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Abstract

New tributyl-, dibutyl- and diphenyl-tin(IV) comptes derived from ibuprofen and
cinnamic acids were synthesized. All compounds ws&recturally characterized by FT-IR,
multinuclear'H, *3C, *F and**°Sn NMR and corroborated by 2D spectra. The NMR data
in CDCL revealed several hexacoordinated compounds wittahedral geometry.
Moreover, in DMSO-¢ some of these complexes switched to heptacoordimatith a
pentagonal-bipyramidal geometry due to the inclusiba solvent's molecule; theit®sSn
signals moved up field by around 58 ppm comparedhtor chemical shifts in non-
coordinated solvent CD&IThe structural results were supported by DenSigctional
Theory (DFT) computational calculations. In additi@ docking study was performed to
evaluate the ability of ligands to interact withire active site of cyclooxygenases (COX-1
and COX-2)Docking results showed a possible binding of staanestheoretically more
selective towards COX-2 than ibuprofen.

Keywords: Stannoxanes; Ibuprofen; Coordination; DFT; Docki@ggclooxygenase.
1. Introduction

Tin compounds offer a large structural variety daethe range of coordination
numbers that the tin atom can adopt (4-8). Thiddea different chemical shifts °Sn
NMR spectroscopy, ranging of +800 to -600 ppm [1-Bhe type and size of the
substituents attached to the tin(IV) atom detersiitiee spatial geometry, as well as their
industrial and biological applications. It is wkhown that an increase in the coordination
number of the tin atom is related to an increasel@ctron shielding around the nucleus,
that is monitored by the NMR spectra 8fSn, as well as thB**C-*"*%5n) coupling



constants [3-5]. These increases involve intramnter-molecular interactions by varying
the solvent, temperature or steric factors of suesits at the metal center. An increase in
the coordination number depends of the acidityimfatom and the availability of the
substituents as electron donors [3, 4]. Diversdistuhave determined that an increase in
the size and number of the substituents on theatm, increases the lipophilicity and
decreases the toxicity of the compound in bioldgisgstems [6-11]. Particularly,
organotin(lV) carboxylates’ monomers have shown @ewvariety of coordination
geometries, such as tetrahedral, trigonal bipyrahadd octahedral [12, 13].

The study of organotin’s biological activity begaith Gielen and coworkers, who
tested a set of compounds as antitumor agents {L4Sbme organotin(lV) compounds
exhibit a betten vitro antitumor activity than the cisplatin or carbopid8,7]. In addition,
organotin compounds have been explored as acatj8ideanthelmintic [18], cytotoxic
[19,20], antibacterial [21,22], antifungal [22], temicrobial [23], anti-tuberculosis [24],
antioxidants and anti-inflammatory [25], agents.

Ibuprofen (Figure 1) is one of the best-selling NB# (Nonsteroidal anti-
inflammatory drugs) worldwide and it is marketed asracemic mixture, but its
overconsumption has been linked to gastric ulcedsadher side effects [26,27].
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Figure 1. Chemical structure oR,S-ibuprofen.

On the other hand, theanscinnamic acids and their derivatives have received
attention because their functional properties dkéioxidant, antibacterial, antifungal, and
their importance in food supplements, cosmeticspratmaceuticals [28-32]. Furthermore,
these compounds offer a great structural divershgn attached to metals [33]. Moreover
the spacer groups play an important role in prodrugjugation and design, as well as in
drug delivery systems. The glycol spacers incrélasalegrees of freedom and modify the
solubility with the aim of reduce adverse effeatissome NSAIDs the use of these groups
decreases gastric damage by esterification of #nbogylic acid [34-35]. Based on the
aforementioned, the present work reports the sgrghand structural characterization of a
new group of organotin(lV) compounds by means tiR\spectra in CDGland DMSO-
ds. This study focuses on the ability of the tin atmnincrease its coordination number in
the presence of a coordinating agent, in additeorstudy to then silico affinity and
selectivity was carried out of each complex towargslooxygenases, important enzymes
of the inflammatory process.



2. Results and discussion
2.1 Synthesis

A series of ibuprofen and cinnamic acid derivaivaganotin(lV) carboxylates
compounds X-13) were synthesized according t8cheme 1and Scheme 2 (see
experimental section). All compounds were air-sgabbluble in common organic solvents
and they could be isolated up to 82% of yield. Sofm@butyl derivatives?, 3, 4, 7, 8 and
9) were solids and melted at range of 45-90 °C,réds¢ of the compounds were liquids.
This is because the presence of tabutyl groups bonded to tin atom, these groups
decrease the formation of intermolecular interagtiby steric hindrance [3]. The NMR
spectra of'H, *C and*%Sn indicate the presence of only one species iutisn| these
were obtained in a noncoordinating solvent (Cf)@hd a coordinating (DMSOsd with
the aim of analyze the tin atom ability to increésecoordination sphere and the chemical
behavior of this metal in different conditions.

2.2 Spectroscopy

In the infrared spectra, an explicit feature dftlaé studied compounds is the band
that corresponds to the Sn-O bond, which appeatiseirregion of 400 to 500 ¢ This,
along with the absence of a broad band in the neg&D0-3000 ci corresponding to the
stretching vibration of the hydroxyl groygO-H) in carboxylic acids, is an indication of
the deprotonation of the COOH moiety [36,37]. Farthore, the bands in the 507-594tm
and 511-631 cih regions are assigned to the symmetrical and asymicalestretching of
the Sn-C bond [38]. In addition, dicarboxylic staranes 1-9) displayed two intense
bands in the range of 1550 to 17007tdue to the stretching vibration of the carbonyl
groupsv(C=0). However, one of these carbonyl stretchingdlsadisappears for compounds
10-13

A comparative analysis of th&v (vasynlCOO- vsym COO-) values of the sodium
carboxylates and complex&<9 indicates the type of coordination between theatom and
the carboxylate substituent, differentiating betweeonodentate, bidentate and bidentate
bridge modes [39]. Thav for compoundd4-4, 7 and8is lower than those corresponding to
the respective free ligands by 84 to 124”crithis is representative of the bidentate
chelating mode. In the case ®f6 and9 complexes, the values Aav correspond to those
found in a bidentate bridge mode for the carboxiliyands in them (see experimental
section) [40,41].

The signal corresponding to the COOH proton ofrdve organic acids is absent in
the 'H NMR spectra of compounds13 (CDCl;) and1a-13a(DMSO-ds). This coincides
with the observed data in IR. The chemical shifts f-butyl protons show a shielding



effect in DMSO-¢ solution, which may be related to the changeshi&a ¢lectronic
environment of the tin atom caused by coordinasotyent. The H7, H7', H8 and H8'
protons of thea, B-unsaturated double bonds do not exhibit significahanges in
molecules1-4, la-43 6-9 and 6a-9a For compounds$, 10-13 5a and 10a-13a the
positions H7 and H8 exhibit a deshielding effeeicduse of the tin atom presence. Figure 2
shows the numbering scheme for the stannoxanes.
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SQJ:OJM@ % %
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3'4x
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3 (X=ClI);
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12 12
6 0O o— Sn 0—Sn—0 o)
n S !
13-14 (n=2) 13-14 (n=2)
13-15, (n=3) 13-15, (n= 3)
10 (n=2); 11 (n=3) 12 (n=2); 13 (n=3)

Figure 2. Organotin(IV) compounds and numbering sequence.

The™*C NMR spectra data confirms the exchange of thdi@piroton (-COOH) by
tin atom (-COOSN-) with the carbonyl signals appepbetween 172.1 and 185.0 ppm,
because of the substituent (Table 1). For compo(8jghe carbonyl chemical shifts give
important information of the chemical environmenitrreunding the tin atom when is
compared to the raw materials. The carbonyl chdmsiuéts in CDC} show a deshielding
effect in comparison with their free ligands. Hoe hydrocinnamic and ibuprofen carbonyl
groups, displacements of 4-6 ppm to higher fregesnaevere observed, whereas this
change was greater than 10 ppm fortthas-cinnamic ligands. The above changes suggest
that thetrans-cinnamic carboxylates had a stronger coordinatih tn(IV) atom, due to a
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lesser steric hindrance. These data confirmed dhgogylate oxygen’s bidentate chelating
and bridge modes of coordination with the tin atashpreviously observed through FT-IR
spectra. On the other hand, for the compour@it43was not observed the interaction and
coordination of the carboxylate oxygen with thegtom.

Table 1 Chemical shift$ (ppm) of the carbonyl groups in CGI DMSO-g; for thel-13
compounds.

1 la 2 2a 3 3a 4 4a
9 176.2 173.0 176.1 173.8 176.3 173.3 176.4 172.6
9" 1829 180.0 176.3 173.8 1759 174.1 1759 1727
5 5a 6 6a 7 7a 8 8a 9 9a
12 185.0 181.6 184.8 181.0 185.0 172.3 185.0 172.7 .918472.1
9" 183.0 1794 176.1 1725 1759 1723 1759 172.7.717272.1
10 10a 11 1la 12 12a 13 13a
12 175.1 1750 1752 1750 1751 175.1 1753 175.1
#a = chemical shifts in DMSOgd

When this analysis was done in a coordinating esdlvDMSO-g, the carbonyl
groups had a deshielding effect with respect tofitbe ligands. However, compountia-
13a carbonyl signals appear at lower frequency thasdtofl-13, an effect attributed to
DMSO-d; interaction to the tin atom. This disturbs theustre’s geometry around the
metallic nucleus, weakening the interaction betwten carboxylate oxygen and the tin
atom. The ibuprofen carbonyl of compountis9adisplay the largest changes; 12.7 ppm,
12.3 ppm and 12.8 ppm respectively.

The *%Sn spectroscopy data of the studied compourds3(and 1a-133 are
presented in Table 2. THESn chemical shifts for compounds9 appear in the region of -
+145 ppm to -150 ppm confirming that all of them #exacoordinate systems. For
compounds10-13 simple signals were observed around of +156 ppmtributyltin
derivatives and chemical shifts at -46 ppm for dipjitin derivatives, both in accord with
reported tetracoordinate tin atom [25, 32]. H8n signals are shifted to lower frequencies
in DMSO-d&, because of a shielding effect by the solvent csumding the metal.
Comparing thé*®Sn chemical shifts in both solvents, compouhdmd4 had the largest
differences,A5'°Sn = 57.7 and\6'*°Sn = 58.8 respectively. These changes have been
previously related to changes in the coordinatiomiper of the metal, with the solvent
acting as a ligand in this case (Table 2) [4].

The carbon atomsi( p andy) coupled with the metallic nucleus in systetns3 are
shown in Figure 3. The correspondifd*C-**"*'%n) coupling constants are quite
informative regarding the interactions between tiuelei, their chemical and magnetic



environments, as well as the geometry, hybridizatind number of substituents of the tin
atom. In CDC}, the alpha carbon has an averaC-1*"*1%n) coupling constant of 580
Hz for productsl1-9, 337 Hz for10 and 11, and 620 Hz in system$2 and 13. In
comparison, the same coupling constant was griéeer850 Hz in compounds-9a

Y —
o
( R%—Sn/\ﬁ/\ ( R93—Sn =

1-11 12,13

Figure 3. Important positions near the tin atom 6.3 compounds.

Table 2. Selected Chemical shifts (ppm) of **C and *°Sn for 1-13 and la-13a

compounds.
Compounds a B y  8"sn As'sn
25.2 263 26,6
1 (569.5/562.4) (95.5) (35.2) 00
" 29.9 262 212 oo O
(855.2/827.1) (138.8) (50.3) :
25.4 26.4 266
2 (586.8/560.5) (97.6) (34.5) 474 46.0
2 26.2 262 273 ..
(835.1/820.0) (137.8) (62.3) :
25.9 26.4 267
3 (585.6/561.5) (98.6) (35.2) 48 560
o 30.0 261 272 o o OO
(851.2/814.0) (137.8) (57.3) :
25.4 26.4 277
4 (584.6/559.4) (99.6) (35.2) ~0° o
i 29.3 262 212 oo, O
(855.2/854.2) (139.8) (72.4) :
25.0 26.3 256
2 (580.5/554.4) (935) (37.2) 00 .
e 30.2 261 272 . °b
(867.3/847.2) (142.8) (27.6) :
26.5 262 251
6 (583.6/557.5) (97.6) (362) 0t
o 30.3 262 273 .. >
(856.3/839.1) (144.8) (34.1) :
26.6 26.4 251
! (584.6/559.5) (98.6) (36.2) 149 Lo4
o 30.2 274 262 oo
(857.3/813.0) (140.8) (35.1) :
25.1 262 266
8 (568.5/555.5) (97.6) (37.2) Ot .
o 30.3 261 275 oo 2O
(850.2/825.1) (139.8) (36.2) :
o 25.1 262 264 oo aig

(571.5/558.2) (96.5) (36.2)



0.3 26.1 27.4

% (868.3/822.0) (138.8) (37.3) 831
17.6 26.9 27.8
10 (a37.13320) (63.4) (223) T
7.7 26.8  27.9 .
108 (34321327.0) (64.3) (23.1) T1489
18.3 268  27.7
t (337.1/3320) (64.4) (221) T°0%
1la 17.9 268 278 .9 :
1374 1292 1365
2 (619.8/NA) (58.3) (48.3) “°°
12a 137.5 129.1 1361 .. :
1374 1292 136.1
13 (63LONA) (63.4) (49.3) 02

138.3 1291 136.2
13a (NA) (104.6) (49.3) /36

#a (DMSO-@); ("I(BC-T™an))

For compoundsla-4a the difference between the coupling constant®MSO-d; and
CDCl; is 285.7, 248.3, 265.6 and 270.6 Hz respectivEtys, jointly with a change in the
chemical shift of tin £5*°Sn) larger than 45 ppm and slight variations in ¢aebonyl
groups’ chemical shifts, confirm the coordinatiohaodimethylsulfoxide’s oxygen atom
with the tin atom [42, 43]; a contrast of hexacaoation in chloroform with
heptacoordination in DMSQOed

0 Bu O 0 Bu O
\S| \S|
n n
0”10 Z oy 10 7
Bu /Bu
o)
—?// 1a

1

Figure 4. Coordination for compountlin CDCk and DMSO-d. This change in the
coordination number was observed &a4acompounds as well.

The coupling constanfJ*C-11"1%n)) is around 300 Hz for compounga and
6a However,A8*°Sn is smaller than 25 ppm and the chemical shiftstfe, respectively,
carbonyl groups do not show any significant changéss indicates a weak interaction
between a DMSO-molecule and these compounds, contrary to thedawation with the
metallic nucleus presented lm-4a To further support these conclusions, DFT thecaet
computations were performed. Figure 5 shows thelltieg optimized geometry for
compound5a with a DMSO molecule. Of all the atoms interactingh the tin atom, the
solvent’s oxygen atom is the furthest from the ntietaucleus, in concordance with the
NMR data.
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Figure 5. Optimized geometry of compou@ with a DMSO molecule. Displayed
interatomic distances in angstroms.

Systems7a-9a (Figure 6) had similar?J(-*C-**"**%n)) coupling constants, and
AS™%Sn, however, the chemical shift for the ibuprofecgsbonyl group was displaced to
lower frequencies by 12 ppm (Table 1). This refledche molecules’ structural
rearrangement due to the DMSO’s oxygen atom tatfiegtin atom to heptacoordination.
The structure of compour8h was optimized utilizing computational calculatipnsere a
single solvent molecule was included. The resuimasthe solvent oxygen atom and the
carbonyl oxygen atoms are at a similar distancenftbe tin nucleus (Figure 7). When
compared with the calculations for compoa]l the solvent has a stronger interaction with
the tin atom irBa. These results further supports the heptacooidmauggested by NMR

data.
0 B 0
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Figure 6. Coordination number fof-9 and7a-9acompounds in CDGland DMSO-g.
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Figure 7. Optimized geometry of compouida.

Compounds10a through 13a did not show any significant changes that would
indicate an alteration in the tin’s coordinationmhber. The spacer group pushes the
carbonyl fragment away from the metallic nucleueatively inhibiting any possible
coordination. Furthermore, the three butyls preseansystemdOa and11a hinders any
approach to the tin center by any DMSO molecule.

2.3 Molecular docking

To explore the effect of the tin atom in combinatwith thetrans-cinnamic acid
(TCA), hydrocinnamic acid (HCA) and ibuprofen a Hiog study towards cyclooxygenase
(COX) isoforms was carried out.

Only compounds which bear at least on®-ifuprofen moiety —which is
biologically active in COX inhibitior were selected to discuss their binding modes [44,
45]. Additionally, as a second criteria, only thagestems that were able to interact with
Arg513 and His90 residues, were discussed; thesdues are only reached by COX-2
selective inhibitors [46]. Arg513 and His90 are kegidues, which provide access to the
lipophilic pocket formed by Val523, hence a COXéestive inhibitor needs to interact
favorably with them to accommodate into the po¢46ét 47].



Compounds (9, 7(9, 9 (9, 10(S),11(9, 12(S, 9,12 (S R) and13 (S R) were
found to meet the criteria described. The inteoastiof tin derivatives with the constriction
channel (CC; Argl120, Glu524 & Tyr355), lateral petkLP; Ala527, Leu531, Ser530 &
Val349) and lipophilic pocket (LiP; Val 523) resiehkiof COX-2 are shown in Table 3 and
compare to ibuprofen’s and celecoxib’s, COX-2 refie inhibitors.

Table 3 Summary of thénteractions of selected compounds with Arg513i&99, LP, CC
and LiP (COX-2).

12 12 13

5S 7S 9s 105 11S (S,3 (S,B (S,B lou.  Cel.

Alas27 99> 780 -755 -0.77 -032 -10.20 -10.82 -7.3013.60 -15.33

Argl20  --- -9.64 -2260 -28.85 -32.60 -18.70 -15.10 -12.9@.10 -2.20
Arg513 -10.25 -6.30 -246 -2.68 -0.37 -11.22 -13.10 -5.061.20 -5.08
Glus524  --- -144 -432 -095 -870 -961 -0.98 1.70
His90 -5.21 -530 -2.14 -431 -2.20 -1533 -13.1 -3.70 .450 -3.64
Leus31 -7.00 -7.63 -9.70 -3.92 -1.11 -1343 -296 -2.50 463 -2.70
Ser530 -17.70 -880 -6.33 -166 -2.02 -141 - -13.72 .1&4 -4.43
Tyr355 -6.41 -16.84 -13.11 -951 -12.60 -13.80 -30.50 (9.8-10.30 -12.53
Val349 -12.70 -12.20 -6.33 -10.12 -11.80 -7.80 -3.2011.43 -11.13
Val523 -22.90 -17.70 -16.76 -14.25 -24.40 -22.92 -22.6-6.80 -18.31
Ibu: ibuprofen;Cédl: celecoxib

The stannoxanes bind to COX-2's active site malnjyforming steric interactions
with key residues; their binding mode is also dniv®y the formation of hydrogen bonds
(HB). In general terms, the presence of a tin atongombination with ibuprofen, HCA
and TCA moieties, exert a favorable influence imirttbinding modes with COX-2 and
allow them to reach Arg513 and His90.

Figure 8. Binding of selected compounds into COX-2 actite.s

Compound 7 (§ and 12 (S, 9 displayed remarkable interaction values in
comparison to reference inhibitors and the othanrstxanes (Figure 9). The presence of
fluoro-transcinnamic acid and ibuprofen moieties # (S), favors higher interaction
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energies than those of reference inhibitors witig543, His90, Leu531, and Val523. Its
binding mode locates the fluotmans-cinnamic acid moiety reaching towards the LiP,
His90 and Arg513. The ibuprofen moiety accommodates interacts with LP’s residues
Ala527 and Leu531. The carboxyls accept HBs fron8%% and Ser353. The butyl groups
and tin atom face the Ser530, Val349, and Ala52idues.

On the other hand, compoudd (S, §, which bears two phenyl rings bound to the
tin atom, shows higher interaction energy with Ar§sHis90, and Leu531 than reference
inhibitors and7 (S). It binds to COX-2 facing each ibuprofen moietyopposite directions.
One is facing the Arg513, His90 and Glu524 residudsereas the other reaches towards
LP residues (Leu531 and Val349). The phenyl groampd tin atom reach the LiP and
Ala527, while also interacting with Val523 and His9

Figure 9. Comparison of the binding modes of compoundS), A) and12(S S), B) to
ibuprofen (green). The blue dashed lines reprebentB.

Besides, the interaction with Val523, His90 and 4§ is often related to a tight
and durable binding to COX-2, which is only achigugy time-dependent and selective
COX-2 inhibitors [46-48]. On the other hand, Leu58Xkey to COX-2 selectivity, since it
needs to reach a conformational change that altbeveaccommodation of an inhibitor [49].
In this sense, compounds& 12 show favorable interactions to the mentioned ressd
which suggest that they may interact with COX-2 ansimilar manner to reference
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compounds. The interactions values of compounds kay residues of COX-1 are shown

in Table 4.
Table 4 Summary of the interactions of selected compowvitsLP, CC and 1le523
(COX-1).
12 12 13
5S 7S 9s 108 11S lbu.  Cel.
6.9 G.B (SR
Ala527 -11.50 -7.40 -13.00 -13.60 -12.02 -9.30 -12.72 9Q1.-12.72 -13.04
Arg120 -0.73 -12.60 -9.54 -2.43 -17.10 -1.60 -8.70 .98 -1.35
Glus24  --- -1.21 -3.81 1.86
lle523 -13.20 -17.40 -7.00 -19.64 -13.90 -27.40 -12.03 .506 -7.16 -15.80
Leus31 -7.82 -584 -7.92 -1470 -11.33 -18.34 8.62 -6.97550 -4.56
Ser530 -10.10 -18.30 -5.13 -1598 -18.00 -15.10 -9.20 06.1-4.74 -3.11
Tyr355 -11.10 -495 -9.10 -19.12 -12.71 -14.10 -21.74 04.8-10.80 -12.93
val349 -16.50 -17.20 -9.60 -20.54 -16.90 -13.42 -20.40 .201 -10.40 -11.30

Ibu: ibuprofen;Cedl: celecoxib

Similarly to COX-2, the selective binding to COXrdlies on the interaction with
key residues of its active site. Key residues amgla in both isoforms, they have in
common the LP and CC. However, COX-1 lacks of aghilic pocket, which is the main
difference between isoforms and it is due to thes@nce of 11e523 & His513 instead of
Val523 and Arg513 [47]. The interaction with lleS&3important because it controls the
access to the COX-1 active site; 11e523 must reacbnformation that allows the ligands to
accommodate favorably into the site [50].

In general, the selected derivatiets), 7 (9, 9 (9 - 11(9), 12(S, §,12(S, R) and
13 (S R) bind into COX-1 active site mainly by forming steinteractions; they were more
prone to form steric clashes when binding to COldn to COX-2. In contrast to COX-2,
the binding of7 (S and 12 (S, § to COX-1 shows some important differences. Irs thi
regard, compound (S accepts a HB from Tyr355 and Arg120 and bindsnfadts
ibuprofen to reach towards Ser530, whereas theditrans-cinnamic acid moiety interacts
with Ala527 and Val349; butyl chains interact wite523. The binding mode favors the
interaction with 1le523, which is higher in energiyan Ibuprofen’s and Celecoxib’s.
Compound12 (S, 9 binds into COX-1 by accepting a HB from Ser53@l akrg120.
However, it clashes with Val349; its interactionghMle523 are higher than celecoxib’s
and ibuprofen’s.
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Figure 10. Comparison of the binding modes of compouidS (A) and 12 SS(B) to
ibuprofen (green). Legend: black arrows point tlegions where steric clashes are
observed. The blue dashed lines represent the HB.

Docking results suggest that stannoxanes may lwn@Q@X isoforms; thus, they
may be screened as COX inhibitamsvitro. The interaction energies of compourndand
12 are suggestive of a theoretical selectivity towaB®dDX-2, in part due to the differences
between COX isoforms’ active sites [51, 52]. Namély COX-2 active site is larger than
that of COX-1, which may allow it to “accept” lamgénhibitors that may favorably
accommodate and interact with the lipophilic poqk&l523). (ii) The active site of COX-
2 is more hydrophobic than COX-1, which may alseofathe binding of hydrophobic
inhibitors, as is the case of Sn-derivatives. (lije COX-2 active site can use esters of
arachidonic acid as substrates [45, 53], which iespthat the presence of an ester bond
within tin derivatives increase their selectivitpdafavor their binding to COX-2. The
reported anti-inflammatory activity of a variety obrganotin(lV) derivatives is
straightforward [54, 55]. However, the results e in this section should be framed in a
theoretical context and be validated experimentaligugh arnn vitro model.

3. Conclusions

The organotin compounds discussed in this worklaysgl interesting behavior
regarding their coordination. Most of thert-§) were hexacoordinated in chloroform.
However, moleculed-4 and 7-9 could add a solvent’'s molecule to their coordmati
sphere when dissolved in DMSO, effectively bringthgm to an heptacoordination. This
was concluded through the analysis and concordahtee NMR and FT-IR data, while
further supported by DFT calculations. In additithe resulting energies from the docking
calculations suggested all compounds interact Wi@Xs. Furthermore, all the systems
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were theoretically more selective towards COX-tkize ibuprofen. Ligands with glycol
spacers and diphenyltin showed the best bindinggeastowards COX-2 due to forming
steric interactions in constriction channel an@ibilic pocket. The spacer group increases
the flexibility and favors the arrangement of tlgahd in the active site.

4. Experimental
4.1. Materials and instruments

Hydrocinnamic acidtranscinnamic acid, 4-fluordrans-cinnamic acid, 4rans
chlorocinnamic acid, 4-bromwanscinnamic acid, dimethylaminopyridine (DMAP),
dicyclohexylcarbodiimide (DCC), organotin(lV) moridorides and dichlorides were
purchased from Sigma-Aldrich and were used witHatther purification. Ibuprofen was
supplied by the Alfadelta S. A. de C. V. as racemigture and was not further purified.
The NMR spectra of compounds were obtained in twotetated solvents (CDgLand
DMSO-a) and were analyzed with a Bruker 400 MHz NMR speueter for 'H
(400.13247 MHz)**C (100.62282 MHz)!°F (376. 46071 MHz) and'®Sn (149.16624
MHz). Chemical shiftsg) are reported in ppm and coupling constants inTHe infrared
spectra were recorded on a Varian Excalibur 310dRFEpectrophotometer using KBr
pellets. Elemental analysis was performed on Trudpero elemental analyzers. Melting
points were obtained with a Melt-Temp |l apparand were not corrected.

4.2. General procedure for the synthesis of staaneg {-9) ibuprofen, 3-
phenylpropanoic acid and cinnamic acid derivatives

The nine stannoxanes were obtained by reacting egoivalents of the
corresponding carboxylic acid with dibutyltin diohlde in a mixture of boiling toluene and
triethylamine like base. This mixture was kept unddlux for 6 hours and then cooled to
room temperature and stirred vigorously for 12 kq@cheme 1).
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0 0 % %

)k Jk Bu,SnCl, /Et;N )k )k
+ = R 1

R OH R! OH Toluene, 110°C

~ 1=R'andR
2=R"'and R?
3=R'andR®

4=R'and R*

5=R%andR
~ X 6 = R°and R’
7=R%and R?
8=R%andR®

Scheme 1Synthesis and sequence enumeration of stannoganged from the
combination of carboxylic acids.

Dibutyl(3-phenylpropanoyl) oxystannyl cinnamaite. (n a dry flask, the hydrocinnamic
acid (246 mg, 1.638 mmol) and theanscinnamic acid (242 mg, 1.633 mmol) were
dissolved in 100 ml of dry toluene, next 0.874 rhtr@ethylamine (660 mg, 6.581 mmol)
was added, the mixture was stirred until its cortgptissolution. On the reaction mixture at
80°C is added dropwise the dibutyltin dichlorideO@5mg, 1.645 mmol) previously
dissolved in 50 ml of toluene. Then, the mixtureswiaated to 110 °C for 6 h, after that, the
heating was removed and kept for 12 h under coatistirring. The precipitated
triethylamine hydrochloride was eliminated by fliion and the toluene was evaporated
under reduced pressure. The final product was wiastree times with CyCl, and HO to
remove any remaining triethylamine. The organicsghaas treated with MgS®@o remove
any residual water. Finally, the product was receddy evaporation after removal of the
hydrated MgS@by filtration. Compound. was obtained as a yellow liquid. Yield: 0.863 g
(99%). Analyses (%): calcd for,gH3404,Sn, C 59.00, H 6.48, O 12.09, Sn 22.43; found, C
59.27, H 6.83. FT-IR (c): vi(O=C) 1639;vo(0=C) 1580;vas;{COO) 1589 y5,:{COO)
1499;v(0-C) 1371:v(Sn-C) 593y(Sn-0) 422H NMR (CDCl) & 7.81 (d,%J = 16.0 Hz,
1H, H7), 7.55 (m, 1H, H2), 7.55 (m, 1H, H6), 7.44, 1H, H2), 7.42 (m, 1H, HE’), 7.34
(d,%3 = 7.3 Hz, 1H, H3), 7.34 (d) = 7.3 Hz, 1H, H5), 7.29 (m,1H, H4), 7.28 {d,= 7.2
Hz, 1H, H3'), 7.28 (d3J = 7.2 Hz, 1H, H5"), 7.25 (m, 1H, H4'), 6.52 @ = 16.0 Hz, 1H,
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H8), 3.03 (t3J = 7.7 Hz, 2H, H7’), 2.82 (£J = 7.8 Hz, 2H, H8"), 1.70 (m, 2H, H10), 1.70
(m, 2H, H12), 1.34 (sext) = 7.2 Hz, 2H, H11), 0.94 (d) = 7.3 Hz, 3H, H13). NMR*C
(CDCly) &: 182.9 (C9), 176.2 (C9), 146.3 (C7), 140.5 (C134.4(C1), 130.3 (C4), 129.3
(C3),129.3 (C5), 128.9 (C3'), 128.9 (C5’), 128.3}(128.3 (C6), 128.1 (C2’), 128.1 (C6),
126.2 (C4’), 117.7 (C8), 35.6 (C8"), 31.1 (C7"),.26J (C11%n) = 95.5 Hz), 26.6](
(C12*%n) = 35.2 Hz), 25.2J((C10+Sn) = 569.5 Hz;J (C10+*'Sn) = 562.4), 13.6
(C13).*%Sn NMR (CDC}) &: —146.9.

Dibutyl(((E,Z)-3-(4-fluorophenyl)acryloyl)oxy)stayincinnamate %). Following the same
procedure that for compourid a mixture of 4-fluoradrans-cinnamic acid (272 mg, 1.637
mmol), transcinnamic acid (242 mg, 1.633 mmol), 0.874 ml oéttiylamine (660 mg,
6.581 mmol) and the dibutyltin dichloride (500 mt645 mmol) were reacted. The
residual solution was dried under low pressuregiocgmpound® as a white solid. Yield:
0.887 g (98%). M.p. 70-72 °C. Analyses (%): calod @¢H3z,FO,Sn, C 57.27, H 5.73, F
3.48, O 11.74, Sn 21.77; found, C 56.94, H 6.12IFTcm™): v1(O=C) 1683;v,(O=C)
1639; Vasy{COO) 1547;vs,r{COO) 1491;v(O-C) 1223;v(Sn-C) 593; v(Sn-0) 470'H
NMR (CDCL) &: 7.79 (d,2J = 18.0 Hz, 1H, H7’), 7.79 (£J = 16.2 Hz, 1H, H7), 7.57 (m,
1H, H4), 7.56 (m, 1H, H3’), 7.56 (m, 1H, H5"), 7.4, 1H, H2), 7.41 (m, 1H, H6), 7.11
(d, %) = 8.6 Hz,1H, H2"), 7.11 (®J = 8.6 Hz, 1H, H6’), 7.09 (d®J = 8.6 Hz, 1H, H3),
7.09 (d,3) = 8.6 Hz, 1H, H5), 6.54 (d] = 16.0 Hz, 1H, H8"), 6.45 (FJ = 16.0 Hz, 1H,
H8), 1.74 (m, 2H, H10), 1.74 (m, 2H, H12), 1.44x¢s&) = 8.0 Hz, 2H, H11), 0.95 () =
7.3 Hz, 3H, H13)**C NMR (CDCE) & 176.3 (C9), 176.1 (C9), 165.3 (C4-*°F) = 251.5
Hz), 146.3 (C7’), 144.9 (C7), 134.4 (C4’), 130.71§C130.7 (C2’), 130.7 (C6"), 130.5
(C2), 130.5 (C6), 128.2 (C3), 128.8 (C4), 128.2)(@47.5 (C8), 117.7 (C8’), 116.1 (C3I"),
116.1 (C5"), 26.4J(C11*'%Sn) = 97.6 Hz), 26.6](C12-%n) = 34.5 Hz), 25.4)(C10-
195n) = 586.8 HzJ (C10-''Sn) = 560.5 Hz), 13.6 (C13)'°Sn NMR (CDC}) &: —147.4.

Dibutyl(((E,Z)-3-(4-chlorophenyl)acryloyl)oxy)stayincinnamate §). Following the same
procedure that for compourig a mixture of 4-chlordrans-cinnamic acid (299 mg, 1.64
mmol), trans-cinnamic acid (242 mg, 1.633 mmol), 0.874 ml aéttrylamine (660 mg,
6.581 mmol) and dibutyltin dichloride (500 mg, 156#hmol) were reacted. The residual
solution was dried under low pressure to get comgdias a yellow crystalline solid.
Yield: 0.861 g (93%). M.p. 87-89 °C. Analyses (%aicd for GgH31ClO,Sn, C 55.60, H
5.56, Cl 6.31, O 11.39, Sn 21.13; found, C 55.95,F8. FT-IR (crif): v(O=C) 1637 Vasym
(COO) 1534 ysym(COO) 1449y(0O-C) 1356;v(Sn-C) 589y(Sn-0O) 465 'H NMR (CDCk)

3: 7.90 (d,2J = 16.0 Hz, 1H, H7), 7.75 (d) = 16.0 Hz, 1H, H7’), 7.57 (m, 1H, H2'), 7.57
(m, 1H, HE'), 7.41 (m, 1H, H2), 7.41 (m, 1H, H6)4@ (d,3J = 8.4 Hz, 1H, H3"), 7.40 (d,
3) = 8.4 Hz, 1H, H5'), 7.37 (d®J = 8.5 Hz, 1H, H3), 7.37(f) = 8.5 Hz, 1H, H5), 7.28
(m, 1H, H4), 6.52 (?J = 15.7 Hz, 1H, H8"), 6.48 (&) = 15.4 Hz, 1H, H8), 1.74 (sex}]

= 7.5 Hz, 2H, H11), 1.44 (m, 2H, H10), 1.44 (m, 2H,2), 0.95 (t3J = 7.4 Hz, 3H, H13).
13C NMR (CDC}) &: 176.3 (C9), 175.9 (C9"). 146.3 (C7’), 144.7 (CTI36.3 (C4’), 134.4
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(C1), 132.9 (C1), 130.4 (C4), 129.3 (C2), 129@36(), 129.2 (C2), 129.2 (C6), 128.9
(C3"), 1sta28.9 (C5'), 128.1 (C3), 128.1 (C5), BLECY'), 117.8 (C8), 26.7J((C12%Sn)

= 35.2 Hz), 26.4J(C11'%n) = 98.6 Hz ), 25.8)(C10-%n) = 585.6 HzJ (C10''Sn)

= 561.5 Hz), 13.6 (C13}1°Sn NMR (CDC}) 5: —147.8.

(((E,2)-3-(4-bromophenyl)acryloyl)oxy)dibutylstahmgmnnamate 4). Following the same
procedure that for compourigd a mixture of 4-bromarans-cinnamic acid (372 mg, 1.638
mmol), trans-cinnamic acid (242 mg, 1.633 mmol), 0.874 ml eéttrylamine (660 mg,
6.581 mmol) and dibutyltin dichloride (500 mg, 156#hmol) were reacted. The residual
solution was dried under low pressure to get comgauas a yellow crystalline solid.
Yield: 0.886 g (88%). M.p. 74-76 °C. Analyses (¥gtcd for GgH3:BrO,Sn-HO, C 50.03,
H 5.33, Br 12.80, O 12.82, Sn 19.02; found, C 49t8%5.53. FT-IR (crif): v1(O=C) 1685;
v2(0=C) 1626;vasyn{ COO) 1535;vs,{ COO) 1451;v(O-C) 1334;v(Sn-C) 593;v(Sn-0)
445.'"H RMN (CDCH) &: 7.81 (d,*J = 16.7 Hz, 1H, H7’), 7.71 () = 15.9 Hz, 1H, H7),
7.56 (m, 1H, H2'), 7.56 (m, 1H, H6"), 7.53 (m, 1H2), 7.53 (m, 1H, H6), 7.42 (m, 1H,
H3), 7.42 (m, 1H, H5), 7.41 (m, 1H, H3"), 7.41 (i, H5"), 7.28 (m, 1H, H4), 6.54 (d)

= 8.9 Hz, 1H, H8"), 6.50 (£J = 8.9 Hz, 1H, H8), 1.74 (m, 1H, H10), 1.74 (m, HH,2),
1.44 (sext?) = 7.2 Hz, 2H, H11), 0.95 () = 7.4 Hz, H1, H13)}*C RMN (CDCk) &:
176.3 (C9),176.0 (C9), 146.3 (C7’), 144.7 (C7)AKB (C4’), 134.3 (C1), 132.1 (C1),
130.4 (C4), 129.5 (C2’), 129.5 (C6’),128.9 (C2),812 (C6), 128.2 (C3’), 128.2 (CH),
124.6 (C3), 124.6 (C5), 117.7 (C8), 117.7 (C8),2@ (C12%n) = 35.2 Hz ), 26.5(
(C11*%n) = 99.6 Hz ), 25.81(C10'Sn) = 584.6 HzJ (C10+''Sn) = 559.4 Hz), 13.6
(C13).*%Sn RMN (CDC}) &: —149.6.

Dibutyl((2-(4-isobutylphenyl)propanoyl)oxy)stani@yphenylpropanoatesj. Following the
same procedure that for compoubda mixture of hydrocinnamic acid (246 mg, 1.638
mmol), ibuprofen (338 mg, 1.638 mmol), 0.874 mtridthylamine (660 mg, 6.581 mmol)
and dibutyltin dichloride (500 mg, 1.645 mmol) weeacted. Compounsiwas obtained as
a yellow liquid. Yield: 0.920 g (95%). Analyses (@6pnlcd for GgH31BrO,Sn, C 58.59, H
7.61, O 12.59, Sn 18.68; found, C 58.77, H 8.04IFTcm™): v4(O=C) 1639;v,(O=C)
1565; Vasyn{CO0) 1512;vsym (COO) 1383;v(0O-C) 1376;v(Sn-C) 594;v(Sn-0O) 435.'H
NMR (CDCh) &: 7.26 (d,%J = 8.0 Hz, 1H, H2'), 7.26 (d®J = 8.0 Hz, 1H, H6’), 7.24 (m,
H4'), 7.23 (d,%J = 8.0 Hz, 1H, H2), 7.23 (d) = 8.0 Hz, 1H, H6), 7.19 (dJ = 8.0 Hz,
1H, H3'), 7.19 (d2J = 8.0 Hz, 1H, H5'), 7.11 (fJ = 8.0 Hz, 1H, H3), 7.11 (4J = 8.0
Hz, 1H, H5), 3.79 (¢J = 7.0 Hz, 1H, H7), 3.00 (£J = 8.0 Hz, 2H, H7’), 2.72 (8] = 8.0
Hz, 2H, H8'), 2.45 (dJ = 7.5 Hz, 3H, H9), 1.86 (m, 1H, H10), 1.64 (m, 2H,3), 1.55
(d,3J = 7.2 Hz, 3H, H8), 1.54 (m, H14), 1.53 @, = 6.6 Hz, 3H, H11), 1.27 (sext] =
7.7 Hz, 2H, H15), 0.85 (m, 2H, H16}C NMR (CDCE) &: 186.0 (C9"), 185.0 (C12), 140.5
(C1), 140.4 (C17), 137.9 (C4), 129.2 (C2), 128.2)C128.4 (C6"), 128.3 (C3’), 128.3
(C5), 127.1 (C3), 127.1 (C5), 129.2 (C6), 126.2)C45.1 (C10), 45.0 (C7), 35.6 (C8)),
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31.4 (C7’), 30.2 (C8), 26.2 (C14), 25.6 (C15), 26a13), 22.3 (C9), 18.7 (C11), 13.5
(C16).*%Sn NMR (CDCH}) &: —145.9.

Dibutyl((2-(4-isobutylphenyl)propanoyl)oxy)stannginnamate §). Following the same
procedure that for compounti a mixture of ibuprofen (338 mg, 1.638 mmadijans
cinnamic acid (242 mg, 1.633 mmol), 0.874 ml oéttmylamine (660 mg, 6.581 mmol) and
dibutyltin dichloride (500 mg, 1.645 mmol) were cead. Compound was obtained as a
yellow liquid. Yield: 0.930 g (96%). Analyses (%ealcd for GoH420,Sn, C 61.56, H 7.23,
0 10.93, Sn 20.28; found, C 61.47, H 7.64. FT-IRtE: v1(O=C) 1639;v,(O=C) 1639;
Vasy{CO0) 1514;ve,,{COO) 1372;v(0-C) 1365;v(Sn-C) 593;v(Sn-0) 448.'H NMR
(CDCl) &: 7.78 (d,%J = 16.0 Hz, 1H, H7’), 7.55 (m, 1H, H2’), 7.55 (m, 1H6’), 7.42 (m,
1H, H4’), 7.41 (m, 1H, H3), 7.41 (m, 1H, H5’), BZd,%) = 8.0 Hz, 1H, H2), 7.29 (d)

= 8.0 Hz, 1H, H6), 7.11 (d) = 8.1 Hz, 1H, H3), 7.11 (d) = 8.1 Hz, 1H, H5), 6.52 (d)

= 16.0 Hz, 1H, H8), 3.81 (}J = 7.1 Hz, 1H, H7), 2.46 (&) = 7.2 Hz, 2H, H9), 1.86
(hept,®J = 6.7 Hz, 1H, H10), 1.68 (m, 2H, H14), 1.61 (m, 44,3), 1.49 (d2J = 7.2 Hz,
3H, H8), 1.33 (sextd = 7.4 Hz, 2H, H15), 0.91 (d) = 6.6 Hz, 3H, H11), 0.85 (8 =
7.3 Hz, 1H, H16)*C NMR (CDCE) &: 184.7 (C12), 176.1 (C9'), 146.3 (C7’), 140.5 (C4)
137.9 (C1), 134.4 (C1"), 130.4 (C4’), 129.2 (C22912 (C6), 128.9 (C2’), 128.9 (CH"),
128.4 (C3), 128.4 (C5’),127.2 (C3), 127.2 (C5),/11(C8’), 45.1 (C9), 45.0 (C7), 30.1
(C10), 26.5 J (C13'%n) = 583.6 Hz;) (C13*'Sn) = 557.5 Hz), 26.21(C14+''Sn) =
97.6 Hz), 25.1J(C15*!sn) = 36.2 Hz), 22.3 (C11), 18.7 (C8), 13.5 (C1&¥%n NMR
(CDCl) &: —150.1.

(E,Z)-dibutyl((2-(4-isobutylphenyl)propanoyl)oxyshyl 3-(4-fluorophenyl)acrylate 7J.
Following the same procedure that for compotind mixture of ibuprofen (338 mg, 1.638
mmol), 4-fluorotrans-cinnamic acid (272 mg, 1.633 mmol) 0.874 ml oétliylamine (660
mg, 6.581 mmol) and dibutyltin dichloride (500 nmy645 mmol) were reacted. The
residual solution was dried under low pressuregiocgmpound as a white solid. Yield:
0.976 g (98%). M.p. 46-48 °C. Analyses (%): calod @3oH41FOsSn, C 59.72, H 6.85, F
3.15, O 10.61, Sn 19.68; found, C 60.33, H 6.81-IFTcm™): vi(O=C) 1626;v,(O=C)
1565; Vasynr{COO) 1508;veyr{COO) 1387;v(O-C) 1340;v(Sn-C) 626;v(Sn-0) 468."H
NMR (CDCh) &: 7.74 (d,2J = 16.0 Hz, 1H, H7’), 7.53 () = 5.6 Hz, 1H, H2'), 7.53 (d,
%) = 5.6 Hz, 1H, H6"), 7.28 (F£J = 5.8 Hz, 1H, H3"), 7.28 (£J = 5.8 Hz, 1H, H5"), 7.11
(d,%) = 7.8 Hz, 1H, H2), 7.11 (d) = 7.8 Hz, 1H, H6), 7.09 (d) = 7.8 Hz, 1H, H3), 7.09
(d,3J = 7.8 Hz, 1H, H5), 6.43 (d) = 16.8 Hz, 1H, H8"), 3.80 (qJ = 7.0 Hz, 1H, H7),
2.45 (d,) = 7.0 Hz, 2H, H9), 1.86 (hept) = 6.6 Hz, 1H, H10), 1.75 (m, 2H, H13), 1.65
(m, 2H, H14), 1.53 (£J = 7.1 Hz, 3H, H8), 1.33 (seXd, = 7.3 Hz, 1H, H15), 0.90 (d)

= 6.6 Hz, 3H, H11), 0.86 (£J = 7.2 Hz, 3H, H16)*C NMR (CDCE) &: 185.0 (C12),
176.0 (C9'), 162.2J (C4-*°F) = 251.6 Hz ), 144.9 (C7’), 140.4 (C4), 137.9 CI30.6
(C1), 130.0 (C3), 130.0 (C5’), 129.0 (C2), 12906), 127.1 (C3), 127.1 (C5), 117.5
(C8), 115.9 (C2"), 115.9 (C6’), 45.1 (C9), 45.07¢C 30.1 (C10), 26.23((C13*%n) =
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584.6 Hz;J (C13+'Sn) = 559.5 Hz), 26.0]((C14-'°Sn) = 98.6 Hz C14), 25.1J (C15-
195n) = 36.2 Hz C15), 22.3 (C11), 18.7 (C8), 13.56)C1°Sn NMR (CDC}) 5: —149.5.

(E,Z)-dibutyl((2-(4-isobutylphenyl)propanoyl)oxyshyl 3-(4-chlorophenyl)acrylate(8).
Following the same procedure that for compotind mixture of ibuprofen (338 mg, 1.638
mmol), 4-chlorotranscinnamic acid (299 mg, 1.653 mmol), 0.874 ml ogttnylamine
(660 mg, 6.581 mmol) and dibutyltin dichloride (56@, 1.645 mmol) was reacted. The
residual solution was dried under low pressureaibcgmpound as a yellow crystalline
solid. Yield: 0.990 g (98%). M.p. 83-85 °C. Analgg@b): calcd for (GoH41ClO4,Sn)-H,0,

C 57.30, H 6.73, Cl 5.72, O 10.33, Sn 19.15; fouBd57.08, H 6.75. FT-IR (cM:
v1(0=C) 1687;v2(0=C) 1627;vasyn{(COO) 1510;vs,n{COO) 1386;v(O-C) 1334;v(Sn-C)
637;v(Sn-0) 452H NMR (CDCk) &: 7.69 (d,3 = 16.3 Hz, 1H, H7’), 7.53 (dJ = 7.9
Hz, 1H, H2), 7.53 (d3J = 7.9 Hz, 1H, HE'), 7.39 (fJ = 7.9 Hz, 1H, H3), 7.39 (FJ =
7.9 Hz, 1H, H5"), 7.27 (d®J = 7.6 Hz, 1H, H2), 7.27 (4] = 7.6 Hz, 1H, H6), 7.09 (&)

= 7.4 Hz, 1H, H3), 7.09 (d) = 7.4 Hz, 1H, H5), 6.48 (dJ = 15.9 Hz, 1H,H8"), 3.79 (q,
%) = 6.8 Hz, 1H, H7), 2.44 (¢ = 6.9 Hz, 2H, H9), 1.86 (hept) = 6.8 Hz, 1H, H10),
1.71 (m, 1H, H13), 1.65 (m, 1H, H14), 1.53 {d,= 7.8 Hz, 3H,H8), 1.31 (sexi) = 7.5
Hz, 2H, H15), 0.88 (3 = 6.4 Hz, 3H, H11), 0.84 (£ = 7.3 Hz, 3H, H16)*C NMR
(CDCl) &: 185.0 (C12), 175.9 (C9)), 144.7 (C7’), 140.4 (C4p2.1 (C2’), 137.9 (C1),
133.3 (C4’), 132.1 (C6’) 129.5 (C3), 129.5 (C5),912 (C2), 129.2 (C6), 127.1 (C3),
127.1 (C5'), 124.6 (C1’), 118.5 (C8’), 45.1 (C95.@ (C7), 30.1 (C10), 26.3 (C13*%sn)

= 568.5 Hz;J (C13*'Sn) = 555.5 Hz), 26.21(C14-'%Sn) = 97.6 Hz), 25.13(C15'%Sn)
=37.2 Hz), 22.3 (C11), 18.7 (C8), 13.5 (C18jSn NMR (CDC}) &: —149.4.

(E,Z)-dibutyl((2-(4-isobutylphenyl)propanoyl)oxyshyl 3-(4-bromophenyl)acrylate9)(
Following the same procedure that for compofind mixture of ibuprofen (338 mg, 1.638
mmol), 4-bromocinnamic acid (372 mg, 1.638 mmolg7@ ml of triethylamine (660 mg,
6.581 mmol) and dibutyltin dichloride (500 mg, 156#hmol) were reacted. The residual
solution was dried under low pressure to get comgduas a yellow crystalline solid.
Yield: 1.006 g (97%). M.p. 60-62 °C. Analyses (%icd for (GoH41ClOsSn)-H,0, C
54.24, H 6.22, Br 12.03, O 9.63, Sn 17.87; found. @4, H 9.90. FT-IR (ci): v4(O=C)
1626;v2(0=C) 1566;vasyr{ COO) 1513 yvsyr(COO) 1384v(O-C) 1338;v(Sn-C) 583v(Sn-
0) 433.'H NMR (CDCh) &: 7.71 (d,) = 16.0 Hz, 1H, H7’), 7.46 () = 8.4 Hz, 1H,
H3'), 7.46 (d,%) = 8.4 Hz, 1H, H5'), 7.36 (&J = 8.4 Hz, 1H, H6"), 7.36 (F£J = 8.4 Hz,
1H, H2'), 7.26 (dJ = 8.0 Hz, 1H, H2), 7.26 (d) = 8.0 Hz, 1H, H6), 7.09 (d) = 8.4
Hz, 1H, H3), 7.09 (d®J = 8.4 Hz, 1H, H5), 6.47 (dJ = 16.0 Hz, 1H, H8"), 3.79 (4 =
7.1 Hz, 1H, H7), 2.46 (&) = 7.2 Hz, 2H, H9), 1.84 (hept) = 6.7 Hz, 1H, H10), 1.72 (m,
2H, H13), 1.64 (m, 1H, H14), 1.53 ({l = 7.2 Hz, 3H, H8), 1.32 (sext) = 7.3 Hz, 2H,
H15), 0.88 (d3J = 6.6 Hz, 3H, H11), 0.85 (§) = 7.3 Hz, 3H, H16)*C NMR (CDCE}) &:
184.9 (C12), 175.8 (C9’) 140.4 (C4), 144.7 (C7'379 (C1), 132.9 (C1’), 129.5 (C3),
129.5 (C5’), 129.3 (C2), 129.2 (C6), 129.2 (C22912 (C4’), 129.2 (C6"), 127.1 (C3),
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127.1 (C5), 118.3 (C8), 45.1 (C9), 45.0 (C7), 3(C1L0), 26.3 J (C13*%Sn) = 571.5 Hz;
J (C13+t'sSn) = 558.2 Hz), 26.2)(C14-'°Sn) = 96.5 Hz), 25.13((C15+*%Sn) = 36.2 Hz),
22.3 (C11), 18.7 (C8), 13.5 (C18§°Sn NMR (CDCH) &: —149.3.

4.3. General procedure for the synthesis of staaneg ibuprofen derivatives using glycol
spacers 10-13)

As a first step for the synthesis of compounds, dbepling between ibuprofen and the
diols (i.e., the spacer group) was performed (Se&h2m, Il). After purification, the free
alcohol in this structure acts as nucleophile agjaorganotin(lV) halides to form the
stannoxane$0-13(Scheme 2).

0
o DCC/DMAP(10%) Ph,SNCl,
on T PN T cLThE Oy YOH + 0
n 2~72: Mn

1h 0°C & 6h 25°C Bu3SnCl
I (n=2)
Il (n=3)
Et;N
8 Toluene
110°C
10 (R1, R2, R3 = Bu; n = 2) 5 o
11 (R1,R2,R3 =Bu; n = 3) 1 IANL O R1
12 (R1,R3 = Ph; R2 =) 12 |
13 (R1,R3=Ph;R2 = |) 107 6 Oy yo—Sn—R2
9 5 no |
13141 3
13-15, 1I

Scheme 2Synthesis and sequence enumeration of stanno#arm@sfen derivatives with
spacers groups.

2-hydroxyethyl  2-(4-isobutylphenyl)propanoatel) ( and  3-hydroxypropyl 2-(4-
isobutylphenyl)propanoatel 1. In a dry flask, the ibuprofen (1000 mg, 4.85 mmol),
dimethylaminopyridine (60 mg, 0.48 mmol) and etimgeor propylene glycol (14.56
mmol) were added in dry tetrahydrofuran (THF) amchidromethane (DCM) (1:1), this
mixture was stirred and the dicyclohexylcarbodiienid 000 mg, 4.84 mmol) was added
dropwise over 30 min in anhydrous dichloromethaokeit®n, the reaction mixture was
stirred at 0 °C for 2 h and then kept overnightoatm temperature. The dicyclohexylurea
(DCU) was separated by filtration and washed withl KD.05 N, 30 ml), 5% potassium
bicarbonate and water, respectively, the mixture wded over anhydrous MgeCthe
solvent was evaporated and the producedIl were obtained as yellow liquids with
yields of 92% and 90%, respectively [56].

2-((tributylstannyl)oxy)ethyl 2-(4-isobutylphenyipanoate 10). For stannoxane&0-15
the same procedure was used. For compd0nih a flask ball was added the hydroxy ester
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(1) (1000 mg, 3.99 mmol), triethylamine (0.56 ml, @.¢hmol) in dry toluene, then,
tributyltin chloride (1.07 ml, 3.99 mmol) was slonddded and the reaction was allowed 8h
at 110 °C. Then the solvent was evaporated at loesspre, the hydrochloride
triethylamine (E4N: HCI) was precipitated and filtered in cold pergaat once the solvent
was evaporated under reduced pressure. Compbdneas obtained as a yellow liquid.
Yield: 1.68 g (78%). Analyses (%): calcd for/H430sSn-(H0);, C 54.65, H 9.17, O
16.18, Sn 20.00; found, C 54.26, H 9.65. FT-IR t&m(O=C) 1737;v(O-C) 1163:v(Sn-
C) 507;v(Sn-0) 466 H NMR (CDCk) &: 7.14 (d,*J = 8.0 Hz, 1H, H2), 7.14 (d) = 8.0
Hz, 1H, H6), 7.01 (d3J = 8.0 Hz, 1H, H3), 7.01 (£J = 8.0 Hz, 1H, H5), 4.12 (w, 2H,
H13), 3.67 (w, 1H, H7), 3.67 (w, 2H, H14), 2.38{d,= 7.2 Hz, 2H, H9), 1.78 (hept, &]

= 7.2 Hz, 1H, H10), 1.55 (w, 2H, H15), 1.43 {d,= 7.2 Hz, 3H, H8),1.28 (sext) = 7.6
Hz, 2H, H17), 1.23 (sext) = 7.6 Hz, 2H, H16), 0.85 () = 7.2 Hz, 3H, H18), 0.81 (dJ

= 6.8 Hz, 3H, H11):*C NMR (CDCE) & 175.1 (12), 140.7 (4), 137.7 (1), 129.4 (2), #29.
(6), 127.2 (3), 127.2 (5), 66.3 (13), 62.3 (14),14&), 45.1 (9), 30.2 (10), 27.9 (C17-
195n) = 22.1 Hz), 26.9(C16+'%Sn) = 63.4 Hz), 22.4 (11), 19.2 (8), 17HC15-°Sn) =
336.1 Hz;J (C15+*'Sn) = 332.0 Hz), 13.6 (18Y"°Sn NMR (CDC}) &: + 156.4.

3-((tributylstannyl)oxy)propyl 2-(4-isobutylpherippanoate 11). Following the same
procedure that for compountid, a mixture of compoundl (1000 mg, 3.78 mmol),
triethylamine (0.53 ml, 3.78 mmol) and tributyltochloride (1.02 ml, 3.78 mmol) was
reacted. Compountll was obtained as a yellow liquid. Yield: 1.72 g (§2%nalyses (%):
calcd for GgHs003Sn-(H:0),, C 57.06, H 9.23, O 13.57, Sn 20.14; found, C $6t29.42
FT-IR (cmi®): v(O=C) 1734:v(0-C) 1166:v(Sn-C) 536y(Sn-0) 462'H NMR (CDCk) 3:
7.21 (d,2) = 8.0 Hz, 1H, H2), 7.21 (d) = 8.0 Hz, 1H, H6), 7.12 (d) = 8.0 Hz, 1H, H3),
7.12 (d,3) = 8.0 Hz, 1H, H5), 4.25 (oct) = 6.0 Hz, 2H, H13), 3.73 (dJ = 7.2 Hz, 1H,
H7), 3.55 (t3J = 6.8 Hz, 2H, H15), 2.47 (d) = 7.2 Hz, 2H, H9), 1.86 (hept) = 6.8 Hz,
1H, H10), 1.83 (sextJ = 6.4 Hz, 2H, H14), 1.68 (n) = 7.2 Hz, 2H, H16), 1.52 (d) =
7.2 Hz, 3H, H8), 1.41 (nfJ = 7.2 Hz, 2H, H17), 1.33 (M, = 7.6 Hz, 2H, H18), 0.94 (t,
3) = 7.2 Hz, 3H, H19), 0.91 (d) = 6.8 Hz, 3H, H11)*C NMR (CDCk) & 175.2 (12),
140.5 (4), 137.7 (1), 129.9 (2), 129.9 (6), 1288 126.3 (5), 61.7 (13), 58.8 (15), 45.1 (7),
45.1 (9), 31.7 (14), 30.1 (10), 27.8(C18**°Sn) = 22.1 Hz), 26.8)((C17+'Sn) = 64.4
Hz), 22.3 (11), 18.4 (8), 18.3 (C16-'°Sn) = 337.1 Hz; (C16-''Sn) = 332.0 Hz), 13.6
(19).19%n NMR (CDC}) &: + 156.2.

((diphenylstannanediyl)bis(oxy)) bis(ethane-2,138ig(2-(4-isobutylphenyl) propanoate)
(12)). Following the same procedure that for compofida mixture of compount (1000
mg, 3.99 mmol), triethylamine (0.56 ml, 3.99 mmai}d diphenyltin dichloride (0.68 mg,
1.99 mmol) was reacted. Compouh@ was obtained as a yellow liquid. Yield: 2.56 g
(83%). Analyses (%): calcd for,&H5,0sSn-CHCE, C 57.97, H 6.00, O 10.77, Sn 13.32;
found, C 58.95, H 6.32. FT-IR (¢ht v(O=C) 1735;v(0O-C) 1162;v(Sn-C) 517:v(Sn-O)
462."H NMR (CDCk) &: 7.68 (w, 1H, H16), 7.46 (W, 1H, H17), 7.46 (w, 1H18), 7.16
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(d,%) = 8.0 Hz, 1H, H2), 7.16 (d) = 8.0 Hz, 1H, H6), 7.02 (d) = 8.0 Hz, 1H, H3), 7.02
(d,3J = 8.0 Hz, 1H, H5), 4.19 (w, 2H, H13), 3.75 (w, 147), 3.75 (w, 1H, H14), 2.45 (d,
%) = 7.2 Hz, 2H, H9), 1.86 (hept) = 6.8 Hz, 1H, H10), 1.41 (d) = 6.8 Hz, 3H, H8),
0.88 (d,3J = 6.8 Hz, 3H, H11)**C NMR (CDCE) & 175.1 (12), 141.1 (4), 137.4 (1), 137.4
(J (C15*%n) = 619.8 Hz), 136.21(C17-'%n) = 48.2 Hz), 130.5)((C18'*%sn) = 14.1
Hz), 129.8 (2), 129.8 (6), 129.2 (C16+'°Sn) = 58.3 Hz), 127.0 (3), 127.0 (5), 66.3 (13),
61.2 (14), 45.2 (7), 45.0 (9), 30.2 (10), 22.3 (11B.4 (8).*Sn NMR (CDC}) &: -46.6.

((diphenylstannanediyl)bis(oxy))bis(propane-3,1hdigis(2-(4-isobutylphenyl)propanoate)
(13). Following the same procedure that for compowi@da mixture of compountd (1000
mg, 3.78 mmol), triethylamine (0.53 ml, 3.78 mmaihd diphenyltin dichloride (0.65 mg,
1.89 mmol) was reacted. Compouh@ was obtained as a yellow liquid. Yield: 2.60 g
(86%). Analyses (%): calcd forgHs60sSN-CHCE, C 58.81, H 6.25, O 10.45, Sn 12.92;
found, C 58.36, H 6.47. FT-IR (¢t v(O=C) 1732;v(O-C) 1165;v(Sn-C) 514:v(Sn-O)
455.'"H RMN (CDCk) & 7.67 (w, 1H, H17), 7.46 (w, 1H, H18), 7.46 (w, H19), 7.21
(d,%) = 8.0 Hz, 1H, H2), 7.21 (d) = 8.0 Hz, 1H, H6), 7.18 (d) = 8.0 Hz, 1H, H3), 7.18
(d,3J = 8.0 Hz, 1H, H5), 4.22 (m, 2H, H13), 3.69 {d,= 7.2 Hz, 1H, H7), 3.53 (£J =
7.2 Hz, 1H, H15), 2.45 (d) = 7.2 Hz, 2H, H9), 1.85 (hept] = 6.8 Hz, 1H, H10), 1.49 (d,
%) = 7.2 Hz, 3H, H8), 0.88 (J = 6.7 Hz, 3H, H11)*C RMN (CDC}) 5:175.3 (12),
140.6 (4), 137.9 (1), 137.4 (C16+%n) = 631.9 Hz), 136.1(C18+*%Sn) = 49.3 Hz),
130.5 ¢ (C19'%Sn) = 14.1 Hz), 130.3 (9) 129.5 (2), 129.5 (6),.229 (C17*'°Sn) = 63.4
Hz) 127.0 (3), 127.0 (5), 61.7 (13), 59.1 (15),24&), 45.1 (9), 31.9 (14), 30.2 (10), 22.4
(11), 18.3 (8)}*°Sn RMN (CDC}) &: -46.23.

3.4. Compoundslé-13a) were analyzing directly in the NMR tube by addibgSO-d,
and were not isolated

(1a). '"H NMR (DMSO-a) & 7.67 (w, 1H, H7), 7.57 (w,1H, H4), 7.53 (m, 1H4'H 7.40
(w, 1H, H2), 7.40 (w, 1H, H6), 7.25 (w, 1H, H2"),2B (w, 1H, H6"), 7.25 (w, 1H, H3"),
7.25 (w, 1H, H5"), 7.17 (w, 1H, H3), 7.17 (w, 1H5H 6.55 (d3J = 16.0 Hz, 1H, H8),
2.83 (1,3 = 7.0 Hz, 2H, H7’), 2.83 (£J = 7.0 Hz, 2H, H8"), 1.44 (w, 2H, H10), 1.35 (w,
2H, H12), 1.25 (sext) = 7.2 Hz, 2H,H11), 0.80 () = 7.2 Hz, 3H, H13)*C NMR
(DMSO-d;) & 180.0 (C9'), 173.0 (C9), 143.6 (C7), 141.6 (CTR5.1(C1), 130.3 (C4),
129.3 (C2), 129.3 (C6’), 128.6 (C2),128.6 (C6)81(C3),128.6 (C5), 128.4 (C3’), 128.4
(C5'), 126.3 (C4'), 117.8 (C8), 37.1 (C8"), 36.37F 29.9 ¢ (C10'Sn) = 855.2 Hz]
(C107sn) = 827.1 Hz), 27.2)(C12*%n) = 50.3 Hz), 26.2)((C11+'%Sn) = 138.8 Hz),
13.9 (C13)°Sn NMR (DMSO-@) 3: —204.6.

(2a). *"H RMN (DMSO-a) &: 7.76 (w, 1H, H2'), 7.76 (w, 1H, H6"), 7.68 (w, 1H3’), 7.68
(w, 1H, H5"), 7.56 (d3J = 16.0 Hz, 1H, H7’), 7.56 () = 16.0 Hz, 1H, H7), 7.39 (w, 1H,
H4), 7.39 (w, 1H, H2), 7.39 (w, 1H, H6), 7.23 fd, = 8.7 Hz, 1H, H3), 7.23 (¢J = 87
Hz, 1H, H5), 6.58 (d®J = 16.0 Hz, 1H, H8"), 6.54 (dJ = 16.0 Hz, 1H, H8), 1.56 (W, 2H,
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H10), 1.45 (w, 2H, H12), 1.28 (seXf, = 7.2 Hz, 2H, H11), 0.95 ({] = 7.3 Hz, 3H, H13).
3C RMN (DMSO-d) & 173.8 (C9'), 173.8 (C9), 163.4 (C4'-*°F) = 248.0 Hz), 143.5
(C7), 142.2 (C7’), 135.0 (C1), 131.7 (C1’), 1304}, 130.7 (C2’), 130.7 (C6"), 129.3
(C2), 129.3 (C6), 128.5 (C3), 128.5 (C5), 121.4)(CR1.2 (C8), 116.3 (C3'), 116.3
(C5), 30.0 0 (C10*%n) = 835.1 Hzy (C10+'Sn) = 820.0 Hz), 27.33((C12%n) =
62.3 Hz), 26.2J(C11*%n) = 137.8 Hz), 13.6 (C13)"°Sn RMN (DMSO-¢) &: —193.4.

(33). '"H NMR (DMSO-a&) & 7.73 (d,%) = 8.1 Hz, 1H, H2"), 7.73 (£J = 8.1 Hz, 1H,
H6"), 7.67 (w, 1H, H3"), 7.67 (w, 1H, H5"), 7.60 (& = 15.8 Hz, 1H, H7’), 7.55 (£J =
15.8 Hz, 1H, H7), 7.43 (d) = 8.6 Hz, 1H, H2), 7.43 (d) = 8.6 Hz, 1H, H6), 7.39 (d)

= 8.5 Hz, 1H, H3), 7.39 (&) = 8.5 Hz, 1H, H5), 7.39 (w, 1H, H4), 6.61 {d, = 15.8 Hz,
1H, H8'), 6.57 (d3J = 15.8 Hz, 1H, H8), 1.53 (w, 2H, H10), 1.43 (w, 22), 1.27 (sext,
3) = 7.0 Hz, 2H, H11), 0.95 (8 = 7.4 Hz, 3H, H13)}*C NMR (DMSO-@) &: 174.1
(C9), 173.3 (C9), 143.6 (C7), 142.2 (C7’), 135@4(), 134.9 (C1’), 130.4 (C4), 130.4
(C1), 130.1 (C3), 130.2 (C5'), 129.3 (C3), 12935}, 128.1 (C2"), 128.1 ( C6"), 128.1
(C2), 128.1 (C6), 120.9 (C8’), 120.9 (C8), 30JqC10+*%sn) = 851.2 HzJ (C10+'Sn) =
814.0 Hz), 27.2J(C12*%n) = 57.3 Hz), 26.13((C11+'°Sn) = 137.8 Hz ), 14.0 (C13).
%1 NMR (DMSO-@) &: —205.8.

(4a). '"H NMR (DMSO-d) &: 7.67 (d,%) = 16.0 Hz, 1H, H7), 7.66 (d) = 16.0 Hz, 1H,
H7’), 7.63 (m, 1H, H2’), 7.63 (m, 1H, H6"), 7.60 (riH, H2), 7.60 (m, 1H, H6), 7.58 (m,
1H, H3"), 7.58 (m, 1H, H5’), 7.53 (m, 1H, H3), 7.5, 1H, H5), 7.40 (m, 1H, H4), 6.59
(d,% = 8.4 Hz, 1H, H8"), 6.55 (fJ = 8.5 Hz, 1H, H8), 1.58 (m, 1H, H10), 1.43 (m, 1H,
H12), 1.24 (sextJ = 7.1 Hz, 2H, H11), 0.81 () = 7.2 Hz, H1, H13)**C NMR (DMSO-
de) 3: 172.6 (C9'),172.6 (C9), 143.4 (C7), 141.9 (CZRB5.0 (C4"), 134.4 (C1'), 132.3
(C4), 130.3 (C1), 130.4 (C2’), 130.4 (C6’), 129@33(), 129.3 (C5’), 129.3 (C3), 129.3
(C5), 128.4 (C2), 128.4 (C6),122.3 (C8), 121.3 XCM.3 ( (C10+*Sn) = 855.2 Hz}
(C10+*'sn) = 854.2 Hz), 27.2(C12*%Sn) = 72.4 Hz ), 26.2)(C11+*%Sn) = 139.8 Hz ),
13.9 (C13)Sn NMR (DMSO-@) 5: —198.4.

(53). 'H NMR (DMSO-d;) &: 7.23 (w, 1H, H2"), 7.23 (w, 1H, H6"), 7.25 (w, 1#4), 7.20
(d, %3 = 7.9 Hz, 1H, H2), 7.23 (&) = 7.9 Hz, 1H, H6), 7.21 (w, 1H, H3"), 7.21 (w, 1H,
H5'), 7.01 (d,3) = 7.8 Hz, 1H, H3), 7.01 (dJ = 78 Hz, 1H, H5), 3.58 (d)) = 7.0 Hz, 1H,
H7), 2.84 (d3J = 7.5 Hz, 2H, H7’), 2.50 (d®J = 7.5. Hz, 2H, H8'), 2.39 (dJ = 7.1 Hz,
2H, H9), 1.86 (heptJ = 6.6 Hz, 1H, H10), 1.64 (H13), 1.54 (H14), 1.34¥d = 7.1 Hz,
2H, H8), 1.30 (w, 2H, H13), 1.22 (w, 2H, H14), 1.(s&xt,%) = 7.1 Hz, 2H, H15) 0.84 (d,
%) = 6.8 Hz, 3H, H11), 0.72 (8J = 7.9 Hz, 3H, H16)}*C NMR (DMSO-@) &: 181.6
(C12), 179.4 (C9’), 141.6 (C4), 139.6 (C1’), 139®1), 129.2 (C2), 129.2 (C6), 128.9
(C3), 128.9 (C4’), 128.9 (C5), 126.5 (C3'), 1266G5(), 126.3 (C2’), 126.3 (C6’), 45.1
(C9), 45.0 (C7), 36.2 (C8), 31.4 (C7"), 30.3 (C13*'Sn) = 867.3 Hz (C13+''Sn) =
847.2 Hz), 30.1 (C10), 27.8 (C15*Sn) = 41.6 Hz), 26.1)((C14+'°Sn) = 142.8 Hz),
22.6 (C11), 19.4 (C8), 14.0 (C18}°Sn NMR (DMSO-g) 5: —167.4.
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(6a). '"H NMR (DMSO-d) &: 7.64 (d,%J = 16.0 Hz, 1H, H7’), 7.45 (m, 1H, H4’), 7.40 (m,
1H, H2"), 7.40 (m, 1H, H6), 7.38 (m, 1H, H3’), BIm, 1H, H5"), 7.21 (d*J = 8.0 Hz,
1H, H2), 7.21 (d®J = 8.0 Hz, 1H, H6), 7.05 (dJ = 7.9 Hz, 1H, H3), 7.05 (d) = 7.9 Hz,
1H, H5), 6.52 (d2J = 16.0 Hz, 1H, H8’), 3.52 (§J = 7.4 Hz, 1H, H7), 2.39 (d) = 7.1
Hz, 2H, H9), 1.85 (hept) = 6.6 Hz, 1H, H10), 1.44 (d) = 7.9 Hz, 3H, H8), 1.33 (m, 2H,
H13), 1.30 (m, 2H, H14), 1.17 (seXl = 7.5 Hz, 2H, H15), 0.84 (dJ = 6.9 Hz, 3H,
H11), 0.75 (t3J = 7.1 Hz, 1H, H16)*C NMR (DMSO-@) &: 181.0 (C12), 172.5 (C9),
143.8 (C7’), 139.7 (C4), 135.0 (C1), 134.9 (C1'R0M (C4’), 129.3 (C2), 129.3 (C6),
129.2 (C3'), 129.2 (C5’), 128.5 (C2"), 128.5 (C&37.6 (C3), 127.6 (C5), 120.6 (C8),
44.7 (C9), 43.3 (C7), 29.9 (C10), 30.3(C13*'%n) = 856.3 Hzy (C13+''Sn) = 839.1
Hz), 27.3 { (C15'''Sn), 26.2 J (C14+''Sn) = 144.8 Hz), = 34.1 Hz), 22.6 (C11),
19.3(C8), 14.0 (C16}*°Sn NMR (DMSO-@) &: -172.1.

(7a). *H NMR (DMSO-d) &: 7.71 (d,3) = 8.6 Hz, 1H, H2"), 7.71 (d®J = 8.6 Hz, 1H,
H6'), 7.54 (d,3 = 16.0 Hz, 1H, H7"), 7.45 (d) = 8.5 Hz, 1H, H3"), 7.45 (dJ = 8.5 Hz,
1H, H5'), 7.21 (d3J = 7.8 Hz, 1H, H2), 7.21 (d) = 7.8 Hz, 1H, H6), 7.02 (d) = 8.1
Hz, 1H, H3), 7.02 (d®J = 8.1 Hz, 1H, H5), 6.56 (¢J = 16.0 Hz, 1H, H8"), 3.59 (¢ =
7.1 Hz, 1H, H7), 2.38 (d) = 7.1 Hz, 2H, H9), 1.78 (hept] = 6.6 Hz, 1H, H10), 1.45 (m,
2H, H13), 1.38 (m, 2H, H14), 1.35 (] = 7.1 Hz, 3H, H8), 1.21(sefd, = 7.2 Hz, 1H,
H15), 0.83 (d°J = 6.6 Hz, 3H, H11), 0.78 (£J = 7.3 Hz, 3H, H16):*C NMR (DMSO-d)

3: 172.3 (C12), 172.3 (C9'), 164.4 (C4™-'°F) = 248.0 Hz), 144.4 (C7’), 139.7 (C4), 135.9
(C1), 131.6 (C1’), 130.8 (C2’), 130.8 (C6"), 130(@2), 130.2 (C6), 127.6 (C3), 127.6
(C5), 120.7 (C8), 116.3 (C3'), 116.3 (C5’), 45@9), 44.7 (C7), 31.3 (C10), 30.2(C13-
195n) = 857.3 HzJ (C13-''Sn) = 813.0 Hz), 27.4(C14-'°Sn) = 140.8 Hz C14), 26.2 (
(C15*%n) = 35.1 Hz C15), 22.6 (C11), 19.4 (C8), 14.06)C1°Sn NMR (DMSO-d) &
~149.5.

(83). 'H NMR (DMSO-d) &: 7.64 (d,®J = 8.6 Hz, 1H, H2'), 7.64 (2 = 8.6 Hz, 1H,
H6"), 7.59 (d,%J = 8.6 Hz, 1H, H3'), 7.59 (F£J = 8.6 Hz, 1H, H5’), 7.52 (FJ = 16.0 Hz,
1H, H7’), 7.21 (d3J = 8.0 Hz, 1H, H2), 7.21 (d) = 8.0 Hz, 1H, H6), 7.01 (d) = 8.0
Hz, 1H, H3), 7.01 (d®J = 8.0 Hz, 1H, H5), 6.58 (d) = 16.0 Hz, 1H, H8'), 3.60 () =
7.1 Hz, 1H, H7), 2.44 (&) = 7.1 Hz, 2H, H9), 1.78 (hept) = 6.8 Hz, 1H, H10), 1.43 (m,
1H, H13), 1.43 (m, 1H, H14), 1.53 (@ = 7.1 Hz, 3H, H8), 1.31 (sext) = 7.1 Hz, 2H,
H15), 0.82 (d3J = 6.6 Hz, 3H, H11), 0.77 (£J = 7.3 Hz, 3H, H16):*C NMR (DMSO-d)
5. 172.7 (C12), 172.7 (C9"), 142.2 (C7’), 142.2 (;4'39.7 (C4), 134.4 (C1), 132.2 (C2)),
132.2 (C6’) 127.6 (C3), 127.6 (C5), 130.4 (C2), M3(C6), 129.2 (C3’), 129.2 (C5),
134.4 (C1'), 116.3 (C8), 44.7 (C9), 45.4 (C7), BOC10), 30.3J(C13*'%sn) = 850.2 Hz;
J (C13*7sn) = 825.1 Hz), 26.1)((C14*%Sn) = 139.8 Hz), 27.5J((C15*'%n) = 38.2
Hz), 22.6 (C11), 20.0 (C8), 14.0 (C16)°Sn NMR (DMSO-¢) 5: —149.4.

(93). '"H NMR (DMSO-d) &: 7.71 (d,%J = 16.0 Hz, 1H, H7"), 7.46 (£J = 8.4 Hz, 1H,
H2'), 7.46 (d,%) = 8.4 Hz, 1H, H6'), 7.36 (&) = 8.4 Hz, 1H, H2’), 7.36 (F£J = 8.4 Hz,
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1H, H6'), 7.26 (d3J = 8.0 Hz, 1H, H3'), 7.26 (&J = 8.0 Hz, 1H, H5’), 7.09 (J = 8.4
Hz, 1H, H3), 7.09 (d®J = 8.4 Hz, 1H, H5), 6.47 (dJ = 16.0 Hz, 1H, H8"), 3.79 (4 =
7.1 Hz, 1H, H7), 2.46 (&) = 7.2 Hz, 2H, H9), 1.84 (hept) = 6.7 Hz, 1H, H10), 1.72 (m,
2H, H13), 1.64 (m, 1H, H14), 1.53 {0 = 7.2 Hz, 3H, H8), 1.32 (sext) = 7.3 Hz, 2H,
H15), 0.88 (d3J = 6.6 Hz, 3H, H11), 0.85 (] = 7.3 Hz, 3H, H16)**C NMR (DMSO-@)

5: 184.9 (C12), 175.8 (C9’) 140.4 (C4), 144.7 (CT37.9 (C1), 132.9 (C4’), 129.5 (C3)),
129.5 (C5'), 129.3 (C2), 129.2 (C6), 129.2 (C2'p912 (C1’), 129.2 (C6’), 127.1 (C3),
127.1 (C5), 118.3 (C8'), 45.1 (C9), 45.0 (C7), 3(CIL0), 26.3 J (C13-%n) = 571.5 Hz;
J (C13*sn) = 558.2 Hz), 26.20(C14*%Sn) = 96.5 Hz), 25.13((C15+'°Sn) = 36.2 Hz),
22.3 (C11), 18.7 (C8), 13.5 (C18}°Sn NMR (DMSO-g) 5: —149.3.

(10a). *H NMR (DMSO-d;) &: 7.13 (d.2J = 8.0 Hz, 1H, H2), 7.13 (dJ = 8.0 Hz, 1H, H6),
7.01 (d,% = 8.0 Hz, 1H, H3), 7.01 (d) = 8.0 Hz, 1H, H5), 4.12 (m, 2H, H13), 3.64 (w,
1H, H7), 3.64 (w, 2H, H14), 2.38 (& = 7.2 Hz, 2H, H9), 1.77 (hept, &] = 6.8 Hz, 1H,
H10), 1.57 (w, 2H, H15), 1.41 () = 7.2 Hz, 3H, H8),1.29 (sext) = 7.6 Hz, 2H, H17),
1.22 (sext3) = 8.0 Hz, 2H, H16), 0.85 () = 7.6 Hz, 3H, H18), 0.81 (d) = 6.8 Hz, 3H,
H11).'*C NMR (DMSO-@) &: 175.0 (12), 140.7 (4), 137.7 (1), 129.5 (2), 52@), 127.1
(3), 127.1 (5), 66.2 (13), 60.8 (14), 45.0 (7),048), 30.1 (10), 27.8)(C17-*%n) = 23.1
Hz), 26.8 { (C16+'°Sn) = 64.3 Hz), 22.3 (11), 19.4 (8), 17J/(C15'%Sn) = 343.2 HzJ
(C15*sn) = 327.0 Hz), 13.5 (18)}°Sn NMR (DMSO-@) &: + 148.9.

(11a). *H NMR (DMSO-d;) &: 7.16 (d.2J = 8.0 Hz, 1H, H2), 7.16 (dJ = 8.0 Hz, 1H, H6),
7.05 (d,) = 8.0 Hz, 1H, H3), 7.05 (&) = 8.0 Hz, 1H, H5), 4.18 (w, 2H, H13), 3.65 {4,
= 6.0 Hz, 1H, H7), 3.49 (w, 2H, H15), 2.40 fd, = 7.2 Hz, 2H, H9), 1.74 (w, 1H, H10),
1.74 (w, 2H, H14), 1.60 (m, 2H, H16), 1.45 ¥d,= 7.2 Hz, 3H, H8), 1.33 (m, 2H, H18),
1.29 (m,2) = 7.2 Hz, 2H, H17), 0.90 (£) = 7.6 Hz, 3H, H19), 0.84 (d) = 6.6 Hz, 3H,
H11).C NMR (DMSO-g) & 175.0 (12), 140.5 (4), 137.7 (1), 129.3 (2), 32®), 127.1
(3), 127.1 (5), 61.7 (13), 58.8 (15), 4501 (7),048), 31.7 (14), 30.1 (10), 27.8 (C18-
19%5n) = 23.1 Hz), 26.8)(C17'%Sn) = 64.4 Hz), 22.3 (11), 18.4 (8), 17XC16-'°Sn) =
339.1 Hz), 13.1 (19}*°Sn NMR (DMSO-¢) &: + 143.8.

(12a). 'H NMR (DMSO-a&) &: 7.72 (w, 1H, H16), 7.49 (w, 1H, H17), 7.49 (w, ,1H18),
7.22 (d,*J = 8.0 Hz, 1H, H2), 7.22 (d) = 8.0 Hz, 1H, H6), 7.10 (d) = 8.0 Hz, 1H, H3),
7.10 (d,%J = 8.0 Hz, 1H, H5), 4.23 (m, 2H, H13), 3.79 (w, 1#7), 3.79 (w, 1H, H14),
2.44 (d) = 7.2 Hz, 2H, H9), 1.88 (hetp) = 6.8 Hz, 1H, H10), 1.49 (d) = 7.2 Hz, 3H,
H8), 0.91 (d3J = 6.4 Hz, 3H, H11):*C NMR (DMSO-@) &: 175.1 (12), 140.7 (4), 137.7
(1), 137.5 § (C15%n) = 619.8 Hz), 136.11(C17'%n) = 42.3 Hz), 130.5 (C18), 129.3
(2), 129.3 (6), 129.13((C16+*°Sn) = 62.4 Hz), 127.1 (3), 127.1 (5), 66.3 (13),26(1L4),
45.1 (7), 45.0 (9), 30.2 (10), 22.4 (11), 18.4 t&5n NMR (DMSO-g) &: -63.7.

(13a). '"H NMR (DMSO-d) &: 7.75 (w, 1H, H17), 7.46 (w, 1H, H18), 7.46 (w, 1H19),
7.21 (d2) = 8.4 Hz, 1H, H2), 7.21 (d) = 8.4 Hz, 1H, H6), 7.09 (d) = 8.0 Hz, 1H, H3),
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7.09 (d,3J = 8.0 Hz, 1H, H5), 4.23 (£J = 6.4 Hz, 2H, H13), 3.72 (d) = 7.2 Hz, 1H,
H7), 3.52 (t3J = 6.0 Hz, 1H, H15), 2.47 (d) = 7.2 Hz, 2H, H9), 1.85 (hept) = 6.8 Hz,
1H, H10), 1.51 (d3J = 7.2 Hz, 3H, H8), 0.91 (£J = 6.8 Hz, 3H, H11)*C NMR
(DMSO-ts) 3:175.1 (12), 140.6 (4), 137.7 (1), 138.8 (C16),.23@ (C18-'%n) = 49.3
Hz), 130.1 § (C19+*°sn) = 13.1 Hz), 130.3 (2), 130.3 (6), 12AVXE17-'°Sn) = 63.4 Hz)
127.0 (3), 127.0 (5), 61.7 (13), 59.0 (15), 45.)1 5.0 (9), 32.7 (14), 30.5 (10), 22.4 (11),
18.4 (8).1°Sn NMR (DMSO-g) &: -73.6.

4.5. Computational details

Full structure optimizations, without symmetry ctyasits, were performed with the
hybrid exchange—correlation functional, B3LYP [5J}k6To confirm the optimized minima
on the potential energy surface, a frequency aisalyas performed. All electrons were
treated explicitly using the triple zeta valencesppolarization (def2-TZVP) [61, 62] basis
set for all atoms as they are implemented in thes&an 09 code [63].

4.5.1 Molecular docking

Molecular dockings were carried out on Molegro Wait Docker (MVD) 6 [64],
employing the crystal structure (retrieved from #r@tein Data Bank) of COX-1 [PDB:
1EQG] [65] and COX-2 [PDB: 4PH9] [66], complex wiibuprofen. Both, rigid and
flexible docking approaches were performed. Theeml binding sites (defined as
cavities) of both: COX-1 and COX-2 were detected tbg expanded Van der Waals
spheres method.

The cavities found for COX-1 (61.44%Rand COX-2 (56.324), where all the binding
calculations were performed, corresponded to thizveasite of each isoform. All water
molecules were removed from the crystal.

For the flexible approach, a total of 47 residuesenset as flexible for COX-2 and 46
for COX-1. Partial charges were set according toDV&/6.0 internal charge scheme. All
the residues bearing four or more free rotatingdsowere assigned as a zero strength
factor. For those whose number of free rotatingdsowas less than four, a one strength
factor was set. The search function MolDock SE (®&x Evolution) was employed for
COX-1 and MolDock Optimizer for COX-2, both funati® used genetic algorithm
technique for searching the best binding site afiven enzyme. The scoring function
Moldock Score [GRID] was used to calculate the ligdenergy. A value of 2000
minimization steps for each flexible residue and tigand, and 2000 steps of global
minimization per run were set. For the scoring fiorg the GRID partition was of 0.2 A
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and the search sphere was fixed with a 10 A raéfiasthe energetic analysis of the ligand:
the electrostatic internal interactions, the inéérAl-bond and thesp-sp” torsions were
used. For the MolDock SE function a total of 15wvith a maximum of 1500 iterations
using a population of 50 individuals per run weee &or Moldock SE optimizer the same
number of runs was set with a maximum of 2000 ftens and a population of 100
individuals per run.

Rather than looking for overall binding energid® interactions with residues that are
considered key to selectively binding to each isofaere analyzed and compared among
stannoxanes and reference compounds followingegherted method [48, 67].

The method was validated by reproducing the expmriad binding mode of the
reference inhibitor, with a root mean square déma(RMSD) value of 0.38 A for COX-1
and 0.56 A for COX-2 (see supporting information).
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Highlights

The NMR data of stannoxanes in CDCls revealed several hexacoordinated
compounds with octahedral geometry.

In DMSO-ds some complexes switched to heptacoordination with a pentagonal-
bipyramidal geometry due to the inclusion of a solvent’s molecule.

The structural results were supported by Density Functional Theory (DFT)
computational calculations.

Docking results showed that the systems were theoretically more selective towards
COX-2 than the ibuprofen.



