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Synthesis of Thiourea Derivatives on Soluble Polymeric Support
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A modified poly( ethylene glycol) (PEG) has been developed
as the soluble polymeric supports for liquid phase synthesis of
novel thiourea derivatives. In each step of the sequence, the
PEG-bound products were precipitated in cold Et,0 and the
unreacted materials and by-products were removed by simple
filtration. The progress of reaction, purity of the isolation and
the structure of the PEG-bound products were easily moni-
tored by TLC, IR and 'H NMR spectra. Representative
thiourea derivatives were obtained in moderate yields with ex-
cellent purity from this modified PEG-bound product by the
cleavage with 50% TFA/H,0.
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Introduction

Combinatorial chemistry has recently emerged as a
powerful tool that can generate large and diversified
molecular libraries. The synthesis on the insoluble poly-
meric supports offers significant advantages over many
conventional solution phase routes, > with the benefits of
easing of ‘isolation and purification of products, mini-
mization of side-reactions and the ability to use an excess
of reagents to drive a reaction to complete. However, in
the insoluble nature of the insoluble polymer supports
under heterogenous condition, there are some problems
such as lowered reactivites, taking a great deal of devel-
opment time and effort to work up synthetic conditions on
insoluble polymer supports. Such deficiencies have pro-
moted the evaluation of slouble polymers as supports for
organic chemistry. The use of soluble polymers as sup-
ports has the potential to combine the best aspect of both

solid phase chemistry and conventional solution phase -
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chemistry, facilitates compound characterization, allows
for isolation and purification of polymers/compounds
through precipitation and filtration, and it has currently
attracted people’s much attention in organic chem-
istry.3"* PEGs are widely used as soluble polymeric sup-
ports. They are readily functionalized with different
spacers and linkers, soluble in many organic solvents,
but can be precipitated selectively after reactions, while
the product remained bounds to the support and the un-
reacted materials and the by-products were removed by
simple filtration. As a consequence, the synthesis and
the immobilization of several organic molecules on PEG
supports have been reported over last years.*® The ex-
tension to the field of combinatorial chemistry is par-
ticlarly attractive, since biological evaluation can be car-
ried out directly on the PEG anchored molecules.® Re-
cently some highly loaded PEGs have been synthesized.’
The thiourea derivatives have been found to possess
widespread phammacological activity'® and been synthe-

u never-

sized with coventional solution phase reactions,
theless, high temperature was required or there was diffi-
culty in purification of the product. The synthesis of
thiourea derivatives has been unreported on soluble poly-
meric supports up to now. In this paper the new synthe-
sitic way of novel thiourea derivatives with modified PEG
as soluble polymeric support under homogenous solution

condition, as shown in Scheme 1, is reported.
Experimental
Thiourea derivatives were synthesized according to

Scheme 1. All organic solvents were dried by standard
methods.'? All PEG samples were melted at 80 °C in
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vacuum for 30 min before use to remove traces of mois-
ture. After reaction, products were purified by evapora-
tion of the reaction solvent in vacuum and addition of the
residue dissolved in a little CH,Cl, to Et,O, which was
stirred and cooled at 0 °C. After stirring 2030 min at
0 °C, the obtained suspension was filtered and the solid
was repeatedly washed with Et,0. Meliing points were
determined on a electrothermal melting point appartus
and were uncorrected. Elemental analyses were obtained
on a PE 2400CHN analyzer, IR spectra were recorded

on an IR-Spectrum One (PE). 'H NMR spectra were
recorded on a JNM-FX 90Q ( JEOL) spectrometer.
Chemical shifts were reported in the 8 using TMS as the
intemal standard.

Preparation of 1
To a solution of PEG-4000 (8.00 g) and triethy-

lamine (2.80 mL, 20 mmol) in CH,Cl, (100 mL),
methanesulfonyl chloride (1.58 mL, 20 mmol) was
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added dropwise under nitrogen atmosphere at 0 °C within
30 min and the reaction mixture was stirred for 18 h at
r.t. The mixture was concentrated under vacuum until
slightly viscous and purified by precipitation in Et,O to
give 1 (7.6 g) in 95% yield. 'H NMR (CDCl;) 3:
3.00 (s, 3H, OS,CH;), 3.50—3.70 (m, PEGO-
CH,CH,0), 4.20—4.40 (m, 2H, CH,080,CH;); IR
(KBr) v: 1170 (0S0,) em™!.

Preparation of 2

NaOCH;3(1.08 g, 20 mmol) and p-hydroxybenzyl
alcohol (3.04 g, 20 mmol) were added to a solution of
1 (7.6 g) in DMF (80 mL). The mixture was stirred
for 18 h at 50 °C, then distilled to remove DMF until
slightly viscous. The residue was dissolved in H,O and
further neutralized with dilute aqueous solution of hy-
drochloric acid until pH = 7. Then the whole mixture
was extracted with CH,Cl,. The organic phase was
washed with H,0, dried with over MgSO,, filtered and
concentrated under vacuum until slightly viscous. Purifi-
cation by precipitation in cold Et;O gave 2 (6.84 g,
90%). 'H NMR (CDCl;) &; 3.40—3.80 (s, PEGO-
CH,CH,0), 3.90—4.05 (m, 2H, CH,0Ar), 4.40
(s, 1H, ArCH,0H), 5.85—6.05 (m, 2H, ArCH,-
OH), 6.50—7.10 (m, 4H, ArH); IR (KBr) v: 3410
(OH), 1580, 1510 (Ar) em™'.

Preparation of 3

Four drops of DMF were added to a solution of 2
(6.84 g) in thionyl chloride (80 mL) . The mixture was
refluxed for 6 h, then the excess amount of thionyl chlo-
ride was removed under vacuum to give 3 (6.5 g,

95%). IR (KBr) v; 1785 (COCl), 1580, 1510 (Ar)

em™ L.

Preparation of 4

NaOCH; (0.81 g, 15 mmol) and methyl p-hy-
droxybenzoate (2.28 g, 15 mmol) were added to a solu-
tion of 3 (6.5 g) in DMF (60 mL). The mixture was
stirred for 18 h at 50 °C, distilled to remove DMF until
slightly viscous. The residue was dissolved in H,O and
further neutralized with dilute solution of hydrochloric
acid until pH = 7. The mixture was extracted with

CH,Cl,. The organic phase was washed with H,O, dried
with over MgSOy, filtered and concentrated under vacu-
um until slightly viscous. Purification by precipitation in
cold Et,0 gave 4 (5.72 g, 88%). 'H NMR (CDCl;)
8: 3.30 (s, 1H, COOCH;), 3.40—3.80 (m, PEG-
OCH,CH,0), 3.90—4.00 (m, 2H, CH,OAr), 4.90—
5.15 (m, 2H, ArCH,0Ar), 6.70—7.60 (m, 8H,
ArH); IR (KBr) v: 1715 (C0O0), 1580, 1510 (Ar)

em™ !,

Preparation of §

Compound 4 (5.72 g) was added to solution of
KOH (6.5 g, 144 mmol) in H,0 (60 mL) . The mixture
was stirred for 18 h at r.t., acidified with dilute hy-
drochloric acid to pH = 4, extracted with CH,Cl,. The
organic phase was washed with H,O, dried with over
MgSO;, filtered and concentrated under vacuum until
slightly viscous, purified by precipitation in cold Et,0 to
give 5 (4.86 g, 85%). 'H NMR (CDCl;) &: 3.40—
3.80 (m, PEG-OCH,CH,0), 3.90—4.00 (m, 2H,
CH,0Ar), 4.90—5.15 (m, 2H, AfCH,0Ar), 6.70—
7.60 (m, 8H, ArH), 10.80 (s, 1H, COOH); IR
(KBr) v: 1680 (C00), 1580, 1510 (Ar) em™'.

Preparation of 6

Four drops of DMF were added to a solution of 5
(4.86 g) in thionyl chloride (60 mL). The mixture was
refluxed for 6 h. Then the excess amount of thionyl chlo-
ride was removed under vacuum to give 6 (4.47 g,

92%). IR (KBr) v; 1785 (COCl), 1580, 1510 (Ar)

em™ !,

Preparation of 7

Ammonium thiocyanate powder (0.76 g, 10 mmol)
was added to solution of 6 (4.47 g) in CH,Cl, (10
mL). The mixture was stirred at r.t. for 18 h, filtered
to remove excessive ammonium thiocyanate and resulting
ammonium chloride. The filtrate was concentrated under
vacuum until slightly viscous, filtered the precipitation
by adding cold Et,0 to give 7 (4.02 g, 95%). IR
(KBr) v; 2073 (NCS), 1690 (CO0), 1660 (CONCS)

em™ !,
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Typical procedure for preparation of 8a

p-Aminoacetophenone (0.14 g, 1.0 mmol) was
added to a solution of 7 (0.50 g) in CH,CL, (20 mL).
The mixture was stirred at r.t. for 2 h, concentrated un-
der vacuum until slightly viscous, purification by precip-
itation in cold Et,O to give 8a (0.43 g, 85%). 'H
NMR (CDCL) &; 2.60 (s, 3H, ArCOCH;), 3.50—
3.70 (m, PEG-OCH,CH,0), 3.90—4.00 (m, 2H,
CH,0Ar), 4.90—5.15 (m, 2H, ArCH,0Ar), 6.70—
8.10 (m, 12H, ArH), 9.98 (s, 1H, CSNH), 12.45
(s, 1H, OCNH); IR (KBr) v; 3259, 3201 (NH),
1715 (CO), 1668 (CONH), 1580, 1515 (Ar), 1175
(CS) em~!.

Typical procedure for preparation of 9a

TFA/H,0 (50%, 0.2 mL) was added to a solu-
tion of 8a (0.43 g) in H,0 (10 mL) . The mixture was
stirred for 2 h at r.t. to give slightly yellow solid crude
9a. Washing the solid with deionized water and drying it
under vacuum at S0 °C to afford pure 9a. All the other
compounds (9b—9h) were preparaed similarly, yields
based on 7.

9a Yellow crystal, 40 mg, yield 51%, m.p.
195—196.5 C(H,0); 'H NMR (CD;COCD;) §: 2.55
(s, 3H, CH;), 6.70—8.10 (m, 8H, ArH), 9.45
(s, 1H, OH), 10.17(s, 1H, CSNH), 13.19 (s,
1H, OCNH); IR (KBr) v; 3310 (OH), 3295, 3200
(NH), 1654, 1152 (CO), 1152 (CS) em™!; Anal.
caled for CigH;4N,0,S: C 61.15, H4.46, N 8.92;
found C 61.34, H 4.56, N 8.83.

9b Yellow crystal, 31 mg, yield 39.5%, m.
p.195—196°C (H,0) ; 'HNMR (CD; COCD; ) 3 :
6.90—8.22 (m, 8H, ArH), 8.85 (s ,1H, OH), 9.34
(s, 1H, CSNH), 13.41 (s, 1H, OCNH); IR (KBr)
v: 3468 (OH), 3336, 3275 (NH), 1671 (CO),
1550, 1315 (NO,), 1175 (CS) em~!; Anal. caled for
Ci4-H;1N;0,S: C 53.00, H 3.47, N 13.25; found C
53.13, H3.42, N 13.22.

9¢ White crystal, 34 mg, yield 45.1%, m.
p.165—167°C (H,0) ; '"HNMR (CD; COCD; ) 3 :
3.57 (s, 3H, OCH;), 6.90—8.10 (m, 8H, ArH),
9.55 (s, 1H, OH), 10.80 (s, 1H, CSNH), 12.27
(s, 1H, OCNH); IR (KBr) v: 3414 (OH), 3401,
3255 (NH), 1678 (CO), 1177 (CS) em™'; Anal.

caled for CisHiuN;05S: C 59.60, H 4.46, N 9.27;
found C 59.74, H4.55, N9.38.

9d Pale yellow crystal, 33 mg, yield 43.3%,
m.p. 206—208 C(H,0); 'H NMR (CD;COCD;) 8:
6.72—8.04 (m, 8H, ArH), 9.32 (s, 1H, OH),
11.13 (s, 1H, CSNH), 12.69 (s, 1H, OCNH); IR
(KBr) v; 3398 (OH), 3322, 3208 (NH), 1664
(CO), 1154 (CS) em™!; Anal. caled for Cy Hy-
CIN,0,S: C 54.81, H3.59, N9.14; found C 54.85,
H3.51, N9.02.

9e White crystal, 33 mg, yield 48.0%, m.p.
218 — 219 °C (H,0); ' H NMR (CD;COCD;) 5
6.62—7.86 (m, 14H, AH), 9.36 (s, 1H, OH),
12.71 (s, 1H, OCNH); IR (KBr) v: 3450 (OH),
3273 (NH), 1660 (CO), 1179 (CS) em™!; Anal.
caled for CpoHigN,0,8: C 68.96, H 4.58, N 8.04;
found C 68.77, H4.71, N 8.17.

of Pale yellow crystal, 35 mg, yield 43.5%,
m.p. 215216 C(H,0); 'H NMR (CD;COCD;) 3:
6.84— 8.23 (m, 11H, ArH), 8.85 (s, 1H, OH),
9.36 (s, 1H, CSNH), 12.77 (s, 1H, OCNH); IR
(KBr) v: 3407 (OH), 3388, 3190 (NH), 1672
(CO), 1174 (CS) em™'; Anal. caled for Cig Hys-
N;0,S: C67.08, H4.35, N8.70; found C 67.02, H
4.39, N 8.65.

9g Yellow crystal, 29 mg, yield 42.0% , m.p.
114—115 °C (H,0); 'H NMR (CD,COCD;) 3;: 0.99
(t, J =6 Hz, 3H, CH;), 1.02—2.01 (m, 8H, C
(CHp)4), 3.60—3.70 (m, 2H, NCH,), 6.70—8.04
(m, 4H, AH), 9.28 (s, 1H, 'OH), 9.65 (s, 1H,
CSNH), 10.89 (s, 1H, OCNH); IR (KBr) v; 3387
(OH), 3310, 3285 (NH), 1672 (CO), 1177 (CS)
em™ !5 Anal. caled for CsHypN,0,S: C 60.00, H7.14,
N 10.00; found C 59.43, H7.27, N 9.81.

%h Yellow crystal, 28 mg, yield 40.5% , m.p.

163—164 C (H,0); 'H NMR (CD;COCD;) §: 1.26—

2.9 (m, 6H, 3CH,), 3.47 (1, J =4.5 Hz, 4H,
2NCH,), 6.70—7.35 (m, 4H, Ar), 9.36 (s, 1H,
OH), 10.91 (s, 1H, OCNH); IR (KBr) v; 3400
(OH), 3225 (NH), 1664 (CO), 1168(CS) em™!;
Anal. caled for Cj3 HigN,0,S: C 59.09, H 6.06, N
10.60; found C 59.95, H6.17, N 10.51.

Results and discussion

When choosing a polymer as soluble polymeric sup-
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ports for homogeneous solution synthesis, a compromise
must be made between loading capacity and solubility. In
this paper, PEG (M, = 4000) with two hydroxy groups
was employed that corresponds to approximately 0.5 mmol
of free OH for each gram of the polymer with the advan-
tages of higher loading capacities and readily separation.

All of the polymeric supported intermediates were
readily isolated using a general procedure of polymer pre-
cipitation with cold Et,0O, the unreacted materials and the
by-products were removed by simple filtration. PEG could
act both as support and phase-transfer catalyst in the syn-
thesis of thiourea derivatives.'>' It was worthy of note
that, in contrast to the various restriction on the analysis
of reaction development in solid phase synthesis, liquid
phase synthesis allows routine analytical methods such as
IR, NMR spectra and TLC to monitor the situation of re-
action and the purity of isolated products without cleave-
ing the support.

Conclusion

In summary, a modified PEG has been developed for
the soluble polymer supported solution phase synthesis of
thiourea derivatives. Modified PEGs were used as soluble
polymeic supports, as well as acting as phase-transfer in
some steps. In each step of the sequence, the PEG-
bound intermediates were purified by precipitation fol-

lowed by simple filtration. The structure of PEG-bound
product was readily analyzed by "H NMR and IR spectra
without detaching the material from the supports.
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