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T H E  S T R U C T U R E  O F  V U L G A R O L -  A NEW 

D I T E R P E N O I D  F R O M  M a r r u b i u m  v u l g a r e  

D.  P .  P o p a  a n d  G. S.  P a s e c h n i k  UDC 547.913 

We have previously [1] reported the isolation from the plant mentioned in the title (family Labiatae) of 
a new minor diterpene glycol C20H3602, which was called vulgarol .  In the present  paper we give resul ts  which 
enable us to establish s t ructure  (i) for this compound. 

According to IR and mass  spec t rometry ,  vulgarol contains one tr isubsti tuted double bond and two hy- 
droxy groups.  

On react ion with acetic hydride in pyridine, it readily forms a monoacetate~ C22H3803 (II), and oxidation 
with active manganese dioxide converts  it into an aldehyde (III), which shows the presence  in the molecule of 
one p r imary  allyl alcohol group. 

The great  s imilar i ty  of its IR and mass  spect ra  to the spect ra  of labd-13-ene-Sa ,  15-diol (IV), and also 
the presence in its NMR spectrum of the signals of five methyl groups charac ter i s t ic  for the labdane skeleton, 
give grounds for considering that vulgarol must  have the labdane carbon skeleton (without taking s te reochemis-  
t ry  into account). 

The hydrogenation of vulgarol on platinum in ethyl acetate led, as also in the case of the diol (IV) [2], to 
two dihydro derivatives (V) and (VI) and a hydrogenolysis  product (VII). The latter has s imilar  IR spect ra  
and identical Rf values to 13(RS)-tetrahydroabienol (VIII). However, these substances differ by their specific 
rotations, and a mixture of them gave a depression of the melting point. 

Thionyl chloride dehydration of the monoacetate (II) yielded a diene (IX) with an exocyclic double bond; 
the IR spectra  of this compound and of the acetate (X) are identical in the 800-1800 cm -I region and differ only 
in the region of C - H  vibrations (2800-3000, 700-800 cm-l) .  However, the specific rotations of these substances 
are opposite in sign (Table 1). 

The hydroxylation of vulgarol with osmium tetraoxide gave a tetrol  (XI), which was converted by oxidation 
with periodic acid and potassium permanganate into a lactone (XII) differing from norambreinolide both in its 
constants and in the sign of the smooth ORD curves.  

Finally, dehydration of the hydrogenolysis products (VII) with thionyl chloride led to a hydrocarbon (XIII) 
with an 8(20) double bond and a specific rotation opposite in sign to the rotation of labd-8(20)-ene (XIV) (Table 1). 

A m a s s - s p e c t r o m e t r i c  analysis of vulgarol per formed in compar ison with that of labd-13-one-8 a ,15-diol  
confirmed the relationship of these two substances.  Thus, the mass  spectrum of vulgarol (Fig. 1) is charac-  
ter ized by the presence  of a weak peak of the molecular  ion, the fragmentation of which shows the presence  of 
two hydroxy groups.  Two molecules of water are eliminated in two direct ions:  M - (18 +15 +18) [m/e 308 
290 ~ 275 -~ 257] and M- (18  +18 +15) [m/e 308 ~ 290 ~272  --257].  The 275 --  257 transit ion is confirmed by 
a metastable peak with m /e  240.5 (calculated, 240.2). Similar fragmentation is observed in the spect rum of 
labdene-8~, 15-diol (IV). Moreover,  in the region of mass  numbers relating to the fragmentation of thebicycl ic  
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TABLE 1. Specific Rotations of Der iva t ives  of Vul- 
garol  and of Labdene-Sa ,  15-diol 

Vulgarol derivatives l=l~ Labdene-8a,derivatives 15-diol [~l~ 

Vulgarol (I) 
Acetate (IX). 
Hydrocarbon (XlII) 
Alcohol (VII) 

Lactone (XII) 

±0 
--24,6 
--27,0 
- -  9 , 4  

--32,0 

Labdene- 8 a. 15-diol 
Acetate (X) 
Labd-8(20)-ene 
Tetrahydroabienol 

(VIII) 
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Mass spec t r a  of vulgarol  (a) and of l abdene-8a  , 15-diol (b). 

nucleus (m/e  < 177), the m a s s  s p e c t r a  of these two compounds are  identical .  In a higher region there  are  
s eve ra l  d i f fe rences  connected with fea tures  of the s t ruc tu r e s  of these subs tances .  Thus,  l abdene-8a ,15-d io l  
(IV) does not give the peak of the molecu la r  ion, while the m a s s  spec t rum of vulgarol  does contain M + (1.7%). 
In the s p e c t r u m  of compound (IV) there  a re  peaks  with m / e  192 (70%) ("a"),  191 (35%) ("b"), and 177 (58%) 
("a" - 15), the in tensi t ies  of which in the spec t rum of vulgarol  a re  52, 10, and 65~, r e spec t ive ly .  

The dif ferent  re la t ive  in tensi t ies  of the peaks  with m / e  192 and 191 in the spec t r a  of the compounds 
cons idered  show that the p r o c e s s  of dehydrat ion through the C 8 hydroxyl and the subsequent  c leavage of the 
C 9- Cll bond in vulgarol  take place with the predominant  par t ic ipat ion  of the protons  of the side chain, while 
in the case  of the diol (IV) one of the protons of the b icycl ic  s y s t e m  of the molecule ,  mos t  probably  detached 
f r o m  the C 9 posit ion,  also pa r t i c ipa tes  in this p roce s s  [3]. This,  like all the facts  mentioned above, gave 
grounds for assuming  that vulgarol  is not the antipode of the diol (IV), but differs  f r o m  the la t ter  by the s t e r e o -  
c h e m i s t r y  of the linkage of the A/B r ings ,  which is also respons ib le  for  the direct ion of dehydrat ion.  Con- 
f i rmat ion  of this was given by the r e su l t s  of a study of the ORD of the ketone (XV) obtained by the hydroxylat ion 
of the hydrocarbon  (XIII) followed by per iodate  oxidation of the in te rmedia te  diol. 

A compar i son  of the fo rms ,  ampli tudes,  and signs of the Cotton effects  of the ORD curve  of the ketone 
(XV) with that of the ketone (XVI) obtained f rom the known labdene (XIV) (Fig.  2), and also a compar i son  of 
these cu rves  with the ORD curves  of oxos tero ids  of the choles tane and copros tane  s e r i e s  [4] and of c i s -deca lones  
[5] enabled compound (XV) and consequently,  vulgarol  as well to the bicycl ic  di terpenoids with the cis linkage of the 
A/B r ings .  
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F i g .  2.  ORD c u r v e s  of  the 
ke tone  (XV) (1) and of the  
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On the b a s i s  of  oc t an t  d i a g r a m s  [6] and a l s o  of a c o n s i d e r a t i o n  of  the  m o l e c u l a r  m o d e l s  of the  ke tone  
(XV), i t  has  b e e n  c o n c l u d e d  tha t  of the four  p o s s i b l e  c o n f o r m a t i o n s  of c i s - l i n k e d  b i c y c l i c  s y s t e m s  [7], two of 
t h e m  a r e  p o s s i b l e  in t h i s  c a s e ;  s t e r o i d - l i k e  (XVa) and n o n s t e r o i d  (XVb). The  o t h e r  two c o n f o r m a t i o n s  w e r e  
r e j e c t e d  s i n c e  c u r v e s  wi th  p o s i t i v e  Cot ton  e f f e c t s  w e r e  p r e d i c t e d  fo r  t h e m .  

The  cho ice  b e t w e e n  c o n f o r m a t i o n s  (XVa) and (XVb) in f a v o r  of  the  f o r m e r  was  m a d e  a f t e r  c o m p a r i n g  
the v a l u e s  of A e  c a l c u l a t e d  f r o m  the m o l e c u l a r  a m p l i t u d e  (An -- [A]/4018) [8] of  the c u r v e  of  the  ke tone  (XV) 
wi th  l i t e r a t u r e  i n f o r m a t i o n  f o r  s u b s t a n c e s  p r e s e n t  in c o r r e s p o n d i n g  c o n f o r m a t i o n s .  Thus ,  a va lue  of  Ae  of  
- 0 . 2 5  fo r  the  ke tone  (XV) c o i n c i d e s  wi th  A~ for  a 2 - o x o - 5 ~ , 1 0 ~ - s t e r o i d  ( - 0 . 2 8 )  and d i f f e r s  c o n s i d e r a b l y  f r o m  

A e f o r  6fi, 7 f l - i s o p r o p y l i d e n e - 1 0 / 3 - m e t h y l - c i s - 2 - d e c a l o n e  ( - 0 . 0 6 )  [7], which shows  the s t e r o i d - l i k e  c o n f o r m a t i o n  
of  the  v u l g a r o l  m o l e c u l e .  

The  h y d r o x y  g r o u p  a t  C 8 m u s t  be  s - o r i e n t e d  ( e q u a t o r i a l ) ,  s i n c e  the d e h y d r a t i o n  of compounds  (II) and 
(VII) wi th  th iony l  c h l o r i d e ,  t ak ing  p l a c e  by  a t r a n s - e l i m i n a t i o n  m e c h a n i s m ,  f o r m s  only  8(20) o le f in .  

I t  fo l lows  f r o m  a c o n s i d e r a t i o n  of  oc t an t  d i a g r a m s  of the ke tone  (XV) tha t  the  s ide  cha in  at  C 9 m u s t  be  
e q u a t o r i a l l y  o r i e n t e d ,  a s  in a l l  known b i c y c l i c  d i t e r p e n o i d s .  O t h e r w i s e  (if t h i s  p o s i t i o n  w e r e  ax ia l ) ,  a p o s i t i v e  
Cot ton  e f f ec t  would  be  e x p e c t e d  fo r  c o m p o u n d  (XV). 

S u m m a r i z i n g  a l l  tha t  ha s  b e e n  s a i d ,  the  s t r u c t u r e  and s t e r e o c h e m i s t r y  of v u l g a r o l  can  be  r e p r e s e n t e d  by  
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f o r m u l a  (I). 
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= CH2OH , R 3 = H 2. VI. R 1 = f l - H ,  R 2 = CH2OH , 1R 3 = H 2. VII .  R 1 = H, R 2 = CH3, R 3 = H 2. VIII.  R 1 = 
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C(CH3)-C2H5, R 2 = a - O H ,  R 3 =CH 3. IX. R 1 =C(CH3) =CH-CH2OAc , R 2 +R 3 = CH 2. X. R 1 =C(CH3) = C H -  
CH2OAc , R 2 +R  3 =CH 2. XI. R I =R 3 =OH, R 2 =CH2OH. XIII. R I =CH(CH3)-C2H5, R 2 + R  3 =CH 2. XIV. R I = 
CH(CH3)-C2Hs, R 2 +R  3 =CH 2. XV. R I =C(CH3)-C2H5, R 2 +R 3 =O.  XVa. R = C6H13. XVb. R =C6H13. XVI. 
R I = CH(CH3)-C2H5, R 2 + R 3 = O. 

E X P E R I M E N T A L  

The IR spec t ra  were taken on a UR-10 spec t romete r ,  the NMR spect ra  on a HA-Varian-100 instrument  
(internal s tandard:  te t ramethylsi lane) ,  and the mass  spec t ra  on an MKh-1303 ins t rument  fitted with a sys tem 
for the d i rec t  introduction of the sample into the ion source .  The ORD curves  were obtained on a Spectropol 
ins t rument  by V. A. Raldugin (Institute of Organic Chemis t ry ,  Novosibirsk).  The melting points of the sub- 
s tances were determined on a Kofler block and the specific rotat ions in chloroform solution. 

The e lementa ry  analyses of the compounds coincided with the calculated f igures .  

Vulgarol was isolated, f rom an ext rac t  of the plant by the method descr ibed previously [1]. NMR spec-  
t rum (deuterochloroform):  0.74; 0.83, 1.05 ppm (singlets, 3H each, methyl groups at C 4 and Ct0) , 1.42 ppm 
(singlet, 3H, methyl at C8) , 1.68 ppm (singlet, 3H, methyl at Ct3) , 4.12 (doublet, 2H, J = 7 Hz, methylene protons 
at Cts) , and 5.41 ppm (1H at C14). 

Acetylation of Vulgarol .  A solution of 80 mg of vulgarol  in 2 ml of anhydrous pyridine was t reated with 
1 ml of acetic anhydride and left at room tempera ture  for 12 h. Then it was diluted with water ,  the product  was 
ext rac ted  with ether,  and the ethereal  layer  was washed with 5% hydrochloric  acid and with water  and was 
dried with sodium sulfate. After  the solvent had been distil led off, 70 mg of a liquid acetate with the composi -  
tion C22H3803 (II) was obtained. IR spec t rum (film) (cm-l) :  3540, 1120 (-OH),  1735, 1240 (-OCOCH3). 

P repara t ion  of the Aldehyde (III). A mixture of 100 mg of vulgarol  in 8 ml of anhydrous acetone and 1.4 
g of active manganese dioxide was s t i r red  for 3 h. The precipitate was fi l tered off and the fil trate was evapo- 
rated,  giving 90 mg of the aldehyde C20H3402. IR spec t rum (CCI~) (cm-t) :  3580, 1120 (-OH),  1725 ( -CHO).  

Hydrogenation of Vulgarol .  In the presence  of 18 mg of PtO2, 115 mg of vulgarol  in 5 ml of ethyl acetate 
with the addition of 5 drops of ethanol was saturated with hydrogen. At 23~C and 758 mm Hg, 25 ml of hydrogen 
was absorbed,  which cor responded  to 2.3 equivalents.  After  the usual working up, the product  was ch roma-  
tographed on si l ica gel (17 g). Benzene eluted 60 mg of a crys ta l l ine  hydrogenolysis  product with the composi -  
tion C20H380 (VII), mp 48-50°C (methanol), [ ~ ] ~ - 9 . 4  ° (c 8.1). IR spec t rum (CC14): 3630, 1090 vm - t .  A mixture 
of benzene and 80~ of e ther  eluted 20 mg of the dihydro derivative C20H3802 (V) in the form of a viscous liquid. 
IR spec t rum (film) (cm-l) :  3400, 1090, and 1065. Fur ther  elution with the same solvent yielded 20 mg of sub- 
stance (VI), mp 117-118°C (petroleum e the r -benzene ) .  The IR s p e c t r u m  was identical with that of the dihydro 
derivative (V). 

P repara t ion  of Compound (IX). At 0°C, 0.5 ml of thionyl chloride was added dropwise to a solution of 
120 mg of vulgarol  acetate (II) in 3 ml of anhydrous pyridine, and the mixture was left at the tempera ture  for 15 
min. Then it was diluted with ice water,  the product was extracted with ether,  and the e thereal  layer  was 
washed with 5~ hydrochlor ic  acid and with water  and was dried with sodium sulfate. The residue (100 rag) 
af ter  the distil lation of the solvent was chromatographed on 9 g of si l ica gel. A mixture of petroleum ether  
and 5~ of acetone eluted 80 mg of a liquid diene C20H360 2 (IX). IR spect rum (film) (cm-t) :  3080, 1645, 895 
(> C = CH2) , 1740, 1235 (-OCOCH3) , 1670, 860 (> C = C H - ) .  

Conversion of Vulgarol into the Lactone (XII). An ethereal  solution of 150 mg of OsO 4 was added to a 
solution of 110 mg of vulgarol  in 3 ml of absolute ether in the presence  of two drops of pyridine.  After  48 h, 
a solution of 1 g of mannitol in 10 ml of 10~ alkali was added, and the mixture was shaken vigorously  for 10 h, 
af ter  which the product  was extracted with ethyl acetate .  Distillation of the solvent and crysta l l izat ion f rom 
pet ro leum e t h e r - b e n z e n e  yielded 80 mg of the tetrol  C20H3804 (XI) with mp 133-134~C. IR spec t rum (KBr) 
(cm-i ) :  3400, 1095 (hydroxy groups).  Substance (XI) was oxidized with periodic acid at room tempera ture  in 
methanol for  3 h. After  the usual working up, the product  was isolated, and to a solution of it in 3 ml of acetone 
was immediate ly  added an aqueous acetonic solution of 200 mg of potass ium permanganate .  After  24 h, the 
acetone was separated f rom the mixture,  the residue was washed with sodium bisulfite solution, and theproduct  
was extracted with e ther .  The ether  was distilled off and the res idue (60 mg) was chromatographed on sil ica 
gel (10 g). A mixture of benzene with lC/c of acetone eluted 50 mg of the lactone C16H2602 (XII), mp 132-133°C 
(petroleum ether) .  [ a ]D-32° (c  5.0). IR spec t rum (CC14): 1770 cm -t  (lactone). 

Dehydration of the Hydrogenolysis  Product  (VII). At 0°C, 0.1 ml of thionyl chloride was added in drops 
to a solution of 40 mg of the substance in 2 ml of anhydrous pyridine, and the mixture was left at the same 
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temperature for 20 min. The usual working up yielded 30 mg of the liquid hydrocarbon (XIII): C20H36 , [a]~- 
27 ° (c 4.7). IR spectrum (film) (em-i): 3060, 1645, 890 (> C = CH2). 

preparation of the Ketone (XV). A mixture of 60 mg of the hydrocarbon (XIII) and 100 mg of OsO 4 in 3 
ml of absolute ether was left at room temperature for 48 h. Then it was treated as described for vulgaro]. 
The diol isolated (50 rag) was oxidized with periodic acid (150 rag) in methanol at room temperature for 4 h. 
The product obtained (40 rag) was chromatographed on silica gel (2 g). A mixture of petroleum ether and 2.5c/c 
of benzene eluted 15 mg of the ketone CIoH340 (XV) in the form of a mobile liquid. LR spectrum (CC14): 1715 
cm -i (> C =  O). ORD: [a]s00-23 °, [a]~00-38 °, [tx]345- 96 °, [a]323-233 °, [0/]317-169 °, [tx]313-189 °, [0/]305-65 °, 
[0~]303 -60°, [°t]299 0°, [(~]296 + 51°, [(X]294 +57°, [~]289 ÷ 113°, [a]281 + 124° (e 0.251, heptane). The ketone (XVI) 
was obtained from the known hydrocarbon (XIV) in a similar manner. ORD: [~]500-94 °, [a]370-169 °, [a]245- 
283 °, [a]320-9480 , [~]314-712 °, [a]310- 807 °, [~]302-179 °, [a]300-1410 , [O~]297 0 °, [0/]290 + 491 °, [a]28 i + 844 °, [a]2n+ 
901 ° (c 0.212, heptane). 

SUMMARY 

The structure and stereochemistry of a new minor diterpenoid, vulgarol, isolated from the plant Mar- 
rubium yulgare L. has been shown. It has been established that it belongs to the bicyelic diterpenoids with 
the cis (5f, 10ft) linkage of the A/B rings. 
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T R I T E R P E N E  G L Y C O S I D E S  OF A c a n t h o p h y l l u m  

g y p s o p h i l o i d e s  

IV. THE STRUCTURE OF ACANTHOPHYLLOSIDES B AND C 

Z h.  M. P u t i e v a ,  L .  G. M z h e l ,  s k a y a ,  
T .  T .  G o r o v i t s ,  E .  S.  K o n d r a t e n k o ,  
and  N. K. A b u b a k i r o v  

UDC 547.918:547.914.4 

In a preceding paper [1], we reported the structure of the O-glycosidic carbohydrate chains of acantho- 
phyllosides B (I) and C (II). In the present  paper we give proof of the structure of the O-acyloside carbohydrate 
chains of these glycosides. The acyloside carbohydrate chains of the two glycosides are identical and include 
three molecules of D-xylose, two molecules of O-rhamnose, and one molecule of D-fucose (GLC). 

The alkaline saponification of compounds (I) and (II) yielded their progenins, which proved to be identical 
[1], and the same oligosaccharide. The acid hydrolysis of the oligosaccharide gave D-xylose and L--rhamnose. 
The absence of D-fucose from the hydrolyzate showed its direct linkage with the carboxy group of the aglycone. 
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