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Abstract: Considerably improved total syntheses of the carbazole antibiotics
carbazomycin A and B are reported using a convergent iron-mediated one-pot

construction of the carbazole framework by oxidative cyclization in the air.
© 1999 Elsevier Science Ltd. All rights reserved.

The carbazomycins are an unprecedented class of antibiotics with a carbazole framework and were isolated by
Nakamura and coworkers from Streptoverticillium ehimense H 1051-MY 10.2 The two parent compounds are
carbazomycin A and B. They inhibit the growth of phytopathogenic fungi and have antibacterial and antiyeast
activities. Moreover, carbazomycin B inhibits 5-lipoxygenase.3 The unusual structure and the broad spectrum of
biological activities led several groups to develop total syntheses of carbazomycin A and B.4-6 We reported a
total synthesis based on an iron-mediated construction of the carbazole skeleton.# The key steps are a C—C bond
formation by electrophilic aromatic substitution at the fully functionalized arylamine 2 with the tricarbonyliron-
complexed cyclohexadienyl cation 1 and a subsequent C-N bond formation by oxidative cyclization of the
intermediate tricarbonyliron—cyclohexadiene complexes with especially activated manganese dioxide (Scheme 1).
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We now describe a highly efficient synthetic route to the arylamine 2a, which represents the precursor for
carbazomycin A, and the application of a one-pot C—C and C-N bond formation to the synthesis of both
alkaloids. This one-pot construction of the carbazole framework is achieved by electrophilic attack of 1 at the
arylamines 2 followed by subsequent oxidative cyclization with air and was previously applied to the total
syntheses of carbazoquinocin C, (+)-carquinostatin A, (+)-lavanduquinocin, and (+)-neocarazostatin B7
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Electrophilic bromination of 3-methylveratrole 3 provided 4-bromo-3-methylveratrole 4 (Scheme 2).8 Halogen-
metal exchange using n-butyllithium in tetrahydrofuran followed by alkylation with iodomethane afforded
3,4-dimethylveratrole 5. Regioselective nitration of 5 with fuming nitric acid in a 3:1 mixture of acetic anhydride
and glacial acetic acid led to the nitro derivative 6. The regioselectivity of the nitration could be confirmed, since
1,2-dimethoxy-3,4-dimethyl-S-nitrobenzene was already obtained as intermediate of our previous synthesis of 2a
and comparison of the spectral data proved the identity.# Finally, catalytic hydrogenation of 6 over 10%
palladium on activated carbon gave the arylamine 2a.

The present route provides the arylamine 2a in only four steps and 55% overall yield from commercial 3-methyl-
veratrole 3 (previous route: 8 steps and 31% overall yield from commercial o-xylenol).4¢

OCHs CH30

OCHa
+ OCH3 (OC)3Fe
(OC)zFe + MeCN, air o
BE. 25°C.5d /, CH;
4 H2N CH3 (78%) ,l'N
CHy noo O
1 2a 7
CH30 OCHs
1. 8 eq Me3NO, Me,CO, 56°C, 4.5 h‘ O O CHa
2.10% Pd/C, o-xylene, 145°C, 4 h N
(83%) | CH3
H

Carbazomycin A
Scheme 3

We have shown previously that arylamine-substituted tricarbonyliron-cyclohexadiene complexes are selectively
cyclized to the tricarbonyliron-complexed 4a,9a-dihydro-9H-carbazoles by oxidation with air in acidic medium.9
The one-pot C-C and C-N bond formation by reaction of the iron complex salt 1 with the corresponding
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arylamine in the air was already applied to the total synthesis of several 3,4-dioxygenated carbazole alkaloids.”
Based on the previous applications we expected a substantial improvement of our original syntheses of the
carbazomycins A and B by using this third generation of iron-mediated oxidative cyclization. 10

A solution of the iron complex salt 1 and two equivalents of the arylamine 2a in acetonitrile was allowed to stay
in the air at room temperature for 5 days, thus providing the tricarbonyl(n#-4a,9a-dihydro-9H-carbazole)iron
complex 7 in 78% yield (Scheme 3). Demetalation of complex 7 using trimethylamine N-oxidell in acetone at
reflux and subsequent dehydrogenation of the crude product with 10% palladium on activated carbon in o-xylene
at reflux afforded carbazomycin A, which is identical with the natural product in all spectral data 23

The present synthesis provides carbazomycin A in three steps and 65% overall yield based on 1 (previous routes:
two steps and 21% overall yield, four steps and 35% overall yield based on 1 in each case).4
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Reaction of the complex salt 1 with two equivalents of the arylamine 2b%¢ in acetonitrile at room temperature for
5 days under argon and then for 15 days in the air provided the iron complex 8 in 80% yield (Scheme 4).12 The
reactivity of these tricarbonyl(n4-4a,9a-dihydro-9H-carbazole)iron complexes and their conversion to the
aromatized 9H-carbazoles was already investigated in an earlier study.l3 Demetalation of complex 8 with
trimethylamine N-oxide at reflux afforded a mixture of the corresponding 4a,9a-dihydro-9H-carbazole and the
aromatized compound 9 (ratio about 4:1). A completion of the aromatization of the dihydrocarbazole/carbazole
mixture can be achieved by catalytic dehydrogenation, as shown in the previous applications of this cyclization
method.? Thus, O-acetylcarbazomycin B 9 was obtained in 70% overall yield. A selective transformation of
complex 8 to the corresponding 4a,9a-dihydro-9H-carbazole was recently achieved by a photolytically induced
ligand exchange reaction with acetonitrile and subsequent demetalation in the air.!4 Finally, a removal of the
acetyl group by reduction of 9 with lithium aluminum hydride provided quantitatively carbazomycin B.2a<

The present synthesis provides carbazomycin B in four steps and 55% overall yield based on 1 (previous route:
four steps and 33% overall yield based on 1).4
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