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Microwave-Assisted Synthesis of N-Tetra-O-Acetyl-3-D-
Glucopyranosyl-N’-(4’,6’-Diarylpyrimidine-2’-yl)thioureas
Nguyen Dinh Thanh®, Nguyen Thi Thanh Mai, Nguyen Phuong Nhan, Tran Thi Ha Thu
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Hanoi 10000, Vietham

Abstract. Some 2-amino-4,6-diarylpyrimidines 2 have been prepared from substituted
benzylideneacetophenones and guanidine hydrochloride in presence of alkali by
conventional heating in alcoholic medium and microwave heating in solvent-free conditions.
N-(2,3,4,6-Tetra-O-acetyl-B-D-glucopyranosyl)-N’-(4’,6’-diarylpyrimidine-2’-yl)thioureas 4
have been synthesized by reaction of per-O-acetylated glucopyranosyl isothiocyanate 1 and
substituted 2-amino-4,6-diarylpyrimidines 2. Two different methods have been used, namely
refluxing in anhydrous dioxane and solvent-free microwave-assisted coupling. The second
procedure afforded higher yields in much shorter reaction times. The compounds 2 and 4
were tested for their antibacterial and antifungal activities in vitro against Staphylococcus
epidermidis, Enterobacter aerogenes and Candida albicans by disc diffusion method.

Keywords: pyrimidine; glucopyranosyl thiourea; glucopyranosyl isothiocyanate; microwave-
assisted method

The pyrimidine structural motif is a fundamental part of nucleic acids and has been
associated with a number of biological activities."? Aminopyrimidine derivatives have
displayed interesting antibacterial, antitumor and HIV-I inhibiting activity.? Both pyrimidine
and aminopyrimidine moieties occur in commercially available drugs such as anti-
atherosclerotic Aronixil®, anti-histamine Thonzylamine®, anti-anxiolytic Buspirone® and other
medicinally relevant compounds.®

In other hand, sugar isothiocyanates are among the most versatile synthetic intermediates in
carbohydrate chemistry.* They play a pivotal role in the preparation of a broad series of
functional groups such as amide, isonitrile, carbodiimide, and N-thiocarbonyl derivatives
allowing, simultaneously, the covalent coupling of a quite unrestricted variety of structures to
the saccharide part.” Moreover, isothiocyanates are important reagents in heterocyclic
chemistry, which may be exploited in the synthesis of nucleosides and other N-glycosyl
structures.®’

One of the most popular and interesting approach in the context “green chemistry” is
employing microwave energy for conducting chemical transformations, which allows a higher
speed of heating, shorter reaction times, is compatible with solvent-free conditions and very
often lead to higher selectivities.®""

Thioureas and its derivatives are biologically important compounds and are useful fungicides,
herbicides,’? and antibacterial agents.” They have also found use in organocatalysis.''®
Thioureas have been synthesized by the reaction of primary and secondary amines with
thiophosgene and isothiocyanates.**'%°

Glucopyranosyl thioureas containing heterocycles (such as thiazole, benzothiazole,®

* Corresponding author. e-mail address: nguyendinhthanh@hus.edu.vn
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thiadiazole?') were synthesized using conventional heating method. We report herein the
preparation of some peracetylated glucopyranosyl thioureas containing pyrimidine nucleus
both under classical heating and solvent-free microwave irradiation conditions.
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where 3, 4, 5 and 6:

+ with R'=H, R?>=H (a1), 4-F (b1), 4-Cl (c1), 3-ClI (d1), 2-CI (e1), 4-Br (f1), 4-Me (g1), 4-iPr (h1), 4-
OMe (i1), 3-OMe (j1), 2-OMe (k1), 3,4-O,CH, (1), 4-OH (m1), 3-OH (n1), 2-OH (o1), 4-N(Me), (p1);

+ with R'=4-OMe, R*=H (a2=i1), 4-F (b2), 4-Cl (c2), 3-Cl (d2), 2-Cl (e2), 4-Br (f2), 4-Me (g2), 4-iPr
(h2), 4-OMe (i2), 3-OMe (j2), 2-OMe (k2), 3,4-O,CH; (12), 4-OH (m2), 3-OH (n2), 2-OH (02), 4-N(Me),
(P2);

+ with R'=4-Br, R*=H (a3=f1), 4-F (b3), 4-Cl (¢3), 3-Cl (d3), 2-Cl (e3), 4-Br (f3), 4-Me (g3), 4-iPr (h3),
4-OMe (i3), 3-OMe (j3), 2-OMe (k3), 3,4-O,CH, (13), 4-OH (m3), 3-OH (n3), 2-OH (03), 4-N(Me), (p3).

QT1: Convernient heating with refluxing method in 96% ethanol; QT2-1: Heating with refluxing in MW
oven; QT2-2: Microwave-assisted with solvent method; QT2-3: Microwave-assisted solventless
method; QT3: Microwave-assisted ‘one-pot’ method.

Scheme 1

2-Aminopyrimidines  were  prepared previously by reaction of substituted
benzylideneacetophenones 3% with guanidine under reflux in ethanol.>*** For the purpose of
this work we have prepared new 2-amino-4,6-diarylpyrimidines 4a-p by ring-closure
condensation of substituted benzylideneacetophenones and guanidine hydrochloride in the
presence of sodium hydroxide under microwave-assisted conditions and compare the results
with the classical procedures (Scheme 1 and Table 1,2). N-(2,3,4,6-Tetra-O-acetyl-p-D-
glucopyranosyl)-N'-(4’,6’-diarylpyrimidine-2’-yl)thioureas 6a-p were subsequently synthesized
by the condensation of tetra-O-acetyl-#D-glucopyranosyl isothiocyanate and corresponding
2-aminopyrimidines 4a-p. We performed this reaction by using two methods: by refluxing in
anhydrous dioxane for 8-10 h or by irradiation in a domestic microwave oven for a few
minutes in solvent-free condition (Scheme 1 and Table 3-5). The last method accelerates the
reactions and gave higher yields. We realized that 2-amino-4,6-diphenylpyrimidines with
electron-withdrawing group (such NO,, except halogens) cannot be formed; we tried to
perform the reaction of benzylidenacetophenones having nitro-group with guanidine, but the
reactions were unsuccessful.



Table 1. Synthetic results of 2-amino-4,6-diarylpyrimidines 4a-q

mp, Yield (%) Reaction time IR Spe_?tra

Entry °C QT | aQr21 | aQr22 | aQre-s | @1 | Q721 QT22 Q723 em™)

(h) (min) (min) (min) VN-H

4a1 118-119 67 77 81 62 14 5-7 1 9-10 | 3469;3320
4b1 132-133 67 76 80 65 14 5-7 2 9-10 | 3501;3338
4c1 160-161 75 75 79 67 14 5-7 3 9-10 | 3493;3314
4d1 118-119 67 78 88 70 14 5-7 3 9-10 | 3491;3315
4f1 171-172 70 74 86 69 14 5-7 2 9-10 | 3493;3293
491 127-128 75 75 80 65 14 5-7 1 8-10 | 3316-3210
4h1 142-143 - - - - - - - - 3512;3314
4i1 151-152 67 70 88 70 14 5-7 1 5-7 | 3369;3326
4j1 138-140 68 77 83 66 14 5-7 1 5-7 | 3429;3301
411 190-192 77 78 80 69 14 5-7 4 8-10 | 3493;3306
4m1 239-240 54 77 82 65 14 5-7 4 8-10 | 3505;3397
4n1 231-232 55 74 80 66 14 5-7 4 8-10 | 3325;3194
401 181-182 45 82 88 67 14 5-7 4 8-10 | 3401;3570
4p1 140-142 69 76 79 56 14 5-7 3 8-10 | 3480;3281
4b2 189-190 65 80 78 - 10 7-10 | 10-15 - 3319;3480
4c2 156-157 75 78 76 - 10 7-10 | 10-15 - 3329;3208
4d2 130-131 74 80 82 - 10 7-10 | 10-15 - 3327;3199
4e2 161-162 55 67 65 - 10 7-10 | 10-15 - 3326;3194
4f2 167-168 76 82 76 - 10 7-10 | 10-15 - 3330;3209
492 125-126 68 68 65 - 10 7-10 | 10-15 - 3508;3303
4h2 126-127 71 79 80 - 10 7-10 | 10-15 - 3380;3309
4i2 179-180 80 84 88 - 10 7-10 | 10-15 - 3487;3387
4j2 140-141 79 82 78 - 10 7-10 | 10-15 - 3430;3190
4p2 175-176 78 80 82 - 10 7-10 | 10-15 - 3482;3297
4b4 198-199 76 79 76 - 10 7-10 | 10-15 - 3492;3329
4c4 219-220 82 82 76 - 10 7-10 | 10-15 - 3467;3306
4d4 184-185 79 81 78 - 10 7-10 | 10-15 - 3464;3316
4e4 170-171 61 77 56 - 10 7-10 | 10-15 - 3486;3322
4f4 225-226 78 78 68 - 10 7-10 | 10-15 - 3495;3316
494 152-153 75 78 77 - 10 7-10 | 10-15 - 3498;3302
4h4 155-156 80 81 76 - 10 7-10 | 10-15 - 3494;3316
4i4 171-172 80 80 77 - 10 7-10 | 10-15 - 3484;3314
4j4 182-183 77 80 80 - 10 7-10 | 10-15 - 3328;3305
4k4 150-151 76 77 80 - 10 7-10 | 10-15 - 3484;3314
4p4 185-186 80 80 82 - 10 7-10 | 10-15 - 3493;3316
4q 160-161 77 79 76 - 10 7-10 | 10-15 - 3479;3390

In the refluxing cases, 2-aminopyrimidines 4 and peracetylated glucopyranosyl

isothiocyanate 5 were dissolved in anhydrous dioxane. After reaction, the solvent was
distilled off, and resultant sticky residue was triturated with ethanol to afford thioureas 6a-p
that were recrystallized with ethanol:toluene (1:1). In MW irradiation cases, a mixture of 2-
aminopyrimidine and peracetylated glucopyranosyl isothiocyanate was grinded together and
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irradiated in domestic MW oven (750 W). For first several minutes of microwave irradiation
(MWI), and then the reaction mixture became pasty. Reaction yields increased using MW
oven from 60-68% to 68-80%. All the obtained thioureas were soluble in common organic
solvents (such as ethanol, methanol, toluene, benzene, DMF,...). Their structures have been
confirmed by spectral (IR, NMR and MS) data.

Table 2. Selected 'H-NMR of 2-amino-4,6-diarylpyrimidin 4 a1-p1

Entry '"H-NMR spectra, 5 (ppm)

8,22-8,20 (m, 4H, J 3,5 Hz, H-3' & H5" and H-3"& H-5"); 7,70 (s, 1H, H-5); 7,53-

4at 7,52 (m, 6H, J 3,0 Hz, H-2’, H 4’ & H-6’ and H-2", H 4” & H-6")

8,30 (s, 1H, H-2'); 8,25-8,23 (m, 2H, J 2,75 Hz, H-3" & H-5"); 8,20 (d, 1H, J 7,5
4d1 | Hz, H-4); 7,78 (s, 1H, H-5); 7,591-7,75 (m, 2H, J 7,5 Hz & 3,0 Hz, H-5' & H6');
7,53-7,52 (t, 3H, J 3,0 Hz, H-2”, H 4” & H-6"); 6,80 (s, 2H, NH,)

8,22-8,21 (m, 2H, J 3,0 Hz, H-3" & H-5"); 8,18 (d, 2H, J 8,5 Hz, H-3' & H5'); 7,72
4f1 | (s, TH, H-5); 7,72 (d, 2H, J 8,5 Hz, H-2' & HE'); 7,53-7,51 (m, 3H, J 3,5 Hz, H-2",
H 4" & H-6"); 6,76 (s, 2H, NH,)

8,20-8,18 (m, 2H, J 2,5 Hz, H-3” & H-5"); 8,19 (d, 2H, J 9,0 Hz, H-3' & H5); 7,64
4i1 (s, 1H, H-5); 7,52-7,50 (m, 3H, J 3,0 Hz, H-2", H 4” & H-6"); 7,06 (d, 2H, J 9,0
Hz, H-2' & H6'); 6,61 (s, 2H, NH,); 3,84 (s, 3H, OMe)

8,22-8,20 (m, 2H, J 4,0 Hz & 1,5 Hz, H-3" & H-5"); 7,84 (dd, 1H, J 8,5 Hz & 1,25
Hz, H-6'); 7,80 (d, 1H, J 1,5, H-2); 7,65 (s, 1H, H-5); 7,52-7,50 (m, 3H, J 3,25
Hz, H-2", H 4’ & H-6"); 7,05 (d, 1H, J 8,0 Hz, H-5'); 6,64 (s, 2H, NH,); 6,11 (s,
2H, OCH.0)

411

9,90 (s, 1H, OH); 8,19-8,17 (m, 2H, J 2,25 Hz, H-3" & H-5"); 8,08 (d, 2H, J 9,0
4m1 | Hz, H-3' & H5Y); 7,59 (s, 1H, H-5); 7,51-7,50 (m, 3H, J 2,5 Hz, H-2”, H 4” & H-
6); 6,87 (d, 2H, J 8,5 Hz, H-2’ & H6'); 6,60 (s, 2H, NH,)

9,59 (s, 1H, OH); 8,20-8,18 (m, 2H, J 2,75 Hz, H-3" & H-5"); 7,61 (s, 1H, J 1,0
Hz, H-2'); 7,60 (m, 1H, J 7,5 Hz & 4,5 Hz, H-4’); 7,59 (s, 1H, H-5); 7,52-7,51 (t,

4T3 33,25 Hz, H-2, H 47 & H-6"): 7,30 (t, TH, J 2,75 Hz, H-6'); 6,91 (ddd, 1H, J
8,0 Hz, 2,5 Hz & 1,0 Hz, H-5'); 6,68 (s, 2H, NH,)
8,25-8,21 (m, 3H, J 2,5 Hz, 2,0 Hz & 1,5 Hz, H-3", H-5" & H-3'); 7,86 (s, 1H, H-
4ot | B) 7.54-7.53 (m, 3H, 32,5 Hz & 1,0 Hz, H-2', H 4" & H-6"); 7,37-7,34 (td, H, J

8,5 Hz & 1,5 Hz, H-6’); 7,18 (br,, OH & NH,); 6,90 (t, 1H, J 7,0 Hz, H-5’); 6,90
(dd, 1H, J 8,5 Hz & 1,25 Hz, H-4’)

8,19-8,17 (m, 2H, J 4,0 Hz & 1,5 Hz, H-3" & H-5"); 8,10 (d, 2H, J 9,0 Hz, H-3' &
4p1 | H5'); 7,60 (s, 1H, H-5); 7,50-7,49 (m, 3H, J 3,5 Hz & 1,5 Hz, H-2”, H 4’ & H-6");
6,79 (d, 2H, J 8,5 Hz, H-2' & H6'); 6,50 (s, 2H, NH,): 3,00 (s, 6H, N(Me),)

The IR spectra showed characteristic bands at 3522-3410 (vnu), 1754-1748 (vc=0), 1594,
1578, 1526, 1495 (vc=c), 1364-1362 (vc-g), 1232-1222 and 1070-1041 cm™ (vcoc). The 'H
NMR spectra show resonance signals which are specified for protons in thiourea-NH groups
at 6=11.16-12.04 ppm. Proton H-1 has chemical shift at 6=6.19-6.21 ppm (in triplet) with
couple constant J1,=9.0-9.5 Hz. Resonance signal of proton H-2 appears in triplet in region
6=5.02-5.06 ppm with J»1=9.0-9.5 Hz. The coupling constant values about the pyranose ring
agreed with trans-H-H disposition and the p-anomeric configuration. The *C NMR spectra




showed signal of thiocarbonyl group at $=181.3-181.4 ppm.?* The mass spectra showed M*
peak at respective molecular weights of the compounds. Some of them were subjected to
HREIMS to obtain respective molecular weights.

Table 3. Synthetic results of N-(2,3,4,6-tetra-O-acetyl-p-D-glucopyranosyl)-N’-4’,6'-
diarylpyrimidin-2’-yl)thioureas

mp, °C Yield (%) Reaction time
Entry
QT1 QT2 QT1 QT2 QT1 (h) | QT2 (min)

6a1 229-230 229-203 60 75 14 2
6b1 223-224 223-224 68 87 14 3
6c1 218-219 218-219 68 76 14 3
6d1 190-191 190-191 67 72 14 2
6f1 223-224 223-224 66 76 14 3
691 209-210 209-210 69 80 14 3
6h1 151-152 151-152 66 79 14 5
6i1 213-214 213-214 68 77 14 2
6j1 165-166 165-166 72 83 14 2
601 293-294 293-294 56 80 18 5
6b2 221-222 221-222 70 80 14 2
6¢c2 182-185 182-185 66 72 14 3
6d2 174-175 174-175 70 77 14 3
6e2 203-204 203-204 55 68 14 3
6f2 193-194 193-194 70 77 14 3
692 188-190 188-190 66 78 14 5
6h2 178-180 178-180 77 82 14 3
6i2 170-171 170-171 69 70 14 7
6j2 152-154 152-154 65 72 14 7
6p2 197-198 197-198 65 80 14 3
6b3 201-202 201-202 76 79 14 5
6c3 - 221-222 - 67 - 10
6d3 132-133 132-133 76 76 14 5
6e3 220-221 220-221 59 67 14 8
6f3 232-233 232-233 76 79 14 3
693 225-226 225-226 67 80 14 5
6h3 218-219 218-219 71 82 14 3
6i3 195-196 195-196 72 72 14 3
6j3 226-227 226-227 69 75 14 3
6k3 253-254 253-254 54 73 14 3
6p3 199-200 199-200 69 80 14 9
6q 220-221 220-221 70 71 14 3




Table 4. Selected 'H-NMR spectral data of some N-(2,3,4,6-tetra-O-acetyl-B-D-
glucopyranosyl)-N’'-(4,6-diarylpyrimidine-2-yl)thioureas

Entry

Ou (ppm)

6a1

12.181(d, 1H, J,4=9.5 Hz, H,), 11.107 (s, 1H, Hy), 8.317-8.298 (m, 4H, H-2", H-6" &
H-2"”, H-6"), 8.291 (s, 1H, H-5'), 7.651-7.597 (m, 6H, H-3", H-4”, H-5" & H-3", H-4",
H-5), 6.212 (t, 1H, J111=9.5 Hz, J12 =9.5 Hz, H-1), 5.531 (t, 1H, Js5 =9.5 Hz, Js.,
=9.5 Hz, H-3), 5.036 (t, 1H, J,5=9.5 Hz, J,1 =9.0 Hz, H-2), 5.034 (t, 1H, J;4=9.5 Hz,
Jus =9.5 Hz, H-4), 4.233 (m, 1H, J54 9.5 Hz, H-5), 4.065 (d, 1H, Jea 6o 10.0 Hz, H.-6),
4.233 (d, 1H, Jebsa 10.0 Hz, Hy-6), 2.030, 1.989, 1.955, 1,950 (s, 4xCH4CO)

6¢c1

12.036 (d, 1H, Ja1 9.0 Hz, H,), 11.157 (s, 1H, Hy), 8.348 (d, 2H, J3=J55=9.0 Hz,
H-2” & H-6"), 8.334 (s, 1H, H-5), 8.309 (dd, 2H, Jo»3-=Jg5-=8.0 Hz, Jp» 4+=Jg 4+=2.0
Hz, H-2” & H-6"), 7.691 (d, 2H J3»=Js5=9.0 Hz, H-3" & H-5"), 7.625 (ddd, 3H,
Jgn 2=d55:=8.0 Hz, J34=7.5 Hz, H-3", H-4” & H-5"), 6.197 (t, 1H, J111a 9.0 Hz, J; »
9.0 Hz, H-1), 5.522 (t, 1H, Js3 9.5 Hz, Js =9.5 Hz, H-3), 5.064 (t, 1H, J»5 9.5 Hz,
324=9.0 Hz, H-2), 5.044 (t, 1H, J34=J45=9.5 Hz, H-4), 4.217 (t, 1H, J54=9.5 Hz, J»1
=9.0 Hz, H-5), 4.054 (dd, 1H, Jea,=10.0 Hz, Ha-6), 4.207 (dd, 1H, Jep,6.=10.0 Hz, Hy-
6), 2.030, 1.991, 1.962, 1.952 (s, 4xCH;CO)

6d1

12.163 (d, 1H, J.+=9.5 Hz, H,), 11.224 (s, 1H, Hy), 8.395 (m, 2H, H-2" & H-5),
8.347-8.319 (m, 3H, H-2”, H-4" & H-6"), 7.704 (m, 1H, H-6"), 7.664-7.601 (m, 4H,
H-4”, H-5" & H-3", H-5"), 6.198 (t, 1H, J111a=9.5 Hz, J1,=9.5 Hz, H-1), 5.556 (t, 1H,
J43=9.5 Hz, J45=9.5 Hz, H-3), 5.062 (t, 1H, J54=9.5 Hz, J3,=9.5 Hz, H-4), 5.046 (t,
1H, Jo, 3 =9,5; J, 1=9,5 Hz, H-2), 4.21 (octet, TH, J54=9.5 Hz, J56,=5.0 Hz, J565=2.0
Hz, , H-5), 4.219 (dd, 1H, Jepea=12.5 Hz, Jeos=4.75 Hz, Hy-6), 4.054 (dd, 1H,
Joass=12.5 Hz, Jens=1.75 Hz, H,-6), 2.030, 1.991, 1.962, 1.952 (s, 4xCH;CO)

6f1

12.031 (d, 1H, Jpa1=9.5 Hz, Ha), 11.180 (s, 1H, Hy), 8.350 (s, 1H, H-5'), 8.314 (dd,
2H, Jp» 3=Je5=8.5 Hz, Jp4=Js+=2.0 Hz, H-2” & H-6"), 8.282 (d, 2H, J,5=J55=9.0
Hz, H-2" & H-6”), 7.831(d, 2H, J3,=J55=9.0 Hz, H-3” & H-5), 7.627 (m, 3H, H-3”, H-
4” & H-5"), 6.188 (t, 1H, J11.=9.5 Hz, J1,=9.5 Hz, H-1), 5.516 (t, 1H, J34=9.5 Hz,
J54=9.5 Hz, H-3), 5.053 (t, 1H, Jo1 =9.5 Hz, J,3=9.5 Hz, H-2), 5.039 (t, 1H, Js5=9.5
Hz, J45=9.5 Hz, H-4), 4.217 (dd, 1H, Jepea =14.5 Hz, Hy-6), 4.214 (t, 1H Js4 =9.5 Hz,
Js6=9.5 Hz, H-5), 4.046 (dd, 1H Jeaso =14.5 Hz, H,-6), 2.027, 1.988, 1.963, 1.947 (s,
4xCH,CO)

601

12.115 (d, 1H, Jpa1 9.5 Hz, Ha), 11.850 (s, 1H, Hy), 11.832 (s, 1H, OH), 8.335 (s, 1H,
H-5), 8.307 (dd, 1H, J3+=8.5 Hz, J;5=1.5 Hz, H-3"), 8.244-8.228 (m, 2H, H-3” & H-
5”), 7.676-7.624 (m, 3H, H-2”, H-4" & H-6"), 7.549 (td, 1H, J¢5=8.0 Hz, Jg+=1.5
Hz, H-6"), 7.015 (d, 1H, J=7.5 Hz, H-4”), 7.003 (d, 1H, J=8.0 Hz, H-5), 6.198 (t, 1H,
J11e=9.0 Hz, J1,=9.5 Hz, H-1), 5.521 (t, 1H J3,=9.5 Hz, Js4 =9.5 Hz, H-3), 5.021 (m,
2H, H-2 & H-4), 4.234-4.175 (m, 2H, H-5 & Hy-6 ), 4.062-4.041 (m, 1H, Ha-6), 2.027,
1.984, 1.953 (s, 4XCH,CO)

6il

12.218 (d, 1H, Jna1 9.0 Hz, Hy), 11.063 (s, 1H, Hy), 8.316 (d, 2H, J»3=J5 5=9.5 Hz,
H-2” & H-6"), 8.298 (td, 2H, Jy»3=J¢-5=8.0 Hz, Jp»s=Jg»4=2.0 Hz, H-2” & H6"),
8.251 (s, 1H, H-5), 7.639-7.600 (m, 3H, H-3”, H-4” & H-5”), 7.147 (d, 2H,
Jo 2=J55=9.0 Hz, H-3" & H-5"), 6.192 (t, 1H, J1115=9.0 Hz, J;,=9.5 Hz, H-1), 5.522 (t,
1H J5,=9.5 Hz, J54=9.5 Hz, H-3), 5.035 (t, 1H, J,3=9.5 Hz, J,4=9.5 Hz, H-2), 5.020
(t, 1H, J45=9.5 Hz, J45=9.5 Hz, H-4), 4.208 (m, 1H, Hy-6), 4.204 (m, 1H, H-5), 4.052
(m, 1H, H,-6), 3.888 (s, 3H, OCH; Ar), 2.028, 1.984, 1.956, 1.949 (s, 4xCH;CO)

691

12.185 (d, 1H, J1a1=9.0 Hz, Hy), 11.047 (s, 1H, Hy), 8.296 (dd, 2H, J» 3=Jg5=8.0
Hz, Jp #=J #=1.75 Hz, H-2” & H-6"), 8.242 (s, 1H, H-5'), 8.207 (d, 2H, J; 3=J¢ 5=8.0
Hz, H-2" & H6"), 7.598 (m, 3H, H-3", H-4” & H-5"), 7.405 (d, 2H, J3»=Js¢=8.0 Hz,
H-3” & H-57), 6.218 (t, 1H, J111=9.0 Hz, J;, 9.5 Hz, H-1), 5.535 (t, 1H J;,=9.5 Hz,
J34=9.5 Hz, H-3), 5.041 (t, 1H, J,5=9.5 Hz, J,4=9.5 Hz, H-2), 5.034 (t, 1H, J45=9.5
Hz, J45=9.0 Hz, H-4), 4.246-4.197 (m, 2H, Hy-6 & H-5), 4.070 (dd, 1H, Jepea =10.5
Hz, Joas=3.5 Hz, Ha-6), 2.414 (s, 3H, CHs), 2.033, 1.993, 1.956, 1.956 (s, 4xCHCO)




Entry On (ppm)

12.185 (d, 1H, J1a1=9.5 Hz, H,), 11.051 (s, 1H, Hy), 8.307 (dd, 2H, Jp3=Jg5=8.5
Hz, Jp #=J #=1.75 Hz, H-2” & H-6"), 8.269 (s, 1H, H-5'), 8.255 (d, 2H, Jp 3=J¢ 5=8.5
Hz, H-2” & H6"), 7.621 (m, 3H, H-3", H-4" & H-5"), 7.485 (d, 2H, Jy »=Js ¢=8.5 Hz,
H-3" & H-57), 6.213 (t, TH, J1,12=9.0 Hz, J1, 9.0 Hz, H-1), 5.530 (t, 1H J;,=9.5 Hz,
6hl | 3,,=9.5 Hz, H-3), 5.052 (t, 1H, J,3=9.5 Hz, J,1=9.5 Hz, H-2), 5.045 (t, 1H, J;5=9.5
Hz, J45=9.0 Hz, H-4), 4.229-4.194 (m, 2H, Hy-6 & H-5), 4.081 (m, 1H, H,-6), 3.019
(quintet, 1H, J=7.0 Hz, CH(CHs),), 2.037, 1.994, 1.960, 1.953 (s, 4xCH,CO), 1.275
(s, 6H, J=7.0 Hz, CH(CHa),).

Table 5. Selected "*C-NMR spectral data of some N-(2,3,4,6-tetra-O-acetyl-p-D-
glucopyranosyl)-N’'-(4,6-diarylpyrimidine-2-yl)thioureas

Thioureas

6a1 6c1 6d1 6f1 691 6h1 6i1 601
C=S | 181.39 | 181.32 | 181.30 | 181.31 | 181.28 | 181.29 | 181.33 | 181.37
C-1 8172 | 8117 | 8163 | 81.73 | 81.72 | 81.75 | 81.71 | 81.63
C-2 7148 | 7138 | 7188 | 71.34 | 71.41 | 7147 | 7148 | 71.42
C-3 7214 | 7220 | 7153 | 7217 | 7211 | 7228 | 7211 | 7215
C-4 67.98 | 67.99 | 67.98 | 67.97 | 67.97 | 67.96 | 67.97 | 67.96
C-5 7261 | 7267 | 7257 | 7266 | 7261 | 7259 | 7259 | 72.61
C-6 61.75 | 61.79 | 61.72 | 61.79 | 61.75 | 6169 | 61.77 | 61.73
C-2° | 15755 | 157.46 | 157.46 | 157.48 | 157.43 | 157.45 | 162.26 | 159.22
C-4 | 164.97 | 163.82 | 163.14 | 163.93 | 164.82 | 164.71 | 164.38 | 163.55
C-5 | 107.66 | 107.62 | 107.81 | 107.60 | 107.16 | 107.27 | 106.74 | 107.15
C-6' | 164.97 | 165.02 | 165.45 | 165.06 | 164.82 | 164.94 | 164.68 | 166.13
C-1” | 135,53 | 134.34 | 134.05 | 131.80 | 132,67 | 133.10 | 131.58 | 118.36
c-2' | 128.96 | 128.97 | 131.86 | 129.46 | 120.48 | 12793 | 127.39 | 455 91
C-3" | 127.49 | 129.25 | 137.53 | 131.94 | 131.55 | 128.85 | 114.32 | 117.93
C-4" | 131.73 | 136.56 | 126.16 | 136.41 | 141.80 | 152.47 | 157.49 | 131.77
C-5" | 127.49 | 129.25 | 131.38 | 131.94 | 131.55 | 128.85 | 114.32 | 119.22
C-6" | 128.96 | 128.97 | 127.08 | 129.46 | 129.48 | 127.53 | 127.39 | 133.68
C-1” | 135.53 | 135.40 | 135.39 | 134.72 | 135.52 | 135.53 | 135.66 | 135.48
C-2” | 128.96 | 127.46 | 127.57 | 127.49 | 127.36 | 126.82 | 128.93 | 127.37
C-3" | 12749 | 128.93 | 128.95 | 128.95 | 128.83 | 127.36 | 129.32 | 129.07
C-4” | 131.73 | 131.76 | 130.83 | 125.53 | 131.46 | 131.55 | 127.78 | 129.14
C-5" | 127.49 | 128.93 | 128.95 | 128.95 | 128.83 | 127.36 | 129.32 | 129.07
C-6” | 128.96 | 127.46 | 127.57 | 127.49 | 127.36 | 126.82 | 128.93 | 127.37

Carbon

20.43, | 20.39, | 20.39, | 20.42, |20.990, | 20-29, | 2042, | 20.40,
CHsCO | 20.40, 2029
20.32, | 20.36, | 20.39, | 20.38, |20.386, | 20, 20.39, | 20.36,




Thioureas
Carbon
6a1 6¢1 6d1 6f1 6g1 6h1 6i1 601
20.229 | 5009 | 2028, | 20.30, | 20.293, | 20.20, | 20.31, | 20.28.
20.21 20.17 | 20.21 | 20.203 | 20.12 | 20.21 | 20.20
169.78,| 196.77,
169.93, | 169.883, | 169.90, | 169.90, 169.91, | 169.90,
CH.cO | 169.57, | 169.566, | 169.57, | 169.58, 169.41,1 169.43, | 169.53, | 169.51,
3 169.50, | 169.470, | 169.45, | 169.48, 169.35,| 169.36, 169.48, | 169.46,
169.35 | 169.303 | 169.30 | 169.31 169.34 | 169.31
169.21| 169.22
33.29
[CH(C
Hs)2
C 20.29 Ar], 55.48
OCH
others (CH; Ar] 23.45 (Ar)3
[CH(C
Ha), Ar]

Compounds 4 and 6 were screened for their antibacterial and antifungal activities in vitro
against Staphyloccus epidermidis, Enterobacter aerogenes and Candida albicans by disc
diffusion method. All amines 4 have significant biological activities against E. aerogenes, S.
epidermidis and C. albicans. Compounds 4a-p showed highest antibacterial activity against
S. Epidermidis (Table 6). Aimost all compounds 6 have remarkable biological activity, except
compound 6b which exhibited no antifungal activity against E. aerogenes and compound 6g
against C. albicans. Especially, the antibacterial activity against S. epidermidis proved
significantly in these compounds (Table 7).

Table 6. Response of various micro-organisms to some new selected substituted
amino-4,6-diarylpyrimidine

Entry R Diameter of zone inhibition (mm)?
E. aerogenes S. epidermidis C. albicans

4a H 15 30 20
4b p-F 26 30 25
4c p-Cl 20 29 17
4d m-Cl 18 30 20
4e p-Br 15 28 15
4f p-Me 23 27 26
49 p-iPr 22 26 25
4h 0-OH 18 23 24
4i p-OMe 18 29 18
4j m-OMe 19 25 22
ref. - 25° 259 357

3 DMF used as control; Concentration used=100 pg/mL of DMF.
ref= " ampicillin; © methicillin; © clotrimazole.



Table 7. Response of various micro-organisms to some new selected substituted N-
(2,3,4,6-tetra-O-acetyl-B-D-glucopyranosyl)-N’'-(4’,6’-diarylpyrimidine-2’-yl)thioureas

Entry R Diameter of zone inhibition (mm)®

E. aerogenes S. epidermidis C. albicans
6a H 15 27 15
6b p-F 17 28 16
6c p-Cl 0 30 14
6d m-Cl 13 28 19
6e p-Br 18 30 21
6f p-Me 20 28 20
6g p-iPr 22 29 22
6h 0-OH 20 27 21
6i p-OMe 23 29 0
6j m-OMe 22 24 22
ref. - 35" 35% 459

2 DMF used as control; Concentration used=100ug/mL of DMF.
ref= b)ampicillin; ° methicillin; 9 clotrimazole.

In summary, the present new method of the formation of 2-amino-4,6-diarylpyrimidines 4 and
N-(2,3,4,6-Tetra-O-acetyl-pB-D-glucopyranosyl)-N'-(4’,6’-diarylpyrimidine-2’-yl)thioureas 6
under microwave irradiation offers several advantages: faster reaction rates (1-2 min for 4
and 5-7 min for 6) and high yields (80-89% for 4 and 72-83% for 6), while the conventional
method of formation of these thioureas involves long reaction times (8-10 h and 60-68% for
6).

1. Experimental
1.1. General methods

Melting points were determined on a STUART SMP3 apparatus (BIBBY STERILIN-UK). The
FTIR-spectra were recorded on a Magna 760 FT-IR Spectrometer (NICOLET, USA) in KBr
pellets. The "H NMR (500.13 MHz) and "*C NMR (125.77 MHz) spectra were recorded on an
AVANCES00 Spectrometer (BRUKER, Germany) in DMSO-ds solution in ppm compared to
TMS as internal reference at 300K. The assignments of 'H and "*C were confirmed using
HMBC and HSQC methods. The high-resolution mass spectra were recorded on AutoSpec
Premier instrument (WATERS, USA) using El. Optical rotation were measured on a POLAX-
2L polarimeter (ATAGO-Japan) in DMSO solution. Analytical thin-layer chromatography
(TLC) was performed on silica gel 60F;s54 No. 5715 (Merck, Germany) with EtOAc and light
petroleum (bp 60-90 °C). The spots were visualized by exposure to UV light or by spraying
the plats with 10% (v/v) H,SO, in EtOH, followed by heating. 2,3,4,6-Tetra-O-acetyl-B-D-
glucopyranosyl! isothiocyanate 3 was prepared by the reaction of per-O-acetylated-p-D-
glucopyranosyl bromide (prepared from D-glucose)® with lead thiocyanate in dried toluene.?
Other reagents were supplied by Merck and used as is.



1.2. General procedure for synthesis of 2-amino-4,6-diarylpyrimidines (2a-p)
Procedure A (under refluxing condition)

A solution of substituted benzylideneacetophenone 3 (10 mmol) in ethanol (5 mL) was added
to a solution of guanidine hydrochloride (15 mmol) and sodium hydroxide (45 mmol) in water
(2 mL). The reaction mixture was refluxed for 10 min in domestic microwave oven. Solvent
was removed under reduced pressure and the residue was triturated with water, the
precipitate was filtered by suction and washed with water until neutral to afford the title
compounds 4, which were recrystallized from ethanol: toluene (1:1) to give ivory-white
crystals.

Procedure B (under microwave-assisted and solvent-free conditions)

Substituted benzylideneacetophenone 3 (10 mmol), guanidine hydrochloride (15 mmol) and
sodium hydroxide (45 mmol) were mixed carefully with a little water. Obtained mixture was
irradiated under domestic microwave oven. After some minutes (1-2 min) the reaction
mixture had become dark-yellow, and then the irradiation was continued in given time. Upon
completion, monitored by TLC, the reaction mixture was cooled to room temperature and
then triturated with water; formed precipitate was filtered by suction and washed with water
until neutral to afford the title compounds 4, which were recrystallized from ethanol: toluene
(1:1) to give ivory-white crystals.

1.3. General procedure for synthesis of N-(2,3,4,6-tetra-O-acetyl-(3-D-glucopyranosyl)-
N’-(4’,6’-diarylpyrimidine-2’-yl)thioureas (6a-p)

Procedure A (under refluxing condition)

A solution of 2-amino-4,6-diarylpyrimidine 4 (2 mmol) in anhydrous dioxane (10 mL) was
added to a solution of 2,3,4,6-tetra-O-acetyl-B-D-glucopyranosyl isothiocyanate 5 (2 mmol) in
anhydrous dioxane (10 mL). The reaction mixture was heated in refluxing for 8-10 h. Then
solvent was removed under reduced pressure, and the residue was triturated with ethanol.
The precipitate was filtered by suction and recrystallized with ethanol: toluene (1:1) to afford
the title compounds 6 as ivory-white crystals.

Procedure B (under microwave-assisted and solvent-free conditions)

A mixture of 2-amino-4,6-diarylpyrimidine 4 (2 mmol) and 2,3,4,6-tetra-O-acetyl--D-
glucopyranosyl isothiocyanate 5 (2 mmol) was grinded in 5-mL. porcelain beaker. Then the
mixture was put into a domestic microwave oven (the power output is 750 W). The adjustor
of the microwave oven was set to the proper temperature (about 50 °C). The reactants were
irradiated for a period of 5-7 min. The mixture became dark-yellow pasty in reaction process.
The reaction was traced with thin-layer chromatography. The reaction mixture was cooled to
room temperature, triturated with ethanol, filtered by suction and recrystallized with ethanol:
toluene (1:1) to afford the title compounds 6 as ivory-white crystals.
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