
T H E  S T R U C T U R E  O F  D E L A V A Y I N E -  AN A L K A L O I D  

F R O M  S t e p h a n i a  d e l o v a y i  

I .  I .  F a d e e v a ,  T .  N. I I ' i n s k a y a ,  
M.  E .  P e r e l ' s o n ,  a n d  A.  D.  K u z o v k o v  

UDC 547.944/945 

We have p r e v i o u s l y  [1] repor ted  the isolat ion f rom the herb  Stephania delova:¢i* of the alkaloid dela-  
vayine having the composi t ion  C20H23OsN, mp 149-150°C (ethanol), [C~]D--240 ° (chloroform).  As was ob- 
se rved ,  the IR spec t rum of (I) has  the absorpt ion bands of an (~,/~-unsaturated ketone (1670 cm -i) and 
of C = C bonds (1608 cm -1) (Fig. 1). The UV spec t rum of the substance /xethanol 238, 268 nm, log ~ 3.59, max  
3.97) also indicates the p r e sence  of a sy s t em of conjugated double bonds in the molecule  of (I) .  According 
to the NMR spec t rum (Fig. 2, Table 1), delavayine includes a N - C H  3 group, two methoxy groups,  and a 

* As in Russ ian  original ;  the previous  pape r  gives the name of this herb  as Stephania delavayi  - T rans l a to r .  
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Fig. 1. IR spec t rum of delavayine (mull inparaf f in  oil, UR-IO).  
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NMR spec t rum of delavayine [in CC14, 
0--TMS, HA-100 D (100 MHz)]. 
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methylenedioxy group attached to an a romat i c  r ing.  Substance (I) also contains a methylene group in the 
a posit ion to a carbonyl  group and attached to a qua ternary  carbon atom, since on deuterat ion in an alkaline 
medium the protons  of the methylene group are  rep laced  by deu te r ium and the cor responding  quadruplet  
is absent  in the spec t rum of the deuterat ion product .  

In the Hofmann degradat ion of delavayine with subsequent ace to lys is  of the methine base  (II) ,  we ob- 
tained the substi tuted phenanthrene (III) .  On the ba s i s  of the NMR s p e c t r a  of delavayine and the product  
of its deuterat ion,  and also the r e su l t s  of the Hofmann degradat ion,  substance (I) was  assigned to the group 
of hasubanan alkaloids.  Two possible  s t ruc tu ra l  f o rmu la s  were  proposed for  it: Ia and lb. 

The fu r the r  invest igat ion of (I) has  conf i rmed that it is based  on the hasubanan nucleus: the spec-  
t r u m  of the base  lacks  a signal in the 3-4 ppm region f r o m  a proton at C9, which is found in the spec t r a  of 
the morphinan alkaloids [2, 3]. In addition to this ,  we have found that the posi t ions of the subst t tuents  
mus t  be co r r ec t ed .  

The hydro lys i s  of the methylenedioxy group in (I) gave the cor responding  dihydroxy der iva t ive  (V). 
The absorpt ion of the carbonyl  of an e s t e r  grouping (1775-1780 cm -1) in the acetylat ion product  (VI) shows 
the phenolic nature  of the hydroxyls ,  f r o m  which it follows that the methylenedioxy group is a romat i c .  

A study of the NMR spec t r a  of the substi tuted phenanthrene (II) and of the dimethoxymethylenephen-  
anthrene (IV) obtained in the saponificat ion of (III) with subsequent methylat ion,  showed that they eachcon-  
tain six a romat i c  protons  in three  pa i r s ,  r e spec t ive ly ,  in the ortho, meta ,  and p a r a  posi t ions  with r e spec t  
to one another .  These facts  show that the methylenedioxy group is located at C a and C a. 

The reduct ion of (I) with sodium te t r ahydrobora te  gave two ep imer i c  alcohols:  a c rys ta l l ine  alcohol 
(VIIa) and an amorphous  alcohol (VIIb) the IR spec t r a  of which lacked the band of a carbonyl  and showed 
the absorpt ion of a hydroxy group ( V I I a -  3180 cm-1; V I I b -  3370 cm-1).  In (VIIa) the hydroxy group is 
pseudoaxial  and in (VIlb) pseudoequator ia l ,  as follows f r o m  the values of the s p i n -  spin coupling constants  
of the proton geminal  to the hydroxyl  with the protons  of the neighboring methylene group. On pass ing  
f r o m  (I) to (VIIa and VIlb), the two singlets  in the weak field (6.41 and 6.64 ppm) do not undergo a d iamag-  
netic shift, which p e r m i t s  the i r  ass ignment  to the p a r a  protons  of an a roma t i c  nucleus.  At the same t ime,  
the s ignals  of one of the methoxy groups  (4.06 ppm) shifts  upfield by 0.25 and 0.29 ppm in (VIIa) and (VIlb) 
as compared  with (I) .  This  signal must  be asc r ibed  to a methoxyl  in the/3 posit ion to a carbonyl  group, 
since it is known [4] that in such s y s t e m s  an effect ive posi t ive r - e l e c t r o n i c  charge  is concent ra ted  on the 
/3-carbon atom, leading to some downfield d i sp lacement  of the s ignals  of the protons of the fl subst i tuents .  
Thus, the informat ion obtained shows that the molecule  of delavayine contains the s t ruc tu ra l  f r agment  a: 

I 
--C C - - - C - C H = - - C - -  

J I I] I 
OCHa OCt~a 0 

The Hofmann degradat ion of delavayine methiodide in methanol  fo rmed  the de s -ba se  (II) .  The mol-  
ecule of (II) contains an unconjugated keto group (1735 cm-~),  an isolated double bond (1658 cm- l ) ,  a meth-  
oxy group on a double bond, and two aliphatic methoxyls  (see Table 1). The absence of the s ignals  of ole- 
finic protons  in the NMR spec t rum of (II) conf i rms  the hasubanan skeleton of delavayine.  The degradat ion 
of hasubanonine methiodide takes  place s imi l a r ly  [5]. The nature of the Hofmann cleavage of delavayine 
methiodide shows the posit ion of the f r agmen t  in r ing C of delavayine:  

H 
I I [ 

-C,a-Q-C,~-C7 ' C 8 - C , , - -  
I I H I I t 

H 0 OCHa OCHa 

On the ba s i s  of the fac t s  given, the only poss ib le  s t ruc tu re  for  delavayine is s t ruc tu re  (I) (below). 

The r e su l t s  of a study of long- range  s p i n - s p i n  coupling in delavayine by means  of double resonance  
and the m e a s u r e m e n t  of the in t r amolecu la r  nuc lear  Overhause r  effect  (NOE) conf i rmed the conclusions 
drawn above. 
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The spec t rum of (I) has  two fou r -p ro ton  mul t ip le ts  with c en t e r s  at 2.0 and 2.65 ppm. It is obvious 
that  the mult iplet  in the s t ronge r  field r e l a t e s  to the methylene pro tons  in posi t ions  9 and 15; the deshield-  
ing influence of the benzene r ing  in the one case  and of the ni t rogen a tom in the other ease  leads  to down- 
f ield shif ts  of the s ignals  of the methylene groups  in posi t ions  10 and 16. Long- range  s p i n -  spin coupling 
mus t  a r i s e  between the a roma t i c  pro ton  at C 1 and the protons  of the Cl0 methylene group. In actual  fact ,  
one of the s ignals  of the a r o m a t i c  pro tons  (6.41 ppm) is somewhat  broadened;  on i r rad ia t ion  of the mul t i -  
plet  with i ts  cen te r  at 2.65 ppm, the broadening  d imin ishes .  A NOE (about 15%) is obse rved  between C 1 - H  
and H - C  10-H, which also con f i rms  the conclus ions  drawn. A NOE is  obse rved  qual i tat ively between 
H - C 1 5 - H  and C 4 - H  ( i r rad ia t ion  of the mult iplet  at 2.00 ppm).  In addition, on i r rad ia t ion  of the mult iplet  
with i ts  cen te r  at 2.65 ppm the intensi ty of the signal f r o m  the C 4 hydrogen a tom i n c r e a s e s  by about 12%. 
The protons  of the methylene groups  in posi t ions  10 and 16 a re  too r e m o t e  f r o m  the C 4 hydrogen for  aNOE 
to be caused.  However ,  in the s ame  region the re  is the doublet of one of the protons  of a methylene group 
in the ~ posi t ion with r e s p e c t  to a carbonyl .  In the case  of s t ruc tu re  (I),  one of the protons  at C 5 is  suffi-  
c ient ly  c lose  to the C 4 hydrogen for  a NOE to a r i s e .  

or.. o / " o  ocH. 
R 

-GH -OH 3 -OH 3 
O ' " r  ~'OCH. HO" ~'~ "OCH 3 N3P.O- ~ H3CO" "~ 3 

OCH3 ,a OOHz 0 0 

oy,  

O'>~'OGH. 1 

0 - o | -ocH s • a-Ac R?,OCa z 
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°cHs 3 ocH3 ~ ~-R;,,OCH~ 
I ] " 

Scheme of the trar~fo~nations of delavaytne 

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

Combined Alkaloids.  The dry comminuted  he rb  Stephania delovayi  was  mois tened  with 10% ammonia  
and exhaust ive ly  ex t rac ted  with dichloroethane.  The alkaloids w e r e  i so la ted  f r o m  the ex t rac t  with 10% sul-  
fur ic  acid.  The sul fur ic  acid solutions were  made alkaline with ammonia ,  and the mix tu re  of b a s e s  was  
ex t r ac t ed  with ch lo ro fo rm.  This ex t r ac t  was  dr ied  and evapora ted  to give 55 g of the mix ture  of alkaloids.  
Yield 0.55%. 

Delavayine (I) .  The mix tu re  of alkaloids (5 g) was t r a n s f e r r e d  to a column of a lumina  (ac t iv i tygrade  
I I ) ,  and eluted with e t h e r - m e t h a n o l  (99 : D.  Evapora t ion  of the f i r s t  por t ions  of eluate gave 1 g of a sub- 
s tance which, a f te r  c rys t a l l i za t ion  f r o m  ethanol,  had mp 140-150°C, [~]D --240° (c 1; ch loroform) .  

Found %: C 67.06, 67.31; H 6.67, 6.68; N 3.97, 3.93; OCH 3 17.30, 17.60, mol .  wt. 364 (Rast).  
C20H23OsN. Calculated %: C 67.05, H 6.70; N 3.91; OCH 3 17.36. Mol. wt. 357. The tes t  for  a methy lene-  
dioxy group with phloroglucinol  and sulfur ic  acid was  posi t ive .  

[D]Detavayine. Delavayine (0.15 g) was  added to a solution of 0.3 g of meta l l ic  sodium in 3 ml  of 
[D]methanol, 0.6 ml  of [D]water was  added, and the mix tu re  was  boiled for  30 min.  The solvents  were  
evapora ted  off to d rynes s  and the res idue  was  t r ea t ed  with 5 ml  of [D]methanol and 0.5 ml  of [D]water, 
and the resu l t ing  solution was  heated for  another  30 min and was  then evapora ted  to d ryness .  The d ry  r e s i -  
due was  dissolved in [D]water and ex t rac ted  with e ther ,  and the ex t rac t  was  carefu l ly  washed f ree  f rom al-  
kal i ,  dr ied,  and dis t i l led.  A c rys ta l l ine  substance was  obtained,the NMR spec t rum of which conf i rmed that 
deutera t ion  had been  success fu l .  
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Delavayine Methiodide.  A solution of 1 g of delavayine in 5 ml  of methanol  was  t r e a t e d  with 1.5 ml 
of methyl  iodide,  and the mix tu re  was  heated in the boi l ing  wa te r  bath for  3 h. The p rec ip i t a t e  that depos-  
i ted was  f i l t e r ed  off and c r y s t a l l i z e d  f rom methanol;  mp 190-192°C. 

Found%:  N 3 . 1 3 , 3 . 0 2 ;  I26 .80 .  C20H23OsN.CH3I. Ca l cu l a t ed%:  N2.80;  I25 .45 .  

The D e s - b a s e  of Delavayine (II) .  A suspension of 0.98 g of de lavayine  methiodide  in 3 ml  of meth-  
anol was  t r e a t ed  with a solution of 2.5 g of caus t ic  potash in 4 ml of methanol .  The mix ture  was heated in 
the boi l ing wa te r  bath for  3 h, and then the solvent  was  evapora ted  off, and the r e s idue  was d isso lved  in 
wa te r  and ex t r ac t ed  with e the r .  The opera t ions  of drying,  d i s t i l l ing  off the solvent ,  and c r y s t a l l i z a t i o n f r o m  
e ther  twice y ie lded  0.52 g of the d e s - b a s e  with mp 118-120°C. 

Acetoxymethylenedioxyphenanthrene  (III) .  A mix ture  of 0.5 g of the d e s - b a s e  of de lavayine ,  0.6 g of 
ace t ic  anhydride ,  and 0.6 g of anhydrous sodium aceta te  was  heated under  re f lux  in a sand bath at 160- 
175°C for  1.5 h. The cooled reac t ion  mix ture  was  di luted with wa te r ,  ac idi f ied with sul fur ic  acid,  and ex- 
t r a c t e d  with e the r .  The e t h e r e a l  ex t r ac t  was washed with w a t e r  s e ve r a l  t imes ,  d r ied  with sodium sulfate ,  
and evapora ted .  The r e s inous  r e s idue  was c r y s t a l l i z e d  f rom methanol  and then f rom acetone and was  
washed with e the r .  A n i t r ogen - f r ee  product  with mp 169-170°C (0.18 g) was obtained.  

Found %: C 69.63, 69.53; H 4.70, 4.75; O C H  3 11.24, 11.90. C18H1405. Calcula ted %: C 69.67; 
H 4.51; O C H  3 10.00. 

The Dimethoxymethylenedioxyphenanthrene  (IV). A solut ion of 0.15 g of the n i t r ogen - f r ee  product  in 
50 ml of methanol  was t r e a t ed  with 4.2 g of p rev ious ly  ground caus t ic  potash,  and the mix ture  was  shaken 
until  the a lkal i  had d i sso lved  comple te ly  and was  then heated in the wa te r  bath in an a tmosphe re  of n i t rogen  
for  1 h. The h y d r o l y s i s  product  was  methyla ted  by the addit ion of 1.7 ml of dimethyl  sulfate to the r eac t ion  
mix tu re .  The resu l t ing  mix ture  was  shaken for  1.5 h and was then heated in the w a t e r  bath for  2 h. The 
solvent  was  d i s t i l l ed  off, the r e s idue  was  d i sso lved  in wa te r ,  and the solution was acidif ied and ex t r ac t ed  
with ch lo roform,  af te r  which the ex t r ac t  was dr ied  and d i s t i l l ed .  The dry r e s idue  was c r y s t a l l i z e d  f rom 
benzene,  giving a subs tance  with mp 181-182°C. 

Found %: C 71.78, 71.60; H 5.08, 4.91. C170140. Calcula ted  %: C 72.35; H 4.96. 

Demethylenedelavayine  (V). A solution of 2 g of de lavayine  in a mix tu re  of 30 ml of concent ra ted  
sul fur ic  acid and 45 ml of wa te r  was t r e a t e d  with a solut ion of 2 g of phloroglucinol  in the same mix ture  
of sul fur ic  acid and wa te r .  The reac t ion  mix ture  was  heated in the wa te r  bath at 80-90°C for  3 h. The 
cooled solution was f i l t e r ed  f rom the p rec ip i t a t e  that  had deposi ted ,  the f i l t r a t e  was made a lkal ine  with 
ammonia ,  and the saponif ica t ion product  was ex t r ac t ed  with e ther  and then with ch lo ro fo rm.  C r y s t a l l i z a -  
t ion f rom a mix ture  of ethanol  and e ther  gave 0.2 g of a substance with mp 212-213°C. I ts  IR spec t rum 
showed absorp t ion  bands  at 3500 and 3300 cm -1 (OH groups) .  

Diace ty ldemethy lenede lavay ine  (VI). A solution of 0.08 g of demethylenede lavayine  in 1.5 ml  of 
pyr id ine  was  t r e a t e d  with 0.5 ml of ace t ic  anhydr ide .  The mix ture  was  shaken for  4 h, the solvent  was 
d i s t i l l ed  off, the r e s idue  was  d i sso lved  in wa te r ,  the r eac t ion  product  was  ex t r ac t ed  with ch lo ro fo rm,  and 
the ex t r ac t  was  pur i f ied  on a lumina.  It y ie lded  0.07 g of a nonc rys t a l l i z ing  substance  the IR spec t rum of 
which lacked the absorp t ion  band of OH groups .  

Reduction of Delavayine (VIIa, VIIb). With warming ,  0.85 g of delavayine was d i sso lved  in a mix ture  
of 40 ml of methanol  and 30 ml of wa te r ,  and the solution was  t r e a t e d  with 0.6 g of sodium t e t r a h y d r o b o r a t e  
added in por t ions .  The r eac t ion  mix ture  was heated in the wa te r  bath for  about 14 h. The alcohol was 
evapora ted  off, the r e s idue  was  diluted with wa te r  and made a lkal ine  with ammonia ,  and the a lka lo ids  were  
ex t r ac t ed  with ch lo ro fo rm.  This gave a mix ture  of two subs tances ,  one of which it was  poss ib le  to s e p a r -  
ate by c r y s t a l l i z a t i o n  f rom acetone and ethanol.  This substance had mp 114°C, [a]D 127.2 ° (c 0.55; ch lo ro-  
form) .  The other  subs tance ,  which was amorphous ,  was  pur i f ied  on a column of a lumina  (act ivi ty  grade  II) ,  
[ a i d  -303-8°  (c 0.79; ch loroform) .  

C O N C L U S I O N S  

The definit ive s t ruc tu re  of delevayine - an a lka lo id  i so la ted  e a r l i e r  f rom the herb  Stephania delovayi  
- has been  es tab l i shed .  
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