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1. A process for separating a gibberellin from a mixture of gibberellins comprising ‘
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(54)Title: METHOD FOR SEPARATION OF GIBBERELLIN MIXTURES

(57) Abstract

A method for the separation of gibberellins from mixtures thereof by selective silylati.on or desilylation, us well as substan­
tially pure gibberellins prepared thereby. For example, to a solution of a mixture of GA4 and GA7 in DMF was added imidazole. 
After imidazole was completely dissolved, butyldimethylsilyl chloride was added. After two days of stirring, acetic acid was 
added which precipitated a white solid (silyl ether of GA7). After filtration GA4 was recovered from the filtrate. Desilylation of 
the silyl ether of GA7 yielded GA7.
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METHOD FOR SEPARATION OF GIBBERELLIN MIXTURES

This application is a continuation-in-part of co-pending United States patent application 
Serial No. 07/715,531, filed on June 14, 1991.

Technical Field
The present invention relates to novel methods for the separation of the commercially 

available mixture of gibberellins, and especially gibberellins GA4 and GA7, and to the 
products made by such separation processes.

Background of the Invention
Gibberellins are powerful plant hormones which are responsible for flowering, root 

growth, stem elongation, fruit size, branching and the like for various fruits and crops. The 
mixture of gibberellins GA4 and GA7 and pure GA3 are the only gibberellins presently 
commercially produced in quantity from cultures of the fungus Gibberella fuiikoroi. These 
gibberellins are, therefore, convenient starting materials for the synthesis of less accessible 
gibberellins and, themselves, are powerful plant hormones which are important for use in 
agriculture.

There has been a long-standing need for a method which effectively separates GA4 and 
GA7 from the above mixture. Previously, tedious reverse-phase high performance liquid 
chromatography (HPLC) was used for separation of the mixture of GA4 and GA7. This 
process was labor intensive and not feasible for the preparation of large quantities. Some 
laboratory scale chemical processes have been used for the preparation of GA4 and GA7 in 
small quantities. However, these processes all involve multiple step syntheses. For example, 
as described in U.S. Patent No. 4,243,594, GA7 is obtained from GA3 by a five step 
reaction sequence which involves selective protection of the 3-P-hydroxyl group of GA3, 
preparation of the 13-methanesulfonyl derivative of the 3-acetate, hydrolysis of the acid 
chloride and reduction of the bridgehead-methanesulfonate, followed by hydrolysis of the 
resulting acetate. As described in U.S. Patent No. 4,532,334, GA4 is obtained via Jones 
oxidation of a GA4/GA7 mixture, followed by Selectride® reduction. Another method for 
obtaining GA4 is selective degradation of GA7 from the mixture of GA4 and GA7, followed 
by isolation of GA4; but this method literally converts the GA7 into degradation products. 
None of these methods can provide GA4 and GA7 in large quantities efficiently.

Alternatively, some authors have proposed the derivatization of gibberellins, including 
the formation of methyl esters and trimethylsilyl ethers, as a means of improving their' 
detection and monitoring during analytical separation. Park, for example, in the Korean
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publication Han'guk Nonghwa Hakhoechi, 28(2):82-87 (1985), discloses the formation of 
such derivatives in connection with analysis by gas chromatography-mass spectroscopy. 
However, no suggestion is made that certain gibberellins may be selectively derivatized as is 
accomplished in the present invention, or that gibberellins so derivatized are more readily 
separated. Moreover, the above methods are for analytical rather than production use. 
Consequently, the need remains for an effective, large-scale separatory procedure.

Summary Of The Invention
It has now been found that pure GA4 and pure GA7 can be obtained efficiently by 

using a process of either (i) selective silylation and separation, or (ii) silylation, selective 
desilylation and separation. This process has also been found to be useful in the separation of 
mixtures of other gibberellins, such as GA1 and GA3, where one gibberellin undergoes 
silylation/desilylation more readily than another.

Accordingly, in one aspect of the present invention is disclosed a process for 
separating gibberellins from mixtures thereof, and especially GA4 and GA7 from a mixture of 
GA4 and GA7, which comprises reacting said mixtures with a silylating agent. This reaction 
may be followed, in the case of GA4 and GA7, by selectively hydrolyzing the GA7 silyl ether 
in the presence of the GA4 silyl ether and separating the GA7 from the GA4 silyl ether. 
Preferrably, the silylating agent in the above process is t-butyldimethylsilyl chloride.

In another aspect of the invention is disclosed a gibberellin selected from the group 
consisting of GA4 and GA7 which is prepared by the above process.

In yet another aspect of the invention are disclosed substantially pure compounds of 
the formulae:

I

F^RjRaSIO
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wherein Rj, R2 and R3 are independently selected from loweralkyl and aryl. Preferred 
i among such compounds are those wherein Ri is t-butyl and R2 and R3 are methyl.
1 The term "loweralkyl" as used herein refers to straight or branched chain alkyl radicals

containing from 1 to 7 carbon atoms including, but not limited to, methyl, ethyl, n-propyl, 
iso-propyl, n-butyl, iso-butyl, sec-butyl, n-pentyl, 1-methylbutyl, 2,2-dimethylbutyl, 
2-methylpentyl, 2,2-dimethylpropyl, n-hexyl and the like..

The term "aryl" as used herein refers to phenyl, benzyl, diphenylmethyl or 
triphenylmethyl or substituted phenyl, benzyl, diphenylmethyl or triphenylmethylwherein one 
or more of the phenyl rings is substitued with loweralkyl, halogen or alkoxy.

The term "alkoxy" as used herein refers to R'O- wherein R' is a loweralkyl group.

Detailed Description Of The Invention
The present invention relates to novel processes for obtaining pure GA4 and GA7 

from the readily available mixture of GA4 and GA7. The methods of this invention are 
predicated upon the discovery of the differential reactivities of GA4 and GA7 toward silyl 
ether formation and subsequent deprotection.

It has been discovered that GA4 and GA7 each react differently with triloweralkylsilyl 
chloride in the presence of imidazole in dimethylformamide (DMF). For example, GA7 reacts 
with t-butyldimethylsily 1 chloride in the presence of imidazole in DMF at room temperature to 
form the silyl ether, while GA4 is inactive under these conditions (see Scheme I below).

This selectivity for silylation of GA7 versus GA4 may be attributed to the more 
accessible steric enviroment of the ring A of GA7 (more planar) than the ring A of GA4. 
Selective reaction was achieved by using slightly more than one equivalent (1.6 eq.) of 
t-butyldimethylsilyl chloride at room temperature. Increasing the amount of silylating agent in 
excess of this amount or raising the temperature above room temperature resulted in the 
formation of the silyl ether of GA4. Under forcing conditiona, such as higher temperature 
(45°C) and/or excess silylating agent (5 eq.), both GA4 and GA7 can be completely converted

* to their silyl ethers. Other silylating agents can include alkyl or aryl substituted silylating
agents (e.g., R1R2R3S1X wherein Rj, R2 and R3 are independently selected from loweralkyl 
and aryl and X is a halogen or -OSO2CF3) such as dimethylphenylsilyl-, triisopropylsilyl-, 
trimethylsily 1-, t-butyldiphenylsilyl-, triethylsilyl- or triphenylsilyl-halides or triflates.
Solvents and bases used with these silylating agents include, but are not limited to, aprotic 
solvents such as tetrahydrofuran (THF), dimethylsulfoxide (DMSO), acetonitrile, DMF or 
methylene chloride (CH2CI2) and the like, and bases such as imidazole,
dimethylaminopyridine (DMAP), triethylamine (TEA), pyridine or carbonates and the like.
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It has also been discovered that the silyl ether of GA7 formed from the above reaction 
has completely different physical properties from GA4, such as solubility in organic solvents 
and in water. For example, the silyl ether of GA7 is much more soluble than GA4 in hexane, 
ether, and dichloromethane; however, the silyl ether of GA7 is much less soluble than GA4 in 
acetic acid and water. Based on these differences, the silyl ether of GA7 can be easily 
separated from GA4 by simple crystallization. The separated silyl ether of GA7 can then be 
desilylated by simply treating it with a desilylating agents such as tetrabutylammonium 
fluoride to afford GA7. Other useful desilylating agents include K^CQj/methanol, 
H+/methanol (wherein the acidic reagent is an acidic resin such as Dowex® 5OW-X8 or 
Nafion® and the like), KF/crown ether, HF, BF3-Et2O, FeClj/acetic anhydride, acetic 
acid/water or citric acid/methanol and the like.

SCHEME 1

L* jJ

2. RiRjRaSICI

j

ϋ'

Rl=t-butyl; R2,R3=methyl

ί



WO 92/22544 PCT/US92/05016

-5-

It has further been discovered that the silyl ethers of each of GA4 and GA7 show 
different reactivity toward desilylation. Once again .this may be attributed to a thermodynamic 
selectivity (steric environment cf ring A) favoring GA7 reaction. For example, a mixture of 
the t-butyldimethylsilyl ethers (if GA4 and GA7 may be treated with tetrabutylammonium 
fluoride (2 eq.) in tetrahydrofuran (THF) at room temperature. The silyl ether of GA7 is 
thereby desilylated, while the silyl ether of GA4 is left intact. Increasing the amount of 
desilylating agent in excess of two equivalents and/or raising the temperature to above room 
temperature results in the loss of selectivity, after which both the GA4 and GA7 silyl ethers 
are completely desilylated (see Scheme II below).

SCHEME 2

Rl=t-butyl; R2,R3=methyl

It is expected that the foregoing separatory techniques will also be applicable to the
isolation of other gibberellins as well. GA1 and GA3, for example, which are the 13-hydroxy
analogs of GA4 and GA7, respectively, are readily separated using the processes of the
invention, as would be any mixture of gibberellins capable of selective silylation or
desilylation.
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The following examples will serve to further illustrate die present invention.

EXAMPLE 1

a. Selective silvlation of GA7 from mixture of GA4/GA7
To a solution of a mixture of GA4 and GA7 (99.3 g. 0.3 mmol) in dimethylformamide 

(DMF) (480 ml) was added imidazole (61.3 g, 0.9 mol). After imidazole was completely 
dissolved, t-butyldimethylsilyl chloride (72.4 g, 0.48 mol) was added. The reaction mixture 
was stirred for 2 days at room temperature under nitrogen. To the mixture was added 400 ml 
of acetic acid and 500 ml of water. A white solid (silyl etlier of GA7) precipitated and was 
filtered to give 26 g of the silyl ether of GA7. 'H NMR (DMSO-d6) 0.10 (s, -SiCH3), 0.88 
(S, -Si-t-Bu), 1.08 (S. 18-H3), 2.78 (d, 10Hz, H-5), 3.11 (d, 10Hz, H-6), 4.09 (d. 4Hz, H-
3), 4.85 and 4.97 (each br. 17-H2), 5.77 (d,d, 10, 4 Hz, H-2), 6.40 (d, 10Hz, H-l). MS 
(FAB), 445 (M+H). ·

To the filtrate was added an excess of water. A white solid was precipitated and 
filtered to give 38.28 g of crude GA4 which was further purified by suspending the crude 
GA4 with a solution of Et2O/Hexane (1:1) (4 ml/g) to remove the remaining GA7 silyl ether. 
31.50 g of GA4 was obtained. The GA4 obtained had physical characteristics consistent with 
a reference sample. Ή NMR (DMSO-d6), 0.99 (S, 18-H3), 2.39 (d, 12Hz, H-5), 3.02 (d, 
11Hz, H-6), 3.55 (m, H-3), 4.84 and 4.96 (each broad, 17-H2), 5.34 (d, 4.5Hz, OH),
12.46 (S, -CO2H). MS(FAB), 333(M+H).

b, Desilvlation of silyl ether of GA7
To a solution of the t-butyldimethylsilyl ether of GA7 (26g, 58.6 mmole) in 

tetrahydrofuran (THF, 50ml) was added a solution of tetrabutylammonium fluoride in THF 
(117ml, 1.0M solution). The solution was stirred for 8 hours at room temperature under 
nitrogen. To the reaction mixture was added 1.0 M citric acid solution (50 ml). THF was 
removed in vacuo, and to the residue was added an excess of 1.0 M citric acid. A white solid 
was precipitated to give 18.36 g of GA7 which was crystallized from acetone/H2O to give 
15.20 g of GA7. This GA7 had physical characteristics consistent with a reference sample.
1H NMR (DMSO-d6), 1.07 (s, 18-H3), 2.50 (d, 12Hz, H-5), 3.07 (d, 11Hz, H-6), 3.88
(m, H-3), 4.86 and 4.97 (each broad, 17-Hz), 5.57 (broad d, -OH), 5.81 (dd, 10,4Hz, H-2),
6.34 (d, 10Hz, H-l), 12.56 (broad S, -CO2H). MS(FAB), 331(M+1).
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EXAMPLE 2

a. Silvlation of GA4/GA7 from a mixture of GA4/GA7
To a solution of a mixture of GA4 and GA7 (44 g. 0.13 mmol) in DMF (155 ml) was 

added imidazole (90 g, 1.33 mol). After the imidazole was completely dissolved, 
t-butyldimethylsilyl chloride (100 g, 0.66 mol) was added. The reaction mixture was stirred 
for 2 days at 45°C under nitrogen. To the mixture was added 700 ml of acetic acid, 500 ml of 
THF and 500 ml of water. A white solid (silyl ethers of GA4/GA7) was precipitated and 
filtered to give 49 g of a mixture of the t-butyldimethylsilyl ethers of GA4/GA7.

b. Selective desilylation of GA7-silyl ether from mixture of GA4-silvl ether and GA7-silvl
ether.

To a solution of a mixture of GA4-t-butyldimethylsilyl ether and GA7- 
t-butyldimethylsilyl ether from Step 2a above (4.45 g, 10 mmol) in THF (20 ml) was added 
tetrabutylammonium fluoride trihydrate (6.31 g, 20 mmol). The mixture was stirred at room 
temperature for 8 hours. Acetic acid (20 ml) and water (25 ml) were added to the mixture and 
a white solid was precipitated to give 1.3 g of GA4-silyl ether. NMR (D1 (SO-d6), 0.07 
(s, -SiCH3), 0.08 (s, -S1CH3), 0.90 (-Si-t-Bu), 0.95 (s, 18-H3), 2.40 (d, 10Hz, H-5), 3.10 
(d, 10Hz, H-6), 4.844, and 4.950 (each br. 17-H2). MS(FAB), 447(M+H). To the filtrate 
was added an excess of water and a white solid was precipitated to give 1.1 g of GA7 which 
had 'H NMR data and physical characteristics consistent with a referenced sample.

The foregoing is merely illustrative of the invention and is not intended to limit the 
invention to the disclosed processes and compounds. Variations and changes which are 
obvious to one skilled in the art, such as the use of the process of the invention for the 
separation of gibberellins closely related in structure to GA4 and GA7, are intended to be 
within the scope and nature of the invention which are defined in the appended claims.
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What is claimed is:

1. A process for separating a gibberellin from a mixture of gibberellins comprising 
reacting said mixture with a silylating agent to selectively silylate at least one of said 
gibberellins.

2. A process according to Claim 1 wherein the silylating agent is t-butyldimethylsilyl 
chloride.

3. A process for separating GA4 and GA7 from a mixture of GA4 and GA7 
comprising reacting said mixture with a silylating agent.

4. A process according to Claim 3 wherein the silylating agent is t-butyldimethylsilyl 
chloride.

5. A process according to Claim 3 comprising the additional steps of selectively 
hydrolyzing the GA7 silyl ether in the presence of the GA4 silyl ether and separating the GA7 
from the GA4 silyl ether.

6. A process according to Claim 5 wherein the silylating agent is t-butyldimethylsilyl 
chloride.

7. A gibberellin selected from the group consisting of GA4 and GA7 which is 
prepared by the process of Claim 3.

8. A gibberellin selected from the group consisting of GA4 and GA7 which is 
prepared by the process of Claim 5.



9. A substantially pure compound of the formula: 
R,

R1R3R3S11

CH2

ch3 co2h

wherein Rb R2 and R3 are independently selected from loweralkyl and aryl, and R^ 
and R7 are hydrogen or, taken together, form a bond.

10. A compound according to Claim 9 wherein Rj is t-butyl and R2 and 
R3 are methyl.

11. A process for separating a gibberellin from a mixture of gibberellins, 
substantially as hereinbefore described with reference to any one of the Examples.

12. The t-butyldimethylsilyl ether of GA7.
13. The t-butyldimethylsilyl ether of GA4.

DATED this Twenty First Day of December 1994 
Abbott Laboratories 

Patent Attorneys for the Applicant 
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