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Abstract - GAS-2-0-S-D-gluoeeida (a), GAS-13-0-G-D-glucoside 

(a) and GA20-13-O-S-D-glucoeide (&I could be obtained by 

partial synthesis. Synthetio s was oompared with isolated 

GAS-P-O-G-D-gluooside' in order to confiw its struoture. 

In addition, the syntheses of S-D-glucosyl esters of GA7 (21, 

GAS (E) and GA20 (2) are described. 

INTRODUCTION 

GAS-2-O-S-D-glucoside (a)+ has been isolated from pod8 of Phaseolus 

cooaineus as the first oonjugste of gibberellins192. The structural eluoidation 
of g and of subsequently identified gibberellin gluooeides from plant (Ref. 

see Lit.5) was based on speotreacopioal data of the intaot compounda, their 
derivatives or on investigations with parts of them after hydrolysis. 

We now report on the partial synthesis of GAS-0-glucoaides for comparison 
naaexu in order to finally cronfirm the struoture of the endogenous specimen. 

With the same synthetio approaoh we also tried to synthesize glucosgl deriva- 

tivee ef GA2o and some gibberellin glucosyl esters which are neoeesary for 

identifioatlon purposes in metabolio studies 6,798 and for the identifioation 
of putative gibberellin oonJugates from plant. 

la I R=H Ea s R=H 5 
E* R = Me ga R - Ma 

%mbering of the C-skeleton ia -based on the ent-gibberellane3. The name 

:ti 
-3(G)-S-D-gluooaide, whiob was forme~4um~for s in the literature', 
derived frem the gibbama menolature . 
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RKSULTS AND DISCUSSION 

The main problem in the chemictal glucoeglation of G% (2) conriate in the 

multifunotionality of the molecule. Thus, if GA8 methyl eater 2 wea subjected 

to the Koenigs-Knorr reaction g*.'"~ll 

tetra-0-acetpl)-glucoepl derivativea. 

we were to expect iaomerio GAB-O-(2,3,4,6- 

The reeation mixture was deacetglated by 

aodium methoxide. The resulting iaomeric O-glucoayl-GAB-methyl eater-a were re- 

acetylated (short tew). By this, differenoea in the reactivity of free hydroxy 

groupa of GA8 (2-0, 3-0, 13-O) lead to different acetates of the glucosidea that 

could be q eperated by silica gel chromatography (a, Fig. 1)". 

In the 'I-X-l@!R apeatrum of the penteacetste fraction (m/z = 7501,beaides the 

5 aoetyl ainguleta at 1.987, 2.028, 2.060, 2.083 and 2,140 ppm,the downfield 

shifted signal of the 3-H (5.257, d, J3 2 J 4 Hz) could be observed whereas the 

2-H eignzl was unaffected at 3.863 ppm [Tab. 1). From these data it can be 

derived that the 3-hydrom group of GA8 ia acetylated but not the more reactive 

2-hydrors group'. Thia only auita the structure of a 3-0-aoetyl-2-0-G-D-(2,3,4, 

6-tetrz-O-aoetylj-gluoopyranosyl-GAB-methyl eater & for the pantsacetate, 

The tetrazcetate fraction (needles, mp. 212-215'C, m/z = 708) shows in the 

NMR unshifted signale for both the 2- and 3-bydroxy group (3.76, 3.86 ppm). As 

the aubatance could be trenaformed into & by prolonged acetylation, ita atruc- 

ture has to be the 2-0-0-D-~2,3,4,6-tetra-0-ecetgl)-gluoopyranoayl-GA~-met~l 

eater &. Deacetylation of & led to 2-O-S-D-gluoopyranoagl-GAB-methyl eater 

& ahowing an M-1 ion in the negative ionization MS (m/z = 539). In the NNR 

apeotra the unchanged poaitionad the 18-H3- end 17-H2-aignala indioate that 

the gluceayl moiety ia attached neither to the 3-nor to the 13-hydroxy group5. 
Treatment of &with lithium-S-propyl thiolate resulted in the free GA8-2-0-G- 

D-gluoogyranoside s ([a$ -0.6')', the KMR spectrum of which was identical 

with that of isolated a. Further evidence for the identity of ayntheaized a 

with endogenoua fi waa gained from comparing their eoetatea & end g, The KK2 

spectrum of synthetic 3-0-eoetgl-GA~-2-0-0-D-(2,3,4,6-tetra-0-cetyl)-glucoside 

g (mp. 257-260°C, [acJD -1.2') aoincidea with that of g obtained from isola- 

ted a (Lit.' mp. 249'C, [d], -2.6'). The mixed mp. 257-259'C did not show any 

depreaaion. The same oomea true for the GA8-2-O-S-D-(2,3,4,6-tetra-O-acetyl)- 

glucoaide & for whioh identiaal melting pointa and mixed mp. 236-239' ea well 

as identical NblR- and MS-apeotra could be obtained. 

Beeidea the tetrazoetate g end the pentsaoetate 2 from the acetylation 

mixture of 0-glucoayl-GA8-methyl eaters (see Fig. 1) we elao isolated a hexa- 

eoetate frzotion (m/z = 792). On the baais of NMR,ita struoture wea attributed 

to 2,3-di-0-aoe~l-l3-0-S-D-(2,3,4,6-tet~-0-aoetyl~-glucopy~oayl-G~-met~l 
esters. Ita deaoetyletion resulted in 13-0-S-D-gluooagl-GA*-methyl eater 

(2, fq)9 +32.5'), The downfield shift of the 17-H2 signala in the KMR-apec- 

trum of 2 (4.98 and 5.34 ppm) indicates the nelghbourhood of the 1FO-glucoapl 

moiety. The free GAgl3-0-!3-D-gluooaide & (@7g7 +20,2') was obtained by 

+The difference in the r&] w?hOa (Lit.’ ,&j +6.7’) wee reinvesti 
WIG-pwifIed aubatanae re&alting in agreeableDdata: isolated g 
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demethylation of 2. Its structure we8 confirmed by NMR data of the hexaaoetate 

N U-W;7 +34.8') produced from & by abort term aoetylation. The signals of 

the 2-O- and 3-O-acetates (1.96 and 2.15 ppm) together with the downfield shift 

of the 2-H and 3-H (4.96 and 5.28 ppm) coincide with the structure. 

So far, the performed glucoaylation of GA8-methyl ester (2) led 

and 13-0-gluoosglation. But, there was no evidence for simultaneous 

lation of the axial 3-hydroxy group. 

to 2-0- 

gluco~y- 

The glucosylation of the tertiary 13-hydroxy group of 2 is in agreement 

with former experienoes'0*""2 and could alao be obaerved for GA20-methyl 

ester 2b, from which 13-O-13-D-glucopyrenosyl-GA20 -methyl ester 9 (f&ID +39.6') 

could be obtained with 39.8 % yield. In the N'MR spectrum of && the typical shift 

of the 17-H2-signals (4.925 and 5.301 ppm) for 13-0-glucosyl structure ia appa- 

rent. The corresponding tetraacetate & ((d], +48.7') is characterized by its 

molecular ion at m/z = 676 as well aa by 4 acetate aingulet s at 2.000, 2.020, 

2.042 and 2.063 ppm in the NMR spectrum. From the methyl ester & the free GA20- 

13-0-I3-D-glucopyranoside (6c, FIG8 -36.6') oould be obtained. Its structure 

was confirmed by epectroscopioal data of the GA20 -13-O-S-(2,3,4,6-tetra-O-acetyl)- 

gluooside 6d, ([d]z8 +39.9'). The NMR spectrum of @ shows typical signals at 

4.575 (d, J,,2 = 7.68 Hz, l'-H), 2.009, 2.030, 2.054 and 2.070 ppm (48, aoetates). 

0 H 

R' R" 
&I Me AC 
&rMe H 
&a H H 
E: H AC 

GA2G-13-0-l3-D-glucoaide & has not yet been isolated from plant, but ite 

metabolic formation in various plant tieeuerr after feeding of GA2o (2a) oould be 

demonstrated on the baeirr of this synthetic etandard 6,7,13 

Far our metabolic work we alao need gibberellin-FZD-gluooayl esters, which 

repreeent another group of endogenoua GA conjugates * . 5~3, by reacting the 

free acidic GA7 (2), GA8 (s) and GA20 (2a) with equimolar amounts of K-aceto- 

bromoglucoee we obtained the oorreeponding GA-0-0-D-(2,3,4,6-tetra-O-acetyl)- 

glucopyranoeyl esters & 8a, & with 50 to 60 k yield. The cruoial step of 

their deaoetylation by sodium methoxide requiree dedicated oondltions in order 

to out down tranaeaterfication. The pbysioal data of the synthesized gluooeyl 

eatera of GA7 2, GA8 & and GAZO 2 b aa well as thoae of their acetate8 are 

summarized in Tab. 2. 
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tit R = AC 
7b 8 R=H - 

0 H 

90 I R - AC 
zr R=H 

!Cab. 2 Physical data of eynthesized gibberellin-0-B-D-gluooeyl esters and their 

tetraaaetates (200 MHz 'IS-FMR, !CMS internal standard, CDC13 (GA-GE(ac)4, 

D6-acetone (GA-GE)). 

Compouna melting point 18-H3(s) 5-H(a) 6-H(d) 17-H2(m) l'-H(d) acetates 
JaA.I.5 Jdf.5 J=7.9Hz (a) 

GA7-GE(ao)4(z) 164-165'C 1.199 3.131 2.773 I% 5.750 . l ;;;, ;:g: ; 

. 

‘+-GE@) 234-235'C 1.150 3.211 2.765 It*% 5.472 - 
. 

GA8-GE(ac)4(&) 152-154'C 1.165 3.250 2.660 ;.;$;I 5.812 

. 

;*;;fj, 

;:",;y: 
. 

GA8-GE(&) amorphous 1.105 3.262 2.631 4.834/ 5.489 - 
5.144 

GA20-GE(ac)4(&) 142-144'C 1.038 2.698 2.521 ;.;;:I 5.798 1.999, 
. 2.021, 

2.045, 
2.069 

GAZO-GE(a!) amorphous 1.027 2.689 2.608 f%' 5.535 - 
. 
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All melting points are corrected, The 'H-NMR spectra were meaeured with an 

100 MRz Varian, a 200 MHz or a 360 MHz Bruker equipment, respectively. Negative 

end poaitive ionization mass spectra were obtained with the maaa spectrograph 

according to 1. v. Ardenne. 

The preparative HPLC w&a performed with an Hewlett Packard HP 1090 equipped 

with a IO x 250 nm column Lichroaorb RP 18, 7jam (Merck) and MeOH:B20 = 25:75 

(4 ml/min) as Bolvent (210 nm detection). 

The general procedure of glucosylation including experimental conditionz of 

deacetglation, acetylation, demethylation as well aa ohromatographic techniquea 

waa described in Lit.g*10 

I. Clucosylation of GA8-methyl eater (2) 

1.11 g GA8-methyl ezter (s)14 in dichlorethane were reacted with 5.6 g J(-aae- 

tobromoglucoae in presence of 11.4 g Ag2C03/Celite. The reaction product wae 

deacetylated by 0.5 N sodium methoxide and the resulting 0-glucoayl-CA8-methyl 

ester purified by chromatography on silica gel. After abort term acetylation of 

thie fraction (476 mg) with acetanhydride/pyridine the acetatea were separated 

on silica gel with increasing concentration (5 % atepe) of CHCl3 within hexane. 

With 65 % CHCl3 78 mg (3.8 % total yield) of amorphous 2.3-di-O-acetvl-13-O-S-D- 

~2.3.4.6-tetra-O-acetyl)-ulucoDyranosrl-GA,-methsl eater & ([&' = +27.6' 

(0.49 ethanol), C38H480,8, I+ 792 m/z, 'H-NMR eee Tab. I) were separated. The 

fraction with 70 % CHC13 within hexane contained 66 mg (3.0 % total yield) of 

amorphous ~-O-scetul-2-O-O-D-(2.3.4.6-tetra-~cetsl~-ulucouyranossl-GA~-met~l 

+12.4' (0.38 ethanol), C 

er-CO), 1775 (f-lactone 3 

6H460,7, M+ = 750 m/z, aa' = 750 m/z, 

cm-', ‘H-IV&Et see Tab. I), With 

80 '% CHC13 within hexane 74 mg (3.5 % tetal yield) of 2-0-S-D-(2.3.4.6-tetra-O- 

acetyl)-nlucoDyranoeyl-GA--methyl eater & (L&Ii0 -6.4' (0.43 ethanol), mp. 

212-215'C, C34H44016, M+ = 708 m/z, 'H-Nb¶R see Tab, I) were eluted. 

1.1. GA8-2-0-S-D-glucopyranoaide (fi) 

65 mg of the tetraacetate & were deacetylated by 0.5 N sodium methoxide re- 

sulting in 40 mg (92 %) amorphous 2-0-S-D-glucopyrenoeyl-G 

(fiJ;8 +2.1° A? 
-methyl eater &, 

(0.38 ethanol), after HPU: purifioation foiJ$ +0.9' (0.45 

ethanol), C26H36012, M--I = 539 m/z, 'H-RMR see Tab, I>, Demethylation of 

36 mg methyl eater & by lithium S-propyl thiolate afforded after obromatogra- 

phy on silica gel and DEAD-Sephadex 23 mg (69 %) amorphous (GA,-2-0-l3-D-zluco- 

pyranoside Q (coil;5 -1.9' (0.44 ethanol), after HPLC purification [d]Eb 

-0.5' (0.43 ethanol), 'H-NMR aee Tab. I). 

By short term acetylation (acetanhydride/pyridine 20 min) of 30 mg of GA8-2- 

0-l3-D-glucopyranoaide g two acetates were obtained after separation by silica 

gel chromatography with a gradient of ethyl acetate within chloreform. At first, 
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13 mg (32 $ yield) of )-O-acetsl-GA,-2-O-O-D-(2.3.4.6-tetra-~cetyl~-Rluco- 
acetate/hexane, mp. 257-260°C (Lit.' mp. 

-1.2' (0.41 ethanol) (Lit.' r&ID -2.6'1, 

3: 1714 (acid-CO), 1745-1762 (acetate-CO), 

see Tab. l), were eluted followed by 18 mg 

(63 % yield) of the GAo-2-O-8-D-(2.3.4.6-tetra-O-acetsl)-Rluoozyrancaide & 

(needles from ethyl acetate/herane, mp. 236-239'C, repro -21.0' (0.33 ethanol) 

(C33"420,6r M--l = 693 m/z). The tetraacetate % from endogenous fi showed 

mp. 236-239'C, mixed mp. 236-239’c, .@@5 -19.5’ (0.42 ethanol). 

1.2. GA8-13-0-8-D-gluoopyranoeide & 

56 mg of the hexaacetate methyl eater 2 were deacetylated by 0.5 N eodium 

mathoxide resulting in 33 mg (87 % yield) amorphous 13-0-8-D-R~uco~Yranoay~- 

GA--methyl eater $& t/-&J;' 

'H-N?JR see Tab. 1). 
+32.5' (0.45 ethanol), C26H36012, r-18 = 522 m/z, 

From the methyl ester 2 (37 mg)the free GA,,-13-O-B-D-nlucowrauoeide & could 

be obtained by demethylation with lithium-8-propyl thiolate in 70 % yield 

Cfd]g7 -20.2' (0.46 ethanol), 'Ii-m aee Tab. I). By short term acetylation 

(acetanhydrlde/pyr%dine, 4 brs) & could be transformed into a hexaacetate: 

2.3-di-O-(r0e~l-GA,-l3-OI~~(2.3.4.6-tetFB-0-ecetpl-RluooPs~ide 2 (38 mg, 
72 % yield), emorphoua, &@' +34.8' (0.40 ethanol), C37H46013' r-1 = 777 m/z; 

'H-N&R see Tab. 1). 

Treatment of a with diazomethane led to the corresponding methyl ester 2 

(see above). 

2. Glucoaylation of GA,,-methyl eater (2b) 

560 mg of GA20-methyl ester (2b) were reacted with 3.5 g&-acetobromogluooae in 

presence of 7.0 g Ag2C03/Celite in dichloroethane. The reaotion mixture waa de- 

acetylated by 0.5 N Bodium methoxide and chromatographed on silica gel with 

chloroform/methanol. Beside 220 mg of starting material (2b), 322 mg (39.8 % 

total yield) 13-O-O-D-Rluoonsranoayl-GA2,,-methyl ester G (fdlE8 +39.6' (0.60 

ethanol), C26H360,0, r-1 = 507 m/z, M++l = 509 m/z, 'I-I-NMR 868 Te+b. 1) were 

isolated. 

Acetylation of methyl eater & with aoetenhydride/pytidine (4 bra) and aub- 

sequent chromatography resulted in the 13-O-B-D-(2.3.4.6-tetra-O-aoetrl)-Rluco- 

Egranoayl-GA .,-methyl ester & (amorphous, Layi0 +48.7' (c = 0.44 ethanol), 
T- 

c34H44014' I" = 676 m/z, ah-1 = 675 m/z, 'Ii-MUIR see Tab. 1). 
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The i3-0-B-D-gluoopyrenosyl-GA20 -methyl ester & (300 mg) was demethylated by 

lithium-S-propyl thiolate. After column chromatography on silica gel and DEAE- 

Sephadex 226 mg (77.5 % yield) Of ~20-13-O-8-D-RlUcODYr~Oside 60 (fq, 28 +30,6' 

(0.50 ethanol), 'Ii-NMR see Tab. 1) could be obtained. 

The acetylation of GA2o -13-0-glucoside & (60 mg) with acetanhydride/pyridine 

yielded 68 mg (85 % yield) of GA20-l3-0-S-D-(2.3.4.6-tetra-O-aoetsl)-nlucooyra- 

noside 66 ([d$' +39.9' (0.50 ethanol), C33H420,4, M- = 662 m/z, M+ = 662 m/z, 

'H-NMR see Tab. 1). 

3 . Svntheais of gibberellin aluoossl ester 

The subsequently described procedure for the synthesis of GA20-glucosyl ester is 

to consider as general example for the aynthesis of gibberellin glucosyl esters 

listed in Tab. 2. 

GhpO & (50 mg, 0.15 mmol) in 4 ml diohloroethanewaa reacted with 65 mg (0.16 

mmol) of &-acetobromogluooae in the presence of 95 mg (0.17 mmol) Ag2C03/Celite 
at boiling temperature. After 10 min the mixture was filtered. After evaporation 

the residue was ohromatographed on 15 ml DEAE-Sephadex A 25. The column was elu- 

ted with 15 ml aliquots of methanol, 0.5 N HOAc/methanol, 1.0 N HOAc/methanol; 

5 ml fractions were collected. Fractions 3-5 contained the neutral component 

which was rechromatographed on 8 g silica gel (petrol ether/ethyl acetate) re- 

sulting in 48 mg GA20-13-D-(2.3.4.6-tetra-O-acetyl)-alucowranossl ester & 

(49 % yield, mp. 142-144'C, C33H42014, I+ = 662 m/z, 'H-NMR a. Tab. 2). 
Fractions 11-12 contained 25 mg (48 %) starting material &. 

28 mg GA20-B-D-(2,3,4,6-tetre,-0-acetyl)-glucosyl eater & (0.04 mmol) within 1 ml 

methanol were treated with 30,ul 0.5 N sodium methoxide for 5 min at room 

temperature. The reaction was stopped by 30,ul HOAc and the crude reaction 

mixture was separated by silica gel chromtography with chloroform/methanol 

affording 12 mg GA20-8-D-RhCODYri3110SYl ester a (57 % yield, amorphous, 'H-NMR 

see Tab. 2). 
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