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Knowledge of the chemistry of triterpenoid saponins, such as saikosaponins isolated frun &rpleurum 

falcatum L .,I has become important with the discovery of their antiinflammator# and antiviral3 activities, 

Carbon-13 NMR spectroscopy has proved powerful for solving problems of structure elucidation and bio- 

synthesis of triterpenoids .4-6 In connection with studies of saikcsaponin structures,’ we have assigned 13C 

FT NMR signals of saikogenins E (3, F (I?, and G (3, th ’ e’r derivatives (& Q,7 and related olean-12- 

enes (2_-a7 in CDCI3, and found that C-16 hydroxylation effects on ‘% chemical shifts SC reflect the 

difference in D-ring conformations. These results will be useful in structural studies of not only saiko- 

saponins* but also other triterpenoids and their saponins. 
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The 13C signals of oleanene-type triterpenes 2_-5_were assigned using known chemical shift rules9 such 

as OH substituent shifk,‘O acetylation shifts,” and steric y9p1’ and 6”‘12 effects, and by chemical-shift 

comparisons with previously reported data4-6 as well as those on pa (see the TABLE). Based on our results 

obtained here and the usual promdures,9-12 we assigned signals of saikcgenins and derivatives 6-10 (see WcIv 

the TABLE). However, Me signals were difficult to assign completely; thus, sQme unequivocal assign- 

menk were further confirmed by selective ‘H decoupling of the Me protons’ar’4 in 7_, s and their acetates. 

The almost ordinary chair conformation of ring D of both l&r- and 16B-hydroxyolean-12-enes was 

confirmed by X-ray crystallographic analy~es~~r’~ as well as ‘H NMR spectroscopy in solution,‘4a while 

the slight deformation of the chair D-ring of saikogenins was pointed out by ‘H NMR.14 The latter fact 

was further confirmed by detailed spin-decoupling and INDOR experiments of loo-MHz ‘H NMR spectra 

of the peracetates ofz, & 5 and zin CDCI, and C,D6: the J,50,,6 and JkB,14 values obtained (a.1 Hz) 

were d.2 and 3.2; 5.4 and I I .9; -0.5 and 4.9; and 6.8 and 9.6 Hz; respectively. 

Thus, the 16o- and 16B-OH substitution effects on SC of neighboring carbons can be expected to 

differ from each other, depending on the D-ring conformation. As shown in the SCHEME, the OH effects 

(A8C in ppm) in the 28-hydroxyoleanene system can reasonably be explained by a-, B-, y-, and &-shifts 

as suggested previously;4a~5a~10 a considerable amount of an upfield shift of the C-22 signal should be 

noted. In the case of the bridged 13B,28-epoxyoleanene (saikogenin) system, the substituted 16a-OH is 

deformed out of the D-ring, and accordingly ik syn-diaxial interaction (S-effect) with 27-Me are 

-0.4 -0.1 

+0.6 -0.3 

SCHEME. l&Hydroxylation effects, ASC in ppm. 
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reduced; in fact, the C-27 signal is shifted’upfield considerably. An increase in steric y-interactions 

of the l+OH in 9_with 22-CH and 2%CH due to the bridge formation cause changes in magnitudes of 

the a- and B-effects, lo and the C-22 and C-28 signa Is are shifted upfield by -5.7 and -4.6 ppm, 

respectively. Thus, caution should be exercised in assigning 13C signals by use of steric interaction 

because a minor change in the stereochemistry can sometimes cause considerable changes in ASC values 

expected from the general N les . 

Sane applications of the present results are reported in the following paper.* 

REFERENCES 

(1) (a) T. Kubota and H. Hinoh, Tetrahedron Lett. 303 (1968); (b) A. Shimaoka, S. Seo and H. 
Minato, J.C.S. Perkin 12043 (1975). 

(2) M. Yamamoto, A. Kumagai and Y. Yamamura, Arzneim .-Forsch . (Drug Res .) 2S, 1021 (1975). 

(3) G. S. Rao, J, E, Sinsheimer and K. W. Cochran, J. Pharm. Sci . @, 471 (1974). 

(4) (a) D. M. Doddreli, P. W. Khong and K. G. Lewis, Tetrahedron Lett. 2381 (1974); (b) L. 
Radics, M. KajtLr-Peredy, S. Conano and L. Standoli, Ibid. 4287 (1975); (c) 5. A. Knight, 

Org. Magnetic Resonance $, 603 (1974). 

(5) (a) K. Tori, 5. Seo, A. Shimaoka and Y. Tomita, Tetrahedron Lett. 4227 (1974); (b) S. Sea, Y. 

Tomita and K. Tori, Ibid. 7 (1975). 

(6) S. Seo, Y. Tcmita and K. Tori, J.C.S. Chem, Comm. 270, 954 (1975). 

(7) T. Kubota and H. Hinoh, Tetrahedron 2, 675 (1968); N. Aimi, H. Fujimoto and S. Shibata, 
Chem. Phann. Bull. l6, 641 (1968); K. Igarashi, H . lshii and K. Sakurawi, 0. P. I. 50-64265 
(Japan) (1975); T. Kubota, H. Kitatani and H. Hinoh, Tetrahedron Lett. 771 (1969); U. Osawa, 
H. Kimura and K. Igarashi, 25th Annual Meeting of Kinki Branch, Pharmaceutical Society of Japan, 
Abstracts 34 (1975); we thank Prof. I. Kitagawa of Osaka University for the sample of camel- 

liagenin C. 

(8) K. Tori, S. Seo, Y. Yoshimura, M. Nakamura, Y. Tomita and H. Ishii, the following paper. 

(9) J. B. Stothers, “Carbon-13 NMR Spectroscopy, ” Academic Press, New York (1972). 

(10) H. Eggert, C. L. Van Antwerp, N. S. Bhacca and C. Djerassi, J. Org. Chem. g, 71 (1976). 

(11) Y. Terui, K. Tori and N. Tsuji, Tetrahedron Lett. 921 (1976), and references therein. 

(12) For leading references, see J. B. Stothers and C. T. Tan, Can. J. Chem. 54, 917 (1976). 

(13) The ‘H NMR spectral experiments were performed on a Varian HA-l 00 spectrometer. The 6H 
(CDCI,) values for 24-, 2%, 26-, 27-, 29-, and 30-Me are 0.92, 0.96, 1 .07, 1 .29, 0.96, and 
0.92 inz; 0.83, 0.96, 1 .06, 1.27, 0.96, and 0.92 in its 3B,23-diacetate (6 data are not re- 

ported in this paper); 0.83, 0.97, 1 .06, 1 .15, 0.99, and 0.92 in its 38,1&r, 5 3-triacetate; 0.90, 

0.95, 1.11, 0.99, 0.95, and0.90inz; and 0.83, 0.98, 1 .ll, 1.06, 0.96, and 0.90 in its 3B,- 

16B,23-triacetate; respectively. We thank Drs. T. Komeno and S, Aoyama of this laboratory for 

the Me signa I data . 

(14) (a) I. Kitagawa, A. Matsuda and I. Yosioka, Chem, Phann. Bull. 20, 2226 (1972); (b) I. 

Kltagawa, M. Yoshikawa and I. Yosioka, Tetrahedron Lett. 469 (1974). 

(15) C. H. Carlisle, P. F. Lindley, A. Perales, R. B. Boar, J. F. McGhie and 0. H. R. Barton, 

J.C.S. Chem. Comm. 284 (1974). 


