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ABSTRACT

Diabetes is a metabolic disorder wherein blood gke level is increased along with some other ababrm
conditions like polyuria, polydipsia and polyphagiAs per WHO estimatior880 million people will become
diabetic by 2025. Tyrosine residues are selectidelyhosphorylated by Protein tyrosine phosphatéBé®s) and
thus a wide variety of cellular processes are raged by their action. Protein tyrosine phosphatage(PTP1 B)
has shown to be a negative regulator in the inssilgmaling pathways. Recent gene knockout studieged out on
mice portrays PTP1B as an effective target for ddigcovery process related to anti-diabetic andi-abese
agents. PTPs are also involved in several otheordisrs like cancer. The structure of compoundsh®gired by
the present method were confirmed by TLC, IR, NMR Massspectroscopy. The anti-diabetic activity of the
synthesized compounds were tested against PTPBnenay using Calbiochem® PTP1B colorimetric assay k
Among all synthesizesbmpounddic, 4d, 4e, 4f had shown promising anti-diabetic activity, whikher compounds
have shown lesser potency as anti-diabetic agent.
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INTRODUCTION

Diabetes ioften known as diabetes mellittisat represents a metabolic disoraewhich the person has high blood
glucose level, may be because of inadequate ingubduction, or because the body cell are unableespond
properly to insulin or both [1]. Protein tyrosinbegsphatases (PTPs) are responsible for selectpteodphorylation
of tyrosine residues and regulate a wide varietgalfular processes [2]. Protein tyrosine phosgefaroduces
dephosphorylation of insulin receptor and PTP-1Bs e&s a negative regulator in insulin signalinghpety.
Moreover, recent studies have shown that enhandewfeinsulin sensitivity in addition to the decreas
susceptibility to diet-induced obesity is may beesult of loss of protein tyrosine phosphatase-2BR1B) activity
[3]. Specific PTP1B inhibitors emerged as a newdtiffor treatment of type-2 diabetes[4], obesitydBH also for
cancer [6],[8-10]A class of PTP-1B inhibitor is synthesized by cyation of three-components like aryl aldehydes,
thiourea, and ethyl cyanoacetate in methanol ysotgssium hydroxide to form (6-Aryl substituted-xee2-thioxo-
1,2,3,4-tetrahydropyrimidine-5-carbonitrile) [7].
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EXPERIMENTAL SECTION

1.Chemical Studies
2.Biological Study

1. Chemical studies

All synthesized compounds were characterized bgg&ctra (wave number in énwhich was taken by using an
ALPHA T BRUKER FT-IR spectrophotometer using presslet technique’H NMR spectra were recorded on
400MHz BRUKER AVANCE Il NMR instrument in DMSO ar@DCl; with TMS as internal standard fid NMR
and chemical shift values are mentioned ppm. All reagent used were of analytical gradé¢aioled from S.D fine
chemicals, Spectrochem and Qualigens.

SCHEME:

CN
+ C2H5O

/
+
[ @ ()]

OHC /
/_

R

H2N/ \NH2

Thiourea Ethyl cyno acetate
Substituted

Aldehyde

Dry Methanol

KOH
Reflux for 10-12 hrs

NC
| NH

N

la-1h

N
| H

510



Ashish Patelet al J. Chem. Pharm. Res,, 2015, 7(10):509-517

i o)
NC " Ethyl chloro acetate NG
| /K Dry Methanol 7 |NH
R/ Z |/ e ©
la-1h R 2a - 2h

Hydrazine Hydrate
Reflux

6-8hrs
Y

o

1
60 - 70 % HSO, Z N

= X J\ NHNH,
__NHNH, X N & >
i " I
o R/ 3a-3h
Sr. No a b c d e f g h
R | 83NO, | 4NO, | 4CI | 3,40CH | 40CH | 4Ch | H | 4F

Synthesis of 6-Aryl substituted-4-oxo-2-thioxo-1,,23, 4-tetrahydro pyrimidine-5- carbonitrile (1a —1h)

The aryl aldehyde (0.033 mole), ethyl cyanoacef@t633 mole), thiourea (0.039 mole), potassium byie
(0.033 mole) and dry methanol (q.s.) was refluxadaowater bath for 10-12 hrs and reaction was roosit by
TLC. After completion of reaction, reaction mixtuneas allowed to cool on ice-bath to obtain a selldch was
then filtered. Collected solid was dissolved in heater and neutralized with glacial acetic acid.tabied
precipitates were filteredut, washed with water and dried. Crude product keasystallized from methanol and
purity of compounds were confirmed by TLC and MwaitPoint.

0O
CHO Dry methanol
i o KOH Ne NH
X /\ﬂ/ ~ Stirring for 10-12 hrs
| + HN—C—NH, + NC T CoHs 2HrMng for 20-22 |
= DR
R ) =
Substituted Thiourea Ethyl cyano acetate R/
benzaldehyde 1a- 1h
Sr. No a b c d e f g h
R -3NQ; | -4NQ, | -4CI | -340CH | -40CH | -4CH | H[ 4F
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Table: 1 Physicochemical properties of compound 1alh

Sr. no. Com'\;l)cc))und Mol. Formula | Mol.Wt. gm/mol | % Yield R¢ IR (cm?)

-C=0 (amide) ,1669 cth
-NO; ,1354 &1518 crit

1 la G1HsN,OsS 274.51 73 0.4 -CH(aromatic), 3039 cth
-CN, 2210 crit
-C=S, 1118 cr*
-C=0 (amide) ,1645 cth
-NO; ,1350 &1536 cr

2 1b GiiHeN4OsS 274,51 70 0.48 -CH(aromatic), 2997 cth
-CN, 2211 crt
-C=S, 1123 ci
-C=0 (amide),1649 cth
C-Cl, 807 crit

3 1c GiiHsCIN;OS 263.45 72 0.52 -CH(aromatic), 3089 cth
-CN, 2235 crit
-C=S, 1118 cm
-C=0 (amide) ,1680 cth
-C-0,1232 crt

4 1d GiaH10N305S 289.65 78 0.48 -CH(aromatic), 3024 cth
-CN, 2218 crit
-C=S, 1093 cm
-C=0 (amide) ,1644 cth
-C-0,1362 cri

5 le GHeN30,S 259.21 75 0.45 -CH(aromatic), 2998 cth
-CN, 2217 cnit
-C=S, 1139 ci
-C=0 (amide) ,1679 cth

6 1f CuHeN;0S 243.67 74 05 gn(z;rggam 3012 crh
-C=S, 1120 cm
C=0 (amide),1668 cth

7 1g GuH/N;0S 229.43 74 | 05 gn(a;rgggam 2998 cih
-C=S, 1115 cm
-C=0 (amide) ,1649 cth

8 1h GiHs FN;0S 247.25 68 | 0.43 gn(azrg?’?sam 3089 crh
-C=S, 1118 ci

Synthesis of 4-Aryl substituted-ethyl-2-(5-cyano-8;dihydro-6-oxo-pyrimidine-2-ylthio) acetate (2a -2h)
Synthesis of 4-Aryl substituted-ethyl-2-(5-cyan&-tljhydro-6-oxopyrimidine-2-ylthio)acetdfa-2h) by
compound(1a-1h) (0.0072mole) was dissolved in methanol and cooliagdition was maintained at 05 with
continuous stirring then after 10-15 min, TEA (B60mole) was added slowly, preferably drop by dnggh the
help of dropping funnel followed by drop wise adllit of ethyl chloroacetate (0.0072 mole) over aqueof 30
min. Further, cooling condition was maintained dolditional 3 hours and then put the reaction atrréemperature
for further 3hr with stirring. The completion ofagion was confirmed by TLC and Recrystallized frorethanol.

o o)
Ethyl chloro acetate
NC NH Y'Sry methanol NC
/J\ TEA | NH
R
)\ OCH
| X H S | A N S/\(”:/ 5
/ F / P (@)
R
la-1h R 2a-2h
Sr. No a b c d e f g h

R | 3NO, | 4NG, | -4CI| -340CH | 40CH, | -4CH | H | 4F
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Table: 2 Physicochemical properties of compound 2a2h

Coml\[l)cc))und Mol. Formula | Mol.Wt. gm/mol | % Yield R IR (cm™)
-C=O(ester) , 1739 ¢
-C=0O(amide) , 1663 ct
-CN, 2224 crit
-CH(aromatic) , 2992 cth
-C=0O(ester) , 1732 ci
-C=0O(amide) , 1663 cth
-CN, 2213 crit
-CH(aromatic) , 2981 c*
-C=0O(ester) , 1740 ci
-C=0O(amide), 1661 cth
-CN, 2219 crit
-CH(aromatic) , 2985 cth
-C=0O(ester) , 1742 ci
-C=0O(amide) , 1634 cth
-CN, 2209crt
-CH(aromatic) , 3007 cth
-C=O(ester) , 1743 cfn
-C=0O(amide) , 1653 ct
-CN, 2220crit
-CH(aromatic) , 2981 cth
-C=O(ester) , 1732 cm
-C=0O(amide) , 1698 cth
-CN, 2210 crit
-CH(aromatic) , 2980 cth
-C=0O(ester) , 1744 ci
-C=0O(amide) , 1648 ct
-CN, 2207 crit
-CH(aromatic) , 2982 cth
-C=O(ester) , 1735 cf
-C=0O(amide) , 1652 cth
-CN, 2221 crit
-CH(aromatic) , 2998 ¢*

Sr no.

1 2a GsH1oN4OsS 360.52 62.7 0.6%

2 2b GisH12N4OsS 360.52 67.8 0.6

3 2c GisH12CIN3OsS 349.30 65 0.5

4 2d Gi7H1/N3OsS 375.45 70 0.48

5 2e GeHi1sN30,S 345.67 72 0.46

6 2f Ci6H15N305S 329.21 67.3 0.5

8 2h GisH12FN3OsS 333.34 58 0.38

Synthesis of 4-Aryl substituted 2-(5-cyano-1,6—ditdro-6-oxopyrimidine)-2-ylthio hydrazide (3a — 3h)

The compound2a-2h) (0.0055 mole) was dissolved in methanol and refiufor 10-15 min and then hydrazine
hydrate (99%) (0.0094 mole) was added and theoxed for 7-8 hrs. The completion of reaction wasfitmed by
TLC. After completion of reaction, methanol was pewted to obtain solid which was recrystallizedndr
methanol.

O 0]
Hydrazine hydrate NC
NC NH Reflux for 6-8 hrs NH
| )\ OCH ~ | Y _~__-NHNH;
| N N S/\(”:/ 5 | X N s ﬁ/
/ P (@] / P 0]
R R 3a-3h
2a-2h
Sr. No a b c d e f g h

R -3NG, | -4NG, | -4Cl | -340CH | -40CH, | -4CH; | H | 4F
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Table: 3 Physicochemical properties of compound 3a3h

Sr no.

Compound
No

Mol. Formula

Mol. Wt. gm/mol

% Yield

R+

IR (cm™)

3a

G3H10N604S

346.20

53

0.65

-NH,, 3281,3288 crh
-C=0, 1680 cri

-CN , 2202 crit
-CH(aromatic),2916 cth

3b

GiaH10NsOsS

346.20

52.5

0.65

-NH,, 3287,3295 crh
-C=0, 1682 crit

-CN, 2213 cnit
-CH(arcmatic), 2922 cn*

3c

Gi3H10CINsO,S

335.11

50

0.7

-NH,, 3279,3287 crh
-C=0, 1684 cri

-CN, 2204 crit
-CH(aromatic),3110 cth
-C=C, 1592 cm

3d

GisH1sNsOsS

361.4

54.3

0.6

-NH,, 3285,3393 crh
-C=0, 1678 cri

-CN, 2202 crit
-CH(aromatic),2917 cth
-C=C, 1601 cr*

3e

G4H13NsO0sS

331.52

55

0.62

-NH,, 3234,3242 crh
-C=0, 1667 cr

-CN, 2213 crit
-CH(aromatic,29%6 cn™*

3f

C14H 13NSOZS

315.75

52.4

0.63

-NH,, 3310,3316 crh
-C=0, 1665 cri

-CN , 2209 cnit
-CH(aromatic),2982 cth

39

GiaH11Ns0,S

301.28

56

-NH,, 3289,3282 crh
-C=0, 1677s cmh

-CN, 2200 crit
-CH(aromatic),3111 cth

3h

GisH10FNsO,S

319.32

62

0.48

-NH,, 3282,3275 crh
-C=0, 1668s crh

-CN, 2210 crit
-CH(aromatic),3050 cth

Synthesis of 4-Aryl substituted-2-(5-carboxylic ad-1,6-dihydro-6-oxo-pyrimidine)-2-ylthio hydrazide (4a —

4h)

The synthesized compouli8a-3h)was dissolved in methanol and then corgS®} (70-80%) was added drop wise
and refluxed for 2-3 hrs. The completion of reattieas confirmed by TLC. After completion of reactjdasify the
reaction mixture with NaOH solution and precipithtebtained was filtered to obtain solid product ethivas
recrystallized from methanol.

NC
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O

O
HOO
| NH 60-709% H,SO, | NH
—— NHNH
)\ NHNH )\ N~ 2
A N S/\ﬁ;/ 2 | N N s (”:
R
3a-3h 4a-4h
Sr. No a b [+ d € f g h
R -3NGC, | -4NG, | -4CI [ -340Ck | -40CH | -4CHs | H | -4F
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Table: 4 Physicochemical properties of compound 4a4h

Srno. Coml\[l)cc))und Mol. Formula | Mol. Wt. g/mol | % Yield R¢ Melting Point (°C)
1 4a G3H11NsO6S 365 59.2 0.7 300-304
2 4h Ci3H11NsOsS 36E 50 0.71 302-30€
3 4c C13H1:CIN,O4S 354 52.4 0.7 284-28¢
4 4d GisH16N4OsS 380 50 0.6 280-285
5 4e G4H1aN4OsS 350 54 0.62 296-298
6 4f Ci14H14N4OsS 334 53 0.64 290-292
7 49 GisH12N4OsS 320 53.3 0.61 280-284
8 4h C1:H11FN,O,S 33¢ 51 05€ 28€-292

2. Biological study

The synthesized compounds were evaluated for &tietic activity using Calbiochem® PTP1B colorinetissay

kit and The PTP-1B inhibitor assay suramin is ta&kem control [11-12].

Table: 5 Inhibition of test samples as compared tdime zero and Suramin

Concentration of Phosphate (nmole)  Absorbance (886
0.00 0.076
0.25 0.154
0.50 0.182
1.00 0.219
2.00 0.312
3.00 0.381
y=10.32x-1.183
oy R?=0.953
= 35
=
;‘—.'. 3 L 2
= 1 ~
,-"-:- 2.5 /
& 2] &
< |
3 15 /
= 1 /
E 0.5 A L 4
] & 4 : : :
-0.5 r' 0.1 0.2 0.3 0.4 ols
-1

Fig.1 Phosphate Standard Curve

Y (n mole of phosphate) =10.32(Abs. X) —1.185

R?=0.961
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RESULTS AND DISCUSSION

Table: 6 Spectral data of final compound 4a — 4h

Sr | Compound IR Stretchin "H NMR
No. N%. (cm®) ’ 5 (ppm) MASS (m/z)
-C=0 (amide),1641
1 4a 8;03(2??) 1739 2.2-2.5 (d, 2H, NH), 3.26 (s, 2H, Ch), 8.16 (s, 1H, NH), 8.02-8.12 (, 366 (M)
-CH (Aromatic), 2981 H, NH), 7.2-7.4 (d, 3H, Ar-H), 7.48 (s, 1H Ar-H)024(s, 1H, COOH).
-NO,, 1568 & 1352
-C=0 (amide), 1653
) " :g;")?’(ggg’)' 1730 2.0 (d, 2H, NH), 3.76 (5, 2H, C), 8.0 (5, 1H, NH), 8.2 (t 1H. NH), 0
-CH (Aromatic), 2984 7.54-7.89 (d, 4H, Ar-H), 11.6 (s, 1H, COOH).
-NO;, , 1364,1554
-C=0 (amide), 1648
3 4c -C=0 (acid), 1734 2.2 (d, 2H, NH), 3.70 (s, 2H, Ch), 8.1 (s, 1H, NH), 8.0 (t, 1H, NH), 354 (M)
-OH, 3530 7.22-7.35 (d, 4H, Ar-H), 10.9 (s, 1H, COOH). 356 (M+2)
-CH (Aromatic),2992
-C=0 (amide), 1642
-C=0 (acid), 1739 2.4 (d, 2H, NH), 3.6 (s, 2H, CH),6.79(d,1H,Ar-H), 6.61(t,2H,Ar-H),
4 4d -OH, 3437 3.03 (s,3H,-OCH),3.73(s,3H,-OCH), 6.70(s,1H,Ar-H),11.0(s,1H, 381 (M)
-CH (Aromatic), 2922 COOH),8.0 (s,1H,-NH)
C-0,125¢
-C=0 (amide), 1643
5 se :g;%jggj)' 1731 21 (d, 2H, NH), 37 (5, 2H, CH), 303 (5, 3H,:0CH), 8.0 (S, IH. NH). | 357 (1o
-CH (Aromatic), 2947 8.2 (t, 1H, NH), 7.54-7.89 (d, 4H, Ar-H), 11.9 {¢{, COOH).
C-0,1245
-C=0 (amide), 1653
6 4 -C=0 (acid), 1725 2.1 (d, 2H, NH), 3.7 (s, 2H, Ch), 7.01-7.18(d,4H,Ar-H), 2.35(s,3H,- 335 (M)
-OH, 3637 CH;),10.8 (s,1H,-OH), 8.0(s,1H,-NH)
-CH (Aromatic), 2953
-C=0 (amide), 1673
7 4 -C=0 (acid), 1734 2.5 (d, 2H, NH), 3.6 (s, 2H, Ch), 7.28-7.37(d,2H.Ar-H),  7.11-7.2p o) M
-OH, 3500 (t,3H,Ar-H), 10.7 (s,1H,-COOH), 8.0(s,1H,-NH);
-CH (Aromatic), 3010
C=0 (amide) 1653,
8 h -C=0 (acid) 1730, 2.6 (d, 2H, NH), 3.75 (s, 2H, Ch), 8.10 (s, 1H, NH), 8.25 (t, 1H, NH), 338.05 (M?)
-OH, 3637 7.55-7.82 (d, 4H, Ar-H), 11.7 (s, 1H, COOH) 340 (M+2)
-CH (Aromatic) 2984
Table: 7 % Inhibition as compared to Time zero andSuramin of compound 4a-4h
Compound Absorbance at nmole of % inhibition with % inhibition with Concentration of
no 655 nm phosphate compare to Time zero compare to suramin compound @M)
Suramin 0.070 0.2251 83.16 100 10
4a 0.102 0.5012 35.72 43.2 125
4b 0.099 0.50 38.05 46.02 125
4c 0.089 0.3771 50.89 61.17 125
4d 0.075 0.3680 71.48 86.42 125
4e 0.073 0.2535 73.85 88.80 125
4f 0.071 0.2238 74.84 89.90 125
49 0.130 0.7935 23.59 28.37 125
4h 0.091 0.4278 55.89 51.29 125
Time Zero 0.066 0.1872 100 12025 | -
4a 0.100 0.5093 36.76 44.2 250
4b 0.125 0.7461 25.09 30.17 250
4c 0.083 0.3483 53.75 64.63 250
4d 0.072 0.2451 80.16 97.21 250
4e 0.069 0.2132 84.21 101 25C
4f 0.073 0.2535 73.85 87.82 250
49 0.112 0.5378 43.35 40.19 250
4h 0.087 0.3532 52.75 58.63 250
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CONCLUSION

The yield of synthesized compounds ranged from 5%6% and their structures were established bgtsgedata
(IR, NMR, and MS). MoreoveResult of inhibition of PTP-1B enzyme showed thatstituted dihydropyrimidine
derivative posses moderate to high anti-diabetiiviac Among all the compounds, those with O{HCH;
Substitution was found to be more active. After dimeting thein vitro studies it was observed that compounds
4d,4e,4f having-OCHj;, 3,4-OCH; and CH3 substitution on phenyl ring in the basic moietypwh good anti-
diabetic activity and compountt,4hwhich ischloro andfluoro substituted shows moderate anti diabetic activity.
So in a nutshell, electron donating groups give enanti-diabetic activity owing to its ability to guide more
hydrophobicity as compared to electron withdrawgngups.
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