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Total Residues of 2-Naphthoxyacetic Acid, 
2-(6-Hydroxynaphthoxy)acetic Acid, and 2-(7-Hydroxynaphthoxy)acetic 
Acid in Tomato Plants and Fruit by High-Performance Liquid 
Chromatography 

Thomas E. Archer* and James D. Stokes 

A study was undertaken to determine the total residues including the sugar- and protein-bound residues 
of 2-naphthoxyacetic acid (BNOA), 2-(6-hydroxynaphthoxy)acetic acid (6-OH-BNOA), and 247- 
hydroxynaphth0xy)acetic acid (7-OH-BNOA) in tomato fruit, blossoms, and leaves from plants treated 
with BNOA. Analyses were by high-performance liquid chromatography. There were no detectable 
residues of 7-OH-BNOA at  a method sensitivity of 0.05 ppm on any of the samples and C0.05 ppm of 
BNOA and 6-OH-BNOA on the tomato fruit. Tomato plant leaves had small amounts of BNOA and 
6-OH-BNOA. 

Various chemicals of the plant growth regulating hor- 
mone types such as BNOA, 4-chlorophenoxyacetic acid, 
and 2,4-dichlorophenoxyacetic acid have been investigated 
for their effects on tomatoes (Mann and Minges, 1949; 
Wittwer and Reath, 1952). Emphasis in these studies was 
on tomatoes grown for early market production rather than 
on those grown for processing. 

Rathore et al. (1983) separated standard mixtures of 
organic acids including 2-naphthoxyacetic acid (BNOA) 
by paper chromatography. Thin-layer chromatography has 
also been used for separations of similar compounds 
(Gupta et al., 1984; Rathore et al., 1985). Baldi et al. (1985) 
homogenized apples and tomatoes in acidified acetone for 
extraction and analyzed 1-naphthaleneacetic acid and 
BNOA as their pentatluorobenzyl derivatives by gas-liquid 
chromatography. Fechner (1981) analyzed BNOA as its 
methyl ester and 2-naphthol after separation by high- 
performance liquid chromatography. Archer and Stokes 
(1980) determined the levels of BNOA and 2-naphthol on 
field-sprayed tomato blossoms, leaves, and fruits by 
high-performance liquid chromatography and an ultravi- 
olet light detector. 

An inclusive computer search of the literature from 1967 
to 1986 did not show any information about the two 
possible metabolites of 2-naphthoxyacetic acid (BNOA), 
the plant growth regulator, namely 2-(6-hydroxynaphth- 
oxy)acetic acid (6-OH-BNOA) and 247-hydroxynaphth- 
oxy)acetic acid (7-OH-BNOA) (CAS, STN, 1967-1986). 

The present study was undertaken to determine the 
total residues including the sugar- and protein-bound 
residues of BNOA, 6-OH-BNOA, and 7-OH-BNOA in to- 
mato fruit, blossoms, and leaves from plants treated with 
BNOA. No reports are in the current literature concerning 
the detection or levels of 6-OH-BNOA or 7-OH-BNOA, 
which are possible metabolites of BNOA when applied to 
materials such as tomato blossoms or plants. 
MATERIALS AND METHODS 

Reagents. Pesticide-grade acetone and acetonitrile, 
reagent-grade anhydrous ethyl ether, and HPLC-grade 
methanol were the purified solvents used. Silica gel, grade 
923, was used as received from Davison Chemicals, Bal- 
timore, MD. 

BNOA was provided by Chevron Chemical, Ortho Di- 
vision, San Francisco, CA. 6-OH-BNOA and 7-OH-BNOA 
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were prepared by reacting equimolar amounts of the 
corresponding naphthalenediol with chloroacetic acid, and 
they were purified by liquid chromatography. 

The 2,6-naphthalenediol was acquired from Aldrich and 
purified in the following manner: A mixture of 5.0 g of 
technical-grade material, 5.8 mL of acetic acid anhydride, 
and 8.4 g of sodium acetate was heated under reflux for 
3 h. While still warm, the mixture was poured into 100 
mL of water with stirring. The precipitate that formed, 
after drying in air, weighed 6.73 g (88%); mp 172-174 "C 
[lit. (Chatt and Wynne, 1943) mp 173 "C]. The crude 
2,6-diacetoxynaphthalene was recrystallized from ether- 
methylene chloride to give 4.14 g of shimmering white 
needles, mp 176177.5 "C. A mixture of 50 mL of degassed 
(N,) 1 N aqueous sodium hydroxide and 2.02 g of the 
diester was heated with hot water until it  became homo- 
geneous. About 30 min was required. The solution was 
cooled and acidified tQ pH 5.3 with 3 N hydrochloric acid 
to precipitate the diol. The yield of dried product was 1.07 
g; mp 222-223 "C [lit. mp 222 "C]. 

6-OH-BNOA was prepared by adding 0.78 g of purified 
2,6-naphthalenediol to 4.0 mL of 5.0 N aqueous sodium 
hydroxide that had been well flushed with nitrogen. The 
mixture, under nitrogen, was stirred and heated in a boiling 
water bath for about 10 min to dissolve the diol, and 0.46 
g of chloroacetic acid was added in one portion. Heating 
and stirring were continued for 45 min, during which time 
a small amount of precipitate formed. After the mixture 
was allowed to cool to room temperature, it was acidified 
with 6 N hydrochloric acid and stirred for an additional 
10 min to coprecipitate the product and untreated diol. 
When dry, the light brown solid weighed 0.85 g. A portion 
was dissolved in 50% aqueous methanol containing 0.1% 
phosphoric acid and analyzed by HPLC on a Whatman 
Partisil M9 ODS 3 column with a flow rate of 6.0 mL/min. 
At  260 nm, relative responses of 43, 51, and 5 were ob- 
served for the diol, 6-OH-BNOA, and 2,6-naphthalene- 
dioxyacetic acid. TLC (SiOz, acetone) gave R values of 
0.68, 0.37, and 0.03 for the diol, 6-OH-BNOA, and the 
diacid. Column chromatography (SiO,, acetone) of a 
170-mg portion of the crude product gave 78 mg of 6-OH- 
BNOA as a light gray solid, mp 164-166 "C [lit. (Byrde 
et al., 1956) mp 165-166 "C]. 'H NMR (360 MHz, ace- 
toned,): 6 4.8 (s, CH,), 7.11 (d, J = 9 Hz, C3-H or C,-H), 
7.21 (br s, C1-H or C,-H), 7.62 (d, J = 8.0 Hz, C4-H or 
C8-H), 7.66 (d, J = 10.09 Hz, C4-H or C8-H). MS (70 eV) 
m/z (re1 intens): 218 [MI+ (100),160 (ClJ-I8OZ)' (32), 159 
(Ci&@z)+ (91), 143 (CloH70)' (121, 131 (CgH70)' (go), 
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Table I. Residues of BNOA and 6-OH-BNOA on Field-Treated Tomato Leaves and Blossomsa 
residues) ppm 

leaves blossoms size of 
spray treatment no. fruit, g expt day no. BNOA 6-OH-BNOA BNOA 6-OH-BNOA 

1 0 2.40 f 0.18 <0.050 4.80 f 0.23 <0.050 
23 5 0.255 f 0.019 0.140 f 0.010 <0.050 

10 <0.050 0.238 f 0.017 <0.050 
53 

2 10 1.62 f 0.12 0.223 f 0.016 2.54 f 0.12 <0.050 
84 15 <0.050 

20 <0.050 0.261 f 0.018 <0.050 
136 

3 20 1.88 f 0.09 <0.050 
161 25 <0.050 

35 0.079 f 0.006 0.132 f 0.009 
42 <0.050 0.072 f 0.005 

Whole plant sprayed with 84 ppm BNOA. *There were no detectable residues of 7-OH-BNOA at  a method sensitivity of 0.05 ppm on 
any of the samples and <0.05 ppm of BNOA and 6-OH-BNOA on the tomato fruit. Analysis of untreated samples showed no interference. 

248 49 <0.050 <0.050 

115 (C9H7)+ (14), 77 (c&)+ (16). 
The same procedure was used to convert 5.00 g of com- 

mercial 97% 2,7-naphthalenediol (Aldrich) and 2.95 g of 
chloroacetic acid to 6.22 g of crude 7-OH-BNOA. TLC 
@io2, 2:l:O.l ethyl acetate-methanol-acetic acid) gave R 
values of 0.75,0.59, and 0.36 for the diol, 7-OH-BNOA, and 
2,7-naphthalenedioxyacetic acid. A portion was dissolved 
in 45% aqueous methanol containing 0.1% phosphoric acid 
and analyzed by HPLC as described above. At  260 nm 
relative responses of 10,80, and 10 were observed for the 
diol, 7-OH-BNOA, and the diacid; HPLC of 0.50 g of the 
crude product gave 0.33 of light gray solid, mp 209.5-210.5 
"C; the literature melting point (Zhang et al., 1979) was 
208-210 "C. 'H NMR (360 MHz, acetone-de): 6 4.82 (s, 
CH2), 7.01 (br app d, J = 9 Hz, C3-H and C6-H), 7.10 (d, 
J = 3.6 Hz, C1-H or C8-H), 7.14 (d, J = 2.2 Hz, C1-H or 
C8-H), 7.70 (d, J = 9 Hz, C4-H or C,-H), 7.72 (d, J = 9 Hz, 
C4-H or C5-H. MS (70 eV) m/z (re1 intens) 218 [MI+ (loo), 
160 (CloH802)+ W), 159 (CloH702)+ (7), 143 (CloH@)+ 

High-Performance Liquid Chromatography. The 
HPLC system consisted of a Waters 6000A pump deliv- 
ering 1 mL/min of mobile phase through a 3.9 mm (i.d.1 
X 15 cm stainless steel column packed with p-Bondapak 
C18 to a Kratos FS 970 fluorescence detector with exci- 
tation set a t  223 nm and a 330-nm cutoff filter on the 
emission side. The mobile phase was prepared by mixing 
15 mL of acetonitrile, 85 mL of water, and 0.1 mL of glacial 
acetic acid. Samples were introduced through a Waters 
Model 710B automatic sample injector, and data pro- 
cessing was done by a Digital Equipment Professional 
Model 350 computer with a 10-Mbyte Winchester hard 
disk and Waters 840 software. 

Application of BNOA to Plants. Tomatoes (variety 
UCT-175) were planted in two rows 10 m long and 0.5 m 
wide in field plots a t  the University of California at Davis. 
An 84 ppm solution of BNOA was prepared by dissolving 
3.14 g of Berry-Set (Science Products, Chicago, IL) in 1 
L of water. The mixture was applied with a Hudson 
Sprayer, 8.5-L capacity, fitted with 0.95-cm-i.d. Teflon- 
lined, flexible neoprene rubber tubing between the pressure 
tank and the spray nozzle. A continuous fine spray covered 
the entire plant. 

There were three applications to the same tomato plants 
in duplicate plots, spaced 10 days apart (Table I). Blos- 
soms were sampled every 5 days for 25 days; leaves were 
sampled on days 0, 5 ,  10, 20, 35,42, and 49; and tomato 
fruit was sampled on days 5, 10, 15, 20, 25, and 49. No 
tomatoes were on the plants a t  the initial spraying. 

(23), 131 (C&o)+ (82), 115 (C9H7)+ (15), 77 (c&5)+ (16). 

Extraction of Samples. Duplicate samplings of 25 g 
of tomato fruit, 6 g of leaves, or 3 g of blossoms were 
weighed into a 500-mL stainless steel blender cup. Un- 
treated controls were fortified a t  this point for recovery 
studies with analytical-grade standards. Fifty milliliters 
of 1 N HC1 was added to the fruit, 25 mL to the leaves and 
to the blossoms. After the mixture was blended at medium 
speed for 2 min and the contents poured into a clean 
500-mL round-bottom flask, the blender jar was rinsed 
with one extraction volume of 1 N HC1. The sample was 
then placed on a heating mantle, attached to a condenser, 
and boiled under reflux for 30 min. After being cooled in 
an ice bath, the sample was filtered through glass wool, 
and solids were returned to the round-bottom flask along 
with one volume of 1 N HC1 and refluxed another 30 min. 
Refluxing a third time for 30 min completed the extraction 
step. 

The volume of the combined filtrates was measured, and 
an aliquot equivalent to 5 g of tomato fruit, 2 g of leaves, 
or 1 g of blossoms was placed in a 100-mL beaker. The 
pH was raised to 9.0 by dropwise addition of concentrated 
ammonium hydroxide. In a 250-mL separatory funnel, the 
now-alkaline extract was partitioned twice with 40 mL of 
ethyl ether, and then the combined ether phases were 
shaken with 10 mL of water. The aqueous phases were 
pooled in a 500-mL round-bottom flask to which was added 
25 mL of methanol to prevent foaming. This solution was 
evaporated to dryness in a rotary evaporator at 40 "C and 
reduced pressure, beginning with 200 mbars and finishing 
with approximately 10 mbar. Twenty-five milliliters of 
methanol was added to the flask, which was again evapo- 
rated to dryness. Ten milliliters of acetone was placed in 
the flask, and the salts were loosened from the sides with 
a spatula. The sample was acidified with 0.2 mL of con- 
centrated phosphoric acid, mixed well, and filtered through 
a 7-cm Whatman No. 1 filter paper into a 19 X 150 mm 
glass-stoppered test tube. The flask and filter were rinsed 
with four 5-mL portions of acetone and the combined 
filtrates concentrated to 1 mL in a 30 "C water bath under 
a gentle stream of nitrogen. Two milliliters of ethyl ether 
was added, and the sample was cleaned up on a silica gel 
column. 

Cleanup. A glass wool plug was placed in a 40 X 1 cm 
(i.d.) column, followed by 5 g of silica gel in an acetone 
slurry. When the silica gel had settled, it was topped with 
glass wool and the acetone allowed to drain to the top of 
the adsorbent, which was then rinsed with 10 mL of ether. 
When the ether had drained to the top of the silica gel, 
the sample was added followed immediately by 5 mL of 
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Figure 1. Typical high-performance liquid chromatograms of 
(A) 0.2 ng of 6-OH-BNOA (I), 0.2 ng of 7-OH-BNOA (11), and 
0.2 ng of BNOA (In); (B) 4 mg of untreated tomato leaves fortitled 
with 0.05 ppm of 1-111; (C) 4 mg of untreated tomato blossoms 
fortified with 0.05 ppm of I-IIC (D) 4 mg of untreated tomatoes 
fortified with 0.05 ppm of 1-111; (E) 4 mg of treated tomatoes 
sampled 49 days after initial application. 

mixed hexanes. A 100-mL round-bottom flask was placed 
under the column and the test tube rinsed with 2 mL of 
acetone. The sample was eluted with 50 mL of 1% v/v 
acetic acid in ethyl ether. The eluate was concentrated 
a t  30 “C and 460 mbar to  1 mL and then transferred to 
a 15-mL graduated centrifuge tube. The flask was rinsed 
with 1-mL portions of mobile phase, the total volume not 
exceeding 5 mL. Any remaining ether was evaporated over 
the mobile phase under a gentle stream of nitrogen. The 
sample was diluted with mobile phase to  an appropriate 
volume for analysis by HPLC. 
RESULTS AND DISCUSSION 

Typical chromatograms for a field-treated tomato sam- 
ple harvested 49 days after initial application for standards 
of 6-OH-BNOA, 7-OH-BNOA, and BNOA and for un- 
treated tomato fruit, leaves, and blossoms fortified with 
0.05 ppm of each standard are shown in Figure 1. The 
retention time for 6-OH-BNOA was 6 min, for 7-OH- 
BNOA, 8 min, and for BNOA, 23.5 min. Recoveries a t  
fortification levels of 0.05,0.1, and 0.25 ppm on untreated 
tomato fruit were 76.0-92.0% for 6-OH-BNOA, 
76.0-93.0% for 7-OH-BNOA, and 76.0-84.0% for BNOA. 
On untreated leaves the corresponding recovery ranges 
were 71.0-78.0%, 79.0-96.0%, and 80.0-88.0%. On un- 
treated blossoms the corresponding recovery ranges were 
77.0-90.0%, 72.0-85.0%, and 79.0-90.0%. The tomato 
fruit chromatogram is obviously a straight base line since 
no residues were detected. 

The samples were refluxed with 1.0 N HC1 to attempt 
to release any glucoside and protein-bound conjugates of 
BNOA. Table I shows that on the blossoms and tomatoes 
after refluxing there were no 6-OH-BNOA or 7-OH-BNOA 
residues detected (<0.05 ppm). On the leaves no 7-OH- 
BNOA residues were detected but 6-OH-BNOA residues 
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were measured to day 49 after the experiment was initi- 
ated. No residues of BNOA, 6-OH-BNOA, and 7-OH- 
BNOA were detected (<0.05 ppm) on the tomato fruit a t  
any sampling. 

From the time buds appear on the tomato plant until 
they set, the usual time required is about 5-10 days. The 
time required from full blossom to fruit set is about 5 days. 
Therefore, when blossoms are sprayed at  the recommended 
time interval of 10 days, no blossom could be sprayed more 
than once. When the full blossoms were sampled and 
analyzed according to the spray treatment schedule in 
Table I up to day 20, no 6-OH-BNOA or 7-OH-BNOA was 
found within the method sensitivity level (0.05 ppm). No 
interferences were observed in the control samples. 
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