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A new group of 3-alkyl-2-aryl-1,3-thiazinan-4-ones, possessing a methylsulfonyl pharmacophore, were
synthesized and their biological activities were evaluated for cyclooxygenase-2 (COX-2) inhibitory activ-
ity. In vitro COX-1/COX-2 inhibition studies identified 3-benzyl-2-(4-methylsulfonylphenyl)-1,3-thiaz-
inan-4-one (11a) as a potent (ICso = 0.06 1M) and selective (selectivity index >285) COX-2 inhibitor.

© 2009 Elsevier Ltd. All rights reserved.

The non-steroidal anti-inflammatory drugs (NSAIDs) such as
aspirin and indomethacin that act via inhibition of the cyclooxy-
genase (COX) enzyme, are widely used as analgesic, anti-pyretic
and anti-inflammatory agents. The success of NSAIDs in treatment
of various inflammatory disorders validated inhibition of COX en-
zyme as a highly suitable target in anti-inflammatory therapies.'
However, the gastrointestinal toxicities associated with wide-
spread use of NSAIDs proved to be a major problem during long
term therapy. COX enzyme catalyzes the first step of the biosyn-
thesis of PGG, from arachidonic acid which serves as a precursor
for the synthesis of PGs, prostacyclines and thromboxanes such
as TXA, that are collectively termed as prostanoides.? Nowadays,
it is well established that there are at least two COX isozymes,
COX-1 and COX-2.2 The COX isoforms are heme containing
enzymes that inhibit distinct expression roles in several physiolog-
ical processes. The constitutive COX-1 isozyme is expressed in
many tissues and appears to be important to the maintenance of
physiological functions such as gastro protection and vascular
homeostasis.? In contrast, the COX-2 isozyme is induced by stimuli
such as mitogenes and oncogenes, growth factors, hormones and
disorders of water-electrolyte homeostasis linking its involvement
to pathological processes such as inflammation and various cancer
types.>~7 The gastrointestinal side effects associated with NSAIDs
are due to the inhibition of gastroprotective PGs synthesized
through the COX-1 pathway.®® Thus, selective inhibition of COX-
2 over COX-1 is useful for the treatment of inflammation and
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inflammation-associated disorders with reduced gastrointestinal
toxicities when compared with NSAIDs. Recent studies have shown
that the progression of Alzheimer’s disease is reduced among some
users of NSAIDs. Chronic treatment with selective COX-2 inhibitors
may therefore slow the progress of Alzheimer’s disease without
causing gastrointestinal damage.'® The majority of selective
COX-2 inhibitors belong to a class of diarylheterocycles that pos-
sess vicinal diaryl substitution attached to a five- or six-membered
central hetero or carbocyclic ring system (see structures 1-6 in
Chart 1)."'~'7 The recent termination of clinical use of some diaryl-
heterocyclic selective COX-2 inhibitors such as rofecoxib, and
valdecoxib due to their adverse cardiovascular side effects'® clearly
delineates the need to explore and evaluate new structural ring
templates (scaffolds) possessing COX inhibitory activity. In addi-
tion, some studies have suggested that rofecoxib’s adverse cardiac
events may not be a class effect but rather an intrinsic chemical
property related to its metabolism.'® For this reason novel scaf-
folds with high selectivity for COX-2 inhibition need to be found
and evaluated for their anti-inflammatory effects. Recently, we re-
ported a group of 2,3-diaryl-1,3-thiazolidine-4-ones possessing a
COX-2 SO,Me pharmacophore at the para-position of C-2 phenyl
ring in conjunction with different substituents at the para-position
of the N-3 phenyl ring.!” For example, 3-(4-fluorophenyl)-2-
(4-methylsulfonylphenyl)-1,3-thiazolidine-4-one (see structure 6)
exhibited highly selectivity for COX-2 inhibition. As part of our
ongoing program to design new types of selective COX-2
inhibitors, we now report the design, synthesis, cyclooxygenase
inhibitory and some molecular modeling studies of a new group
of 3-alkyl-2-aryl-1,3-thiazinan-4-one derivatives having a six-membered
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Chart 1. Representative examples of selective COX-2 inhibitors.

central ring scaffold and different alkyl or arylalkyl groups at the
N-3, in order to find the effect of alkyl and arylalkyl groups on
the inhibition of COX-2 activity.

The target 3-alkyl-2-aryl-1,3-thiazinan-4-one derivatives (11a-
f) were synthesized via the route outlined in Scheme 1. Accordingly,
an appropriate amine (7a-c) was treated with 4-methylthiobenzal-
dehyde (8) and thioglycolic acid (9) in dry toluene in presence of
p-toluenesulfonic acid under reflux to give 3-alkyl-2-(4-methylthi-
ophenyl)-1,3-thiazinan-4-one (10, 10-12%).2° Oxidation of 10 using
30% H,0, in hydromethanol in the presence of a trace amount of
WOs afforded the 3-alkyl-2-(4-methylsulfonylphenyl)-1,3-thiaz-
inan-4-one (11a-c, 35-75%).24 For low boiling point amines (7d-
f), the intermediate imine products (12) were obtained by the reac-
tion with 4-metylthiobenzaldehyde in anhydrous DMF. Subsequent
oxidation 12 with hydrogen peroxide and WO5 in hydromethanol
solution afforded the (E)-N-(4-(methylsulfonylbenzylidene) alkan-
1-amine (13).2°> Reaction of 13 and mercaptopropionicacid under
refluxing in dry toluene according as described previously gave
11d-f (12-45%).%4

A group of 3-alkyl-2-aryl-1,3-thiazinan-4-one derivatives hav-
ing different substituents at the N-3 central ring (11a-f) were pre-
pared to investigate the effect of different substituents on COX-2
selectivity and potency. The ability of the 1,3-thiazinan-4-ones
11a-f to inhibit the COX-1 and COX-2 isozymes was determined
using chemiluminescent enzyme assays?! (see enzyme inhibition
data in Table 1) according to our previously reported method.!”
In vitro COX-1/COX-2 inhibition studies showed that all com-
pounds 11a-f were selective inhibitors of the COX-2 isozyme with
ICso values in the highly potent 0.06-0.11 uM range, and COX-2
selectivity indexes (S.I.) in the 128.4-285.8 range. The relative
COX-2 potency, and COX-2 selectivity profiles for the 1,3-thiaz-
inan-4-one derivatives 11a-f, with respect to the N-3 substituent
(R) was benzyl > phenethyl > pentyl > butyl > propyl. These data
showed that increasing of lipophilicity of substituent attached to
N-3 of 1,3-thiazinan-4-one ring increased both selectivity and
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Scheme 1. Reagents and conditions: (a) toluene, reflux, 72 h; (b) H,0, 30%, WOs3, 25 °C, 6 h; (c) DMF, 25 °C, 24 h; (d) H,0, 30%, W03, 25 °C, 4 h; (e) toluene, reflux, 24 h.
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Table 1
In vitro COX-1 and COX-2 enzyme inhibition data
SO,Me
Y
(0] S
Compound R IC50° (UM) COX-2 S.I.°
COX-1 COX-2
11a Benzyl 17.15 0.06 285.8
11b Phenethyl 15.98 0.07 2283
11c Cyclohexyl ND ND ND¢
11d Propyl 14.12 0.11 128.4
11e Butyl 14.8 0.08 185
11f Pentyl 14.91 0.08 186.4
Celecoxib 243 0.06 405

2 Values are mean values of two determinations acquired using an ovine COX-1/
COX-2 assay kit, where the deviation from the mean is <10% of the mean value.

b In vitro COX-2 selectivity index (COX-1 ICs5/COX-2 ICsg).

¢ Not determined.

potency for COX-2 inhibitory activity. However, compound 11b
showed less selectivity and potency for COX-2 isozyme compared
with compound 11a that may be explained by steric parameter.
According to these results, 3-benzyl-2-(4-methyl sulfonyl
phenyl)-1,3-thiazinan-4-one 11a was the most potent
(IC50=0.06 uM), and selective (S.I.=285.8), COX-2 inhibitor
among the synthesized compounds. It was as potent as celecoxib
(ICs0 = 0.06 uM; S.I.=405) in terms of COX-2 inhibitory activity
but showed less selectivity. These data suggest that the compound
11a should inhibit the biosynthesis of prostaglandins via the cyc-
looxgenase pathway at sites of inflammation and be devoid of ulc-
erogenicity due to the absence of COX-1 inhibition.

The orientation of the highly potent and selective COX-2 inhib-
itor,  3-benzyl-2-(4-methylsulfonylphenyl)-1,3-thiazinan-4-one
11a in the COX-2 active site was examined by a docking experi-

Figure 1. Compound 5b 3-benzyl-2-(4-methylsulfonylphenyl)-1,3-thiazinane-4-
one docked in the active site of murine COX-2 isozyme.

ment (Fig. 1).2223 This molecular modeling shows that it binds in
the primary binding site such that the C-2 para-SO,Me substituent
inserts into the secondary pocket present in COX-2 isozyme. One of
the O-atoms of p-SO,Me forms a hydrogen bonding interaction
with amino group of Arg'® (distance = 4.0 A) whereas the other
O-atom is close to other hydrogen of this amino acid (dis-
tance = 5.4 A). The C=0 of the central thiazinan-4-one is almost
close to (distance = 5.9 A) OH of Ser®*°. In addition, the phenyl ring
of benzyl substituent is very close to phenyl ring of Tyr>*® which
may involve with hydrophobic interaction. These observations to-
gether with experimental results provide a good explanation for
the potent and selective inhibitory activity of 11a.
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Analytical data for 10a. Yield, 11%; yellow oil; IR (neat): v cm~! 1650 (C=0)
cm1; MS: mfz (%) 329.3 (M*, 35), 241.1 (45), 224.2 (60), 192.1 (70), 178.1 (40),
137.0 (70), 91.0 (100), 77.2 (40); 'H NMR (CDCl5): 6 ppm 2.55 (S, 3H, SCH3),
2.71-3.01 (m, 4H, CH,-CH>), 3.60 (d, 1H, CHxN, J = 15.2 Hz), 4.40 (d, 1H, CH,N,
J=15.2Hz), 541 (S, 1H, CH), 7.18 (d, 2H, 4-methylthiophenyl H; and Hs,
J=8.3Hz), 7.24-7.43 (m, 5H, phenyl), 7.36 (d, 2H, 4-methylthiophenyl H, and
Hs, J = 8.3 Hz). Anal. Calcd for C;gH19NOS;: C, 65.62; H, 5.81; N, 4.25. Found: C,
65.32; H, 5.60; N, 4.08. Compound 10b. Yield, 12%; yellow oil; IR (neat): vcm ™'
1650 (C=0); MS: m/z (%) 343.1 (M", 40), 254.2 (50), 238.9 (90), 163.8 (100),
137.0(85),116.9(85), 105.1 (60), 77.1 (65); 'H NMR (CDCls): 6 ppm 2.41 (s, 3H,
SMe), 2.52-2.86 (m, 6H, COCH,CH; and Phenyl CH,), 2.90 (m, 1H, CH>N), 4.26
(m, 1H, CH,N), 5.06 (s, 1H, CH), 7.02 (d, 2H, 4-methylthiophenyl H3 and Hs,
J=8.1Hz), 7.10-7.17 (m, 5H, phenyl), 7.22 (d, 2H, 4-methylthiophenyl H, and
Hg, J = 8.1 Hz). Anal. Calcd for C;9H,1NOS;: C, 66.43; H, 6.16; N, 4.08. Found: C,
66.79; H, 6.40; N, 4.21. Compound 10c. Yield, 10%; yellow oil; IR (neat): v cm ™'
1650 (C=0); MS: m/z (%) 321.2 (M", 30), 233.2 (100), 218.2 (30), 190.1 (40),
178.1 (45), 150.0 (90), 137.0 (100), 109.1 (30), 83.1 (30). Anal. Calcd for
C17H23NOS,: C, 63.51; H, 7.21; N, 4.36. Found: C, 63.22; H, 7.60; N, 4.18.
Compound 11a. Yield, 35%; yellow crystalline powder, mp 193-194 °C; IR
(KBr): v cm~! 1670 (C=0), 1320, 1170 (SO,); MS: m/z (%) 361.3 (M*, 10), 289.4
(10), 251.1 (20), 212.3 (10), 165.9 (100), 140.4 (20), 109.1 (100), 83.1 (100); 'H
NMR(DMSO-dg) § ppm 3.27 (s, 3H, SO,Me), 3.05-3.39 (m, 4H, CH,-CH,), 3.91
(d, TH, CH2N, J = 15.4 Hz), 4.97 (d, 1H, CHxN, J = 15.4 Hz), 6.13 (s, 1H, CH), 7.20-
7.27 (m, 5H, phenyl), 7.71 (d, 2H, 4-methylsulfonylphenyl H, and Hsg,
J=8.4Hz), 7.96 (d, 4-methylsulfonylphenyl Hsz and Hs, ] = 8.4 Hz). Anal.
Calcd for CygH19NO3S;: C, 59.81; H, 5.30; N, 3.87. Found: C, 59.62; H, 5.41; N,
4.02. Compound 11b. Yield, 40%; yellow semisolid; IR (KBr): v cm~! 1670
(C=0), 1330, 1150 (SO); MS: m/z (%) 375.1 (M", 5), 286.2 (15), 196.1 (45),
117.2 (95), 90.0 (100), 77.1 (30); "H NMR (CDCl5): 6 ppm 2.68-2.87 (m, 4H,
COCH,CH,), 3.05 (s, 1H, SO,Me), 3.07-3.10 (m, 2H, CH, Phenyl), 3.17 (m, 1H,
CHyN), 4.23 (m, 1H, CHyN), 5.01 (s, 1H, CH), 7.09 (d, Phenyl H, and He,
J=71Hz), 7.15-724 (m, 3H, Phenyl Hs-Hs), 748 (d, 2H, 4-
methylsulfonylphenyl H, and Hs J=84Hz) 796 (d, 2H, 4-
methylsulfonylphenyl H; and Hs, J = 8.4 Hz). Anal. Calcd for Ci9H»;NOsS,: C,
60.77; H, 5.64; N, 3.73. Found: C, 60.52; H, 5.50; N, 3.88. Compound 11c.Yield,
75%, yellow powder, mp 138-140 °C; IR (KBr): v cm~' 1660 (C=0), 1300, 1150
(S0y); MS: m/z (%) 353.1 (M", 5), 265.0 (48), 202.0 (25), 155.0 (100), 139.1 (35),
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73.1 (34); '"H NMR(CDCl5): 6 ppm 1.14-1.88 (m, 10H, cyclohexyl), 2.52 (m, 2H,
CH,S), 2.90 (s, 1H, SO,Me), 2.96 (m, 2H, CH,CO), 3.76 (m, 1H, CHN), 7.72 (d, 2H,
4-methylsulfonylphenyl H, and Hg, J = 8.3 Hz), 8.08 (d, 2H, 4-methylsulfonyl
phenyl H; and Hs, J = 8.3 Hz). Anal. Calcd for Cy7H,3N03S;,: C, 57.76; H, 6.56; N,
3.96. Found: C, 57.42; H, 6.80; N, 4.02. Compound 11d. Yield, 12%, yellow
crystalline powder, mp 152-153 °C; IR (KBr): v cm~! 1670 (C=0), 1300, 1150
(S0,); MS: m/z (%) 313.2 (M*, 55), 233.1 (25), 206.1 (30), 179.1 (15), 91.0 (100),
77.0 (40); "H NMR(CDCls): 6 ppm 0.99 (t, 3H, CH3), 1.68 (m, 2H, CH,), 2.55-2.90
(m, 4H, COCH,CH,), 3.05 (s, 3H, SO,Me), 3.94 (t, 2H, CH,N), 5.53 (s, 1H, CH),
7.93 (d, 2H, 4-methylsulfonylphenyl H, and Hg, J = 8.5 Hz), 8.40 (d, 2H, 4-
methylsulfonylphenyl Hs and Hs, J = 8.5 Hz). Anal. Calcd for C;4H;9NO3S;: C,
53.65; H, 6.11; N, 4.47. Found: C, 53.42; H, 5.90; N, 4.38. Compound 11e. Yield,
45%, yellow crystalline powder, mp 159-160 °C; IR (KBr): v cm~' 1670 (C=0),
1310, 1150 (SO3); MS: m/z (%) 327.2 (M", 15), 240.2 (40), 196.1 (40), 159.1 (15),
117.1 (100), 91.0 (60), 77.0 (50); 'H NMR(CDCls): 6 ppm 0.96 (t, 3H, CHs), 1.35
(m, 2H, CH,), 1.63 (m, 2H, CH,), 2.74-2.89 (m, 4H, COCH,CH,), 3.12 (s, 3H,
SO,Me), 420 (t, 2H, CH,N), 5.59 (s, 1H, CH), 7.49 (d, 2H, 4-methyl
sulfonylphenyl H, and Hg, J = 8.3 Hz), 8.01 (d, 2H, 4-methylsulfonylphenyl Hs
and Hs, J=8.3 Hz). Anal. Calcd for C;5H»;NOsS;: C, 55.02; H, 6.46; N, 4.28.
Found: C, 55.32; H, 6.65; N, 4.40. Compound 11f. Yield, 44%, yellow crystalline
powder, mp 167-168 °C; IR (KBr): v cm~! 1670 (C=0), 1310, 1160 (SO,); MS:
mjz (%) 341.1 (M*, 30), 254.2 (60), 238.1 (65), 196.1 (50), 131.1 (25), 117.1
(100), 91.0 (50), 77.0 (30); 'H NMR (CDCls): 6 ppm 0.93 (t, 3H, CHs), 1.30 (m,
2H, CH,), 1.62 (m, 2H, CHy), 2.73-2.87 (m, 4H, COCH,CH,), 2.76 (m, 2H, CH,),
3.11 (s, 3H, SO,Me), 4.21 (t, 2H, CH,N), 5.59 (s, 1H, CH), 7.50 (d, 2H, 4-
methylsulfonylphenyl H, and Hg, J=8.3 Hz), 8.00 (d, 2H, 4-methylsulfonyl
phenyl Hs and Hs, ] = 8.3 Hz). Anal. Calcd for C;6H23NO05S;: C, 56.27; H, 6.79; N,
4.10. Found: C, 56.52; H, 6.99; N, 4.12.

Analytical data for 12a. Yield, 20%, yellow oil; IR (neat): v cm~! 1650 (C=N);
MS: m/z (%) 193.1 (M", 30), 178.1 (15), 136.1 (50), 120.0 (100), 91.1 (30), 77.1
(20). Compound 12b. Yield, 22%, yellow oil; IR (neat): v cm™' 1650 (C=N); MS:
m(z (%) 207.3 (M*, 25), 192.2 (45), 178.2 (35), 164.0 (45), 150.1 (40), 136.9 (55),
117.2(100), 91.1 (30). Compound 12c. Yield, 16%, pale yellow powder; IR (KBr):
v cm~! 1650 (C=N); MS: m/z (%) 253.2 (M*, 15), 238.1 (90), 224.1 (20), 210.1
(60), 196.0 (50), 182.0 (50), 132.1 (30), 117.0 (100), 91.1 (20), 77.1 (25).
Compound 13a. Yield, 18%, pale yellow powder; IR (KBr): v cm~' 1300, 1150
(S0,); MS m/z (%): 225.0 (M*, 20), 196.0 (85), 146.1 (40), 117.0 (100), 91.0 (50),
77.0 (25); "H NMR (CDCls): 6 ppm 0.99 (t, 3H, CH3), 1.63 (m, 2H, CH,), 3.05 (s,
3H, SO;Me), 3.42 (t, 2H, CH,N), 7.92 (d, 2H, 4-methylsulfonylphenyl H, and Hg,
J=8.4Hz) 7.99 (d, 2H, 4-methylsulfonyl phenyl H; and Hs, J = 8.4 Hz); Anal.
Calcd for C;1HsNO,S: C, 58.64; H, 6.71; N, 6.22. Found: C, 58.34; H, 6.91; N,
6.30. Compound 13b. Yield, 17%, pale yellow powder; IR (KBr): v cm~' 1310,
1150 (SO3); MS m/z (%): 239.1 (M, 10), 210. 0 (15), 196.0 (35), 137.1 (25),
117.0 (100), 91.0 (60), 77.0 (70). Anal. Calcd for C;,H,7NO,S: C, 60.22; H, 7.16;
N, 5.85. Found: C, 60.39; H, 7.44; N, 5.98. Compound 13c. Yield, 15%, pale yellow
powder; IR (KBr): v em™! 1310, 1150 (SO,); MS m/z (%): 253.1 (M*, 10), 238.1
(85),210.1 (60), 196.0 (50), 182.0 (50), 132.1 (30), 117.0 (100), 90.1 (75), 77.1
(25); Anal. Calcd for C13H19NO,S: C, 61.63; H, 7.56; N, 5.53. Found: C, 61.88; H,
7.77; N, 5.60. Satisfactory analysis for C, H, N was obtained for all the
compounds within +0.4% of the theoretical values.
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