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TABLE1 

l-F1,2,3 

Galloyl 
Galloyl 
5.48 
6.12 
5.76 
5.80 

3.31,3.05 

3.10,3.(L1 

6.13,6.16 
J, 2.3 
6.15;6.18 

8 
x0 
8:10 

K%? 
14.89 

a4 

5.69 

4,44 

2.89,3.06 (=I 

JAB' 16.5 
JILx, JBX=2 

6.00 
J, 2.3 
6.07 

7.83 (d,J=2.5) 
8.74 
8.05 

15.0 

zy obtalnedfra solutious in deuterioacetone usingavarian HA-220 
or. &ar tbadm m due to Nr. Vemuiel of the !lWO Laboratory, Delft, 

The ~etherlauds, for the use of this instmment, snd for running many of the 
apectrr. All 6 -values quoted (except those for tropolone hydroqyl protons) 
rsfer to D20-exchangsd solutious. 



The 220 KH5 RNR spectra of the Pieta (Table 1) confim theee identificatione. 

Comparison of the gallato regions (ca. 7 ppl) share tbat lF3 (4 gallate protone) ia a -late 

eeter and that TF+2A and B are isomeric momgallate eet&re (2 @late protons) of TFl. 

Comparison of the spectra of TF2, TFU end lF2B &me that TF2 ie a mixture of TFU aad B in 

the ratio 1.75rl. The &late groups ehift the C3H and C3,B linee dounfield b l-2-1.3 pp~ end 

the C2H and C2,H lines downfield by 0.22-0.46 ppm from their positiom in the @mm of TFl. 

The lines due to C2,H in TKZR and W3 cammtbepracieel~looateddueto eupeqoeition of the 

6,8,6',ap m patterns.a The 3 protons of the bemaotropolone ring (II,, l$, EC) abeorb in the 

region 7.5-8.1 ppm, and in all 4 spectre the centre line in broad. The aseignmemte of them 

protons in T8ble 2 differ from those previously published for bl, 1,2 andarebaaadonthe 

detection in double resonance experiments of (a) long-range bonrylio oouplingm6 of C$i with Ha 

and of C2,H with Hc; and (b) mutual nuclear Omrhaueer effects (KlB)7 betueem I$, and C2,H. The 

NOES and the Rh line width are aymptols of the effioieat &ual.rela.xation 
b 
and claw approach 

of Hb and C2,Ht inspection of Rreiding models confime that of the 3 benaotrupolone aromatic 

protons, Hh can approach close&to C2,H. 

The NRR epeotrum of the ferricyanide cr+oxidrrtion prodact of gallic acid and lE (TF4) 

provides further support for these aseigrmente. The c2.H line appeare at 5.69 PP~, thus 

confirming the aeeignment of lines at 5.73 and 5.76 pp~ in the qmctra of Wl and TM4 to C2, 

protons. Comparison of the low-field regions of the epectra of TFl and TF4 Bbava that 

introduction of a carboxyl group at the 6"-position of the tropolone ring shifta the tuo broader 

lines (assigned to Ha and Hb in TF'l) downfield, whilst the ohaical ahift of the ebarpeet line 

(Ho) remains unchanged. &xouplingexperimeatswithTF4 demastrste(a)amt&couplingof 

2.5 Hz between Ha and Rh, (b) beneylic coupling of C2,H with E F+, end EC, and (c) E UCS 

between C2,H and Hb. This atypical bebaviour is attributed to the fact that Tp4 hae a less 

crowded structure than TFI-3. In TFl-3, the avoidance of serious interactions between the 2 

(a) Integration of these multiplets confirms that they arise from 5 protams instead of the 
expected 4, and expanded scale epeotra ehou the euperpoeition of a broad C2,H line on 

(b) 
the high-field end of the multiplet. 
Progressive q aturation experiments confirm that I+, and C2,H saturate less readily th8n 
the other protons. 



bulky flavan groupe probably restrict0 their rotation about the bonds joining them to the 

bensotropolone ring eyetern: thi6 reeults in small time-averaged Hb-C2,H eeparatione, and very 

efficient mutual relaxation of Hb and C2,H. This accounte for relaxation-broadening of Hb 

linen, the NOI&, and for the failure to detect long-range couplings with I$,,. In contrast, 

TF4 ham only one flavan eubstituentc - its rotation about the C2,-C4,, bond is therefore less 

rentrioted then in TFl-3, and the time-aversgad C2,H-?$ separation is greater. The influence 

of the ooneequently leae efficient mutual relaxation of I$, and C2, H on the populations of their 

apin etatee is ineufficient to produoe NOEe, and their relaxation rates are not fast enough to 

cause aollapse of long-range couplings. 
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