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Ab&wct: Four p-D-glucowranosidcs of 20-hydmxyscdysone (1) wue pqartd. The regiosekctive 
coua of @ycosylation was achieved by the combination of hydnxyl and 1,ldiol protuXive guups, Le. 
acetates and phenyl boronates, in the a&cone moiety. 

INTRODUCTION 

The growing number of ecdysteroid conjugates isolated from both animals’ and plants* suggests an active 
role in the ecdysteroid metabolism, transport or deactivation. The nonpolar esters and more polar ecdysteroid 
glycosides are the most common conjugates of natural origin. Their possible ecological signiftcance in 
plant-insect chemical interaction is conside&. Since these compounds are mostly inactive in the common 
ecdysone assays’, new biological tests must be developed. Some 20-hydroxyecdysone glycosides have been 
isolated from animal5 and plant6 sources, 20-hydroxyecdysone 25-P-D-glucopyranoside (5) has been isolated’ 
from the roots of Pfu@a iresinoides , however the structural variations and the amount available are rather 
limited. For new bioassays, as well as for analytical correlation, a suitable variety of conjugates must be 
prepared by chemical synthesis. This paper deals with the preparation of a series of bioanalogical glycosides 
2-5. 
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Fig. 1. Structures of 20-hydroxyecdysone and its glucosidea 

Regioselective manipulation of hydroxyl groups of polyols is Cequently required particularly in the 
chemistry of natural products. However, only a few examples of protection and deprotection sequences for 
20-hydroxyecdysone (1) have been reported. They include acetonide*‘, acetate9 and boronate’Q” formation. 
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Other reagents, e.g. N-trimethylsilylimidazole’2 and I-anthroyl nitrile’~, have been employed for analytical 
purposes. None of the reported protection procedures allows the whole set of regioisomers to be 
prepared. 

RESULTS AND DISCUSSION 

The structure of ZO-hydroxyecdysone (1) suggests that the problem of regioselective manipulation of 
hydroxyl groups may be solved in this case by methods which distinguish between isolated hydroxyls and 
1,Zdiols. We therefore searched for a suitable diol-protective group. The phenylboronate group appeared most 
suitable, because it can be introduced regioselectively in high yield. The acetate group was chosen for 
protection of isolated hydroxyls in the aglycone because it corresponded with our intention to control 
stereochemistry on the anomeric carbon of glucose by acetyl group participation’4. Suitable protected aglycones 
6, 8, 12 and 17 were prepared as follows. 20-Hydroxyecdysone (1) was acetylated to give known ’ triacetate 6 
as the major product along with small amount of 20-hydroxyecdysone 2,3,22,25-tetraacetate. The side chain 
diol of 20-hydroxyecdysone (1) was protected by reaction with phenylboronic acid in methanol to give the 
phenylboronate 8. It is worthwhile to note that phenylboronate is formed exclusively on the side-chain dial”. 
The most reactive hydroxyl group (i.e. at C-2) of boronate 8 can easily be protected as an acetate under mild 
acetylation conditions, yielding compound 12 (77 %). Diacetate 13 (16 %) was formed as a by-product. In 
order to prepare protected compound 13 as the major product, acetylation using DMAP was used giving 
diacetate 13 in 78 % yield and triacetate 14 as a by-product. Prolonged reaction times fbmished triacetate 14 in 
excellent yield (85 %). Deprotection of the phenylboronate group in compound 13 was accomplished by a 
methanolic solution of hydrogen peroxide giving aglycone 17. Having suitably protected aglycones in hand, we 
turned our attention to glycosylation. Tetra-O-acetylglucopyranosyl bromide and Ag-silicate catalyst were used 
for the introduction of the glucose unit. All glycosylation reactions were performed in dry dichloromethane 
under an inert atmosphere. Glycosides were isolated from the reaction mixtures by normal-phase HPLC. Yields 
of the glycosylation reaction varied from 40 % to 70 %, and the stereochemistry of the resulting glycosides 
was l3 (determined by ‘H-NMR ). Triacetate 6 thus furnished protected glycoside 7 in 69 % yield. Diacetate 17 
afforded acetylated glycosides 18 (9 %) and 19 (32 %). A mixture of glycosides 9 (42 %), 10 (21 %) and 11 
(7 %) resulted from the reaction of boronate 8, yielding afler separation of individual compounds and removing 
of the boronate protection group glycosides 20.21 and 22. In order to increase the yield of 3glycoside we also 
utilized 2-acetate 12. However, the glycosylation reaction gave the mixture of 3- and 25glycosides 15 and 16 

in a 1 : 1 ratio. Finally, the protective acetate groups were removed from compounds 7, 18, 19, 20 and 21 by 
potassium cyanide catalysed transesterification’5. This method is mild enough to avoid epimerization of the 
steroid skeleton. Generally an equilibrium of A/B cis and truns fbsed steroid rings is reached when ecdysteroids 
are subjected to basic conditions’“?. 

All compounds 1 - 22 were fully character&d by ‘H-NMR (see Table 2) and compounds 1 - 5,17- 22 

also by ‘3C-NMR spectra (see Table 1). The data for glucoside 5 are in a good accordance with data previously 
reported’. The position of free and/or acetylated glucose was determined from observed glucosylation shifts in 
‘H and “C-NMR spectra of corresponding compounds (see Table 3). g-Configuration of glucose followed from 
J(H-l’,H-2’) ca 8 Hz observed in all glycosides studied (Table 2). The characteristic downfield proton shifts 
indicating the location of phenylboronate grouping are discussed in our previous paper” . 
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Fig. 2. Synthesis of 20-hydroxyecdysone glucosides 

General 

EXPERlMENTAL 

Starting 20-hydroqcdysone (1) was isolated from the roots of Leuzea carthamoides (Wiid.) DC.‘* and 
was filly characteked by ‘H-NMR, MS and IR. Tetra-O-acetylgh~~py~~~osyi bromide was prepared Born 
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FI+H], 625 M+H-HO], C,&,O,, (M+H) requires 643.3694, found 643.3657. For “C and ‘H-NMR 
spectrum see Table 1 and 2. 

204lydrosyecdysone 25-bDglucopyranwide (5). 
(2O~2R)-zs-(~-D-GlucoWnaorylo~~2~~~,l~O,2~~n~byd~~-S~chol~t-7~n~one 
Acetylated glycoside 7 (7.0 mg, 7.5 urnol) was treated with potassium cyanide (0.8 mg) in methanol (150 ul) in 
the same manner as in the symhesis of glycoside 2, yieldmg after RR-HPLC separation (40% MeOH in water 
R.T.=ll.5 min) 4.1 mg (85 %) of glycoside 5 as amorphous solid (m.p. lS8-163°C). IR spectrum (RBr pellet): 
3420 (V &; 1652 (V &o); 1052 (vcd> cm-‘. Mass spectrum: 665 @l+Na], 647 FI+Na-HO], 643 [M+Hl, 625 
FL+H-HO], C,&,O,, (M+H) requires 643.3694, found 643.3656. For “C and ‘H-NMR spectrum see Table 1 
and 2. 

204Iydroxyecdysoae 2,3,22-triacetate (6). 
(20~22R)-2~,3~~2-Trircetylo~-l~20,2~t~byd~~-5~~ho~~t-7-en~on~ 
20-Hydroxyecdysone (1; 48.0 mg, 100 pmoi) was dissolved in pyridine (550 pl). DMAP (1 mg) and acetic 
anhydride (120 pl) were added. The reaction mixture was stirred for 3 hours at room temperature; progress of 
the reaction was monitored by HPLC. The reaction was stopped by addition of ethyl alcohol and the residue 
was treated and evaporated with ethyl alcohol (5 x 1 ml). Triacetate 6 was separated using column 
chromatography (silica-gel, mobile phase 4% MeOH in CH$lJ Crystalhsation 6om methanol afforded 
41.2 mg (68 %) of the compound 6, m.p. 145 - 147 “C. IR spectrum: 3601 (V &); 1739 (V ~ ester); 1652 
(v c=o ketone); 1602 (v & cm-‘. Mass spectrum, C3,QOla: 629 Fr+Na], 607 [M+H], 589 FI+H-HO], 571 
FI+H-2&O]. For ‘H-NMR spectrum see Table 2. 

20-Hydrosyecdysohe 2,3,22-triacetate 25-(2,3,4,6-tetra-0-acetyl+D-glucopyranoside) (7). 
(20~22R)-25-(2,3,4,6-Tetn-O-Peetyl-B_D 
Sfkholest-7-en&one. 
The reaction was carried out in an oven dried glassware under nitrogen atmosphere. A solution of tr&etate 6 
(10.2 mg, 16.8 urnol) in dichloromethane (30 td) was added to a suspension of Ag-silicate (110 mg) in 
dichloromethane (700 pl). The mixture was stirred for 1 hour at room temperature; then a solution of 
tetra-0-acetylghrcopyranosyl bromide (30.0 mg, 73 prnol) in dichloiomethane (100 pl) was added. The 
reaction mixture was stirred for 48 hours at room temperature. The solid catalyst was f&red off and the 
filtrate was passed through a short ~ohunn of silica-gel. NP-HPLC (DMW 960/40/l, R.T.=3.9 min) afforded 
10.9mg (69 %) of compound 7 as an amorphous solid. IR spectrum: 3589, 3513 (V &; 1741 (V c=. ester); 
1662 (v c+, ketone); 1626 (v,) cm”. Mass spectrum C&O,,: 959 [M+Na], 937 M+Hj, 919 
w+H-HO], 901 [M+H-2&O], 589 FI+H-sugar]. For ‘H-NMR spectrum see Table 2. 

204fydroxyecdysone 20,22-phenylboronate (8). 
(20R,22R~2fWMa,25-Tetrahydrosy-20,22-[(phenylborylene) bis (oxy)]-5~-cholest-7-en-6-one. 
Phenylboronic acid (8.4 mg, 69.0 prnol) was added to a solution of 2Ohydroxyecdysone (1; 30.0 mg, 
62.5 umol) in methanol (300 ul). The reaction mixture was stirred for 20 min. at room temperature. The 
solvent was evaporated and the dry residue was purified by NR-HPLC (DMW 925/75/1.5, R.T.=l9.4 min). 
Pure boronate 8 (33.0 mg, 93%) was obtained as an amorphous solid atter evaporation of solvents. IR 
spectrum: 3600, 3448 (v o.n); 1636 (v c_,, ketone); 1626 (v &; 1603,1498 (v cc arom.); 1358 (V & cm-‘. 
Mass spectrum, C,H,,O,R: 567 w+H], 549 FI+H-HO], 531 [M+H-2HO]. For ‘H-NMR spectrum see 
Table 2. 

20-Hydrosyecdysone 2-(2,3,4,4-tetra-O-acetyl-fH&glucopyranoside) 20,22phenylboronate (9). 
(20~22R)-2~-(2,3,4,~Tetrr-O-reetyl-B-D~ 
[(pbenylborylene) bis (oxy)]-5~-choleat-7-en-6-one. 
The reaction was performed in the same manner as for compound 7. Boronate 8 (30.0 mg, 53 uanol) was 
stirred in dichloromethane (1 ml) with Ag-silicate (68.6 mg) for 1 hour. Tetra-0-acetylghxopyranosyl bromide 
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(15.2 mg, 74 urnol) in dichioromethane (50 ttl) was then added. A&r work-up, a mixture of glycosides 9,10 
and 11 was obtained. NFWPLC separation (DMW 92Y7W1.5, R,T.=3.6, then DMW 960/40/l R.T.=l2.6 min) 
afforded glycoside 9 (19.9 mg, 42 %) as an amorphous solid. IRspectrum: 3601 (V &; 1741 (V _ ester); 

1662 (v c=. ketone); 1626 (V &; 1603, 1498 (v W arom); 1358 (v Ba, cm-‘. Mass spe@um, C&O,,& 897 
[M+H], 879 FI+H-HO], 549 Pi+H-sugar]. For ‘H-NMR spectrum see Table 2. 

20-Eydroryecdysonc 3-(2~,4,6_tet~~aeetyCSDglueoWnnoride 20,2tpbenylberwate (lo). 
(20~2R)38(2~,4,~Tetn-O-reetyl-B-D-ltlu 
[(pheeylboqkne) bis (oxy)]-!$-cbokot-7-es-6-one. 
Glycoside 10 was obtained along with glycosides 9 and 11 afler glycosylation of 8. NE-HPLC separation 
@MW 925l75l1.5, R.T.-3.6 min, then DMW 960/40/l, R.T.=16.6 min) of the mixture gave pure glycoside 
10 (10.0 mg, 21 %) as an amorphous solid. IR spectrum: 3600 (V &; 1740 (V c-o ester); 1662 (v-ketone); 
1626 (v &; 1603, 1498 (v W arom); 1358 (v Ba, cm-‘. Mass spectrum, Cd&O,$: 897 m+m, 879 
[M+H-HO], 549 FI+H-sugar]. For ‘H-NMR spectrum see Table 2. 

20_Hydrosyecdysone 25-(2~,3,qa-tetn-o-acetrEg-D-glueopyr;rao 20,22-phenylborouate (11). 
(20~2R)-2~2~,4,~Te~a-~ace~~~-~~u~py~ao~losy~2~~~,l~-~hyd~~-20~~ 
[(phenylborylene) bii (osy)]-5fkholest-7-e&-onc. 
Glycoside 11 was obtained along with glycosides 9 and 10 tier glycosylation of 8. NP-HPLC separation 
(DMW 925/75/1.5, R.T.=6.1 min) gave pure glycoside 11 (3.4 mg, 7 %) an amorphous solid. IR spectrum: 
3600 (v &; 1740 (V _ ester); 1662 (v c+ketone); 1626 (v,& 1603, 1498 ( v cc arom.); 1358 (v Bo> cni’. 
Mass spectrum, C,&O,,B: 897 [M+H], 879 FI+H-HO], 549 [M+H-sugar]. For ‘H-NMR spectrum see 
Table 2. 

20-Hydrosyecdysone 2-acetate 20,22_phenylboroarte (12). 
(20~22R>2~Acetylory-3~,1~25-trihydrory-20~2-[(phenylborylene)b~(o~)]-5~h~t-7-en~n~ 
Acetic anhydride (100 jr)) was added to a solution of boronate 8 (19.5 mg, 34.4 pmol) in pyridii (500 pl) and 
the reaction mixture was stirred at room temperature. After 1 hour the reaction was stopped with ethanol 
(1 ml). The reaction mixture contained starting boronate 8 (7 %) and diacetate 13 (16 %) along with 
monoacetate 12 (77 %) according to the NP-HPLC analysis. Pure acetate 12 was o&a&i by NP-HPLC 
separation (DMW 925/75/1.5, R.T.=6.9 min) of the crude mixture. Crystalhsation from methanol gave 12 
(14.5 mg, 70 %, m.p. 265-270 “C). JR spectrum: 3600, 3468 (v& 1738 ( Chester); 1664 (v,ketone); 
1626 (v& 1603, 1498 ( v ccarom.); 1358 (v,) cm”. Mass spectrum, C,,HmO$: 631 [M+Na], 609 
[M+H], 591 [M+H-HO], 573 FI+H-2HOJ. For ‘H-NMR spectrum see Table 2. 

20-Hydroxyecdysone 2,3-diacetate 20,22-phenylboronate (13). 
(20~2R~2~,3~-Dircetylory-14425-dihyd~~-2O~~~(phenylbo~lene)b~(o~)]-S~ch~~t-7~n~ne 
Acetic anhydride (95 pJ) was added to a solution of boronate 8 (18.3 mg, 32.3 pool) and DMAP (0.5 mg) in 
pyridine (300 ~1). The reaction mixture was stirred for 3 hours at room temperature. Excess acetic anhydride 
was destroyed by ethyl alcohol, and the mixture was treated and evaporated with ethyl alcohol (4 x 1 ml) to 
remove pyridiie. The crude mixture was subjected to NFWPLC (DMW 960/40/l, RT.=4.8 min), giving 
diacetate 13 (16.4 mg, 78 %) as an amorphous solid. IR spectrum: 3600 (v &; 1738 (v W ester); 1665 
(v ooketone); 1626 (v &; 1605, 1499 (v c-c arom.); 1358 (v Ba, Cm-‘. Mass spectrum, C ,&,O$: 651 
[M+Hl, 591 FI+H-AcOH], 573 FI+H-HO-AcOH’j. For ‘H-NMR spectrum see Table 2. 

20-Hydroxyecdysone 2,3,2Mriacetate 20,22phenylboronate (14). 
(20~2R)-2~,3~,2~T~~~lory-14a-byd~xy-20,22-[(phenylbo~1ene) bis(oxy)]-S&cholest-7-e&-one. 
Acetic anhydride (120 $) was added to a solution of boronate 8 (28.3 mg, 50 pool) and DMAP (0.5 mg) in 
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pyridine (100 4). The reaction mixture was stirred for 6 hours at 40 “C. Excess acetic anhydride was destroyed 
by ethyl alcohol, and the mixture was treated and evaporated with ethyl alcohol (4 x 1 ml) to remove pyridine.. 
The crude mixture was subjected to NP-HPLC (%0/40/l, RT.=2.8 mm), giving triacetate 14 (29.4 mg, 85 %) 
as an amorphous solid. IR spectrum: 3595 (v&; 1738 (v _ ester); 1664 (v c-o ketone); 1603, 1496 
(v Warom.); 1360 (V Bo) cm-‘. Mass spect~m, C&&,0,,@ 693 w+HJ, 675 FI+H-401,633 [M+H-AcOH], 
6 15 [M+H-&O-A&XII. For ‘H-NMR spectrum see Table 2. 

20-Hydroxyecdysone 2-acetate 3-(2,3,4,6-tetra-O-acetyl-gDglucopyranoside) 20,22-phenyl- 
boronrte (15) 
(20~2R)-2~-Acety1oxy-3~~2~,4,6_tetlr-20,22- 
((pbenylborylene) bii (oxy)]-5~-cbolest-7-en-6-one. 
The reaction was performed in the same manner as for compound 7. Aglycone 12 (35.0 mg, 57.7 untoI) was 
stirred in dichloromethane (1 ml) with Ag-silicate (80.6 mg) for 1 hour. Tetra-0-acetylghrcopyranosyl bromide 
(27.3 mg, 66.4 umol) in dichloromethane (80 ul) was then added. A&r work-up, the mixture of glycosides 15 
and 16 was obtained in 1: 1 ratio. NP-HPLC separation (DMW 960/30/l, R.T.=l7.3 min), afforded glycoside 
15 (14.6 mg, 27 %) as an amorphous solid. IR spectrum: 3597, 3523 (V s.J; 1752 (V -ester); 1660 
(v c_,,ketone); 1626 (v&; 1603,150O (v Warom.); 1358 (v,) cm -I. Mass spectrum, C&0$: 939 
[M+H], 921 [M+H-501,591 [M+H-sugar]. For ‘H-NMR spectrum see Table 2. 

20-Hydroxyecdysone Zacetate 25(2,3,4,6-tetra-0-acetyl-fl-D-glucopyranoside) 20,22-phenyl- 
boronate (16). 
(20~2R)-25-(2~,4,6Tetra-O-neetyl-B-Dg~,l4a-dihydrory-20,22- 
[(phenylboryleae) bis (oxy)]-5jLkholwt-7-en-6-one. 
Glycoside 16 was obtained along with glycoside 15 after glycosylation of 12. After NP-HFLC separation 
(DMW 970/30/l, R.T.=l8.1 mm), pure glycoside 16 (10.7 mg, 20 %) was obtained as an amorphous solid. IR 
spectrum: 3597 (V ,-._J; 1754, 1142 (v c=. ester); 1664 (v ca ketone); 1626 (V +J; 1603, 1500 (V cc arom.); 
1358 (v sd cm-‘. Mass spectrum, C,&,O,,B: 939 [M+H], 921 FI+H-&O], 591 [M+H-sugar]. For ‘H-NMR 
spectrum see Table 2. 

2ORydroxyecdysone 23diacetate (17). 
(20~22R)-2~,3~-Diacetylo~-l~~,2~~tet~hyd~xy-5~~hol~-7~n-~a~ 
Hydrogen peroxide (10 4) was added to a solution of boronate 13 (12.0 mg, 18.5 pool) in methanol (100 pl). 

The reaction mixture was stirred for 10 min at room temperature. After evaporation of the solvent, the crude 
mixture was subjected to NP-HPLC @MW 925/75/1.5, R.T.=8.2 min) giving acetate 17 (8.7 mg, 89 %) as an 
amorphous solid. IR spectrum: 3598 (v &; 1737 (v c_-, ester); 1662 (V c-o ketone); 1625 (V ,_J cd. Mass 
spectrum, C,,H,O,: 565 [M+H], 547 [M+H-501,529 w+H-2%0], 511 IM+H-3&O]. For “C and ‘H-NMR 
spectrum see Table 1 and 2. 

20-Hydroxyecdysone 2,Sdiacetate 22-(2,3,4,6-tetra-O-acetyl-B_Dglucopyranoside) (18). 
(20~22R~22-(2~,4,6-Tetn-O-rcetyl-B_D-~ucopyranosylo~~2~~~-diace~lo~-1~,20,2~t~hyd~~- 
5~-cholest-7-en-6-one. 
The reaction was performed in the same manner as for compound 7. Aglycone 17 (65.6 mg, 116.2 umol) was 
stirred in dichloromethane (2 ml) with Ag-silicate (150 mg) for 1 hour. Tetra-0-acetylglucopyranosyl bromide 
(54.2 mg, 123 untol) in dichloromethane (150 ul) was then added. After work-up, NP-HPLC separation 
(DMW 970/30/l, R.T.=17.4 min) afforded glycoside 18 (5.4 mg, 9 %) and 19 as amorphous solids. IR 
spectrum: 3529 (v &; 1741 (v c,ester); 1662 (v c,,ketone); 1626 ( v Cd ad. Mass spectrum, CJ&O,,: 
895 F-HI, 877 w+H-&O], 859 w+H-I$O], 529 w+H-%O-sugar], 5 11 w+H-2&O-sugar]. For 13C and 
‘H-NMR spectrum see Table 1 and 2. 
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2ORydrouyecdysoue 2,34iiicetate 2~(2~,4,~~--o_reetyCS_D_glucopynaoliac (19). 

(20~2R~~~4,~Te~-~ace~~~~~ucopy~n~lo~~2~~~~ia~~lo~-l~O,2~~byd~~- 

5g-cholest-7-en-6-oac 

Glycoside 19 was obtained along with glycoside 18 after giycosylation of 17. NW-I&C purification (DMW 
970/30/l, R.T.=8.1 min) gave 19 (17.5 mg, 32 %). JR spectrum: 3529 (v,,.J; 1741 (v, ester); 1662 
(v c*ketone); 1626 (v 03 cm-‘. Mass spectrum, t&&O,,: 895 [M+Hl, 877 w+H-&O], 859 [M+H-HO], 
529 FI+H-HO-sugar], 511 w+H-2&O-sugar]. For ‘“C and ‘H-NMR spectrum see Table 1 and 2. 

2ORydrouyecdysonc 2-(2,3,4,6-tetra-O-acetyl-B-D-glueopyraooside) (20). 

(20~22R>2B-(2,3,4,6-Tetm-O-rcetyl-B_~- 
cholest-7-en-6-one. 

The boronate protecting group was removed in the same manner as for compound 17. Boronate 9 (16.0 mg, 
17.8 pmol) in methanol (150 pl) was treated with hydrogen peroxide (10 IJ), yielding after NIWPLC 
separation (DMW 925/75/1.5, R.T.=l 1.1 min) 13.2 mg (91 %) of compound 20. JR spectrum: 3485 (V &; 

1741 (vc+ ester); 1662 (v ca ketone); 1626 (v ,) cm-‘. Mass spectrum, C4,Q0,6: 8 11 FL+Hl, 793 
w+H-HO], 775 [M+H-2HO], 463 Fr+H-sugar], 445 [M+H-sugar-HO]. For “C and ‘H-NMR spectrum see 
Table 1 and 2. 

20-Hydroxyecdyrone 3-(2,3,4,6-tetra-O-acetyl-tyl-B-Dglucopyranoside) (21). 

(20~22R~3~-(2~,4,6-Tetra-~ace~l-8-D_~,l~0,22,25-pentahydroxy-5g- 
cholest-7-en-&one. 

The boronate protecting group was removed in the same manner as for compound 17. Boronate 10 (6.4 mg, 
7.2 pmol) in methanol (150 pl) was treated with hydrogen peroxide (8 pl), yielding a&r Np-HPLC separation 
(DMW 925/75/1.5, R.T.=ll.l min) 4.2 mg (75 %) of compound 21. JR spectrum: 3485 (v&; 1740 

(v -ester); 1662 (v c=. ketone); 1626 (v c_,-c) cm-‘. Mass spectrum, C4,GOr6: 833 Fr+Na], 811 FI+Hl, 793 
FI+H-&O], 775 [M+H-2HO], 463 [M+H-sugar], 445 FI+H-sugar-HO]. For “C and ‘H-NMR spectrum see 
Table 1 and 2. 

2CHydroxyecdysone 25-(2,3,4,6-tetra-O-acetyi+-D-glucopyranoside) (22). 

(20~22R)-25-(2~,4,6_Tet~-~ace~l-~~~ucopy~noaylo~~2~~~,1~20~2-~n~hyd~~-5~- 

cholest-7-en-6-one. 

The boronate protecting group was removed in the same manner as for compound 17. Boronate 11 (4.9 mg, 
5.4 pool) iu methanol (100 ul) was treated with hydrogen peroxide (8 pl), yielding a&r Np-HPLC separation 
(DMW 925/75/1.5, R.T.=16.0 min) 4.0 mg (91 %) of compound 22. JR spectrum: 3485 (V oJ; 1741 

(v C-J ester); 1662 (V c=. ketone); 1626 (v c_c) cm”. Mass spectrum, C4,Q0,6: 811 FI+Hl, 793 [M+H-HO], 
775 [M+H-2301,463 [M+H-sugar] 445 [M+H-sugar-&O]. For 13C and ‘H-NMR spectrum see Table land 2. 
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Table 1 Carbon-13 Chemical Shifts of Ecdysteroid Derivatives in Methanol-d, 
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ahon 1 2 3. 4 5 17 18 19 20 21 22 

‘-1 31.36 36.11 38.99 37.38 37.36 35.01 34.96 34.% 35.91 38.43 37.38 

-2 68.70 76.40 68.34 68.71 68.70 70. I5 70.12 10.16 77.33 67.73 68.70 

‘-3 68.52 65.98 71.39 68.52 68.5 1 68.75 68.70 68.67 66.20 77.45 68.53 

‘-4 32.86 32.10 30.80 32.86 32.86 30.19 30.14 30.17 33.66 30.07 32.90 

‘-5 51.79 51.84 51.41 51.80 51.78 52.48 52.47 52.46 51.69 52.03 51.81 

‘-6 206.45 206.16 203.56 206.45 206.44 204.63 204.70 204.72 206.08 205.24 206.50 

1-7 122.13 122.11 121.69 122.12 122.17 122.06 122.07 121.98 122.15 122.12 122.10 

‘-8 167.91 168.14 166.15 167.95 167.92 168.20 168.15 168.37 168.11 167.90 168.09 

‘-9 35.09 34.99 34.35 35.08 35.10 35.12 35.07 35.12 35.00 35.05 35.16 

:-lo 39.26 39.51 38.73 39.28 39.27 39.38 39.38 39.32 39.45 39.12 39.26 

Lll 21.50 21.50 21.15 21.53 21.46 21.52 21.57 21.56 21.50 21.57 21.56 

1-12 32.51 32.47 32.03 32.64 32.50 32.45 32.54 32.45 32.50 32.48 32.55 

f-13 b 48.57 48.15 b b b b A8.58 b b b 

r-14 85.23 85.23 84.30 85.26 85.37 85.19 85.16 85.17 85.17 85.24 85.23 

:-15 3 1.78 31.74 31.80 31.84 31.76 31.83 31.87 31.82 31.75 31.80 31.79 

f-16 21.50 21.38 21.57 21.40 21.46 21.52 21.36 21.56 21.50 21.49 21.56 

‘-17 50.53 50.52 50.20 51.14 50.43 50.56 51.09 50.49 50.55 50.52 50.54 

r-18 18.05 18.05 17.99 18.14 18.06 18.04 18.32 18.08 18.01 18.04 18.08 

:-19 24.40 24.23 24.12 24.40 24.40 24.18 24.15 24.22 24.30 24.41 24.42 

:-20 77.90 77.92 77.03 77.46 77.96 77.91 77.26 77.94 77.90 77.90 77.97 

:-21 21.05 21.05 21.80 22.39 21.06 21.08 22.20 20.91 21.06 21.03 21.08 

:-22 78.42 78.42 11.73 89.70 78.41 78.44 91.16 78.17 78.44 78.43 78.17 

1-23 27.34 27.33 27.36 27.60 26.69 27.37 27.60 27.00 27.37 27.34 26.96 

1-24 42.40 42.38 42.73 40.93 40.10 42.40 41.47 40.95 42.40 42.40 41.05 

!-25 71.29 71.29 69.79 71.38 78.67 71.30 71.04 79.46 71.30 71.30 79.48 

!-26 29.70 29.71 30.12 29.65 27.35 29.70 29.86 26.83 29.72 29.72 26.83 

1-27 28.95 28.95 30.04 29.05 21.35 29.01 28.92 26.48 28.96 28.94 26.3 1 

k:C-1’ - 102.68 103.98 105.71 98.66 -- 102.76 96.30 100.66 100.03 96.32 

C-2’ __ 75.19 75.03 75.44 75.30 -- 73.23 73.16 73.02 72.88 73.16 

C-3’ - 77.87 78.74 78.08 78.19 - 72.88 72.47 72.94 72.75 72.51 

C-4’ -- 71.64 71.73 71.42 71.87 - 69.91 70.13 69.84 69.86 70.17 

C-5’ -- 77.97 78.54 77.96 779.00 - 74.36 74.34 74.44 74.24 74.41 

C-6’ -- 62.71 62.70 62.43 63.13 - 63.30 63.44 63.27 63.07 63.43 

+: co -- __ 172.23 172.32 171.71(2) 172.34 172.33 

172.07 171.99(2) 171.50 171.62 171.69 

172.00 171.67 171.30 171.48 171.34 

171.59 171.34 171.27 171.14 

171.24 171.12 

171.01 

CH, - I -- - __ - 21.10 21.02 20.75(2) 21.03 20.89 

20.90(2) 20.91(2) 20.55(2) 20.60 20.68 

20.69 20.70 20.54(2) 2(x57(2) 

20.51(2) 20.60(2) 

’ Data from $-pyridine solution (insoluble in methold,); b over@@ with a strong signal of solvent at ca 49.0 ppm 
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Table 2 Proton NW Spectra of Ecdysteroids 1 - 22 in Acetonod, 

Proton 
1 2 

Chemical shifts I (Coupling constants) 
4 5 6 7 8 9 10 11 

H-2 3.86ddd 4.OOddd 4.11 dt 3.82ddd 3.85 m 5.07ddd 5.08 ddd 3.84m 4.06ddd 3.78m 3.84m 

(12.0:4.3;3.4)(12.0;4.2~.0)(12.3;3.0:3.0)(12.0:4.0;3.0) (12.4;4.5~.0)(12.5;4.0;3.0) (12.0;4.0;3.0) 

E-3 3.93 bq 4.13 bq 

(3.3) (3.0) 

E-5 2.33 dd 2.33 dd 

(11.0;6.5) (1O.s:S.O) 

K-7 5.74 d 5.71 d 

(2.6) (2.5) 

E-9 3.16 ddd 3.14 m 

(11 .o;7.2;2.6) 

A-17 

II-22 

Me-18 

He-19 

Me-21 

Me-26 

We-27 

E-1’ 

2.45 t 

(9.2) 

3.37 dd 

(10.~1.8) 

0.914 s 

0.944 s 

1.198 s 

1.185 s 

1.178 s 

E-2’ __ 

A-3’ 

E-4’ 

E-5’ 

2.45 t 

(9.0) 

3.36 dd 

(IO.o;l.~) 

0.910 s 

0.945 s 

1.1% s 

1.179 s 

1.170s 

4.53 d 

(7.8) 

3.18 dd 

(7.8;9.0) 

3.40 t 

(9.0;9.0) 

3.36 t 

(9.R9.0) 

3.32 m 

IMP’ 

Mb’ __ 

k: 

(9.0;2.5;5.0) (9.0;2.2;5.8) (9.0;2.%6.7) 

3.84 dd 4.53 dd 3.84 dd 3.84 dd 

(11.5:2.5) (,,.7;2.2) (12.Oi2.4) (11.7i2.5) 

3.67dd 4.30 dd 3.68 dd 3.58 dd 

(11.5;5.0) (,,.7;5.8) (12.Oi4.8) (11.7i6.7) 

_. 

BPb: o- 

m- 

P- 

4.31 bq 

(3.0) 

2.93 dd 

(13.3;3.5) 

6.21 d 

(2.3) 

3.53 m 

2.98 t 
W) 

3.87 dd 

(9.a;l.O) 

1.170 s 

0.858 s 

1.576 s 

1.374 s 

1.374 s 

4.90 d 

(7.8) 

4.03 dd 

(7.8i9.0) 

4.22 t 

(9.R9.0) 

4.18 t 

(9.Oi9.0) 

3.90 urn 3.92 urn 

b b 

5.71 d 5.72 d 

(2.4) (2.5) 

3.16 m 3.16 m 

2.33 t 2.46 t 
w9 (9.0) 

3.48 bd 3.35 bd 

(9.6; <2) (10.0; <2) 

0.900 s 0.910 s 

0.935 s 0.939 s 

1.188 s 1.192 s 

1.160 s 1.245 s 

1.154 s 1.216 s 

4.41 d 4.50 d 

(7.6) (7.7) 

3.2-3.4 m 3.14 dd 

(7.79.0) 

3.2-3.4 m 3.41 t 

(9.Oz9.0) 

3.2-3.4 m 3.24 t 

(9.0;9.0) 

3.92 ddd 3.2-3.4 m 3.31 ddd __ 

5.29 q 
(3.0) 

b 

5.78 d 

(2.3) 

3.26 m 

2.47 t 
(8.8) 

4.90 dd 

(10.2:1.7) 

0.918 s 

1.021 s 

1.298 s 

1.161 s 

1.144 s 

__ 

__ 

__ 

__ 

2.08 s 

2.05 s 

1.94 s 

5.30 urn 3.91 bq 4.10m 4.05 um 3.91 un 

(3.0) 

2.28 dd 2.34dd 2.36dd b 2.34 dd 

(13.Oi4.4) (12.5;5.0) (9.2i8.0) (12.2;5.0: 

5.77 d 5.73 d 5.73 d 5.75 d 5.73 d 

(2.2) (2.5) (2.5) (2.4) (2.5) 

3.28m 3.18 ddd 3.16 m 3.18 m 3.18 ddc 

(I 1.0:7.5;2.5) (12.0;7.0;2.4 

2.46 t 

(8.6) 

4.87 bd 

(10.0;<2) 

0.92 s 

1.02 s 

1.30 s 

1.21 s 

1.20 s 

4.94 d 

(7.9) 

4.87 dd 

(7.R9.3) 

5.30 dd 

(9.3:9.8) 

4.37 dd 

(9.8;lO.l) 

3.95 ddd 

2.50 t 

(8.8) 

4.22 dd 

(8.Oi4.5) 

1.015 s 

0.966 s 

1.405 s 

1.233 s 

1.220 s 

__ 

2.50 t 2.49 t 2.50 t 

(8.8) (W (9.0) 

4.22 dd 4.22 dd 4.20 dd 

(9.4i3.7) (9.0;4.0) (lO.Oi2.8: 

1.004 s 1.009 s 1.010 s 

0.972 s 0.931 s O.%ls 

1.399 s 1.403 s 1.405 s 

1.222 s 1.228 s 1.305 s 

1.208 s 1.214 s 1.281 s 

4.99 d 4.85 d 5.00 d 

(8.1) (8.1) (8.0) 

4.88 dd 4.97 dd 4.87 dci 

(8.k9.7) (8.1i9.8) (8.k9.8) 

5.24 dd 5.30 dd 5.28 dd 

(9.73.5) (9.R9.4) (9.8;9.4) 

5.01 dd 5.04 dd 4.97 dd 

(9.,;10.0) (9.4;lO.O) (9.4;lo.o: 

3.97 ddd 3.98 ddd 3.96 ddc 

(10.1;5.5;2.6) 

4.25 dd 

(12.k5.5) 

4.08 dd 

(12.b2.6) 

2.01 s 

1.98 s 

1.94 s 

1.93 s 

c 
._ 

(10.0;5.6;2.4)(10.0;5.5;2.5X10.0;5.7;2.4; 

4.24 dd 4.28 dd 4.22dd 

(12.2;5.6) (122~5.5) (12.Oi5.7, 

4.14 dd 4.09dd 4.07dd 

(12.2;2.4) (12.2;2.5) (12.Oi2.4: 

1.991 s 2.156 s 2.021 s 

1.991 s 2.017 s 1.991 s 

1.983 s 1.995 s 1.982 s 

C 1.963 s 1.935 s 

7.77 m 7.77 m 7.78 m 7.78 m 

7.38 m 7.38 m 7.39 m 7.39 m 

7.49 m 7.48 m 7.49 m 7.48 m 

’ Data from d,-pyridine (3 is insoluble in methanold.,); b not determined; ’ other acetate signals are overlapped with solvent peak 



20-Hydroxyecdysone glycosides 9689 

Table 2 - continued 

Proton 12 
Cbcmical Shi I (Coupling Constnnts) 

13 14 15 16 17 18 19 20 21 22 

E-2 496ddd 5.08ddd 5.09ddd 4.88ddd 4.%ddd 5.07ddd 5.06ddd 5.08ddd 4.04dm 3.76 ddd 3.83 m 

E-3 4.10 mn 5.30 urn 5.30 lull 5.29 um 5.29 um 5.30 um 4.lOum 4.04um 3.91 um 

E-5 b b 

E-7 

E-9 

2.43 dd 2.30 dd 

(13.2;4.2) (13.X3.8) 

5.76 d 5.78 d 

(2.W (2.5) 

3.27 ddd 3.29 um 

5.78 d 

(2.4) 

3.29 m 

5.17 d 

(2.5) 

3.29 m 

E-17 

H-22 

Me-18 

Me19 

Me-21 

Me26 

Me-27 

H-l’ 

(ll.yk2.5) 

2.51 t 

(8.7) 

4.23 dd 

(9.3;4.0) 

1.020 s 

1.002 s 

1.408 s 

1.228 s 

1.214 s 

__ 

2.51 t 

(8.8) 

4.22 dd 

(9.4;4.0) 

1.021 s 

1.043 s 

1.404 s 

1.225 s 

1.210 s 

__ 

2.51 t 

(9.9) 

4.23 dd 

(8.5;4.5) 

1.02 s 

1.04 s 

1.42 s 

1.49 s 

1.47 s 

__ 

2.46 t 

(8.6) 

3.36 bd 

(lo.l;q 

0.92 s 

1.03 s 

1.20 8 

1.18 s 

1.175 s 

-_ 

H-2’ __ __ 

H-3’ __ __ __ 

H-4’ __ _- __ 

H-S __ __ 

__ __ __ 

Hdb’ -_ __ __ 

AC: c 2.086 s 

1.942 s 

1.94 s 

1.91 s 

c 

4.23 um 4.10 um 

b 2.43 dd 

(13ck4.0) 

5.78 d 5.76 d 

(2.4) (2.4) 

3.24 m 3.27 m 

2.50 t 2.51 t 

(8.7) (8.8) 

4.22 dd 4.21 dd 

(9.Oi3.4) (10.X3.0) 

1.017 s 1.020 s 

0.976 s 1.004 s 

1.400 s 1.411 s 

1.222 s 1.307 s 

1.207 s 1.284 s 

4.75 d 5.00 d 

(8.1) (8.2) 

4.95 dd 4.81 dd 

(8.k9.7) (8.Z9.7) 

5.28 dd 5.28 dd 

(9.7;9.6) (9.7:lO.O) 

5.00 dd 4.97 t 

(9.6;9.9) (10.0;10.0) 

3.89 ddd 3.91 ddd 

(9.9:5.8:2.4)(10.0;5.6;2.5) 

4.25 dd 4.22 dd 

(12.4;5.8) (12.0;5..5) 

4.02 dd 4.07 dd 

(12.4;2.4) (12.R2.4) 

2.196 s 2.022 s 

1.989 s 1.997 s 

1.979 s 1.993 s 

1.963 s 1.983 s 

1.937 s 

7.77 m 7.78 m 

1.39 m 7.39 m 

7.48 m 7.48 m 

2.06 s 

1.94 s 

2.28dd 2.29dd 2.36dd 2.36 m 2.33 dd 

(13.R4.0) (13.R4.5) (ll.Oi6.3) (11.X6.0) 

5.75 d 5.77 d 5.75 d 5.73 d 5.71 d 

(2.5) (2.3) (2.5) (2.6) (2.5) 

3.26 m 3.27 m 3.14 m 3.15 m 3.17 ddd 

(11.5Z2.51 

2.40 t 2.46 t 2.45 t 2.45 t 2.45 t 

(9.0) (8.6) (9.0) (9.0) (9.0) 

3.52bd 3.35 dd 3.36dd 3.35 dd 3.35 ddd 

(9.0: <2) (10.4;l.S) (10.5;1.5) (10.4;1.0)(10.0;5.0;1.7) 

0.924 s 0.922 s 0.900s 0.908s 0.912 8 

1.018 s 1.022 s 0.949 s 0.908 s 0.937 s 

1.186 s 1.195 s 1.195 8 1.167 s 1.194 s 

1.181 s 1.244 s 1.186 s 1.176 s 1.243 s 

1.164 s 1.215 s 1.176 s 1.176 s 1.214 s 

4.93 d 4.94 d 4.98 d 4.84 d 4.95 d 

(8.2) (8.2) (8.1) (‘3.0) (8.0) 

5.01 dd 4.85 dd 4.88 dd 4.%dd 4.85 dd 

(8.X9.6) (8.2i9.3) (8.k9.6) (8.R9.7) (81X9.8) 

5.31 t 5.29 dd 5.24 t 5.30 dd 5.28 dd 

(9.ti9.6) (9.X9.7) (9.6;9.6) (9.7t9.5) (9.8:9.5) 

5.OOdd 4.96dd 5.01 dd 5.04 dd 4.95dd 

(9.s;lO.O) (9.7;lO.O) (9.a;lO.O) (9.5;lO.O) (9.J;lO.O) 

4.08ddd 3.94 ddd 3.96ddd 3.98ddd 3.95 ddd 

(10.o:7.5:2.5~9.~5.a:2.5~10.~5.~2.5~10.~5.~2.5~10.~5.~2.5 

4.22 dd 4.23 dd 4.24 dd 4.28 dd 4.22 dd 

(12.e7.5) (12.a.5.6) (12.X5.5) (12.X5.5) (12.0;5.5) 

4.11 dd 4.09 dd 4.14 dd 4.08 dd 4.09 dd 

(12.ti2.5) (12.0;2.5) (12.3i2.5) (12.z;Z.S) (12.Oi2.5) 

2.081 s 2.082 s 1.99HZx) 2.154 s 2.03 s 

2.070 s 2.023 s 1.94 s 2.014 s 2.01 s 

2.008 8 2.012s c 1.994 s 1.99 s 

1.952 s 1.989 s 1.962 s 1.94 s 

1.933 s 1.935s(Zx) 

BPb: o- 

m- 

7.78 m 

7.39 m 

7.49 m 

7.18 m 

7.39 m 

7.49 m 

7.79 m 
7.39 m 
7.49 m P 
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Table 3 Ghcosylrtion Shifta in Proton and Carbon-13 NMR Spectra of Ecdysteroidr 

I ProtonNlKRspectra carboa-13 NMR npectra 

Sub&. Posrtion caallp. E-2 H.3 Me-19 1 c-1 c-2 c-3 Q c-5 c-10 

GIG 2 (2-1) 0.14 0.20 0.00 I-l.25 7.70 k2.54 Xl.76 0.05 0.25 

3 (s-l)* 

Gic(Ac) 2 (9-8) 

(20-l) 

3 (10-8) 

(21-1) 

(15-12) 

GIG 22 (4-l) 

25 (5-l) 

Glc(Ac) 22 (18-17) 

25 (11-8) 

(7-6) 

(22-l) 

(16-12) 

(N-17) 

1 

- 

-0.06 0.10 -0.20 

0.22 0.19 0.01 

0.18 0.17 0.01 

-0.06 0.14 -0.04 

-0.10 0.11 -0.04 

0.90 0.01 9.16 -1.73 0.07 a.07 

b b b b b b 

-1.45 8.63 -2.32 0.80 -0.10 0.19 

b b b b b b 

1.07 -0.97 8.93 -2.79 0.24 0.14 

a.08 0.13 XI.03 b b b b b b 

Ma18 Me-21 A-22 Me-26 Me-27 C-17 C-20 C-21 C-22 C-23 C-24 C-25 C-26 C-21 

-0.01 0.01 0.11 -0.02 XI.02 0.61 +I4 1.34 11.28 0.26 -1.47 0.09 -0.05 0.10 

0.00 a.01 0.02 0.06 0.04 a.10 0.06 0.01 -0.01 -0.65 -2.30 7.38 -2.35 -1.60 

0.00 -0.01 0.16 0.00 a.01 0.53 -0.65 1.12 12.72 0.23 -0.93 -0.26 0.16 -0.09 

0.00 0.01 -0.02 0.07 0.06 b b b b b b b b b 

0.00 0.00 0.03 0.05 0.06 b b b b b b b b b 

0.00 0.01 -0.02 0.06 0.04 0.01 0.07 0.03 -0.25 ~I.38 -1.35 8.19 -2.87 -2.64 

0.00 0.00 a.02 0.08 0.07 b b b b b b b b b 

0.00 0.00 -0.01 0.06 0.04 I-O.07 0.03 -0.17 -0.27 a.37 -1.48 8.16 -2.87 -2.53 

*The shifl values from NMR data obtained in p@dimd5 solution (data for 1 in pyridined5 taken from rcf 21); b carbon-13 
spectra ofcmesponding compounds wenz. not measured. 

1 

2 

3 

4 

5 
6 
7 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
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