N,N-DIMETHYLANILINE

1. Exposure Data

1.1 Chemical and physical data

1.1.1 Synonyms, structural and molecular data

Chem. Abstr. Serv. Reg. No.: 121-69-7
Chem. Abstr. Name: N,N-Dimethylbenzenamine
IUPAC Systematic Name: N,N-Dimethylaniline

Synonyms: (Dimethylamino)benzene; N,N-dimethylaminobenzene; dimethylaniline;
dimethylphenylamine; N,N-dimethylphenylamine

CHs

O
N
\

CHa

CgH N Mol. wt: 121.18

1.1.2 Chemical and physical properties

(@)
(b)
©
@)
()

®)

Description: Yellowish to brownish oily liquid (Sax & Lewis, 1987)
Boiling-point: 192-194 °C (Eller, 1985; Lide, 1991)

Melting-point: 2-2.45 °C (Eller, 1985; Lide, 1991)

Density: 0.956 g/ml at 20 °C (Eller, 1985)

Spectroscopy data: Infrared, ultraviolet and nuclear magnetic resonance spectral
data have been reported (Sadtler Research Laboratories, 1980; Pouchert, 1981,

1983; US National Toxicology Program, 1989; Sadtler Research Laboratories,
1991). )

Solubility: Insoluble in water (2-14 g/l at 25 °C). Since N,N-dimethylaniline is a
basic compound, its solubility is dependent on the pH of the aqueous medium: its
solubility in water at pH > 7 is lower than that in water of pH < 5. The data on
aqueous solubility reported in the literature thus vary widely (US Environmental
Protection Agency, 1986). Soluble in acetone, benzene, chloroform, diethyl ether
and ethanol (Amoore & Hautala, 1983; Dragun & Helling, 1985; Sax & Lewis,
1987; Lide, 1991)

Volatility: Vapour pressure, 1 mm Hg [133 Pa] at 29.5 °C (Lide, 1991)
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(h) Stability: Slowly oxidizes and darkens in air; can react with nitrous acid to form
ring-substituted nitroso compounds (US Environmental Protection Agency, 1986)
(i) Octanollwater partition coefficient (P): 2.31 (Hansch & Leo, 1979)

() Conversion factor: mg/m® = 4.95 x ppm!

1.1.3 Trade names, technical products and impurities

N,N-Dimethylaniline is available commercially at a minimum purity of 99.7%, with
aniline (see IARC, 1982a, 1987a) (0.05% max.) and N-methylaniline (0.3% max.) as impu-
rities (Buffalo Color Corp., 1987, 1992). It is also available in research quantities at purities
in the same order of magnitude (Janssen Chimica, 1990; Riedel-de Haen, 1990; Heraeus,
1991; Lancaster Synthesis, 1991; Aldrich Chemical Co., 1992; Fluka Chemie AG, 1993).

1.1.4 Analysis

N,N-Dimethylaniline can be detected in air by adsorption on silica gel, desorption with
ethanol and analysis by gas chromatography and flame ionization detection. The limit of
detection is 10 pg/sample (Campbell et al., 1981; Eller, 1985).

Amines can be liberated during the manufacture of rubber, especially by vulcanization
and by other thermal degradations. A method was described for the determination of free
aromatic amines, including N,N-dimethylaniline, using high-temperature glass-capillary gas
chromatography and nitrogen-selective detection (thermionic specific detector), with
detection limits of 10-20 pg (Dalene & Skarping, 1985).

A gas chromatographic procedure for the determination of residual N,N-dimethyl-
aniline as a contaminant in commercial antibiotics has been described, which involves
dissolution of the sample in aqueous alkali, extraction of N,N-dimethylaniline with cyclo-
hexane and analysis by gas chromatrography-flame ionization detection (Margosis, 1977).

1.2 Production and use

1.2.1 Production

N,N-Dimethylaniline is produced commercially by heating aniline at 300 °C with
methanol in the presence of a catalyst at high pressure; sulfuric acid, phosphoric acid or
alumina can be used as the catalyst (Northcott, 1978; Rosenwald, 1978; Budavari, 1989).

N,N-Dimethylaniline is produced by one company each in France, Germany, Hungary,
Mexico, Poland, the Republic of Korea, Spain and the USA, by two companies in Japan and
the United Kingdom and by four companies in India (Chemical Information Services, 1991).

US production was estimated to be 6000 tonnes in 1976 (US Environmental Protection
Agency, 1986) and between 1000 and 10 000 tonnes in 1988 (US National Toxicology
Program, 1989). In 1987, approximately 500 tonnes were imported into the USA (US Inter-
national Trade Commission, 1988).

ICalculated from: mg/m3 = (molecular weight/24.45) X ppm, assuming normal temperature (25°C) and
pressure (760 mm Hg [101.3 kPa])
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1.2.2 Use

N,N-Dimethylaniline is used as an intermediate in the manufacture of dyes, Michler’s
ketone and vanillin. It is also used as a specialty industrial solvent, a rubber vulcanizing agent
(see IARC, 1982b, 1987b), a stabilizer and an acid scavenger (Northcott, 1978; Sax & Lewis,
1987; Budavari, 1989; US National Toxicology Program, 1989).

1.3 Occurrence

1.3.1 MNatural occurrence

N,N-Dimethylaniline is not known to occur as a natural product.

1.3.2 Occupational exposure

N,N-Dimethylaniline was reported in the air of coal liquefaction plants (Harris et al.,
1980) and in the air of a plant for the manufacture of fibre glass-reinforced plastic pipes
(Markel & Wilcox, 1981), at levels below the standard of the US Occupational Safety and
Health Administration (see below) (US Environmental Protection Agency, 1986). Concen-
trations of N,N-dimethylaniline in 23 workplace air samples from two pilot coal liquefaction
plants in Canada were consistently below the analytical detection limit of 0.05 mg/m3 (Leach
et al., 1987).

On the basis of a survey conducted in the USA between 1981 and 1983, the US National
Institute for Occupational Safety and Health estimated that a total of 30 480 workers, inclu-

ding 7448 women, were potentially exposed to N,N-dimethylaniline in 15 industries at
1428 sites (US National Library of Medicine, 1992).

1.3.3 Water and soils

N,N-Dimethylaniline has been detected in Lake Ontario (US Environmental Protection
Agency, 1986) and in river water in Spain (Rivera ef al., 1987). River water near effluent
sources of industrial dyestuff wastes in the Netherlands showed concentrations of up to
3.6 pg/l (Meijers & van der Leer, 1976; Zoeteman ef al., 1980). N,N-Dimethylaniline was
found in soil samples near a dye manufacturing plant in the USA at a concentration of up to
40 mg/kg (Nelson & Hites, 1980).

1.3.4 Other

N,N-Dimethylaniline is used as an acid scavenger in the synthesis of penicillins and
cephalosporins and has been reported as a contaminant of commercial preparations of those
antibiotics at levels of up to 1500 ppm (Margosis, 1977; Quercia et al., 1980).

1.4 Regulations and guidelines

Occupational exposure limits and guidelines for N,N-dimethylaniline in some countries
are presented in Table 1.
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Table 1. Occupational exposure limits and guidelines for
N,N-dimethylaniline

Country Year Concentration Interpretation
(mg/m3)
Australia 25 TWA
S50 STEL
Austria 1982 25 TWA
Belgium 25 TWA
50 STEL
China 1979 S TWA
Denmark 1988 25 TWA
Finland 25 TWA
50 STEL
France 25 TWA
Germany 1992 25 TWA
Hungary 5 TWA
10 STEL
Indonesia 1978 25 TWA
Mexico 1983 25 TWA
Netherlands 1989 25 TWA
Norway 1984 25 TWA
Poland 5 TWA
Romania 1975 10 TWA
20 STEL
Switzerland 25 TWA
50 STEL
United Kingdom 1990 25 TWA
50 STEL
USA
ACGIH 1992 25 TWA
50 STEL
NIOSH 1990 10 TWA
50 STEL
OSHA 1989 25 TWA
50 STEL
Venezuela 1978 25 TWA
60 STEL

From Cook (1987); US Occupational Safety and Health Adminis-
tration (OSHA) (1989); American Conference of Governmental
Industrial Hygienists (ACGIH) (1990, 1992); ILO (1991); Deutsche
Forschungsgemeinschaft (1992); TWA, time-weighted average;
STEL, short-term exposure limit

All countries have a notation that the compound may be a skin
irritant.
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2. Studies of Cancer in Humans

No data were available to the Working Group.

3. Studies of Cancer in Experimental Animals

3.1 Oral administration

3.1.1 Mouse

Groups of 50 male and 50 female B6C3F; mice, eight weeks old, were administered 0
(controls), 15 or 30 mg/kg bw N,N-dimethylaniline (> 98% pure) in 10 ml/kg bw corn oil by
gavage on five days a week for 103 weeks. Survival at week 104 was: males— controls, 34/50;
low-dose, 30/50; high-dose, 34/50; females— controls, 35/50; low-dose, 39/50; high-dose,
33/50. In females, epithelial hyperplasia of forestomach occurred in 8/50 controls, 11/19
low-dose and 13/50 high-dose; and squamous-cell papillomas of the forestomach were found
in 2/50 controls, 2/19 low-dose and 8/50 high-dose animals (p = 0.042, incidental tumour
test) (US National Toxicology Program, 1989). [The Working Group noted that only 19
forestomachs from females in the low-dose group were examined microscopically and that
the high dose used may not have reached the maximal tolerable dose].

3.1.2 Rat

Groups of 50 male and 50 female Fischer 344 rats, seven weeks old, were administered 0
(controls), 3 or 30 mg/kg bw N,N-dimethylaniline (> 98% pure) in 5 ml/kg bw corn oil by
gavage on five days a week for 103 weeks. Survival at 104 weeks was: males—controls, 29/50;
low-dose, 32/50; high-dose, 28/50: females— controls, 21/50; low-dose, 32/50; high-dose,
36/50. Sarcomas of the spleen occurred in 0/49 controls, 0/49 low-dose and 3/50 high-dose
male rats; one osteosarcoma of the spleen was observed in a high-dose male. Although the
proportion of high-dose male rats with splenic sarcomas or osteosarcomas (4/50, 8%) was
not significantly greater than that in controls (0/50), it exceeded the historical control
incidence (study laboratory, 1/148 (0.7 + 1%); all National Toxicology Program laboratories,
3/2081 (0.1 4 0.5%)). The severity of haematopoiesis and haemosiderosis of the spleen was
increased in high-dose rats of each sex, and an increased incidence of fibrosis and fatty
metamorphosis of the spleen occurred in high-dose males. The incidence of mononuclear
cell leukaemias was significantly decreased in high-dose rats: males— controls, 13/50; low-
dose, 4/50; high-dose, 3/50 (» = 0.017, incidental tumour test); females—controls, 11/50;
low-dose, 7/50; high-dose, 0/50 (p = 0.005, incidental tumour test) (Abdo et al., 1989
(abstract); US National Toxicology Program, 1989).

4. Other Relevant Data

4.1 Absorption, distribution, metabolism and excretion
4.1.1 Humans
No data were available to the Working Group.
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4.1.2 Experimental systems

The metabolism of N,N-dimethylaniline has been studied in adult and fetal human
tissues in vitro. In adult liver microsomes, both N-oxidation and oxidative N-demethylation
were shown to occur, resulting in the formation of N,N-dimethylaniline N-oxide and of
N-methylaniline and formaldehyde, respectively. The N-oxide was found to be metabolized
further to formaldehyde and N-methylaniline (Kitada et al., 1974). N-Oxidation has also
been demonstrated in fetal liver microsomes, adult kidney microsomes and adult liver
homogenates (Ziegler & Gold, 1971; Rane, 1974; Lemoine et al., 1990). In experiments with
enzyme inhibitors, antibodies and enzyme thermal stability, it was concluded that the
flavin-containing mono-oxygenases are primarily responsible for N-oxidation (McManus
et al., 1987), while cytochrome(s) P450 appears to catalyse the N-demethylation reactions
(Lemoine et al., 1990).

The metabolism of N,N-dimethylaniline was studied in mongrel dogs given a dose of
40 mg/kg [purity unspecified] by intravenous injection; blood samples were collected over
4 h and urine samples over 48 h. Aniline was detected in blood but not in urine, while
N-methylaniline, 2- and 4-aminophenol, N-methyl-4-aminophenol, N, ,N-dimethyl-2-amino-
phenol and N,N-dimethyl-4-aminophenol were isolated from urine after enzymatic
deconjugation with glucuronidase/sulfatase and were characterized by spectral and chroma-
tographic criteria; N,N-dimethylaniline N-oxide was not detected. N,N-Dimethyl-4-amino-
phenol and N-methyl-4-aminophenol were recovered as urinary metabolites in rabbits; and
rats were found to excrete N,N-dimethyl-4-aminophenyl sulfate and 4-aminophenyl sulfate
(reviewed by Kiese & Renner, 1974). Incubation of isolated rat hepatocytes with N,N-di-
methylaniline resulted in the formation of N-methylaniline, aniline, N,N-dimethylaniline
N-oxide and N-methylaniline N-glucuronide (Sherratt & Damani, 1989).

The metabolism of N,N-dimethylaniline has been studied in a wide variety of tissues and
species in vitro, including the livers of rats, mice, hamsters, rabbits, guinea-pigs, cats, COws,
pigs, squirrels, bats, armadillos, opossums, raccoons and several avian, fish, amphibian and
reptile species; extrahepatic tissues (notably lung, kidney, nasal mucosa, adrenals and
intestine) of rats, pigs and rabbits; and even in a protozoan (Machinist et al., 1968; Pan et al.,
1975; Hlavica & Kehl, 1976; Gorrod & Gooderham, 1981; McNulty ef al., 1983; Ohmiya &
Mehendale, 1983; Agosin & Ankley, 1987). The major reactions are N-oxidation of N,N-di-
methylaniline to form N,N-dimethylaniline N-oxide and oxidative N-demethylation of
N,N-dimethylaniline and its N-oxide to form N-methylaniline and formaldehyde. Aryl ring-
hydroxylation is a minor reaction and results in the formation of N,N-dimethyl-4-amino-
phenol and its non-enzymatic decomposition product, N-methyl-4-aminophenol. The latter
reaction is of interest as it appears to proceed through a reactive quinoneimine intermediate
(Gooderham & Gorrod, 1981). Further N-demethylation of N-methylaniline to aniline and
ring- and N-hydroxylation to 4-aminophenol and phenylhydroxylamine (Holzer & Kiese,
1960) have also been reported in vitro. On the basis of several studies using inhibitors, anti-
bodies, inducers and purified enzymes, N,N-dimethylaniline N-oxidation has been shown to
be catalysed selectively by the flavin-containing mono-oxygenases, while N-demethylation
and ring-hydroxylation are catalysed primarily by cytochromes P450 (principally the PB,
BNF and ISF families) (Devereux & Fouts, 1974; Ziegler & Pettit, 1964; Hlavica &



N,N-DIMETHYLANILINE 343

Hiilsmann, 1979; Gorrod & Gooderham, 1981; Akhrem e al., 1982; Hamill & Cooper, 1984;
MacDonald et al., 1989; Pandey et al., 1989). The demethylation of N,N-dimethylaniline can
also be catalysed by peroxidative mechanisms involving ram seminal vesicle prostaglandin
synthase (Sivarajah ez al., 1982) and fungal chloroperoxidase (Kedderis & Hollenberg, 1984).

4.2 Toxic effects

4.2.1 Humans
No data were available to the Working Group.

4.2.2 Experimental systems

The LDsg values for N,N-dimethylaniline [purity and vehicle unspecified] were esti-
mated to be 1350 mg/kg bw after single gavage doses to male Carworth-Wistar rats and
1690 mg/kg bw after dermal administration to male New Zealand rabbits (Smyth et al.,
1962). ‘

Exposure of rats to N,N-dimethylaniline by inhalation (0.0055 and 0.3 mg/m? conti-
nuously for 100 days) resulted in methaemoglobinaemia, lowered erythrocyte haemoglobin,
leukopenia and reticulocytosis, and reduced muscle chronaxy. Exposure to N-methylaniline
(0.03 and 0.04 mg/m?3 only) under the same conditions resulted in lesser toxicity but included
methaemoglobinaemia (Markosyan, 1969). Intravenous injection of 25 mg/kg bw N,N-di-
methylaniline to cats increased the levels of haemoglobulin (Holzer & Kiese, (1960).

In chronic studies in which male and female Fischer 344 rats and B6C3F; mice were
given the compound (98.2% pure) by gavage in corn oil at doses of up to 500 mg/kg for five
days per week for 13 weeks, dose-related decreases in body weight gain were observed in
male rats and cyanosis and decreased motor activity in both species of each sex, as well as
splenomegaly and haemosiderosis in the spleen, liver, kidney and testes. Bone marrow
hyperplasia was seen in rats and increased haematopoiesis in the liver in mice and in the
spleen in mice and rats (Abdo et al., 1990). Rats were generally more sensitive than mice to
these toxic effects, all of which could be attributed to chronic methaemoglobinaemia,
erythrocyte destruction and erythrophagocytosis.

In the 103-week carcinogenicity study described on p- 341, dose-related, non-neoplastic
changes observed in rats involved fibrosis, haemosiderosis, fatty metamorphosis of the
spleen and chronic focal inflammation of the liver (US National Toxicology Program, 1989).

After oral dosing of female Wistar rats with N,N-dimethylaniline [purity unspecified] in
propylene glycol at 73 mg/kg bw, 11.4 mmol [1.4 g] compound/kg bw was bound to haemo-
globin (Birner & Neumann, 1988).

4.3 Reproductive and developmental effects
4.3.1 Humans
No data were available to the Working Group.

4.3.2 Experimental systems

Pregnant CD-1 mice were administered N,N-dimethylaniline in corn oil at 365 mg/kg
bw per day by gavage on gestation days 6-13 and allowed to deliver litters (Hardin et al.,
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1987). Live pups were counted and weighed within one-half day after birth and again on the
third day after birth. The dose killed 6% of treated females but did not significantly affect
maternal body weight gain, number of viable litters (at least one live pup) produced, body
weight or number of liveborn pups per litter, or body weight gain or survival of pups up to
three days of age.

4.4 Genetic and related effects

4.4.1 Humans

No data were available to the Working Group.

4.4.2 Experimental systems (see also Table 2 and Appendices 1 and 2)

N,N-Dimethylaniline did not induce mutation in Salmonella typhimurium but was muta-
genic at the rk locus of mouse lymphoma L5178Y cells. It induced both sister chromatid
exchange and chromosomal aberrations in Chinese hamster ovary cells but did not induce
unscheduled DNA synthesis in rat primary hepatocyte cultures.

S. Summary of Data Reported and Evaluation

5.1 Exposure data

N,N-Dimethylaniline is used as an intermediate in the manufacture of dyes and other
products and as a solvent for special purposes, a rubber vulcanizing agent and a stabilizer. It
has been detected in ambient water and soil in the vicinity of industrial facilities.

5.2 Human carcinogenicity data

No data were available to the Working Group.

5.3 Animal carcinogenicity data

N,N-Dimethylaniline was tested for carcinogenicity in one study in mice and in one study
in rats by gavage. It increased the incidence of forestomach papillomas in female mice. A few
splenic sarcomas were observed in treated male rats.

5.4 Other relevant data

The metabolism of N,N-dimethylaniline has been studied in many species and in human
tissues. It involves enzymatic N-demethylation, N-oxidation and ring hydroxylation. Aniline
is.a major metabolite. Chronic methaemoglobinaemia and erythrocyte haemolysis, with
concomitant splenomegaly and other pathological lesions characteristic of aniline, were
observed in mice and rats treated with N,N-dimethylaniline.



Table 2. Genetic and related effects of N,N-dimethylaniline

Test system Result Dose? Reference
(LED/HID)

Without With

€X0genous  exogenous

metabolic metabolic

System system
SAQ, Salmonella typhimurium TA100, reverse mutation - - 60.0000 Mori et al. (1980)
SAQ, Salmonella typhimurium TA100, reverse mutation - - 167.0000 Mortelmans et al. (1986)
SAS, Salmonella typhimurium TA1535, reverse mutation - - 167.0000 Mortelmans et al. (1986)
SA7, Salmonella typhimurium TA1537, reverse mutation - - 167.0000 Mortelmans et al. (1986)
SA9, Salmonella typhimurium TA98, reverse mutation - - 60.0000 Mori et al. (1980)
SA9, Salmonella typhimurium TA98, reverse mutation - 25.0000 Ho et al. (1981)
SASY, Salmonella typhimurium TA98, reverse mutation - - 167.0000 Mortelmans et al. (1986)
URE, Unscheduled DNA synthesis, rat primary hepatocytes - 0 121.2000 Yoshimi et al. (1988)
GST, Gene mutation, mouse lymphoma 1.5178Y cells, # locus + + 19.0000 US National Toxicology

Program (1989)
SIC, Sister chromatid exchange, Chinese hamster (CHO) ovary cells - + 30.0000 Loveday et al. (1989)
in vitro

CIC, Chromosomal aberrations, Chinese hamster (CHO) ovary cells (+) + 83.0000 Loveday et al. (1989)

in vitro

+, positive; (+), weakly positive; -, negative; 0, not tested
“In-vitro tests, pg/ml; in-vivo tests, mg/kg bw
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N.N-Dimethylaniline did not induce gene mutation in bacteria or DNA damage in
cultured mammalian cells. It induced gene mutation, sister chromatid exchange and
chromosomal aberrations in cultured mammalian cells.

5.5 Evaluation!

There is inadequate evidence in humans for the carcinogenicity of N,N-dimethylaniline.

There is limited evidence in experimental animals for the carcinogenicity of N,N-di-
methylaniline.

Overall evaluation

N,N-Dimethylaniline is not classifiable as to its carcinogenicity to humans (Group 3).
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