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Abstract

An efficient method was developed for simultaneous determination of gibberellic,
indolyl-3-acetic and abscisic acids. Plant growth regulators were derivatized with
«a-bromo-2’-acetonaphthone in the presence of crown ether. Derivatization was design-
ed to follow the common extraction step of plant growth regulators with organic
solvents at low pH. Derivatives can be readily separated by reversed-phase high
\,performance liquid chromatography with low-end detection limits at the 10 pmole
levels.
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Introduction

Plant growth regulators are major factors involved in the dynamic process of
plant development (MacMillan, 1980). Determination of plant growth regulators
during plant growth and morphogenesis of tissue cultures have received great
attention (Hiraga et al., 1974; Koshioka et al., 1983).

Gas chromatography-mass spectrometry (GC-MS), the most powerful tool for
identification of plant growth regulators, is not convenient for the simultaneous
determination of multiple components on a routine basis. With the advent of high
performance liguid chromatography (HPLC), methods for determination of plant
growth regulators are developed rapidly (Crozier and Reeve, 1977). In general,
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liquid chromatographic analysis of gibberellins (GAs) is more difficult in comparison
with indolyl-3-acetic acid (IAA) and abscisic acid (ABA). GAs lack characteristic
chromophore with proper wavelength for on-line detection (Barendse ef al., 1980;
Lin and Heftmann, 1981). As a result, simultaneous determination of GAs, TAA and
ABA in higher plants by HPLC was not well established although isolation condi-
tions of these growth regulators are so similar that extraction can be performed
in one preparation (Knegt ef al., 1981; Durley et al., 1982; Saunders, 1978; Taka-
hashi ef al., 1975). :

We like to report an efficient method for simultaneous derivatization of gibber-
ellic acid (GA,), IAA and ABA through their common functionalities, namely the
carboxyl groups. Derivatization was carried out with a-bromo-2/-acetonaphthone
(ANT-Br) (Distler, 1980) in the presence of crown ether. Naphthacyl derivatives
of GA,;, IAA and ABA have strong UV absorption and are highly fluorescent for
HPLC detection. Derivatives are more hydrophobic and manageable in reversed-
phase liquid chromatography than underivatized plant growth regulators. We also
like to show that derivatives are readily separable in simple isocratic elution.
Monitoring by UV at 247 nm, low-end detection limits are at 10 pmole levels.
Derivatization is designated to follow the step of organic solvent extraction of

these three classes of plant growth regulators (Fig. 1).
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Fig. 1. Derivatization of GA;, IAA and ABA with e-bromo-2’-acetonaphthone,

Materials and Methods

Chemicals

GA; (9092 purity calculated), IAA and ()-cis, trans-abscisic acid (ABA, racemic
mixture) were purchased from Sigma Chem. Co. (St. Louis, MO, USA). a-Bromo-2/-
acetonaphthone and 18-crown-6 were obtained from Aldrich Chem. Co. (Milwaukee,
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WI, USA). Pre-coated thin layer chromatography (TLC) plates (Silica gel, 20%20
cm, 250 #) and preparative layer chromatography (PLC) plates (Silica gel, 20x20
cm, 1,000 #) are poducts of Analtech Inc. (Newark, DE, USA).

High Performance Liquid Chromatography

HPLC was performed on a Waters model 6,000A high pressure pump equipped
with a model 450 variable wavelength UV detector (Waters Assoc., Milford, MA,
USA). Samples, cleaned by Waters Sep-Pak C-18 catridges, were introduced into
a 25-cm C.18 column (Yamammura Co., Japan) through a U6K injector.

Spectroscopic Characterization of Hormonal Derivatives

Naphthacy derivatives of GA; IAA and ABA were confirmed by NMR, UV
and IR spectroscopic methods. ‘

Preparation of Derivatives

Each plant growth regulator was dissolved in fresh THF to a final concentra-
tion of 0.01 M. After putting K.CO; (anhydrous powder, 2 eq. excess), a-bromo-2!-
acetonaphthone (1.5 mol. eq.) and 18-crown-6 (0.2 mol. eq.) were also added. In the
preparation of GA; derivative, 18-crown-6 was brought up to one molar equivalent
to facilitate hindered acylation. Reaction was carried out under N: in the darkness
at room temperature. Derivatization is complete within 3 hours for IAA and ABA.
GA; reacts slower and process usually takes 16 hours. Each crude preparation was
worked up by passing through a layer of glasswool in disposable pipette. Precipi-
tates were thoroughly rinsed with EtOAc and washes were combined with filtrate
for rotary evaporation in the darkness. Crude products were dissolved in CHCI;
and applied for PLC purification (CH:Cl;:Et:0=1:1 for GA; and ABA derivatives;
CeHe:Hexane:EtOAc=>5:5:1 for IAA derivative, v/v). Derivatives were recovered
from PLC plates by extracting the corresponding Bands of silica gel with EtOAc.
Further purification through recrystallization (CHCla/petroleum ether) provided
pure derivatives as HPLC standards and for spectroscopic characterization.

Condition for GA; derivatization was extended for simultaneous derivatization
of three growth regulators. In microscale’ preparation, fresh solution of a-bromo-
2'.acetonaphthone and 18-crown-6 (1:1 mol. rétio) in THF was added in large excess
to mini-vials containing growth; regulgﬂx‘tors/KzVCO3 An THF and the reaction proce-
eded by sonication.

i

Results and Discussion

We have demonstréted that GA,, IAA and ABA ;:ain be simﬁltaneously deriva-
tized with a-bromo-2’-acetonaphthone. The yields and TLC behavior of these
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derivatives are summarized in Table 1. As examples, UV spectra of GA; deriva:
tive (designated as GA;-ANT) and GA; free acid in methanol are shown in Fig. 2
to illustrate the contribution of the naphthacy chromophore.

With higher molar ratio of crown ether and derivatization carried out at 25°C,

Table 1. Derivatization yields of GA;, IAA and ABA with
a-bromo-2'-acetonaphihone and Ry values of
derivatives in thin layer chromatography

Ry in TLC (Silica Gel)

Growth Yields?
regulators (22) CH,Cly: Et,0=1:1 ¢H:Hexane:EtOAc=5:5:1
GA, 89 0.4 —
IAA 87 - 0.15
ABA 94 0.6 —

4: Means of three experiments.
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Fig. 2. Ultra-violet spectra of GA3-ANT and GA; free acid in methanol.
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decomposition of growth regulators was greatly minimized. NMR spéctra of GA;-ANT
showed all characteristic chemical shifts of an intact GA; skeleton. No cis-trans
isomerization at C2 of ABA was observed if derivatization was performed in the
darkness under inert gas. Although acetonitrile and methanol were commonly used
as solvents for derivatizing organic acids with p-bromophenacyl bromide (Ahmed
et al., 1980), tetrahydrofuran was found superior in our study.

Advantages for derivatization of GA;, IAA and ABA with a-bromo-2/-acetonaph-
thone are multiple. Naphthacyl derivatives absorb UV strongly at 247 nm in
methano! and still can be easily monitored at 254 nm. It provides common source
for on-line spectrophotometric detection in HPLC. Determination of GA; at 5ng
level is now easily achieved as shown in Fig. 3. As illustrated by chromatograms
in Fig. 4, GA,;, IAA and ABA derivatives were readily separated by reversed-phase
liquid chromatography. Base-line separation was obtained in less than 12 minutes
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Fig. 3. Liquid chromatograms of GA;-ANT. (A)

Fig. 4. High performance liquid chromatographic

5ng; (B) 4 pg; Peak X is impurity.

1LC conditions: Column, RP C-18, 25cm;
Flow Rate, 0.8 ml/min; Detection, UV at
247 nm; Chart Speed, 0.5 cm/min; Eluting
Solvents, (A) MeOH: H,O =80: 20, v/v,
(B) MeOH: H;0 = 70: 30, v/v.

profiles of derivatives of GAs; IAA and
ABA. Chromatographic coditions are
jdentical with thosein Fig. 3 except chart
speed.

Peak identification: (1) GAs-ANT, (2)
ANT-Br, (3) IAA-ANT, (4) ABA-ANT.
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Table 2. Correlation between solvent compositions and retention
times in veversed-phase high performance liquid
chromatograbhy of naphthacyl derivatives
of GA;, TAA and ABA

Values in the parentheses indicate ‘relative retention time of derivatives to
a-bromo-2’-acetonaphthone (ANT-Br).

Retention time, min.

Solvents
(MeOH:H;0, v/v) 4, 1AA ABA ANT-Br

80:20 6.1 9.4 10.2 8.7
0.70) (1.08) (1.17) (1.0)

75:25 7.4 13.0 14.8 10.8
(0.68) (1.20) (1.37) (1.0)

70:30 10.1 20.6 24.2 14.8
(0.68) (1.39) (1.64) (1.0

with isocratic elution. Relation between retention time and solvent composition is
also shown in Table 2.

We intend to establish methodology using derivatization and microbore HPLC
for simultaneous determination of multiple plant growth regulators. Detailed study
is now underway.
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