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T H E  S T R U C T U R E  O F  K E S S E L R I N G I N E  

M.  K.  Y u s u p o v  a n d  A.  S.  S a d y k o v  UDC 547.944.6 

We have previously  repor ted  the isolation f rom the epigeal par ts  of Colchicum kesse l r ingi i  Rgl. of a new 
base kesse l r ingine  and its par t ia l  s t ruc ture  [1, 2]. F ro m  the nature of its UV spec t rum,  this compound differs  
considerably f rom the homoproaporphine and proaporphine bases  with a dienone r ing [3, 4]. Its IR spec t rum 
{Fig. 1) shows the absorpt ion bands of a hydroxy group (3530 cm-1), a benzene ring (1600, 900-800 cm-1), and 
methylene groups (1460 cm- 1). 

The NMR spec t rum of the alkaloid (Fig. 2) shows th ree -pro ton  singlets at 2.32 and 3.32 ppm of N-methyl  
and O-methyl  groups,  respect ively ,  and a one-proton singlet at 6.42 ppm corresponding to the C 3 proton of the 
benzene r i n g .  

According to its mass  spect rum,  which has the peaks of the following main ions: m / e  331 (M +, 42%), 330 
(M-1)  + (100%), 316, 288 (M-43)  +, 256, 244,242,  238, 230, 228, 165, kesse l r ingine  is close to the proaporphine 
alkaloids of the type of amuramine  [5], and probably has the basic skeleton I. 

F r o m  the spec t ra l  cha rac te r i s t i c s  and the e lementa ry  composition, it  may be concluded that kesse l r ingine  
is a homoproaporphine compound highly reduced in the dienone r ing and is the f i r s t  r epresen ta t ive  of substances 
with a spirocyclohexane ring. 

Diazomethane methylates  the phenolic hydroxy group of ring A of kessel r ingine with the format ion of O- 
methylkessel r ingine  (II, Scheme 1). 

Judging f rom the value of its chemical  shift (CS) in the PMR spect rum,  the methoxy group of kessel r ingine 
is located in an al icycl ic  ring. The base is iner t  to the action of ammonia and alkalis,  but it  is readi ly  hydro-  
lyzed by heating in dilute acids,  changing into n o rk es se l r i n g in e  (HI). The hydrolysis  of O-methylkessel r ingine  
forms O-methylnorkesse l r ingine  (IV), which is i somer ic  with kessel r ingine.  These two compounds differ  by the 
positions of the hydroxy and methoxy groups.  The hydrolysis  of the al icycl ic  methoxy group in the formation of 
O-methylnorkesse l r ingine  is shown by the absence of the corresponding CS ( three-pro ton  singlet  at 3.32 ppm) 

.2 

.~no 

2O 
I 

35 ,"~r 1,,¢ ~'4 /2 70. 8 7 X IOOO 

Frequency, em -x 

Fig. 1. IR spec t rum of kesselr ingine (in paraff in oil). 
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NMR spec t rum of kesselr ingine (in CDC13). 

I. R = H ; R ' = C H 3  
I I .  t~ = R" = CH:,  

III. R =  R ' = H  
IV. ]~'= CN~; R ' =  H 
V. R ' =  C2H3; R = H 

VI. l~' - -  n- CsHT; 
R - - H  

VII. 1~'= n-C4H9; 
R = H  

Scheme 1. 
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Structure and t ransformat ions  of kesselr ingine.  

f rom its PMR spec t rum and by the appearance of an absorption band of a hydroxy group in the IR spec t rum 
(Vma x 3650 cm-1). 

The base underwent no change when it was heated in solution in methanol containing hydrochlor ic  acid. 
However~ in ethanol, n-propanol,  and n-butanol a t ranses ter i f ica t ion  react ion was observed with the formation 
of the corresponding alkylnorkesselr ingine (V-VII). In acid aqueous solutions, the lat ter  a re  hydrolyzed to nor-  
kesselr ingine and on methanolysis  they are  converted into kesselr ingine.  

The t ransformat ions  of kesselr ingine reported above shows that its molecule contains a cyclic acetal  
grouping [6, 7]. Thus, the oxygen bridge and the methoxy group are  attached to the same C atom of r ing D. 
Since the formation of the ether  bond in the homoproporphine is possible only at the C 1- Ct2 and C 1- C13 pos i -  
tions [8], the acetal  group in r ing D can be located at C12 or C13. On studying the s t ruc ture  of the base with 
Dreiding models,  we came to the conclusion that a s ix -membered  r ing E, i.e., with acetal  group at Ct2, is the 
mos t  probable s t ruc ture  for it. 

The acetylation of kesselr ingine with acetic anhydride in the presence  of anhydrous sodium acetate led to 
a O,O,N-tr iacetyl  derivat ive (VIII). This reaction,  taking place with the opening of theni t rogen-conta in ing  hetero-  
cycle,  confirms the presence  of a tetrahydroisoquinoline f ragment  [9] in the molecule of the base.  On acetyla-  
tion with acetic anhydride in the presence  of sulfuric acid, however,  O,O-diacetylkesselr ingine (IX) was formed.  
These react ions show that the base contains, in addition to the phenolic hydroxyl of r ing A, another,  secondary,  
alcoholic hydroxy group. By analogy with related proaporphine and homoproaporphine alkaloids, the lat ter  may 
be assigned to the Ctt position. A comparat ive  study of the CSs of a Cil proton in kesselr ingine and its acetyl  
derivatives shows that the actual and hydroxy groups in the spirocyclohexane r ing are  actually located on adja- 
cent carbon atoms:  in the PMR spec t rum of the initial base the signal of this proton has a CS of 3.72 ppm, and 
in the products of acetylation, as is well known [10], it shifts downfield and appears  at 5.13 ppm in the fo rm of 
a broadened singlet with a half-width of 5.6 Hz. Consequently, the Ct2 position of the spi~ocyclohexane r ing is 
occupied by the acetal  group, and the proton at C n has the equatorial  orientation and interacts  with only one of 
the protons of the methylene group at C10. 

On the basis of what has been said, kesselr ingine corresponds  to the s t ruc ture  2 ,11-dihydroxy-12-meth-  
oxyhexahydro- 1,12- epoxyhomoproaporphine (I). 
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An analysis  of the molecule of the base using Dreiding models shows that the linkage of r ings E and D in 
it is possible only if the bonds a t C ~  and C~ are  both axial. Thus, the methoxy group at C12 is equatorial  in 

ring D. 

By analogy with other proaporphine and homoproaporphine alkaloids having a positive specific rotation, 
kesselring~ne is charac te r ized  by the R configuration at the C6a atom. 

E X P E R I M E N T A L  

The chromatographic  analysis  of the react ion products was per formed on Fi l t rak  No. 1 paper in the fol- 
lowing solvent sys tems :  1) n -bu tano l -hydroch lo r i c  a c i d - w a t e r  (50:7.5:13.5); 2) n-butanol saturated with 5% 
acetic acid; 3) n-butanol sa turated with water .  The R f  values of the substances are  given for sys tem 2. 

The UV spect ra  were taken in methanolic solution on an SF-4A spectrophotometer ,  the IR spect ra  on a 
UR-10 double-beam spec t rometer ,  the PMR spect ra  on an XL-100 instrument,  and the mass  spec t ra  on an MKh- 
1303 spec t rometer .  

O-Methylkesselr ingine (II). An excess  of diazomethane in n-hexane was added repeatedly to a saturated 
solution of kesselr ingine in methanol. After the end of the reaction,  the mixture of solvents was distilled off, 
and the residue was dissolved in chloroform.  The ch loroform solution was washed with water ,  and O-methyl-  
kesselr ingine with mp 200°C {from acetone), R f  0.31, was isolated. 

Mass spect rum:  m /e  345 (M+). NMR spect rum,  ppm: 3.35 and 3.75 (2 OCH3). 

Norkesselr ingine (III). A mixture of 0.75 g of kesselr ingine and 15 ml of 3% sulfuric acid was heated at 
100°C for 2 h. The solution was cooled and made alkaline with ammonia.  Norkesselr ingine was isolated with 
the composition C18H2304N'H20, mp 173-175°C and 236-237°C (from water),  R f  0.17.- 

Mass spect rum:  m/e 317 (M+). IR spectrum, cm- l :  3590, 3420-3230 (3 OH). 

O-Methylnorkesselr ingine (IV). A mixture of 0.5 g of O-methylkessel r ingine and 10 ml of 3% sulfuric 
acid was heated at 100°C for  1 h. The solution was made alkaline with ammonia and extracted with chloroform,  
giving O-methylnorkessel r ingine with mp 236-237°C (from acetone) and R f  0.20. 

Mass spect rum:  m / e  331 (M+). PMR spect rum:  3.75 ppm (arom. OCH3). 

O-Alkylnorkesselr ingines  (V-VII). A solution of 0.1 g of kesselr ingine in the appropriate  alcohol (ethanol, 
n-propanol ,  or n-butanol) containing 7% hydrochlor ic  acid was heated for 50 rain. The solvent was evaporated 
off, the residue was dissolved in water,  and the solution was made alkaline with ammonia.  The c rys ta l s  that 
deposited were washed with water  and with acetone. Faintly pink crys ta ls  of the O-alkylnorkesselr ingines  were 
obtained: O-ethylnorkesselr ingine (V), mp 175-176°C, M + 345, R f  0.50; O-n-propylnorkesse l r ingine  (VI), mp 
156-157°C, M + 359, R f  0.56- and O-n-butylnorkesselr ingine (VII), mp 96-98°C, M + 373, R f  0.64. 

Hydrolysis  of the Alkylnorkesselr ingines  to Norkesselr ingine.  A mixture of 0.1 g of ethyl- ,  n -propyl - ,  or 
n-butylnorkesselr ingine and 10 ml of 3% sulfuric acid was heated at 100°C for 2 h. The react ion p r o d u c t - n o r -  
k e s s e l r i n g i n e - w a s  isolated in the manner  descr ibed above, mp 174-175°C and 236-237°C, M + 317, R f  0.17. 

Methanolysis of the Alkylnorkesselr ingines .  A solution of 0.1 g of n-propyl -  or  n-butylnorkesselr ingine 
in 10-15 ml of methanol containing 7% hydrochloric  acid was boiled for 90 rain, and the react ion p r o d u c t - k e s -  
s e l r i n g i n e -  was isolated in the manner  descr ibed above, mp 194-196°C (from acetone), M + 331, Rf 0.26. 

O,O,N-Triacetylkessel r ingine (VIII). A mixture of 0.2 g of kesselr ingine,  0.8 g of f reshly  fused sodium 
acetate,  and 2 ml of acetic anhydride was heated at 40-50°C for 2 days. The excess  of acetic anhydride was 
eliminated by the addition of methanol. The solvent was evaporated off, the dry residue was dissolved in water ,  
and the react ion product was extracted with chloroform.  After the solvent had been distilled off,: amorph()us t r i -  
acetylkesselr ingine,  having a neutral  cha rac te r  and R f  0.70, was obtained. 

Mass spect rum:  m / e  457 (M+). IR spectrum, cm- l :  1770, 1775, 1650 (2 OCOCH 3, NCOCH3). 

O,O, Diacetylkesselr ingine (IX). One drop of concentrated sulfuric acid was added to a solution of 0.2 g 
of kesselr ingine in 2 ml of acetic anhydride. After the end of the reaction, the excess  of acetic anhydride was 
evaporated in vacuum, the residue was dissolved in water ,  the solution was made alkaline with ammonia,  and 
the react ion product  was extracted with chloroform.  Diacetylkesselr ingine with mp 140-142°C {from acetone) 
and R f  0,40 Was isolated. 
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Mass s p e c t r u m :  m / e  415 (M+). IR spec t rum,  c m - t :  1770, 1745 (20COCH3).  

SUMMARY 

On the bas i s  of IR, PMR, and m a s s  s p e c t r a  and chemica l  t r an s fo rma t ions ,  the alkaloid kesse l r ing ine  i so-  
la ted f r o m  the epigeal  pa r t s  of Colchicum kesse l r ing i i  Rgl.  has been shown to have the s t ruc tu re  of 2,11-dihy- 
d roxy-12-methoxyhexahydro-1 ,12-epoxyhomoproaporph ine  with the R absolute configurat ion a t  the C6a a tom.  
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The isola t ion f r o m  Colchicum luteum Baker .  (yellow autumn crocus)  of the nontropolone base  luteidine (I) 
with the composi t ion  C20H2504N (confirmed by the h igh-reso lu t ion  m a s s  spec t rum) ,  mp 231-232°C [~]D-96o (in 
methanol) had been  r epor t ed  prev ious ly  [1]. I ts  UV spec t r a  has absorpt ion  m a x i m a  at  228 and 272 nm (log e 
3.89 and 4.05). I ts  IR s p e c t r u m  contains absorpt ion  bands at  1677, 1667, 1617, 1600, and 3535 cm - t  showing the 
p r e sence  of an enone grouping [2], an a roma t i c  ring, and a hydroxy group. A color  reac t ion  with f e r r i c  chlo- 
r ide  and a ba thochromic  shift  of the absorpt ion  m a x i m u m  in the UV spec t rum in an alkal ine med ium show the 
phenolic na ture  of the hydroxy group. 

In the m a s s  s p e c t r u m  of luteidine, the s t ronges t  peak is that of the ion with m / e  244 (M-  99) +, and the 
molecu la r  ion (M +, 343) has an intensi ty  of 38%. The (M-  1) + ion that  is c h a r a c t e r i s t i c  for  many  isoquinoline 
alkaloids with the g r e a t e s t  intensi ty  amounts  to only 22%. The PMR spec t rum of the base  (Fig. 1) has the r e s o -  
nance s ignals  of a N-methy l  group ( th ree-pro ton  s inglet  at  2.37 ppm), two O-methyl  groups,  one of which is 
located in an a r o m a t i c  r ing ( th ree -pro ton  singlet  at  3.78 ppm) and the other  on an olefinic double bond ( three-  
proton s inglet  a t  3.51 ppm).  In addition, in the weak-f ie ld  region there  a r e  the s inglets  of one a roma t i c  proton 
and one olefinic proton (at 6.46 and 5.79 ppm, respec t ive ly) .  The posi t ive nuc lear  Overhause r  ef fec t  (NOE) be-  
tween the methoxy group (3.78 ppm) and a proton of the a roma t i c  r ing (27%) shows that they a r e  in the ortho 
posi t ion with r e s p e c t  to one another .  Withthe aid of an NEO we also  showed the pos i t ion  of the other  methoxy 
group and of the proton on the olefinic double bond. 

On the bas i s  of the spec t r a l  cha r ac t e r i s t i c s  given, luteidine may  belong to the group of alkaloids with the 
homoproaporphine  or  androcymbine  skeleton [2-4]. The choice of the c a r b o n - n i t r o g e n  skeleton for  this base  
was made on the bas i s  of the t3C s pec t r a  at  the natura l  content of the isotope.  As was to be expected,  with com-  
plete  decoupling f r o m  protons the s p e c t r u m  of Iuteidine (Fig. 2) consis ted  of 20 peaks .  Below 1 0 0 p p m a r e  located 
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