,S—djones with NBS
in protic solvents was investigated. When the aldehyde-quinone (26) was
treated with a slight excess of NBS in methanol-dichloromethane (1:1 v/v)
at room temperature far 1 h, the adduct87 {127} was obtained. Introduction
of bromine and methoxyl group to C-6 and C-7 positions respectively, was
suggested by the u.v. spectrum, which is similar to thet of the 2,3,6,7-
jetrahydrnpyrrolo[I,Q—Q]indole-S,S-dione {129) which has been reported

B8 This structure for the adduct was further supported

by Takada et al.
by the debromination of (127). Namely, treatment of the adduct (127)
with tri-p-butyltin hydridé in the presence of azobisisobutyronitrile
afforded the debrominated compound {128) whose resonance signal of the
methyl protons at the 6-position was observed as a doublet (J 7 Hz) at

l.20 p.p.m. in the n.m.r. spectrum. On treatment of the alcohol (110)

with an excess of NBS in methanol, the dibromide (130} was obtained, while

Chart 22
¥ EtOH
MeO oHO MeQ MGO 7\ma,x_ nm(i.)
© N —— ,Me0 MeO
. ) 230 (20,400)
y 285 ( 6,690)
(26) (127) (128) 325 (12,200)
2 Me
Y 222 (11,700
. N Me N J236 kleiloog
° 202 | 8,030)
(129) 333 (10,700
0
OH MeO MeO
ed Dy 10 bl
Me N
) H m
(110) (130) (131)
8- NBS/MeOR b. n-BuySnl C. NaBH4/MeOH d. FeCl,
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reaction using one equivalent of NBS gave an unseparable mixture of (130)

and the starting material. The dibromide (130 ) was also obtained by

treatment of the aldehyde (26} with a larpge excess of NB3 for a long time.

The dibromide (130) was treated with tri-n-butyltin hydride to give the
monobromide (131)

Similar adducts (134,136 and 137) were obtained from the nitrile-
quinone (133}, the 6,9-dimethyl-quinone {135) and the 7-methoxymitosene
(27), respectively. In these experiment, (133) was prepared.by the usual
method from the nitrile (107); nitration of (107}, followed by reduction
of the nitro compound (132) and oxidaticen of the resulting amine with

Fremy’'s salt. 6,9-Dimethyl-quinone (135) was prepared from the aldehyde-
39

quinone (26} by treatment with sodium borohydride in acetic acid. In

this reaction it is interesting that the quinone part of (26) was not

Chart 23
NO
2 FON b 0 CN MeO O
MeO A\ a, MeO N MeO
Me N Me N
0
(132) (133) (134)
0
CHO 0
MeO d MeO Me MeO
B, s NV MeO
Me N Me N
0 0
(26) (135) (136)
e
OCONH, Me0 9 OCONH,
MeO MeO
a, Fe/50% HOAc e
b. ON(50,K), NMe
c. NBS/MeOH
(27) 137)

d. NaBH4/H0Ac
e, cf.Chart 17
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reduced under the above conditions.

When the reaction with NBS was carried out in acetic acid, (133)
and (26) yielded the T-acetoxybromides (138 and 140), respectively. Thus,
treatment of the nitrile (133) with NBS in acetic acid-dichloromethane
{1:1 v/v) at room temperature for 15 h gave the acetate (138). The
aldehyde (26) gave the acetate (140) under the same conditions. Attempted
debromination of (138) with tri-n-butyttin hydride afforded none of the
debrominated compound {139) but gave the originsl quinone (133) which can be
regarded as the product of elimination of acetic acid from (139). This
reversible reaction may prove to be of use for protectiion of the quinone

group in this case.

Chart 24
9 CN . 420 3 CN 4c0 3 CN
MeO \ MeO N MeO A
Me ¥ b Me N Me T N
0 . ' Br 0 0
(133) (138) (139)
8 cHO Ac0 8 cHO
MeO A a MeD A
" N Me N a. NBS/HOAc
e
0 Br o b, Q—BuBSnH
(26) (140)
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Part 2 Synthesis of 3ﬂ~Pyrrolo[1,2-g]indole and Desammono-apo-

mitomycin A

Introduction of an oxygen function into the l-position of 2,3-di-
hydro—lﬂ—pyrrolo[l,2-§]indoles {141) is expected to make possible the
preparation of 3H-pyrrolo[1,2~alindole derivatives by an elimination

reactlon.32’90

As it should also enable the synthesis of desammono-apo-~
mitomycin A {12}, introduction of oxygen functions inte the l-position

of such compounds was examined.

co

N\
N NCO,Me

(39)

I ;

R MeO B! MeO 2
MeC e
N —_— N ORT:::$ N 0
Me N Me N Me N
0

(141) (142) (12)

Me
MeO 2

Me:

Firstly, oxidative reactions on the 2,3—d1hydro-]ﬂ—pyrrolo[1,2—&]—
indole-9-carbonitrile (107) were examined. Treatment of (107) with 2,3-
dichloro-5,6-dicyano-1,4-benzoguinone {DDQ) in benzensor dioxane ‘however
did not yield the expected dehvdragepation product (144). Reaction of

91

{107) with 2 equivalents of DDQ in methanel”’ also did net produce the

expected ketone (145) but afforded the aldehyde (143} 1n 71 # yield.
Introduction of a substituent at the C-1 position was achieved by

92

using lead tetraacetate. Thus, stirring compound (94]) with 1 equiv-
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Chart 26

’Meo CN
CN CN )
MeQ 3 a MeD 3 Me o 1 |
Me N OHC N L 44) /
4 CN
(107) (143) MeO N 0
Me i)
a. DDQ/MeOH
L (145) )

alent of lead tetraacetate in acetic acid at room temperature afforded
the l-acetoxy compound (146) in 76 % yield. However, reaction of {94)
with 2 equivalent of lead tetraacetate 1in acetic acid at 90-1009C
furnished a tarry product from which 1,8-diacetoxy-2,3~d1hydro-6,7-di-
methoxy-1H-pyrrolo[?,2-a]indole-9-carbonitrile (147} was isolated in 11 %
yield. The 2,3-dabydro-1H-pyrrolo|1,2-alindole~-9-carbatdehyde (97) was

then acetoxylated by treatment with 1 equivalent of lead tetraacetate

in acetic acid at room temperature to give (149) in 65 % yield. The 1-
Chart 27
CN CN OAc 0N
MeO a MeO Me(
N\ —_— \ o N
MeO N MeO N Ae MeO N OAc
(94) (146} (147)
b
CHO CHO CN
MeQ W a MeO Me0
7 ~-oa N
MeO N MeO N ¢ MeO N
(97) (149) (148)

a. Pb(OAc)4/HOAc/r.t.
b. HOAc/100°C

—440—




HETEROCYCLES, Vol 13, 1979

acetoxy compound {(146) yielded the 3H-pyrroloe[1,2-alindole derivative
(148) on heating in acetic acid at 100°C.

Similar reactions were carried out with 2,3-dihydro-7-methoxy-6-
methyl—lﬁ—pyrrolo[1,2—g]indoles {24, 107 and 59) to give the corresponding
acetates (152, 154 and 159), respectively. The ester (59) was prepared
from the nitrile (107) by hydrolysis with potassium hydroxide followed
by treatment of the acid with diazomethane. Use of excess lead tetra-
acetate at high temperature on (107) did not give the 1,8-discetoxy
compound but gave (156), by acetoxylation of the 6-methyl group. The
l-acetoxyl groups of compounds (152, 154 and 159} were selectively hydro-
lysed with sodium hydrogen carbonate in methanol to afford the l-hydroxy
compounds (153, 155 and 160), respectively. These alcohols were transﬁ

93 4o the ketones

formed, by oxidation with activated manganese diovide,
{151, 158 and 161), respectively. It should be possible to introduce

a substituent at the 2-position using this ketone carbonyl function.33
Furthermore, heating the acetates (154 and 159) in acetic acid afforded
the 3H-pyrrolo[1,2-alindoles (157 and 37), although (150) could not be

obtained from the aldehyde (152) on similar treatment. Matsui gt 1.40

had already transformed the ester (37) to the tetracyclic aziridino-

pyrrololl,2-a]indole (39). {(Chart 28}.
1-Acetoxy-2,3-dihydro-1H-pyrrolo[1,2-alindole (152) was converted

to the l-acetoxy-7-methoxymitosene (30), via the nitro compound (162)

and the amine (163}, by Remers’ procedure.37 The acetoxyl group of the

quinone {164) was hydrolysed to give the aleohol (167), which was converted

to the chloride {169) by reaction with 1lithium chloride and mesyl chloride

94 Attempted synthesis of (170) from the alcohol

in dimethylformamide.
(167) by dehydration, or from the chloride (169) by elimination of

hydrogen chloride failed. 1l-Acetoxy-7-methoxymitosene (30} afforded the
alcohol {168), on hydrolysis with sodium hydrogen carbonate in methanel,

and its melting point and spectral data were identical to those already

reported. As the synthesis of the desammono-apo-mitomycin A, has already
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Chart 28
CHO

CHO
MeQ N\ MeO %
Me N I ME N
(150) (151)

Ia
CHO CHO QHO
Med N\ b U0 Q MeO <

QAc ]r—*—’ o
He N Me N . Me N

(24) (152) (153)
Ia
CN
MeO CN ¢  Meo CN
> Wote — N~ 0H
He y N ¢ Me N

b Men
Me
(107) \\\\ (154)

I E Je
CN
MeO MeO Moo CN
N\ A\ § .
OAc
. Me N ’ Me N
OAc

(156) g,h (157)

(158)
/

CO.Me M
MeO 27" b Meo CoMe i Meo co,Me
; D Qhc ™ \
Me N Me N Me . OH

(59, (159) (160)
f a

CO,Me COMe

2 Cco,Me 5

MeO A\ - MeO Q MeO g .
Me N NCOZMe Me ¥ Me -
(39) (37) (161)

a. mn0,/CH,C1, d. Ni-A1/50% HOAc g. KOH/ethyleneglycole

b. Pb(OAc)4/HOAc/r.t. e. Pb(OAc)4/H0Ac/IOOoC h. CH,N,
c. KOH/MeOH f. HOA¢/100 ¢ i. NaHCO5/MeOH
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been reported by Remers,37

a
_—

CHO
\
N

HNOB/HOAC
Fe/50% HOAc
ON(SO3K)2
NaBH4/MeOH

activated manganese dioxide, formal synthesis of {12) was completed.

Chart 29
N0, cHo
Me( \
Me N
(162)
O
d,e MeO A\
Me N
0
(165)
0
MeO A
Me N
o)
(30)
o CHO
MeO N
Me N
0
(170)

£. C1C0,Ph/Py

g. NaHCO,/MeOH
h. NH,/CH,Cl,

i. LiC1/MsC1/DMF
3. Mn0,/CHgCL,

HETEROCYCLES, Vol,

by treatment of the alcohol {16%) with

NH, cHO .
A\ _ -
X DAe
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CHAPTER 3 GSYNTHESIS OF SECO-MITOSANE TYPE COMPOUNDS

Part } Conversion of 2,3~Dihydro—1ﬁ—pyrr010[l,2—g}indoles into
1-Benzazocin-5-ones.

45

As already described, l.own and Ttoh have reported the synthesis

of 2,3—dihydro—1ﬂ—pyrrolo[1,2-glindole (23) by the transannular eyclisation
of the l-benzazocin-5-one (56), according to the biosynthetic pathway.

I+ seemed to be significant to transform the 2,3—dihydro—1§—pyrrolo[1,2-&]-
indole {(23), the important synthetic intermediate of 7T-methoxymitosene
(27), into l-benzazocin-5-one derivative (171), because such a conversicn

relates the previous synthetic studies on mitosenes to the transannular

cyclisation of the l-benzazocin-5-one derivatives that enabled the total

synt.hesesls‘]"'35 of mitomycins.
Chart 30
0 0
Me( Me(O \ ga MeO
_—> =
Me N Me 4-N Me N
Ta R
(56) (23) (171)
95,96

If von Braun type reaction is to be applied for the ring
cleavage at the 4-9a bond of the pyrroloindole, it is first necessary

to reduce the 9-9a double bond to form an indoline. This reduction was
accomplised with sodium borohydride in acetic acid.89 Reaction of the
aldehyde {24) with sodium borohydride in glacial acetic acid at 25-30°C
gave a mixture of the indolines {173 and 176) as main products, together
with indoles (172 and 175) as minor ones, and the mixture was separated

by high performance liquid chromatography. Compound (172) was obtained

by Wolff-Kishner reduction of the aldehyde (24) as well as by treatment
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£ Reductioen

of the indoline (173) with activated manganese dioxide.
of the indole (172} with sodium borohydride in acetic acid afforded the
indoline (173) as the sole product, and reduction of the aldehyde (24)
with sodium borohydride in methanol afforded (175) as the sole product.61
On treatment of the above mixture of the indolines, obtained from (24L
with cyanogen bromide, compounds (173 and 176) gave the ring-opened

bromides (174 and 178),98 respectively. These bromides were separated

by silica gel column chromatography and the structures were determined

Chart 31
a . He X
> V/
MeO
MeO CHO Me O e M
e N\ b e N\ e0 @
Me N * Me N Me N
(24) (o] (172) (175)
Me Br MeO ‘ ¢
Me
MeO Me(O Me0O @ Me
-
e
oN (173) (176,
(174) le
f
Me 8, Me N
< /
Me O MeO MeO
U —
Heom MeO @ Me  Meo @ Me
Me N N
lgn Me NG Me G
CHO Br
(2177) (179) (178)
a. NaBH4/MeOH a. MI102/CH2012
b. NHZNHZ/NaOH/diethylene glycol e. BrCN/PhH
c. NaBH4/H0Ac f. DMSO/NaH003
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by oxidation with dimethyl sulphoxide in the presence of sodium hydrogen
cnrhonate.99 Thus, the bromide (174) afforded the ketone (177) whereas the
bromide {178) gave the aldehyde (179).

Although the conversion of the pyrrolo[1,2-alindole into the required
l-benzazocin-5~one (177) was achived, there were problems with this
route: namely, the formation of a commnlex mixture in the reduction of the
aldehyde (24) and the low yield in the oxidation of the bromide {174} to
the ketone (177), therefore alternative synthesis of (177} was examined.
The product (172) obtained by Wolff Kishner reduction of (24) was reduced
to the indoline (173), with sodium borohydride in acetic acid, in high yield.
Treatment of {173) with eyanogen bromide in benzene selectively cleaved the
4-9a bond to furnish the benzazocine derivative (174). Dehydrobromination
of (174), by heating with DBU in tetrahydrofuran, yielded the olefin (180},
which on stirring with m-chloroperbenzonic acid in dichloromethane gave
the epoxide (181). Treatment of (181) with boron triflueride ether in
benzene at room temperature for 5 min provided the ketone (177). Similar
treatment of the pyrrolo[l,2-a]indole (23), prepared by the reported
procedure,31 gave the desired ketone (186). Reaction of the ketone (186)
with paraformaldehyde in the presence of sodium hydride gave the methylene
compound (187) but the expected alecohol (188) was not obtained. The ketones
(172 and 186) were quantitatively converted into the pyrrole[1l,2-alindoles
(177 and 23) by transannular cyclisation upon refluxing in ethanolie
sulphric acid. Thus at this stage, the interconversion of the pyrrolo[l,2-

Q]indole and l-benzazocin-5-one systems was establised. (Chart 32)
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Chart 32
Me Me Me Br
MeO a  MeO b  HMeO c
\ — _ _—
Me N Me N Me N
CN
(172) {173) (174)
Me Me 0 Me
- d MeO e
Meom e dj MeO
Me N Me N Me N
CN oN CN
(180) (181) (177)
Br
M a b
el A\ MeaO MeO [}
Me N Me N N
CN
(23) (182) (183) $
0 0
Heom d Meom e Me0
—_— —_———
Me N Me N Me N
CN cN CN
(184) (185) (186) [
g
. NaBH, /HOAc " OH , o
. BrCN/PhH e .
DBU/THF
mCPBA/CH201 Me N Me N
2 CN CN
BFB-EtZO/PhH \
. (188) (187) '

DMSO/NaHCO3/140°C
HCHO/NaH/THF/-20°C
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Part 2 Synthesis of geco-Mitosane Type compounds

In the total synthesis of mitomycins,’ %

seco-mitosane type
compounds, namely compounds with eight-membered ring fused te a quinone
ring, e.g. (68) and {78), were important synthetic precursors. FElaboration
of the quinone from the l-benzazocin-5-one {186), which was described 1n

Part 1, or conversion of the indolo-quinone (26) into a l-benzazocin-

5-one, may enable the synthesis of seco-mitasanes (68 and 78).

Chart 33

0
“‘@’j
Me N
CHN

(186)
0 CHO O +~OCONH,
MeO N OMe
Me N N L:NMG
0 0
(26) (4)

Firstly, the introduction of quinone functions intoc l-cyano-l-benz-
azocine derivatives was examined. Namely, oxidation of the phenolic
compound (189}, premared by ether cleavage of (186) using boron tribromide,
with Fremy’s salt was attempted but gave none of the desired g-quinone
(190}, with only starting material being recovered. Then reduction of
the nitro compounds (191 and 194) was attempted. 1-Cyano-1,3,4,6-tetra—
hydro-7-nitro-l-henzazocin-5{2H)- one (191) was prepared from (186) by
treatment with nitric acid. 5-Acetoxy-l-cyano=!,2,3,4,5,6-hexahydro-f-nitro-1-
henzazocine (194) was prepared as follows. Sodium borohydride reduction

of the ketone (186) gave (192), the acetylation of which, followed by
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nitration of the resulting acetate (193), afforded (194). Reduction of
the nitro compounds (191 and 194) gave none of the desired T-amino

derivatives with only complex mixtures being obtained.

Chart 34
0 0 0 0
Meom a Ho@j
Me N Me N Me N
CN CN CN
(186) e (189) (190)

[b
NO2 0 O OAc
MeQ Me@ d MeQ
e
Me N Me X Me N
CN CN CN

(191) (192) (193)
11,
0
NH2 HH2 OAc Hoz OAc
MeQ Me0 MeQ

Me N Me N Me N
CN CN CN

(196) {195) (194)

a. BBr3/CH2012/-20°c
b. HN03/0H2012

c. NaBH4/MeOH

d. AcZO/Py

Secondly, transformation of the l-acetyl-l-benzazocine derivatives,
prepared as follows, was examined. Heating the indoline (182) with acetic

. . 0
anhydride and sodium acetatelo »101

yielded the 5-acetoxy-l-acetyl-1,2,3,
4,5,6-hexahydro-1-benzazocine (197). Hydrolysis of the O-acetyl group

of (197} with potassium carbonate in aqueous methanol afforded the alcchol
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(198). The n.m.r. spectra of (197 and 198) (see Experimental Section)
indicated the presence of two rotamers]02 about the amide linkage, in a
ratio of ca 1:1. Oxidation of the alcohol (198) was carried out with the
chromium trioxide-pyridine complex in dichloromethane at room temperature,
to give the l-benzazocin-5(2H)-one (199). Although 5-acetoxy-]l-acetyl-7-
amine-1,2,3,4,5,6-hexahyvdro-1-benzazocine (201) could be prepared in

good yield from (197) by nitration, followed by reduction of the resulting
nitro compound (200), oxidation of the amine derivative {(201) with Fremy’s

salt failed to give the quinone compound (203).

Chart 35
a. AcZO/NaOAc/refl. P
b. HNO3/GH2012 0 OAc
MeO ¢c. Fe/50% HOAc MeO
Me N d AcZO/Py Me N
e. K2003/MeOH 0 Ac
(182) f. Cr03-2Py/CH2012 L (203)
a
OAc NO, __.0ac NH, o ¢Ohc
MeO
Q) )
Me N Me N Me N
Ac Ae Ac
(197) (200) (201)
e ],d
OH 0 KBAc  oae
MeO £ Meoﬁﬁ Meom
————d
Me N Me N Me N
Ae .. Ac ] Ac
(198) (199) (202)

i
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Finally, synthesis of the quinone fused with the eight-membered ring
was achieved by the conversion of the indoloquinrne (26) into 7,10-di-
acetoxy-1-trifluoroacetyl-5,5,8-trimethoxy~1-benzazocine (217) followed
by removal of the protecting groups. Transformation of the indologuinone
(26) into the 5,8-dimcetoxy-2,3-dihydro-1H-pyrroto[1l,2-ag]indoles (204
and 206) was accomplished as follows. Reduction of the indologuinone
(135}, prepared from {26) as described previously, with sodium boro-
hydride in dichloromethane containing a small amount of wethanol, followed
by ready acetylation under nitrogen te give the diacetate (204). 7-
Methoxymitosene also afforded (204} in a similar manner. The acetate

{206) was o%tained from (205), premared from the aldehyde (26} by decarbo-

Chart 36
0 0 AcO
M Me
MeO \CHO a  Me0 § € b Me
——— —_——n
Me N Me N Me
0 )
(26) (135)
/ c d a,b
0 AcO 0 OCONH,,
MeO
MeO N\ e A MeO 2
Me Me N Me N
0 AcO 0
(205) (206) (27)
a. NaBH, /HOAc
¢ or g 4
O Ae0 b. NaBH4/CH2012/MGOH
CHO CHO
MeO § MeO o —+A020/Py
+ c. (PPh;)RhC1/PhMe/refl.
Me N Me N S
400 AcO d. ef.Chart 7
| T 1 e. Zn/AéZO/Na.OAc/IOOOC
(207) (208) f. Ac2O/Py
g. BF3-Et20/et1;anedithiol

—451—




103

nylation of the 9—formyl group with tris(triphenylphosphine)chloro-

rhodium, in a similar manner. The acetate (206) was also obtained as

follows. Treatment of the quinone (26) with zinc Aust in acetic anhydride,
104

in the presence of sodium acetate, afforded a mixture of the monoacetate

(207) and the diacetate (208) in a ratio of ca. 1:1. The phenolic

)]05

compound (207 could be easily converted into (208) with acetic an-

hydride and pyridine. Decarbonylation of (208) with tris{triphenyl-

106 ¢ (208) with boron

phosphine)chlororhodium, or by the reaction
trifluoride etherate in ethancdithiol, afforded (206)}. Although sodium
borohydride reduction of (206) in acetic acid had given the indoline
(209) 1n low yield, catalytic hydrogenation of (206) in the presence of

platinum and tetrafluoroboric acid”ﬂr

afforded (209) almost quantitatively.
A von Braun reaction of the indoline (209) gave 5-bromo-l-cyano—l-benz-
azocine {210). On treatment of (2°0) with DBU in tetrahydrofuran, l-amino-
carbonyl-1,2,3,4-tetrahydro-10-hydroxy-1-henzazocine {211} was obtained in
low yield];o8 rather than the desired (212). At this stage, the author selec—
ted an alternative route to the benzazocine from the indoline (209). Thus,

09
109 in a sealed

heating the indoline {209) with trifluoroacetic anhydride
tube at 150-160°C for 1.5 h afforded the ring cleaved compound (213} in
good yield. Selective hydrolysis of the O-trifluorcacetyl group in a
solution of sodium hydrogen carbonate in agueous methanol afforded the
alcohol (214). On treatment of the alcohel (214) with the chromium
trioxide-pyridine complex in dichloromethane, the ketone {215) was
obtained. Acetalisation of (215) was achieved with trimethyl orthoformate
in methanecl in the presence of boron trifluoride-etherate to give

the acetal (217). Hydroxymethylation of the ketone (215) under similar
conditions as before gave, not the alechol (?16), but an unclarified
mixture. Removal of the two kinds of acy! groups from (217), to give

the quinone (218), was accomplished by treatment of (217) with lithium

aluminium hydride in tetrahydrofuran at room temperature, followed by air
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Chart 37
AcO AcQ AcQ Br
MeO N a MeO b MeC
Me N Me N Me N
AcO AcO AcO CN
(206) (209) (210}
d
&4
AcQ COCFE AcO AcO
MeO MeOQ - MeO -
Me : Me N Me N
N
AcO COCF, 4c0  CN HO  CONE,
(213) (212) (211}
e
OMe
@O @ J “""@( )
————)
AcO COCF5 AcO  COCFy AcO COCP4
(214) (215) (217)
lh
OH ¢ N
0H
0 OMe OMe
OMe AcQ O 0 OMe
Me0 MeO MeO
Me N Me N Me N
o H AcO COCP4 0 H
(68) N (216) / (218)

a. HZ/HBF4/Pt e. NaHCO /MeOH

b. BrCN/PhH f. Cr03-2Py/CH 5

¢. DBU/THF g. HC(OMe)3/BF3-Et 0/MeCH
h

d. (CF3CO)20/160°C . LAH/THF
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oxidation of the crude product. Thus, transformation of the indologquinone
(26), & precursor of T-methoxymitosene (27), into the so-called "eight-
membered quinone" has heen completed. Furthermore, it was found that
transannular cyclisation of (218} with tetrafluoroboric a,cid55 in di-
chloromethane yielded (206).(Chart 37).

As hydroxymethylation of the ketone {215) was not successful and, as
described in the previous part, the same reaction of the ketone (186) did
not yield {(188), but the methylene compound (187), introduction of the
C-one unit in the 6-position of l-benzazocin-5-ones was examined.

110,1m and acetic an-

Treatment of (186) with his(dimethylamino)methane
hydride afforded the methylene compound (187). The physical data for
this compound {187) were identical to those for the one obtained by
hydroxymethylation. Similarly, the ketone (199) afforded (219), and the
ketone (220), obtained from (200) by hydrelysis followed by oxidation of
the resulting alcohol, yielded {221). The encone {(221) was treated with
sodium hydroxide and i-butyl hydroperoxide 4o give the epoxide (222).
Furthermore, 1,4-addition of thiophenol afforded the adduct (224).
Oxidation of (224) with m-chloroperbenzoic acid gave the S-—oxide {225},
vhich was re-converted to the enone (221} on heating in acetic¢ anhydride
at 100°C. The enone (221) afforded the acetal (226) on treatment with
trimethylorthoformate and boron trifluoride— etherate in methanol.
{Chart 38).

Similar reactions were carried out on the compound (215). On treat-
ment with bis{dimethylamino)methane and acetic anhydride, the ketone (215)
afforded the enone (227), which was acetalised to give (228). Although
the enone (227) could not be transformed into the evoxide (232) because
of its instability towards the basic conditions, (227) yielded the 1,4-
adduct (229) on treatment with thiophenol. Reduction of (227) and (228)
with lithium aluminium hydride in tetrahydrofuran, followed by air

oxidation furnished the quinones (230 and 231}, respectively. The quinone
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Chart 38
0
MeO a MeO a. CHE('NMez)2
—
M N Me . b. 15u00H/NaOH
ON e c. PhSH/EtBN/PhH
(186) (187) d. mCPBA/CH,C1,

e. HC(OMe)B/BF3—Et20/MEOH

0
. Cr0,-2Py/CH,C1
MeO a  MeO f. Cr0;-2Py/CH,C1,
_a N g. K,CO/MeOH
Me N Me N

{(199) Ae (219) Ac
NO, 0, P O,N ? 0
Me( a Mel b MeO
—_— _—
Me N Me N Me N
Ac Ac Ac
(220) (221) l e {222)
f [+
SPh
yo, OH 0,N o8 § Uy
Me MeO MeO e
Ac Ac Ac
(223) (224) a (226)
& S(0)Ph
N02 OAc 02N
MeO Me
Me N Me
Ac Ac
(200} (225)

(230) afforded the indoloquinone (135) by transannular cyclisation,
followed by dehydration when it was treated with hydrochloriec acid.l12
As described ahove, although the synthesis of the expected compound (68)

has not yet been accomplished, the synthetic pathway of the seco-mitosane

type compounds from the mitosene type compounds has been established.
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This fact seems to be significant because it will enable a connection to

be made between the traditional extensive studies on mitomycins and the

total synthesis procedure according to the biosynthetic pathway.

Chart 39
OMe
AcO 0 AcO 0 AcO OMe
MeO a Me( b MeO
_— ——
Me N Me K Me H
AeO COCF4 AcO  COCP AcO COCF
(215) c (227) a (228)| 4
SPh o of o OMe
AcO 0 oM
MeO MeO MeO e
Me N Me N Me N
AcO COCF3 0O H 0 B
(229) (230) J (231)
0 e OH ,OMe
AcQ 0 Y Me 1 OMe
Me N Me N Me N
AcO COCTy 0 o H
(232} (135) (68)

a. OHQ(NMG2)2/A°2O

b, Hc(OMe)3/BF3—Et20/MeOH
c. PhSH/Et3N/PhH

d. DLAH/THF

e. HCl/MeZCO
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CONCLUSION

First of all, the facile synthesis of the 2,3-dihydro-1H-pyrrolell,2-
alindole system, the fundamental skeleton of the mitomycins, has been
achieved. Namely, condensation of 2-bromo-5-methoxy-4-methylphenylaceto—
nitrile (85} with 2—methoxy—al-pyrroline (86} in the presence of DBU af-
forded the Z~0—(2-bromo-5-methoxy-4-methylphenyl)-t-pyrrolidin 2-ylidene-
acetonitrile (84), which gave 2,3-dihydro-7-methoxy-6-methyl-1H-pyrrolo[l,2-
alindole-9-carbonitrile (107) on treatment with sedium hydride and copper
{I) bromide in dimethylformamide. The nitrile (107) was converted to 2,3-
dihydro-7-methoxy-6-methyl-1H-pyrroio[1,2-a indole-9-carbaldehyde {24) by
the reaction with pnickel-aluminium alloy in aqueous acetic acid. This
aldehyde was transformed to 2,3-dihydro-7-methoxy-6-methyl-5,8-dioxo-1H-
pyrrolef 1,2-a]indole-9-carbaldehyde(26), by nitratioen of {24), followed by
reduction of the nitro compound and oxidation of the resulting amine with
Fremy’s salt. 7-Methoxy-mitosene (27) was synthesized from (26) by a
reported procedure.

Secondly, introduction of funectional group into the 2,3-dihydro-1H-
pyrrolof1,2-a|indole system was examined. Reaction of (107) with NBS in
methanol gave a 1:1 mixture of 5-bromo2,3-dihydro-7,8-dimethoxy~6-methyl-
1H-pyrrolo[ 1,2-g|indole-9~carbonitrile (123) and 5-brome-2,3-dihydro-T7-
methoxy-6-methyl-1H-pyrrolo[1,2-alindole-9-carbonitrile (122). Similar
treatment of 2,3—dihydro—1ﬂ—pyrrolo[1,2—@]indole—5,8—di0nes afforded the
adducts in which the methoxyl group was introduced at the 7-position rather
then at the Ya-position. 2,3-Dihydro-1H-pyrrolo[1l,2-alindoles {24, 59 and
107) were acetoxylated at the l-position on treatment with lead tetraacetate
in acetic acid. Elimination of acetic acid from methyl l-acetoxy-2,3-di-
hydro—?—methoxy—6-methyl—lﬂ-pYrrolo[1,2—g]indole-9-carboxy1ate {159) gave
methyl T—methoxy—6—methy1—3§—pyrrol0[l,2—@]indolea9-carboxy1ate (37), from
which Matsui had prepared the tetracyclic aziridino compound (39). Synthe-
ses of l-acetoxy-T-methoxymitosene (30} and desammono-apo-mitomycin A (12)

wvere accomplished from l-acetoxy-2,3-dihydro-7-methoxy-6-methyl-1H-pyrrolo-

— 457 —




[l,2-&]indole—9-carbaldehyde {152) according to Remer’s procedure.

Finally, synthesis of seco-mitpsane type compounds was attempted in

order to be able to introduce the 9a-methoxyl group, which seemed to be the
most difficult problem in synthetic studies on mitomyecins. 2,3-Dihydro-
T-methoxy—6-methyl-1H-pyrrolo[1,2-glindole (23) was reduced with sodium
borohydride in acetic acid to give the 2,3,9,9a-tetrahydro-compound (182),
which was cleaved by cyanogen bromide to afford 5-bromo-l-cyano-1,2,3,4,5,6—-
hexahydro-7-methoxy-6-methyl-l-benzazocine (183). This bromide (183) was
transformed te l-cyano-1,3,4,6-tetrahydro-8-methoxy-9-methyl-6-methylene-
1-benzazocin-5(2H)~one (186), but attempted introduction of the quinone
group resulted in failure. Synthesis of the so-called "eight-membered
guinone" was accomplised from the 5,8-diacetoxy-2,3-dibydro-T-methoxy-6-
methyl-1H-pyrrolo[1,2-glindole (206}. Thus, (206) was reduced to the 2,3,
9,9a-tetrahydro derivative (209) by catalytic hydrogenation in the presence
of platinum oxide and tetrafluoroboric acid. Heating the indoline (209)
with trifluorocacetic anhydride afforded the ring-opened product (213).
Hydrolysis of T7,lU-diacetoxy-5-trifluoroacetoxy-l-trifluoroacetyl-1,2,3,4,
5,6-hexahydro-8-methoxy-9-methyl-l-benzazocine (213}, followed by oxidation
of the resulting alcohol (214} afforded 710-diacetoxy-l-trifluorcacetyl-
1,3,4,6-tetrahydro-8-methoxy-9-methyl-l-benzazocin-5(2H)-one {215).

Although hydroxymethylation of the ketone (?15) failed, a methylenme function
could be introduced at the 6-position to give (227). Removal of the protec—
ting group afforded the quinone (218, 230 and 231}. This conversion seemed
to be significant because it connected the synthetic intermediate of mitosene

to the geco-mitosane type compound.
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