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HIGHLIGHTS

» One-pot three-component synthesis of 5-phosphdhdtalihydropyrimidin-2(H)-ones.
» Synthesized compound were characterized by simgsat X-ray diffraction.
» The synthesized compounds were screened for thigiinlammatory activity.
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1. Introduction

3,4-Dihydropyrimidin-2(H)-ones and their derivatives are an important clags
compounds in medicinal chemistry with a wide rangfe biological properties, including
antitumoral [1], antimalarial [2hnti-inflammatory [3] and anti-HIV [4activities;some are also
medicinally important as calcium channel modulatomd o, -adrenergic receptor antagonists [5].
The introduction of a phosphonate functionality 8y-dihydropyrimidinones, may be very
interesting for the enhancement of the biologicapprties of these molecules, in a similar way to
that reported for other pharmaceuticals [6,7]slaiso known that phosphonate and phosphonic
acid moieties regulate important biological funogdoy mimicking carboxylic acid groups [8].
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With this in mind, and in the continuation of oatedrest to develop efficient protocols for
the synthesis of heterocyclic phosphonates wittsiptes biological properties [9-11], we report
herein a simple and efficient one-pot multi-companesynthesis of 5-phosphonato-3,4-
dihydropyrimidin-2-ones, through the zinc triflataetalyzed Biginelli-type reaction [12-174f B-
ketophosphonates, aldehydes and urea.

To the best of our knowledge, there are only twamres on the use @Fketophosphonates
as substrates in the Biginelli reaction, which esgpt ytterbium triflate [18] op-toluenesulfonic
acid [19] as catalyst. However, in spite of thestgntial utility, these procedures suffer from one
or the other drawbacks such as the unsatisfactelysy tedious work-up or long reaction time.

By comparison with these existing strategies, oethod offers significant advantages
such as efficiency, short reaction time, easy wgrkand high yields. In addition, the zinc triflate
catalyst used is known for its low toxicity, lowstpand environmentally benignity. This is very
beneficial for safely obtaining phosphonodihydropydinone derivatives of pharmacological
interest.

All the synthesized compounds were screened foi-idf@mmatory activity by
carrageenan-induced hind paw edema method [2Q)guesimale Wister rats and they showed
significant anti-inflammatory activity in some cadsgher than the standard indomethacin.

2. Experimental
2.1. Methods and Materials
'H, 3% and"*C NMR spectra were recorded with CRGF DMSO-g as the solvent, on a

Bruker AC-300 spectrometer operating at 300.1 MéiZtf, 121.5 MHz forP and 75.5 MHz for
13C. The chemical shifts are reported in ppm relativd@MS (internal reference) fdH and**C
NMR and relative to 85% #PQ, (external reference) fof'P NMR. The coupling constants are
reported in Hz. For théH NMR, the multiplicities of signals are indicatéy the following
abbreviations: s: singlet; d: doublet; t: triplet;quartet; m: multiplet and br s: broad singletidél
spectra were determined on an Agilent 5975B speetter, under electronic impact (EIl)
conditions. FT-IR spectra were recorded on a Nicl00 spectrometer, the number of scans
was 32, the scanning range was 4000—-400 and the resolution 4 ¢fn The progress of the
reactions was monitored by TLC. Purification of gwots was performed by column
chromatography using silica gel (Fluka). The starfl-ketophosphonates were synthesized by
literature procedures [21].

2.2. General procedure for the synthesis of 5-phospto-3,4-dihydropyrimidin-2(H)-ones 8)



A mixture containing thel-ketophosphonate (2 mmol), aldehyde (2 mmol), U®a
mmol) and Zn(OTH) (15 mol%) in toluene (8 mL), was refluxed for 3After completion of the
reaction, as indicated by TLC, the solvent was nesdounder reduced pressure, then GHE8D
mL) was added. The organic phase was washed with(®& x 10 mL), dried over N8O, and
concentrated under vacuum. The crude obtained wafsed by chromatography on a silica gel

column, using EtOAc as eluent.

5-Diethoxyphosphoryl-6-methyl-4-phenyl-3,4-dihydrogrimidin-2(1H)-one (3a).

White Solid; mp 169-170 °C. IR (neatk-o= 1235 cnif; vc-o= 1703 cnit; vyy = 3116-3224 ci
! 3P NMR (121.5 MHz, CDG): 6 = 18.8.*"H NMR (300 MHz, CDCJ): § = 0.97 (t, 3H23Jy =
6.0 Hz, GH3-CH,-0); 1.11 (t, 3HJuy = 6.0 Hz, G3-CH2-0); 2.12 (d, 3HJp = 3.0 Hz, ®Hs);
3.49 — 3.83 (M, 4H, 2 GHCH,-0); 5.05 (dd, 1H3Jpy = 9.0 Hz,23y = 3.0 Hz, G4-NH); 6.14 (br
s, 1H, NH) 7.18-7.30 (m, 5H, arom-H); 8.73 (d, 18,4 = 3.0 Hz, NH). *C NMR (75.5 MHz,
CDCly): § 16.0 (d,3Jcp = 7.5 Hz,CH3-CH»-0); 16.3 (d*Jcp = 6.0 Hz,CH3-CH,-0); 18.2 (d2Jcp
= 3.7 HzCHj); 56.6 (d,%Jcp = 15.7 Hz,CH-NH); 61.3 (d,%Jcp = 5.1 Hz, CH-CH,-O); 61.4 (d,
2Jcp = 5.1 Hz, CH-CH,-0); 96.0 (d.}Jcp = 206.8 Hz, RE=C); 147.0 (d%Jcp = 20.6 Hz, P-CE);
154.23 (s, C=0); phenyl carbong: 126.9, 128.2, 128.7, 143.8; EI-HRMS: calculated fo
CisH21N204P: 324.1239 (N)); Found: 324.1238.
5-Dimethoxyphosphoryl-6-methyl-4-phenyl-3,4-dihydopyrimidin-2(1H)-one (3b).

White Solid; mp 198-200 °C. IR (neat)s=01236 cni; vc=o 1700 cnit; vy = 3119-3258 cr.
3P NMR (121.5 MHz, DMSO+: 5 = 22.9.'"H NMR (300 MHz, DMSO-¢): § = 2.15 (d, 3H,
“Jup = 2.7 Hz, ®3); 3.34 (d, 3H2Jpn = 11.3 Hz, ®5-0); 3.46 (d Jpy = 11.5 Hz, Ei3-0); 4.89
(dd, 1H,3Jpy= 8.6 Hz,*Juy = 3.2 Hz, ®-NH); 7.32-7.40 (m, 5H, arom-H); 7.77 (br s, THHY:
9.28 (d, 1H 34y = 3.1 Hz, N-H).**C NMR (75.5 MHz, DMSO-g): & = 17.3 (d,3Jcp = 3.5 Hz,
CHs); 51.3 (d,%Jcp = 4.9 Hz, CH-O); 51.4 (d,Jcp = 5.2 Hz, CH-0); 54.9 (d,2Jcp = 15.2 Hz,
CH-NH); 92.5 (d,' Jop = 205.8 Hz, FE=C); 148.8 (d? Jcp = 20.7 Hz, P-CE); 152.5 (s, C=0);
phenyl carbons: 126.5, 127.4, 128.4, 144.5; EI-HRMSculated for &H17/N,O4P: 296.0926
(M™); Found: 296.0922.
5-Diethoxyphosphoryl-6-methyl-4-(4-nitrophenyl)-3,4dihydropyrimidin-2(1H)-one (3c).
Yellow Solid; mp 219-220 °C. IR (neatp-0= 1225 cn; vc=o0= 1700 cnil; vyy = 3120-3232
cm™. 3P NMR (121.5 MHz, DMSO+: 8 = 19.2."H NMR (300 MHz, DMSO-g): & = 1.00 (t,
3H, 3Jyn = 7.0 Hz, G3-CH,-0); 1.13 (t, 3H3J4y = 7.0 Hz, Gi3-CH,-0); 2.12 (d, 3HJpy = 2.2
Hz, CHs); 3.59-3.84 (m, 4H, 2 CHCH,-O); 5.01 (dd, 1H3Jpy = 8.5 Hz,*Jyy = 3.4 Hz, G-
NH); 7.53-8.25 (m, 4H, , arom-H); 7.81 (d, 1Hpn = 1.7 NH); 9.31 (d, 1H 234 = 3.0 Hz, N-
H). °C NMR (75.5 MHz, DMSO-g): & = 15.7 (d,* Jep = 6.6 Hz,CH3-CH,-0); 16.0 (d,*Jcp =



6.2 Hz,CH3-CH,-O); 17.4 (d,*Jcp = 3.4,CHs); 54.6 (d,%Jcp =15.1 Hz,CH-NH); 60.6 (d,%Jcp =
5.1 Hz, CH- CH»-0); 60.7 (d,2Jcp = 5.2 Hz, CH-CH,-0); 92.7 (d,"Jcp = 206.4 Hz, FE=C);
149.1 (d,%Jcp = 20.6 Hz, P-CE); 152.2 (s, C=0); phenyl carbons: 123.7, 127.%.14151.6;
El-HRMS: calculated for GH2oN30sP: 369.1090 (M); found: 369.1092.
5-Dimethoxyphosphoryl-6-méthyl-4-(4-nitrophenyl)-34-dihydropyrimidin-2(1H)-one  (3d).
Yellow Solid; mp 235-237 °C. IR (neat)s-0 = 1228 cnif; ve=o = 1701 ¢ ; vy = 3142-3232
cmt. 3P NMR (121.5 MHz, DMSO+J: & = 22.3."H NMR (300 MHz, DMSO-g): 5 2.16 (d,
3H, % Jpy = 2.2 Hz, ®13); 3.41 (d, 3H3Jpy = 11.2 Hz, ©i5-0); 3.50 (d, 3H3Jpy = 11.4 Hz, Els-
0); 5.05 (dd, 1H3 Jpr; = 8.5 Hz,3Jy = 3.4 Hz, G-NH); 7.59-8.30 (m, 4H, arom-H); 7.90 (d,
1H, “Jpn = 1.7 Hz, N-H); 9.42 (d, 1HJqn = 3.0 Hz, N-H)*C NMR (75.5 MHz, DMSO-¢): 6 =
17.3 (d,*Jcp = 3.5 Hz,CH3); 51.5 (d,2Jcp = 5.1 Hz,CH3-O); 51.6 (d2Jcp = 5.3 Hz,CH3-O); 54.5
(d, “2Jcp = 15.3 Hz,CH-NH); 91.5 (d,"Jcp = 206.9 Hz, FE=C);149.7 (d?Jcp = 20.5 Hz, P-CE);
152.1 (s, C=0); phenyl carbons: 123.8, 127.8, 146.51.5; EI-HRMS: calculated for
C13H16N306P: 341.0777 (M); found: 341.0776.
5-Diethoxyphosphoryl-6-méthyl-4-(4-chlorophenyl)-34-dihydropyrimidin-2(1H)-one (3e).
White Solid; mp 120-122 °C. IR (neatk-o= 1227 crit; vc=o= 1700 cnit; vy = 3127-3243 ci
! 3P NMR (121.5 MHz, DMSO+J: 5 = 19.1.'H NMR (300 MHz, DMSO-g¢): & = 1.03 (t, 3H,
33un = 7.0 Hz, G3-CH»-0); 1.13 (t, 3H3J4y = 7.0 Hz, G5-CH»-0); 2.12 (d, 3H? oy = 2.1 Hz,
CHs); 3.57-3.86 (m, 4H, 2 CHCH.-O); 5.02 (dd, 1H3Jpy = 8.1 Hz,*Jyy = 2.8 Hz, G&-NH);
7.07 (br s, 1H, N-H), 7.17-7.27 (m, 4H, arom-HP® (br s, 1H, N-H)*C NMR (75.5 MHz,
DMSO-d): § = 15.0 (d,*Jcp = 7.0 Hz,CH3-CH,-O); 15.2 (d,® Jep = 6.7 Hz,CH3-CH,»-O); 16.9
(d, 3Jcp = 3.6 Hz, ®3); 54.5 (d,2Jep = 15.6 Hz, ®&-NH); 60.2 (d,2Jcp = 5.2 Hz, 2 CH-CH,-O);
93.7 (d,"Jcp = 207.4 Hz, FE=C); 146.9 (d,2Jcp = 20.6 Hz, P-CE); 152.8 (s, C=0); phenyl
carbons: 127.4, 127.5, 132.2, 141.8. EI-HRMS cated for GsHxCIN,O4P: 358.0849 (M);
found: 358.0811.
5-Dimethoxyphosphoryl-6-méthyl-4-(4-chlorophenyl)-34-dihydropyrimidin-2(1H)-one (3f).
White Solid; mp 226-227 °C. IR (neath-o= 1227 cm'; ve—o= 1702 cnt; vy = 3128-3251 ¢
1 3p NMR (121.5 MHz, DMSO+): 6 = 22.7.'"H NMR (300 MHz, DMSO-g): 5 = 2.14 (d, 3H,
“Jpn = 2.0 Hz, ®3); 3.39 (d, 3H3Jpn = 11.3 Hz, ®5-0); 3.48 (d, 3H3Jp = 11.4 Hz, Ei3-0);
4.91 (dd, 1H3Jpy = 8.6 Hz,*Juy = 3.4 Hz, Gi-NH); 7.33-7.48 (m, arom-H); 7.80 (d, 1&py =
1.6 Hz N-H) ; 9.33 (d, 1HJ4y = 3.1 Hz, N-H)."*C NMR (75.5 MHz, DMSO-g): 6 = 17.3 (d,
3Jcp = 3.5 Hz,CH3); 51.4 (d,Jcp = 5.0 Hz,CH3-O); 51.5 (d Jcp = 5.3 Hz,CH3-0); 54.3 (d, “Jcp
= 15.3 Hz,CH-NH); 92.1(d,"Jcp = 206.3 Hz, RE=C); 149.1 (d?Jcp = 20.7 Hz, P-CE); 152.3
(s, C=0); phenyl carbons: 128.4, 131.9, 143.4.
5-Diethoxyphosphoryl-6-methyl-4-(4-methoxyphenyl)-31-dihydropyrimidin-2(1H)-one

(39).



White Solid; mp 138-140 °C. IR (neat)i-o= 1229 cn; vc-0= 1703 cn; vy = 3116-3242 ¢
! 3P NMR (121.5 MHz, DMSO+J: 5 = 19.9.'H NMR (300 MHz, DMSO-g¢): & = 1.04 (t, 3H,
33un = 7.0 Hz, ®G13-CH»-0); 1.19 (t, 3H3Jyy = 7.0 Hz, Gl3-CH,-0); 2.16 (d, 3H Jpy = 2.2 Hz,
CHs); 3.42-3.87 (m, 4H, CEHCH,»-0); 3.78 (s, 3H, O83); 4.85 (dd, 1H3Jpy = 8.7 Hz,3Jy =
3.2 Hz, G4-NH); 6.93-7.26 (m, 4H, arom-H); 7.64 (d, 1Hp = 1.6 Hz, N-H); 9.16 (d, 1HJ4
= 3.1 Hz, N-H).*C NMR (75.5 MHz, DMSO-g): § = 15.8 (d3Jcp = 6.8 Hz,CH3-CH,-0); 16.0
(d, *Jcp = 6.3 Hz,CH3-CH,-0); 17.3 (d,*Jcp = 3.5 Hz,CH3); 54.4 (d,%Jcp = 15.0 Hz,CH-NH);
55.1 (s, CH-O); 60.4 (d,2Jcp = 5.5 Hz, CH-CH»-0); 60.5 (d,?Jcp = 5.6 Hz, CH-CH»-0); 94.0
(d, Xep = 205.1 Hz, RE=C); 147.9 (d2Jcp = 20.9 Hz, P-CE); 152.5 (s, C=0); phenyl carbons:
113.6, 127.7, 136.7, 158.5; EI-HRMS: calculated @gH2aNzOsP: 354.1344 (M); found:
354.1343.
5-Diethoxyphosphoryl-6-methyl-4-(4-methylphenyl)-34-dihydropyrimidin-2(1H)-one (3h).
Yellow Solid; mp 158-159 °C. IR (neat)p-o= 1230 cnl; ve-o (amide)= 1701 cnt; vy = 3120-
3252 cnt. 3P NMR (121.5 MHz, DMSO+J: § = 19.8."H NMR (300 MHz, DMSO-g): § =
0.98 (t, 3H,%344 = 7.0 Hz, ®13-CH,-0); 1.13 (t, 3H . Juy = 7.1 Hz, G43-CH,-O); 2.11 (d, 3H,
“Jpn = 2.3 Hz, ®3); 2.27 (s, CH)); 3.38-3.80 (M, 4H, 2 C#HCH,-0); 4.82 (dd, 1H3Js = 8.8
Hz, 3Jun = 3.3 Hz, GI-NH); 7.11-7.19 (m, 4H, arom-H); 7.61 (d, 18y, = 1.7 Hz, N-H); 9.12
(d, 1H,3J4n = 3.0 Hz, N-H).**C NMR (75.5 MHz, DMSO-g): & = 15.7 (d3Jcp = 6.7 Hz,CH3-
CH,-0); 16.0 (d3Jcp = 6.3 Hz,CH3-CH,-0); 17.3 (d2Jcp = 3.5 Hz,CHs3); 30.6 (s, CH); 54.7 (d,
2Jcp = 15.1 Hz,CH-NH); 60.4 (d,%Jcp = 5.0 Hz, CH-CH»-0); 60.5 (d2Jcp = 5.2 Hz, CH-CH.-
0); 93.9 (d,}Jcp = 205.4 Hz, RE=C); 148.1 (d2Jcp = 20.9 Hz, P-CE); 152.6 (s, C=0); phenyl
carbons: 126.4, 128.7, 136.5, 141.5.

2.3 X-ray diffraction data of compoudd

A single crystal was carefully selected under apning microscope in order to perform
its structural analysis by X-ray diffraction. Theatd were integrated and scaled using hkl-
SCALEPACK [22]. Solution by direct methods (SHELXSIR97 [23]) produced a complete
heavy atom phasing model consistent with the pregasdructure. The structure was completed
by difference Fourier synthesis with SHELXL97 [24}2Scattering factors are from Waasmair
and Kirfel [28]. Hydrogen atoms were placed in getmoally idealized positions and
constrained to ride on their parent atoms with lE-distances in the range 0.95-1.00 Angstrom.
Isotropic thermal parameters Ueqg were fixed suahttiey were 1.2Ueq of their parent atom Ueq
for CH's and 1.5Ueq of their parent atom Ueq ireaasmethyl groups. All non-hydrogen atoms

were refined anisotropically by full-matrix leagjtgres. The drawings were made with Diamond



[29] and Mercury [30]. Crystal data and experimemarameters used for the intensity data
collection are summarized in Table 1.

Table 1. Crystal data and structure refinement @f-G;N,O4P, 0.065(HO).

Empirical formula C15 H21.13 N2 O4.06 BCrystal size 0.30 x 0.27 X 0.21 m

Formula weight 395 43 Theta range for data 2.06 to 28.30°.
collection

Temperature 130(2) K Crystal size 0.30 X 0.27 X 0.21 mf

Wavelength 0.71073 A Theta range for data 2.06 to 28.30°.
collection
Index ranges -20<=h<=20, -14<=k<=15, -

Crystal system Monoclinic 25<=|<=25

Space group P 2/n Reflections collected 68023

Unit cell dimensions, = 15.3175(5) A Independent reflections 8056 [R(int) = 0.0594]

= 0,
b = 11.7656(5) A ggggleteness to theta 99.8 %

Max. and min. transmission 0.9616 and 0.9458
¢ = 19.4907(6) A ' 1581

p=111.483(3)° Refinement method Full-matrix least-squares orfF
Volume 3268.6(2)/&3 Data / restraints / parameters 8056 / 6 / 426
z 8 Goodness-of-fit on & 1.038
Density (calculated)1 323 Mg/n?’ Final R indices [I>2sigma(l)]R1 = 0.0526, wR2 = 0.1298
Absolrpnon 0.188 mml R indices (all data) R1 =0.1001, wR2 = 0.1457
coefficient
F(000) 1381 Largest diff. peak and hole g 397 and -0.441 e-R

2.4. Anti-inflammatory activity

Anti-inflammatory activity of the synthesized comymuls3a-h and indomethacin used as
standard, was determined by carrageenan-inducetl gaw edema method [20], using female
Wister rats. Test compounds, dissolved in ethaf&b,dwere given to rats intraperitoneally at a
dose of 10 mg/kg of body weight of rats and at lawe of 100 uL/100 g of body weight of rats.
The same volume of ethanol 10% was given to thérabgroup. One hour after treatment, the



right hind paw volume of all rats was measured w&itiiethysmometer, then, carrageenan 0.1 mL
(1%, wi/v) solution in ultrapure water was subcutargdy injected into the planter surface of the
right hind paw of all rats. Carrageenan-induced pdema was measured at 1 h, 2 h, 3 h, 4 h and
6 hfollowing Carrageenan-treatment. All experimentser@one in triplicate.

Anti-inflammatory activities of compound3a-h and indomethacin were determined by
comparing their results with the ones obtainechendontrol group. The anti-inflammatory effect
of the test compounds was calculated by the foligvaquation:

Anti-inflammatory activity (I %) = (1 — D/C) x 100, whereD represents the percentage
difference in paw volume after the test compounahiadstration to the rats, ard represents the
percentage difference of volume in the control grou

3. Results and discussion
3.1 Chemistry

In order to establish the optimum reaction condgidor the formation of the target
compounds, we useptketophosphonatéa, benzaldehyde and urea as model substrates. The
reaction was studied with various mole ratios atzriflate in different conditions. As shown in
Table 1, the best results were obtained with 13nai the catalyst, in refluxing toluene, for 3 h
(Table 2, entry 8).

Table 2.Optimization of the reaction conditions

0 EtO\('? Ph
Me OEt n
\([)]/\F'\OEH HN" NH, + 1 . | A

o} O  solvent, reflux, time Me H 0
1a 3a
Entry Zn(OTf) ratio (mol%) Solvent Time (h) Yieltpo)’
1 0 toluene 24 0
2 5 toluene 3 70
3 5 MeCN 3 66
4 5 dioxane 3 26
5 5 THF 3 0
6 5 DCE 3 41
7 10 toluene 3 76
8 15 toluene 3 82




9 20 toluene 3 82

fsolated yield.

With these optimized reaction conditions in hand mext studied the scope of this
methodology. A variety of structurally diverse digdes andp-ketophosphonates were
investigated and a series of 5-phosphonato-3,4ddipyrimidin-2(1H)-ones of type3 were
afforded in good yields (Table 3). It is notewortilymention that the present method was found
to be tolerant toward various aromatic aldehydesibg either electron-withdrawing or electron-
donating substituents. In general, aromatic aldebydith electron-withdrawing groups, which
are more reactive, afforded higher yields thane¢heih electron-donating ones.

Table 3.Substrate scope studies

R2
o RS (R'0) F'?'
2
[ NH
Me\n/\ll'l’(OR1)2 . H . HZN\H/NH2 Zn(OTf), (15 mol%) | /g
0 0 0 toluene, reflux, 3 h Me ” O
1 2 3
NO, NO,
EtO I(ID? MeO I(ID? EtO Igl) MeO Igl)
(EtO), | NH (MeOQ), | NH (EtO), | NH (MeO), | NH
N o RN N
H H H H
3a, 82% 3b, 80% 3¢, 86% 3d, 84%
Cl Cl OMe Me
EtO I'l? MeO I(ID? EtO FI? EtO FI?
(EtO), | NH (MeO), | NH (EtO), | NH (EtO), | NH
N/go N/go N/l\\o N/go
H H H H
3e, 85% 3f, 83% 39, 75% 3h, 72%

4solated yield.



Based on our experimental results and the knoweraliire precedents [12-16, 31,32], a
mechanistic rationalization for this reaction i®yided in Scheme 1. This proposed mechanism
involves the nucleophilic addition of urea to théetyde, catalysed by the Lewis acid Zn(Q]Tf)
giving rise to an imine intermediate. The intercaptof this last one by thg-ketophosphonate
through its enol tautomer leads, after intramolacutyclization and dehydration, to the
dihydropyrimidinones.

o}
\[(\P/OR‘I Zn(OTf)2
1I"OR' )
O O
R2 R2 R2
0 0
R'O.I R'O. I R1O\(IF)|>
R'0” NH - R'O” NH RO NH
| P - H,0 PN )%
N~ 0 HO™ "N~ SO O >o
H H HoN

Scheme 1 Proposed mechanism for the formation of compe@dnd

3.2. Molecular structure

The structures of compoun@swere established using various spectroscopic tgaesi
including IR, NMR {H, *!P,**C) spectroscopy, mass spectrometry as well asesargbtal X-ray
diffraction. The IR spectra revealed the preserfcabsorption bands towards 1230, 1700 and
3300 cnt corresponding, respectively to the P=0, C=0 arid Wbrators. ThéH NMR spectra
of compounds3 showed, in particular, a doublet of doublets arobngpm relative to the CH
proton at thd3 position with respect to the phosphorus atom. Suatultiplicity is characteristic
of the coupling with phosphorudJg, ~ 9 Hz) and the vicinal NH protoiiJy ~3 Hz). This last
NH proton resonates then as a doubl&{{(~3 Hz) at 8-9 ppm, while the other NH proton gives



a broad singlet (in some cases a doublet with dl skl coupling constant of about 2 Hz)
towards 6-7 ppm. The alkoxy groups on the phosgh@atom showed a signal doubling
indicating that they are not magnetically equivalgarobably due to the neighbouring chiral
carbon. The’’P NMR shift recorded for compoun@swas s = 18-22 ppm which is consistent
with the dialkyl phosphonate chemical shift valude *C NMR spectra display the
characteristic signals of all carbons and partitylathose corresponding to the
dihydropyrimidinone ring. The $pcarbons at ther and positions to the phosphorus atom
resonate each one as a doublet towards 92 pjam « 205 Hz) and 148 ppnfJe ~ 20 Hz)
respectively. The CH-N carbon gives also a doulleiund 55 ppm. Such a doublet is
characteristic of the coupling with phosphorus wétfice coupling constant of about 15 Hz. As
for the C=0 carbon, it resonates as a singlet at h82 ppm. Structures of compourigere
supported additionally by the mass spectra whichweld the correct molecular ion peaks.

Unambiguous structure elucidation of phosphonodibygrimidinones3 was achieved
by X-ray crystallography. Single crystals ofs82:N.O4P,0.065(HO) were obtained by slow
evaporation at room temperature of n-hexane intthlaroform @a) solution. The molecular
structure of 8a) as the result of a single crystal X-ray studghswn in Figure 1. It contains two
crystallographically independent molecules with of¢he ethyl groups of the second molecule
is disordered over two orientations in a 0.729(2)(Q(8) ratio. In the atomic arrangement, these
molecules are interconnected via N—H- - - O hydrogerd$ to form layers parallel to (b, c) plan
(Figure 2, Table 4). Within the layers;’f8) graph-set motif connecting two adjacent molesul
are observed. These layers, located around x arld4 = 3/4, connect each other via C—H---O
to form a three dimensional network (Figure 3, €ah). A small amount of water (about 12.5%)
can be incorporated into the structure, causingrdes in the ethyl moiety C29 and C30. The
water contributes to connect the aforementionedriapy O—H- - - O hydrogen bond interactions.

Within the dihydropyrimidin-2(H)-one rings, an examination of the bond length data
(Table 5) shows that N1-C3 [1.348(3) A], N2-C3 Rz83) A], N2-C4 [1.385(3) A], N3-C18
[1.342(3) A], N4-C18 [1.370(3) A] and N4-C19 [1.38% A] can be attributed as having clear
double bond character, which is due to the-riconjugation. The C1-C4 [1.353(3) A] and C16-
C19 [1.341(3) A] in agreement with the presencéhefC-C double bonds. The N1-C2 [1.466(3)
A], N3-C17 [1.463(3) A], C1-C2 [1.531(3) A] and CI®BL7 [1.530(3) A], clearly indicate the
presence of C-C single bonds.



These molecules exhibit a regular spatial confiyoinawith normal C-C distances and C-
C-C, angles. The average value of the C-C bondhengf the two phenyl rings is 1.388(3) and
1.387(3) A which are between a single and doubtedtamd agree with those in the literature [29,
30].

Concerning the P-O, the P1-02 [1.469(1) A] and B2ED472(1) A] are consistent with
P-O double bonds, while P1-O3 [1.582(2) A], P1-@&75(2) A], P2-07 [1.575(2) A] and P2-
08 [1.583(2) A] correspond to P-O single bonds.

Figure 1. Asymmetric unit of GsH»;,N,O4P, 0.065(HO). Displacement ellipsoids are drawn at the 506bability level.



Figure 2. View of a layer parallel to the (a, b) plane insk;N,O4P, 0.065(HO). Dotted lines indicate hydrogen bonds.

Disorder of ethyl groups are omitted for clarity.

Figure 3. Crystal packing of GH,;N,O4P, 0.065(HO). Hydrogen bonds are denoted by dotted. Disoofl@thyl groups are

omitted for clarity.

Table 4.Hydrogen-bond geometry (A, ©) in &1,,N,0,P, 0.065(HO).



D—H--A D—H H---A D--A D—H---A
C30—H3(@C---09 0.98 1.52 2.449 157
C29B—H29D--- 09 0.99 2.47 3.349 148
C5—HBA. --03 0.98 2.54 3.249 (3) 130
C20—H2@. - - 07 0.98 2.36 3.103 (3) 132
C24—H24.--02 0.95 2.59 3.492 (4) 159
N1—H1..-02 0.88 2.07 2.823(2) 143
N2—H2---08 0.88 2.01 2.830 (2) 155
N3—H3---08 0.88 2.04 2.842 (2) 151
N4—H4. .01 0.88 1.98 2.822 (2) 160
09—HP--- 08 0.80 2.23 3.020 171
09—H9. --OY 0.80 2.01 2.750 154

Symmetry codes : (§—1/2, y+3/2,z+1/2; (i) -x+5/2,y-1/2, z+3/2; (iii) X, y-1, Z, (iv) —x+5/2,y+1/2, -z+5/2;

(V) X, y+1, z (vi) =x+5/2,y-1/2, -z+5/2.



Table 5.Selected and important bond length and bond amdies (A;) in C;sH,,N,O,P, 0.065(HO).

Atoms Bond Length (A) Atoms Bond Angle
)
Cil-C4 1.353(3) C11-C6-C2 119.7(2)
Ci1-c2 1.531(3) C8-C7-C6 120.2(2)
C2-N1 1.466(3) C9-C8-C7 120.3(2)
C3-01 1.237(3) C8-C9-C10 120.0(2)
C3-N1 1.348(3) C9-C10-C11 119.7(2)
C3-N2 1.367(3) C10-C11-C6 120.6(2)
C4-N2 1.385(3) C22-C21-C26 119.2(2)
C16-C19 1.341(3) C21-C22-C32 120.3(2)
Cl16-C17 1.530(3) C24-C23-C22 120.3(3)
C17-N3 1.463(3) C25-C24-C23 119.6(2)
C18-05 1.246(3) C24-C25-C26 120.7(2)
C18-N3 1.342(3) C25-C26-C21 119.9(2)
C18-N4 1.370(3) - -
C19-N4 1.384(3) - -
C19-C20 1.503(3) - -
C29-08 1.455(6) - -
C6-C7 1.390(3) - -
C6-C11 1.391(3) - -
C7-C8 1.390(3) - -
C9-C9 1.382(3) - -
C9-C10 1.386(4) - -
C10-C11 1.390(3) - -
C21-C22 1.387(2) - -
C21-C26 1.397(3) - -
C22-C23 1.391(3) - -
C23-C24 1.389(4) - -
C24-C25 1.372(4) - -
C25-C26 1.394(3) - -
08-P2 1.582(2) - -
02-P1 1.469(2) - -
03-P1 1.582(2) - -
04-P1 1575(2) - -
06-P2 1.472(2) - -
07-P2 1.574(2) - -




3.3. Anti-inflammatory activity

Given that 3,4-dihydropyrimidinones are well-knowfor their promising anti-
inflammatory properties [3,33-37lve focused our efforts, in the second part of thisk, to
evaluate thein vivo anti-inflammatory activity of the synthesized Begphonato-3,4-
dihydropyrimidin-2(H)-ones 3a-h. We shall note here that the search for novel-anti
inflammatory agents to treat an inflammatory reactind consequent diseases such as rheumatic
manifestations, fractures and stomatitis, is aempborary field.

Anti-inflammatory activity of the synthesized comymuls3a-h and indomethacin used as
standard, was determined by carrageenan-inducetl gaw edema method [20], using female
Wister rats. The results of these experiments anensarized in Figures 4 and 5. They showed
that the synthesized compoun8a-h exhibited significant anti-inflammatory activity isome
cases higher than the standard drug indomethaatrad found that compour8f has the highest
anti-inflammatory activity at 58.42 % when compangih other compounds. The remaining
compounds exhibited an anti-inflammatory activity the following order:3c (52.45 %),3b
(48.29 %),3d (33.37 %),3h (29.95 %),3e(23.76 %)3f (17.11 %),3a (13.06 %), and compared
with indomethacin (37.77 %). Thus, the most prongstompounds in the present series3me
3c and 3b which showed excellent anti-inflammatory activityigher than the standard drug
indomethacin.
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Figure 4: Anti-inflammatory activity 8a-h: tested compounds,

Ind: indomethacin, Cont: control)
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Figure 5: Anti-inflammatory activity after 60 min of treatmien

4. Conclusion

We have developed a novel one-pot three-componeniogonl for the synthesis of 5-
phosphonato-3,4-dihydropyrimidin-24)-ones, through the zinc triflate-catalyzed Biginsipe
reactionof B-ketophosphonates, aldehydes and urea. This mettiext significant advantages
over prior reports, such as efficiency, good yiglgsorter reaction time and easy work-up.
Furthermore, the zinc triflate catalyst used is Wwnofor its low toxicity, low cost, and
environmentally  benignity, which is very beneficialfor safely obtaining
phosphonodihydropyrimidinone derivatives for biotaj screening. The compounds obtained
were characterized by various spectroscopic tomsiding IR, NMR {H, **P,**C) spectroscopy,
mass spectrometry and single crystal X-ray diffoarct All the synthesized compounds were
evaluated for the first time for the anti-inflammt activity and were found to be promising
anti-inflammatory agents for further drug discoesri
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