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Abstract

Alflabene, a new cyclohexene derivative isolated from Alpinia flabellata

Ridl. (Zingiberaceae), is shown to be 3 -( 2 „ 4 „ 5 - trimethoxyphenyl) - 4 - ( 2 „

4,5- trimethoxystyryl ) - 1 - cyclohexene by spectroscopic data and chemical

degradation. The structure was confirmed by synthesis.

In the continuation of our chemical studies on endemic plants of Ryukyu Islands, we in

vestigated the constituents of Alpinia flabellata Ridl. and isolated a new cyclohexene deriva

tive which has been named alflabene. We herein report its structure and synthesis.

Pulverized material of fresh roots of the title plants was successively extracted with etha-

nol and petroleum ether. Concentration of the latter extract gave a white solid. Recrystalliza-

tion of the solid from methanol afforded a pure sample of alflabene (1).

The optical rotation and circular dichroism measurements of _1 demonstrated 1. to be opti

cally inactive. The molecular formula of 1, C26H32O6, was determined by elemental analysis

and mass spectrometry. Very few fragmentation peaks were observed between a molecular

ion peak at m/z 440 and a base peak at m/z 220 in the mass spectrum.This characteristic frag

mentation pattern suggests that 1_ may be a dimer. The !H NMR spectrum, coupled with the

UV, IR, and 13C NMR spectra, shows the presence of six methoxyl groups [ 8 3.69 (3H, s),

3.72 (3H, s), 3.80 (6H, s), and 3.85 (6H, s)], two isolated 1 , 2-disubstituted double bonds

[ 8 5.80 (1H, dd, J= 8, 16 Hz), 5.6-6.1(2H, m), and 6.47 (1H, d, J = 16Hz)], and two 1,2,

4,5-tetrasubstituted benzene rings [8 6.44(1H, s), 6.48(1H, s), 6.74(1H, s), and 6.79(1H,

s)]. One of the isolated double bonds has trans configuration as shown by the large coupling

constant.

Treatment of 2. with one equivalent of osmium tetroxide in pyridine at 0 °C gave diol 2

in moderate yield. The IR spectrum shows the presence of hydroxyl groups (3440 cm ~~!) .

The signals of two methine protons at the carbons bearing the hydroxyl groups were newly

observed at 8 3.66 (1H, dd, J = 2 , 10 Hz) and 8 5.10 (1H, d, J = 2 Hz) with the disappear

ance of the olefinic signals at 8 5.80 and 8 6.47. Oxidation of 2 with sodium periodate gave

2,4,5- trimethoxybenzaldehyde (3)2) and aldehyde 4 . The IR spectrum of 4 reveals an
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aldehyde group (2830 and 1710 cm ') and a benzene ring (3000, 1605, 1505, and 880 cm ').

The H NMR spectrum shows the presence of an aldehydic proton [8 9.50 (1H, d, J = 2

Hz) ] , three methoxyl groups [ 8 3.80 (6H, s) and 3.88 (3H, s)],a 1,2,4,5- tetrasubstituted

benzene ring [ 8 6.50 (1H, s) and 6.79 (1H, s)J, and two olefinic protons [55.7 (1H, m) and

6.0 (1H, m)J. Irradiation of the signal at 8 2.2 (2H, m, H-5O and H~5^) changed the multi-

plet at 8 5.7 (H- 3 ) to a doublet of doublets (J = 5 , 10 Hz) and the signal at 8 6.0 (H- 4 )

to a doublet (</ = 10 Hz). When the resonance at 8 2.8 (1H, m, H- 1 ) was irradiated, the

doublet at 8 9.50 collapsed to a singlet, the signal at 8 4.34 (1H, m, H- 2 ) to a broad dou-
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blet (J= 3 Hz), and the multiplet at $ 1.8 (2H, H-6a and H-6,<?) was simplified. On irra

diation of the signal at S 4.34, the multiplet at d 5.7 appeared as a broad doublet (J = 10

Hz), and the resonance at d 2.8 was simplified. On the basis of these results, the planar

structure of 4 has been proposed (Scheme 1 ). The structure was confirmed by DDQ oxida

tion of 4 to biphenyl derivative 5 . The lH NMR signal at d 8.00 deshieled by the neighbor

ing aldehyde group appeared as a doublet of doublets (J = 2 , 8 Hz), indicating the ortho

substitution pattern in the newly- formed benzene ring.

The configuration at C~l and C-2 in 4 was determined by the following experiments

(Scheme 1). Compound 4 was reduced to cyclohexane derivative 6 by catalytic hydrogena-

tion. Compound 6 was then converted into its epimer 7 by base treatment. The coupling con

stants between H-l and H-2 of 6 and 7 were shown to be 4 Hz and 11 Hz, respectively, by

decoupling experiments. From these results it is cocluded that two groups at C-1 and C- 2 is

cis in 6, and trans in 7. Consequently, the structure of alflabene should be represented by

formula 1.

Alflabene (1) is optically inactive. This fact suggests that nonenzymic process might be

involved during the formation of L Therefore, it can be thought that 1 is derived by Diels-

Alder type dimerization of diene 9 which may be formed via polyketide pathway or shiki-

mate pathway. Feasibility of this consideration has been demonstrated by the synthesis of

alflabene (V) from 9 as follows (Scheme 2). The aldehyde 3 was converted into alcohol 8 with

allylmagnesium chloride in ether. * Treatment of 8 with dilute sulfuric acid gave trans -1 - ( 2,

4,5- trimethoxyphenyl) -1, 3 - butadiene (9). When 9 was heated in toluene under reflux

for 12 h, alflabene Q) was obtained in low yield.

There are at least eight possible products in the Diels- Alder type dimerization of 9

because 9 has two pairs of reaction-sites (C~l and C~2 or C-3 and C~4 ) as a

dienophile (Fig. la). But the frontier orbitals are polarized5' so as to prefer the dimerization

process represented by the full lines to that by the dotted lines. Furthermore, the former proc

ess gives a thermodynamically more stable product than the latter. Consequently, the most

favorable transition state in the Diels- Alder type dimerization of 9 is similar to that shown in

Fig. 2 .* This conclusion from frontier orbital theory6^ is compatible with the experimental

result.**

*The secondary interaction between the orbital on C-2 and that on C~2 ' stabilizes

the endo transition state and another secondary interaction, which stabilizes the transition

state, probably exists between the orbital on C~l and the HOMO of the substituted ben

zene moiety.

**The substituents of the diene and dienophile are regarded as conjugated systems in

this paper ( Fig. la ). When those are regarded as electron- donating groups ( Fig. 1 b ), the

importance of the influence of the product- like character in the transition state has to be

emphasized. This consideration gives the same conclusion described above.
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Experimental

All melting points are uncorrected. Infrared (IR) spectra were recorded on a JASCO

Model IRS spectrometer. Ultraviolet (UV) spectra were measured in 95% EtOH on a Perkin-

Elmer Model 202 spectrometer. Proton nuclear magnetic resonance (*H NMR) spectra were

recorded on Varian HA-100(100 MHz) or NEVA NV-21 (90 MHz) spectrometers. Chemi

cal shifts were reported as values in parts per million relative to tetramethylsilane(5 0.0) as

an internal standard and coupling constants in Hz (s, singlet; d, doublet; t, triplet; q, quartet;

m, multiplet) . Carbon nuclear magnetic resonance ( C NMR ) spectra were recorded on a

Varian DFT-20 Fourier transform spectrometer. Mass (MS) spectra were obtained with a

Hitachi RMU~6C mass spectrometer, and highresolution mass spectra with a JEOL D-300

mass spectrometer. Optical rotations were measured on a JASCO DIP-181 polarimeter.

Circular dichroism spectra were recorded on a JASCO J-20 automatic recording spectropo-

larimeter. Analytical thin-layer chromatography (TLC) was conducted on precoated TLC

plates, 60 F-254, layer thickness 0.25 mm, manufactured by E. Merck and Co., Darmstadt,

Germany. Preparative TLC was conducted on 20X20 cm glass plates coated in this laboratory

with a 1 mm thickness of silica gel 60 PF-254 manufactured by E. Merck and Co., Darmstadt,

Germany.

Isolation of Alflabene (1). The roots (13.7 kg) of Alpinia flabellala Ridl., which were col

lected in November, 1976, in Iriomote Island, were sliced with a knife and ground in a blender

with 95% ethanol. The mixture was allowed to stand at room temperature for two days.

The solid matter was filtered off and air-dried. The dry matter was steeped in petroleum

ether at room temperature for a week and filtered off. The filtrate was evaporated under re

duced pressure to give crude crystals. Recrystallization of the crude crystals from methanol

gave alflabene U) as colorless crystals (0.22 g ): mpl30-131 °C; [a]l2 0° ( c 2.0, CHCI3);

UV ( 95% EtOH) Amax 261( e 17600), 300(9230), 305(8890), and 310nm (8630); MS, m/z 440

(M + ), 221.220,205,190, and 189; IR (CHCI3) 3000.2920,2840,1605,1505,1465,1320,1180.

1040, and 870cm"1; 'H NMR (CDC13)I<* 1.78 (2H, m, H-5a and H-5,?), 2.22 (2H, m, H-6*

and H-6/j), 2.82 (1H, m, H-4), 3.69 (3H, s, OCH3),3.72 (3H, s, OCH3), 3.80 (6H, s, OCH3 X

2), 3.85 (6H, s, OCH3 X2), 4.14 (1H, m, H-3), 5.80 (1H, dd, J = 8 , 16 Hz, ArCH = CH),

5.6-6.1 (2H, m, H-l and H^2 ), 6.44 (lH,s, ArH), 6.47 (1H, d, J = 16 Hz, ArCH = CH),

6.48 (1H, s, ArH), 6.74 (1H, s, ArH), and 6.79 (1H, s, ArH); I3C NMR (CDCI3) d 24.05,

25.42, 37.22, 41.55, 56.13, 56.35, 56.56, 56.76, 56.83, 97.23(d), 98.25(d), 109.88(d),

115.05(d), 119.60(s), 122.51(s), 122.61(d), 128.07(d), 129.64(d), 131.89(d), 142.43(s),

143.36(s) 147.89(s) 148.68(s), 150.78(s), and 151.72(s).

Found: C, 70.67; H, 7.36%. Calcd for C2fi H32 O6: C, 70.89; H, 7.32%.

Dial 2. A mixture of alflabene (_1) (20.0 mg) and OsO4 (12.2 mg) was cooled in an ice

water bath, and pyridine (1.0 ml) cooled to 0°C was added to the mixture with stirring. The

resulting solution was stirred at 0°C for 2 h. To the solution were added pyridine (1.0 ml)

and a solution of NaHSO3(0.8 g)in water (10 ml) with cooling in an ice water bath. After 15
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min, the mixture was extracted with chloroform ( 4 ml X 2 ). The extracts were dried over

NaaSO* and concentrated. The residue was purified by preparative TLC (SiCV, MeOH-CHCb,

1: 50)to give diol 2 as a colorless oil (13.2 mg).Recrystallization of the oil from chloroform

gave 2 as colorless crystals: mp 125-126 °C; MS, m/z 474 (M'), 466, and 188; IR (CHCI3)

3440, 3000, 2830,1605, 1510, and 1035 cm"1; ]H NMR(CDC13) 8 1.7 (2H, m, H-5 „ and H-5,?),

2.3 (3H, m, H-6a , H-6,? and H-4 ), 3.06 ( 1H, dd, J= 2 , 10 Hz, ArCH (OH) CH(OH)),

3.20 (3H, s, OCH3), 3.82 (3H, s, OCH3), 3.83 (3H, s, OCH3), 3.84 ( 6 H, s, OCH3 X 2 ), 3.86

( 3 H, s, OCH3), 4.05 (1H, m, H-3 ), 5.10 (1H, d, J= 2 Hz, ArCH (OH) CH (OH)), 5.66 (1H,

dd, J= 5, 8 Hz, H-2), 5.96 (1H, m, H-1 ), 6.42 (1H, s, ArH), 6.50 (1H, s, ArH), 6.84 (1H,

s, ArH), and 7.01 (1H, s, ArH).

Found: m/z 474.2262. Calcd for CzeH^Og: m/z 474.2254.

Sodium Periodate Oxidation of2, To a solution of 2 (13.0 mg) in acetone (1.0 ml) and

water (0.5 ml) was added a solution of NaIO4 (20.0 mg) in water (0.5 ml).The mixture was

stirred at room temperature for 3h, and extracted with chloroform (2 ml X 2 ). The extracts

were dried over Na2SO4 and concentrated under reduced pressure. The residual oil was puri

fied by preparative TLC ( S1O2; CHCI3 - EtOAc, 8 11) to give two compounds, 2,4,5-

trimethoxybenzaldehyde (3) (3.2 mg) and aldehyde 4 (6.8 mg). Recrystallization of 3 from

chloroform afforded colorless crystals of 3: mp 112-113°C (authentic sample 112-114°C); the

mixed melting point of 3 and the authentic sample showed no depression; MS, m/z 196 (M+),

181, 153, 150, and 125; IR (CHCI3) 3000, 2830, 1660, 1605, 1515, and 1035 cm"1; 'H NMR

(CDCI3) 8 3.87 (3H, s, OCH3), 3.91 (3H, s, OCH3), 3.96 (3H, s, OCH3), 6.50 (1H, s, ArH),

7.33(1H, s, ArH), and 10.33(1H, s, CHO).

Found: m/z 196.0726. Calcd for Ci6 H]2 O4: m/z 196.0735.

Compound 4: MS, m/z 276 (M + ), 220, and 189; IR (CHCI3) 3000, 2830, 1710, 1605, 1505,

1040, and 880cm"1; ]H NMR (CDCI3) 8 1,8(2H, m, H-6* and H-6/? ), 2.2(2H, m, H-5«

and H-5/j ), 2.8 (1H, m, H-l ), 3.80 (6H, s, OCH3 X 2 ), 3.88 (3H, s, OCH3), 4.34 (lH,m,

H- 2 ), 5.7 (1H, m, H- 3 ), 6.0 (1H, m, H- 4 ), 6.50 (1H, s, ArH), 6.79 (1H, s, ArH), and 9.50

(1H, d, J= 2 Hz, CHO).

Found: m/z 276.1350. Calcd for C]6 H20 O4: m/z 276.1362.

Oxidation of 4 with DDQ. A mixture of 4 (3.0 mg) and DDQ (4.9 mg) in benzene

(8.0 ml) was heated under reflux for 5 h.and then the solvent was evaporated under reduced

pressure. The residual oil was purified by preparative TLC (SiO2; MeOH- benzene, 1: 38) to

give biphenyl derivative 5 as a colorless oil: MS, m/z 272 (M + ), 257, and 241; IR (CHCI3)

3000, 2830, 1685, 1595, 1510, 1460, and 1035 cm"1; !H NMR (CDCI3) 8 3.67 (3H, s, OCH3),

3.84 (3H, s, OCH3), 3.95 (3H, s, OCH3), 6.60 (1H, s, ArH), 6.83 (1H, s, ArH),7.3-7.7 (3H,

m, H- 4 , H- 5 , and H- 6 ), 8.00 (1H, dd, J = 2 , 8 Hz, H- 3 ), and 9.81 (1H, s, CHO).

Found: m/z 272.1085, Calcd for Ci6 Hi6 O4: m/z 272.1049.
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Catalytic Hydrogenation of4. To a solution of 4 (10.6 mg) in ethyl acetate (7.0 ml) was

added palladium on activated carbon ( 5 %, 4 mg), and the mixture was stirred at room

temperature under hydrogen (balloon) for 4h. The reaction mixture was filtered through a

pad of Celite, and the filtrate was evaporated under reduced pressure to give a colorless oil

(11.6 mg).The oil was purified by preparative TLC (SiO2; MeOH-benzene, 1: 49) to give 6 as

a colorless oil: MS m/z 278 (M + ), 263, 250, 235, 207, and 168; IR (CHC13) 3010, 2910, 2830,

1705, 1600, 1510, and 1040 cm"1; JH NMR (CDCI3) 8 1.4 (4H, m, H-4O,^ and H-5ai/s ),

1.7 (4H, m, H-3<,,/9 and H-6a,^ ), 2.25 (1H, m, H-l ), 2.94 (1H, m, H-2 ), 3.34 ( 3H, s,

OCH3), 3.52 (3H, s, OCH3), 3.56 (3H, s, OCH3), 6.33 (1H, s, ArH), 6.86 (1H, s, ArH), and

9.64 (1H, brs, CHO).

Found: m/z 278.1540. Calcd for Ci6 H22 O4: m/z 278.1549.

Conversion of 6 into 7. To a solution of 6 (10.0 mg) in methanol (4.0 ml) were added a

few drops of 0.2 N aqueous NaOH. The mixture was stirred at room temperature for 2h. Af

ter additon of water (4 ml), the solution was extracted with chloroform (4 ml X 2 ). The ex

tracts were dried over Na2SO4 and concentrated under reduced pressure. The residue was

purified by preparative TLC (SiC>2; MeOH- benzene, 1: 49) to give 7 as a colorless oil: MS,m/z

278 (M+), 263, 250, 207, and 168; IR (CHCI3) 2980, 2910, 2830, 1715, 1610, 1510, and 1040 cm"1;

lHNMR(CDCl3) 8 1.45 (4H,m, H-4«,^ and H-5*,/j ), 1.9 ( 4H, m, H-3Oj/? and

H- 6 o,ii ), 2.5 (1H, m, H- 1 ), 3.2 (1H, m, H- 2 ), 3.78 ( 3H, s, OCH3), 3.82 ( 3H, s,

OCH3), 3.86 (3H, s, OCH3), 6.48 (1H, s, ArH), 6.77 (1H, s, ArH), and 9.33 (1H, d, J = 4 Hz,

CHO).

Found: m/z 278.1540. Calcd for C36 H2Z O4: m/z 278.1549.

Preparation of 9. To a vigorously stirred mixture of anhydrous ether (26 ml) and magne

sium (turnings, 2.76 g) in a three- necked flask was added dropwise a solution of allyl chloride

(7.65 g) in ether (20 ml) with cooling in an ice water bath under a nitrogen atmosphere. Next a

suspension of 2,4,5- trimethoxybenzaldehyde (1.0 g) in ether (13 ml) was carefully added

to the stirred mixture. The mixture was stirred at room temperature overnight, treated with a

solution of NH4CI (26 g) in water (120 ml), and extracted with ether (50 ml X 2 ).The extracts

were dried over Na2SO4 and concentrated under reduced pressure to give an oily residue

(1.4 g) which was used without further purification. To a solution of the oil (200 mg) in ben

zene (6 ml) was added 4 ml of 10% aqueous H2SO4, and the reaction mixture was stirred at

room temperature under a nitrogen atmosphere overnight. The mixture was diluted with wa

ter and vigorously stirred. The benzene layer was separated out, dried over Na2SO4, and con

centrated under reduced pressure. The residue was purified by preparative TLC (SiO2-,

MeOH-CHCl3, 1: 99) to give 9 (20 mg) as a colorless oil: MS, m/z 220 (M+), 205, and 189; IR

(CHCI3) 3000, 2900, 2840, 1625, 1505, 1020, 900, and 875 cm"1; *H NMR (benzene- tk) 8 3.37

(3H, s, OCH3), 3.45 (3H, s, OCH3), 3.50 (3H, s, OCH3), 5.03 (1H, dd J = 2 , 10 Hz, H- 4 ),

5.22 (1H, dd, J = 2 , 16 Hz, H- 4 ), 6.25 (1H, s, ArH), 6.3-6.8 (1H, m, H- 3 ), 6.80 (1H, dd,
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./= 10, 16 Hz, H-2), 7.05 (1H, s, ArH), and 7.17 (1H, d, J= 16 Hz,H~ 1).

Found: m/z 220.1090. Calcd for C,3Hi6O3: m/z 220.1100.

Synthesis of Alflabene (^) . A solution of 9 (75 mg) in toluene (35 ml) was heated under

reflux under a nitrogen atmosphere overnight. The solvent was evaporated under reduced

pressure, and the resulting brown oil was purified by preparative TLC (SiCV, MeOH- CHCI3,

1: 99) to give 12 mg of alflabene as a oil. Recrystallization of the oil from MeOH afforded 5

mg of alflabene as a colorless crystals: mp 129—130.5 °C (natural sample 130—131 °C); the

mixed melting point of the synthetic and natural alflabene showed no depression. The *H

NMR, IR, and MS spectra were also identical with those of natural alflabene.

We thank Dr. Satoshi Takano (Kao Soap Co. Ltd) for measurements of high- resolution

mass spectra and Dr. Tatsuo Higa (University of the Ryukyus) for reading the manuscript.
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