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Abstract-The effect of pH and buffer molanty on the partttlon coefficrents between phosphate buffer 
solution and ethyl acetate have been exammed for 27 of the characterized glbberelhns and ent-kaur-16-en-19- 
OIC acid Partition coeffiaents were used to estimate the PK. of glbberelhns AJ and As The use of other 
solvents commonly employed m the purticatzon of gzbberelhns m plant extracts IS discussed Application of 
partition coefficients to the countercurrent dlstrzbutzon of gzbberellms 1s described 

INTRODUCTION 

THE NTIAL stages of the punfication of glbberelhns in plant extracts usually involve parti- 
tiomng between aqueous and organic solvents, and a search of the hterature revealed that 
there has been conslderable variation m the methods employed. Ethyl acetate has been 
extensively used’ to remove mhlbltors and other extraneous material from aqueous gbberel- 
lm solutions at pH 7 (and at higher pH values) Chloroform,’ petroleum ether’s2 and ether3 
have been used for a smular purpose Glbberelhns have been separated4 from ‘weaker acids’ 
by back extraction from ethyl acetate mto phosphate buffer at pH 6.2 Ethyl acetate,4 
chloroforms and methylene chloride6 have been used to extract gbberellms from aqueous 
solution at pH 2 o-4 0. 

Very little information has so far been presented5p7 concernmg the patition of the 
lbberelhns between aqueous and organic solvents. It will become apparent from the data 
presented m this paper that most of the procedures utihzmg partltlon as a method of pur& 
cation may have resulted m at least partial loss of some of the Bbberellms present. The 
normal detection methods for @bberelhns, bloassay,s thm layer chromatography (TLC)- 
fluorescence,g gas liquid chromatography (GLC)g and combined gas chromatography-mass 
spectrometry (GC-MS)‘O are often inaccurate or even mapphcable to crude extracts from 
plants (particularly from vegetative tissue) due to large amounts of lmpurltles, and the use 
of these methods to follow extraction techniques IS of limited value. A knowledge of the 
partition of glbberellms between aqueous and organic solvents will enable procedures to be 
used that involve minimal loss of any glbberellms present. 

Two other aspects of gbberellm lstrlbutlon between aqueous and organic media are of 

1 D Kern and A. LANG, Planr Physzol 38,555 (1963) 
2 G W M BARENDSE, H KENDE and A LANG, Plant Physzol 43,815 (1968) 
3 R C. DURLEY and R. P Paris, unpublished work 
4 J MACMILLAN, J C SEATON and P J SUTER, Tetrahedron 11,60 (1960) 
5 F. EIAYASHI, S. BLIJMENTHAL-GOLDSCHMIDT and L RAPPAPORT, Plant Pbyszol 37,774 (1962) 
6 L C LUCKWILL, P. WEAVER and J MACMILLAN, J Hart Scz 44,413 (1969) 
‘G W.ELsoNandA R P ETERSON, Brat Patent 1174924 (Chem Abs 72,55702X), F J WOLF, Separatzon 

Methods zzz Organzc Chemzstry and Bzochemzstry, pp 31 Academic Press, New York (1969) 
a A CROZIER, C C Kuo, R. C DURLEY and R P PHARIS, Can J Bat 48,867 (1970) 
g B D CAVELL, J MACMILLAN, R J PRYCE and A C SHEPPARD, Pbytochem 6,867 (1967) 

lo R BINKS, J MACMILLAN and R J PRYCE, Phyrochem 8,271 (1969) 
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importance First, countercurrent dlstrlbutlon (CCD) using phosphate buffer as the statlon- 
ary phase and ethyl acetate as the moving phase has been used 11,12 to punfy gibberellms m 
plant extracts and If this method IS to be generally applied, a knowledge of the dlstnbutlon 
of the glbberellms would be desn-able Secondly, m a study of ‘neutral’ gIbberellms,‘3 
confuslon could arise between truly ‘neutral’ glbberellms and acidic glbberellms which are 
weakly polar but may well behave m a manner similar to neutral compounds 

In view of the widespread use of partition procedures, particularly during the mltlal 
extractions stages, we report herem the partltlon coefficients of the glbberellms between 
phosphate buffer and some commonly used organic solvents The apphcablhty of CCD to 
the purification of glbberellm extracts IS discussed 

RESULTS AND DISCUSSION 

The partltlon coefficients of 27 of the 35 characterized glbberellms and en&kaur-l6-en- 
19-olc acid* between ethyl acetate and 1 5 M phosphate buffer solution at five pH’s are gven 

PH 

FIG 1 EFFECT OF pH ON PARTIIION COEFFICIENTS OF OIBBERELLINS Ag, As, As, A9 AND AI3 BETWEEN 
ETHYL ACETATE AND 1 5 M PHOSPHATE BUFFER SOLUTION 

0 Al, 0 As, a As, 0 Ag, n A,3 

* The nomenclature used IS that proposed m The Common and Systematrc Nomenclature of the Cych 
Dzterpenes (edlted by J W ROWE), Forest Products Laboratory, Forest Service, U S Department of Agncnl- 
ture, Madison, Wisconsin 53705, U S A 

I1 (a) N MUROFUSHI, S TRIUCHIJIMA, N TAKAHASHI, S TAMURA, J KATO, Y WADA, E WATANABE and 
T AOYAMA, Agrz Blol Chem 30, 917 (1966), (b) N MUROFIJSHI, N TAKAHASHI, T YOKOTA and 
S TAMLJRA, Agrzc BIOZ Chem 32, 1239 (1968), (c) N MUROFUSHI, N TAKAHASHI, T YOKOTA, J 
KATO, Y SHIOTAN~ and S TAMURA, Agrlc B~ol Chem 33, 592 (1969), (d) T YOKOTA, N TAKAHASHI, 
N MLJROFUSHI and S TAMIJRA, Planta 87, 180 (1969) 

I2 A CROZIER, H AOKI and R P PHARIS, J Exptl Bot 20,786 (1969) 
I3 (a) F HAYA~HI and L RAPPAPORT, Nature, Land 195,617 (1962), (b) F HAYA~HI and L RAPPAPORT, 

Plant Physrol 41, 53 (1966), (c) T HASHIMOTO and L RAPPAPORT, Plant Physrol 41, 623 (1966) 
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TABLE 1. PARTITION COEFFICIENTS (Kd = c., /core)* OF THE GIBBERELLINSAND ent-K.wRBNoxc~~m BETWEEN 

ETHn ACETATE AND 15 M PHOSPHATEBUFFERSOLUTIONATFIVB pH VALUES 

Glbberellm 
80 65 

PH & 

50 3Q5 25 

A23 
AZ4 
AZ5 
Al6 
A27 

A2a 

A29 

eni-kaurenoc acid 

cu 
co 

2: 
cc 

3; 

0;4 
113 
0 56 

to 
co 
to 
co 
co 
CD 
cn 
co 
co 
Co 

130;) 
to 
a, 
CfJ 
co 

0 24 004 0 0 0 

7: 

o”9 
48 
54 
0 56 

0:6 
16 
004 
71 
041 
32 

co 

4: 
21 

157 

a:3 
0 66 

1: 
a, 
03 

12 7 

12 
0 97 
12 
005 

19 

0 19 
0 49 
0 10 
49 
0 
0 33 
0 
006 
0 
0 16 
0 50 
042 
0 81 
009 
91 
14 

19 4 
0 
0 
32 
0 18 

0 17 
0 19 
0 21 
0 
0 
005 
0 
064 

: 
0 

00 
0 
004 
0 
010 
0 
0 89 
051 

081 

10 

0” 
044 
005 

0.21 

011 
015 

007 

0 17 
0 
0 

015 

0 

0045 
0 
0 

x 
0 

8 
0 
0 
0 
008 
0 19 
0 17 
0 
0 
021 
0 

* Ka’s < 0 02 are taken as 0, values > 20 are taken as 00 

m Table 1 and shown m graphical form for purposes of drscusslon for certain of them in 
Fig 1. The partltron coefficients are expressed as 

Kd = 
concentratron m aqueous phase 

concentratron m orgamc phase 

To prevent emulsrons forming during extraction and countercurrent distribution we have 
found the use of hrgh molanty buffer solutions (1 5 M and 05 M) to be advantageous. 
Therefore a 15 M phosphate buffer was employed to obtain the coefficients grven m Table 1. 
Concentratron of the ~bberelhns m the organic phase was calculated by measurmg the 
GLC peak areas of the methyl ester or methyl ester trrmethylsllyl ether derrvatrves Com- 
parison was always made with mJectrons of standard amounts of the grbberelhns in question 
It can be seen that the partrtron coefficients vary widely and we have classrfied the grbberelhns 
into four mam groups: 

(a) Glbberelhns A.+, A,, A9 and Alo at buffer pH 8 were srgmficantly partrtroned mto the 
ethyl acetate phase whilst at pH 3.5 or less were totally partrtroned mto the ethyl acetate 
phase 
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(b) The dr- and trrcarboxyhc gibberelhns A12, AIS, AI4, AIT, AIs, Azl, AzJ, Az4, Azs 
and AZ8 (exceptron A& exhrbrted a raprd increase of & wrth increasing pH, more so than 
the monocarboxyhc acrds and may exhrbrt a more complex curve than that Indicated. 

(c) Grbberellms AS, As, A16, A,9, AZ,, and AZ, were not parhtroned mto the ethyl 
acetate phase at pH 8, but were completely partmoned mto the ethyl acetate phase at pH 2 5 

(d) Gibberellms AI, AZ, A,, AS, Az2, AZ6 and AZ9 were not apprecrably partitioned 
into the ethyl acetate phase at pH 8 or 6 5, and were only partrally removed into the ethyl 
acetate phase at pH 2 5 Grbberelhns Azl, APJ and AZ8 may also be placed in this group. 

Another general observatron 1s that monohydroxylated grbberelhns having a C-13 
hydroxyl group are more soluble m aqueous solutron than those whrch are hydroxylated m 
rmg A. For example, compare the K,,‘s of the followmg pans of Isomers. AS with A,; AI7 
with AIS; and A,, wrth A4 

To determme whether the molanty of the buffer solutron sigmficantly altered glbberellm 
drstrrbutton, grbberelhns AS, AS, A9 and AI3 (one from each of the above general classes) 
were partrtroned between ethyl acetate and phosphate buffer solutrons of 0 5,O.l and 0 05 M. 
The results are grven m Table 2. It 1s evrdent that the hrgher the molanty of the buffer the 

TABLE 2 PARTITION CU3FFICIENTB (Kd = c,, /c,, )* OF GIBBERRLLINS Aa, AS, Ag AND Al, BETWEEN ETHYL 

ACETATE AND FOUR MOLARITIES OF PHOSPHATE BUFFER SOLUTION AT FIVE pH’s 

PH& 
Mohty 80 65 50 35 25 

Glbberellm Aa 

Glbberellm As 

Glbbcrellm Ag 

Glbberellm A13 

15 co al 
:i 

0 21 017 
05 W W 0 63 041 
01 W W 72 14 0 86 
005 W W 19 2 27 1 31 

15 W 48 019 0 0 
05 W 142 041 0 02 0 
01 W W 0 80 005 0 
005 W 03 12 009 0 

15 0 34 006 0 0 0 
05 0 98 0 13 

:02 
0 0 

01 29 029 0 0 
005 38 0 37 003 0 0 

15 W 71 0 0 

8: W W 200 W 8: 0 20 002 004 0 0 
005 W W 028 0 08 0 

* &‘s -c 0 02 are taken as 0, values > 20 are taken as w. 

greater the tendency of the grbberellms to move mto the ethyl acetate phase, due to the ‘salt 
effecP4 of the buffer mcreasmg the actrvrty coefficrent of the grbberellins. By calculatmg the 
ratro of the &‘s of any one of the four grbberelhns above at a grven pH using l-5 M buffer, 
to the &‘s of any other grbberellm falling w&m the same ‘group’ at the same pH using 
1 5 M buffer (1 e the Kd ratio of AS to AI, AZ, As, Azl, Azz, Az3, Az6, AZ8 and Az9; A, to 

I4 F. A LONG and W F MCDEVIT, Chem Rev 51,119 (1952). 
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A&, AM, 49, &O and&l; A9 to &, AI and 40; AIs to Aiz, Al.+, All, Ale, kr AZ51 and 
comparmg these ratios to the Gs obtained for the test gibberellins at that pH using either 
O-5,0*1 or 0.05 M buffers, the Kd for the other grbberellms can be estimated for 05,O.l and 
0 05 M buffer. This was found to be a reasonable approxrmatron m test cases. For example 
grbberellms A3 and As using 1.5 M buffer at pH 2 5 have Kd’s of 0 17 and 0.45 respectrvely. 
Smce A3 has a K,, of 0 41 usmg 0.5 M buffer at pH 2 5, As would be expected to have a Kd 
around 0 45/O-17 x 0 41 = 1 1 usmg the same buffer at the same pH. The experimental 
value was found to be 10. 

The variation of Kd wrth pH depends on the pK, of the acrd. For an acrd partrttonmg 
between an aqueous and organic system, which may be depicted as 

K, K, 
HA (orgamc) + HA (aqueous) + H+ x A-, 

the followmg equatron has been derived:::: 

Kd = K + &) 
where Kd IS the observed partrtron ratro, K, the true partrtion ratro of the un-ionized forms, 
K, the dissocration constant for the acid and [H+] the hydrogen ion concentration m the 
aqueous phase. Therefore, knowing the vanatron of & with [H”], the pK, of a gbberelhn 
can be calculated. This was attempted for two grbberelhns, A3 and As. 

The equation depends on the followmg assumptrons: 
(1) The acid contains onIy one ronizable group. Hence only monocarboxylic grbberellms 

can be considered since the variatron of Kd with pH for dr- and trrcarboxyhc gtbberelhns may 
well be complex. 

(2) The iomzed molecules cannot be extracted mto the organic phase. 
(3) The acid does not form association complexes m either phase. It was found by 

osmometry that grbberelhn A3 drd not drmerrze m ethyl acetate solutron at concentrations 
of 0.01 M and O+IO8 M. Furthermore, if &men&on occurs to any significant extent m 
either phase, it can be calculated that the partition coefficient is concentration dependent. 

TABLB 3. EFFECT OF CONCENTRATION ON THE 
PARTITION COiSFICIENT OF GIBBERELm A3 
Bl?lWBEN BTHYL ACETATE AND 1.5 M PHOSPHATE 

BUFFERSOLUTIONAT pH 50 

Concentration &g ml-‘)+ & 

5 14 
10 13 
20 11 

ii 12 11 
50 094 
60 0 81 
80 0 53 

* Concentration of the total glbberellm 
dissolved mtlally III the ethyl acetate phase 

l5 (a)L C CRAIG,J Bd Chem 150,33(1943),(b)J CYMERMAN-CRAIG and A 
1619 (1953) 

- 11/l-W 

A. DLMANTTS, J. Chem. Sot 
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Therefore the partltlon coefficient of gbberelhn A, between ethyl acetate and 1 5 M phos- 
phate buffer at pH 5 0 was determined at seven concentrations between 5 and 80 pg ml-’ 
(lmtlally dissolved m the ethyl acetate phase) The results are shown m Table 3 It can be 
observed that Kd does not vary appreciably with concentration between 5 and 40 pg ml-‘, 
mdlcatmg that dlmenzation IS not occurring and hence equation (1) can be apphed to ths 
range However, Kd decreases with increasing concentration above 40 pg ml-’ This may be 
due to a lack of solublhty of the gbberellms at these concentrations m 1 5 M phosphate 
buffer at pH 5 0, hence forcmg them mto the ethyl acetate phase and thereby decreasmg Kd 

(4) If a buffer 1s used, the effect of the buffer on partmon does not vary with pH No 
account of the ‘salt effect’ has been taken mto conslderatton It IS known14J6 that the addltlon 
of a salt to an aqueous solution of a nonelectrolyte will mcrease or decrease the actlvlty 
coefficient of the nonelectrolyte and this wdl alter an eqmhbnum constant such as K,, If the 
salt effect 1s taken mto account equation (1) becomes complex However m the range pH 
3 5-6 0 (the range over which the equation was tested) the lomc strength of the solution 
vanes by only a small amount (1 O-l 2) and hence the salt effect may remam approximately 
constant For this reason the above simple equation was used to calculate a value of K, m 
phosphate buffer Two gbberellms were tested, A, and A8 

Equation (1) may be rewritten m the form 

log (& - KJ = pH + K, - pK, (2) 

Hence by plottmg a graph of log (K,, - KJ against the pH, a straight lme of gradient unity 
should be obtamed A value of K, can theoretically be obtained smce from equation (1) 
Kd 2~ K, when [H+] 1s large It can be seen from Fig 1 that for Bbberelhns A, and As, Kd 1s 
almost a constant m the range pH 2 5 and less, mdlcatmg that at pH 2 5 lomzatlon of the 
glbberellms is almost repressed and hence Kd N K, The reported pK,‘s of glbberellms A, 
and A8 m water are 3 97 and 4 04 respectively I7 If these can be apphed to aqueous buffered 
solutions, this would also mdlcate that these gibberellms would exist almost completely m 
the un-lomzed form at pH 2 5 Smce the results given m Table 1 were msufficient to test the 
apphcablltty of equation (2) to glbberelhns, further Kd’s were obtamed for gbberellms A, 
and A8 between ethyl acetate and I 5 M phosphate buffer at various pH’s, and are given m 
Table 4 Takmg K,, = K, at pH 2 5, a plot of log (Kd - K,) against pH for each glbberellm IS 

TABLE 4 FURTHER PARTITION COEFFICIENTS (K,, 
= caq lcors ) OF GIBBERELLINS AJ and A8 BETWEEN 
ETHYL ACETATE AND 1 5 M PHOSPHATE BUFFER 

PH 
Kd 

Glbberellm A, Glbberellm A8 

60 12 5 

55 45 108 

it 0 12 53 49 18 

40 0 33 0 90 
35 0 21 064 

25 017 0 45 

I6 P DEPYE and J MCAULAY, J Physrk Z 26,22 (1925) 
” B K TKXD, J Chem Sot 1521 (1964) 
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-21 ' I I I I I I 
4 5 6 

PH 

FIG 2 GRAPHOFLOO(& - K,) AGAINST pH FORGIBBWELLINS A3 AND A8 

0 As; A Aa. 

shown m Fig 2. This plot gave strarght lines of gradient 0 93 for grbberelhn AS and O-89 
for grbberellm As The discrepancy between these values and the theoretical gradrent of 
1 00 may be due to the ‘salt effect’ or a shght inaccuracy m the e&mated value of Kd, but it 
was thought that the values were close enough to the theoretrcal value to indicate that 
equation (2) may be applied to these grbberelhns 

Estimates of the pK, values of these two gibberellms can be made It IS evident from 
equations (1) and (2) that when 

PK, = PH 

Kd = 2%. 

For grbberellm AS, when 

from Frg 1, 

Kd = 2K, = O-34, 

For grbberellm As, when 

from Frg. 1, 

pK,=pH=41. 

Kd = 2K, = 0 90 

pK, = pH = 4-O. 

It 1s also evident from equation (2) that when 

log (Kd - Kr) = 0, 

pK, = pH + log K. 
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From Fig 2, pK, values for gibberellms A, and A, of 4 1 and 4-O respectively were calcu- 
lated Both of these pK,‘s of glbberelhn A3 and As m 1~5 M phosphate buffer solution are m 
approximate agreement with the previously reported” values m water of 3 97 and 4 04 
respectively, although m the present work, glbberelhn A, has a shghtly higher pKa than 
glbberellm A, 

Equation (2) was not tested with glbberelhns other than A3 and As However prehmmary 
results Indicate that the equation does not apply to a number of gbberelhns and hence 
would have to be modified m the general case 

TABLE 5 PARTITION co~~~m~~xs (Kd = cas /c,,~, )* OF GIBBKRELLINS As, &, Ab, A,, AI3 AND ent-KAuRENoIc 
ACID BETWEEN DIETHYL ETHER AND 0 5 M PHOS?HATE BUFFER AT 6 pHs 

Glbbcrelhn 
90 80 

PH & 

65 50 35 25 

A3 w w 18 5 70 31 
A4 to OL) 47 0 72 0 12 0 
As co 31 0 32 0 12 
A9 W 6: 0;s 007 0 0 
A13 
ent-kaurenolc acid 1: 0% 

072 11 0 33 015 
0 0 0 

* Kd's 0 02 < are taken as 0, values > 20 0 are taken as ~13 

Smce &ethyl ether3 and hght petroleum Is2 have been employed to wash aqueous Bbberel- 
lin extracts m order to remove chlorophyll, mhlbitors etc., and the former also employed to 
isolate auxms18 and absclsic acid I9 from aqueous plant extracts, it was of interest to 
determme the extent of dlsttlbution of the gbberellms between phosphate buffer and these 
solvents. Glbberelhns A3, Aq, AS, A9, A13, ent-kaur-16-en-19-olc acid and a 0.5 M buffer 
solution were used. The results are given m Tables 5 and 6. In the case of the ether-buffer 
partitions, no gbberellms were patitloned mto the ether phase at pH 9, whereas at pH 
2 5-3.5 conslderable amounts of all compounds were partItIoned mto the ether phase. 
Therefore auxms and absclslc acid could not be separated from most of the gbberelhns 
merely by partltlon. In the case of petroleum-buffer partltlons Bbberelhn A9 was the only 
lbberelhn to be partitioned mto the organic phase even under acidic condltlons. The results 

TABLE 6 PARTITION COEFFICIENTS (& = c., /co,, )* OF GIBBERBLLIN A9 AND enf-KAURENOIC ACID BETWEEN 
PETROLEUM ETHER b p 65-77” AND t-l 5 M PHOSPHATE BUFFER SOLUTION AT 6 pH VALUES 

90 80 65 50 35 25 

Glbberellm A9 co 03 03 

ent-kaurenolc acid W 12 049 

* Kd's -z 0 02 are taken as 0, values > 20 are taken as w. 

56 14 0 39 

006 0 0 

I8 D. BURNETT, L J AUDUS and H D ZINSMEISTER, Phytochem 4, 891 (1965) 
I9 B V MILBORROW, Planta 76,93 (1967) 
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for ent-kaurenow acrd must be treated with cautron smce rt IS almost msoluble m aqueous 
solution at pH 2.5-7.0. To avoid a concentration effect, concentratrons of less than 1 pg 
ml-’ of thrs acid (dissolved mmally m the buffer phase) were employed. Chloroform was not 
exammed as a part&on solvent since we have found It to readrly form emulsions when 
shaken with concentrated aqueous plant extracts 

Crazier et al l2 have lscussed the use of CCD of gtbberellins, using ethyl acetate as the 
upper (moving) phase and phosphate buffer as the lower (statronary) phase, as a means of 
purrfying grbberelhns in plant extracts. The CCD formula” relates the drstrrbutron of a 
compound throughout the CCD tubes with Its partrtron coefficrent 

T, = 
n! K’ 

r! (n - r)! (K + 1) 

where T, IS the fraction of the total m tube number r (0, 1,2 . . . . n), n is the total number 
of transfers and K IS the Qstnbution coefficient (equal to I/K, above). Hence the centre of 
drstrrbution and the extent of drstrrbutron of any compound may be calculated from its 
partmon coefficient As pomted out by Grover et al, I2 the most efficient purrficatron of a 
gtbberelhn extract by CCD 1s accomphshed by locahzing the grbberelhns (rf possible) m the 
centre tubes, since a hrgh proportton of the dry we&t of a crude plant extract will most 
hkely be located m the lower phase of the first tubes and the upper phase of the last tubes. 
It ~111 be readrly observed that rf a compound has a partrtion coefficient of approximately 
1.0 it wrll be distributed m the centre tubes. Hence by using Tables 1 and 2, and graphs 
drawn therefrom, it should be possrble to determme the pH and the molarrty of the buffer 
solutron which would locahze the gibberelhn(s) m questron m the centre tubes. 

The partmon coefficients of gibberellms A,, A4, AS, A,, As and A9 were checked by 
CCD usmg ethyl acetate and phosphate buffer at two molantres (0.5 and 1.5 M) and at 
three acrditres (pH 8*5,5*0 and 2 5). The &strrbutron of each gibberelhn agreed well with its 
calculated distribution from equatron (3) usmg the partmon coefficrents in Tables 1 and 2. 
By usmg a combmation of CCD’s at various acrdrtres as described prevrously,12 it should be 
possrble to considerably purify any plant extract contammg a combinatron of the grbberelhns 
given in Table 1 wrth mmrmal loss of those grbberelhns, provrded the drstrrbution of each 
grbberelhn at any gtven buffer pH and molarrty 1s calculated from its partitron coefficient 
at that buffer pH and molanty. Thus would avord broassaymg each tube, which would 
almost certamly be inaccurate (or rmpossrble) due to the low acttvrty of some of the gtbberel- 
hns and the presence of mhibrtors However, extract dry we&t loaded onto CCD should be 
kept to a mmrmum smce the added molanty effect may alter gtbberelhn drstribution to some 
extent. 

EXPERIMENTAL 
GLC 

A dual c&nnn F & M 402 gas chromatograph was used with heated mjectors and flame lomzatlon 
detectors S~lamzed 6 ft x l/8 m 1 d glass columns were packed with 2 % QF-1 or 2 % SE-30 on Gaschrom Q 
(Apphed Science Laboratories Inc ). Columns were pretreated by baking for 24 hr at 250” with tamer gas 
N1 flowing at 30 ml mm-’ Chromatography was carried out at oven temperature of 200”. mjector and detec- 
tor temperatures of 240” and 250” respectively, and mtrogen flow rates of 60 ml mm-’ and 70 ml mm-’ on 
the 2 % QF-1 and 2 % SE-30 c&mms respectively Efficiency of the 2 % QF-1 and 2 % SE-30 columns were 
1950 and 5090 theoretlcal plates respecttvely as calculated by 5acholestane The methyl esters and the methyl 
ester tnmethylsdyl ethers were prepared for chromatography by the method of Cave11 ef al 9 

z” B WILLIAMSON and L. C CRAIG, J BIOI Chem 168,687 (1947) 
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Partition Experiments 
All expenments were performed at 22” 
With ethyl acetate and 1 5 M buffer solutron The glbberellms (50-1000 pg, accordmg to avadabdlty) were 

dissolved m EtOAc and 10 ahquots (each 10 ml) of these solutions were shaken for 1 hr with 10 ahquots 
(each 10 ml) of 1 5 M Na3HPOrKH,P04 buffer at five acldltles of pH 8 0, 6 5, 5 0, 3 5 and 2 5 Buffer 
solutions at pH 3 5 and 2 5 were prepared by acldlfymg pH 5 0 buffer Additional acidities (see text) were used 
for glbberelhns A3 and As Each experunent was duplicated The EtOAc phases were separated and recovered, 
and the residues ester&d In some cases the remammg buffer solutions were further shaken with EtOAc 
(10 ml each) and the residues from the EtOAc estenfied to obtain an additional check on the results A 
control for each set of expernnents was prepared by taking a further ahquot (10 ml) of the ongmal EtOAc 
solution and preparing the glbberelhn esters m the same way In the case of glbberelhns Ag, AZ6 and A27 the 
methyl ester trlmethylsdyl ethers were used for chromatography A known quantity of each methyl ester or 
methyl ester trlmenthylsdyl ether rmxture was chromatographed on GLC and the area under each peak was 
measured The dlstnbutlon coefficient was calculated by 

K =a--b d - 
b 

where a IS the peak area of the control glbberelhn derlvatlve and b IS the peak area of the glbberellm derlvatlve 
obtained from the partition experiments Ddutlon and remJectlon of the controls was necessary since It was 
found that GLC peak areas did not exactly correspond to glbberelhn derlvatlve concentrations The error in 
this method was estimated to be approximately 6% for glbberelhns Al_1o, A12--14r A16_-18 and ent-kaur-16- 
en-19-om acid, and 8-9 % for glbberelhns A1+-29 

With ethyl acetate and0 5,0 1 and 0 05 M buffer solutron The above partition experiments were repeated 
with glbberelhns A3, AS, Ag and A,, using 0 5 M, 0 1 M and 0 05 M phosphate buffers 

Concentration of each ebberelhn m each phase was calculated as above 
Wtth dzethyl ether and 0 5 M buffer solution, and petroleum ether and 0 5 M bu_#k solutron Glbberelhns 

As, Aq, As, Ag, Al3 and ent-kaur-16-en-19-olc acid were dissolved m 0 5 M phosphate buffer at pH 8 and 
ahquots (10 ml each) were acidified to the reqmred pHs by adding known amounts of cone HCI The aq 
glbberelhn solutions were shaken with an equal amount of Et,0 or petrol b p 65-77” The control was 
extracted 5 times at pH 2 5 with EtOAc The concentration of each glbberelhn m each phase was calculated 
as above Initial concentration of ent-kaur-16-en-19-olc acid m the buffer phase was 1 pg ml-’ 

Countercurrent Dlstrlbutron 
This was carried out using a twenty tube Pope 200 ml manual extractor * The lower (stationary) phase was 

100 ml of phosphate buffer saturated with EtOAc and the upper (moving) phase was 100 ml of EtOAc 
saturated with phosphate buffer Five countercurrent dlstrlbutlons were carried out with a mixture of 
glbberelhns Al, Ad, As, As and Ag (100 pg of each) using 0 5 M buffer at pH 8 5, 5 2 and 2 5, and 1 5 M 
buffer at pH 5 2 and 2 5 After the completion of nineteen transfers the upper and lower phases were separa- 
ted The lower phase from each tube was adJusted to pH 3 0 and extracted with EtOAc (4 x 100 ml), which 
was combined with the upper phase, dried and recovered A TLC of ahquots of the residues on s~hca gel 
(Klesedgel H) developed with isopropyl ether-HOAc (19 1) followed by spraying with 50% H2S04 and 
examination of fluorescence under UV light enabled an estimate to be made of the concentration of each 
glbberelhn m each tube 

Osmometry 
The instrument used was a Mechrolab Osmometer model 301 Glbberelhn A3 was dissolved m EtOAc at 

molarltles of 0 01 M and 0 008 M Mol wt found was 355 (theory 344) 
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