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Abetroct - D s t b r u t i n e  151 ,  d e t b r u s i n e  1 6 ) .  e t a t i n e  111 and o e r t a i n  o t h e r  a tka -  

toid8 oontaining a methytensdioxy group a t  the  C(7J-C(81 pos i t i on  have been ayntheeiaed by 

the  reac t ion  of  fomotdehyde o r  diethoxynethans rJith eu i tab te  a tka to id  aubstratea under 

oarefuZty controt ted  cond i twna .  

A number of n a t u r a l l y  occu r r i ng  C lg-d i te rpeno id  a l ka lo ids ,  e.g. de lcor ine ,  de lphe l ine ,  d e l t a l i n e  

and d ic tyocarp ine,  con ta in  a  methylenedioxy group.1 The s t ruc tu res  o f  some of these a l k a l o i d s  were 

es tab l i shed  by  a c i d i c  h y d r o l y s i s  of t h e  methylenedioxy group and comparison o+ the r e s u l t i n g  pro-  

duct  w i t h  a l k a l o i d s  o f  known s t ruc tu res .  The disadvantage of t h i s  method i s  t h a t  o the r  s e n s i t i v e  

f u n c t i o n a l  groups, such as es ters ,  are a l so  cleaved under t h e  exper imental  co0d i t i ons .  Synthesis 

of a l k a l o i d s  con ta in ing  t h e  methylenedioxy group from s u i t a b l e  subst ra tes  would be a  much more 

useful  method f o r  s t r u c t u r e  determinat ion .  Since methy lenat ion  o f  a l k a l o i d s  con ta in ing  c i s  

d i o l s  has n o t  been adequately studied, we undertook t h e  present i n v e s t i g a t i o n .  

Diethoxymethane o r  aqueous formaldehyde i n  t h e  presence o f  p - to luenesu l f on i c  ac id  ( p t s )  

was used f o r  t h e  methy lenat ion  react ions .  The s t r u c t u r e  o f  e l a t i n e  ( I ) ,  i s o l a t e d  from Det- 
phinium s t a t m  L., was o r i g i n a l l y  es tab l i shed  by  hea t i ng  t h e  a l k a l o i d  w i t h  aqueous HCI and phlo-  

. r o g l u c i n o l  a t  90'C t o  g i v e  anthranoy l lycocton ine (2 ) ,  which had been c o r r e l a t e d  w i t h  lycocto-  

n ine  (3).2 I n  t h e  present work t reatment of me thy l l ycacon i t i ne  (4) w i t h  30% aqueous HCHO 

and p - to luenesu l f on i c  ac id  i n  r e f l u x i n g  benzene (Dean-Stark apparatus) a f f o rded  e l a t i n e  

( I ) ,  mp 210-213'C ( l i t . ? :  222-225'C) and [a +2.9' (CHC13) ( l i t  .2: [a ID +3.4'), HRMS: m/z 

694.34497 ( ca l cu la ted  fo r  C38H50N2010: m/Z 694.34654). The 13c and nmr spect ra  o f  1 are no t  

a v a i l a b l e  i n  t h e  l i t e r a t u r e  and are l i s t e d  i n  Tables 1 and 2. 

D e l b r u l i n e  (5)  and de lbrus ine (6 ) ,  two a l k a l o i d s  i s o l a t e d  from D. brunoniunm ~ o y l e ~ ,  

were p a r t i a l l y  synthesized from known subst ra tes .  Thus, t rea tment  of 14-acetylbrowni ine (7) 

w i t h  diethoxymethane and p t o l u e n e s u l f o n i c  ac id  gave t h e  methylenedioxy analog 8, mp 133- 

135'C, [a]b9t16.2' (CHC13) and EIMS: m/z 521 (M+, C28H43N08). The and IH nmr da ta  are l i s t e d  

i n  Tables 1 and 2. A l k a l i n e  h y d r o l y s i s  o f  8 f u rn i shed  d e l b r u l i n e  15), mp.140-142'C. The 

s y n t h e t i c  substance showed a  h igher  mp ( l i t . 3 :  129-31'C). b u t  t h e  ir (KBr), and 1 3 ~  nmr spec t ra  

were i d e n t i c a l  w i t h  those o f  t h e  n a t u r a l  product.3 React ion of de lpha t i ne  ( 9 ) 4  under s i m i l a r  

cond i t i ons  f u rn i shed  de lb rus ine  (6 ) .  However, t h e  s y n t h e t i c  de lb rus ine  d i f f e red  from t h e  natu- 

r a l  p roduct  i n  t h e  f o l l o w i n g  ways. Mp 100-103'C (141eC)3; [ a ] $  0' (+16.8')3; 1~ nmr: 6 3.25, 



3.31, 3.33, 3.35, 3.42 (3.32, 3.33, 3.38, 3.42, 3.4313 and 5.06 (5.11 and 5.1613 f o r  t h e  

methoxyl and methylenedioxy protons, respec t i ve l y .  The ir ( n u j o l )  and 13c nmr spect ra  (Tab le  1) 

were not i d e n t i c a l .  Th is  r e s u l t  l e d  us t o  prepare de lbrus ine (6) by  two o the r  routes  from 

o t h e r  a l ka lo ids  o f  es tab l ished s t ruc tu re .  Compound 15, prepared by  methy lenat ion  o f  d e l s o l i n e  

( 1 0 ) .  was m e t h y l a t e d  t o  g i v e  compound 6; d e l b r u l i n e  ( 5 ) .  s y n t h e s i z e d  f rom 1 4 - a c e t y l -  

b rowni ine  (7)  (see Table 3). was methylated (as  repor ted3)  t o  g i ve  compound 6. Thus t h e  

products  obtained by  t h ree  d i f f e r e n t  syntheses were i d e n t i c a l  i n  a l l  respects  ( 1 ~  and 1% nmr and 

ir spectra).7 The r e s u l t s  are shown i n  Table 3. 

D e l s o l i n e  (10 ) .  a j a c i n e  ( 1 2 ) ,  1 , 1 4 - d i a c e t y l d e l c o s i n e  ( 1 3 )  and 14 -deh ,yd rob rown i i ne  

(14)  were a l so  t ransformed t o  t h e i r  methylenedioxy analogs 15, amorphous; [ a 1: +4.7' 

(CHC13); EIMS: m/z 479 M ,  C26H41N07). 16, mp 160-166'C; [ a ] E  +8' (CHC13); EIMS: m/z 640 

(Mt, C35H48N209). 17, amorphous: [ a %  t10.4' (CHC13); EIMS: m/z 549 (M+, C2gH43NOg) and 

18, amporphous; [ a ] ?  +14.3' (CHC13); EIMS: m/z 477 (M+, C26H3gNOg). r espec t i ve l y .  The and 

1~ nmr spect ra  o f  15. 16. 17 and 18 are l i s t e d  i n  Tables 1 and 2. 

That the  methylenat ion cond i t i ons  descr ibed d i d  no t  cause rearrangement was demonstrated by  t h e  

fo l l ow ing  sequence of reac t ions .  D e l t a l i n e  (19) was hydro ly red w i t h  10% aqueous H2SO4 t o  de- 
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methylenedeltamine (20, mp 101-103'C; the 1 3 ~  nmr and 1~ nmr spectra are l i s t e d  i n  Tables 1 and 

2).  Acety la t ion of 20 gave demethylenedeltaline (21, mp 100-102°C; [a]?,' t21.3' (CHC13); 

1% and 1~ nmr data are l i s t e d  i n  Tables 1 and 2).  The perchlorate s a l t  of 21 under the 

methylenation condi t ions regenerated d e l t a l i n e  (19). 

Although the y i e l d s  o f  the products are low i n  some cases, the condi t ions described w i l l  be use- 

f u l  for effect ing s t ruc tu re  co r re la t ions  among c e r t a i n  Clg-di terpenoid a lka lo ids.  

15 F$ = OH; 
= Kb 

v R Z = f ? = &  
18 R~ = KH3; I? = 0 

10 F$ = OH; $ = OC$ 
u F $ = R ~ = o A c  
14 RI = KKJ; R' = 0 



Table  1. nmr spect ra  o f  compounds 1, 6, 8, 15. 16. 17. 18, 20 and 21" 

a .  Chemical s h i f t s  i n  ppm downfield from TMS; solvent i s  CDC13. 

b,c. These may be interchanged i n  any v e r t i c a l  column. 

d .  1% s h i f t s  of ~ 2 :  (CO) 164.3, C(1')  127.3, C(2')  133.1, C (3 ' )  129.4, C(4 ' )  133.5, C (5 ' )  
131.2, C(6') 130.0, C(1") 179.8, C(2") 37.0, C(3") 35.3, C(4") 175.8, C(5") 16.4 ppm. 

e .  Values taken from Ref .  3. 

f .  1% s h i f t s  o f  172: (CO) 168.1, C(1 ' )  114.7, C(2')  141.8, C(3') 120.6, C(4')  134.8, C(5 ' )  

122.5, C(6') 130.4, (NH-CO) 168.9, (COCH3) 25.4 ppm. 
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Table 2. 1~ nmr (90 MHz, LOCI3) Spectra o f  Compounds 1, 8, 15, 16, 17, 18, 20 and 21. 

la 
b 

Proton 8 15 16 17 18 20 2 1  

18 - 4.85-4.62 m - - - 
6 a - - - 5.30 b r  

18 4.05 sC - 4.14 sC - 0.96 s d  0.88 sd 

OMe 
d 3.25 s 3.22 s 3.32 s 3.27 s 3.26 s 3 . 2 9 s  3 . 2 4 s  3 . 2 5 s  

3.33 s 3.24 s 3.35 s 3.33 s 3.29 s 3.31 s 3.33 s 3.32 s 

3.34 s 3.26 s 3.36 s 3.34 s 3.34 s 3 . 3 2 s  3 . 4 3 s  3 . 4 3 s  

3.42 s 3.30 s 3 .43s  3 . 4 2 s  - 3 . 3 4 s  - - 

a 1~ nmr s h i f t s  of R2:6 7.25 ( lH, dd, J = 8, 2 Hz, H-3' 7.52-7.68 (ZH, m, H-4' and 5 ' ) .  8.08 ( 1 ~ .  
dd. J = 8.2 Hz, H-6') and 1.50 (3H, d, J = 6 Hz, H-5"I: 

b 1~ nmr s h i f t s  of ~ 2 : 6  7.97 (lH, dd, J = 8.5, 2 Hz, H-3'). 7.10 ( lH,  ddd, J = 8.5, 8, 1 Hz, H-4 ' )  
7.58 ( lH,  ddd, J = 8.5, 8, 2 Hz, H-5'). 8.70 ( lH, dd, J = 8.5, 1 Hz, H-6'). 2.24 ( 3 ~ .  5, NHAC/ 
and 11.0 (1H. br.  NH). 

c ~ n t e n s i t ~ ' o f ~ t w o ~ ~ r o t o n s  
d I n t e n s i t y  o f  t h ree  pro tons 

Table 3. Methylenat ion o f  Some Lycoctonine-type Clg-Diterpene A l ka lo ids  

y i e l d a  Recovery of S t a r t i n g  
Subst ra te  product  % M a t e r i a l  X ~ o n d i t i o n s ~ , '  

4 1 30 50 CH20, pts,  3h 

7 8 68 17 ( C ~ H ~ O ) ~ C H ~ ?  p ts ,  7h 

9 6 22 50 CH20, pts,  8.5 h 

9.HC104 6 50 30 
d 

(C2H50)2C~2. p t s 8 . 5  h 

1 0  15 60 20 CH20, p ts ,  5 h 

1 2  16 44 12 
d 

( C Z W ) ~ C H ~ ,  p t s ,  9 h 
13 17 20 34 ( C ~ H ~ O ) ~ C H &  p ts ,  5.5 h 

14 18 25 41  
d 

( C Z H ~ O ) ~ C H ~ ,  p t s ,  3 h 
2 1 . ~ ~ 1 0 ~  19 15 45 

d 
(C2H50)2CH2, p t s ,  2 h 

a I s o l a t e d  y i e l d .  
b React ion was stopped when t h e  s o l u t i o n  had tu rned  dark.  
c 1.3 equ iva lent  o f  p t s  t o  t h e  subs t ra te  concent ra t ion  was used i n  a l l  these reac t i ons .  
d Use o f  t h i s  reagent w i t h  subst ra tes  possessing a pr imary  and secondary hydroxy l  groups l e d  t o  t h e  

format ion o f  ace ta l s  o f  t h e  type RCH20CH20CH2CH3 and R2CHOCH20CH2CH3, respec t i ve l y .  The d e t a i l s  
of these comoounds w i l l  be discussed elsewhere. 
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