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Abstract-The hydroxylation of the pro-6’-(R)-methyl of (+)-abscisic acid, which then cyclises to phaseic acid. 
was used to define the origin in mevalonate of the 6’-methyl groups. Abscisic acid (ABA), biosynthesised from 
[2-l‘%, 2-3H,]-mevalonate, was metabolized to phaseic acid by tomato shoots. The slight loss of C3H] from the 
phaseate, and to a lesser extent from the ABA, suggested that the unlabelled 6’-methyl was hydroxylated. This 
was confirmed by Kuhn-Roth oxidation of methyl phaseate to give [‘%Y, 3H]-acetate. The data also suggest 
that ABA is converted to dihydrophaseate via free phaseate, the conjugates being formed from each free acid. 

INTRODUCTION 

The labelling pattern of abscisic acid (ABA) de- 
rived from mevalonic acid stereospecifically tri- 
tiated at the 2,4 and 5 positions [l, 21 is consistent 
with its formation by the well-known reactions of 
terpenoid biosynthesis [3]. Furthermore, the 
[14C]: C3H] ratios in ABA biosynthesized from 
doubly labelled mevalonate indicate that the three 
isoprene residues of which the carbon skeleton of 
abscisic acid is composed are derived equally from 
the same pool of mevalonate. The stereochemistry 
in mevalonate of all the C3H] atoms of that mole- 
cule which are retained in ABA has now been 
determined but two stereochemical features of abs- 
cisic acid have not been investigated. These are: 
the stereochemical position at C-5’ of ABA occu- 
pied by the pro-4-R hydrogen of mevalonate and 
the direction of cyclisation and hence the stereo- 
chemistry at C-6’ in ABA of the methyl groups de- 
rived from C-2 and C-3’ of mevalonate. This latter 
feature has now been investigated and the results 
are reported below. 

RESULTS AND DISCUSSION 

Determination of the direction of cyclisation ,fiom 
14C: 3H ratios 

The first experiments to identify which of the 
two 6’-methyl groups of ABA is derived from C-2 

of mevalonate attempted to make use of the loss 
of tritium that would be expected to occur on hy- 
droxylation of a tritiated methyl group. (+)-Absci- 
sic acid (l), but not the (-) enantiomer [4, 51, is 
hydroxylated on one of the C-6’ methyls and this 
reaction is stereospecific because the rearranged 
product of the reaction, phaseic acid (2), occurs as 
one isomer only [6]. 

Abscisic acid is biosynthesized from [2-‘“Cl and 
[2-3H] labelled mevalonate by avocado fruit and 

o 

( 1 ) t+)-(S)- abscisic acid 

The absolute configuration of natural (+)-(S)-ABA has recently 
been revised [7- 1 l] and is as shown. 

( 2) Phaseic acid 

The methylene group of phaseic acid is derived from the pro-6’- 
(S)-methyl of abscisic acid which originated from the C-3’. 
methyl of mevalonate. The absolute configuration of phaseic 
acid has been deduced from NMR analysis of the epimeric 

dihydrophaseic acids [I?]. 
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Table I, Loss of tritium from C-2 of mevalonate during the biosynthesis of abscisic acid 

Ratio of “C: “H in mevalonate normalized to 
Expected ratio of 1 “C: 3H after base-catalysed 

exchange 
Observed “C:“H ratio in ABA after base- 

catalysed exchange 

“() of tritium lost by the actton of 
isopentenylpyrophosphate isomerase 

3 : h4Ku~ 

3 : 3~000 

Experiment I 7 ‘.484 ._ 
Experiment 2 3:2,174 

Experiment 1 N.5” ,) 
Experiment 2 24,? ,, 

The data are from Expts I and 7. 

the labelling pattern and 14C: “H ratios are consis- 
tent with one of the gernind 6’-methyl groups car- 
rying, proportionally, two tritium atoms while C-4 
and C-3’ carry one 121. The isopentenyl pyrophos- 
phate isomerase of avocado fruit causes consider- 
able racemization of the hydrogen derived from the 
ptd-(Rj and pi-2-(S) positions of mevalonate but 
an isotope effect operates and relatively little tri- 
tium is lost. Previous experiments [ 1,2] have 
shown that the three isoprene residues which com- 
prise ABA are derived equally from mevalonate 
added to the avocado fruit. consequently the 
amount of [“H] initially present at C-6’ methyl, C- 
3’ and C-4 of a precursor of ABA would be 
expected to be equal, but half of the tritium from 
the latter two centres is lost when the double 
bonds are formed (Table I). 

Although the unsaturated precursor of ABA 
would be expected to carry slightly more r4C com- 
pared with “H than the added mevalonate. the 
ratio of the tritium in the C-6’ methyl to that at C- 
3’ and at C-4 of ABA would be expected to be 
2: 1: 1. The hydrogen at C-3’ of ABA can be 

removed by base-catalysed exchange [6] and the 
overall 14C: “H ratio normalized to 3 : 3. 

If this abscisic acid were fed to tomato plants 
and metabolized to phaseic acid by the hydroxyl- 
ation of the C-6 methyl carrying tritium then a 
change in the r4C: ‘H ratio from 3:3 to 3:2.333 
would be expected, provided that no isotope effect 
operated on the hydroxylation mechanism. If the 
C-6’ methyl derived from C-3’ of mevalonate were 
hydroxylated then no change in the “C:3H ratio 
would be expected. 

The specific activity of the mevalonate is such 
that very few methyl groups contain two tritium 
atoms; consequently, there is a considerable 
opportunity for an isotope effect to favour the 
removal of protium and discriminate against the 
removal of tritium. An unchanged 14C: 3H ratio is 
not, therefore, rigorous proof of hydroxylation of 
the C-6’ methyl of ABA derived from C-3’ of meva- 
lonate. 

The results in Tables 2 and 3 show that there is 
a small difference in 14C: “H ratio between the abs- 
cisic acid supplied to the tomato plants and the 

Table 2. The “C:“H ratio of ahscisic acid and the phaseic acid formed from it (Expt 1) 

‘“C:“H ratio 
[“Cl [‘HI normalized to 
(dpm) (dpm) mevalonolactonc 

Mevalonolactone supplied to 
an avocado fruit (O.Y;, of 
total) 9632 25 548 3 : h4x.xl 
ABA after removal of the 

3’-‘H before feeding to 
tomato plants (IO”,) 16226 17X1.6 3 : 7.484 

ABA recovered from 
tomato plants X6X. I 943.4 3: 2458 

Phascic acid isolated 
from tomato plants 5338 5524 3:2,?11 

The labelled precursor supplied to an avocado fruit was a mixture of (k )-]2-‘4C] and (+)-[2-“H,] labelled 
mevalonolactone ([7-“Cl I@5 [cCi,IpM, [2-‘Hz] 90 fiCi;‘pM). 



Stereochemistry of cyclisation in abscisic acid 

Table 3. The “‘C:3H ratio of abscisic acid and the phaseic acid formed from it (Expt 2) 

14C: 3H ratio 
C’“C1 [“HI normalized to 
(dpm) (dpm) mevalonate 
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Mevalonolactone (0.1% of total) 
supplied to an avocado fruit 

ABA fed to tomato shoots after 
exchange in base (10% of sample) 

ABA recovered from tomato (total) 
ABA released from tomato extract 

by hydrolysis at pH 13 (total) 
Phaseic acid (total sample) 
Phaseic acid released by 

hydrolysis (total sample) 
Dihydrophaseic acid from 

tomato (50% of sample) 
Dihydrophaseic acid released 

by hydrolysis 

2292.8 17817 3 : 6.000 

1206.9 
242.7 

(209) 
1258.3 

120.1 

(141.6) (48.3) 

0 0 - 

3398.4 3:2,174 
648.3 3 : 2.063 

(60) - 
3013.8 3: 1,850 

273.7 3: 1.760 

The procedure was as for Table 1 except that the soecific activities of the mevalonolactones were 5.03 mCi/ 
mM [2-‘%Z]; 500 mCi/mM [2-3HJ. 

phaseic acid formed from it but the unmetabolized 
ABA recovered from the tomatoes also shows an 
alteration in the same direction which indicates 
that there is a slight leakage of tritium from the 
molecule (Table 4). Similarly the phaseic acid re- 
covered by saponification of the aqueous residue 
shows an even greater loss (p-D-glucosyl abscisate 
has been indentified in this fraction and the pha- 
seic acid also is probably released from a glucose 
ester). 

The results suggest, therefore, that the untri- 
tiated 6’-methyl group of ABA, derived from C-3’ 
of mevalonate, is hydroxylated. However, they do 
not exclude the possibility that the 6’-methyl group 
derived from C-2 of mevalonate is hydroxylated 

but a strong isotope effect favours the retention of 
tritium. 

Determination of the direction of cyclisation by 
Kuhn-Roth oxidation 

A more conclusive result was obtained by sub- 
jecting methyl phaseate to modified Kuhn-Roth 
oxidation [13]. The methyl phaseate was formed 
by tomato shoots from ABA biosynthesized from 
[2-r4C]-mevalonate in avocado mesocarp as 
before and therefore the ABA carried [‘“Cl in one 
of the two geminal 6’-methyl groups. Kuhn-Roth 
oxidation converts methyl groups, and the carbon 
atoms to which they are attached, into AcOH but 

Table 4. Loss of tritium from ABA fed to, and recovered from, tomato plants and from pha- 
seic acid formed from it 

Expt 1 Expt 2 

“‘C: 3H ratio in base-exchanged ABA 
before feeding to tomato shoots 

r4C: 3H ratio in ABA recovered from 
tomato shoots 

Percentage of 3H lost from ABA 
r4C: 3H ratio in phaseic acid 
Percentage of 3H lost from phaseic acid 
14C:3H ratio in phaseic acid recovered 

by hydrolysis of tomato aqueous residue 
% of ‘H lost from phaseic acid 

after saponification 

3 : 2.484 3:2.174 

3:2.458 3 : 2,062 
].I’? 5.2’Y 

3 : 2.34; 3: l&G 
5.801 10 15.O’Y 0 

3: 1.760 

19+Q 

The data are from Tables 2 and 3 and the 14C.3H ratios are normalized to 3:6.000 in 
mevalonate. 
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neither of the other two carbon atoms of ABA de- 
rived from C-2 of mevalonate can become part of 
AcOH. Hence the presence or absence of [‘“Cl in 
the acetate from methyl phaseate shows whether 
or not the 6’-methyl group of ABA remaining in 
phaseic acid had been derived from the C-2 of 
mevalonate (Scheme 1). 

( 3) (+I -&A showing the positions 
( marked *) at which label from 
[2-14 C] mevalonate occurs. 

0 02" 

(4) (5) 

Scheme I. Possible labelling patterns of phaseic acid derived 
from [2-‘*Cl-mevalonate. The carbon atoms ringed are 
expected to be oxidised to AcOH. Only the acetate derived 
from C-2 of mevalonatc (triply ringed in 4) can carry [‘“Cl 

label. 

The p-bromophenacyl ester of the acetate was 
made. recrystallized twice and subjected to scintil- 
lation counting. It contained [‘“Cl (Table 5). 
When correction was made for quenching of the 
scintillator by the p-bromophenacyl acetate, and 
for losses during chromatography and crystalliza- 
tion. approximately 30% of the theoretical yield of 
[‘*Cl at one position was obtained. 

The Kuhn-Roth oxidation experiment was 
repeated with doubly-labelled phaseic acid re- 
covered from 14C: 3H experiments. The exchanged 
ABA would be expected to carry two [“H] atoms 
on C-6’ to one on C-4. However, the ratio of [‘“Cl 
to C3H] expected in acetate derived by Kuhn Roth 
oxidation from the C-6’ methyl remaining in pha- 
seic acid cannot be calculated exactly. This is 
because a small proportion of the C3H] is lost from 
the molecule between its being fed to tomato 
shoots as ABA and its recovery as methyl phaseate 
(Table 1). The loss of [“H] could occur from tither 
or both of these positions. Contamination of the I?- 
bromophenacyl acetate by material containing 
[‘“Cl only could also account for the apparent 
decrease in the proportion of [“H] but this is con- 
sidered unlikely because the ]r-bromophenacyl 
acetate was recrystallized twice and M hile chro- 
matography of the mother liquors separated minor 
impurities none carried label. 

The occurrence of a “C: 3H ratio (Table 6) in 
the p-bromophenacyl acetate close to the expected 
value defines the origin of the labelled acetate as 
the h’-methyl of phaseic acid (phaseic acid is num- 
bered here according to the numbering of the 
atoms in ABA). 

In both Kuhn--Roth experiments the recovery of 
acetate was almost quantitative but the yield of 
labelled acetate was 30”” of the expected amount. 
The yield of AcOH from methyl groups attached 
to quaternary carbons is often low. 

Table 5. The occurrence of [‘“Cl in acetate derived from the 6’ methyl group of phaserc acid bio- 
synthesized, via abscisic acid. from [2-‘4C]-mevalonate 

[“Cl Weight 
tdpm) (mg) 

dpm in ABA isolated from avocado fruit supplied 
with (i)-[2-“Y’]-mevalonolactone 

dpm in methyl phaseate (3.6 mg) formed from the 
[rJC]-ABA by tomato shoots. This sample was 
subjected to Kuhn-Roth oxidation 

Expected weight of AcOH produced 
Titration equivalent of acetate collected by 

distillation after Kuhn Roth oxidation (60 mg 
unlabelled carrier AcOH added before 
oxidation) 

Expected wt of p-bromophenacyl acetate from 
42 mg acetate 

Wt of p-bromophenacyl acetate isolated 
dpm in twice recrystaked p-bromophenacyl 

acetate (73 mg) corrected for self-quenching and 
adjusted to 148 mg 

60 000 

5783 
62 

42 

183 
11X 

519 

The methyl phaseate was degraded to acetate by Kuhn-Roth oxidation. 
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Table 6. The occurrence of [‘%I and C3H] in acetate derived from the 6’-methyl group of phaseic acid biosynthesized, via abscisic 
acid, from [2-r4C, 2-aH,] mevalonate 

Ratio 
normahzed 

[‘“Cl l?Hl Ratio to 3:3 in 
(dpm) (dpm) 14C: ‘H phaseate 

Methyl phaseate before oxidation 3786 7401 . 1: 1.955 (3:3) 
Expected ratio in p-bromophenacyl 

acetate -_ 1:3.910 (1:2) 
dpm in p-bromophenacyl acetate (51.6 mg) 

after two recrystallizations 294.8 943.2 1: 3.200 1 : 1,637 
Total dpm in p-bromophenacyl acetate 

(72.1 mg obtained, 77.1 mg theoretical) 378.9 1212.2 
Expected dpm in p-bromophenacyl acetate 1262 4934 1:3,910 (1:2) 

The methyl phaseate was degraded to acetate by Kuhn-Roth oxidation. The 14C.3H shows that although less tritium than 
expected was present in the acetate the amount retained shows unambiguously that the acetate from the C-6’-methyl group of 
phaseate is derived from the C-2 of mevalonate. 93.57: of the expected amount of acetate was obtained, 307; of the expected amount 
bf [‘“C]. 

These experiments have shown that the unhyd- 
roxylated 6’-methyl group of ABA (which is 
retained as the 6’-methyl of phaseic acid) is derived 
from C-2 of mevalonate. The absolute configur- 
ation of phaseic acid is now known to be as shown 
in 2 [ 121 and consequently the stereochemistry of 
the 6’-methyl groups of ABA can be deduced to be 
as in 6. Hence the direction of cyclisation of the 
hypothetical uncyclised precursors of ABA is as 
shown in 7. 

Derivation of the 6’-geminal methyl groups of abscisic acid. 

Arrangement during cyclisation of the 6’-geminal methyl groups 
of abscisic acid showing their derivation from mevalonate. 

The stereochemistry of the methyl groups of CI- 
carotene is not known at present; whether the 2’- 
double bond of ABA is first formed in the CI or /I 
position is also unknown. However, the investiga- 
tions by Bu’Lock et al. [14] of trisporic acid (8) 
have defined the stereochemistry of the geminal 
methyl groups derived from C-2 and C-3’ of meva- 

lonate and hence their arrangement in /?-carotene. 
It has now been found that those of abscisic acid 
have the same stereochemistry. This is yet another 
observation that shows that ABA and carotenoids 
are synthesized in avocado fruit, if not by a com- 
mon pathway, then by enzymes which operate 
with the same stereochemistry. It is possible that 
the enzymes of ABA biosynthesis have evolved 
from those of carotenoid biosynthesis. 

Carboxyl MathY 

carbon derived grou,s derived 

,rom the 3’-methyl tram the C-2 

Of mwolonms of rm”alo”af* 

“02VOH 

0 
(8) 

Trisporic acid showing the position in mevalonate of the two 
carbon atoms that are derived from the grrnirzal methyl groups 

of p-carotene. 

Finally the data in Table 4 can be taken to indi- 
cate that the pathway of metabolism of (+ )-ABA 
added to tomato shoots proceeds to dihydropha- 
seate via the free acids rather than via their conju- 
gates. The small amounts of radioactivity in ABA 
and phaseic acids, and its absence from dihydro- 
phaseic acid, when these were released by alkaline 
hydrolysis, suggest that the conjugated forms of 
these compounds are formed from the free acids 
(Scheme 2, pathway A) rather than by metabolism 
of the terpenoid moieties while conjugated 
(Scheme 2, pathway B). 



128 B. V. Mrr.lro~IUnV 

exogenous ABA _ phaseate - dihydrophaseate 

I 

I 
/ I 
t i 

conjugate 
of ABA 

conjugate of conjugate of 
phaseic acid dihydrophaseic acid 

PATHWAY A 

exogenous ABA free phaseate free dihydrophoseote 

I 

1 1 

conjugate conjugate of conjugate of 
of ABA - phaseic acid - dihydrophoseic acid 

PATHWAY B 

Compounds and solvents and Glicu gel TLC‘ pI:tws \\~‘rt’ as 
described previousl) [2]. The radloactl\itj of the [‘HI and 
[‘“Cl labellcd materials were mcasurcd simuitnncousl) bq acin- 
tiliation counting in a Packard T‘ri-Garb liquid scintillation 
spectrometer, Model 3375. The labellcd compounds were dis- 
sol\ed in a scintillation solution made up by dissolving 1.5-b& 
(S-l-hut~lbenzoxa7ol-‘_vll th~uphcn (BBOT) (6 8) and naphtha- 
lene (18 g) In a mixture of tolui’ne methosyethanol (2:.3) to I 
litre. The preparntlon. \? hen cuuntcd m glass vials. @;~ve 15,5”,, 
efficicnc) for [‘“Cl and IX-O”,, for [‘F-l] 1n one CII;IIIIITI and 
49.9”,,, [‘“Cl. O~XX”,, L’H] in the other as detrt-mined 1~) countinp 
iabelled toiucne standards (Packal-d In~trumcnt (‘I).. Downers 
Grove, Illinois). The background ui~4 35 cpm 111 the [ ‘HI 2nd 
X in the [‘“Cl channel. All samples L\\c‘rc counted scclucntiall~. 
with standards. at least three time until the standxti dc\ iatwns 
of all samples fell to I”,, or It.bs. 

Pltrlil.\ 11.w0’. The a\ocado (Pl,i,.xw qi’cui\tifm c\. I- ucric) fruits 
were imported and used when the) shoacd incipient softening. 
Tht half fruits xvc~-c inched almost to the skin in a 7 x 3 mm 
grid pattern and the solution\ were l-wurcd Into the cavity left 
by the stone and worked alon? the cut\. l’hc tomato (/,\~copcr\i- 

c’m ~~s~f~/cfif~~~~~c\. Arlistor)seedl~Ilgs HC~O gr-wi, 111 ;I &IQ house 
((,(I 20 1 and used 4 5 weks xftcr sov ing. The d~uhl~ lahcllcd 
ABA \V:IS isolated from :~\oc:dc mcwwrp (23.3 g. L-xl11 I ; 171 g. 
Expt 2) using conventional method\ 12 1 21 hr ;ilkr ;I fruit had 
been supplied with a mixture off i )-[ J-W]- and (I )-[Z-‘Hl]- 
mevaionolactones m 0. I M pota\sium phosphate buff&-. pH 7.2 
containing T~ccn 70 ( I”<,. x v). The ( + )-AK.\ iwlatcd after two 
chromatographic separations in tolucnc F-10Ac AcOH 
(25: IT:?) \\a> methqlarcd with cthercal c H1\, znd chromato- 
graphed Lcith multiple development in hewnc E:tOAc (2: I). In 
previous experiments [I 51 such sample\ had been shop II to 
contain radiochemically pure /\BA. Houc\er. in thi\ cupcl-- 
iment is wa> ntxxssar! to feed free abwisic ;rcid to the tomato 
plants and to exchange out the -3 -h!drogcn still labeilcd with 
trltiutn from C-2 of mwllonatc. l‘hew operation\ MZTL’ carI-ied 
out simultaneously by h>drol~smg the mr:th!l catc‘l in 2 ml cth- 
anolic KOH (2 vol. F.tOH. I \oi. ION KOH 11, H,O) ;\t ‘0 
for I hr. evaporating in N2 in 0.7 ml H,O. then acidif! “1~ u Ith 
0.5 N H2S0, to pH 3.0 and extracting the c\chuu@ xhxisic 
acid with E!t,O. This ABA ((LI 0.7 my) \v;L\ cill.ulnatofrnph~d 
again in toluene EtOAc A&H. IO”,, of tllc 413.4 \\a\ !qt fol- 
counting and the Iremainder \\a\ rnixcd wtth 0.5 mp I 5 )-4BA 
in acetone (I ml) and then H,O \~a\ ridded (SO ml). This wlu- 
tion \\as taken up by 10 seedling tom;lto shoots cut at ground 
level (each 4.2 g fr. wt). The secdiin~\ nr‘rc wpplicd with t1,O 
in dim light for YO hr xnd thc’ll chopp<ti :~nd L,\tractcd ~,~th 

MeOH (2 x I iitre) plus 2.h-di-t-hut)l-4-m~th~lphenol (BHT) 
(2 m&I.). The acid fraction was isolated b> one extraction with 
Et:0 followed b-\ FtOAc ( x 3). it L\BS then treated as before. 
ABA (K,). phaselc acid (K, O-.35) and dihydrophaselc :lcid (li, 
0.3)) \\cre clutcd and mcth>l;itcd. The methji cstcl-s i\crc chl-o- 
niato’fraphcd wparatcI\ 111 hcwne t:tOAc (2: I ). clutcd and 
counted. After the acid 1riictron had 1x011 rcmovcd the aqueous 
rcaiduc was sciponiticd 3t pH I? 1\,1- .I0 m&n at 10 the pH u:l:, 
xad_justed to 3-O anti ;I h\drol!scd actd fr-action w;i\ c\tracted 
Asith <th>l xetatt:. 

Klrlitl Korlr o~icicr~io~~~ h v L, IUO~I~I& proc ~~~/uF~,. The purifitld 
methyl abwsate hiosqnthesixd from I k )-~7-‘3C]-~11c~i~lo~ii~t~ 
in avocado mcsocarp wits collected from a number of caper- 
Iments and hydrol!ed (60000 dpm). This material. ml\cd u ith 
5 rng (t )-ABA. M:IS fed to tomato shoots in (1~005 M potacsium 
phosphate hulfcr pH 7.4 .md the methyl phxeate (3) mp) ,so- 
iated as before. This matcriai \\as su hJcctcd to tiuhn Roth oxi- 
dation with 60 mg cold carrlcr AcOH added to H soiutlon of 
Cr03 (1.5 p) in H20(10 ml). After IX hr under rrllux at I IO the 
.AcOH \vas steam distilled. titrated to pH 7.2 u ith 0.02 N KOH 
and evaporated to dryness. The potassium salt !\a5 disaoivcd in 
tlilnrth~llbrtnalnide and rwctcd u ith c~ 20”,, t’scc’ss of /~-hroni~>- 
phcnaql hromlde at 20 The i’-hri,rnophcliaL!l Itcctatc U;I\ 
chromatographcd in hexwnc lLtO4c (.:: I) on sliica gc‘i 
TLC plates and rocr> stalli& I\\ ICC Irom hcwnc. The radloacti- 
vit) in the final product ma\ mzarurrd h) lquid xintillxtion 
spcctrometr! and corrcctcd for hclf-quenching 1~) spiking L\ tth 
a [‘“C’] toluenc standard. The remaining parts of the chrum;l- 
togram v,t‘~r counted but no other radioncti\ity wit\ present. 
The experiment \cas rcpeatcd Lvith methyl phaeate (0.5 mg) de- 
rived from I i_ )-[ 1-15C. ?.-“H,]-~nevalonoI;lctone but AcOH 
(10 mg) and BHT (Y-3 m@) v,crc added to the llnsh h&xc oxi- 
dation commcnccd and the rccr>clallircd /~-broinol~h~~,3C!j 
acetatewxspikcd ~lth a L-‘H ] and then ;L L”(‘] \t;rndard. Sumc 
of the [ “C’, ‘HI-methyl phascatc used uas recovered from the 
cxpermient rccordcd tn Table 3. ‘The xintrilatron wlutlon. in- 
cluding the naphthalene. was c\aporatcd under I, at 50 after 
BHT ( IO tng) had hcen added to hind the powdery rc\lduc. The 
methll phascatc was isoiatcd by cliromato~r:lph! on ii SIIIGI ccl 
TLC plate in CHCI, hcx~ne (I : I ). 
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