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Paratunamides A—D, Oxindole Alkaloids from Cinnamodendron axillare
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Four new oxindole alkaloids, paratunamides® (1—4), containing a secologanin unit, were isolated from the bark of
Cinnamodendron axillareand their structures and relative configurations were elucidated by spectroscopic data. The
absolute configuration at C-7 i—4 was assigned a8 S R, andS, respectively, on the basis of the CD spectra.

In our search for structurally unique compounds from Brazilian
medicinal plantd;® four new oxindole alkaloids, paratunamides
A—D (1-4), containing a secologanin unit, were isolated from
Cinnamodendron axillar§Nees at Mart.) (family Canellaceae)
(local name paratude). In Brazil “paratude” is used as a stomachic
and a treatment for tonsillitis. In this paper, we describe the isolation
and structure elucidation df—4.

The MeOH extract of the bark df. axillare was partitioned
between EtOAc and D, and then the aqueous layer was extracted
with n-BuOH. Then-BuOH-soluble portions were subjected to silica
gel column chromatography (CH{ZMeOH, 6:1) and then a fg
reversed-phase column (MeOH®! (33:67)— MeOH) to afford
an alkaloidal fraction, which was purified by;£HPLC (CHCN/
H,0O, 20:80) to yield paratunamides AL(0.0021%), B 2,
0.0041%), C B, 0.0026%), and D4, 0.00077%). The EtOAc-
soluble portions were separated on a silica gel column (GHCI
MeOH, 95:5) to give the two known alkaloids strictosami&® (
and pumiloside §).1°

The molecular formula &H3sN,04; of paratunamide AX) was
established by HRFABMSnj/z 585.2052 (M+ Na)", A —0.8
mmu]. The IR spectrum implied the presence of hydroxy (3409
cmY), lactam (1712 cmt), and a,S-unsaturated carbonyl (1648
cm™1) groups. The gross structure bfvas deduced from detailed
analysis of'H and'3C NMR data (Table 1) aided with 2D NMR
experimentsiH—1H COSY, HMQC, and HMBC). Thé3C NMR
data indicated that the molecule possessed two lactam carbonyls,
six aromatic carbons, one trisubstituted olefin (one carbon of which H-3 to C-5. ThelH—H coupling constantsl{» = 7.8 Hz) and
was attached to an ether oxygen), one monosubstituted olefin, twothe3C NMR data of the anomeric carbod((100.82), oxymethines
hemiacetal carbons, one aminal carbon, one oxygenatéd sp (5¢ 72.3, 75.45, 78.76, and 79.10), and oxymethylehe63.47)
quaternary carbon, four oxymethines, one oxymethylene, oneindicated the presence of &p-glucopyranosyl moiety. HMBC
methoxy, three methylenes (one of which was bearing an nitrogen correlations of MeO-3¢ 3.39, s) to C-3, H-21 to Ctland H-1
atom), and two methines. TH&l—H COSY spectrum revealed  to C-21 ¢c 98.60) indicated that the methoxy group and the glucose
connectivities of C-5 to C-6, C-9 to C-12, C-3 to C-14, C-14 to were attached at C-3 and C-21, respectively. Thus, the structure of
C-15, C-18 to C-21, C-15 to C-20, and Cib C-6 (Figure 1). paratunamide A was elucidated to be
HMBC correlations of H-9 to C-7d 77.19) and C-13d 143.40), NOESY correlations of H-14a to H-3 and H-15, H-20 to H-15
H-12 to C-8 ¢ 133.51), and k6 to C-2 Oc 182.33) and C-7  and H-21, and H-14b to H-3 and H-19 ad#i—'H coupling
revealed the presence of an oxindole ring, in which a hydroxy group constants indicated a half-chair conformation of dhlactam ring,
was attached to C-7 (Figure 1). The presence oflactam ring, a-orientations of H-3 and H-21, an@-orientations of H-15 and
which was fused to a dihydropyran ring, was elucidated by HMBC H-20 (Figure 2). Therefore, the relative configuration of paratun-
correlations of H-3 to C-22¢¢ 166.98), H-15 and H-21 to C-16  amide A was assigned ds The absolute configuration at C-7 of
(6c 109.50), and H-17 to C-155¢ 24.00), C-21 §c 98.60), and 1 was elucidated to b8, since the CD spectra df exhibited a
C-22. The connectivity between the oxindole ring anddHactam negative Cotton effect in the 2600 nm wavelength region and
ring through an ethylene unit (C-5 and C-6) was elucidated by a positive Cotton effect in the 22260 nm wavelength region
HMBC correlations of H6 to C-2 and C-7, K5 to C-22, and (Figure 5)1
Paratunamide B2) showed the pseudomolecular ion peak at
* Corresponding author. Tek-81-11-706-3239. Fax:-81-11-706-4989. m/z 547 (M + H)* in the FABMS. HRFABMS analysis revealed

E'Tﬁigkiﬁ?ggyu@n R};?;R;ho'(u‘jai'ac'jp' the molecular formula to befgHzoN2011 [M/z547.1906 (MH H)*,
s University of Tsukuba. A —2.2 mmu]. The'H and*3C NMR spectra of were similar to
* Tokyo Medical and Dental University. those of paratunamide ALY except for thed-lactam moiety. The
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Table 1. 'H and13C NMR Data of Paratunamide ALY in CD;OD

position 1Ha J(Hz) 13ca HMBC NOESY
1 10.26

2 182.33 H-6a, 6b

3 4.71 dd 3.4,2.6 90.15 MeO-3 H-5a, 5b, 6a, 14a, 14b, MeO-3
4

5 (a) 3.64 m 43.84 H-3, 6a, 6b H-3, 6a, 6b

5 (b) 3.25 m H-3, 6a, 6b

6 (a) 2.24 dd 6.0,2.6 37.72 H-3, 5a, 5b, 9

6 (b) 2.23 dd 6.0,2.6 H-5a, 5b

7 77.19 H-6a, 6b

8 133.51 H-10, 12

9 7.40 d 7.4 125.94 H-11 H-6a

10 7.10 dd 7.8,7.4 124.62 H-9, 12

11 7.30 dd 7.8,7.4 131.46 H-9

12 6.92 d 7.4 112.11 H-10

13 143.40 H-9, 11

14 (a) 2.01 ddd 13.8,3.4,3.4 29.34 H-3, 15, MeO-3
14 (b) 1.50 ddd 14.1,13.8, 2.6 H-3, 19

15 3.24 m 24.00 H-3,17, 21 H-14a, 20

16 109.50 H-17, 20

17 7.37 d 2.6 150.11 H-21

18 (a) 5.32 dd 17.5,1.9 121.17 H-19, 20

18 (b) 5.29 dd 10.1,1.9 H-19, 20

19 5.55 ddd 17.1,10.1, 10.1 134.96 H-14b, 18a, 18b

20 2.61 ddd 10.1,6.0,1.8 44.86 H-17 H-15, 18a, 18b, 21
21 5.49 d 1.8 98.60 H-17!1 H-20, T

22 166.98 H-3, 5a, 5b, 17

3-OMe 3.39 s 57.14 H-3, 14a

T 4.68 d 7.8 100.82 H-21/2 H-21

2 3.21 m 75.45 H-3

3 3.38 m 78.76 H-2 4

4 3.31 m 72.30 H-6

5 3.34 m 79.10 H-4

6 (a) 3.92 dd 11.9,1.9 63.47

&' (b) 3.69 dd 11.9,6.0

a|n ppm.°Observed in DMSQis.

IH—1H COSY spectrum revealed connectivities of C-5 to C-6, C-9 assigned a® on the basis of NOESY correlations afd—H
to C-12, C-14 to C-15, C-18 to C-21, C-15 to C-20, and'Gel coupling constants (Figure 4). The absolute configuration at C-7
C-6 (Figure 3). HMBC correlations of H-9 to C-D¢ 77.23) and was elucidated to b8, since a negative Cotton effect in the 260
C-13 (Oc 143.85), H-12 to C-8dc 131.48), and K6 to C-2 ¢ 300 nm wavelength region and a positive Cotton effect in the-200
182.16) and C-7 revealed the presence of an oxindole ring, in which 260 nm wavelength region were observed in the CD spectrum of
a hydroxy group was attached to C-7 (Figure 3). The presence of 2 (Figure 5).
a dihydropyran ring, which was connected t8-a-glucopyranosyl The molecular formula &H3N,O;; of paratunamide C3j
moiety at C-21 §c 98.55), was elucidated by HMBC correlations  indicated by HRFABMS n/z547.1949 (M+ H)*, A +2.1 mmu]
of H-17 to C-15, C-16§¢ 108.62), and C-21. HMBC correlations  was the same as that 2f TheH and3C NMR spectra were very
of Hx-5 to C-3 ¢ 174.53) and C-224¢ 167.94), H-14 to C-3, similar to those oR. The gross structure &was the same as that
and H-17 to C-22 revealed the presence of a glutarimide moiety of 2 on the basis ofH—!H COSY and HMBC correlations .
(C-3, C-14-C-16, C-22, and N-4), which was fused to the dihydro- The relative configuration of paratunamide C was assigned as
pyran ring. The relative configuration of paratunamide B was by !H—H coupling constants and NOESY correlations. Compound
3 showed the nearly antipodal CD spectrum Df(Figure 5),
suggesting thaB was the epimer at C-7 &.

Paratunamide D4) showed the pseudomolecular ion peak at
m/z571 (M + Na)* in the FABMS. HRFABMS analysis revealed

3.4Hz

2.6Hz

< .
3 OH! <---- HMBC - > NOESY

Figure 1. H—'H COSY and selected HMBC correlations of Figure 2. Relative configuration ob-lactam and dihydropyran
paratunamide AX). rings of paratunamide Alj.
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<---- HMBC

Figure 3. H—1H COSY and selected HMBC correlations of
paratunamide B2).

~seeeenes > NOESY

Figure 4. Relative configuration ob-lactam and dihydropyran
rings of paratunamide B2J.

the molecular formula to begHz,N,0:1[M/z571.1874 (M+ Na)*,
A —3.0 mmu]. ThetH and*3C NMR spectra o# were similar to
those of paratunamide A) except for signalsiy 3.39;0¢ 57.14)
for the methoxy group at C-3 id, which were absent id. In
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Figure 5. CD spectra of paratunamides—/® (1—4) in MeOH.

5.0E+04 F et

Journal of Natural Products, 2006, Vol. 69, No. 10519

addition, the difference betweéhl and**C NMR chemical shifts

for positions 3 and 14 of and those of also indicated tha was

the O-demethyl form ofl. The 'H—1H COSY spectrum revealed
connectivities of C-5 to C-6, C-9 to C-12, C-3 to C-14, C-14 to
C-15, C-18 to C-21, C-15 to C-20, and Ctb C-6. The gross
structure of paratunamide D was elucidated by HMBC correlations.
The relative configuration of was derived from NOESY correla-
tions and'H—'H coupling constants. The absolute configuration
at C-7 was elucidated to f&on the basis of the CD spectra 4f
(Figure 5).

Paratunamides AD (1—4) are new oxindole alkaloids contain-
ing a secologanin unit fror®. axillare (Nees at Mart.). This type
of monoterpene oxindole alkaloids is very rare, although a
7-hydroxyoxindole alkaloid has been obtained from the leaves of
Uncaria salaccensi¥? Biogenetically, paratunamides-#D (1—4)
may be derived from strictosamid®) through oxidative cleavage
between the C-2 and C-3 bond (Schemé3yhile it has been
proposed that pumilosidé)is biosynthesized by the autoxidation
recyclization at C-2, C-6, and C-7 frob4 On standing in MeOH
for several days exposed to air, strictosamislewas slowly con-
verted into pumilosideq), which suggests that pumilosid®) could
be an autoxidation product of strictosamid®. (

Paratunamide D4) showed moderate cytotoxicity against human
epidermoid carcinoma KB cells (k= 6 ug/mL) in vitro, while
paratunamides AC (1—3) did not show such activity (16 > 10
ug/mL).

Experimental Section

General Experimental ProceduresOptical rotations were recorded
on a JASCO DIP-370 polarimater. CD, IR, and UV spectra were
recorded on JASCO J-720, JASCO FT/IR-230, and JASCO Ubest-35
spectrophotometers, respectiveld and 3C NMR spectra were
recorded on a Bruker AMX-600 spectrometer using 2.5 mm micro cells
(Shigemi Co., Ltd). The 3.35 and 49.8 ppm resonances of residual
MeOH-d, were used as internal referencesfdrand’*C NMR spectra,
respectively. FAB mass spectra were obtained using glycerol as a
matrix.

Plant Material. The bark of C. axillare was purchased from
Farmaervas in SaPaulo, Brazil. The plant was identified by Dr. G.
Hashimoto (Centro de Pesquisas de Hiatblatural, Sa Paulo, Brasil),
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Scheme 1 Plausible Mechanism of Formation of ParatunamidesDA(1—4) and Pumiloside®) from StrictosamideX)

O N —
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—

Notes

NPT
1;R=Me 2; 7S
4;R=H 3 7R
Table 2. *H and3C NMR Data of Paratunamides B)( C (3), and D @) in CD;OD
2 3 4
position 1H2 B3ca IHa Bca 1H2 Bca
1 10.18 (s) 10.23 (s) 10.23 (s)
2 182.16 182.20
3 174.53 174.41 5.01 (dd, 3.0,3.0) 80.82
4
5 (a) 3.85 (m) 36.92 3.85 (m) 36.87 3.68 (m) 42.70
5 (b) 3.69 (M) 3.76 (m) 3.24 (m)
6 (a) 2.27 (m) 36.69 2.27 (t,6.9) 36.63 2.28 (m) 37.47
6 (b) 2.26 (m) 2.27 (t, 6.9) 2.18 (m)
7 77.23 77.23 77.20
8 131.48 131.55 133.50
9 7.36(d, 7.2) 125.94 7.39(d, 7.2) 126.00 7.41(d, 7.8) 125.42
10 7.10 (dd, 7.8,7.2) 124.57 7.10 (dd, 7.6,7.2) 124.53 7.11(t,7.8) 124.02
11 7.29 (dd, 7.8,7.7) 133.03 7.30 (dd, 7.9,7.8) 133.14 7.29 (t, 7.8) 131.07
12 6.91(d, 7.7) 112.27 6.91 (d, 7.9) 112.22 6.92 (d, 7.8) 11152
13 143.85 143.77 143.40
14 (a) 2.46 (dd, 15.1,5.5) 35.62 2.46 (dd, 16.2,5.6) 35.53 1.78 (m) 33.81
14 (b) 2.35(dd, 15.1,14.1) 2.28 (dd, 16.2,14.2) 1.60 (td, 14.1,3.0)
15 3.21(m) 25.22 3.21(m) 25.25 3.34 (m) 23.78
16 108.62 108.66 109.50
17 7.54(d, 2.2) 153.29 7.59 (d, 2.3) 153.29 7.36 (d, 2.6) 149.12
18 (a) 5.32 (dd, 16.8,1.9) 12251 5.36 (dd, 15.2,1.5) 12259 5.32 (dd, 17.1,1.9) 120.44
18 (b) 5.29 (dd, 10.0,1.9) 5.35 (dd, 12.0,1.5) 5.27 (dd, 10.5,1.9)
19 5.55 (m) 133.98 5.60 (m) 134.01 5.55 (dt, 17.1,10.5) 134.11
20 2.71 (m) 44.69 2.70 (m) 44.75 2.60 (m) 44.78
21 5.61(d, 1.7) 98.55 5.61(d, 1.3) 98.62 5.51(d, 1.9) 97.75
22 167.94 168.15 166.98
1 4.72 (d, 8.0) 100.37 4.70(d, 8.1) 100.53 4.70(d, 8.2) 100.05
2 3.21 (m) 75.56 3.21 (m) 75.46 3.22 (m) 75.25
3 3.38 (m) 78.79 3.38 (m) 78.58 3.41 (m) 78.40
4 3.31(m) 72.35 3.31(m) 72.32 3.32(m) 72.07
5 3.34 (m) 79.22 3.35(m) 79.19 3.34 (m) 78.55
6 (a) 3.92 (dd, 12.0,2.0) 63.50 3.92 (m) 63.49 3.92 (m) 63.05
6' (b) 3.68 (M) 3.68 (M) 3.70 (m)

2|n ppm.*Observed in DMSQs.

and a voucher specimen has been deposited at Institute of BiomaterialsShiseido Co. Ltd, 1.« 25 cm; flow rate 2.5 mL/min; UV detection at
254 nm; eluent CECN/H,0, 20:80) to afford paratunamides A, 0.8

and Bioengineering, Tokyo Medical and Dental University.
Extraction and Separation. The bark (50 g) was extracted with
MeOH (500 mLx 3), and the extracts were partitioned between EtOAc
(50 mL x 3) and HO (50 mL). Then the aqueous layer was extracted
with n-BuOH. Then-BuOH-soluble portions were subjected to silica
gel column chromatography (CH{NeOH, 6:1), a Gs column (MeOH/
H20, 25:75), and then fgreversed-phase HPLC (Capcell Pak RP-18,

mg), B 2, 1.6 mg), C 8, 1.0 mg), and D4, 0.3 mg). The EtOAc-
soluble portions were separated by a silica gel column (GMW&OH,
95:5) to give strictosamides( 10 mg) and pumilosides( 15 mg).
Paratunamide A (1): colorless, amorphous solidy]?% —98.5
0.15, MeOH); UV (MeOH)inax 209 € 23 600) and 239 (14 700) nm;
IR (KBr) vmax 3409, 1712, 1648, and 1628 cin CD (MeOH) 211
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(Ae —25.4), 238 {12.1), 262 -8.5), 280 1.4), and 290 {1.9)
nm; *H and C NMR (Table 1); FABMSm/z 585 (M + Na)';
HRFABMS m/z 585.2052 (M+ Na)" (calcd for G7H34N.O1:1Na,
585.2060).

Paratunamide B (2): colorless, amorphous solidp]?y —71.4
(c 0.73, MeOH); UV (MeOH)Anax 212 (¢ 22 800) and 249 (12 200)
nm; IR (KBr) vmax 3429, 1715, 1659, and 1621 cin CD (MeOH)
214 (Ae —9.0), 235 (+14.0), 258 {-7.5), 278 (+0.4), and 2910.9)
nm; *H and °C NMR (Table 2); FABMSm/z 547 (M + H)T;
HRFABMS m/z547.1906 (M+ H)* (calcd for GeHaoN2Oss, 547.1928).

Paratunamide C (3): colorless, amorphous solidp]?% —63.8
(c 0.77, MeOH); UV (MeOH)Amax 208 37 600) and 246 (14 700)
nm; IR (KBr) vmax 3427, 1714, 1660, and 1621 ci CD (MeOH)
214 (Ae +11.8), 246 (-14.3), 267 £-0.9), 273 (+0.1), and 287+1.0)
nm; *H and °C NMR (Table 2); FABMSm/z 547 (M + H)T;
HRFABMS mVz547.1949 (M+ H)* (calcd for GeHagN2Oss, 547.1928).

Paratunamide D (4): colorless, amorphous solidp]?% —24.9
(c 0.43, MeOH); UV (MeOH)Amax 205 30 700) and 232 (13 600)
nm; IR (KBr) vmax 3417, 1712, 1655, and 1623 ci CD (MeOH)
209 (Ae —11.3), 240 {4.8), 263 (-3.6), 275 (-1.4), and 292 (0) nm;
IH and**C NMR (Table 2); FABMSmWz571 (M + Na)'; HRFABMS
m/z 571.1874 (M+ Na)t (calcd for GeH3NO1:Na, 571.1904).
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