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Abstract

We describe herein the structural optimization of new piperamide analogues, designed from two natural prototypes] pipepiyger-
dardine2, obtained fromPiper tuberculatundacq. (Piperaceae). Molecular modeling studies using semiempirical AM1 method were made
in order to establish rational modifications to optimize them by molecular simplification. The targeted comp@)rad=l((L1) were re-
spectively obtained using benzaldehyd®)(and para-anisaldehyde(3) as starting material$H NMR spectra showed that the target
compounds were diastereoselectively obtained asBhes¢mer, the same geometry of the natural prototypes. These new synthetic amides
presented significant hypotensive effects in cardiovascular essays using in vivo methodologies. Cdpdlifid(4'-methoxyphenyl)-
2(E)-pentenoyl]thiomorpholine) showed a potency 10,000 times greater than its proftgpelencing an optimization of the molecular
architecture for this class of hypotensive drug candidates.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction 1 and2 (Fig. 1). In addition, we recently described the total
synthesis o2 and a new bioactive isost@r (Araljo et al.,
In a previous work, we described the isolation of a mix- 2001) using natural safrol@ (Ocotea pretiosandPiper his-
ture of amides fronPiper tuberculatumlacq. (Piperaceae), pidinervun) as starting materiaBarreiro and Fraga, 1999
i.e. piperinel and piperdardin (Fig. 1), which showed, (Fig. 7). The evaluation of the cardiovascular properties of the
in mixture, an important hypotensive activity in rafgédjo pure natural products and2 and their synthetic analogues
et al., 1997,1998 Exploring the molecular architecture of showed that these derivatives presented a significant ability
these natural bioactive compounds we described, in an at-to lower both blood pressure and heart rate in normotensive
tempt to improve their pharmacological properties, the syn- rats.
thesis Araljo et al., 1999 and pharmacological evaluation In this context, the present work describes with basis on
(Cunha et al., 1998of new analogue8-7, rationally de- the investigation of the structure—activity relationships re-
signed by molecular hybridization of both natural prototypes lated to the series of compounds, Be7, previously synthe-
sized and pharmacologically evaluated by our research group,
« Corresponding author. Tel.: +55 21 2562 6644; fax: +55 21 2562 6644, € design, aided by molecular modeling, of new bioactive
E-mail addresscmfraga@pharma.ufrj.br (C.A.M. Fraga). piperamide analogud®andl11. We also describe herein the
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Fig. 1. Design concept of the piperamide analogies

synthetic approach to reach the new target compounds andSearchCompare 95.0, 1995and subsequently to volume
their pharmacological evaluation as modulators of the arterial operations.

pressure.
2.2. Chemistry
2. Experimental section Reactions were routinely monitored by thin-layer chro-
matography (TLC) on silica gel (precoated F245 Merck
2.1. Molecular modeling studies plates) and products visualized with iodine or UV-lighting

(254 and 365 nm):H and'3C NMR spectra were determined

The protocols used for minimization, conformational in CDClz solutions with a Bruker AC-200 spectrometer.
search, superimposition, and volume calculations have Peak positions are given in parts per milliaf) downfield
already been describedStewart, 1990 Briefly, three- from tetramethylsilane as internal standard, andalues
dimensional models for compoun@s7, 10, and 11 were are given in Hz. IR spectra were obtained with a Nicolet
constructed using MOLDEN softwar&¢haftenaar, 1997 Magna IR 760 spectrometer. The samples were examined
Each structure was then submitted to MOPAC 6.0 semi- either as liquid films or potassium bromide disks. Microanal-
empirical software $tewart, 199pfor geometry optimiza-  ysis data were obtained with a Perkin-Elmer 240 analyzer,
tion and conformational search. The optimization was done using Perkin-Elmer AD-4 balance. Melting points were de-
without any geometrical restriction using the following key- termined on Quimis instrument and are uncorrected. Column
words AM1, PRECISE, EF, HESS = 1, MMOK; in con- chromatography purifications were performed using Merck
formational search were used: AM1, STEP = 30, POINT = 230-400 mesh silica gel. All products reported showed
12, GNORM = 1.0, MMOK. The obtained minimum energy and3C NMR spectra in agreement with the assigned struc-
conformation was geometry optimized under AM1 semi- tures. Organic solutions were dried over anhydrous sodium
empirical calculations. These calculations were carried out sulfate and organic solvents were removed under reduced
on a Pentium Il 800 MHz under Linux Mandrake 8.0 op- pressure by rotatory evaporator.
erational system. The Sear€@ompare module of Insight Il
software GearchCompare 95.0, 1995vas used for super-  2.2.1. General procedure for the preparation of

imposition and volume calculations undeB#licon Graph- compoundd4, 15, 20, and21

ics O2 R5000 workstation under IRIX 6.3 operational sys- To a stirred solution of the corresponding aldehyde
tem. The molecules were superimposed using the atoms in{(1.3 mmol) in pyridine (15 mL) and piperidine (1.5mL),0.3g
cluded in thea,B-unsaturated amides for compourgls, (2.86 mmol) of malonic acid was added. The resulting mix-

10, and 11 After that, we submitted this superimposition ture was submitted to reflux for 1 h, when TLC analyses
to steric-electrostatic alignment using the similarity function indicated the disappearance of the starting material. After
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cooling to ambient temperature, the reaction mixture was (3 x 30 mL). The organic layers were dried under anhydrous
neutralized with 1N hydrochloric acid under ice bath, ob- sodium sulfate and the solvent was totally removed under
serving crystallization of a white solid, which wasfilteredina reduced pressure. The resulting yellow oil was purified by
Buchner funnel and washed with cooled water. Recrystalliza- column chromatography using hexane:ethyl acetate (7:3) as

tion from aqueous ethanol (1:1) afforded the corresponding eluent.

a,B-unsaturated acids in 94-95% yield.
3-Phenyl-2(E)-propenoic acid14). White solid, yield
95%, 1.23 mmol; mp 134C (lit. 131-136°C; Heilbron and
Bunbury, 1953 'H NMR (CDCk) &: 6.47 (d, 1H,J =
16.1Hz), 7.2-7.4 (m, 5H), 7.81 (d, 14 = 16.1 Hz), 11.02
(s, 1H).13C NMR (CDCh) 5: 117.4 (C-2); 128.4 (C%®);
128.9(C-35);130.7(C-4); 134.1(C-1); 147,1(C-3); 172.8
(C=0). IR vmax (KBr disk) (cn1): 3027, 2696, 1686, 1631,
1224, 982, 769, 712.
3-(4-Methoxyphenyl)-2(E)-propenoic acidg). White
solid, vyield 94%, 1.22 mmol; mp 173-176 (lit.
170-173C; Heilbron and Bunbury, 1953 'H NMR
(CDClg) é8: 3.81 (s, 3H), 6.41 (d, 1H] = 16.0Hz), 6.98 (d,
2H,J =8.5Hz), 7.58 (d, 1HJ = 16.0Hz), 7.65 (d, 2HJ) =
8.5Hz), 12.01 (s, 1H)}*3C NMR (CDCk) §: 55.2 (OCH3):
114.3 (C-35); 116.5 (C-2); 126.8 (C-); 129.9 (C-2,6);
143.7 (C-1); 160.9 (C-4); 167.8 (G=0). IR vmax (KBr disk)
(cm~1): 3031, 2589, 1689, 1601, 1514, 1259, 1176, 826.
5-Phenyl-2(E)-pentenoic acid2@). White solid, yield
94%, 1.22 mmol; mp 10%C (lit. 104°C; Cristau and Taille-
fer, 1999; 'H NMR (CDCl) §: 2.42 (q, 2H,)= 7.2 Hz), 2.72
(t,2H,J=7.2Hz),5.84 (d, 1H) = 15.3 Hz), 7.06 (d, 1H]) =
15.3Hz), 7.1-7.3 (m, 5H), 11.03 (s, 1H§C NMR (CDCh)
5: 30.8 (C-4); 33.6 (C-5); 121.4 (C-2); 126.3 (Cr4128.4
(C-2,6); 141.1 (C-1); 149.9 (C-3); 171.7 (€0). IR vmax
(KBr disk) (cnm1): 3029, 2695, 1684, 1632, 1225, 984, 771,
710.
5-(4-Methoxyphenyl)-2(E)-pentenoic aci@lj. White
solid, yield 95%, 1.23 mmol; mp 13T; *H NMR (CDCl)
8: 2.44 (q, 2H,J = 7.3Hz), 2.75 (t, 2HJ = 7.3Hz), 3.77
(s, 3H), 6.02 (d, 1HJ = 15.6 Hz), 6.91 (d, 2HJ = 8.7 Hz),
6.98 (d, 1H,J = 8.7 Hz), 7.07 (d, 2H) = 15.6 Hz), 12.03
(s, 1H).23C NMR (CDCB) 5: 28.3 (C-4); 33.2 (C-5); 55.1
(OCH3); 113.3(C-35); 116.5 (C-2); 121.6 (C-1); 129.9 (C-
2,6); 133.5 (C-1); 149.9 (C-2); 158.2 (C4¥; 171.2 (G=0).
IR vmax (KBr disk) (cn1): 3030, 2586, 1685, 1603, 1618,
1257, 1174, 825.

2.2.2. General procedure for the preparation of
compoundd.6and17
To a suspension of lithium aluminum hydride (0.114 g,

3mmol) in THF (10 mL), under nitrogen atmosphere, a so-

lution of the corresponding acid (1.0 mmol) in THF (10 mL)

3-Phenyl-1-propanol 16). Yellow oil, yield 94%, 0.94
mmol; 'H NMR (CDCl) §: 1.92 (quintet, 2H,) = 4.7 Hz),
2.73 (t, 2HJ=4.7Hz), 3.68 (t, 2HJ) = 4.7 Hz), 7.2-7.4 (m,
5H).13C NMR (CDCh) 6: 32.2 (C-2), 34.3 (C-3), 62.2 (C-1),
126.0 (C-4), 128.5 (C-35), 128.6 (C-26), 141.3 (C-1).
IR vmax (film) (cm~1): 3458, 2929, 1738, 1036, 701.

3-(4-Methoxyphenyl)-1-propanoly). Yellow olil, yield
96%, 0.96 mmol*H NMR (CDCl) §: 1.87 (quintet, 2HJ =
3.5Hz), 2.65 (t, 2HJ = 3.5 Hz), 3.67 (t, 2HJ = 3.5 Hz), 3.80
(s, 3H), 6.84 (d, 2H)=8.6 Hz), 7.13 (d, 2H) = 8.6 Hz).13C
NMR (CDClg) §: 31.3 (C-2), 34.6 (C-3), 55.5 (A€3), 62.5
(C-1), 114.0 (C-85), 129.5 (C-26), 134.1 (C-1), 158.0
(C-4). IR vmax (film) (cm™1): 3364, 2936, 1513, 1037, 832.

2.2.3. General procedure for the preparation of
compound48and19

To a mixture of pyridinium chlorochromate (PCC)
(0.323 g, 1.5 mmol) and dichloromethane (50 mL), 1.0 mmol
of the corresponding alcohol was added. The resulting mix-
ture was stirred for 1 h under ambient temperature, when TLC
analyses indicated the disappearance of the starting material.
The mixture was filtered over silica gel and magnesium sul-
fate, under vacuum, washing with dichloromethane. The sol-
vent was totally removed under reduced pressure, resulting in
a yellow oil, which was purified by column chromatography
using hexane:ethyl acetate (8:2) as eluent.

3-Phenyl-1-propanaldehydé®). Yellow oil, yield 93%,
0.93mmol;'H NMR (CDCls) §: 2.82 (t, 2H,J = 5.9 Hz),
2.99 (t, 2H,J = 5.9Hz), 7.2-7.4 (m, 5H), 9.8 (s, 1H)3C
NMR (CDCI3) §: 27.5 (C-2), 44.7 (C-3), 126.4 (C¥128.4
(C-3,5),128.7 (C-2,6),139.7 (C-1), 201.2 (G=0). IR vmax
(film) (cm~1): 2928, 1739, 1032, 701.

3-(4-Methoxyphenyl)-1-propanaldehyde). Yellow oil,
yield 96%, 0.96 mmol*H NMR (CDCl) 8: 2.67 (t, 2H,J =
6.0Hz), 2.85 (t, 2HJ = 6.0Hz), 3.73 (s, 3H), 6.77 (d, 2H,
J = 10.0Hz), 7.07 (d, 2HJ = 10.0Hz), 9.75 (s, 1H)!3C
NMR (CDCl3) 8: 27.4 (C-3), 45.6 (C-2), 55.4 (O43), 114.4
(C-3,5), 129.3 (C-26), 132.5 (C-1, 158.2 (C-4), 201.9
(C=0). IR vmax (film) (cm~1): 2933, 1513, 1036, 831.

2.2.4. General procedure for the preparation of
compoundd40and1l
To the corresponding acid (1.0 mmol), thionyl chloride

was gently added, under ice bath. The resulting mixture was (7.2 mL, 100 mmol) was added, under inert atmosphere. The
stirred until it reached ambient temperature and then it was resulting mixture was refluxed for 1 h. The solvent was com-
submitted to reflux for 4 h, when TLC analyses indicated the pletely removed under vacuum and the crude material was
disappearance of the starting material. After cooling to ambi- dissolved in dichloromethane (8 mL). Then, thiomorpho-
ent temperature, 10 mL of methanol and then 10 mL of water line (0.289 g, 2.8 mmol) was added, and the resulting react-
were added to the reaction mixture, which was concentrateding mixture was stirred at ambient temperature for 30 min,
under reduced pressure. The crude mixture was neutralizedvhen TLC analyses indicated the disappearance of the start-
with 1N hydrochloric acid and extracted with ethyl acetate ing material. Water (30 mL) was added and the mixture
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was extracted with dichloromethane 330 mL). The or- All substances above were dissolved in saline solution and
ganic layers were dryed under anhydrous sodium sulfate andkept under refrigeration. The test compoud@sndllwere
solvent was totally removed under reduced pressure. The re-solubilized in cremophor (final concentration of 5%). For
sulting light brownish oil was purified by column chromatog- arterial blood pressure registering in vivo, a pressure trans-

raphy using hexane:ethyl acetate (7:3) as eluent. ducer (Stathan P23 ID, Gould) coupled with a two-channel
N-[5-Phenyl-2(E)-pentenoyl]thiomorpholind@. Light physiograph (Beckman R-511A) was used. The vehicles (cre-

brownish oil, yield 91%, 0.91 mmokH NMR (CDCl) é: mophor 5% or saline) given alone were completely devoid of

2.68-2.85 (m, 4H), 2.99 (t, 2H,= 7.2 Hz), 3.18 (t, 2HJ = effect on arterial blood pressure in non-anaesthetized rats.

7.2Hz),3.97 (s, 4H), 6.33(d, 1H=15.2 Hz), 7.05 (dt, 1H]

=7.2Hzand 15.2 Hz), 7.36-7.59 (m, 51JC NMR (CDCh) 2.3.2. Methods

8: 27.5 (C-3), 27.8 (C-5), 34.3 (CB 34.7 (C-4), 44.5 (C- The arterial blood pressure measurements were made di-
2), 48.4 (C-6), 121.1 (C4}, 126.2 (C-4), 128.6 (C-3,5"), rectly (Cerutti et al., 198bin normotensive male Wistar rats.
128.7 (C-2,6"), 141.2 (C-1), 145.3 (C-2), 165.9 (G=0). Two days before the experiment, the animals were briefly
IR vmax (film) (cm~1): 2916, 2859, 1651, 1251, 1190. Anal. anesthetized with halothane (2% inp)and polyethylene
Calcd. for GsH19NOS: C, 68.93; H, 7.33; N, 5.36; O, 6.12; catheters (a PE-10 strained segment coupled to a PE-50 seg-

S, 12.27. Found: C, 68.84; H, 7.26; N, 5.31. ment, of 0.58 mm inner diameter and 0.96 mm outer diame-
N-[5-(4'-Methoxyphenyl)-2(E)- ter) were inserted into the lower abdominal aorta and inferior
pentenoyl]thiomorpholine 1(1). Light brownish oil, cava vein, through the femoral artery and vein, respectively.

yield 89%, 0.89 mmol;}H NMR (CDCl) §: 2.50-2.70 The reduction of diameter of the PE-10 catheter segment
(m, 2H), 2.61 (s, 4H), 2.72-2.79 (m, 2H), 3.81 (s, 3H), minimized the risk of leg ischemia. After insertion and fix-

3.60-4.0 (m, 4H), 6.16 (d, 1H] = 15.2Hz), 6.85 (d, 2H, ation, the catheters were filled with heparinized saline and
J = 7.2Hz), 6.80-7.0 (m, 1H), 7.12 (d, 2H,= 7.2 Hz). emerged from an incision at the posterior cervical region

13C NMR (CDCh) §: 27.8 (C-3,5), 33.8 (C3, 34.6 (C-4), (scapulag. The arterial catheter was connected to a pres-
44.6 (C-2), 48.6 (C-6), 55.4 (O43), 113.9 (C-3,5"), 121.0 sure transductor (Stathan P23 ID), which was coupled to a
(C-1), 129.5 (C-2,6"), 133.1 (C-1), 145.5 (C-2), 158.1 two-channel physiograph (Beckman R-511 A), for the arte-

(C-4"), 166.0 (G=0). IR vmax (film) (cm~1): 2919, 2836, rial blood pressure registering, and the venous catheter was
1651, 1248, 1188. Anal. Calcd. forgH21NO,S: C, 65.95; used for the test compounds administration. On the day of ex-
H, 7.26; N, 4.81; O, 10.98; S, 11.00. Found: C, 66.02; H, periment, after 30 min of cardiovascular parameters stabiliza-

7.31; N, 4.77. tion, sodium nitroprusside (8g/kg, i.v.) was administered to
verify the effectiveness of the venous catheter implantation.

2.3. Pharmacology Subsequently, a dose response curve with compal®asd
11in crescent doses (0,087; 0,174; 0,348; 0,841; 1,70 and

2.3.1. Materials 3,48umol/kg, i.v.) was obtained. During the experiments, the

Normotensive male Wistar rats, weighting between 250 animals were kept in a cage, where they were unrestrained
and 350 g, from Nicleo de Pesquisas em Produtos Naturais, and had free access to food and water. Doses were admin-
Laborabrio de Tecnologia Farmaatica, Universidade Fed-  istered randomly with enough time intervals so that all the
eral da Partha (J&o Pessoa, PB, Brazil), were kept under hemodynamic parameters returned to their basal values.
temperature control (2& 1°C) and lighting (06:00 a.m. to
06:00 p.m.), with free access to food and tap water. Experi-
mental protocols and procedures were approved by the Lab-3- Results and discussion

orabrio de Tecnologia Farméatica Animal Care and Use _
Committee. The following substances were used in this pro- ~ Table Ishows the values of the effective dose to reach 50%

tocol: of maximum effect (Elgp) measured from the pharmacolog-
ical evaluation of the derivatives-7 previously described by

- (N,N,N';N')-bis(beta-aminoethylether)ethyleneglycoltetra- Cunha et al. (1998)
cetic acid (EGTA), sodium nitroprusside (NPS) and  withthese biological resultsin hands, the next step to con-
cremophor, from Sigma; struct a probable pseudopharmacophoric model consisted in

- sodium bicarbonate (NaHGQ) magnesium sulfate hep-  to evaluate the conformational behavior of these compounds
tahydrate (MgS@7H,0), calcium chloride dihydrate (3-7) applying the semiempirical AM1 methodtewart,
(CaCh-2Hz0), sodium chloride (NaCl), glucose, sodium 1990, followed by superimposition of their minimum en-

dihydrogenophosphate monohydrate (NBEx-H20), ergy conformer in order to explain qualitatively the in vivo

disodium ethylenedinitrylotetracetate dihydrate (EDTA), profile of the inactive amide derivativa It is important to

all from Merck; note that the bioactive conformation may not be the prevail-
- potassium chloride (KCI), from Vetec (Brazil); ing one observed in the solid state, in solution, or in vacuum.
- sodium heparin, from Roche (Brazil); The selection of the bioactive conformation between several

- halothane, from Crigtiia (Brazil). “non-bioactive” ones can be based on its comparison with
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Table 1 |

Pharmacological results for compourgs and10-11 B ?\ c
Com b A~ SSTONTTY
pound X 1 EDs0o” (nmol/kg) Q — k

3 CH, 6 1.86+0.33 RS S

4 (e} 6 1.80+ 0.31

5 S 6 0.92+ 0.31 R =H(10)

6 SO 6 1.2940.26 R = OCHy(11)

7 - 6 Inactivé
10 H 6 0.69+ 0.19 Fig. 3. Structure of the new designed piperamide analog0esd11.
11 OCHs 6 <0.000¢

@ Number of animals used in this experimental protocol.

2 3 . .. .
b Values obtained from the dose-response curve of the average arterialvoIume of 10,641A" in a supposed steric-limited region of

pressure control protocol in awake unrestrained 1@tspa et al., 1993 the active site.
¢ No variation in the arterial pressure was obtained until the maximal We also identify a hydrophobic pocket atthe neighborhood
doses of 1.0mg/kg (15;2mol/kg). of the steric-limited site enunciated above, justifying the best

d The effect on arterial pressure was not evaluated at doses below

0.025 mg/kg (0.000kmol/kg). hypotensive profile for compourtin a comparison witl3,

4 and6. The presence of hydrophobic aromatic residues, e.g.
tyrosine, could also explain the better activity showe® by
other less flexible molecules acting at the same binding site comparison with that evidenced for compouB@sd4, since
(Gund, 1998. However, since the binding site for molecules this residue is able to perform both hydrophobic interactions
3-7has not yet been identified, we decided to perform anini- (through its phenyl ring) and hydrogen bond interactions (by
tial procedure in vacuum, by means of semi-empirical meth- its para-hydroxyl group).

ods, as the starting point to study the ligand-receptor com-  The structure-activity profile of compoun@s7 enables
plementarities, to be further refined with the identification of us to enumerate the contributions of the substituents at the

the biological target. amide bond level ¢-region; Fig. 1). It would be suitable
Our group has already described the use of volume de-now to investigate howA- and B-regions contribute to the
scriptors to develop pharmacophore modélsrij et al., improvement of the hypotensive profile, in order to optimize

2002, suggesting that a volume analysis can be indica- the natural prototypes and2. We had already modified the
tive of the binding site shape. Compouiidpresents the  B-regionina previousworkJuarte etal., 19990obtaining an
amide bond conjugated with the aromatéza-chloro-phenyl inferior piperine @) vinylogue series, which resulted in much
group, which is in the same plane that double bond. This aro- less potent hypotensive compounds. On doing so, we are able
matic region appears to Beerically unfavorablein complete to propose new analogues, such as compouridand 11
agreement with the absence of hypotensive activity displayed(Fig. 3), keeping the thiomorpholine group, elected as the best
by this compoundKig. 2). The investigation of molecular  substituent aC-region, as well as the C4-spacer betwéen
volume of derivatives3—7 shows all values at the same or- andC, and modifying the benzo[1,3]dioxolyl group, in a way
der of magnitude (232.4, 225.4, 236.3, 244.7, and 2845 to investigate the electronic contributions of this biophore to
for compound$-7, respectively). Despite this fact, an addi- this series of compounds. Also, conformational analysis of
tional volume of7 is located in a region not occupied by com- compoundd0and11 suggested that the modification Af
pounds3-6, approximately in the same plane of the amide region does not induce relevant alterations on the shape of
bond Fig. 2), which agrees with the conformational consider- the molecules, so the ligand-receptor complementarities in
ations described above. Thus, this result shows an additionalregionsB andC appear to be kept in compounti8and11.

Fig. 2. Superimposition of the compoungis7. The intersection volume of active compours$ can be seen in a line-delimited volume, while the exclusion
volume of compound can be seen in a solid-orange volume.
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Considering the evidences for important contributions of
a sterically limited region at the binding site to the activity of
compound$-7, summarized ifFig. 2, a new step of molec-
ular modifications was initiated concerning tieregion
(Fig. 3). So compoundOwas designed by complete removal
of the 3,4- methylenedioxy group, which could imply in the
loss of the ability of making hydrogen bonds, demonstrat-
ing how important is the interaction with hydrogen bond do-
nating residues of the target interacting site. In contrast, in
compoundll1 we kept thepara-position oxygenated, intro-
ducing apara-methoxy group. This strategy enables an im-
provement of the electronic donating effectpafra-O atom
at the phenyl ring, abolishing the electronic withdrawing ef-
fect ofmetaO atom presentin the benzo[1,3]dioxolyl system
(Fig. 3.

Derivatives10 and 11 were synthesized exploring use-
ful classic methodologies depicted Fig. 4. The first step

C.M. Duarte et al. / European Journal of Pharmaceutical Sciences 23 (2004) 363-369

tween 6.0 and 7.0 ppm, both witldy 4 = 15Hz, a typical

AB pattern of the desired configuration of the double bond.
Finally, these acids were reacted with thionyl chloride and
then the acyl chloride intermediate waise-potreacted with
thiomorpholine, as described by our group in the synthesis
of piperdardine and its analogueséUjo et al., 1999,2001
affording amidedl0 and11in 71% and 65% overall yields,
respectively.

The compound&0andl1l1were submitted to the pharma-
cological evaluation of their antihypertensive profile in the
model of arterial blood pressure measurement in awake un-
restrained normotensive rats. Test compounds were admin-
istered intravenously in crescent doses and the measurement
of the arterial pressure was done as describe@dyutti et
al. (1985) The resulting dose-response curve was used to
calculate Elgp values for each compounddble ). Once
compoundl0 was more active than compoufdit is rea-

consisted in the base catalyzed condensation of malonic acidsonable to note that the benzo[1,3]dioxolyl group is not an

with the respective aromatic aldehyd&2 and 13 (Duarte

et al., 1999, furnishing the corresponding cinnamic acids
14 and 15, which were next submitted to complete reduc-
tion with lithium aluminum hydrideBode et al., 1995 giv-

ing the corresponding saturated alcohb&and 17. They
showed two triplets and one quintet in the NMR spec-
tra, with a coupling constantdy 1) of 4 Hz approximately,

corresponding to the saturated three-carbon system. The sub-

sequent oxidation of alcohols and17 to the correspond-
ing aldehydes18 and 19 was achieved with pyridinium
chlorochromate (PCC) as described Ggrey and Suggs
(1975) The 3-phenylpropionaldehydé8 and19 were sub-
mitted to the same conditions described for the first step
(Duarte et al., 1999 furnishing the desired,3-unsaturated
acids20 and 21 presenting an ethylene spacer. The analy-
ses of'H NMR spectra of these derivatives allowed us to
characterize them as the correspondiff}diastereomers

due to the presence of a doublet and a double triplet be-

essential motif to the higher molecular recognition by the
supposed bioreceptor under the pharmacological essay per-
formed. Moreover, the introduction para-OCH;z group in-
creases greatly the showed activity of this series of com-
pounds, indicating that th&-region can make important in-
teractions, being probably essential to optimize the hypoten-
sive profile.

It is also relevant to mention that the vasodilator effect
of the compounds amide derivatives developed herein, i.e.
3-7, 10, and11, investigated through in vitro methodologies,
shows that the probable mechanism of action does not depend
on the vascular endothelium, but is directly related to the in-
hibition of intracellular calcium release from noradrenaline-
sensitive storesAraljo, 200).

All observations above were summarized in a 2D model
(Fig. 5), which shows the probable structural features as-
sociated with the hypotensive profile of this new series of
a,B-unsaturated amide derivatives.

(6]
/©)J\H HO,C”~CO,H,Py /\/ OH _UAH,THF /@MOH
reflux,4h
R %N reflux,1h /Ej 94-96% R
R=H 12 94-95% (Bode et al., 1996) R=H 16
R=OCH, 13 (Durate etal.,1999) R= CH3 15 R=0OCH, 17
(0] (0]
PCC.CH.CI HO,C” ™CO,H,P %
e . (e
90-93% R LN refiux,1h R
(Corey & Suggs,1975) R=H 18 94-95% R=H 20
R=OCH, 19 (pyrate etal,1999) R=0CH, 21

i) SOCL, reflux,1h
i) thiomorpholine,
CH,Cl, ,r.t.,0.5h

89-91%
(Araujo-Jr et al. 1999;
ibid,2001)

R

Fig. 4. Synthetic route for the preparationcgp-unsaturated amidd and11.
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5, S-site Araljo Jr., J.X., 2001. Planejamentdntese e avaligm farmacdbgica
G de novos aalogos de piperamidas hipotensoras. DSc. Thesis, NPPN-
UFRJ, Rio de Janeiro-RJ, Brazil.

Araljo Jr., J.X., Da-Cunha, E.V.L., Chaves, M.C.O., Gray, A.l., 1997.
Piperdardine, a piperidine alkaloid frofiper tuberculatum Phyto-
chemistry 44, 559-561.

Araljo Jr., J.X., Stuckert-Seixas, S.R., Chaves, M.C.O., Medeiros, |.A,,

(?) 1998. Avalig@o da atividade hipotensora de amidas isoladas de Piper

tuberculatum Jacq. Anais da Xlll Re@oi Anual da Federao das

Fig. 5._ Two-d_imensi_onal binding model for compouti{H: hidrogen bond Arausjc())cile:a‘;jlt)e(s‘,dgalfggilsjgfl?ziipg;?;ir:flb.]|-32.: ]lﬁfgf aéim,\t/)lu nggBrg)z,I,:

donating; L: lipophilic; and S: steric). thesis of piperamides and new analogues from natural safrole. Synth.

Commun. 29, 263-273.
Araljo Jr., J.X., Duarte, C.M., Chaves, M.C.O., Parente, J.P., Fraga,

H-site

L-site

4. Conclusions C.AM., Barreiro, E.J., 2001. Synthesis of a natural amide alka-
loid piperdardine and a new bioactive analogue. Synth. Commin. 31,
We h ined t t | ti f fi 117-123.

¢ _ave e)_(am_me Some struc ura_ prop_er_ 1es O ve Barreiro, E.J., Fraga, C.A.M., 1999. A utiliZzae do safrol, principal com-
new amide derivatives3{-7) with hypotensive activity, using ponente gimico dooleo de sassas, na mitese de subahcias bioa-
semi-empirical methods and molecular volume calculations, tivas na cascata dacido araquidnico: antiinflamatrios, analgsicos
which suggested the presence dtarically limitedregion e anti-tromidticos. QUm. Nova 22, 744-759.
in the resulting modelRig. 1). Based on this considera- B°de, JW. Doyle, M.P., Protopopova, MN., Zhou, Q. 1996.

. Intramolecular regioselective insertion into unactivated prochiral

Flon’ two new comp_o_und_slo_and 11) emerg_ed possess- carbon-hydrogen bonds with diazoacetates of primary alcohols cat-
ing a structural modification in the oxygenation pattern of  ayzed by chiral dirhodium(ll) carboxamidates: highly enantioselec-

the lead5. The results from the pharmacological essays tive total synthesis of natural lignan lactones. J. Org. Chem. 61,
for both new compounds suggest that hydrogen bond with  9146-9155. ,

oxygen atoms of benzo[1,3]dioxolyl group is not essen- Ceruttll, C., Bargs, C., Paultre, C.Z., Sassard, J:, 1985. (_Zomputer—ana_ly5|s
. . .. . . . of intraarterially recorded blood-pressure in conscious unrestrained
t!al to the blo_act_lwty of this series of_ compounds. Addi- rats. J. Pharmacol. Methods. 13, 249-260.

tionally, substitution at the aromatic ring can be related to corey, E.J., Suggs, J.W., 1975. Pyridinium chlorochromate: an efficient
other properties rather than hydrogen bonding, e.g. redox reagent for oxidation of primary and secondary alcohols to carbonyl

potential. compounds. Tetrahedron Lett. 31, 2647-2650.

Finally, in spite of the potential toxicophoric character of Cistau, H.J., Taillefer, M., 1998. Reactivity of substituted and unsub-
he Michael accentin roup\hn and Sok 199)5 resent stituted diphenylphosphonium diylides towards carbonic acids deriva-
the : =ptng g K, P tives. Tetrahedron 54, 1507—1522.
in the amide derivatives developed herein, we were able to cunha, M.R.H., Xavier, F.E., Afgo Jr., J.X., Barreiro, E.J., Medeiros,
identify the powerful hypotensive profile of the compound ILA., 1998. Atividade Cardiodepressora de Novas Piperamidas. Anais
11’ a new |ead_comp0und of cardioactive agent_ da XllI ReunBo Anual da Federao das Sociedades de Biologia

Experimental 12, 26, Caxambu-MG, Brazil.
Duarte, C.M., Arajo Jr., J.X., Parente, J.P., Barreiro, E.J., 1998t8e
de novos aalogos de piperamidas hipotensoras. Rev. Bras. Farm. 80,
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