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Abstract

Phosphodiesterase 4 (PDE4) inhibitors have emerged as a new strategy to treat
asthma and other lung inflammatory diseases. Searching for new PDE4
inhibitors, we previously reported the discover of LASSBIio0-448, a sulfonamide
with potential to prevent and reverse pivotal pathological features of asthma. In
this paper, two novel series of sulfonamide (6a-6m) and sulfonyl hydrazone (7a-
7)) analogues of LASSBI0-448 have been synthetized and evaluated for
selective inhibitory activity toward cAMP-specific PDE4 isoforms. From these
studies, we have identified 7] (LASSBIio-1632) as a new anti-asthmatic lead-
candidate associated with selective inhibition of PDE4A and PDE4D
isoenzymes and blockade of airway hyper-reactivity (AHR) and TNF-a
production in the lung tissue. In addition, it was able to relax guinea pig trachea

on non-sensitized and sensitized animals and showed great TGl permeability.

Keywords: asthma; PDE4; LASSBIo0-448; sulfonyl hydrazone; sulfonamide;

lead-optimization



1. Introduction

Phosphodiesterase (PDE) isoenzymes act by promoting the hydrolysis
and subsequent inactivation of the second-messenger molecules cyclic 3',5'-
adenosine monophosphate (CAMP) and cyclic 3',5'-guanosine monophosphate
(cGMP). They have been organized into at least 11 families (PDE1 to PDE11)
based on a variety of criteria including substrate specificity, inhibitor sensitivity
and sequence homogeneity [1]. Each member within the PDE4 subfamily
(PDE4A to PDEA4D) specifically targets cCAMP and are mainly expressed in
immunocompetent cells (e.g. T cells, monocytes, macrophages, neutrophils,
dendritic cells and eosinophils), brain, cardiovascular tissues, smooth muscles
and keratinocytes [2].

Targeting PDE4 has therapeutic potential as treatment for several
inflammatory conditions, including acute lung injury, chronic obstructive
pulmonary disease (COPD) and asthma, because cAMP intracellular elevation
following PDE4 blockade strongly correlates with the inhibition of innate and
adaptive immune responses which are over activated in these diseases.
Existing evidence indicates that PDE4 inhibition led to accumulation of cCAMP
and anti-inflammatory activity in many cell types, i.e., macrophages, T cells,
neutrophils, monocytes, eosinophils and dendritic cells, mediated by several
downstream key elements, such as PKA, cyclic nucleotide-gated ion channels,
and/or Epac 1/2 [3-6].

Several PDE4 inhibitors have been described in literature [7-10] (Chart
1). Among them roflumilast is approved to treat severe COPD in patients with
chronic bronchitis and frequent exacerbations. Nevertheless, the clinical dosage
and efficacy of roflumilast is limited by target-related side effects, including
nausea, diarrhea, and headaches (Garnock-Jones, 2015) (doi: 10.1007/s40265-
015-0463-1). As the most inflammatory cells abundantly express only PDE4A,
PDE4B, and PDEA4D isoforms, it is very important to develop new therapeutic
strategies based on the selective inhibition of PDE4 isoforms to reduce or
prevent the adverse effects caused by non-specific PDE4 inhibition. At the time,
several PDE4B and PDE4D inhibitors with potential clinical efficacy and minimal
systemic adverse effects are under development for the treatment of clinical

inflammatory diseases.



As part of a research program aimed at the discovery of new anti-
inflammatory drug candidates, we describe here the attempt to optimize the
prototype LASSBI0-448 (5, Chart 1), previously reported to inhibit all PDE4
isoforms, though being about 4-fold less potent concerning blockade of PDE4D
as compared to the other three PDE4 subtypes. Furthermore, given orally,
LASSBI0-448 prevented airway hyper-reactivity and lung inflammation triggered
by allergen and LPS [10]. In this context, our goals were to synthetize two
series of sulfonamides (6a-61) and sulfonyl hydrazones (7a-7j), designed as
LASSBI0-448 structural analogues, and to assess their PDE4 inhibitory effect,
drug likeness profile and anti-inflammatory activity in a murine model of

pulmonary inflammation [10].
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Chart 1. Examples of PDE4 inhibitors bearing different structural patterns. Data
taken from references: [7-10]

The design conception of the sulfonamides (6a-6l) considered molecular
modifications at the structure of the prototype LASSBIi0-448 (5). The
modifications were based on bioisosteric replacement of benzodioxole ring (a,
Fig. 1) by ring opening and monovalent group exchange strategies [11]. The
replacement of the ethylene (CH,CH,) linker by imine (N=CH) unit allowed the

design conception of sulfonyl hydrazone series (7a-7j). Further, to investigate



methyl effect [12], on PDE4 inhibitory activity, the homologation of the N sp® (by

the introduction of a methyl group) was proposed (Fig. 1).
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Fig. 1. Genesis concept of sulfonamides (6a-6l) and sulfonyl hydrazones (7a-7j)
designed by molecular modification on PDE4 inhibitor LASSBio0-448 (5).

2. Materials and Methods
2.1 Synthesis and Characterization

2.1.1 Chemical

Reagents and solvents were purchased from commercial suppliers and
used as received. The progress of all reactions was monitored by thin layer
chromatography (TLC), which was performed on 2.5 x 7.5 cm? aluminum
sheets precoated with silica gel 60 (HF-254, E. Merck) to a thickness of 0.25

mm. The developed chromatograms were viewed under ultraviolet light (254
nm). IR spectra (cm-') were taken on FTLA spectrometer in KBr discs.
Elemental analyses were carried out on a Thermo Scientific Flash EA 1112

Series CHN-Analyzer. HRMS analyses were carried out on a Q-Exactive

Orbitrap mass spectrometer (MS) (Thermo Fisher Scientific, Bremen, Germany)



operating by switching between positive and negative ionization modes and
equipped with an Electrospray lonization (ESI) source.

Analytical HPLC was used for compound purity and stability determinations
using Shimadzu LC-20AD with or Kromasil 100-5C18 (4.6 mm x 250 mm) and a
Shimadzu SPD-M20A detector at 254 nm wavelength. The solvent system used
for HPLC analyses was acetonitrile: water (70:30 and 60:40), with or without of
0.1% trifluoroacetic acid. The isocratic HPLC mode was used, and the flow rate
was 1.0 mL/min. The purity of compounds was found to be greater than 95%.
'H e 3C NMR were determined using a 200/50 MHz Bruker DPX-200/DPX-300
or 500/125 MHz Varian 400-Mr spectrometer, respectively, in DMSO or CDCl;
deuterated containing ca. 1% tetramethylsilane as an internal standard. The
peak positions are given in parts per million (6 ppm), and J values are given in
hertz. Signal multiplicities are represented by: s (singlet), d (doublet), t (triplet),
g (quartet), m (multiplet) and br (broad signal). Melting points were determined
with a Quimis 340 apparatus and are uncorrected. The HPLC solvents
(methanol, acetonitrile and dimethylsulfoxide) were purchased from Sigma-
Aldrich (St. Louis, MO, USA). Water used in the preparations has been
previously purified and filtered using a Milli-Q system (Millipore, St Quentin-en-
Yvelines, France).

X-ray difraction was performed from the diffracted intensity
measurements of the samples obtained using the KappaCCD diffractometer
[KappaCCD Enraf-Nonius] (IQ-UFAL). Data analysis was performed using the
WINGX program.

Magnesium sulfate (MgSO,), calcium chloride (CaCl,), potassium

chloride (KCI), sodium chloride (NaCl), glucose, sodium bicarbonate (NaHCO3),



hydrochloric acid (HCI), potassium monobasic phosphate (KH,PO4) and sodium
hydroxide (NaOH) were purchased from Vetec Quimica Fina Ltda. Solutions of
these substances, except for glucose, NaCl and NaHCOg3, were prepared in
distilled water and kept under refrigeration.
2.2. General procedure for the preparation of sulfo  namides
Sulfonamides 6a-l were prepared by a condensation reaction between the
corresponding sulfonyl chloride derivative (1mmol), which was solubilized in
dichloromethane (15 mL), containing 50 uL of triethylamine, with the respective
functionalized amines: 3,4-dimethoxyphenethylamine and N-methyl-3,4-
dimethoxyphenethylamine (1 mmol) to obtain 6a-d, 6i-j and 6e-h, 6k-l,
respectively. The mixture was stirred at room temperature for 2-3h. Afterward,
the isolation was carried out with dilution using 10mL of dichloromethane and
extracted with agueous HCI 10% (four times with 10 ml each time). The organic
phase was dried with addition of anhydrous sodium sulfate, filtered and
concentrated under reduced pressure to obtain the compounds. Yields and
characterization pattern are described below:

2.2.1. N-(3,4-dimethoxyphenethyl)-4-nitrobenzenesulfonamide
(LASSBIi0-1629, 6a)
The title compound was obtained in 59% vyield, by condensing 4-
nitrobenzenesulfonyl chloride with 3,4-dimethoxyphenylethylamine, as a yellow
powder with mp 107-109 °C.
IR (KBr) cm ™: 3261; 3102; 3037; 3000; 2962; 2933; 2869; 2839; 1606; 1595;
1532; 1515; 1448, 1422; 1353; 1342; 1256; 1233; 1167; 1139; 1092; 1024, 974,

945; 902; 854; 817; 765; 741, 682; 614.



'H NMR (400 MHz, DMSO-dg) & (ppm): 2.59 (t, 2H, 3J 7.1 Hz; 3.05 (q, 2H, 3J
7.1 Hz; 3.66 (s, 6H); 6.61 (dd, 1H, 3J 8,1 Hz, *J 1.9 Hz); 6.66 (d, 1H, *J 1.9 Hz);
6.74 (d, 1H, 33 8.1 Hz); 7.92 (d, 2H, 3J 8.9 Hz); 8.03 (t, 1H, 3J 5.6 Hz); 8.31 (d,
2H, 33 8.9 Hz);

13C NMR (125 MHz, DMSO-dg) & (ppm): 35.2; 44.7; 55.7; 55.8; 112.1; 112.9;
121;124.8; 128.3; 131.2; 146.7; 147.7; 148.8, 149.7;

CHN: C16H18N206S; calculated C 52.45%; H 4.95%; N 7.65% and determinated
C 52.77%; H4.97%; N 7.47%.

HPLC: 60/40 acetonitrile/water; A 254 nm: 98.8% purity.

2.2.2. N-(3,4-dimethoxyphenetyl)-2-methylbenzenosulfonamide (LASSBIo-
1613, 6b)

The title compound was obtained in 70% yield, by condensing o-toluenesulfonyl
chloride with 3,4-dimethoxyphenethylamine, as a yellow powder with mp 78-80
°C.

IR (KBr) (cm 'l): 3277; 2983; 2966; 2928; 2837; 1594; 1517, 1466; 1443; 1428;
1360; 1347; 1316; 1262; 1235; 1154; 1102; 1029; 940; 894, 851, 816; 164; 779;
713; 686; 632.

'H NMR (200 MHz, DMSO-dg) & (ppm): 2.49 (s, 3H); 2.56 (t, 2H, J 7.6 Hz);
2.96 (q, 2H, J 7.6 Hz); 3.67 (s, 3H); 3.68 (s, 3H); 6.57 (dd, 1H, 33 8.1 Hz, 3 1.9
Hz); 6.65 (d, 1H, *J 1.8 Hz); 6.77 (d, 1H, 3J 8.1 Hz); 7.33 (m, 2H); 7.48 (td, 1H,
3 7.4 Hz, *J 1.2 Hz); 7.68 (t, 1H, %3 5,7 Hz, NH); 7.35 (dd, 1H, 3] 8.4 Hz, “J 1.4
Hz);

13C NMR (50 MHz, DMSO-dg) & (ppm): 20.2; 35.3; 44.4; 55.8; 56; 112.3; 112.8;

120.9; 126.5; 128.8; 131.5: 132.7; 132.9;: 137; 139.1; 147.7; 149.



CHN: C17H21NO4S; calculated C 60.87%; H 6.31%; N 4.18% and determinated
C 60.68%; H 6.35%; N 4.26%.

HPLC: 60/40 acetonitrile/water; A 254 nm: 97.3% purity

2.2.3. N-(3,4-dimethoxyphenethyl)-4-methoxybenzenesulfonamid e
(LASSBIi0-1625, 6¢)

The title compound was obtained in 73% vyield, by condensing 4-
methoxybenzenesulfonyl chloride with 3,4-dimethoxyphenylethylamine, as a
yellow powder with mp 90-92 °C.

IR (KBr) cm "1 3249: 2969; 2946; 2839; 1608; 1594; 1519; 1497; 1456; 1442;
1423; 1327; 1307; 1262; 1237; 1158; 1138; 1094; 1027; 890; 875; 837; 802;
815; 764; 724, 684; 632.

'H NMR (400 MHz, DMSO-dg) & (ppm): 2.57 (t, 2H, %J 7.6 Hz); 2.9 (g, 2H, 3J
6.1 Hz); 3.68 (s, 6H); 3.8 (s, 3H); 6.61 (dd, 1H, 3J 8.1 Hz, *J 1.9 Hz); 6.7 (d, 1H,
4J 1.8 Hz); 6.79 (d, 1H, 3J 8.1 Hz); 7.06 (d, 2H, 3J 8.9 Hz); 7.47 (t, 1H, %3 5.7
Hz); 7.68 (d, 2H, 3J 8.9 Hz);

13C NMR (50 MHz, DMSO-d¢) & (ppm): 35.2; 44.7; 55.8; 56; 112.3; 112.9;
114.7; 120.9; 129.1; 131.6; 147.7; 149; 162.5;

CHN: C17H21NOsS; calculated C 58.10%; H 6.02%; N 3.99% and determinated
C 58.05%; H 5.99%; N 3.95%.

HPLC: 60/40 acetonitrile/water; A 254 nm: 97% purity.

2.2.4. N-(3,4-dimethoxyphenetyl)-3,4-dimethoxybenzenesulfon  amide
(LASSBI0-1722, 6d)

The title compound was obtained in 52% vyield, by condensing 3,4-
dimethoxybenzenesulfonyl chloride with 3,4-dimethoxyphenylethylamine, as a

white powder with mp 83-85 °C.
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IR (KBr) (cm 'l): 3284, 3083; 2967; 2940; 2923; 2838; 1608; 1590; 1511, 1470;
1455; 1421; 1406; 1359; 1318; 1263; 1236; 1188; 1139; 1021; 944; 851; 821,
806; 764; 680; 622.

'H NMR (200 MHz, DMSO-dg) & (ppm): 2.59 (t, 2H, 3J 7.2 Hz); 2.92 (q, 2H, 3J
6.9 Hz); 3.7 (s, 6H); 3.8 (s, 3H); 3.82 (s, 3H); 6.63 (d, 1H, 3J 8.2 Hz); 6.72 (s,
1H); 6.8 (d, 1H, 33 8.2 Hz); 7.07 (d, 1H, 3J 8.4 Hz); 7.27 (s, 1H); 7.35 (d, 1H, 3J
8.4 Hz); 7.49 (t, 1H, 3J 5.4 Hz);

13C NMR (50 MHz, DMSO-dg) & (ppm): 35.3; 44.7; 55.9; 56.0; 56.3; 109.9;
111.6; 112.4; 113.1; 120.7; 121; 131.7; 132.6; 147.8; 149.1; 149.2; 152.3.

CHN: C1gH23NOgS; calculated C 56.68%; H 6.08%; N 3.67% and determinated
C 56.56%; H 6.10%; N 3.70%.

HPLC: 60/40 acetonitrile/water; A 254nm: 97.1% purity.

2.2.5. N-(3,4- dimethoxyphenethyl)-[1,1'-biphenyl]-4-sulfon  amide
(LASSBi0-1622, 6i)

The title compound was obtained in 70% yield, by condensing 4-biphenyl-4-
sulfonyl chloride with 3,4-dimethoxyphenylethylamine, as a yellow powder with
mp 84-86 °C.

'H NMR (400 MHz, DMSO-dg) & (ppm): 2.63 (t, 2H, 3J 7.3 Hz); 3.01 (g, 2H, 3J
6.5 Hz); 3.68 (s, 6H); 6.65 (d, 1H, 3J 8.1 Hz); 6.74 (s, 1H); 6.81 (d, 1H, 3J 8.1
Hz); 7.49 (m, 3H); 7.74 (m, 3H); 7.88 (s, 4H);

13C NMR (125 MHz, DMSO-dg) & (ppm): 35.4; 44.8; 55.9; 56.1; 112.4; 113.1;
121.1; 127.6; 127.7; 127.9; 129; 131.7; 139.1; 139.8; 144.3; 147.9; 149.1;
HPLC: 60/40 acetonitrile/water; A 254 nm: 98% purity.

HRMS (ESI) (m/z) calcd for [C2,H23NO,S + H]" 398,4953 found 398.14164
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2.2.6. N-(3,4-dimethoxyphenethyl) naphthalene-2-sulfonamide (LASSBiIo-
1611, 6j)

The title compound was obtained in 70% vyield, by condensing 2-
naphthalenesulfonyl chloride with 3,4-dimethoxyphenylethylamine, as a yellow
powder with mp 84-86 °C.

IR (KBr) cm "1+ 3284; 3071; 3059; 2997; 2965; 2943; 2921; 2874; 2838; 1605;
1591; 1521; 1472; 1421; 1353; 1318; 1262; 1236; 1157; 1145; 1134; 1073;
1019; 954, 936, 863,816; 757; 677; 637; 621.

'H NMR (400 MHz, DMSO-dg) & (ppm): 2.58 (t, 2H, 3J 7.2 Hz); 2.98 (q, 2H, 3J
7.1 Hz); 3.6 (s, 6H); 6.6 (dd, 1H, 3J 8.1 Hz, *J 1.8 Hz); 6.68 (s, 1H); 6.75 (d, 1H,
33 8.1 Hz); 7.66 (m, 2H); 7.77 (m, 2H); 8.01 (d, 1H, 3J 7.9 Hz); 8.09 (d, 1H, 3J
8.9 Hz); 8.11 (d, 1H, %J 7.7 Hz); 8.4 (s,1H);

13C NMR (50 MHz, DMSO-dg) & (ppm): 35.3; 44.7; 55.8; 55.9; 112.2; 112.9;
120.9; 122.7; 127.7; 128; 128.25; 129.1; 129.6; 129.8; 131.5; 132.2; 134.5;
137.9; 147.7; 149.1;

CHN: CyoH21NO,4S; calculated 56.68%; H 6.08%; N 3.67% and determinated C
56.48%; H 6.06%; N 3.66%.

HPLC: 60/40 acetonitrile/water; A 254 nm: 96.3% purity.

2.2.7. N'-(3,4-dimethoxyphenethyl) -N-methyl-4-nitrobenzenesulfonamide
(LASSBIi0-1630, 6e)

The title compound was obtained in 71% vyield, by condensing 4-
nitrobenzenesulfonyl chloride with N-methyl-3,4-dimethoxyphenethylamine, as a

white powder with mp 139-141°C.
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IR (KBr) cm ™: 3104; 2976; 2963; 2858; 2839; 1608; 1591; 1532; 1518; 1467;
1453; 1422; 1349; 1311; 1166; 1147; 1116; 1023; 941; 927, 856; 819; 782; 765;

737; 705; 684; 617; 602.

'H NMR (400 MHz, DMSO-dg) & (ppm): 2.72 (t, 2H, 3J 7.6 Hz); 2.78 (s, 3H);
3.27 (t, 2H, 33 7.7 Hz); 3.70 (s, 6H); 6.71 (dd, 1H, 33 8.1 Hz, *J 1.9 Hz); 6.77 (d,
1H, *J 1.9 Hz); 6.82 (d, 2H, 3J 8.1 Hz); 7.98 (d, 2H, 3J 8.8 Hz); 8.36 (d, 2H, 3J

8.8 Hz);

13C NMR (50 MHz, DMSO-dg) & (ppm): 33.5; 34.92; 51.60; 55.8; 55.9; 112.2;
113;121.1; 125; 128.9; 131; 143.5; 147.8; 149.0, 150.1;

CHN: C17H23N206S; calculated C 53.67%; H 5.30%; N 7.36% and determinated
C 53.93%; H 5.32%; N 7.21%.

HPLC: 60/40 acetonitrile/water; A 254 nm: 97.8 % purity.

2.2.8. N'- (3,4-dimethoxyphenethyl) - N, 2-methylbenzenesulfonamide
(LASSBi0-1623, 6f)

The title compound was obtained in 68% yield, by condensing o-toluenesulfonyl
chloride with N-methyl-3,4-dimethoxyphenethylamine, as a white powder with
mp 54-55 °C.

IR (KBr) cm - 3080; 2970; 2949; 2936; 2917; 2834; 1605; 1590; 1515; 1464;
1443; 1417; 1359; 1309; 1263; 1236; 1156; 1141; 1132; 1062; 1025; 950; 933;
856; 814; 788; 789; 755; 676; 630.

'H NMR (400 MHz, DMSO-dg) & (ppm): 2.43 (s, 3H); 2.71 (t, 2H, J 7.8 Hz);
2.78 (s, 3H); 3.3 (g, 2H, J 7.8 Hz); 3.68 (s, 3H); 3.7 (s, 3H); 6.54 (dd, 1H, 3J 8.1
Hz, J 1.9 Hz); 6.72 (d, 1H, *J 1.8 Hz); 6.8 (d, 1H, 3J 8.1 Hz); 7.37 (m, 2H); 7.5

(m, 1H); 7.68 (t, 1H, 3 5.7 Hz); 7.75 (d, 1H, %J 7.8 Hz);
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3¢ NMR (50 MHz, DMSO-dg) & (ppm): 20.3; 33.6; 34.2; 51.1; 55.8; 56.0;
112.3; 112.8; 120.9; 126.7; 129.2; 131.2; 133.2; 137.4; 137.4; 147.8; 149.1;
CHN: Cy1gH23NO4S; calculated C 61.87%; H 6.63%; N 4.01% and determinated
C 62.04%; H 5.99%; N 4.09%.

HPLC: 60/40 acetonitrile/water; A 254 nm: 97.7% purity.

2.2.9. N'-(3,4-dimethoxyphenethyl) -4-methoxy- N-methylbenzene-
sulfonamide (LASSBIio-1628, 69)

The title compound was obtained in 78% vyield, by condensing 4-
methoxybenzenesulfonyl chloride with N-methyl-3,4-dimethoxyphenethylamine,
as a white powder with mp 70-72°C.

IR (KBr) cm "1 3040; 2943; 2923; 2845; 2830; 1596; 1579; 1518; 1496; 1464;
1449; 1422; 1336; 1298; 1255; 1236; 1152; 1109; 1090; 1028; 1022; 956; 833;

815; 756; 707; 658; 631.

'H NMR (400 MHz, DMSO-d¢) & (ppm): 2.64 (s, 3H); 2.68 (t, 2H, %J 7.9 Hz); 3.1
(t, 2H, 33 8 Hz); 3.7 (s, 6H); 3.82 (s, 3H); 6.7 (dd, 1H, 33 8.1 Hz, *J 1.3 Hz); 6.78
(s, 1H); 6.83 (d, 1H, 3J 8.1 Hz); 7.09 (d, 2H, 3J 8.7 Hz); 7.66 (d, 2H, 3J 8.7 Hz);
13C NMR (50 MHz, DMSO-dg) & (ppm): 33.5; 35.1; 51.6; 55.8; 55.9; 56.1;
112.3; 113; 114.9; 121; 129.1; 129.7;, 131.3; 147.8; 149.1, 162.9;

CHN: C13H23NOsS; calculated C 59.16%; H 6.34%; N 4.01% and determinated
C, 59.16%; H 6.34%; N 4.09%.

HPLC: 60/40 acetonitrile/water; A 254 nm: 98.7 % purity.

2.2.10. N'-(3,4-dimethoxyphenethyl)-3,4-dimethoxy  -N-methylbenzene-

sulfonamide (LASSBIi0-1610, 6h)
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The title compound was obtained in 70% vyield, by condensing 3,4-
dimethoxybenzenesulfonyl chloride with N-methyl-3,4-
dimethoxyphenethylamine, as a white powder with mp 78-80°C.

IR (KBr) cm - 3114; 3087; 2996; 2959; 2933; 2836; 1588; 1517; 1507; 1465;

1454; 1403; 1424; 1374, 1326; 1261;1145; 806; 721; 699, 654; 578.

'H NMR (400 MHz, DMSO-dg) & (ppm): 2.7 (m, 5H); 3.15 (t, 2H, 3J 7.4 Hz);
3.72 (s, 6H); 3.82 (s, 6H); 6.71 (d, 1H, 3J 8 Hz); 6.81-6.87 (m, 2H); 7.1-1.19 (m,
2H): 7.33 (d, 1H, *J 8.4 Hz);

13C NMR (50 MHz, DMSO-ds) & (ppm): 33.6; 35.2; 51.6; 55.9; 56.0; 56.3; 56.4;
110.4; 111.9; 112.4; 113.2; 121.1; 121.4; 129.3; 131.5; 147.9; 149.2; 149.3;
152.8;

HPLC: 60/40 acetonitrile/water; A 254 nm: 96.1% purity.

HRMS (ESI) (m/z) calcd for [C19H25NO6S + H]" 396,4778 found 396.14703
2.2.11. N'-(3,4-dimethoxyphenethyl) -N-methyl-[1,1'-biphenyl]-4-
sulfonamide (LASSBIio-1631, 6k)

The title compound was obtained in 55% vyield, by condensing biphenyl-4-
sulfonyl chloride with N-methyl-3,4-dimethoxyphenethylamine, as a white
powder with mp 68-70°C.

IR (KBr) cm : 3049; 3026; 2992; 2953; 2935; 2873; 2834; 1609; 1591; 1516;
1460; 1449; 1363; 1335; 1301; 1258; 1245; 1158; 1139; 1127; 1091; 1027,

1015; 996; 947; 924, 884, 864; 834; 807; 763; 772; 725; 704; 696; 661; 636.

'H NMR (400 MHz, DMSO-dg) & (ppm): 2.72 (m, 5H); 3.2 (t, 2H, %J 7.9 Hz); 3.7
(s, 6H); 6.72 (dd, 1H, 33 8.1 Hz, *J 1.9 Hz); 6.8 (d, 1H, *J 1.9 Hz); 6.83 (d, 1H, 3J

8.1 Hz); 7.42 (m, 1H); 7.49 (m, 2H); 7.71 (m, 2H); 7.79 (m, 2H); 7.87 (m, 2H);
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3C NMR (50 MHz, DMSO-dg) & (ppm): 33.6; 35.1; 51.66; 55.8; 55.9; 112.3;
113.1; 121.1; 127.5; 127.9; 128.2; 129; 129.6; 131.3; 136.4; 138.9; 144.7;
147.8; 149.1;

HPLC: 60/40 acetonitrile/water; A 254 nm: 97 % purity.

HRMS (ESI) (m/z) calcd for [CosHasNO4S + H]' 412,5218 found 412.15733
2.2.12. N'-(3,4-dimethoxyphenethyl) -N-methylnaphthalene-2-sulfonamide
(LASSBI0-1612, 6l)

The title compound was obtained in 73% vyield, by condensing 2-
naphthalenesulfonyl chloride with N-methyl-3,4-dimethoxyphenethylamine, as a
white powder with mp 78-80°C.

IR (KBr) cm *: 3049; 2993; 2933; 2834; 1606; 1590; 1517; 1464; 1455; 1439;
1421; 1337, 1290; 1247; 1234; 1196; 1149; 1129; 1122; 1073; 1028; 946; 927,

854; 821; 747; 716; 653; 637; 618.

'H NMR (400 MHz, DMSO-dg) & (ppm): 2.72 (m, 5H); 3.2 (t, 2H, %J 7.9 Hz); 3.7
(s, 6H); 6.71 (dd, 1H, %J 8.1 Hz, “J 1.8 Hz); 6.83 (d, 1H, *J 1.8 Hz); 6.84 (d, 1H,
33 8.1 Hz); 7.43 (t, 1H, 3J 7.3 Hz); 7.5 (t, 2H, 3J 7.1 Hz); 7.72 (); 7.8 (m, 2H);

7.87 (d, 1H, °J 8.6 Hz);

13C NMR (50 MHz, DMSO-d¢) & (ppm): 33.9; 35.1; 51.6; 55.8; 55.9; 112.3;
113.1; 121.1; 127.5; 128; 128.2; 129; 129.6; 131.3; 136.4; 138.8; 144.7; 147.7,
149.1;

HPLC: 60/40 acetonitrile/water; A 254 nm: 97.5% purity.

HRMS (ESI) (m/z) calcd for [Co1H23NO4S + H]® 386,4846 found 386.14172

2.3. Procedure to prepare of sulfonyl hydrazides (9 a-e)
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The key intermediates sulfonyl hydrazides 9a and 9c-b were obtained in
accordance to the methodology previously described in the literature [13,14,15].
2.3.1. 6-methyl-3,4-methylenedioxy-benzenesulfonyl hydrazide (9a)

The title compound was obtained in 84% vyield, by reaction with 6-methyl-3,4-
methylenedioxy-benzenesulfonyl chloride and hydrazine hydrate, as a white
powder with mp 121-123°C [13].

2.3.2. 2-methylbenzenesulfonyl hydrazide intermedia  te (9b)

The title compound was obtained in 92% vyield, by reaction with 2-
methylbenzene-1-sulfonyl chloride and hydrazine hydrate, as a colorless oil with
mp 144-146°C [14,15].

2.3.3. 4-methoxybenzenesulfonyl hydrazide (9c)

The title compound was obtained in 83% vyield, by reaction with 4-
methoxybenzene-1-sulfonyl chloride and hydrazine hydrate, as a white powder
with mp 150-152°C [14,15].

2.3.4. 4-(trifluoromethyl)benzenesulfonyl hydrazide (9d)

The title compound was obtained in 71% vyield, by reaction with 4-
(trifluoromethyl) benzenesulfonyl chloride and hydrazine hydrate, as a white
powder with mp 149-151°C [14,15].

2.3.5. Benzenesulfonyl hydrazide intermediate (9e)

The title compound was obtained in 98% vyield, by reaction with benzenesulfonyl
chloride and hydrazine hydrate, as a white powder with mp 138-140°C [14,15].
2.4. General procedure for the synthesis of sulfony | hydrazones and N-
methyl sulfonyl hydrazones

The sulfonyl hydrones 7a-e were prepared by interconversion of

functional groups as previously described by Zapata-Sudo and coworkers [14].
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Then, a regioselective alkylation reaction was performed in the presence of
K2CO3 (1.91 mmol), acetone (5mL) as solvent and methyl iodide (1.91 mmol) as
alkyl halide. The reaction was heated at 40 °C and maintained under stirring for
1.5h under reflux. Afterward, the reaction was evaporated under reduced
pressure; the residual solid was suspended in 2 mL of ethanol and then poured
into cold water. Purification was achieved by simple filtration to obtain the N-
methyl target compounds 7f-j [14]. Yields and characterization patterns are
described below:

2.4.1. (E) -N'- (3,4-dimethoxybenzylidene)-6-methylbenzo [d] [1,3] dioxole-

5-sulfonyl hydrazone (LASSBIi0-1624, 7a)

The title compound was obtained in 72% vyield, as a white powder with mp 178-
180 °C.

IR (KBr) cm "1-3201; 3122; 3084; 3044; 2980; 2952; 2912; 2845; 1612; 1601;
1580; 1515; 1498; 1480; 1441; 1424; 1350; 1334; 1321; 1269; 1249; 1233;
1162; 1145; 1043; 1021; 992; 957; 930; 909; 887; 867; 816; 774, 748; 730; 705;
658; 625; 615.

'H NMR (200 MHz, DMSO-dg) & (ppm): 2.55 (s, 3H); 3.72 (s, 3H); 3.74 (s, 3H);
6.08 (s, 2H); 6.94 (m, 2H); 7.04 (d, 1H, 3J 8.2 Hz); 7.08 (s, 1H); 7.32 (s, 1H);
7.83 (s, 1H); 11.3 (s, 1H).

13C NMR (50 MHz, DMSO-dg) & (ppm): 20.7; 55.9; 56.1; 102.8; 109.1; 109.5;
127.1; 130.6; 133.8; 146.0; 149.5; 151.1; 151.3.

CHN: C17H18N20O6S; calculated C 53.96%; H 4.79%; N 7.40% and determinated
C 53.71%; H 4.67%; N 7.50%.

HPLC: 60/40 acetonitrile/water; A 306 nm: 99.0 % purity.
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24.2. (E) -N- (3,4-dimethoxybenzylidene)-2-methylbenzenesu Ifonyl
hydrazone (LASSBIi0-1847, 7b)

The title compound was obtained in 70% yield, as a yellow powder with mp 141-
143 °C.

IR (KBr) cm "1+ 3184; 3077; 3065; 3004; 2983; 2937; 2839; 1600; 1580; 1517;
1462; 1440; 1410; 1369; 1360; 1320; 1262; 1240; 1177; 1166; 1131; 1060;

1043:; 1021:1016; 898; 873; 821; 809:; 763; 707; 694; 623; 607.

IH NMR (200 MHz, CDCls) & (ppm): 2.76 (s, 3H): 3.86 (s, 3H); 3.88 (s, 3H): 6.8
(d, 1H, 33 8.2 Hz); 6.96 (d, 1H, 3J 8.2 Hz); 7.18 (s, 1H); 7.33 (m, 2H); 7.46 (d,

1H, 33 8.6 Hz); 7.72 (s, 1H); 7.98 (s, 1H); 8.08 (d, 1H, 3J 7.4 Hz).

13C NMR (50 MHz, CDCl3) & (ppm): 21.0; 56.0; 56.1; 108.4; 110.7; 122.4;
126.4; 126.5; 130.9; 132.8; 133.5; 136.9; 138.2; 147.7; 149.5; 151.4.

CHN: C46H18N204S; calculated C 57.47%; H 5.43%; N 8.83%and determinated
C 57.41%; H 5.31%; N 8.43%.

HPLC: 60/40 acetonitrile/water; A 306 nm: 98.5 % purity.

2.4.3. (E) -N'- (3,4-dimethoxybenzylidene) -4-methoxybenzene sulfonyl
hydrazone (LASSBIi0-1845, 7c).

The title compound was obtained in 70% yield, as a yellow powder with mp 141-
143 °C.

IR (KBr) cm " 3198; 3098; 3082; 3085; 3013; 2977; 2943; 2839; 1598; 1578;
1521; 1499; 1453; 1429; 1407; 1353; 1317; 1271; 1263; 1242; 1162; 1132,

1095; 1021; 970; 941; 901; 837; 803; 781; 765; 703; 629; 615.



19

'H NMR (200 MHz, CDCIs) & (ppm): 3.82 (s, 3H); 3.86 (s, 6H); 6.79 (d, 1H, 3J
8.2 Hz); 6.96 (m, 3H); 7.2 (s, 1H); 7.75 (s, 1H); 7.92 (d, 2H, 3J 8.9 Hz), 8.31 (s,
1H).

13C NMR (50 MHz, CDCl3) & (ppm): 55.7; 56.0; 56.1; 108.7; 110.8; 114; 122.3;
126.5; 130; 130.2; 148.7;

CHN: C16H18N20sS; calculated C 54.85%; H 5.18%; N 7.99% and determinated
C 54.74%; H 5.11%; N 8.00%.

HPLC: 60/40 acetonitrile/water; A 306 nm: 99.4 % purity.

2.4.4. N'-(3,4-dimethoxybenzylidene)-4-(trifluoromethyl) be  nzenesulfonyl
hydrazide (LASSBIi0-1849, 7d).

The title compound was obtained in 66% yield, as a white powder with mp 87-
89°C.

'H NMR (200 MHz, CDCl3) & (ppm): 3.87 (s, 6H); 6.81 (d, 1H, 3J 8.1 Hz); 7.02

(d, 1H, 33 8 Hz); 7.2 (s, 1H); 7.77 (m, 3H); 8.13 (d, 2H, 3J 8.1 Hz); 8.39 (s, 1H).

13C NMR (50 MHz, CDCls) & (ppm): 56.1; 56.2; 108.6; 110.9; 120.6; 122.6;
126; 126.3 (q, “Jcr 3.6 Hz); 128.6; 135.1 (g, *Jcr 33 Hz); 138.8; 142.1; 149.5;

151.7.
HPLC: 60/40 acetonitrile/water; A 306 nm: 99.6 % purity.

HRMS (ESI) (m/z) calcd for [C1H15F3N>04S + H]" 389,3694found 389.07748
2.45. (E) -N- (3,4-dimethoxybenzylidene) benzenesulfonyl h  ydrazone
(LASSBi0-1851, 7e).

The title compound was obtained in 66% yield, as a white powder with mp 87-

89 °C.
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'H NMR (200 MHz, CDCls) & (ppm): 3.77 (s, 6H); 6.71 (d, 1H); 6.92 (d, 1H, 3J
8.2 Hz); 7.1 (s, 1H); 7.44 (m, 3H); 7.68 (s, 1H); 7.92 (d, 2H, 3J 8.1 Hz); 8.39 (s,
1H).

3C NMR (50 MHz, CDCls) & (ppm): 56.0; 108.5; 110.8; 122.4; 126.4; 128;

129.1; 133.4; 138.5; 148.8; 149.4; 151.4.

CHN: Ci5H16N204S; calculated C 56.24%; H 5.03%; N 8.74% and determinated
C 56.27%; H 5.04%; N 8.96%.

HPLC: 60/40 acetonitrile/water; A 306 nm: 99.5 % purity

2.4.6. (E) -N- (3,4-dimethoxybenzylidene)-N, 6-methylbenzo [d] [1,3]
dioxole-5-sulfonyl hydrazone (LASSBIio-1632, 7j)

The title compound was obtained in 64% vyield, as a white powder with mp 156-
158 °C.

'H NMR (200 MHz, CDCl3) & (ppm): 2.55 (s, 3H); 3.23 (s, 3H); 3.81 (s,s, 6H);
5.93 (s, 2H); 6.62 (s, 1H); 6.74-6.76 (d, 1H); 6.93-6.95 (d, 1H); 7.17 (s, 1H);
7.40 (s, 1H); 7.45 (s, 1H).

13C NMR (50 MHz, CDCl3) & (ppm): 21.1; 32.5; 55.7-55.9; 102.1; 106.1 —

151.3.

CHN: C1gH20N206S; calculated C 55.09%; H 5.14%; N 7.14% and determinated
C 55.17%; H 5.14%; N 7.22%.

HPLC: 60/40 acetonitrile/water; A 306 nm: 98% purity.

2.4.7. N'-(3,4-dimethoxybenzylidene)- N,2-methylbenzenesulfonyl
hydrazone (LASSBIi0-1848, 7f).

The title compound was obtained in 70% vyield, as a white powder with mp 84-

86 °C.
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'H NMR (200 MHz, CDCl3) & (ppm): 2.64 (s, 3H); 3.24 (s, 3H); 3.77 (s, 3H); 3.8
(s, 3H); 6.73 (d, 1H, J 7 Hz); 6.92 (d, 1H, J 7 Hz); 7.1 (s, 1H, J 7 Hz); 7.21 (m,
2H); 7.35 (d, 1H, J 7 Hz); 7.44 (s, 1H); 7.92 (d, 1H, J 8 Hz).

13C NMR (50 MHz, CDCl3) & (ppm): 21.1; 32.4; 55.8; 56.1; 108.2; 110.8; 122;
126.1; 127.5; 130.8; 132.8; 133.2; 135.9; 138.8; 142.1; 149.4; 150.9.

CHN: C17H20N204S; calculated C 58.60%; H 5.79%; N 8,04% and determinated
C 58.31%; H 5.86%; N 8.18%.

HPLC: 60/40 acetonitrile/water; A 306 nm: 99.6 % purity

2.4.8. N'-(3,4-dimethoxybenzylidene)-4-methoxy- N-methylbenzene-sulfonyl
hydrazone (LASSBIi0-1846, 7Q).

The title compound was obtained in 70% vyield, as a white powder with mp 141-
143 °C.

'H NMR (200 MHz, CDCl3) & (ppm): 3.18 (s, 3H); 3.84 (s, 3H); 3.9 (s, 3H); 3.93
(s, 3H); 6.85(d, 1H, J 7 Hz ); 6.96 (d, 2H, J 7 Hz); 7.07 (d, 1H, J 7 Hz); 7.29 (s,
1H); 7.61 (s, 1H); 7.83 (d, 2H, J 7.8 Hz).

13C NMR (50 MHz, CDCl3) & (ppm): 34.1; 55.7; 56.0; 108.7; 110.8; 114.1;
122.1; 127.4; 128; 130.5; 145.5; 149.9; 151.1; 163.4.

CHN: C17H20N304S; calculated C 56.03%; H 5.53%; N 7.69% and determinated

C 55.73%; H 5.52%; N 7.69%.

HPLC: 60/40 acetonitrile/water; A 306 nm: 99.6 % purity

2.4.9. N'-(3,4-dimethoxybenzylidene)-4-(trifluoromethyl)-  N--methyl-4-
(trifluoromethyl)benzenesulfonyl hydrazone (LASSBio -1850, 7h).

The title compound was obtained in 66% yield, as a white powder with mp 87-

89 °C.
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'H NMR (200 MHz, CDCl3) & (ppm): 3.15 (s, 1H); 3.83 (s, 3H); 3.84 (s, 3H);
6.78 (d, 1H, 3J 8.2 Hz); 7.01 (d, 1H, 3J 8.2 Hz); 7.17 (s, 1H); 7.57 (s, 1H); 7.69
(d, 2H, 33 8.1 Hz); 7.95 (d, 2H, 3J 8.1 Hz).

13C NMR (50 MHz, CDCl3) & (ppm): 34.1; 56.1; 56.1; 108.7; 111; 120.6; 122.3;
126 (g, 2Jer 3.6 Hz); 126.9; 129; 134.8 (q, *Jcr 33 Hz); 140.1; 146.7; 149.5;
151.5.

CHN: Ci7H17FsN20,4S; calculated C 50.74%; H 4.26%; N 6.96% and
determinated C 50.53%; H 4.31%; N 7.04%.

HPLC: 60/40 acetonitrile/water; A 306 nm: 98.5 % purity.

2.4.10. N'-(3,4-dimethoxybenzylidene)- N-methylbenzenesulfonyl
hydrazone (LASSBIi0-1852, 7i).

The title compound was obtained in 60% vyield, as a white powder with mp 108-
110 °C.

'H NMR (200 MHz, CDCl3) & (ppm): 3.13 (s, 3H); 3.83 (s, 3H); 3.85 (s, 3H);
6.77 (d, 1H, 3J 8.2 Hz); 7.01 (d, 1H, 3J 8.2 Hz); 7.2 (s, 1H); 7.44 (m, 3H); 7.54
(s, 1H); 7.82 (d, 2H, 3J 8.1 Hz).

13C NMR (50 MHz, CDCl3) & (ppm): 34.1; 56.1; 56.1; 108.7; 110.9; 122.2;
127.3; 128.4; 128.9; 133.3; 136.6; 145.7; 149.5; 151.2.

HPLC: 60/40 acetonitrile/water; A 306 nm: 99% purity.

HRMS (ESI) (m/z) calcd for [C1sH1sN204S + H]* 335,3981 found 335.10567

2.5. X-ray diffraction experiments
The crystals were obtained by the slow evaporation method from 7j and
7a under a saturating condition at 298K. After X days, a suitable yellow single

crystal was observed for both samples.
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Intensity data were collected at room temperature (293K) with graphite
monochromated MoKa radiation (I=0.71073 A), using an Enraf-Nonius Kappa-
CCD diffractometer. The unit cell was refined using the software Collect [36]
and Scalepack [37], and the final cell parameters were obtained on all
reflections. Datawere collected up to 24.41° in 6 for Lassbio-1624 and 27.88 for
7j in 8, giving 12,489 and 16, 238 Bragg reflections respectively. Data reduction
was carried out using the software Denzo-SMN and Scalepack, and the
program XdisplayF was used for visual representation of the data. No significant
absorption coefficient (0.227 mm™ for 7a and 0.211 mm™ for 7a) was observed.
Thus, a semi-empirical absorption correction based on equivalents was applied
[38]. The structure was solved using the software SHELXS-97 [39], and refined
using the software SHELXL-97, where the C, N and O atoms were clearly
solved, and full-matrix least square refinement of these atoms with anisotropic
thermal parameters was carried out. The hydrogen atoms were positioned
stereochemically and were refined with the riding model. The details concerning
the data collection and structure refinement were prepared using WinGX
(version 1.80.05) [40]. The ORTEP-3 [41] program was used to prepare the
figures.

The complete crystallographic data were deposited at the Cambridge
Crystallographic Data Centre as supplementary publication no. CCDC 1944285
and no. CCDC 1944286 for LASSBIi0-1624 and LASSBIi0-1632 respectively.
Copies of the data are available on application to The Director, CCDC, 12 Union
Road, Cambridge CB2 1EZ, UK (e-mail: deposit@ccdc.cam.ac.uk or
http://www.ccdc.cam.ac.uk).

2.6. Solubility Assay
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The solubility assay was performed considering the absorptivity of compounds
under ultraviolet spectroscopy as described by Schneider and coworkers. The
assay wavelength was determined by the Amax characteristic of each
compound. Saturated aqueous solutions were prepared (0.8-1.0 mg/mL) and
were kept under stirring for 4 hours at 37 °C. The supernatant was filtered in
0.45 mm filters and transferred to a quartz cuvette (10 mm) to spectra
acquisition. Solubility was determined by linear regression using as excel graph
plots, solutions prepared by dilutions of the original solution in methanol. The
data were obtained in triplicates and the mean values were used to the graph
plots. The correlation coefficient (R?) values were between 0.9982 and 1.
2.7. Chemical Stability Assay

The chemical stability studies were conducted at two different pH (2.0
and 7.4). The stock solutions of compounds were prepared at 5 mM to 10 mM
concentrations and solubilized in DMSO. Standard solutions were prepared
adding 2 L of the stock solution in 249 uL acid buffer (KCI 0.2 M and HCI 0.2
M; pH = 2.0) or neutral buffer (PBS, pH = 7.4) in eppendorf microtube. The
mixture was placed in a water bath at 37 °C under vigorous stirring for 0, 30, 60
and 120 minutes. At the end of each time reaction, 249 uL of basic buffer
(phosphate buffer, pH = 8.4) was added to neutralize the pH of the medium in
experiments using acidic buffer. Extraction of the compound was performed by
adding 1.0 mL of acetonitrile. The organic phase was separated, filtered and

analyzed by HPLC-PDA (acetonitrile / water mobile phase and 50% to 60%).

2.8. Pharmacological Evaluation
2.8.1 Animals
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Male A/J mice (18-20 g) were obtained from the Oswaldo Cruz
Foundation breeding colony and used in accordance with the guidelines of the
Committee on Use of Laboratory Animals of the Oswaldo Cruz Institute (CEUA-
IOC/FIOCRUZ, license L-027/2016). Mice were housed in groups of four in a
temperature-, humidity-, and light-controlled (12 h light: 12 h darkness cycle)
colony room. Mice were given ad libitum access to food and water.

Adult guinea-pigs (Cavia porcellus) from the Professor Thomas George
Bioterium at Federal University of Paraiba (UFPB), weighing 300 — 500 g, were
used. Animals were maintained on a 12-h light-dark cycle, under controlled
ventilation and temperature with free access to food and water. Actions on
reducing pain, stress, and any suffering were taken in accordance to the local
ethical guidelines for animal usage. All experimental procedures had been
approved and performed in accordance to the Animal Research Ethic
Committee of UFPB guidelines (CEPA/UFPB license 0610/11).

2.8.2. Drugs

Methacholine, LPS (Escherichia coli, serotype 0127:B8) and nembutal
were purchased from Sigma Chemical Co. Pancuronium bromide, isoflurane
and sodium thiopental were purchased from Cristalia (S&o Paulo, Brazil). LPS,
pancuronium bromide, nembutal and sodium thiopental were diluted in 0.9%
NaCl sterile solution. Methacholine was diluted in PBS. All work solutions were
freshly prepared by dissolving the compounds in DMSO 0.1% and further
diluting them in 0.9% NaCl. All solutions were freshly prepared immediately
before use.

Arachidonic acid (AA), carbamylcholine hydrochloride (CCh), ovalbumin

(OVA) (grade V), rolipram (1), aluminum hydroxide (Al(OH)s) and Cremophor



26

EL™ were purchased from Sigma-Aldrich (Brazil). CCh was dissolved in
distilled water and AA was dissolved in ethanol (95%). Compounds were
solubilized in Cremophor EL™ (3%) and distilled water at the concentration of
10 M, being again diluted in distilled water as required for each experimental
protocol. The final content of Cremophor EL™ in the organ solution never
exceeded 0.01% (v/v). The carbogen mixture (95% O, and 5% CO,) was
acquired from White Martins (Brazil).
2.8.3. PDE4 activity evaluation in vitro

PDE4A, 4B, 4C and 4D activities were measured by employing an IMAP
TR-FRET protocol (kit from Molecular Devices, Sunnyvale, CA, USA). Briefly,
the enzymatic reactions were carried at room temperature in a 96-well black
plate by co-incubating 25 uL of 200 nM FAM-cAMP (R7513), 5 uL of putative
inhibitory compounds and 20 uL of the PDE4 isoform dissolved in assay buffer
(R7364) for 1 h. All enzymes were obtained from human recombinant sources
(MDS PHARMA), whereas the other reagents were purchased from Molecular
Devices. Fluorescence polarization intensity was measured at 485 nm
excitation and 520 nm emission using a microplate reader, SpectraMax M5
(Molecular Devices, Sunnyvale, CA, USA). Cilomilast was dissolved in dimethyl
sulfoxide (DMSO) at a final concentration of 0.1%. At this condition, the vehicle
had no significant effect on PDE4 activity. The concentration of drugs that
produced 50% inhibition of substrate hydrolysis (ICsg) was calculated by
nonlinear regression analysis from concentration response curves, using the
GraphPad Prism Software, version 5.0 (USA).

2.8.4. LPS-induced lung inflammation
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Mice were anesthetized with isoflurane aerosol and then stimulated with
LPS (25ug/25 pL) or 0.9% NaCl sterile solution by intranasal instillation.
Treatment with test compounds (6.25 and 25 pmol/kg) or cilomilast (3 pmol/kg)
was performed by gavage, 1 h before LPS provocation. Untreated mice
received vehicle (0.1% DMSO) by gavage. The analyses were carried out 24 h
after LPS stimulation.
2.8.5. Evaluation of airway hyper-reactivity

Following general anesthesia with nembutal® (60 mg/kg, i.p.), and
neuromuscular blockade (pancuronium bromide, 1 mg/kg, i.v.), lung elastance
of mice was measured using an invasive whole-body plethysmography (Buxco
Electronics, United States) as previous described [12]. Briefly, after the
mechanical ventilator was connected to the mouse through an endotracheal
tube, it was stabilized for 5 min and increasing concentrations of methacholine
(3, 9, and 27 mg/ml) were aerosolized for 5 min each. Baseline lung elastance
was assessed with aerosolized phosphate-buffered saline (PBS).
2.8.6. Lung TNF- a quantification

Tumour necrosis factor (TNF)-a was quantified in the right lung samples
using a commercial ELISA kit according to the manufacturer’s instructions (R&D
Systems).
2.8.7. Relaxant effect in non-sensitized and sensit ized guinea pig’s
trachea

The animals were randomly divided into two groups: non-sensitized and
sensitized. On the 1% day, guinea pigs were treated with OVA (60 pg/mL, i.p.
and s.c.), as a sensitizing agent, and with AI(OH); (1 mg/mL, i.p. and s.c.), as

an adjuvant. Both were dissolved on saline solution (NaCl 0,9 %). After, on the
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8™ day, the animals were individually placed in a closed polyacrylic box coupled
to an ultrasonic nebulizer and nebulized with an OVA solution (OVA 3 mg/mL +
saline) for 5 minutes. Then, on the 15" day, guinea pigs were nebulized again
with another OVA solution (OVA 1 mg/mL + saline) for 1 minute. Lastly, from
the days 21% to 25™ the animals were euthanized by cervical dislocation
followed by sectioning of cervical vessels for experimentation. Non-sensitized
animals were subjected to the same treatment procedure but received only
saline (adapted from Espinoza et al., 2013) [42].

After evaluation of epithelium integrity using arachidonic acid [34], the
tracheal rings from non-sensitized and sensitized animals were contracted with
CCh (1.0 mM) and when a stable contraction was obtained. Rolipram,
LASSBIi0-448 (1) and LASSBI0-1632 (3j) were individually and cumulatively
added to the preparation. Relaxation was expressed as pECsy and Emax,
calculated from the obtained concentration-response curves.

2.9. Statistical analysis

All data are presented as means + standard error of the mean (SEM) and
statistical analysis involving two groups was done, with Student’s t test,
whereas ANOVA followed by the Newman-Keuls-Student’'s t test or by
Bonferroni’s test were used to compare more than 2 groups. P values of 0.05 or
less were considered significant (the null hypothesis was rejected when p <
0.05).

2.10. Parallel artificial membrane permeability assay (PA  MPA)

To determine the permeability profile (passive diffusion) of the target,

Parallel artificial membrane permeability assay (PAMPA) was selected as

passive permeation prediction method. Commercial drugs (obtained from
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Sigma Aldrich) were used to validate both PAMPA-TGI and PAMPA-BBB, as
well as high purity solvents. Donor 96-well plate MultiScreen with 0,45 uM pore
size (catalog No. MAIPS4510), acceptor 96-well plate MultiScreen (catalog No.
MAMCS9610), and 0,22 uM pores size filter (catalog No SLGS033) were
obtained from Millipore®. Results were determined by UV reading in 3-5
different wavelengths peaks for each compound previously determined (UV-
reader SpectraMax M3 from Molecular Devices®).

In order to predict the permeability into the gastrointestinal tract, L-a-
phosphatidylcholine was used (CAS Number 8002-43-5 from Sigma-Aldrich®)
in n-dodecane (20 mg/mL) solution. All compounds, including commercial, were
stocked in 10mM DMSO solutions before diluted in pH 6,6 PBS to a 0,05 mM
(DMSO 5%, v/v) in donor plate. Acceptor plate 96-well were filled with pH 7,4
PBS under constant agitation during 8-hour incubation period at room
temperature [43], as well as the donor and acceptor plate wells receive 180 pL
of buffered solution. Compounds were classified according to the percentage of
absorbed fraction (Fa%), such as: high intestinal permeability (70-100%),
medium permeability (30-69%) or low permeability (0-29%), previously
described by KANSY & colabs (1998) [43].

PAMPA was also used to predict blood-brain barrier passive
permeability. Commercial drugs and test compounds were dissolved in ethanol
99,8% (1mg/mL). Stock solutions were then diluted in pH 7,4 PBS/EtOH (70:30
v/v). Each 96-well of donor plate were covered with 5 uL of n-dodecane-PBL
solution (20mg/mL) porcine polar membrane lipid extract (PBL) (catalog No.

141101P, Avanti Polar Lipids) purchased from Sigma-Aldrich®.
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Donor plate was filled with 180 uL of each compound solution; 180 uL of
PBS/EtOH (70/30) were added to the acceptor plate to form the donor-acceptor
“sandwich”. Incubation time was 2h45min at room temperature. Thereafter, 96-
well plates were separated and each well were read by UV reader in 3-5
different wavelengths for each compound previously determined. Results were
presented as positive (CNS+) when Pe > 4.0, uncertain permeation (CNS+/-)
when Pe < 4.0 to > 2.0 or non-permeable (CNS-) when Pe < 2.0. Standard
cutoff values were established following the pattern equations criteria from
Crivori et al. (2000) and Di et al. (2003) [44,45].

3. Results and Discussion
3.1. Synthesis

Compounds were synthetized as depicted in Scheme 1. The congeneric
sulfonamide series was prepared in one step by condensation reaction between
the sulfonyl chloride derivatives (8a-f) and the 3,4-dimethoxyphenethylamine or
N-methyl-3,4-dimethoxyphenethylamine, following the methodology previously
described [10,11].

The sulfonyl hydrazones were synthesized in two linear steps, exploring
the sulfonyl hydrazides 9a-e as a key intermediate. These intermediates were
obtained from the hydrazinolysis of the sulfonyl chloride derivatives (8b-c, 8g-i)
[13,14]. Condensation with functionalized aldehyde was performed to give the
target compounds 7a-e, in good Yyields, following previously methodology
described by Zapata-Sudo and co-workers [14]. The N-methyl-sulfonyl
hydrazones (7f-j) were synthetized by N-methylation of compounds 7a-e by
classical N-alkylation reaction, using methyl iodide and sodium carbonate in

acetone (Scheme 1) [16].
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Scheme 1. Reagents and conditions: a) 3,4-dimethoxyphenethylamine, CH,Cl,, Et3,N, r.t., 2-5h,
52-73%; b) N-methyl-3,4-dimethoxyphenethylamine, CH,Cl,, Ets;N, r.t., 2-5h, 55-78%; c)
NH,NH,.H,O, CHCI3, 0°C, 2h, 71-95 %; d) functionalized aldehydes, EtOH, r.t., HCI cat., 2h, 60-
92 %; e) K,COg;, ICH3, acetone, 40°C, 1.5 h, 60-98%.

All compounds had their chemical structure elucidated by nuclear
magnetic resonance (NMR) of hydrogen (*H) and carbon (**C), mass
spectrometry (MS) and infrared spectroscopy (IR). Bearing in mind that sulfonyl
hydrazone can be obtained as a mixture of diastereoisomer (E and Z), X-ray
diffraction experiments were performed to unambiguously characterize the
relative configuration of the imine double bond (N=CH). Due to the difficulty of
obtaining all compounds in the crystalline form, compounds 7a and 7|,
respectively, were chosen as representatives of the sulfonyl hydrazone series to
perform X-ray diffraction studies. As anticipated by the chemical displacement
of the single imine hydrogen observed in the 'H-NMR spectra of the all
synthesized sulfonyl hydrazones, the crystallographic structures of 7a and 7]

confirmed the E stereochemistry proposed to the imine double bond (Fig. 2).
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Considering that all sulfonyl hydrazones were obtained through the same
synthetic methodology and their chemical shift similarity regarding the imine
function (N=CH) in *H and 3C NMR spectra analysis, the results obtained from
X-ray analysis to 7a and 7] were extrapolated for all synthesized sulfonyl
hydrazones. This assumption was also based on previous data from literature
[17-19].

Besides the elucidation of the imine stereochemistry, X-ray diffraction
analysis contributed to show the comparative differences between the
conformation of the sulfonyl hydrazone scaffold 7a and its N-methyl analogue
7). While a planar conformation was observed for 7a, which clearly reflect the
antiperiplanar relationship between the hydrogen and the oxygen atom of
sulfonyl hydrazone framework (RSO,NHN=CHR), a folded conformation was
detected for 7j.

This classical methyl effect, well characterized in acylhydrazone
molecules [10], had not previously been demonstrated for sulfonyl hydrazones.
The introduction of a methyl subunit linked to the nitrogen of the sulfonyl
hydrazone framework resulted in the rotation of the SO,N(CH3)R fragment by
180°, assuming a synperiplanar relationship between the methyl group and the
oxygen atom of sulfonyl hydrazone framework, as shown by Newman’s
projections (Fig. 3). The folded conformation of 7] can be probably due to the

steric effect generated by the additional methyl group [20].
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Crystallographic structures of the sulfonyl hydrazone compounds 7a (A) and 7]
(B) by Ortep 3 representation.
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Fig. 3. Newman's projections illustrating the conformational modifications
observed on the crystallographic structures of the sulfonyl hydrazone 7a and its
methyl homologous 7.

In order to obtain information about the drug likeness profile of the

sulfonamides and sulfonyl hydrazones designed by modifications in the



34

previous prototype LASSBIio-448 (5), their cLogP, tPSA and pKa were
calculated in silico and their aqueous solubility were determined by ultraviolet
spectrometry [14, 21]. The data obtained are summarized in supplementary
material (Table S1 and S2).

The cLogP (<5) and tPSA (< 140 A?) calculated for compounds 5, 6a-|
and 7a-j (Tables S1 and S2) are in agreement with Lipinski’'s [22] (no violation
to the “rule of five”) and Veber's [23] rules, allowing the assumption that all
sulfonamides and sulfonyl hydrazones could be predicted having good oral
bioavailability potential.

Regarding compounds solubility, the molecular modifications introduced
at benzodioxole fragment of LASSBIi0-448 (5) have resulted in analogues with
better aqueous solubility, as exemplified by compounds 6a-6d. The attempt to
replace benzodioxole ring by naphthyl or biphenyl has reduced markedly the
solubility (6i-6j). As expected, all methyl homologous were less soluble than
their parent compounds. None of the modifications have changed,
significatively, the pKa of sulfonamide’s analogues (Table S1). The
conformational restriction and planarity introduced by the replacement of
ethylene subunit by an imine group have reduced the aqueous solubility of
sulfonyl hydrazones 7a-7e. As observed in sulfonamide series, methyl-
homologation reduced compounds’ solubility (7f-7]) (Table S2). The pka values
calculated in silico for sulfonyl hydrazones revealed their greater acidity
compared to the sulfonamides.

The chemical stability of sulfonamides and sulfonyl hydrazones was
investigated in buffer solution in pH values that simulate gastric acid (pH = 2)

and serum content (pH 7.4) [14]. Like the prototype 5, all sulfonamides showed
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great chemical stability at pH= 2.0 and pH = 7.4 (Fig. 4). On the other hand, the
sulfonyl hydrazones were stable only in pH=7.4. Their instability in acid
condition was demonstrated to be dependent of the imine hydrolysis, generating
the hydrazide and the aldehyde chemical precursors [24]. The analysis of
chromatograms obtained by HPLC-DAD confirmed this hypothesis, revealing

the signal characteristic of aldehyde formation (Fig. 5).
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Fig. 4. Chemical stability A) Sulfonamides at pH 7.4; B) Sulfonamides at pH 2;
C) Sulfonyl hydrazones at pH 7.4; D) Sulfonyl hydrazones at pH 2. Experiments
performed in duplicate / quadruplicate. Reading performed CLAE-PDA
[Shimadzu- LC20A; Kromasil C-18 column (4.6mm x 250mm); detector SPD-
M20A (Diode Array); flow rate: 1 ml / min]; Mobile phase: Acetonitrile: water,
60%. Wavelength: 254 nm and 308 nm. Calculations were performed according
to the peak area values of the analytes.
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Fig. 5: Chromatograms of chemical stability of compound 7b, representative of
sulfonyl hydrazone series. A) chemical stability of 7b at pH 2, time Omin,
retention time (rt) 5.9 min. ; B) chemical stability of 7b after 60min of incubation
in buffer at pH 2; degradation product (DP) rt 4.2 min.; C) UV spectrum of
degradation product (DP); D) chromatogram of 3,4-dimethoxyaldehyde at
100uM, rt 4.2 min; E) co-elution of 3,4-dimethoxyaldehyde with the chemical
stability sample of 7b; F) UV spectrum of aldehyde represented in D.
Experiments carried out in duplicate. Reading performed CLAE-PDA
[Shimadzu- LC20A; Kromasil C-18 column (4.6mm x 250mm); detector SPD-
M20A (Diode Array); flow rate: 1 ml / min]; Mobile phase: Acetonitrile: water,
60%. Wavelength: 308 nm.

3.2. Biology

3.2.1. Invitro studies

The efficacy of sulfonamides and sulfony hydrazones, designed in order
to optimize the prototype LASSBIi0-448 (5), was addressed first by evaluating
the capacity of these compounds to inhibit the four human PDE4 isoforms in
vitro, i.e. PDE4A, PDE4B, PDE4C, and PDE4D, using an IMAP-FP assay.
PDE4A, 4B and 4D, but not 4C, have been shown to play a pivotal role in
human inflammatory diseases [25,26], while the blockade of PDE4D has been

strongly associated with emesis, the most important side effect of this class of
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drug [26]. They were tested at a screening concentration of 10 yM. Compounds
able to inhibit the PDE4 activity in = 50% were further evaluated for potency
determination.

As demonstrated in Table 1, in general, the homologation by the
introduction of a methyl group on the nitrogen of sulfonamide and sulfonyl
hydrazone frameworks resulted in an improvement of PDE4 inhibition activity.
The presence of electron withdrawing group (e.g. NO, and CF3), as a
substituent of the position 4 in the phenyl ring linked to sulfonamide or sulfonyl
hydrazone sulfur atom, resulted in loss of activity. While the presence of the
electron donating group (e.g. OCHj3) contributed favorably to the activity. The
replacement of ethylene unit by an imine fragment in the structure of LASSBIo-
448 (5) was detrimental for the PDE4 inhibition (5 viz-a-viz 7a, Tables 1 and 2).

However, the methyl homologous of the sulfonyl hydrazone 7a (i.e. 7))
was the most active compound during the screening assays. This data, when
associated to the noticeable differences between the conformational aspects of
compounds 7a and 7j (Figs. 2 and 3), can indicate 7] as a frozen analogue of
LASSBI0-448 (5) that can mimic its bioactive conformation while compound 7a

cannot.
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Table 1. PDE4 recombinant isoform inhibition by cilomilast, the prototype

LASSBI0-448 (5) and its sulfonamide and sulfonyl hydrazone analogues.

Compounds PDE4A1A PDE4B1 PDE4C PDE4D3
Cilomilast (2) 91.3+0 91.3+27 98.5+3.6 98.8+2.1
LASSBi0-448 (5) 11,8 +1,13 Inactive 21,3+1,3 Inactive
(6a) Inactive 13.8 £13.8 Inactive Inactive
(6b) 6.1+9.0 Inactive Inactive Inactive
(6¢) 11.0+1.6 Inactive 20.7x4.2 23.8+0.3
(6d) 11,3+£6,6 Inactive 26,042 13,6 +4,4
(6e) Inactive Inactive 19.0+19.0 Inactive
(6f) 259+0.3 265+1.1 Inactive 27.6+0.9
(69) 43.0+5.6 33.0+04 235+3.1 35.6 +£0.5
(6h) 36.1+1.7 12.0+£4.3 16.4+£4.6 311+11
(61) 14.8+0.9 Inactive Inactive 10.8+£0.6
(6) 304+1.2 Inactive 12.1+5.2 9.1+2.1
(6k) 46.8+0.5 7.1+£1.0 26.6 £ 26.6 56.3+2.5
(61) 89.9£10.1 122+1.7 30.1+1.0 50.1+2.1
(7a) Inactive Inactive Inactive 8.8+0.6
(7b) 8,0+10,9 Inactive 195+2/4 159+5;3
(7c) 352+3,5 Inactive 40,2+1,2 20,2+2,8
(7d) Inactive Inactive 29,0+5,5 19,7+0,0
(7e) 11,9+6,7 Inactive 146 £2,7 Inactive
(71) 162+24 Inactive 39,3+5,2 26,1+15
(79) 31,5+5.2 Inactive 43,0+1,0 12,8 +3,7
(7h) 37,5+8,3 Inactive 354+74 22,2+8,8
(71) Inactive Inactive 157+1,4 12,4+5,6
(7j) 90.4+0.2 227124 25.5+10.2 90.7+15

All compounds were used at the concentration of 10 uM. Percentual values of inhibition of PDE4

isoforms were represented as mean + SEM from 3 distinct experiments. Values below 5% of
inhibition were indicated as inactive.
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Considering the data depicted in Table 1, the sulfonamides 6k and 6l and the
sulfonyl hydrazone 7] were selected to establish their concentration-response
curves on PDE4 isoforms.

The evaluation pointed out a selective on-target activity for 61 and 7j by
their blockade of PDE4A and PDE4D, with no significant effect on both PDE4B
and PDE4C isoforms. The compound 6k also shown to be active, but only
against the PDE4D, and at the limit of the established cut off (Table 1). As
expected, cilomilast (2) inhibited PDE4A, 4B, 4C and 4D showing ICs values of
0.20 +0.02 M, 0.40 + 0.07 uM, 0.30 + 0.01 uM, and 0.30 + 0.01 M (mean *
SEM) (n=3), respectively. Comparative of potency and maximal effect data with
cilomilast (2) is given in Table 4. The compound 7j displayed slightly lower 2.5-
and 2.3-fold potency than cilomilast concerning PDE4A and PDEA4D,
respectively. However, its maximal effect (Euax) was quite comparable to the
one of cilomilast as targeting PDE4A, and slightly lower (Eyax = 93% vs 99%)
as targeting PDE4D. The compound 6l was shown to be 15-fold less potent
than cilomilast (2) in inhibiting PDE4A, but about 118-fold less potent than the
reference compound in respect to the blockade of PDEA4D. Its efficacy upon
PDE4A was quite comparable with that of cilomilast (2), but for 61 Eyax was
clearly lower (63% vs 99%) as targeting PDE4D. The second sulfonamide
analogue 6k was 69-fold less potent than the reference compound in inhibiting
PDE4D. The Euax values for compound 6k concerning PDE4A and PDE4D
were 65 and 60%, respectively (Table 2). Since side effects of PDE4 inhibitors
can, at least in part, be related with on-target PDE4D activity [27,28], the low
efficacy of the sulfonamide analogues towards this isoenzyme should be an

advantageous for an anti-PDE4 agent.
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Table 2. Potency (ICsg) and maximal effect (Eyax) values obtained from
concentration-response curves of 6k, 6l, 7j and cilomilast (2) in PDE4A and

PDEA4D activity in vitro.

Compound PDE4A PDE4D
1Cs0 (LM) Envax (%) 1Cs0 (LM) Ewmax (%)
Cilomilast (2) 0.2+0.02 99+0 0.3+0.01 99+0.4
(6l) 3.0 £0.06* 97+2 35.3 +0.03* 63 £ 0.4*
(6k) n.d. 65 £ 1* 20.8 £ 0.02* 60 £ 0.1*
(7)) 0.5+0.01 100+0 0.7 £0.02 93 +0.5%

Values were represented as mean + SEM from 3 distinct experiments.

* p < 0.05 compared to cilomilast treatment.

3.2.2. Invivo studies

Investigations into the in vivo effectiveness of candidate to selective
PDE4A and D inhibitors using a short-term murine model of LPS-induced lung
inflammation were performed. Comparative data with the not sub-type selective
cilomilast is given in Table 5. Like the reference compound, 6l, 6k and 7],
administered orally 1 h before provocation, strongly inhibited airway hyper-
reactivity by LPS, as attested by aerolized methacholine 24 h post-challenge.
This is a surprising finding for candidate compounds acting on PDE4A and 4D
only, since PDE4B is shown to be a pivotal PDE4 isoform in mediating
inflammation by LPS [29]. LPS-induced production of pro-inflammatory
cytokines, like TNF-a and others, is associated to harmful responses, including
airway hyper-reactivity [10,19,30]. In our conditions, intranasal instillation of LPS

significantly increased TNF-a lung tissue levels from 41.5 + 8.6 pmol/mg (n=7)
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(controls) to 535.7 £ 59.5 pmol/mg (n=7) (p<0.05). As shown in Table 3,
cilomilast (2) (3 pmol/kg) abolished the LPS-induced TNF-a response, whereas
the sulfonyl hydrazone 7) dose-dependently decreased TNF-a production in
49% and 86% after doses of 6.25 and 25 ymol/kg. In contrast, the sulfonamides
6l and 6k, even at a dose 8-fold higher than cilomilast, were clearly less
efficacious compared to the reference compound, leading to a reduction in TNF-
a response of no more than 59% and 55%, respectively.

Concerning these analogues, blockade of TNF-a production was shown
to be irrelevant for their protective effect upon LPS-induced airway hyper-
reactivity as seen at the lower dose tested (6.25 pmol/kg) (Table 3). Taken
together, these results suggest that the development of more selective PDE4A
isozyme inhibitors, such as 7j, a sulfonyl hydrazone analogue of the previous
prototype LASSBI0-448 (5), can be of potential importance in controlling
disease states dominated by endotoxin-induced Ilung inflammation. Also,
despite the loss of efficacy on pro-inflammatory cytokine production, the
development of more selective PDE4A isoenzyme inhibitors, such as the
sulfonamides 61 and 6k, may be a useful strategy concerning those clinical

conditions where bronchoconstriction and airway hyper-reactivity is present.
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Table 3. Effect of compounds 6l, 6k, 7j and cilomilast (2) on LPS-induced

airway hyper-reactivity (AHR) and TNF-a production in the lung tissue.

Compound aﬁgllkg) % Inhibition
AHR TNF-a
Cilomilast (2) 3 94 + 3* 98.9+ 0.7*
) 6.25 95 + 4* 0.0+ 0.0
25 97 £ 2* 58.9 +12.7*
(6K) 6.25 95 + 2* 222+ 6.8
25 80 + 6* 55.1 £17.5*
_ 6.25 99 £ O* 48.7 £ 7.2*
7 25 97 + 6* 85.9+ 5.6*

Values were represented as mean + SEM from 6 mice. *p<0.05 as

compared to an untreated group.

Further, considering the two main pathophysiological components of
asthma disorder, it means inflammation and airways hyperresponsiveness, we
investigated the relaxant effect of 7j in a non-sensitized and sensitized guinea
pigs’ model. The model was selected considering that guinea pigs is known to
present a notable homology with humans in terms of airways and lungs
anatomy, pathophysiology and in response to contractile and bronchodilators
agents [31,22].

The comparative potency and efficacy of LASSBio-448 (5) and its
sulfonyl hydrazone analogue 7] to relax the tracheal preparations of non-
sensitized and sensitized guinea pigs is shown in Table 4. In order to assess
the airway epithelium involvement, the experiments were conducted in its
presence (E+) and absence (E-) in both non-sensitized and sensitized guinea

pigs. The airway epithelium is a relevant regulator of airway tonus, being



43

responsible for the production of important bronchodilators, such as nitric oxide
and prostacyclin [33-35].

On non-sensitized animals, LASSBIio0-448 (5) and 7j relaxed the guinea
pig trachea pre-contracted with CCh (1.0 mM) in both the presence (pECsp =
4.53 £ 0.12, 5.08 £ 0.26, respectively) and absence of epithelium (pECs = 4.36
+ 0.08, 5.09 £0.21, respectively). Similarly, on sensitized guinea pigs,
LASSBIi0-448 and 7] relaxed the guinea pig trachea pre-contracted with CCh
(1.0 mM) in both the presence (pECso = 4.61 £0.2, 5.19 + 0.21, respectively)
and absence of epithelium (pECso = 4.60 £ 0.11, 5.50 + 0.15, respectively). The
results clearly demonstrated that LASSBIi0-448 (5) and its sulfonyl hydrazone
analogue 7j presented their relaxant effects independently of the epithelium
presence on guinea pig trachea (Fig. 6). Therefore, it is plausible that their
action occurs directly on airways smooth muscle. However, 7j and its prototype

5 were less potent than the non-selective PDE4 inhibitor rolipram (Fig. 6).
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Fig. 6. Effect of rolipram (1), LASSBIi0-448 (5) and 7j on the tonic contractions
induced by CCh (1.0 mM) in the presence (E+) or absence (E-) of functional

epithelium on non-sensitized (A) and sensitized guinea pigs (B). Symbols and

vertical bars represent the mean and S.E.M., respectively.

3.3. Parallel artificial membrane permeability assay (PA  MPA)

The comparative permeability profile of 7j and its parent analogue (5,
LASSBI0-448) was determined using Parallel artificial membrane permeability
assay (PAMPA) [44-49]. As demonstrated in Table 4, the prototype 5 and 7]
showed high permeability through gastrointestinal tract with 93.74% and
99.30% of experimental absorption range.

Considering the ability of compound 7) to inhibit PDE4D and the

association of this isoenzyme with the emetic effects of PDE4 inhibitors, we also
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investigated the capability of 7j to cross the blood-brain barrier (BBB) by using
PAMPA-BBB assay [45,49]. As depicted in Table 5, 7] displayed high
experimental BBB permeability (Pe) across BBB through passive diffusion. This
result was similar to roflumilast, being both compounds classified as CNS+, and

it was different from the prototype 5 (LASSBIi0-448) that showed a smaller Pe

(3,46x10-6 cm/s) value.

Table 4. Permeability coefficient of standard drugs, used as a control, and of

target compounds by the PAMPA-TGI assay.

Compound Literature ~ Experimental Experimental Classification
permeability permeability absorption
(10°cm/s) (10°°cm/s) range
(%)
Aciclovir 0.06 0.08 2,98 Low
Aspirin 3.8 1.69 47.36 Medium
Atenolol 0.1 0.11 4.22 Low
ketoconazol 3.3 4.93 84.68 High
Cumarin 22.9 22.65 99.98 High
Diclofenac 12.5 13.01 99.28 High
Hidrocortisone 3.4 2.16 55.93 Medium
Prednisone 5.7 3.09 69.16 Medium
Ranitidine 0.5 0.38 13.48 Low
Sulfassalazine 0.3 0.45 15.5 Low
Verapamil 7.4 6.45 91.40 High
(2) - 7.29 93.74 High
(7)) - 13.08 99.30 High

Roflumilast (3) - 5.28 86.58 High
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Table 5. Permeability coefficient of standard drugs, used as a control, and of
target compounds by the PAMPA-BBB assay.

Literature Experimental
Compound Permeability Permeability Classification
(10°cm/s)  (107° cm/s)

Atenolol 0.8 0.6 CNS -
Caffeine 1.3 1.28 CNS -
Diazepam 16 15,30 CNS +
Enoxacin 0.9 0.56 CNS -
Hydrocortisone 1.9 1.72 CNS -
Ofloxacin 0.8 0.54 CNS -
Testosterone 17 10.55 CNS +
Verapamil 16 8.18 CNS +
LASSBIi0-448
(1) - 3.46 CNS +/-
LASSBio0-1632
(8a) - 6.52 CNS +
Roflumilast - 8.05 CNS +
Conclusion

In summary, we describe here the attempt to optimize the anti-PDE4
activity of the prototype LASSBIi0-448 (5), through the design of two series of
analogues: the sulfonamides (6a-1) and sulfonyl hydrazones (7a-7j). 7]
(LASSBIi0-1632) was identified as new PDE4 inhibitor, with a selective effect
upon PDE4A and PDE4D isoenzymes. This sulfonyl hydrazone was shown to
modulate the hyper-reactivity (AHR) and TNF-a production in the lung tissue,
being effective at an 8-fold higher dose than the reference compound. It also
relaxed guinea pig trachea on non-sensitized and sensitized animals, arising as

a new anti-asthmatic lead-candidate with great TGl permeability. In view of
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compound 7j PDEA4 inhibition profile and its in silico prediction as BBB permeate
drug, the ability of 7] to induce emesis and its efficacy in others models for
human inflammatory diseases are now under investigation.
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A new selective PDE4A and PDE4D inhibitor

Good drug-like properties

blockade of airway hyper-reactivity (AHR) and TNF-a
production in the lung tissue

relaxant effects on guinea pig trachea
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