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The absolute stereochemistry of curcumol (1) is confirmed on the basis of the spectroscopic data. The ex-
istence of two conformations in curdione (4) is revealed by nOe experiments at ambient temperature. One-
step conversion of 4 into 1 stereospecifically proceeds via the ene-reaction without epimerization at any

asymmetric center in 4.
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An antitumor sesquiterpene was isolated from Curcuma
aromatica Salisb. by us (Chinese group) [1] and identified
to be curcumol (1) isolated from C. zedoaria Roscoe
(Zingiberaceae) by Hikino et al. [2] by comparison of the
physicochemical properties. The latter group decided the
gross structure of 1 to be formula 1a on the basis of the
chemical reactions and the spectroscopic data [2]. Recent-
ly, Inayama et al. [3] determined the absolute stereochem-
istry of 1 to be formula 1b by X-ray analysis. This paper is
concerned with an approach to 1b by means of spectros-
copy (*H, **C nmr and cd) and also its one-step formation
from sesquiterpene curdione (4) (vide infra) isolated from
Curcuma sp.

Absolute Stereochemistry of Curcumol (1).

The complete, unambiguous assignments of protons
and carbons in 1 were smoothly made without any com-
ment by 'H-'H and 'H-*>C COSY techniques in the nmr
spectrum (Table I). These data were in accord with 1a.
The relative stereochemistry of 1 was confirmed by nOe
experiments (Table II). Irradiation of 4-H and 6a-H show-
ed nOe’s on 1-H, suggesting that 1-H, 4-H and the 5-6
bond are cis with respect to A ring, and the A/B ring junc-
ture is cis. If it is assumed that B ring adopts a chair con-
formation (not unreasonable), an ethylene bridge between
the 5- and 8-positions led to that the 5-6 and 7-8 bonds
bear °‘1,3-diaxial’’ relationship, and 1-H is oriented
equatorial with respect to B ring. NOe’s were also observ-
ed among 1-H, 9a-H, 12-H; (Me), and 13-H; (Me), sug-
gesting the 7-isopropyl group to be oriented endo(a). This
situation can be seen in a Dreiding model le. At this
stage, the relative stereochemistry of 1 was made clear.

The ketone 2 obtained by ozonolysis of 1 showed a
negative Cotton effect, [6)3; —1430 (dioxane), in the cd
spectrum. Thus, the absolute stereochemistry of 1 should
be represented to be 1b (15,45,55,75,8R) by application of
the octant rule to 2 [4]. It is worth noting that the cd spec-

trum of 1 exhibited a positive Cotton effect, [6]33. + 19100
(methanol), which is explained by the left-hand rule of
olefin according to Scott et al. [5] (Figure 1).
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Fig 1. The Cd Spectrum of Curcumol 1.

A further evidence supporting the 7S-configuration of 1

was obtained as follows. The ketone 3 obtained by hydro-
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genation of 1 showed an intramolecular hydrogen bonding
(OH--- 0=C) at 3590 cm™ in the ir spectrum, being in ac-
cord with the rigid conformation 3a. The cd spectrum of 3
showed a negative Cotton effect, [0]23; —3713 (dioxane).
Application of the octant rule to 3a led to the
7S-configuration of 3 and 1 [4}.

Curdione (4) and Its One-Step Conversion into Curcumol
Q).

Curdione (4) is a sesquiterpene isolated from C.
zedoaria Roscoe [6] and C. aromatica Salisb [7]. Recently,
Inayama et al. [8] reported that 4 (45,75) adopts the con-
formation 4a in the solid state by X-ray analysis. They also
showed the existence of two main conformations 4a and
4b in solution at —70° by variable-temperature 'H nmr
data. On the other hand, the co-existence of 4a and 4b was
also observed by our nOe experiments at ambient temper-
ature (Figure 2).
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The protons and carbons in 4 were completely assigned
by the same way as employed for 1 (Table III). However,
the 'H nmr spectrum of 4 at ambient temperature cor-
responds to that of the equilibrating species between two
conformations [8). Irradiation of 1-H afforded nOe’s at
7-H, 98-H (4a) and 9a-H (4b). An nOe’s was observed be-
tween 1-H and 6ca-H (4b). Also, nOe’s were observed on
4-H and 9a-H (4a), and 7-H and 98-H (4b) on saturation of
14-H, (Me).

Table I
NMR Data for Curcumol (1) [a]

Carbon Correlated proton [b]

No dc One-bond [d]  Long-range 'H-H {c]

1 5444d 1-H 14-H,, 14-H, 2-H,
2.165 dd
(11.5, 9.0)

2 28.20t 2H, 1-H, 3a-H, 1.H, 3a-H,
1.700 m 36-H, 14-H,, 36-H,

14-H,

3 3087 3o0-H 15-H, 2-H,, 36-H,
1.480 m 4-H
35-H 2-H,, 3c-H,
1930 m 4.H

4 39.35d 4-H 3aH, 38-H, 3c-H, 38-H,
1.860 m 15-H, 15-H,
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Table I (continued)
Carbon Correlated proton [b]
No dc One-bond [d] Long-range 'H-'H [¢]
5 88.08 s 2-H,, 36-H,
6a-H, 68-H,
15-H,
6 3466t 6a-H 7-H 68-H, 7-H
1.165 dd
(12.5, 6.5)
68-H 6c-H, 7-H
2125t
(12.5)
7 5627d T7H 6a-H, 68-H, 6a-H, 68-H,
1.450 m 9a-H, 94-H, I11-H
12.H, 13.H,
8-0H
8 104.50 s 68-H, 7-H,
9a-H, 98-H,
8-OH
9 3878t 9a-H 14-H,, 14-H, 14-H,, 14-Hs
2.556 d
(15.0)
96-H
2.513 dt
(15.0, 1.0)
10 144.70 s 9a-H, 96-H
11 2868d 11-H 6a-H, 68-H, 7-H, 12-H,,
1.660 m 7-H, 12H,, 13-H,
13-H,
12 2145 q 12-H, 11-H
1.000 d
6.5)
13 23.04 q 13-H; 7-H 11-H
0.854 d
6.5)
14 11285t 14-H, 9a-H, 98-H 98H
4.858 8
14H, 98-H
4.862 s
15 12.34 q 15-H, 3a-H 4-H
0.990 d
(6.5)

8-OH, 2.725 s [e]

[a] The spectra were taken on a Varian XL-400 (‘H, 400 MHz; °C, 100.6
MHz) in chloroform-d; ppm. [b] These data were obtained by 'H-**C
COSY experiments. [c] These data were obtained by 'H-'"H COSY ex-
periments. [d] Figures in parentheses are coupling constants (Juw, Hz).
[e] This proton was exchangeable with deuterium oxide.

Pyrolysis of 4 gave 1 in quantitative yield [9], and its
spectroscopic (uv, cd, ir, '"H and '*C nmr) data as well as
melting point were perfectly the same as those of natural
curcumol. This result showed that the ring closure reac-
tion proceeds without epimerization at any asymmetric
center in 4. It seems probably that such a quantitative,
stereospecific reaction proceeded via six-membered ring
transition state 5, which was developed from the ene-
reaction [10] of 4b, by following intramolecular hemi-
acetalization of the resulting ketone 6 [2] to afford 1.
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Irradiated
proton
1-H
4-H
6a-H
66-H
12.H,
13-H,
15-H,
Carbon
No dc
1 131.50 d
2 26.34 t
3 3397t
4 46.70 d
S 214.26 s
6 44.14 t
7 53.54 d
8 211.00 s
9 55.76 t
10 129.84 s
11 29.90 d
12 19.78 q
13 21.04 g

Curcumol

Table II
NOe Data for Curcumol (1)

Observed
proton (nOe %)
2-H, 8%), 3a-H 4%), 9c-H (2%)
1-H 5%), 3a-H (5%), 66-H (3%)
1.H(3%), 68-H(17%)
6c-H (10%), 7-H (3%), 13-H, 3%)
1-H (6%), 8-0H (3%), 9a-H (3%),
11-H (11 %)
1-H (1%), 6a-H (1%) 66-H (2%),
7-H (5%), 11-H (4%)
38-H (15%), 65-H (6%)
Table III
NMR Data for Curdione (4) [a]
Correlated proton [b]
One-bond [d] Long-range 'H-'H [c]
1-H 3H, 14H, 2H, I4H,
5.140 m
2-H, 1-H, 3-H,
2,100 m 14-H,
3.H, 15-H, 2.H, 3-Hs
1.560 m 4-H
3-Hp 3-H,, 4-H
2.090 m
4H 3-H,, 15H, 3-H., 3-Hs,
2310 m 15H,
6a-H 7-H 68-H, 7-H
2.674 dd
(16.5, 8.5)
68-H 6c-H, 7-H
2.377 dd
(16.5, 2.0)
7-H 12-H,, 13-H, 6a-H, 66-H,
2.828 dt 11-H
2.0, 8.5)
6a-H, 643-H,
7-H, 9a-H,
96-H
9a-H 14-H, 96-H, 14-H,
2917 d
(11.0)
98-H 9a-H
3.040 d
(11.0)
11-H 6a-H, 68-H, 7-H, 12-H,
1.850 m 7.H, 12H, 13-H,
13.H,
12-H, 7H, 13-H, 11.H
0.930 d
(7.0)
13.H, 7H, 12H, 11H
0.863 d
(6.5)
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Table 111 (continued)
Carbon Correlated proton [b]

No 6c One-bond [d]  Long-range 'H-H [c]

14 1648 q 14-H, 1.H, 9a-H, 1-H, 2-H,,
1.630 s 95-H 9a-H

15 1846 d 15-H, 3-H, 4.H
0.960 q
(7.0)

[a] The spectra were taken on a Varian XL-400 (*H, 400 MHz; *C, 100.6
MHz) in chloroform-d; ppm. [b] These data were obtained by 'H-13C
COSY experiments. [c] These data were obtained by 'H-'H COSY ex-
periments. [d] Figures in parentheses are coupling constants (Juu Ha2).

EXPERIMENTAL

Melting points were determined on a micro hot-stage apparatus and
are uncorrected. Specific rotations were taken on a JASCO DPI-181
polarimeter. Spectra were recorded on the following spectrometers: uv,
Hitachi EPS-2U; cd, JASCO J-20 and J-600; ir, Hitachi 260-30; 'H nmr,
Varian VXR-300 (300 MHz) and XL-400 (400 MHz); *C nmr, Varian
XL-400 at 100.6 MHz; ms, JEOL JMS DX-300; elemental analysis,
Perkin-Elmer 240B. For the nOe spectra (400 MHz), the degassed solu-
tion was used. All nmr spectra were taken in chloroform-d solution at
prove temperature, 20°, using a 5 mm tube.

H,H-COSY: *H single probe; 5 mm tube; relaxation time ls; 90° (*H) =
15 ps; 90° mixing pulse; F, = F, = 1775 Hz; data matrix 1024 x 128; 16
scans during 128 time increments (zero filling in F.); 2 dummy scans;
spectra were symmetrized.

H,C-COSY: *2C, 30 ~ 105 MHz probe; 5 mm tube; relaxation time 1s;
90° (**C) = 9.7 us; F, = 1736 Hz, F, = 13986 Hz for one-bond correla-
tion; F, = 1736 Hz, F, = 14164 Hz for long-range correlation; data
matrix: 2048 x 64 for one-bond correlation, 2048 x 80 for long-range cor-
relation; 16 scans during 64 time increments for one-bond correlation;
512 scans during 80 time increments for long-range correlation (zero fill-
ing in F,); 2 dummy scans.

The nOe spectra were recorded by means of nOe difference tech-
niques. The pre-irradiation time of each resonance was 3 seconds. The ir-
radiation data sets were interleaved to cancel drift and changing magnet
homogenity. These spectra were transformed by the difference between
two free induction decays.

Properties of Curcumol (1).

This compound is colorless needles of mp 140-141° (ethanol),
147-148°; (ethyl acetate), Rf 0.30 (silica gel, chloroform), 0.51 (silica gel,
petroleum ether-ethyl acetate = 85:15, v/v); specific rotations [al?® (nm):
—32.5° (589), —34.3° (577), —39.6° (546), — 62.6° (435), —84.9° (365)(c
= 0.53, chloroform); cd: [1** (nm) 0 (221), +19100 (202), 0 (191)(c = 5.0
x 10~%, methanol); ir (potassium bromide): cm™* 3455 (OH), 1645 (C=C);
ms: miz M*, 236.1764 (M, 236.1775), [lit [2], mp 141-142° (ethyl acetate);
[alsss —40.8° (¢ = 6.7, chloroform)j.

Anal. Caled. for C,H,,0,: C, 76.23; H, 10.23. Found: C, 76.09; H,
10.34.

Properties of Curdione (4).

This compound is colorless needles of mp 51-52° (hexane), Rf 0.42
(silica gel, hexane-ethyl acetate = 10:1, viv); specific rotations [a]** (nm):
+263.3° (589), +280.6° (577), +333.7° (546), +764.9° (435), + 2110.9°
(365) (c = 0.99, chloroform); uv (methanol): X max () 298 (269), 213 (sh)
(2966); cd: [0]** (nm) O (347), +8000 (318), +7333 (313), +17500 (310),
+4000 (sh) (300), 0 (288), — 1000 (276), 0 (251), +23400 (222), 0 (204),
—38200 (192) (¢ = 5.0 x 10™, methanol); ir (potassium bromide): cm™*
1705 (C =0), 1670 (C=C); ms: m/z M*, 236.1770 (M, 236.1775); [lit [6], mp
61.5-62°; [at];g, +25.6° (chloroform)).
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A4nal. Caled. for C,H,0,: C, 76.23; H, 10.23. Found: C, 76.04; H,
10.29.

Ozonolysis of Curcumol (1).

A solution of 1 (8.6 mg) in dichloromethane (10 ml) was ozonized in the
usual way under dry ice-acetone cooling until 1 disappeared (ca. 1 hour).
After addition of dimethyl suifide (2 ml), the mixture was stirred at am-
bient temperature for additional 1 hour. Work-up of the reaction mix-
ture, followed by preparative tle (silica gel, chloroform-methanol = 30:1,
v/v) of the product, gave 2 (6.3 mg, 73%) as a colorless oil, Rf0.43 (silica
gel, chloroform-methanol = 20:1, viv); specific rotations [a)*® (nm):
—53.1° (589), —53.8° (577), — 63.1° (546), — 120.6° (435), —215.0° (365)
(c = 0.32, chloroform); uv (methanol): A max (€) 258 (188); cd: [6]*° (nm) 0
(316), —1430 (292), 0 (234) (c = 8.97 x 107, dioxane); ir (carbon tetra-
chloride): cm™ 3590, 3400 (OH), 1710 (C=O); 'H nmr: (300 MH2z) 6 0.90,
0.99, 1.05 (each 3H, d, ] = 6.5 Hz, Me x 3), 1.30 (1H, dd,J = 13.0, 6.5
Hz), 1.42 (1H, m), 1.54-1.67 (2H, m), 1.74.2.06 (4H, m), 231 (1H,t,] =
10.0 Hz), 2.31 (1H, t,J = 12.5 Hz), 2.66 (1H, dd, ] = 16.5, 0.5 Hz), 2.77
(1H,dd, J = 16.5, 1.0 Hz), 2.81 (1H, s, 8-OH); ms: Calcd. for C, ;H,,0,: M,
238.1568. Found: m/z M*, 238.1566. [lit [3], [«])38 —62.76° (¢ = 0.813,
chloroform), [35, — 1423 (c = 0.01, dioxane)].

Hydrogenation of Curcumol (1).

A mixture of 1 (12.4 mg) and 5% Pd-C (6.0 mg) in methanol (10 ml) was
stirred with hydrogen under atmospheric pressure at ambient tempera-
ture for 1 hour. Work-up of the reaction mixture, followed by preparative
tle (silica gel, benzene-ethyl acetate = 20:1, v/v) of the product gave 3
(3.6 mg, 29%) as a colorless oil, Rf0.22 (silica gel, benzene-ethyl acetate
= 10:1, vlv); specific rotations [a]'® (nm): —52.9° (589), —~40.0° (577),
—52.9° (546), —131.8° (435), —328.2° (365) (¢ = 0.17, chloroform); uv
(methanol): X max () 267 (206), 222 (806); cd: [6]° (nm) O (330), —3713
(293), 0 (240) (c = 7.7 x 104, dioxane); ir (chloroform): cm™* (¢) 3600 (OH),
1690 (C=0); 3610 (22.6) (free OH), 3590 (25.9) (bonded OH) (c = 7.9 x
1074, carbon tetrachloride); *H nmr: (300 MHz) & 0.89, 0.91, 0.96, 0.99
(each 3H, d, ] = 6.5 Hz, Me x 4), 1.25-1.43 (4H, m), 1.36 (1H, dd, ] =
14.5, 11.5 Hz), 1.49-1.68 (3H, m), 1.72-1.86 (3H, m), 2.12 (1H, dd, J =
14.0, 6.0 Hz), 2.23-2.33 (1H, m), 2.44 (1H, t, ] = 11.0 Hz); ms: Calcd. for
CysH;40,: M, 238.1931; Found: m/z M*, 238.1934, [lit [2], {at]ses —94.7° (c
= 4.9, chloroform)).

Pyrolysis of Curdione (4) to Curcumol ).
A solution of 4 (200 mg) in ethanol (20 ml) was heated in a sealed tube
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at 180° for 5 hours. After cooling, the reaction mixture was concentrated
to give 1 (200 mg, quantitative) as colorless needles of mp 140-141°
(ethanol), 146-148° (ethyl acetate), Rf 0.51 (silica gel, petroleum ether-
ethyl acetate = 85:15, v/v). Mixed mp with natural curcumol was not
depressed (141-142°); specific rotations [a)* (nm): — 35.8° (589), —36.7°
(577), —49.9° (546), —67.8° (435), —88.9° (365) (c = 0.72, chloroform).
Its cd, ir, '"H and "C nmr spectra were superimposable on those of
natural curcumol; ms: m/z M*, 236.1776 (M, 236.1776).

Anal. Caled. for C,,H,,0;: C, 76.23; H, 10.23. Found: C, 75.90; H,
10.34.

Acknowledgement.

The authors thank Drs. T. Takakuwa (JASCO Co., Ltd) and H. Komura
(Suntory Institute for Bioorganic Research) for the measurements of the
cd spectra.

REFERENCES AND NOTES

[1] J. Shenyang Coll. Pharm., 82 (1975); (The author’s name was for-
bidden to describe by Chinese Government during ‘‘Civilization-
Revolution™).

{2] H. Hikino, K. Meguro, Y. Sakurai, and T. Takemoto, Chem.
Pharm. Bull., 14, 1241 (1966).

[3] S. Inayama, J. Gao, K. Harimaya, T. Kawamata, Y. litaka, and Y.
Guo, Chem. Pharm. Bull.,, 32, 3783 (1984).

[4] W. Klyne, in “‘Optical Rotatory Dispersion and Circular
Dichroism in Organic Chemistry”’, G. Snatzke, ed, Heyden and Son Ltd,
London, 1967, p 139 and references cited therein.

[5] A. L Scott and A. D. Wrixon, Tetrahedron, 26, 3695 (1970).

[6] H. Hikino, Y. Sakurai, H. Takahashi, and T. Takemoto, Chem.
Pharm. Bull., 14, 1310 (1966).

[7] H. Xu, S. Zheng, F. Sun, S. Han, G. Zhu, and A. Xu, J. Shenyang
Coll. Pharm., 20 (1978).

{8a] S. Inayama, K. Gao, K. Harimaya, Y. Iitaka, Y. Guo, and T.
Kawamata, Chem. Pharm. Bull.,, 33, 1323 (1985); [b] K. Harimaya, T.
Ohkura, J. Gao, Y. litaka, E. Osawa, and S. Inayama, Chem. Pharm.
Bull., 35, 3866 (1987).

[9] This reaction was reported preliminarily by one of authors (Z. J.);
Z.]i, D. Yi, Z. Zeng, and H. Xu, J. Shenyang Coll. Pharm., 86 (1981).

[10] W. Oppolzer and V. Snieckus, Angew. Chem., Int. Ed. Engl, 17,
476 (1978) and references cited therein.



