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Abstract - The Elms fragmenmtion of orellanine, its ternethyl elher, and orellme were 

investigaled. Fragmenialion pathways, the elucidation of which was assisted by accurate mass 

measurements and metanable tranribons, are pmposed. A mechanism of the facile N-oxide 

oxygen elimination as 'OH or 'OCH, found to be a pnmaty process is dimsed. 

The mushroom alkaloid orellanme (1) of 3.Y.4.4'-tetrahydroxy-2,2'-bipyridinWdoxde structure' and 

several model compounds whose molecules contam an oxnninopropenoxy pL0,3'-OR] system were found to 

eliminate oxygen easily at elevated temperature or upon uv irradiation. It has been suggested that this process is 

preceded by a slgmatroplc rearrangement with [1,5]-oxygen shlfi from N-oxlde to the hydroxyl group at C-3 of 

the second ring and a formation of an unstable peroxide intermediate 2 In the recent years mass spectral 

fragmentation data of 1 were occasionally quoted3.4 and at an earlier stage of our study on this alkaloid 

constituted the Fundamental evidence in the structure assignment.5 In 1989 Richard and Ulrich reported6 some 

data, not fully consistent with our observations, concerning the EI mass spectra of 1 in comparison wlth those 

of some related bipyridine-N-oxides: 2.2'-blpyridine-N-oxide, 2.2'-bipyridine-N,N'-dioxide and 4.4'-dihydroxy- 

2,2'-bipyridin~4N'-dioxide. 

According to our recent results, under electron impact conditions the 3,3'-dihydroxy- and 3,Y-d~methoxy- 

2.2'-bipyridine-N.N'-dioxides, contrary to the corresponding 4,4'-~somers, revealed the preference of 'OH or 

'OCH, and 'OH radicals elimination, respectively (accompanied by the thermally induced oxygen loss) 

indicating the special reactivity of the oximinopropenoxy system of the 3,3'-denvatwes also m this case. The N- 

oxide (1) and its tetramethyl ether (2)' contaming both the 3,Y- and 4,4'-substituents in each molecule create a 

possibility of comparing the reactivity of the systems under idenucal EIms energetic condit~ons. 
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The principal mode of fragmentationss of the natural orellanine (1) determined in particular on the basis of 

the exact mass measurements and the MIKE spectra of its molecular ion (mlz 252, Figure la) and several 

fragment ions are presented in Scheme 1. In our opinion the sequence of the fragmentation of the molecular 

ion of 1 (a+b+c+d) reveals a great simtlarity to those determtned for 3,3'-dihydroxy-2.2'-btpyridyne-NN'- 

dioxide and indtcates a preference for the initial fragmentation due to the [N+O, 3'-OH] system without a 

significant contribution of the remaining hydroxyl groups. The MIKE spectrum of the molecular ion ( d z  256) 

of tetradeuterated orellanine, 3,3',4,4'-tetradeuteroxy-2,2'-bipyridine-N,Wdioxide (1-d4)? also showed beyond 

any doubt the inttial eliminatton of the deuteroxy radical as the only process (apart from the thermal oxygen 

ejection), which gave the fragment ion of mlz 238 (Figure lb). 

It has to be pointed out that, except for the appearance of the ion [M - 'OH]+ at mlz 235, there are signtficant 

differences between the MIKE spectrum of the molecular ton of 1 obtained by us and that published by Richard 

and Ulnch.6 According to our findings, in the normally applied EIms conditions, the ions [M- .OH]+ at m/z 235 

and [M - O]+' at mlz 236 are the only intermediates ofthe tiinher fragmentation of 1 consisting mainly (but not 

exclusively) in the successtve eliminahon of the second 'OH radtcal and CO molecules (additionally, .H in the 

case of ion q', Figures Ic, Id) 
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Figure 1. MIKE spectra of ions al: (a) mlz 252, M' of I, (b) rnh 256, M' of 1-dq, (c) mh 236, [M -01" from 1 (main 

fragment), (d) mlz 235, [M -'OH]+ from 1 (main fragment). 

The structures ofthe fragment ions b, c and e (Scheme I) may be presented as shown in Figure 2. The further 

fragmentation pattern of :on q" (resulting from 1 and 1-dJ) is supenmposable on that found for the free base, 

~ r e l l i n e ' ~  (or its tetradeutero a n a l ~ g u e , ~  respechvely) and IS shown in Scheme I(b).Thus, it is quite clear that 

the deoxygenation of orellanine takes place not only in the pyrolitic process prior to ionization (as not observed 
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Scheme I .  Mass spectral fragmentation pattern of (a) 1 and i3) the free base, orelline, q" 
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by MIKES; indicated by dotted lines, Scheme 1, Ions q' and q"), but also in the El induced process. The latter 

takes place by the elimination of 'OH radicals, beanng oxygen from the N-oxide hnctlon (since it preceded the 

b c 

Figure 2. Structure of the fragment ions b, =,and e from 1. 

phenolic CO elimination) and hydrogen transferred most probably from the hydroxyl group located at the 

poatron 3' of the bipyridine skeleton as follows from the fragmentation of 1-d4 (Figure lb) 

It is rnteresting to note that a real EI mass spectrum of orellanine can only be recorded at the lowest possible 

temperature (-1 50°C). At a higher temperature (-200°C) the thermal N-oxide oxygen expulsion proceeded 

Figure 3. Elms of orellamne (1) recorded at (a) 155'C. (b) 210°C. 

so fast that the obtamed spectrum actually revealed a superimposed pattern of the fragmentation of the free base 

orelline, its mono-N-oxide, orellmine, and the N,h" -dioxide I (Figure 3). 

A similar preference for the fragmentation with the main contribution of only [N+0,3'-OR] system in the 

initial steps was observed in the case of 2 (Scheme 2), whose mass spectrum closely resembled that of 

3.3'-dimethoxy-2,2'-bipyridine-N,N-dioxide. As it followed from the MIKE experiments (Figure 4c) the 

molecular ion (mlz 308) decomposed by the elimination of the hydroxyl radical (ion i, m/z 291) and, above all, 

the methoxy group (ion b, mlz 277, 100% in EI mass spectrum). This pattern was confirmed by the 
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fragmentation of the deuterated analogue, 3,3',4,4'- tetra(tndeuterornethoxy)-2,2'-bipyridine-NW-dioide~' 
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Scheme 2 Mass spectral fragmentalion pattern of compound (2) 

(2-dI2, Figure 4a), the molecular ion ofwhich (mlz 320, F~gure 4b) yielded only the ions: [M -'OD]+ (mlz 302) 

and [M -'OCD3]+ (rniz 286). 

""b 

Figure 4. Mass fragmenlation of 2-d12: (a) Elms, @) MIKES of M' at mlz 320 [and that of M' from 2 a1 m h  308 inserted as(c)l. 



482 HETEROCYCLES, Vd. 39. No. 2,1994 

Finally, it has to be pointed out that the electron impact mduced elimination of the first oxygen as 'OR (hydroxyl 

or hydroxyl and methoxyl, respecttvely) from 1 and 2 (or thetr deuterated analogues) is the only fragmentation 

of the molecular ion and is not accompanied even by a trace of any other process (except for the thermal 

deoxygenation). These are the only fragment ions obtained in this way which underwent further decomposition, 

the 'OH ('OD) or 'OH and 'OCH3 ('OD and 'OCD,) eliminat~on from the second oximinopropenoxy w 0 . 3 ' -  

OR] system included. Therefore, the elimination of the first oxygen has to be much faster than the 

Scheme 3. Alternative (A and B) interpretations of the initial steps of the fragmenlation of compoundOland@)under the 

Elms wnditions. (For the sake of simplicity, the substitution inside the %ay-region" was mdicated only) 

fragmentation of (and characteristic for) the substitution in 4,l-positions (no 'D, 'OH or 'CDO elimination from 

the molecular ion of 2-dlz). The different rates of fragmentation of the 3,3'- and 4,4'-substituted part of the 

bipyrid~ne-N,N'-dioxide molecule can be only explamed by the specific interaction ins~de the "cavity" of the planar 
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conformation delimited by the oxuninopropenoxy JN-tO.3'-OR] system (Scheme 3). Our interpretation ofthe 

deoxygenation mechan~sm of these compounds under the Elms conditions consists in the separate treatment of 

the thermal and electron Impact induced dewmposition of the N-oxide functkon. However, In both cases the 

procm 1s supposed to be controlled by the oximinopropenoxy system ofthe "bay-region". Due to the electronic 

and stem factors, this system creates (in contrast to the JN-tO.4'-OR] system) an opportunity to lower the energy 

requirements, the result of which is an evidently faster elimmation of oxygen (as '0 or .OK, respectively). 

The interpretation of the evidently much faster elimination of 'OR in comparison with other fragmentations 

could include the preliminary N-oxide oxygen rearrangement with the formation of a peroxide intermediate. Both 

the sigmatropic rearrangement and the peroxide dewmposition should be a low energetic process. To a certain 

degree this mechanism resembles that suggested for the thermally and photochem~cally induced deoxygenation of 

orellanine-like compounds.2 Alternatively, in the mass spectrometry conditions the initial .OR elimination could 

be preceded by the formation of an isoxazolium catlon whlch in the next step would rearrange to a ketone by the 

N-0 bond cleavage. The 'OH elimination in the case of orellanine tetramethyl ether wuld also be a result of a 

preliminary H transfer from OCH, to N-0 oxygen due to the proximity effect;l2 the possible subsequent 

cyclization would yield a stable 1,3,2-oxazinium cation. The rationale of these possible transformations is shown 

in Scheme 3 
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