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INTRODUCTION

WE HAVE previously reported the isolation and characterization of four gibberellin glucosyl
esters, namely, glucosyl esters of GA;, GA,, GA;, and GA;g, from mature seeds of Pha-
secus vulgar s~ e present gager gkscrides (de syntdess, steucturad condrmaton and
bichopica) propernes o) 5our givverehm Hincosy) esiers.

RESULTS AND DISCUSSION

Methods for the preparation of the acetylglucosyl ester of GA; have been reported by
two groups®** and we used a modification of the former to prepare the acetylglucosyl esters
of GA,, GA;, GA, and GA;,. The conditions for the hydrolysis of the acetoxy groups
in the glucose moiety are very critical because treatment with alkali may cause rearrange-
ment of ring-A of GA; and the partial epimerization of the C-3 hydroxyl group in C-3
hydroxy gibberellins. Successful deacetylation was achieved by treatment with ca 002 N
sodium methoxide in methanol at — 10° for 1 hr. Under these conditions, the acetylgluco-
syl esters of GA,, GA,, GA, and GA;, were hydrolysed to their respective glucosyl esters
in 40-60% yield. Prolonged treatment or an elevated temperature reduced the yield due
to the formation of considerable amounts of gibberellin methyl esters. Of the gibberellin
glucosyl esters prepared, only GA; glucosyl ester was crystalline, m.p. 217-219°. The
remainder being semicrystalline solids. Their R, values on TLC and R, on GLC are listed
in Table 1 and their NMR chemical shifts in Table 2. The GA;- glucosy! ester contained
ca 20% of the isomer of GA 5, (1), which was formed during acetylglucosylation; the reason
for this isomerization was not clear. The synthetic GA, glucosyl ester was identical with

! HIRAGA, K., YOKOTA, T., MUROFUSHI, N. and TAKAHASHI, N. (1972) Agr. Biol. Chem. 36, 345.

2 HirAGA, K., YOKOTA, T., MUROFUSHI, N. and TAKAHASHL N. (1974) Plant Growth Substances 1973 (the
Organizing Committee of the 8th Int. Conf. on Plant Growth Substances, eds.) In press.

3 SCHREIBER, K., WEILAND, J. and SEMBDNER, G. (1969) Tetrahedron 25, 5541.

4 KEAY. P. J.. MOFFATT. J. S. and MULHOLLAND, T. P. C. (1965) J. Chem. Soc. 1605.
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the naturally occurring compound in all respects. Although glucosyl esters of GA, and
GA;, were obtained only as a mixture from seeds. a comparison of the NMR spectra of
the mixture and the MS and GLC R, of their TMSi derivatives with those of the synthetic
samples showed that the structural assignment of the naturally occurring glucosyl esters
was correct.

TasLE 1. TLC R, vaLUES AND GLC R, (min) OF GIBBERELLIN GLUCOSYL ESTFRS

R* R, (min) TMS
derivativet
Compound (a) (b) (a) (b
A,GE 0-38 019 14-8 188
A;GE 0-38 017 16°3 207
ALGE 0-29 0-33 131 147
A,,GE 0-29 0-35 220 230
A35GE 0-38 012 257 28-0

GE: glucosyl ester.

* Adsorbent: Silica gel G (a) CHCl;-MeOH (3:1) (b) CoH~Me,CO (1:5).

t(a) 2%QF-1 (3mm x | m), column temp. 224", carrier gas N, (34 ml/min). (b) 2?,0V-1 3mm x [ m)
column temp. 243°, carrier gas N, (33 ml/min).

TaBLE 2. 100 MHz NMR SPECTRA OF GIBBERELLIN GLUCOSYL LSTERS

Compound H-1 H-2 4-Mef(s) H-5(d) H-6() H-17()  H-20(d)  H-1'(d)
A,GE * * 111 270 325 490 554
J10)  (J1I0) 520 J%)
A,GE 641 592 119 282 328 494 : 556
(d, J10) (g J410) (Jiy Gy 52 (J%)
A,GE * * 110 270 327 486 - 552
W12) (1D 49 (J%)
Ass * * 117 282 282 482 412 553
492 JI33) (JT5)
449
(J13:5)
A3sGE * * 116 242 282 483 416 555
515 (J13) J8)
455
(J13)

GE: glucosyl ester. Chemical shifts and coupling constants (J) are cxpressed in d-values and Hz respectively.
Solvent: dg-Me,CO-D, 0.
* These signals could not be distinguished from overlapping signals.

The biological activities of the glucosyl esters of GA;, GA;, GA,. GA;, and GA,,,
together with their respective free acids and methyl esters. were examined using the rice
seedling (Tan-ginbozu and Waito-C) and the dwarf maize mutant (d, and d) bioassay.
The results are summarized in Tables 3, 4 and 3. respectively. In the rice seedling tests
using the water culture and micro drop method under non-sterile conditions. most gibber-
ellin glucosyl esters were almost as active as the respective free gibberellins, whilst their
methyl esters showed very low activities. In the dwarf maize test, gibberellin glucosyl esters
were less active than their free acids. although the activities of gibberellin glucosyl esters
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were greater than those of the methyl esters. These results are in marked contrast with
previous results which showed that gibberellin glucosides had very low activities in com-
parison with their free acids using the same bioassays.>® This difference may be explained
by the facile hydrolysis of gibberellin glucosyl esters in the tissue of higher plants. It should
be noted that gibberellin glucosyl esters are less active in the dwarf maize assay than in
the dwarf rice micro drop assay, suggesting that the enzyme system hydrolysing glucosyl
esters in maize is different from that in rice.

0—CH.

CH. CH;
Me COOR Me COOR
A, Glucosyl ester As; Glucosyl ester
R = B-p-glucosyl, R, = OH R = B-pb-glucosyl, R, = H
A. Glucosyl ester Ass Glucosy! ester
R = B-p-glucosyl, R, = H R = B-p-glucosyl, R, = OH
o y 0—CH.
(ol L Joon
HO CH. HO H Me
Me  COOR Me  CooH
As Glucosyl ester (1)

R = B-p-glucosyl

TABLE 3. ACTIVITY OF GIRBERELLIN GLUCOSYL ESTERS ON DWARF RICE IN THE WATER CULTURE ASSAY

Tan-ginbozu Waito-C
#M/ml 107% 1073 1072 1074 1073 1072 Control

A,GE 194+ 10 292417 809+34 206+07 310+23 882+ 58 a
A, 229+ 117 396+ 09 947+ 34 207403 4424 17 1371 + 86 a
A Me 270+ 19 2624+ 17 269+ 13 196+06 262+04 278+ 08 a
A;GE 276 £ 19 552+ 22 1358+89 271 +13 836+51 1791 + 104 a
A; 348+ 16 575+25 1140+ 57 335+ 10 964+ 30 1381+ 76 a
As;Me 2244112 245411 258+ 111 229408 258+ 05 329+ 18 a
A.GE 201+ 13 277+09 628+63 190+07 231106 715+74 a
Ay 202+ 06 255+07 64050 197408 217+07 584+ 42 a
A Me 191+ 07 209+05 264+19 192405 248108 300+ 16 a
A;,GE 265+ 5t 300107 506+70 220402 396+ 16 585+ 13 b
Ay 205+ 07 343107 S9R+£ 19 23T+ 06 436+ 17 710+ 32 b
A;5GE 200+ 06 293+ 14 421+ 33 2134+07 3354109 510+ 21 b
Asg 193+06 263+12 423+16 202405 329+06 455+15 b
Control a 146 £ 05 189 + 04
Control b 177 + 04 155+ 06

GE: glucosyl ester, Me: methyl ester. Each value represents the mean length (mm) of the 2nd leaf sheath and
its standard error (n = 5 7).
> YOkOTA, T., MUROFUSHL, N., TAKAHASHI, N. and KATsuML, M. (1971) Phytochemistry 10, 2943.
& Yamani. H. YamaGucHt 1. Yokota, T.. MurorusHL. N. and TakaHasHL N. (1973) Phytochemistry 12, 255.
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TABLE 4. ACTIVITY OF GIBBERELLIN GLUCOSYL ESTERS ON DWARF RICE IN THE MICRO DROP ASSAY

Tan-ginbozu Waito-C
muM/plant 1073 10+ 107! 1074 107+ 10! Control
A,GE 215407 7324+07 2894+ 10 180+ 02 212+06 278+ 12 a
A, 2024+ 10 241+ 08 323+07 193+04 21’11 +£04 296+ 10 a
A Me 202 4 07 216+ 04 282 4+ 12 19-4 + 04 203 + 02 239 4+ 03 a
A;GE 223409 334+ 05 426405 216+04 33008 485+ 1% a
A, 248 + 04 3424+ 16 456+ 111 222405 364+ 16 4651 16 a
Az;Me 193+ 09 210+ 06 224407 191 +£04 208+06 243+03 a
ALGE 203+ 07 234+ 04 279409 187403 190+ 05 234+ 08 a
Ay 218 £ 04 236+ 11 251+ 14 196+ 04 222+04 320+ 22 a
A Me 21+ 04 215+ 09 235+ 06 183 + 05 190 + 01 2140 4+ 06 a
A;5GE 195+ 05 206+09 227+19 17702 188+04 247+ 15 b
Ass 175+ 05 230+ 04 273+ 11 178 +04 186 +07 282404 b
A4GE 185+ 04 203407 313+14 204+ 10 217+08 294410 b
Asg 198+ 05 207405 281+ 15 181 +03 197+06 244412 b
Control a 213 + 08 185+ 02
Control b 181 + 08 17-8 + 04

GE: glucosyl ester, Me: methyl ester. Each value represents the mean length (mm) of the 2nd leal sheath and
its standard error {(n = 5-7).

TABLE 5. ACTIVITY OF GIBBERELLIN GLUCOSYL ESTERS IN THE DWARF MAIZE ASSAY

Dwarf maize d, Dwarf maize ds
ug/plant o1 1 10 01 1 10

A,GE 470 + 29 613 + 18 94-8 + 43 460 + 17 61-8 + 24 865 + 26
Ay 610 + 31 1010 + 80 1290 + 89 685 + 41 860 + 06 1267 + 2.7
A Me 46-8 + 24 437 + 1S 438 + 32 475 + 17 440 + 117 548 + 34
ALGE 583 4+ 23 867 + 86 1100 + 64 550 &+ 17 820 + 45 1093 + 56
A, 693 + 13 940 + 37 132:5 4+ 106 664 + 36 97-6 + 49 1157 + 10
A;Me 42-5 + 26 470 + 07 548 + 3:0 419 + 143 476 + 26 476 £ 28
ALGE 535 + 2:0 773 + 06 988 + 50 575 + 17 643 + 52 856 + 16
Ay 44-5 + 035 530+ 10 120 + 27 511+ 18 550 + 16 1037 + 09
A Me — - - 395 £ 06 422 + 472 + 24
A,-GE 455 + 55 560 + 29 723 + 38 454 + 16 536 + 13 69-2 + 28
Ass 40-8 + 21 558 + 37 1046 + 41 451 + 12 589 + 30 1129 + 42
A;3GE 463 + 31 605 + 32 735 + 60 547 + 2:9 607 + 17 692 + 22
Asy 593 + 27 723 + 36 930 + 78 493 + 06 710 + 32 813 + 60
Control 316+ 13 355 + 10

GE: glucosyl ester, Me: methyl ester. Each value represents the mean sum (mm) of the 1st and 2nd leaf sheath
length and its standard error {n = 4).

To confirm the rapid hvdrolysis of gibberellin glucosyl esters in rice scedlings. glucosyl
esters of L2-["H]GA | and 1.2-["H]GA, were prepared and fed to rice seedlings by the
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micro drop method.” At given intervals during the culture period, treated plants were har-
vested and extracted with methanol. The extract was fractionated into an acidic ethyl ace-
tate (AE), a neutral ethy} acetate (NE), an acidic butanol (AB) and a neutral (NB) fraction,
and the radioactivity in each fraction determined. These results are summarized in Table
6. Usually, free gibberellins are partitioned into the AE fraction, GA 4 glucosyl ester into
the NE fraction, GA, glucosyl ester into the NB fraction and other gibberellin glucosides
into the AB fraction. Rapid hydrolysis of GA , glucosy! ester was indicated by the decrease
of radioactivity in the NE fraction and a marked increase in the AE fraction after 12 hr
incubation. In the case of GA, glucosyl ester, the rate of hydrolysis was rather slower than
in the case of GA , glucosyl ester but most of GA | glucosyl ester was hydrolysed after 48 hr.

TABLE 6. CHANGES IN THE QUANTITIES OF GIBBERELLIN GLUCOSYL ESTERS IN DWARF RICE SEEDLINGS

Source and Time (hr)
fraction 5 12 24 48 72
Distribution of radioactivity in each fraction %,

A, glucosyl ester

Recovery total (%) 352 2717 137 134 127
Acid EtOAc 252 382 44-0 523 388
Neutral EtOAc 35 3t 35 34 36
Acid BuOH 211 22:4 16-4 212 354
Neutral BuOH 378 273 28-8 15-8 172
Aq. residue 12-4 9-3 73 73 50
A, glucosyl ester
Recovery total (%) 43-8 333 150 16:4 14-8
Acid EtOAc 345 557 528 249 29-5
Neutral EtOAc 419 162 86 135 191
Acid BuOH 51 86 263 44-6 349
Neutral BuOH 14-8 17:3 94 14-0 116
Aq. residue 37 22 29 30 49

Each value represents the recovery vield and the distribution of radioactivity in each fraction (%,).

This experiment clearly confirmed the facile hydrolysis of gibberellin glucosyl esters in rice
seedlings. A similar experiment showed that the hydrolysis of glucosyl esters was more
complicated in dwarf maize than in rice seedlings.

The facile hydrolysis of synthetic gibberellin glucosyl esters by plant tissues suggests that
the endogenous glucosyl esters of mature seeds probably release free active gibberellins
during germination on activation of a hydrolytic enzyme system.

EXPERIMENTAL

Preparation of gibberellin glucosyl esters. Free gibberellin (150 mg) was dissolved in dry dioxane (10 ml) and
a-bromoacetoglucose (190 mg), Ag,O (250 mg) and a few pieces of molecular sieve were added to the soln. The
mixture was stirred at 25° in darkness. After 20 hr, solids were filtered off and the cake was washed with EtOAc
(20 ml) several times and the combined filtrate was extracted twice with aq. NaHCO;. The organic phase was
dried and evaporated. The solid thus obtained was crystallized from EtOAc-hexane to give gibberellin acetylglu-
cosyl ester (120-180 mg) as fine needles. Physical data for the gibberellin acetylglucosyl esters are as follows
(GA,, acetylglucosyl ester was not crystallized) A, M™ 678 m.p. 186:5-188%, A; M™ 676 m.p. 216-217°. A, M*
662 m.p. 185-187°. Gibberellin acetylglucosyl ester (60 mg) was dissolved in MeOH (7 ml) and the soln was
cooled to —10° To this soln 0:05M NaOMe (5ml) was added and the mixture stirred at —10° for 1 hr.
0-1 M HCl (25 ml) was added and the soln evaporated under red. pres. at 30°. The solid thus obtained was
extracted with Me,CO-EtOH (1: 1) at 35-40° several times. On evaporation of solvent, crude gibbereltin glucosyl
ester (40 mg) was obtained. Prep. TLC (CHCl;-MeOH, 3:1) afforded the pure gibberellin glucosyl ester (25 mg).

7 MuURAKAML, Y. (1968) Bot. Mag. Tokyo 81, 33.
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[*H]GA, was prepared from GA; methyl ester (600 mg) by hydrogenation® with H, enriched with *H over
2%, Pd on BaCO; (700 mg) partially poisoned with CsH N in EtOAc. The neutral and acidic [ractions were separ-
ated by solventextraction. The neutral fraction was purified on an alumina column® to give [PH]JGA | methyl ester
{70 mg). The acidic fraction was crystallized from EtOAc-hexane to give the reduction product (300 mg). The
reduction product was dissolved in Me,CO (30 ml) and 3M HCI (15 ml) was added and the mixture heated at
65-70° for 6 hr. The neutral fraction recovered from the reaction mixture was purified on an alumina column
to give [PH]GA | methyl ester (50 mg). The combined [*H]GA, methyl ester was hydrolysed using the method
of Bartlet and Johnson'? with some modifications. Propyl mercaptane (2 ml) in HMPA (3 ml) was added to a
suspension of lithium hydride (0-3 g) and HMPA (5 ml). After 30 min, [*H]GA | methyl ester (120 mg) in HMPA
(6 ml) was added to the suspension with stirring under N,. After 1-5 hr, the reaction mixture was poured into
acidified ice H,O and the aq. soln extracted with EtOAc. The EtOAc was extracted with ag. NaHCO; and the
aq. phase washed with EtOAc several times. After acidification, the aq. phase was extracted with EtOAc: evapo-
ration of the EtOAc gave a semicrystalline solid. TLC purification on silica gel using EtOAc-CHCl,-HOAc,
20:8: 1) and successive crystallization vielded [PHIGA | (60 mg, 2 mCi‘mmol. This sample (10 mg) was used for
the preparation of GA | glucosyl ester. In the purification process, an addition of cold GA | acetylglucosyl ester
was made, yielding [*H]GA, glucosyl ester with a final radioactivity of 13-2 pCi‘mmol.

[FHIGA , was glucosvlated to give [TH]GA  glucosy! ester with a radioactivity of 0-16 1Ci'mmol.

(GLC) R, were determined using an FID instrument. Silanized glass columns. § m x 3 mm were packed with
2% OV-1 or 2% QF-1 on silanized Chromosorb W. Dry samples of gibberellin glucosyl esters were dissolved
in dry C;HN BSA trimethyisilvl chloride (1:2: 1) After standing for S min. the solns (1 g were injected.

NMR spectra were determined on a 100 Mz istrument i CDCH.

M S were obtained at 70 eV using a direct inlet system and a chamber temp of 250 .

Dwarf rice test. Rice seeds (Oryza sativa L.y dwarf cyv. Tan-ginbozu and Waito-C were used for the assay. The
H,O culture assay was carried out using the method of Yokota ¢t al.” under non-sterile conditions and the micro
drop assay using that of Murakami.”

Dwarf muize test. The assay was conducted according to the method of Yamane ¢r al.” Zea mays L., mutant
d, and ds were used for the assay.

Feeding experiments. The micro drop method was used for the application of *H-labelled gibberellin glucosyl
esters. An aliquot (1 gl) of 30%; ag. Me,CO soln containing [*H]GA | glucosyl ester was applied to each of 7
rice seedlings (Tan-ginbozu, ca 0-6 ug per plant). In the same way ca 86 ug of [PH]GA, glucosy! ester was applied
to each of 14 rice secdlings. After 5, 12, 24, 48 and 72 hr the plants were removed from agar and extracted with
MeOH. After evaporation of the solvent in cacuo, the aq. soln was adjusted to pH 25 with 209, H,SO, and
extracted with EtOAc, and then #-BuOH. The EtOAc and BuOH layers were extracted with ag. NaHCO,. to
give the respective neutral EtOAc (NE) and neutral BuOH (NB) fraction. The aq. phascs were re-extracted with
EtOAc and BuOH. respectively, at pH 2-5 to give an acidic ethyl EtOAc (AE) and an acidic BuOH (AB) fraction.
Radioactivity of each fraction was determined using a liquid scintillation spectrometry and Bray's solution as
the scintillator.
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