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The antitumor antibiotic atreptonigrin was shown in 1963 by Rae, Biemann and Woodward to 

possess the tetracyclic aminoquinone structure 1.l Since that time streptonigrin has been the 

focus of vigorous synthetic activity, but to date no total synthesis of this challenging poly- 

functional molecule has been published.2 Of the several dozen papers in this area, those of 

note include the construction of the model quinoline II by Kametani,3 the complete C-D ring by 

Cheng,4 and the tricyclic quinolinequinone III by Hibino and Weinreb.' 
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We wieh to report the first synthesis of a tetracyclic aminoquinone containing the entire 

carbon framework of the streptonigrin molecule. Our approach, which is both modular and con- 

vergent, makes use of selective functionaliration procedures which are compatible with the 

electron-rich trioxyphenyl D-ring. The basic strategy employs the modified FriedlSinder conden- 

sation of the aminoimine IV with the substituted acetylpyridine V. 
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Precursor IV to the A-ring was 

known 6-nitro-3-hydroxybenxaldehyde 

r.t., 24 hrs) gave the benzyl ether 

prepared in three steps and 54% overall yield from the 

(VI).6 0-Benzylation with benzyl chloride (K2CO3, KI, DWF, 

VII, mp 74-750, which was condensed with p-toluidine (C6li6, 
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reflux, 15 hrs) to give the nitroimine VIII which was subsequently reduced with sodium sulfide 

(MeOH, reflux) to yield IV, mp 98'. 

The C-D bicyclic precursor V is in turn easily accessible from the known pyridine IX7 by 

the methoxypyridinium variant of the Reissert-Xaufmann reacti0n.S Thus the conversion of pyri- 

dine IX to the N-oxide X (m-CPSA, CHC13, r.t., 12 hrs), mp 144-145', followed by methylation 

(Me2SO4, 100") and subsequent reaction with NaCN in DMF gave the Reissert-Xaufmann nitrile XI, 

mp 111-113°. Reaction of this nitrile with CH3MgBr followed by hydrolysis produced 

pyridine V, mp 120-121°, nmr: 62.16, 3H, 8; 2.64, 3H, 8; 2.74, 3H, 8; 3.62, 3H, 8; 

6.82, 2H, 8; 7.80, lo, 8, in 24% overall yield from IX. 

the acetyl- 

3.94, 6~, 5; 

The modified Friedlander condensation between imine IV and acetylpyridine V proceeded in 

72% yield (2N NaOH, MeOH, reflux, 24 hrs) to give the crystalline tetracyclic product XII, mp 

lSS-190'1 nmr 62.12, 3H, 8; 2.64, 3H, 8; 3.60, 3H, 8; 3.84, 3H, 8; 3.88, 3H, s; 5.08, 2H, S; 

6.74, 2H, q; 7.00-7.10, 2H, m; 7.20-7.44, 5H, m; 7.94, ZH, t; 8.20, lH, 8; 8.48, lH, d. Deben- 

sylation (CF3CO2H, reflux, 4 hrs) to phenol XIII, mp 255-256', followed by selective nitration 

in the phenolic ring (70% HN03 in HOAc , r.t., 45 min) and direct 0-methylation (MezS04, lCpCO3, 

acetone, reflux, 24 hrs) gave the crystalline nitroquinoline XIV, mp 205-207', in 32% yield 

frcm XII. 
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Dithionite reduction of XIV in aqueous THF gave the amine XV, mp 224-225', in 759 yield. 

This could be oxidized with Fremy's salt (.167 M Na2HPO4, aq. acetone, r.t.1 in 91% yield to the 

quinone XVI, mp 264-265', nmr: 62.20, 3H, s; 2.68, 3H, s; 3.66, 3H, s; 3.96, 9H, s; 6.34, lH, 

8; 6.84, ZH, q; 8.40, lH, 8; 8.50, lH, d; 8.90, lH, d. In several Fremy's salt oxidations there 

was isolated a new substance to which we assign the quinone imine structure XIX. This substance 

showed ir peaks at 3500, 1690 and 1660 cm -I, uv absorption maxima at 261 nm (E 34,000) and 309 

nm (E 26,900), and nmr signals at 6 2.22, W, 8; 2.76, 3H, 8; 3.72, 3H, 8; 4.04, 9H, 8; 6.22, 

lH, s; 6.96, ZH, q; 8.56, lH, s; 9.02, ZH, 8. The molecular ion at m/e = 459 in the mass spec- 

trum and the observed analytical values (C, 67.731 N, 9.34; H, 5.48) were in precise accord with 

the C26H2505N3 formulation XIX. Compound XIX could be quantitatively converted to the quinone 

XVI under mild conditions (!l!HF, trace con. El, r-t., 24 hrs), and it probably is an interme- 

diate in these para oxidations,' as shown below. 
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Selective introduction of the amino group on the quinone A-ring proved to be difficult 

since XVI was relatively inert to nucleophflic attack by aside ion, and efforts to chlorinate 

or brominate the A-ring led to extensive D-ring halogenation. It was eventually found that re- 

action of XVI with iodine azide (ICl, NaN3)1° in DMF gave the azidoquinone XVII, mp 130-131'. 

Reduction with sodium dithionite converted XVII to the target aminoquinone XVIII. This com- 

pound, possessing the full streptonigrin carbon skeleton but differing in substituents on the 

C and D rings, was a bright purple substance having Amax 260, 317, 484 (~m~x 49,000; 45,000; 

2,200), nmr: 62.16, 3H, 8; 2.66, 3H, s; 3.62, 3H, 6: 3.94, 6H, 8; 4.08, 3H, 6; 5.24, 2H, broad 

s, 6.88, 2H, q; 8.36, lH, 6; 8.44, lH, d; 8.88, lH, d, and a high resolution mass spectrum show- 

ing a molecular ion at m/e 475.1725 (calcd. 475.1743).11 Modifications of this synthesis lead- 

ing to streptonigrin itself are in progress. 

There has been some speculation as to the relative importance of the aminoquinone moiety 

of streptonigrin for its antineoplastic activity.12 It is thus of great interest that unlike 

etreptonigrin, our synthetic aminoquinone showed no activity against P 388 leukemia in mice, 

implying an essential role for the C-D substituente in the natural antibiotic. 
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