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ABSTRACT.-The high-field proton and "C-nmr spectra of daphnoretin (1) are assigned 
unambiguously through polarization transfer and selective decoupling experiments. 

Daphnoretin (1) is a well-known bis-coumarin derivative found principally in the 
Thymelaeaceae, but also in the Leguminosae and Rutaceae [Table 1 (1-25)l. The struc- 
ture was determined by Tschesche et al. ( lo) ,  and confirmed by total synthesis (26). In- 
terest in daphnoretin (1) has been rekindled recently because of the in vivo antineoplas- 
tic activity shown against the Ehrlich ascites carcinoma in mice (2 1,27), and the ability 
of 1 to inhibit a number of enzymes involved in DNA synthesis in Ehrlich ascites cells 
(28). It should be noted that daphnoretin (1) is not active in the standard NCI in vivo or 
i n  vitro assays (7,15,16,2 1). 
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Even though 1 has been isolated frequently and sometimes in high-yield, nmr 
spectral data are not well established. This paper reports the first definitive study of the 
‘H-nmr spectrum and a complete and unambiguous assignment of the 13C-nmr spec- 
trum of daphnoretin (1). ’ 

A preliminary study of the ‘H-nmr spectrum of 1 has been published (4,13,25), 
without discussion or measurement of coupling constants. Our initial work at 60 
MHz,’ using DMSO-& as the solvent, failed to resolve adequately a three-proton com- 
plex in the region 6 7.03-7.20.3 At 360 MHz, each aromatic proton was distinct (Fig- 
ure and a number of selective decoupling experiments established the assignments. 
Thus, irradiation of the doublet at 6 6.363 (H-3’) collapsed the doublet at 6 8.025 to a 
singlet (H-4’), and back irradiation, as well as reducing the multiplicity of H-3’, also 
eliminated a long-range coupling (-0.3 Hz) in the proton at 6 7.172, indicating this 
doublet v = 2 . 3  Hz) to be H-8’. Final confirmation of the assignments on the A unit 
came through irradiation of the doublet v = 9 . 6  Hz) at 6 7.693, which reduced the 
doublet of doublets at 6 7.100 to a doublet ( J=2 .3  Hz). Three singlets, at 6 7.860, 
7.196 and 6.853, were assigned to H-4, H-5, and H-8, respectively, based on the 
established data for coumarins (29). 

More substantial problems were posed by the 13C-nmr s p e ~ t r u m . ~  At 90.546 
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FIGURE 1. 360 MHz ‘H-nmr Spectrum of Daphnoretin (1) (aromatic 

region only). 

‘The daphnoretin used in this study was obtained from the stems of Edgworthia gurdneri Meisn. 
(Thymelaeaceae) (15). 

’Obtained using a Varian T-60A instrument equipped with a Nicolet TT-7 Fourier Transform at- 
tachment. 

’The total field dispersion of the H-6, H-8 and H-5’ protons at 60 MHz is 5.8 Hz, making unam- 
biguous assignment of H-6 and H-8 impossible. 

’Obtained using a Nicolet N T  360 spectrometer at the NSF Regional NMR Facility, University of 
Illinois at Urbana, Urbana-Champaign, IL. 

’Partial assignments of the ‘ k - n m r  spectrum of 1 have been reponed (9) as follows: 6 160.0 (C-Z), 
159.7 (C-Z’), 157.0(C-7). 155.0(C-9), 144.1 (C-4‘), 130.O(C-5’)and 113.5 (C-3’). Theremainingsig- 
nals were not assigned. 
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MHz, the 19 carbon atoms were clearly resolved in the proton noise decoupled spec- 
trum, and the INEPT spectrum (30-32) afforded a substantial amount of information 
concerning the coupling of the individual carbons (Figure 2). * 
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FIGURE 2. INEPT Spectrum of Daphnoretin (1) at 90.546 MHz 
(aromatic region only). 

““ghost” from DMSO-& 

By comparison with the established data for coumarins (33-35), a number of assign- 
ments could be made quite readily. For the purposes of discussion, the carbon atoms of 
daphnoretin (1) may be divided into three groups, (a) those bearing a proton, (b) those 
attached to oxygen, and (c) those attached only to carbon. Assignments for each ofthese 
groups of carbon atoms will be presented in turn. 

(a) The INEPT spectrum clearly indicated those carbons bearing a proton (Figure 2) 
to be at 6 144.11, 130.95, 129.89, 113.81, 113.55, 109.39, 104.03, and 102.84. 
The signal at 6 113.81 displayed ycH= 173.9 Hz permitting unambiguous assign- 
ment to C-3’ (34), and because 6 104.03, but not 6 102.84, showed a 3JcH=3.9 Hz, 
these signals could be assigned to C-8’ and C-8, respectively. The most downfield car- 
bon bearing a proton, 6 144.11, was assigned to C-4’ (33-35) and was confirmed when 
heteronuclear decoupling (LPSFORD) at 6 8.05 eliminated the ycH coupling. Irradia- 
tion at H-4 (6 7.86) collapsed the doublet of doublets ( Jz4 .9 ,  165.5 Hz) at 6 130.95 
to a doublet and thus should be C-4, which is further coupled only to H-5. The other 
signal (6 129.89) in this region was established to be H-5’ also through irradiation at 
the frequency of the attached proton, 6 7.70. 

In the course of irradiating H-8’ (6 7.17), it was apparent that a number of other 
resonances not associated with H-8’ had also been affected, presumably because of the 
very close chemical shift of €3-5 (6 7.20). However, this did permit the assignment of 
the resonance at 6 109.39 to C-5, leaving-the doublet of doublets at 5 1 13.5 5 to be as- 
signed to C-6’. 

(b) Eight of the carbon atoms are attached to oxygen, and except for C-4’ at 6 
144.11, are all of the signals downfield of 6 135 ppm. The most downfield carbons were 
anticipated to be C-2 and C-2’ (33-35), and they were easily distinguished because the 
signal at 6 160.07 was observed to be a doublet of doublets (J=9.9,4.1 Hz) and should 
be C-2’, whereas 6 159.75 was a broad doublet (J=11.6 Hz) as anticipated for C-2. 
Selective decoupling (LPSFORD) experiments irradiating H-4 (6 7.87) and H-4’ (6 
8.05) confirmed these assignments. 
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Observed Chemical 
Shift (6, ppm) 

Carbon Coupling Constant Calculated Chemical 
V. Hz) Shift (35) 

c-2 . . . . . . . . . . .  
c-3  . . . . . . . . . . .  
c - 4  . . . . . . . . . . .  
c-5 . . . . . . . . . . .  
C-6 . . . . . . . . . . .  
c-7  . . . . . . . . . . .  
C-8 . . . . . . . . . . .  
c-9  . . . . . . . . . . .  
c-10 . . . . . . . . . . .  

c-2’ . . . . . . . . . . .  
c-3’  . . . . . . . . . . .  
c-4’ . . . . . . . . . . .  
c-5’ . . . . . . . . . . .  
C-6’ . . . . . . . . . . .  
c-7’ . . . . . . . . . . .  
C-8’ . . . . . . . . . . .  
c-9‘ . . . . . . . . . . .  
c-10’ . . . . . . . . . .  
6‘-OCH, . . . . . . . . .  

159.75 
135.74 
130.95 
109.39 
145.75 
150.44 
102.84 
147.50 
110.25 

160.07 
113.81 
144.11 
129.89 
113.55 
157.07 
104.03 
155.06 
114.45 
56.00 

11.6 
3.9 

165.5,4.9 
162.5, 3.8 

3.3 
6.8, 3.8 
162.7 

4.6, 5.6,9.7 
4.6 

4 . 0 , 7 . 9  
173.9 

166.7,4.5 
165.5,3.4 
165.5,4.6 

2.8, 7 .8  
165.8, 3.7 

4 .2 ,5 .3 ,7 .6  
complex 

144.4 

158.5 
137.5 
114.7 
109.5 
145.9 
144.5 
103.0 
145.5 
113.7 

160.8 
112.7 
143.3 
128.7 
112.1 
162.6 
100.6 
155.6 
112.3 

Actually, C-4 appears 16 ppm further downfield than predicted, although inspec- 
tion of the data reveals that this estimated value is based on only one prior observation 
(35). 

A more serious concern involves the relative chemical shifts of C- 10 and C- lo’,  but 
as previously discussed, the coupling observed for these two signals justifies the assign- 
ments indicated. Both C-7’ and C-8‘ have also undergone fairly substantial shifts, the 
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former upfield by 5.6 ppm, and the latter downfield by 3.4 ppm. In these cases, calcu- 
lated values were obtained through the use of a substituent effect for a methoxy group 
(35). and this probably is inadequate to account for the interaction between the two 
nuclei. 6 
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‘See, for example, the 13C-substituent effects of -OCH, and OPh for C6H6 derivatives (36). 


