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Regelamine and io lan tamine-a lka lo ids  f rom Colchicum k e s s e l r i n g i i - h a v e  the s t ruc tures  of 11,12-dihy- 
droxy- 2- methoxyhexahydro- 1,12- epoxyhomoproaporphine (I, Scheme 1) and 1- hydroxy- 2- methoxy- 9, i0-  dihydro- 
homoproaporphine (H) [i-3],  respectively.  For  a s t r ic t  proof of the function of the inert  (bridge) oxygen atom 
and of the position of linkage of rings E and D in the regelamine molecule we have reduced it with metallic 
sodium in ethanol. Two crystal l ine  react ion products were isolated: 1-hydroxy-1,12-deoxyregelamine (III} and 
1- hydroxy- 1,12:12- dideoxyregelamine (IV). 

The methylation of compound (IV) gave 1- methoxy-1,12 :12- dideoxyregelamine (V). The reduction of 
iolantamine (If) with sodium te t rahydroborate  gave iolantaminol (VI). Hydrogenation of iolantamine with the aid 
of Raney nickel led to te trahydroiolantamine,  identical with compound (IV). 

The s t ruc tures  of the compounds mentioned were  determined by the investigation of their  UV, IR, and NMR 
spect ra  and by m a s s - s p e c t r o m e t r i c  analysis .  

In the mass  spec t rum of regelamine peaks of ions with m/e  331 (M~-), 330, 228, 270, 244, 242, and 205are  
intense, and those with m/e 284, 272, and 256 and a number of others are  less intense. The s t ruc tures  of these 
ions (their compositions were determined by high-resolut ion mass  spectra) are  given in Scheme 2. 

The ion with m/e 270 (M-61)  is formed from the ion with m/e 288 by the elimination of water. The mass  
spect ra  of regelamine also has the peak of an ion with m/e 312 {M- 19) formed analogously f rom the (M- 1)+ion. 

Ions with m/e 244.1341, with the composition C15H18NO 2, and m/e 256.1330, with the composition Ct6H18NO2, 
show the position of the spiro center  and of the oxygen bridge forming the s ix -membered  ring E. The elimina- 
tion of groups of atoms containing two oxygen atoms (C3H~O 2 and C4H702) in the formation of the ions with m/e 
256 and 244, respect ively,  is possible only with the decomposition of rings D and D, E. A detailed considera-  
tion of all the pathways of this decomposition and a comparison of them with resul ts  published previously [4] 
completely confirm the linkages of the A, C, D, and E rings in s t ructure  (I). Ions with m/e 272.1281, with the 
composit ion Ct6HtsNO3, confirm the presence  of two alcoholic hydroxy groups in regelamine.  The formation of 
ions with m/e 272 and 284 is in full harmony with the decomposition of ~-diols [5]. 
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The  f o r m a t i o n  of t h e s e  ions  by  S c h e m e  2 i s  c o n f i r m e d  by  the  p r o d u c t i o n  of the  s p e c t r a  of m e t a s t a b l e  t r a n -  
s i t i o n s  by  the  d i r e c t  a n a l y s i s  of the  d a u g h t e r  ions  (DADI). I n f o r m a t i o n  on the m e t a s t a b l e  ions  i s  g iven  be low 
{m 0 i s  the  m a s s  of the  i n i t i a l  ion,  m t the  m a s s  of the ion  f o r m e d , V 1 / V  0 the r a t i o  of the  v a l u e s  of the  d e v i a t i n g  
v o l t a g e ,  e x p e r i m e n t a l ,  and  [Vt/Vo] T the s a m e  r a t i o ,  c a l c u l a t e d ) :  

mo rat V~/ Vo [ Vt/ / Vo] w Am 

331 288 0.871 0.870 43 
331 272 o. 822 0,821 59 
331 256 0.774 0,773 75 
331 244 0.734 0.737 87 
331 242 0.730 0,731 89 
331 230 0.694 0.694 lOl  
330 312 0.944 0.945 18 
312 284 0.911 0.910 28 
288 270 0.937 0.938 18 
288 202 0.701 0.701 78 

The f o r m a t i o n  of an  ion  wi th  m / e  244 d i r e c t l y  f r o m  the  m o l e c u l a r  ion  was  shown by the  de focus ing  me thod .  The  
r a t i o  of the  v a l u e s  of the a c c e l e r a t i n g  v o l t a g e s  E J E  0 = 1.359 {ca lcu la t ed  1.356).  

The  p e a k s  of the  ions  in  the  m a s s  s p e c t r u m  of d i h y d r o r e g e l a m i n e  (III) a r e  sh i f t ed  by  two m a s s  un i t s  in  the  
d i r e c t i o n  of l a r g e r  m a s s e s  a s  c o m p a r e d  wi th  the  s p e c t r u m  of r e g e l a m i n e .  T h i s  c o n f i r m s  tha t  the  r e d u c t i o n  
took  p l a c e  a t  the  bond  of the  o x y g e n  b r i d g e  wi th  the  C12 a t o m .  The  r e d u c t i o n  of the  s a m e  r i n g  a t  the  bond with  
the  C t a t o m  i s  exc luded ,  s i n c e  i t  should  l e a d  to the  s p l i t t i n g  out  of w a t e r  and the  f o r m a t i o n  of a compound  wi th  
a m a s s  n u m b e r  of 315. 

The s t r u c t u r e  of the  s e c o n d  r e d u c t i o n  p r o d u c t  fo l lows  d i r e c t l y  f r o m  a c o m p a r i s o n  of the  m o l e c u l a r  m a s s e s  
of  the  s u b s t a n c e s :  (I), 331; (HI), 333; and  (IV), 317. The  f o r m a t i o n  of s u b s t a n c e s  (III) and (IV) on r e d u c t i o n  a t  
one and the  s a m e  r e a c t i o n  c e n t e r ,  C12, i s  a l s o  c o n f i r m e d  b y  the i d e n t i c a l  p e a k s  of ions  f o r m e d  in the  d e c o m p o s i -  
t ion  of r i n g s  [ for  e x a m p l e ,  the  i o n s  ( M - 2 9 )  + and ( M - 4 3 ) + ] .  

The  f r a g m e n t a t i o n  of s u b s t a n c e s  (III), {IV), and (VI) i s  shown in S c h e m e s  3 and 4. The  p e a k s  of the ions  
in  the  s a m e  s p e c t r u m  of compound  iV), con t a in ing  r i n g  A, a r e  sh i f t ed  by  14 a m u  in the  d i r e c t i o n  of l a r g e r  
m a s s e s  a s  c o m p a r e d  wi th  the  c o r r e s p o n d i n g  p e a k s  in  the  s p e c t r u m  of  (IV). 

I n f o r m a t i o n  on t h e  r e l a t i v e  i n t e n s i t i e s  of the  i ons  in  t he  m a s s  s p e c t r a  of  s u b s t a n c e s  (I), ( In) ,  (IV), (V), 
and (V1) i s  g i v e n  in  T a b l e  1. 
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S c h e m e  3 

4 

In the  m a s s  s p e c t r u m  of  r e g e l a m i n e  t h e r e  a r e  no p e a k s  o f  the ions  ( M - 2 8 )  + and ( M - 2 9 )  +, but  t h e r e  i s  
the p e a k  of an  ion  ( M - 1 9 )  +, which  i s  f o r m e d  f r o m  the ion ( M - l )  +. In i t s  tu rn ,  t h e  ion  ( M - 1 9 )  + d e c o m p o s e s  
wi th  the  e l i m i n a t i o n  of e thy l ene ,  f o r m i n g  an  ion ( M - 4 7 )  +, a s  i s  c o n f i r m e d  by  the me thod  of the  d i r e c t  a n a l y s i s  
of d a u g h t e r  ions  ( see  above) .  

In the  m a s s  s p e c t r a  of  s u b s t a n c e s  not  con ta in ing  the oxygen  b r i d g e  and r i n g  E (HI, IV, and VI) t h e r e  a r e  
the  p e a k s  of the ions  ( M - 2 8 )  + and ( M - 2 9 )  +. The  ion  ( M - 4 5 )  + i s  f o r m e d  d i r e c t l y  f r o m  the m o l e c u l a r  ion b y t h e  
e l i m i n a t i o n  of a CH2CH2OH g r o u p .  Th i s  i s  c o n f i r m e d  by  a m e t a s t a b l e  t r a n s i t i o n  in the  c a s e  of (III). The  ion 
( M - 4 7 )  + in  d iD ,  (IV), and (VI) i s  f o r m e d  f r o m  the ion ( M - 2 9 )  + by  the e l i m i n a t i o n  of w a t e r .  Th i s  change  i s  a l -  
so  c o n f i r m e d  by  a m e t a s t a b l e  t r a n s i t i o n :  

mo mi V~lVo I V d V d r  Am 
333 305 0.915 0.916 28 
333 304 0.913 0.913 29 
333 290 0.868 0,871 43 
333 288 0. 864 0. 865 45 
333 274 0.820 0,823 59 
333 302 0.907 0.907 3 I 
333 244 0.729 0.733 89 
333 230 0,690 0,681 103 
304 286 0.942 0,940 18 

The form$~ion of the  ion  ( M - 4 7 )  + f r o m  the ion ( M - 2 9 )  + i s  o b s e r v e d  in the s p e c t r u m  of i o l a n t a m i n o l  (VI). The  
ion  ( M -  47) + i s  f o r m e d  only  f r o m  the ion ( M -  29) + by  the  e l i m i n a t i o n  of w a t e r .  The  f o r m a t i o n  of  the ion  ( M -  47) + 
f r o m  the  ion  ( M -  19) + con ta in ing  con juga t ed  double  bonds  in r i n g  D is  i m p o s s i b l e  ( see  S c h e m e  4). The  ion ( M -  
47) + in  the m a s s  s p e c t r a  of the  p r o d u c t s  of the r e d u c t i o n  of (III, IV, and  VI) i s  f o r m e d  f r o m  the  ion ( M - 2 9 )  +, and 
in  r e g e l a m i n e  and k e s s e l r i d i n e ,  which  c o n t a i n  the  oxygen  b r i d g e  and r i n g  E,  i t  i s  f o r m e d  f r o m  the ion ( M - 1 9 )  +. 
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Scheme 4 

In dihydroregelamine (HI) there is the peak of an ion with m/e 274 showing the position of the alcoholic 
hydroxy group. We have observed decomposit ion with the formation of such an ion previously in the case of 
kessel r id ine  [4]. 

EXPERIMENTAL 

The mass spectra were taken on an MAT-311 instrument and an ionizing voltage of 70 V in the range of 
temperatures of evaporation of the samples of 80-100°C, the UV spectra were taken on an SF-4A spectrometer 
(in methanol), the IR spectra on a UR-10 double-beam spectrometer, and the NMR spectra on a Varian XL-100 
spectrometer (in deuterochloroform). 

The individuality of the substances obtained and their Rf values were determined bypaper chromatography 
using "Filtrak" No. 2 paper (fast, 120-125 g/cm 3) with the solvent system n-butanol-5% acetic acid (50:50). 

Reduction of Regelamine. With vigorous stirring and cooling, 4 g of metallic sodium were slowly added 
to a solution of 500 mg of regelamine in 80 ml of abs. ethanol. After the end of the reaction, the solvent was 
distilled off and the residue was dissolved in water. To eliminate the unchanged regelamine (Rf 0.50), the re- 
sulting alkaline solution was extracted with chloroform. The aqueous solution was acidified with hydrochloric 
acid to pH 1 and was again made alkaline, with ammonia to pH 8, and carefully extracted with chloroform. The 
chloroform extract was found to contain two substances, with Rf 0.43 and 0.67. 

When the chloroform solution of the mixture was extracted with 3% caustic soda solution, the compound 
with Rf 0.43 passed into the alkaline solution. 

1-Hydroxy-1,12-Deoxyregelamine (III). The alkaline extract containing the compound with Rf 0.43 was 
acidified with hydrochloric acid to pH 1, made alkaline again, the ammonia to pH 8, and extracted with chloro- 
form. The dry residue obtained after the distillation of the solvent was purified by passage through a small 
layer of alumina (elution with chloroform) and was crystallized from acetone. A substance CIgH2704N (mass 
spectrometrically), rap 185-187°C, M + 333.192, Rf 0.43, was isolated. 

UV spectrum: X max 213 and 287 nm. IR spectrum, Vmax, cm-1:1600 (-CH----CH-); 3100-3500 (OH). 
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NMR spec t rum (5, ppm): 6.40 (1 H, ar),  3.76 (3 H, s, OCH~, ar),  2.35 (3 H, s, N-CH3).  

1-Hydroxy-1,12:12-Dideoxyregelamine (IV). The ch loroform solution af te r  extract ion with alkali was 
dried with sodium sulfate, the solvent was distilled off, and the residue was t reated with acetone.  A white 
crys ta l l ine  substance deposited with the formula  C19H2703N (mass spect rometr ica l ly) ,  mp 175-177°C, M + 
317.1972, Rf 0.67. UV spec t rum:  Xmax 215 and 287 nm. IR spect rum,  Vmax, cm- l :  1600 ( a r . - C  = C - ) ,  
3100-3400 {OH). NM:R spect rum,  (6, ppm): 6.38 (1 H, s, arom.) ,  5.38 (1 H, s, OH phenolic), 3.76 (3 H, s,OCH3, 
arom.) ,  and 2.35 (3 H, s, N-CH3).  

Iolantaminol (VI). In port ions,  210 mg of sodium te t rahydrobora te  was added to a solution of 70 mg of 
iolantamine in 3 ml of methanol, and the mixture was left at room tempera ture  to the following day. Then the 
solvent was distilled off and the residue was t reated with water  and extracted withe acetone.  

This gave a light yellow amorphous powder with Rf 0.47 having the composit ion C19H2~O3N (mass spec-  
t rometr ica l ly) ;  M + 315.182. 

IR spectrum,  cm- t :  1600 ( a r . - C - - C - ) ,  3400-3500 (OH). 

NMR spect rum,  ppm: 6.38 (1 H, ar.) ,  5.65, 5.40 (olefinic protons), 3.72 (3 H, s, OCH3), and 2.34 (3 H, s, 
N- CH3). 

Tetrahydroiolantamine (IV). A solution of 60 mg of iolantamine in 5 ml of methanol was reduced with hy- 
drogen in the presence of freshly prepared iRaney nickel catalyst. After the end of the reaction the catalyst was 
filtered off and the solvent was distilled off. The dry residue was treated with acetone. This yielded white 
crystals with mp 173-175°C, Rf 0.67. According to its spectral characteristics and Rf value, the substance iso- 
lated was i- hydroxy- i, 12:12- dideoxyregelamine. 

SUMMARY 

On the basis of a m a s s - s p e c t r o m e t r i c  analysis  of regelamine and the products of its reductive decompos i -  
tion information has been obtained which confirms the position of the hemiacetal  group and its s t ruc ture  as a 
whole, which is also confirmed by the resul ts  of the mass  spect roscopy of the products of the reduction of 
iolantamine. 
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