Available online www.jocpr.com

Journal of Chemical and Phar maceutical Research, 2015, 7(11):533-539

ISSN : 0975-7384

Research Article CODEN(USA) : JCPRC5

Synthesis of substituted indazoles from N-tosylhydrazones using ionic liquid

2 Chandrashekhar G. Devkate, "Khandu D. Warad , "Digambar D. Gaikwad and
‘Mohammad Idrees M. Siddique

®Dept. of Chemistry, Indraraj Arts, Commerce and Science College Sillod, Aurangabad, India
®Dept. of Chemistry, Gowt. College of Arts and Science, Aurangabad, India
°Dept. of Chemistry, Government I nstitute of Science, Nagpur, India

ABSTRACT

The use of 1H-indazole as anti-cancer, anti-inflammatory, and anti-microbial agents has been documented in recent
patents and publications. Although many new methodol ogies have been reported to synthesize 1H-indazoles, a mild,
general method still remains an ongoing challenge. Under different reaction conditions N-Tosyl hydrazones can be
used to afford a variety of indazoles. We are interested in synthesizing a range of indazoles by using environment
friendly ionic liquid as solvent, co-solvent and catalyst. The synthesis of 1H-indazoles under these conditions is

extremely mild compared with previous synthetic approaches and affords the desired compounds in good to
excellent yields.
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INTRODUCTION

Indazole derivatives are a versatile class of camge that have found use in biology, catalysis, aredlicinal
chemistry.[1] Although rare in nature,[2] indazokeshibit a variety of biological activities such H$V protease
inhibition,[3] antiarrhythmic and analgesic actigft,[4] antitumor activity,[5] and antihypertensipeoperties.[6]
Derivatives of indazoles exhibit a broad spectruirbioactivities including anti-inflammatory,[7] drtumor,[8]
anti-HIV,[9] anti-cancer,[10] anti-platelet,[11] dnserotonin 5-HT3 receptor antagonist activiti€d.[Their
desirable properties render them attractive tarfpgtslrug discovery,[13] and as such, numeroustsggs of the
indazole core have been described.[14]With the grgwnterest in indazole derivatives, preparatiémhe indazole
skeleton has been pursued for a long time by stiotbeganic chemists, and recent developments hHowed for
indazoles to be accessed from easily obtainedirgiamhaterials under milder conditions in fewer st§lb-18]
Classical routes toH-indazoles typically require harsh or inconvenieonditions such as diazotizations and
nitrosation reactions.[19] The large number of ntlgepublished methods that aim to improve theitradal routes
to 1Hindazole signifies the importance of these compsund

lonic liquids (ILs) has attracted the attention scientific community in the last decade, due thmarticular
properties [20] and their applications in OrganigntBesis [21], catalysis [22], biocatalysis [23[uid-liquid
separations [24], extraction [25] and dissolutiarellulose in microwave [26] and petroleum aspha&sern
microwave [27]) processes, nanomaterials syntH&8ils polymerization reactions [29] and electrocletny [30].
ILs are an excellent alternative to substitute til@larganic solvents in more environmental frigntchnologies
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(“green technologies”), since their very low vapoessures, their thermal and chemical stabilitgirthbility to act
as catalyst, and their non-flammability and nonrgsives properties

EXPERIMENTAL SECTION

General Considerations.

All reagents and catalyst purchased from commesdalces were used as received. The solvents lignid was
prepared by reported procedure and used. The gittaolumn chromatography was used for seprafid?xBCO
was used as received. All melting points are urmed. ThéH and™*C NMR spectra are referenced to the residual
solvent signals (7.26 ppm far and 77.0 ppm fol°C in CDCE; 2.05 ppm for'H and 29.8 ppm fol°C in acetone-
d6). All aryne reactions were carried out in oveied glassware and were magnetically stirred.

General Procedure To Prepare N-Tosylhydrazones (2).

To a solution of p-toluenesulfonyl hydrazide (1.§25.5 mmol, 1.1 equiv) in 5 mL of MeOH was added a
aldehyde (5 mmol) slowly (liquid aldehyde was addeobwise, and solid aldehyde was added in smatlqns).

The mixture was stirred at room temperature for.2VieOH was evaporated in vacuo, and the residue was
recrystallized from MeOH to afford the N-tosylhydomes, which were used directly to the aryne reasti

Hydrazone 2a. The general procedure was appli@@B8®mg of 4- methoxybenzaldehyde to afford 1.37# @a
(90%) as white solid, mp 16506 °C (1it.23d 110-111 °C); 1H NMR (400 MHz, CDCI3) & 8.01 (s, 1 H), 7.87 (d, J
=8.3Hz, 2H), 7.73 (s, 1 H), 7.58.47 (m, 2H), 7.30 (d, J = 8.1 Hz, 3,16.876.85 (m, 2 H), 3.81 (s, 3 H), 2.40 (s,
3 H).

Hydrazone 2b. The general procedure was appli@@@mg of benzaldehyde to afford 0.70 g of 2b (5&%yvhite
solid, mp 126121°C (lit.23d 127-128 °C); 1H NMR (400 MHz, CDCI3) § 7.94 (s, 1H), 7.88 (d] = 8.3 Hz, 2 H),
7.75 (s, 1 H), 7.59-7.57 (m, 2 H),7.38-7.34 (m,)3 H31 (d, J = 8.1 Hz, 2 H), 2.41 (s, 3 H). Hydnag 2c. The
general procedure was applied to 925 mg of 4-br@npaldehyde to afford 1.60 g of 2c (91%) as whiledsmp

171-171.5 °C; 1H NMR (400 MHz, CDCI38)7.89 (s, 1 H), 7.86 (d, J = 8.3 Hz, 2 H),7.691(8]), 7.51-7.42 (m, 4
H),7.32 (d, J =8.1 Hz, 2 H), 2.41 (s, 3 H).

Hydrazone 2d. The general procedure was appli#@%ang of 3-nitrobenzaldehyde to afford 0.70 g ®{24%) as
white solid, mp 153154 °C (lit.23d 154—156 °C); 1H NMR (400 MHz, CDCI3) 88.37 (t, J = 1.8 Hz, 1 H), 8.28 (s, 1
H), 8.21 (ddd, J = 8.2, 2.2, 1.0 Hz,1 H), 7.93)é; 7.8 Hz, 1 H), 7.90 (d, J = 8.3 Hz, 2 H), 7.821(H),7.55 (t, J =
8.0 Hz, 1 H), 7.35 (d, J = 8.1 Hz, 2 H), 2.42 ($1)3

Hydrazone 2e. The general procedure was appli@@@ang of 2-chlorobenzaldehyde to afford 1.30 @@{84%)
as white solid, mp 13738 °C (lit.35 154—156 °C); 1H NMR (400 MHz, CDCI3) § 8.16 (s, 1 H), 7.95-7.90 (m, 2
H), 7.88 (d, J =8.3 Hz, 2 H), 7.34-7.31 (m,3 HRO#7.24 (m, 2 H), 2.42 (s, 3 H).

Hydrazone 2f. The general procedure was applie87® mg of 2,6-dichlorobenzaldehyde to afford 1.58ff
(92%) as white solid, mp 18282.5 °C; I|H NMR (400 MHz, acetone-d6)5 10.7 (s, 1 H), 8.16(s, 1 H), 7.84 (d, J =
8.3 Hz, 2 H), 7.46-7.36 (m, 5 H), 2.41 (s, 3 H).

Hydrazone 2g. The general procedure was appli@3@omg of 3,4-dimethoxybenzaldehyde to afford ga& 2g
(75%) as white solid, mp 12930 °C; 1H NMR (400 MHz, CDCI3)% 7.87-7.85 (m, 2 H), 7.70 (s, 1 H), 7.31 (d, J =
79 Hz,2H),7.26(s,1H),7.24 (d,J=1.8HH)17.01 (dd, J =8.2,1.9 Hz, 1 H), 6.82 (d, J.2 8z, 1H), 3.91 (s,

3 H),3.89(s,3H),2.41 (s,3H)

Hydrazone 2h. The general procedure was appli€gBfomg of nicotinaldehyde to afford 0.82 g of 20%® as
brown solid, mp 154155 °C (lit.36 155—156 °C); 1H NMR (400 MHz, acetone-d6)$ 10.48 (s, 1 H), 8.74 (d,J =1.9
Hz, 1 H), 8.56 (dd, J = 4.8, 1.7 Hz, 1 H), 8.03(#{), 8.01 (dt, J = 8.1, 1.9 Hz, 1 H), 7.87-7.81 gH),7.42-7.38
(m, 3 H), 2.39 (s, 3H).

Hydrazone 2i. The general procedure was applieb6tb mg of thiophene-2-carbaldehyde to afford 1.16f @i
(79%) as brown solid, mp 13435 °C (1it.37 140—141 °C); 1H NMR (400 MHz, CDCI3)s 7.98 (s, 1 H), 7.85 (d, J
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= 8.3 Hz, 2 H), 7.77 (s, 1 H), 7.36 (d, J = 5.0 HH), 7.31 (d, J = 8.0 Hz, 2 H), 7.20 (dd, J = 8.6 Hz, 1 H),7.01
(dd, J = 5.0, 3.7 Hz, 1 H), 2.41 (s, 3 H).

Hydrazone 2j. The general procedure was applietBéomg of pivalaldehyde to afford 0.35 g of 2j (2846 white
solid, mp 107108°C (1it.38 110-112 °C); 1H NMR (400 MHz, CDCI3) § 7.80 (d, J =8.3 Hz, 2 H), 7.34 (s, 1 H),
7.31(d, J=8.0 Hz, 2 H), 7.06 (s, 1 H),2.43 (81)31.00 (s, 9 H).

General Procedure To Prepare 3-Substituted | ndazoles (3) from N-Tosylhydrazones (2)

To an oven-dried 25 mL round bottom flask equipptth a stirrer bar was added 0.4 mmol of N-tosyltagbne 2,
followed by the aryne precursor (0.48 mmol, 1.2i€guL (15 mL) was added, followed by DABCO ( tninol,

0.25 equiv) and CsF (ca. 180-185 mg, 1.2 mmol,BwqThe flask was topped with a refluxing condemsnd the
reaction mixture was stirred at 65 °C for 14h, edoto room temperature, poured into brine, andaeted with
EtOAc. The combined extracts were dried over MgSfiltered, and evaporated. The residue was purifigd
column chromatography (petroleum ether/EtOAc) fordfthe indazoles 3.

5,6-Dimethoxy-3-(4-methoxyphenyl)-1H-indazole (3bhe general procedure was applied to 122 mg @2l 72
mg of 1b to afford 64 mg of 3b (54%) as white sphigh 209210 °C; Rf = 0.45 (EtOAc); 1H NMR (400 MHz,
CDCI3) 4 11.66 (s, 1 H), 7.93 (d, J = 8.6 Hz, 2 H), 7.201(#1), 7.08 (d, J = 8.7 Hz, 2 H), 6.38 (s, 1 HRA(s, 3

H), 3.87 (s, 3 H), 3.70 (s, 3 H); 13C NMR (100 MEBCI3) 6 159.4, 150.8, 146.4, 144.4, 137.4, 128.9, 126.5,
114.5,113.6,99.8, 91.5, 55.1, 55.8, 55.3.

7-Methoxy-3-(4-methoxyphenyl)-1H-indazole (3c). Téeneral procedure was applied to 122 mg of 2al&a8dmg
of 1c to afford 61 mg of 3c (58%) as white solidheTmajor isomer can be separated: mp-149 °C; Rf = 0.35

(2:1 hexanes/EtOAc); 1H NMR (400 MHz, CDCIB)10.22 (s, 1 H), 7.92 (d, J = 8.7 Hz, 2 H), 7.58)(e 8.1 Hz, 1
H), 7.14 (t, J = 7.8 Hz, 1 H), 7.05 (d, J = 8.7 @A), 6.77 (d, J = 7.5 Hz, 1 H), 4.01 (s, 3 HB&(s, 3 H); 13C
NMR (100 MHz, CDCI3) 159.6, 145.7, 145.3, 133.8, 128.7, 126.3, 1224,9, 114.3,113.2, 105.0, 55.5, 55.3.

3-Phenyl-1H-indazole (3d). The general procedurs agplied to 110 mg of 2b and 143 mg of 1a to dffi¥ mg of
3d (80%) as white solid, mp 11617 °C (lit.41 115-116 °C); Rf = 0.43 (2:1 hexanes/EtOAc); |H NMR (400 MHz,
CDCI3)6 12.53 (s, 1 H), 8.08 (d, J =7.5 Hz, 2 H), 8.05](¢, 8.4 Hz, 1 H), 7.59 (t, J = 7.4 Hz, 2 H), 7(6Q = 7.2
Hz, 1 H), 7.33 (t, J= 7.6 Hz, 1 H), 7.22 (t, J § Az, 1 H),7.09 (d, J = 8.3 Hz, 1 H); 13C NMR (1a@6iz, CDCI3)s
145.5,141.6, 133.5, 129.0, 128.2, 127.8, 126.7,21220.9, 120.8, 110.4;

3-(4-Bromophenyl)-1H-indazole (3e). The generalcedure was applied to 142 mg of 2c and 143 mg ofola
afford 92 mg of 3e (83%) as slightly yellow solidp 135-137 °C; Rf = 0.42 (2:1 hexanes/EtOAc); 1H NMR (400
MHz, CDCI3)3s 10.40 (s, 1 H), 8.00 (d, J =8.2 Hz, 1 H), 7.9127®, 2 H), 7.68-7.61 (m, 2 H), 7.50 (t, J = 8.4Hz,
1 H), 7.44 (dd, J = 8.0, 7.1 Hz, 1 H), 7-2Z22 (m, 1 H); 13C NMR (100 MHz, CDCI3)5 144.6, 141.6, 132.4,
132.1,129.1, 127.0,122.3, 121.7, 120.8, 120.7,20110

3-(3-Nitrophenyl)-1H-indazole (3f). The general pedure was applied to 128 mg of 2d and 143 mg a6 Kdford
53 mg of 3f (53%) as glassy yellow solid, mp 4889 °C; Rf = 0.33 (2:1 hexanes/EtOAc); 1H NMR (400 MHz,

acetone-d6p 12.78 (s, 1 H), 8.88 (t,J = 1.9 Hz, 1 H), 8.5448(f, 1 H), 8.27 (ddd, J = 8.2, 2.3, 0.9 Hz, 1H18
(d,J=8.3Hz,1H),7.85(t J=8.0Hz, 1 H{T(d, J =8.4Hz, 1 H), 7.48 (dt, J = 7.5, 0.8 HH]), 7.32 (dt, J =
7.6, 0.8 Hz, 1H); 13C NMR (100 MHz, acetone-d6)49.7, 143.1, 142.7, 136.8,133.6, 131.1, 127.2,9.2122.7,
122.0,121.3,121.1, 111.6.

3-(2-Chlorophenyl)-1H-indazole (3g). The generabqedure was applied to 124 mg of 2e and 143 mgaactol
afford 70 mg of 3g (75%) as white solid, mp 1481 °C; Rf = 0.38 (2:1 hexanes/EtOAc); 1H NMR (400 MHz,
CDCI3)610.71 (s, 1 H), 7.72 (d, J = 8.2 Hz, 1 H),7.6321®, 1 H), 7.60-7.56 (m, 1 H), 7.47-7.37 (m, 4 HR1
(ddd, J =7.9, 6.4, 1.3 Hz, 1 H); 13C NMR (100 MKDCI3) 5 143.8,140.8, 133.8, 132.4, 132.2, 130.2, 129.7,
126.9, 126.7,121.9, 121.4,121.0, 110.2.
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Table. Conversion N-Tosylhydrazonesto | ndazole

Rl
- TMS N,NHTS
LU, . ) _ {
Z@[ " RlJI\H (Cglmin]o2[BrT).DABCO 22 T N
ot CsF, 65 °C, 14hr X ,}]
H
1 2 3
Entry z R Product Yield
3b
OMe
1 4,5-(MeO} 2a O o
1b 4-(OMe)GH:  HaCO O {
H;CO
2 3-MeO 28 s
1c
H 2b
s la Ph 80
H 2c
4 1a R=4-BrCsH, 83
H 2d
> la  R=3ONCH, 63
H 2e
6 R!=2-CICsH, 75

N
\
H
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2f

7 R'=2,6-ChCsHs 73

<5}

H 2h

la 3-pyridyl 66

2j
11 la BU

29

K
3k
—~
S
=
H 2i
10 la 2-thiophenyl 4 34
N
N
H
3l
N
H

3-(2,6-Dichlorophenyl)-1H-indazole (3h). The gengmacedure was applied to 138 mg of 2f and 143ofga to
afford 79 mg of 3h (73%) as white solid, mp 1661 °C; Rf = 0.47 (2:1 hexanes/ EtOAc); 1H NMR (400 MHz,
CDCI3)6 10.71 (s, 1 H), 7.53-7.47 (m, 4 H), 7.45-7.40 {nH), 7.37 (dd, J = 8.7, 7.4 Hz, 1 H), 7.20 (ddd, 2.9,
6.8, 0.9 Hz, 1 H); 13C NMR (100 MHz, CDCI3)141.4,140.6, 136.7, 131.2, 130.5, 128.2, 126.2,11,2121.2,
120.6, 110.2.

3-(3,4-Dimethoxyphenyl)-1H-indazole (3i). The gesigorocedure was applied to 134 mg of 2g and 14®fig to
afford 86 mg of 3i (82%) as white solid, mp 3449 °C; Rf = 0.13 (2:1 hexanes/ EtOAc); 1H NMR (400 MHz,
CDCI3)6 10.44 (s, 1 H), 8.03 (d, J = 8.2 Hz, 1 H), 7.5B3Am, 2 H), 7.45-7.40 (m, 2 H), 7.26-7.22 (m,1 HP3
(d, J=8.1Hz, 1 H), 3.98 (s, 3 H), 3.97 (s, 3 HBC NMR (100 MHz, CDCI3p 149.4, 149.2, 145.5, 141.7, 126.8,
126.4,121.2,121.1, 120.8, 120.2, 111.4, 110.7,21B8.0, 55.9;

3-(Pyridin-3-yl)-1H-indazole (3j). The general peattire was applied to 110 mg of 2h and 143 mg @b Hdford 53
mg of 3j (66%) as brown solid, mp 1885 °C; Rf = 0.40 (10:1 CH2CI2/ MeOH); 1H NMR (400 MHz, CDCI3) &
10.55 (s, 1 H), 9.27 (d, J = 1.0 Hz, 1 H), 8&8®8 (m, 1 H), 8.29 (dt, J = 7.9, 1.7 Hz, 1 HP3®B(d, J =8.2 Hz, 1
H), 7.56 (d, J = 8.4 Hz, 1 H), 7.48-7.45 (m, 2 F§1#7.26 (m, 1 H); 13C NMR (100 MHz, acetone-d6) 6 149.6,
148.8,142.9, 142.2, 134.7, 130.9, 127.3, 124.6,31221.5, 121.3, 111.4.
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3-(Thiophen-2-yl)-1H-indazole (3k). The general@dure was applied to 112 mg of 2i and 143 mg dblafford
29 mg of 3k (34%) as brown solid, mp 333 °C (lit.42 137 °C); Rf = 0.47 (2:1 hexanes/EtOAc); 1H NMR (400
MHz, CDCI3)5 10.06 (s, 1 H), 8.07 (dt, J = 8.2, 0.9 Hz, 1 HE87(dd, J = 3.6, 1.1 Hz, 1 H), 7.51 (dt, J = 8.4,
Hz, 1 H), 7.46-7.42 (m, 1 H), 7.38 (dd, J = 5.1, Bz, 1 H), 7.297.25 (m, 1 H), 7.19 (dd, J = 5.1, 3.6 Hz, 1 H);
13C NMR (100 MHz, CDCI3p 141.5, 140.7, 135.8, 127.7, 127.1, 125.2, 12£29,6,120.8, 120.4, 110.3.

3-tert-Butyl-1H-indazole (3I). The general proceziwas applied to 102 mg of 2j and 143 mg of 1dftré23 mg
of 3l (29%) as white solid, mp 15254 °C; Rf = 0.46 (2:1 hexanes/EtOAc); 1H NMR (400 MHz, CDCI3) 4 9.72 (s,
1H),791(d,J=82Hz,1H),7.45(d,J=8Z HH), 7.36 (dt, J =7.4,0.9 Hz, 1 H), 7.13 (4.6, 0.9 Hz, 1 H),
1.54 (s, 9 H); 13C NMR (100 MHz, CDCI8)154.5, 141.8, 126.2,122.1, 120.5, 119.8, 110.(7,3®.0.

RESULTSAND DISCUSSION

Reaction of N-Tosylhydrazones To Prepare 3-Substituted | ndazoles.

Through our survey of reaction conditions lonialidjhere also as phase transfer catalyst. The sufapés reaction
was then studied (Table ).Different arynes reastdothly (entries 1 and 2). N- Tosylhydrazoneswveaerifrom
aromatic (entries 3-8) and heteroaromatic aldehydetries 9 and 10) were all successfully transémino the
desired indazoles, despite the lower yields forl#teer. Hydrazones derived from primary or seconddiphatic
aldehydes afforded only complex mixtures. Nonetgl@j derived from a tertiary aldehyde alloweddanarginal
success (entry 11).

Encouraged by this result, we have focused attemtiothe use of fmin],2[Br] (dicationic ionic liquid) as solvent
as well as catalyst. It was found that the ioniiild worked well and the conversion found to takece rapidly
giving excellent yield.
Br- Br
3-methyl-1-[3-(metnyl-1H-imidazolium-1-yl)propyl]- 1H-imidazolium dibromide
(Ca[mim],2[Br])

CONCLUSION

Here we have used ionic liquid as a green sohanthie synthesis of indazole . Although we hawsettgped aryne
reactions to prepare 3-substituted 1H-indazoleagudi-Tosylhydrazones .Specifically, N-Tosylhydragencan
afford 3-substituted 1H-indazoles. Compared with ¢arly discoveries in aryne reactions to indazaas methods
allow for indazoles bearing more diverse substing at 3-positions. Introduction of aryl and virgfloups have
been successful, and the introduction of alkyl geohas been partially resolved. With the rapid tpreent of
aryne chemistry, construction of more heterocystiaffolds through aryne processes can be expeattbé future.

REFERENCES

[1]Schmidt, A.; Beutler, A.; Snovydovych, Bur. J. Org. Chem.2008, 4073—4095.

[2](a) Atta-ur-Rahman, M. S.; He, C. H.; Clardy,Tetrahedron Lett. 1985, 26, 2759-2762. (b) Atta-ur-Rahman, M.
S.; Malik, S.; Hasan,S.; Choudhary,M.l.; Ni, C.;ally, J. Tetrahedron Lett. 1995, 36, 1993-1996. (c) Liu, Y.;
Yang, J.; Liu, QChem. Pharm. Bull. 2004, 52, 454-455.(d) Ali, Z.; Ferreira, D.; Calho, P.; Avery, M. A.; Khan,
I. A. J. Nat.Prod. 2008, 71, 1111-1112.

[3](a) Han, W.; Pelletier, J. C.; Hodge, C. Bioorg. Med. Chem.Lett. 1998, 8, 3615-3620. (b) Patel, M.; Rodgers,
J. D.; McHugh, R. J.,Jr.; Johnson, B. L.; Cordd@aC.; Klaba, R. M.; Bacheler, L. T.;Erickson-Viiten, S.; Ko, S.
S.Bioorg. Med. Chem. Lett. 1999, 9, 3217-3220. (c) Sun, J.-H.; Teleha, C. A.; YafS.; Rodgers, J. D.; Nugiel,D.
A. J. Org. Chem. 1997, 62, 5627-5629.

[4]Mosti, L.; Menozzi, G.; Fossa, P.; Filippelli, WGessi, S.;Rinaldi, B.; Falcone, &zneim.-Forsch./Drug Res.
2000, 50, 963-972.

[5] (a) Jakupec, M. A.; Reisner, E.; Eichinger, Rongratz, M.;Arion, V. B.; Galanski, M; Hartinge€. G;
Keppler, B. K.J. Med.Chem. 2005, 48, 2831-2837. (b) Showalter, H. D. H.; Angela,M;Berman, E. M.; Kanter,
G. D.; Ortwine, D. F.; Ross-Kesten, S. G.;SercelPA Turner, W. R.; Werbel, L. M.; Worth, D. F.|d&ager,E. F.;
Leopald, W. R.; Shillis, J. LJ. Med. Chem. 1988, 31, 1527-1539.

538



Chandrashekhar G. Devkate et al J. Chem. Pharm. Res,, 2015, 7(11):533-539

[6]Goodman, K. B.; Cui, H.; Dowdell, S. E.; Gaitgmulos, D. E.;lvy, R. L.; Sehon, C. A.; StavenderA.; Wang,
G. Z,; Viet, A. Q.; Xu,W.; Ye, G.; Semus, S. F.;d®s, C.; Fries, H. E.; Jolivette, L. J.;Kirkpatri¢k. B.; Dul, E.;
Khandekar, S. S.; Yi, T.; Jung, D. K.;Wright, L, ISmith, G. K J. Med. Chem. 2007, 50, 6-9.

[71(2)Runti, C.; Baiocchi, Lint. J. Tissue React. 1985, 7, 175.(b) Bistochi, G. A.; De Meo, G.; Pedini,;MRicci, A.;
Brouilhet, H.;Bucherie, S.; Rabaud, M.; Jacquign®ri-armaco, Ed. Sci. 1981, 36,315. (c) Picciola, G.; Ravenna,
F.; Carenini, G.; Gentili, P.; Riva, M.Farmadfd. Sci. 1981, 36, 1037.

[8]Keppler, B. K.; Hartmann, MMet.-Based Drugs 1994, 1, 145.

[91()Sun, J.-H.; Teleha, C. A.; Yan, J.-S.; Rodgér D.;Nugiel, D. A.JOrg. Chem. 1997, 62, 5627. (b) Rodgers, J.
D.; Johnson, B. L.;Wang, H.; Greenberg, R. A.; Es@n-Viitanen, S.; Klabe, R. M.;Cordova, B. C.; Rag M. M.;
Lam, G. N.; Chang, C.-HBioorg. Med.Chem. Lett. 1996, 6, 2919.

[10]De Lena, M.; Lorusso, V.; Latorre, A.; Faniz£a, Gargano, G.;Caporusso, L.; Guida, M.; Catiho Crucitta,
E.; Sambiasi, D.;Mazzei, Aur. J. Cancer 2001, 37, 364.

[11]Lee, F.-Y.; Lien, J.-C.; Huang, L.-J.; Huafg-M.; Tsai, S.-C.;Teng, C.-M.; Wu, C.-C.; Cheifg;C.; Kuo,
S.-C. J. Med. Chen2001,44, 3747.

[12]Harada, H.; Morie, T.; Hirokawa, Y.; TeraucHi,; Fujiwara, I.;Yoshida, N.; Kato, &em. Pharm. Bull. 1995,
43, 1912.

[13]Jennings, A.; Tennant, M. Chem. Inf. Model. 2007, 47, 1829-1838.

[14]For a comprehensive review, see: Schmidt, Autier, A.; Snovydovych,BEur. J. Org. Chem. 2008, 4073—
4095.

[15](a) Viiia, D.; del Olmo, E.; Lopez-Pérez, J.; San Feliciano, A. Org.Lett. 2007, 9, 525. (b) Inamoto, K.; Katsuno,
M.;Takashi, Y.; Arai, Y.;Hiroya, K.; Sakamoto, Tetrahedron 2007, 63, 2695. (c) Lebedev, A.Y.; Khartulyari, A.
S.; Voskoboynikov, A. ZJ. Org. Chem. 2005, 70,596.

[16]Inamoto, K.; Saito, T.; Katsuno, M.; Sakamolg, Hiroya, KOrg. Lett. 2007, 9, 2931.

[17](a) Counceller, C. M.; Eichman, C. C.; Wray, ®., Stambuli, J.POrg. Lett. 2008, 10, 1021. (b) Wray, B. C.;
Stambuli, J. POrg. Lett.2010, 12, 4576.

[18]Huang, L.-J.; Shih, M.-L.; Chen, H.-S.; ParyLS.Teng, C.-M.;

[19]Eicher, T.; Hauptmann, She Chemistry of Heterocycles; Wiley-VCH: Weinheim 2003.

[20] (a) Wilkes, J. S.; Levisky, J. A.; Wilson, R.; Hussey, C. LInorg. Chem. 1982, 21, 1263-1264. b) Pernak, J.;
Przem Chem2003, 82, 521-524. c) Forsyth, S. A.; Pringle, J. Mad¥arlane, D. RAust. J. Chem. 2004, 57, 113-
119.

[21] (a) Wasserscheid, P.; Keim, W. (Eds.) loniquids in Synthesis, Wiley-VCH, Wenhei2Q04. (b) Welton, T.
Chem. Rev. 1999, 99, 2071-2083. (c) Zhao, H.; Malhotra, S.A/drichimica Acta 2002, 35, 75-83.

[22] (a) Zhao, D.; Wu, M.; Kou, Y.; Min, ECatalysis Today 2002, 74, 157-189. (b) Cole, A. C.; Jensen, J. L.; Ntai
l.; Tran, K. L. T.; Weaver, K. J.; Forbes, D. C.a@s, J. H.Jr. J. Am. Chem. Soc. 2002, 124, 5962-5963. (c)
Welton, T. Coordin. Chem. Ref004, 248, 2459-2477.

[23](a) Cull, S. G.; Holbrey, J. D.; Vargas-Mora;, Seddon, K. R.; Lye, Gl. Biotechnol. Bioeng. 2000, 69, 227-
233. (b) Sheldon, R. A.; Maderia-Lau, L.; Sorge@radM. J.; van Rantwijk, F.; Seddon, K. Gceen Chem. 2002,

4, 147-151.

[24](a) Swatloski, R. P.; Visser, A. E.; Reichéft, M.; Broker, G. A.; Facina, L. M.; Holbrey, J.;IRogers, R. D.
Green Chem2002, 4, 81-87. b) Visser, A.; Swatloski, R. P.; Rogé&tsD.Green Chem. 2000, 2, 1-4.

[25] (a) Blanchard, L. A.; Hancu, D.; Beckmann,JE.Brennecke, J. Nature 1999, 399, 28-29. (b) Bosmann, A.;
Datsevich, L.; Jess, A.; Lauter, A.; Schmitz, C.assercheid, RChem. Commun. 2001, 2494-2495. (c) Zhang, S.;
Zhang, Z. C. Green Cher002, 4, 376-379. d) Zhang, S.; Zhang, Q.; Zhang, 4n@. Eng. Chem. Res. 2004, 43,
614-622.

[26] Swatloski, R. P.; Spear, S. K.; Holbrey, J, Rogers, R. DJ. Am. Chem. Soc. 2002, 124, 4974-4975.

[27]Liu, Y.; Hu, Y.; Wang, H.; Xu, C.; Ji, D.; SulY,.; Guo, T.Chinese J. Chem. Eng. 2005, 13, 564-567.

[28]Cao0, J. M.; Fang, B. Q.; Wang, J.; Zheng, M.[Beng, S. G.; Ma, XJ. Prog. Chem. 2005, 17, 1028-1033. For
nanomaterials synthesis under microwave using iliqieds, see: Liu, Z. M.; Sun, S. Y.; Han, B. Xhang, J. L.;
Huang, J.; Du, J. M.; Miao, S. D. Nanosci. Nanotechno. 2006, 6, 175-179.

[29](a) Pinkowska, HPolymery 2006, 51, 836-842. (b) Vygodskii, Y. S.; Shaplov, A, ®ozinskaya, E. |.;
Filippov, O. A.; Shubina, E. S.; Bandari, R.; Budiser, M. R Macromolecul es 2006, 39, 7821-7830.

[30](a)Yang, C.; Sun, Q.; Qiao, J.; Li, ¥. Phys. Chem. B 2003, 107, 12981-12988. (b) Quinn, B. Q.; Ding, Z.;
Moulton, R.; Bard, A. JLagmuir 2002, 18, 1734-1742.

539



