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INTRODUCTION 

WE HAVE previously reported the isolation and characterization of four gibberellin glucosyl 
esters, namely, glucosyl esters of GA,, GA,, GA3, and GA38, from mature seeds of Pha- 
se&s uu&urlh.Z’~-7 TcIe present paper a&c&es &e q&&es&, s@~cfura~ can&tsa<<an a& 
bico’lD@c& JXD;DeI%eS 05 ?DW &b~~E%II &CD$Y> ESkrs. 

RESULTS AND DISCUSSION 

Methods for the preparation of the acetylglucosyl ester of GAS have been reported by 
two groups334 and we used a modification of the former to prepare the acetylglucosyl esters 
of GA,, GA3, GA, and GA37. 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 GA3 and the partial epimerization of the C-3 hydroxyl group in C-3 
hydroxy gibberellins. Successful deacetylation was achieved by treatment with ca OK! N 
sodium methoxide in methanol at - lo” for 1 hr. Under these conditions, the acetylgluco- 
syl esters of GA,, GA3, GA4 and GA37 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 GA3 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,, glucosyl ester contained 
ca 20% of the isomer of GA,, (l), 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. 
’ HIRAGA, K., YOKOTA, T., MVROFUSHI, N. and TAKAHASHI, 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 25,5.541. 
4 KFAY. P. J.. MOFFA~. J. S. and MULHOLLAND, T. P. C. (1965) J. Chrm. Sot. 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 K, of their TMSi derivatives with those of the synthetic 
samples showed that the structural assignment of the naturally occurring glucosyl esters 
was correct. 

TAHL~ I. TLC R, VALI:I.S A\I) GLC R, (min) OF GIW RI LLIA (;I.[ CUS\I 1 I:SI-I KS 

R l.* 

Compound 

A,GE 
A,GE 
A,GE 

A,,GE 
A,sGE 

(a) 

0.38 
0.38 
0.29 
0.29 
0.3x 

GE: glucosyl ester. 
* Adsorbent: Silica gel G (a) CHCI, MeOH (3: 1) (b) (I,,H,, MezCO (1:5). 
t(a) 2?;QF-I (3 mm x I m). column temp. 224 carrier gas NJ (34 ml mint. (hl 2”,,OV-1 (3 mm x I m). 

column temp. 243 carrier gas N, 133 m’min). 

Compound 
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A * * 
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(.Jll) 
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5.1 s 

412 
(Jl.7.5) 

3.39 
(.I I -3.S) 

1, I 6 
(Jl7) 
4.S5 

f.1111 

5.54 
(.JX) 
5.56 
1.18) 
5.52 

IJX) 
5 5 7 

(.J7.5) 

5.55 

(.JV 

GE: glucosyl ester. Chemical shifts and coupling constants (.I) BW expressed in ri-\-:dues and HL respectively. 
Solvent: d,-Me,CO-D20. 

* These signals could not be distinguished from overlapping signals. 

The biological activities of the glucosyl esters of GA,, GA,, GA,. GA3? 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 (tll and d,) bioassay. 
The results are summarized in Tables 3. 4 and 5, 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. gibbereliin glucosyl esters 
were less active than their free acids. although the activities of gibbercllin 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. 5,6 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. 

A, Glucosyl ester 
R = p-D-glUCOSyl, R, = OH 

A, Glucosyl ester 
R = p-D-#JCOSyl, R, = H 

Aa Glucosyl ester 
R = p-D-glUCOSyl. R, = H 

A,, Glucosyl ester 
R = p-D-@UCOSyl. R, = OH 

0 H 
/ ’ 

a’;,, 

y” 
HO ’ 

Me COOR 

A, Glucosyl ester 
R = p-D-#lCOSyl 

0-_CH? H 

HOW Me 

COOH 

(1) 

TABLE 3. ACTIVITY OF GIBDEKELLINGLUCOSYLESTEKSON DWARFRICE IN THE WATER CULTURE ASSAY 

/tM!ml 10-h 
Tan-ginbozu 

IO_” lO-Z lO-4 
Waito-C 

1o-3 Control 

A,GE 19.4 + I.0 29.2 k 1.7 80.9 * 3.4 20.6 k 0.7 3 I ,O k 2.3 88.2 f 5.8 a 
A, 22.9 + 1.7 39.6 f 0.9 94.7 + 3.4 20.7 f 0.3 44.2 + 1.7 137.1 + 8.6 a 
A,Me 27.0 i I.9 26.2 k I.7 26.9 + 1.3 19.6 k 0.6 26.2 k 0.4 27.8 + 0.8 a 

A,GE 27.6 + I.9 55.2 + 2.2 135.8 f 8.9 27.1 + 1.3 83.6 & 5.1 179.1 f 104 a 
A, 34.8 i I.6 57.5 k 2.5 114.0 + 5.7 33.5 + 1.0 96.4 k 3.0 138.1 + 7.6 a 
A,Me 22.4 * I.2 24.5 + 1.1 258 * I.1 22.9 + 0.8 25.8 + 0.5 32.9 + 1.8 a 

A,GE 2@1 + 1.3 27.7 k @9 62.8 i 6.3 19.0 * 0.7 23.1 k 0.6 71.5 * 7.4 a 
A, 20.2 + 0.6 25.5 i_ 0.7 64.0 + 5.0 19.7 & 0.8 21.7 + 0.7 58.4 k 4.2 a 
A,Me 19.1 + 0.7 20.9 + 05 26.4 k 1.9 19.2 k 0.5 24.8 + 0.8 30.0 + 1.6 a 

A,#= 26.5 f 5.1 30.0 + 0.7 50.6 k 7.0 22.0 * 0.2 39.6 + I.6 58.5 + 1.3 b 
A,, 20.5 * 0.7 34.3 f 0.7 59.8 i: I.9 23.7 + 0.6 43.6 * I.7 71.0 f- 3.2 b 

AA&E 20.1 + 0.6 29.3 + 1.4 42.1 k 3.3 21.3 + 0.7 33.5 * 0.9 51.0 * 2.1 b 
A 38 19.3 k 0.6 26.3 k 1.2 42.3 k I.6 20.2 + 0.5 32.9 + @6 45.5 * 1.5 b 

Control a 14.6 + 0.5 18.9 k 0.4 
Control b 17.7 * 0.4 15.5 + 0.6 

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

' YOKOTA, T., MC;KU~USHI, N., TAKAHASHI, N. and KATSUMI, M. (1971) Phytochemisrry 10, 2943. 
’ YAMANI H.. YAMA~~,~F+I. 1.. YOKOTA. T.. MIIROFIISHI. N. and TAKAHASFII. N. (1973) Ph,vtochernistry 12, 255. 
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TABLE:~. Ar-r~vrr~ ot GIBEXRELLIN GLL!COSYL ESTERS ON DWARF RICE IN THI MICRO DROP ASSAY 

Tan-ginbozu Wait0-C 
mhtM/plant lo- 3 IO_’ 10-l IO_ A 10-: IO-’ Control 

A,GE 21.5 + 0.7 13.2 * 0.7 2x.9 I_ I.0 IX.0 t 0.2 21.2 + 0.6 27.8 + 1.2 a 
A, 20.2 7 1.0 24.1 * (18 32.3 * 0.7 19.3 2 04 21.1 + 0.4 29.6 * I.0 a 
,I h?c ! ‘(I.’ i 0.7 21.6 A- 0.1 1'2 4 I.2 I'LI -c 0.4 10.7 + 0.1 13.9 4~ 0.3 ;I 

A,GE 22.3 Ifr 0.9 33.4 * w5 42.6 & 0.5 21.6 + 0.4 33.0 + 0.x 48.5 F I.8 a 
A, 24.8 + 0.4 34.2 i_ 1.6 45.6 f 1.1 22.2 & 0.5 36.4 k 1.6 46.5 + 1.6 a 
A,Me 19.3 + 0.9 21~0 F 0.6 22.4 + 0.7 19.1 + @4 20.8 7t 0.6 24.3 i_ 0.3 a 

&GE 21.3 + 0.7 23.4 + 0.4 27.9 * @9 18.7 + 0.3 19.0 * 0.5 23.4 + 0.8 a 
A, 31.8 If- 0.4 23.6 rt I.1 25.1 f 1.4 19.6 + 0.4 22.2 k 0.4 32.0 + 2.2 a 
A,Mc 2 I. 1 * 0.4 21.5 -f 0.9 23.5 it 0.6 18.3 + 0,s 19.0 * 0.1 2 I.1 + 0.6 a 

AZ-GE 19.5 & 0.5 2 1.6 + 09 22.7 + I.9 17.7 * 0.2 18.X * 0.4 24.7 * I.5 b 
AA’ 17.5 + 0.5 23-o + 0.4 27.3 * 1.1 17.8 * 0.4 IS.6 i 0.7 1x.2 * 0.3 b 

A,,GE IX.5 * 04 20.3 & 0.7 31.3 f 1.4 20.4 * I.0 21.7 * 0.8 29.4 _t I.0 b 
A,, 19.8 * 0.5 20.7 i_ 0.5 18.1 + _ 1’5 18.1 + 0.3 19.7 + 0.6 24.4 +- I.3 b 

Control a 21.3 t 0.X 18.5 * 0.2 
Control b l&l * 0.x 17.8 + 0.4 

GE: glucosyl ester. Me: methyl ester. Each value represents the mean length (mm) of the 2nd leaf sheath and 
its ytnndnrd error (II = 5 7). 

Dwarf maize d, Dwarf make n, 
p&/plant 0. I 1 IO 0.1 I 10 

A,GE 47.0 + 2.9 61.3 & I.8 94.8 * 4.3 46.0 + 1.7 61.8 + 2.4 86.5 + 2.6 
A, 61.0 If- 3.1 101.0 + 8.0 129.0 k 8.9 68.5 i 4.1 X6.0 + 0.6 126.7 i 2.7 
A,Me 46.8 * 2.4 43.7 + I.5 43.8 * 3.2 47.5 t 1.7 44.0 i_ I.7 54,s + 3.4 

A,GE 5x.3 * 2.3 86.7 + 8.6 110.0 + 6.4 550 + 1.7 82.0 +- 4.5 109.3 ?C 5.6 
A3 69.3 k 1.3 94.0 * 3.7 132.5 i IO.6 66.4 & 3.6 976 * 4.9 115.7 + 1.0 
A,Me 42.5 i_ 2.6 47.0 + 0.7 54.X * 3.0 41.9 1: I.3 47.6 & 26 47.6 + 2.8 

A,GF 53.5 * 2.0 77.3 i 0.6 98.8 f 5.0 57.5 i I.7 64.3 & 5.2 85.6 + I.6 
A, 44.5 + 0.5 53.0 i_ I.0 112.0 _t 2.7 51.1 + 1.8 55.0 i 1.6 103.7 + 0.9 
A,Me 39.5 f 0.6 42.2 + 1.7 47.2 + 2.4 

A,,GE 45.5 * 5.5 56.0 + 2.9 72.3 * 3.8 45.4 * I.6 53.6 i 1.3 69.2 k 2.8 
A,- 40.8 + 2.1 55.8 + 3.7 104.6 & 4.1 45.1 i l-2 58.9 i_ 3.0 112.9 ) 4.2 

A,,GE 46.3 k 3.1 60.5 & 3.2 73.5 2 6.0 54.7 f 2.9 60.7 + 1.7 69.2 + 2.2 
A 38 59.3 i_ 2.7 72.3 i_ 3.6 93.0 f 7.8 49.3 ) 06 71.0 I 3.2 81.3 i 6.0 

Control 31.6 & I.3 35.5 + I.0 

GE: glucosyl ester, Me: methyl ester. Each value represents the mean sum (mm) of the I st and 2nd leaf sheath 
Icngth and its wndard error ({I = 41 

To confirm the rapid hhdrolgis of gibhcrellin ~lucosvl cstcrs in rice seedlings. gl~icosyl 

ctcrs of I.?-[.‘H]GA, and I.?-[“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 ethyl 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, 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, glucosyl 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 GA4 glucosyl ester but most of GA, glucosyl ester was hydrolysed after 48 hr. 

TABLE ~.CHANGES INTHEQUANTITIESOFGIBBERELLINGLUCOSYLESEEKS 17% DWARF RICESEEDLINGS 

Source and 
fraction 

Time (hr) 
5 12 24 4x 12 

Distribution of radioactivity in each fraction ‘& 

A, glucosyl ester 
Recovery total (‘I,;) 35.2 21.1 13.7 13.4 12.7 
Acid EtOAc 25.2 38.2 44.0 52.3 38.8 
Neutral EtOAc 3.5 3.1 3.5 3.4 3.6 
Acid BuOH 21.1 22.1 16.4 21.2 35.4 
Neutral BuOH 37.8 27.3 28.8 15.8 17.2 
Aq. residue 12.4 9.3 7.3 I.3 5.0 

A, glucosyl ester 
Recovery total (7”) 43.8 33.3 15.0 16.4 14.8 
Acid EtOAc 34.5 55.7 52.8 24.9 29.5 
Neutral EtOAc 41.9 16-2 8.6 13.5 19.1 
Acid BuOH 5.1 8.6 26.3 446 34.9 
Neutral BuOH 14.8 17.3 9.4 14.0 11.6 
Aq. residue 3.7 2.2 2.9 3.0 4.9 

Each value represents the recovery yield 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 ofgibberellin glucosyl esters. Free gibberellin (150 mg) was dissolved in dry dioxane (10 ml) and 
cc-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. 186.55188”, 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 @05 M NaOMe (5 ml) was added and the mixture stirred at - lo” for 1 hr. 
0.1 M HCl (2.5 ml) was added and the soln evaporated under red. pres. at 30”. The solid thus obtained was 
extracted with Me,CO-EtOH (I : I) at 35-40” several times. On evaporation of solvent, crude gibberellin glucosyl 
ester (40 mg) was obtained. Prep. TLC (CHCI,-MeOH, 3: 1) afforded the pure gibberellin glucosyl ester (25 mg). 

’ MURAKAMI, Y. (1968) Bot. Msg. Tokyo 81, 33. 
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r3H]GA, was prepared from GA, methyl cstcr (600 mg) by hydrogenation’ with H. enriched with ‘H over 
2;, Pd on BaCO, (700 mg) partially poIsoned with C,H <N in EtOAc. The neutral and a&c fractions were separ- 
ated by solvent extraction. The neutral fraction was purified on an alumina column’ to give [“H]GA, methyl cstcr 
(70 mg). The acidic fraction uas crystallized from EtOAc hexane to give the reduction product (300 mg). The 
reduction product was dissolved in MezC‘O (30 ml) and 3 M HCI (I 5 ml) was added and the mixture heated at 
65-70’ for 6 hr. The neutral fraction recovered from the reaction mixtul-c was purified on an alumina column 
to give C3H]GA, methyl ester (50 mg). The combined [“HIGA, methyl ester was hydrolysed using the method 
of Bartlet and Johnson’” with some modilications. Propyl mercaptane (2 ml) m HMPA (3 ml) uas added to a 
suspension of lithium hydride (0.3 g) and HMPA (5 ml). After 30 min. [‘H]GA, mcthjl ester (120 mg) in HMP.4 
(6 ml) was added to the suspension with stirring under NZ. After I.5 hr. the reaction mixture was poured into 
acidified ice Hz0 and the aq. soln extracted with FtOAc. The EtOAc wab cxtractcd with aq. NaHCO, and the 
aq. phase washed with EtOAc several times. After acidification. the aq. pharc nas extracted with FtOAc: evapo- 
ration of the EtOAc gave ;I semicrystalline solid. TLC pul-ilication on SIIX:~ 1~cl using EtOAc (‘HCI, ~HOAc, 
20: Y: I) and wcccESi\t’ cr!stalli/:ltion vicltlcd r’ll jG4, ((10 mg. 3 ~n(‘i tmmol). ?‘hi< \:lmplc I IO mpl ~,a< uucd for 
tk preparation of GA, glucoall cbtcr.. In the put-lficatlon pi-occss, an addltlon of cold (iA, awt~lglucos~l ester 

was made, yielding [‘H]GA, glucosql eqter with R final radioactivity of 13.2 LrC‘i mmol. 

Dwrrf~~u~~~~ ~CSI. The assay UBS conducted according to the method of Yamanr (‘I ‘~1.” Lclr DXZ,~.S L.. mutant 
di, and dj were used for the assay. 

Frrdiq ruprrirnc~rm. The micro drop method was used for the application of 3H-lahellcd glbhercllin glucosyl 
esters. An aliquot (I pl) of 30”,, aq. Me,C‘O soln containmg r3HJGA, glucosyl cstcl- was applied to each of 7 
rice seedlings (Tan-ginhoru. i’(t 0.6 /tg per plant). In the same !%.ay C(I X.6 /~g of [“H]GA, glucosyl ester \\as applied 
to each of 14 rice seedlings. After 5. 12. 24. 48 and 72 hr the pl:lnts wcrc rcmovcd from agar and extracted with 
MeOH. After evaporation of the solvent ifi I.~~~‘LIu. the ;tq. soln was adjusted to pH Z-5 !\\ith XI”,, H,SO, and 
extracted with EtOAc, and then ,+BuOH. The EtOAc and BuOIl IaTcrs bcrc eltractcd with aq. NaHCO,. to 
give the respective neutral EtOAc (NE) and neutral BuOH (NB) fraction. The ay. phases wcrc rr-cxtractcd with 
EtOAc and BuOH. respectively. at pH I.5 to give an acidic ethyl CtOAc (At:) and an acidic BuOH (AU) fraction. 
Radioactivity of each fraction \vas dctcrmincd using a liquid scintillation spcctrnmctry and Brak‘s solution ns 
the scintillator. 


