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UNAMBIGUOUS CARBON-13 NMR ASSIGNMENTS OF SOKE BIOLOGICALLY ACTIVE 
PROTOBERBERINE ALKALOIDS 

Raouf k Hussain,L Jinwmng Kim.2 Christopher W.W. Beecher, and A. Douglas Kingham' 
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- Unambiguous proton and carbon-13 nmr chemical shifts of the pmtoberberine quaternary 

alkaloids palmtine (1) and jatmrrhizine @l, their tetrahydmderivatiws (Q g, and tetrahydmberberine (51 

have been determined thmugh the use of 2D, CSCM 1D and lalective INEPT nmr technique. 

INTRODUCTION 

Sohenocentrum iollyanum P iem (Menisparmaceae) is a wmdy herb or shrub growing in W e t  Africa from Ivory Coast to 

Nigeria."& m t s  are acidic and bitter, and are used in traditional medicine as an aphmdkiac, appetizer, laxative, stimulant 

and wound healms It hhas also been reported that, when chewed, the m t s  of this sped- impart a sweet sensation to fmd 

chewed However, such activity was not mhitantiated by Inglett and May? nor by observation in our laboratory. 

In the present study, ehmmatographic work-up of the chlomform-soluble fraction of an aqueous methanol extract of & 
m furnished t w  pmtoberberine alkaloids, palmatine (1) and jatmrrhidne (21, as previously reported: which were 

identified ar; their chloride salts, and by mnversion to their tetrahydm derivative, (3 and @l, respectively, with sodium 

bomhydride. 

Plants that mntain pmtoberberine alkaloids are reported to be used as snalgeeics, antiseptics, sedatives and stomatics in 

Chinese folkloric medidne.8 In Indian and Lslamie folkloric medicine, such plants are used for bleedingdiaarders and eye 

diseases, and a. antiseptics, datives,  stomatics and utetine muacle dep-nt~.~ Both quaternary alkaloids and their 

tetrahydm derivatives m many suhstentiated biological and therapeutic effeeta, e.g., palmatine (11, jatmmhizine (2) and 

tetrahydmpalmatine @l have bsen reported to show h anti-malarial d v i t y ?  In China, tetrahydmpalmatine (3) is wed 

as an analgesic, and has also been reported to exhibit bradycardial, hypotensive and sedative ae t iv i t ie~ .~ , '~  

As p* of our interest in the application of modem nmr techniques in the structural elucidation and bi-thesis of natural 

pmduets,l1 we have determined the first unambiyous l% nmr wignments for palmatine (11, jatmrrhizine (a and 

tetrahydmjatmrrhizine @), with esm use of two modem ~u l se  teehniqum, CSCM ID (Carbon Spectrum Contour Mapping 

ID) and selective INEPT (Selective Insensitive Nuclear Enhancement Polarization Transfer1,L2'S in addition to conventional 

1% and 2D nmr methods." We have been able to clarify certain tentatively aseignsd carbon signals of tetrahydmpdmatine (9) 

and tetrahydmberberine (6).15-L7 The p-nt investigation will serve as a bask upon which mmplete l% chemical shifts of 

any pmtoberberine alkaloid may be readily determined. Unambiguous 13C nmr assignments have so far t e n  published for 

only one other pmtoberberine alkaloid, namely, berbetine.18 
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RESULTS AND DISCUSSION 

Data obtained usingmnventional l% nmr [pmton-noise demupled, Attachd-Pmton Test (APT) and Sinde Frequency 

On-Resonance Demupled (SFORD)], 2D 'H.13C HETemnudear shin CORrelated (HETCOR) and CSCM 1D techniques for 

tetrahydmpalmatine and tehahydmberberine @ and 5)  pmvidd useful informetion mnoerningthe '% nmr chemical shifts of 

the pmtonated carbm. Th- findins (Tables 1 and 2) a g e d  4 with values previously p ~ h l i e h e d . l ~ - ~ ~  However, the 

utilization of these tachniques was ineutlident to reeolve ambiguities among the non-pmtonated earbone, espedally C-2, C-3, 

C-4a, C-&, C-12a and C-13b The advantege of using the selective INEPT teehniqve to dluify this problem is illustrated in 

Figure 1, where the irradiation of H-l(6 6.79, kH= 6 Hz) of3 selectively enhanced C-4a at S 126.69 as well ae an oxygenated 

quaternaq earbon, C-3 et 6 147.34. In addition, irradiation of H 4  (6 6.66, hH= 6 HI) led to a selective enhancement of C-13h 

at S 129.59 and C-2 a t  S 147.53. In the same fanhion, irradiation ofH-11 (6 6.77) Bnhanced carbons a t  a thm-bond distance, 

namely C-1% (S 128.61) and C-9 (S 150.21). Similarly, tlsoqveternaryearbons (6 127.66 and 144.98) were polarized upon 

irradiating H-l2 (S 6.92), and muld therefore be aasigned as C-& and C-10, Rspectively. In the same manner, C-4a, C-& and 

C-1% of mmpound 5 were assigned to reeonanees obsened et  6 127.47, S 127.40 and S 128.04, respectively, following the 

irradiationof H-l, H-l1 and H-12 (S 6.73.6.83 and 6.87, hH= 6Hz). 
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Table 1. lH Nmr Assignments for Compounds 1-p 

Compound 

2 - - 3 - 4 5 
7.58 S 6.73s 6.70s 6.73 S 

6.98 S 6.66s 6.658 6.59 S 

3.25 t (5.6) 

310m 3.10m 3.15m 

2.65 m 2.64 m 2.60 m 

4.90 t (5.6) 

2.88m 2.66 m 2.64 m 

3.23 m 3.18 m 3.20 m 

9.83s 

3.54 d (15.7) 3.55 d (15.7) 349d  (15.5) 

4.31 d ( i5 .n  4.27 d (15.6) 4.22 d (15.5) 

8.01 d (8) 6.77 d (8) 6.78 d (8) 6.88 d (8.2) 

7.90 d (8) 6.92 d (8) 6.86 d (8) 6.87 d (8.2) 

8.82 S 

2.91dd(15.8,12.2)2.88dd(15.6,12) 2.81dd(15.7,12) 

3.27dd(15.8,4) 3.25dd(15.6,4) 3.23dd(15.7,4) 

3.49dd (12.2,4) 3.46 dd (12,4) 340dd (12,4) 

5.88 S 

3.82 B 3.85 sb 3.84 S 

3.66sb 

3.91 S 3.88s 3.85 S 3.83 S 

4.01 S 3.90s 3.89 S 3.81 S 

Chemical shifts (S) are dven in ppm using TMS ss internal standard. Coupling mnstants (Hz) are shown in 

pmth-. 

Values interchangeable. 
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Table 2. 13C Nmr Assignments for Compounds 1-F 

Compound 

2 a - 4 
110.90 108.47 107.70 

149.36 147.53 147.11 

146.46 147.34 146.97 
116.26 111.25 114.19 

130.21 126.69 127.41 

29.06 29.09 28.38 
57.58 51.49 51.46 

145.19 53.98 65.95 

119.22 127.66 127.62 

151.51 150.21 150.18 

14519 144.98 144.96 

122.89 110.84 110.82 

125.66 123.81 123.77 

128.16 128.61 128.59 

119.25 36.32 36.35 
184.92 59.30 59.34 
120.94 129.59 129.08 

L Chemical shifts (S) are given in ppm using TMS as internal standard. (Sms = 0 ppm) 

Figure 1. Dowfield region of the 13C nmr spectre of tetrahydmpalmatine G). (a) Proton-noise d-upled spectrum, (b-e) 

selective WEPT spectra obtained by irradiation of H-4, H-l, H-12 and H-11, I.espeetiwly (JCH= 6 Hz). 



Data collected after performing CSCM ID nmr expe"ment% far compwnds 3 and Pahowed very good agreement +th values 

obtained fmm lH~I3C HETCOR nmr pulse sequence. All of the above-mentioned nmr tehniques, excluding 'H~I3C HETCOR, 

were utilized to obtain the 13C nmr chemical shifts ofcompounds1, Zand 4 (Table 2). Thus, the value and importance ofthe 

modern nmr pulse khniques in obtaining unambiguous 'C chemical shin wignmente for a gmup of biologically important 

alkaloids are clearly demonstrated in this study. 

ACKNOWLEDGEMENTS 

The Research Resources Center, University of Illinois at  Chicago is acknowledged for expert assistance and the pmvisian of the 

nmr speet-pie equipment, and Dr. D.D. Soejarto, of our institution is thanked far botanical assistance. This work was 

partially sponsared by Genenil Foods Colporatian, While Plains, New York. 

REFERENCES 

l. P m n t  address: Division of Surgical Onmlo.g, College of Medicine, University of Illinois at  Chicago, 

Chicago, Illinois. 

2. Present add-: College of P h a m a q ,  Seoul National University, Seoul, Korea. 

3. F. R. Ininn, 'Wmdy Plantsof Ghana', Oxford Univelsity P-, IanQn, U.K., 1961, p. 34. 

4. G. E. Inglett and J. F. May, -W, 1968,22, 326. 

5. T. U. Okrter, PhD. Thesis, University of Pittsburgh, 1976, pp. 35-69. 

6. J. D. Keys, 'Chinese Herbs: Charles E. Tuttle Co., Tokyo, Japan, 1976, pp. 179-180. 

7. M. Sabir, "Bulletin of Islamic Medicine', National Council for Culture, Arts and Letters, Kuwait, Vol. 1, 1981, 

pp. 431-438. 

8. J. L. Vennerstmm and D. L. Klayman, J Med Chem., 1988,%, 10%. 

9. 2.  Wang and G. Liu, Trends Phamaml.  Sci, 1985,2,423. 

10. B. Hsu and K. C. Kin, U J Neumoharmaml., 1964,g 283. 

11. J. Kim and A. D. Kinghorn, Tetrahedmn &, 1987,2,3655. 

12. S. K. Sarkarand A. Bax, J.  Mam. Reson.. 1985,E,  109. 

13. A. Bax, J Mam. Reson., 19%,57,317. 

14. Nmr experiments were performed on a Nimlet NT-360 instrument (360 MHz for IH and 90.8 MHz for 13C, 

respt iwly) ,  with the exception of IH~I3C HETCOR 2D nmr which was performed on a Vanan XL-300 instrument 

All nmr chemical shifts are in ppm (6) relative to TMS. Salts were dissalved in DMSO-dB - CD30D (2:1), 

while tetmhydm derivatives were measured in CDCIB - CDIOD (4:lI. 

15. D. W. Hughes, H. L. Holland,and D. B. MeLean, Can J. Chem.. 1976 ,z .  2252. 

16. N. Tako .  K. Iwasa, M. Kamigauchi,andM. Sugiura, Chem. P h a m  B-!, 1977, E, 1426. 

17. T. Kametani, K. Fukimato, M. Ihara, A. Ujiigand H. Koizumi, J. Orc. Chem., 1975,40,3280. 

18. G. Blaskh G. A. Cordell, S. Bhamarapravatjand C. W. W. Beecher, Heteweles,  1988,2_7,911. 

Received, 1 0 t h  A u g u s t ,  1 9 8 9  


