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Poly(ethylene glycol)-supported Liquid-phase Parallel Synthesis of
Di(aryloxyacetyl)thiosemicar bazides
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Abstract: An efficient poly(ethylene glycol) (PEG)-supported liquid-phase parallel approach to
di(aryloxyacetyl)thiosemicarbazides is described. PEG-bound phenol reacted with chloroacetic
acid to afford PEG-bound phenyloxyacetic acid, which was readily converted into corresponding
phenyloxyacetyl chloride. Subsequent nucleophilic substitution with ammonium thiocyanate
followed by addition of aryloxyacetic acid hydrazides gave PEG-bound di(aryloxyacetyl)thiosemi-
carbazides, which were easily cleaved to give the resulting library of 1-aryloxyacetyl-4-(4*-
methoxy!carbonyl phenyloxyacety!)thiosemicarbazides in good to high yield and high purity.

Keywor ds: Liquid-phase synthesis, PEG, di(aryloxyacetyl)thiosemicarbazide.

It is well known that combinatorial chemistry* has been widely developed into a
potentially powerful tool for the accelerating drug discovery progress. Solid phase
synthesis of drug-like molecules offers significant advantages over many conventional
solution phase routes. However, such an approach requires a great deal of development
time and effort to explore synthetic conditions on solid support. In recent years, the
research efforts, toward the liquid-phase combinatorial synthesis to generate libraries by
use of soluble polymer support, become more popular®. The macromolecular carrier used
in the liquid-phase synthesis, in contrast to an insoluble matrix, is soluble in many organic
solvents and has a strong tendency to precipitate in ether, hexane and tert-butyl methyl
ether. After the reactions completing, the products remain covaently bonded to the
support, and purification isgenerally carried out after precipitation simply by filtration and
washing away the unwanted materials. Furthermore, this non-destructive method allows
routine analytical methodologies (e.g. *H, *C NMR, IR, TLC) to monitor the reaction
transformations and determine the structures of compounds attached to the polymer
support.

Thiosemicarbazides have attracted much attention in recent years because of their
fungicidal 3, bactericidal4 and tuberculostatic5 activities. Meanwhile, aryloxyacetic acid
derivatives have aso been used as herbicides and plant-growth regulatorsé. These
applications promote us to explore more convenient methods to synthesize a new series of
compounds bearing both thiosemicarbazide and aryloxyacetyl moieties, with the object of
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obtaining new biologically active compounds.

Many substituted thiosemicarbazides were synthesized by our research group in
recent years"®, but separating and purifying problems were often encountered. In this
paper, we report an easily handling liquid-phase strategy for the synthesis of the library of
1,4-di(aryloxyacetyl)-thiosemicarbazides, using PEG as soluble polymer support.
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Tablel Thephysical and elemental data of 6 a-k
mp Yield Elemental analysis (Calcd.) ()
Compd Ar () (%)? c H N
6a  CeHs lrr-1s 87 5470 (54.67)  466(459)  10.11(10.07)
b 2-CHCeHa 184185 89 5573(55.67)  4.86(4.91) 9.81 (9.74)
6c  3-CHyCeHa 187-188 88 5560 (55.67)  4.88(4.91) 9.79 (9.74)
6d  2-ONCeH, 1112 8 49.44(4935)  387(392) 1220 (12.12)
6e  3ONCeH, 181182 75 49.30(49.35)  389(392)  1218(1212)
6f  4-ONCeH, 234235 13 4929(4935)  398(392) 1207 (1212)
6g  4-CICH, 166-167 85 50.46 (50.50)  4.09 (4.02) 9.25 (9.30)
6h  24CCH, 2062071 72 46.83(46.92)  358(352) 8.72 (8.64)
6  1-Naphthyl 200-201 68 50.13(59.09) 461 (453) 9.02 (8.99)
6  2-Naphthyl 205206 71 5000 (59.09)  4.48 (453) 8.94 (8.99)
6k 4CHLOCH, 147148 90 5373(5368)  4.79(4.73) 9.45 (9.39)

2The data refer to the overall yield based on PEG-6000.
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Table2 IR and'H NMR dataof compounds 6 a-k

IR (cm™)
N-H C=0 C=S
6a 3280 1719 1171 380 (53H,OCH;), 491 (s2H,CH,), 494 (s2H,CH,), 6.98-7.91

Compd 'H NMR (DM SO-ds, 5 in ppm)

3177 1672 (m,9H,Ar-H), 10.97 (s1H,NH), 11.80 (5,1H,NH), 11.92 (br,1H,NH)

6b 3275 1720 1169 229 (5,3H,CHs), 3.79 (5,3H,0CHs), 4.90 (5,2H,CH,), 4.93 (s2H,CH,),

3174 1670 6.97-7.90 (m8H,Ar-H), 1096 (s1HNH), 1179 (s1H,NH), 1191
(br,1H,NH)

6c 3277 1721 1168 2.30 (s3H,CHs), 3.79 (5,3H,0CH3), 4.90 (s,2H,CH,), 4.92 (s,2H,CH,),

3175 1678 6.98-7.91 (m8H,Ar-H), 1095 (s1HNH), 1178 (s1H,NH), 1192
(br,1H,NH)

6d 3286 1715 1173 381 (s3H,0CHs), 492 (s2H,CH,), 4.96 (s2H,CH,), 7.01-7.94

3181 1675 (m,8H,Ar-H), 10.99 (s,1H,NH), 11.82 (s,1H,NH), 11.94 (br,1H,NH)

6e 3289 1716 1175 381 (53H,0CHs), 491 (s2H,CHy), 4.97 (s2H,CHp), 7.03-7.97

3178 1677 (m,8H,Ar-H), 10.98 (s,1H,NH), 11.81 (s,1H,NH), 11.93 (br,1H,NH)

6f 3282 1718 1176 381 (s3H,0CHs), 4.90 (s2H,CH,), 4.96 (s2H,CH,), 6.98-7.92

3186 1670 (m,8H,Ar-H), 11.00 (s,1H,NH), 11.83(s,1H,NH), 11.96 (br,1H,NH)

69 3279 1720 1170 380 (s3H,0CHs), 4.89 (s2H,CH,), 4.94 (s2H,CH,), 6.96-7.90

3181 1677 (m,8H,Ar-H), 10.99 (s,1H,NH), 11.81 (s,1H,NH), 11.93 (br,1H,NH)

6h 3287 1718 1179 381 (s3H,0CHs), 4.93 (s2H,CHy), 4.97 (s2H,CHp), 7.03-7.98

3183 1679 (m,7H,Ar-H), 11.01 (s, 1H,NH), 11.84 (s1H,NH), 11.96 (br,1H,NH)

6i 3321 1715 1167 380 (s3H,0CHs), 4.92 (s2H,CH,), 495 (s2H,CH,), 6.97-7.93

3143 1674 (m,11H,Ar-H), 10.98 (s,1H,NH), 11.82 (s,1H,NH), 11.94 (br,1H,NH)

6j 3324 1717 1188 380 (s3H,0CHs), 4.93 (s2H,CH,), 4.96 (s2H,CH,), 7.00-7.92

3146 1676 (M,11H,Ar-H), 10.96 (51H,NH), 11.81 (s1H,NH), 11.94 (br,1H,NH)

6k 3271 1721 1172 3.42 (53H,0CH;), 3.80 (5,3H,0CHs), 4.88 (5,2H,CH,), 4.93 (52H,CH,),

3185 1673 6.98-7.91 (m8H,Ar-H), 1098 (s1HNH), 11.82 (s1HNH), 11.94
(br,1H,NH)

The synthetic route described in Scheme 1 is utilized for the synthesis of the
representative library. PEG-6000 was modified with the commercially available
4-hydroxybenzoic acid through dicyclohexylcarbodiimide (DCC) activation to afford the
immobilized 1 in high yield. 1 was refluxed with chloroacetic acid in the presence of
potassium carbonate, catalyzed by potassium iodide, to give PEG-bound phenyloxyacetic
acid 2. Reaction proceeded efficiently without cleavage of the O-C=0 bond at the
polymer attached site.  After refluxing with thionyl chloride, compound 2 was converted
into corresponding PEG-bound phenyloxyacetyl chloride 3. Compound 3 on treatment
with ammonium thiocyanate at ambient temperature gave PEG-bound isocyanate 4 as an
intermediate, which in situ reacted with aryloxyacetic acid hydrazides to afford
PEG-bound di(aryloxyacetyl)thiosemicarbazides 5 a-k. Compounds 1-3 and 5a-k were
purified by precipitation and washing with diethyl ether. The whole course of the
reactions was monitored by TLC analysis (observation of disappearing acid hydrazides)
and estimated directly by *H NMR without detaching material from the support. 5 a-k
efficiently cleaved from the support with sodium methoxide in methanol to provide the
desired compounds 1-aryloxyacetyl-4-(4'-methoxyl carbonyl phenyloxyacetyl)-thiosemi-
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carbazides (6 a-k) in 68-90% overall yields. The analytical samples were obtained by
recrystallizing the crude products from ethanol and DMF (Table 1-2).

In summary, we have shown soluble polymer supported methodology for the
synthesis of di(aryloxyacetyl)thiosemicarbazides. Thismethod reduced the difficulties of
established solution protocol to polymer-supported reactions, since reactions can be
carried out in homogeneous solution. The final product contains a methyl ester group,
which can be further transformed into other useful functional groups and is a possible site
for another point of molecular diversity. Reactionsinvolved here are highly efficient for
the synthesis of the desired compounds in high yields and purity. The method of
purification issimplejust to need precipitation and washing. This method isversatile and
adaptable for the parallel synthesis of the targeted structures on the soluble polymer
support.

Acknowledgment

The authors thank the Scientific and Technological Innovation Engineering of Northwest Normal
University (NWNU-KJCXGC-02-08), Natura Science Foundation of Gansu Province (Z2S021-
A25-006-Z), Environmental Protection Foundation of Gansu Province (GH2002-16) for the
financial support of thiswork.

References

=

N. K. Terrett, J. X. Xu, Y. Ma, Combinatorial Chemistry, Peking University Press, Beijing,
1999, 89.

D. J. Gravert, K. D. Janda, Chem. Rev., 1997, 97, 489.

G. Y.Jin, Z. Hou, J. Ren, G. F. Zhao, Chin. J. Org. Chem., 1997, 17, 349.

S. Rallas, S. Karakus, B. B. Durgun, et al., Farmaco, 1996, 51 (12), 811.

B. Milczarska, H. Foks, J. Sokolowska, et al., Acta Pol. Pharm., 1999, 56 (2), 121.

Z. Wang, Dictionary of Chemical Technology 3" Edition, Chemical Industry Press, Beijing,
1993, 924.

Z.Li, X. C. Wang, Chin. Chem. Lett., 2002, 13 (8), 717.

X.C. Wang, Z. Li, Y. X. Da, Synth. Commun., 2001, 31 (1), 19.

S U~ WM

o N

Received 26 May, 2003



