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Abstract - Chemical investigation of the mots of Delphinium bonvalotii 
Franch results in the isolation of bonvalotine (1). bonvalol (5) and 
bonvalone (2), three new lycoctonine-type alkaloids with unique C(5)-OH 

substitution. 

In this communication we report the structure elucidation of three new Clg-diter- 

penoid alkaloids, designated as bonvalotine (A), bonvalol (Z) and bonvalone (2), 
isolated from the roots of Delphinium bonvalotii  ranch', which is used as a folk 
medicine in China, claimed to be analgesic, anti-inflammatory, and anti-rheumatic. 

1 R1= H, R2 = OAc Bonvalotine - 4 Delpheline 

2 R1= H, %=OH Bonvalol 

Rl. %= 0 Bonvalone 

5 Rl= OAc . R2 = H 

32 Eonvalotine. C26H39N0B (Kt 493.263$, calc. 493.2665). mp 218-220'C, -35.7' 

(c 3.6, CHCl ) .  Infrared absorption (KBr) showed the presence of a hydroxyl group 3 
at 3630 and an ester group at 1738 and 1230 cm-l. 'H nmr spectrum of bonvalotine 

in CDCl indicated the presence of a C-CH3 at 60.76 (3H, s), an acetyl group at 3 
62.16 (3H.. &, an N-CH at 62.51 (3H, s), and three methoxyl groups (each 3H. 2)  3 



a t  d3.28, 3.34 and 3.44. The spectrum a l s o  showed a one-proton t r i p l e t  (J = 5 H Z )  

centered a t  63.70 cha rac t e r i s t i c  t o  CH 0-C(l4)-P-g, a two-proton s i n g l e t  a t  14.94 
3 

for  C(7)-0-CH2-0-C(8). and a one-proton s i ng l e t  a t  15.43 f o r  AcO-C(6)-g. MS of 

bonvalotine gave 462 (M+-31) a s  the  base peak, which indicated the  presence of 

c ( ~ ) - ~ - o c H ~ ~ ~ ' ~ .  The t h i rd  methoxyl group was assigned t o  C(16) pos i t ion  based on 

the biogenetic considerations of na tura l ly  occurring C19-diterpenoid alkaloids3a. 

1 We noticed t ha t  the  C(6) hydrogen showed a sharp s i ng l e t  i n  the H nmr, d i f f e r r i ng  

from t h a t  of the  corresponding hydrogen of those s t r uc tu r a l l y  re la ted  compounds 

4 such as  t a t s iens ine  and dictyocarpine5, i n  which C(6) hydrogen exhibited a broad 

s inglet  o r  a doublet with small J values. This hinted t h a t  C(5) of bonvalotine, a 

lycoctonine-type molecule, was a quaternary carbon with an oxygenated subs t i tuen t ,  

presumably a hydroxyl group. We have experienced t ha t  the  hydroxyl group i n  bonva- 

lot ine f a i l ed  t o  be acetylated by a c e t i c  anhydride i n  the  presence of pyridine. 

ptoluenesulfonic  acid o r  pdimethylaminoWridine6. demonstrating t h a t  the pa r t i -  

cular hydroxyl group was a t e r t i a r y  alcohol and highly hindered, and again i t  

could reasonably be s i tua ted  a t  C ( 5 j  posi t ion.  Tnis p o s ~ u i a t i o n  was coniirmed 

subsquently by the finding t h a t  the hydrolyzed alkamine of bonvalotine, upon 

oxidation with periodate. afforded a seco product (M+ 449) which showed i n  I R  the 

1 presence of two carbonyl groups (1725 and 1705 cm- ) and i n  'H nmr an aldehyde, a 

s inglet  at 69.69. and meanwhile. the s i ng l e t  a t  14.11 f o r  C(6)-H found i n  the 

alkamine disappeared. The assignment of the hydroxyl group t o  C(5) was fu r t he r  

supported by the  chemical s h i f t  values of 13c nmr spectrum of the  alkamine when 

comparison was made with t h a t  of delpheline (514, an analogous compound without a 

C(5)-OH subst i tuent  (Table 1 ) .  I t  revealed t h a t  an d-effect of the hydroxyl group 

on C(5) caused a down-field s h i f t  of 21.2 ppm, P-effect on ~ ( 4 )  of 4.6. on C(6) of 

3.6, and on C(11) of 3.4 ppm, and r-effect  on C(1) of -6.7, on C(3) of -5.4. and 

on C(18) of -4.3 ppm. Bonvalotine demonstratedan NOE enhancementof 1% on C(6)-H 

a t  65.43 when C(4)-CH a t  d0.76 was sa tura ted ,  whereas no NOE was observed on its 
3 

C(6)-epimer (5) prepared from bonvalotine i n  4 s teps .  Molecular model showed tha t  

C(6)-d-H i s  more proximate t o  C(4)-CH than C(6)-P-H, hence the acetyloxy group 
3 

a t  C(6) of bonvalotine must be P-orientated. Based on the above spec t r a l  analyses.  

structure l- was assigned f o r  bonvalotine. Consequently, t h i s  s t ruc ture  (1) was 

7 confirmed by X-ray analysis  . 
Bonvalol. C24H77N07, h:+ 451, mp 165-166'~. [ d ~ i ~ - 2 6 . 3 '  ( c  0.4, C H C L ~ ) .  I R  (KEz), 

3543, 3480. 3420 cm-' (OH). P . S ,  rn/z 420 (I$'-31. base) .  'H nmr ( c D c ~ ~ ) .  10.80 (3H. 
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TABLE 1. Carbon-13 Chemical Shifts and Assignments for Bonvalotine 

(L) , Bonvalol (2) .  Bonvalone ( 2 ) .  and Delpheline 

C(6)-0-CrO 169.0 s - 
I 
CH, 21.5 q - 

a. Chemical shifts in ppm downfield from ThE. The solvent is CDC13. 



s. C(4)-CH3), 2.47 O H ,  s, N-cH3), 3.04, 4.04 (each 1 H .  s, exchangeable with D20. 

O H ) ,  3.27, 3.33, 3.43 (each 3H, 5, 3X3CH3), 3.70 (1Hs 4, J =  4.8 HZ.  C(14)-/-H), 

4.11 ( 1 ~ .  a, J =  1.5 Hz, changed i n t o  2 a f t e r  add i t ion  of D20, HO-~(6) -d -5) .  5.06, 

5.15 (each l H ,  g, C(7)-0-CHi-0-C(8)). This base was shown t o  be i d e n t i c a l  wi th  the 

hydrolyzed alkaminc of bonvalotine (1) i n  a l l  respects  including R f ,  ir ,  '1i nmr, 

and mmp. The s t r u c t u r e  Z was thus assigned f o r  bonvalol. 

Bonvalonf, C ,H NO 8' 449, mp 235-236'~. (6)?-89.3. ( c  0.3, C H C l  ) . I R  (KBr) . 
2b 35 7' 3 

3403 (OH) and 1750 em-' (cyclopentanone). :iE. m/z b18 (M+-31. base) .  'H nmr (CW13). 

60.80 (3H, s, C(4)-CH ) ,  2.46 (1H. s, exchangeable with D20. OH). 2.52 (3H, g, 
3 

ii-cH3), 3.35. 3.39. 3.42 (each 3H. s. 3x0CH3). 3.69 (1H. 4. J =  4.8 Hz. C(14:-p-Hi. 

5.12, 5.54 (each 1 H .  & 5, C(7)-0-CH2-0-C(8)). This compound was demonstrated t o  be 

i d e n t i c a l  ( i tf ,  ir ,  'H nmr, and mmp) with  the  oxidat ion (CrO /pyridine) product (M' 
3 

449) of bonvalol ( 2 ) .  Hence, s t r u c t u r e  2 was assigned f o r  bonvalone. 

The 13c nmr chemical s h i f t s  of bonvalotine,  bonvalol and bonvalone (Table 1 )  a r e  i n  

s a t i s f a c t o r y  agreement with the  assigned s t r u c t u r e s  1. 2 ,  and 2 when compared with 

rhar o i  deipheiine i i j .  

These three  bases a r e  the first examples of C -diterpenoid a lka lo id  featured with  
19 

an oxygenated subs t i tuen t  a t  the  C(5) posi t ion.  
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