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R E G I O -  AND S T E R E O S E L E C T I V E  G L Y C O S Y L A T I O N  

OF 2 0( S) ,  2 4 ( R ) -  E P O X Y D A M M A R A N E -  3 ,12f i ,  2 5-  

T R I O L S  W I T H  C H O L E S T E R Y L  ( s - D - G L U C O S E  

O R T H O A C E T A T E ) .  I I I .  

N .  F .  S a m o s h i n a ,  V. L .  N o v i k o v ,  
V. A. D e n i s e n k o ,  and  N. I.  U v a r o v a  

UDC 547.455+547.597+547.917+547.918+547.922 

The glycosylation of 20 (S) ,24 (R)-epoxydammarane-3,12fl,  25-triols under the conditions of the 
previous formation of an ion pair  with a Lewis acid and subsequent t reatment with ch01esteryl 
(~-D-glucose orthoacetate) leads to the selective formation with high yields of the correspond- 
ing 12-monoglueosides having the trans configuration of the glucosidic bond. The regioselec-  
tivity of the direct  glycosylation of 20 (S), 24 (R)-epoxydammarane- 3,12fl, 25-triols by orthoes- 
ters  is determined by the influence of intramolecular hydrogen bonds in the initial triols.  De- 
tails of the PMR and 13C NMR spectra of the new compounds obtained are  given. 

The development of methods for both the selective and the exhaustive glycosylation of tetracyclic dam- 
marane polyols of type (I) related to the panaxgenins (Scheme 1) opens up possibilities for obtaining various 
analogs of ginseng glycosides [ 1]. We have previously studied the glycosylation of the title alcohols by the 
or thoester  method via the intermediate formation of or thoesters  and their subsequent isomerization into the 
desired glycosides [ 2 ]. 

The isomerization of the 3-monoorthoesters obtained from (I) and (II) led to the anomalous selective 
formation of the 12-monoglucosides (III) and (V), in view of whichthehypothesiswas expressed thatthe isom- 
erization studied takes place in actual fact as the direct  intermolecular glyoosylation of one molecule of a 
3-monoorthoester by another. To confirm this hypothesis, we have investigated the d i rec t  glycosylation of 
tetracyclic  dammarane polyols with a number of orthoesters.  The nature of the direct  glycosylation of the 
tr iols  (I) and (II) with the orthoesters  (XH) and (XIII) depends on the nature of the glycosylating agent and 
also, to an even grea ter  degree, on the experimental conditions of glycosylation, which is probably connected 
with the presence of a strong intramolecular hydrogen bond (intra-HB) between the proton of the 12fl-OH 
group and the oxygen atom of the tetrahydrofuran (THF) ring in each of the triols (I) and (II). 

In tile IR spectra of (I) and (H) in CHC13 solution (c 37.0 and 34.0 mg/ml,  respectively),  broad bands of 
hydroxyl absorption are  observed at 3392 and 3401 cm -1, respectively, which did not change their position and 
intensity when the solutions were diluted 25-fold. In the 1H NMR spectra (CDC13) of (I) and (II) broad signals 
of unit intensity are  observed at 5.62 and 5. 59 ppm, respectively, which are  sensitive to the temperature con- 
ditions of recording the spectra and to deuterium exchange. The intra-HBs mentioned may promote the forma- 
tion of a bipolar ion of type (XIV) or (XV) on the interaction of (I) or  (II) with HgBr 2 (scheme 2). 

Pacific Ocean Institute of Bioorganic Chemistry, Far  Eastern Scientific Center, Academy of Sciences of 
the USSR, Vladivostok. Translated from Khimiya Prirodnykh Soedinenii, No. 3, pp. 315-321, May-June, 1983. 
Original art icle submitted April 22, 1982. 
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The glycosylation of (1) and (II) under the conditions of the previous formation of the bipolar ion (XIV) or 
(XV) followed by treatment with cholesteryl (a-D-glucose orthoacetate) (XII) (experiments I and 2) led to the 
regio- and stereoselective formation of the known 12-monoglucosides (III) and (V) [2] (55 and 53~ of theoreti- 
cal, respectively, calculated on the triols (1) and (II) taken, at a conversion of 60~). 

It is interesting to note that the bulk of the cholesterol present in the orthoester (XII) separates out from 
the solution of the reactants in CH3NO 2 as the reaction proceeds, thereby promoting an increase in the yield of 
the glycosides (III) and (V) and the avoidance of side glycosylation reactions. 

The glycosylation of (1) under the same conditions with c~-D-glucose (t-Bu orthoacetate) (XIII) (experi- 
ment 3) led to the formation of a mixture of the 12-monoglucoside (Ill) (22~c), the known 12,25-diglucoside (IV) 
[2] (9%) and "E '  ' -  12fl-(2',3',4',6'-tetra-O-acetyl-fi-D-glucopyranosyloxy)-3o~-hydroxydammar-20 (22)-en- 
24-one (VII) (26%). 

At the same time, when the triol (1), the orthoester (XII), and HgBr 2 were mixed simultaneously (experi- 
ment 4), there was the formation only of a mixture of " Z " -  12fi-(2',3',4',6'-tetra-O-acetyl-fi-D-glueopyrano- 
syloxy)-3o~-hydroxydammar-20(22)-en-24--one (VI) (27%), and 20R,24(R)-epoxydammarane- 3c~, 12fi ,25-triol 
(VII) (16%) - the epimer of the initial triol (1) at C 2°. 

Doublet signals of the anomeric protons of the sugar component at C 12 in the iH NMR spectra of (VI) and 
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(VII) appear  at 4.48 and 4.46 ppm, respect ively.  The magnitudes of Ji,2 (7.7 and 7.1 Hz, respect ively)  show the 
t rans  configurations of the glycosidic bonds in (VI) and (VII). 

The s t ruc tures  of (VI) and (VII) and the positions of at tachment of the carbohydrate  components were 
established by analysis  of the IH NMR spect ra  of (VI) and (VII) and a compar ison of the l~C NMR spect ra  of 
(VI) and (VII) and of (III) (Table 1). 

The compar ison  showed the considerable  difference in the chemical  shifts (CSs) of the C2°-C 27 atoms in 
the 13C spec t ra  of (VI) and (VII), on the one hand, and of (III), on the other  hand. Consequently, glycosides 
(VI) and (VII) differ f rom (HI) only by the s t ruc ture  of the side chain. The 13C NMR spect ra  indicate the p re s -  
ence in the side chain in each of (VI) and (VII) of a carbonyl atom and of a tr isubsti tuted double bond. In the 1H 
spec t rum of (VI), two doublets (J = 7.0 Hz) of Me groups are  observed at 1.07 and 1.09 ppm, and a septet  (J = 
7.0 ttz) of unit intensity at 2.68 ppm, which shows the presence  of an isolated isopropyl group in the side chain 
of (VI). A singlet  (3 H) at 1.64 ppm in the tH spec t rum of (VI) re la tes  to the protons of a Me group at a 
double bond. In the 1H spec t rum of (VII), two doublets (J= 7.1 Hz) of Me groups are  observed at 1.12 and 1.47 
ppm, and a septet  (J= 7.1 Hz) of unit intensity at  2.71 ppm, which, as in the case of (VI), shows the presence  
of an isolated isopropyl  group in the side chain of (VII). A singlet (3 H) at 1.51 ppm in the 1H spec t rum of 
(VII) re la tes  to the protons of a Me group at a double bond. Thus, (VI) and (VII) have the same s t ructure  of the 
side chains and differ f rom one another  only by the configuration of the 20(22) double bond. 
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TABLE 1. i3C Chemical Shifts 
of Compounds (I), (III), and 
(VI)-(VIII) (6, ppm, relative 
to TMS) 

C [ Compound 
atom .(,) I ("') I (v,) ](v,,, I,v,,,) 

I 
2 
3 
4 
5 
6 
7 
8 
9 

IO 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

33.7 
25.5 
76.0 
37.6 
4%6 
18.3 
34.9 
4 0 !  
.-'=0.6 
37.4 
30.5 
70,7 
49.0 
51 8 
31,4 
~6..q 
49..9. 
16,1 
15.6 
86.4 
21 ~3 
39. ! 
26,0 
8~.5 
70,3 
27 8 
24.7 
28,4 
22,1 
17,1 

A compar ison of the t3C spec t ra  of (VI) and (VII) showed the CSs of the C21 atom (19.7 and 13.5 ppm, r e -  
spect ively) .  Such a la rge  difference in the CSs of C21 and the 13C spect ra  of (VI) and (VII) is due to the fact 
that in (VI) the Me at C 2° has VH,H coupling [3] with H 22, while in (VII) such coupling is absent. 

On this basis ,  (VI) was assigned the " Z  'y configuration of the 20(22) double bond, and (VI) the " E "  con- 
figuration. 

The s t ruc ture  of (VIII) was established by compar ing the 1H and 13C spec t ra  of (VIII) and (I). The 1H 
spec t rum (CDCI3) of (VIII) showed a broadened signal of unit intensity at 5.61 ppm which was sensit ive to the 
tempera ture  conditions of taking the spec t rum and underwent deuter ium exchange. Consequently, an intra-HB 
exists in (VIII) s imi la r  to that in (I). The pract ica l ly  identical values of the CSs of the proton of the CI2-OH 
group bound by an intra-HB in the 1H spec t ra  of (VIII) and (I) (5.61 and 5.62 ppm, respect ively)  indicate iden- 
tical spatial and electronic  s t ruc tu res  of the seven-membered  rings formed by these intra-HBs.  Since the in- 
t ra -HBs in (I) and (VIII) stabilize the conformation of the side chains, the spatial direct ions of the C2°-O 
bonds of the THF rings in (I) and (VIII) must  be identical. A compar ison of the 13C spect ra  of (I) and (VIII) 
shows a considerable  difference of the C 21 and C 22 CSs, which is obviously due to a difference in the configura-  
tion at C 2°. In the 13C spec t rum of (VIII), the C 2i signal (21.3 ppm) is present  in a s t ronger  field than the anal-  
ogous signal in the spec t rum of (I) (26.1 ppm),  since in (VIII) the VH,H coupling [3] of the protons of the C 2° 
Me group with H 17 is absent. Conversely,  the presence  of YH, H coupling of H 22 with H 17 in (VIII) leads to the 
situation that the C 22 signal in the t3C spec t rum of (VIII) is in a weaker field (39.1 ppm) than in the spec t rum 
of (I) (32.6 ppm).  

The configuration of the C 24 a symmet r i c  center  in (VIII) had apparently not changed f rom that of the 
C 24 configuration in (I), since, in the f i rs t  place, the C 24 signal in the 13C spec t rum of (VIII) appears  at 86.5 
ppm and not at  88.5 ppm, which is charac te r i s t i c  for the "S ' '  configuration of C 24 in the t3C spectra  of dam- 
marane t r i terpenes  of type (I) [4] and, in the second place, the formation of (VI) and (VII) in the glyeosylation 
of (I) (scheme 1) conf i rms that the THF ring of the bipolar  intermediate (XIV) opens without inversion of the 
C 24 configuration. The nonstereospecif ic  recycl izat ion of (XVI) gave both the initial tr iol  (I) and the C2°-epi - 
me r  (VIII). 

The formation of the 12-monoglucosides (VI) and (VII) obviously takes place in accordance  with scheme 
2 ei ther  as the resul t  of an attack of the anions (XXI) and (XVII) formed f rom the common intermediate (XVI) 
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TABLE 2. t3C Chemical  Shifts 
of the Sugar Components of the 
Glueosides  (VI) and (VII) (5, 
ppm, re la t ive  to TMS)* 
Corn- c atom 
pou.d ,121.14 I 

(VII) 71,5 62,4 

*The  s ignals  of the t3C nuclei  
of the ace ta te  groups  of the 
suga r  components  of compounds 
(VI) and (VII) appea r  in the 
170.0-170.5 and 20.9-21.4 ppm 
regions .  

d i r ec t ly  on the g lycosidic  cen t e r s  of the o r t h o e s t e r  groupings  of (XII) and (XIII) o r  as the r e su l t  of an a t tack  
of the s a m e  anions on the glycosidic  cen te r s  of the acyloxonium ions f i r s t  fo rmed  by the p ro ton-ca ta lyzed  de-  
composi t ion  of the o r t h o e s t e r s  (XII) and (XIII).  

The se lec t ive  g lyeosyla t ion  of the t r io ls  (I) and (II) a t  Ci2 , leading to the fo rmat ion  of the monoglyco-  
s ides  (III) and (V), and the subsequent  g lycosyla t ion  of (III) at  C 2~, leading to the 12,25-diglucoside (VI) ap-  
pa ren t ly  take place  through the reac t ion  of the ion pa i r  (XIV) or  (XV) with the o r t h o e s t e r  (XII) o r  (XIII) by 
analogy with a scheme  proposed  p rev ious ly  [2] for  the anomalous  cata lyt ic  r e a r r a n g e m e n t s  of 3 -mono-  and 
3 ,12-d io r thoes te r s  obtained f rom the t r io ls  (I) and (II).  

With the a im  of checking the idea of the dec is ive  influence of [n t ra -HBs  on the r e g i o c h e m i s t r y  of the 
d i r ec t  g lyeosyla t ion  of t r io l s  (I) and (II) by the o r t h o e s t e r s  (XII) and (XIII),  we studied the g lycosyla t ion of 
2 0 ( S ) , 2 4 ( R ) - e p o x y d a m m a r a n e - 3 f l , 1 2 a , 2 5 - t r i o l  (IX), in which there  is no in t r a -HB between the proton of the 
1 2 a - O H  group and the oxygen a tom of the THF ring,  as a consequence of which the nucleophil ici t ies  of the 
oxygen a toms  of al l  th ree  OH groups  a r e  p rac t i ca l ly  comparab le .  The glycosyla t ion  of (IX) by the o r thoes t e r  
(XII) ( exper imen t  5) under  the conditions of expe r imen t  1 took place  nonse lec t ive ly  and led to the format ion,  
in low yield,  of a mix tu re  of the known 3-monoglucoside  (XI) (8%) and the known 12-monoglucoside (X) (10%) 
[51. 

Thus, the use  of cho les t e ry l  ( a - D - g l u c o s e  or thoaee ta te )  (XII) for  the g lyeosyla t ion  of t e t racyc l ic  d a m -  
m a r a n e  polyols  of types (I) and (II) which have s t rong in t r a -HBs ,  p e r m i t s  this reac t ion  to be p e r f o r m e d  s e l ec -  
t ively  and with a high yield, and with the s imul taneous  r egene ra t ion  of f ree  choles tero l .  

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

tH and 13C NMR spec t r a  were  r eco rded  on a Bruke r  HX-90E s p e c t r o m e t e r  in the F o u r i e r  r eg ime  at  
30°C using 8% solutions of the subs tances  in CDCI 3 a t  a working f requency of 90.0 MHz for  tH and 22.63 MHz 
for  13C. TMS was used as  in terna l  s tandard.  The chemica l  shif ts  a r e  e x p r e s s e d  in the 5 scale .  The accu racy  
of the m e a s u r e m e n t  was ~0.15 Hz for  IH and ±1.5 Hz for  13C. The a s s ignmen t s  of the s ignals  in the 13C spec -  
t r a  were  c a r r i e d  out by analogy with our  p rev ious  invest igat ions [2, 5]. IR spec t r a  were  obtained on a IR-75 
in s t rumen t  in CHCt 3 solution. 

Solvents were  p r e p a r e d  as desc r ibed  by Kochetkov et  al.  [6]. Column ch roma tog raphy  and TC c h r o m a -  
tography were  p e r f o r m e d  as desc r ibed  p rev ious ly  [2, 5]. 

The t r i t e rpene  (I) was isola ted f rom the l eaves  of the F a r  E a s t e r n  spec ies  Betula platyphylla,  (II) was 
obtained f r o m  (I) as desc r ibed  in [1],  and (IX) was obtained as descr ibed  in [5]. 

Expe r imen t  1. A solution of 333 mg (0.7 mmole )  of (I) in 10 ml of CH3NO 2 was evapora ted  to 2/3 of i ts  
or ig inal  volume.  To the resul t ing solution was added a solution of 90 lug (0.25 mmole )  of HgBr 2 p repa red  by 
dissolving the substance  in 10 ml of CH3NO 2 and then distUling off 7 ml of the solvent.  The mixture  was heated 
a t  100-105°C for  30 rain, and then 500 mg (0.7 mmole )  of (XII) was added and heating was continued a t  100- 
105°C for  another  40 min. The mix tu re  was cooled to room t empera tu r e ,  the prec ip i ta te  (cholesterol)  was 
sepa ra ted  off and washed on the f i l t e r  with cold CH3NO2, and the f i l t ra te  was evapora ted  to d ryness .  The r e s i -  
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due was washed f ree  f rom HgBr 2 with hot water  (6 × 20 ml) ,  dried,  and ehrornatographed on a column of SiO 2. 
This yielded 280 mg (55%) of (III), identical  with that obtained previously  [2 ], 30 nag (6%) of choles tero l  f l -D- 
glucoside te t raace ta te ,  and 133 rng (40%) of the initial (I). 

Exper iment  2. Under the conditions of exper iment  1, 333 rng (0.7 mrnole) of (II), 500 mg (0.7 mmole)  of 
(XII), and 90 mg (0.25 rnrnole) of HgBr 2 yielded 270"mg (53%) of (V), identical  with that obtained previous ly  
[2],  33 rag (7%) of choles te ro l  ~-D-glueos ide  t e t raace ta te ,  and 135 mg (40%) of the initial (II). 

Exper iment  3. Under the conditions of exper iment  1, 478 mg (1.0 mmole)  of (I), 405 mg (1.0 mrnole) of 
(XIII), and 259 mg (0.72 mmole)  of HgBr 2 yielded 160 mg (22%) of (III), 105 mg (9%) of (IV), identical  with 
that obtained previous ly  [2],  180 rng (26%) of (VII), and 165 rng (24%) of the initial (I). 

Compound (VII), C44H6~O12: 1H spec t rum (5, pprn): 0.85 (s, 3 H); 0.88 (s, 6 H); 0.94 (s, 3 H); 0.99 (s, 3 
H); 1.12 (d, 3 H, J = 7.1 Hz, CZ~-CHa); 1.14 (d, 3 H, J =  7.1 Hz, C25-CH3); 1.51 (s, 3 H, C2°-CH3); 1.97 (s, 3 
H, OAc); 2.01 (s, 6 H, 2x  OAc); 2.10 (s, 3 H, OAc); 2.71 (septet ,  ] H, J = 7.1 Hz, H25); 3.21 (d, 2 H, J = 7.0 
nz ,  2 x  H23); 3.42 (t,, I H, ,J= 2.1 Hz, H3e); 3.65 (rn, 1 H, ZJ ~- 24 Hz, H~2); 4.46 (d, 1 H, J = 7.1 Hz, H~); 3.50- 
5.25 (m, 6 H, H2, H3, H4, Hs, 2x H6); 5.35 (doublet of t r ip le t s ,  1 H, J = 7.0 and 1.6 Hz ,  H22). 

Exper iment  4. A mix tu re  of 265 mg (0.55 rnrnole) of (I), 397 rag (0.55 rnmole) of (XII), and 72 mg (0.2 
mmole)  of HgBr 2 in 20 ml of CH3NO 2 was heated at  100--105°C for 40 rain. The resul t ing precipi ta te  was sepa-  
ra ted off and was washed with cold CHaNO2, and the f i l t ra te  was evaporated to dryness .  The res idue was 
t rea ted  with hot water  and was then dr ied  and ehromatographed on a column of SiO 2. This yielded 106 mg 
(27%) of (VI), 42 mg (16%) of (VIII}, and 60 mg (23%) of the initial (I). 

Compound (VI), C44H~O12. 1H spec t rum (5, pprn): 0.85 (s, 3H); 0.88 (s, 3 H); 0.92 (s, 3 H); 0.95 (s, 3 H); 
0.99 (s, 3 H); 1.07 (d, 3 H, J = 7.0 Hz, C25-CH3); 1.09 (d, 3 H, J = 7.0 Hz, C25-CH3); 1.64 (s, 3 H, C2°-CH3); 
1.99 (s, 3 H, OAc); 2.02 (s, 6 H, 2× OAc); 2:08 (s, 3 H, OAc); 2.68 (septet,  1 H, J=  7.0 Hz, H25); 3.06 (d, 1 H, 
J = 7.5 ttz, H23); 3.28 (d, I H, J = 7.5 Hz, H23); 3.43 (t, 1 H, J =  2.1 Hz, H3e); 3.65 (m. 1 H, H~2); 4.48 (d, ] H, 
J =  7.7 Hz, H'l), 3.50-5.28 (m, 6 H, H'2, tt'3, I-l'a, H;, 2x I~6) , 5.18 (t, 1 H, J = 7.5 IIz, H22). 

Compound (VIII), C30H~204. 1H spect rum (5,  pprn): 0.84 (s, 3 H); 0.90 (s, 6 H); 0.94 (s, 3 H); 1.00 (s, 
3 H); 1:12 (s, 3 H); 1.15 (s, 3 tI);  1.20 (s, 3 H); 3.39 (t, 1 H, J =  2 Hz, H3e ), 3.56 (sextet ,  1 H, J = 5.0 and 10.0 
Hz, H~2); 3.87 (t, 1 H, J = 7.0 Hz, H2a); 5.61 (s, 1 H, OH). 

Exper iment  5. Under the conditions of exper iment  1, 159 mg (0.3 mrnole) of (IX), 239 rng (0.3 rnmole) of 
(XII), and 40 mg (0.11 mmole)  of HgBr 2 yielded 25 mg (10%) of (X), 19 rng (8%) of (XI), identical  with those 
obtained previous ly  [5],  48 mg (20%) of choles te ro l /3-D-glucos ide  te t raace ta te ,  and 48 mg (30%) of the initial 
(iX). 

SUMMARY 

I. The glycosylation of 20 (S),24 (R)-epoxydarnrnarane-3,12fl,25-triols under the conditions of the previ- 
ous formation of an ion pair with a Lewis acid followed by treatment with cholesteryl (~-D-glucose orthoaee- 
tate) leads to the selective formation in high yield of the corresponding 12-monoglucosides with the trans con- 
figuration of the glycosidic bond. 

2. The regioselectivity of the directed glycosylation of 20 (S),24 (R)-epoxydamrnarane-3,12fl,25-triols by 
orthoesters is due to the influence of intramolecular hydrogen bonds in the initial triols. 
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