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Studies of the m a s s  s p e c t r a  of the a lkylquinol ines  [1], a lkoxyquinol ines  [2], fu rano-  and isofuranoquinol ines  
[3,4],  c a r b o s t y r y l  de r iva t ives  [4], and pyranoquinol ines  [5] have been r e p o r t e d  p rev ious ly .  We have s tudied the m a s s  
s p e c t r a  of the dihydrofuranoquinol ine  a lkalo ids  dubinidine (I) and dubinine (]1) and of t h e i r  de r iva t ives  acetyldubinidine 
(acetyldubinine) (]II) and isodubinidine (IV). 

Mass  s p e c t r a  of compounds I-V~ 

I m/e 276(5), 275(M) (33), 245(4), 244(21), 226(12), 202(23), 201(55), ~00(1C0), 
188(4), 188(12), 185(13), 173(12), 172(12), 170(3), 158(8), 156(4), 143(4), 
142(4), 130(4), 115(4), 75,(5). 

I--D2 mle 278(2). 277(15), 276(29), 275(21), 246(3,5), 245(17), 244(L0), 227(3,5), 
226(20), 204(3,5),203(18), 202(51), 201(95), 200(100), 187(8), 188(15), 
185(18), 77(4), 75(5), 75(3,5). 

II m]e 317(M) (17), 245(4); 244(21), 228(6), 202(18), 201(35), 200(100), 199(8), 
186(8), 185(9), 173(8), 172(7), 158(4), 158(2), 143(3), 142(3), 130(4)o 
129(3), I17(5), I15(5). 

I l l  m/e 359(M) (17), 317(7), 100(5), 244(16), 227(7), 226(39), 214(8), 212(4), 
202(15), 201(25), 200(I00), 188(5), 186(8), 185(I0), 173(6), 172(7), 158(5), 
148(6), 142(I0), 130(I0), 129(II), I15(I0). 

IVm/e 276(II), 275(M) (58), 258(II), 245(4), 244(17), 240(4), 227(8), 226(I00), 
218(9), 214(15), 212(4), 202(4), 200(14), 190(4), 189(58), 188(64), 187(IC), 
186(II), 176(17), 175(8), 160(9), 148(8), 144(4), 134(16), 132(8), 180(4), 
I15(4), 77(9), 70(8). 

In the m a s s  s p e c t r a  of subs tances  I - I I I ,  the max imum peak is the ion with m / e  200 resu l t ing  f rom the expulsion 
of the s ide chain a t tached to the d ihydrofuran r ing  (Scheme 1). An ana lys i s  of the m a s s  spec t rum of the deu te r ium . 
analog I-D 2 shows that  app rox ima te ly  30-50% of the ions a r e  fo rmed  in this  way. The o ther  ions with m / e  200 
apparen t ly  r e su l t  f rom the ion 244b through the e l iminat ion  of a molecule  of ace ta ldehyde  and the c l o s u r e  of the f ive-  
m e m b e r e d  r ing.  This hypothes is  explains  the pa r t i a l  shift  of the peak with m / e  200 in the spec t rum of the deu te r ium 
analog,  s ince  in the formula t ion  of the ion 244b the deu te r ium atom m i g r a t e s  f rom the t e r t i a r y  hydroxyl  group to Cfl, 
and in the c lo su re  of the f i v e - m e m b e r e d  r ing  hydrogen is sp l i t  out p r e f e r e n t i a l l y  ( p r i m a r y  isotope effect  [6]). The 
par t i c ipa t ion  of r e a r r a n g e m e n t s  in the format ion  of the ion with m / e  200 is also conf i rmed  by the fact  that  i ts  in tens i ty  
in re la t ion  to the total  ionic cu r r en t  $% d e c r e a s e s  in the spec t rum of III in whose molecu le  the re  is  no mobi le  hydrogen 
in a t e r t i a r y  OH group (10% in the spec t rum of I and 4.4% in the spec t rum of III). 
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Scheme I 

SThe pe rcen tage  r e l a t i ve  in tens i t i e s  a r e  given in b r a c k e t s .  
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The el iminat ion of the side chain from the dihydrofuran r i ng  with the s imultaneous mig ra t i on  of a proton from the 
t e r t i a ry  hydroxyl group leads to an ion with m / e  201. This mechanism is confirmed by the isotopic shift by one unit i n  
the spect rum of I-D z and also by a decrease  in the intensi ty  of this ion in the spect rum of III. 

The split t ing out of the side chain with the localization of the charge on it  forms ions with m / e  75 (I) and 117 
(II and HI). 

The cleavage of the dihydrofuran r ing and the spli t t ing out of a CH2ORradical gives r i se  to ions with m / e  244. 
The la t ter  may have a cyclic (a) or a l inear  (b) s t ruc ture .  In substance IH, the ions with m / e  244 (a) and 117 are  
obtained after the ejection of a molecule of ketene.  By el iminat ing a molecule of water ,  the ion with m / e  244 (a) 
becomes aromat ized,  being converted into an ion with m / e  226. The ion with m / e  244 (b), losing a molecule of ketene,  
gives an ion with m / e  202 which also undergoes an isotopic shift by one mass  unit  in the spect rum of I-D z. 

Isodubinidine (IV) was obtained previously [7] by the action of alcoholic alkali  on dubinidine methiodide. Substance 
IV has a composition s imi l a r  to I, which is explained by the usual  i someriza t ion of a 4-methoxyquinoline der ivat ive 
into the corresponding N-methylquinol in-4-one  [7]. 

However, unlike dubinidine,  isodubinidine is not oxidized by periodic acid, and its UV spect rum is typical for 
quinol in-2-one der ivat ives  (figure). Consequently, we consider  that the action of alcoholic alkali  on dubinidine 
methiodide leads to the saponification of the dihydrofuran r ing.  This is charac te r i s t ic  for this group of alkaloids [8]. 
Then the formation of a dihydropyran r ing takes place by condensation between the phenolic hydroxyl group in 
position 4 and the t e r t i a ry  hydroxyl group in the side chain. 
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UV spect rum of isodubinidine.  

A study of the mass  spect rum of isodubinidine has shown that it differs f rom the mass  spect ra  of compounds 
I - I I I  and has a definite analogy with the mass  spectra  of dihydrofl indersine and f l inders ine  [9]. In the spect rum of IV, 
the maximum peak is that with m / e  226, corresponding to the peak with m / e  212 in the spect rum of f l inders ine ;  the 
next most  in tense  peak with m / e  188 corresponds  to the peak with m / e  174 in the spec t rum of dihydrof l inders ine.  

On the basis  of what has been said above, the s t ruc ture  of 1 -me thy l - ( a -me thy l -~ -hydroxy-a -hydroxyme thy l -  
, f l -dihydropyrano)quinol in-2-one may be proposed for isodubinidine.  

Fragmenta t ion  of the molecular  ion of isodubinidine is shown in Scheme 2. The maximum peak with m / e  226 is 
formed as a resu l t  of the expulsion of a hydroxymethyl radical  and a molecule of water .  The success ive  ejection of 
these neutral  f ragments  is not revealed by means  of metas table  peaks. At the same t ime,  an m* peak with a maximum 
at about 185.5 m / e  corresponding to the 275 - -  226 + 49 t rans i t ion  is observed.  Cases in which the el iminat ion of two 
fragments  of a molecule takes place in the form of a metastable  one-s tage  process  have been descr ibed in the l i t e ra tu re  
[10]. The ion with m / e  258 is mos t  probably formed by the cleavage of an O--C bond and the e l iminat ion of a p r imary  
hydroxyl. This ion then decomposes with the l iberat ion of water or with the expulsion of a molecule of 
methacrylaldehyde,  being converted into the s t rong ion with m / e  188. The detachment  of a hydroxymethyl group from 
the molecular  ion may also take place as a consequence of the p r i ma r y  cleavage of the C~--C~/ bond; after 
i somer iza t ion  a noncyclic ion of different  form with m / e  244 appears ,  which e l iminates  formaldehyde and forms an 
ion with m / e  214. 
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The ion with m / e  188 decomposes with the l iberat ion of a molecule of propargylaldehyde and is converted into an 
ion with m / e  134, the fur ther  decomposit ion of which we have descr ibed  previously [5]. In addition to the ion with m / e  
188, the mass  spect rum of isodubinidine has the s t rong peak of an ion with m / e  189 apparent ly formed direct ly  f rom 
M "~ by the cleavage of the Cfi---Cy and O- -C~  bonds. In the spec t rum of the deuter ium analogue, both peaks a re  shifted 
by one mass  unit ,  which conf i rms the t r ans fe r  of deuter ium from the secondary OD group to the charged f ragment  on 
f ragmentat ion.  The molecular  ion IV may also decompose with the cleavage of the O--C a bond, the migra t ion of H to 
the t e r t i a ry  carbon atom, the cleavage of the C~----C/~ bond, and the e l iminat ion of a secondary propanol radical .  This 
gives r i se  to a radical  ion with m / e  216, r ea r r ang ing  into an ammonium ion with a formylmethylene side chain or with 
a dihydrofuran r ing (see Scheme 2). The ion with m / e  200 is analogous to the ion isobar ic  with it in the mass  spect rum 
of folifine [5]. The exper imental  conditions have been given in the previous paper [5]. 
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CONCLUSIONS 

1. Fea tu res  of the fragmentat ion of dubinidine and dubinine are  explained by the presence  of a branched side 
chain in the dihydrofuran ring.  

2. The s t ruc ture  of i sodubin id ine  has been elucidated on the basis  o f i t s  chemical  charac te r i s t i c s  and UV and 
mass  spect ra .  
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