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LAilGUIDULINE, A DlTERPEIlOID WITH AN UIIUSUAL STRUCTURE FRO14 SALVIA LANGUIDULA 

Jorge Cbrdenas,* Baldomero Esquivel ,  Ruben A. Toscano, and Lydia Rodriguez-Hahn 

I n s t i t u t o  de Quimica, Un ivers idad t lac ional  Aut6noma de Mexico, 

C i r c u i t 0  E x t e r i o r ,  Ciudad U n i v e r s i t a r i a ,  Coyoacbn 04510, Mexico, D. F .  

Abs t rac t  - The unusual s t r u c t u r e  of  l angu idu l i ne ,  a new d i t e r p e n o i d  i s o l a t e d  f r o n  
~p 

Salv ia  l angu idu la  Epl (Lab ia tae) ,  was deduced f rom the  spec t ra l  data and conf i rmed 

by X-ray d i f f r a c t i o n  ana lys is .  

Salvia genus has been shown t o  be a r i c h  source of d i t e rpeno ids ,  ma in ly  o f  t h e  *-clerodane' and 

ab ie tane type.2 It i s  represented i n  biexico by over 275 species3 w s t l y  o f  t h e  u, subgenus 

Calosphace.' 

As a r e s u l t  of o u r  chemosystematic s tud ies  on Mexican Sa lv ias ,  several  i t - c l e r o d a n e  d i t e rpeno ids  

have been i so l a ted . '  Some of them presented a rearranged W - c l e r o d a n e  ske le ton ,  f o r  example sa l -  

v i geno l i de  from Sa l v i a  fu lgens5 showed an 8(9-11) * a - c l e r o d a n e  skeleton.  Recent ly  we have 

i s o l a t e d  f r o n  S. puberulab pube ru l i n  and &-puberul in,  two d i t e rpeno ids  w i t h  novel benmnorcara-  

d iene and benzocycloheptatr iene ske le tons  o f  c l e rodan i c  o r i g i n .  

In con t i nua t i on  o f  our  systemat ic study o f  Mexican Sa lv ias  we have analysed l angu idu la  Epl 

(Sa lv ia ,  Sect ion Angulatae, Subsection Glumaceae). From t h e  ace ton ic  e x t r a c t  of  the  a e r i a l  p a r t s  

of t h e  p l a n t ,  a d i t e rpeno id  l a n g u i d u l i n e  I ,  was i s o l a t e d  a f t e r  ex tens ive  chromatographic p u r i f i c a -  

t i o n .  Langu idu l ine  i, showed mp 243-245'C. [a]: =-193.43 ( c  0.2, CHC1,). I t s  mass spectrum was 

+ 
cons i s t en t  w i t h  a m l e c u l a r  formula C,,H,,O, (M' 382), t h e  base peak a t  m/z 339 (P1 -43) and a peak 

a t  322 (I;+-60) i nd i ca ted  t h a t  i t  contained an ace ta te  group. The i r  spectrum of I showed t h e  pre-  

sence o f  an a,@-unsaturated y - lac tone f u n c t i o n  (1774 cn-') and ace ta te  carbonyl  a t  1734 cm-'. A 

s t rong band a t  1654 cm-' was a t t r i b u t e d  t o  an u,a-unsaturated ketone, t h e  absorp t ions  a t  1565, 1528 

and 630 cn-' were assigned t o  a d i s u b s t i t u t e d  furan r i n g .  The uv spectrum of  i [imax 208, 220 and 

265 nn ( c  = 28000, 17000 and 5500)] i n d i c a t e d  t h a t  t h e  ke ton i c  group i s  conjugated w i t h  the furan 

r i n g .  These data suggested t h a t  the  furan r i n g  i s  fused t o  a t r i c y c l i c  hydrocarbon skeleton which 

conta ins  an o,8-unsaturated 7- lac tone and an a d d i t i o n a l  double bond. 

The 300 Mllz nmr spectrum o f  l angu idu l i ne  1 and adequate double resonance experiments a l lowed f o r  a 

complete assignment of a l l  t "e protons i n  the  w l e c u l e  (Tab le  1 ) .  Thus i t  showed s i gna l s  of  an a,B 

- s u b s t i t u t e d  f u ran  r i n g  and an a,@-unsaturated 13:19 o l i d e .  The C-19 ne thy lene was observed as an 



ABX system a t  6 4.14 (H-19, pro-R, d, J=8.1 Hz) and 4.02 (H-19, pro-S, dd, 5-8.1 and 2.4 Hz). The 

long-range coupl ing exh ib i t ed  by H-19 pro-S suggested an =-ax ia l  o r i e n t a t i o n  f o r  C-19 and the ab- 

sence o f  a 8-subst i tuent  a t  C6.' The m u l t i p l i c i t y  o f  H-3 showed t h a t  i t  i s  bound t o  a nethylene 

group. A s i n g l e t  a t  6 2.05 was ascr ibed t o  the acetate group; i t s  geminal proton appeared as a 

doublet (J=8 Hz) a t  6 5.72 and was shown t o  be coupled t o  H-6 (Table 11, therefore the  acetate 

group must be bound t o  C7 and @-&-axial. The 'H nmr spectrum of 1 d i d  not show the secondary 

methyl group doublet  usua l l y  present i n  the pro ton ic  resonance spectra o f  c le rodan ic  diterpenads,'.' 

instead two v i n y l i c  s i ng le t s  were observed a t  6 5.43 and 5.36 and were assigned t o  the exocyc l ic  

C17 methylene double bond. This double bond must be spatially or ien ted i n  such a way as t o  exer t  

a p ro tec t i ve  e f f e c t  on the 19-pro-R proton (6 4.14).' 

Table 1. 300 MHz NMR SPECTRUM OF 1 

2.97 t d  

3.31 ddd 

2.41 ddd 

6.88 dd 

2.65 dd 

1.68 dd 

5.72 d 

2.94 d 

2.66 d 

3.35 dd 

6.77 d 

7.35 d 

5.43 s 

5.36 s 

4.14 d 

4.02 dd 

1.23 d 

2.05 s 

H-1 a6d H-10 were l oca l i sed  a t  6 2.97 ( t d ,  J-10 and 3 .1  Hz) and 2.94 (d,  J=lO Hz), respect ive ly ,  

which ind ica ted a %-axial r e l a t i o n s h i p  between them and the a l l y l i c  nature of H-1, therefore 

C 1  must be bound t o  C16 i n  langu idu l ine  1. An ABX, system observed a t  6 2.66 (d,  J=16.8 Hz) and 

3.35 (dd. 5-16.8 and 0.74 Hz) was assigned t o  the C 1 1  methylene which must be bound t o  the  ketonic 

group and t o  a f u l l y  subs t i t u ted  carbon atom. The 110 proton showed a small long-range coupl ing 

w i th  the C20 methyl which was observed a t  6 1.23 (d, J=0.74 Hz). 

The "C nmr spectrum o f  langu idu l ine  (Table 2 )  was cons is tent  w l t h  the s t ruc tu re  1 proposed f o r  i t. 

A s i n g l e t  a t  6 192.96 was ascr ibed t o  the  ketonic carbon atom. This carbon resonance i s  adequate 

f o r  an a,8-unsaturated c y ~ l o h e p t e n o n e . ~  It i s  noteworthy of mention the presence o f  on ly  th ree 
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non oxygen bear ing  spa t r i p l e t s  assigned t o  C2, C6 and C11. The chemical s h i f t s  and m u l t i p l i c i t y  

of C 1  ( 6  36.22, d )  confirmed t h a t  i t  i s  bound t o  the  a furan carbon 16. 

Table 2. "C ElMR SPECTRUIi OF 1 

C 6 C 6 

1 36.22 d 12 192.96 s 

2 32.37 t 13 123.28 s 

3 132.69 d 14 110.14 d 

4 136.20 s 15 142.06 d 

5 45.11 s 16 158.72 s 

6 40.97 t 17 118.18 t 

7 73.98 d 18 168.04 s 

8 151.14 s 19 72.17 t 

9 39.33 s 20 21.40 q* 

10 48.57 d 0gCH3 169.16 s 

11 61.89 t OCOfi, 20.04 q* 

Recorded a t  20 FIHz. TMS as i n t e r n a l  stan- 
Fig.  2 

dard SFORD m u l t i p l i c i t y .  

These values may be interchanged. 

The unusual s t r u c t u r e  o f  l angu idu l i ne  was confirmed by an X-ray ana l ys i s .  C rys ta l s  of l angu idu l i ne  

were obtained by slow c r y s t a l l i z a t i o n  from e t h y l  ace ta te .  The c r y s t a l  was or thorhombic i n  space 

group P2,2,2,, w i t h  one molecule o f  composi t ion C,,H,,O, pe r  asymnetr ic  u n i t  (0,,~,=1.29 g ~ r n - ~ ) ,  

2-4, a=11.229(4), b=11.394(5) and c=15.388(6) A; V=1968.9(4) A'. i n t e n s i t i e s  o f  1496 independent 

r e f l e c t i o n s  were measured on a H i c o l e t  R3m d i f f rac tometer  us ing  MoKa r a d i a t i o n  (A=0.7107A) up t o  

20545' o f  which 1247 were considered t o  be observed [1>2.50(1)]. The s t r u c t u r e  was solved by d i r ec t  

methods and r e f i ned  a n i s o t r a p i c a l l y  f o r  the  "on-hydrogen atoms by leas t -squares .  Hydrogen atoms 

were forced t o  r i d e  on the  corresponding carbon atoms w t h  a f ~ x e d  i s o t r o p i c  temperature f ac to r  U = 

0.06 i2. Fina l  R-0.047 (Rw=0.044) and no peaks g rea te r  than i O.lYeA-\ A l l  c a l c u l a t i o n s  were per-  

formed us ing  t h e  program package SHELXTL9 on a Nova 4s computer. A computer-generated drawing i s  

g iven  i n  F ig .  2 and revea l s  t h e  r e l a t i v e  s te reochemis t ry  o f  l angu idu l i ne .  The r i n g  A has a &Ioa 

conformation: A/B and A/C r i n g s  a re  --fused w i t h  t o r s i on ' ob  angles o f  -33.2(5); 70.714)" and 

60.9(5); -45.1(5)" ,  r espec t i ve l y .  The j u n c t i o n  A/E has t o r s i o n  angles o f  1.1(7); 36.8(4)'. The 

r i n g  B has a tw is ted-boat  conformat ion w i t h  t h e  ace ta te  group a t  C7 and t h e  methyl group a t  C9 on 

a x i a l  and e q u a t o n a l  pos i t i on ,  ho l d i ng  a n t i c l i n a l  [ ~ = 1 2 1 . 5 ( 5 ) ~ ]  and synper ip lanar  [ r=23.5(6)"1 r e l a -  

t i o n  w i t h  t h e  exocyc l i c  C=C a t  C8. The B/C j u n c t i o n  i s  trans [-35.2(5); 80.3(5)']. The C r i n g  has 

a sofa conformation. The carbonyl  group C12-02 i s  conjugated w i t h  t h e  furan r i n g  D. The Y- lac tone 

r i n g  E adopts an envelope conformat ion w i t h  f l a p  a t  C5. The molecu la r  packing i s  governed by van der  

Maals i n t e rac t i ons . "  



Langu idu l ine  shows an unusual s k e l e t o n  w i t h  a seven-membered r i n g  as a r e s u l t  o f  t h e  l i n k a g e  of 

C1 t o  C16 i n  a c l e r o d a n i c  p recursor .  To o u r  knowledge t h e r e  a r e  no precedents of t h i s  t y p e  of an- 

n u l a t i o n  i n  c lerodanes o f  n a t u r a l  o r i g i n .  

ACKNOWLEDGMENTS 

We a r e  g r a t e f u l  t o  O r .  T. P. Ramamoorthy, Botany Department, I n s t i t u t o  de B i o l o g i a ,  UNAM, f o r  bo- 

t a n i c a l  c l a s s i f i c a t i o n  o f  t h e  p l a n t  m a t e r i a l .  We thank warmly Dr. Benjamin Rodriguez, l n s t i t u t o  

de Quimica Orgdnica CSIC, Madrid, Spain, f o r  t h e  300 MHz 'H nmr spectrum o f  1. The au thors  a r e  i n -  

debted t o  Messrs. R. V i l l e n a ,  M. Torres,  L .  Velasco, A. C u e l l a r  and R. GaviRo f o r  t e c h n i c a l  a s s i s -  

tance. .  Th is  work was supported i n  p a r t  by t h e  CONACYT ( P r o j e c t  PCCBBNA 021142). 

REFERENCES 

1. A. A. Sdnchez, B. Esqu ive l ,  A. Pera. J. Cardenas, M. Sor iano-Garc ia,  A. Toscano, and L. Rodr i -  

guez-Hahn, Phytochemist ry  1987, 3, 479 and references c i t e d  t h e r e i n .  

2.  M. A .  G a l i c i a ,  B. Esqu ive l ,  A. A. Sanchez, J. Cdrdenas, T. P. Ramamoorthy, and L. Rodriguez- 

Hahn, Phytochemist ry ,  i n  p ress .  

3. T. P. Ramamoorthy, personal  communication. 

4. C. Ep l ing ,  Report. Spec. Nov. Be ih . ,  1939, 110, 1. 

5. B. Esqu ive l ,  J. Cdrdenas, A. Toscano, M. Sor iano-Garc ia,  and L.  Rodriguez-Hahn, Tetrahedron,  

1985, 41, 3213. 

6. L. Rodriguez-Hahn, B. Esqu ive l ,  A. A. Sdnchez, J. Cdrdenas, 0. G. Tovar, M. Sor iano-Garc ia,  

and A. Toscano, J. Orq. Chem., i n  press.  

7. B. Esqu ive l ,  A .  V a l l e j o ,  R. Gavino, J .  Cardenas, A. A. Sanchez, T. P. Ramarnoorthy, and L. Ro- 

driguez-Hahn, Phytocheni is t ry ,  i n  p ress .  

8. A. Ahond, A. M. Bui, P. P o t i e r ,  E. W. Hagaman, and E. Wenkert, J. Org. Chem., 1976, 41, 1878. 

9. G. M. S h e l d r i c k .  SHELXTL Rev is ion  4. An i n t e g r a t e d  system f o r  s o l v i n g ,  r e f i n i n g  and d i s p l a y -  

i n g  s t r u c t u r e s  f rom d i f f r a c t i o n  data.  U n i v e r s i t y  o f  GSt t ingen  (1983).  

10. a )  R. Bucourt .  Top ics  i n  S te reochemis t ry .  V o l .  8, p. 186, Ed. E. L. E l i e l  and 14. L. A l l i n g e r ,  

John Wi ley  and Sons, New York (1974); 

Received, 1 s t  March, 1 9 8 8  


