
HETEROCYCLES. VOI. 47, No. 2,1998 661 

TAUTOMERISM O F  CLITIDINE, A PYRIDINE NUCLEOSIDE FROM 

T H E  POISONOUS MUSHROOM CLITOCYBE ACROMELALGAt 

Haruhisa Shirahama," Hiroyuki Koshino.2 Jun Uzawa,2 Kimiaki Yamano.3 

Katsuhim K o n n ~ , ~  and Kazumi Nakatsul 

'School of Science, Kwansei Gakuin University, Uegahara, Nishinomiya 662, 

Japan; 2The Institute of Physical and Chemical Research (RIKEN), Wako, 

Saitama 351, Japan; 3Hokkaido Institute of Public Health, Sapporo 060, Japan; 

4Faculry of Pharmaceutical Sciences, Teikyo University, Sagamiko, Kanagawa 

199-01, Japan 

Abstracts-Tautomerism of clitidine ( la) ,  a toxic pyridine nucleoside from the 

poisonous mushroom Clirocybe acromelalga, was investigated by 15N NMR 

spectroscopy in aqueous solution and by X-Ray crystallographic analysis in the 

solid state, which showed the tautomer ( I d )  to be predominant in both states. 

Clitidine ( l a )  is a pyridine nucleoside isolated from the poisonous mushroom Clitocybe acromelalga as a 

toxic principle.1 The 5'-mononucleotide ( l b )  has also been isolated from the same fungus recently.2 The 

analyses of the 1H NMR and UV spectra suggested the 1,4-dihydropyridine form ( l a )  rather than the 

pyridinium form l c  for the shucture of the pyridine moiety,3 hut nevertheless tautomerism of clitidine has 

not been settled because there could be another 1,4-dihydropyridine form (Id) .  We therefore reinvestigated 

tautomerism of clitidine by 15N NMR spectroscopy in aqueous solution and by X-Ray crystallographic 

analysis in solid state, and found the tautomer ( Id)  to be predominant in both states. Reponed herein are 

our findings. 
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'5N NMR spectroscopy should be a valuable means for studying tautomerism of heterocyclic compounds, 

but it has not been practical because of poor ~ensitivity.~ The use of a novel technique, pulsed field 

gradients (PFG), in combination with inverse-detection has overcome this drawback and made it possible to 

acquire 15N NMR spectra at natural abundance.5.6 Accordingly, we applied this novel method of 15N NMR 

spectroscopy to investigate tautomerism of clitidine in aqueous solution. 
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There were two nitrogen signals at 81.6 and 153.9 ppm in the PFG lH-l5N HMBC spectrum in ~ ~ 0 . 7  All 

the two- and three-bond correlation peaks were observed as shown in Figure. 1. Thus, the signal at 153.9 

ppm was unambiguously assigned to the ring nitrogen [N(l)] since it correlated to the proton signals at 4.20 

[H(2')], 5.54 [H(l')], 6.79 [H(5)], 7.96 [H(6)] and 8.58 [H(2)] ppm. The chemical shift value (81.6 ppm) 

assigned to the N(4) is lower than those of amino nitrogen and higher than those of imino nitrogen, 

indicating restricted rotation and partial double bond character of the C-N bond.8 

The PFG 'H- 15N HMQC specmm in 90% H Z O Q O  at 4 CC clearly showed that N(4) bore two protons 

since the N(4) signal correlated to the proton signals at 7.91 and 9.02 ppm, assigned to NH (Hb and Ha, 

respectively) because both of them did not appear in the lH NMR specbum in Q O .  When irradiated the 

9.02 ppm signal (HJ, NOES were observed for the 13C singlet signals at 117.4 [C(3)], 162.5 [C(4)] and 

172.5 [C(7)] in the C{H]NOE difference specbum as shown in Figure 2, which suggested that Ha was 

close to the carbonyl group and, hence, formed a hydrogen bond with the carbonyl oxygen. Without 

decoupling, the PFG I H - ~ ~ N  HMQC spectrum showed both of the N-H coupling constant to be 96 

H z  This value is larger than ordinary values for indicating the increased s-character of the C(4)- 

N(4) hond. Additionally, the H-D exchange experiment and variable temperature study at from 4 to 50 "C 

also suggested the restricted rotation of the C(4&N(4) bond. When measured at 50 T in 90% H p 4 0 ,  

only the signal of Hb disappeared by coalescence into H20 signal whereas the Ha signal remained almost 

unchanged, which implied that the exchange rate of Hb with bulk water was faster than that of Ha and could 

he rationalized by resmcted rotation of the C ( 4 t N ( 4 )  bond. All these data led to a conclusion that the 

tautomer ( Id )  is the predominant and most contributed form of clitidine in aqueous solution.9 

Hb + Ha 

Po- 
HO OH HO OH 

Figure 1 PFG 'H-15N HMBC correlations. Figure 2 C{H)NOEs irradiated at Ha 

An X-Ray crystallographic analysis of clitidine10 showed the tautomer ( Id )  to he predominant in the solid 

state as well. An ORTEP drawing and the selected data are shown in Figure 3 and Table 1, respectively. 

Usually, when a pyridine ring is in pyridinium form, all the C-C bond lengths in the ring are nearly equal in 

a range of 1.35-1.39 A, whereas in 1,4-dihydropyridime form, the length of C ( P j C ( y )  is significantly 

longer than that of C ( a t C ( P ) .  ' I  In the case of clitidine, the hond lengths of the C(3&C(4) and C(4)- 

C(5) were much longer than those of the C(2 j C ( 3 )  and C(5 j C ( 6 ) .  which apparently indicated the 

pyridine ring to be in 1,4-dihydropyridine form. Another feature of the bond distances was the considerably 
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short distance of the C ( 4 j N ( 4 )  bond. It was shorter than any C-N bond in 2-, 3-, and 4-aminopyridiies 

(1.35-1.38 A),12 and was even shorter than the ring C-N bonds [ N ( l j C ( 2 )  and N(l&C(6)], suggesting 

the highly double bond character of this bond. As for the bond angles, the angle of C(3)-C(4)-C(5) is 

nearly 120 "in pyridinium form, whereas it is significantly reduced (2-49 in 1,4-dthydropyridine form 1' In 

the case of clitidine, the angle of C(3)-C(4 j C ( 5 )  was 116.89 implying 1,4-dihydropyridine structure. In 

addition, the atoms in the pyridine ring were almost coplanar including the iminium group and the carboxyl 

group, which suggested the hydrogen b i n d i g  between H, and the carbonyl group, N(4)---q7)= 2.668(4) 

A, as seen in aqueous solution. Tak ig  these evidences into considerations, the base moiety of clitidine 

adopts the 4-iminium-1,4-dihydropyridine form (1 d) in the solid state. 

In conclusion, the tautomer ( Id )  is the predominant and most conmbuted form of clitidine both in aqueous 

solution and in the solid state. This unusual predominance of 4-iminium-1,4-dihydropyridine form may 

arise from the stabilization of this form by the hydrogen bond between Haand the carboxyl group, and the 

proximity of the iminium and the carboxylate groups. 

Table 1. Selected bond distances and angles (A,  O). 

Figure 3 ORTEP drawing of the crystallographic structure of clitidine. 
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