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Abstract -~ GA8-2-O-B-D-g1uouide (44), GA8-13-0-B-D-glucoaide
(5¢) and GA,,~13-0-B-D-glucoside (6c) could be obtained by
partial synthesis. Synthetic 44 was compared with isolated
GA8-2-0-B-D-51ucoside1 in order to confirm its structure.

In addition, the syntheses of B-~D-glucosyl esters of GA7 (1v),
GAg (8b) and GAyg (9b) are described.

INTRODUCTION

GAB-Z-O-B-D-glucoaide (ﬂ)*’ has been ilsolated from pods of Phaseolus

coceineus as the firat conjugate of gibberellins1’2. The atructural elucidation
of 4d and of subsequently identified gibberellin glucosides from plant (Ref.
see Lit.s) was besed on spectroscopical deta of the intact compounds, their
derivatives or on investigations with parts of them after hydrolyais.

We mnow report on the partial synthesis of GAe-O-glucoaides for comparison
reagons in order to finally confirm the structure of the endogenocus specimen,
With the same synthetic approach we also tried to synthesize glucosyl deriva-
tives of GA20 and some gibberellin glucosyl esters which are necessary for
jdentification purposes in metabolic studies6'7’8 and for the identification
of putative gibberellin conjugates from plent,

i OH

"'luborng of the C~skeleton is based on the ont—gibbcnllm3 + The name,
G:s-j(o)-&n-glucuido, which was fomlx4ul'e—ﬂ"£or 44 in the literature ,
wall derived frem the gibbane nomenclature .
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RESULTS AND DISCUSSION

The main problem in the chemical glucosylation of GAg (1a) consists in the
multifunctionality of the molecule. Thus, if GAB methyl ester 1b was subjected
to the Koenigs-Knorr reaction??'% 17 we were to expect lsomeric GAB-O-(2, 344,6~
tetra-O-acetyl)-glucosyl derivatives., The reaction mixture was deacetylated by
sodium methoxide, The resulting isomeric O-glucoayl-GAe-methyl egters were re-
acetylated (short term). By this, differences in the reactivity of free hydroxy
groups of GA (2-0, 3-0, 13-0) lead to different acetates of the glucosides that

could be aepa.rated by silica gel chromatogrephy (8. Fig. )"1

In the 'H~EMR apectrum of the penteacetate fraction (m/z = 750), besides the
5 acetyl singulets at 1,987, 2.028, 2,060, 2,083 and 2,140 ppm,the downfield
shifted signel of the 3-H (5,257, d, J3 2 = 4 Hz) could be observed whereas the
2-H gignal was uneffected at 3.863 ppm ZTab. 1), Prom these data it can be
derived that the 3-hydroxy group of GA8 is acetylated but not the more reactive
2~hydroxy groupB. This only suits the structure of a 3-O-acetyl-2-0-8-D-(2,3,4,
6-tetra-0-acety1)-glucopmnosyl-GAB-methyl ester 4b for the pentamcetate.

The tetraacetate fraction (needles, mp. 212-215°C, m/z = T08) shows in the
NMR unshifted signals for both the 2- and 3-hydroxy group (3.76, 3.86 ppm). As
the substance could be transformed into 4b by prolonged acetylation, its struc-
ture has to be the 2-0-B—D—-(2,3,4,6-tetra-0-aoety1)-gluoopyranoayl-GAe-methyl
ester 4a, Deaceiylation of 4a led to 2-0-B-D-glucopyra.nosyl-GAB-methyl egter
4c showing an M-1 ion in the negative iomnization MS (m/z = 539). In the NMR
gspectra the unchanged positionsaf the 18-H3- and 17-H,-signals indicate that
the glucosyl moiety is attached neither to the 3-nor to the 13-hydroxy groups.
Treatment of 4¢c with lithium-S-propyl thiolate resulted in the free GA8-2-0-B-
D-glucopyranoside 44 (/ 06]2 ~0,6%)%, the MMR spectrum of which was identical
with that of isolated 4d. Further evidence for the identity of aynthesized 44
with endogenoua 44 was gained from comparing their acetates 4e and 42, The NMR
gpectrum of synthetic 3-O—aoety1-GAa-2-0-B-D-(2 3,4,6=tetra~O-acetyl)-glucoaide
42 (mp. 257-260%C, [o(]p =1.2°) coincides with that of 4f obtained from isola-
ted 43 (Lit.' mp. 249%, [o¢/, ~2.6°). The mixed mp. 257-259°C did not show eny
depresgion, The same comes true for the GA8-2-0-B-D-(2 3,4,6=-tetra~O-acetyl)=-
glucoside 4e for which idemtical melting points and mixed mp. 236-239° as well
a9 identical NMR- and MS-gpectrs could be obtained.

Besides the tetraacetate 4a and the pentaacetate 4b from the acetylation
mixture of O-glucosyl-GAs-methyl esters (see Fig, 1) we algo isolated a hexa-
acetate fraction (m/z = 792), On the basis of NMR,its siructure was attributed
to 2,3=di-0-acetyl-13-0-8-D~(2,3,4 6-tetra-0-a.oety1)-glucopyranosyl—GAe-methyl
eater 5_. Its deacetylation resulted in 13-0—B—D-gluoo-yl-GA ~methyl ester
(5b, [OC]D +32,5%), The downfield shift of the 17-H, aig:nals in the NMR-spec-
trum of 5b (4.98 end 5.34 ppm) indicates the neighbourhood of the 13-0-glucosyl
moiety, The free GA8-13-0-B-D-gluooside 5¢ ([06]]2)7 +20,2°) was obtained by

*twe difference in the /o], values (Lit.,' [oCTy +6, 7°) was reinvesti ed with
HPIC-purified substance repulting in agreeable data: isolated 43 /¢ =0, 4
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demethylation of 5b. Its structure was confirmed by NMR data of the hexaacetate
5d (1217%7 +34.8°) produced from 5¢ by short term acetylation. The signals of
the 2-0- 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 glucosylation of GAg-methyl ester (1b) led to 2-0-
and 13-0-glucosylation. But, there was no evidence for simultaneous glucosy-
lation of the axial 3«hydroxy group.

The glucosylation of the tertiary 13~hydroxy group of 1b is in agreement
with former experienceam’”’12 and could also be observed for GAzo-methyl
ester 2b, from which 13-0-8-D-glucopyranosyl-GA,,-methyl ester 6b ([bQ]D +39.69)
could be obtained with 39.8 % yield. In the NMR spectrum of 6b the typical shift
of the 17-H2-=ignals (4.925 and 5.301 ppm) for 13=-O-glucosyl structure is appa-~
rent. The corresponding tetraacetate 6a ([bC]D +48.7°) is characterized by its
molecular ion at m/z = 676 as well as by 4 acetate singulet s at 2,000, 2.020,
2.042 and 2,063 ppm in the NMR spectrum, Prom the methyl ester 6b the free GAZO'
13-0~-3-D-glucopyranoside (6¢, ZEC]%B -36.6%) could be obtained. Its structure
was confirmed by spectroscopical data of the GA20-13-0-B-(2,3,4,6-tetra-0—acetyl)-
glucoside 6d, ([5C7%8 +39.9°%). The NMR spectrum of 63 shows typical signals at
4,575 (4, J1’2 = 7,68 Hz, 1'-H), 2,009, 2.030, 2.054 and 2,070 ppm (4s, acetates).

0 H
| @ m-
R*0 OR"
[11]1] o uhml
CH; COOR’ Ce
RI R"

Ba: Me Ac
Bb: Me H
6c: H H
6d: H Ac

GA2°-13-0—B-D-glucoside 6¢c has not yet been igolated from plant, but its
metabolic formation in various plent tissues after feeding of GA2° (gg) could be
demongtrated on the basis of this synthetic standar66’7’13

For our metabolic work we also need gibberellin-O-8-D-glucosyl esters, which
represent another group of endogenous GA condugatess'13. Thus, by reacting the
free acidic GA, (3), GAg (1a) and GA,, (22) with equimolar emounts of X-aceto-
bromoglucose we obtained the corresponding GA-O=f-D-(2,3,4,6-tetra-O-acetyl)-
glucopyrenoayl esters 7a, 8a, 92 with 50 to 60 % yield. The crucial step of
their deacetylation by sodium methoxide requires dedicated conditions in order
to cut dewn transesterfication. The physical data of the synthesized glucosyl
esters of GA7 Ib, GAg 8b and GA,, b as well as those of their acetates are
gummarized in Tab, 2.
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Tab, 2 Physical data of synthesized gibberellin-O=B-D-glucosyl esters and their
tetraacetates (200 MHz 1H--NMR, TMS internel standard, CDCl3 (GA-GE (ac)4,
Dg-acetone (GA-GE)).

Compound melting point 18-H3(s) 5«H(d) 6~H(d) 17-H2(m) 1'=H(d) acetates
J=10,5 J=10.5 J=7.9Hz (s)

Hz Hz

GA,~GE(ac) ,(Ja) 164~165°C 1.199  3.131 2,773 4.805/ 5.750 1.994,

4,960 1.999,
2.015,
2.032
GA,-GE(Tb) 234~235° 1,150  3.211 2,765 4.810/ 5.472 =
4,908
GAg-GE(ac),(8a) 152~154°C 1,165 3.250 2.660 4,936/ 5.812 2,024,
5.273 2.037,
2,091
GAg-GE(8b) amorphous 1,105  3.262  2.631 ;,.822/ 5.489 -
.1
Ghyo=GE(ac) ,(9a) 142-144% 1,038 2,698 2,521  4.925/ 5.798  1.999,
5,271 2,021,
20045 L)
2,069
GA,,-GE(2R) amorphous 1,027 2.689 2,608 4.840/ 5.535 ~

5.174




Gibberellin glucosyl conjugates
EXPERIMENTAL

A1l melting points are corrected. The TH-NMR spectra were measured with an
100 MHz Varian, & 200 MHz or a 360 MHz Bruker equipment, respectively. Negative
and positive ionization mass spectra were obtained with the mess spectrograph
according to M, v. Ardenne,

The preparative HPILC was performed with an Hewlett Packard HP 1090 equipped
with a 10 x 250 nm column Lichrosorb RP 18, 7 um (Merck) and MeOH:H,0 = 25:75
(4 ml/min) as solvent (210 nm detection),

The general procedure of glucosylation including experimental conditions of

deacetylation, acetylation, demethylation as well as chromatographic techniques
was described in Lit.2+10

1. Glucosylation of GAg~methyl ester (1b)

1.11 & GAg-methyl ester (12)14 in dichlorethane were reacted with 5.6 g X -ace=
tobromoglucose in presence of 11.4 g AgZCOB/Celite. The reaction product was
deacetylated by 0.5 N godium methoxide and the resulting Obglucoeyl-GAB-methyl
ester purified by chromatography on gilica gel, After short term acetylation of
this fraction (476 mg) with acetanhydride/pyridine the acetates were separated
on silica gel with increasing concentration (5 % steps) of CHC1, within hexane.
With 65 % CHCl3 78 mg (3.8 % totel yield) of amorphous 2,3-di-Owacetyleq3—=OwBD-
2 6=tetra-0-acetyl)=gluco 0gyl-GA -methyl ester Sa ([o</p” = +27.6°
(0.49 ethanol), C 8H 8018’ M* 792 m/z, 'B-NMR see Tab, .1) were separated. The
fraction with 70 % CHGl3 within hexane contained 66 mg (3.0 % total yield) of
amorphous J-0-acetyl=2-0=B-D-(2 6~tetra-O-acetyl)-glucopyranosyl~GA -methyl
ester»%g ([tﬂ]D +12,4° (0.38 ethanol), C ¢Hy 017, M* = 750 w/z, ¥~ = 750 m/z,
1738 (ester-C0), 1775 (X‘-lactoneg ’ TH-NMR see Teb, 1), With
80 % CHCl3 within hexane 74 mg (3.5 % tatal yield) of 2-O-B-D-(2,3 4,6-tetra=0-

acetxl2-glucopxranoaxl—GAe-metgxl ester 4a (lb(] -6.4° (0,43 ethanol), mp.

212-215°, C34Hs40460 M* = 708 m/z, 'H-NMR see Tab. 1) were eluted.

1.1. GAg=2-0-8-D-glucopyranoside (4d)

65 mg of the tetraacetate 4a were deacetylated by 0.5 N sodium methoxide re-
sulting in 40 mg (92 %) amorphous 2-0-B-D-glucopyranosyl-G -methyl ester 4c,
([o47%8 +2.1° (0,38 ethanol), atter HPIC purification [737 +0.9° (0.45
ethanol), 26H36° , M™=1 = 539 m/z, 'H-NMR see Tab, 1). Demethylation of

36 mg methyl ester-&g by lithium S~-propyl thiolate afforded after chromatogra-
phy on silica gel and DEAE-Sephadex 23 mg (69 %) amorphous §GA8-2-O-B-D-§1ugo-
pyranoside 44 ([B(] -1 9% (0.44 ethanol), after HPIC purification [bg]D
-0.5% (0,43 ethanol), TH-NMR gee Tab. 1).

By short term acetylation (acetanhydride/pyridine 20 min) of 30 mg of GAg-2-
0~8-D-glucopyrancside 4d two acetates were obtained after separation by silica
gel chromatography with a gradient of ethyl acetate within chlereform. At first,

1361
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13 mg (32 % yield) of 3-0-acetyl-GA =2«0=B-~D=(2 6-tetra~O~acetyl)-gluco~
pyranogide 4t (needles from ethyl acetate/hexane, mp. 257-260°C (1it," mp.
249°C) mixed mp, 257-259%C, /725 -1.2° (0.41 ethanol) (Lit.' /X7, -2.6°),
G35ty 40470 M™=1 = 735 n/z, V':§x13: 1714 (acid=C0), 1745-1762 (acetate-CO),
1780 ( ¥"-lactone-C0) cm’1, TH-FMR see Tab, 1), were eluted followed by 18 mg
(63 % yileld) of the GA,~2=0~8=D-(2 6~tetra=O=acetyl)=gluco gide 4e
(needles from ethyl acetate/hexane, mp. 236-239°C, [Eﬂ]D -21,0° (0.33 ethanol)
(033342016' M -1 = 693 m/z). The tetreacetate 4e from endogenous 4d showed

mp, 236-239°C, mixed mp, 236-239°C, [6<73% -19.,5° (0.42 ethanol).

Te2e GAB-T3-0—B-D-glucopyramoside 5e

56 mg of the hexaacetate methyl ester 5a were deacetylated by 0,5 N sodium
methoxide resulting in 33 mg (87 % yield) amorphous 13=0~8-D-glucopyranosyl-
Ghg-methyl emter 5b (/737 432.5° (0.45 ethanol), CpgHacO.,, M =18 = 522 m/z,
"H-NMR see Tab, 1),

From the methyl ester 5b (37 mg) the free Gée-]Q-O-B-D-glucogxggggside 5S¢ could
be obtained by demethylation with lithium-S-propyl thiolate in 70 % yield
([547%7 -20,2° (0,46 ethanol), TH-NMR gee Tab. 1), By short term acetylation
(acetanhydride/pyridine, 4 hrs) 5¢ could be transformed into a hexsacetate:

2, 3=31i=0~80@tY1~GA =13mOwBeD=(2 6=-tetra-O-acetyl-gluco side 54 (38 mg,
72 % yield), smorphous, [e¢]5° +34.8° (0,40 ethanol), Caglyg0, 50 M=1 = 777 m/z;
"H-NMR gee Tab, 1).

Treatment of 54 with diazomethane led to the corresponding methyl ester 5a
(see above).

2., Glucosylation of GA,y-methyl easter (2b)

560 mg of GA,o-methyl ester (2b) were reacted with 3.5 gol-acetobromoglucose in
presence of 7,0 g Ag2003/0elite in dichloroethane, The reaction mixture was de-
acetylated by 0.5 N sodium methoxide and chromatographed on gilica gel with
chloroform/methanol. Beside 220 mg of atarting material (2b), 322 mg (39.8 %
total yield) 13-O-B8-D-glucopyrenosyl-GA, -methyl ester 6b (IECJ%B +39.6° (0.60
ethanol), CpgHac0,q, M =1 = 507 m/z, M*+1 = 509 m/z, 'H-NMR see Tab. 1) were
isolated,

Acetylation of methyl ester 6b with acetanhydride/pyridine (4 hra) and sub-

gequent chromatography resulted in the 12-0-B-D-E2.2,5,6-tetra—0—ace§zl)-gluco—

pYranoayl-GA.,q-methyl ester 6a (amorphous, /2¢/3° +48.7° (o = 0.44 ethanol),
Cy4llgg0q49 M = 676 m/z, W -1 = 675 m/z, 'H-NMR see Tab. 1).
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The 13-0-B-D-glucopyranosyl-GA,,-methyl ester 6b (300 mg) was demethylated by
1lithium-S~propyl thiolate., After column chromatography on silica gel and DEAE-
Sephadex 226 mg (77 5 % yield) of GA 0-12-0-B-D-glucopxranoside 6o ([247 +30.6°
(0,50 ethanol), TH-NMR see Tab. 1) could be obtained.

The acetylation of GA20-13-o-glueoside 6c (60 mg) with acetanhydride/pyridine
yielded 68 mg (85 % yield) of 3520-12-O-B-D-§2,Q,Q,G-tetra-o—acetxlz-glucogxra-
noside 64 ([34738 +39.9° (0,50 ethanol), C33H,00,4s M~ = 662 m/z, Mt = 662 m/z,
TH-NMR see Tab, 1).

3. Synthesis of gibberellin glucosyl ester

The subsequently described procedure for the synthesis of GAzo-glucosyl ester is
to consider as general example for the synthesis of gibberellin glucosyl esters
listed in Tab. 2.

GAyg 28 (50 mg, 0.15 mmol) in 4 ml dichloroethanewas reacted with 65 mg (0.16
mmol) of oL -acetobromoglucose in the presence of 95 mg (0.17 mmol) AgZCOB/Celite
at boiling temperature, After 10 min the mixture was filtered. After evaporation
the residue was chromatographed 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 GA,,=8 ~8-D=(2,3,4, 6—tetra-0—acetx1)-glucogxranosxl egter Ja

(49 % yield, mp. 142-144 °c, 033H420 149 = 662 m/z, TH-NMR 5. Teb, 2).
Fractions 11-12 contained 25 mg (48 %) starting material 2a.

28 mg GAzo-B-D—(2,3,4,6-tetra—0—acetyl)-glucosyl ester 9a (0,04 mmol) within 1 ml
methanol were treated with 30 ml 0.5 N sodium methoxide for 5 min at room
temperature. The reaction was stopped by 30 ml HOAc and the crude reaction
mixture was separated by silica gel chromatography with chloroform/methanol

effording 12 mg GA,,-B-D-glucopyranosyl ester 9b (57 % yield, amorphous, TH-MR
gee Tab, 2),
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