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Abstract

Catalytic condensation of o-phenylenediamine and aldehydes was accomplished using rare earth(Ill)perfluorooctane sulfonates (RE(OPf)3),
RE =Sc, Y, La ~ Lu) as catalysts in fluorous solvents. Ytterbium perfluorooctanesulfonates (Yb(OPf)3) catalyzes the high-efficient synthesis of
benzimidazole derivatives in fluorous solvents. By simple separation, fluorous phase containing only catalyst can be reused several times.

© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Benzimidazoles are very useful intermediates/subunits for
the development of molecules of pharmaceutical or biological
interest. Substituted benzimidazole derivatives have found
applications in diverse therapeutic areas including antiulcers,
antihypertensives, antivirals, antifungals, anticancers, and
antihistaminics [1].

Due to their wide range of pharmacological activity,
industrial and synthetic applications, a number of methods
have been reported for the synthesis of benzimidazoles, which
include the coupling of phenylenediamines and carboxylic
acids [2] or their derivatives (nitriles, imidates, or orthoesters)
[3], the reaction between N-ethoxycarbonylthiomides with 1,2-
diamines [4], and the reaction of aldehydes with 1,2-diamines
followed by N-halosuccinimides (X = Cl, Br, I) [5]. Recently,
azalactones [6], 2-aryl-1,1-dibromoethane [7], nitriles [8] and
amino amides [9] have been used as starting materials for this
synthesis of benzimidazoles. However, all of these methods
have problems, including drastic reaction conditions, low yields
and severe side-reactions. Curini and co-workers reported that
ytterbium triflate (Yb(OTf);) can catalyze the synthesis of
benzimidazole derivatives from the condensation of o-
phenylenediamines and aldehydes in good to excellent yield
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[10]. However, reusing of this catalyst required tedious work up
procedures such as filtration, purification and drying. Dilip
Konwar and co-workers reported that iodine (I;) can catalyze
the synthesis of benzimidazole derivatives from the condensa-
tion of o-phenylenediamines and aldehydes in good to excellent
yield [11]. However, the catalyst iodine can not be recycled.
Recently, a new kind of Lewis acids of rare earth
metal(Ill)perfluorooctanesulfonates (RE(OSO,CgF,7);, RE-
(OPf)3, RE=Sc, Y, La ~ Lu) has been of special interest in
that they have characteristic features such as low hygroscopicity,
ease of handling, robustness for the recycling using and high
solubility in fluorous solvent [12]. On the other hand,
perfluorocarbon solvents, especially perfluoro-alkanes have
some unique properties which make them as attractive
alternatives for conventional organic solvents [13]. The
compounds functionalized with perfluorinated groups often
dissolve preferentially in fluorous solvents and this property can
be used to extract fluorous components from reaction mixtures
[14]. As a part of our studies to explore the utility of lanthanide
perfluorooctanesulfonates catalyzed reactions in fluorous
solvents [15], we decided to investigate Yb(OPf);-catalyzed
synthesis of benzimidazole derivatives by condensation of
o-phenylenediamine with aldehydes (Scheme 1).

2. Results and discussion

The condensation of o-phenylenediamine with benzalde-
hyde was adopted for studying the effect of catalysts and
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Scheme 1.

solvents. Table 1 shows the catalytic activity of 10 RE(OPf);
complexes in perfluorodecalin. It was found that Yb(OPf); was
the most effective catalyst, which produced almost quantitive
yields of benzimidazole by condensation of o-phenylenedia-
mine with benzaldehyde in perfluorodecalin (C;oFg).

Next, perfluorohexane (C¢Fy4), perfluoromethylcyclo-hex-
ane (C;F4), perfluorotoluene (C;Fg), perfluorooctane (CgF,g),
and perfluorooctyl bromide (CgF;;Br) were also selected as
fluorous solvents and the effect of such solvents was examined
for the condensation of o-phenylenediamine with benzaldehyde
(Scheme 1). Table 2 shows the influence of fluorous solvents on
the reaction under the controlled conditions. The results show
that yields of the desired benzimidazole in perfluorooctane
(CgFg) and perfluorooctyl bromide (CgF;Br) are lower than
other solvents. The fluorous solvents perfluorohexane (CgF4)
and perfluorotoluene (C;Fg) are in fact miscible with aromatic
substrates such as benzaldehyde at room temperature. Thus, it
is difficult to recover fluorous phase by phase-separation. At the
same time, we found that during repeated condensations, the
loss of fluorous solvent is very serious when using perfluor-
omethyl-cyclohexane (C;F,,) as a fluorous solvent because it is
very volatile (b.p. 76 °C). Therefore, perfluorodecalin (C;Fg,
cis and trans-mixture) is the best fluorous solvent for
condensation.

We decided to use the relatively cheap and similarly active
catalytic system including Yb(OPf); and perfluorodecalin
(CioF13, cis and trans-mixture) as a fluorous solvent for
condensation. The condensation of various aldehydes with o-
phenylenediamine have been examined (Scheme 1). The results
are summarized in Table 3. Not only aryl aldehydes but also
acyclic aldehydes were efficient reagents for this reaction. In all
cases, the reactions proceeded very cleanly (checked by TLC)
and no side reaction products were observed. When the reaction

Table 1
Effect of the catalysts on the condensation®

Table 2
Effect of fluorous solvents on the condensation®

Entry PEC Yield® (%)
1 CF3(CF,),CF; 82
CF3
3 98
CE
4 CF5(CF,)¢CF; 80
5 CF3(CF,)sCF,Br 80

# All reactions were carried out in the presence of Yb(OPf)3 at 90 °C for 6 h.
® Isolated yield.

was finished, the reaction mixture was cooled to room
temperature, the fluorous phase with RE(OPf); can separate
from the organic layer return to the bottom layer. Based on GC—
MS data, no distribution of perfluorodecalin (C;¢F;s, cis and
trans-mixture) to the organic phase was ascertained.

Attempts were made to recycle these catalytic systems. The
condensation of o-phenylenediamine with benzaldehyde under
the conditions described in Table 1 with RE(OPf); as catalysts
was run for five consecutive cycles, furnishing the correspond-
ing benzimidazole, with 98, 98, 97, 96, 96% isolated yields.
The robustness of the catalyst for recycling using may partly be
attributed to the water-repellent nature of the perfluoroalkane
group “(—-CF,—CF,-),” of RE(OSO,CgF;,); which obstructs
the approach of water or acid molecules to the central metal
cation, thus maintaining its high Lewis acidity [15]. The
separated fluorous phase containing only catalyst could be
reused for the next condensation without any treatment, and this
workup procedure of recycling was accomplished by simple
phase-separation.

In conclusion, RE(OPf); are demonstrated to be new and
highly effective catalysts for preparation of 2-substituted
benzimidazoles in fluorous biphasic system (FBS). By simple
separation of the fluorous phase containing only catalyst, the
reaction can be repeated many times. Further study on the

Table 3
Condensation of benzaldehydes with o-phenylenediamine®

Entry Catalyst Yield® (%) Entry R! Yield® (%) m.p. (Lit. [16])/°C
1 La(OPf); 65 1 Ph 98 290-292 (292)
2 Ce(OPf)3 64 2 C,Hs 89 175-176 (176)
3 Nd(OPf); 79 3 C;H; 87 159-161 (162)
4 Sm(OPf);3 62 4 p-CH3;0Ph 96 225-226 (226)
5 Eu(OPf); 50 5 0-NO,Ph 99 209-210 (210)
6 Tb(OPf)3 76 6 p-NO,Ph 93 312-314 (316)
7 Dy(OPf)3 64 7 0-HOPh 92 240-242 (242)
8 Er(OPf)3 85 8 p-CH3Ph 93 268-270 (270)
9 Yb(OPf)3 98 9 0-CIPh 95 232-234 (234)

10 Lu(OPf);3 80 10 p-CIPh 96 291-293 (294)

11 2-Furanyl 94 285-287 (288)

? All reactions were carried out in perfluorodecalin (C(Fg, cis and trans-
mixture) at 90 °C for 6 h.
® Isolated yield.

@ All reactions were carried out in the presence of Yb(OPf);.
® Isolated yield.
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application of FBS to other reactions, which can promote by
such Lewis acids, is under way in this laboratory.

3. Experimental
3.1. General

MPs were obtained with Shimadzu DSC-50 thermal
analyzer. IR spectra were recorded on a Bumem MB154S
infra-red analyzer. '"HNMR spectra were measured on Bruke
Advance RX500. MS were recorded with a Saturn 2000 GC/
MS instrument. Inductively coupled plasma (ICP) spectra were
measured on Ultima2C apparatus. Elemental analyses were
performed on a Yanagimoto MT3CHN corder.

3.2. Typical procedure for preparation of RE(OPf);

RE(OPf); was prepared according to the literatures [17].
(Method A). The mixture of PfOH solution (aq) and
YbCl;-6H,0 solution (aq) was stirred at room temperature.
(Method B). The mixture of PfOH solution (aq) and Yb,0O3
powder was stirred at boiling temperature. In both methods, the
resulting gelatin-like solid was collected, washed with H,O and
dried at 150 °C in vacuum to give a white solid, which does not
have a clear melting point up to 500 °C, but shrinks around
380 °C and 450 °C. IR (KBr) v 1 230 (CF3), 1 150 (CF,), 1 080
(SO»), 1 060 (SO,), 740 (S-0) and 650 (C-S) cm ', ICP:
Calcd. for C5409F5;S3Yb: Yb, 10.30%. Found: Yb, 9.88%.
Anal. caled. for C,409F5;S;Yb-H,0: C, 17.21%; H, 0.10%.
Found: C, 17.03%; H, 0.18%.

3.3. Typical procedure for preparation of benzimidazole
derivatives

A mixture of Yb(OPf); (67 mg, 0.04 mmol), o-phenylene-
diamine (1.08 g, 10 mmol), benzaldehyde (1.17 g, 11 mmol),
toluene (2 mL) and perfluorodecalin (Cy¢Fg, cis and trans-
mixture, 1.5 mL). The mixture was stirred at 90 °C for 6 h.
Then, the fluorous layer on the bottom was separated for the
next condensation. The organic solvent in the reaction mixture
(organic phase) was removed under reduced pressure and the
residue was purified by SiO; gel column chromatography using
CH,Cl,:MeOH 99:1 as eluent. All products are known
compounds and their structures were characterized by IR,
NMR and mass spectra.

2-Phenyl-benzimidazole (Lit. [18]). A white solid; m.p.
290-292 °C. IR (KBr) v 1640 cm ™' (C=N), 3250 cm™' (NH).
"HNMR (DMSO) § 7.21-7.73 (7H, m, Ar), 8.16-8.22 (2H, m,
Ar), MS (ED) m/z 194 (M™).

2-Ethyl-benzimidazole (Lit. [19]). A white solid; m.p. 175—
176 °C. IR (KBr) v 1640 cm™' (C=N), 3250 cm™' (NH).
"HNMR (DMSO) § 2.30-2.50 (5H, m, C,Hs), 7.20-7.43 (4H,
m, Ar), MS (EI) m/z 146 (M™).

2-Propyl-benzimidazole (Lit. [19]). A white solid; m.p. 159—
161 °C. IR (KBr) v 1640 cm™"' (C=N), 3250 cm™' (NH).
"HNMR (DMSO) § 2.20-2.60 (7H, m, C5H5), 7.21-7.43 (4H,
m, Ar), MS (EI) m/z 160 (M™).

2-(4-Methoxy-phenyl)-benzimidazole (Lit. [18]). A white
solid; m.p. 225-226 °C. IR (KBr) v 1640cm™' (C=N),
3250 cm™' (NH). '"HNMR (DMSO) § 3.52 (3H, m, CH3),
7.20-7.60 (6H, m, Ar), 8.00 — 8.08 (2H, m, Ar), MS (EI) m/z
224 (M™).

2-(2-Nitro-phenyl)-benzimidazole (Lit. [20]). A yellow solid;
m.p. 209-210 °C. IR (KBr) v 1640 cm™' (C=N), 3250 cm ™'
(NH). '"HNMR (DMSO) § 7.20-7.60 (6H, m, Ar), 8.00-8.08 (2H,
m, Ar), MS (EI) m/z 239 (M*).

2-(4-Nitro-phenyl)-benzimidazole (Lit. [20]). A yellow solid;
m.p. 312-314 °C. IR (KBr) v 1640 cm~' (C=N), 3250 cm ™"
(NH). "HNMR (DMSO) § 7.20-7.60 (6H, m, Ar), 8.00-8.08 (2H,
m, Ar), MS (EI) m/z 239 (M™).

2-(2-Hydroxy-phenyl)-benzimidazole (Lit. [21]). A white
solid; m.p. 240-242°C. IR (KBr) v 1640 cm™!' (C=N),
3250 cm™ ' (NH). "HNMR (DMSO) § 4.60 (1H, d, OH), 7.21—
7.73 (6H, m, Ar), 8.16-8.22 (2H, m, Ar), MS (EI) m/z 210 (M*).

2-(4-Methyl-phenyl)-benzimidazole (Lit. [18]). A white
solid; m.p. 268-270°C. IR (KBr) v 1640cm™' (C=N),
3250 cm™ ! (NH). '"HNMR (DMSO) § 2.60 (3H, m, CHj),
7.20-7.60 (6H, m, Ar), 8.00-8.08 (2H, m, Ar), MS (EI) m/z 208
(M),

2-(2-Chloro-phenyl)-benzimidazole (Lit. [20]). Awhite solid;
m.p. 232-234 °C. IR (KBr) v 1640 cm™' (C=N), 3250 cm ™'
(NH). "HNMR (DMSO) § 7.20-7.60 (6H, m, Ar), 8.00-8.08 (2H,
m, Ar), MS (EI) m/z 228.5 (M™).

2-(4-Chloro-phenyl)-benzimidazole (Lit. [ 18]). Awhite solid;
m.p. 291-293 °C. IR (KBr) v 1640 cm™' (C=N), 3250 cm ™'
(NH). '"HNMR (DMSO) § 7.20-7.60 (6H, m, Ar), 8.00-8.08 (2H,
m, Ar), MS (EI) m/z 228.5 (M™).

2-Furanyl-benzimidazole (Lit. [22]). A white solid; m.p.
285-287 °C. IR (KBr) v 1640 cm™' (C=N), 3250 cm ™' (NH).
"HNMR (DMSO) § 6.80-7.00 (3H, m, Furanyl), 7.21-7.43 (4H,
m, Ar), MS (EI) m/z 184 (M™).

References

[1] (a) G.L.Gravatt, B.C. Baguley, W.R. Wilson, W.A. Denny, J. Med. Chem.
37 (1994) 4338-4345;
(b) J.S. Kim, B. Gatto, C. Yu, A. Liu, L.F. Liu, E.J. LaVoie, J. Med. Chem.
39 (1996) 992-998;
(c) T. Roth, M.L. Morningstar, P.L. Boyer, S.H. Hughes, R.W. Buckheit
Jr., C.J. Michejda, J. Med. Chem. 40 (1997) 4199-4207,
(d) S.N. Lin, L.H. Yang, Tetrahedron Lett. 46 (2005) 4315-4319.

[2] (a) R.W. Middleton, D.G. Wibberley, J. Heterocycl. Chem. 17 (1980)
1757-1760;
(b) J.D. Geratz, EM. Stevens, K.L. Polakoski, R.F. Parrish, Arch. Bio-
chem. Biophys. 197 (1979) 551-559.

[3] (a) R.R.Tidwell, J.D. Geratz, O. Dann, G. Volz, D. Zeh, H.J. Loewe, Med.
Chem. 21 (1978) 613-623;
(b) T.A. Fairley, R.R. Tidwell, I. Donkor, N.A. Naiman, K.A. Ohemeng,
R.J. Lombardy, J.A. Bentley, M. Cory, J. Med. Chem. 36 (1993) 1746—
1753.

[4] B. George, E.P. Papadopoulos, J. Org. Chem. 42 (1977) 441-443.

[5] H.Fujioka, K. Murai, Y. Ohba, A. Hiramatsu, Y. Kita, Tetrahedron Lett. 46
(2005) 2197-2199.

[6] S. Peddibhotla, J.J. Tepe, Synthesis (2003) 1433-1440.

[7]1 D.H. Huh, H. Ryu, Y.G. Kim, Tetrahedron 60 (2004) 9857-9862.

[8] J.M. Mitchell, N.S. Finney, Tetrahedron Lett. 41 (2000) 8431-8434.

[9] S.L. You, J.W. Kelly, Org. Lett. 6 (2004) 1681-1683.



M.-G. Shen, C. Cai/Journal of Fluorine Chemistry 128 (2007) 232-235 235

[10] M. Curini, F. Epifano, S. Genovese, M.C. Marcotullio, O. Rosati, Synlett
10 (2004) 1832-1834.

[11] G. Pranjal, K. Dilip, Tetrahedron Lett. 47 (2006) 79-82.

[12] (a) S. Kobayashi, I. Hachiya, T. Takahori, M. Araki, M. Ishitani, Tetra-
hedron Lett. 33 (1992) 6815-6818,;
(b) S. Kobayashi, I. Hachiya, M. Araki, Tetrahedron 50 (1994) 11623—
11636;
(c) K. Manabe, H. Oyamada, K. Sugita, S. Kobayashi, J. Org. Chem. 64
(1999) 8054-8057;
(d) T. Kitazume, H. Nakano, Green Chem. 3 (1999) 179-181;
(e) S. Kobayashi, A. Kawada, S. Mitamura, J. Matsuo, T. Suchiya, Bull.
Chem. Soc. Jpn. 73 (2000) 2325-2333;
(f) S. Kobayashi, I. Komoto, J. Matsuo, Adv. Synth. Catal. 343 (2001)
71-74;
(g) M. Shi, S.C. Cui, Chem. Commun. (2002) 994-995;
(h) M. Shi, S.C. Cui, J. Fluorine Chem. 116 (2002) 143-147.

[13] (a) D.W. Zhu, Synthesis (1993) 953-954;
(b) E.D. Wolf, G.V. Koten, B. Deelman, J. Chem. Soc. Rev. 28 (1999)
37-41.

[14] (a) LT. Horvath, J. Rabai, Science 266 (1994) 72-75;
(b) G. Pozzi, F. Montanari, S. Quici, Chem. Commun. 1 (1997) 69-70;
(c) J. Otera, A. Orita, Angew. Chem. Int. Ed. Engl. 40 (2001) 3670-3674.

[15] (a) W.B. Yi, C. Cai, J. Fluorine Chem. 126 (2005) 831-833;
(b) W.B. Yi, C. Cai, J. Fluorine Chem. 126 (2005) 1191-1195;
(c) W.B. Yi, C. Cai, J. Fluorine Chem. 126 (2005) 1553-1558;
(d) W.B. Yi, C. Cai, Chin. J. Org. Chem. 25 (2005) 1434-1436.

[16] B.A. Abdelkrim, B. Khalid, S. Mohamed, Tetrahedron Lett. 44 (2003)
5935-5937.

[17] T. Hanamoto, Y. Sugimoto, Y.Z. Jin, J. Inanaga, Bull. Chem. Soc. Jpn. 70
(1997) 1421-1426.

[18] V.I. Cohen, J. Het. Chem. 16 (1979) 13-16.

[19] W.O. Pool, H.J. Harwood, A.W. Ralston, J. Am. Chem. Soc. 59 (1937)
178-179.

[20] D.V. Ramana, E. Kantharaj, J. Chem. Soc., Perkin Trans. 2 (1995) 1497—
1501.

[21] A.W. Addison, PJ. Burke, J. Het. Chem. 18 (1981) 803-805.

[22] V.P.Reddy, P.L. Prasunamba, P.S.N. Reddy, C.V. Ratnam, India J. Chem.,
Sect. B 22 (1983) 917-918.



	Ytterbium perfluorooctanesulfonates catalyzed synthesis of �benzimidazole derivatives in fluorous solvents
	Introduction
	Results and discussion
	Experimental
	General
	Typical procedure for preparation of RE(OPf)3
	Typical procedure for preparation of benzimidazole derivatives

	References


