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Abstract

Reduction of the a,b-unsaturated ester moiety of (+)-methyl hardwickiate with magnesium in methanol a�orded methyl
(4aS,6S,8aS,1R,5R )-5,6,8a-trimethyl-5-[2 '-(30-oxoyl)-ethyl-perhydro-1-naphthalenyl]-carboxaylate, while reduction with sodium

in n-propanol, followed by esteri®cation with diazomethane, furnished its C-4 epimer. After comparison of the 1H- and 13C-
NMR data of these compounds with those reported for crolechinic acid isolated from Croton lechleri, a stereochemical revision
for the natural product is suggested. 7 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Crolechinic acid is a clerodane diterpene isolated
from Croton lechleri, (Cai, Chen, & Phillipson, 1993) a
plant widely used as a traditional medicine in South
America for the treatment of wounds, in¯ammation
and cancer (Hartwell, 1969; Bettolo & Scarpati, 1979;
Cai, Evans, Roberts, Phillipson, Zenk & Gleba, 1991).
Its structure was depicted as 1 based on the analysis of
its 1H- and 13C-NMR spectral data, including a COSY
experiment, and also by comparison of the data with
those of crolechinol (2) isolated from the same plant.
The most intriguing aspect of this diterpene is the
axial orientation of the carboxyl group at carbon C-4.
During our studies on the chemical transformation of
(+)-methyl hardwickiate (3) (Costa, Fujiwara & Ima-
mura 1998), one of the products which we have pre-
pared is 4, obtained through catalytic hydrogenation
of 3b. Since the catalytic hydrogenation of an ole®n is
sensitive to sterical hindrance, it was assumed that

hydrogenation will occur from the a-face leading to a
carbomethoxy group with an equatorial orientation
(House, 1972). On comparing the 13C-NMR spectral
data of crolechinic acid reported in the literature (Cai
et al., 1993) and 4, we observed that the chemical
shifts of the A, B ring were almost identical, which
suggests that in both cases, the relative stereochemistry
at C-4 should be the same, i.e., an equatorial orien-
tation for carboxyl group. This prompted us to pre-
pare compounds 5 and 6b from 3, in order to compare
all the spectroscopic data with those of crolechinic
acid and to establish the correct stereochemistry of the
natural product.

2. Results and discussion

Reduction of a,b-unsaturated esters is well known in
the literature, and particularly the use of magnesium in
methanol (Zechmeister & Rom, 1929) was extended in
the past few years after the discovery that it can selec-
tively reduce the C±C double bond (Youn, Yon &
Pak, 1986; Walkup & Park, 1990; Zarecki & Wicha,
1996; Ho, Lee & Chen, 1997). Actually, only a few
examples of the reduction of a,b-unsaturated esters
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linked to the cyclopentene system were reported in the
literature (Boyle et al., 1986; Hudlicky, Sinai-Zingde &
Natchus, 1987) and there is no example for the cyclo-
hexene system. Thus submitting (+)- methyl hard-
wickiate (3b) to the magnesium in methanol reduction
technique according to the procedure described by
Hudlicky et al. (1987), we obtained a clean reaction
which after puri®cation a�orded a single product.To
our surprise, after analysis of the spectroscopic data,
the product was characterized as 5. The stereochemis-
try at C-4 of 5 was determined by careful analysis of
its 1H- and 13C-NMR spectral data, and by NOE ex-
periments. On irradiating 4-H at d 2.22, an enhance-
ment in the intensity of the signal for the C-19 methyl
group at d 1.04 (3.9%) was observed. Following ir-
radiation of the C-19 methyl group, enhancements in
the intensities of the signals for 4-H (3.6%) and of the
C-20 methyl group at d 0.69 (2.5%) were observed.
When the 13C-NMR spectral data of this reduction
product were compared with those of 4, we observed,
as expected due to the g-gauche e�ect (Wehrli &
Wirthlin, 1976), a signi®cant di�erence of the chemical
shifts for C-2 �Dd � ÿ3:9), C-10 �Dd � ÿ9:4� and C-19
�Dd � �6:8� con®rming that the carbomethoxy group
of 5 should be oriented axially. To provide further
con®rmation, the reduction of 3b was carried out with
sodium in n-propanol (Ferrari, Pelizzoni & Ferrari,
1971) to furnish the acid 6a, which was esteri®ed with

diazomethane to give ester 6b in 45% yield and the
over-reduction product 7 in 50% yield.

By comparison of the 13C-NMR spectral data, pre-
sented in the Table 1, of the esters 5 and 6b, and alco-
hols 8 (obtained by reduction of 5) and 7, we could
observe clearly the g-e�ect shielding (Wehrli & Wirth-
lin, 1976) at C-2 and C-10 for 5 (respectively,
Dd � ÿ3:6 and ÿ9.4) and for 8 (respectively, d � ÿ4:5
and ÿ7.5), and the deshielding at C-19 due to the lack
of a g-e�ect of shielding �Dd � 6:8 for 5 and Dd � 7:8
for 8). The 13C-NMR chemical shifts of the bicyclic
system observed for 7 are in good agreement with
those reported for the enantiomer (Rosa, Minale,
Riccio & Sodano, 1976).

On comparing the chemical shifts of the 13C-NMR
spectral data of ester 6b with those reported for crole-
chinic acid, we observed, except for the methoxy
group, a good agreement, which indicates that they
should have same relative stereochemistry. A good
agreement was also observed by comparing the bicyclic
system for the alcohols 7 and 2, which suggests that
the orientation of the hydroxymethyl group at C-4
should also be equatorial. Thus, the results of the 13C-
NMR data observed above for 5 and 6b led us to
suggest that the structure of natural crolechinic acid
should be revised as depicted in 91 and structure 10 for
natural crolechinol.

3. Experimental

1H- and 13C-NMR spectra were recorded in CDCl3
solution at 300 and 75 MHz, respectively, with a Bru-
ker AC 300/P spectrometer (TMS as internal stan-
dard). IR spectra of neat samples were measured with
a Perkin±Elmer 1600 series FTIR. Mass spectra of
puri®ed compounds were recorded with a Hewlett-
Packard 5890 GC equipped with a Model 5970 mass-
selective detector. Elemental analyses were performed
with a Perkin±Elmer 2400 CHN analyzer. Optical ro-
tations were measured with a Carl Zeiss photoelectric
polarimeter.

3.1. Methyl (1S,4aS,6S,8aS,5R)-5,6,8a-trimethyl-5-[2 '-
(tetrahydrofuranyl)-ethyl-perhydro-1-naphthalenyl]-
carboxylate (4)

A solution of 3b (66 mg, 0.20 mmol) was dissolved
in EtOAc (15 ml) and hydrogenated on a Parr instru-
ment (1 atm) with PtO2 (3 mg). After 4 h, the mixture
was ®ltered through Celite and washed with EtOAc
(10 ml). After removal of solvent, 4 (67 mg, 100%)
was obtained: IR (®lm): n � 2933, 2871, 1727, 1450,
1383, 1187, 1140, 1038 cmÿ1. 1H-NMR spectral data
(CDCl3, TMS): d � 0:68 (s, 3H), 0.77 (d, 3H, J � 6:2
Hz), 1.00 (s, 6H), 0.80±1.60 (m, 26H), 1.70±1.90 (m,

Table 1
13C-NMR chemical shiftsa of 4, 5, 6b, 7 and 8

Carbon 4 5 6b 7 8

1 21.5 21.0 21.0 21.5 21.5

2 26.5 22.6 26.2 26.9 22.4

3 25.0 24.3 24.9 25.4 23.6

4 57.6 53.9 57.6 54.4 51.3

5 37.4 36.7 37.3 37.0 36.9

6 39.9 38.3 39.9 39.5 37.0

7 27.2 27.2 27.1 27.3 27.3

8 36.6 36.5 36.6 36.5 37.0

9 38.8 38.6 38.9 38.9 38.8

10 49.3 39.9 49.3 49.7 42.2

11 37.1 38.3 38.3 38.5 38.2

12 26.2 18.2 18.1 18.1 18.2

13 40.1 125.9 125.6 125.9 125.7

14 32.8 111.1 111.0 111.2 111.0

15 68.1 142.5 142.7 142.9 142.7

16 73.8 138.5 138.4 138.6 138.4

17 16.0 16.0 16.0 16.1 16.0

18 175.3 175.8 175.0 63.6 62.1

19 14.8 21.6 14.8 15.2 23.0

20 18.2 18.1 18.1 18.1 18.1

OMe 51.0 50.8 50.9

a d in ppm from TMS, in CDCl3 solution.

1 Since there is no report of the optical rotation of the natural pro-

duct, the absolute con®guration remains unknown.
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6H), 2.0±2.30 (m, 6H), 3.25±3.35 (m, 2H), 3.62 (s, 6H),
3.65±3.95 (m, 8H); 13C-NMR spectral data (see
Table 1).

3.2. Methyl (4aS,6S,8aS,1R,5R)-5,6,8a-trimethyl-5-
[2 '-(30-oxoyl)-ethyl-perhydro- 1-naphthalenyl]-
carboxylate (5)

Mg turnings (40.8 mg, 1.68 mmol) were added to a
stirred solution of 3b (55.4 mg, 0.17 mmol) in dry
MeOH (10 ml). The reaction mixture was cooled, 3 M

HCl was added carefully until the excess of Mg dis-
solved and the mixture was extracted with Et2O (4 � 5
ml). The organic layer was washed with brine (10 ml),
dried (MgSO4) and concentrated in vacuum. The resi-
due was puri®ed by silica gel chromatography (n-hex-
ane/Et2O, 99:1) to give 5 (33.4 mg, 60%): colorless oil;
�a�25D ÿ128 (c 1.74, CHCl3) spectral data. IR (®lm):
n � 2921, 2867, 1732, 1446, 1377, 1150, 1026, 874, 777
cmÿ1. 1H-NMR spectral data (CDCl3, TMS): d � 0:69
(s, 3H), 0.80 (d, 2H, J � 6:5 Hz), 1.04 (s, 3H), 1.20±
2.40 (m, 17H), 3.64 (s, 3H), 6.27 (br s, 1H), 7.21 (br s,

Scheme 1. (a) Mg/MeOH; (b) LiAiH4, Et2O; (c) Na/n-PrOH; (d) CH2N2, Et2O.
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1H), 7.33 (t, 1H, J � 1:6 Hz); 13C-NMR spectral data
(see Table 1); MS: m/z (%) = 332 (M+, 6), 237 (20),
205 (20), 177 (32), 96 (8), 81 (100), 41 (60); Anal.
calcd. for C21H32O3 (332.5): C 75.86; H 9.70; Found:
C 75.72; H 9.64.

3.3. Methyl (1S,4aS,6S,8aS,5R)-5,6,8a-trimethyl-5-[2 '-
(30-oxoyl)-ethyl-perhydro- 1-naphthalenyl]-carboxylate
(6b) and (1S,4aS,6S,8aS,5R)-5,6,8a-trimethyl-5-[2 '-
(30-oxoyl)-ethyl-perhydro-1 -naphthalenenyl]-methanol
(7)

Small pieces of sodium (23.6 mg, 1.0 mmol) were
added to a stirred solution of 3a (68.2 mg, 0.21 mmol)
in dry n-propanol (15 ml). The reaction mixture was
stirred for 6 h at room temperature, the solution acidi-
®ed by adding HCl 1 M (pH0 5) and extracted with
Et2O (4 � 20 ml). The ethereal solution was washed
with brine (2 � 30 ml), dried (MgSO4) and concen-
trated in vacuo. The residue was puri®ed by silica gel
chromatography (n-hexane/EtOAc, 99:1) to give 7
(31.4 mg, 50%) as colorless oil. Further elution (n-hex-
ane/EtOAc, 9:1) furnished 6a, which was esteri®ed
with CH2N2 to give 6b (30.9 mg, 45%) as colorless oil.

Compound 6b: �a�25D +528 (c 2.37, CHCl3) [for enan-
tiomer (Boyle et al., 1986): �a�D ÿ568, (CHCl3)]; IR
(®lm): n � 2947, 2870, 1731, 1447, 1384, 1320, 1191,
1144, 1026, 873, 777, 600 cmÿ1. 1H-NMR spectral data
(CDCl3, TMS): d � 0:72 (s, 3H), 0.81 (d, 3H, J � 6:5
Hz), 1.02 (s, 3H), 1.10±1.90 (m, 14H), 2.10±2.40 (m,
3H), 3.63 (s, 3H), 6.25 (br s, 1H), 7.20 (br s, 1H), 7.34
(t, 1H, J � 1:6 Hz); 13C-NMR spectral data (see
Table 1); MS: m/z (%) = 332 (M+, 10), 237 (100),
205 (78), 177 (75), 81 (95), 55 (40); Anal. calcd. for
C21H32O3 (332.5): C 75.86; H 9.70; Found: C 75.70; H
9.88.

Compound 7: �a�25D +21.78 (c 5.87, CHCl3) [for
enantiomer (Boyle et al., 1986): �a�D ÿ30.58, (CHCl3)];
IR (®lm): n � 3346, 2925, 2868, 1446, 1161, 1026, 874,
779 cmÿ1. 1H-NMR spectral data (CDCl3, TMS): d �
0:71 (s, 3H), 0.81 (d, 3H, J � 6:5 Hz), 0.83 (s, 3H),
1.00-1.90 (m, 16H), 2.10-2.40 (m, 2H), 3.27 (dd, 1H,
J � 8:0, 10.3 Hz), 3.84 (dd, 1H, J � 2:4, 10.3 Hz), 6.26
(br s, 1H), 7.20 (br s, 1H), 7.35 (t, 1H, J � 1:6 Hz);
13C-NMR spectral data (see Table 1); Anal. calcd. for
C20H32O2 (304.5): C 78.90; H 10.59; Found: C 78.88,
H 10.45.

3.4. (4aS,6S,8aS,1R,5R)-5,6,8a-trimethyl-5-[2 '-(30-
oxoyl)-ethyl-perhydro- 1-naphthalenyl]-methanol (8)

A solution of 5 (25.2 mg, 0.07 mmol) in dry Et2O (5
ml) was added to a suspension of LiAlH4 (27.7 mg,
0.76 mmol) in dry Et2O at 08C, and the reaction mix-
ture was stirred for 6 h under nitrogen. Excess LiAlH4

was destroyed by the careful addition of 10% aqueous
NaOH. The solid was removed by ®ltration through a
Celite pad, and the ethereal solution was dried
(MgSO4) and concentrated in vacuum. The residue
was puri®ed by ¯ash chromatography (n-hexane/
EtOAc, 9:1) to give 8 (22.3 mg, 97%): colorless oil;
�a�25D ÿ28.08 (c 1.4, CHCl3). IR (®lm): n � 3356, 2931,
2868, 1448, 1026, 874, 779 cmÿ1. 1H-NMR spectral
data (CDCl3, TMS): d � 0:70 (s, 3H), 0.81 (d, 2H, J �
6:5 Hz), 1.07 (s, 3H), 1.20±1.80 (m, 16H), 1.90±2.40
(m, 2H), 3.66 (dd, 1H, J � 7:6, 10.6 Hz), 3.97 (dd, 1H,
J � 5:4, 10.6 Hz), 6.26 (br s, 1H), 7.20 (br s, 1H), 7.34
(t, 1H, J � 1:6 Hz); 13C-NMR spectral data (see
Table 1); Anal. Calcd. for C20H32O2 (304.5): C 78.90;
H, 10.59; Found: C 78.89, H 10.40.

Acknowledgements

We thank Dr. L.H.B. Baptistella for helpful discus-
sion. Financial support of this work by Fundac° aÄ o de
Amparo aÁ Pesquisa do Estado de SaÄ o Paulo
(FAPESP) is gratefully acknowledged. M. Costa
would like to thank CAPES/PICD and E.C. Perles for
PIBIC/CNPq for a fellowship.

References

Bettolo, R. M., & Scarpati, M. L. (1979). Phytochemistry, 18, 520.

Boyle, E. A., Mangan, F. R., Markwell, R. E., Smith, S. A.,

Thomson, M. J., Ward, R. W., & Wyman, P. A. (1986). Journal

of Medicinal Chemistry, 29, 894.

Cai, Y., Chen, Z. P., & Phillipson, J. D. (1993). Phytochemistry, 32,

755.

Cai, Y., Evans, F. J., Roberts, M. F., Phillipson, J. D., Zenk, M. H.,

& Gleba, Y. Y. (1991). Phytochemistry, 30, 2033.

Costa, M., Fujiwara, F. Y., & Imamura, P. M. (1998). Magnetic

Resonance in Chemistry, 36, 542.

Ferrari, M., Pelizzoni, F., & Ferrari, G. (1971). Phytochemistry, 10,

3267.

Hartwell, J. L. (1969). Lloydia, 32, 158.

Ho, T.-L., Lee, K. Y., & Chen, C.-K. (1997). Journal of Organic

Chemistry, 62, 3365.

House, H. O. (1972). In Modern synthetic reactions (pp. 1±34). New

York: Benjamin.

Hudlicky, T., Sinai-Zingde, G., & Natchus, M. G. (1987).

Tetrahedron Letters, 28, 5287.

Rosa, S., de Minale, L., Riccio, R., & Sodano, G. (1976). Journal of

the Chemical Society, Perkin Transaction I, 1408.

Walkup, R. D., & Park, G. (1990). Journal of the American Chemical

Society, 112, 1597.

Wehrli, F. W., & Wirthlin, T. (1976). Interpretation of Carbon-13

NMR spectra. Bristol: Heyden.

Youn, I. K., Yon, G. H., & Pak, C. S. (1986). Tetrahedron Letters,

27, 2409.

Zarecki, A., & Wicha, J. (1996). Synthesis, 455.

Zechmeister, L., & Rom, P. (1929). Justus Liebigs Annalen der

Chemie, 468, 117.

M. Costa et al. / Phytochemistry 53 (2000) 851±854854


