
HETEROCYCLES, Vol. 46,1997 301 

CRUDE DRUGS FROM AQUATIC PLANTS. VII.1 FOUR NEW 
THIASPIRANE SULFOXIDE TYPE NUPHAR ALKALOIDS, 
NUPHARPUMILAMINES A, B, C, AND D, FROM CHINESE 
NUPHARIS RHIZOMA, THE RHIZOMA OF N U P H A R  

PUMILUM (TIMM.) DC. (NYMPHACEAE)? 

Masayuki Yoshikawa,* Toshlyuki Murakami, Atsushi Ishlkado, Shuji Wakao, Nobutosh~ 

Murakami, Johji Yamahara, and Hisashi Mauuda 

Kyoto Pharmaceutical University, 5 Nakauchi-cho, Misasag~, Yamashina-ku, Kyoto 607, 

Japan 

Abstract - Follow~ng the characterization of thiohemiaminal type nuphar alkaloids with 

immunosuppress~ve activity, four new thraspirane sulfox~de type dimeric sesquiterpene 

alkaloids, nupharpumilamines A, B, C, and D, were isolated from Chinese Nupharis Rhizoma, 

the dried rhizoma of Nuphnr purnilurn (TIMM.) DC. The SlNCtUres of nupharpumilammes A, 

B, C, and D were determined on the basis of chemical and physicochemical evidence. 

In the course of our studies for the bioactive constituents of natural medicmes originating from aquatic plants,2 we found that 

the alkaloid fraction from Chinese Nupharis Rhlzoma, the dried rhicoma of Nuphnr purnilurn (TIMM.) DC. (Nymphaceae). 

showed potent mhibitary activity on the anti-sheep erythrocyte plaque forming cell formation in mice spleen cells. From the 

alkaloid fraction, four thiohemiammal type nuphar alkaloids, 6-hydroxythioblnupharldine (S), 6,6'-dihydroxythiobinuphar~d~nc 

(6), 6-hydroxyth~onuphlutine B (7). and 6'-hydroxyth~onuphlutine B (a), were lsolated as the immunosuppressive pnnclples 

together wlth inactive nme known nuphar alkaloids. Furthermore, by exammation of the structure requirement far the 

lmmunosuppresslve activity, the thiohemiaminal structure of those alkalo~ds was found to be essential to the a c t ~ v l t ~ . ' . ~  As a 

continumg study, we have isolated four new thiasp~rane sulfoxide type dnnerlc sesquiterpene alkaloids named nupharpumll- 

amlnes A (1). B (Z), C (3), and D (4) from Chinese Nuphans Rhlzoma In this paper, we describe the isolation and structure 

eluctdatron of nupharpumilamines A ( 1 t D  (4).4 

The alkaloid fraction from Chinese Nupharis ~ h i z o m a ' . ~  was sublected to normal sil~ca gel and Chromatorex NH column 

chromatography and finally hplc (Develosil ODS HG-5, MeOH-HzO-EQNH, MeCN-H20-Et2NH) to afford 1 (0 0001%). 2 

(0 0002%), 3 (0.0002%). and 4 (0.0005%). 

Nupharpurnilamine A (1) 

Nupharpumilamm A (1) was obtained as colorless oil w~th  negative optical rotation ([alDZ5 -33.4'). The IR spectrum of 1 

showed absorption bands at 3360, 1024, and 874 cm-' ascribable to hydroxyl. sulfinyl. and furan functions and Bohlmdnn 

absorptionsS at 2750--2900 cm-I due to the trans-quinollzidme nngs. The molecular formula C ~ ~ H ~ ~ N Z O ~ S  of 1 was 

1 Dedicated to the memory of the late Professor Shun-ichi Yamada 
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nupharpumilamine A (1) 

nupharpumilamine C (3) 

Figure 1 

nupharpumilamine D (4) 

confirmed from the El-MS and FAB-MS and by high-resolution MS measurement. Namely, the El-MS and positive-ion FAB- 

MS of 1 showed dehydration peaks at m/z 508 (Mf-H20) and 509 (M+H-H2O)+, respectively, while a quasimolecular ion 

peak was observed at d z  525 (M-HI- in the negative-ion FAB-MS of 1. Furthermore, fragment ion peaks characteristic of 

th~ohemiaminal type nuphar alkaloid6 were observed at d z  491, 447, 230, 178, and 94 in the El-MS of 1. The IH-NMR 

(CD3OD) and %NMR (Table 1) specua7 of 1 showed two tertiary methyls [6 0.92 (d. J=6.4 HZ, 11'-H3) and 0.98 (d. J=6.4 

Hz, 1 I-Hj)l, two furans 16 6.40 (dd, J=0.6, 1.5 Hz, 13, 13'-H), 7.37 (dd, J=0.6, 1.5 Hz, 16-H), 7.40 (dd, J=0.6, 1.5 HZ, 16'- 

H), and 7.43 (dd, J=1.5, 1.5 Hz, 14, 14'-H)1, a thiolane sulfoxide [6 2.02 (d, J=15.0 Hz, 17P-H), 2.28 (d, J=15.0 Hz, 17a-H), 

2.32 (d, J=14.3 Hz, 17'a-H), and 2.92 (d, J=14.3 Hz, 17'P-H)], a hemiam~nal-bearing quinolizidine ring [6 2.35 (m, 10'-H), 

3.68 (dd, J=3.4, 10.7 Hz, &-HI, and 4.14 (s, 6'-H)], and a quinolizidine ring [6 1.53 (m, 8P-H), 1.64 (m, 10-H), 1.66 (m, 8a-  

H), 1.89 (dd, J=1.2, 11.3 Hz, 6P-H), 2.54 (dd, J=2.7, 11.3 Hz, 6a-H), and 3.04 (dd, J=3.1, 11.6 Hz, 4-H)]. Compwson of the 

spectral data for 1 with those for 6-hydroxythiobinupharidine (5) and 66-dihydroxythiobinupharidine ( 6 1 ~ 6  led us to presume 

the thiohemiaminal type dimeric sesquiterpene structure of 1. Treatment of 1 with sodium borohydride (NaBH4) in methanol 

furn~shed anti-thiobmupharidine sulfox~de (9). whose absolute stereosmcture was previously reported.8 

The position of the hydroxyl group in 1 was clarified by a heteronuclear multiple bond correlation (HMBC) experiment. Thus, 

long-range correlations were observed between the 6'-proton and the 4',7', 8', 10'-carbons, between the 4'-proton and the 2'. 3'. 

6'. 12'-carbons, and between the 10'-proton and the 1'. 4'. 6'-carbons. The stereostructure of 1 includmg the configuration of 

the 8-hydroxyl group was confirmed by a 'H-NMR nuclear Overhauser and exchange spectroscopy (NOESY) experiment, 

which showed NOE correlations between the following protons ; 6'-H and 17P, 17'P. 8a-H shown in Figure 3. On the bas~s 

of above-mentioned evidence, the structure of nupharpumilamine A (1) was determined as shown. 
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Nupharpumilamine B (2) 

Nupharpumilamine B (2) was also isolated as colorless oil with negative optical rotation ([alDZ5 -60.1'). The IR spectrum of 

2 showed absorption bands due to hydroxyl (3380 cm-I), trans-fused quinolizidine ring (Bohlmann absorption, 2950---2750 

cm-'1, sulfinyl(1021 cm-'1, and furan (874 cm-I) functions. The ELMS and positive-ion FAB-MS of 2 showed dehydratton 

peaks [m/z 508 (M+-Hz0). 509 (M+H-HzO)+I in addition of fragment ion peaks at m/z 491, 230, and 178. In the negative- 

ion FAB-MS of 2, a quasimolecular ion peak was observed at d z  525 (M-H)- and high-resolution MS measurement revealed 

the molecular formula of 2 to be C ~ O H ~ Z N ~ O &  which was identical with that of 1. The IH-NMR (CDJOD) and 1%- 

NMR (Table 1) spectra7 of 2 indicated the presence of two tertiary methyls 16 0.78 (d, J=6.4 Hz, 11'-HJ) and 0.81 (d, b 6 . 4  

Hz, 1 I-Hj)l, two furans [6 6.01 (dd, J=0.6, 1.5 Hz, W H ) ,  6.30 (dd, J=0.6, 1.8 Hz, 13-H), 6.89 (dd, k 1 . 5 ,  1.5 Hz, 14'-H), 

7.17 (dd, J=0.6, 1.5 Hz, 16'-H), 7.31 (dd, J=1.5, 1.8 Hz, 14-H), and 7.35 (dd, k 0 . 6 ,  1.5 Hz, 16-H)], a thlolane sulfoxlde [6 

. 

anti-thiobinupharidine sulfoxide (9) syn-throbinupharidhe sulfoxide (10) 

neothiobinupharidine P-sulfox~de (12) 

Figure 2 
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nupharpumilamine C (3) : R'=O 
nupharpumilamine D (4) : R2=0 

Figure 3. N O E  Correlations in the N O E S Y  Spectra o f  1,2,3,  and 4 

1.56 (d, k 1 4 . 3  Hz, 17a-H), 1.89 (d, J=14.3 Hz, l7P-H)] and 2.35 (d, k 1 5 . 6  Hz, 17'a-H), 2.97 (d, J=15.6 Hz, 12'B-H)], a 

hemiaminal-bearing quinolizidine ring [6 3.53 (dd, J=3.1, 11.6 Hz, 4'-H) and 4.08 (s, 6'-H)], and a quinolizidine rlng 16 1.67 

(dd, J=0.9, 12.8 Hz, 6a-H), 3.20 (dd, J=2.4, 12.8 Hz, 6P-H), and 1.56 (m, 10-H)] From the comparnon of the spectral data 

for 2 with those for 1 and 6'-hydroxythionuphlutine B (8). 2 was presumed to be a sulfoxide of 8. In the HMBC experiment 

of 2, long-range correlations were observed between the @-proton and the 4',7', 8'. 10'-carbons and between the &-proton and 

6'. 12'-carbons. The NOESY experment of 2 showed NOE correlations as shown in Fqure 3. The configuration of the 

sulfinyl group was clarified by cornpanson of the 'H-NMR data for 2 wlth those for 6'-hydroxyth~onuphlut~ne B (~),'f'~ 

which showed the characteristic anisotropy and proxlmlty effects of the and-sulfinyl group.9 Finally, the NaBH4 treatment of 

2 yielded th~onuphlutine B P-sulfox~de (11) Consequently, the structure of nupharpumilamine B (2) was character~zed as 

shown. 

Nupharpumilamine C (3) 

Nupharpumilamme C (3). obtained as colorless 081 with negatlve optical rotation ([alDZS -75.1% showed Bohlmann 

absorption bands and absorpt~on bands ascribable to sulfinyl and furan functions in the IR spectrum. The molecular formula 

C30H42N203S of 3 was confirmed from the quasimolecular ion peak at m/z 51 1 (M+H)+ observed in the positive-ion FAB- 

MS and by high-resolution MS measurement. The IH-NMR (CD30D) and 1 3 c - ~ ~ R  (Table 1) specua7 of 3 showed signals 
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Table 1. Data for 1, 2, 3,  4 ,  9, 10, 11, and 1 2  

11) 21) 32) 42) 92) 102) 112) 122) 

C-17' 58.2 56.9 60.3 59 7 60 0 59.4 59.6 57.5 

The spectra were taken with cD30D1) or C D C I ~ ~ ) .  

a), b), Assignments may be interchangeable within the same column. 

assignable to two tertiary methyls [S 1.1 l (d, k 7 . 0  Hz, 11'-H3) and 1 13 (d, k 7 . 0  Hz, 11-H3)], two furans [6 6.34 (d, k 1 . 5  

Hz, 13-H), 6.35 (d, J=1.5 Hz, 13'-H), 7.24 (br s, 16, 16'-H), 7.32 (dd, J=1.5, 1.5 Hz, 14-H), and 7.33 (dd, J=l . i ,  1 5 Hz, 14'- 

H)], a thiolane sulfoxide [6 1.92 (d, J=14.3 Hz, 17u-H), 2.15 (d, J=14.3 Hz, 17b-H), 2.43 (d, J=13.4 Hz, 17'b-H), and 2 56 

(d, J=13.4 Hz, 17'a-H)], and two quinolizidine rings [6 1.48 (d, J=11.6 Hz, 6'0-H), 1.69 (m.1'-H), 1 75 (m, I-H), 1.85 (d, 

J=11.3 Hz, 60-H), 1.90 (m, 10'-H), 2.01 (m, 10-H), 2.53 (dd, 5 ~ 2 . 4 ,  11.3 Hz, 6a-H), 2.80 (dd, b 3 . 4 ,  11.6 Hz, 4'-H), 2.87 

(dd, J=3.4, 11.6 Hz, 4-H), 2.90 (dd, J=2.4, 11.6 Hz, 6'a-H)]. The proton and carbon signals in the IH-NMR and 1 3 c - N ~ ~  

spectra of 3 were supermposable on those of anti-thiobinuphandine sulfoxide (9): except for the C-1-3 and C-1'-3' 

signals, which showed high-field shift by the axial 1 and 1'-methyl groups. ?he NOESY experiment of 3 showed NOE 
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correlations between the following protons : 4-H and 6P, 10-H: 11-H3 and 3a, 9a-H; 17P-H and Ya, 6'a-H, 17a-H and 6a. 

9'a-H; 11'-H3 and 3'a, 9'a-H, 4'P-H and 6'P, 10'-H, as shown in Figure 3, so that the stereostructure including the C-l and 

C-I' configurations of 3 was charactenzed. Comparison of the IH-NMR and 1 3 ~ - ~ ~ ~  data for 3 with those (Table 1) for 

anti- and syn-thiobinupharidine sulfoxides (9, 10)1° and neothiobinupharidine P-sulfoxide (12)11 led,us to confirm the 

structure of nupharpumilamine C (3) as shown. 

Nupharpumilamine D (4) 

Nupharpumilamine D (4) was also obtalned as colorless oil with posltlve optical rotatlon ([alDZ5 c20.8') and its IR 

spectrum showed Bohlmann absorption and absorption bands due to sulfinyl and furan functions. Here agaln, the molecular 

formula C30H42N203S of 4, which was identical with that of nupharpumilamine C (3). was determined from the 

quas~molecular ion peak at mh  51 1 (M+H)+ in the positive-ion FAB-MS and by high-resolution MS measurement. The IH-  

NMR and 1 3 ~ - ~ ~ ~  (Table 1) spectra7 of 4 indicated the presence of two methyls, two furans, a thiolane sulfoxide, and two 

quinolizidine rings. The proton and carbon signals in the IH-NMR and I 3 C - N b I ~  (Table 1) spectra of 4 were very similar to 

those of syn-thiobinupharidine sulfoxide (lo), except for the C-1-3 and C-1'-3' signals, which were significantly resembled 

with those of 3. Furthermore, as is apparent from Figure 3, the NOE correlations in the NOESY experiment of 4 were almost 

the same as those of 3 On the basis of this ewdence, the structure of nupharpumilamine D (4) was character~zed as shown. 

EXPERIMENTAL 

The instruments used to obtain physical data and the experimental conditions for chromatography were the same as described 

m our previous pper.2 

Isolation of Nupharpumilamine A (I), B (2). C (3), and D (4) from the Alkaloid Fraction of Chinese 

Nupharis Rhizoma 

The AcOEt soluble fraction (16.3g) from Chinese Nuphans Rhnoma (Osaka, 7.9 kg) was subjected to ordinary s d ~ a  gel 

column chromatography [CHC13-AcOEt-E12NH (20 : 1 : I)-+MeOH-Et2NH (10 : I)] to give three fractions [Fr. 1 (9.5 g), 

Fr. 2 (3.0 g), and Fr. 3 (3.8 g)] as described prev~ously.l Raction 1 (8.7 g) was separated by Chromatorex NH DM1020 (Fuj~ 

Silysia Chemical Ltd.) column chromatography [260 g;-n-hexane-CH7.CI2-AcOEt (100 : I00 : 1-20 : 20 : 1)-+CHC13- 

MeOH (10 : l)] followed by repeated hplc (Develosil ODS~HG-5, 250x20 mm id. ,  i) MeOH-HzO-Et2NH (890 : 10 : 6). il) 

MeOH-HzO-EtzNH (750 : 150 : 6), iii) MeOH-H2O-Et2NH (800 : 100 : 6), iv) MeCN-H2O-Et2NH (89 : 1 : 3), flow rate : 

8.0 mllmm] to give 3 (10.4 mg) and 4 (17.8 mg). Chromatorex NH DM1020 column chromatography [90 g, n-hexane- 

AcOEt (3 : I - i I  : 5)jAcOEt-acetone (5 : 1-1 : 5)+MeOH-Et2NH (9 : I)] of fraction 2 furnished six fractions. Fraction 2- 

3 (234 mg) was subjected to HPLC (Develuail ODs-HG-5, 250x20 mm i.d., MeOH-H20-EtzNH (850 : 50 : 6), flow rate : 

8.0 mllmin) to give 1 (17.4 mg). The HPLC (same condttions as described above) of fraction 2-4 (235 mg) yielded 2 (40.6 

mg). 

Nupharpumilamine A (1) : colorless 011, positive for Dragendorff reagent, [alDZ5 - 33.4' (c=0.6, CHC13). High-resolution 

ELMS ( d z )  : Calcd for C30H40Nz03S (MC-H2O) : 508.2759; Found . 508.2752. High-resolution negative-ion FAB-MS 

(m4) : Calcd for C ~ ~ H ~ ~ N Z O ~ S  (M-H)- : 525.2787; Found : 525.2769. IR (film, cm-I) : 3360, 295G2750,  1501, 1456, 

1439, 1159, 1024, 874. 'H-NMR (CD30D. 500 MHz, 6) . 0.92 (3H, d, k 6 . 4  Hz, 11'-H3), 0.98 (3H, d, J=6.4 Hz, Il-H3), 

1.33 (IH, m. 9a-H). 1.53 (IH, m, 8P-H), 1.64 (IH. m, 10-H), 1.66 (IH, m. 8a-H), 1.89 (IH, dd. k 1 . 2 .  11.3 Hz. 60-H), 

2.02 (lH, d, J=15.0 Hz, 17P-H), 2.28 (lH, d, J=15.0 Hz, 17a-H), 2.32 (lH, dd, b 1 4 . 3  Hz, 17'a-H), 2.35 (IH, m, 10'-H), 
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2.54 (IH, dd, J=2.7, 11.3 Hz, 6a-H), 2.92 (IH, d, J=14.3 Hz, 17'P-H), 3.04 (IH, dd, J=3.1, 11.6 Hz, 4-H), 3.68 (IH, dd, 

J=3.4, 10.7 Hz, #-HI, 4.14 (IH, s, 6'-H), 6.40 (2H, dd, J 4 6 ,  1.5 Hz, 13, 13'-H), 7.37 (LH, dd, J 4 . 6 ,  1.5 Hz, 16-H), 7.40 

(IH, dd, J=0.6, 1.5 Hz, 16'-H), 7.43 (2H, dd, k 1 . 5 ,  1.5 Hz, 14, 14'-H). 13c-NRlR (CD30D, 125 MHz, 6 ~ )  : see Table I .  

El-MS ( d z )  : 508 (Mf-H20). 491, 447, 230, 178, 94. Negative-ion FAB-MS ( d z )  : 525 (M-H)-, 459 (M-C4H30)-, 305 

( M - C I ~ H ~ ~ N O ) . .  Positive-ion FAB-MS (mh) : 509 (M+H-H20)+. 

Nupharpumilamine B (2) : colorless oil, positive for Dragendorff reagent, [alDZ5 - 60.1' (c=I .6, CHC13). High-resolution EI- 

MS ( d z )  : Calcd for C30H40N203S (Mf-H20) : 508.2760; Found : 508.2755. High-resolut~on negatwe-ion FAB-MS (m4)  

: Calcd for C30H41N204S (M-H). : 525.2787; Found : 525.2806. IR (film, cm-I) : 3380, 295G2750,  1503, 1439, 1157, 

1021, 874. IH-NMR (CD30D. 500 MHz, 6) : 0.78 (3H, d, J=6.4 Hz, 11'-H3), 0.81 (3H. d, J=6.4 Hz, 1 I-H3), 1.56 (IH, m, 

10-H), 1.56 (IH, d, k 1 4 . 3  Hz, 17a-H), 1.67 (IH, dd, J=0.9, 12.8 Hz, 6a-H), 1.89 (IH, d, k 1 4 . 3  Hz, 17P-H), 2.24 (IH, 

ddd, J=2.4, 8.5, 11.0 Hz, 10'-H), 2.35 (IH, d, J=15.6 Hz, 17'a-H), 2.91 (IH, dd, k 6 . 4 ,  7.3 Hz, 4-H), 2.97 (IH, d, J=15.6 

Hz, 17'P-H), 3.20 ( lH,  dd, J=2.4, 12.8 Hz, 6P-H), 3.53 (IH, dd, J=3.1, 11.6 Hz, 4'-H), 4.08 (IH, s, 6'-H), 6.01 (IH, dd, 

J=0.6, 1.5 Hz, 13'-H), 6.30 (IH, dd, J=0.6, 1.8 Hz, 13-H), 6.89 (lH, t, J=1.5 Hz, 14'-H), 7.17 (IH, dd, k 0 . 6 ,  1.5 Hz, 16'- 

H), 7.31 (IH, dd, k 1 . 5 ,  1.8 Hz. 14-H), 7.35 (IH, dd, J=0.6, 1.5 Hz, 16-H). 13c-NMR (CD3OD. 125 MHz. 6 ~ )  : see Table 

I .  EI-MS ( d z )  : 508 (M+-HzO), 491, 230, 178. Negative-ion FAB-MS ( d z )  : 525 (M-H)-, 459 (M-C4H30)-. Positive-ion 

FAB-MS ( d z )  : 509 (M+H-HzO)+. 

Nupharpumilamine C (3) : colorless 011, positive for Dragendorff reagent, [a]D25 -75.1' (c=0.5, CHC13), High-resolution 

FAB-MS ( d z )  : Calcd for C30H43N203S (M+H)+ : 51 1.2994; Found : 511.2976. IR (film, cm-I) : 295G2750,  1501, 

1449, 1381, 1159, 1026, 874. IH-NMR (CDC13, 500 MHz, 6) : 1.1 1 (3H, d, J=7.0 Hz, 11'-H3), 1.13 (3H, d, k 7 . 0  Hz, I I- 

H3), 1.48 (lH, d, J=11.6 Hz, 6'P-H), 1.69 (IH, m, 1'-H), 1.75 (IH, m, I-H), 1.85 (IH, d, J=11.3 Hz, 6P-H), 1.90 (IH, m, 

10'-H), 1.92 (IH, d, J=14.3 Hz, 17a-H), 2.01 (IH, m, 10-H), 2.15 (IH, d, k 1 4 . 3  Hz, 17P-H), 2.43 (IH, d, k 1 3 . 4  Hz, 17'8- 

H), 2.53 (IH, dd, J=2.4, 11.3 Hz, 6a-H), 2.56 (IH, d, J=13.4 Hz, 17'a-H), 2.80 (IH, dd, k 3 . 4 ,  11.6 Hz, 4'-H), 2.87 (IH, 

dd,J=3.4,11.6Hz,4-H),2.90(IH,dd,J=2.4,11.6Hz,6'a-H),6.34(1H,d,J=1.5Hz,13-H),6.35(lH,d,J=1.5Hz,13'-H), 

7.24 (2H, br s, 16, 16'-H), 7.32 (IH, t, k I . 5  Hz, 14-H), 7.33 (IH, t, J=1.5 Hz, 14'-H). 1 3 c - ~ ~ R  (CDC13, 125 MHz, SC) : 

see Table I .  FAB-MS (d) : 51 1 (M+H)+. 

Nupharpumilamine D (4) : colorless 011, posiuve for Dragendorff reagent, [alDZS c20.8' (c=0.9, CHC13). High-resolution 

FAB-MS (m/z) ; Calcd for C30H43N203S (M+H)+ : 511 2994: Found . 511.2980. IR (film, cm-I) : 295G2750,  1501, 

1451, 1381, 1159, 1021, 874. IH-NMR (CDCI3, 500 MHz. 6) : 1.14 (3H, d, J=7.0 Hz, 11'-H3), 1.16 (3H. d, J=6.7 Hz, 11- 

Hj), 1.47 (IH, d, J=11.3 Hz, 6'P-H), 1.94 (lH, m, 10'-H), 1.95 (IH, d, k 1 1 . 3  Hz, 6a-H), 2.03 (IH, m, 10-H), 2.03 (IH, d, 

k 1 4 . 3  Hz, 17a-H), 2.33 (IH, d, k 1 4 . 3  Hz, 17P-H), 2 47 (IH. dd, J=2.4, l l  3 Hz, 6'a-H), 2.51 (ZH, s, IT-Hz), 2.83 (IH, 

dd, J=3.4, 11.9 Hz, 4'-H), 2.94 (IH, dd, J=3.4, 11.0 Hz, 4-H), 2.97 (IH, dd, J=2.4, 11.3 Hz, 6P-H), 6.38 (IH, d-hke. 13-H), 

6.38 (IH, d-like, 13'-H), 7.25 (IH, br s, 16'-H), 7.28 (IH, br s, 16-H), 7.34 (IH, t-like, 14-H), 7.34 (IH, I-like, 14'-H). I3C- 

NMR (CDC13. 125 MHz. 6 ~ )  : Table 1. FAB-MS ( d z )  : 51 1 (M+H)+. 

Treatment of Nupharpumilamine A (1) with NaBH4 Giving anti-Thiobinupharidine Sulfaxide (9) 

A solution of nupharpumilamine A (1, 2.3 mg) In MeOH (0.5 mL) was treated with NaBH4 (4.6 mg) and the whole mixture 

was stirred at rt for 30 min. After treatment of the reaction mixture with acetone (0.5 mL), the whole was poured into brme 

and then it was extracted wlth AcOEt. The AcOEt extract was washed with brme and dried over MgS04. Removal of the 

solvent under reduced pressure gave nnri-thiobinupharidine sulfoxide (9,2.2 mg), which was identified by H m C ,  HPLC, IR, 

and IH-NMR (CD30D) spectra comparisons with an authentic sample 
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Treatment of Nupharpumilamine B (2) with NaBH4 Giving Thionuphlutine B P-Sulfoxide (11) 

A solution of nupharpumilamine B (2, 3.9 mg) in MeOH (0.5 mL) was treated with NaBH4 (10.0 mg) and the whole mixture 

was stirred at rt for 30 min. The reaction mixture was worked up as described above to yield thlonuphlutine B P-sulfoxide 

(11, 3.8 mg), whxh was identified by HPTLC, HPLC, IR, and IH-NMR (CD30D) spectra comparisons with an authentic 

sample.' 
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