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Abstract - Reinvestigation of Aconitum f l a w  Hand-Maze resul ted  

i n  the  i so la t ion  of f i v e  new diterpenoid a lkaloids ,  i .e . .  dehy- 

dronapelline (1 ). 12-acetyllucidusouline (2) .  1-epi-napelline 

(3) .  12-epi-napelline (41 ,  and I-demethylhypaconitine ( 9 ) .  along 

with napel l ine ,  lucidusculine. aconitine. 3-acetylaconitine, de- 

oxyaconitine, f lavaoonitine,  beneoylaconine. and neoline. The 

s t ruc tu res  of these new compounds were determined based on spec- 

tral data and chemical transformations. The pharmacological 

t e s t s  showed tha t  12-acetyllucidusculine ( 2 )  has a s t m n g  e f fec t  

of lowering of heart r a t e  i n  Langendorff's guinea pig hear ts .  

1 In a previous paper we reported the  i so la t ion  of aoonitine (10) and 3-acetylaconi- 
2 t i n e  (11) from Aconitum f l a m  Hand-Maee. Pharmacological t e s t s  showed t h a t  ?-ace- 

ty laconi t ine  (11) has strong analgesic and antiphlogistic e f fec t s .  Now it is used a s  

a drug f o r  the  treatment of periomethrit is .  rheumatio and rheumatoid a r t h r i t s ,  sc ia-  

t i c a .  lumbago and dorsalgla w a i s t  and jo int  sprain, e t c .  with non-narcotic addit ion 

a f t e r  long duration of action. A s  t he  continuation of the  search f o r  pharmacological 

ac t ive  components, we reinvestigated the  consti tuents of the  plant.  Pmm alcohol 

ext ract  of the  roots.  we isola ted f ive  new diterpenoid a lkaloids ,  named dehydrona- 

pe l l ine  (1 ) . 12-acetyllucidusculine ( 2 ) ,  1 *pi-napelline (3) .  12-epi-napelline ( 4 ) .  

and 1-demethylhypaconitine ( 9 1 ,  along with s ix  known compounds, napel l ine  ( 5 ) .  l uc i -  

dusculine ( 6 ) ,  deoxyaconitine (12). flavaconitine (13).  beneoylaconine (14). and 

neoline (1 6), i n  addit ion t o  the  previous reported aoonitine (1 0 )  and 3-acetylaconi- 

t i n e  (1 1 ). The pharmacolagic~l t e s t s  revealed that C20 diterpenoid alkaloids.  (1 ) , 
(21, (5). and (6), all have e f fec t s  of lowering of hear t  r a t e  i n  Langendorff's &- 



nea pig  hear ts .  Among them. 12-acetyllucidusculine ( 2 )  i s  the  strongest  one and has 

no ef fec t  on t h e  amplitude of cardiac contraction.  

Dehydronapelline (1 ), C22HjlN03 (EI+ 357.2274, ca lc .  557.2244). had mp 103.5-105*~, 

[dl;' +78.3"(~=0.48, EtOH). 'H-nmr indicated the  presence of an N 4 H 2 C H j  (81.00, %, 

t ,  J=7.1 Hz: 2.61, 2.71, each lH, m), a t e r t i a r y  methyl (J0.80, 3 H ,  a ) ,  and two hy- 

droxyls ($1.69, lH, d ,  J=4.0 Hz; 1.57, l H ,  d, J=7.6 Hz, exchangable with ~ ~ 0 ) .  The - 
1 i r  absorptions at 1660, 890 cm-' and t h e  H-nmr s ignal  a t  85.16 (ZH, brd. J=1 .5 He. 

C=CH2) suggested the re  w a s  an exomethylene w i e t y .  The molecular formula together 
- 

with the  spect ra l  da ta  suggested t h a t  t h i s  compound was a C2,, di terpencid alkaloid5. 

Decaupling co r re l a t ive  s ignals  a t  61.14 (lH, dd, J=11.9. 4.3 Hz, C(14)-eH). 1.85 

( l H ,  d ,  5 ~ 1 1 . 9  Hz, C(14)-aH). and 2.45 (lH, d. J=4.5 Hz. C(13)-H) indicated t h a t  

t h i s  compound had napelline-type skeleton.  Among t h e  napelline-type compounds, the  

ring C e x i s t s  in boat oomformat1on because of chemical bond between C(7) and C(20). 

So the dihedral  angle between C(13)-H and ~ ( 1 4 ) - a ~  o r  C(12)TH is near 90'. There- 
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f o r e ,  C(l31-H and C(14)-ZH appear t o  be character is t ic  of napelline-type compounds 

( s e e  t a b l e  I ) .  The doublet of C(l3)-H suggested that  C( 12)4H w a s  subs t i tu t ed ,  v iz .  
1 

there  w a s  aC(12)-dOH. When the  H-nmr s ignal  at 64.21 (1H. d t ,  5 ~ 1 . 6 .  2.3 Hz) was 

i r r ad ia t ed ,  both s igna l s  a t  r5.16 (2H, brd, J=1.5 He, C=CH2) and 1.57 (lH, d, J=7.6 

He, OH) were changed t o  s i g h t ,  suggesting the presence of C(15)aH. The (3-configu- 

r a t ion  of C(15)4H (871.5) was established by observing the  chemical s h i f t  of C(15) 

6 i n  napell ine ( 5 )  (671.8, with f 3 - 0 ~ ) ~  and veatchine ( 8 )  (882.8. with d 4 H )  . The mass 

spectrum exhibited the  p e a s  at m/e 301 ( M + - C ~ H ~ O .  46%). 286 ( M + - C ~ H ~ O - C H ~ ,  2%). 

The l o s s  of molecule of acrolein i n  the  m s 5 ,  the i r  strong absorption at 1090 om-', 

and the  ln-nmr s ignals  a t  i3.68 (lH, s. C(19)-H) and 4.03 (lH, d, 5 ~ 5 . 3  Hz, C(1)-PH) 

4 indicated the  presence of C(l ) 4 4 ( 1 9 )  e the r  linkage i n  the  new base . Comparing t h e  

'c-nm, da ta  with those of napell ine ( 5 )  ( see  table 11) .  the  appearance of a new CH 

s ignal  a t  i93.1, the  disappearance of a CH2 signal a t  851.7, the  upf ie ld  s h i f t  of 

C ( l ) ,  t h e  C(4) occurring downfield a s  the resul t  of (I-effect and t h e  C(3).  C(5). and 

C(18) occurring upfield as the  r e s u l t  of ?-effect provided the  evidences f o r  the 

presence of C(l )4 -C(19)  e ther  linkage. Based on these  spec t ra l  analyses,  t h i s  com- 

pound , w a s  assigned t o  be dehydronapelline (1 ). The oxidation of napell ine with po- 

l tassium permanganate afforded dehydronapelline which was iden t i ca l  with t h e  na tu ra l  

product. The reduction of t h i s  new compound with sodiu? borohyride produced a s ing le  

product which w a s  i den t i ca l  with napelline8. Therefore, the  s t ruc tu re  ( 1 )  was estab- 

l i shed.  

12-Aaetyllucidwculine (2 ) .  CZ6Hj7NO5 (M+ 443.2631, ca lc .  443.2603), mp 132-l34'~, 

[4]i6 -94.1°(C=0.46, CHC13), showed the  character of napelline-type compound (see  

t a b l e  I ) .  The infrared spectrum exhibited absorptions at 3430 (hydroxyl), 1738. 1232, 
1 

1030 ( e s t e r ) ,  1660 and 887 cm-I (exomethylene). The H-nmr spectrum w a s  very s i m i l a r  

t o  tha t  of luc idwcu l ine  ( 6 )  except t h e  appearance of an acetoxy (62.01, 3 H ,  s )  and 

0.94 ppm downfield s h i f t  of C(12)fH. Thus, t h i s  compound was assigned t o  be 12-ace- 

ty l luciduscul ine  ( 2 ) .  P a r t i a l  acetyla t ion of luc idwcul ine  ( 6 )  with ace t i c  acid 

under t h e  presence of t r i f luo roace t i c  acid a t  8 0 ' ~  f o r  5 h. afforded 12-acetylluci- 

dusculine (213 ( see  f i g .  I ) .  This f a c t  confirmed t h e  s t ruc tu re  ( 2 ) .  

1-Epi-napelline ( 3 )  had mp 87-89'~. [d]i2 -11.7'(~=1.19, CH OH) and gave an analys is  3 
corresponding t o  C22H33N03 (M' 359.2466, calc.  959.2460) by high resolut ion ms .  The 

infrared spectrum showed absorptions at 3400 (hydroxyl). 1660 and 890 om-' (exome- 

thylene).  The mass spectrum of t h i s  base w a s  In acoord with tha t  of napell ine (5) .  

Every carbon chemical s h i f t  w a s  very s imi lar  t o  corresponding value of napell ine ( 5 )  
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except C(1) ( see  t ab le  11). The 6.5 ppm downfield s h i f t  of C(l ) suggested tha t  the  

configuration of C(l )-OH w a s  d i f ferent  from that of napel l ine  (5). i .e . .  a r ien- P" 
t a t ion .  Hence. t h i s  compound was deduced t o  be 1-epi-napelline (3 ) .  By oxidation 

with chromic anhydride 12-aaetyllucidusculine ( 2 )  yielded 1-keto-12-acetylluoiduscu- 

l i n e  (17) ( s e e  f ig .  I )  which, upon reduction with sodium horohydride. produced two 

products, 1 -epi-12-acetyllucidusculine (18) and 12-acetylluciduaouline ( 2 ) .  The hy- 

drolys is  of the  former one (18) afforded 1-epi-napelline ( 3 )  which was iden t i ca l  

with the  natura l  product and therefore,  the  structure ( 3 )  was established. 

12-Epi-napelline (4 ) .  C22H33N03 (M+ 359.2410, calc. 359.2460). mp 72-73.5'~, [dl;' 

-40.2'(C=1.03. CHC13), shoved the  character of napelline-type a lkaloid  ( see  table  I). 

The double doublet of C(13)-H implied the presence of C(12)aH. I r r ad ia t ion  a t  b4.18 

(lH, dd, Jd3.8, 4.8 Hz) collapsed the  s ignal  of C( 13)-H t o  doublet. This f a c t  indi-  

cated tha t  z4.18 (lH, ad. 5 3 . 8 ,  4.8 Hz) should be t h e  s ignal  of C(12)aH and the  

C ( l 2 ) - p ~  must be subst i tu ted by a hydroxyl group. The mass spectrum of t h i s  compound 

was i n  consistent with that  of napell ine ( 5 ) .  Ccmparison of the  13~-nmr data  with 

those of napell ine ( see  table  11) revealed that  a l l  of carbon chemical s h i f t s  were 

s imi lar  except those of r ing  C whose difference was respondent t o  the  configurational 

change of the  hydroxyl group a t  C( l2 ) .  Therefore, 12-epi-napelline ( 4 )  was deduced 

t o  t h i s  new base. By reduction with l i thium aluminium hydride, songorine ( 7 )  afford- 

ed two products. napell ine ( 5 )  and 12-epi-napelline ( 4 ) .  The l a t t e r  one was ident i -  

c a l  with t h e  natura l  product, which confirmed the s t ruc tu re  ( 4 ) .  

1 -Demethylhypaoonitine ( 9 ) .  C32H4$010 (M+ 601.2839, ca lc .  601.2793). had mp 180- 

1 8 2 ' ~ .  [dg6 +lg.g'(c=0.38. CHCl ). The infrared spectrum shored absorptions a t  3500 3 



1 
(hydrox~ l ) .  1725. 1290. 1150 ( e s t e r ) .  1605. 1589. 1490. and 713 cm- (aromatic r ing ) .  

The '8-nmr spectrum i n  deuteriochloroform exhibited s igna l s  a t  61.39 (3H, s. C(8)- 

0COC~3), 2.33 (3H, s, N - C H ~ ) ,  3.15, 3.29. 3.75 (each 3H, s, 0CH3), 7.44-8.02 (5H, m ,  

aromatic protons),  4.87 (lH, d, J=4.9 Hz, C(14)-pH), 3.18, 3.53 (each lH, ABq, J.8.1 

Hz, ~ ( 1 8 ) - W ) ,  3.97 (lH, d ,  J 4 . 4  Hz. C(6)-pH). 3.66 (lH, rn, C(1)-pH). 3.40 (lH, d, 

J ~ 5 . 2  Hz, C(16)-UH), 4.47 (lH, dd, J=5.4, 2.6 Hz, C(l5)-pH), and 4.40 ( lH,  d, Js2.6 

Hz. C(15)-OH). The 13c-nmr spectrum of 1-demethylhypaconitine showed tventy-eight 

signals f o r  thirty-two carbon atoms i n  t h e  molecule. The pa t t e rn  of carbon chemical 

s h i f t s  w a s  s imi lar  t o  tha t  of hypaconitine (15) except r i n g  A (see  t a b l e  111).  The- 

appearance of a new CH s ignal  a t  i71.9,  disappearance of C(1) s ignal  a t  885.0, down- 

f i e ld  s h i f t  of C(2) and upfield s h i f t s  of C(3) ,  C( 5) suggested t h a t  a secondary hy- 

droxyl instead of a methoxy group must be present a t  C (  1 ). The general carbon chemi- 

ca l  s h i f t  f o r  C(1) with an d-OH i n  aconitine-type a lkaloids  is  J72.0-73.0 except 

where a C(IO)-OH o r  a C ( 2 ) 4 ( 3 )  double bond is present t0 .  The value f o r  C(1) i n  del- 

phirine (1-epi-neoline) with an p-OH is 69.0 '~.  Since the  s h i f t  f o r  C(1) i n  this 

compound is  71.9, the  C(l)-OH is assigned an d-orientation.  Therefore, the  s t ruc tu re  

( 9 )  w a s  assigned t o  14emethylhypaconitine. 
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