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Daunorubicin (daunomycin) I’ and adriamycin (daxorubicin) 2’, aneibiotics with potent anti- 

tumor activity, have been completely analyzed by 13 c mx spectroscopy. The importance of assign- 

ing all the carbon frequencies in molecules of biological interest comes from their use as a 

probe for biosynthetic studies, conformational analyses or studies of biological interactions. 

me FT I3 C NMR spectra ("aria* XL-100-15) have been measured in DMSO (Table 1) and D20. We SUC- 

ceeded in the attribution of all the 
13 
c signals far1 and 2 or for their aglicones, daunwci- 

none 3 and adriamycinone 4 , by "gated" undecaupled spectra, %I noise decoupling, 1 H single 

frequency off-centre resonance decoupling (SFOCD), 1 H low power noise decoupling and by single 

frequency selective heteronuclear decoupling (SFSD)3. They were also compared with a series of 

hydraxy-and methaxyanthraquinones as models4. 

The assignment of the hydrogen bearing carbons was uniquely defined by SFSD except for C-2' 

and C-8 because the shift differences between the banded protons were tcm small. Therefore they 

were identified by comparison with daunosmine methylglycaside 5 . Alehough their signals over- 

lap in DMSO, C-4' and C-5' could be assigned in D20 at 67.1 and 67.9 ppm req. for both snti- 

biotics. The assignmene of the quaternary carbons presented major difficulties, particularly 

for those signals which are close co each other. or show symetrical interactions. Therefore 

these were analyzed by SFSD technique, but with a particular calibration of power, as the 

disappearance of long-range couplings only could be observed. The protons irradiated for the 

identification of C-4. C-6 and C-11 are resp. OMe-4, H-7 and CH2-10. As C-6 and C-11 interact 

with the chelated hydroxyl protons (5=4.0 Hz), and in the proton spectra of 3 and 4 the OH 

signals are well separated, we could identify C-5a vs C-lla and C-5 vs C-12 through the follo- 

wing procedure. After addition of a trace of TVA5 to the DMSO solutions to sharpen the GA 

signals, we irradiated each hydroxyl proton, and observed which one of the two carbons, C-6 or 

C-11, was decoupled. Thus assigned the hydroxyyl pmto*~, irradiation of each of them allowed 

the identification of C-5 vs C-lb, which appear in the mdecoupled spectra of3 and 4 as 

sharp doublets of 5 Hz. As C-5 and C-12 are appreciably coupled, Eden through four bonds, to 

the hydroxyl profans, the irradiation of these latter provides a definite assignment of them. 

In fact the three-bond coupling between H-l and C-12 is as small (52 Hz) as a four-bond coup- 
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Table 1. - 13 C chemical shift assignmentsa 
c 1 2 3 4 c 1 2 3 4 5 

1 118.0 118.6 118.4 118.3 
2 135.3 135.8 135.6 135.5 
3 118.0 118.6 119.0 119.1 
4 159.8 160.4 160.2 160.2 
6 155.4 155.7 155.4 155.3 
11 153.8 154.2 154.4 154.3 

7 69.2 69.2 60.4 60.1 
8 35.2 35.9 35.5 36.0 
9 74.3 74.5 76.1 76.0 
10 31.1 31.7 31.8 32.4 
13 212.0 213.8 211.6 213.4 
14 23.8 63.8 24.3 63.9 

5 (184.9) (185.5) 185.2 185.1 oM= 55.9 56.3 56.2 56.1 
12 ';;;.;' u;;.p 185.4 185.3 1' 98.6 99.0 
4a . 119.2 119.1 2' 27.8 28.0 
I*= 133.4 133.9 133.8 133.7 3' 46.1 46.4 
5a (109.6) (110.1) 110.1 110.0 4' 65.5 65.9 
II= (109.5) (110.0) 109.8 109.8 5' 65.5 65.9 
6a (134.4) (134.8) 136.7 136.3 Me-S' 16.3 16.6 
10a (133.7) (133.8) 133.0 132.6 

=) 10 wm CJ,. obtained from 0.2 M DMSO solutions containing TMS a= internal 
values in parenthe=== may be interchanged; their tentative assignments =I-= 
Of the values Of 3 and 4 . 

96.5 
27.6 
46.3 
65.4 
65.3 
16.6 

reference. Similar 
given on the basis 

ling, so that the SFSD of H-l gave ambigous results. Of the three quaternary carbons in the re- 

gion 133-137 ppm, only one, C-12=, is readily located from its met= coupling (7 Hz); since the 

two-bond interactions in these systems are negligible3, this signal appears in all the compounds 

as a neat doublet, which collapses to a singlet upon irradiation of H-2. By contr==t the remai- 

ning re=~n=nce= (C-6= and C-LO=) are very broad, with coupling to CH2-10, H-7 and possibly to 

Cii2-8 and the chelated hydroxyl proton=. But both the interactions with these latter and the 

three-bond couplings 3J 
%a,% 

are so small (Ll Hz) that SFSD experiments were unsuccessful. 

Since the removal of the perturbation due to the sugar moiety in3 and 4 affected only C-6a, 

w= could asa& both C-6= and C-12=. Finally the identification of C-4= is effected through the 

shift value and the triplet Structure of its signal, due to met= couplings with H-l and H-3 

(32=7 II=). 
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