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The complete stereostructure of neocurdione (la) from Curcuma
wenyujin and C. aromatica was determined unequivocally on the basis of chemical
transformation of curdione (2a) to 4-epicurdione (1b) as well as X-ray
crystallography of the p-bromobenzoate (3b) of 8aH~dihydro-4-epicurdione (3a).
The preferred conformation of la in solution was found to ‘be A [CGI)FCH3/C(5)=O:
anti} based on lH-—NMR spectrometry at various temperatures, and NOE meésure—
ments, especially at -60°C. In contrast, the preferred conformation of la in
crystals (X-ray) was found to be B [C(lO)—CH3/C(5)=O: syn]. A conformatlonal
analysis of la, 1b and 2a is also presented based on molecular dynamics
calculations using MM2.
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In our continuous study on bioactive sesquiterpenoid constituents in Curcuma
wenyujin, the structure of neocurdione, a new isomer of curdione (2a), has been
deduced to be 7-epicurdione (la)(4%,70H) or its antipode, 4-epicurdione
(1b)(4B,7eH).3) This communi;ation concerns the unambiguous elucidation of the
absolute configuration of la (48, 7R) on the basis of the chemical transformation to
4-epicurdione (1b)(4R, 7S), i.e., the antipode of naturally occurring neocurdione
(la) from curdione (2a)(4s, 7s), whose absolute configuration has been established.4)
The complete stereostructure of }a was determined by an X-ray diffraction study of
the P-bromo-benzoate (3b) of 8aH-dihydro-4-epicurdione (3a)(4s, 758, 8R) obtained from
8BH—dihydro—4—epicurdione (2c)(4§, 758, 8S) which was derived by epimerization of
8BH-dihydrocurdione (2b)(4S, 7S, 8s).>)

In order to decide which is the correct structure of neocurdione, la or 1b, the
following chemical transformations were carried out. Curdione (2a) wasNreducéd with

sodium borohydride in methanol at room temperature for 3 h to give ketol (2b):
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a 2a (R=0) 3a (R=H)
1b: }a(48, 78H) gb (R=wOH) }b (R=COC
2c: 2b(4gH)

6H4Br)

C,.H, . O,, mp 55-58°C, [OL]19 +70.25° (c, 2.10; CHCl,), EI-MS m/z 238 (M+) fct.
1572672 D 3 4b)
1.

8qH-dihydro-curdione, mp 163-164°C; [a]§4 +3.07° (c, 3.58; CHCl)
treated with potassium tert-butoxide in benzene in a 4:1 mixture of the starting

2b was

material (2b) and its C(4)-epimer (2c). The 2c was separated by silica gel
chromatograbhy using hexane-ether. 8 gH-dihydro-4-epicurdione (2c) C15H2602' oil,
[a]SO -0.26° (c, 3.82; CHCl,), EI-MS (M*) 238, was oxidized with chromic anhydride
in pyridine to give 4-epicurdione (1lb): C15H2402, mp 45-47°C, [u]gz +65.88° (c, 1.20;
CHCl3), EI-MS m/z 236 (M+), CD [9]300 +36,585; [6]223 -12,589 (c = 3,800, MeOH). The
physical characteristics of 1lb were identical in every respect with those of
neocurdione (la), except the sign of optical rotation'[u]g2 -65.80° (c, 1.20;
cric1;)?) and the sign of the CD Cotton effect [[6],9q 5 -36,060; [8]5y3 +12,368 (c =
5,084, MeOH)].3) This clearly shows that neocurdione is the antipode of
4-epicurdione (1b) and should be expressed as {a. In addition a rapid reduction of
1b with lithium aluminum hydride in tetrahydrofurane afforded the oily 2c (80%)
together with its crystalline 8aH-epimer (3a)(8%) (mp 102-103°C).

To further confirm the absolute structure (la) thus deduced, p-bromobenzoate
(3b)(48, 7s, 8R), which was prepared in good yield By treatment of 3a with
g-bromobenzoyl chloride in pyridine in the presence of 4-dimethylaminopyridine, was
submitted to X-ray crystallographic analysis. %b: C22H2903Br, mp 123-124°C, [u]go
~11.36° (c, 0.352; CHCl;), IR vhop (cm '): 1718, 1700, 1593, EI-MS m/z 220
(M+—BrC6H4COOH), lH—NMR (CDC13) §: 7.90 (24, 4, J = 7.0, arom.-H), 7.59 (2H,

d, J = 6.5, arom.-H), 5.13 (2H, br s, 1- and 8oH), 2.63 (1lH, br s, 4-H), 1.86 (3H, s,
10—C§3), 1.153H, 4, J = 7.32, 4—Cﬂ3), 0.83 (3H, 4, J = 6.84, ll—C§3), 0.67 (3H, 4, J
= 6.59, 11—C§3). :

The absolute configuration of 3b was determined by the anomalous dispersion of
CuKa radiation by the bromine atom.~ The crystal data are as follows: C22H2903Br, MW
= 421.4, orthorbombic, space group P212121, lattice cons:gnts a = 13.569(1), b =

[
18.8?7(2) , c.= 8.382(0) A, ¢ = 8 =y =90°, U= 2151.4 A7, Z = 4, Dcalc = 1.289

gcm °. The intensity data of a total of 1720 reflections were collected within the
2p angle of 156° by graphite monochromated CuKo radiation. The structure was
determined by the heavy atom method and refined by the method of least-squares. The

6) Fig. 1 shows a stereoview of the molecular structure of

final R-value was 0.047.
- 3b. Thus, the absolute structure of synthetic 4-epicurdione was independently
;stablished to be lb, and that of naturally occurring neocurdione is automatically
expressed as la. %he crystal structure and conformation of la was depicted in a

3) -

previous paper.
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Fig.l. Stereoview of p-Bromobenzoate (3b) of 8gH-Dihydro-4-epicurdione (3a)

It is evident that, in the crystalline state,3) la adopts conformation B with a
syn relationship between C(5)=0 and C(lO)-CHB, as mentioned above for 3b. This is in
1.4) in which C(5)=0 and

C(lO)—CH3 was arranged in the anti-relationship, solely in the crystal state and

sharp contrast with the conformation of curdione (2a),

predominantly in solution.. This prompted us to examine the preferred conformation of
la in solution. Thus, variable-temperature NMR studies of la in solution using 500
MHz 1H—NMR spectrometer were undertaken. While the spectrum showed a set of well-
separated proton signals at C(1l)-H and C(lO)—CH3 at room temperature, at -60°C two
sets of signals appeared with an intensity ratio of approximately 2:1 [i.e. C(1)-H:

§ 4.98 and 5.48; C(lO)—C§3: § 1.76 and 1.59]. This indicates that each of the
signals is assigned to the respective conformers. This would be represented by

4a) To determine the conformation

conformation A and B by analogy with curdione (2a).
of the major one, the intramolecular nuclear Overhauser effect (NOE) was measured at
-60°C. When the frequency corresponding to the C(10)—CH3 of the predominant
conformer was saturated, 3% of NOE was observed in C(9)-aH. 1In addition, the C(1)-H
signal of the major conformer (§ 4.98) appears to be upward compared to the corre-
sponding proton of the minor one (§ 5.48). In contrast, the C(lO)-CH3 signal of the
major one is observed at a lower field (¢ 1.76) than that of the minor conformer
(6 1.59). It is of special interest that neocrudione (la) is considered to adopt
mainly more stable conformations such as conformation A [C(lO)—CH3/C(5)=O: anti] in
solution but less stable conformations such as conformation B [C(lO)—CH3/C(5)=O: syn}
in crystals.3)'
To assess this problem further, the relative strain energies of both the anti
and syn type conformations were calculated using the MM2 force field program.7) The
calculated ratio between the anti and syn type conformations was 68:32.1'8) The
1H-—NMR studies described

above. This shows that the syn type conformation of neocurdione (la) in crystals was

ratio coincided with that obtained experimentally by the

relatively unstable both in solution (1H-NMR studies) and in the gas phase (MM2
calculations). The existence of the unusually labile structure depicted by the X-ray
analysis may be explained by stabilization due to interactions with neighboring

. molecules in the crystalline state. More precise calculations and discussions about

the conformation of la and 2a will be reported in a following paper.
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