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Abstract—Reaction of gibberellin A; (GA ;) with carrier-free tritium gas and 5% palladium on calcium carbonate
as catalyst gave a complex mixture of products, several of which were 1solated and 1dentified Three of the purified
products are the radioactive forms of naturally occurring gibberellins [*H]GA; (1), [*H]GA, (2) and [*H]tetra-
hydro GA; (4) Another substance was 1solated and tentatively 1dentified as [*H]16,17-dihydro GA; (3) GLC
was used to determine the specific activities of I and 2 [*HJGA, likely arises from palladium catalyzed nonspeci-
fic exchange of GA; alkane hydrogen atoms with tritum [3H]GA, 1s also exchange labeled but most of its
radioactivity 1s due to trittum addition to the C-1,2 olefinic bond of GA,

INTRODUCTION

EXTENSIVE investigations have shown that catalytic hydrogenation of GA; results in the
formation of a mixture of products.!-* Some workers have attempted to optimize the reac-
tion conditions for selective reduction of GA; to GA ,.>** We previously reported® the puri-
fication of [*H]GA, which had been prepared by the selective reduction procedures of
Jones and McCloskey.® Subsequently, to obtain [PH]GA, of higher specific activity
(sp- act.) for studies of gibberellin metabolism, we used the more recently published modifi-
cation of Pitel and Vining.* We found that the resulting product mixture contained com-
pounds which had not been detected previously,!~> and which were not separable by our
reported methods. We therefore set out to find a new purification scheme and to identify
the unknown products.

RESULTS

The reduction of GA; with tritium gas was carried out by procedures similar to those
reported * (Scheme 1). The conditions of this procedure are supposed to optimize the pro-
duction of [*H]}GA, and to minimize the formation of side products such as dibasic acids
resulting from hydrogenolysis of the lactone ring, and “over-reduced” products resulting
from lack of selectivity of trittum addition. Qur results show that even under these condi-
tions 26% of the radioactivity in the mixture 1s in dibasic acids (Fig. 1, zone C). Of the
! MuLHOLLAND, T P C (1963) J Chem Soc, 2606
2 ALDRIDGE, D C, GROVE, J F, McCLOSKEY, P. and KLYNE, W (1963) J Chem Soc, 2569
3 Jongs, D F and McCLOSKEY, P (1963) J Appl Chem. 13, 324

4 PiteL, D W and ViNING, L C (1970) Can J Biochem 48, 259
5 NaDeaU, R and RAPPAPORT, L (1972) Phytochenustry 11, 1611
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total radioactivity in monobasic acids (zone B). 10" 1s i over-reduced products (compare
zones D and E). Moreover, to our surprise, large amounts of [*H]GA ; were formed. This
compound had not previously been reported as a product in this reaction The purification
scheme and the results obtained are summarized in Table 1 and Fig. 1. The scheme consists
of three TLC operations: step 1. separation of monobasic acids (zone B) from dibasic acids
(zone C) and other unknown radioactive compounds (zone A); step 2. separation of C-
16.17 nonreduced compounds (1 and 2. zone D) from C-16,17 reduced compounds (3 and
4, zone E): step 3. separation of C-1,2 nonreduced compounds from C-1.2 reduced com-
pounds (1 from 2 and 3 from 4) TLC conditions for these steps arc summarized i Table
b

H
R //ﬁ\\
o Pd 0
{ al + 3H, _Pd/cacos lome) 44 crude product
18~ A"OH o1 . THF (3ml)
H 15 e mmole pyridine (0 15ml)
COOH CHa
O t mmole
9 3y MR
(//\//z I H¥ '\ 3H //i /’J,/\
i OH ho g - OH %:0 Yt\/ O H
HO H 3u HO/\/ H A3y
Me COOH CHz Me COOH M Me COOH 3
s SHH ! CHLH
(1) ] ca, (2) *H] 6a, (3) D3] 16,17-dinydro GAs (4} 3H] tetrahydro GAy
2
w* S H30*
3 \
3y H oo SH
S e, //é .
) o] f l
=5 £ HO" ™2 § : Mo HoY. E
Me cooH Yo Me coo o e oon COOH ™0
(58) FH] Gibberic acid (6) (7)

SEHEME I OUILINGS THi- ¥E THODOF 30 YTHE 318 €815 SHUWS' FE $ FROC IT RESOF FOUR OF THE COMPOU NDS
o 13- Y

ISOLATED I PURE FORM. AND. THL STRLCTURLS.OF THE PRODUCTS FROM AC ID-HYBROLYSISOF F AND 2.

TABLF | RADIOACTIVE COMPOSITION OF THE CRUDE PRODL(T FROM
CATALYTIC REDUCTION OF GA3 WITH TRITIUM

(CPM 1n component),(CPM in mixture) x 100

Component %y
| 94
2 37
3 15
4 36
Dibasic acids 26
Other 22

Percentages are based on the relative amounts of radioactivity
recovered 1n each step Actual recoveries equalled approx 34°, of the
amounts shown m this table because in each of the three steps of the
purification, the recovered radioactivity was approx 70°, of the
applied radioactivity

Compounds 1. 2 and 4 were 1dentified by GLC comparison of therr Me and MeS: deri-
vatives with derivatized reference compounds, using SE-30 and QF-1 (Tablc 3). A special
GLC technique was used because the compounds of this study have very high sp act



The synthesis of [*H]gibberellin 1539

and it would have been wasteful and impractical to routinely mject onto the GLC columns
large enough amounts to detect mass (although this was done in determinations of sp. act.,
see below). Instead, the radioactive test sample was mixed with an appropriate amount
of non-radioactive reference gibberellin and the mixture was derivatized. Using a gas chro-
matograph equipped with an effluent splitter, half of the effluent was diverted to a flame

TABLE 2 TLC MOBILITIES, OF THE RADIOACTIVE COMPOUNDS ENCOUNTERED IN THIS STUDY

Rgay, TLC System*

Compound a b c d
I 09 10 08 09
11 10 10 10 10
111 09 21 08 09
v 10 21 10 09
v 26t — — 18
VI 15 — — 11
Vil 23 — — IS
VIII 26t — — 16

* System a (Used in step 1) Stationary phase, ChromAR , solvent, benzene-HOAc (4 1), 75 min continuous de-
velopment In this system GA, migrated 7 cm from the origin.

System b (Used 1n step 2). Stationary phase, AgNO;-ChromAR (see Experimental), solvent as in a; 85 mm
continuous development 1n which GA | migrated 42 cm

System ¢ (Used 1n step 3) Stationary phase, kieselguhr G, solvent, CCl,-HOAc-H,O (8 3 5) The aqueous
phase was used for equilibrating the plates for 4 hr The organic phase was supplemented with EtOAc to 33%
and plates were run for 1 5 hr. GA, migrated 97 cm

System d Stationary phase, ChromAR; solvent, Et,O~-C H~HOAc (135°65 10) During 15 min of develop-
ment the front migrated 152 cm and GA; 74cm

t Radioactivaty ran to top edge of strip.
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FiG 1 RADIOCHROMATOGRAM TRACES RESULTING FROM THE THREE TLC STEPS OF THE PURIFICATION The
numbers near peaks indicate the relative quantities of radioactivity recovered from the zones n each
step
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ionization detector and the other half to an exit port for collection and subsequent analysis
by scintillation counting. By collecting fractions at 0-5 min ntervals and plotting the scin-
tillation count data on top of the trace obtained from the flame ionization signal, we could
determine whether the radioactive substance corresponded to the “cold” reference gibber-
ellin. For example, GA; was combined with radioactivity from zone F (Fig. 2) and this
mixture was derivatized (MeSi) and injected onto 3% QF-1 (see Fig 2) The results showed
a close correspondence between the traces for radioactivity and mass. It should be noted
that two peaks were obtained for both the radioactivity and mass traces, a recurrent obser-
vation for this GA ; derivative Freshly prepared samples of GA;MeS: tended to have more
of the 7-2 min peak than did samples which had stood for extended periods of time; in
all samples, the 9 3 min peak was the dominant one When the 9-3 min peak was collected
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FiG 2 GLC COMPARISON OF AUTHENTIC GA; WITH [PHJGA; PRODUCED IN THF *H,/Pd REACTION
(Detauls 1n text )

and re-injected a new peak, distinct from erther of the previously observed peaks, was
observed at 77 min (data not shown). Several GA; samples from different sources gave
the same results. Thus GA3;MeS: appears to be unstable under the GLC conditions we
used. The qualitative method described above was also used to identify the compounds
i fractions 2 and 4. In addition, acid hydrolysis of 1 and 2 gave products whose derivatives
had GLC properties corresponding to the derivatized acid-hydrolysates of the appropriate
reference compounds (see Fig. 1 and Table 3) However, 3, which 1s a minor component
of the crude muxture, has not previously been reported or isolated and a reference sample
was not available for comparison Thus, the structure assigned to 3 1s tentative and 1s based
on the following observations: (1) In TLC systems b and ¢ the mobility ratios 1 2 and
3:4 are the same, as would be expected if 3 bears the same structural relationship to 4
as 1 does to 2; (2) 3, like 4, should be a pair of epimers, a prediction which was confirmed
by GLC of 4-Me on QF-1 (see Table 3); (3) Acid hydrolysis of 3 gave a product (8) with

TLC and GLC properties similar to gibberic acid, indicating that 3 may well have the same
ring-A structure as does GA,.
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TaBLE 3 GLC RETENTION TIMES OF COMPOUNDS IN THIS STUDY*

Liquid phase
2% SE-30 3% QF-1

Me MeSi Me MeSi
1 and GA, 95b 10-7 242b 72,93
2and GA, 92 99 197 81
3 95b ND 203,224 ND
4 95b 103 205,229 86
Tetrahydro GA, 100 103 229 86
Epitetrahydro GA, 93 103 205 84
5 and gibberic acid 25[84)] — 26[12:4] —
6 and GA ,-ketone 90 9:0 310 212
7 71 67 110 62
8 30[117] ND 241103] [58]

* 3% QF-1and 2% SE-30, both coated on 100-120 mesh GAS-CHROM Q, were used 1n stainless steel columns
measuring 83 cm x 3 mm. Conditions' oven temp (212°), carrier gas flow (N, 44 ml/min) apply to all the R/s
m this table except those mn brackets, n which the oven temp was 180° and all other conditions remained the
same

Imector temp = 225°, detector temp = 230°; b = broad peak. ND = not determined

Detection of small amounts of 1 in samples containing predommantly 2, using the
effluent splitter method, was impractical because of the similar retention times of these com-
pounds. Therefore, we developed a method which takes advantage of the fact that the end
product of GA; acid hydrolysis (5, gibberic acid) has GLC properties quite distinct from
the acid hydrolysis products® of 2 (6 and 7, Fig. 1). First, approximately 1 million cpm
of the test sample was combined with 20 ug of reference GA, and and the mixture was
heated in a boiling water bath for 30 min. The product was isolated by extraction into ethyl
acetate and was subsequently derivatized (MeS:) and taken up in 20 gl of ethyl acetate.
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FiG 3 GLC DETERMINATION OF THE EPIMER RATIO IN [PH]TETRAHYDRO GA; (Details in text)

¢ BrRiaN, P W, Grove, ] F and MACMILLAN, J (1960) Fortschr Chem. org. Naturstoffe 18, 350
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One ul (approximately 1 ug, 50000 cpm) of the hydrolysate-MeS: was mjected onto an SE-
30 column and three zones. corresponding to the retention times of 5-Me, 6-MeSt and 7-
MeSi. were collected. Since reference GA | was added prior to the hydrolysis, the MeS:
derivatives of 6 and 7 corresponded to mass peaks and were readily detected and collected.
When conditions were adjusted such that the retention time of 6-MeSt was 9 0 min, the
retention time of 5-Me was 25mimn and 1t was easily obtained n a fraction collected
between 2 and 3 min. Samples of 2 which were free of 1 gave zero cpm (above background)
in the 2-3 min collection. In impure samples, the percentage of 1 was calculated as (cpm
m the 2-3 mn collection/cpm collected under peaks for 6-MeSi and 7-MeSi) x 100

The ratio of the epimers of 4 was determuned by GLC. using reference samples The
epimers, whose absolute configurations are unknown, are distinguishable by GLC of the
methyl esters on QF-1 The epimer with the shorter retention time 1s called epi-tetrahydro
GAj, and the other simply tetrahydro GA; 7 Recently, tetrahydro GA; was shown to be
a naturally occurring gibberellin ® By GLC of 4-Me (Fig. 3), we showed that the [*HJtetra-
hydro GA;:[3H]epi-tetrahydro GA, ratio was 2:6: 1

The sp. act of both 1 and 2 were measured by determuning the activity necessary to
give the same-sized peak as produced by a known mass of the corresponding reference
compound 1in GLC (see Experimental).

DISCUSSION

Surprisingly. radioactivity due to [*H]GA ; comprised 9-4%, of the crude reaction mix-
ture (vs 379 for [PH]GA,) and had high sp. act (13 Ci/mmole vs 43 Ci/mmole for
[*H]GA,). Apparently, the reaction conditions for this preparation permitted consider-
able tritium exchange with alkane hydrogen atoms of the GA molecules. The mechanism
of this exchange reaction may parallel results obtammed m heterogeneous—catalytic
exchange reactions between deuterium and alkanes.” In such reactions. exchange 18 maxi-
mal when the catalyst 1s palladium and 1s least when 1t is rhodium. 1t should be noted
that the kind of exchange reaction mentioned above 1s distinct from the Wilzbach gas-
exposure reaction.'” Moreover, the Wilzbach method gives products of much lower sp
act than exsts m our [*"H]GA, It should be noted that neither the mechanism for the
production of the latter compound from GA; nor the position of label has been deter-
mined. Since 1 1s exchange labeled to the extent of 13 Ciymmol 1t seems likely that all of
the other [*H]GA molecules in the product mixture are equally labeled. Hence. we assume
that 2 (sp act = 43 Ciymmol) 1s randomly labeled to the extent of 13 C1'mmol and specifi-
cally labeled (C-1,2) to the extent of 30 Ci/mmol We have not measured the sp act of
3 or 4 but. by similar reasoning to the above, we expect 3 has sp act = 43, and 4. sp.
act = 73 Ci/mmole (2 x 30 + 13) Because the tritium used in this preparation was car-
rier-free (59 Ciymmol), it might be expected that the sp act of 2 should be at least as great,
and perhaps greater due to the exchange reaction. However, the conditions of the reaction
apparently promote such rapid exchange of tritum, not only with GA molecules but also
with solvent molecules. that the tritium gas quickly becomes diluted with hvdrogen.

T Gaskin, P, MAacMiILLan J GanGtry, S N SanvyaL. T Sircar. P K and SRcar S M (1972) Chem &
Ind, 424

8 GANGLLY, 8 N SanyarL, T Sikcar P K and SiRcar. $ M (1970) Chem & Ind . 832

? BurwrLL, R L (1972) Caralysis Ret 7, 25

CWirzeact KOF (19623 Titwm i the Physical and Biological Sciences, Svmp fntern 41 Iuergy, 2.3
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Since the epimers of 4 were formed in a ratio of 2:6:1 (Fig. 3) addition of tritium to the
C-16,17 bond is moderately stereoselective under these reaction conditions. Work in pro-
gress 1n our laboratory, on the enzymic hydroxylation of [*’H]GA, in the C-2(f) position
to produce [*H]GA, has provided an insight into the configuration of the tritium atoms
at C-1,2 of [’ H]GA,. In this work, the formation of tritiated water 1s used as an assay
to measure [*H]GA4 formation. Calculations based on the amount of tritiated water
formed per amount of [P H]GA, formed, indicate that virtually all of the [*H]GA, has
1its C-1,2 tritium atoms 1n a f§ configuration.

The radioactive GAs produced are used in studies on metabolism of GAs in plants and
it is therefore essential to achieve high purity. For example, in one of our unpublished ex-
periments, we used what we thought to be pure [*H]GA, to measure metabolism of the
hormone 1n barley seeds. A “metabolite” appeared in a control portion of the experiment
which was later shown to be a derivative of [*H]GA; that had arisen during autoclaving.
Under the same autoclaving conditions, 2 is stable. GA,, whether in the “cold” or “hot”
form, is an inevitable impurity in [*H]GA , synthesized from GA,, and special steps must
be taken to eliminate it during purification. For this purpose, the kieselguhr method!*
(steps 3a, b) is adequate, but clean separations such as are indicated i Fig. 2 are difficult
to achieve consistently. Other workers may wish to substitute a different way to separate
1 from 2 in the final step of the purification.

Although the reaction conditions for the preparation were meant to duplicate those de-
scribed by Pitel and Vining,* certain differences were bound to occur. We used carrier-free
tritium, whereas Pitel and Vining used a mixture of hydrogen and tritium. The quantity
of starting GA; was much smaller in our reaction than in theirs (35 mg vs 2 g) and thus
there was greater probability of error in determining the endpoint or our reaction. Perhaps
this accounts for differences in the results of our work and that of others who prepared
P*H]GA,.

Table 1 gives the percentage of each component found in the mixture but not actual
recovered yields. In each of the three TLC steps the recovery of radioactivity is approxi-
mately 70%. Thus, in a typical purification run which started with 1-5 x 10'! cpm the
overall recovered yields where approximately 47 x 10° cpm of pure [PH]GA; (3-2%) and
19 x 10'° cpm of [P*H]GA, (12:6%). It is evident, therefore, that the overall percentage
yields are somewhat low but that the cpm’s attainable from a single purification procedure
are nevertheless quite high. This outcome, of course, is due to the very high sp. act. of the
products.

For those who may wish to prepare [°H]GA, for biological experiments, the para-
mount concern must be with obtaining pure hormone. For this reason it 1s desirable to
optimize reaction conditions for the production of [*H]GA ;. However, no matter which
procedure 1s used the reaction mixture will contain at least small amounts of all the poss-
1ble side-products and these will have to be eliminated. Fortunately, GA; is readily avail-
able, and carrier-free tritium is inexpensive. These results hopefully provide purification
procedures which will help others avoid the pitfalls inherent 1n the selective reduction pro-
cedure.

EXPERIMENTAL

TLC methods Development solvents are listed in Table 2 In all of the TLC operations, ChromAR strips (Mal-
linckrodt Chemical Works) measuring 5 x 20 cm were used and sample was applied 3 cm from the bottom edge

' Kacawa, T. FukinBara, T and Sumiki, Y (1963) Agric Biol Chem 27, 598
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AgNO;-impregnated ChromAR was prepared by dipping 5 x 20 cm strips 1n aq 5% AgNOj; solution, placing
these strips on glass, and drying them at 110° for 0 5 hr A special method was used to “clute” radioacuvity from
AgNO,;-ChromAR A regular 5 x 20 cm piece of ChromAR was cut into 2 pieces, measuring 5 x 8cm and
5 x 12cm, and both pieces were placed on top of a 5 x 20cm glass plate A space between the 2 pieces was
left such that a radioactive zone (e.g zone D or E) could be mnserted between them, overlapping each by ~2 mm
Thena 5 x 20 cm glass plate was placed on top, and the “sandwich” with the top piece of ChromAR protruding
a few cm, was held together with rubber bands The sandwich was placed 1n a chromatographic developing tank
contaming solvent, EtOAc-CHCl;-HOAc (15 5-1) for 30 min As the solvent travelled upward it moved the
radioactive material from the AgNO;-ChromAR section onto regular ChromAR Radiochromatogram scanning
was used to detect the new radioactive zone, now free of AgNO;

In scanning, peaks which contained more than 5 x 10® cpm presented a special problem because of instrument
Imitations The problem was solved by making an tmprint of the “hot” strip by gently pressing 1t together with
a ChromAR strip of the same size, and scanning the imprint This method had to be used 1n each step

Continuous development of ChromAR strips was conducted m a short developing tank (22 5 cm), equipped
with a Plexiglass id with shits (55 x 07 cm) The strips was hung from between 2 small glass rods (7 cm long
x 3 mm dia.) held together by a small stainless steel spring clip The strip was then suspended so that 1t dipped
into the solvent to a depth of 1 cm Kueselguhr plates (5 x 20 cm) were 0 5 mm 1n thickness Radioactive materials
were eluted from ChromAR and kieselguhr by extraction with 50 30 MeOH-EtOAc

GLC The methods used are similar to those reported by Cavell et al !* Details on packings and conditions
are shown 1n Table 3 and special methods are described in Results Methylated derivatives were prepared using
CH;N, To prepare MeS: derivatives Me's were further treated with Sil Prep (hexamethyldisilazane trimethyl-
chlorosilane-pyridine, 3 1 9)

Reaction of GAy with tritium The following protocol (furmished by chemists at New England Nuclear, Boston,
Mass , who conducted the reaction) was used A muxture of GA, (35 mg), tetrahydrofuran (3 ml), pyridine (0 15 ml),
5% Pd on CaAQj; (10 mg; prereduced with H,) was stirred 1n an atmosphere of carrier-free *H, gas (sp act
59 Ciy/mmol) until 2 5 ml of gas was absorbed The mixture was taken to dryness under vacuum Labile *H, was
removed two times with MeOH The catalyst was removed by filtration through a millipore filter The product
(3 3 C1) was dissolved 1n MeOH (2 ml) and EtOAc (8 ml) One third of the product was dissolved 1n 500 ml of
95%, EtOH, providing a stock soln contamnmg 1 5 x 10° cpm/pul

Purification Step 1 100 M1 of stock soln, containing 1 5 x 10*! cpm was dried under vacuum The 1adioactive
residue weighing 2 4 mg was dissolved 1n ca 100 ul of MeOH, streaked onto a 5 x 20 cm strip of ChromAR, und
developed continuously (system a) for 75 min After scanning, the strip was cut into three sections, as shown
Fig 2. Elution gave zone A, 23 x 10'" cpm, zone B, 55 x 10'° cpm, zone C, 27 x 10' cpm

Step 2 50 x 10'° cpm of zone B (above) was brought to dryness under a stream of N, at 50 , streaked onto
a5 x 20cm piece of AgNO; ChromAR and developed in system b (see Table 2) Elution (by the special tech-
nique described under TLC Methods) gave zone D, 29 x 10'° cpm, zone E, 33 x 10% cpm

Step 3 20 x 10'° ¢cpm of zone D was applied m a single narrow streak near the bottom of a 5 x 20 cm kiesel-
guhr G plate which was developed 1n system ¢ Isolated were zones F (pure 1), 28 x 10° cpm and G {pure 2),
11 x 10'° cpm Simular treatment of zone E. 32 x 10° cpm, n system ¢ gave zone H, 67 x 10% cpm and zone
J.24 x 10°cpm

Sp act of [*H]GA;5 (1) To 50 ug of cold GA; 1n 2 ml of MeOH was added 60 x 10° cpm of pure [*H]GA,
thus producing a reference {*H]GA ; sample of known sp act (12 x 10%cpm/ug) To another 20 mi of MeOH
was added 12 x 10% cpm of pure [*H]GA; producing what 1s referred to below as the “hot” [*H]GA, sample
Both solutions were treated with CH,N,, dried with N;, and purified by TLC on ChromAR (solvent = Et,0-
CsHe. 2 1) On radiochromatogram scanning, both lots showed a mam peak (R, 0 70) and a minor peak at the
origin Recovertes of radioactivity for the samples were “hot” sample, 8 5 x 10" cpm, 71°,, teference sample,
50 x 10° cpm, 83% Each sample was dried under N, treated with 100 ul of Sil Prep for 1 hr at 25° dried again
with N,, and then combined with ~ 50 ut of toluene An SE-30 column was used with conditions the same as
given in Table 3 except for a lugher oven temp (225°) 1 order to obtain a sharp GA;MeS: peak at short retention
time (7 min) A series of 5 x 2 plinjections of the reference sample gave GA; MeSt peaks measuring 82 to 87 mm
n height (average = 84 mm) 3 x 2 pl portions of the reference sample were scintitlation counted, gIving an aver-
age value of 1 7 x 10*cpm Thus we calculated that the mass of GA;MeS: which gave the 84 mm high peak
was 0-14 ug We then proceeded to mnject 20 ul portions of the “hot™ 1-MeS: sample. attempting to produce peaks
whose heights were close to 84 mm By tnial and error and by adjusting the volume containing the sample we
soon were able to make a series of 4 x 2 ul Injections of the “hot” [*H]GA; sample which gave peaks ranging
1 height from 85 to 88 mm, 3 x 2 ul portions of the “hot™ sample were scintiliation counted. giving an average
value of 4 2 x 10° cpm/2 pl Hence the sp act of 11542 x 10° cpm/0 14 pg. this 1s equivalent to 13 Ci'mmole
The sp act of 2, determined by the same method, was 43 Ciymmole

Hugh voltage paper electrophoresis Radioactivity from zone C (5 x 10° cpm) and a similar amount of 2 were
applied as 5 cm long streaks to Whatman 3MM paper (basic wt = 185 g/m?, 033 mm thickness, med flow rate.
smooth surface). A hugh voltage electrophoresis instrument (Savant, Model FP22A) was used Conditions of clec-

'? CaviLL, B D MAcMuLan I, PRyck, R } and SHEPPARD. A C (1967) Phytochemist v 6, 867
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trophoresis were: buffer, pyridine-HOAc¢-H, 0 (100- 15-900) adjusted to pH 6, 1500 V, 15 hr Scanmng was used
to detect radioactivity. Under these conditions, radioactivity from zone C was evidenced as a singfe peak centered
12 S cm from the origin on the anode side; 2 migrated a distance of 99 cm and a DNP-alanine marker migrated
132cm.

Hydrolysis’ of [*°H]GA samples The sample was brought to dryness in a screw cap (Teflon) test tube
(10cm x 13 mm) and 1-O0ml of 1 N HCl was added The tube was tightly capped and placed 1n a 400 ml beaker
contaning 200 ml of boiling H,O After 30 min the tube was removed, cooled, and the contents were extracted
with 3 x 2ml of EtOAc The extract was shaken with anh. Na,SO, and passed through a small cotton plug
and washed with 50: 50 EtOAc-MeOH
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