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1 Abstract - By carbon-l3 and H NER methods, the proposed constitution of 

eleven newly isolated furanoid diterpenes and Bome of their transforma- 

tion products are confirmed and relative stereochemistries are establish- 

ed. CD spectra provrde the absolute stereochemistry for teucrin A, 6- 

Betoteuscordin, teuscordinon and montanm D. 

In previous communications, we reported on the constitution of furanoid 

1 diterpenes isolated from various Teucrium species: montanins A (?)', B (2) , C 
@)' and D (9)' from Teucrium montanum; teucrins A (5)435 and E ( 5 1 ~ ~ ~  from 

Teucrlum chamaedrys; 6-ketoteuscordin (z)~, 6-0-hydroxy-teuscordin (B)~ and 
8 teuscardinon @)7 from Teucrium scordium; and teupolins I (E)' and I1 (2) from 

Teucriwn polium. As carbon-13 chemical shift data may prove useful in the identi- 

9 fication of related natural products we now describe the results of our NMR 

study on these diterpenoids and some of t h e ~ r  transformation products (m, 
s ) . 2 7 3  

The ~nterpretatlon of carbon-17 data in terms of constitution and ste- 

reochemistry required accurate knowledge of the relative configurations of sub- 

stituted carbon atoms. Although some of the pertinent information was available 

1 from preliminary chemical and H NMR spectral studies, or could be anticipated on 

biogenetic grounds, a'systematic reinvestigation of the proton resonance param- 

eters appeared warranted. Relevant 'H chemical shift and coupling data are col- 

lected in the experimental section. Of general significance are the following 
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Table 1. 13c NMR chemical shifts (ppm from internal TMS) 

a InCDC13. 

b In C D C ~ ~ - D M S O - ~ ~ .  

5 , t  Assignments may be interchanged. 



stereochemical considerations. The r e l a t i v e  configurat ion of C-9 (i.~. orienta-  

t i o n o f t h e  C9-C20 bond) canusua l ly  be i n f e r r ed  from the  magnitude of the  chemical 

s h i f t  d i f fe rence  between C-7 methylene protons.lC Thus, i n  molecules with a x i a l l y  

or iented C9-C2O bond, the  an iso t rop ic  sh ie ld ing  e f f e c t  of t he  C-20 carbonyl group 

causes a  subs t an t i a l  downfield s h i f t  of the  resonance of H-7= with respect  t o  

t h a t  of i t s  H-7eq pa r tner  provided t h a t  r i n g  B assumes cha i r  conformation. Applica- 

t i o n  of t h i s  stereochemical r u l e ,  however, may be impracticable i n  cases when the 

molecule contains a  s u b s t i t u e n t a t c - 7  (see z. 2). Another c h a r a c t e r i s t i c  fea ture  

of the  furanoid di terpenes s tudied was found t o  be the o r i en t a t i on  of the  methyl 

group a t  C-8. This stereochemical d e t a i l  can be r ead i l y  i n f e r r ed  from the magni- 

tude of v i c ina l  couplings of C-7 methylene protons. For most compounds inves t i -  

gated,  the  above da ta  could be obtained from the  ana lys i s  of 100 MHz spec t ra  run 

i n  var ious solvents  and solvent  mixtures and the  r e l a t i v e  s tereochemistr ies  thus 

determined general ly  proved t o  be i den t i c a l  with those proposed i n  prel iminary 

papers. For & the proton NMR da t a  were i n f e r r ed  from spec t ra  run a t  high 

magnetic f i e l d ,  while i n  a  few instances the  r e l a t i v e  s tereochemistr ies  a t  t he  

subs t i t u t ed  carbon atomswere es tab l i shed  through comparisonof carbon-13 chemical 

s h ~ f t  da ta  with those of r e l a t e d  compounds of known stereochemistry. 

Carbon-13 chemlcal s h i f t  da ta  are  co l lec ted  i n  Table 1. The assignment 

of resonances t o  individual  carbon atoms i n  the molecules i s  based on standard 

carbon-13 FT NMR procedures.'' I n  severa l  ins tances ,  s ing le  frequency (low power) 

s e l ec t i ve  1 3 ~ - i 1 ~ l  double resonance experiments were performed i n  order t o  elim- 

i na t e  ambiguities i n  the  assignment of resonances due t o  carbon atoms of t he  same 

off-resonance mu l t i p l i c i t y .  Even i n  the  most recent  publ ica t ions  on furanoid di-  

terpenes (see s. r e f .  12), resonances a t  140 and 144 ppm are  a t t r i b u t e d  a l te rna-  

t i v e l y  t o  furan r i n g  carbons C-15 and C-16. I n  order  t o  e l iminate  t h i s  ambi@;u- 

i t y ,  we recorded high reso lu t ion  (proton-coupled) I3c spec t ra  of represen ta t ive  

d i te rpenes ,  which showed t h a t ,  I n  add i t ion  t o  carbon-proton couplings with furan  

r i ng  protons,  the  resonance a t  higher  f i e l d  exhibi ted a  s p l i t t i n g  of 3.5 Hz due t o  

three-bond i n t e r ac t i on  with H-12, hence t h i s  resonance must be a t t r i bu t ed toc -16 .  

1 Analysis of the  H and da t a  r epo r t ed in  t h i s  study l e ads  t o  the  fo l -  

lowing stereochemical conclusions. The 'H and "C spec t r a l  p rope r t i e s  of 2, 2 
and 2 are  i n  accord with published da ta  on furanoid d i te rpenes  f e a tu r i ng  a n o , ~ -  

(4,5)-unsaturated y-lactone ring.9 Thus f o r  eachof these compounds the  chemical 

s h i f t  value of the  a l l y l i c  H-10 (2.82, 2.85, 2.95 ppm) suggests trans r e l a t i v e  
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o r i en t a t i on  f o r  t h i s  proton and the  C-20 carhonyl group.'' While, i n  2 and 2, 

the  coupling p a t t e r n  of C-7 methylene protons c l e a r l y  shows the  C-8 methyl group 

t o  be equa to r i a l l y  o r ien ted ,  the  2.5 He measured f o r  J (7eq ,8) ,  the  only H-7 vic-  

i n a l  coupling observable i n  t he  7-hydroxyl molecule 2, is not spec i f i c  f o r  the  

stereochemistry a t  C-8. This  stereochemical d e t a i l ,  however, can be r ead i l y  in-  

f e r r e d  from carbon-13 r e s u l t s .  Axial ly  or iented C - 8  methyl groups are  expected 

t o  r e s u l t -  i-e i n t e r a c t i o n  - i n  increased sc reenmg f o r  the  a l l y l i c  C-10 

carbon atom a s  %. i n  teucvidin (38.8 ppm)13 and t euc r i n  HI (36.3 ppm).1•‹ The 

41.1 ppm (see Table 1 )  is p r a c t i c a l l y  i d e n t i c a l  with the  value obtained f o r  

teucvin (42.0 ppm) , I 4  a  r e l a t e d  d i te rpene  with an equa to r i a l l y  o r ien ted  C-8 methyl 

group bu t  without hydroxyl subs t i t uen t  a t  C-7, which shows t h a t ,  i n  o r i en t a t i on  

of the  C-8 methyl group is equa tor ia l  a s  had been an t ic ipa ted  on the  b a s i s  of bio- 

genet ic   consideration^.^'^ It may be noted t h a t  the  13.4 ppm observed f o r  the  C-8 

methyl carbon atom i n  2 is cons i s ten t  with the  stereochemical conclusion: the  

higher  sh ie ld ing  ( r e l a t i v e  t o  the  17 ppm measured f o r  equa tor ia l  C-8 methyls i n  

1, 2 and teucvinq4) i s  t he  r e s u l t  of r-m s t e r i c  i n t e r a c t i o n  with the ax i a l  

hydroxyl group a t  C-7. Another noteworthy f a c t  is  the  unusually high deshielding 

of the  C-20 carbonyl carbon i n  5 (180.3 ppm) which may he i n t e rp r e t ed  i n  terms of 

1 , 3 - m - d i a x i a l  (o r  d e l t a )  s t e rxc  in te rac t ion15  between t he  carbonyl group and the  

hydroxyl subs t i t uen t  a t  C-7. It i s  known16 t h a t  carbon atoms bear ing the  subs t i t -  

uen ts  p a r t i c i p a t i n g  i n  d e l t a  s t e r i c  i n t e r ac t i on  a l s o  exh ib i t  an increase i n  t h e i r  

chemical s h i f t .  This p a r t i c u l a r  f e a tu r e  seems t o  be r e f l e c t ed  i n  t he  56.3 ppm 

measured for C - 9  i n  5,  a  value which i s  near ly  5 ppm higher than the chemical 

14 s h i f t  obtained f o r  C-9 i n  teucvin (53.5 ppm) . 
The CD curve of 5 shows a  s t rong  pos l t i ve  band a t  230 m associated with 

the  n t o  n* t r ans i t l on  of the  a ,@-unsa tura ted  lac tone  chromophore and a  s t rong neg- 

a t i v e  hand a t  201 nm, According t o  the  Kuriyama rule17 the  s i gn  of the 230 nm 

band corresponds t o  8-configurat ion of C-6H. This  conclusion i s  confirmed by the  

f a c t  t h a t  the  s igns  of ba th  CD bands a r e  i den t i c a l  wlth those observed f o r  

18  teucvinl8 and opposite t o  those of respec t ive  bands l n  t eu f l i n19 ,  teucvidin , 
t euc r i n  HI" and t euc r i n  ~4" .  Thus formula -5 represen ts  t he  absolute  s tereo-  

chemistry of t euc r i n  A which i s  i n  accord with conclusions based on CD spec t ra  

from the  &ox0 de r i va t i ve  of 2. 20 

Molecules 2, 2 and 11 have an oxirane r m g  i n  pos i t i on  4 and d i f f e r  

among themselves cons t i t u t i ona l l y  i n  the number and pos i t i on  of the  0-acetyl 



groups. It w i l l  be r e c a l l e d  t h a t  t h e  r e l a t i v e  conf igura t ion  of t h e  s p i r o  carbon 

atom C-4 canbe i n f e r r e d  from t h e  magnitude of t h e  s t e r e o s p e c i f i c  long-range cou- 

p l i n g s  between C - 1 8  oxomethylene and C-3 methylene protons.21 The four-bond cou- 

p l i n g s  (1.5 t6 2.3 Hz) observed between H-3ax,;and t h e  lower f i e l d  H-18 show t h a t ,  

o r i e n t a t i o n o f t b e  C4-C18 bondispseudoax la l  i n  each of these  compounds. Another 

remarkable consequence of t h e  given r e l a t i v e  conf igura t ion  is t h e  unusual lyhigh 

shielding of H-3 protons  (1  t o  1.1 ppm), an e f f e c t  a t t r i b u t a b l e  t o  the diamag- 
eq 

n e t i c  anisotropy of t h e  oxirane r ing .  As observed i n  2, t h i s  e f f e c t  was found 

t o  disappear  due t o  cleavage of t h e  oxlrane r ing.  Molecules & and 10 were re- 

c e n t l y  obtained & reduct ion uld subsequent a c e t y l a t l o n  o f  19-acetylgnaphalin,  22 

r e s p e c t i v e l y ,  and the  s p e c t r a l  d a t a o f t h e  s y n t h e t i c  products  were compared with 

8 those  repor ted i n  prel iminary papers  on montanin C (%12 and t e u p o l i n  I (10) . 
While s p e c t r a l  cornpanson was considered s a t i s f a c t o r y  t o  s h o w t h e i d e n t i t y o f  syn- 

t h e t l c  and n a t u r a l  t e n p o l i n 1  (x), t h e  a u t h o r s a f  r e f .  22 questioned t h e  cor rec t -  

2  1 ness  of s t r u c t u r e  & proposedby us  f o r  montanm C.  Inspec t ion  of t h e  H and "C 

parameters c o l l e c t e d o n & ,  3 and z i n  t h e p r e s e n t  s tudy show, however, t h a t  the  

c o n s t i t u t i o n  and r e l a t i v e  s tereochemist ry  of montanin C a r e  c o r r e c t l y  represen ted  

by formula 2 a s  suggested in  our p re l iminary  r e p o r t .  Th i s  canclusj.on received 

1  f u r t h e r  support  by t h e  H anrl I3c  a n a l y s i s  of products  B,c and 4, obtaized & 

chenical t ransformat ion of moctanln C .  

The proton and carbon-13 r e s u l t s  f o r  montanin D (b) obtained i n  t h e  

p resen t  s tudy gave f u l l  support  f o r  t h e  proposed c o n s t i t u t i o n  of t h i s  molecule 

f e a t u r i n g a  condensed four-membered e t h e r  r i n g  and a x i a l l y  o r ien ted  hydroxyl 

1 func t ion  a t  C-63. I n  a d d i t i o n ,  t h e  d e t a i l e d  H parameters i n f e r r e d  from t h e  400 

KHz s p e c t r a  of t h e  d i a c e t a t e  (5) ( s e e  experimental) showed t h e  o r i e n t a t i o n  of 

the  methyl group a t  C - 8  t o  be e q u a t o r i a l  and t h a t  of t h e  C9-C20 bond tobe-. 

Information regarding t h e  p r e f e r r e d  conformation of r i n g s  A and B was a v a i l a b l e  

from the carbon-13 chenical  s h ~ f t  d a t a .  According t o  t h e  d a t a  i n  Table 1, i n  3 

both C-10 and C-8 e x h i b i t  r e l a t i v e l y  low chemical s h i f t  values  (37.95 and 32.16 

ppm, r e s p e c t i v e l y )  whlch a r e  r e a d l l y  i n t e r p r e t e d  i n  terms of  y-Rauche in te rac -  

t i o n s  between t h e  a x i a l l y  o r ien ted  C-6(0H) group and a x i a l l y  o r ien ted  p ro tons  a t  

C-8 and C-10 avh i lab le  only i n  a  chair - type conformation of r i n g  B. The un- 

usua l ly  high s h i e l d i n g  observed f o r  C - 2  (16.9 ppm) suggests  major conformat~ona l  

d i s t o r t i o n s  f o r  r i n g  A which i s  no t  unexpected i n  v i e w o f t h e  condensed four-mem- 

bered r lng .  (According t o  molecular models, the  p r e f e r r e d  conformation of r m g  A 
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is presumably twis t -boat . )  

I n  our e a r l i e r  paper  6-ketoteuscordin  (2)  i s o l a t e d  from Teucrium 

scordium6 was assumed t o  be i d e n t i c a l  wi th  t h e  6-0x0 d e r i v a t i v e  of teuchamaedryn 

B(2teucr in  ~ 2 )  l s o l a t e d  from Teucrium chamaedr;ys5. Th i s  conclusion was f u l l y  sup- 

por ted  by proton and carbon-13 d a t a  obtained i n  t h e  p r e s e n t  study. Our recen t  'H 

NMR d a t a  a l s o  show t h a t  t h e  o r i e n t a t i o n  of t h e  methyl group a t  C - 8  is  e q u a t o r i a l  

1 i n  both 6-0x0 compounds (see  H NMR d a t a ) ,  hence it must have t h e  same o r i e n t a t i o n  

i n  t h e  p a r e n t  t e u c r i n  H Z ,  a s  w e l l ,  l.5. not  axial a s  had been erroneously  suggested 

e a r l i e r .  10 

CD curves of both  2 and s, t h e  6-0x0 d e r i v a t i v e  of h, were recorded 

and t h e  p e r t i n e n t  d a t a  a r e  c o l l e c t e d  i n  t h e  Experimental sec t ion .  S i m i l a r l y  t o  

same o ther  6-0x0 fu rano id  d ~ t e r p e n e s ~ ~ ,  the  CD d a t a  provided no unequivocal in fo r -  

mation a s  t o  t h e  abso lu te  s tereochemist ry  of c h l r a l  c e n t r e s  i n  t h e  v i c i n i t y  of t h e  

6-0x0 chromophore. However, i t  seems reasonable  t o  assume t h a t  t h e  weak bands a t  

approx. 225 nm i n  both  molecules a r i s e  from t h e  s p l r o  l ac tone  chromophore and, 

s i n c e  t h e  observed nega t lve  s i g n  is i d e n t l c a l  wl th  t h a t  of t h e  analogous band i n  

t h e  CD spectrum of t e u c r i n  H3,they r e f l e c t  an i d e n t l c a l  abso lu te  conf igura t ion  

a t  C-9. From t h e  known abso lu te  s tereochemist ry  of t e u c r i n  ~ 3 " ~ ~ ~  and t h e  r e l a -  

t i v e  s t e reochemis t r i e s  of & and 2 ( see  above) it then fol lows t h a t  formulas h-c 
and 2 represen t  wi th  h igh  p r o b a b i l i t y  t h e  abso lu te  s tereochemist ry  of these  d i -  

terpenes .  

For t h e  sake of completeness, Table 1 a l s o  inc ludes  carbon-13 d a t a  of 

some r e l a t e d  fu rano id  d i t e r p e n e s  whose c o n s t i t u t i o n  and s tereochemist ry  have been 

f i rmly  e s t a b l i s h e d  i n  e a r l i e r  s t u d i e s :  t e u c r i n  E (5)415, a  long-time known conge- 

n e r  of t e u c r i n  H2; 60-hydroxy-teuscord-in (8 l6  and teuscordinon (2)7. For compound 

6  we no te  t h e  downfield s h i f t  (absence of y - m  i n t e r a c t i o n s  wi th  the  OH func- - 
t i o n )  experienced by resonances due t o  C-4, C - 8  and C-10 compared t o  t h e i r  values  

I n  t e u c r i n  H2I0 which shows t h a t  t h e  conf igura t ion  of C-6 i s  opposi te  i n  t h e  two 

compounds. Both 4 and 9 a r e  s t r u c t u r a l l y  r e l a t e d  t o  b a c c h o t r i c u n e a t m  B ,  a  r e l a t -  

ed n a t u r a l  product (ex. Bacchar is  t r i c u n e a t a )  wi th  no s u b s t i t u e n t  group a t  C-6, 

24 t h e  abso lu te  s tereochemist ry  of w h i c h 3 s  known from CD and X-ray s t u d i e s  . Com- 

p a r i s o n  of the  d a t a  f o r  8 and 2 i n  Table 1 with  those  publ ished on baccbotr i -  

cunea t in  B~~ shows t h e  a n t i c i p a t e d  i d e n t i t y  of t h e  r e l a t i v e  s tereochemist ry  of 

these  molecules. 



According to the results of CD measurements performed on 4 ,  the identity 
exists also in the absolute stereochemistry for these molecules. The negative 

sign of the Cotton effect attributable to the 6-0x0 chromophore (299.5 nm) indi- 

cates 5,-configuration for the lactone methylene group. The band at 247 nm, on 

the other hand, is due to chromophore of the five-membered lactone conjugated with 

the exo-m,B-double bond. Theoretical c~nsiderations~~ and empirical rules2' re- 

quire that, with the assumed 5a-configured r m g  junction, the C=C-C=O chromophore 

should be of negative chirality and give rlse to a negatlve Cotton effect which 

is in fact the case far the band at 247 nm. CD spectral comparison with related 

diterpenoids of known absolute stereochemistry (diterpenoids isolated from 

Baccharis trimeraZ7 and Baccharis tricuneataZ4) lends support for this conclusion 

and settles the absolute stereochemistry of 2 as shown in the formula. 

EXPERIMENTAL 

'H and NMH spectra were recorded on a dlsk-augmented Varian XL-100/15 

FT instrument operating at 100.1 and 25.16 Hz, respectively. High field 'H NMR 

spectra were run on a Bruker WH-400E instrument operating at 400.13 MHz. CD mea- 

surements were performed at room temp on a Jobin-Yvon-Roussel-Jouan model I11 

dichrograph using spectral grade acetonitrile. 

(1) 6H ppm (CDC13): 1.14 (3H,d, J17,8=6.8Hz,H-17), 2.82 (1H,dd, J10,1=6.0+1-5Hz 

H-10). 2.44+2.68 (2H,m, Jgem=l3.5Hz,JI1 ,12=9.0+8.5~z,~-ll), 5.45 (l~,dd,H-12), 

6.42 (1H,m,H-14), 7.06 (lH,m,J =1.0+l.O~z,~-18), 7.46 (zH,~,H-15+~-16), 

6H ppm (C6D6): 1.76 (1H,m,J8,7=ll.0+2.5Hz,H-8), 3.01 ('IH,m,Jgem=%.5Hz, 

J3ax,2=10.5+2.5Hz,H-3ax), 2.35 ( I H , ~ , H - ~ ~ ~ ) ;  

(2) 6H ppm (CDC13+DMSO-d6 5: 1): 0.98 (3H,d, J17,8=6.6Hz,H-17), 2.85 (lH,dd,J1O,l= 

6.0+8.0~z,H-lo), 2.35+2.56 (2H,m,Jgem=14.0Hz,J11,12=8-6+8.9~z,~-~~) 3.82+ 

4.38 (2H,d,Jgem=12.0Hz,~-18). 4.92 (1H,t,J6,7=2.4+2.8Hz,H-6), 5.36 (1H,t,H-12), 

6.41 (lH,m,H-14), 7.44 (2H,m,~-15+~-16), 3.28c3.46 (2~,b,-OH), 6 H ppm (c6D6): 

1.94 (lH,m,Jgem=l~.OHz,J -I.OHz,H-7 1, 2.58 (1H,m,J7ax,8=11.5H~,H-7ax)r 
7eq,8' eq 

2.55 (lH,m,H-8); 

(B) 6H ppm (cDc~~): 1.11 (3H,d,J17,8=6.4~z,~-17), 1.96c2.06 (GH,S,-COCH~), 1.02 

(1H,m,Jgem=13.0Hz,J -7.0+3.OHz,H-3 ), 2.05 (1H,m,H-3ax), 1.52 (1H,m, 
3eq,2- eq 

J7eq,6=4.0Hz,J 7e9,8- -3.0Hz,Jgem=13.5Hz,H-7 ) ,  2.16 (1H,m,J7aX,6=11.0H~, 
eq 
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(9) SH ppm (CDCl ).  1.14 (3H,d,J17,8=6.5Hz,H-17), 1.42 (3H,s,H-18), 1.75 (4x9, 
7 ' 

J ~ ~ ~ = I ~ . ~ H Z , J ~ ~ , ~ = ~ . ~ H ~ , J ~ ~ ~ , ~ = ~ . O H Z , H - ~  1, 2.20 (1H,m,J7ax,6=11.5Hz, 
eq 

12.OHz,~-7~~), 2.25+2.40 (2H,m,Jgem=14.0Hz,J11,12=8.0+9.0~z,~-11), 
'7ax,8= 
5.34 (l~,dd,H-121, 4.0@ (IH,m,H-61, 4.40c5.28 (2H,dd,Jgem=l3.OHz,JI9,6= 

I  HZ ,H-19), 6.35 (IH,m,H-14), 7.42 (2H,m,H-15+H-16); 

(&) a H  ppm (CDC13): 1.12 (3H,d,J17,8=6.5Hz,H-17), 1.97+2.00 (GH,s,-COCH7), 3.02 

(IH,m, Jgem=12.0Hz, J -4.0+1.OHz,H-7 ) ,  1.76 (1H,m;Jgem=11.5Hz,J 
3eq, 2- eq 7 e ~ ,  6= 

~. ~ H Z , J ~ , ~ , ~ = ~ . O H Z , H - ~  1, 2.04 (1H,m,J -10.0~~ ,H-7,,), 
eq 7ax,6=10-5Hz,J7ax,8- 

-~.O+~.OHZ,H-I?), 5.36 (l~,dd,H-12), 5.08 2.30+2.46 (2H,m,Jgem=13.5Hz,J11,12- 

(IH,~,H-6), 4.42+5.29 (2H,dd,Jgem=13.0Hz,J19,6=1.~~z,~-19), 5.72 (IH,~, 

J18,3ax' 0.8Hz,H-18), 6.38 (l~,m,~-14), 7.44 (2H,m,H-15+H-16); 

(s) 6~ ppm (CDCl ) .  1.04 (3H,d,J17,8=6.5Hz,H-17), 1.48 (1H,m,Jgem=14.0Hz,J7ax,6= 
3 ' 

11 . O H Z , J ~ ~ ~ , ~ = I ~ . ~ H ~ , H - ~ ~ ~ ) ,  1.93 (IH,m,J 7eq,6=5.0Hz,J7eq,8 =4.5Hz ,H-7 1, eq 
2.42 (lH,m,~-8), 1.88+2.62 (2H,m,Jgem=15.5Hz,J11,12=9.3+2.5~z,~-ll), 4.63 

(lH,dd,H-12), 3.96 (lH,m,~-6), 4.58+4.73 (2H,dd,Jgem=13.CHz,J19,6=11Wz,H-19), 

3.68 (2H,s,H-181, 3.45 (3H.5,-CCH 1, 3.20 (IH,S,C~-OH), 3.6+4.7 (2H,b,-OH), 
3 

6.44 (IH,~,H-14), 7.41 (2H,m,~-15+~-16); 

Conversion of montanin D into its 18-0-acetyl derivative. Compound % 

(50 mg) was treated with the mixture of acetic anhydride (0.16 ml) and pyridine 

(1 ml) at room temp for 24 h. The 18-0-acetyl derivative was separated from un- 

reacted and diacetyl 5 through chromatography on slllca gel (PF254+366) using 

benzene-methanol (14:3) solvent mixture. Yield 30 mg. 

Oxydatian of 18-0-acetyl derivative of & into 3. 18-0-acetyl derivative 

(10 mg) dissolved in dry dlchloromethane (1 ml) was treated with pyridine-Cr 0 2 3 
complex (43 mg) at room temp for 24 h. The product &was purified on tlc plate. 



(2) 6~ ppm (400 MHz) (CDCl ) .  0.93 (3H,d,J17,8=6.7Hz,H-17). 2.33+2.48 (a,m,Jgem= 
3 ' 

-8.5+8.8~z,~-11), 5.40 (l~,dd,H-12), 1.85 (1H,m,Jgem=15.0Hz, 13.8H~,J,,~,~~- 

J 7eq,6 =a7 eq,8 =3.&Hz,H-7 1, 2.12 (1H,m,J 7ax,6=2.1Hz, J -12.8Hz,H-7,,), 
eq 7ax,8- 

5.68 (iH,dd,H-6), 4.07+4.11 (2H,d, Jgem=12.3~z ,H-181, 4.16+4.78 (zH,~, J&=,,,= 

7.9Hz,H-19), 6.39 (1H,dd,J14,15=1.8HZ,Jq4,16=0.9~z,~-14), 7.44(3,m,H-15+ 

H-16), 2.06+2.09 (6H,s,-COCH3); 

Oxydation of teucrin H2 into its 6-0x0 derivative. Teucrin H2 (20 mg) 

dissolved in dry dichloromethane (3 ml) was treated with pyridine-Cr203 complex 

(43 mg) at ambient temp for 7 h. Purification of the product was made on kieselgel 

plate (PF254) with benzene-methanol (14:3) solvent mlxture. 

(2) 6H ppm (CDC1 ) .  1.12 (3H,d,J17,8=6.5Hz), 2.44 (a,d,JI1,q2=8-5Hz,H-11). 5-42 
3 ' 

(1H,t ,H-12), 2.38(1H,dd, ~ ~ ~ ~ = 1 4 . 3 H z ,  J7eq,8 =4.5Hz,H-7 ) ,  3.41 ( l H , d d , ~ T ~ ~ ~ , ~ =  
eq 

I~.~Hz,H-~,,), 2.89 (1H,dd,J4,1=7.0+9.5~z,~-4) 4.78+4.46 ( I H , ~ , J ~ ~ ~ = I I . ~ H ~ ,  

H-Iq), 6.41 (lH,m,H-14). 7.46 (zH,~,H-I~+H-I~). CD (CH~CN): A , m  (AS) ([GI): 
(-0.97) 226 (-1.40 (+0.37) (+6.7) 
(-3200)' (-4600j 3 '06 sh (+?ZOO)' 190 (+22000)' 

( )  6H ppm (DMSO-d6+CDC1 3:l): 1.01 (3H,d,J17,8=6-3Hz,H-17), 2.45 (a,d,J11,q2= 3 
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8.6Hz,H-ll), 5.39 (lH,t,H-12), 3.63 ~1H,m,J6,7=ll.1+4.0Hz,H-6), 3.88+4.80 

(2H,dd,Jgem=10.0Hz,J19,6=1.0Hz,H-19), 6.76 (1H,dd,J3,2=6.4+2.9Ht,H-3), 6.40 

(IH,m,H-141, 7.46 (2H,m,H-15+H-16). 4.36 (1H,d,J6,-OH=6.5Hz,-OH), 6 H ppm 

(pyridine-d ). 1.79 (1H,m,H-8). 2.09 (1H,m,Jgem=13.5Hz,J7eq,8- 5 ' -4.5Hz,H-7,,). 
2.51 (1H,m,J7ax~8=11.5Hz.H-7ax; 
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