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Microwave reactions of primary and secondary amines with imidoylbenzotriazoles6a-w gave diversely
substituted amidines7a-Aa in 76-94% yields. Convenient preparations of a variety of amides5a-Ab
(87-96%) and imidoylbenzotriazoles6a-w (56-95%) have also been developed using microwave
irradiation under mild conditions and short reaction times. These results demonstrate further the advantages
of microwave synthesis and introduce a new application of imidoylbenzotriazoles in the preparation of
polysubstituted amidines.

Introduction

The synthesis of amidines has received much attention as a
result of their biological properties1a-e and applications in
heterocyclic synthesis.1f,g Literature methods include the prepa-
ration of (i) N-monosubstituted amidines by (a) addition of
Grignard or organolithium reagents to carbodiimides or cy-
anoamides, followed by hydrolysis, and in this approach, a C-C
bond is formed;2a (b) heating hydrazones in the presence of
NaNH2;2b (c) addition of the anions of urea and amines to
nitriles;2c and (d) addition of amines to nitriles in the presence
of AlCl3;2d,e (ii) N,N-disubstituted amidines by the reaction of
secondary amines with imidic ester salts derived from nitriles
in which one C-N bond is formed; (iii) N,N′-disubstituted
amidines by the reaction of two moles of an amine withortho-
esters, acetals, or thioesters, in which both the C-N bonds are
formed, and (iv)N,N′-disubstituted andN,N,N′-trisubstituted

amidines by imidoylation of amines with imidoyl chlorides
(1),2f-h imidate fluoroborates (2),2i iminium triflates (3),2j or
iminium sulfonates (42k; Scheme 1).

Imidoyl chlorides (1) are generally prepared in situ by
treatment of the corresponding amides with phosgene, thio-
phosgene, oxalyl chloride, phosphorus penta- and trihalides,
thionyl chloride, sulfuryl chloride, and halogens.3a Chlorides1
are labile toward hydrolysis, and with amines at elevated
temperatures, side reactions have been reported ifR-CH groups
are present in the imidoyl chlorides.3b Many amidines can be
obtained in one step by heating the monosubstituted amide with
amine and phosphorus pentachloride; in some cases, the imidoyl
chloride has to be isolated.2g Iminium triflates and imidate

(1) (a) Hodson, H. F.; Randall, A. W. U.S. Patent 3728389, 1973;Chem.
Abstr. 1973, 79, 18445. (b) Marchenko, N. B.; Granik, V. G.; Glushkov,
R. G.; Budanova, L. I.; Kuzovkin, V. A.; Parshin, V. A.; Al’tshuler, R. A.
Khim.-Farm. Zh.1976, 10, 46;Chem. Abstr.1977, 86, 89294. (c) Caughey,
G. H.; Raymond, W. W.; Bacci. E.; Lombardy, R. J.; Tidwell, R. R.Chem.
Abstr. 1993, 118, 182795. (d) Kitamura, S.; Fukushi, I.; Miyawaki, T.;
Kawamura, M.; Terashita, E.; Naka, T.;Chem. Pharm. Bull.2001, 49, 268.
(e) Som, P.; Werbovetz, K.; Stepnens, C.; Boykin, D.Chem. Abstr.2004,
139980. (f) Gautier, J. A.; Miocque, M.; Farnoux, C. C. InThe Chemistry
of Amidines and Imidates; Patai, S., Ed.; John Wiley & Sons: London,
1975; p 283. (g) Granik, V. G.Usp. Khim.1983, 52, 669; Chem. Abstr.
1983, 99, 405265.

(2) (a) Dunn, P. J. InComprehensiVe Organic Functional Group
Transformations; Katritzky, A. R., Meth-Cohn, O., Rees, C. W., Eds.;
Pergamon Press: Oxford, 1995; Vol. 5, p 741. (b) Robev, S.Dokl. Bolg.
Akad. Nauk.1983, 36, 233. (c) Singh, B.; Collins, J. C.J. Chem. Soc. D
1971, 10, 498. (d) Oxley, P.; Short, W. F.J. Chem. Soc., Abstr.1949, 449.
(e) Clement, B.; Kaempchen, T.Chem. Ber. 1986, 119, 1101. (f) Tsatsas,
G.; Delaby, R.; Quevauviller, A.; Damiens, R.; Blanpin, O.Ann. Pharm.
Fr. 1956, 4, 607. (g) Paul, H.; Weise, A.; Dettmer, R.Chem. Ber.1965,
98, 1450. (h) Tsatsas, G.; Delaby, R.Ann. Pharm. Fr. 1956, 4, 621. (i)
Weintraub, L.; Oles, S. R.; Kalish, N.J. Org. Chem.1968, 33, 1679. (j)
Charette, A. B.; Grenon, M.Tetrahedron Lett.2000, 41, 1677. (k) Oxley,
P.; Peak, D. A.; Short, W. F.J. Chem. Soc., Abstr.1948, 1618.
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C. W., Eds.; Pergamon Press: Oxford, 1995; Vol. 5, pp 653-657. (b)
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fluoroborates require handling under inert atmosphere and
cannot be isolated or purified.2j

Imidoylbenzotriazoles are stable and useful substitutes for
imidoyl chlorides4a-c and have been reported as versatile
reagents for the synthesis of enaminones4d and N-substituted
â-enamino acid derivatives.4e We now apply imidoylbenzotria-
zoles under microwave irradiation in a mild and general
procedure for the direct synthesis ofN,N′-disubstituted and
N,N,N′-trisubstituted amidines. The present work also includes
the development of microwave synthesis of amides from
N-acylbenzotriazoles and an easy access to imidoylbenzotria-
zoles by a one-pot reaction of an amide, thionyl chloride (or
oxalyl chloride), and benzotriazole. Microwave heating has

emerged as a powerful technique to promote a variety of
chemical reactions,5a-g and the use of a single-mode cavity5a

microwave synthesizer ensures reproducibility, safety, reduced
pollution, and simplicity in processing and handling.6a,b

Results and Discussion

Preparation of N-Acylbenzotriazoles.N-Acylbenzotriazoles
4a-l (Table 1) were prepared from the corresponding carboxylic
acids by treatment with benzotriazole and thionyl chloride by a
modification of a one-step general procedure.7 Reducing the
amount of benzotriazole from 4 equiv7 to 3 equiv gives similar
yields and simplifies the workup procedure.

Preparation of Amides. N-Acylbenzotriazoles have been
used to prepare primary, secondary, and tertiary amides, but
some of the reactions under conventional conditions require
several hours (4-5 h) for completion.8 We have now developed
microwave conditions that produced the desired secondary
amides by the reactions of a variety of primary amines with
readily availableN-acylbenzotriazoles. Thus, amides5a-Ab
were obtained in 87-96% yields in 10 min at a reaction
temperature of 80°C and a microwave irradiation power of 80
W (Table 2). Microwave reactions were performed in a 50 mL
round-bottomed flask equipped with a reflux condenser. Single-
mode microwave irradiation was used at a fixed temperature,
pressure, and irradiation power during the reaction time using
an automatic power control.

Preparation of Imidoylbenzotriazoles.Reported procedures
for the preparation of imidoylbenzotriazoles include (i) the
reaction of secondary amides with benzotriazole and POCl3 in
the presence of triethylamine;4a (ii) the reaction of oximes with
1-(p-toluenesulfonyl)benzotriazole;36a (iii) the reaction of sulfi-
nyldibenzotriazole with secondary amides;4b (iv) the reaction

(4) (a) Katritzky, A. R.; Rachwal, S.; Offerman, R. J.; Zbiginew, N.;
Yagoub, A. K.; Zhang, Y.Chem. Ber.1990, 123, 1545. (b) Katritzky, A.
R.; Stevens, C. V.; Zhang, G.-F.; Jiang, J.Heterocycles1995, 40, 231. (c)
Katritzky, A. R.; Yang, B.; Abonia, R.; Insuasty, B.J. Chem. Res., Synop.
1996, 540. (d) Katritzky, A. R.; Hayden, A. E.; Kirichenko, K.; Pelphrey,
P.; Ji, Y.J. Org. Chem.2004, 69, 5108. (e) Katritzky, A. R.; Donkor, A.;
Fang, Y.J. Org. Chem.2001, 66, 4041.

(5) (a) Hayes, B. L.MicrowaVe Synthesis: Chemistry at the Speed of
Light; CEM Publishing: Matthews, NC, 2002. (b) Perreux, L.; Loupy, A.
Tetrahedron2001, 57, 9199. (c) Lidstro¨m, P.; Tierney, J.; Wathey, B.;
Westman, J.Tetrahedron2001, 57, 9225. (d) Caddick, S.Tetrahedron1995,
51, 10403 (e) Fini, A.; Breccia, A.Pure Appl. Chem.1999, 71, 573. (f)
Katritzky, A. R.; Singh, S. K.ARKIVOC2003, xiii , 68. (g) Katritzky, A.
R.; Cai, C.; Suzuki, K.; Singh, S. K.J. Org. Chem.2004, 69, 811.

(6) (a) Varma, R. S.Green Chem. 1999, 1, 43. (b) Tanaka, K.; Toda, F.
Chem. ReV. 2000, 100, 1025.

(7) Katritzky, A. R.; Zhang, Y.; Singh, S. K.Synthesis2003, 2795.
(8) Katritzky, A. R.; He, H.-Y.; Suzuki, K.J. Org. Chem.2000, 65, 8210.
(9) Wang, X.; Zhang, Y.Tetrahedron2003, 59, 4201.

SCHEME 1 TABLE 1. Preparation of N-Acylbenzotriazoles

entry R1
product

(yield %)a
mp
(°C)

lit. mp
(°C)

1 phenethyl 4a (89) 62-64 63-648

2 n-hexyl 4b (92) 48-50 50-529

3 2-thienyl 4c (93) 172-173 173-1757

4 p-nitrophenyl 4d (91) 191-193 192-19310

5 2-furyl 4e(92) 170-172 171-1738

6 Bn 4f (89) 63-65 65-668

7 p-methoxyphenyl 4g (92) 109-111 102-10311

8 Ph 4h (96) 110-112 11212

9 p-tolyl 4i (95) 122-124 123-12410

10 Me 4j (96) 50-52 49-5113

11 phenylethenyl 4k (96) 149-150 151-1527

12 cyclohexyl 4l (85) 85-88 94-969

a Isolated yield.
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of isonitriles withN-(aminoalkyl)benzotriazoles in the presence
of BF3.Et2O;36b (v) the reaction ofN-acylbenzotriazoles with
isocyanates;36c and (vi) the reaction of secondary amides with
1-chlorobenzotriazole in the presence of triphenylphosphine4e

(Scheme 2). In a modification of method (i), we have found
that the reaction of secondary amides (1 equiv), SOCl2 (2 equiv),
and benzotriazole (4 equiv) at 80°C and 80 W irradiation power
for 10 min gives imidoylbenzotriazoles6b-e,i-l,n-r ,u-w
(with R1 ) aryl group) in 78-95% yields (Table 3). Imidoyl-
benzotriazoles6a,f-h,m,s,t (with R1 ) aliphatic group) were
prepared in 56-75% yields by the reaction of amides (1 equiv),

(COCl)2 (1 equiv), and benzotriazole (2 equiv) in the presence
of pyridine. All compounds were fully characterized by1H and
13C NMR spectroscopy and by either elemental analysis or
comparison of melting point with literature data.

Preparation of Amidines. Microwave reactions of imidoyl-
benzotriazoles6 with amines were performed in sealed heavy-

(10) Katritzky, A. R.; Suzuki, K.; Singh, S. K.; He, H.-Y.J. Org. Chem.
2003, 68, 5720.

(11) Katritzky, A. R.; Shestopalov, A. A.; Suzvki, K. ARKIVOC2005,
Vii , 36.

(12) Walter, R.; Manfred, S.Chem. Ber.1965, 98, 3142.
(13) Minato, H.; Takeda, K.; Miura, T.; Kobayashi, M.Chem. Lett.1977,

9, 1095.
(14) Jart, A.Acta Polytech. Scand., Chem. Incl. Metall. Ser.1965, 44,

54.
(15) Birch, D. J.; Guildford, A. J.; Tometzki, M. A.; Turner, R. W.J.

Org. Chem.1982, 47, 3547.
(16) Cossy, J.; Pale-Grosdemange, C.Tetrahedron Lett.1989, 30, 2771.
(17) Chiriac, C. I.ReV. Roum. Chim.1985, 30, 799.
(18) Badr, M. Z. A.; Aly, M. M.; Abdel-Latif, F. F.J. Org. Chem.1979,

44, 3244.
(19) Chiriac, C. I.ReV. Roum. Chim.1980, 25, 403.
(20) Suzuki, H.; Tsuji, J.; Hiroi, Y.; Sato, N.; Osuka, A.Chem. Lett.

1983, 4, 449.
(21) Dermer, O. C.; King, J.J. Org. Chem.1943, 8, 168.
(22) Lee, C. K.; Yu, J. S.; Ji, Y. R.J. Heterocycl. Chem.2002, 39, 1219.
(23) Friedman, L. B.; Hartsuck, J. A.; Lipscomb, W. N.J. Am. Chem.

Soc.1966, 88, 3440.

(24) Yeung, J. M.; Knaus, E. E.Eur. J. Med. Chem.1986, 21, 181.
(25) Ballini, R.; Bosica, G.; Fiorini, D.Tetrahedron2003, 59, 1143.
(26) Joseph, S. P.; Dhar, D. N.Tetrahedron1986, 42, 5979.
(27) Calvert, D. J.; O’Connor, C. J.Aust. J. Chem.1979, 32, 337.
(28) Kametani, T.; Takano, S.; Umezawa, O.; Agui, H.; Kanno, K.;

Konno, Y.; Sato, F.; Nemoto, H.; Yamaki, K.; Ueno, H.Yakugaku Zasshi
1966, 86, 8328.

(29) Pigulla, J.; Roeder, E.Arch. Pharm. (Weinheim, Ger.)1979, 312,
12.

(30) Armesto, D.; Horspool, W. M.; Perez-Ossorio, R.; Ramos, A.J.
Org. Chem.1987, 52, 3378.

(31) Yamaye, M.; Cho, N.; Teteizumi, K.; Samura, T.; Kito, T.; Ichiki,
T. Kyushu Kyoritsu Daigaku Kogakubu Kenkyu Hokoku2003, 27, 37.

TABLE 2. Microwave Preparation of Secondary Amides 5a-Ab Using N-Acylbenzotriazoles

entry R1 R2
productb

(yield %)
mp
(°C)

lit. mp
(°C)

1 cyclohexyl p-tolyl 5a (96) 154-156 144.7-14514

2 Ph 2-pyridyl 5b (91) 77-78 8215

3 Bn Bn 5c (90) 115-117 117-11816

4 Bn p-tolyl 5d (91) 133-135 135-13717

5 phenethyl p-tolyl 5e(92) 127-129 129-13018

6 p-chlorophenyl p-tolyl 5f (91) 206-209 213-21519

7 p-methoxyphenyl Bn 5g (89) 128-130 128-12920

8 p-nitrophenyl Bn 5h (96) 136-137 141-14221

9 2-furyl p-tolyl 5i (96) 108-110 109-11022

10 n-hexyl p-tolyl 5j (93) 77-79 78-7923

11 Ph 2-furylmethyl 5k (90) 96-98 99-10024

12 2-furyl cyclohexyl 5l (94) 106-107 110-11122

13 p-tolyl p-tolyl 5m (91) 158-160 158-16019

14 phenethyl Bn 5n (93) 80-82 82-8325

15 Ph p-methoxyphenyl 5o (88) 156-157 157-15822

16 p-nitrophenyl Ph 5p (95) 206-208 21126

17 p-tolyl n-butyl 5q (92) 52-54 48-5327

18 2-thienyl p-tolyl 5r (89) 103-105 104-10528

19 2-thienyl Bn 5s(92) 116-118 119-12029

20 2-thienyl 2-furylmethyl 5t (92) 100-102 novel
21 2-indolyl Bn 5u (93) 218-220 22029

22 Ph Bn 5v (92) 101-103 105-10630

23 -C6H4- Bn 5w (92) 262-264 264-26621

24 -C6H4- n-butyl 5x (92) 230-232 233-23431

25 Me p-tolyl 5y (93) 150-152 15332

26 -CH2CH2- Ph 5z (94) 250-252 25433

27 phenylethenyl p-tolyl 5Aa (87) 156-158 15934

28 phenylethenyl Bn 5Ab (92) 107-109 107-11035

a Reaction conditions: MW, 80 W; temp., 80°C; reaction time, 10 min; solvent, CHCl3. b Isolated yield.

SCHEME 2

(i) BtH, POCl3/Et3N; (ii) BtTs; (iii) Bt 2SO; (iv) BtR1, BF3‚Et2O; (v)
R1COBt; (vi) BtCl, PPh3.
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walled Pyrex tubes or 50 mL round-bottomed flasks under
controlled conditions in a safe and reproducible procedure.
Optimization of the microwave reaction conditions was carried
out on the condensation ofN-[(E)-1-(1H-1,2,3-benzotriazol-1-
yl)ethylidene]aniline (6a) and morpholine in the presence of
acetic acid, for which different combinations of temperature,
time and, irradiation power were studied to achieve the optimum
chemical yield at the lowest reaction temperature. It was found
that the microwave reaction of6a and morpholine at 120°C
and 120 W irradiation power for 10 min gave 76% yield of
4-[(E)-1-methyl-2-phenylethenyl]morpholine (7a). However, the
presence of acetic acid in the reaction mixture resulted in the
formation of amide side products by the acetylation of amines,
and the H2O that was generated reacted with imidoylbenzo-
triazoles to give the corresponding amides. To avoid this, we
used either (i) a catalytic amount (20% in moles) of Lewis acid
(AlCl3) or (ii) the hydrochloride salts of amines at 80°C and
80 W irradiation power for 10 min. Using the optimized
microwave reaction conditions, we prepared a variety of
polysubstituted amidines7a-Aa in 76-94% yields (Table 4).
These results illustrate the general applicability of this method
for the preparation of amidines under mild conditions (80-

120°C) and short reaction times (10 min). Imidoylbenzotriazoles
are stable crystalline solids that can be purified and stored at
room temperature; their use also avoids side reactions, toxic
reagents, and special handling procedures involved with imidoyl
chlorides, iminium triflates, and imidate fluoroborates.3a

Summary

In summary, we have developed a new general method for
the synthesis of polysubstituted amidines from imidoylbenzo-
triazoles using microwaves under mild reaction conditions and
short reaction times. New microwave reaction conditions for
the preparation of amides and imidoylbenzotriazoles provide
efficient methods for access to these synthetic intermediates.

Experimental Section

Melting points are uncorrected. Reactions under microwave
irradiation were conducted in heavy-walled Pyrex tubes sealed with
aluminum crimp caps fitted with a silicon septum or in round-
bottomed flasks equipped with a reflux condenser. Microwave
heating was carried out with a single-mode cavity Discover
Microwave Synthesizer (CEM Corporation, NC), producing con-
tinuous irradiation at 2450 MHz.1H NMR (300 MHz) and13C NMR
(75 MHz) spectra were recorded in CDCl3 (with TMS for 1H and
chloroform-d for 13C as the internal reference), unless specified
otherwise.

1-(3-Phenylpropanoyl)-1H-1,2,3-benzotriazole (4a).Thionyl
chloride (4.00 mL, 55 mmol) and benzotriazole (18.45 g, 155 mmol)
in methylene chloride (100 mL) were added dropwise to hydro-
cinnamic acid (7.51 g, 50 mmol) in methylene chloride (100 mL).
A white solid precipitated within 5 min. The reaction mixture was
stirred for 1 h. The precipitated white solid was filtered off, and

(32) Kawashima, E.; Takada, T.; Tabei, K.; Kato, T.J. Heterocycl. Chem.
1985, 22, 1409.

(33) Redmore, D.; Dhawan, B.Phosphorus Sulfur Relat. Elem.1983,
16, 233.

(34) Manimaran, T.; Thiruvengadam, T. K.; Ramakrishnan, V. T.
Synthesis1975, 11, 739.

(35) Tani, J.; Oine, T.; Inoue, I.Synthesis1975, 11, 714.
(36) (a) Katritzky, A. R.; Monteux, D. A.; Tymoshenko, D. O.Org. Lett.

1999, 1, 577. (b) Katritzky, A. R.; Button, M. A. C.; Busont, S.J. Org.
Chem.2001, 66, 2865. (c) Katritzky, A. R.; Huang, T. B.; Voronkov, M.
V. J. Org. Chem.2001, 66, 1043.

TABLE 3. Preparation of Imidoylbenzotriazoles 6a-w

entry R1 R2
producta

(yield %)
mp
(°C)

lit. mp
(°C)

1 Me Ph 6a (75) 106-108 1084a

2 Ph Ph 6b (88) 129-131 132-1334e

3 p-tolyl p-tolyl 6c (82) 138-140 novel
4 2-furyl p-tolyl 6d (84) 120-123 novel
5 Ph p-methoxyphenyl 6e(82) 100-103 104-1054e

6 Me p-tolyl 6f (65) 113-115 1154a

7 Bn p-tolyl 6g (62) 124-126 123-1254d

8 Bn Bn 6h (56) oil oil4d

9 Ph Bn 6i (93) 108-110 1084b

10 p-chlorophenyl p-tolyl 6j (90) 118-120 novel
11 p-MeOC6H4 Bn 6k (78) 115-118 novel
12 Ph 2-furylmethyl 6l (84) oil novel
13 n-hexyl p-tolyl 6m (57) oil novel
14 2-furyl cyclohexyl 6n (95) oil novel
15 p-nitrophenyl Bn 6o (86) 117-119 novel
16 p-nitrophenyl Ph 6p (88) 183-185 novel
17 p-tolyl n-butyl 6q (84) oil novel
18 2-thienyl p-tolyl 6r (91) 133-135 novel
19 phenethyl Bn 6s(57) 77-79 novel
20 phenethyl p-tolyl 6t (64) 116-118 novel
21 2-thienyl Bn 6u (83) oil novel
22 2-thienyl 2-furylmethyl 6v (81) oil novel
23 phenylethenyl p-tolyl 6w (65) oil novel

a Isolated yield.

Katritzky et al.
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the solvent was removed in vacuo to obtain the crude product, which
was purified by recrystallization from chloroform/hexane to obtain
colorless needles: mp 62-64°C (lit.8 63-64°C); yield, 89% (11.17
g); 1H NMR δ 3.21 (t,J ) 7.7 Hz, 2H), 3.73 (t,J ) 7.7 Hz, 2H),
7.17-7.23 (m, 1H), 7.25-7.30 (m, 4H), 7.44 (t,J ) 7.6 Hz, 1H),
7.59 (t,J ) 7.7 Hz, 1H), 8.06 (d,J ) 8.4 Hz, 1H), 8.23 (d,J ) 8.2
Hz, 1H);13C NMR δ 30.0, 36.9, 114.2, 119.9, 125.9, 126.4, 128.3,
128.5, 130.2, 130.9, 139.7, 145.9, 171.4.

N-(4-Methylphenyl)cyclohexanecarboxamide (5a).1-(Cyclo-
hexylcarbonyl)-1H-1,2,3-benzotriazole (2.29 g, 10 mmol) and amine
(1.12 g, 10.5 mmol) in chloroform (10 mL) were exposed to
microwave irradiation (80 W) for 10 min at a temperature of 80
°C. The reaction mixture was diluted with chloroform (20 mL).
The reaction mixture was washed by concentrated sodium carbonate
solution (20 mL, twice) and brine (20 mL). The organic layer was
dried over magnesium sulfate. After filtration, CHCl3 was removed
under reduced pressure to yield the crude product, which was further
purified by recrystallization from chloroform/hexanes to obtain
colorless plates: mp 154-156°C (lit.14 144.7-145°C); yield, 96%
(2.08 g);1H NMR δ 1.24-1.35 (m, 2H), 1.46-1.58 (m, 2H), 1.69
(m, 1H), 1.80-1.83 (m, 2H), 1.91-1.93 (m, 2H), 2.16-2.25 (m,
1H), 2.30 (s, 3H), 7.09 (d,J ) 8.1 Hz, 2H), 7.35 (br s, 1H), 7.40
(d, J ) 8.1 Hz, 3H);13C NMR δ (1 signal is hidden) 20.7, 25.6,
29.6, 46.4, 119.9, 129.3, 133.6, 135.5, 174.3.

N-[1-(1H-1,2,3-Benzotriazol-1-yl)ethylidene]aniline (6a).To
a solution of acetanilide (0.68 g, 5.0 mmol) in methylene chloride
(20 mL) was added dropwise at 0°C pyridine (0.45 mL, 5.5 mmol),
followed by oxalyl chloride (0.48 mL, 5.5 mmol) in methylene

chloride (20 mL). Gas evolution was observed during the process.
After the addition, the reaction was continued for 15 min, then
benzotriazole (1.25 g, 10.5 mmol) was added in one portion to the
reaction flask. The ice bath was removed to allow the reaction to
continue at room temperature, and the reaction was monitored by
TLC. The precipitated white solid was filtered off, and sodium
bicarbonate solution (saturated) was added to dilute the reaction
mixture. Aqueous workup gave a crude product that was purified
by column chromatography on basic alumina, using hexanes/EtOAc
(8:1) as eluent to give colorless needles (from chloroform/
hexanes): mp 106-108°C (lit.4a 108°C); yield, 75% (0.89 g);1H
NMR δ 2.75 (s, 3H), 6.95 (d,J ) 7.5 Hz, 2H), 7.19 (t,J ) 7.3 Hz,
1H), 7.40-7.50 (m, 3H), 7.60 (t,J ) 7.6 Hz, 1H), 8.13 (d,J ) 8.2
Hz, 1H), 8.54 (d,J ) 8.4 Hz, 1H);13C NMR δ 16.3, 115.7, 119.8,
120.2, 124.3, 125.4, 129.2, 129.2, 131.3, 146.6, 147.4, 154.0.

1-[Phenyl(phenylimino)methyl]-1H-benzotriazole (6b).Thio-
nyl chloride (0.77 mL, 10.5 mmol) and benzotriazole (2.44 g, 20.5
mmol) were dissolved in chloroform (10 mL) in a 50 mL round-
bottomed flask, and then benzanilide (0.99 g, 5 mmol) was added
to the flask. The reaction mixture was exposed to microwave
irradiation for 10 min at 80°C and 80 W. The precipitated solid
was filtered off, and aqueous workup gave a crude product that
was purified by column chromatography on basic alumina, using
hexanes/EtOAc (8:1) as eluent to give yellow needles (from
chloroform/hexanes): mp 129-131°C (lit.4e 132-133°C); yield,
88% (1.31 g);1H NMR δ 6.84 (d,J ) 7.4 Hz, 2H), 7.02 (t,J )
7.4 Hz, 1H), 7.23 (t,J ) 7.8 Hz, 2H), 7.35-7.42 (m, 5H), 7.49 (t,
J ) 7.6 Hz, 1H), 7.61 (t,J ) 7.3 Hz, 1H), 8.15 (d,J ) 8.2 Hz,

TABLE 4. Preparation of Amidines 7A-Aa from Imidoylbenzotriazoles 6a-w

entry R1 R2 R3 R4
producta

(yield %)
mp
(°C)

lit. mp
(°C)

1 Me Ph -(CH2)2O(CH2)2- 7a (76)b 80-82 8237

2 Me Ph Et Et 7b (88)b,c 102-104 novelf

3 Me Ph Bn H 7c (77)b,c 88-90 novelf

4 Me Ph p-tolyl H 7d (89)b 87-89 9038

5 Ph Ph Et Et 7e(87)d oil oil 39

6 Ph Ph -(CH2)2O(CH2)2- 7f (90)d 85-87 8537

7 Ph Ph p-tolyl H 7g (91)e 130-132 133-13540

8 4-MeOC6H4 Bn p-tolyl H 7h (91)e 115-117 novel
9 4-MeOC6H4 Bn -(CH2)2O(CH2)2- 7i (88)d oil novel

10 Bn p-tolyl p-tolyl H 7j (94)e 89-91 novel
11 Bn p-tolyl -(CH2)2O(CH2)2- 7k (88)d 104-106 novel
12 2-thienyl p-tolyl p-tolyl H 7l (88)e 121-123 novel
13 2-thienyl p-tolyl -(CH2)2O(CH2)2- 7m (92)d 109-111 novel
14 2-furyl p-tolyl p-tolyl H 7n (90)e 120-122 novel
15 2-furyl p-tolyl -(CH2)2O(CH2)2- 7o (89)d 94-96 novel
16 4-O2NC6H4 Bn p-tolyl H 7p (92)e 121-123 novel
17 Me p-tolyl p-tolyl H 7q (91)e 118-120 119-12041

18 Ph Bn p-tolyl H 7r (87)e 114-116 127-127.542

19 2-furyl cyclohexyl p-tolyl H 7s(85)e oil novel
20 phenethyl p-tolyl Ph Me 7t (91)d 89-91 novel
21 4-ClC6H4 p-tolyl Ph Me 7u (90)d 123-125 novel
22 Me Ph n-Bu H 7v (92)c oil novelf

23 Ph Ph n-Bu H 7w (91)d 95-97 novel
24 Me Ph BnCHCO2Me H 7x (90)b,c 55-57 novel
25 Me p- tolyl -(CH2)2O(CH2)2- 7y (92)d 67-68 novel
26 4-O2NC6H4 Ph cyclohexyl H 7z (90)d 142-144 novel
27 4-O2NC6H4 Ph p-tolyl H 7Aa (91)c 127-129 13843

a Isolated yield.b Reaction conditions: solvent, HOAc; MW, 120 W; temperature, 120°C; reaction time, 10 min.c Obtained as an acetic acid salt.d Reaction
conditions: AlCl3 (catalytic amount); solvent, CHCl3; MW, 80 W; temperature, 80°C; reaction time, 10 min.e Reaction conditions: HCl salt of amine used;
solvent, CHCl3; MW, 80 W; temperature, 80°C; reaction time, 10 min.f Amidines have been reported in the literature in other forms other than acetic acid
salts.
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1H), 8.48 (d,J ) 8.4 Hz, 1H);13C NMR δ 115.3, 119.9, 121.4,
124.1, 125.5, 128.1, 128.8, 129.2, 130.1, 130.2, 130.3, 132.0, 146.4,
146.9, 153.7.

N,N-Diethyl-N′-phenylbenzenecarboximidamide (7e).39 1-[Phe-
nyl(phenylimino)methyl]-1H-benzotriazole (0.149 g, 0.5 mmol) was
dissolved in chloroform (1 mL) in a 10 mL microwave reaction
tube. Aluminum chloride (0.014 g, 0.1 mmol) was added to the
tube, followed by diethylamine (0.073 g, 1 mmol). The tube
containing the reaction mixture was sealed with an aluminum crimp
cap fitted with a silicon septum and then exposed to microwave
irradiation (80 W) for 10 min at 80°C. The reaction mixture was
diluted with chloroform (20 mL). Aqueous workup gave a residue
that was purified by column chromatography on basic alumina using
hexanes/EtOAc (8:1) as eluent to give a colorless oil: yield, 87%
(0.110 g);1H NMR δ 1.17 (br s, 6H), 3.35 (br s, 4H), 6.53 (d,J )
7.5 Hz, 2H), 6.68 (t,J ) 7.3 Hz, 1H), 6.96 (t,J ) 7.7 Hz, 2H),
7.07-7.10 (m, 2H), 7.18-7.23 (m, 3H);13C NMR δ 13.4, 41.8,
120.7, 123.0, 127.9, 128.0, 128.6, 134.3, 151.7, 159.6.

N′-Benzyl-4-methoxy-N-(4-methylphenyl)benzenecarboximi-
damide (7h). N-[1H-1,2,3-Benzotriazol-1-yl(4-methoxyphenyl)-
methylene]-N-benzylamine (0.171 g, 0.5 mmol),p-toluidine hy-
drochloride (0.144 g, 1.0 mmol), and chloroform (1 mL) were
placed in a 10 mL microwave reaction tube. The tube containing
the reaction mixture was sealed with an aluminum crimp cap fitted
with a silicon septum and then exposed to microwave irradiation
(80 W) for 10 min at 80°C. The reaction mixture was diluted with
chloroform (20 mL), and the insoluble portion was filtered off.
Aqueous workup gave a residue that was purified by recrystalli-
zation from chloroform/hexanes to give white microcrystals: mp
115-117 °C; yield, 91% (0.150 g);1H NMR δ 2.21 (s, 3H), 3.74

(s, 3H), 4.67 (s, 2H), 6.58 (d,J ) 7.4 Hz, 2H), 6.73 (d,J ) 8.5
Hz, 2H), 6.89 (d,J ) 8.5 Hz, 2H), 7.18 (d,J ) 8.5 Hz, 2H), 7.30
(d, J ) 7.0 Hz, 2H), 7.37 (t,J ) 7.0 Hz, 2H), 7.44 (d,J ) 7.1 Hz,
2H); 13C NMR δ (3 signals are hidden) 20.7, 46.2, 55.2, 113.5,
122.8, 127.3, 128.1, 128.6, 129.0, 130.0, 139.1, 148.3, 159.9. Anal.
Calcd for C22H22N2O: C, 79.97; H, 6.71; N, 8.48. Found: C, 79.67;
H, 7.07; N, 8.24.

N-Butyl-N′-phenylethanimidamide Acetate (7v).N-[1-(1H-
1,2,3-Benzotriazol-1-yl)ethylidene]aniline (0.118 g, 0.5 mmol),
n-butylamine (0.073 g, 1 mmol), and acetic acid (1 mL) were placed
in a 10 mL microwave reaction tube. The tube containing the
reaction mixture was sealed with an aluminum crimp cap fitted
with a silicon septum and then exposed to microwave irradiation
(120 W) for 10 min at 120°C. The reaction mixture was diluted
with chloroform (20 mL). Aqueous workup gave a residue that was
purified by column chromatography on basic alumina using
methylene chloride/methanol (20:1) to give pale yellow needles
(from chloroform/hexanes): mp 88-90 °C; yield, 92% (0.115 g);
1H NMR δ 0.89 (t,J ) 7.2 Hz, 3H), 1.25-1.37 (m, 2H), 1.44-
1.51 (m, 2H), 1.96 (s, 3H), 2.15 (s, 3H), 3.20 (q,J ) 6.8 Hz, 2H),
6.64 (br s, 1H) 7.06 (t,J ) 7.3 Hz, 1H), 7.27 (t,J ) 7.8 Hz, 2H),
7.57 (d,J ) 7.7 Hz, 2H), 9.21 (br s, 1H);13C NMR δ 13.5, 19.8,
22.9, 24.0, 31.3, 39.2, 120.0, 123.8, 128.5, 138.3, 169.3, 170.5.
Anal. Calcd for C14H22N2O2: C, 67.17; H, 8.86; N, 11.19. Found:
C, 66.84; H, 8.86; N, 11.01.
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