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INTRODUCT ION

of the thousands of methylcarbamates synthesized by various chemical

companues in the last twenty years, only about a dozen have reached suzable

production as commercual insecticides. One of the oldest methylcarbamate

insecticides is aminocarb (h-dimethylamtn0f3-methy1phenyl-N-methylcarbaméte;
p-dlmethylamlno m-tolyl -N-methylcarbamate; Bayer 44646) which was lntroduced

in 1963 as Matacil by Bayer, Lever«usen and researched in the United States -

by the Chemagro Division of Baychem Corpofation.~ This chapter summarizes the ,

available literature on the physical and chemical properties, biological and

_environmental transformations, and the chemical analysis of aminocarb.

thysical and Chemical Properties

| éigures 1 and 2 show the chehica1 sthuctures oframihocerb.andbsome of
;ts biological and "environmental ”metabolltes Aminocarb is.a white
crystalline solid, mp 93-94°C, mw 208, quite soluble in most polar organch
solvents, moderately soluble in aromatic solvents (l), and soluble to at
least 100 ppm in water at pH 7.0 and 25°C (2). It is'partially decomposed"
when held forISeverel days as dilute so]utiohs in acetone, carbon tetra-‘
chloride, chloroform or methylenechlorideJ:ut it‘is'stebfe.when held.for

conmparable periods in acetonitrile, benzene, 95% ethanol, n-hexane and

toluene (3). The extraction p-values (the p-value, determined by distributing

- a solute between equal volumes of two immiscible phases, is defined as ‘the
: fractlon of the total solute partltuonung into the upper phase) for amnnocarb

in six binary solvent systems are given in Table V' (h) Amlnocarb can be




prepared in three ways, by reacting the parent pHenol‘with (i):methy]
Isocyanate, (ii) phosgene, followed by methylamine, or (iii) methylcarbamoyI 
chloride (5). Synthetic methods for some of aminocarb's metabolites have
been reported (3,6). Tables 2-5 sgmmarize tﬁe data on Ehe (i) prétqn
magnetic res;nance, (ii) infrared absorption frequencies, (iii) ultraviolet
absbrption, fluOresceﬁce and phosphOrescence.characteristics, and (iv)
electron impact, chemical ionization, and negative‘ion mass spectra of
aminocarb; respective]y.- The half-life for the hydrolysis of aminocarb in

PH 3.3 buffer (unspecified temperature) has been feported to be 4 hours (14).

The rate of evaporation of aminocarb from a glass surface under fluorescent

. light at 25°C has been studied (15). The rate of loss curve (plotfed on a

semi-logarithmic scale) was approximately ]ine;r for the first few hours

only (50% loss time Qas 1.6 hours) and, in tﬁe period.df L to ]2vhours after
application, it developed a considekébly lower slope, indicative of a-change
io'less volatile pfoducts.on exposure to air and light. Thin layer
chrohatographic gﬁaiysis of the residue revealed three_Unidentffied degréda-‘

tion products,

Biological and Environmental Reactions

Critical interpretation of toxicology and residue studies on an
insecticide is possible only when the chemical, biological! and environmental
metabolism of the compound is understood. Biologically active metabolites

may be formed, pafticularly if the modification on the molecule occurs at a

site other than that which is necessary for insecticidal activity. In this



'reépect, metabolites formed by mechanisms other than initial hydrolysis at

the carbamic ester site may be of importance.

Hydrolysis predeminates in the metabolism of aminocarb in rats (]S).

_ About 70% of a l4C~-carbonyl-labeled dose of aminocarb injected Lnto_rats was -

'expnred as 14C0, after 48 hours; 25% of the admnnlstered radiocarbon was

ellmlnated in the urine and 4% was voided in the.feces. There was, however,

‘no identification of the metabolites in this study.

Several metabolic studies have ‘been done usnng rat and human liver

~

 enzyme systems and housefly enzyme preparations (16-21). The major

metabolites, apart from the initial hydrolysis products‘methylamine (1v)
and L-dimethylamino-3-methylphenol (II1) have been identified as b4-dimethyl-
amino-m-tolyl-N-hyaroxymethylcarbamate (11), . 4-methylamino-m-tolyl-N-

methylcarbamate (vi), ﬁ-amino-m-toiyi—N-meﬁhy?caf amate

Can}

Vi) and h-form-
amldo-m-tolyl N-methylcarbamate (1X) and there may be at least 7 hore
unidentified metabplites!which are present in smaller amounts. The
N-hydfexymethyl derivative i; as potent a p]ashé cho]inestefaée'inhibitor
as aminocarb, and the L-amino and L-methylamino deriuatives are ten tfmes‘
more potent thah aminocarb (19). Some of the uhidentified hefaholites are
1-10 times more active than aminocarb as anti-cholinesterase agents (19).
Human liver enzymes do not produce the N-hydroxymethyi derivative as
readily as rat liver fractions (21). Balba and Saha (6) have used.the
ascorbic acid oxidation system (L-ascorbic acid, ferfeus ion, éethylene-
diaminetet}aacetie acid and eolubje oxygen) to.oxidee aminocarb in an

attempt to simulate biological oxidation processes. There were about 12

oxidation products, of which 5 were ident?ffed as b—dimethylamino-m-tolyl'




-N- hydroxymcthylcarbamate (11), &4- methylam|no m—tolyl-N-methylcarbamate 1),
L~amino-m-tolyl-N-methylcarbamate (vii), &- dlmethylam|n0-3 methy!phenol (III),
and a deriVative of aminocarb in which an hydroxyl group‘hadAbeen added to the

ring in.an unspecified p05|t|on (v). It appears that this simulation approach

. may be useful in studying the bnologlcal oxidation of carbamates.

The major products of aminocarb resulting from injection lgtg_beah
plants are snmllar to, or the same as, those resulting from animal systems:
the h-methylamlno, 4-amino, 4-formamido and h -methy1formamido (VIII)
detiVatives (lk). The authors noted that the phenol was probably conjugated
and that there was no h-dlmethylamlno-m-tolyl -N- hydroxymethylcorbamate
formed. Continued metabolnsm in plants results in most of the term|na1
residues being in a form which cannot be extracted from the plant tissues.

" For example, when I“Cecarbonyl-labeled aminocarb was injected into bean
| plants, 70% of the administered dose was unextractable after 6 days (22).
Unidentified water- solub]e metabolltes (conJugates wnth carbohydrates which
.could be hydrolyzed with B- glucosudase) accounted for 8% of the applled dose,
and 2% of the dose was present as unidentified organo extractable compounds
The photolysis of amxnocarb was first examlned by Crosby et al.
(23); they irradiated solutnons of aminocarb in absolute ethanol or hexane
with laboratory ultravuolet light (peak radiation at 254 nm) and sunlight,
: and noted transformation to 3- 5 unidentified plasma chollnesterase |
inhibitors. Addison et al. (8) determined that the major ‘product
of photolysis in aBsolute ethanol or hexane, using either light of wave-
~length 25knm or 5300 nm'' was 4-dimethy lamino-3-methy Iphenol. In this

regard, Kuhr and Dorough (5) have advised caution on two features of the.




.photochemical decomposition of carbamates, i.e., (1) lllumnnatnon from the

i.
sun does not involve light of 254 nm, but includes a spectral range of wave-
lengths froml300 to 450 nm, and (il) dissolution of the carbamate in a
"solvent makes practically every molecule a ootential target, whereasi
carbamates coated onto silica gel; olant foliage, or other surfaces are not
as readily available. | | B 7
Abdel -Wahab et al. (14) identified 4 of 8 produ¢ts observed on bean
leaves after irradiation with short wavelength (254 nm) ultraviolet llght;
these were thelh-formamido, h?methylformamldo, L-amino and h-methylamlno
derivatives. Aminocarb did not degrade under fluorescent or long wavelength
ultraviolet Tight (366 nm). " A later report by the same authors (3) used an

env:ronmentally more relevant llght source, 1.e., sunlight, in the photo-

el PRTEIa b N tnrt,
hough ultraviciet vignt \LJ'V mu;

oxldatlon of aminocsrb on bean leaves, Al
produces more products than sunlight, in both cases the 4 major metabolites
- (of about 11) are those just mentioned. The proposed scheme for sunllght
'photodecompOSItlon of amlnocarb is shown in an 3 Desp:te the ease of.
_ breakdown of aminocarb, several of the der|vat1ves retain conSIderable
toxncnty, thus, in the end it is the stability of these products which
determines the envlronmental safety of aminocarb, and the stahllity of
these products is, at present, unknown. |

| The persistence of aminocarb added to a sample of rlver water
(maintained in the laboratory) has been examined (24). Aliquots of
;whole water were extracted and analyzed for ~aminocarb from tlme to time;

the results showed that 60% of the parent comp0und remained after 1 week,

10% after 2 weeks, and none remained after 3 weeks. The identities of the




ideéradation ptoducts were not determined Sundafam et al (25) studied the
persvstence of only the parent compound in pond and stream water after a
forest spray; they found rouoh half Ilves 'of 4-9 days, w1th no traces
.remalnlng after 32 days. Sundaram and Hopewell (26) a]so studled the
rate of dxsappearance of aminocarb fnmn spruce follage and forest soil
under natural metecrological conditions. Initial concentratxons of about
IO ppm in folxage and 7 ppm in soil had 'half- 1ives" of 6 and 2 days,
respectively, and had dropped to trace or non-detectable levels wuthln 47
' and.27 days, respectively; as in. the previous study, the |dent|t|es of
the degradation products were not detetmined.

" Several research areas on aminocarb which require further studf.(and
whieh reflect the author's bias) are (i) the persistence énd distribution of

£ ool
[} i

solvent oils and carriers in the coniext of forest spraying cpe .af.cns,
(ii) the photolysis of aminocarb in natural waters, and (i7i) the distribution,
persustence and fate of amnnocarb and its metabolltes in natural waters,

.

'sediments and suspended solids.

Chemical Analysis for Aminocarb

Carbamate residue methodology requires a high dedree of skill on the
part of the residue chemist because carbamates in general cannot be |
manipulated in the same manner as most other pesticides. For example, tne
gas-liquid chromatographic (Qlc) analysis of mos t pesticides is a relatively
simple matter once suitable extraction and cleanup metheds have been‘

perfected. The parent compounds and toxic metaboliites are merely injected

e g



into the gas chromatograph and the materials generally elute intact. However,

even if extraction efficiency and cleanup are found to be excellent, carbamates

often dégrade during gas'chromatography (5). This may pariiélly'be.prévented

by special column preparations and by selecting just the right gfc parameters

(27, 28) but even then the results are not always satisfactory.

One approach used to circumvent thermal degradation of the intact

carbamate is its derivatization to a thermally more stable form: In the case

of phenyl N-methy]carbamétes: such as aminocarb, derivatization sometimes

involves hydrolysis of the carbamate ester and reaction of the released phenol
with a reagent to yield a product which can be detected by glc. This
technique is not without certain inherent problems (5). For example, one can

never be sure whether the phenol originated from chemical or metabolic

- degradation of the carbamate or if it occurred naturally in the substrate

~ being analyzed. Since phenols are uéually less toxic to animals than the

péfgnt insecticides, it is esgential that they be separéted from Fhe intact
carbémates prior'to derivatization. Otherwise, th; final reSufts cannof‘be
properly interpreted. Another prob]ém in the derivatization of phenols |
(from carbamates) relates to interfering material§ (29). Defivatizing agents
are susceptib]e to attack by polar co-extractives; for example, phenols occur
ubiquitously in nature and often survive cleanup proégdukes to form deriva;iyes
whicﬁ make the quantitation of the insecticides difficdit. So while cleanup

is nearly always a significant problem in pesticide residue analysis its

magnitude is often much greater with the carbamates. A point on cleanup

worth stressing with regard to carbamates such as aminocarb which have a
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p-dimethylamino group which can be protonated is that aminocarb.cannot be
extracted quantitatively from acidified aqueous solutions (25,26,30,31);
the pH of the medium. should first be adjusted to neutrality.

Even though considerable problems are involved in the gag'*

" chromatographic analysis of N- methylcarbamate insecticide residues, it

appears to be the method currently preferred by most residue chemists. ngh

pressure ffquid chromatography_(]c), a relatively new and expen5|ve technxque,

has, however, shown considerable potential fdr methylcarbamate insectncnde

~ analysis because of its mi 1d operating conditions (el:mlnatnng the need for

derlvatlzatlon agalnst thermal degradat:on) specuf|C|ty, _and possnbllltles
for automation; in the future, llqu1d chromatez-=rhy may well prove to be

the best method for the analysis of carbamates and their degradatlon or

- transformation products

Tab1e 6 lists various methods which have been usedvin the analysis of

aminocarb, and the minimum detectable llmlt (absolute welght) or minimum

residue level capableaof detéction, where these are reported These analytlcal

methods have only been applied to the parent aminocarb and its hydrolyS|s '
products, both the phenol and the methyiamine; no other degradation or trans-

formation products were considered.

It is apparent that poor reporting techhiqdes on the part of pestfcide
fesidue chemists have made it difficult to extract unambiguous information

from Table 6. In general, one wishes to have information both on (a) the

absolute amount of a pesticide, and (b) the residue level of a particular pesticide

from a given substrate, which can be detected by a particular technique. - The
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fesfdue level which can be deteefed includes information both on (a) and on
the interfering material from whatever substrate is‘being analyzéd; thus.
a sensitivify level for corn, using detector A, is not readily translatéd
info'a sensitivity level for spruce féliage, usiﬁg detector B.

| In general it appears that enzymic,coloriﬁetric and_most tlc-
fluorescence methods are not as seﬁsitive as gc or lc téchniques, ajthough
the flﬁorometric method which uses a dansyl defivative (52) shows fair
sensitivity. On an absolute weight basis, the most sensitive method‘shOWﬁ
in_Tabie 6 is that employing a trichloroacetylated pﬁenoi derivative (32);
however, it should again be emphasized tha; the nature of‘tﬁe ‘substrate
will probably affect the minimum residue level obtained.

The use of trimethylamine as a catalyst. in the der!vatization of
aminocarh with hentafluorcbutyric anhydrfde {33) speeds the react}on
qonsiderébly so that it is complete~in’15-20 min. at room temperatu;e
compared with 2 hours at 120°C for the uncatalyzed derivatization.
Unfortunately this.derivétivé is stable at»best for a few dayé (25). The
time-consuming production of such unstable.dgrivétives serves to
reinforce the édvantageé of liquid chro&atography in situatidns which
require.hundreds of samples to be analyzed.

In addition to the meghods shown in Table 6 there is a method whfch
hés been applied to other carbamates and which mig%t be adapted to aminocarb:
N-methylation of the carbamate us ing sodium hydride-methyl iodide (55,56).

. The dialkylated derivatives of N-methylcarbamates are somewhat ﬁore stable
thermally, and detection limits are about 5 ppB using a Coulson electrolytic

conductivity detector in the nitrogen mode.
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Despi te what hés been said about the difficulties involved in pefforming

gc analyses on underivatized carBamétes in general, this technique will
probably contidue_to be popular with pesticide chemists who are dissatisfied

with derivatizatfonbmethods, yet cannot afford a high pressure liquid

. chromatograph. For. example, Brun (57) has been able to chromatograph

underivatized am:nocarb on a six-foot 3% OV-17 column at 190°C (Hall detector)
he reports sensitivities of 0.5 ppb in water and 0.5 ppm in sediment,vand
apparently no on-column decomposition of aminocafb.

No gc methpds have been published for metabolites of aminocarEHBEI'EEJ 

apart from the phenol and methylamine hydrolysis products. However, most of

the metabolites, with or without derivatization, would probably exhibit

" retention times different than that of the parent aminocarb. Note that if

the presence of the N-hydroxymethyl derivative (II in Fig. 1) is suspected,

it obviously cannot be shown by chromatographing the corresponaing derivatiz-

"ed phenol; the proper approach would be to chromatograph it directly or

‘derivatize the intéct metaboli te.

‘A note on sampling natural waters for aminocarb is appropriate here.
Mallet (58) claims that aminocarb can be collected and preserved using XAD-4
resin, stored with no loss for at least one month, and eluted from the resin

using a suitable solvent, e.g., ethyl acetate. A mixed resinvcolumn of XAD-4

" for the relatively non-polar parent aminocarb, and XAD-8 for the more polar

metabolites, might prove useful fqr water sampling and collection. Of course,

. the extraction efficiencies of the resin materials for the various compounds,

and the "lifetime" of the compounds on the resin materials, should be

investigated before this method is used in the field. This method, if
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feasible, would obviate the need to Srfng large amounts of flammab]e solvent |
into the field when collecting water samples for aminocarb analysns, in
addition the method could be refuned so that it could be carried out by ’
relatively unskilled personnel.

Finally, a note of caution rééarding cleéndp proéedures is appropriate.
VAppreciable 1osses of aminocarb during freezing and_storage have been noted,
(14), and Brun (57) has noted significant losSés of aminocarb from environ-.

. mental sampleé in the rotary and Kuderna-DanishAevéporators.

In conclusion, this section oh analysis has demonstrated thét extrac-
tion and chromatographic procedures are more complex and require more care
- for éarbamates than for other classes of pesticiles. The techniques of
liquid and gas chromatography appear to be the most promising for the‘separa;
tion and quantitation of aminocarb, Derivatization mcthods.prior to éas
chromatography do appear tedxous, however,'and efforts are being made to

- develop suntably sensitive gas chromatographlc methods which do not require

derivatization. 7 .




m

(2)
(3)

(8)

(5)
-(6)

(7)

(8)

(9)

REFERENCES

Martin, H. and Worthing, C.R., eds., pesticide Mahual”,_ﬁth.ed?,_publ:

British Crop Protection Council, 14(1974).

. R.J. Maguire, unpublished information.

Abdel-Wahab, A.M. and Casida, J.E., "'Photooxidation of Two L-Dimethyl~-
aminoaryl Methylcarbamate Insecticides (Zectran and Matacil) on Bean
Foliage and of Alkylaminophenyl Methylcarbamates on Silica Gel

Chromatoplates', J. Agr. Food Chem. 15, 479-487 (1967).

Bowman, M.C. énd Beroza, M., "Extraction p-Values of Pesticides and

‘Related Compounds in Six Binary Solvent Systems', J. Assoc. Off. Aﬂél'

Chem. 48, 943-952 (1965).
Kuhr, R.J. and Dorough, H.W., "Carbamate'lnsecticides: Chemistry;
Biochemistry and- Toxicology',.CRC Press, Cleveland, Ohio, 21-24 (1976).

Balba, M.H. and Saha, J.G., "Degradation of Mataéil by the Ascorbic Acid

Oxidation System', Bull. Environ. Contam. Toxicol. 11, 193-200 (197&).

Keith, L.H. and Alford, A.L., "The High Resolution NMR Spectra of

Pesticides. 111, The Carbamates', J. Assoc. Off._Agal. Chem. 53,
157-179 (1970). |

Addison, J.B., Silk, P.J. and Unger, L, "The Photochemical Reactions
of Carbamates. 1l. The'Solution Photochemistry of Matacil (4-dimethyl-

amino-m-tolyl-N-methylcarbamate) and Landrin (3,4,5-trimethylphenyl-N

-methylcarbamate)!, Bull. Environ. Contamin. Toxicol. 11, 250-255 (1974).

Chen, J.-Y.T. and Benson, W.R., '"Characteristic Infrared Absorption:

Spectra and Frequencies of Carbamate Pesticides', J. Assoc. Off. Anal.

Chem. Lo, h12-452 (1966).




V' (10)

(11)

(12)

(13)

'(lh)

(15)

(16)

(17)

(18)

Bowman, M.C. and Beroza, M., ”Spectrophotbfluorescen; and Spectrophoto-
phosphorescent Data on Insecticidal Carbamates and the Analysis of Five

Carbamates in Milk by Spec;fophotofluorometry", Residue Rev, lz,-23-3h

- {(1967).

Damico, J.N. and Benson, W.R., "The Masé Spectra of Some;Cafbamate Pesti-

cides", J. Assoc. Off. Anal. Chem. 48, 344-354 (1565).

Holmstead, R.L. and Casida, J.E., "Chemical lonization Mass Spectrometry

of N-Methylcarbamate Insecticides, Some of Their Métabolites, and

Related Compounds', J. Assoc. Off. Anal. Chem. 58, 541-547 (1975).

Rankin, P.C., "Negative lon Mass Spectra of Some Pesticida1 Compounds'',

J. Assoc. Off. Anal. Chem. 54, 1340-1348 (1971). -
Abdel-Wahab, A.M., Kuhr, R.J. and Casida, J.E., "Fate of Cl*-Carbonyl-
Labeled Afyl Meth?l;arbamate Insecticide Chemicals in'and on Bean Plants",

J..Agr. Food Chem. 1k, 290-298. (1966).

Krishna; J.G. and Cas%dé, J.E., ""Fate in Rats of the Radiocarbon from Tén
Variously Labeled Methyl- and Dimethy]carbamate-Cik Insecticide Chemicals

and Their Hydrolysis Products", J. Agr. Food Chem. 14, 98-105 (1966).

Oonnithan, E.S. and Casida, J.E., ""Metabolites of Methyl- and Dimethyl-
carbamate Insecticide Chemicals as Formed by Rat Liver Microsomes'',

Bull. Environ. Contamin. Toxicol. 1, 59-63 (1966).

Tsukamoto,‘M..énd Casida, J.E., '"Metabolism of Methylcarbamate Insecti-
cides by the NADPH - Requiring Enzyme System from Houseflies', Nature
213, 49-51 (1967).

Metcalf, R.L., Osman, M.F. and Fukuto, T.R., ‘''Metabolism of 1%C-Labeled

Carbamate Insecticides to 1"C0, in the House Fly'", J. Econ. Entomol. 60,

4hs5-450 (1967).




(19)

(20)

(21)

(22)

(23)

(25)

(26)

(27)

(24)

Oonhifhan, E. S. and Casida, J.E., 'Oxidation of Methyl- and Dimethyl- '

carbamaterjnéect?cide Chemicals by Microsomal Enzymes and Anticholin-

esterase Activity of the Metabolites", J. Agr. Food Chem. 16, 28-4b
(1968) . ’

Strother, A., “ComparativevMetébqlism of Selected ﬁ-Methylcarbamates by

Human and Rat Liver Fractions'', Biochem. Pharmacol. 123 2525-2529 (1970).

Strother, A., “]n Vitro Metabolism of Methylcarbamate Insectfcides by

Human and Rat Liver Fraction', Toxicol. Appl. Pharmacol. 21, 112-129 (1972).

Kuhr, R.J. and Casida, J.E., "Persistent Glycosides of Metabolites of

>ﬂethylcarbamaté Insecticide Chemicals Formed by Hydroxylation in Bean

Plants", J. Agr. Food Chem. 15, 814-82L {1387).

Crosby, D.G., Leitis, E. and Winterlin, W.L., "Photodecomposition of

Carbamate Insecticides, J. Agr. Food Chem. 13, 204-207 (1965).

Eiéhelberger; J.W. and Lichtenberg, J.J., 'persistence of Pesticides in

River Water", Environ. SCi.-Technol. 5, Sh1-5h4 (1971).

Sundaram, K.M.S., Volpe, Y., Smith, G.G. and Duffy,.J.R., 1A Pféliminary
Study on tﬂe Persistence and Distribution.of Métacil in a Fofest Environ-
ment";.Report CC4X-1f6, Chediical Control Résearch lnstftute, Fisheries
and Environment Canada, Ottawa, Ontario, 4k pp (January 1976).

Sundaram, K,M.é; and Hopewell, W.W., "Fate aﬁd.Persisténce of Aminocarb
in Conifer Foliage and Forest Soil after Simulated Aerial Spray
Application'', Report FPM-X-6, Forest Pest Management Institute,

Fisheries and Environment Canada, Ottawa, Ontgfio, 31 pp (Qctobe} 1977).
Lorah, E.J. and Hemphill, ﬁ:D., "Direct Chrématography'of éome
N-Methylcarbamate #esticides”, J. ASSOC.‘Off. Anal, Chgm. 57, 570-575
(1974) .




(28) Lewis, D.L. and Paris, D.F., 'Direct Determination of Carbaryl by Gas-
Liquid Chrbmatography Using Electron-Capture Detection'', J. Agr. Fdod

Chem. 22, 148-149 (1974).

(29) Dorough, H.W. and Thorstenson, J.H., Y"Analysis for Carbamate lnsecticides

and Metabolites', J. Chromatogr. Sci. 13, 212-224 (1975).

(30) Coburn, J.A., Ripley, B.D. and Chau, A.S.Y., ‘'Analysis of Pesticide
Residues by Chemical Derivatization. Il. N-Methylcarbamates in Natural

Water and Soils", J. Assoc. Off. Anal. Chem. 59, 188-196 (i976).

(31) Holden, E.R., "Gas Chromatographic Determination of Residues of Methyl-

carbamate Insecticides in Crops as Their 2,4-Dinitrophenyl Ether

Derivatives", J. Assoc. Off. Anal. Chen. 56, 713-717 (1973).
(32) Butler, L.1. and McDonough, L.M., 'Method fof ;he Detérmination of
Residues of Carbamate,lhsectiqidesAby Electron-Capture Gas

Chromatography', J. Agr. Food Chem. 16, 403-407 (1968).

(33) Argauer, R.J.,” '"Determination of Residues of Banol and Other Carbamate
Pesticides after Hydrolysis and Chloroacetylation', J. Agr. Food Chem.

17, 888-892 (1969).

(34) VWheeler, L. and Strother, A”,”Cthmatography of N-Methylcarbamétes'in
the Gaseous Phase'’, J. Chromatogr. 45, 362-370 (1969).

(35) Holden, E.R.;'anes, W.M. and Beroza, M., ''Determination of Residues
of Methyl- and Dimethylcarbamate Insecticides by Gas Chromatography of

Their 2,4-Dinitroaniline Derivatives', J. Agr. Food Chem. 17, 56-59 (1969).

(36) Seiber, J.N., '"N-Perfluoroacyl Derivatives for Methylcarbamate Analysis

by Gas Chromatography', J. Agr. Food Chem. 20, th-hﬁé (1972’;




(37)

(38)

(39)

(40)

(41)

(hz)

(43)

(44)

(45)

Sherha, J. and Shafik, T.M., "A Multiclass, Mu]tiresidue Analytical -

Method for Determining Pesticide Residues in Air'", Arch. Environ.

_Contamin. Toxicol. 3, 55-71 (1975).

Moye, H.A., "Esters of Sulfonic Acids as Derivatives for the Gas

Chromatographic Analysis of Carbamate Pesticides", i: Agr. Food Chem.
23, W15-418 (1975).

Lawrehce,.J.F.,.“Gas Chromatographic Analysis of Heptafluorobutyryl

Derivatives of Some Carbamate Insecticides', J. Chromatogr. 123,

267-292 (1976).

J.A. Coburn, unpublished data.

Aten; C.F. and Bourke, J.B.,~“Revefse-Phase Liquid Chromatographic

»Behaviour:of Some Ca;bamate and Urea Pe;ticides“, J. Agrr. Food Chem.
25, 1428-1430 (1977).

Lawrence, J.F., '"Direct Analysis of Some Cafbamaté Pest?cides in Foods .

by Hfgh-Pressure Liquid Chromatography', !, Agr. Food Chem. 25, 211-212
(1977).

Keenan, G.l., Lisk, D.J. and 0'Brien, R.D., "the on para-Dimethyl-
aminobenzaldehyde as a Sensitive Chrdmogenic Agent for Detection 6f

k-Dimethylamino-m-tolyl Methylcarbaﬁate on Paper", J. Assoc. Off. Anal.

Chem. 47, 28 (1964).

Menn, J.J. and McBain, J.B., !'Detection of Cholinesterése-lnhibiting
Insecticide Chemicals and Pharmaceutical Alkaloids on Thin-Layer
Chromatograms', Nature 209, 1351-1352 (1966).

Finocchiaro, J.M. and Benson, W.R., 'Thin Layer Chromatograéhy of Some

Carbamate and Phenylurea Pesticides", J. Assoc. Off. Anal. Chem. 50,

888-896 (1976).




(46)

(47)

(48)

(49)

(50)
-(51)

(52)

(53)

Wales, P.J., Mcleod, H.A. and McKinley, W.P., “TLC-Enzyme Inhibition
Procedure to Detect Some Carbamate Standards and Carbaryl! in Food

Extracts', J. Assoc. Off. Anal. Chem. 51, 1233-1243 (1968).

E1-Dib, M.A., "Thin Layer Chromatographic Detection of Carbamate ;nd i

: Phenylureé Pesticide Residues in Natural Watgrs”; J. Assoc. 0ff. Anal.

Chem. 53, 756-760 (1970).

Mendoza, C.E. and Shie}ds; J.B;, “Sensitivity of Pig Liver Esterase in
Detecting Twelve Carbamate Pesticides on Thin-Layer Chromatography'', J.
Chromatogr. ég, 92-102 (1970). | “

Mallet, V. and.Frei,'R.w., ﬂAn Investigation of Fléyones as F]uofogenic'
Spray Reagents for~0fganic Compounds on J:Cefiulose Hatrix, .
Detection of Festftides”, J. Chromatogr. §§; 69f77 (197]);

F}ei, R.W. and Laﬁrence,.J.FQ, "Détgfminaticn'of‘Mataéfl and Zectfan by
Fiudriéenic Labeling, Thin Layer Chromatograpﬁj and In Situ Fluorimetry',

J. Assoc. Off, Anal. Cﬁem.» 55, 1259-1264 (1972).

Lawrence, J.F., Legay, D:S. and Frei, R.W., "Fluorigenic_Labeling of
Carbamates Using Dénsyl Chloride. lll,‘Thin-Lafef Chromatograpﬁic
Properties of the Derivative", J. Chromatogr. éé; 295-301 (1972).
Lawrence, J.F. ahd Frei, R.w.; "Analysis of(Carbamatés as Fluorescent .

1=Dimethylaminqnaphthalene-S-Sulfonate Esters'', Intern. J. Environ, Anal.

Chem. 1, 317-325 (1972). , V1'i.‘ : ' .
MacNeil, J.D., Frei, R.W. and Hutzinger,.o;; "Electron Donor-Acceptor
Complexing Reagents for the Detection of Pesticides on.TLC. 1. Carbamates,.

Anilides and Ureas. Spray Reagents,VChromatography and lnsfrpmental'

Techniques', Intern. J. Environ..Analﬂ‘Chem. l; 205-220 (1972).




64)

(55)

(56)

(57)
(58)

Caissie, G.E. and Mallet, V.N., '"The Fluorimetric Detection of

Pesticides Qn Aluminum Oxide Layers', J. Chromatogr. 117, 129-136.
(1976).
Greenhalgh, R. and Kovacicova, J., "A Chemical Confirmatory Test

for Organophosphorus and Carbamate Insecticides and Triazine and Urea

Herbicides with Reactive NH Moieties', J. Agr. Food Chem. 23, 325-329

(1975). -
Lawrence, J.F. and Laver, G.W., "Analysis of Some Carbamate and Urea

Herbicides in Foods by Gas-Liquid Chromatography after A]kylation”,’

"J. Agr. Fcod Chem. 23, 1106-1103 (1975).

Brun, G.L.; personal communication, Jan. 20, 1978.

Mallet, V.N., personal communication, Jan. 20, ]978..




TABLE 1
d Gfavimetrica\\y by‘Sing]e pistribu-

p-Values of Aminocarb Determihe

tion between immiscible Phases at 25.5°C (4).

Solvent System

hexane:acetonitri\e

1 0.02

,isoOctane:dimethylforﬁamide
{sooctane:85% dimethylformamide | 0.0i
hexane :90% dimethylsulfoxide 0.01
hcptane q0% ethanol | _ >6.07 |
0.27

| : : p-Value




‘I’. o | TABLE' 2 N - '

Proton Magnetic Resonance Data on Aminocarb

| Protons Signal Patterns T;v? v T?_'3
“ring methy! 'singlet 7.7 - 7.62
ring dimethylamino singlet 7.37 7.28 |
'cérban\ate N-me thyl " doublet - 7.26 7.05
‘ . . carbamate N-H ‘unresolved 4.6 . -
ring protons - multiplet 3.1 3.12-2.92
. 1 ppm downfield frbm tetramethylsilane internal standard; sample
| dissolved in CDCl3. |
- = 2 ref- ‘7-
3 ref. 8. - :




TABLE 3

Infrared Absorption Frequencies (cm~1) of Aminocarb (9)

Characteristic

Solution Frequency! Solid Frequency?

secondary

(3436 (m) 13333 (m)

NH stretching

c=0 stretching 1745 (s) : 1709 (S).
NH.in-plane‘deéormation - o . 1524 (m)
C-N stretching 1276 (wm) - : i277_(m)
'Cfb-t as*mmetric strétching 1217 (s) : 1255 (s)
C-0-C symmetric stretching 1166 (s), 1155 (s) 1168 (5)7
NH out of plaﬁe deformation, - : 636 (m)

1 ¢Sz solvent; s = strong, m = medium, ~w = weak., ™"

2 in KBr.

.




TABLE 4

Ultraviolet Absorption, Fluorescence and Phosbhorescence

Date on Aminocarb

Method Characteristics

ultraviolet 1 in C3HsO0H .-
Amax = 248 nm (e = 6.67 x 10" £ mole™! cm™1)
€300 = 7.32x103 2 mole™! cm™! " ”

2 major excitation peak at 262 nm;emissioﬁ peak

at 375 nm (5.3% relative intensity in 95%

i

;

| fluorescence
} . .

| : ethanol)

phosphorescence 2 at 77°K _ :
’ major excitation peak at'253 nm;emissioh peak

at 460 nm (1.15% relative intensity in absolute

ethanol, 0.55 s decay time)

! ref. 8.

. » 2 I’ef. ]0.




~Mass Spectra of Aminocarb-

TABLE

5

Electron Impact!

Chemical lonization?

' Negative lon3

m/e
15
27
29
39

40 _

b
LY
43
Ly

hs

51
52
53

55

58

63

65
66

intensity
TS
3
2

o N

N

W oy o o e ow

15

m/e.

83
.150
151

153
180
207
208
T 209
210

237

intensity

1000

7-v0 ’

7.0
37.7

9.8
9-8

2'-3

30:6
83.6
10.9

8.2

m/e

16

26

k2
180

151

intensfty

2



m/e intensity ‘ m/e intens.ity m/e  intensity

77 13
79 7
81 2
89 1
9 3
92 2
121 8
134 8
136 35
150 50
151 100
208 22
Vet 1. -

2 ref. 12, methane as reagent .gas.

3 ref. ‘3.




TABLE 6

Analytical Methods for Aminocarb

Me thod Features MDL (or MRL)!  Ref.
gc  ECD, DC-200, 180°C 10 pg 32
trichloroacetylation ' '
of phenol
gc ECD, XE-60, 165°C - - 3
"~ chloroacetylation of -
phenol a
gc FID, no derivative o o - s 3

OV-17 or SE 30+ carbowax 20 M
appreciable breakdown '

gc ECD, XE-60, 190°C 0.2 ppm in spinach 35
2,k-dinitroaniline (85% recovery)

derivative of methylamine

gac ECD, SE-30 (160 - 230°C) <2 ng 36
trifluoroacetyl derivative '

of intact aminocarb
gc ECD, pentafluoropropionic o <80 pg. - 37

" anhydride derivative of

intact aminocarb

«se.cCONtinued




gc

gc

gc

gc

. gc

lc

heptafluorobutyryl

ECD, 220°C | <1 ng
2,5-dichlorobenzenesulfonate -
derivative of phenol (reacts

with intact aminocarb)

 FPD (S-mode) . 1ong

other conditions as above
ECD, SE-30, 190°C 0.1 ppm in soil
derivative of parent aminocarb 0.1 ppb in water

Coulson conductivity detector 0.2 ng (est)
halogen (reductive) mode e :
héptafluorobufyryl derivative

of parent aminocarb OV-1, 210°C -

trifluoroacetyl derivative, 0.4 ng (est)
otherwise same conditions

as above -

no derivative 0. 2.ppm in soil’
Hall detector (N-mode) 0.2 ppm in

SE-30, 210°C coni fer foliage
EPD (S-mode) 0.5 ppb in water
pentafluorobenzene : 0.5 ppm in soil

sulfonyl chloride - or sediment

derivative of phenol

reversed phase _ 0.35 Aunits
Partisil-10 00§ column g
with Earriers of various .
bolarities

UV detector (254 nm)

_:0.5 ppm in foliage

‘38

39

26

Lo

n

’ :lonu" CCﬂtinUCd




T e 2t B i et -

1c

colori-
metric-

colori-
metric

spectro-
photofluoro-

" metric

tlc-colori-
metric

tic-enzyme
inhibition

tlc-spectro-
photometric

tlc-enzymé_
inhibition

tlc-fluoro-
metric

tlc-fluoro-
metric

Li Chrosorb Si 60 column
5% 2-propanol in isooctanol
as carrier phase

UV detector (254 nm)

oxidation of carbamate. :
N-CH3 group followed by - '~
Schiff base formation with

p-dimethylaminobenzaldehyde

cholinesterase inhibition

256 nm
375 nm

Aem

reaction with diphenylpicryl-

hydrazyl solution

steer liver-esterase

no derivative
p-dimethylaminobenzaldehyde
derivative (uncertain structure)

of phenol; Apax = 248 nm

pig liver esterase
flavone derivatives

derivatization of phenol

with dansyl chloride

0.8 ng
-10 - 100 ug

6.2 ug
0.8 ppm in milk
0.1 ug

500 ng

5 ug

10 ng

. 0.01 - 0.06 ug

1 ng/spdt

. ...continued

w2

43

uh

10,

45

b6

L7

L8

L9

50‘




. o ~ FIGURE CAPTIONS

Fig. 1 Chemical structure of aminocarb and some metabolites;
I, aminocarb; II, h-di@ethylamiﬁo;h-£olyl-N-hy&fog§6étﬁyf;f
carbamate; III, h-dimethylamfno-3—me£hylphenél; Iv, '
methylamine; V, ring-hydroxylated aminocarb (in unspecified

position).

“Fig. 2 Chemical structures of some metabolites of aminocarb: VI,
h-methy]aminofm-tolyl4N-methylcarbamate; VII, 4-amino-m-
tolyl-N-methylcarbamate; VIII, h:hefhyifotmamfdo-meﬁoly]‘

-N-methylcarbamate; IX, L- formamido-m-tolyl-N-methylcarbamate.

Fig. 3 PropoSed,Scheme‘for Sunlight Photodecomposition of Aminocarb (3).
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‘ [ e

- e e
2 or 3 UNIDENTIFIED PRODUCTS

R—'N(CHS)Q | »=R—N_ . —s>R—NH>»

,CHs " o H_ f 3 or 4 unidentified:
R—N_ - >R—N_ ~ products -




tlc-fluoro- dansyl derivative of phenol -
metric :

tic~-fluoro- dansyl derivative of phenol <1 ng

metflc. (methylamine is also derivatized)

R 4

tlc-fluoro- r - complex derivatives with 0.5 - 5 ug

metric nitro-substituted fluorenes

tlc-fluoro- natural fluorescence on acidic 0.2 ug
metric . ‘
alumina layers

lex, 372 nm
Aem = k73 nm

51

52

53

54

lAbbreviationé: MDL, minimum detectable limit; MRL, minimum residue
level; ECD, election capture defettor; FID, flame ionization detector;
FPD, flame photometric défector; UV, ultraviolet; gc, gas-liquid
chromatography;'lc, hfgh pTessure.1iquid'chromatography; tlc, thin

layer chromatography; dansyl,_l-dimethylaminonaphthalehe-s-sulfonate.







