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RESUMEN.—Las sefales del espectro de ' >C RMN de la orellanina han sido atribuidas definitiva-
mente con la ayuda de los espectros de correlaclén ' H-' *C y de las constantes de acoplamiento a larga

distancia C-H.

SUMMARY.—The signals of the '*C NMR spectrum of orellanine have been unambiguously assig-
ned with the heip of ' H-' 2 C correlation spectra and long-range C-H coupling constants.

INTRODUCTION

The structure of orellanine, the presence of which in
Cortinarius orellanus (Fries) and Cortinarius speciosissi-
mus (Kithn. and Romagn.) seems to be responsible for the
toxicity of these species (1-5) was suggested, for the first
time, in 1979 (6). Its structure was definitely established
after a total synthesis {7,8) of 3,3',4,4'-tetrahydroxy 2,2’
bipyridine N,N-dioxide, 1, showed it to be identical to
orellanine.

Nevertheless, there rest some discrepancies concerning
the '3C-NMR spectrum of orellanine. Antkowiak and
Gessner {6) published the chemical shifts of four carbons
in tetrafluoroacetic acid (TFA), Tiecco et al. (8) all the
chemical shifts in DMSO-dg, and Prast et al. (4) in NaOD/
D,0. The two former groups made no attribution, and
the latter difterentiates the C-H carbons only.

-
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On the other hand, Richard {9) gave an assignment for
the ' 2C spectrum of orellanine in DMSO-dg, but his re-
sults, for the 3 substituted carbons, were not in agreement
with those of Dehmlow and Schulz (10).

RESULTS AND DISCUSSION

The standard ! ®C spectrum of orellanine in DMSO-dg
exhibits five signals at 110.08, 130.14, 131.88, 150.43
and 155.01 ppm. Using the gated decoupling technique,
the signals at 110.08 and 131.88 ppm appear as two dou-
blets with coupling constants of 169.0 and 192.3 Hz res-
pectively. This observation allows their assignment to C-5
and C-6 respectively (carbons & to the nitrogen atom in
pyridine N-oxide {11,12) are known to be those with the
largest LicH).

It is now possible to assign the two identical doublets
in the ' H spectrum with the help of a ' H-'3C correlation
spectrum based on a JCH of 180 Hz. It is found that the
3¢ signal at 131.88 ppm (C-6) is correlated with the dou-
blet {J= 6.8 Hz) at 8.260 ppm in the 'H spectrum, and
the signal at 110.08 ppm (C-5) with the other proton
signal at 7.148 ppm.

The last problem arises in the assignment of the three
substituted carbons. First, we attempted to resolve this
problem, as in the benzene series (13), by the prediction
of the chemical shifts using known empirical additive
substituent parameters for the hydroxy! group in the pyri-
dine series (all of those for the pyridine N-oxide are not
yet known}.

Table 1 shows the chemical shifts of 2-hydroxy pyridi-
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TABLE 1
13C chemical shifts in DMSO-d ¢ of pyridine and some of its hydroxylated derivatives. @

7 2 3 4 5 6
c-2 149.67. 162.3° 137.8° 139.8° 158.32 164.35
c-3 123.87 119.8° 153.5° 115.92 147.21 98.61
c-4 136.04 140.82 121.48 175.72 115.47 167.52
C-5 123.87 104.8? 123.82 115.9° 105.40 99.42
C-6 149.67 135.2° 140.0° 139.8° 123.87 136.73

3Reference (14),

b2; 2-hydroxypyridine; 3: 3-hydroxypyridine; 4: 4-hydroxypyridine; 5: 2,3-dihydroxyp.yridlne: 6: 2 4-dihydroxypyridine; 7: pyridine.

" e OH It is clear th'at'the calculated values do not allow for
on P . o OH 39,7 the correct prediction of chemical shifts using the experi-
29.6 = -8,0 mental parameters of Figure 1. This discrepancy may be
s (L 12,6 N e “ s exp'lafned, by the e:xfstence 'in 2-hydr9>fy-'and 4-hydroxy
N OH N N pyridines of a pyridine/pyridone equilibrium, shifted to-
, ; ) wards the pyridone form in 2 and 4 (14), but perhaps mo-
dified by the second hydroxyl group in 5 and 6.
A similar equilibrium exists in 2-hydroxy- and 4-hydro-
Figure 1 xy pyridine N-oxides, and it has been recently shown {15)

Empirical substituent parameters for the hydroxyl group
in the pyridine series

ne, 2 (14), 3-hydroxy pyridine, 3 {14), 4-hydroxy pyridi-
--ne, 4 (14), 2,3-dihydroxy pyridine, 5, and 2,4-dihydroxy
pyridine, 6. |f compounds 2, 3 and 4 are compared to py-
ridine, 7, in the same solvent, parameters for the hydroxy!
group can be obtained (Fig. 1).

It is then possible to compare the calculated and expe-
rimental effects in the case of the two dihydroxy pyridi-
nes 5 and 6 (Fig. 2).

a)

-20.6

OH
-18.5 /\{3_3

b)
-25,8 8.6
N OH

Figure 2

a) Calculated (assuming additivity of substituent parame-
ters) and b} experimental effects of hydroxyl! group for
two dihydroxy pyridines

that, in DMSO-dg, the 2-hydroxy pyridine N-oxide is
found in the N-hydroxy 2-pyridone form.

Thus, we decided to tentatively assign the substituted
carbon signals of orellanine by the way of long-range JCH
coupling constants, considering the fact that >JCcH have
been found to be larger than 2JcH in all the hydroxy
pyridine N-oxides studied (15).

In the normal gated decoupling spectrum of orellanine
in DMSO-dg, the signals are too broad to allow the measu-
rement of long-range coupling constants, and a drop of
H,S04 0.1 N has to be added in order to obtain sharp sig:
nals. The coupling constants are collected in Table 2.

If these values are compared (Fig. 3) to those published

_for the pyridine N-oxide (12, 16) and for the pyridinium

cation (16, 17), the signal at 155.01 ppm which shows
two long-range couplings must be assigned to C-4.

The two remaining signals at 130.14 and 150.43 ppm
both exhibit only one *JcH. A 'H-'3C correlation spec-
trum based on a JCH of 6 Hz indicates that the ' * C signal
at 130.14 ppm is correlated with the 'H signal at 8.260
ppm (H-6) and must be C-2. Similarly, the signal at 150.43
ppm is correlated with H-5 at 7.148 ppm and must belong
to C-3.

Thus the assignments we propose in Table 2 are confir-
med for the first time, and are in agreement with those of
Dehmlow and Schulz (10). These results together with the
observed solvent effects (11) calculated by the compari-
son of pyridine N-oxide in DMSO-dg and TFA, seem to
indicate that the assignment of substituted carbons of ore-
lanine in TFA made by Cohen-Addad et a/. (18) are not
correct and should be: C-2 (127.1), C-3 (148.3) and C-4
(160.2).

Finally, the chemical shift at 155.01 ppm for C-4 of
orellanine, if compared with the value 171.9 ppm for C-4
of the dissymmetric compound 8 synthetised by Dehm-
low and Schulz (10), shows that orellanine is probably not
in the N-hydroxy 4-pyridone form, unlike 2-hydroxy pyri-
dine N-oxide (15).
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TABLE 2
13¢ chemical shifts (ppm) and JCH (Hz) of orellanine in DMSO-d ¢ without and with a drop 0f H,S0,4 0.1 N

DMSO-d, DMSO-dg +H*
c5 110.08 [* JcH = 169.0] 110.29 [*JcH = 169.3 —2JcH = 2.7]
c-2 130.14 129.89 [*JcH = 5.5]
c6 131.88 ['JcH = 192.3] 132.16 ['JcH = 194.6 —2JCcH = 2.1]
c3 150.43 : 149.36 [*JcH = 7.2]
C-4 155.01 154.46 [*JcH = 7.9 — 2JcH = 2.1]
) 12 ACKNOWLEDGMENTS
HLs H L We are grateful to Pr. Dr. E. V. Dehmlow for his kind
&7 O §.2 O J(CH) en Mz supply of a synthetic orellanine sample.
N
H 2 H @
H
L_. REFERENCES
4“1 3
1. KURNSTEINER, H.and MOSER, M.; Mycopathologia 74, 65
Figure 3 (1981).

Long-range J{CH | coupling constants in pyridine N-oxide
(12,16} and pyridinium cation (16, 17)

EXPERIMENTAL

The orellanine studied in this work was extracted from a sam--

ple of Cortinarius orellanus following described methods (2, 3, 19).
It was found to be identical to a synthetic sample.

1D and 2D NMR spectra were recorded on a Bruker AC-250
spectrometer at 250.13 MHz (' H) and 62.90 MHz (' * C) using the
standard Bruker microprograms {(XHCORR for 2D heteronuciear
correlation spectra).

2. RAPIOR, S.; DFEA de Chimie Thérapeutique, Faculté de
Pharmacie, Université Montpellier 1'{1983}.

3. ANDARY, C., RAPIOR,S., FRUCHIER, A.and PRIVAT,G.;
Cryptogamie, Mycol. 7,189 (1986).

4. PRAST H., WERNER, E.R.,PFALLER, W.and MOSER, M_;
Arch. Toxicol. 62,81 (1988).

5. PRAST, H.and PFALLER, W.; Arch. Toxicol. 62,89 (1988).

6. ANTKOWIAK, W.2. and GESSNER, W.P.; Tetrahedron Lett.
1931 (1979). .

7. DEHMLOW, E.V. and SCHULZ, H..; Tetrshedron Lett.
4903 (1985).

8. TIECCO, M., TINGOLI, M., TESTAFERRI, L., CHIANELLI,
D.and WENKERT E.; Tetrahedron 42, 1475 (1986).

9. RICHARD, J.M.; Thése de Doctorat d’Etat, Université Scien-
tifique, Technologique et Médicale de Grenoble (1987).

10. DEHMLOW, E.V. and SCHULZ, HJ.; Liebigs Ann. Chem.

857 (1987). :

11. ANET, F.A.L. and YAVARI, 1.; J. Org. Chem. 41, 3589
(1976).

12, WAMSLER, T. NIELSEN, J.T., PEDERSEN, E.J.-and
SCHAUMBURG, K.;J. Magn. Reson. 31,177 {1978).

13. EWING, D.F.; Org. Magn. Reson. 12,499 (1979).

14. VOGELI U.and VON PHILIPSBORN, W.; Org. Magn. Reso!
5,551 (1973).

15. BALLESTEROS, P., CLARAMUNT, R.M., CANADAS, T,
FOCES-FOCES, C., CANO, F.H.,, ELGUERO, J. and FRU-
CHIER, A.; J. Chem. Soc. Perkin I, submited for publication.

16. SANDOR, P. and RADICS, L.; Org. Magn. Reson. 14, 98
{1980).

17. SEEL H.and GUNTHER, H.;J. Amer. Chem. Soc. 102, 7051
(1980). ’

18. COHEN-ADDAD, C., RICHARD, JM. and GUITEL, J.C.;
Acta Cryst. C43, 504 (1987).

19. RAPIOR, S.; Thése de Doctorat d’Etat, Faculté de Pharma-
cie, Université Montpeliier | (1988).




