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ABSTRACT 
A clean and efficient method for the oxidation of alcohols by using recyclable nonpolymeric 2,4,6-tris [(4-dichloroiodo) 
phenoxy)]-1,3,5-triazine 2 and TEMPO as the co-oxidant is demonstrated. Near insolubility of the co-product triiodide 
1 in methanol plays the crucial role in its easy regain and reuse for recyclability of the reagent 2, 4, 6-tris [(4-  
dichloroiodo) phenoxy)]-1,3,5-triazine 2. 
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1. INTRODUCTION  
The oxidation of alcohols to carbonyl compounds is a  
very basic and well-explored transformation in organic 
synthesis and numerous methods utilizing various 
reagents have been reported [1-2]. In synthetic 
chemistry, selective methods for oxidation of alcohols are 
highly searched. In order to differentiate amongst the 
variety of functional groups, these selective methods are 
very essential. This particular demand is fulfilled by the 
utilization of hypervalent iodine (III) and iodine(V) 
reagents as “leading reagents” for the oxidation of 
alcohols [3-5]. Dominance of hypervalent iodine reagents 
is due to its mild nature, easy access, reactivities similar 
to transition metal oxidants but with less toxicity [6-10]. 
(Scheme 1). 
 

 
Scheme 1: Hypervalent iodine reagents used for 
the oxidation of alcohol 
 
Various hypervalent iodine (III) and (V) reagents are 
reported for the oxidation of alcohols. Dess-Martin 
periodane (DMP) and o-iodoxybenzoic acid (IBX) [11-

12], DMP with a base functionalized thiosulfate resin [13] 
is used for oxidation of reaction. Owing to the 
explosiveness of pentavalent iodine reagents [14-16] 
along with solubility issues, the oxidation of alcohols 
using trivalent iodine reagents have been long desired. 
The trivalent iodine reagents normally show low 
reactivity towards alcohols. Therefore, iodine (III) 
reagents DIB, PhIO, BTI and PhICl2 normally requires 
additives such as KBr, I2, Et4N+Br-, TEMPO, Pyridine, 
KNO2, RuCl2(PPh3)3, and chromium (III) (salen) 
complexes for effecting the oxidation of alcohols [3-5, 
11, 12, 17-20]. 
In recent years the “Green and clean” approach for organic 
synthetic reactions is highly appreciated for ecological 
concern and use of recyclable reagents is emerging as best 
alternative to meet this purpose. Oxidation of alcohol by 
using various recyclable reagents like polymer supported 
hypervalent iodine reagents, DIB-TEMPO, Iodyl phenyl 
ethers [21-35], fluorine-tagged hypervalent iodine (III) 
reagents [36-38], ionic liquid-supported iodoarene-
TEMPO bifunctional catalyst [39-40] are also demon-
strated.   
In the literature survey, recyclable catalytic oxidative 
system SiO2-RuCl3/3 (dichloroiodo) benzoic acid in 
water has been reported for the oxidation of alcohol, 
both SiO2-RuCl3 catalyst as well as the reduced form 3-
iodobenzoic acid can be recycled easily [41]. The 
recyclable polymer supported dichloroiodoarene has 
been synthesized by Zhdankin et. al. and employed for 
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the oxidation of alcohols using catalytic quantity of 
TEMPO [31]. 
Inspired by the discovery of recyclable hypervalent iodine 
reagents based on admantane [35] and tetraphenyl tetrai-
odide [42] we reported the synthesis  of hypervalent 
iodine (III) reagent 2,4,6-tris [(4-dichloroiodo) phenoxy)] 
-1,3,5-triazine (2) our previous work [43] from its  
“polyiodide” derivative 2,4,6-tris (4-iodophe-noxy)-1,3,5 
-triazine [44-46] by chlorination. 
The reagent 2,4,6-tris [(4-dichloroiodo)phenoxy)]-1,3,5-
triazine 2 could be efficiently applied for the chlorination 

reaction of various activated arenes, olefin, and 1,3-
diketone  in  CH2Cl2 subsequently, the same reagent has 
also been applied to the oxidative  synthesis of 1,3,4-
oxadiazoles and 1,2,4-thiadiazoles under mild conditions 
in excellent yields in CH3CN [43].  
Herein, as part of our continuing research, we wish to 
report the extended application of 2 as a recyclable non-
polymeric dichloroiodoarenes for the oxidation of 
alcohols using 2,2,6,6-tetramethylpiperidine 1-oxy 
(TEMPO) as the catalyst (Scheme 3). 

 

 
 
Scheme 2: Preparation of 2,4,6-tris[(4-iodo)phenoxy)]-1,3,5-triazine 1 and 2,4,6-tris[(4-dichloroiodo) 
phenoxy)]-1,3,5-triazine 2 [43] 
 

 
 

Scheme 3: Oxidation of alcohols by using 2,4,6-tris[(4-dichloroiodo)phenoxy)]-1,3,5-triazine 
 
Insolubility of the co-product triiodide 1 in methanol is 
the basis of recyclability of the reagent 2. After 
completion of the reaction, solvent (CHCl3) was 
evaporated under reduced pressure followed by addition 
of methanol, the reduced form of reagent 2 i.e. tri-

iodide 1 was precipitated which can be recovered 
quantitatively without any loss or degradation by simple 
filtration and washing with small amounts of methanol. 
Triiodide 1 can be further re-oxidised to reagent 2 
subsequently by chlorination at 0 ºC, while the filtrate 
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was concentrated and treated with 2, 4 DNP and conc. 
H2SO4 to afford the DNP derivative of carbonyl 
compounds in excellent yields. 
 

2. MATERIAL AND METHODS 
2.1. Optimization Study 
Initially, a model reaction of benzyl alcohol with reagent 
2 (0.33 equiv) as the oxidant in CHCl3 (5mL) was 
carried out at room temperature. Gratifyingly, the 
desired benzaldehyde was obtained as the major product 
in 43% yield. It is reported that catalytic amount of 

TEMPO could improve the reaction efficiency [17-19] 
we were pleased to find that the yield of the desired 
product could be increased to 89 % with the addition of 
0.1 equiv of TEMPO (Table 1, entry2). On slightly 
increasing the amount of reagent to 0.35 equivalents 
along with 0.1 equivalents we got the optimized 
condition with 91% yield (Table 1, entry3). Reaction 
proceeds efficiently in chloroform solvent. 
With the optimized reaction conditions in hand, the 
present oxidative method was applied to a series of 
alcohols as shown in Table 2. 

 
Table. 1: Optimization of oxidation of alcohol by using recyclable reagent 2 

S. No Alcohol Solvent Equiv. of Reagent 2 Equiv. of TEMPO Yield 
1 PhCH2OH CHCl3 0.33 - 43% 
2 PhCH2OH CHCl3 0.33 0.1 equiv 89% 
3 PhCH2OH CHCl3 0.35 0.1 equiv 91% 
4 PhCH2OH CHCl3 0.4 0.1 equiv. 91% 
5 PhCH2OH CHCl3 0.35 0.2 equiv 91% 
6 PhCH2OH CH2Cl2 0.35 0.1 equiv 89% 

 
2.2. Synthesis of 2,4,6-Tris(4-dichloroiodophe-

noxy)-1,3,5-triazine(2) 
2,4,6-Tris (4-dichloroiodophenoxy)-1,3,5-triazine (2) is 
prepared as per the procedures given in our previous 
work [43]. 
 
2.3. Experimental procedure for oxidation of 

alcohol 
To a stirred solution of appropriate alcohol (2mmol, 
1equiv) in CHCl3 (5 mL), 2,4,6-tris[(4-dichloroiodo) 
phenoxy]-1,3,5-triazine (0.7 mmol, 0.35 equiv) and 
TEMPO (0.2 mmol, 0.1 equiv) was added and the 
reaction mixture was then stirred at room temperature 
for 1-4 hrs. The progress of reaction was monitored by 
TLC. When the substrate was consumed, the 
chloroform was evaporated under reduced pressure. 
Methanol was added to the reaction mass, and the white 
precipitate was isolated by filtration. Several wash of 
small amount of methanol was given and air dried to 
give 2,4,6-tris(4-iodophenoxy)-1,3,5-triazine in 93% 
yield. The filtrate of the above reaction mixture was 
concentrated to volume of 3-5 ml. To this filtrate, 2,4-
DNP (5 mL) (solution prepared by standard method: 3g 
2,4-DNP + 15 mL conc. H2SO4 + 70 mL EtOH + 20 
mL H2O) was added. The residue was again filtered and 
washed thrice with rectified spirit to afford the DNP 
derivative of carbonyl compounds in excellent yields. 
 

3. RESULTS AND DISCUSSION 
3.1. Oxidation of alcohols 
Oxidation of a series of alcohols to corresponding 
alcohols was carried out by applying optimised 
condition as shown in Table 2. Benzylic alcohols bearing 
either electron-rich or electron-deficient substituents on 
the aromatic ring all underwent the reactions smoothly 
to afford the corresponding aldehydes in good yields.  
No over oxidation of aldehydes to acids was observed in 
the case of the oxidation of primary alcohols. Secondary 
alcohols also underwent oxidation process smoothly to 
corresponding ketones. All the products thus formed 
are converted into its 2, 4-dinitrophenyl hydrazone 
derivatives. The oxidation is very clean and complete 
within 3-4 hours at room temperature. In all cases, the 
reactions proceeded readily at room temperature with 
high efficiency. 
 

3.2. Mechanism 
Plausible mechanism of reaction is assumed to be similar 
to the mechanistic path as predicted in previous report 
[20]. The formation of chlorine atom from ArICl2 takes 
place on heating or light irradiation [47-49]. Oxidation 
of TEMPO to oxoammonium salt takes place by 
chlorine atom [50-51]. Alcohol is then, oxidized by this 
oxoammounium salt providing carbonyl compound and 
the salt  reduces to a hydroxylamine [32, 52-59] which 
is further oxidized to TEMPO by second chlorine atom 
(Scheme 4). 
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Table 2: Oxidation of alcohols using reagent 2 
and TEMPO 

 

Entry Alcohol (3) 
Prod
-uct 
(5) 

Reac-
tion 

time (h) 

Yield 
of 

5(%)a 

1 
 

5a 2 91 

2 
 

5b 2 93 

3 
 

5c 2.5 71 

4 
 

5d 3 76 

5 
 

5e 3 69 

6 
 

5f 4 77 

7 

 

5g 3.5 91 

8 

 

5h 2.5 83 

9 

 

5i 2 86 

10 

 

5j 2 93 

11 

 

5k 2.5 90 

12 

 

5l 2.5 87 

13 

 

5m 2.5 93 

14 

 

5n 3.5 84 

   aIsolated yields 
 

 

 
 
Scheme 4: Plausible mechanism of the oxidation 
of Alcohols by using 2,4,6-tris[(4-dichloroiodo) 
phenoxy)]-1,3,5-triazine and TEMPO 
 
The near insolubility of co-produced 2,4,6-tris[(4-iodo) 
phenoxy)]-1,3,5-triazine 1 in methanol paved the way 
for recyclability of 2,4,6-tris [(4-dichloroiodo) phenoxy) 
]-1,3,5-triazine 2. Thus, after the completion of 
reaction, the reaction solvent (CHCl3) was evaporated 
under reduced pressure followed by addition of 
methanol The resulting heterogeneous solution was then 
filtered, and the solid on the filter was washed several 
times with small amounts of methanol to recover 1 in 
nearly quantitatively yield (93-97%) which was 
subsequently subjected to the chlorination in CHCl3 at 
0ºC to form 2. The crude oxidation product present in 
the filtrate was then concentrated and treated with 2, 4 
DNP and conc. H2SO4 to afford the DNP derivative of 
carbonyl compounds in excellent yields (Fig.1). 
 
3.3. Spectral data 
3.3.1. (E)-1-Benzylidene-2-(2,4-dinitrophenyl) 

hydrazine (5a) 
Nature: Yellow solid; Yield: 77% (407 mg); m.p. 238-
240oC (Lit.m.p. 241-242oC) [40]; IR (cm-1): 3285, 
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3102, 1620, 1585, 1505, 1417, 1329, 1312, 1261, 
1218, 1133, 1073, 950, 835, 763, 741, 722, 693, 645. 
 
3.3.2. (E)-1-(4-Chlorobenzylidene)-2-(2,4-dini-

trophenyl) hydrazine (5b) 
Nature: Orange yellow solid; Yield: 93% (419 mg); 
m.p. 262-264oC (Lit.m.p. 265-266oC) [60];  IR (cm-1): 
3283, 3090, 1611, 1582, 1505, 1488, 1422, 1324, 
1220, 1134, 1079, 1010, 896, 824, 741, 726, 612. 
 
3.3.3. (E)-1-(2,4-Dinitrophenyl)-2-(4-methoxy-

benzylidene)hydrazine (5c) 
Nature: Orange yellow solid; Yield: 71% (325 mg); 
m.p. 258-260oC (Lit. m.p. 256-257oC [40]; 258-259oC 
[60] ); IR (cm-1): 3273, 1625, 1604, 1585, 1501, 1416, 
1334, 1309, 1267, 1250, 1211, 1163, 1133, 1081, 
1018, 969, 914, 832, 742, 715, 643, 625. 
 
3.3.4. (E)-1-(2,4-Dinitrophenyl)-2-(3-nitroben-

zylidene)hydrazine (5d) 
Nature: Yellow solid; Yield: 76% (328 mg); m.p. 292-
294oC (Lit. m.p. 293-294oC) [60] ; IR (cm-1): 3281, 
3079, 1698, 1613, 1584, 1504, 1418, 1326, 1314, 
1276, 1199, 1090, 1053, 1031, 814, 763, 758, 676. 
 
3.3.5. (E)-1-(2,4-Dinitrophenyl)-2-(4-nitroben-

zylidene)hydrazine (5e) 
Nature: Yellow solid; Yield: 79% (341 mg); m.p. 316-
318oC (Lit. m.p. 320-321oC) [60]; IR (cm-1): 3277, 
3090, 1610, 1591, 1573, 1504, 1422, 1325, 1267, 
1213, 1133, 1086, 1054, 897, 851, 833, 741, 723, 
685, 619. 
 
3.3.6. (E)-4-((2-(2,4-Dinitrophenyl) hydrazono) 

methyl) phenol (5f) 
Nature: Red solid; Yield: 77% (375 mg); m.p. 184-
186oC; 1H NMR 400 MHz (DMSO-d6): δ 6.86 (d, J = 
8.4 Hz, 2H), 7.62 (d, J = 7.2 Hz, 2H), 8.03 (d, J = 8.8 
Hz, 1H), 8.32 (d, J = 10 Hz, 1H), 8.56 (s, 1H), 8.83 
(s, 1H), 11.54 (bs, 1H); IR (cm-1): 3263, 1605, 1583, 
1488, 1416, 1301, 1267, 1200, 1131, 1048, 837, 738, 
715, 651. 
 
3.3.7. (E)-1-(2,4-Dinitrophenyl)-2-(1-phenyle-

thylidene)hydrazine (5g) 
Nature: Orange solid; Yield: 91% (447 mg); Mp 242-
244oC (Lit. m.p. 247-248oC) [60]; IR (cm-1): 3304, 
3118, 1615, 1582, 1514, 1493, 1417, 1329, 1298, 
1259, 1220, 1111, 1070, 1054, 925, 839, 759, 742, 
719, 689, 659, 618. 

3.3.8. (E)-1-(2,4-Dinitrophenyl)-2-(1-(3-nitro-
phenyl)ethylidene)hydrazine (5h): 

Nature: Yellow solid; Yield: 83% (342 mg); m.p. 228-
232oC (Lit. m.p. 233-234oC) [60]; 1H NMR 400 MHz 
(DMSO-d6): δ 2.50 (s, 3H), 7.78 (t, J = 8 Hz, 1H), 
8.10 (d, J = 9.6 Hz, 1H), 8.29-8.49 (m, 3H), 8.63 (s, 
1H), 8.90 (s, J = 2.8 Hz, 1H), 11.12 (bs, 1H);IR (cm-

1): 3305, 3105, 1612, 1587, 1530, 1504, 1417, 1336, 
1302, 1279, 1260, 1220, 1119, 1049, 921, 906, 878, 
844, 831, 80, 783, 747, 736, 674, 620. 
 
3.3.9. (E)-1-(1-(Benzo[d][1,3]dioxol-5-yl) ethy-

lidene)-2-(2,4-initrophenyl)hydrazine (5i) 
Nature: Red solid; Yield: 86% (356 mg); m.p. 250-
252oC; 1H NMR 400 MHz (DMSO-d6): δ 2.42 (s, 2H), 
6.11 (s, 2H), 7.01 (d, J = 8 Hz, 1H), 7.44 (d, J = 8 Hz, 
1H), 7.58 (s, 1H), 8.11 (d, J = 9.6 Hz, 1H), 8.391 (d, J 
= 7.2 Hz, 1H), 8.89 (d, J = 2.4 Hz, 1H), 11.08 (bs, 
1H); IR (cm-1): 3315, 3083, 1615, 1585, 1514, 1485, 
1446, 1417, 1330, 1297, 1267, 1226, 1129, 1093, 
1060, 1036, 935, 891, 841, 808, 742, 709, 664, 629. 
 
3.3.10. (E)-1-(2,4-Dinitrophenyl)-2-(1-phenyl-

propylidene)hydrazine (5j) 
Nature: Red solid; Yield: 93% (429 mg); m.p. 146-
150oC; IR (cm-1): 3322, 3113, 1617, 1582, 1531, 
1509, 1477, 1411, 1363, 1304, 1246, 1214, 1130, 
1103, 1052, 908, 844, 829, 766, 751, 738, 715, 685, 
655. 
 
3.3.11. (E)-1-(2,4-Dinitrophenyl)-2-(1-phenyl-

butylidene)hydrazine (5k) 
Nature: Orange solid; Yield: 90% (393 mg); m.p. 158-
160oC; 1H NMR 400 MHz (DMSO-d6): δ 1.05 (t, J = 
7.4 Hz, 3H), 1.55-1.77 (m, 2H), 2.90 (t, J = 7.8 Hz, 
2H), 7.48 (s, 3H), 7.94-7.97 (m, 2H), 8.10 (d, J = 9.2 
Hz, 1H), 8.41-8.43 (m, 1H), 8.90 (s, 1H), 11.28 (bs, 
1H); IR (cm-1): 3325, 3112, 1613, 1583, 1537, 1511, 
1489, 1418, 1331, 1307, 1275, 1260, 1135, 1106, 
1056, 910, 832, 789, 765, 741, 719, 696, 653. 
 
3.3.12. (E)-1-(2,4-Dinitrophenyl)-2-(1-phenyl-

pentylidene)hydrazine (5l) 
Nature: Red solid; Yield: 87% (362 mg); m.p. 142-
144oC; 1H NMR 400 MHz (DMSO-d6): δ 0.95 (t, J = 
7.4 Hz, 3H), 1.47-1.60 (m, 4H), 2.91 (t, J = 8 Hz, 
2H), 7.48 (s, 3H), 7.93-7.96 (m, 2H), 8.10 (d, J = 9.2 
Hz, 1H), 8.40-8.43 (m, 1H), 8.89 (d, J = 2.4 Hz, 1H), 
11.26 (bs, 1H); IR (cm-1): 3314, 2956, 2863, 1687, 
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1615, 1581, 1514, 1480, 1417, 1362, 1328, 1260, 
1219, 1095, 915, 843, 824, 763, 719, 689, 653. 
 
3.3.13. (E)-1-(3,4-Dihydronaphthalen-1(2H)-yli-

dene)-2-(2,4-dinitrophenyl)hydrazine (5m) 
Nature: Red solid; Yield: 93% (409 mg); m.p. 240-
242oC; 1H NMR 400 MHz (DMSO-d6): δ 1.95 (t, J = 
5.8 Hz, 2H), 2.79-2.86 (m, 4H), 7.26-7.38 (t, m, 3H), 
8.14-8.21 (m, 2H), 8.41-8.44 (m, 1H), 8.90 (s, 1H), 
11.14 (bs, 1H); IR (cm-1): 3310, 3112, 2957, 1621, 
1587, 1513, 1501, 1415, 1329, 1306, 1254, 1221, 
1127, 1103, 1067, 909, 838, 759, 734, 706, 665, 633. 
 
3.3.14. 1-(2,4-Dinitrophenyl)-2-(diphenylme-thy 

lene) hydrazine (5n): 
Nature: Orange solid; Yield: 84% (330 mg); m.p. 226-
228oC; 1H NMR 400 MHz (DMSO-d6): δ 7.47-7.49 
(m, 5H), 7.65-7.71 (m, 5H), 8.25 (d, J = 9.6 Hz, 1H), 
8.43-8.48 (m, 1H), 8.81 (s, 1H), 11.07 (bs, 1H); IR 
(cm-1): 3288, 1611, 1580, 1501, 1442, 1417, 1362, 
1306, 1260, 1211, 1125, 1083, 1053, 966, 906, 829, 
774, 737, 694, 665, 631. 
 
4. CONCLUSION 
In summary, we have reported oxidation of alcohols to 
carbonyl compounds by using 2,4,6-tris[(4-dichlo-
roiodo) phenoxy)]-1,3,5-triazine recyclable reagent. 
The products of oxidation reactions are conveniently 
separated from the co-produced 2,4,6-tris(4-iodo-
phenoxy)-1,3,5-triazine 1 by simple filtration in 
methanol promoting the high recyclability and reuse of 
reagent. Oxidation products are further converted to its 
2,4-dinitrophenyl hydrazone derivatives. Thus this 
protocol provides a clean, efficient and transition metal 
free procedure with high recyclability and good yields 
for oxidation of alcohols. 
 
5. ACKNOWLEDGEMENTS 
This work was supported by a research grant from the 
university grant commission (file No:47-653/13 
(WRO) 19th March 2014. 
 
6. REFERENCES 
1. Larock R. In Comprehensive Organic 

Transformation. 2nded.New York: Wiley-VCH; 
1999. 

2. Muzart J. Chem. Rev., 1992; 92:113-140. 
3. TohmaH, Kita Y. Adv. Synth. Catal., 2004; 346:111-

124. 

4. Uyanik M, Ishihara K. Chem. Commun., 2009; 2086- 
2099.  

5. Silva Jr. L, Olofsson B.Nat. Prod. Rep., 2011; 
28:1722- 1754. 

6. Zhdankin V, Stang P.Chem. Rev., 2008; 108:5299-
5358. 

7. Moriarty R.J. Org. Chem., 2005; 70:2893-2903. 
8. ZhdankinV, Stang P.Chem. Rev., 2002; 102:2523-

2584.  
9. Grushin V.Chem. Soc. Rev., 2000; 29:315-324.  
10. StangP, ZhdankinV. Chem. Rev., 1996; 96:1123-1178. 
11. Zhdankin V.Arkivoc, 2009; i:1-62.  
12. LadziataU, Zhdankin V. Arkivoc, 2006; ix:26-58. 
13. Parlow J, Case B, South M.Tetrahedron, 1999; 

55:6785-6796. 
14. Gert V.Chem. Eng. News, 1989; 30:2-5.  
15. Plumb J, Harper D. Chem. Eng. News., 1990; 68:3-5.  
16. Satam V, Harad A, RajuleR, PatiH. Tetrahedron, 2010; 

66:7659- 7706. 
17. Yamakawa T, Ideue E, ShimokawaJ, Fukuyama T. 

Angew. Chem., Int. Ed., 2010; 49:9262- 9265. 
18. Hansen T, Florence G, Lugo-Mas P, Chen J, Abrams 

J, Forsyth C.Tetrahedron Lett., 2003; 44:57- 59.  
19. Li Y, Hale K. Org.Lett., 2007; 7:1267-1270. 
20. Zhao X-F, Zhang C.Synthesis, 2007; 4:551- 557. 
21. Sakuratani K., Togo H. Synlett, 2002; 12:1966-1975.  
22. HossainMd., Kitamura T.Synthesis, 2006; 8:1253-

1256. 
23. TedukaT, Togo H.Synlett, 2005; 6:923-926.  
24. Lei Z, Denecker C, Jegasothy S, Sherrington D, 

Slater N,Sutherland A, Tetrahedron Lett., 2003; 
44:1635- 1637. 

25. Chung W, Kim D-K, Lee Y-S.Tetrahedron Lett.,2003; 
44:9251-9254.  

26. Ficht S, Mulbaier M,Giannis A.Tetrahedron, 
2001;57:4863-4866. 

27. Mulbaier M, GiannisA. Angew. Chem.,Int. Ed., 2001; 
40:4393-4394.  

28. Sorg G, Mengel A, Jung G, Rademann J. Angew. 
Chem., Int. Ed., 2001; 40:4395-4397. 

29. Tohma H, Takizawa S, MaegawaT, Kita Y.Angew. Chem. 
Int. Ed., 2000; 39:1306-1308. 

30. Takenaga N, Goto A, Yoshimura M, Fujioka H, 
DohiT, Kita Y. Tetrahedron Lett., 2009; 50:3227-
3229.  

31. Chen J, Zeng X, Middleton K, Zhdankin V. 
Tetrahedron Lett., 2011, 52: 1952 -1955. 

32. Herrerıas C, Zhang T, Li C-J. Tetrahedron Lett., 2006; 
47:13-17. 



 

                                                                    Thorat et al., J Adv Sci Res, 2020; 11 (4): 284-290                                                                    290                    

Journal of Advanced Scientific Research, 2020; 11 (4): Nov.-2020 

33. Karimov R, Kazhkenov Z-G, Modjewski M, 
Peterson E, Zhdankin V. J. Org. Chem., 2007; 
72:8149- 8152. 

34. Dohi  T, Fukushima K-I, Kamitanaka T, Morimoto K, 
Takenaga N, Kita Y.Green Chem., 2012; 14:1493-
1501. 

35. Tohma H, Maruyama A, Maeda A, Maegawa T, Dohi 
T, Shiro M, Morita T, Kita Y. Angew. Chem., Int. Ed., 
2004; 43:3595-3598.  

36. Rocaboy C, Gladysz J. Chem. Eur. J., 2003; 9:88-95.  
37. Tesevic V, Gladysz J. Green Chem., 2005; 7:833-835. 
38. TesevicV,Gladysz J. J. Org. Chem., 2006; 71:7433-

7450.  
39. Qian W,Jin E, BaoW, Zhang Y. Angew. Chem. Int. Ed., 

2005; 44:952-955.  
40. Zhu C, Yoshimura A, Wei Y, NemykinV, Zhdankin V. 

Tetrahedron. Lett., 2012; 53:1438-1444. 
41. Zeng X-M, Chen J-M, YoshimuraA, Middleton K, 

Zhdankin V. RSC Adv., 2011; 1:973-977.  
42. Dohi T, Maruyama A, Yoshimura M, Morimoto K, 

Tohma H, Shiro M, Kita Y., Chem. Commun., 2005; 
2205-2207.  

43. Thorat P, Bhong B, Karade N. Synlett, 2013; 
24:2061-2066. 

44. Saha B, Jetti R, Reddy S, Aitipamula S, Nangia 
A.Crystal Growth and Design, 2005; 5:887- 899. 

45. Saha B, Aitipamula S, Banerjee R, Nangia A, Jetti R, 
Boese  R, Lam C, Mak T. Mol. Cryst. Liq. Cryst., 2005; 
440:295-316.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

46. Desiraju G. Acc. Chem. Res., 2002; 35:565- 573. 
47. Banks D, Huyeser E, Kleinberg J.J. Org. 

Chem.,1964; 29:3692 -3693. 
48. Igarashi K, Honma T. J. Org. Chem., 1970; 35:617-

620. 
49. Tanner D, Van Bostelen P, J. Org. Chem., 1967; 

32:1517-1521. 
50. Hunter D, Barton D, Motherwell W. Tetrahedron 

Lett.,1984; 25:603-606.  
51. Hunter D, Racok J, Rey A, Zea-Ponce Y. J. Org. 

Chem., 1988; 53:1278-1281. 
52. De Nooy A, Besemer A, Van Bekkum H. 

Synthesis,1996; 10:1153-1174. 
53. Sheldon R, Arends I. Adv. Synth. Catal., 2004; 

346:1051-1071. 
54. Einhorn J, Einhorn C, Ratajczak F. Pierre J-L. J. 

Org. Chem.,1996; 61:7452-7454. 
55. De Luca L, Giacomelli G, Porcheddu A. Org. Lett., 

2001; 3:3041-3043.   
56. Gamez P, Arends I, Sheldon R, Reedijk J. Adv. 

Synth. Catal.,2004; 346:805-811. 
57. Velusamy S, Srinivasan A, Punniyamurthy T. 

Tetrahedron Lett.,2006; 47:923-926.   
58. Liu R, Dong C, Liang X, Wang X, Hu X. J. Org. 

Chem., 2005; 70:729-731. 
59. Liu R, Liang X, Dong C, Hu X. J. Am. Chem. 

Soc.,2004; 126:4112-4113. 
60. Jones L, Mueller N. J. Org. Chem., 1962; 27:2356-

2360. 
 


