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Two New O-terpenoidal Coumarins, Excavacoumarin A and B
from Clausena excavata
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Abstract: Two new O-terpenoidal coumarins named excavacoumarin A (2), B (3), and a known
one 1 were isolated from the leaves of Clausena excavata Burm. f. (Rutaceae) collected in
Xishuangbanna, Yunnan. Structure elucidation and unambiguous NMR assignments for the title
compounds were carried out on the basis of 1D and 2D NMR experiments.
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Clausena excavata Burm. f. (Rutaceae) is a bush widely distributed in Yunnan, China.
Leaves and barks of this plant have been used as folk medicine for the treatment of
dysentery, enteritis, and urethra infection®. Clausena species are known to be the rich
sources of carbazole alkaloids and coumarins®®. The constituents of C. excavata
collected in Xishuangbanna have been studied* and this paper describes the isolation and
structure elucidation of two new O-terpenoidal coumarins, excavacoumarin A (2) and
excavacoumarin B (3), and the *C NMR spectral data assignments for a known
coumarin 1 for the first time.

Figure 1. Chemical structure of three O-terpenoidal coumarins
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Compound 1, a white amorphous powder, [a]®' +3.75 (c 2.0, CHCIl;). The
molecular formula was determined as CygHi30¢ by high-resolution EIMS (at m/z
342.1105 [M]", calc.: 342.1103). The presence of a coumarin lactone was evident from
the *H NMR spectrum which showed a typical AB system characteristic signals at &y
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6.18, 7.60 (each 1H, d, 9.5) assigned to H-3, H-4 (Table 1). The *C NMR spectrum
(Table 1) revealed the presence of a 10-carbon moiety besides the coumarin
chromophore. The other characteristic proton signals [&4 7.34 (d, 8.6), &c 128.8 (d);
oy 6.83 (dd, 8.6, 2.4), &c 112.6 (d); oy 6.76 (d, 2.4), &c 101.7 (d)] of ring B indicated the
10-carbon side chain at C-6 or C-7. Furthermore, the *H-*C long-range correlation
(Figure 2) between & 7.34 (d, 8.6) and &¢ 143.2 (C-4), and &y 6.83 (dd, 8.6, 2.4) and &¢
112.8 (C-9) suggested that the side chain was at C-7, rather than at C-6.

The structure elucidation of the 10-carbon side chain was performed on the basis of
HMQC, HMBC, and 'H-'H COSY experiment. The long-range correlation were
observed between H-1' (8 4.29, dd, 1H, 11.2, 3.6; 4.02, dd, 1H, 11.2, 6.6) and C-2' (&
61.0d), C-3' (658.1s); H-9' (6 1.44s, 3H) and C-2', C-3', C-4' (6 42.5t); H-4' (d
1.73-1.89, m, 2H) and C-3', C-5' (5 77.9, d), C-6' (0 148.4, d), C-9' (8 16.9, q); H-10' (o
1.85, s, 3H) and C-6', C-7" (5 129.9, s), C-8' (5 173.5, s). Although the 'H-*C
long-range correlations between H-5' with C-4' and C-6" were not observed in HMBC,
the correlations between H-5' with H-4' and H-6' were obvious in the ‘H-'H COSY
spectrum.  The signals at 8§ 61.0 (d) and 8 58.1 (s) attributed to C-2' and C-3,
respectively, showed that an epoxide was between C-2' and C-3' of the side chain®. This
structure of the side chain was also supported by the *H and *C NMR spectra of
2',3'-epoxyanisolactone®® which had the same side chain as 1. Based on those analyses,
the structure of this compound, which had similar *H NMR spectral data as the literature
lactone’, was identified as 1.  All proton and carbon resonances (Table 1) were assigned
by analyzing of the *H-"H COSY, HMQC, and HMBC spectra.

Figure 2. The Key *H-*C long-range correlations for 1 and 3.
HMBC were obtained at 500MHz in CDClz and CsDsN for 1 and 3, respectively.
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2, a white amorphous powder, [a]?® +22.96 (c 3.92, CHCIl;). HR EIMS gave the
formula as CioH,0s (at m/z 344.1261 [M]", calc.: 344.1260). The 'H and *C NMR
spectra were similar to those of 1 except for C-6' and C-7'. The difference in the *C
NMR spectrum were the presence of two high field signals at &: 35.8 (d) and 37.8 (t)
(Table 1), and the absence of two double bond signals in 1, indicating that 2 was a
saturated lactone of 1.

3, a white amorphous powder, [a]?° +29.41 (c 3.06, CsHsN). The molecular
formula was obtained as C19H2,0; based on high-resolution EIMS (at m/z 360.1212 [M]",
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calc.: 360.1209). The *H and **C NMR spectra were similar to those of 1 and 2 except
for C-6' and C-7' (Table 1). By means of HMBC experiment (Figure 2), the *H-*C
long-range correlations between H-10" (& 1.66, s, 3H) and &c 44.8t (C-6'), &c 73.1s
(C-7"), ¢ 178.3s (C-8); and between H-4' (&, 2.05m, 1.96m, each 1H) and &: 61.3d
(C-2Y), 58.5s (C-3"), 75.2d (C-5), 44.8t (C-6"), 73.1s (C-7"), 17.1q (C-9") were observed,
indicating that 3 was the C-7' hydroxylation of 2.

The stereochemistry of those two new coumarins, 2, 3, and 1 remain to be
determined. So far, the stereochemistry of this type of O-terpenoidal coumarins
reported previously was not resolved®’.  Further structure elucidation on the
stereochemistry pertaining to C-2', C-3', C-5'and C-7' of 1, 2, and 3 is in the progress.

Table 1. The *H and *C NMR assignments for compounds 1-3.

1° 2 3
EOSitiO 1 13 1 13 1 13
2 / 160.8s / 160.8s / 160.8s
3 6.18 (d, 9.5) 1132d  6.33(d, 9.5) 1135d  6.33(d, 9.5) 113.6d
4 7.60 (d, 9.5) 1432d  7.67(d, 9.5) 1438d  7.68 (d, 9.5) 143.8d
5 7.34 (d, 8.6) 1288d  7.42(d, 8.6) 129.6d  7.42 (d, 8.6) 129.6d
6 6.83(dd, 8.6,24) 112.6d 699 (dd, 86,25  113.1d 6.99 (dd, 8.6,2.4)  113.1d
7 / 161.4s / 162.2s / 162.2s
8 6.76 (d, 2.4) 101.7d  7.04(d, 2.5) 102.2d  7.06 (d, 2.4) 102.3d
9 / 112.8s / 113.3s / 113.3s
10 / 155.6s / 156.3s  / 156.4s
1 429(dd, 112,36)  67.1t  4.48(dd, 112, 3.1) 68.3t 4.49(dd, 11.1,53)  68.3t
4.02 (dd, 11.2, 6.6) 427 (dd, 11.2, 6.7) 423 (dd, 11.1, 2.6)
2 315(dd, 6.6,36)  61.0d  3.37(dd, 6.7,3.1) 61.3d 3.41(dd 53,26)  61.3d
3 / 58.1s / 58.5s / 58.5s
4 173189 (m) 425t 1.80-1.84 (m) 445t 1.96-2.05 (m) 44.4¢
5 506 (m) 77.9d  5.00 (m) 75.6d  5.15 (m) 75.2d
6  7.07(16) 1484d  1.92 (m) 37.8t  2.64 (m) 44.8t
1.60 (m) 1.95 (m)
7 / 129.9s 2.38(dd, 7.9,4.7) 358d / 73.1s
8' / 173.5s / 179.1s |/ 178.3s
9 144(9 1699 144 (s) 17.1q 145 (s) 17.1q
100 185(9) 104q  1.18(s) 15.1q 166 (5) 23.8q

31 and **C NMR spectra were obtained at 400 and 100 MHz, respectively, and recorded in CDCls.
® 'H and **C NMR spectra were obtained at 400 and 100 MHz, respectively, and recorded in CsDsN at room
temperature.

Acknowledgment

This work was financially supported by the National Foundation for Outstanding Young Scientists
to Prof. Xiao-Jiang Hao (No. 39525025).  All spectra were recorded by the analytical group of
Laboratory of Phytochemistry, Kunming Institute of Botany, Chinese Academy of Sciences, P R
China.

References

1. Institutum Botanicum Kunmingense Academiae Sinicae Edita, Flora Yunnanica, Tomus 6



542 Hong Ping HE et al.

(Spermatophyta), Science Press, Beijing, 1995, p. 759.

2. 1. Chihiro, K. Shinya, and F. Hiroshi, Chem. Pharm. Bull., 1998, 46 (2), 341.

3. I. Chihiro, O. Hideki, T. W. Hugh, and F. Hiroshi, Chem Pharm. Bull., 1996, 44 (12), 2231.

4. L. J. Shang, G. Y. Wen, J. Zhou, and X. J. Hao, Acta Botanica Yunnanica, 1993, 15 (3), 299.

5. Y. Ding, Z. L. Liu, and M. H. Yang, Zhong Cao Yao, 1990, 21 (12), 535.

6. V. Lakshmi, D. Prakash, K. Raj, R. S. Kapil, and S. P. Popli, Phytochemistry, 1984, 23 (11),
2629.

7. F. Bohlmann, and E. Clausen, Chem. Ber. (Ger.), 1970, 103, 3619.

Received 25 November 1999
Revised 10 March 2000



