
XXIV,  and XXV) Rs may also be an 
unsaturated group such as methallyl 
(XIX)  or methJlpropeny1 (XX). 

Activity of meth\,lcarbamate insecti- 
cidec has been correlated with molecular 
weight ( l ) .  This relationship does not 
hold true for methylcarbarnate crab- 
grass herbicides, because 2.4-di-tert- 
butyl-o-tolyl methvlcarbamate [XXVI) ,  
an  isomer of .4zak. is inactive. 
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Lettuce plants were treated with soil and nutrient applications of C1'-Iabeled 2,6-dichloro- 
4-nitroaniline (DCNA). After 50 days, labeled carbohydrates and unchanged DCNA 
were r~ecovered from the plants grown in soil, The amino acid, chlorophyll, and uronic 
acid portions of the plants did not contain radioactivity, whereas a carbohydrate fraction 
was labeled. The possible transient metabolites, 2-chloro-4-nitroaniline, 2,6-dichloro-p- 
phenylenediamine, and p-nitroaniline, were not detected. DCNA was shown to be trans- 
located by tomato seedlings. 

Ht: FYSGICIDI.. 2.6-dichloro-4-nitro- T aniline. has been used for the con- 
trol of Botrjtis and Rhi-opus fungal diseases 
on plants and perishable fruits and 
vegetables under a temporat-)- tolerance 
registration. 'I'hr. first commercial ap- 
plication of this material \vas in the 
United Kindgom, \\.here it was used 
successfully to con1 rol Botg tis infections in 
grcenhousc lettuce ( 7 ) .  A spectrophoto- 
metric method for the determination of 
DCIS.4 \vas described by Roburn (70) .  
\Tho indicated that neither DCSA nor 
DPPD (2 .6  - dichloro - p - phenylene- 
diamine), a pos.;ible metabolite. \vas 
abqorbed b>- the rt3ots or leaves of plants. 
In spite of this rcport. the possible up- 
take. translocation. and metabolism of 
DCN.1 by lettucr \vas investigated. 

Materials and Methods 

Preparation of DCNA-(214 and 
DPPD-C'd. Priiformly labeled 2.6- 
dichloro-4-nitroaniline \vas prepared by 
the folloivinq seqiience of reactions: 

A yield of 30.7% (333.2 mg.) of uni- 
formly labeled 2:6-dichloro-4-nitroani- 
line [m.p. 191-92' C. (0.97 mc. 
mmole)] was obtained from 5.1 mc. (0.147 
gram) of uniformly labeled aniline sul- 
fate. The radiochemical purity of the 
preparation was assessed by paper chro- 
matography using a benzene-formamide 
system. The material to be separated 
\vas placed as a spot on \Vhatman To.  1 
paper impregnated ivith formamide. 
The chromatogram \vas developed with 
benzene saturated lvith formamide as the 
solvent using the descending technique. 
The labeled DCNA gave onl>- one radio- 
active peak at Rf 0.8. Good separations 
of 2-chloro-4-nitroaniline ( R ,  0.4). p -  
nitroaniline (R, 0.1 51. 2.6-dichloro-P- 
phenylenediamine (DPPD) ( R ;  0.7). 
and DCNA \vex obtained \vith this 
system. 

Uniformly Cl4-Iabeled 2.6-dichloro-/1- 
phen)-lenediamine \\-as prepared from 
uniformly Cld-1abeled DCSA by reduc- 
tion Xvith zinc and hydrochloric acid 
under reflux. Purification by transfer to 
Ivater as the hydrochloride. neutraliza- 
tion. and extraction into ether gave. on 
removal of the solvent, DPPD-CII im.p. 

NHCOCHS VHCOCHs NH2 _ 1  "2 

NO2 NO2 

119-120' C.)  containing about 3% of 
labeled impurities \vhen paper chromato- 
graphed using the benzene-formamide 
system. The DPPD-C14 was stored in 
benzene solution under Np in the dark at  
5' C. 

Radiocounting Equipment and 
Methods. All samples were counted 
using a Packard Tri-Carb liquid scin- 
tillation spectrometer. Model 314 EX-2, 
with a 200-sample counting chamber at  
25' F. One channel was optimized for 
counting sampler in toluene scintillator 
solution. 15 ml. per sample (18.75 
grams of PPO (2.5-diphenyloxazole) plus 
0.375 gram of POPOP {p-bis[2-(5-phen- 
yloxazolyl)] benzene} in 3730 ml. of 
toluene). The second channel \vas 
Optimized for counting Hyamine hydrox- 
ide Schoniger combustion (7) samples 
using Diotol (.5) scintillator solution. 15 
ml. per sample (73 grams of recrystal- 
lized naphthalene. 4.6 grams of PPO, 
and 0.88 gram of POPOP in a mixture 
of 350 ml. of toluene. 350 ml. of dioxane, 
and 210 ml. of methanol). .Aqueous 
alkaline solutions (0.5-ml. aliqrrots) were 
counted in 15 ml. of Diotol plus 0.6 
gram of Cab-0-Si1 M j ?  a thixotropic 
dry silica-Lvater absorbent and suspend- 
ing agent. All samples were corrected 
for quenching by recounting following 
the addition of an aliquot of Cl4-labeled 
toluene. Paper chromatograms were 
counted using a \'anguard 880 chromato- 
gram scanner or by cutting the paper 
strip into ','?-inch X 5 '*-inch sections and 
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counting each section separately in tolu- 
ene scintillator solution in the Tri-Carb. 
Thin-layer chromatograms were counted 
by scraping off 0.5- X 2.0-cm. sections of 
the absorbent. suspending each section in 
Diotol plus Cab-0-Si1 M5, and count- 
ing in the Tri-Carb. 

Experimental Procedures 
Recovery of DCNA-Cld and DPPD- 

CI4 from Lettuce. To a Bibb lettuce 
plant (49.27 grams) in a \Varing Blendor 
was added 1 .O ml. of a solution of DCNA- 
C14 in benzene (76.8 pg. ,'ml.) containing 
7.92 X 105 d.p.m. The  plant \vas 
macerated with two 50-ml. portions of 
benzene, giving 76 ml. of benzene Tvhich 
was recovered by centrifugation. Tripli- 
cate 0.5- and 1.0-ml. samples of this 
extract were counted and recounted 
after adding toluene standard. A 
total of 7.37 X 105 d.p.m. lvere found in 
the benzene extract. This represented a 
95.570 recovery of the radioactivity 
added. The DCNA-C'I in the extract 
was identified by paper chromatography. 

.4n aqueous fraction (16 ml.) was 
separated from the lettuce residues dur- 
ing the centrifugation, Samples of this 
were counted and found to contain 
negligible radioactivity. 

In a similar experiment, 49.35 grams 
of lettuce were macerated with two 50-ml. 
portions of benzene and 1.0 ml. of the 
DPPD-C" standard solution (2.05 X 105 
d.p.m.). Centrihigation, folloived by 
re-extraction of the residue and com- 
bination of the extracts: gave 77.5 ml. of 
benzene solution which was counted. 
In  the benzene solution. there was 2.86 X 
lo5 d.p.m.-i.e., 147, recovery. The 
aqueous phase (15.5 ml.) contained 2.92 
X lo4 d.p.m., equivalent to 1.47, of the 
activity added. Distillation of the ben- 
zene extract under reduced pressure a t  
25' C. gave a residue Jvhich \vas dis- 
solved in 2.5 ml. of benzene. Chroma- 
tography of 20 pl. of this solution did not 
give any definite radioactive peaks. In  
order to determine whether the DPPD- 
C1' was unstable under the conditions of a 
simple benzene-lvater partition. 0.1 ml. 
of the standard DPPD-C" benzene solu- 
tion (2.05 X 10; d.p.m.) in 100 ml. of 
benzene tvas added to 100 ml. of lvater. 
The phases \cere separated and aliquots 
of each \vex counted. The partition 
ratio under these conditions was found to 
be 243 to 1 benzene to Tvater, the total 
recovered being 81YG. The  benzene 
solution was evaporated to dryness a t  
room temperature, and 0.5 ml. of ben- 
zene \cas added. Paper chromatog- 
raphy of 5 pl. of this solution using the 
benzene-formamide system gave an in- 
tense radioactive zone a t  R, 0.65 
IDPPD) and a much smaller peak a t  R, 
0.78. This experiment indicated that 
even if DPPD \vas formed. under these 
conditions of extraction it Lvould not bc 
detected. 

Uptake of DCNA-C14 b y  Tomato and 
Lettuce Seedlings from Nutrient 
Solution 

Preliminary experiments using un- 
labeled DCXA were performed to dis- 
cover whether the chemical ivould pene- 
trate the roots and translocate under 

DAYS OF TREATMEN1 

Figure 1. Concentration of DC- 
NA in upper stem and leaf tissue 
of tomato seedlings growing in 
10-p.p.m. DCNA nutrient solution 

Average of duplicate determinations 

3 A Y S  A F T t R  T R E A T M E I v T  E N D E D  

Figure 2. Disappearance of DCNA 
from upper stem and leaf tissue of 
tomato seedlings after growing for 
40 hours in 10-p.p.m. DCNA nutrient 
solution 

laboratory conditions. The roots of 25 
tomato seedlings (variety Rutgers, 6 to 8 
inches) \rere placed in Hoagland's nutri- 
ent solution containing 10 p.p,m. of 
DCSA.  Another 25 seedlings \\.ere 
groum in Hoagland's nutrient solution as 
controls. At various time intervals. LIP 
to 10 days after beginning the treatment, 
the stems and leaves were removed from 
selected plants and analyzed for DCSA 
by the Kilgore procedure (i i). The 
results are shown in Figure 1.  In  a 
similar experiment. tomato seedlings 
\vex groicn for 40 hours in a 10-p.p.m. 
DCNX Hoagland's nutrient solution and 
then transferred to nutrient solution 
\\.ithour the DCNA. The stems and 
leaves \Yere analyzed for DCNA at 
various time intervals. 'The results are 
shoivn in Figure 2. A similar experi- 
ment using Bibb lettuce seedlings grow- 
ing in 10-p.p.m. DCNA in Hoagland's 
nutrient solution gave concentrations of 
0.39 p.p,m, after 40 hours. 2.73 p.p.m. 
after 4 days: and 0.034 p.p.m. of DCSA 
after 7 days in the leaf tissue. About 7 
days after starting treatment, the lettuce 
showed severe phytotoxic symptoms con- 
sisting of marginal browning and necrosis 
of the leaves. 

Table 1. Distribution and Recovery 
of Radioactivity from Tomato Plants 

Grown in DCNA-CL' Nutrient 
Solution 

% of  Total 
Radro- 

D P.M activily 
(X 706) Supplied 

Benzene extract 20 22 31 3 
\Vater extract 0 33 0 5  
80'1 Methanol ex- 

tract 0 2- 0 4  
Residue (by com- 

2 24 3 5  bustion) 
Kecoiered nutrient 3' 2- 57 8 

60 33 93 5 
___ __ 

Hoagland's nutrient solution contain- 
ing 6.06 p.p.m. of DCS.4-C" (64.5 X 
106 d.p.m./liter) was prepared and 24 
tomato seedlings (variety Rutgers. 6- to 
8-inch stems) \\'ere groivn in the solution 
for 4 days in the laboratory under 700- 
foot-candle artificial light. The plants 
Tvere extracted by maceration and 
centrifugation successive1~- with benzene, 
Ivater. and 80Yc hleOH. hliquots of 
the extracts and the recovered nutrient 
\Yere counted. The remaining white 
fibrous residue \cas counted using the 
Schoniger combustion method. The re- 
sults are showm in Table I .  

Paper chromatograph)- of the benzene 
fraction using the benzene-forrnamide 
system and a similar system using n-butyl 
acetate saturated Tvith 507, aqueous 
formamide as the developing solvent ( R ,  
of DCSA-C" was 0.9) indicated that the 
only radioactive component \vas DCSA- 
C'4. 

Paper chromatography using the upper 
phase of a mixture of 66' ml. of Skelly- 
solve C. 333 ml. of benzene. 800 mi. of 
methanol. and 200 ml. of \cater. after 
equilibration of the spotted paper for 1 2  
hours at 37' C.: also shelved only 
DCXX-C" in the benzene extract. 
Thin-layer chromatography on Silica 
Gel G plates and development with ethyl 
acetate (DCXA-C'I R,  \\-as 0.75) or 
with benzene-chloroform. 8 to 2 (DCNA- 
C14 R, was 0.5), again shoived the pres- 
ence of only DCS.L\-C14. 

Hydrolysis of a portion of the insoluble 
residue (16 grams) \vith 100 ml. of re- 
fluxing 2.Y HnSOl for 30 minutes. cool- 
ing. neutralization with ammonia, and 
extraction with ethyl acetate gave about 
357, of the radioactivit>- in the extract. 
Paper chromatography using the brn- 
zene-formamide system indicated that 
about one third of the extract activity 
\vas present as DCN.4-C". Hence. of 
the DCN.4-Ci4 radioactivity absorbed bl- 
the plants. 87.'7, was benzene extract- 
able DCSA-C", 1 ,Oyc \vas DCNA-C'4 
not extractable u i th  benzene. and 2.67, 
\vas water or aqueous methanol extract- 
able. Only 8.7YG \vas completely in- 
soluble. 

I t  was evident from these experiments 
that the DCNX \vas translocated to the 
leaves and stems of tomatoes and rapidly 
degraded. A similar situation was ob- 
served with the Bibb lettuce seedlings. 
T o  confirm these latter observations. 
two-week-old Bibb lettuce seedlings 
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Table II. Countiing Data from Benzene Extracts and Dry Residues from 
DCNA-C14 Soil-Treated lettuce 

Residue __________ 
Benzene Exfracf Equivalenf 

DCNA-C14. o.o.m. 
Replicate No. D.p.m. p.p.m. D.p.m. D C N A - C ~ *  

1 
2 
3 

1 . 8 7  X 10: 0 .423  1 . 0 3  X 106 2 . 6 6  
1 . 6 8  X 10: 0.248 1 . 1 3  X 108 3 .09  
1 . 6 4  X 10: 0.288 1 .00  x 106 2 .74  

were gro\vn for one \veek in Hoagland's 
nutrient solution in order to allow the 
plants to recover from transplanting 
shock. The roots of each plant were 
then placed separately in 300 ml. of 
Hoagland's nutrient containing 1.47 
mg. of DCX.4-Cl4 (4.9 p.p.m.). The 
plants \vere groivn under artificial light 
(700 foot-candles) and one plant was 
harvested at each rime interval. 

Leaf tissue of the plants \\-as macerated 
Lvith 50 ml. of benzene and centrifuged 
and the benzene decanted. The fibrous 
residue \vas again macerated xvith SO ml. 
of benzene and centrifuged and the ben- 
zene solution decanted. The residue 
was dried ar 40" C. overnight under 
reduced pressure. 1 he combined ben- 
zene extract? Lvere :,ampled and counted. 
The  remaining solution \vas evaporated 
to drynesh under reduced pressure at 
35" C. and the dark green residue was 
dissolved in 1 mi. of benzene. Paper 
chromatography of this solution using 
the benzene-formamide system identified 
the radioactivity a s  DCN..1-Cl4. The 
dried fibrous residue \vas counted using 
the Schoniger combustion technique. 

After the seedlings had grown for 2 
days in the DCNSL-Cl4 solution, the re- 
maining plants \vere placed in ordinary 
Hoagland's nutrient solution and selected 
plants were extracted as above at  various 
time intervals. The results are shown 
graphically in Figures 3 and 4. In order 
to be able to compare the radioactivity 
in each fraction of each plant: the data 
for Figures 3 and 4 \\-ere calculated on 
the basis of d.p.m. per milligram of 
leaf tissiie. 

The apparent reduction in the concen- 
tration of DCSA-CL4 bet\veen 6 and 12 
hours after the start of the experiment 
was unexpected. I t  was? however, re- 
producible during two subsequent experi- 
ments. Such a break in the curve indi- 
cates that a different mechanism operates 
in the latter stages of the uptake time 
and a sequence comprising active up- 
take, partial poisoning of the tissue, 
followed by mechanical transport in the 
transpiration stream. could be operating. 

Uptake of DCNA-C'I from Soil b y  
Bibb Lettuce 

Five four-week-old Bibb lettuce plants. 
grown in 3-inch pots, were treated \vith 
DCS.4-CL4 by mixing 4.082 mg. of 
DC?;A-C14 with 25 grams of dry pot- 
ting soil and spreading the mixture 

inch deep on the top of the soil. 
The rate was equivalent to four times the 
recommended usage. Fifty days after 
treatment. the plants were harvested. 
'Two plants showed phytotoxic and, 'or 
nutritional deficiency symptoms and 
were used in a preliminary experiment to 
check the techniques. The plants \\'ere 
watered from the top once a day. Sol- 
uble fertilizer was applied once per 
week. Each plant \vas extracted sepa- 
rately with 50-ml. portions of benzene as 
previously described and the fibrous 
residue was again dried at  40" C. under 
reduced pressure. The radioactivity in 
the extract was determined by counting 
aliquots in the Packard Tri-Carb spec- 
trometer and the radioactivity in the 

- 
0 2 4 6 8 IO I 2 1 4  
D C N A - d 4  DAYS 
APPLIED 

Figure 3. Uptake of DCNA-C14 from nutrient 
solution by lettuce during 2 days and i t s  
subsequent disappearance 

residue \vas determined using the Scho- 
niger combustion method. The results 
are shown in Table 11. Paper chroma- 
tography of the benzene extracts indi- 
cated most of the radioactivity was 
present as unchanged DCNA-C'4. How- 
ever, there were also radioactive zones at  
the origins of the chromatograms indi- 
cating the presence of polar metabolites. 
The calculated parts per million of 
DCN.4-Cl4 in Table I1 were corrected for 
the presence of these latter labeled sub- 
stances. A4pproximately 4Yc of the 
radioactivity applied to the soil was 
recovered in the plant tissue. 

Ethanol Extraction of Residues from 
DCNA-CL4 Soil-Treated Lettuce 

In order to determine the nature of the 
highly polar labeled productis) observed 
in the chromatograms from the benzene 
extracts from the soil treatment experi- 
ments, the fibroiis residue from replicate 
2 was extracted three times. each with 60 
ml. of boiling 707, aqueous ethanol for 15 
minutes. After filtration, the extracts 
\vere combined and aliquots Lvere 
counted. A total of 1.17 X 10b d.p.m. 
was found in the extract-i.e., about 
9.1YG of the total activity in the plant as 
calculated from the benzene extract plus 
the combustion data. The extract \vas 
evaporated to dryness at 30" C. under 
reduced pressure and 2.5 ml. ofmethanol 
\vere added. The residue, which was 
completely soluble in the methanol, \vas 
paper chromatographed using the ben- 
zene-formamide system and a similar 
system in which the developing solvent 
was formamide saturated \iith benzene. 
The benzene-formamide system gave a 
radioactive zone at the origin-i.e.. no 
DCNA-CI4 was detected. The paper 
chromatogram developed in formamide 
saturated \vith benzene had one radio- 
active peak at R j  0.5. Similar chromato- 
grams Jvhich \vere sprayed with silver 
nitrate-ethanolic NaOH reagent pro- 
duced a brown spot a t  R j  0.5 matching 
the R,. of the radioactive zone. S in-  
hydrin reagent produced t\vo pink spots 
(amino acids) a t  R j  0.33 and 0.4. 

A 1 .O-ml. portion of the methanol solu- 
tion was diluted with SO ml. of de-ionized 

b CNA - CI4; 
,APPLIED , 

DAYS 

Figure 4. Appearance of ~ o ~ - D C N A - C ' ~  radio- 
activity in lettuce plants from 2-day root soak in 
DCNA-CI4 nutrient solution 

V O L .  1 3 ,  NO. 6, N 0 V . - D E C .  1 9 6 5  559 



Table 111. R,'s of Spots Obtained by 
Thin-layer Chromatography of 
Nonamino Acid Fractions from 

70% Ethanol Extract of DCNA-C14 
Soil-Treated lettuce 
Color Reagent 

AaNOn- NaDhtho- Rodio- 

nitrate colors. This plate did not give 
any ninhydrin-positive spots. Repeated 
thin-layer chromatography of the non- 
amino acids (three spots), spraying one 
spot and associated chromatogram with 
the silver nitrate reagent, one spot with 
naphthoresorcinol ( 7 7 ) ,  and counting 
the third spot produced the results 
shown in Table 111. 

NCIOH rerbrcinol ocrivify 

0.15  0 .15  Blue 
0 .27  0 .25  Blue 
0.37 0 .35  Brown 
0.49 0 .45  Brown 
0 .58  0 .55  Brown 0 . 5 8  
0 .72  0 .78  Brown 0 .75  
0 .82  0 .86  Red-brown 
0 .94  0 . 9 2  Red-brown 

water and poured onto 300 grams of 
Dowex 50-2X (H +) resin in a short 
column. The Dowex 50-2X was first 
conditioned by stirring with 500 ml. of 
6A\r HCl for 10 minutes, followed by 
washing and filtration \.vith de-ionized 
Lvater until the washings were neutral. 
The column containing the extract was 
eluted with 200 ml. of de-ionized water 
followed by 600 ml. of 6 S  HC1. Aliquots 
of the eluates were counted. There was 
a total of 3.98 X lo4 d.p.m. in the water 
eluate and 7.2 X IO3 d.p.m. in the acid 
eluate ( l O O ~ o  recovery). These data 
indicate that 85% of the activity in the 
70Yc ethanol extract was in the non- 
amino acid, lvith 15% being recovered 
in the 6 5  HC1 amino acid eluate. The 
latter figure \vas probably high, since 
only 200 ml. of \vater were used to elute 
the 300 grams of resin. 

Each aqueous fraction was evaporated 
to dryness, were the residues were dis- 
solved in 2.5 ml. of methanol, and 10 pl. 
were chromatographed on thin-layer 
plates of Silica Gel G using the Fahmy 
system (3).  The amino acid fraction gave 
only one unresolved spot with a positive 
ninhydrin reaction. O n  repeated thin- 
layer chromatography, the level of radio- 
activity was too low to allow the determi- 
nation of the positions of the radioactive 
zones. 

The nonamino acids, however, gave 
two radioactive zones which coincided 
with two spots showing positive silver 

Discussion 

In  contrast to the supposition that 
DCN.4 was not absorbed by the roots 
of lettuce plants (70), the present study 
indicated that DCNA was readily taken 
up and translocated by both tomato and 
lettuce, producing appreciable con- 
centrations in the leaf tissues. DCSA 
was rapidly degraded to polar metabo- 
lites and the labeled carbon from DCSA4- 
C14 appeared in carbohydrate plant 
constituents presumably by re-entry of 
fragments into the metabolic pool. 
Transient metabolites, such as related 
compounds with chlorine removed or the 
reduction product. 2,6-dichloro-p- 
phenylenediamine, were not detected, 
leading to the hypothesis that the 
primary degradation products are formed 
by ring opening. Figures 3 and 4 
demonstrate the relationship bet\veen 
thedisappearanceof the absorbed DCN.4- 
C14 and the appearance of benzene-in- 
soluble C14-labeled products. Paper 
chromatograms of the ch1oroph)-11-con- 
taining benzene extracts from DCS.4- 
C'4-trrated lettuce and tomatoes showed 
the presence of only DCNA-C14 and the 
polar re-entry products, indicating that 
the labeled carbon was not incorporated 
into the chlorophyll. Similarly, a carbo- 
hydrate-uronic acid fraction obtained 
by aqueous ethanol extraction and ion- 
exchange separation showed that the 
labeled carbon was present in the 
naphthoresorcinol-positive carbohydrate 
material. No attempt \.vas made to 
collect respired CO? from the DC6.4- 
CI4-treated lettuce but further work on 
this aspect of the problem may be en- 
lightening. A proportion of the incorpo- 

rated radioactivity remained in the 
tissue even after extraction Ivith benzene 
and aqueous methanol or ethanol. 
This tissue was comprised chiefly of 
cellulose and lignins ( 2 )  but on refluxing 
with sulfuric acid, little additional 
DCNA-CI4 was produced. In the case 
of barban, 4-chloro-2-butynyl .\*-(3- 
chlorophenyl) carbamate. a water- 
soluble 3-chloroaniline-containing me- 
tabolite was formed in plants ivhich pro- 
duced 3-chloroaniline \rhen hydrolyzed 
(8: 9 ) .  2.6-Dichloro-4-nitroaniline was 
not conjugated in this manner. 
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