
SUMMARY 

In a study of the acetylation of lagochilin by PMB spectroscopy, it has been established that the reactivi-  
ties of the hydroxy groups decrease in the following sequence: C15 > C16 > C18 > C3. 
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Prom the unsaponiflable part  of an ethereal extract of the leaves of Betula ermanii two previous- 
ly unknown triterpenes (IT) and (I) have been isolated to which, previously, the structures of 20, 
24-epoxydammarane-3~ ,6 ~,25-triol and its 6 a-acetate were erroneously ascribed. A further 
study of the 1H and t3C spectra of compounds ill) and (1), and also the spectra of their deriva- 
tives - t h e  diketone (Ill) and the epimer of the triterpene 01) at C 11 (iV) - h a s  shown that the 
tri terpene (IT) has the structure of 20 {S) ,24 ~)-epoxydammarane-3~,l l  ~,25-triol, and the t r i -  
terpene (I) is its 11 a-,acetate. Triterpenes (I) and (I1) are  the f i rs t  examples of natural 11- 
hydroxylated C30-triterpenes of the dammarane type. 

In a preceding communication [1], for the triterpenese (II) and (1) that we had isolated from the leaves of 
Betula ermanii the structures of 20,24-epoxydammarane-3/3,6~-25-triol and its 6 s-acetate were proposed. A 
careful study of the lI-I and t3C spectra of compounds (1) and (II) has,  however, shown that the structures sug- 
gested previously are incorrect.  To broaden the possibilities of structural correlations,  triterpene (I1) was 
oxidized with CrO 3 in pyridine tothe diketone fill) [ 1], which, on reduction with LiAII-I 4 in ether, gave an epimer 
of the triterpene ([l). On similar oxidation, the epimeric triterpene (i) also gave the diketone (liD. 

In the 1H spectra of compounds (I-IV), multiplets in the 3.0-4.0 ppm region are  of particular interest.  A 
triplet at 3.73 ppm with J = 6.5 I-Iz in the spectrum of each of these compounds can be assigned unambiguously 
to H 24, since it is detected also in the 1B spectra of ocotillol (V), ocotillone* (V1) and other dammarane t r i t e r -  
penes with a side chain of the ocotillone type [2, 3]. The same analogies permit the triplet at 3.18 ppm with J = 
6.8-7.2 Bz in the tI-I spectra of compounds (I), (II), and (IV) to be assigned to I-I 3. The values of 5 and J for the 
H 3 signal show the ~ -configuration of the OH group at C 3. 

A sextet at 3.80 ppm with J = 10.0 and 5.1 ttz (~J = 25.1 Hz) in the tI-I spectrum of the triterpene (I1) r e -  
lates to an axial proton at a C atom bearing a hydroxyl function, the position of which was to be determined. In 

+*A sample of the 25-O-acetyl derivative of ocotillone was kindly supplied by Dr. S. Huneck. 
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T A B L E  1. 13C Chemica l  ~hifts of  Compounds  {I-VI) 
(ppm Rela t ive  to  TMS) 

C __ Compound 
atom l [ II I Ill IV [ V V[ 

I 
2 
3 
4 
5 
6 
7 
8 
9 

I0 
11 
12 
13 
14 
15 
16 
17 
18 
t9 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
3O 
31 
32 

40.6 
27,4a 
78,1 
38.9 
55,8 
18,2 
35.0 
41.1 
52+9 
3q,5 
73.4 
34,6 
40.6 
49,8 
31.3 
27.7a 
49,1 
16,9 
16,9 
86,1 
24,0 
35,9 
26.1 
83,6 
71.2 
26;1b 
25,0 b 
28.3 
15,4 
16,3 

170,3 
22,O 

41,1 
27,5 a 
78.4 
3~). 1 
~5.8 
18.2 
36.2 
40,8 
56.2 
39.6 
71,0 
400 
41.5 
49,9 
31,1 
27,7a 
49.5 
16.8 
16,8 
86+0 
23,4 
36.2 
26,3 
83.4 
71.5 
25,8b 
24.5b 
28,4 
15,6 
16.5 

38,9 
33.9 

216,5 
47.6 
55,8 
19.3 
34,0 
43.0 
62.9 
36,4 
l1.0 
46,6 
44.0 
49, 7 
30.5 
25.8 
49.5 
17,5 a 
16,4 a 
85,5 
23,5 
35,8 
26.2 
83,6 
7i ,3 
27,3b 
24.8b 
26,3b 
21,4 
15,7 a 

39.4 
27.3 
78.8 
39,0 
56.9 
18,6 
32.7 
41,5 
54.4 
38,3 
68,2 
37.0 
37,7 
49,7 
32,0 
26.9 
47,9 
18.6a 
18,4 a 
~7,4 
25,8 
37,0 
25,0 
83,6 
71,6 
27,9b 
25,8 b 
28,2 
15,4 
17,1 

l 39,0 27.4 
• 78,9 

39.0 
55.9 
18.3 
35,9a 
40,7 
50,7 
37,4 
21.6 
25.55 
43.0 
5O 3 
31,5 
27,6 
49.7 
16.1c 
15,5 c 
86,4 
23,5 
36 .O a 
26,0b 
83.4 
7 .7  
26, td 
24,~ 
28,1 
15,5c 
16,6 c 

39.9 
34,2 

216.2 
47.4 
55,5 
19.8 
34,7 
40.4 
50,3 
36.9 
22,2 
25,7 
43.3 
50.0 
31,6 
27.6 
49,7 
16,1 a 
15,2 a 
86,1 
23,7 
35.9 
26.3 
83.4 
71.5 
27,6 b 
24,4 b 
26,9 
21,1 
16.4 a 

Note.  The a s s i g n m e n t s  of  the s ignals  in groups 
a ,  b, c ,  and d are  uncertain .  

the  lit s p e c t r u m  o f  the t r i t e r p e n e  (V¢) - the e p i m e r  o f  t r i t e r p e n e  (i1) a t  i ts a s y m m e t r i c  c e n t e r  - t h e r e  was  no 
s ignal  a t  3.80 p p m ,  but a mul t ip le t  had  a p p e a r e d  at  4.32 ppm with ~J--- 12.0 I~z, which ind ica tes  the equa to r ia l  
pos i t ion  of  the  c o r r e s p o n d i n g  p ro ton .  A n a l y s i s  of  the lit s p e c t r a  of  the t r i t e r p e n e s  {i1) and (IV) p e r m i t t e d  the 
h y d r o x y  group with the unes tab l i shed  loca t ion  to be a s c r i b e d  to s e v e r a l  pos i t ions  in the skele ton.  Pos i t ions  2 
and 16 a r e  exc luded ,  h o w e v e r ,  a s  the r e s u l t  of  the oxidat ion of  the  t r i t e r p e n e s  {iI} and (IV), s ince  the IB s p e c -  
t r a m  of  the d iketone {iI1) shows only  one s t rong  band of the s t r e t ch ing  v ibra t ions  o f  a ca rbony l  g roup  a t  1697 
c m  -1, jus t  l ike the  IR s p e c t r u m  o f  ocot i l lone  (VI). This could not  apply in the c a s e  of  a 2 ,3 -d ike tone  and ,  a l l  
the m o r e ,  o f  a 3 ,16-d ike tone .  Pos i t ion  12 is excluded by a c o m p a r i s o n  of  the lit and 13C s p e c t r a  of  the  t r i t e r -  
perle {iI) and of  12f l -hydroxy la ted  t r i t e r p e n e s  of  the d a m m a r a n e  s e r i e s  [4]. We m a d e  the cho ice  between p o s i -  
t ions  6 and 11 in the skele ton by c o m p a r i n g  the 13C s p e c t r a  of ocot i l lone  (V1) [4] and of  the diketone (Ill), and 
a l so  of  ocot i l lo l  (V) and the t r i t e r p e n e s  {i), (II),  and (IV). 

In the I3C s p e c t r a  of  t r i t e r p e n e s  o f  the d a m m a r a n e  s e r i e s  with a 3f l -OH g roup  and an oxygen funct ion a t  
C 12 o r  without  i t ,  the C ~ s ignal  is de t ec t ed  in a weake r  f ield (~ 56.0 ppm) than the C s s ignal  (~ 50.5 ppm) ,  and 
the  in t roduc t ion  o f  an OH group  a t  pos i t ion  6 c a u s e s  a downfield shif t  of  the  C 5 s ignal  (61.0 ppm) [4, 5]. The a b -  
s ence  f r o m  the 13C s p e c t r a  of  the t r i t e r p e n e s  {1), (1D, and (IV) in the 60.0 ppm reg ion  unambiguous ly  ind ica tes  
tha t  the th i rd  OH group  in these  compounds  is  l oca ted  a t  C 11. The p r e s e n c e  of  the C 9 s ignal  in the 13C s p e c t r u m  
of  the  t r i t e r p e n e  {i1) in a w e a k e r  f ield than the C s s ignal  is expla ined by the f l - e f f ec t  of  the l l a - O t t  group.  The 
ef fec ts  o f  the l l a - O H ,  l lo~-OAc,  and 11 &-OH g roups  and the  l l - k e t o  g roup  in the 13C s p e c t r a  o f  compounds  {I- 
IV) shown in the s t r u c t u r a l  f o r m u l a s  with r e s p e c t  to ocot i l lo l  (V) and .ocot i l lone  (VI), r e s p e c t i v e l y ,  a r e ,  in the 
m a j o r i t y  of  c a s e s ,  in  good a g r e e m e n t  with the  ef fec ts  of s i m i l a r  funct ional  g roups  in t r i t e rpeno ids  and s t e r o i d s  
[4-9] .  The be t t e r  a g r e e m e n t  of  the chemica l  shif ts  of  the C 21, C 22, C 24, and C 25 a toms  in the 13C s p e c t r a  of  c o m -  
pounds  {I-riD with the c h e m i c a l  sh i f t s  of  the c o r r e s p o n d i n g  C a t o m s  in the s p e c t r a  o f  20 (S) ,24 ~ ) - o c o t i l l o l  (V) 
and 20 (S) ,24 ~ ) - o c o t i l l o n e  (VI) [4] show a c o r r e s p o n d e n c e  of  the s t e r e o c h e m i s t r i e s  of  the a s y m m e t r i c  c e n t e r s  
C 2° and C 24 in compound  {V and V1), on the one hand,  and (I-IID, on the o the r  hand.  The c o n s i d e r a b l e  change  in 
the c h e m i c a l  shif ts  o f  the C 2°, C 2t, C 22, C 23, C 26, and C 27 in the 13C s p e c t r u m  ,of the e p i m e r  (IV) as  c o m p a r e d  
with the c h e m i c a l  shif ts  of  the s a m e  C a t o m s  in the t3C s p e c t r a  o f  {I-III, V, and VI) is m o s t  p robab ly  due no t  to 
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the change in the s tereochemlst ry  at C ~° or  C ~4 but to the influence of an lntramolecular hydrogen bond formed 
between the 11 fl-OH group and the oxygen function at C ~5 

-0,3 +0,4 I ~ 2 , ,  

+20,g I " "  -~I"Z "%. ~--.3 0,7~.~ ' 
-18 

" , " . ~ ÷ ~  ) -0 ,7  " 

-O,O ' ~ 0~3 

01"1 OH 
.1,0 .,~ ...,-0,7 -o,3, , ,J/+o,v 
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A:n. +~;,~o, j "~o.~ Ho..?~_,,~A. -° '  
".,,.~,;--~o ~ ~v . ~,31~'3"~2.~'t +°,~ • 1,4 l ~'5,e]-0.~ ~ 

o o ~  -J-Q'~ +~ ( J . . : ~ - o , 4  

÷o,.~ -o,~ GH +o,3 .o,~ " "  -o,1 
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H 

HO 0 ~/~<"-- ' ' /  ' ~  

Thus, the t r i terpene {II) has the s tructure of 20 (S) ,24 ~)-epoxydammarane-3f1,11 a~25-triol, and tr i terpene 
(1) is its 11 s-aceta te .  Tri terpene (IV) is,  correspondingly, 20 (S),24 (B)-epoxydammarane-3fl , l lf1,25-triol and 
(111) is 25-hydroxy-20 (S} r24~)-epoxydamr.arane-3,11-dione.  It must be mentioned that among natural t r i t e r -  
penes of the dammarane type isolated from higher plants only one l l -hydroxylated t r i terpene is known, but this 
contains 31 carbon atoms [10]. Tri terpenes (1) and (I1) a re ,  therefore ,  the f i rs t  natural l l -hydroxylated Cs0- 
t r i terpenes of the dammarane type. 

EXPERIMENTAL 

The 1H and i3C NMB spectra were recorded on a Bruker HX-90E spectrometer  with working frequencies 
of 90.0 MI-Iz for  1H and 22.63 MHz for ~3C in the Fourier  regime at 30°C using 8% solutions of the substances in 
CDC13. The 18C chemical shifts (Table 1) are  given on the 0 scale relative to TMS. The accuracy of measure -  
ment was +0.15 Hz for tH and +1.5 Hz for ~3C. The assignment of the signals in the t3C spectra of compound (I- 
IV) was made by the method of~elect ive  double heteronuclear resonance on the basis of the PMR results by the 
method of off-resonance spin decoupling and on the basis of results on the effects of oxygen-containing substitu- 
ents in s ix-membered rings [4-9]. To assign the signals in the i3C spectra we also used a comparison of the 
experimental chemical shifts with the calculated values. The semiempirioal calculation of the i~C chemical 
shifts for compounds (I-IV) was carr ied out by two methods [11, 12]. 

Reduction of the Diketone (HI) with LiA1H4. A solution of 250 mg of the diketone ~ in 30 ml of absolute 
ether was added dropwise to a suspension of 500 mg of IAAltt4 in 60 ml of absolute ether. The reaction mixture 
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was heated under reflux for 6 h. Then 0.5 ml of I~I20, 0.5 nil of 15% NaOH, and 1.5 ml of H20 were added suc-  
cessively.  The inorganic layer  was separated off, and the ethereal layer  was washed with water,  dried over 
Na2SO4, and evaporated. The residue was separated on a column containing SiO 2. Elution by the petroleum 
e the r -ace tone  {15 : 1) system gave 100 mg of 20 (S) ,24 ~)-epoxydammarane-3fl  , l lf1,25-triol (IV). mp 173-175°C 
(hexane), laiD +52.0 (c 1; chloroform). 

Oxidation of the Triterpene (IV). To a solution of 45 m g o f  the tr i terpene (IV) in 1.5 ml was added 55 nag 
of CrO 3 in 1.5 ml of pyridine. The reaction mixture was s t i r red  at 20°C for two days and was then diluted with 
40 ml of water,  and the aqueous solution was extracted with ether (4 × 15 ml). The combined ethereal  extracts 
were washed with dilute NaHCO 3 solution and with water,  and they were dried over Na2SO 4 and evaporated. This 
gave 30 mg of the diketone (Ill) with mp 167-170 °C. Crystallization from hexane gave 23 rag of the diketone (II1) 
with rap 170-172~C, [~D +46° (c 0.5; chloroform). 

S U M M A B Y  

From the unsaponifiable part  of an ethereal extract  of the leaves of Betula ermanii  we have isolated two 
new tr i terpenes liaving the structures of 20 (S),24~)-epoxydammarane-3f1,11 a,25-triol (II) and its 11 ~,O-acetyl 
derivative (1)~ and not 20,24-epoxydammarane-3f1,6~,25-triol and its 6a-aceta te ,  as suggested previously [1]. 
Tri terpenes (1) and (If) a re  the f i rs t  natural l l -hydroxylated C30-triterpenes of the dammarane type. 
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