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In order to reveal the regularities of the “structure — biological activity” relationship by interaction of esters
of 1-R-4-hydroxy-2,2-dioxo-1H-2A8, 1-benzothiazin-3-carboxylic acids and trifluoromethyl substituted anilines in
boiling xylene with good yields and purity the corresponding N-aryl-4-hydroxy-2,2-dioxo-1H-2A%, 1-benzothiazin-
3-carboxamides have been synthesized. The structure of the compounds obtained has been confirmed by the
data of elemental analysis and NMR "H spectroscopy. It has been shown that the presence of trifluoromethyl
groups having the powerful electron-withdrawing properties affects the position of signals of the aniline moiety
protons: comparing to the spectra of the model methyl derivatives they undergo a significant paramagnetic shift.
According to the results of the pharmacological studies conducted it has been found that the replacement of methyl
groups in the anilide moiety of 1-R-4-hydroxy-2,2-dioxo-1H-2A%, 1-benzothiazin-3-carboxamides to trifluoromethyl
has a different effect on their analgesic activity, which can remain at the original level, be completely lost or sig-
nificantly increase. However, N-aryl-4-hydroxy-2, 2-dioxo-1H-2A®, 1-benzothiazin-3-carboxamides definitely lose the
ability to influence in any way on the excretory renal function after this chemical modification.

CUHTE3 TA BIOJIOIN4YHA AKTUBHICTb TPUOTOPOMETUIISAMILUEHUX AHINIZIB 4-rgPOKCU-2,2-Al-
OKCO-1H-2A5,1-BEH30TIA3UH-3-KAPEOHOBUX KUCJIOT

J1.0.lNempywoea, I.B.Ykpaineub, C.M.[43106eHko, J1.0.piHesuy

Knroyoei cnoea: axiniou; 2,1-6eH3omia3uHu; cuHmes; mpughmopomMmemuribHa epyrnna; aHaa2emuyHa akmus-
Hicmb; OiypemuyHi enacmugocmi

3 Memoro susienieHHs1 3aKOHOMIpHOCMeU 38’s3Ky «cmpykmypa — bionoeiyHa akmugHicmb» 83aeModiero ecme-
pig 1-R-4-2i0pokcu-2, 2-0iokco-1H-2A8, 1-6eH30mia3uH-3-kapb0oHO8UX KUCITOM ma mpughmopomemun3amilyeHux
aHininie y Kunnsg4omy kcusnorsi 3 obpumu suxodamu i HUCMOMOK cuHmMe308aHi 8i0rnosioHi N-apur-4-2i0pokcu-
2,2-0iokco-1H-2A8, 1-6eH30mia3uH-3-kapbokcamiou. bydosea o0epxkaHux criolyk 0ogedeHa OaHUMU e/1eMeHMHOo-
20 aHanidy ma criekmpockonii IMP "H. Noka3aHo, wo npucymHicms mpughmopoMemuribHUX 2Py, SKi 8Us18rsi-
oMb CUMbHI ereKmpoHOaKUENmMOopPHI 81acmueocmi, Mo3Ha4aembCsi Ha rONIOKEHHI CU2Harsig MPOMOoHI8 aHinmioHuUX
ppazmeHmie — MopieHsIHO 3i criekmpamu MOOesIbHUX MeMUsIbHUX MOXIOHUX 80HU rid0arombCsi Cymmesomy rna-
pamazHimHoMy 3cysy. 3a pesynbmamam rnposedeHuUX hapMakonoeiyHUX eunpobosysaHsb 3HalOeHo, Wo 3amiHa
MemuribHUX 2pyn 8 aHiniOHomy gppaemeHmi 1-R-4-2idpokcu-2,2-0iokco-1H-2A%, 1-6eH30mia3uH-3-kapbokcamidie
Ha mpugbmopomMemuribHi Mo-pisHOMY 8riusac Ha ix aHarneemuyHy akmugHicCmb, ika MOXe 3anuwamucs Ha eu-
XiOHOMY pigHi, mosHicmio empadamucs abo X 3Ha4yHO rocuneamucs. A ocb 30amHicme ennueamu 6yOb-aKum
YUHOM Ha ce4yosuldinbHy hyHKUi0 HUPOK N-apurn-4-2i0pokcu-2,2-0iokco-1H-2A, 1-6eH30mia3uH-3-kapbokcamiou
nicnsi 3a3Ha4eHoi XiMidHoi Modugbikauii 0OHO3HaYHO empavyaromes.

CUHTE3 Y BUOJTOMMYECKASA AKTUBHOCTb TPUO®TOPMETUIIBAMELLUEHHBIX AHUITNOOB 4-r'iJPOKCU-
2,2-IMOKCO-1H-2A%,1-BEH30TUA3UH-3-KAPBOHOBbLIX KUCJIOT

J1.A.lMempywoea, U.B.YkpauHeu, C.I1.[J3t06eHko, J1.A.puHesuy

Knroueenle crioea: aHunuobl; 2,1-6eH3omua3suHbi; CUHME3; mpugmopmemuribHas epynna,; aHarbeemu4yecKkasi
akmusHocmb, Ouypemuyeckue ceolicmea

C uernbto 8blisierieHuUs1 3aKOHOMepHocmell ces3u «CmpyKkmypa — buosioaudeckasl akmueHocmby» 83aumodelicmeuem
CIOXHbIX 3¢bupos 1-R-4-2udpokcu-2,2-0uokco-1H-2A°, 1-6eH3omuasuH-3-kapboHO8bIX Kuciom u mpugmopme-
muri3ameleHHbIX aHUTUHO8 8 KUMSILEM KCUJIore C XOpoWwUMU 8bixodaMu U YUCmMomoU CUHMe3upos8aHbl cOom-
semcmeyrowue N-apun-4-eudpokcu-2,2-0uokco-1H-2A°, 1-6eH3omuasuH-3-kapbokcamudbl. CmpoeHue nony-
YeHHbIX coeduHeHUl nodmeepx0eHo daHHbIMU 31eMeHMHo20 aHanusa u cnekmpockonuu SAMP 'H. lNoka3saHo,
umo npucymemeue o0biadarouux MOWHbIMU 37IEKMPOHOAKUENMOPHbLIMU ceolicmeamu mpugmopmemusibHbIX
epyrn ckasbleaemcsi Ha Mo/I0XKeHUU CU2Haro8 rpomoHO8 aHUMUOHbIX hpacMeHmMo8 — 10 CPaBHEHUK CO CreK-
mpamu MOoOesIbHbIX MEMUITbHbIX MPOU3BOOHbIX OHU MPEMepesam Cyu,ecmeeHHbIl napamasHumHbIl cosue.
o pesynbmamam nposedeHHbIX chapMaKkono2uvecKux ucnsimaHul HalldeHo, Ymo 3aMeHa MemusibHbIX 2Py 8
aHunuoHoMm ppaemeHme 1-R-4-eudpokcu-2,2-0uokco-1H-2A%, 1-6eH3omuasuH-3-kapbokcamudos Ha mpugmop-
MemuribHble M0o-pa3HoOMy 6/1usiem Ha UX aHalbeemuYecKyo akmugHOCMb, KOmopasi MOXem ocmasambCs Ha
UCXOOHOM ypOBHe, MOIHOCMbIO MepsimbCsl UU 3Ha4yumesibHO ycunueamscsi. A 80m crnocobHocmb enusimb
Kakum-nubo obpa3om Ha MovesbidenumerbHyto hyHkUyuro nodek N-apusn-4-a2udpokcu-2,2-0uokco-1H-2A°, 1-6eH-
3omua3suH-3-kapbokcamulbl rocrne ykasaHHoU xumudeckol mMooughukayuu 0OHO3Ha4YHO ympaqusarom.
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Due to its powerful electron-withdrawing proper-
ties the trifluoromethyl group is able to enhance re-
activity of various electrophilic substrates and affect
regioselectivity of reactions involving nucleophiles
[1-2]. The presence of this substituent often allows to
carry out chemical transformations easily that in its
absence do not proceed even in the most rigid con-
ditions; thus, it is widely used in modern prepara-
tive organic synthesis. By its intensive development
chemistry of trifluoromethylated compounds is ob-
liged to the complex of the desirable properties ac-
quired, such as resistance to external factors - tem-
perature, sunlight, oxidation, etc.

The unique effect of the trifluoromethyl substi-
tuents on the properties of the molecule as a whole
has not remained without attention of medicinal che-
mistry - their ability to change significantly the in-
teraction of the active ingredient with the target mo-
lecule, peculiarities of its metabolism and other phar-
macodynamic and/or pharmacokinetic characteris-
tics has been effectively used for a long time when
creating new biologically active substances [3]. As a
result, the range of drugs currently used is more than
three dozen drugs of different pharmacological groups
containing one or even a few of the trifluoromethyl
fragments in their structure [4]. It is not surprising
that this methodology has not lost its significance,
and it is used very widely by modern medicinal che-
mistry [5-12].

Taking into account these circumstances and in
continuation of our studies on the methods of syn-
thesis, chemical and biological properties of deriva-
tives of 2,1-benzothiazines, this message is devoted
to trifluoromethyl analogues of the methyl-substitu-
ted 4-hydroxy-1-methyl-2,2-dioxo-1H-221%1-benzo-
thiazin-3-carboxanilides described earlier [13].

Theoretically, there are several ways of direct
trifluoromethylation of organic compounds [14-21].
However, it is quite clear that to obtain the objects of
the present study it is advisable to use commercially
readily available monotrifluoromethylanilides; in their
reaction with esters (1) in a boiling xylene the syn-
thesis of the corresponding 1-R-4-hydroxy-1-methyl-
2,2-dioxo-1H-2A%1-benzothiazin-3-carboxanilides
2a-f has been carried out with good yields and pu-
rity (Scheme).

Anilides 2a-f are white to yellowish white crys-
talline substances with the narrow melting tempera-
ture range (Table 1). They are moderately soluble in
DME, DMSO and ethyl acetate at room temperature,
and sparingly soluble in alcohol, are practically in-
soluble in water, ether and hexane, but readily solu-
ble in hot aqueous alkaline solutions. Their structure
was confirmed by elemental analysis and NMR 'H
spectroscopy (Tab. 1).

A powerful electron withdrawing effect exhibit-
ed by trifluoromethyl groups on the carbon atoms of
arylamide moieties, and hence to the protons bound
with them, is bound to be reflected in the '"H NMR
spectra of anilides 2a-f. Indeed, compared with the
spectra of the model methyl derivatives, resonance
signals of the corresponding anilide protons in the
spectra of their fluoromethyl analogues 2a-f undergo
a significant paramagnetic shift. Aromatic protons of
benzothiazine rings are too far from trifluoromethyl
substituents to be affected by them in such a noticeable
extent. Therefore, their signals practically do not chan-
ge their positions in the 'H NMR spectra in going from
methyl derivatives to trifluoromethyl ones (see Fig.).

Analgesic properties of the trifluoromethylanilides
2a-f synthesized were studied in white outbred adult
male rats weighing 180-200 g in full compliance with
the provisions of the European Convention on Protec-
tion of Vertebrates Used for Experimental and Other
Scientific Purposes and the Ukrainian Law No. 3447-1V
“On protection of animals from severe treatment” (2006).

The standard model of the tail-flick thermal sti-
mulation was used in the study. It allows identifying
the central component affecting the nociceptive sys-
tem in the mechanism of the analgesic effect of the
substances studied [22]: the rat’s tail tip was immer-
sed in a water bath heated to 54°C, after that the latent
period of the tail withdrawal (immersion) expressed
in seconds was determined. The substances under re-
search and their structurally similar reference drugs -
Meloxicam and Piroxicam - were introduced orally in
the form of fine aqueous suspensions stabilized with
Tween-80 in the screening dose of 20 mg/kg. The
control group received an equivalent amount of wa-
ter with Tween-80. The analgetic effect (in %) was
assessed by the change of the latent period in 1 hour
after administration of the test substances.

Scheme

Xylene, 150 °C, 1 h

2a-f
2: aR=H, 2-CF,;; bR =H, 3-CF,; ¢ R = H, 4-CF,; d R = Me, 2-CF;; e R = Me, 3-CF; f R = Me, 4-CF,
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Table 1
Characteristics of trifluoromethyl-substituted anilides 2a-f
. Found, % / Calculated, % )
Compound | Empirical formula Mp, °C Yield, %
C H N S
2a C,.H,,FsN,0,5 49.94/50.00 | 2.80/2.88 | 7.37/729 | 826/834 | 181-182 86
2b C,H,,FsN,0,5 49.92/50.00 | 2.95/2.88 | 7.35/7.29 | 823/834 | 226-228 88
2c C,H,,FsN,0,5 50.09/50.00 | 2.97/2.88 | 7.38/7.29 | 825/834 | 245-247 92
2d C,,H,5F;N,0,5 5135/51.26 | 337/329 | 6.95/7.03 | 7.96/805 | 157-159 85
2e C,,H,5F;N,0,S 5133/51.26 | 3.34//3.29 | 6.97/7.03 | 7.95/805 | 143-145 91
2f C,,H,sF;N,0,5 5131/51.26 | 3.36/329 | 7.08/7.03 | 7.99/805 | 184-186 94

Seven experimental animals were involved to ob-
tain statistically reliable results of each trifluorome-
thylanilide 2a-f, reference drugs in testing and con-
trol. The results of biological tests were processed
by the method of variation statistics using Student’s
t-criterion.

The comparative analysis of the experimental data
given in Tab. 3 with the results of the previous studies
[13] shows that the replacement of the methyl group
in the anilide moiety of 1-R-4-hydroxy-2,2-dioxo-1H-
22%1-benzothiazin-3-carboxamides to the trifluoro-
methyl one affects quite ambiguously the ability to
suppress the pain reaction. In the case of anilide 2a
it has no effect on this ability, but in the cases of ani-
lides 2b, d, fitleads to its complete loss. At the same
time there are some positive examples, in particu-

M
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N“R O

e
Me

H-5

lar, trifluoromethyl substituted anilides 2c,e show a
significant increase in activity compared to their me-
thyl analogues [13]. According to the level of the anal-
gesic effect revealed they significantly exceed Piroxi-
cam, and are almost as good as Meloxicam.

The effect of trifluoromethylanilides 2a-f on the
urinary function of the kidneys was studied accord-
ing to the classical method [23] on white outbred rats
of both sexes weighing 180-200 g in parallel and com-
pared with Hydrochlorothiazide. All animals received
water load in the amount of 25 ml/kg by gavage. The
compounds studied were administered orally in the
form of a thin aqueous suspension stabilized with
Tween-80 in the screening dose of 10 mg/kg, and
Hydrochlorothiazide was taken in its effective dose
(40 mg/kg). The control group received only simi-

H-8 + H-2'6'

8.0 7.8

N
1 O -2',6'
M H-2',6

H-3',5'

76 74 7.2 pp

Fig. Fragments of the 'H NMR spectra (signals of aromatic protons) of 4-methyl anilide of 4-hydroxy-1-methyl-2,2-dioxo-
1H-2\8,1-benzothiazin-3-carboxylic acid [13] and its 4-trifluoromethyl substituted analogue 2f.
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Table 2
"H NMR Spectra of trifluoromethyl-substituted anilides 2a-f
Compound Chemical shifts, 8, ppm (J, Hz)

15.15 (1H, br. s, OH); 12.28 (1H, br. s, SO,NH); 9.63 (1H, s, CONH); 8.03-7.98 (2H, m, H-5.6'); 7.75 (1H, d, J =

2a 7.8,H-3);7.70 (1H,t,J=7.7,H-4); 7,64 (1H,t,J=7.7,H-7); 7.46 (1H,t,J= 7.7, H-5'); 7.28 (1H, t, ) = 7.7, H-6);
7.22(1H,d,J=8.3,H-8)
15.18 (1H, br. s, OH); 12.30 (1H, br. s, SO,NH); 9.71 (1H, s, CONH); 8.06 (1H, s, H-2); 8.01 (1H, d, J = 7.9, H-5);

2b 7.80(1H,d,J=7.9,H-6); 7.63 (1H,t,J=7.6,H-7); 7.58 (1H,t,J=7.9,H-5'); 7.47 (1H, d, J= 7.5, H-4"); 7.28 (1H,
t,J=7.6,H-6);7.21 (1H, d, J= 8.3, H-8)

2 15.16 (1H, br. s, OH); 12.28 (1H, br. s, SO,NH); 9.79 (1H, s, CONH); 8.00 (1H, d, /= 7.9, H-5); 7.84 (2H, d, /= 8.0,
H-26"); 7.67 (2H,d, J=8.0,H-35"); 7.62 (1H,t,J= 7.7, H-7); 7.27 (1H, t, J = 7.6, H-6); 7.21 (1H, d, J = 8.1, H-8)
14.93 (1H, br. s, OH); 9.66 (1H, s, CONH); 8.09 (1H, d, J= 7.9, H-5); 7.99 (1H, d, /= 8.0, H-6'); 7.78 (1H, t, J =

2d 79,H-4); 774 (1H,d,J=7.9,H-3"); 7.70 (1H, t,J=7.9,H-7); 749 (1H, d, J= 8.4, H-8); 7.44 (1H, t, ] = 7.9, H-5);
7.39(1H,t,J=7.5,H-6); 3.51 (3H, s, N-Me)
14.98 (1H, br. s, OH); 9.82 (1H, s, CONH); 8.09 (1H, d, J= 7.9, H-5); 8.05 (1H, s, H-2"); 7.81 (1H, d, J= 7.9, H-6");

2e 7.76 (1H,t,J=7.8,H-7); 7.59 (1H, t, = 7.9, H-5'); 7.50-7.45 (2H, m, H-8.4); 7.38 (1H, t, J = 7.6, H-6); 3.50 (3H,
s, N-Me)

of 15.02 (1H, br. s, OH); 9.80 (1H, s, CONH); 8.08 (1H, d, J = 7.9, H-5); 7.83 (2H, d, ) = 8.0, H-2,6); 7.77 (1H, , J =
7.7,H-7); 7.66 (2H, d, J = 8.0, H-3,5"); 7.48 (1H, d, J = 8.3, H-8); 7.38 (1H, , J = 7.4, H-6); 3.50 (3H, 5, N-Me)

lar amount of water with Tween-80. After that the
experimental animals were placed in “metabolism
cages”. The amount of urine excreted by the animals
within 4 hours was the indicator of the intensity of
uropoiesis. The results obtained (Tab. 4) show that
when transferring from the methyl derivatives to tri-
fluoromethyl ones the ability of N-aryl-4-hydroxy-2,2-
dioxo-1H-22%1-benzothiazin-3-carboxamides to in-
crease or, conversely, inhibit diuresis is completely
lost. Therefore, in the search for new potential diure-
tics our chemical modification is impractical.

Experimental Part

'H NMR spectra of the compounds synthesized
were recorded on a Varian Mercury-400 device (with

Table 3

The analgesic properties of anilides 2a-f
on the “tail-flick” model in rats

The latent period| Change of
Position in 1 h after the latent
Compound | R administration period,
CF,
of the compared to
compounds, s | control, %
2a H 2 3.14+0.11 0
2b H 3 3.15+0.10 0
2C H 4 4.84 +0.14* +54.0
2d Me 2 3.69+0.12* +17.6
2e Me 3 4.50 +0.15*% +43.2
2f Me 4 3.40+0.12 +8.3
Meloxicam | - - 491+0.17* +56.3
Piroxicam | - - 3.96+0.15* + 26.1
Control - - 3.14+0.14 -

* — differences were significant at p<0.05 compared to the control.

the operating frequency of 400 MHz) in the solution
of DMSO-d,, the TMS internal standard. Elemental
analysis was performed by an EuroVector EA-3000
microanalyzer. Melting points were determined in
the capillary on a SMP10 Stuart digital analyzer of the
melting point. The initial esters of 1-R-4-hydroxy-
1-methyl-2,2-dioxo-1H-2A%1-benzothiazin-3-carb-
oxylate (3) were synthesized by the method descri-
bed earlier [24].

Trifluromethyl anilides of 1-R-4-hydroxy-2,2-di-
ox0-1H-22°1-benzothiazin-3-carboxylic acids (2a-f).
General Procedure. Thoroughly stir the mixture of
0.01 mol of ester 1 and 0.01 mol of the corresponding
trifluoromethyl substituted aniline in 5 ml of a dry
xylene and heat on a metal bath at 150°C for 1 h. Cool
the reaction mixture, add 5 ml of ethanol and allow to
stand for several hours at room temperature. Filter
the resulting crystals of trifluoromethylanilide 2a-f,

Table 4

The diuretic activity for anilides 2a-f and
Hydrochlorothiazide

Compound Diuresis within D.iu.retic
4h, ml activity * %

2a 4.04+0.26 -5
2b 4.89+0.32 +15
2c 4.77+0.30 +12
2d 3.96+0.25 -7
2e 4.38+0.31 +3
2f 4.56+0.35 +7

Hydrochlorothiazide | 6.43+0.38%** +51

Control 4.26+0.33 -
*“4+” —increase, "—=" — inhibition of diuresis compared to the control

taken as 100%; ** — differences were significant at p<0.05 compared
to the control.
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wash with cold ethanol and dry. Crystallize from the
mixture of DMF /ethanol.

Conclusions

1. Trifluromethyl-substituted anilides of 4-hyd-
roxy-2,2-dioxo-1H-2A%1-benzothiazin-3-carboxylic
acids have been synthesized in order to identify the
structural and biological regularities that are impor-

tant for the subsequent search for new analgesics
and diuretics in a series of 2,1-benzothiazine.

2. As aresult of the pharmacological screening it
has been found that the presence of trifluoromethyl
groups in the anilide moiety of N-aryl-4-hydroxy-2,2-
dioxo-1H-2A%1-benzothiazin-3-carboxamides positi-
vely affects their analgesic properties, but it does
not provide the diuretic activity.
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