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Introduction

Although tertiary amines are widely used in industry
and new uses for them continue to emerge,1-10 convenient
one-step procedures for their direct preparation from urea

(1) do not exist. To date, the chemical literature discusses
stepwise methods for their preparation that involve the
folowing: (1) N-alkylation of ammonia with alcohols in
the presence of dehydrating agents to generate mixtures
of primary, secondary, and tertiary amines;11 (2) oxida-
tion of alcohols to aldehydes, followed by the formation
of imines (upon reaction with secondary amines), which
are then reduced to tertiary amines;12 (3) N-alkylation
of ammonia and amines with alkyl halides in the pres-
ence of mineral acids and transition metals to generate
mixtures of substituted amines;13 (4) N-alkylation of
ammonia with alkyl halides at high temperatures and
pressures to obtain mixtures of mono-, di-, and trisub-
stituted amines;14 (5) N-alkylation of secondary amines
with alkyl halides in the presence of bases;15 (6) dispro-
portionation of quaternary ammonium salts (Hofmann
degradation) to form trisubstituted amines (and alcohols
or olefins).16-18
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Recently, we needed research quantities of function-
alized trisubstituted amines for the development of new
flame-resistant compounds that are also formaldehyde
free cross-linking agents for permanent-press textile
fabrics, polymers, and composites. We decided not to
prepare them in a stepwise manner from ammonia
because the procedures are not convenient. We also
decided not to prepare them from amines, because amine-
based starting materials are expensive for bulk industry
applications. Furthermore, we need a one-step procedure
that could easily and safely be reproduced by personnel
in textile and fiber processing industries who may neither
be proficient in organic synthesis nor have the facilities
for elaborate synthetic procedures. Therefore, our need
for various trisubstituted amines transformed into an
agenda to obtain them in good yields without using
ammonia or amines.

Our insight into their syntheses was guided by the
realization that in aqueous base urea (1) decomposes to
ammonia, isocyanates, and carbonate salts (Figure 1, eqs
1-3).19 However, in anhydrous media under phase
transfer conditions, the acyl amine group in urea can be
exchanged or N-alkylated.20 Both anhydrous reactions
generate N-alkylureas. We conjectured that tertiary
amines could be generated from urea, if 1 was first
decomposed to ammonia upon reaction with aqueous
sodium hydroxide and the ammonia then reacted with
the alkylating agents present in the aqueous mixture at
low (to moderate) pressures and temperatures. Alterna-
tively, urea could hydrolyze to sodium isocyanate (Figure
1, eq 1),19 which could then alkylate to produce alkyl
isocyanates (Figure 1, eq 5).21 Thereafter, following
conversion to N-alkylcarbamic acid and decarboxylation,
we surmised that the resulting alkylamines could react
further to form tertiary amines (Figure 1, eqs 6-8).22 To
restrict the formation of tetrasubstituted ammonium

salts, we postulated that slightly above 3 molar equiv of
alkylating agent and hydroxide base per nitrogen would
be needed to keep their concentration negligible. Fur-
thermore, in situ disproportionation of quaternary am-
monium salts to tertiary amines (Hofmann degradation,
Figure 1, eq 8)16 by hydroxides,16 hydrides,17 ammonia,
and other amines18 could be exploited to obtain tertiary
amines. Therefore, we decided to explore our postulates
to develop a general method for making the trisubstituted
amines from urea (Figure 2).

Results and Discussion

Urea was added to an aqueous solution of NaOH in a
glass-lined Parr vessel. To this was added the alkyl, allyl,
or benzyl halide, the vessel was sealed and pressurized
to ∼60 psi with nitrogen gas at ambient temperature,
and the mixture was stirred at the required temperature
(see Experimental Section and Table 1) for 40 h. The
organic contents (tertiary amines, alcohols, and ethers)
were then separated from the inorganic salts in the
aqueous phase by extraction with ether. Liquid trisub-
stituted amine products were purified by fractional
distillation, and tribenzylamine was purified by recrys-
tallization from methanol. All tertiary amines reported
herein are known compounds and were confirmed by GC-
MS, carbon-13 NMR spectrometry, and elemental analy-
sis.

Following each reaction, the stainless steel stirring
shaft and paddles were observed to darken. This may be
due to the reaction of hot concentrated sodium hydroxide
with stainless steel.23 While reaction temperatures for
the synthesis of triallyl- (2), tricrotyl- (3), and trimethal-
lyl- (4) amines were low (80 °C), the synthesis of tributyl-
(5) and trioctyl- (6) amines with chloride reagents

Figure 1. Proposed reaction pathways for the transformation of urea to trisubstituted amines.

Figure 2. Synthesis of trisubstituted amines from urea.
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required 200 °C to proceed in less than 50% yields. Use
of butyl and octyl bromides generated the desired tertiary
amines in ∼80 and ∼75% yields at 120 and 200 °C,
respectively. Tribenzylamine (7) was produced by the
reaction of urea with benzyl chloride in aqueous base at
120 °C. Triallyl, trimethallyl, and tricrotylamines were

found in water even after the aqueous layers were
extracted three times with ether (observed by GC-MS).
It appeared that the water-soluble byproducts of these
amines might be increasing their solubility in water.
Byproducts (isolated by fractional distillation) of all
trisubstituted amine syntheses were alcohols and ethers
as determined by 13C NMR and GC-MS. When reactions
were conducted at ambient pressures, mixtures of mono-,
di-, and trisubstituted amines were obtained. When times
were less than about 30 h for reactions conducted in the
pressure vessel, yields of the trisubstituted amines were
lower. Thereafter, the reaction time of 40 h was set for
convenience. Quaternary ammonium salts were detected

(10) For other new uses of trisubstituted amines, see: (a) Aoi, N.
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H. C.; Kanth, J. V. B.; Zaidlewicz, M. Organometallics 1999, 18 (7),
1310-17. (d) Cho, C. S.; Oh, B. H.; Shim, S. C. Tetrahedron Lett. 1999,
40 (8), 1499-1500. (e) Ohara, T.; Hirose, M. Jpn. Kokai Tokkyo Koho
JP 10165790, 23 Jun 1998; Chem. Abstr. 1998, 129, 55285. (f) Kang,
I. J. Kongop Hwahak 1998, 9 (4), 603-607. (g) Nicholson, T.; Hirsch,
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E.; Davis B. H. Catal. Today 1992, 15, 223-241. (f) Fong, P. Y.; Smith,
K. R.; Sauer, J. D. Eur. Pat. Appl. EP 281417, 07 Sept 1988; Chem.
Abstr. 1989, 110, 40803k. (g) Nahata, T. Jpn. Kokai Tokkyo Koho JP
63185942, 01 Aug 1988; Chem. Abstr. 1988, 109, 230516. (h) Kashi-
wagi, H.; Enomoto, S. Nippon Kagaku Kaishi 1980, 2, 279-81. (i) Rice,
R. G.; Kohn, E. J.; Daasch, L. W. J. Org. Chem. 1958, 23, 1352-4. (j)
Kao, G. N.; Tilak, O.; Venkataraman K. Ind. Res. 1955, 14B, 624-31.
(k) Dickey, J. B.; Mcnally, J. G. U.S. Pat. 2391139, 18 Dec 1945; Chem.
Abstr. 1946, 40, 1879. (l) Laptev, N. G.; Khaikin, I. S. Russ. 42,553,
30 Apr 1935; Chem. Abstr. 1937, 31, 7067.9

(12) For oxidation of alcohols to aldehydes and then reaction with
secondary amines to form imines, followed by reduction to tertiary
amines, see: (a) Malz, R. E.; Greenfield, H. Stud. Surf. Sci. Catal. 1991,
59, 351-8. (b) Ganguly, S.; Roundhill, D. M. Polyhedron 1990, 9 (20),
2517-26. (c) Kagitani, T.; Ootani, F.; Nishimoto, S. Jpn. Kokai Tokkyo
Koho JP 63213687, 06 Sept 1988; Chem. Abstr. 1989, 110, 15133. (d)
Koyama, M.; Takahashi, F. Jpn. Kokai Tokkyo Koho JP 62164653, 21
Jul 1987; Chem. Abstr. 1988, 109, 230264. (e) Marshall, J. A. J. Org.
Chem. 1987, 52, 467-468. (f) Hubert, H. J.; Tillmetz, K. D. Ger. Offen.
DE 3432015, 13 Mar 1986; Chem. Abstr. 1986, 105, 42326c. (g) Klier,
K.; Herman, R. G.; Vedage, G. A. U.S. Pat. 4480131, 30 Oct 1984;
Chem. Abstr. 1985, 102, 45475z. (h) Grigg, R. E.; Sutthivaiyakit, S.
Eur. Pat. Appl. EP 34480, 26 Aug 1981; Chem. Abstr. 1982, 96, 5744n.
(i) Murahashi, S.-I.; Kondo, K.; Hakata, T. Tetrahedron Lett. 1982, 23
(2), 229-232. (j) Grigg, R.; Mitchell, T. B. R.; Sutthivaiyakit, S.;
Tongpenyai, N. J. Chem. Soc., Chem. Commun. 1981, 611. (k) Hab-
ermann, C. E. U.S. Pat. 4152353, 01 May 1979; Chem. Abstr. 1979,
91, 19885t.

(13) For transition metal mediated N-alkylation of ammonia and
amines with alkyl halides in the presence of mineral acids, see: (a)
Dudzinski, Z. J. U.S. Pat. 3497555, 24 Feb 1970; Chem. Abstr. 1970,
72, 100001f. (b) Hennion, G. F.; Hanzel, R. S. J. Am. Chem. Soc. 1960,
82, 4908-4912. (c) Bunnet, J. F.; Zahler, R. F. Chem. Rev. 1951, 49,
395.

(14) For high-pressure and high-temperature alkylation of ammonia
with alkyl halides to obtain mixtures of mono-, di-, and trisubstituted
amines, see: (a) Kent, J. A. Riegel’s Handbook of Industrial Chemistry;
Van Nostrand Reinhold: New York, 1992; pp 115-116. (b) Garanzha,
G. E.; Rozenberg, V. R.; Mosarev, G. V. Khim. Promst. 1977, 10, 33-
5. (c) Dudzinski, Z. J. U.S. Pat. 3497555, 25 Mar 1969; Chem. Abstr.
1970, 72, 10001f. (d) Dudzinski, Z. F. U.S. Pat 3436420, 02 May 1967;
Chem. Abstr. 1969, 70, 105936h. (e) Nekrasova, V. A.; Shuikin, N. I.
Bull. Acad. Sci. USSR. Div. Chem. Sci. 1952, 599-600. (f) Nekrasova,
V. A.; Shuikin, N. I. Bull. Acad. Sci. USSR. Div. Chem. Sci. 1952, 473-
5. (g) Nekrasova, V. A.; Shulkin, N. J. Bull. Acad. Sci.USSR. Div.
Chem. Sci. 1952, 599-600. (h) Slagh, H. R. U.S. Pat 2391848, 25 Dec
1945; Chem. Abstr. 1946, 40, 1879.7 (i) Govaert, F. J.; Beyaert, M. Pr.
Akad. Amsterdam 1939, 42, 637. (j) Farbenind, I.-G. Ger. 648,088, July
21, 1937; Chem. Abstr. 1937, 31, 7067.7 (k) Govaert, F. J. Pr. Akad.
Amsterdam 1934, 37, 156. (l) Whitmore, F. C.; Langlois, D. P. J. Am.
Chem. Soc. 1932, 54, 3441. (m) Hofmann, A. W. Ann Chim. 1851, 79,
11. (n) Hofmann, A. W. Ann. Chim. 1851, 78, 253; 1850, 74, 159; 1850,
73, 91. Cited in: von Eugen Muller, H. Methoden der Organischen
Chemie; Georg Thieme Verlag: Stuttgart, Germany, 1957; 24-266.

(15) For N-alkylation of secondary amines with alkyl halides in the
presence of bases, see: (a) Tanaka, S. Jpn. Kokai Tokkyo Koho JP
63079855, 09 Apr 1988; Chem. Abstr. 1988, 109, 230267. (b) Abdra-
khmanov, I. B.; Sharafutdinov, V. M.; Dzhemilev, U. M.; Talvinskii,
E. V.; Sagitdinov, I. A.; Tolstikov, G. A. Zh. Prikl. Khim. 1982, 55 (9),
2121-3; Chem. Abstr. 1982, 97, 215644b. (c) Chertok, A. L.; Bazakin,
V. I.; Garanzha, G. E.; Rozenberg, V. R.; Motsarev, G. V. Khim. Promst.
1977, 10, 733-5; Chem. Abstr. 1978, 88, 6458u. (d) Bebikh, G. F.;
Elepina, L. T.; Komlev, I. V. Vestn. Mosk. Univ. Khim 1975, 16 (4),
481-4; Chem. Abstr. 1976, 84, 58512u. (e) Suga, K.; Watanabe, S.;
Fujita, T.; Pan, T.-P. Bull. Chem. Soc. Jpn. 1969, 42 (12), 3606-8. (f)
Peters, L. M.; Marple, K. E. Ind. Eng. Chem. 1948, 40, 2047.

(16) For disproportionation of quaternary ammonium compounds
by hydroxides, see: (a) Musker, W. K. J. Chem. Educ. 1968, 45, 200.
(b) Musker, W. K.; Steven, R. R. J. Am. Chem. Soc. 1968, 90, 3515. (c)
Tanaka, J.; Dunning, J. E.; Carter, J. C. J. Org. Chem. 1966, 31, 3431.
(d) Musker, W. K. J. Am. Chem. Soc. 1964, 86, 960. (e) Cope, A. C.;
Ross, D. L. J. Am. Chem. Soc. 1961, 83, 3854. (f) Cope, A. C.; Trumbull,
E. R. Org. React. 1960, 11, 317. (g) King, L. C.; Subluskey, L. A.; Stern,
E. W. J. Org. Chem. 1956, 21, 1232.

(17) For disproportionation of quaternary ammonium compounds
by hydrides, see: Cope, A. C.; Ciganek, E.; Fleckenstein, L. J.;
Meisinger, A. P. J. Am. Chem. Soc. 1960, 82, 4651.

(18) For disproportionation of quaternary ammonium compounds
by amines, see: (a) Kent, J. A. Riegel’s Handbook of Industrial
Chemistry; Van Nostrand Reinhold: New York, 1992; p 111. (b)
Melhado, L. L. J. Org. Chem. 1981, 46, 1920-1923. (c) Shvo, Y.; Laine,
R. M. J. Chem. Soc., Chem. Commun. 1980, 753.

(19) For decomposition of urea in aqueous media, see: (a) Shaw,
W. H. R.; Bordeaux, J. J. J. Am. Chem. Soc. 1955, 77, 4729-33. (b)
Werner, E. A. J. Chem. Soc. 1918, 113, 84-99.

Table 1. General Conditions for Tertiary Amine Synthesis from Urea

R3N no. halide used °Ca product bp or mp % yield

2 allyl chloride, 244.9 g 80 148-150 °C, atm (lit.24 150-151) 55.8
3 crotyl chloride, 290 g 80 106-107 °C, ∼70 mmHg 50.0
4 methallyl chloride, 290 g 80 101-103 °C, ∼70 mmHg 72.0
5 butyl bromide, 438.5 g 120 56-58 °C, ∼4.0 mmHg 76.5
6 octyl bromide, 681 g 200 200-202 °C, ∼4.0 mmHg 75.0
7 benzyl chloride, 783 g 120 93.4 (DSC) 81.8

a Reaction temperature.
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in appreciable concentrations (>10%) in product mixtures
when the molar ratio of alkylating agent and base to
nitrogen was >4:1.

While the approaches for the synthesis of tertiary
amines in the literature (1850 to present) are ingenious,
none afford access to trisubstituted amines directly from
urea in good yields in aqueous media. Hereafter, we want
to explore combinations of electrophiles to obtain unsym-
metrical (di- and trisubstituted) and polymeric amines
via this new method. In addition we are converting some
tertiary amine products to flame-resistant permanent-
press finishes for textiles. This method is flexible and
affords environmental and cost benefits; therefore, we
expect it to find easy acceptance in industrial syntheses.

Experimental Section

Reactions were conducted in a glass-lined Parr pressure vessel
model 4522M (2L) under a positive pressure of N2. All organic
reagents and solvents (reagent grade) were purchased from the
Aldrich Chemical Co. and were used without further purification.
13C spectra were obtained at 125.776 MHz (on a GE Omega 500)
using a 5-mm dual probe and recorded at 25 °C in CDCl3. For
GC-MS, samples were dissolved in hexane at a concentration of
∼1 part per thousand. A 1 µL aliquot of each sample was
analyzed by GC/MS using an HP 5970 quadrupole mass filter.
The samples were injected into the GC in split mode at a ratio
of ∼50:1 and employing helium as the carrier gas. The injector
temperature was held at 270 °C. The capillary column was 25
m in length, with a 0.25 mm i.d., and a stationary phase of 95%
dimethylsiloxane and 5% diphenylsiloxane. The GC oven tem-
perature was held for 1 min at 50 °C and then ramped at 5 °C/
min to 100 °C. A second ramp of 10 °C/min was then used to a
final temperature of 300 °C, where the oven was held for 4 min,
giving a total run time of 35 min. The mass filter was scanned
from m/z 45 to m/z 450 under electron ionization conditions. IR
spectra of neat liquid films (KBr plates) were recorded on a
MIDAC Prospect IR (model PRS) in transmission mode at a
resolution of 4 cm-1. Melting point was determined using a
Shimadzu differential scanning calorimeter (DSC-50) under

nitrogen (flow rate, 20 mL/min). Elemental analyses were
performed by Desert Analytics, Tucson, AZ.

For the preparations of triallyl-, tricrotyl-, trimethallyl-,
tributyl-, and trioctylamines the following procedure was used:
Urea (30.0 g, 0.5 mol) was suspended in aqueous NaOH (50%
w/w, 169 mL, 128 g of NaOH in solution, 3.2 mol, 3.2 equiv/N).
The organic halide (3.2 mol, 3.2 equiv/N) was added to the vessel
in one portion, the vessel was sealed and pressurized with
nitrogen gas (60 psi, 20 °C), and the contents were stirred and
allowed to react for 40 h at the temperature specified in Table
1. The mixture was then cooled to room temperature and the
vessel depressurized. The mixture was then diluted with water
(∼1 L) and extracted with ethyl ether (3 × 250 mL). The organic
layer was then washed with brine (500 mL), dried over anhy-
drous sodium sulfate, filtered, and distilled under reduced
pressure to isolate the desired triamine (Table 1). Details for
the synthesis of tribenzylamine are given below.

Triallylamine (2). 13C NMR (CDCl3): δ 56.7, 117.8, 135.9.
GC MS (EI) for C9H15N (m/e): calcd 137.12; found molecular ion
137; base peak 110 (loss of 27, C2H3, a vinyl radical fragment).
Retention time: 11.28 min. Anal. Calcd for C9H15N: C, 78.77;
H, 11.02; N, 10.21. Found: C, 77.66; H, 11.03; N, 9.98.

Tricrotylamine (3). 13C NMR: trans isomer (CDCl3), δ 18.1,
55.5, 128.6, 128.7; cis isomer, δ 13.3, 49.6, 126.7, 128.0. GC MS
(EI) for C12H21N (m/e): calcd 179.17; found molecular ion M+ -

1 ) 178; base peak 178 (loss of 1, H). Retention time: 20.48-
21.91 min (mixture of isomers). Anal. Calcd for C12H21N: C,
80.38; H, 11.81; N, 7.81. Found: C, 78.78; H, 11.89; N, 7.60.

Trimethallylamine (4). 13C NMR (CDCl3): δ 21.0, 61.0,
112.9, 144.4. GC MS (EI) for C12H21N (m/e): calcd 179.17; found
molecular ion 179, base peak 138 (loss of 41, C3H5, a 2-propenyl
radical fragment). Retention time: 16.07 min. Anal. Calcd for
C12H21N: C, 80.38; H, 11.81; N, 7.81. Found: C, 79.33; H, 11.67;
N, 7.80.

Tributylamine (5). 13C NMR (CDCl3): δ 14.4 21.1, 29.6 54.3.
GC MS (EI) for C12H27N (m/e): calcd 185.21; found molecu-
lar ion 185, base peak 142 (loss of 43, C3H7, a propyl radi-
cal fragment). Retention time: 17.28 min. Anal. Calcd for
C12H27N: C, 77.76; H, 14.69; N, 7.56. Found: C, 76.63; H, 15.03;
N, 7.69.

Trioctylamine (6). 13C NMR (CDCl3): δ 14.4, 23.0, 24.5, 28.0,
29.7, 30.0, 32.2, 54.6. GC MS (EI) for C24H51N (m/e): calcd
353.40; found molecular ion 353, base peak 254 (loss of 99, C7H15,
a heptyl radical fragment). Retention time: 30.79 min. Anal.
Calcd for C24H51N: C, 81.51; H, 14.53; N, 3.96. Found: C, 80.70;
H, 15.00; N, 4.13.

Tribenzylamine (7). Urea (60.0 g, 1.0 mol), aqueous NaOH
(50% w/w, 337.0 mL, 6.4 mol, 3.2 equiv/N), and benzyl chloride
(712 mL, 783 g, 6.2 mol, 3.1 equiv/N) were pressurized (60 psi,
20 °C), and the contents were allowed to react at 120 °C for 40
h. The reaction mixture was then filtered through a sintered
glass funnel. The insoluble tribenzylamine was washed serially
with water (2 × 2 L, to remove inorganic salts) and then
methanol (1 L) to remove benzyl alcohol and benzyl ether.
Thereafter, the product was dried in vacuo (50 °C, 0.1 mmHg,
overnight) and then recrystallized from methanol in 81.8% yield
(470 g, 1.64 mol). Differential scanning calorimetry showed the
compound to melt at 93.4 °C (peak temperature, nitrogen flow
rate ) 20 mL/min.; heating rate ) 5 °C/min.; lit.24 91-94 °C).
13C NMR (CDCl3): δ 140.1, 129.2, 128.7, 127.3, 58.3. GC MS
(EI) for C21H21N (m/e): calcd 287.16; found molecular ion 287,
base peak 91 (loss of 27, C7H7, a benzyl radical fragment).
Retention time: 31.99 min. Anal. Calcd for C21H21N: C, 87.76;
H, 7.37; N, 4.87. Found: C, 88.05; H, 7.50; N, 4.92.
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