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O é4cido 6a,7B-di-hidroxivouacapan-17f3-6ico, isolado dos frutos de P.
polygalaeflorus Benth apresentou atividade anti-inflamatéria e analgésica. Com o
objetivo de reunir dados no sentido de elucidar o mecanismo de agdo biolégica
dos bouacapanos, de aumentar sua poténcia como agente anti-inflamatério e
analgésico e a sua tolerncia pelo organismo, foram sintetizados 4cidos
hidroxamicos IV e VI) e anndas (III V e VI derivados. Os dados
espectrométricos no IV, de RMN H e 1%C e de massa sdo apresentados e as rotas
sintéticas utilizadas sdo discutidas’.

60,7B-Di-hydroxyvouacapan-17B-oic acid, isolated from P. polygalaeflorus
Benth fruits, possesses anti-inflammatory and analgesic properties. In order to
gather data for elucidation of the biological mechanism, to improve the anti-in-
flammatory and analgesic activities and its organic tolerance, hydroxamic aclds
av and VII) and amides (III, V and VI) derivatives were obtained. The IR, 'H
and *C NMR and Mass spectrometric data are presented and the synthetic routs
discussed”.
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Introduction

The alcoholic extract of "Sucupira branca" seeds (Pte-
rodon) has a folk use in Brazil a gahed to the treatment of
"rheumatism" and throat infections

Three linear diterpenes and four furan-di es were 1so-
lated from Pterodon polygalaeflorus Benth*®. One of them,
60, 7p-di-hydroxyvouacapan-17f-oic acid (ADV) has dis-
played anti-inflammatory and analgesic activities™. The
vouacapan anti-inflammatory activity seems not to be related
to fatty acid cyclo-oxygenase inhibition.

The synthesxs of several ADV derivatives*!! is thus im-
portant in order to elucidate the mechanism of voua-capan ac-
tion as well as to improve it’s activity and drug tolerance.

This work had as its main objective the synthesis of ADV
nitrogenated derivatives (Scheme 1), to be sent for biologi-
cal activities studies.
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Experimental

Routine experlmental qrocedures and instruments for
physical measurements!: 'H and 3C NMR spectra were
recorded at 80 and 20 MHz, respectively, on a Brucker AC-
780). The * means that the signal intensity decreases with
D0 addition and (4) or (-) indicate whether the sig;nal 1s in
the positive or in the negative phase in Dept 135 °C NMR
spectra. Mass spectra were obtained using electron ioniza-
tion at-70eV on a Varian Mat 311. Infrared spectra were
recorded using KBr discs on a Shimadzu IR 408. Melting
points were measured on a Mettler FP52. ADV derivatives
were prepared by two routes (Scheme 1) according to the
described methods below’.

Preparation of 6a-acetoxyvouacapan-7p, 173-lactone (I):
anhydrous sodium acetate (0.54 g , 6.6 mmol) and acetic
anhydride (10 ml) were added to ADV (1.00 g, 2.9 mmol).
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Scheme 1



126 Rubinger et al.

The reaction mixture was submitted to mild heating for 2
hours and then was poured onto crushed ice. The mixture
was filtered and the solid was washed with water and
recrystallized with dichloromethane and n-hexane. White
crystals were obtained (0.70 g, 1. 9 mmol, 65% yield):
m.p.= 273.2-276.4 °C IR v (em )= 1810, 1730; MS:
M+(m/z)= 372 D; 'H NMR (CDCl3) &= 1.00(s, 3H,
CH3), 1.08(s, 6H, 2CHz3), 1.0-2.4 (m, 8H, H1,2,3,5,9),
2.11(s, 3H, CH3CO7 ), 2.4-2.7(m, 3H, HS8, 11), 3.1-
3.3(dd, J=3 and 13 Hz, 1H, H14), 4.0-4.3 (dd, J=9 and
11 Hz, 1H, H7), 5.3-5.6(dd, J=9 and 11Hz, 1H, H6),
6.57(d, J=1.8 Hz, 1H, H15), 7.29(d, J=1.8 Hz, 1H, H16),
BC NMR (CDCl3) 8= 15.46 (3), 17.97 (), 21.84 (),
22.90 (+), 33.80, 36.49 (+), 39.13 (-), 41.18, 41.65 (+),
44.11 (), 44.23, 45.71 (4), 57.24 (9, 71.77 (), 85.06
(), 107.72 (H), 113.59, 141.75 (), 152,13, 169.64 (1),
173.10.

Preparation of 6a-hydroxyvouacapan-7p,17p-lactone
(D): to a solution of ADV (1.00 g, 2.,9 mmol, 5 ml THF)
was added acetic anhydride (0.3 ml, 3.1 mmol) and an-
hydrous sodium acetate (0.54 g, 6.6 mmol). The reaction
mixture was submitted to mild heating for 1.5 h and then it
was poured onto crushed ice and filtered. The solid was
washed with water and recrystallized with ethanol. White
crystals were obtained (0.82 g, 249 mmol, 86% yield):

226.1-227.9 °C; IR v (em™b= 3500, 1770, MS:
MP(m/ y=330D; 'H NMR (Py-Ds) & = 0.87 (s, 3H, CH3),
1.22 (s, 3H, CH3), 1.52(s. 3H, CH3), 0.8-2.4(m, 8H,
H1,2,3,5,9), 2.4-2.6(m, 3H, H8,11), 3.3-3.6(d, 1H, H14),
4.2-4.4(m, 2H, H76), 4.6-4.9(bb,1H*, OH), 6.78 and
7.51(d,2H,H15,16); 3 3CNMR (Py-Ds) = 15.55 (+), 18.48 (-
), 22.08 (=), 23.09(), 34.40, 37.48(+), 39.32(-). 40.45,
41.96(+), 4431(+,), 44.89 (-), 46.06(+), 58.26(1H),
71.34(+), 88.82(1), 108.24(+), 114.47, 141.96(1), 152.94,
174.60.

Preparation of 6a-acetoxy-7B-hydroxyvouacapan-
17B-hydroxamic acid (IV): To a solution of potassium
hydroxide (0.32 g, 5.7 mmol) in 50 ml ethanol was
added hydroxylamine hydrochloride (0.39 g, 5.6 mmol).
This mixture was stirred until neutralization. then 0.5 g
(1.35 mmol) of lactone I was added, this mixture was
stirred at room temperature for 1 hour. After that time
the reaction mixture was poured onto crushed ice, fil-
tered and the solid was washed with water and recrystall-
ized with dichloromethane and diethyl ether. White
crystals were obtained (0.18 g, 0. 45 mmol, 34% yield):
mp.= 232.0-234.5 °C, IR ¥ (cm™): 3600-3100, 1710,
1670, MS: M"(m/z)= 405 D; 1H NMR (Py-Ds) = 0.81(s,
3H, CHz), 1.04 and 1.06(s, 6H, 2CHz3), 0.6-1.7(m, 8H,
H1,2,3,5,9), 2.11(s, 3H, CH3-CO2-), 1.7-2.5(m, 2H,
H8,11), 2.6-3.2(m, 1H, HI11), 3.4-3.8(m, 2H, H7,14),
5.5-5.9(dd, J=9 and 13 Hz, and bb, 3H*, H6,0HNH),
6.49 and 7.42 (d, J<2 Hz, 2H, H15,16), 10-13 (bb, 1H*,
OH); 3C NMR (Py-Ds) & = 14.89(+), 18.67(-), 22.08(+),
22.49(+,-), 33.34, 36.17(+), 38.62, 39.35(-), 42.34(+),
43.91(), 46.59(+), 48.85(+), S55.18(4), 76.85(+),
81.08(+), 109.68(+), 116.56, 141.38(+), 151.21, 170.86,
182.82.

Preparation of 60, 7B-dihydroxyvouacapan-17B-hydroxa-
mic acid (VII): Method A: to 2 ml of methanol was added
sodium (0.006 g, 0.26 mmol) and guanidine hydrochloride
(0.024g, 0.25 mmol). This mixture was added to a solution
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of IV (0.50 g, 1.2 mmol) in dichloromethane (25 ml). The
reaction mixture was stirred for 3 hours at room tempera-
ture and then was poured onto crushed ice. The pH was ad-
justed to 6.5 by addition of acetic acid. This mixture was’
concentrated, filtered and the solid was washed with water
and recrystallized with methanol and diethyl ether. White
crystals were obtained (0.30 g, 0.83 mmol, 68% yield).
Method B: Hydroxylamine hydrochloride (5.00 g, 52.4
mmol) was added to a stirred solution of potassium
hydroxide (4.02 g, 71.7 mmol) in ethanol (60 ml). To this
mixture was added lactone II (6.00 g, 18.2 mmol). After 1.5
h at room temperature, the reaction mixture was poured
onto crushed ice and filtered. The solid was washed with
water and recrystallized with methanol and water. White
crystals were obtained (3.2 & 8.8 mmol, 48% yield): m.p.=
158.7-159.0 °C; IR v (em™)= 3600-3100, 1675, 1640; MS:
M (m/z)= 363D; 'H NMR (Py-Ds) & = 0,85(s, 3H, CH3),
1.15(s, 3H, CH3), 1.47(s, 3H, CH3), 0.8-1.7Q0M, 8H,
H123,59), 2.10-254 (m, 2H, HIL\8), 2.66-3.07
(m,JH,HI11), 3.4-3.9 (m, 2H, H7,14), 3.9-4.2(m, 1H, H6),
649 (d, 1H, H15) 6.3-7.4(bb, 4H*, OHNH),
7.39(d,1H,H16); 3C NMR (Py-Ds) 8= 15.83(+), 18.95(-),
22.49(-), 22.71(+H), 33.89, 37.18(+), 38.54, 39.70(-),
41.49(+), 44.16(-), 44.16(-), 46.00(1), 49.13(+), 56.27(1H),
74.24(+), 83.57(+), 109.71(+), 116.42, 141.25(H), 151.51,
173.35.

Preparation of 6a-acetoxy-7B-hydroxyvouacapan-17p-
amide (111): To a solution of lactone I (0.2 g, 0.54 mmol) in
THF (8 ml) was added ammonium hydroxide (5 ml, 40 %).
The reaction mixture was stirred at 60 °C for 1.5 h and then
poured onto crushed ice and filtered. The solid was washed
with water and recrystallized with dichloromethane, THF
and diethy] ether. White crystals were obtained (0.18g, 0.46
mmol, 86% yield): m.p.= 247-252 °C; IR ¥ (em™ )= 3650-
3100, 1735, 1660, 1615; MS: M'(m/z)= 389 D; 'H NMR
(Py-Ds) 6 =0.83(s, 3H, CHz), 1.03(s, 3H, CH3), 1.07(s, 3H,
CH3s), 1.0-1.7(m, 8H, H1,2,3,5,9), 2.11(s, 3H, CH3-COy’
),1.8-2.6(m, 2H, H11,8), 2.6-3.2(m, 1H, H11), 3.3-3.9(m,
J=8 Hz, 2H,H7,14), 4.5-5.1(bb,1H*, OH), 5.5-5.9(dd, J=8
and 13 Hz, 1H, H6), 5.8-6.3(bb, 1H*, NH), 6.62(d, J=1.6
Hz, 1H, H15 7.47(d, J+1.6 Hz, 1H, H16), 8.0-8.5(bb,
IH*, NH), C NMR (Py-Ds) v= 15.00(+), 18.65(-),
22.078(+), 22.50(+-), 33.31, 36.17(+), 38.64, 39.37(-),
42.58(4), 43.91(-), 48.87(4), 49.00(1H), 55.21(+), 76.80(+),
81.13(+), 109.87(+), 116.38, 141.35(H), 151.12, 170.89,
177.84.

Preparation of 6a, 7B-dihydroxyvouacapan-17p-
amide (VI): Method A: To a solution of lactone I (0.2 g,
0.54 mmol) in THF (10 ml) was added ammonium
hydroxide (5ml, 40%). The same procedure for the
preparation of III was followed. After 1:5 h of reaction,
an aqueous solution of sodium hydroxide (5 ml, 5%) was
added to the reaction mixture under stirring at room
temperature. Then, the solid was washed with water and
recrystallized with benzene and THF. White crystals
were obtained (0.16 g, 0.46 mmol., 86% yield). Method
B: To a solution of lactone II (0.50 g, 1.52 mmol) in
THF (10 ml) was added ammonium hydroxide (5 ‘ml.
40%). The mixture reaction was stirred at 40°C for 1:20
h and them it was spilled into pricked ice. The product
was separated by filtration, washed with water and
recrystallized with benzene and THF. White crystals
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were obtained (0. 46 g, 1.32 mmol, 87% yield): m.p.= 141-
142°C; IR v (em’ ) & = 3650-3100, 1680-1600; MS:
M'(m/z)= 347 D; 'H NMR (Py-Ds) & = 0.87(s,3H,CH3),
1.16 (s, 3H, CHz3), 1.47 (s, 3H, CH3), 0.7-1.8 (m, 8H,
H1,2,3,5,9), 2.0-3.0 (m, J=10 and 11 Hz, 3H, HI1L,8),
3.4-42(m, J=9 and 11Hz,3H, H14,6), 4.6-6.0(bb, 3H*,

OH, NH), 6.61(d, J=1.6 Hz, 1H, H15) 7.45(d, J=1. 6HZ
1H, H16), 8.32(bb, 1H*, NH); B3¢ NMR (Py-Ds) &
=15.65(+), 18.90(-), 22.43(—), 22.68(1), 33.83, 37.11($),
38.42, 39.65(-), 41.91(4), 44.1(-), 48.63(+), 49.07(4),

56.16(+), 74.26(+), 83.52(+), 109.87(+), 116.29,
141.24(+), 151.11, 178.47.
Preparation of 6o, 7B-dihydroxyvouacapan-17p-

methylamide(V): Method A: To a solution of lactone I
(0.21g, 0.57 mmol) in THF (10ml) was added
methylamine (1 ml, 40%). The reaction mixture was
stirred at room temperature for 5 h and then poured onto
crushed ice. The product was separated by filtration,
washed with water and recrystalized with THF and
diethyl ether. White crystals were obtained (0.14 g, 0.39
mmol, 69% yield). Method B: To a solution of lactone II
(4.0 g, 12.12 mmol) in THF (50 ml) was added
methylamine (2.0 ml, 40%). The reaction mixture was
stirred at room temperature for 2 minutes. A white
precipitate was formed. The reaction mixture was poured
onto crushed ice and filtered. The solid was washed with
water and recrystallized with THF and diethyl ether.
White crystals are obtained (3.19 g, 8. 85 mmo}, 73%
yield); m.p.= 241. 6 243.2°C; IR v(cm h=3650-3050,
1680-1610; MS: M'(m/z)= 361D; 'H NMR (Py-Ds) 8=
0.84(s, 3H, CH3), 1.08(s, 3H, CHz3), 1.47(s, 3H, CHz3),
0.8-1.7(m, 8H, H1,2,3,5,9), 2.0-3.2(m, 3H, H8,11), 2.97-
3.04(d, J=5.7 Hz, 3H,CH3-N), 3.5-3.8(m, 2H, H7,14),
3.8-3.04(d, J=5.7 Hz, 3H, CHs-N), 3.5-3.8(m, 2H,
H7,14), 3.8-4.2(m, 1H, H6), 4,5-5.6(bb, *, OH), 6.53(d,
1H, H15), 7.48(d, 1H, H6), 4,5-5.6(bb, *, OH), 653gd
1H, H15), 7.48(d, 1H, H16), 8.56(dbb, lH"‘

NMR (Py-Ds) 6= 15.63(+), 18.91(-), 22.48(-), 22 66(+)
26.07(+), 33.87, 37,12(+), 38,42, 39,65(-), 4.98(+),
44.10(-), 49.75(H), 56,14(H), 74.31(H), 83,53(H),
109.71(4), 116.50, 141.32(+), 151.31, 176.21.

Results and Conclusions

The nitrogenated derivatives of ADV were obtained
via two synthetic routes (Scheme 1), some of the deriva-
tives being novel (zH IV, V and VII).

The lactones 12 and II were obtained by the reaction

H20 + (CH3CO)0

2CH3CO2H
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of ADV and acetic anhydride in the presence of anhydrous
sodiumacetate, underdiferentconditions.

The lactonization mechanism probably involves the in-
tramolecular nucleophilic attack of C-7 hydroxy to C-17
carbony] with the lost of H2O. The equilibrium is displaced
in favour of product formation by the acetic anhydride.

Another possibility is via the mixed anhydride inter-
mediate:

When acetic anhydride is in excess, the hydroxyl at C-6
is also acetylated.The lactone II was obtained in a better
yield than lactone I in a faster reaction (Scheme 1). The
nitrogenated derivatives of ADV were obtained by the reac-
tion of lactones I and II with nucleophilic reagents (Scheme
1). The basic mechanism in all cases is the nucleophilic at-
tack of nitrogen at the lactone carbonyl. In this way, deriva-
tives V, VI and VII were obtained (Scheme 1) in one step
from lactone II in good yields (73, 87 and 48%). In the
reactions with lactone I, a selective attack of
hydroxylamine at the lactone carbonyl was observed, lead-
ing to the acetylated hydroxamlc acid IV (34% yield).

The acetylated amide M2 was obtained by the reaction
of lactone I and ammonium hydroxide in THF (86% yield).
This reagent was also selective as it is less nucleophilic
than the others used. We could not detect the presence of
VI after short reaction times. However, if the reaction was
allowed to continue, a secondary product could be observed
by thin layer chromatography(TLC). On the other hand
mehtylamine is a stronger nucleophile and it attacked the
lactone carbonl as well as the acetate carbonyl giving
directly the non-acetylated amide V. However, the reaction
of methylamine with lactone II showed a better yield than
with lactone [ and was 150 times faster.

As mentioned previously, the secondary product
formed in the reaction of I and ammonium hyroxide
could be the amide derivative VI '2 However the
desacetylation reaction with ammonium hydrox1de was
very slow. So, aqueous sodium hydroxide solution was
added to the reaction mixture and we could observe by
TLC the consumption of III and the intensification of the
second spot. This product was indentified as the deriva-
tive XI (86% yield).

The derivative IV was de-acetylate by guanidine,
yleldmg VII (68%). Guanidine®® is a good nucleophile
but weaker and more selective than sodium hydroxide.
All reactions with lactone II were faster than with lac-
tone I. This fact confirms that the preferential site of
nucleophilic attack is the lactone carbonyl. The opening
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of the lactone ring must also lead to a decreasing in the
molecular structure tension and there is also a positive
entropic effect. Besides the rapidity of the reactions with
lactone II and the reduced number of synthetic steps,
route 2 has presented better total yields.

The derivatives obtained were submited for biological
studies and the results will be published elsewhere’.
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