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Abstract- Saframycin S, prepared by treating saframycin A with silver nitrate in 

aqueous acetonitrile, was transformed into simple isoquinolinequinones, 

mimosamycin and mimocin, by treatment with a catalytic amount of 

trifluoroacetic acid (TFA) in chloroform. The proposed mechanism for this 

oxidative degradation is presented. 

 

Saframycins are a class of tetrahydroisoquinoline antibiotics that exhibits activity against gram-positive 

bacteria and several kinds of tumor. Over the last thirty years, a number of saframycin derivatives have 

been independently isolated from bacterial sources as well as marine sponges and tunicates.3 Such 

natural products as saframycin S (1b), naphthyridinomycin (2b), and ecteinascidin 743 (3b) possess a 



 

hydroxyl group at C-74 and display the most potent antitumor activity. However, one of the most 

intriguing problems is that this type of natural products is available only in very minute quantities 

(Figure 1). Arai and his group reported that the treatment of 1b with sodium cyanide in phosphate buffer 

led to the formation of saframycin A (1a), which was also isolated as a natural product from a culture of 

Streptomyces lavendulae.5 This simple yet extremely beneficial process has provided a major 

breakthrough for such highly unstable natural products. Indeed, cyanocycline A (2a) and ecteinascidin 

770 (3a) were chosen as the principal targets for the evaluation of new anticancer drugs and for total 

synthesis.6, 7 The presence of either a cyano or a hydroxyl group at C-7 is undoubtedly essential for good 

activity.8   
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Figure 1 

 

Mimosamycin (4) and mimocin (5) were isolated from Streptomyces lavendulae and showed 

antimicrobial activity particularly against mycobacteria.9 Because mimosamycin and related compounds 

have been isolated not only from sponge but also from bryozoan, it is suggested that the unusual 

cross-phyletic distribution of isoquinolinequinone natural products is due to symbiotic microorganisms. 

These two simple isoquinolinequinone compounds have been prepared by synthesis;10, 11 however, there 

are scant data on the biosynthesis of these two types of compounds. As part of that extended study, an 



 

in-depth chemical analysis of saframycin S (1b) was undertaken, resulting in the preparation of 

mimosamycin (4) and mimocin (5) as oxidative degradation products. 
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Scheme 1 

 

As a model compound, we selected the p-quinone (6a)12 that was prepared in 84% overall yield from the 

readily available aniline derivative (7)13 by partial reduction followed by KCN treatment and oxidation 

of the resulting α-amino nitrile compound (8) (mp 146-147oC) with Fremy’s salt (Scheme 1). Treatment 

of 6a with a large excess of silver nitrate in aqueous acetonitrile at room temperature for 1 h gave the 

α-amino alcohol (6b)14 in quantitative yield; however, the isolation yield was surprisingly low (36%) 

because 6b was unstable and generated the amide (9)15 (14%) during purification by flash column 

chromatography. The 13C NMR signal of the carbinolamine-containing carbon (C-7) of 6b was shifted 

downfield to δ 85.8 ppm compared to that of 6a at δ 61.0 ppm. The observed NOE between 5-Hβ (δ 

2.13) and 7-H (δ 4.10) revealed the relative stereochemistry at C-7. Treatment of 6b with a catalytic 

amount of TFA in chloroform at room temperature for 3 days afforded mimosamycin (4) in 18% yield, 



 

along with 9 and 1015 in 29.5% and 25.7% yields, respectively. The synthetic mimosamycin (mp 

223-224oC) was identical with an authentic sample in terms of TLC behavior and spectroscopic 

properties. 

Although the mechanism of the oxidative degradation is not clear, one possible explanation for the 

cleavage of C14a-C15 bond is the protonation of the quinone ring to generate the hydroquinone 

intermediate (C). The following steps including oxidative decarboxylation are unclear at this stage 

(Scheme 2). Since the α-amino alcohol (6b) is a masked aldehyde, the formation of 9 and 10 would take 

place via a competitive Cannizzaro type disproportionation reaction.16      
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Scheme 2 



 

Encouraged by the results of model studies, we applied this strategy to the transformation of 1b into 

mimosamycin (4) and mimocin (5). The transformation of 1a into 1b with 0.1 M H2SO4 at 120oC for 40 

min was reported to give in 40% yield;5 however, the best result was obtained by reacting of 1a with 25 

equiv. of silver nitrate in aqueous acetonitrile at 40oC for 1 h, which gave rise to a reaction mixture 

containing only a small amount of side products from which 1b could be isolated in 83% yield after 

flash column chromatography. The lack of published data for the natural product (1b), particularly MS 

spectra, prompted us to confirm the structure independently. Saframycin S was obtained as a fairly 

unstable dark yellow amorphous powder, [α]25
D –56.5o (c 0.1, CHCl3). High-resolution FABMS spectral 

measurement of the (M + H －H2O)+ ion at m/z 536.22025 (∆ 0.8 mmu) and observation of the (M + 

H)+ ion at m/z 554 indicated a molecular formula of C28H31N3O9. HMBC, HMQC, and NOESY spectral 

experiments of 1b enabled the unambiguous assignment of almost all of the quaternary carbons and the 

proposed structure (Table 1). An observed NOE between 5-Hβ and 7-H revealed the relative 

stereochemistry at C-7. The oxidative degradation of 1b with a catalytic amount of TFA in chloroform 

under reflux for 3 h gave 4 and 5 (mp 189-191oC) in 16.7% and 16.2% yields, respectively (Scheme 3). 
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Table. NMR Spectral Assignments of Saframycin S (1b) (all data were recorded in CDCl3). 

                                                                                       
atom No. 13C NMR δmult. 1H NMR (mult. integral, J (Hz)) correlation from C No. NOEs correlation 

                                                                                                                  

 1  182.5 s 

 2  156.0 s  3-Me, 2-OMe 

 3  127.8 s  3-Me 

 4  185.6 s  5-Hα, 3-Me 

 4a  135.1 s  5-Hα, 5-Hβ, 15-H 

 5  20.9 t  2.74 (dd, 1H, 21.1, 7.6)  5-Hβ, 6-H, N-Me 

      2.13 (d, 1H, 21.1)  5-Hα, 7-H, N-Me 

 6  57.4 d  3.24 (br d, 1H, 7.6) 5-Hα, 15-H, N-Me       5-Hα, 7-H, N-Me 

 7  82.0 d  4.40 (d, 1H, 2.0) 5-Hα, 5-Hβ, 9-H 5-Hβ, 6-H 

 9  52.6 d  4.36 (ddd, 1H, 4.0, 2.3, 2.0)  16-H2 

 9a  141.1 s    14-Hα, 14-Hβ 

 10  181.0 s  

 11  155.6 s    11-OMe, 12-Me 

 12  129.6 s    12-Me 

 13  186.9 s    12-Me 

 13a  137.3 s    9-H, 14-Hα, 14-Hβ 

 14  25.3 t  2.77 (dd, 1H, 17.2, 2.6)  14a-H, 14-Hβ 

      1.25 (ddd, 1H, 17.2, 11.6, 2.3)  14-Hα 

 14a  50.4 d  3.18  (ddd, 1H, 11.6, 2.6, 2.3) 14-Hβ, 15-H 14-Hα, 15-H 

 15  54.1 d  2.97 (d, 1H, 2.3) N-Me 14a-H, N-Me 

 15a  141.0 s    5-Hα, 5-Hβ 

 16  41.0 t  3.72 (ddd, 1H, 13.9, 7.6, 2.0)  9-H, 16-H, NH 

      3.21 (ddd, 1H, 13.9, 4.0, 1.0)  9-H, 16-H, NH 

 18  160.1 s    16-H2, 19-Me 

 19  196.7 s    19-Me 

 20  24.2 q  2.24 (s, 3H) 

 3-Me  8.6 q  1.88 (s, 3H) 

 12-Me  8.7 q  1.90 (s, 3H) 

N-Me  41.4 q  2.30 (s, 3H)  5-Hα, 6-H, 15-H 

 2-OMe 60.8 q  4.01 (s, 3H) 

 11-OMe 61.0 q  4.01 (s, 3H) 

 NH     6.77 (dd, 1H, 7.6, 1.0) 

 OH    survived                                                                                

 

In summary, we have obtained experimental evidence that mimosamycin (4) and mimocin (5) may be 

generated from saframycin S (1b) by oxidative degradation. These observations represent the first 

convincing demonstration that all of the simple isoquinolinequinones from marine organisms are 



 

degradation products and/or artifacts of isolation procedures. More detailed studies of oxidative 

degradation are necessary including disproportionation. Experiments are under way using another type 

of model compound to fully elucidate these mechanistic possibilities.  
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