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Recently,  in connection with a proof of the s t ruc ture  and the identification of the alkaloids of Haplophyllum 
tubercula tum [1], the mass  spect rum of the dihydropyran alkaloid haplofoline (I) was br ief ly  character ized [2]. 

This paper gives the resu l t s  of a more  detailed invest igat ion of the mass  spec t ra  of I and also of N- 
methylhaplofoline (II), folifine (IID [3], and acetylfolifine (IV). These spectra  are  in teres t ing  because the main  
influence on the f ragmenta t ion of the molecular  ion is exerted by the dihydropyran r ing with a gem-dimethyl  group 
posit ion 13. The molecular  ions of I and II and, in par t i cu la r ,  III and IV, are  less  stable than M + of, for  example,  the 
quinolines and furanoquinolines [4,5], where this ion is the maximum ion in the spect rum.  The main  routes of the 
degradation of I - IV  can be discussed on the bas is  of the localization of the posit ive charge on the ni t rogen atom 
(Scheme 1). The f i rs t  act of the degradation of M + is the cleavage of the Ci3--O bond. The fur ther  degradation of the 
ion formed takes place by var ious mechan i sms .  Most frequently a hydrogen atom migra tes  f rom C 16 (or C,5 ) to the 
oxygen atom, af ter  which the Cll--C12 bond breaks  and the radical  C4H6R1 is expelled. The in tensi ty  of the 
ammonium ion is the greates t  in the spect ra  of I - I I I  and is very  great  in the spect rum of IV. 

Deuterat ion of folifine (III) at the OH group has shown that, in addition to the migra t ion  of hydrogen from Ct5 or 
Cls, deuter ium migra tes  to O14 (~60% of the ions} with the s imultaneous cleavage of the Cli--C12 bond. The ions  with 
masses  one unit g rea te r  (189 and 175 ainu) apparent ly have the s t ruc ture  of 2 -hydroxy-3-methylquinol in-4-ones .  

Less favorable is the cleavage of the C3--Cll  bond with the s imultaneous migra t ion  of hydrogen f rom C12 to C a. 
However, the corresponding low-intensi ty  peaks are  present  in the spect ra  of all  four substances  (m/e  161 for  I and 
175 for  I I ,  IV). 

The other main  process  accompanying the cleavage of the Cl i - -O bond is the migra t ion  of H' f rom Cll to C13 and 
the cleavage of the Ci2--Ct3 bond, as a resu l t  of which an isopropyl radica l  is lost and a cyclic ion with m / e  186 for I 
and 200 for II is obtained. The presence  of an OH group in  the molecule of III makes this p rocess  less  significant,  
and in the corresponding spect rum the ion with m / e  216 has a lower intensi ty.  

The spect ra  of I--III have considerable  peaks for the M --  29 ion. We consider  the par t ic ipat ion of the e thereal  
oxygen atom in the appearance of a f ragment  with 29 ainu to be unl ikely and assume that it is formed f rom the carbonyl 
group at C 4 with the migra t ion of one H atom, apparent ly f rom Cll. 

The presence  of a number  of significant  peaks in the region of low mass  numbers  is connected mainly  with the 
f ragmenta t ion of the ion having m / e  174 (188). The main process  here is the expulsion of a C3H20 f ragment  (poss ibly  
in the form of pr0pargyl  aldehyde) , which is confirmed by a metastable  peak. This leads to the format ion of an ion 
with m / e  120 (I) or 134 ( I I - IV) .  Subsequently, the ion with m / e  120, by expelling a hydrogen atom, is converted into 
an ion with m/e  ]19, and the ion with m / e  134, losing two hydrogen atoms,  into an ion with m / e  132 which, in its turn,  
by e l iminat ing CO or HCN, gives r i se  to ions with m / e  104 and 105. At the same t ime,  both ions (120 and 134 amu) 
can exist  in the amide form and, by losing a molecule of CO, be converted into ions with m / e  92 and 106, respect ively .  
None of these t rans i t ions  cont rad ic t s  the fea tures  of the spect rum of the deutero analog of folifine. 

The format ion of the f ragment  M - 59 (I-III) can be explained by the cleavage of the C12--Cli bond, the 
subsequent migra t ion  of H" f rom Ctt to CI3, and the cleavage of the C2--O bond, the ion M -- 59 being capable of 
existence both in the open and in the cyclic form (Scheme 2). In the case of IV, the appearance of an ion with m / e  
200 can be explained by the success ive  spli t t ing out of an acetyl radical  f rom position 12 and of a molecule of acetone. 

The el iminat ion of the acetoxyl group in IV takes place in two ways: by the direct  spli t t ing out of CH3COOH or by 
the detachment of CH3COO" af ter  the cleavage of the CI~--O bond. The f i rs t  of the ions loses CH~, which leads to the 
format ion of the max imum peak with m / e  226. The stabil i ty of this ion can be explained by its s tabi l izat ion in the 
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oxonium fo rm.  Besides  this,  the par t ic ipat ion of this fo rm in the other  p r o c e s s e s  of f ragmenta t ion  is apparently slight,  
s ince,  o therwise ,  the M -- 15 ion should have a high intensi ty.  In actual fact,  i ts intensi ty does not exceed 15% re l .  in 
the mass  spec t rum of I. 
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Scheme ] 

The mass  spec t ra  of I - I I I  a lso have peaks of the M -- 17 ions (IV: M - CH3COOH - 17), which can be formed as 
a resu! t  of a r e a r r a n g e m e n t  p roces s :  

R 

F o r  the folif ine molecule ,  af ter  the c leavage of the C13--O bond the detachment  of OH" f rom C12 IS more  
favorable ,  an,J, t he re fo re ,  in the spec t rum of the deutero  analog the peak of the M -- 17 ion has s ca r ce ly  changed. 

In the region of low m a s s  numbers ,  the ion with m / e  72 has a considerable  ~ptensity in the spec t ra  of III and IV. 
Since it is comple te ly  absent f rom the spec t ra  of I and II it may be considered that its or igin is connected with the 
local iza t ion of the charge on the oxygen atom at C12. 
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This assumption is confirmed by the fact that in the spect rum of the deutero analog of folifine a peak of an ion 
with m / e  73 appears .  
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The formation of the ion with m / e  72 in the case of IV takes place ini t ia l ly  through a stage of the expulsion of 
ketene and then by the scheme shown above. 

REFERENCES 

1. D. Lavie, N. Danieli ,  R. Weitman, and E. Glotter,  Tetrah,  24, 3011, 1968. 
2. I. M. Fakhrutdinova,  G. P. Sidyakin, and S. Yu. Yunusov, Uzb. khim. zh . ,  no. 4, 41, 1963. 
3. Z. Sh. Faizutdinova,  I. A. Bessonova, and S. Yu. Yunusov, KhPS [Chemistry  of Natural  Compounds], 3, 

257, 1967. 
4. D. M. Clugs tonand D. B. MaeLean, Can. J. Chem. ,  43, 2516, 1965; 44, 781, 1966. 
5. Z. Sh. Faizutdinova and S. Yu. Yunusov, KhPS [Chemistry  of Natural  Compounds], 3, 260, 1967. 

28 April  1969 

Insti tute of the Chemist ry  of Natural  Compounds AS UzSSR 

102 


