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F r o m  the roots  of Stephania delavayi (Menispermaceae)  col lected in the T ranscaucasus ,  by c h r o m a -  
tography on a lumina followed by c rys ta l l i za t ion  f r o m  benzene with the addition of e ther ,  we have isolated 
a new base  having the composi t ion  C21H2705N, mp 184-185°C, [~]D +160° (c 2; ethanol), which we have cal led 
isostephodel ine.  

A study of the alkaloid has shown that it has the s t ruc ture  (I): 
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The Hofmann degradat ion  of i sos tephodel ine  fol lowedby ace to lys i s  gave a n i t rogen- f ree  product  which, 
in view of its smal l  amount,  was cha r ac t e r i z ed  only by the UV spec t rum which was s i m i l a r  to the sp ec t r a  
of d iace toxydimethoxyphenanthrenes  [1]. The l a t t e r  fact  showed the possibi l i ty  that the s t ruc tu re  of the 
alkaloid was based on a morphinan  or  hasubanan skeleton.  

The p r e se nce  of a benzene nucleus and of an ~,f l -unsaturated ketone in the isostephodel ine molecule  
its IR and UV spec t r a  (vCHCls 1661, 1615, 1522 cm -1, Fig. 1; },~haaxn°l 226, 275 nm; log e 3.78, follows f r o m  

max 
3.79). The UV spec t rum of the substance  is the resul t  of the superposi t ion of the absorpt ion  of the c h r o m o -  
phoric  groups  mentioned; s i m i l a r  c h a r a c t e r i s t i c s  of the absorpt ion in the UV region a re  p o s s e s s e d  by the 
alkaloids delavayine,  16-oxodelavayine,  and stephodeline [2-4], each of which also contains a benzene nu- 
cleus and an ~,f l -unsaturated keto group not conjugated with one another.  

The p r e s e n c e  of four  methoxy groups  and an,N-methyl group was es tabl i shed f r o m  the fea tures  of the 
NMR s p e c t r u m  (Fig. 2, Table 1). Two methoxy groups are  attached to a benzene nucleus which has two 
pro tons  in the p a r a  posi t ions  with r e spec t  to one another .  When the t h r ee -p ro ton  s inglets  at 3.72 and 3.74 
ppm were  i r radia ted ,  an inc rease  in the intensi t ies  of the s ignals  of the a romat ic  p ro tons  was observed 
(6.45 ppm by 20%; 6.56 ppm by 15~0). The re  was no in t r amolecu la r  nuclear  O v e r h a u s e r  effect  (NGE) be-  
tween the two remaining  methoxy groups,  which p e r m i t s  them to be regarded  as olefinic; in these c i r c u m -  
s tances ,  the C s - O C H  3 signal is in the weak field (3.88 ppm) and the CT-OCH 3 signal in the s t rong field 
(3.26 ppm).  

In the NMR spec t rum,  the protons  at C a give two doublets with a s p i n - s p i n  coupling constant of 17 
Hz, which is ch a r ac t e r i s t i c  for  methylene groups  having a ~-e lec t ronic  s y s t e m  in the ~ posit ion [2]. The d i s -  
tance between the C 4 - H  and Cs--H e s ignals  in the spec t rum of (I) is about 1.9 A; in complete  c o r r e s p o n -  
dence with this a NOE is observed  between these protons  ( i rradiat ion of the doublet at 3.05 ppm leads to 
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Fig. 1. IR spec t rum of isostephodeline in CHC13. 
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Fig. 2. NMR spect rum of isostephodeline in CDC13 {Varian HA-100D, 
20°C, 0 -  HMDS). Above the main spec t rum are shown the f ragments  
of the INDOR and double-resonance spectra .  

an increase in the intensity of the signal at 6.56 ppm by 23%). A different a r rangement  of the c~,fl-unsatu- 
rated keto group (~Ce = CT--Cs=O) is excluded on the basis  of the values of the chemical  shifts of the p ro -  

I I 
OCH~ OCH3 

tons at C s [2]. 

The s t ructure  of ring B was also established f rom NMR spect ra  (see Table 1); the bond between the 
protons at C 9, Ci0, and C11 was confirmed by double resonance (Fig. 2). The coupling constant between 
C9--H and C i0-I-I a was determined f rom the INDOR spect ra  on the components of the doublet f rom C I i - H .  

Confirmation of the co r r ec tnes s  of the assignment of the broadened two-proton signal with its center  
at 2.78 ppm to the hydrogen atoms at Ci0 is the detection by means of double resonance of allyl interaction 
between H - C I 0 - H  and C I - H :  On i r radiat ion of the signal at 2.78 ppm the peak intensity of the singlet at 
6.45 ppm rose and its half-width decreased f rom 2.4 to 1.6 Hz (Fig. 2). 

In the range f rom 1.4 to 2.5 ppm, the spec t rum of a solution of isostephodeline in CDC13 has a four-  
proton multiplet an analysis of which according to f i r s t - o r d e r  rules proved impossible.  However, by using 
as solvent a mixture of benzene-d 6 and pyridlne-d~ (5 : 1) it was possible to simplify the spect rum somewhat 
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T A B L E  1. F e a t u r e s  of the  NMR S p e c t r a  of I s o s t e p h o d e l i n e  (20°C, 

0 - HMDS, V a r i a n  HA-100D)  

Protons 

C1-H 
C4--H 
C,t,--OC H 3 
Cs--OCH.~ 

C~- OCI-I~; C3-OCH3 
N--CH 3 

6, ppm; J, Hz, multiplicity 

Cs--He 
Cs--Ha 
Cg--H 

C1o--Ha 
Clo--He 
Ct1--H 
C1,~--Ha 
C15--He 
C~-Ha 
.Cl6--He 

coch  

6,45 s 
6,56 s 
3,26 s 
3,88 s 

3,72 s, 3,74 s 
2,36 s 

3,05; d,Jsa,5 e -----17 
2.62; d,Jsa,5 e =17 
3,58, Jg, n =3,1 
Jg.lOa =5,6; Jg.lOe =( 

2.78; Jzoa,9 =5,6 
2.78; J1oe.9 =0 
2,56; Jn.9 =3,1 

1,4--2,5m 

benzene-.d 6 + pyridine-d s (5: 1) 

6,31 s 
6,60s 
3,22 s 
3,51 s 
3,29 s, 3,40s 
2.17s 
2,87; d,Jsa,5 c =17 
2,23; d,Jsa,5 e =17 

3,73; Jg,zz =3,1 
Jg,zoa =5,6; Jg,zoe = 0  

2,79; Jzoa,9 =5,6 
2,79; Jzoe,9 --0 
2,53; JIL9 --3,1 
].64; JlSa.lSe =11.5 
1,22; Jlsa,16a = 5 , 0  
2,00; JIse,16a = 3 , 0  
2,22; JlseA6e = 1:,3 

J lSa,Z6e = l~; 'ff  

I J i 

3 2 1 

F i g .  3. NMR s p e c t r u m  of [ s o s t e p h o d e l i n e  in  a m i x t u r e  
of b e n z e n e - d  6 and  p y r i d i n e - d  5 (5 : 1) i n  the  r a n g e  f r o m  1 
to  3 p p m  (0 -- HMDS. 20°C).  F r a g m e n t s  of the INDOR 
s p e c t r a  a r e  s h o w n  above  the  m a i n  s p e c t r u m .  
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TABLE 2. Calculated Sp in-Sp in  
Coupling Constants  of the Pro tons  
at C9, C10, a n d C n  for  Different Va r i -  
ants of the Relat ive Configurat ions 
of Stephodeline and Isostephodeline 

Vari_ [ ?9,1oa I ~9,1oe [ 79,11 
ant [ 
, deg 

II 66 
III 42 66 
IV 36 78 60 

J9,10a I J9,10e I J9,11 
Hz 

4,3 2,5 
5,2 00 1,0 
4,3 0 1,0 
5,2 1,7 

and by the INDOR method (Fig. 3) to de te rmine  the chemica l  shifts  
and s p i n - s p i n  coupling constants  of the fou r -p ro ton  s y s t e m  (see 
Table 1). The values of the p a r a m e t e r s  obtained leave no doubt 

] 
of the fact  that they belong to the protons  of a N - - C H 2 - - C H 2 - - C - -  

] 

grouping. 

Thus, the functions of all the hydrogen a toms have been 
shown to be de termined.  Taking into account the empi r i ca l  fo r -  
mula  of the substance,  s t ruc tu re  {I) can be p roposed  as the only 
poss ib le  one fo r  isostephodel ine.  Consequently,  isostephodel ine 
is a spat ia l  i s o m e r  of the alkaloid stephodeline which we have 
isolated prev ious ly  [4] f r o m  the same  plant.  

In our preceding  invest igat ion [4], we did not de te rmine  the nature  of the coupling of r ings B and C 
in stephodeline,  and t he re fo re  we shall  here d iscuss  the s t e r e o c h e m i s t r y  of this alkaloid, as well.  

Fo r  both compounds there  a re  four  poss ib le  va r ian t s  of the re la t ive  configurat ion {I-IV): 

II Ill iv 

The values of the dihedral  angles ~p between the protons  m e a s u r e d  on Dreiding models  for  all the 
var ian ts ,  and the values of the s p i n - s p i n  coupling constants  calculated by means  of the Karplus  equation 
for  ca rbon  a toms  in the sp 3 s tate  (J =4.22 - 0.5 cos ¢p +4.5 cos 2¢) [4] a re  given in Table 2. 

For  stephodeline,  Jg, 10a = 6.0; Jg, 10 e = 0; J9,11 = 1.5 Hz, and fo r  isostephodeline Js,10a = 5.6; Jg, 10 e = 0; 
Jg, 11 = 3.1 Hz. On compar ing  the exper imen ta l  values of the constants  with those calculated,  and taking into 
account the fact that the Karplus  equation, as a rule, gives somewhat  low values,  it may be a s sumed  that 
var ian t  (I) is more  suitable fo r  isostephodel ine and (II) for  stephodeline.  

The following fac ts  also lead to this conclusion. The signal of the C 7 methyl  group in the spec t rum 
of isostephodel ine has an anomalously low posi t ion (3.26 ppm), which is readi ly  explained on the bas i s  of a 
cis  linkage of r ings B and C (variants  {I) and (IV)), since in this case  the CT-methoxyl fal ls  into the region 
of the sc reen ing  influence of the benzene nucleus.  In the spec t rum of stephodeline,  the signal f r o m  CT-OCH 3 
occupies the usual posit ion,  3.64 ppm, which a g r e e s  with the t rans  linkage of r ings B and C (variants  {II) 
and (III)). In s t r uc tu r e s  {II) and (III) C10-H e is p r e sen t  in the cis posi t ion with r e spec t  to the ni t rogen 
atom, which leads to some downfield shift of its signal in compar i son  with C10-Ha [6]. In va r ian t s  if) and 
(IV) the same  si tuat ion is observed,  but the oxygen a tom of the Cs-methoxy lp roves  to be c lose  to C10-H a, 
as a resul t  of which both protons  become equivalent and give a single signal which is spli t  only as the r e -  
sult of the in te rac t ion  of C10-Ha and C g - H  (the l a t t e r  takes place in the spec t rum of isostephodeline) .  

The facts  given above pe rmi t  us to cons ider  that isostephodeline and stephodeline have the m o s t p r o b -  
able re la t ive  configurat ion (I) and {II), r espec t ive ly .  

E X P E R I M E N T A L  M E T H O D  

Isostephodel ine {i). The combined alkaloids isolated by the dichloroethane method (73 g) were  d i s -  
solved in 5°/o sulfur ic  acid.  The sulfur ic  acid solutions were  made alkaline with ammonia ,  and the p r ec ip i -  
ta te  that  deposited was f i l tered off. The aqueous -ammoniaca l  mo the r  l iquor  was ex t rac ted  with benzene,  
the benzene ex t rac t  was evaporated,  and the concentra te  was deposited on a column of alumina.  When the 
f rac t ion  of alkaloids obtained by elution with benzene was c rys ta l l i zed  f r o m  benzene with the addition of 
diethyl e ther ,  a base  was obtained with mp 184-185°C; [~]D +160° (c 2; ethanol).  

Found %: C 67.41; 67.35; H 7.45; 7.30; N 3.63; 3.70; C21H2705N. Calculated %: C 67.56; H 7.23; N 
3.75. Mol. wt. 373 (mass  spec t rome t r i ea l ly ) .  
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Methiodide of (I). A solution of 0.05 g of (I) in 3 ml of methanol was t reated with 0.3 ml of methyl 
iodide. The mixture was heated in the water  bath under reflux for half an hour. After evaporation of the 
solvent, 0.06 g of technical methiodide was obtained. 

The Des-base  (I). A mixture of 0.06 g of the methiodide of (I) and a solution of 0.14 g of caust ic  
potash in 3 ml of methanol was heated on the water  bath under reflux for  4 h. Then the solvent was evap- 
orated off. The react ion product was dissolved in water,  and the solution was made acid to pH 4.0 with 
20~0 sulfuric acid and it was then extracted with ether  and the extract  was made alkaline with 25% ammonia 
solution. Then it was extracted with chloroform,  and evaporation of the ch loroform yielded 0.04 g of the 
des -base .  

Acetolysis  of the Des-base  of (I). To 0.04 g of the des-base  of (I) were added 0.5 ml of acetic an- 
hydride and 0.05 g of anhydrous sodium acetate.  The mixture was heated under reflux in a sand bath at 
160-175°C. The cooled react ion mixture was diluted with water, acidified with sulfuric acid, and extracted 
with e ther .  The ethereal  extract  was washed several  t imes  with water, dried over  sodium sulfate, and 
evaporated to give 0.013 g of n i t rogen-f ree  product.  

SUMMARY 

The s t ruc ture  of the new alkaloid isostephodeline isolated f rom the roots of Stephania delavayi Diels 
has been established.  The most  probable relative configurations of isostephodeline and of the stephodeline 
isolated previously  have been proposed.  
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