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BISBENZYLISOQUINOLINE ALKALOIDS 

PAUL L. SCHIFF, J R .  

Department of Pharmaceutical Sciences, Schwl of Phatnuuy, Univerrity of Pittsburgh, Pittsburgh, Pennsylvania 15261 

AssTRAn.-The bisbenzylisoquinoline alkaloids constitute a series of almost 400 
phenylalaninederived metabolites with a rich and varied chemistry and pharmacology. This 
tabular review encompasses the literature from 1986 through 1989 and describes the botanical 
sources, physicochemical and spectral data, and pharmacological activities for the approxi- 
mately 122 new alkaloids that have been isolated in this time period. Furthermore, additional 
physicochemical and spectral data for previously isolated bisbenzylisoquinoline alkaloids, as 
well as their botanical sources and pharmacological activities, are presented. Finally, various 
procedures useful in the isolation, separation, and quantitation ofthese alkaloids, as well as their 
biosynthesis and synthesis, are also cited. 

The first comprehensive tabular review of the bisbenzylisoquinoline alkaloids was 
published by Guha et al. in this journal in early 1979 ( 1). This was followed by second 
review published in 1983 (2) and then a third review published in 1987 (3). These re- 
views described the literature from 1978 through 198 1, and from 1982 through 1985, 
respectively . 

The present review is concerned with the literature from 1986 through 1989 (Chem- 
ical Abstracts volumes 104 through 1 1 1) and is presented principally in a tabular form as 
before (1-3). The numbers of the alkaloids and the structural-type nomenclature have 
been retained according to the previous reviews (1-3) in order to preserve a sense of 
literary consistency. Since the publication of the last tabular review of 1987 (3), approx- 
imately 122 new bisbenzylisoquinoline alkaloids have been isolated and characterized, 
and the structures of several alkaloids have been revised. The acquisition of additional 
physicochemical and spectral data for numerous alkaloids, as well as the inclusion of 
secobisbenzylisoquinoline alkaloids, has likewise continued. This number of 122 new 
alkaloids is almost one and one-half times the amount of alkaloids isolated and charac- 
terized (approximately 85) in a time period that was twice as long (1978 through 
1985). One can attribute this intensified activity to one or more of the following: first, 
the routine utilization of high resolution 'H nmr, 13C nmr, and ms, with particular 
emphasis on magnetic resonance nOe enhancement techniques; second, the routine 
characterization of extremely small amounts of alkaloids which are frequently isolated 
as pure, amorphous residues; third, the increasing emphasis and subsequent discovery 
of unique and interesting pharmacological properties of these alkaloids; and fourth, the 
cumulative knowledge amassed through one or more decades of experience by highly 
motivated and productive scientists from a handful of laboratories around the world. 

Each alkaloid in the tabular section is described according to its name, molecular 
formula, molecular weight, melting point, specific rotation, and available spectral 
data, the last ofwhich may include ir, uv, 'H nmr, "C nmr, cd, and mass spectra. The 
numbering of the skeleton and the systematic numerical classification describing 
oxygenation and dimerization patterns of the alkaloids follow (almost without excep- 
tion) the convention established by Shamma and Moniot (4) as exemplified by: 

d , 4' 

d 0- a' 
11' \ 

12 0 11' 

U 0' 
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Unless otherwise stated, the uv spectra (nm, log E), and the cd spectra were ob- 
tained in MeOH, the ir spectra (cm- ') in CHCI,, and both the 'H-nmr and 13C-nmr 
spectra in CDCI,. Chemical shifts are in 6 units and coupling constants in Ht. 

TABLE 1. Rev14 SCNCCUW of Previously Reponed Bisbenzyliquinohe Alkaloids. 

14a THALIRACEBINE' 
Type la ($3) 6.7.1 I*, 12-5,6,7,12* 

16 N-DESMETHYLTHALISWUNE' 
TypeIII(S,S)5,6,7,11~,12-5,6,7,i2* 

17 N-METHYLTHAJJSTYLlNE' 
Type Ill (S,S) 5,6,7,11*, 12-5,6,7,12* 

Me, 
Me' OMa MCO "le 

OMa 

171 THAJJRABINE' 

PH /'? 

'Me 
Me \ 
Me' OMe Me 0 

OMe 
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18 T H U S M I N E '  
TypeIII(S,S)5,6,7,11',12-5,6,7,12g 
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C~,H,,O,N~: 697.3489 

221 THALISTINE' 
Type 111 (S,S) 5,6,7, ll", 12-5,6,7.12* 

C39H440XN2: 668.3098 

Me' OMe Ma0 'Me 

"The structure of the isoquinolone alkaloid thalflavine, originally proposed as I-oxo-2-methyl-~-merhoxy-6,7- 
methylenedioxy-1,2,3,4-tetrahydroisoquinoline (isoquinolone A), was revised to l-oxo-2-rnethyl-5,6- 
rnethylenedioxy-7-rnethoxy- 1,2,3,4-tetrahydroisoquinoline (isoquinolonc 8) .  on the basis of synthesis (48 1). Because 
the structures of compounds le, 16,17,17a, 18, and 221 were assigned (1) principally on the basis of the identifica- 
tion of their oxidation product, which was then identified as iscquinolone A (5-methoxy-6,7-methylenedioxy substitu- 
tion) but has now been identified as isoquinolone B (5,6-rnethylenedioxy-7-methoxy substitution), the structures of 
these compounds must be revised accordingly. 

185 TILIARINE 
TypeXVIII(S,S)6,7+8+, 12-6+,7+,12(11-11) 

UV: 235 sh (4.77). 289 (4.15) (66) 
'HNMR: NMe2.36;OMe3.88(C-6), 3.93(C-12');AIH2.81(m, 2H,C-a), 3.76(rn, lH;H-l), 3.97(rn, lH,H- 

1'); ArH 6.33 (H-5). 6.70(H-5'), 6.98(d, 1H,J=8 Hz, H-13). 7.02 (d, 1H.J-8 Hz, H-13'), 7.33 
(dd, lH,j=2,8Hr, H-14), 7.49(dd, lH,J=2,8Hz,H-14'),7.54(d, lH,J=2Hz,H-10),7.74(d, 
1H.J = 2 Hz, H-10') (nOe used) (66) 

MS: 
CD 
Gurces: 

[MI* 562(74), 561 (81). 349(27), 336(30), 335 (loo), 321 (27). 168(18) 
0 (262), -8.2 (248), 0 (244). + 10.4 (237). 0 (233), negative tail 

(66) 
(66) 

Tifkoru rucmsu Colebr. (Menispmaceae) (66) 
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223 THALPINDIONE 
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Type XI1 ( S A  6,7,8’, I I + ,  12-5*,6,7,12* 
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C,,H,Op,: 652.242 1 

Inasmuch as 0-methylation (CH,N,) of (-kthalpindione afforded (-)-thalrugosinone, and (-)-thalrugosinone has 
been reassigned as 224 (12). it follows that (-kthalpindione must be reassigned as 223 (12). 

224 THALRUGOSINONE C,9H4,0aN,: 666.2941 
Type XI1 (SJ) 6,7,8’,11+, 12-5*,6,7,12+ 

TLC: 0.43 [Si gel; C,H6-MeOH-NH40H (95:5:trace)l (12) 
[a]%: -42’(c=0.30, MeOH) (12) 
UV: 241 sh(4.34), 280(3.62) (12) 
IR: 1660(12) 
‘H NMR: NMe 2.65; NCHO 7.50; OMe 3.34 (C-7). 3.47 (C-6’), 3.78 (C-6), 3.88 (C-7‘), 3.90 (C-12); AIH 2.62 

(m, IH, H a ) ,  2.72 (m, IH, H-a’), 3.20 (m, IH, H-a). 3.24 (m, lH, H-3). 3.28 (m, IH, H-p), 3.88 
(m, IH, H-l’), 4.48(m, lH,  H-I), 4.61(m, lH,  H-3);ArH6.12(d, 1 H , j =  1.9Hz. H-10),6.36(H- 
5),6,42(dd, lH,j=2.2,8.3Hz,H-lO‘),6.47(H-8’),6.52(dd, 1HJ= 1.9,8.2Hz,H-14),6.58(dd, 
l H , j = 2 , 2 , 8 , 3 H z ,  H-ll’) ,6.78(d,  l H , j = S . 2 H z , H - l 3 ) , 6 . 9 9 ( d d ,  lH,/=2.2,8.3Hz,H-13’),  
7.62 (dd, lH,J=2.2,  8.3 Hz, H-l4’)(nOe used) (12) 

“C NMR: 161.4(amidic carbonyl) (12) 
MS: [M]+666.2882(74),665.2821,651(54),635(100),439.1862(72),425.1704(18),411.1896(32).409(36), 

CD: 
Sources: 
Derivatives: 

211.0762, 2W(49), 190(30) (12) 
0 (300), -3.9 (282). 0 (270). -0.2 (255), 0 (252). i- 11.8 (239). negative tail below 230 (12) 

Tbalirtrm cdtrarvm Wall. (Ranunculaceae) ( 12) 
Thalidasine [lo01 (thalrugosinone + LiAlH4/Et,0) (tic, ‘H nmr) (12) 
2-Northalidasine (thalrugosinone + HCI + Heat) (tlc, ‘H nmr) (12) 

226 CALAFATINE-2’a-N-OXIDE C~~HUOSNZ: 668.3098 
TypeXa(S.R) 6,7,8+,10, 1 l C ,  12-6,7*,12 

‘H NMR: NMe 2.33 (N-2), 3.40 (N-2’); OMe 3.36K-7). 3.75 (C-6). 3.77 (C-6’). 3.74(C-10), 3.86(C-12); AIH 
2.4 1 (m, IH, HA), 2.53 (m, lH,  H a ’ ) ,  2.55 (m. 1H. H-a), 2.78 (m, IH, H-3). 2.83 (m, lH, H-3’). 
2.89 (m. lH,  H-4’). 2.92 (m, lH,  H 4 ) ,  3.32 (m. lH,  H-3). 3.38 (m, lH, H-a), 3.45 (m, lH,  HA’), 
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3.66 (m, lH,  Hu‘ ) ,  3.90 (m, lH ,  H-37, 4.10 (m, 1H, H-I), 4.36 (m, 1H, H-1’); 5.47 (H-8’). 
5.97(dd, lH , j=2 .2 ,8 .2Hz ,  H-14’), 6.36(H-5), 6.51 (dd, 1H,j=2.2,8.2Hz,  H-13’),6.61(H-5’), 
6.75 (d, 1HJ=8.5 Hz, H-13), 6.94(d, IHJ= 8.5 Hz, H-14). 6.94(dd, 1HJ= 2.2,8.2 Hz, H-11’). 
7.11(dd, 1H, j=2 .2 ,  8.2Hz,H-lO’)(nOeused) (482) 

The alkaloid described as calafatine-2a-N-oxide in the previous review (3) is rhus wigned as caIahtine-2‘a-N-xide on 
the basis of NOEDS studies (482). 

227 CALAFATINE-Z’@N-OXIDE C39”,O,N2: 668.3098 
Type X a ( S , R )  6,7,8’,10,11+,12-6,7.,12 

‘H NMR: NMe2.32 (N-2), 3.26(N-2’); OMe 3.42 (C-7), 3.74(C-6’), 3.76(C-6), 3.74(C-10), 3.86G12);AIH 
2.46 (m, lH ,  HA), 2.57 (m, IH, H a ) ,  2.70 (m, lH,  H a ’ ) ,  2.85 (m, lH,  H-3), 2.94 (m, IH, H-4), 
3.08 (m, 1H, H-3’). 3.15 (m, lH,  H-4‘). 3.32 (m, 1H, H u ) ,  3.40 (m, lH, H-3), 3.57 (m, 1H, HA’), 
3.98(m, lH ,Ha‘ ) ,4 .09 (m,  lH,H-3’) ,4 . l I (m,  lH,H-l) ,4 .19(m, lH,H-l’);ArH5.39(H-8’), 
5.89(dd, lH,j=2.2,8.2Hz,H-l4’),6.40(H-5),6.42(dd, lH,j=2.2,8.2H~,H-13’),6.59(H-5’), 
6.75(d, l H , j = 8 . 5 H ~ , H - l 3 ) , 6 , 9 1 ( d d ,  IH,j=2.2,8.2H~,H-l1’),6.93(d, lH, j=8.5Hz,H-14) ,  
7.17 (dd, 1 H , j =  2.2.8.2 HI, H-10‘) (nOe used) (482) 

The alkaloid described as cakFacine-2g-N-oxide in the previous review (3) is thus assigned as calafacine-2’~-N-oxide on 
the h i s  ofNOEDS studies (482). 

TABLE 2. Additional Physical and Spectral Data on Previously Reponed Bisbenzyliwquinolinc Alkaloids. 

11 UNDOLDHAMINE CMH,,O6N,: 568.2573 
OMe 3.85(C-6orC-6‘), 3.86(C-6’orC-6);AIH4.05 (dd, IH, H-l), 4.15 (dd, lH,  H-1‘); ArH 6.51 (s, 

6.89(d, lH,  H-13), 6.91 (dd, lH,  H-14), 7.17 (d, 2H, H-10‘ and H-14’) 

‘HNMR: 
H-5) ,6 .58(~,  H-5’),6.66(d, lH,H-10) ,6 .69(~,  2 H , H - 8 m d H - 8 ’ ) , 6 . 8 7 ( d , 2 H , H - l l ’ d H - 1 3 ‘ ) ,  

(36) 

121 0-METHYLDAURICINE C&&O6N2: 638.3356 
64.1 (C-1 or C-l’), 46.2 (C-3), 24.9 (C-4). 125.6(C-4a), 110.7 (C-5), 146.7 (C-6). 146.7 (C-7), 110.7 
(C-8), 128.4(C&), 39.5 (C-aorCu‘), 132.3(C-9), 116.0(C-10), 143.8(C-11), 149.1 ( C - W  116.0 
(C-13). 125.6(C-14), 64.2 (C-l‘or C-l), 46.4(C-3’), 24.9(C-4’), 125.2(C-4’a), 110.4(C-5’), 145.8 
(C-6’). 145.8 (C-7’). 110.4 (C-8’), 128.5 (C-8’a), 39.7 ( C a ’  or C a ) ,  133.1 (C-9’), 130.2 (c-10’), 
112.0 (C-11’). 155.8 (C-127, 122.0 (C-13’), 130.2 (C-14’). 42.0 (2-NMe and 2’-NMe), 55.0 
(2 X OMe), 55.1(2 X OMe), 55,4 (1 X OMe) 

“C NMR: 

(30) 

20 FUNIFERINE CsH4206NZ: 622.3043 
[ a ] ~ :  +104°(c=0.15, CHCI,) (51) 
UV: 228 (sh) (4.39), 285 (3.85) (5 1) 
‘HNMR: NMe2.41(N-2), 2.68(N-2’);OMe3.40(C-7), 3.51(C-6’), 3.82(C-6), 3.91 (C-12’);AIH 3.75(H-1’), 

4.06(H-1); ArH 6.37(H-5), 6.48(H-5’), 6.68(H-10’), 6.86(H-13’). 6.88(H-13), 6.89(H-10), 7.09 
(H-8’), 7.22 (H-14‘), 7.33 (H-14) (51) 

MS: 
CD: O(310). +1.02(280), +2.9(245), 0(233), -2.9(221) (51) 

[MI* 622 (87), 621 (73). 3%(30), 395 (loo), 381 (41), 198 (87). 174 (50) (51) 

27 TIUAGEINE C3,Hm06N2: 608.2886 
MP: 270” (61) 
TLC: 
[U]~”D: +179”(r= 1.2, CHCI,) (61) 
UV: 209(4.88), 284 (4.18) (61) 
1R: 
‘HNMR: 

0.43 [Si gel 60 F,,,; CH2C12-MeOH-NH40H (90:9: 1)) (6 1) 

3400, 2940, 2830, 1630, 1590, 1500, 1440, 1380, 1275, 1240, 1120, 1020, 880, 815 (61) 
ArH6.35(H-5), 6.39(H-5’), 6.75 (d, 1H,j=2.25 Hz, H-lo), 6.80(d, lH, j=8.25Hz.  H-13’). 6.81 
(d, 1HJ = 8.3 Hz, H-13). 6.88(d, 1HJ = 2.25 Hz, H-IO’), 7.04(H-8’), 7.16(dd, 1HJ= 2.25,8.25 
Hz, H-14’). 7.22 (dd, 1H,]=2.25, 8.25 Hz, H-14) (61); NMe 2.41 (N-2), 2.69(N-2’); OMe 3.52 

lo’), 6.88(H-13’), 6.87 (H-13). 6.%(H-10), 7.00(H-8’), 7.20(H-14’), 7.3O(H-14) 
(C-6‘), 3.86 (C-6). 3.91 (C-12’); AIH 3.79 (H-l’), 4.09 (H-1); ArH 6.37 (H-5). 6.47 (H-5‘). 6.72 (H- 

(51) 
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MS: [MI+ 608(97), 607(71), 593(10), 577 (lo), 382 (31), 381(100), 367(26), 365 (28), 351(14), 205(10), 192 
(33), 191 (49). 175 (5), 174 (20) (61) 

35 COCLOBINE C37H3806N2: 606.2730 
[QImD: + 13Oo(c= 1.5, CHCI,) (59) 
UV: 230(4.40), 275 (4.20), 300(3.80) (59) 
‘H NMR: NMe2.62(N-2’);OMe3.17(C-7’), 3.53(C-6), 3.80(C-6’), 3.95(C-12);ArH6.43(H-5‘), 6.51(H-5), 

~ - 1 3 ) , 7 . 0 0 ( d ,  iH,J=2.2Hz,H-10) ,7 .08(dd,  lH,j=2.2,8Hz,H-14),7.1l(dd, 1H,J=2.2,8.3 
6.71(dd, lH,j=2.2,8.5H~,H-ll‘),6.82(dd, lH, j=2 .2 ,8 .1H~,H-10‘) ,6 .91(d ,  lH , j=2 .2Hz ,  

Hz, H-13’), 7.19(H-8), 7.34(dd, 1H, j=2 .2 ,  8.5 Hz, H-14‘) (59) 
MS: [MI+ 606(70), 605 (100). 591 (11). 575 (8), 499 (23),?79 (4). 303 (12). 280 (4) (59) 

39 DEMERARINE C&3@6N2: 594.2730 
[Q]”D: -80°(r=0.25, CHCl,) (59) 
‘H NMR: NMe 2.55 (N-2‘); OMe 3.04(C-7’), 3.45 (C-6), 3.77 (C-6’); AIH 3.83 (rn, IH, H-I), 4.20(m, lH, H- 

I’); ArH 6.40 (H-5 or H-5‘). 6.41 (H-5‘ ot H-5), 6.56 (H-8). 6.58 (d, 1 H , j =  2 Hz, H-10). 6.83 (dd, 
2H,j=1.4,8H~,H-lO’andH-ll’),7.02(d, lH , j=2H~,H-13) ,7 .05 (dd ,  IH,]=2,8Hz,H-14), 
7.22 (d, lH ,  H-13’). 7.39(dd, l H , j =  1.4, 8 Hz, H-14‘) (59) 

MS: [MI+ 594 (28), 593 (100). 587 (10). 381 (30), 191 (25) (59) 

40 (+MPISTEPHANINE C,,HNO6N,: 606.2730 
MP: Amorphous (49) 
[QI2’D: +220° (CHCl3) (49) 
UV(EtOH): 
IR: 1462 (49) 
‘H NMR: 

214, 282 (49); (ErOHi-OH-) 218, 281 (49); (ErOH+H+) 212, 288, 335 (49) 

NMe 2.52 (N-2); OMe 3.36 (C-7’), 3.86 (6H, C-6 and C-6’), 3.90 (C-12); AIH 4.02 (d, 1 H , j =  13.8 
Hz, Hu‘) ,4 .42(d,  1 H , j =  13.8I-b. Hu’);ArH4.92(brs,  lH, H-10),6.11(H-8),6.46(rn, 2H,H-5 
andH-l l ‘ ) ,6 .57(H-5’) ,6 .72(d,  lH,]=8.1Hz,H-I3) ,6 .76(dd,  lH , j=2 .3 ,8 .3Ht ,H-13’ ) ,6 .86  
(dd, lH,j=1.2,8.1Hz,H-l4),7.33(dd, IH, j=2 .0 ,8 .2Hz ,H-10’ ) ,7 .40 (dd ,  lH, j=2.0,8.3Hz,  
H-14’) (49) 

42 HOMOAROMOLINE C,,H&O&Z: 608.2886 
”CNMR: 64.2(C-1), 44.9(C-3), 28.2(C-4), 130.4(C4aorC-9’), 11 1.1 (C-5 orC-13), 148.5(C-6), 143.9(C-7), 

(c-13 or C-S), 123.7 (C-14); 60.7 (C-1’). 50.9 (C-3’), 24.6 (C-4’). 122.7 (CA’a), 104.6 (C-5’). 147.2 
(C-6‘), 133.5 (C-7’), 142.0 (C-8‘), 122.9 (C-8’a), 38.8 (Cu‘), 130.9 (C-9’ or CAa), 128.4 (C-10’). 
12 1.8 (C-1 I f ) ,  152.9 (C- 12‘). 12 1.0 (C-u’), 13 1.4 (C-14’); 43.5 (2-NMeor 2‘-NMe), 4.15 (2’-NMeor 
2-NMe). 55.8 (-Me and 12-OMe), 55.2 (6’-OMe) 

117.0 (C-8), 127.0 (C-&), 38.2 (CU), 137.8 (C-9), 117.0 (C-lo), 146.7 (C-ll), 148.7 (C-12), 110.9 

(29) 
CD: 0 (350). + 11 (293). +46 (240), +90 (221) (29) 

50 SEPEERlNE C&@6N2: 594.2730 
[QImD: +2OOo(C=O.5, CHCI3) (59) 
‘H NMR: NMe 2.68(N-2’); OMe 3.23(C-7’), 3.64(C-6), 3.8O(C-6’); A H  3.97 (rn, IH, H-I), 4.37 (rn, IH, H- 

l’);ArH5.58(d, IH,]=2Hz, H-10),6.32(dd, 1 H , j = 2 ,  8.2Hz,H-ll’),6.39(H-50rH-5’),6.41 
(H-5’ or H-5). 6.70 (H-8), 6.77 (d, 1 H , j = 8  Hz, H-13). 6.89(dd, 1 H , j = 2 ,  8 Hz, H-14). 6.95 (dd, 
1 H , j = 2 ,  8.2 Hz, H-10’). 6.99(d, H-13’), 7.50(dd, 1H,J=2,  8.2 Hz, H-14’) (59) 

MS: [MI+ 594 (30), 593 (100). 587 (9), 381 (30). 191 (25) (59) 

521 THALIGOSINE C37H4207N2: 638.2992 
NMc 2.52 (N-2’), 2.58 (N-2); OMe 3.07 (C-7), 3.41 (C-6’), 3.80(C-6), 3.966-12’); AIH 3.50(rn, IH, 
H-l’), 4.23(rn, lH,H-l);ArH6.4O(H-5’),6.47(H-8’),6.65(d, 1 H , j =  1.8Hz. H-lo’), 6.85(brs, 
2H, H-10andH-ll) ,  6.90(dd, 1H, j=1 .8 ,  8.3Hz,H-14’),6.97(d, lH, j=8.3Hz,H-13’) ,7 .13 

‘H NMR: 

(dd, l H , j = 1 . 8 , 8 . 2 H z ) H - 1 3 ) , 7 . 3 3 ( d d ,  I H , j = 1 . 8 , 8 . 2 H ~ , H - 1 4 )  (41) 

55 THALRUGOSMIININE C3.+IH,0,N2: 652.3149 
NMe 2.52 (N-2’), 2.57 (N-2); OMe 3.07 (C-7). 3.46(C-6‘), 3.81 (C-5). 3.85 (C-6), 3.96 (C-12’); AIH ‘H NMR: 
3.49(H-1’),4.24(H-l);ArH6.41(H-5’), 6.48(H-8’),6.64(d, 1HJ= 1.9Hz, H-10‘),6.85(br~, 2H, 
H-10 and H-11), 6.91 (dd, 1 H , j =  1.9, 8.3 Hz, H-14’). 6.98 (d, 1 H , j = 8 . 3  Hz, H-13’). 7.13 (dd, 
IH,J=2.0,  8.2Hz. H-13), 7.32(dd. 1H, j=2 .0 ,  8 . 2 H ~ .  H-14) (41) 

101 THALRUGOSIDINE C38H4207N2: 638.2992 
C D  0 (300), -4.6 (281), 0 (270). 0 (253), + 11.5 (240). negative rail below 228 nm (24) 

107 THAUCTINE C3,H,O&,: 608.2886 
CD: O ( 3 0 0 ) .  + 5  (291). -2 (275), 0 (251). +3.5 (240). negative tall below 230 nm (24) 
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114 DINKLACORINE C3SH3605N2: 576.2624 
MP: Amorphous, 230-236’ (27) 
TLC: 0.37 [Si gel 60 F254; CHCI,-MeOH (9:I)l (27); 0.32 [Si gel 60 4%; cycl-a,-Etz” 

[ a I 2 ” ~ :  +39” (c=O.44, CHCI,) (27) 
UV: 203 (3.42). 235 (4. ll),  290 (3.41) (27) 
IR(KBr): 

‘HNMR: 

(4:5: l)] (27) 

3440, 2960, 2880, 2820, 1640, 1605, 1510, 1460, 1400, 1385, 1375, 1290, 1250, 1130, 1075, 1040, 
970, 895, 845, 830 (27) 
NMe2.36(N-2), 2.69(N-2’);OMe3.87 (C-6), 4.03(C-12‘);ArH6.31(H-5), 6.71(H-5’), 6.92(d, IH, 
]=8.4H~,H-l3),7.00(H-8’),7.13(d, lH,j=9.3Hz,H-13’),7.19(dd, IH , j=2 .2 ,8 .4H~,H-14) ,  
7.38(dd, l H , j = 2 . 2 , 9 . 3 H ~ ,  H-14‘), 7.40(d, IH,j=,2.2Hz,H-10’), 7.88(d, l H , j = 2 . 2 H ~ , H -  
10) (27) 

MS: [MI+ 576 (50). 575 (28). 559 (4). 546 (2). 350 (32). 349 (100), 335 (33,  333 (17). 319 (6). 175 (50) (27) 

115 NORTILIACORINE A C35H,405N,: 562.2468 
MP: 262-265” 
TLC: 
[a]’”~: + 157” (c= 0.6, CHCI,) (56) 
UV: 210 ( 4 . 6 5 ~  234 (4.52). 288 (3.89) (56) 
IR(KBr): 3400, 2900, 2850, 1600, 1475, 1360, 1275, 1120 (56) 
‘H NMR: 

0.53 [Si gel 60 F254; CHzC12-MeOH-25% “,OH (90:9: 1)l (56) 

NMe 2.33 (N-2); 3.86 (C-6). 3.96 (C-12’); ArH 6.29(H-5), 6.70 (H-5’), 6.92 (d, 1H,J=8.1 Hz, H- 
13),7.00(dd, l H , J = 2 . 2 , 9 . 0 H ~ , H - l 4 ’ ) , 7 . 0 5 ( d ,  IH,j=9.0Hz,H-l3’),7.20(H-8’),7.26(dd, 
l H , j = 2 . 2 , 8 . 1 H z , H - 1 4 ) , 7 . 3 5 ( d ,  l H , j = 2 . 2 H z , H - 1 0 ‘ ) , 7 . 9 3 ( d ,  IH , j=2 .2Hz ,H-10)  (56) 

MS: [MI+ 562 (loo), 561 (95). 549 (IO),  547 (10). 336 (48). 335 (100). 321 (30). 305 (15). 168 (30) (56) 

116 NORTILIACORININE A (2’-Nortiliacorinine) C35H3405N2: 562.2468 
‘HNMR: NMe2.39(N-2); OMe 3.88(C-6), 4.00(C-12);AIH2.43(rn, lH,  HAa), 2.69(rn, IH, HA’a), 2.84(rn, 

2H, H a ) ,  2.92 (m, lH,  H-3a). 3.05 (m, IH, HAb), 3.09(rn, lH,  H-3’a), 3.19(m, 1H, 3.23 
(rn, 1H, H-a’a), 3.35 (rn, IH, H-a’b), 3.43(rn, lH, H-3b), 3.52(rn, 1H, H-3‘b), 3.79(m, 1H, H-lL 
4.14(rn, 1H, H-1‘); ArH 6.34(H-5), 6.71 (H-5‘), 6.99(dd, 1 H . j = 2 , 8  HI, H-13), 7.02(d, W j = 8  

Hz, H-10’). 7.65 (d, 1 H , j =  2 Hz, H-lo), 8.18 (H-8‘) (nOe used) 
Hz, H-13’). 7,39(dd, 1 H , j = 2 ,  8H2, H-14),7.42(dd, 1H,]=2, 8Hz.H-14’). 7.61(d, 1 H , j = 2  

(66) 

118 TILIACORINE C3SH3605N2: 576.2624 
‘HNMR: ArH6.29(H-5), 6.71(H-5’), 6.92(d, lH,J=8,4Hz,  H-13). 7.02(H-8’), 7.09(d, lH , j=9 .3Hz ,  H- 

13’), 7.15-7.45 (rn, H-14, -14’, -IO’), 7.92(d, 1 H , j = 2 . 2  Hz)(H-IO) 
60.90 (C-I), 44.82 (C-3), 24.64 (C-4). 127.94 (CAa), 106.37 (C-5). 146.11 (C-6). 129.53 (C-7). 
139.43 (C-8). 120.55 (C-8a), 40.26(C-a), 137.04(C-9), 134.92(C-10), 127.86(C-11), 153.17(C-12), 
11 1.26(C-13), 129.74 (C-14); 67.01 (C-l’), 49.99(C-3’), 28.22 (CA‘), 133.63 (CA’a), 115.68(C-5’), 
138.56 (C-6’), 138.39 (C-7’), 114.35 (C-8’), 129.66 (C-8’a). 41.10(C-a’), 135.39(C-9’), 134.48 ($- 
io’), 126.08 (c-ii’), 152.48 (C-127, 118.83 (C-13’), 129.95 (C-14‘); 43.15 (2-NMe). 43.43 (2 - 
NMe), 56.28 (6-OMe). 59.29 (12-OMe) 

(27) 
”C NMR: 

(27) 

121 CYCLEANINE C38H4206NZ: 622.3043 
The crystal S C N C ~ U R  of cycleanine, isolated from Cissamphpureiru L. (Menisperrnaceae), was determined (73). 

192 DAURISOLINE C37H4206N2: 610.3043 
‘HNMR: NMe2.47(N-2), 2.53(N-2‘);OMe3.62(C-7), 380(C-6orC-6’). 3.83(C-6’orC-6);AIH3.62(dd, lH, 

H-I), 3.77 (dd, 1H, H-1’); ArH 6.14 (s, H-8’). 6.34 (s, H-8), 6.46 (I, H-5), 6.53 (d, 1H, H-10). 6.57 
(s, H-5’),6.81(d, 2H, H-ll’andH-l3),  6.84(dd, IH, H-14),6.90(d, lH,  H-13).7.03(d, 2H.H-10’ 
and H-14’) (36) 

211 NEOTHALIBRINE C38H4406Nz: 624.3199 
’H NMR: NMe 2.47 (N-2), 2.55 (N-2’); OMe 3.60 (C-7’). 3.81 (C-6 or C-6’). 3.82 (C-6’ or C-6); ArH 6.08 (H- 

11‘andH-13’),6.86(d, l H , j = 8 . 2 H z , H - 1 3 ) , 6 . 9 1 ( d d ,  lH,j=l.8,8.2Hz,H-14),7.02(d,2H, 
8’),6.38(H-8),6.47(H-5),6.57(H-S’),6,62(d, lH,j=1.8H~,H-l0),6.80(d,2H,J=8.5H~,H- 

]=8.5 Hz, H-10’ and H-14’) (41) 

225 ANTIOQUINE (N-2’-METHYLTILITRIANDRINE) C,,HWO6N2: 608.2886 
’H NMR: ArH 6.35 (H-5). 6.49(H-5’), 6.60(d, l H J =  2.25 Hz, H-10). 6.84(d, IH,j’= 8.25 Hz, H-13’), 6.88 

(d, lH,j=8.25Hz,H-13’),6.91(H-8’),7.16(d, lH , j=2 .25Hz ,H-10‘ ) ,7 .22 (dd ,  1H,j=2.25,  
8.25 Hz, H-14’), 7.33(dd, 1H,j=2.25,  8.25 Hz, H-I4)(2Dnmrused) (61) 

The chemical shifts of the protons at H- 10 and H-10’ are reversed in cornpariron to thcse originally assigned (3). 

234 N,N’-DIMETHYLLINDOLDHMlINE (Guattegaurnerine) C3,H4,O$rl2: 596.2886 



652 Journal of Nanual Products Wol. 54, No. 3 

‘H NMR: NMe 2.45 (N-27, 2.50 (N-2); OMe 3.84 (C-6 or C-6‘), 3.85 (C-6 or C-6’); AIH 3.62 (dd, IH, H-I), 
3.72(dd, IH, H-l’);6.24(~,H-8),6.32(~,H-8’),6.48(~,H-5),6.54(~,H-5’),6.61(d, IH,H-lO), 
6.76(dd, IH, H-14),6.82(d, 2H,H-l l fandH-13’) ,6 .87(d,  1H,H-I3), 7.02(d, 2H,H- lO’udH-  
14‘) (36) 

236 KOHATINE CMH320&Z: 564.2260 
‘H NMR: NMe 2.59(N-2); OMe 3.%(C-6); AIH 3.67 (H-l’), 4.00(H-l);ArH6.23(H-8‘), 6.59(d, 1HJ= 1.8 

Hz,H-10’),6.61(H-5’),6.81(dd, IH,j=2.2,8.2H~,H-Il),6.89(dd, IHJ= 1.8,8.2H~,H-14’), 
6.93(d, lH,j=8.2Hz,H-13’),7.Il(dd, IH,j=2.2,8.2H~,H-I0),7.20(dd, lH, j=2 .2 ,8 .2&,  
H-12),7.54(dd, l H , j = 2 . 2 , 8 . 2 & ,  H-14) (33) 

2% TILIACORININE-2‘-N-OXIDE CMH&$JZ: 592.2573 
MP: 215” (56) 
(a]”D: +255’(~= 1.1, CHCI,) (56) 
UV: 209 (4.60). 230 (sh) (4.48), 287 (3.88) (56) 
IR(KBr): 
‘H NMR: 

3400, 2930, 2830, 2820. 1630, 1600, 1500, 1440, 1360, 1280, 1240, 1120, 1035, 850 
NMe 2.37 (N-2), 3.03 (N-2’); OMe 3.87 (C-6). 3.98 (C-12); 6.34 (H-5), 6.74 (H-5’), 6.98 (d, IH, 

j=8.4Hr,H-13),7.22(d,  lH,j=8.4Hz,H-13‘),7.35(dd, IH,j=2.2,8.4&,H-14) ,7 .54(d,  lH, 

(56) 

j = 2 . 2 H r ,  H-10),7.60(dd, l H , j = 2 . 2 , 8 . 4 H ~ , H - l 4 ’ ) , 7 . 6 4 ( d ,  lH, j=2.2Hz,H-l0’ ) ,8 .29(H-  
8 ’ )  (56) 

MS: [M)+ 592 (71). 591 (69), 576 (42). 575 (37). 350 (31). 349 (loo), 335 (31). 175 (55) (56) 
~~ ~~ 

2-NOROBABERINE, (46 dvt) C,,HaO&Z: 608.2886 
‘H NMR: NMe 2.69 (N-2’); OMc 3.23 (C-79, 3.64 (C-6). 3.79 (C-6’), 3.92 (C-12); AIH 4.23 (m)(2H)(H-l md 

H-1’); ArH 5.61 (brs)(H-IO), 6.31 (dd, 1HJ= 2.2,8.2 Hz, H-ll‘), 6.36(H-5orH-5’), 6.37(H-5‘or 
H-5). 6.69(H-8),6.81(brs), 2H,H-13andH-14),6.87(dd, 1H,j=2.2,8.2Hz,H-10‘),6.99(dd, 
lH,j=2.2,8.2H~,H-l3’),7,47(dd, lH,j=2.2,8.2Hz,H-14’) (64) 

?his alkaloid has no number because ir was not included in the 6n t  miew (1). 

TABLE 3. Known N a n d  Bisbenzyliroquinoline Alkaloids Reisolated ftom Near Sources. 

1 

3 

5 

9 

10 

11 

Berkununine 
Eerbrrir b d i v i r r ~  Lechl. (Berberidacer) (62) 
E&s rruira L. (Berberidaceae) (13) 
&rbcrir ~td+;r. (Bcrberidacwe) (32,54) 
P ~ & ~ n d r r r  sclcrormprr MMS (Annonuene) (29) 
Stepbuniupim’i Dick (Menispermacead (64) 

Popmuirrpimiwp (B1.) Endl. ( A n n o m e )  (30) 

P o p a u i r r p i r ~  (B1.) Endl. ( A n n o w e )  (30) 

Eerbmr rbibmis Gill. ex Hook (Berhridace) (65) 

Dauricine 

Dauricoline 

Espininc 

Gtisabine 
Gymrnpvs umnicrrnvr J r q .  ( H e d i a c e a e )  (15) 

Lindoldhamine 
Abntupuhni (Martius) KnJtoKand Bameby (Menispermacue) (36) 
Al&rr i~ia~pw.w k c .  (Menispermace) (35) 

1- 0-Methyldauricine 

14b Thalirugine 

20 Funiferine 

Popwiupi~ompu (BI.) Endl. ( A n n o m e )  (30) 

Tbdiclrum cwltrdm Wall. (Ranunculace) (4 1) 

Gwtteriaguirrmnrrrr (Aubler) R.E. Fries ( A n n o m e )  (5 1) 

Gutreria gnirrmnrris (Aublet) R.E. Fries (Annowwe) (5 1) 
Tilirrcmrr triadru Diels (Menispermacme) (61) 

27 Tiliageine 

28 Isoliensinine 
Ndn& nvrifrra Gaertn. (NyrnphYrceae) (463) 

C#-O$Jz: 638.3356 

CsH,0,N2: 640.3149 

CMH4,O$JZ: 622.3043 

C,,H&O$J2: 608.2886 

C3,H4,0$J2: 610.3043 
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30 Neferine 
Nelvmbo nvrgera Gaertn. (Nymphaeaceae) (463) 

31 homoline 
Albertisia larrifliu (Menispermaceae) (8 )  
B&s bol iu iu~ Lechl. (Berberidaceae) (62) 
Berberis bnmeliutfiliu Schneid. (Berberidaceae) (62) 
B&s mtiru L. (Berberidaceae) (13) 
Berberis k m n u  Palib. (Berberidaceae) (44) 
Berberis kavrinu Billbg. (Berberidaceae) (62) 
B&s stolon$era (Berberidaceae) (32) 
Guattmu guiunensis (Aublet) R.E. Fried (Annonaceae) (59) 
Muboniu uqv$olivm (Pursh) Nutt. (Berberidaceae) (20) 
Stepbuniu ccpburuntbu Hayata (Menispermaceae) (46,58) 
Stepbuniupimii Diels (Menispermaceae) (64) 
Tbalitrnm nrltrutvm Wall. (Ranunculaceae) (41) 

32 N,N’-Bisnoraromoline 
Albertisiupupvanu Becc. (Menisperrnaceae) (35) 
Purhygone l~ul t inrr i s  Bels (Menispermaceae) (39) 

C,H,06N,: 624.3199 

C,,H,06N2: 594.2730 

C,,Hw06N2: 566.2417 

C37H3806N2: 606,2730 34 Cepharanthine 
Stepbanla epigea (Menisperrnaceae) (7.40) 
Stepbunia p i m i i  Diels (Menispermaceae) (64) 
Stephuniu sinira Diels (Menispermaceae) (9) 
Stephniu svbnora Forman (Menispermaceae) (2 1) 

35 Coclobine 
Gwttcriu gviunnrris (Aublet) R.E. Fries (Annonaceae) (59) 

37 Daphnandrine 
Albertisiupupunu Becc. (Menispermaceae) (35)  
Gutmeria gwiuncnsis (Aublet) R.E. Fries (Annonaceae) (59) 
Purhygone loyaltiensis Diels (Menispermaceae) (39) 
Stepbuniu piewii Diels (Menispermaceae) (64) 

38 Lhphnoline 
Albertisiu kavrifilzu (Menispermaceae) (8 )  
Albertisiupllp”nu Becc. (Menisperrnaceae) (35) 
G u t t k i u  gviuncnsis (Aublet) R.E. Fries (Annonaceae) (59) 
Purhygone loyaltiemis Diels (Menispermaceae) (39) 
P y n a r h  ozlmtbu Diels (Menispermaceae) (38) 

40 (+)-Epistephanine 
Stepbuniu hmund$oliu Walp. (Menisperrnaceae) (49) 

42 Hornoarornoline (Thalrugosamine) 
Berberis boliuianu Lechl. (Berberidaceae) (62) 
Berberis laurinu Billbg. (Berberidaceae) (62) 
Pseudoxandru srlmarprr Mau (Annonaceae) (29) 
Stepbuniu cepbumntbu Hayata (Menispermaceae) (46) 
Stepbuniu p i m i i  Diels (Menispermaceae) (64) 
Stepbuniu tmosa Spreng. (Menispermaceae) (43) 

44 Limacusine C,,H,06N2: 608.2886 
Cvrunu rundzcans (L.C. Rich) Barneby and Krukoff (Menisperrnaceae) (83.84) 

46 Obaberine C3&&6N2: 622.3043 
B&s boliviunu Lechl. (Berberidaceae) (62) 
Berberis rretiru L. (Berberidaceae) (13) 
B~rber i~pauridnr t~  Rusby. (Berberidaceae) (62) 
Berberis psedumbukata (Berberidaceae) (36) 
Dchuria trim& Merr. (Launceae) (63) 
Stepbuniupim’i Diels (Menispermaceae) (64) 
Tbulirtrnm rultrutvm Wall. (Ranunculaceae) (4 1) 

46 dvt 2-Norobaberine 

48 Oxyacanthine 
Stepbunzapimii Diels (Menispermaceae) (64) 

B&s boliuiunu k h l .  (Berberidaceae) (62) 
Berberis bumrlirufoliu Schneid. (Berberidaceae) (62) 
Berberis mticu L. (Berberidaceae) (13)  
Berberis k m n u  Palib. (Berberidaceae) (44) 

C,,H3,06N2: 606.2730 

C%H,,06N2: 594.2730 
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Bubmr oblongu (Berberidaceae) (23) 
B ~ r b e r i ~  puurzhtutu Rusby. (Berberidaceae) (62) 
B ~ b e r i ~  prcuhmbulutu (Berberidaceae) (37) 
Mubonzu uquij2ium (Punh) Nutt. (Berberidaceae) (20,22) 
Tbulictrum rultrutum Wall. (Ranunculaceae) (4 1) 
Tbulirtrum minus L. (Ranunculaceae) (452) 

52a Thaligosine 
Tbulictrum cultrutum Wall. (Ranunculaceae) (4 1) 

52b Thaligosinine 
Thulictrrtm isopymidcr C.A.M. (Ranunculaceae) (14) 

53 Thalisopidine 
Thulictrum isopymidcr C.A.M. (Ranunculaceae) (14) 

54 Thdisopine 
Tbulictrum cultrutum Wall. (Ranunculaceae) (24) 

55 Thalrugosaminine 
Tbulactrum rultrutum Wall. (Ranunculaceae) (24) 

57 B e h i n e  
Berberis bohiunu Lechl. (Berberidaceae) (62) 
Berberis brundirianu Ahrendt (Berberidaceae) (25) 
B ~ b e r i ~  bume1iarfili.a Schneid. (Berberidaceae) (62) 
B ~ r b e r i ~  mticu L. (Berberidaceae) (13) 
B ~ b e r i ~  b m r a ~  Palib. (Berberidaceae) (44) 
Berberis oblongu (Regl.) (Berberidaceae) (23) 
Buberispuucihtutu Rusby. (Berberidaceae) (62) 
BV~WZJ ngelknu (Berberidaceae) (18) 
Berbni rtolonquu (Berberidaceae) (32,54) 
BW&TZJ wilsoniar Hernsl. et Wils. (Berberidaceae) (6) 
hpyrum thulictmidcr (Ranunculaceae) (60) 
MaboniuuquijXum (Pursh) Nutt. (Berberidaceae) (5,20,22) 
P y w w h  munillmris Vidal (Menispemaceae) (48) 
Stepbuniu cepburunthu Hayara (Menispemaceae) (46) 

Stepbuniu tctrundru S. Moore (Menispermaceae) (16.52) 
61 Fangchinoline 

62 Iroretnndrine 
Berberis bolivtunu Lechl. (Berberidaceae) (62) 
Berberis br~di~kw Ahrendt (Berberidaceae) (25) 
B ~ r b m r  bumeliarfiliu Schneid. (Berberidaceae) (62) 
Berberis mtiu L. (Berberidaceae) (13) 
Bcrbrirpu~~ihtutu Rusby. (Berberidaceae) (62) 
Berbojr stolonifka (Berberidaceae) (32) 
B ~ b e r i ~  wilroniar Hemsl. et Wils. (Berberidaceae) (6) 
Gymslrpuc um'cunur Jacq. (Hernandiaceae) (15) 
Zsopyrum thulictmidu (Ranunculaceae) (60) 
hfuboniu uquifolium (Pursh) Nutt. (Berberidaceae) (20.22) 
P y w w h  munillmtis Vidal (Menispemaceae) (48) 
Stepbunk cepburunthu Hayata (Menispemaceae) (46) 
Stepbuniupinrii Diels (Menispermaceae) (64) 
Stepbuniu tetrundru S. Moore (Menisperrnaceae) (16) 

Wol. 54, No. 3 

C37H4207N2: 638.2992 

C38H4207N2: 638.2992 

C3,H4,0,N2: 624.2836 

CMH4207N2: 638.2992 

C3&-O7N2: 652.3149 

C3,H,0.$J2: 608.2886 

C3,H,06N2: 608.2886 

C3,H4,06N,: 622.3043 

63 Krukovine C@@,N,: 594.2730 
Curam cundzcunr (L.C. Rich) B m b y  and Krukoff (Menispermaceae) (83.84) 

Curum cundzcm~ (L.C. Rich) Barneby and Krukoff (Menispermaceae) (83,84) 
Gymslrpusum'mnw Jacq. (Hernandiaceae) (15.50) 

64 Limacine C3,H,06N2: 608.2886 

68 2-Norberbamine 
P y m a w h  ozantha Diels (Menispermaceae) (38) 
Stepbuniupimii Diels (Menispermaceae) (64) 

69 2-Norobamegine 

71 Obamegine 

P y m a w h  ozantbu Diels (Menispermaceae) (38) 

Bcrbnir boliviunu Lechl. (Berberidaceae) (62) 
Berberis mticu L. (Berberidaceae) (13) 

C36H3806N2: 594.2730 
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BW&TIJ k m n a  Palib (Berberidaceae) (44) 
Mahonia aqur/oliun~ (Push) Nutt (Berberidaceae) (20) 

72 Penduline 
Bcrbcrzs brandrsrana Ahrendt (Berberidaceae) (25) 

74 Phaeanrhine (0-Methvllimacine) 

75 

76 

79 

81 

82 

84 

93 

95 

% 

97 

98 

100 

101 

106 

107 

10s 

114 

115 

116 

GyrocarpWr amcricanur Jacq. (Hernandiaceae) (15,50) 
Pycnawkna manillmsir Vidal (Menispermaceae) (48) 

Pycnamine 
P y c n a w h  mnillmsir Vidal (Menispermaceae) (48) 

Tetrandrine 
Stephaniu tctrandru S. Moore (Menispermaceae) ( 16.45.52) 

Thalrugosine 
Bertfrir boliuiana Lechl. (Berberidaceae) (62) 
Bcrbcrir mfica L. (Berberidaceae) ( 1  3) 
&TbcriJ laurina Billbg. (Berberidaceae) (62) 
BerbcriJplymwpha (Berberidaceae) (57) 

Hernandezine 
Tbalirtrum &luvayi (Ranunculaceae) (34) 
Tbalirtrum lankuteri Standl. (Ranunculaceae) (55) 

Isothalidezine 
Tbalirtrum &kavayi (Ranunculaceae) (34) 

Thalidezine 
Tbalirtrum &lauayi (Ranunculaceae) (34) 

Belarine 
Berbcrir laurina Billbg. (Berberidaceae) (62) 

0-Methylthalicberine 
Tbalirtrum collinum Wallr. (Ranunculaceae) (42) 
Tbalirtrum rultratum Wall. (Ranunculaceae) (24) 
Tbalictrum minur var. bypleucum L. (Ranunculaceae) (53) 
Tbalictrum minur var. minur L. (Ranunculaceae) ( I O )  

0-Methylthalmethine 
Tbalirtrnm minur L. (Ranunculaceae) (452) 
Tbalirtrum minw var. minur L. (Ranunculaceae) (10) 

Thalicberine 
Tbalirtrum minw var. minu$ L. (Ranunculaceae) (IO) 

Thalmethine 
Tbalirtrum minur L. (Ranunculaceae) (452) 
Tbalirtrum minw var. minus L. (Ranunculaceae) (10) 

Thalidasine 
Thulirtrum rultratum Wall. (Ranunculaceae) (12) 
Tbalirtrum rquaworvm Steph. ex Willd. (Ranunculaceae) (47) 

Thalrugosidine 
Tbalirtrum cultraturn Wall. (Ranunculaceae) (24) 

Iauberine 
B ~ b c r i r  lrurrina Billbg. (Berberidaceae) (62) 

Thalictine 
Tbulirtrum cultraturn Wall. (Ranunculaceae) (24) 

Thalmine 
Tbalirtrum collinum Wallr. (Ranunculaceae) (42) 
Tbalirtrum cultraturn Wall. (Ranunculaceae) (12) 

Dinklacorine 
Tiliurora triandru Diels (Menispermaceae) (26,27) 

Norriliacorine A 
Tiliurora triundra Diels (Menispermaceae) (56) 

Nortiliacorinine A 
Tiliacora triandra Diels (Menispermaceae) (17.26) 
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C,,H4,06N2: 608.2886 

C,XH4206N2: 622.3043 

C,,H4,06N2: 608.2886 

C38H4206N2: 622.3043 

C,,H4,06N2: 608.2886 

C,,H4,0,N,: 638.2992 

C3,H4,0,N,: 638.2992 

C,,H4,06N,: 608.2886 

C,sH4206N,: 622.3043 

C,,H,O,N,: 608.2886 

C&@,N,: 592.2573 

C39H4407N2: 652.3149 

C3,H4,07N2: 638.2992 

C3,H,06N,: 608.2886 

C3,H4,06N2: 608.2886 

C3,H4,06NZ: 608.2886 

C,,H,,O,N,: 576.2624 

C,,H,,O,N,: 562.2468 

C,,H,,O,N,: 562.2468 
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118 

119 

121 

152 

153 

157 

160 

163 

169 

im 

187 

188 

192 

193 

1% 

1% 

1% 

207 

211 

213 

Tiliacorine 
T z l k a  d a  Diels (Menispermaceae) (17.26) 

Tilirorinine 
T i l k a  triamdru Diels (Menispermaceu) ( 17) 

Cycleanine 
S&nk cgp6mmtba (Menispermaceae) (46) 
S&~ia cprguu Diburong (Menispermaceae) (7) 
Sttpbaniapinrii Dieh (Menirpermaceae) (64) 
S 9 h h  Wamdra S. Moore (Menispermaceae) (52) 

Cocroline 
Albntiria h f i l i a  (Menispcrmme) (8)  

AIlirqda y Troupin (Menispetmace& (82) 

Alkrtiria h j d i a  (Menispermaceae) (8)  
AIknirLpdp~inrr Becc. (Menispermacere) (35) 

Cornlw birru*lr (Menispermaceae) (28) 
Purbygm LqdtiemsiJ Diels (Menispermace@ (39) 

Gumri~pianrr i~ (Aublet) R.E. Fries (Anmmncew) (59) 

A~isaycka y Troupin (Menirpermocru) (82) 
C d u  birsmtu (Menispermaceae) (28) 

Cy& b y p a g h  (Menispermacere) ( 1 1) 

Cy& bypagha (Menispermaceae) ( 1  1) 

AIkrtirkpdpUinrr k C .  (Menispennaceae) (35) 

Cocsuline 

Isotrilobine 

Telobine 

Trilobine 

Insulnnoline 

INulnriIlC 

@dine 
AIkniria h j d h  (Menup-eae) (8)  
Alkrtisiaprrprarm k c .  (Menispermacere) (35) 
Gmdtaiapianrri~ (Aublet) R.E. Fria (AnnoMcau) (59) 
Pdygorr LqdtamiJ Diels (Menkpennaceae) (39) 

Baluchistine 
Afakwia aqmiJdamm (Pursh) Nun. (Berber~daceae) (3 1) 

wuriroine 
Abrtaprrbrri (Mutius) Krukdand Bameby (Menispermaceae) (36) 

AIlira-yrla ~lrrwrrr Troupin (Menispemuceae) (82) 
Gnatteriagmiamis (Aublet) R.E. Fria (Annonaceae) (59) 
Pacbygme loyaltimis Diels (Menispermacae) (39) 
S 9 h h p i n r i J  Diels (Menispermaceae) (64) 

Anis-& c)nacrr Troupin (Menispermacead (82) 
Gnatmia~iamiJ  (Aubler) R.E. Fries (Annonnceae) (59) 
Parbygome loyaltimis Diels (Menispermaceae) (39) 

1.2-Dchydrosp~reline 

1.2-Dehydrorelobine 

74-Dewthyliuxhalicberine 
Bndrris l b w j i n r r  BilIbg. (Berberidaceae) (62) 

N-Dcsmechylthalidaine 
Tbalictrmm nltratm Wall. (Ranunculncae) (12) 

N-MethylnpPteline 
Alkrtiria h j d i a  (Menispermaceae) (8 )  

Tbalictrmm nltratm Wall. (Ranunculaceae) (4 1) 
Neothalibrine 

2’-Nori~0tetdr ine 
Sq%miapUrrii Dieis (Meni~pcrmncezc) (64) 

mol. 54, No. 3 

C%H,0,N2: 576.2624 

C%H,,06N2: 576.2624 

C,,H4206N2: 622.3043 

C,H,,O,N,: 548.23 11 

CsHs0,N2: 576.262 

C3,Hj40,N2: 562.2468 

C3,H,,0,N2: 562.2468 

C37H3806N2: 606.2730 

C,H,06N2: 620.2886 

C34H320,N2: 548.2311 

CsHWOa2:  594.2724 

C37H420a2:  610.3043 

C,,Hj20,N2: 560.23 11 

Cj,H3,0,N2: 560.23 11 

CsH906N2: 594.2724 

C,,H420,N2: 638.2992 

C3,Hs0,N2: 562.2468 

C3,H4,06N2: 624.3199 

C37HaO6N2: 608.2886 
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222 

223 

234 

236 

239 

2% 

245 

252 

253 

2% 

lhalmirabine 
ThuIictrum duhuyi (Ranunculaceae) (34) 

N-Desmeth ylcycleanine 
Stcpbuniu pirm’i Diels (Menispermaceae) (64) 

N,N’-Dimethyllindoldhnmine (Guanegaumerine) 
Abutapahni (Martius) Krukdand Bameby (Menispermaceae) (36) 
Cuymnmr oliuuscm Barneby et Krukoff (Menispermaceae) ( 19) 

Kohatine 
C O C C U ~ U J ~ ~ ~ ~ ~ U S  (Forsk.) Diels (Menispermaceae) (33) 

0-Methylcocsoline 
Albcrrisiupupuuw Becc. (Menispermaceae) (35) 
Pucbygone loyaltimis Diels (Menispermaceae) (39) 

0-Methylthalmine 
Tbulictrum cultruturn Wall. (Ranunculaceae) (24) 

2-Norlimacusine 
Cuyavlrc oliuuscm Barneby et Krukoff (Menispermaceae) (19) 

Thaligrisine 
Pseud~xandru J C ~ U @ Z  Maas (Annonaceae) (29) 

Thaliphylline 
Tbulictrum cultruturn Wall. (Ranunculaceae) (24) 
Tbulinrvm rninur var. minus L. (Ranunculaceae) (10) 

Tiliacorinine-2’-N-oxide 
Tiliucoru triundru Diels (Menispemureae) (56) 
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C3&.40sN2:  668.3098 

C,,H&6N,: 608.2886 

C&&,N2: 5%.2886 

C34H3206N2: 564.2260 

C,,H,,O,N,: 562.2468 

C,,H4,06N,: 622.3043 

C ,6H ,806N2: 594.27 30 

C,,H42O,N2: 610.3043 

C,,H,,O,N,: 608.2886 

C&3606N,: 592.2573 

TULE 4. New Bisbenzylisoquinoline Alkaloids.’ 

272 AMBRIMINE C,H,OgN,: 656.3097 
TypeVbh(S,S)6,7,108,11,12-6,78,11,12 

MP: Amorphous (68) 
(a]D: + 128” (c= 0.78, CHCI,) (68) 
UV: 
‘H NMR: 

MS: 
Sources: Hmndiupltutu Meissner (Hernandiaceae) (68) 
Derivatives: 

227, 282 (68), with a barhochrumic shift in alkali (68) 
NMe 2.39(N-2’). 2.46(N-2); ArH 5.93 (H-8), 6.05 (H-8’), 6.42 (H-IO’), 6.47 (H-13). 6.51 (H-14‘). 
6.53 (H-5). 6.60 (H-137, 6.63 (H-5’), 6.66 (H-14) (nOe uud) (68) 

[MI’ 656 (0. I), 5 19 (8) ,  192 (100) (68) 

O,O,O-Trimethylambrimine (arnbrimine + CH2N2) (68) 
‘H NMR: NMe 2.40, 2.43; OMe 3.59 (C-7), 3.71 (C-6). 3.73 (c-6’), 3.80 (C-11). 3.83 (C-12). 

3.90(6H)(C-ll’andC-I2’);ArH5.%(s, lH,H-8) ,6 .10(~,  1H3H-8’),6.51(s, 1H. H- 
5), 6.53 (I, IH, H-5’). 6.58 (d, 1H,J=8.2 Hz), 6.60(d, 1H, J=8 .2  fi) (68) 

MS: [MI+ 698 (0. I),  548 (18L 206 (100) (68) 
Triacetylambrimine (68) 

‘Not previously reponed in the reviews by Schiff (2.3). 
%is new class, bearing a bisreticuline base, supplements the head-to-tail-linked Class V as presented in the re- 

view of Guha ct al. (1). 
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Type VI11 (R ,S)  6,7,8*,11+,12-6,7*,12+ 

MP: 168' (C6H$CHC13 (3 1) 
[cI]~,,'~: +80°(r=0.1, MeOH) (31) 
UV: 229 (sh) (4.6). 282 (3.9) (3 1) 
IR(KBr): 
'H NMR: 
MS: 
CD: 
Sources: 

274 BERBAMINE-2'&N-OXIDE C,,H4,O,N2: 624.2836 
Type VI11 (R ,S)  6,7,8*,11,12+-6,7*,12+ 

3460, 2940, 2840, 1570, 1495, 1475, 1370, 1230, 1080, 1020, 930, 752 (31) 
NMe 2.24 (N-2). 2.59 (N-2'); OMe 3.16 (C-7). 3.52 (C-6'); ArH 6.06-7.33 (10H) (31) 

[MI+ 594.2726, 593, 471, 385, 381, 367, 192, 174, 168 
f2.87 (288). - 1.13(269), -0.62(260), - 10.57(247), + 19.27(229), O(218). + 16.51 (27). -26.39(193) 

(31) 
(31) 

Mahonia aqnifolium (Pursh) Nutt. (Berberidaceae) (3 1) 

MP: Amorphour(25) 
[u]D: +14"(r=O.O8, MeOH) (25) 
W: 234 (I) (4.55). 282 (4.04) (25) 
'HNMR: NMe2.25(N-2), 3.27(N-2');OMe3.10(C-7), 3.59(C-6'), 3.76(C-6);AIH2.80(m, lH,H-a'6), 3.86 

(m, lH,  H-I), 4. I5 (m, 2H, H-a'a, and H-3'). 4.46(m, IH, H-1'); ArH 6.03 (H-8'), 6.31 (brs, 2H, 
H-5dH-10) ,6 .55(dd,  lH,J=2.1,8.2Hz,H-10'),6.57(H-5'),6.64(dd, lH , j=2 .1 ,8 .2Hz ,H-  

H-13'). 7.37 (dd, 1HJ= 2.1, 8.2 Hz, H-14')(nOe used) (25) 
11'). 6.77(dd, l H , j =  1.7,8Hz,H-14),6.88(d, 1H,J=8Hz,H-13),7.16(dd, lH,J=2.1,8.2Hz, 

MS: 

Derivatives: Berbamine [ 5 7  (berbamine-Z'B-N-oxide + ZdHCI) (25) 

275 BERBILAURINE C3,H,,06N2: 594.2730 

[MI+ 624 (381,608 (loo), 594 (29). 3% (80A 382 (61), 206(12), 198 (97). 175 (52) (25) 
&rkrir branakiana Ahrendt (Berteridaceae) (25) 

TypeXIV(R,S)6,7*,11+,12-5*,6,7,12+ 

[U]D: Negative ( r =  0.1, EtOH) (62) 
UV(EtOH): 
'H NMR: 

213, 229 (sh), 290 (62); (EtOH +OH-) 217, 236 (sh), 292 (62) 
NMe 2.24(N-2), 2.65 (N-2'); OMe 3.91 (C-12). 3.95 (C-7'); AIH 3.45 (H-1). 3.73 (H-1'); ArH 5.99 
(H-8),6.21(d, l H , j =  1.4Hz, H-10),6.67(H-5), 6.79(H-8'),6.81(d, lH,J=8.5Hz,H-13),6.87 
(dd, 1H,j=1.4,8.5Hz,H-14),6.92(d,2H,J~8Hz,H-ll'andH-13'),7.10(d,2H,J~8Hz,H- 
10' and H-14') (2D nmr used) 

[w+ 594 (28). 593 (17), 368 (18). 367 (65). 353 (8), 192 (47). 190 (53). 184 (100), 176 (54), 168 (28). 162 
(25) (62) 

(62) 
MS: 

Sources: l r u r r i ~  BiIlbg. (Berberidaceae) (62) 
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276 2,2‘-BISNORGUATTAGUIANINE CSHMO6N2: 594.2730 
Type IV 0,s) 6,7,8*, 12-6,7*, 12( 11-1 1) 

[a]D: +40° ( r= 0.8, CHCI,) (5 1) 
UV: 230 (sh) (3.86). 283 (3.42) (5 1) 
‘H NMR: OMe 3.36(C-6’), 3.57 (C-7). 3.83(C-6), 3.90(C-12’); AIH4.44(H-I), 4.50(H-If);ArH 6.41 (H-5), 

(H-10) (51) 
6.43 (H-5’). 6.88 (H-13). 6.90 (H-13’), 7.18 (H-14). 7.22 (H-10’). 7.20 (H-8’). 7.38 (H-14’). 7.55 

MS: 
CD: 

Sources: 
Derivatives: 

[MI+ 594 (2). 593 (5). 592 ( lo<  367 (loo), 365 (17). 184 (19) 
0(310), +2.7 (295). 0(289), -5.5 (275). O(261). +4.6(255), 0(250), -5.5 (245), 0(242), +73 (224). 0 
(215) (51) 

(51) 

Gvrrttrriagvianensis (Aublet) R.E. Fries (Annonaceae) (5 1) 
Guarraguianine (2,2’-bisnorguattaguianine + CH20/NaBH4) (5 1) 

277 BISNOROBAMEGINE CMH3406N2: 566.2417 
TypeVlll (R,S)6.7,8*,11+,12-6,7*,12+ 

[a)D: +260”(r=0.65, CHCI,) (38) 
UV: 
‘H NMR: 

232 (3.80), 284 (3.37) (38); (MeOH + OH-) 246, 288 (38) 
OMe 3.75 (C-6). 3.87 (C-6’); AIH 4.01 (m, lH, H-‘), 4.21 (m, lH, H-1); ArH 6.12 (H-8’). 6.19 (d, 
1 H , j =  1.5 Hz, H-IO), 6.35(h-5), 6.49(dd, 1H, j=2 .0 ,8 .5  Hz, H-lo‘), 6.64(dd, lH , j=2 .0 ,8 .5  
Hz, H-ll’), 6.70(H-5’),6.78(dd, lH,j=1.5,8.OHz,H-14) ,6 .79(d,  1H9j=8 .0Hz ,  H-13A6.94 
(dd, lH,]=2,0,8.5Hz,H-13’) ,7 .25(dd,  1H, j=2 .0 ,8 .5H~,H-14’ )  (38) 

MS: 
Sources: 
Derivatives: 

[MI+ 566 (7). 565 (13). 389 (7). 354 (23), 353 (loo), 184 (5). 178 (14). 177 (46), 175 (12) (38) 
P y o u d m a  o w n t h  Diels (Menispemuceae) (38) 

Obamegine [71] (bisnorobamegine + CH20/NaBHJ (38) 

278 2,2’-BISNORPHAEANTHINE C3,H3,O$rl2: 594.2730 
Type VI11 (R,R) 6.7.8.. 11+.12-6,7*,12+ 

MP: Amorphous (35) 
[a]~: -272’(r=O. 1, CHCI,) (35) 
UV(Er0H): 213 (4.29). 232 (4.58). 283 (3.86) (35) 
’H NMR: OMe 3.25 (C-7), 3.41 (C-6’). 3.78(C-6), 3.95 (C-12); AIH 4.06(H-1), 4.35 (H-1‘); ArH 6.03 (H-8‘), 

6.33(H-5’), 6.40(H-10’), 6.42(H-10), 6.53(H-5’), 6.79(H-14), 6.87 (H-11’). 6.89(H-13), 7.16(H- 
13‘). 7.44 (H-14’) (35) 

MS: 
Sources: A/knYsiapapw~a k c .  (Menkpennreoe) (35) 
Derivatives: 

(MI+ 594 (6), 593 (8), 367 (100). 184 (28). 161 (10) (35) 

Phacanthine n41(2,2’-birnorphacanthine + CH,O/NPBH4) (35) 
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279 BISNORTHALRUGOSINE C,,H,O&I,: 580.2573 
Type VI11 ( R , S )  6,7.8*, 1 I + ,  12-6,7*,12+ 

[a@: + 142’ (c= 0.13, CHCI,) (38) 
UV: 
‘H NMR: 

240 (4.40). 285 (3.80) (38); (MeOH + OH-) 242, 288 (38) 
OMe3.78(C-6), 3.92(C-6’orC-12), 3.95(C-12orC-6’);AIH 3.98(m, IH, H-l‘),4.20(m, lH, H-1); 
ArH 6.13 (H-8‘), 6.38 (H-5). 6.21 (d, 1 H , j =  1.8 Hz, H-IO), 6.50(dd, 1H, j=2 .2 ,8 .3  Hz, H-10’). 
6.71(dd, IH , j=2 .2 ,8 .3Hz ,  H-ll’),6.73(H-5’),6.83(d, lHJ=8.2H~,H-13) ,6 .85(dd,  lH,J= 
1 .8 ,8 .2H~,H-14) ,6 .97 (dd ,  l H , j = 2 . 2 , 8 . 3 H ~ , H - l 3 ’ ) , 7 . 2 6 ( d d ,  lH,j=2.2,8.3Hz,H-14’) (38) 

MS: 

Sources: 
Derivatives: 

[MI’ 580 (4). 579 (7), 565 (4), 547 (5). 532 (2). 389 (3). 367 (5). 354 (16), 353 (loo), 192 (36) 178 (28), 177 
(27). 160(17) (38) 

P y - h  o u w t h  Diels (Menispermaceae) (38) 
Thalrugosine I791 (bisnorrhalrugosine + CH,0/NaBH4) (38) 

280 CANDICUSINE CsH,O,N,: 594.2730 
Type VI ( R , R )  6.7.. 11+, 12-6,7,8*,12+ 

[a]~: +75” (r=0.07. MeOH) (83,84) 
UV: 232 (sh) (4.33). 282 (4.01) (84) 
‘H NMR: NMe 2.54 (N-2‘). 2.55 (N-2); OMe 3.41 (C-6). 3.78(C-6’);AIH 3.47 (H-I), 4.29(H-1’); ArH6.38(H- 

5). 6.49(H-5’),6.45(H-8),6.56(d, 1HJ= 1.2Hz,H-10),6.83(brs,H-10’),6.83(brs,H-ll‘),6.88 

13’). 7.37(dd, 1HJ= 1.2, 8.2 Hz, H-14’)(nOcuud)(83-85) 
(dd, l H , j = l . 2 , 8 . 4 H ~ ,  H-14),7.00(d, lH , j=8 .4Hz ,H-13) ,7 .13 (dd ,  1H,j=l.2,8.2Hz12,H- 

MS: 

CD: 
Sources: 

[MI+ 594 (45) (found 594.2790). 593 (41), 488 (2). 487 (5). 381 (loo), 367 (671, 192 (48). 191 (90). 174 
(47) (84) 
0 (300), - 1(280), -3 (255). 0 (342), -39 (22), negative tail (84) 

C w m  cudicuns (L.C. Rich) Barneby and K d o f f  (Menispermaceae) (84) 

281 CARYOUVINE CSHMO~N,: 590.2417 
Type VI11 ( - , R )  6,7,8*, 11+,12-6,7*.12+ 

MP: Amorphous (19) 

UV: 212 (4.67). 254 (4.53). 286(3.88), 336 (3.51) (19) 
‘H NMR: 

[Q]D: -46’ (c = 0.08, M d H )  (19) 

NMe 2.65 (N-2’); OMe 3.38 (C-6’). 3.90 (C-6). 3.91 (C-12); AlH 4.02 (H-1‘). 4.13 (d, 1H.J= 12.8 
Hz,H-~~) ,4 .99 (d ,  1HJ= 12.8Hz,H-Ct);ArH6.05(1H,H-8’),6.55(lH,H-5’),6.74(dd, 1H. j=2 ,  
8.2H1, H-10’). 6.75(1H, H-5). 6.85(d, 2 H , j = 2 H z ,  H-lO,j=8.4Hz,H-13), 7.02(dd, 1 H J I = 2 ,  
8.2Hz,H-ll’) ,7.23(dd, lH , j=2 ,8 .4Hz ,H-14) ,7 .25 (dd ,  lH , j=2 ,8 .2 ,Hz ,H-13’ ) ,7 .32 (d ,  IH, 
j = 5 . 6 H z ,  HA), 7.52(dd, lH,J=2,8.3,H-14’),  8.33(d, l H , j = 5 . 6 H ~ ,  H-3) (19) 

MS: [MI+ 590 (SO), 589 (100). 588 (16), 484 (20). 483 (6), 295 (12). 174 (17) (19) 
Sources: Cuvaunr o f i v a c m  Barneby et Krukoff (Menispermaceae) (19) 
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282 CEPHARANTHINE-2’&N-OXIDE C37H3R07N2: 622.2679 
Type VI (R,S) 6,7*, 11’. 12-6,7,8*, 12’ 

MP: Amorphous (21) 
 fa]^: + 152” (c= 0.22, MEOH) (21) 
’H NMR: NMe 2.58 (N-2), 3.3 1 (N-2‘); OMe 3.7 1 (C-6), 3.89 (C- 12); CH202 5.66 ( l H , j =  1 Hz), 5.7 1 (1H.j  = 

1 Hz); AIH 3.64 (m, lH,  H- I), 4.63 (m, IH, H- 1‘); ArH 5.42 (br I ,  H- lo), 6.34 (dd, I H , j  = 2, 8, 2 
Hz, H-1 l’), 6.37 (H-5). 6.39 (H-S’), 6.70 (H-8). 6.76 (brs, 2H, H-13 and H-14), 6.98(dd, 2HJ= 2, 
8.2 Hz, H-10’ and H-13‘). 7.85 (dd, 1 H , j = 2 ,  8.2 Hz, H-I4’)(nOe used) 

[M]+622(8),621(17), 620(31),606(95), 605(98), 592(19), 591(29), 516(4), 380(25), 379(97), 366(24), 
365 (98), 190 (loo), 183 (23), 174 (67) (21) 

(21) 
MS: 

Sources: Stqhni r r  J & W J ~  Forman (Menispermaceae) (2 1) 

283 CORDOBIMINE CMH,,0,N2: 592.2573 
Type 1V (R,-)6,7,8’,12-6,7*,12(11-11) 

MP: Amorphous (79) 

UV: 
IR(KBr): 1620 (79) 
‘H NMR: 

[ a ] ~ :  - 185’(~=0.5, CHCI,) (79) 
218 (4.64), 284 (4.07). 308 (3.85); MeOH + NaOH) 230, 302 (79); (MeOH + HCI) 2 18,245 (sh), 288,346 (79) 

NMe 2.28 (N-2); OMe 3.46(C-6’), 3.42 (C-6’), 3.82 (C-6), 3.94 (C-12); AlH 4.09(m, IH, H-1); ArH 

l H , j = 2 . 2 , 8 . 5 H z ,  H-14’). 7.26(dd, l H , j = 2 . 2 , 8 . 5 H z , H - 1 4 ) , 7 . 4 1 ( d ,  1H,j=2.2Hz,H-10’),  
7.64 (d, l H , j =  2.2 Hz, H-10). 7.77 (H-8’)hOe used) 

6.37(H-5),6.43(H-S’),6,79(d, l H , j = 8 . 5 H z , H - 1 3 ’ ) , 6 . 8 8 ( d ,  l H , j = 8 . 5 H z , H - 1 3 ) , 7 . 1 5 ( d d ,  

(79) 
MS: 
CD: 
Sources: C r c m z t o r p m ~  sp. (Annonaceae) (79) 
Derivatives: 

[MI’ 592 (loo), 591 (89), 577 (I@, 561 (22). 367 (2), 296(15), 192 (7). 191 (12), 190 (13) 
0 (337). -36.0 (301). 0 (279). + 10.4 (269). 0 (2601, -35.2 (250), -35.5 (226). 20 (215) 

(79) 
(79) 

Reduction (NaBH,/MeOH) afforded Sdihydrocordobimine and Rdihydrocordobimine in a ratio of 
1:2 (79) 
S-Dihydrocordobimine 
MP: 205-209’ (MeOH) (79) 
[ a ]”~:  -215’(r= 1, CHCl,) (79) 
UV: 215 (4.44). 238 (rh) (4.16), 286 (3.83) (79) 
‘H NMR: NMe 2.38 (N-2); OMe 3.49 (C-6’). 3.83 (C-6), 3.88 (C-12); AIH 3.97 (m, 1H, H-l), 

4.45 (m, 1H, H-lf);ArH6.37(H-5), 6.48(H-5’), 6.85(d, 1H9j=2 .2Hz ,  H-10’),6.86 
(d, 1H,J=8.5 Hz, H-13’). 6.88(d, 1 H , j = 8 . 5  Hz, H-13), 6.91 (d, 1H,J=2.2 Hz, H- 
10),7.15(H-8’),7.20(dd, l H , j = 2 . 2 , 8 . 5 H z , H - 1 4 ’ ) , 7 . 4 2 ( d d ,  lH, j .=2.2,8.5Hz,  
H-14) (nOe used) (79) 

594 (40). 593 (42). 580 (4). 579 (9). 559 (7). 368 (36), 353 (43), 208 (16), 192(62), 191 (36). 
190 (25), 184 (100) (79) 
0 (315), -8.9 (284). -26.3 (244), 0 (225). + 18.4 (217) 

MS: 

CD: 
R-Dihydrocordobimine 
MP: 185-190” (MeOH) (79) 
[a]”D: -9O(c= 1, CHCl,) (79) 
UV: 220 (4.60), 238 (sh) (4.40), 286 (4.05) (79) 
‘H-NMR: 

(79) 

NMe 2.34 (N-2); OMe 3.33 (C-6’). 3.83 (C-6). 3.88 (C-12); AIH 4.13 (m, 1H. H-I), 
4.37(m, 1H, H-l’);ArH6.38(H-5), 6.40(H-5‘), 6.84(d, 1HJ=8.5Hz9 H-13’). 6.86 
(d, l H , j = 8 . 5 H z , H - 1 3 ) , 7 . 0 9 ( d ,  IH,J=2 .2Hz ,H-10’ ) ,7 .21 (dd ,  IH , j=2 .2 ,8 .5  

H- IO) (nOe used) (79) 
Hz,H-14’), 7.27(dd, IH,j=2.2,8.5Hz,H-14),7.28(H-8’),7.62(d, IH,J=2.2&, 



662 Journal of Natural Products Wol. 54, No. 3 

MS: 594 (42), 593 (M), 580 (5), 579 (9). 563 (3). 368 (36). 367 (a), 353 (40). 208 (13), 192 (43), 
191 (22), 190(15), 184000) (79) 

CD: CD: 0 (320). -5.1 (2%). 0 (273), -13.3 (254), 0 (246). +3.5 (243). 0 (238). -38.0 
(226) (79) 

N-Methyldihydnxordobimine ( 1’S-cordobine) 12841 (Sdihydnxordobimine -t CHzO/NaBH4) (ms. 
‘H nmr, tlc, sp rotation, cd) (79) 

284 CORDOBINE C37H4006NZ: 608.2886 
Type IV (R,S)  6,7,8*, 12-6,7*, 12( 11-1 1) 

MP: Amorphous (79) 
[a]%: - 14Oo(c= 0.7, CHCI,) (79) 
UV: 213 (4.60). 238 (sh) (4.32). 285 (3.99) (79) 
‘HNMR: NMe2.42(N-2), 2.64(N-2’);OMe3.52(C-6’), 3.82(C-6). 3.89(C-12);AIH3.80(rn, lH ,  H-l’L4.16 

(rn, IH, H-I);ArH6.36(H-5), 6.50(H-5’), 6.53(d, lH,j=2.2Hz,H-10’),6.84(H-8’), 6.87(d, 1H, 

]=2.2,8.5Hz,H-14’) ,7 .44(dd,  IH,/=2.2,8.5Hz,H-l4)(nOeured) (79) 
/=8 .5Hz ,H- l3 ) ,6 ,89 (d ,  l H , / = 8 . 5 H ~ , H - l 3 ’ ) , 7 . 1 7 ( d ,  lH , j=2 .2Hz ,H-10) ,7 .23 (dd ,  lH,  

MS: 

C D  
Sources: Cmnarorpnna sp. (Annonaceae) (79) 
Derivatives: 

[MI+ 608 (211, 607 (21), 593 (3). 577 (2), 382 (20), 381 (70). 367 (21), 353 (13), 192 (47). 191 000).  174 
(26) (79) 
0 (335). 320 (0.9). 0 (305). -4.9 (285), 0 (260), - 12.8 (246), 0 (23 1). +3 1.6 (218) 179) 

0,O-Dimethylcordobine (gnnjine) [302] (cordobine + CHzNz) (tlc, ms, ‘H nmr, sp rotation, cd) (79) 

285 CULTITHALMININE CxHsO,Nz: 608.2522 
Type XIVa‘ (S,-) 5,6,7*, 1 I + ,  12-5*,6,7,12+ 

MP: Amorphous (41) 
[a]D: +7°(c=0.17, MeOH) (41) 
‘H NMR: NMe2.22(N-2);OMe3.69(C-6’), 3.91(C-7’). 4.07K-6);ArH 5.18(H-8), 5.79(d, lH , /=  1.8Hr. 

H-10),6.80(dd, lH,/=1.8,8.1Hz,H-14) ,6 .85(d,  IH,/=8.lHz,H-13),7.00(brd),2H,/=7.8 
Hz, H-ll’andH-13’), 7.05 (H-8’), 7.40(brd, 2H,/=7.8 HI, H-10’andH-14’) (41) 

MS: [M]+608(100),607(%), 593(10), 304(9), 192(20), 191(10), 19008). 16401)  (41) 
Sources: 
Derivatives: 

Tbalictrnn rnlwatun Wall. (Ranunculaceae) (4 1) 
2’-Norcultirhalmine (41) (cultithalminine + NaBH4/MeOH (4 1) 
[a]~: -39O(c=0.17, MeOH) (41) 
‘H NMR: NMe2.23(N-2);OMe3.67(C-6’), 3.94(C-7’), 4.05(C-6);ArH 5.46(H-8), 6.06(d, lH,  

/= 1.8Hz,H-10),6.85(brs, 2H,H-l3andH-14),6.87(H-8’),7.04(brd, 2H,/=7.7 
Hz, H-ll’andH-13‘), 7.41(brd, 2H,J=7.7 Hz, H-10’andH-14’) 

(41) 
(41) 

MS: [MI+ 610(65), 609(47), 41105).  397(100), 383(26), 199(72), 192(31), 191(39), l90(4), 176(21) 
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286 CYCLEANEONINE C.$NH4206N2: 622.3043 
Type XXll6,7,8,12*-6,7,8*, 12[7- I21 

MP: 96-97” (pentane) (8 1) 
n C :  0.48 [Basic Si gel G (C6H6-EtOAc-Et,NH (7:2:0.5)1 

Et,“) (6:3: 1)l (81) 
[ a ] “ ~ :  +377’(c=0.5, CHCI,) (81) 
UV(EtOH): 
IR(KBr): 
‘H NMR: 

(8  1); 0.77.fHigh efficiency Si gel (cycloheune-Et0Ac- 

204 (4.92). 225 (sh) (4.62). 275 (3.62), 282 W(3 .54)  (81) 
3496, 2927,2846,2780, 1608, 1590, 1463, 1446, 1434, 1265, 1212, 1108, 1069, 1015,835,810 (81) 

NMe 2.22 (N-2). 2.38 (N-2’); OMe 3.71 (C-7’). 3.88 (6H, C-6 and C-6’); AIH 2.84 (m, 12H, ring 
CH,), 4.02 (d, 2H, H-1 and H-1’). 4.99 (d, 1 H , j =  13.6 Hz, 1 ArCH, proton), 5.19 (d, 1H,J= 13.6 
Hz, 1 ASH,  proton), 6.17 (H-5), 6.57 (H-S’), 6.67 (d, 2H,] = 8.8 Hz, H-11 and H-13), 6.87 (d, 2H, 
J = 8.8 Hz, H-10 and H- 14), 7.05 (d, 2H.J = 8.0 Hz, H-11’ and H- 13’). 7.2 1 (d, 2H,J= 8.0 Hz, H- 
10’ and H- 14’) 
58.O(d,C-l),49.O(t,C-3),27.8(t,C-4), 129.5(s,C-4a), 103.0(d,C-5), 151.8(s,C-6), 141.7(s,C-7), 
144.8(s, C-8), 116.8(s, C-8a). 35.l(t,C-a), 130.9(s,C-9), 129.6(d,C-10), 1l4.3(d9C-1l). 154.5,(S7 
C-12), 114.3(d,C-13), 29.6(d,C-14);59.7(d,C-l‘),44.3(t,C-3‘), 24.6(t,C-4’), 129.5(s,C-4 a), 
108.6(d,C-5’), 150.5(s,C-6’), 140.4(s,C-I’), 146.8(s,C-8’), 125.9(s,C-8’a), 39.4(t.C-@, 132.6 

(q, 2’-NMe), 43.6 (9. 2-NMe); 55.4 (q, 6-OMe), 55.9 (q, 6‘-OMe), 60.7 (q, 7’-OMe) 

(8  I)  
”CNMR: 

(s, C-9’). 128.4(d, C-lo‘), 128.4(d, C-11’). 134.0(~,  C-12‘). 128.4(d, C-13’), 128.4(d, C-14’);42.3 
(81) 

MS: 

Sources: C y c h  rIIcpIMJa O h .  (Menispermaceae) (81) 

[M]+622, 519, 518, 312, 311, 208, 207, 206, 204, 190 (81) 

CD: +33,588, lei,,, -7,464 (81) 

287 DEHATRIDINE C31H3206N2: 576.2260 
TypeVIll (-J) 6,7,8*,11+,12-6,7*,12+ 

MP: 274-276’ (MeOH) (63) 
[ a ] ” ~ :  +98”(r=0.1,  MeOH) (63) 
UV(Et0H): 

‘H NMR(DMSO-&: 

202 (4.4), 243 (4.2). 282 (3.4). 335 (3.2) 
373 (3.3) (63) 

(63); (EtOH + KOH) 207 (5.0), 263 (4. l),  293 (sh)(3.6), 

NMe 2.56 (N-2’); OMe 3.38 (C-6 or C-6’), 3.82 (C-6‘ or C-6); AIH 3.85 (d, 1H,]= 12.5 
Hz, H-a), 4.66(d, 1H,J= 12.5 Hz, H-a);ArH 5.92(H-8’),6.60(d, 1H,]=2Hz,H-10). 
6.62(H-5’),6.69(d, lH,J=8.2Hz, H-13), 6.82(dd, lH,]=2,8.2H~,H-lO‘) ,6 .84(dd,  
1H,J=2,  8.2Hz,H-14), 6.94(dd, 1H,J=2,8.2Hz,  H-ll’),7.02(H-5),7.19(dd, IH, 

8.20(d,  1H,J=5.48 Hz, H-3); ArOH 8.65 (IH,  D,Oexchangeable), 9.03 (1H. D,Oex- 
changeable) (63) 

J=8.2Hz,H-13’),  7.43(d, lH,J=5.48Hz,H-4) ,  7.66(dd, 1H,]=2, 8.2Hz.H-14’). 

MS: {MI+ 576 (loo), 575 (92), 190 (30), 174 (60) 
Sources: Debauria rmndra Mecr. (Iauraceae) (63) 
Derivatives: 0,O-Dimethyldehatridine (dehatridine + CH2N2) (63) 

[ a ] ” ~ :  +73“(r=0.1,  MeOH) (63) 
‘H NMR: 

(63) 

NMe 2.60 (N-2’); OMe 3.10 (C-7), 3.40 (C-6‘), 3.83 (C-6), 3.874C-12); AIH 4.10 (d, 
1H,]= 12 Hz, H-a), 5.00(d, lH,]= 12 Hz, H-a); ArH 5.97(H-8’), 6.53(H-5’), 6.64 
(d, l H , J = 8 H ~ , H - l 3 ) , 6 , 6 7 ( d ,  1 H , j = 2 H z ,  H-10),6.80(dd, lH , ]=2 ,8Hz ,H-  
10’),6.86(H-5), 6.87(dd, l H , J = 2 , 8 H z ,  H-14),7.00(dd, 1 H , j = 2 , 8 H ~ , H - l l ’ ) ,  

‘This is a new class that supplements Class XIV as presented in the review of Guha et d. (1) 
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7.13(dd, l H , / = 2 , 8 H ~ , H - 1 3 ' ) , 7 . 2 7 ( d ,  lH, /=5Hz,H4) ,7 .50(dd ,  1 H , / = 2 , 8  
Hz, H-14'), 8.30 (d, l H , / =  5 Hz, H-3) (63) 

MS: [MI+ 604 (%), 603 (100). 302 (23) (63) 
0,O-Diethyldehatridine (dehatridine + CH3CHN2) (63) 
MP: 196197" (Me2CO) (63) 
[a]%: + 106'(r=O. 1, MeOH) (63) 
'H NMR NMe 2.60 (N-2'); OMe 3.37 (C-67, 3.83 (C-6); OEt 0.97 (t, 3H, / = 8  Hz, C- 

70CH,Mr), 1.47(t, 3 H , j = 8 H z ,  C-lZOCHfie), 3.60(q, 2H,j=8Hz,C-70CH2Me), 
4.13(q,2H,J=8Hz,C-120CH2Me);AIH4.07(d, 1H,/= 12Hz,H-a),4.97(d, lH, 
/= 12 HI, H a ) ;  ArH 5.97 (H-8'). 6.53 (H-5'). 6.63 (d, 1H, /=8  Hz, H-13), 6.70(d, 
1HJ = 2 Hz, H-lo), 6.77 (dd, 1HJ= 2.8 Hz, H-lo'), 6.90(H-5), 6.93 (dd, 1HJ= 2, 
~ H z ,  H-14). 7.03(dd, lH,/=2,8H~,H-l1'),7.13(dd, 1H,/=2, ~ H z ,  H-13'). 7.27 
(d, l H , j = 5 . 6 H ~ , H - 4 ) , 7 . 5 3 ( d d ,  l H , / = 2 , 8 H ~ , H - 1 4 ' ) , 8 . 3 3 ( d ,  lH, j=5 .6Hz.H-  
3) (63) 

MS: 
Derivatives: Birch reduction (Na!",) afforded racemic 0,Odiethylccdaurine + (+)-N-methylcc+ 

claurine (63) 
Attempted reduction ddehatridine with Na, NdHg, Zn + HOAc, Zn + H F 4 ,  W H g ,  NaBH4, and 
PdC + H, all failed (63). 

[MI+ 632 (100). 63 1 (98), 3 16 (30) (63) 

288 DEHATRINE C37HMO6N2: 606.2730 
TypeVIIl ( R , - )  6.7,8*,11+,12-6,7*,12+ 

MP: 158-16O0(ErOH) (63) 
[ a ] " ~ :  +27'(r= 1.0, CHCI,) (63) 
UV: 223 (4.5). 281 (3.8), 310(3.5) (63) 
IR(KBr): 1620 (63) 
'H NMR: NMe2.46(N-2');OMe 3.51(3H, 3.70(3H, 3.91(6H);AlH4.12(d, l H , j = 2 H z ,  H a ) ,  5.32(d, lH, 

/ = 2 H z , H a ) ; A r H 6 . 0 5 ( H - 8 ' ) , 6 . 6 3 ( H - 5 ) , 6 . ~ . 8 8 ( m ,  3H),7.01(d,2H,/=8Hz,H-ll'urdH- 
13'). 7.35 (d, 2 H , / = 8  Hz, H-10' urd H-14') (63) 

MS: 
Sources: LMw.riu triandru Merr. (Lauraceae) (63) 
Demiatives: Racemic 1',2'-Dihydrodehatrine (dehatrine + NaBH4/MeOH) (63) 

[MI+ 606 (loo), 605 (70), 591 (35), 303 (68). 280 (15), 204 (2O), 155 (15). 141 (45) (63) 

[al'b: -23" (c = 0.1, MeOH) (63) 
UV: 228 (4.6), 280 (3.6) (63) 
'H NMR: 

lsotetrandrine [621+ phaeanthine n4l (racemic 1',2'dihydrodeharrine + CH20"aBH4) 
Birch reduction (NdNH,) of dehatrine afforded (-)-O-methyIarmepavine + racemic codaurine (63). 

NMe 2.30(N-2);OMe 3.20, 3.63, 3.73, 3.90; ArH 6.00(H-8'), 6.27(H-5'), 6.50((H- 
5). 6.63-7.25 (m, 7H) (63) 

289 1 ' ,2'-DEHYDROKOHATAMINE C35H3206N2: 576.2260 
Type XXIlIa (S,-) 5,6,7*,8+, 12'-6*,7+, ll', 12 

[ a l ' l ~ :  + 100°(c=0.09, CHCI,) (33) 
UV: 236 (4.55). 274 (4.14). 283 (4.13). 305 (4.08) (33) 
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‘H NMR: NMe 2.56(N-2); OMe 3.90 (C-12’), 3.94 (C-6); AIH 4.02 (H-I); ArH 6.57 (H-8’). 6.59(H-5’), 6.61 
(d, 1 H , j = 1 . 8 H z ,  H-10‘),6.74(dd, lH , ]=2 .2 ,8 .2Hz ,H- l l ) , 6 .84 (d ,  IH,j=8.2Hz,H-13’) ,  
6.92(d, lH , j=2 .2 ,8 .2Hz ,  H-10),6.97(dd, 1 H , j =  1 .8 ,8 .2H~,  H-14’), 7.20(dd, 1H, j=2 .2 ,8 .2  
Hz,H-l3),7,38(dd, lH, j=2.2,8.2Hz.H-14)  (33) 

MS: [MI+ 576 (85). 575 (100). 561 (7). 559 (7), 288 (5) (33) 
Sources: Corculvs pnrdvlwr (Foak.) Diels (Menispermaceae) (33) 
Derivatives: (+>5-Hydroxytelobine [310] (1’,2‘-dehydrokohataminc + NaBH,/MeOH) (33) 

OH 

[a]”~: +53” (c=O.O8, CHCl,) (33) 
UV: 
‘HNMR: 

235 (sh) (4.45). 259 (4.29). 287 (sh) (3.85), 347 (3.47) (33) 
NMe2.56(N-2); OMe3.95(C-6);AIH4.02(H-I);ArH6.53(H-8’), 6.55(d, 1H,j=-1.8Hz, H-10’). 
6.59(H-5‘), 6.72(dd, 1 H , j = 2 . 2 ,  8 .2Hz,  H-11). 6.84(d, lH,]=8.2Hz, H-13’),6.91(dd, lH, 

7.41(dd, lH , j=2 .2 ,8 .2Hz ,H-14)  (33) 
j =  1.8, 8.2H2, H-14’),6.94(dd, 1H, j=2 .2 ,  8 .2H~,H-10) ,  7.21(dd, lH , j=2 .2 ,8 .2Hz ,  H-13). 

MS: [MI+ 562 (75), 561 (100). 547 (6), 545 (6), 281 (11) 
Sources: Corrulvspnrdvlvs (Fonk.) Diels (Menispermaceae) (33) 
Derivatives: (+)-5-Hydroxyapateline I3091  (1‘,2’dehydrokohatine + NaBH,/MeOH) (33) 

(33) 

291 1,2-DEHYDRO-2-NORLlMACUSINE C&&6N,: 592.2573 
TypeVI (-,R)6,7~,11+,12-6,7,8*,12+ 

OMe 

[a]D: +94” (c= 0.16, MeOH) (19) 
‘H NMR: NMe 2.56 (N-2’); OMe 3.49 (C-6). 3.79 (C-6’), 3.92 (C-12); AIH 4.01 (m, lH,  H-1‘). 4.52 (d); ArH 

6.36(brs, lH ,  H-lo), 6.38(H-5’), 6.39(H-5), 6.74(H-8), 6.86(m, H-13, H-14, H-11’. H-13’), 6.94 
(dd, l H , j = 2 . 2 , 8 H z ,  H-10’),7.34(dd, lH , j=2 .2 ,8Hz ,H-14’ )  (19) 

MS: [MI+ 592 (IOO), 591 (50), 590 (45), 560 (45). 486 (20). 296 (16). 204 (16). 202 (20), 190 (23). 189 (3 I), 160 
(14) (19) 

Sources: 
Derivatives: (-)-2-Norlirnacusine 12451 (1,2dehydro-2-norIimacusine + NaBH,) (19) 

Carymnnc oliuuxm Barneby et Krukoff (Menispermaceae) (19) 

292 1,2-DEHYDRO-2’-NORTELOBINE C,4H,,0,N2: 546.2155 
Type XXIIl (-J) 6*,7+, 11’,12-6,7*,8+, 12‘ 
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[Q]”D: + 100°(C=O. 15, CHCI,) (33) 
UV: 
‘HNMR: 

229 (4.45). 265 (sh) (4.06), 294 (sh) (3.73), 335 (3.5 1) (33) 
OMe3.89(C-6’), 3.91(C-12);AlH4.43(H-l’);ArH6.41(H-5’), 6.56(H-8), 6.57(d, l H J =  1.8Hz, 
H-10),6.64(H-5),6.77(dd, IH , j=2 .2 ,8 .2Hz ,  H-ll’) ,6.85(d,  1H,j=8.2Hz,H-13) ,6 .88(dd,  
IH,]=2.2,8.2H~,H-IO‘) ,6 .98(dd,  I H , j = 1 . 8 , 8 . 2 H ~ , H - l 4 ) , 7 . 1 9 ( d d ,  lH , j=2 .2 ,8 .2Hz ,H-  
13‘), 7.47(dd, l H , j = 2 . 2 , 8 . 2 H ~ ,  H-14’) (33) 

MS: 
Sources: 

293 12-0-DEMETHYLCOCLOBINE CxHxO$r12: 592.2573 

[MI+ 546 (73), 545 (IOO), 332 (2), 273 (16) (33) 
CorrvlvrpndvIu (Fonk.) Diels (Menispermaceae) (33) 

Type VI (-,S) 6,7*, 11+, 12-6,7,8*, 12+ 

[Q]”D: +22OD(r=O.25, CHCI?) (59) 
UV: 228(3.22), 274(4.20), 281(3.80);(MeOH+H+)305(3.60), 344(3.58);(MeOH+NaOH)234,305,381 

(59) 
‘H NMR: NMe 2.60 (N-2’); OMe 3.17 (C-7‘), 3.51 (C-6). 3.80 (C-6’); A H  2.85 (IH, H-4). 3.70(rn, 3H, H-1‘ 

d H - 3 d H - 4 ) ,  4.70(1H, H-3);ArH6.42(H-5’), 6.48(H-5),6.69(dd, lH , j=1 .7 ,8 .4Hz ,  H- 
13’),6,84(dd, 1 H , j =  1.7,8.4H~,H-10’) ,6 .92(d,  lH,J=SHz, H-13), 6.97(d, l H , j =  1.8H2,H- 
Ij) ,  7.06(dd, 1 H , j =  1.8, ~ H z ,  H-14), 7.08(dd, 1 H , j =  1.7,8.4HZ),7.17(H-S), 7.35(dd, l H , j =  
1.7, 8.4 Hz, H-14’) (59) 

MS: 
Sources: 
Derivatives: k l o b i n e  [35] (12-0demerhykoclobine + CH2N2) (59) 

[MI+ 592 (62), 591 (100). 577 (9), 561 (4). 545 (91,485 (16). 439 (4), 408 (21, 377 (7) (59) 
Guuttrrirrgvirrnnrris (Aubler) R.E. Fries (Annonaceae) (59) 

(-)-Demerarine 1391 and (+)-Sepeerine 1501 (12-Odemethylcoclobine + NaBH,/MeOH) (59) 

294 12-0-DESMETHYLLAUBERINE C,H,,06N2: 594.2730 
Type XIV ( R , S )  6,7*,11+,12-5*,6,7,12+ 

MP: Amorphous (65) 
[Q)~”D: -334’(r=O.5, MeOH) (65) 
UV: 283(3.82) (65) 
‘H NMR: NMe 2.38 (N-2’). 2.66 (N-2); OMe 3.93 (C-6). 3.96 (C-7’); ArH 6.07 (H-8). 6.10 (s, 1H. H-IO), 6.13 

(H-8‘), 6.64 (H-5), 6.83 (s, 2H, H-I3 and H-14). 6.86 (d, 2 H , j = 8  Hz, H-11’ and H-13’). 7.17 (d, 
2H, H-10’ and H-14’) (65) 

MS: [MI+ 594 (60). 382 (25). 381 (84) (65) 
Sources: B&s rhiknsis Gill. ex Hook (Berberidaceae) (65) 

295 3’,4’-DIHYDROSTEPHASUBINE C,6H,606N,: 592.2573 
Type VI ( R , - )  6,7*, 11+, 12-6,7,8*, 12+ 
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MP: Amorphous (49) 
[Uf’D: +286” (MeOH) (49) 
UV(ErOH): 
IR: 3675, 3610, 3525, 1605, 1510, 1460 (49) 
‘HNMR: NMe2.JI(N-2);OMe3.88,3.91, 3.95;AIH3.59(brs, lH,H-l) ,4.08(1H,J= 14.0Hz,Ha’),4.52 

(lH,]=14,0Hz, H-a’);hrH4.91(brs, lH,H-10),6.08(H-8),6.48(dd, 1 H , ] = 2 . 0 , 8 . 2 H ~ , H -  
11‘). 6.51(H-5),6.60(H-5’),6.73(d, lH,j=8.3Hz,H-13) ,6 .77(dd,  lH,j=2.0,8.2Hz,H-13‘),  
6.84(dd, 1H,]=1.0, 8.3Hz, H-14). 7.36(dd, I H , j = 2 . 0 , 8 . 2 H ~ ,  H-IO’), 7.40(dd, 1H,]=2.0, 
8.2 Hz, H-14’) (decoupling used) (49) 

216, 223, 283 (49); (ErOH + OH-) 223; (EcOH + H+)  216, 284, 338 (49) 

MS: [MI+ 592 (38). 591 (100) (49) 
Sources: 
Derivatives: Epirtephanine [MI (3’,4’dihydrostephasubine + CH2N2) (‘H nmr, tlc) (49) 

Srcphnirr hndiJo/k Walp. (Menispermacead (49) 

2% EFATINE C38HuOaN2: 656.3097 
Type Vb’ (S,S) 6.7, IO+, 1 1,12-6,7’, 1 1,12 

MP: Amorphous (68) 
[a]~:  + 7 0 ” ( ~ = ~ 0 . 8 6 ,  CHCl,) (68) 
UV: 227, 282 (68), with a bathochromic shift in alkali (68) 
‘H NMR: 

MS: 
Sources: Hmndkplfutu Meissner (Hemandiaceae) (68) 
Derivatives: O,O,O-Trimethylefatine (efatine + CH2N2) (68) 

NMe 2.38 (N-2’). 2.46(N-2); ArH 5.98(H-8), 6.13 (H-8’). 6.42 (H-IO’), 6.49(H-14’), 6.52 (H-13). 
6.53 (H-5). 6.57 (H-14). 6.62 (H-13’). 6.68 (H-5’) (nOe used) (68) 

(MI+ 656 (0. I) ,  5 19 (8), 192 (100) (68) 

‘H NMR: NMe 2.40.2.43; OMe 3.59(C-7), 3.7 1 (C-6), 3.73 (C-6’). 3.80(C-11), 3.83 (C- 12). 3.90 
(6H, C-11’ and C-12’); ArH 5.96 (5, IH, H-8). 6.10 (I, IH, H-8’), 6.5 1 (I, IH, H-5). 
6.53(s, lH,H-5’),6.58(d,  1H,]=8.2Hz),6.60(d, IH,]=8.2Hz) (68) 

MS: [MI+ 698 (0. I), 548 ( l a ,  206 (100) (68) 
Triacetylefkine (68) 

297 FENFANGJINE A (Tecrandrine-2@-N-oxide) C,,H420,N2: 638.2992 
TypeVIII (S,S)6,7,8+,11+,12-6,7~, 12+ 

MP: 174-l76”(Me2CO) (52) 

‘H NMR: 
[U)”D: +328’(r= 1.043, CHClJ (52) 

NMe 2.62 (N-2‘), 3.08 (N-2);OMe 3.14 (C-7). 3.43 (C-6’). 3.76(C-6), 3.95 (C-12); AIH 4.91 (d. 1H. 

6.68(dd, 1H, j=2 .0 ,8 .1  Hz, H-14),6.78(d. lHJ=2.0Hr,  H-10).6.84(d. 1 H J z 8 . 1  Hz. H-13). 

8.3 Hz, H-14‘) (52) 

j’9.8 Hz, H-1);ArH 5.92(H-8‘),6.39(H-5), 6.43(dd, IH,]=2.0, 8.3Hz. H-lo’), 6.50(H-5’), 

6.92(dd, I H , j = 2 . 4 , 8 . 3 H ~ ,  H-ll’) ,6.99(dd, lH, j=2.4,8.3Ht,H-13’) ,  7.34(dd. 1 H , j = 2 . 0 ,  

MS: [MI+ 638, 622, 395, 381, 198 (52) 
Sources: Srcpbunru tetrundru S. Moore (Menispermaceae) (52) 

%is is a new class that supplements Class V as presented in the review of Guha et a/. (1). 
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298 FENFANGJINE B (Fangchinoline-2’a-N-oxide) C37Ha07NZ: 624.2836 
Type VI11 (S,S) 6.7.8’. 1 I + ,  12-6,7*, 12+ 

MP: 211-213’(EtOH) (52) 
[a]~: +243‘(r=0.640, CHCI,) (52) 
‘H NMR(CDC1, + CD,OD): NMe 2.32 (N-2). 3.34 (N-2’); OMe 3.34 (C-6’). 3.71 (C-6), 3.92 (C-12); AIH 4.44 

(dd, IH,j=I1.5Hz,H-I‘);ArH6.08(H-8’),6.24(dd, l H , j = 2 . 0 , 8 . 3 H z , H -  
10’). 6.26 (H-5), 6.56(d, IH, H-IO), 6.81 (dd, 1H, j=2 .4 ,  8.3 Hz, H-ll’), 6.87 
(m, 2H,H-13andH-14), 7.15(dd, I H , / = 2 . 4 , 8 . 3 H z , H - l 3 ‘ ) , 7 . 3 0 ( d d ,  IH, 
1 ~ 2 . 0 ,  8.3 Hz, H-14’) (52) 

MS: [MI+ 624, 608, 381, 191 (52) 
Sources: S f c p h &  tetrandra S. Moore (Menispermaceae) (52) 
Derivatives: Tetrandrine-2’a-N-oxide (via methylation of fenhngjine 8) (52) 

299 FENFANGJINE C (Fangchinoline-2‘@N-oxide) C,7HaO7N,: 624.2836 
Type VI11 6,s) 6,7,8*, 11+, 12-6,7*, 12+ 

H 

MP: 165-166°(EtOH) (52) 
[a]~: +239’(r=0.630, MeOH) (52) 
‘H NMR: NMe 2.39 (N-2). 2.94 (N-2’); OMe 3.37 (C-67, 3.78 (C-6), 3.88 (C-12); AIH 4.72 (dd, 1 H , j =  11.5 

Hz. H-l’);ArH6.18(H-8’), 6.22(dd, IH , j=2 .0 ,8 .3Hz ,  H-10’),6.32(H-5),6.56(H-5’),6.77(d, 
I H , j = 2 . 0 H ~ , H - l 0 ) , 6 . 7 7 ( d d ,  1H, j=2 .4 ,  8.3Hz.H-11’). 6.85(d, lH,j=8.3Hz,H-13),6.92 
(dd, 1HJ= 2.0,8.3 Hz, H-14), 6.96(dd, 1HJ= 2.4,8.3 Hz, H-13’). 7.43(dd, 1H.j-  2.0.8.3H2, 
H-14’) (52) 

MS: [MI+ 624, 608, 381, 191 (52) 
Sources:Stcphniu furawdra S. Moore (Menispennaceae) 
Derivatives: Terrandrine-2’p-N-oxide (via methylation of fenfangjine C) (52) 

(52) 

300 FENFANGJINE D ( 1,3,4-Tridehydrofangchinolinium hydroxide) C37H370@2: 605.2652 
TypeVlIl (-,S)6,7,8*,11+,12-6,7*,12+ 

MP: 
[a]~: (HCI salt) +68’ (c= 0.116, MeOH) (52) 
‘H NMR: 

Orange amorphous powder (52); HCI salt, >30O0 (MeOH) (Me,CO) (52) 

NMe 2.52 (N-2’). 4.31 (N-2); OMe 3.24 (C-6’), 3.84 (C-6). 3.88 (C-12); A H  4.32 (d, IHJ= 16Hz. 
H-a), 5.53(d, 1 H , j =  16Hz, H-a);ArH6.05(H-8’),6.5I(d-likc, lH,H-10’),6.53(H-5),6.61(d, 
1 H , j  = 2.0 Hz, H- IO), 6.70 (d-like, lH, H- 14), 6.85 (d-like, IH, H- 1 I), 6.86 (d, 1H. j  = 8.3 Hz, H- 
13), 7.03(d-like, lH,  H-13’). 7.05 (H-5‘), 7.49(d-like, IH, H-14’). 7.75(d, l H , j = 6 . 6 H z ,  HA), 
7.86(d, IH, J = 6 . 6  Hz, H-3) (52) 

“C NMR: 12l.O(d, C-4), 127.0(d, C-3), 150.1 (s, C-I) (52) 
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FDMS: [Ml+605 (52) 
Sources: 
Preparation: Via the oxidation (MnOJEtOH) ofhgchinoline [611 (52) 

Stcpbrrnirr W r a d a  S. Moore (Meoispennaceae) (52) 

301 GERALDOAMINE C,,H,,O,N,: 610.3043 
Type I (R,R) 6,7, ll', 12-6,7,12* 

MP: Amorphous (7 1) 
[ a ] ~ :  -65'(r=0.1, MeOH) (71) 
UV: 
'H NMR: 

227 (4.24), 285 (3.80); (MeOH +OH-) 227 (4.24), 285 (3.83), 303 (3.28) (71) 
NMe 2.47 (N-2); OMe 3.78 (C-12 or C-6 or C-6' or C-7'). 3.80 (C-7' or C-6' or C-6 or C-12). 3.83 (I, 

6H, C-6+C-12orC-6+C-6'orC-6+C-7'orC-6'+C-7'orC-6'+C-12orC-7'+C-12);ArH6.30 
(H-8'), 6.48(H-8), 6.59(H-5), 6.62 (H-5'), [6.49(H-10)+ 6.87(H-13 + H-14)- ABXsystemI, (6.86 
(H-114- H-13) + 7.27 (H-10 + H-14) - A,B, system] (7 1) 

EIMS: 419 (0.1). 192 (100) (7 1) 
CIMS: [M+l]'611(9),419(13), 192(100), 178(12) (71) 
CD: 
Sources: Arirtolahiu gigantea Mart. (Aristolochiaceae) (7 1) 

0 (310). -4.7 (288). 0 (276), 0.6 (251), 0 (247), -23 (228) (71) 

302 GRANJINE C,&aO.$d,: 636.3199 
Type IV (R,S) 6,7,8*, 12-6,7*,12(11-11) 

MP: Amorphous (79) 
[a]*'D: -63" (c= 0.6, CHCl,) (79) 
UV: 211 (4.61), 238 (sh) (4.28), 284 (3.92) (79) 
'HNMR: StlbleConformer"a":NMe2.31(N-2), 2.60RJ-2');OMe3.50(C-6'), 3.74(C-12), 3.78(C-6), 3.81(C- 

12'); AIH 3.55 (m, lH, H-l'), 4.26 (m, IH, H-I); ArH 6.16(d, 1H,]=2.2 Hz, H-10% 6.33 (H-5). 
6.33(H-8'),6.57(H-5'),6.72(d, lH,J=8.5Ht ,H- l3) ,6 .90(d ,  lH,J=8.5Hz,H-13'),7.10(dd, 
lH,]=2.2,8.5Hz,H-l4) ,7 .21(dd,  IH,]=2.2,8.5Hz,H-14'),7.66(d, lH,,I=2.2Hz,H-10), 

(79) 
Stable Conformer "b": NMe 2.42 (N-2), 2.67 (N-2'); OMe 3.45 (C-6'), 3.71 (C-12'), 3.76 (C-12). 3.80 
(C-6);AIH3.90(rn, lH,  H-l);ArH6.26(H-5),6.33(H-5'), 6.60(d, lH,]=2.2Hz,H-10),6.68(d, 
IH,] = 8.5 Hz, H-13'), 6.78 (d, 1 H , j =  8.5 Hz, H- 13), 6.75 (d, 1HJ= 2.2 Hz, H-lo'), 7.08 (H-8'), 
7.19(dd, lH,J=2.2,8.5Hz,H-14') ,7 .27(dd,  lH,]=2.2,8.5Hz,H-l4)(nOeused) (79) 

'HNMR(pyridine+): 21'C: NMe2.28(N-Z)and2.45(N-2);2.58(N-Z')and2.60(N-2'); 3.32(C-7)and 3.43(C- 
7) md 3.48 (C-6') and 3.54 (C-6'), 3.57 (C-12). 3.72 (C-6), 3.74 (C-12'); ArH 6.35-7.67 
(9H) (79) 

3.78 (C-12'); ArH 6.30-7.45 (9H) (79) 
90'C: NMe2.49(N-2), 2.64(N-2');OMe 3.44(C-7), 3.55 (C-6'), 3.66(C-12), 3.76(C-6), 

(79) MS: 
CD: 

[M+ 636 (27), 635 (16). 621 (3). 396(21), 395 (54), 381 (17), 199(30), 198(100), 175 (34), 174(30) 
0 (310). - 10.4 (282). -30.0 (246). 0 (235), 4-22 (227) (79) 

Sources: c - w m  sp. ~Aanonaceae) (79) 
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[ a ] ~ :  +142"(r=O.67, CHCI,) (51) 

y: HNMR: 
213 (4.58), 282 (3.76), 2%(3.70)(51); (MeOH+H+)213 (4.55), 298(3.71), 346(3.70) (51) 

NMe 2.32 (N-2); OMe 3.48 (C-7), 3.56(C-6'), 3.84 (C-6), 3.92 (C-12');AIH4.21 (H-I); ArH 6.43 (H- 

(H-8') (nOe used) (5  1) 
5), 6.53(H-5'). 6.86(H-13'),6.87(H-13), 7.19(H-14), 7.33(H-14'), 7.58(H-10), 7.60(H-10'), 7.77 

MS: rw+ 606(94), 605 (IOO), 379 (2). 303 (13), i g o m  (51) 
Sources: 
Derivatives: 

GVrrttrrirrgvLfirnrb (Aublet) R.E. Fria (Annonaceae) (5 I) 
(+)-2'-Norguamguianine 13321 + (+)-2'-norfuniferine [3311 in a 70:30 ratio (guttarnine + NnBH4/ 
MeOH) (51) 

304 GUATTTAMINONE 
T ~ P  IV (S,-) 6,7,8+, 12-6,7+,12(11-11) 

C37HS07N2: 620.2523 

kifH" q ::$ 
\ \ 

OH Me0 

[ a ] ~ :  +7S0 (r = 0.26, CHCI,) (5 1) 
W: 235(sh)(4.20), m ( 3 . 8 0 )  (51);(MeOH+H+)235(4.20), 290(3.80), 360(3.70) (51) 
IR: 1660 (51) 
'HNMR: NMe2.25(N-2);OMe3.51(C-7), 3.55(C-6'), 3.83(C-6) ,4 .05(C-l2');~4.28(H-l);ArH6.42(H- 

5). 6.66(H-5'), 6.84(H-13), 7.09(H-14), 7.16(H-13'), 7.31(H-8'), 7.35(H-IO), 7.66(H-10'), 8.36 
(H- 14') (aOe used) (5 1) 

MS: 
Sources: Guttrrirr gvbmri~ (Aublet) R.E. Fries (Annonaceae) (5 1) 

(MI+ 620 (671, 619 (92), 618 (loo), 617 (SI), 604 (22). 603 (41), 381 (26). 189 (27) (5 1) 

305 GYROAMERICINE C,,H-O&,: 608.2886 
Type VI11 (R,R) 6,7,8+, 11+, 12-6,7+, 12+ 

M P :  21Oo(MeOH) (15) 
( a ] ~ :  -23So(r= 1, CHCI,) (15) 
UV: 241 (4.30), 282 (3.84) (15) 
'H NMR: NMe 2.30 (N-2). 2.64 (N-2'); OMe 3.32 (C-7). 3.37 (C-6'), 3.94 (C-12); ArH 5 . 9 9  (H-S'), 6.35 (H- 

14') (15) 
IO'), 6.39 (H-5). 6.53 (H-IO), 6.56 (H-5'), 6.84 (H-ll'), 6.87 (H-13, H-14), 7.17 (H-13'), 7.37 (H- 

MS: 

Sources: Gvmmpvrmcrirrinvl Jacq. (Hemandiaceae) ( 1 5 )  
Derivatives: P b t h i n e  n41 (gyroamericine i- CH,N,) (15) 

[MI+ 608 (28), 607 (IS), 593 (41,382 (28), 381 (100). 380(31), 367 (IS), 191 (17), 190.5 (68). 190(5), 189.5 
(31), 175 @), 174 (IO), 169 (23) (15) 
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306 GYROCARPINE 
TypeVI 6,7*,11*,12-6,7,8*,12+ 

MP: 192’(Et20/MeOH) (15) 

UV: 239 (sh) (4.34), 284 (3.87) (15) 
‘HNMR: 

MS: 

Sources: Gymm~vranrricrrnvr Jacq. (Hemandiaceae) (15) 
Derivatives: Gyrolidine I3081 (gyrocarpine + C H & J  (15) 

[u]D: -239’(~= 1, CHC13) *(IS) 

NMe2.56(N-2), 2.66(N-2’);0Me3.25(C-7‘), 3.59(C-6), 3.89(C-l2);ArH 5.48(H-10), 6.35(H-5, 
H-5’), 6.44 (H-ll’), 6.71 (H-8), 6.77 (H-13, H-14), 6.90(H-10’), 6.95 (H-13’), 7.39(H-14‘) (15) 

[w+608(47),607(30), 593(5), 502(1), 501(4), 382(26), 381(100), 367(21), 191(21), 190(82), 175(11), 
174(36) (15) 

307 GYROCARPUSINE C3,Hm0&I2: 608.2886 
TypeVI (R,R)  6,7*,11+,12-6,7,8*,12+ 

MP: Amorphous (15) 

UV: 234 (4.42), 283 (3.85) (15) 
’HNMR 

MS: 

Sources: Gymm~vromeriurnn~ Jacq. (Hernandiaceae) (15) 
Deriwrives: 0-Methyllimacusine I3201 (gyrocarpusiw + CH,NZ) (15) 

[U)D: + 6 6 O ( C =  1, CHCl,) (15) 

NMe2.52(N-2), 2.58(N-2’);0Me3.25 (C-7’). 3.38(C-6), 3.%(C-12);ArH6.46(H-5),6.47(H-5’), 

M+ 608 (43). 607 (IO), 593 (6), 502 (2), 501 (4), 382(28), 381 (loo), 379(26), 367(23), 192(16), 191 (69h 
190 (26), 174 (32), 168 (24) 

6.48(H-8), 6.72 (H-10). 6.85 (H-lo‘, H-ll‘), 6.92(H-14), 6.97 (H-13), 7.16(H-13’), 7.38(H-14’) (15) 

(15) 

308 GYROLIDINE C38H4206Nz: 622.3043 
Type VI (S ,R)  6,7*, 1 I+ ,  12-6,7,8*, 12+ 

MP: Amorphous (15) 

UV: 261 (4.23), 282 (4.12) (15) 
‘HNMR: 

MS: 

Sources: Gp~pvraorricmvl Jpcq. (HernnndiPceae) (15) 

[Q)D: -115”(C’ 1.1, CHcl3) (15) 

NMe2.57(N-2), 2.66(N-2’);OMe3.19(C-7’), 3.63(C-6), 3.79(C-6’), 3.89(C-12);ArH5.47(H-10), 
6.32 (H-59, 6.36(H-5), 6.37 (H-11’), 6.65 (H-8). 6.78(H-13, H-14), 6.95 (H-13’). 7.42O-I-14’) (15) 

[MI+ 622 (86), 621 (72), 607 (14), 606 (14), 605 (20), 592 (4), 396 (2% 395 (loo), 381 (55). 349 (22), 198 
(71). 175 (25 ) ,  174 (64) (15) 
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C+4H3&N2: 561.2260 309 5-HYDROXYAPATELINE 
Type XXlIIa (S ,R)  5,6,7+,8+, 12*-6*,7+, 11*, 12 

OH 

H 

HO 

[Q]"D: + 185'(c=0.07, MeOH) (33) 
W: Same as (+)-kohatine (2361 (33) 
'HNMR: NMe2.57 (N-2);OMe3.96(C-6);hlH4.03 (H-I), 4.04(H-l');ArH6.32(H-8'), 6.33(d, lH,]= 1.8 

Hz, H-10'),6.44(H-5'),6.70(dd, IH,]=2.2,8.2Hz,H-ll),6.76(dd, 1H,]= 1.8,8.2Hz,H-14'), 
6.80(dd, lH,]=2.2,8.2H~,H-lO),6.84(d,  lH,]=8.2HZ,H-13'),7.05(dd, IH,]=2.2,8.2Hz, 
H-13),7.36(dd, IH,J=2.2 ,8 .2Hr ,  H-14) (33) 

MS: Same as (+)-koharine 12361 (33) 
Sources: Cocrulwrpndu(u (Forsk.) Diels (Menispermaceae) (33) 

C3&,&": 578.2417 310 5-HYDROXYIELOBINE 
Type XXIIIa (S ,R)  5,6,71,8+,12*-6~,7+,11*, 12 

OH 

[U]"D: + 154" (C' 0.11, CHCI3) (33) 
W: Same as kohatamine I3141 (33) 
'H NMR: NMe 2.60 (N-2); OMe 3.90 (C-127, 3.96 (C-6); A H  4.02 (H-1 and H-1'); ArH 6.34 (d, 1H,]= 1.8 

HZ, H-10'),6.37(H-8'), 6.44(H-5'),6.64(d, 1H, j=2 .2 ,  8.2Hz,H-ll) ,6.80(d,  1H,]=2.2, 8.2 
Hz, H-10). 6.82 (d, 1H,]=8.2 Hz, H-13'). 6.82 (dd, 1H,]= 1.8, 8.2 HZ, H-14'). 7.03 (dd, lH, 

]=2.2,8.2Hz,H-I3) ,7 ,36(dd,  lH,]=2.2, 8.2Hr,H-14) (33) 
MS: Same as kohatamine f3141 (33) 
Sources: CmulurjmaLlw (Foak.) Diels (Menispermaceae) (33) 

311 5-HYDROXYTHALIDASINE C39H4408N2: 668.3098 
TypeXIIae(S,S)5,6,7,8+,11+,12-5+,6,7,12+ 

MP: Amorphous (24) 
[QID: -5l0(r=0.1,  MeOH) (24) 
UV: 237 (sh) (4.20). 282 (3.54) (24) 

This is a new class char supplements Class XI1 as mentioned in the review of Guha et a(. (1). 
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‘H NMR: NMe 2.25 (N-2), 2.62 (N-2’); OMe 3.35 (C-7), 3.52 (C-6‘), 3.79 (C-6), 3.89 (C-7’), 3.90 (c-12); AH 
2.13 (m, lH,  HA’), 2.32 (m, lH, HA’), 2.5 1 (m, lH, HA), 2.66(m, lH, H-a), 2.72 (m, lH, H-a’), 
2.74(m, lH, HA), 3.04(m, IH,H-a), 3.22(m, lH,H-u’),3.81(m, lH,H-l) ,3.88(m, lH,H-1’); 
ArH6.30(brs, lH,H-10),6.36(dd, lH,]=2.1,8.3H~,H-10‘),6.46(H-8’),6.56(dd, lH,J=2.1,  
8.3Hz,H-ll‘),6.81(brs,2H,H-13andH-14),6.98(dd, lH,]=2.1,8.3Hz,H-13‘),7.53(dd, IH, 
] = 2 . 1 , 8 . 3 H z , H - l 4 ’ ) ( n O e d )  (24) 

[MI+ 668 (8), 667 (31), 666 (75), 651 (21), 441 (65), 427 (60), 411 (36). 221 (loo), 206(28), 204 (30h 190 
(23) (24) 
0 (300). -6.8 (282), 0 (269). 0 (255), + 12.0 (242), negative tail below 230 nm 

MS: 

CD: 
Sources: Tbafirtnn mftr&m Wall. (Ranunculaceae) (24) 
Derivatives: 5-Methoxythalidasine (5-hydroxythalidasine i- CH,N,) (24) 

(24) 

MP: Amorphous (24) 
U V :  237 (sh) (4.40), 281 (3.67) (24) 
‘H NMR: NMe 2.24 (N-2), 2.62 (N-2‘); OMe 3.35 (C-71, 3.49 (C-67, 3.80 (6H) (C-5 and C-6), 

3.89 (C-7‘). 3.90 (C-12); ArH 6.31 (br s) (H-lo), 6.35 (dd, 1H,]=2, 8.3 Hz, H-lo’), 
6.46(H-8’),6.54(dd, l H , ] = 2 . 5 , 8 . 3 H z , H - l l ’ ) , 6 . 8 1 ( b r ~ ,  2H,H-13mdH-14), 
6.99(dd, lH,]=2.5,8.3Hz,H-13’), 7.52(dd, lH, ]=2 ,8 .3H~,H-14’)  (24) 

MS: 
CD: 
5-Acetoxythalidasine (24) 
MP: Amorphous (24) 
IR: 1710cm-’ (24) 
‘H NMR: 

[W+ 682 (70), 681 (30), 455 (41), 441 (42), 424 (14), 228 (loo), 205 (23) 
0 (300), -6.8 (282), 0 (269). 0 (255), + 12 (242), negative tail below 230 nm 

(24) 
(24) 

NMe 2.22 (N-2), 2.62 (N-2’); OAc 2.32; OMe 3.36 (C-7), 3.49 (C-6’), 3.71 (C-6). 3.88 
(C-7’), 3.90(C-12);ArH6.27(brs,H-10),6.35(dd, IH,]=2.5,8.2Hz,H-10’),6.46 
(H-8‘),6.52(dd, IH,j=2.5,8.2Hz,H-ll’),6.80(brs,2H,H-13aadH-14),6.98(dd, 
lH,]=2.5,8.5Hz,H-13’),7.53(dd, 1H,]=2.5,8.5H~:H-14‘) (24) 

MS: [MI+ 710 (loo), 709 (23), 695 (23), 484 (20), 483 (62). 469 (49h 242 (57) (24) 

312 5-HYDROXYTHMIDASINE-2’a-N-OXIDE c,&IH,opN,: 684.3046 
Type maf (S,S) 5,6.,7,8+, 1 1+, 12-5+,6,7,12+ 

MP: Amorphous (41) 
[a]~: -1lo(c=0.4,  MeOH) (41) 
‘H NMR: NMe 2.62 (N-2’), 3.04 (N-2); OMe 3.28 (C-7), 3.42 (C-67, 3.77 (C-6), 3.87 (C-7’), 3.89 (C-12); AIH 

3.89 (m, lH, H-l’), 4.91 (m, lH, H-1); ArH 6.22 (dd, lH,]=2.1, 8.2 Hz, H-lo‘), 6.27 (dd, lH, 
]=2.1,8.2Hz,H-ll’),6.48(H-8’),6.58(d, IH,]=1.8Hz,H-10),6.69(dd, lH , j=1 .8 ,8 .1Hz ,  
H-14), 6.81 (d, lH,] = 8.1 Hz, H-13), 7.06 (dd, 1H,]= 2.1,8.2 Hz, H-13‘). 7.47 (dd, lH,]= 2.1, 
8.2 Hz, H-14’) (41) 

[MI+ 684 (0.4), 683 (0.6). 682 (2), 668 (68), 667 (27), 653 (23), 457 (2), 411 (86), 227 (58). 222 (57), 221 MS: 

Sources: TbrJirtnn mftr&m Wall. (Ranunuculaceae) (41) 
(loo), 206 (22), 204 (34). 198 (35A 190 (35h 176 (15) (41) 

h i s  is a new clas~ that supp~emenrs class XI a mentioned in che review of- .ea/. (1). 
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313 5 - H Y D R O X y T " E  C37Hm07NZ: 624.2836 
TypeXIV#(S,S)5,6,7*,11+,12-5+,6,7,12+ 

0 Me 

MF': Amorphous (24) 
[a]D: -69°(c=0.08, MeOH) (24) 
W: 236 (sh) (4.43), 281 (3.78) (24) 
'H NMR: NMe 2.19(N-2), 2.66(N-2'); OMe 3.93 (6H, C-7 'dC-12) ,  4.04(C-6);AlH 3.23 (m, lH, H-l), 3.63 

(rn, lH, H-l');ArH5.54(H-8),6.11(d, lH,]=2Hz,H-10), 6.75(dd, lH,J1=2,8.2Hz,H-14), 
6.79 (H-8'), 6.80 (d, 1H,]=8.2 Hz, H-13), 6.95 (2H, H-11' and H-13'), 7.35 (2H, H-10' and H- 
14') (24) 

MS: 
CD: 
Sources: Tbrrlimmr rnltra#nm Wall. (Ranunculaceae) (24) 
Derivatives: 0-Methylthalmiculine (5-hydmxythalmine + CH,N2) 

M+ 624 (50), 623 (41). 397 (loo), 383 (37), 199 (57), 190 (57), 176 (23) 
0 (300), -3.5 (280). 0 (2721, + 1.6 (262), + 1.1 (258), + 12.1(238), negative nil below 235 nrn 

(24) 
(24) 

314 KOHATAMINE C,,,H,rO&,: 578.24 17 
Type XXIIIa(S,S) 5,6,7+,8+,12#-6+,7+, 11#,12 

OH 

[a]*'~: +So (r=O.26, CHCI,) (33) 
W: 237 (sh) (4.30), 267 (sh) (3.98) (33) 
'H NMR: NMe 2.60 (N-2); OMe 3.91 (C-12'), 3.96 (C-6); A H  3.63 (H-l'), 4.02 (H-1); ArH 6.22 (H-8'), 6.60 

(H-5'),6.62(d, lH,]=1.8Hz,H-l0'),6,87(dd, lH,]=2.2,8.2Hz,H-l1) ,6 .91(d,  1H, j=8 .2  
Hz,H-l3'),6,91(dd, l H , j = 1 . 8 , 8 . 2 H ~ , H - 1 4 ' ) , 7 . 1 2 ( d d ,  1 H , j = 2 . 2 , 8 . 2 H ~ , H - 1 0 ) , 7 . 2 3 ( d d ,  
lH,J=2.2,8.2Hz, H-l3),7.53(dd, lH,]=2.2,8.2&, H-14) (33) 

MS: 
Sources: Comrlvrpndvlns (Forsk.) Diels (Menispermace) (33) 
M+ 578 (58), 577 (48), 365 (17), 351 (lOO), 350 (22), 335 (29 ,  321 (13), 176 (24), 164 (11) (33) 

315 LIMACINE-2'a-N-OXIDE C ~ ~ H U O ~ N ~ :  624.2836 
TypeVIII (R,R)6,7,8+,11+,12-6,7+,12+ 

6This is a new c l w  chat supplements Class XIV as mentioned in the review OtGuha et J. (1). 
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(63). 192 (70), 191 (loo), 174 (41) (84) 
Sources: C w m  urndiranr (L.C. Rich) Bmeby and Kruk&(Menispermaceae) (84) 

316 LIMACINE-2B-N-OXIDE C3,HmO7N2: 624.2836 
Type VI11 (R,R) 6,7,8*, 11+, 12-6,7*, 12+ 

(Q]D: -191”(~=0.09, CHC13) (83.84) 
‘H NMR: NMe 2.62 (N-2’), 2.98(N-2);OMe 3.41 (C-69, 3.77 (C-6), 3.95 (c-12); AIH 3.89(H-l’), 4.90(H-l); 

~=1.5 ,8 .5HZ,H-14) ,6 .75(d ,  lH,]= 1.5HZ,H-10),6.83(d, lH,]=8.5Hz,H-13),6.93(dd, lH, 
]=2.4,8.2Hz,H-l1’),6,99(dd, lH,]=2.4,8.2Hz,H-13’),7.33(dd, lH,]=2.4,8.2Hz,H-l4’) 
(nOeused) (83-85) 

[M)+ 624 (5) (found 624.2875), 623 (7), 622 (7), 608 (73), 607 (55). 5% (14), 381 (93). 367 (5% 192 (73), 
191 (100). 174 (43) (84) 

ArH 5.94 (H-B‘), 6.36 (H-5), 6.45 (dd, lH, ]=2.4, 8.2 HZ, H-lo‘), 6.50 (H-5 ), 6.66 (dd, lH, 

MS: 

Sources: C w m  cafidrurnr (L.C. Rich) Barneby and Krukoff (Menispermaceae) (84) 

317 LIMACINE-2’&N-OXIDE C37Hm07N2: 624.2836 
Type VI11 (R,R) 6,7,8+,11+,12-6,7*,12+ 

[a]~: - 154’(r=O. 1, CHCI,) (83,84) 
‘H NMR: NMe 2.39(N-2), 2.97 (N-2’); OMe 3.38(C-6’), 3.79(C-6). 3.88 (C-12); AIH 3.89(H-l), 4.70(H-l’); 

ArH6.17(H-8’), 6.23(dd, 1H,J=2.4, 8 .2H~,H-10’) ,  6.32(H-5),6.56(H-5‘),6.74(d, 1H,]= 1.5 
Hz,H-10),6.79(dd, l H , J = 2 . 4 , 8 . 2 H ~ , H - l l ’ ) , 6 . 8 5 ( d ,  lH,]=8.5Hz,H-13),6.91(dd, 1H,]I= 
1.5,8.5Hz,H-14),6.95(dd, lH,]=2.4,8.2Hz,H-13’),7.42(dd, lH,]=2.4,8.2Hz,H-l4’)(nOe 
used) (83-85) 

[W+ 624 (5) (found 624.2832). 623 (10). 622 (21). 608 (80). 607 (79). 594 (22), 593 (4O), 381 ( 1 W 3  367 
(72), 192 (7 1). 191 (99). 174 (4) 

MS: 

Somes: C w m  candicanr (L.C. Rich) Barneby and Krukoff (Menirpermaceae) (84) 
(84) 

318 MEDELLJNE C37H3806N2: 606.2730 
TypeXViII ( S , R )  6,7*,8+,12-6*,7+,12(11-11) 
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MP: Amorphous (67) 
[a]~: -38’(~=0.16, MeOH) (67) 
w(EtOH): 
IR(6Im): 
‘HNMR: 

220 (4.38), 250 (rh) (3.98), 282 (3.82); (EtOH +OH-) 222 (4.58), 300 (3.95) (67) 
3325, 2930, 2840, 1610, 1580, 1500, 1120, 1070, 1020,990,910 (67) 

NMe2.27(N-2), 2.61(N-2’);OMe3.83(C-5), 3.91(C-12);AlH3.62(H-l’), 4.14(H-1),4.89(d, lH, 

6.88(d, iH,j=8Ht),6.90(H-5’),7.00(d, lH,]=8Hz),7.21(dd, lH,J=2,8Hz,H-14),7.26(dd, 
1H,]=2,8Hz,H-14’), 7.51(d, IH,]=2Hz,H-l0)(nOeused) (67) 
62.1 (C-1). 44.8(C-3), 24.5(C4), 105.9(C-5), 134.2(C-10), 120.0(C-13), l28.7(C-14);66.1(C-lf), 
44.8(C-3’), 25.3(C-4’), 110.8(C-5’), 124.5(C-8’), 133.1(C-10’), 112.3(C-13’), 129.1(C-14’);42.5 
(N-2, N-Me), 43.5 (N-2’, N-Me); 56.0 (6-OMe), 56.2 (12-0Me). 56.4 (12’aMe); 94.8 (OCHgj’(67) 

j = 4 H z ,  HA), 4.96(d, lH,]=4Hz,Hd;ArH6.41(H-I), 6.78(d, lH,]=2Hz,H-l0‘),6.84(H-8‘), 

I3CNMR: 

MS: 
CD: 0(300), +12.5(288), +68(249), O(232). -109(218) (67) 
Sources: 
Derivatives: 12‘-Acetylmedelline (medelline + Ac20/pyridine) (67) 

[MI+ 606.270 (ll),  380 (20), 379.145 (29), 349 (1). 190 ( 0 ,  174 (100) (67) 

Psdxandra aR. I&& (Annonaceae) (67) 

[a)D: -42’(~=0.60, CHCI,) (67) 
W(EtOH): 222 (4.60), 283 (3.90) (67) 
IR(6lm): 1765, 1605, 1580, 1500 (67) 
‘H NMR: NMe 2.34 (N-2), 2.60 (N-2’); OAc 2.10; OMe 3.72 (C-12), 3.83 (C-6); A H  3.60 (m, 

1H, H-l’), 4.37 (m, lH, H-l),4.88and4.94(]=4 Hz, HA, H d ;  ArH 6.41 (H-5), 6.66 
(H-8’). 6.73(d, lH,j=2Hz,H-10‘),6.77(d,  lH,j=8Hz,H-l3),6.%(H-5‘,7.15 
(d, lH,]=8Hz,H-l3’) ,7 ,21(dd,  lH,j=2,8Hz,H-14) ,7 .34(dd,  1H,]=2,8Hz, 
H-14’), 7.49 (d, 1 H , j = 2  Hz, H-10) (67) 

MS: [MI+ 648 (84). 380 (22). 379 (68), 307 (111, 235 (24). 190 (97). 170 (100) (67) 

319 N-2’-METHyLlSOTETRANDRINE C,&d,O$J,: 637.3278 
TypeVIII (R,S) 6,7,8+,11,12+-6,7+,12+ 

M P  Iodide: 22 1-222’ (THF) (23) 
[a]D: Iodide: +29.5°(~=0.1 ,  CHCI,) (23) 
UV(EtOH): Iodide: 284 (3.91) (23) 
‘H NMR: 
MS: 
Sources: B&I d h g u  (Reg].) (Betberidacead (23) 

Iodide: NMe 2.15 (N-2). 3.06 (N-2‘) and 3.55 (N-2’); ArH 6.20-6.90 (1OH) (23) 
Iodide: 636 (M-HI), 6.22 (M-MeI), 607,431, 395, 381, 198, 175, 142, 127.58 (100) (23) 

320 0-METHYLLIMACUSINE CBH420$J2: 622.3043 
TypeVI(R,R)6,7+,11,12+-6,7,8+,12+ 

‘H NMR: NMe 2.55 (N-2). 2.57 (N-2’); OMe 3.02 (C-7’). 3.43 (C-6). 3.77 (C-6’). 3.%(C-12); ArH 6.40(H-5, 

(H-14’) (15) 
H-5’). 6.45 (H-8). 6.65 (H-10). 6.81 (H-lo’, H-11’), 6.96 (H-14). 6.99 (H-13), 7.13 (H-13’). 7.36 

Sources: Gpcmpvsrrmcricrrnw Jacq. (Hemandiaceae) (15) 
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321 2-N-METHYLLINDOLDHAMINE C,,H,,O&l2: 582.2730 
TypeI(R,R)6,7,11*,12-6,7,12* 

[Q]D: -185"(r=O. 10, M d H )  (36) 
W(ErOH): 213 (4.97), 225 (sh) (4.83), 285 (4.36) (36) 
'H NMR: NMe2.46(N-2);OMe3.81 (C-6orC-6'), 3.85 (C-6'0rC-6);AIH 3.61(dd, lH, H-I), 4.11 (dd, lH, H- 

1'); ArH 6.30 (s, H-8), 6.45 (s, H-5), 6.48 (d, IH, H-lO), 6.57 (s, H-5'). 6.77 (5, H-7'). 6.82 (d, 2H, 
H-11' and H-13'). 6.84 (dd, lH, H-14). 6.87 (d, lH, H-13). 7.14 (d, 2H, H-10' and H-14') (nOe 
used) (36) 

MS: [MI+ 582 (< l), 192 (loo), 178 (20) (36) 
Sources: Abutaphni (Martius) Krukoff and Barneby (Menisperrnaceae) (36) 
Derivatives: N,N'-Dirnethyllindoldharnine [234] (2-N-rnethyllindoldhine + CH,0/NaBH4) (36) 

322 2'-N-METHYLLINDOLDHAMINE C,,H&6N2: 582.2730 
Type I (R,R) 6,7,11*, 12-6,7,12* 

[a]D: -47" ( r =  0.17, MeOH) (36) 
'HNMR: NMe2.47(N-2');OMe3.81(C-6orC-6'), 3.85(C-6'orC-6);AIH 3.61(dd, lH,H-l'),4.16(dd, IH, 

11'mdH-13'), 6.85(dd, lH, H-14), 6.90(d, lH, H-13). 7.17(d, 2H, H-lO'andH-l4')(n&used) 
(36) 

H-1);6.35(s, H-8'), 6.45(s,H-5), 6.48(d, lH,H-10), 6.62(s,H-5'), 6.66(s,H-8),6.84(d9ZH,H- 

MS: [MIc 582 (<l), 192 (47L 178 (100) (36) 
Sources: Ahhpahni (Martius) Krukoff and Barneby (Menispermacead (36) 
Derivatives: N,N'-Dimethyllindoldhamine [234] (2'-N-methyllindoldhine + CH20/NaBH4) (36) 

323  N-METHYLTWOSINE C,,H@6N2: 606.2730 
Type XIX (S,S) 5,6,7*,8+,12-6*,7f,12(11-11) 

OMe 

HO Jy \ 
OMe 

[aI2'D: +51Oo(r= 1.5, CHCl,) (78) 
W(EtOH): 240 (sh) (4.65). 291 (4.0) (78); (EtOH -t OH-) 304 (3.84) (78) 
'H NMR(CDC1, + CD,OD): NMe 2.20 (N-2), 2.5 1 (N-2'); OMe 3.72 (C-5), 3.82 (C-6), 3.89 (C-12); AIH 2.37 

(dd, lH , J= .5 ,  17.5Hz,H,a),2.47(brdd, lH,J=4,5.17,6Hz)(H,-4'),2.60 

J = 6 ,  1 2 H q  y - 3 ) ,  2.72-2.74(rn,2H,H,-4mdHb-4), 2.83-2.91(m, 3 H , y 4 ' ,  
Hb-3', H,a),  3.0 (mer, lH, y -3 ' ) '  3.20(dd, 1H,]=5, 13 Hz, H-l), 3.25 (rn. 

/=8 .3Hz,H- l3) ,6 ,9 l (d ,  lH,J=8.lHz,H-13'),7.17(dd, lH,J=2.2,8.3Hz, 
H-14'), 7.27(dd, 1H,]=2.2, 8 . 3 H z ,  H-14), 7.50(d, l H , J = l . % H z ,  H-lo'), 

(dd, 1H,J=7,  12Hz,Hb-3),2.63(dd, 1H,J=12, 17.5Hz,Hba),2.66(dd, lH, 

lH,  Hba ' ) ,  3.35 (dd, 1H,J = 6.5, 7.5 Hz, H-1'); ArH 6.54 (H-5'). 6.88 (d, lH, 

7.59(d, 1 H , j = 2 . 2  Hz, H-IO), 7.99(H-8') (78) 
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MS: M+ 606, 605, 591, 380, 379, 366, 365, 349, 303, 190 
Sources: Tilirrcorrr ~MOIII Colebr. (Menispermacead (78) 
Preparation: Via the methylation (CH,O/NaBH,) of tiliarnosine (78) 

(78) 

324 MONTERINE C38H4206fi2: 622.3043 
Type IV (R,S) 6,7,8*,12-6,7*,12(11-11) 

MP: Amorphous (79) 
[u],'D: -135'(~=0.4, CHCI,) (79) 
UV: 213 (4.53), 238 (sh) (4.16), 285 (3.75) (79) 
'H NMR: Stab1eConfomer"a": NMe2.37(N-2), 2.56(N-2');0Me3.46(C-6'), 3.73 (C-12), 3.79(C-6), 3.80(C- 

12 ' ) ;m3 .52( rn ,  lH,H-l ') ,4,26(rn,  lH,H-l);ArH6.15(d, lH,]=2.2Hz,H-10'),6.31(H-5), 
6.36(H-8'),6.57(H-5'),6.70(d, lH,]=8.5Hz, H-13),6.90(d, lH,]=8.5H~,H-13'),7.lO(dd, 
lH,]=2.2,8.5Hz,H-l4) ,7 ,20(dd,  lH,]=2.2,8.5Hz,H-l4') ,7 ,67(d,  lH,]=2.2Hz,H-10), 
(nOeused) (79) 
Srable Conformer 'b": NMe 2.38 (N-2), 2.62 (N-2'); OMe 3.44 (C-69, 3.70 (C-12'), 3.76 (C-12), 
3.77(C-6);AIH3.75(rn, 1H.H-1'). 3.92(rn, lH, H-l);ArH6.30(H-5), 6.30(H-5'),6.60(d, lH, 
]=2.2 Hz, H-lo), 6.&(d, l H , j = 8 . 5  Hz, H-13'), 6.78(d, 1H,]=8.5 Hz, H-13), 6.80(d, lH, 
]=2.2Hz,H-10'),7.15(H-8'),7.18(dd, lH,]=2.2,8.5Hz,H-14'),7.25(dd, lH,J=2.2,8.5Hz, 
H- 14) (nOe used) (79) 

21": NMe 2.28 (N-2)and 2.48 (N-2); 2.53 RJ-2'), and 2.56 (N-2'); 3.34 (C-6')and 3.43 (C- 
6'), 3.55 (C-12). 3.68 (C-6). 3.72 (C-12'); ArH 6.33-7.70(9H) (79) 
w": NMe 2.46 RJ-2), 2.63 RJ-2'); OMe 3.49 (C-67, 3.56 (C-12), 3.75 (C-6), 3.78 (C- 
12'); ArH 6.30-7.60 (9H) (79) 

M+ 622 (47), 621 (34, 607 (7), 591 ( 4 ,  382 (37). 381 (100). 367 (30), 192 (14), 191 (53), 175 (5), 

0 (305), - 14.5 (283), 0 (264), -44.2 (246), 0 (233), +37.1(225) 

'H NMR(pyridine-d,): 

MS: 

C D  
Sources: Cnmrrtorpnnra Sp. (Annonaceu) (79) 
Derivatives: 

174(10) (79) 
(79) 

0-Methylrnonterine (gmnjine) I3021 (rnonterine + CH,N,) (tlc, ms, 'H m r ,  sp rotation, cd) (79) 

325 NEOTHAUBRINE-2'a-N-OXIDE C,,H&O,N,: 640.3 149 
Type I (S,S) 6,7, 118, 12-6,7,12* 

OH Me 0 

0 Me 

MP: Amorphous (41) 
Iu]D: +74O(c=0.2, MeOH) (41) 
'HNMR: NMe2.51(N-2), 3.24(N-2');OMe3.82(C-12), 3.85(C-6), 3.86(C-6');AIH3.67(rn, lH,H-l) ,4.75 

(rn, lH,H-l');ArH6.33(H-8),6.48(~, 2H,H-5andH-8'), 6.51(d, lH,]=1.8Hz,H-10),6.63(H- 
8'),6.81(d,2H,]=8.5Hz,H-ll'andH-13'),6.88(d, lH,]=8.3Hz,H-13), 6.99(dd, 1HJ= 1.8, 
8.3H1, H-14), 7,25(d, 2H,]=8.5Hz,H-lO'andH-l4')(nOed) (41) 

MS: 
Sources: Thficmm~mfhatw Wall. (Ranunculaceae) (41) 

222 (0.5), 208 (0.7). 206 (52). 192 (100). 190 (5), 177 (6) (41) 
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326 2-NORCEPHARANOLINE C,,H%O@J,: 578.2417 
Type VI ( R , S )  6,7*,11+,12-6,7,8*,12+ 

[a]~: +257"(r=0.17, CHCI,) (64) 
UV: 209 (4.69), 242 (sh) (4.16), 283 (3.81) (64) 
'HNMR: NMe2.68(N-2');OMe3.7l(C-6)CH2O25.60(d, lH,]=1.2Hz, 5.64(d, 1H,]= 1.2Hz,C-6'md 

C-7');AIH4.20(m, lH,H-l ') ,4.27(m, lH,H-l);ArH5.56(d, lH,]=1.8Hz,H-10),6.30(dd, lH, 
]=2.2,8.3Hz,H-llf),6.35(H-5),6.42(H-5'),6.72(H-8),6.73(dd, 1H,]=l.8,8.2Hz9H-14),  
6.83(d,  l H , ] = 8 , 2 H ~ ,  H-13),6.99(dd, 2H, ]=2 .2 ,8 .3H~,H- lO'a11dH- l3 ' ) , 7 .51 (dd ,  lH,  
]=2.2, 8.3 HZ, H-14') (64) 

MS: 

Sources: S t q h n k p i m i i  Dielr (Menispermaceae) (64) 

[w+ 578 (72). 577 (96). 576 (47), 575 (65). 366 (57). 365 (57), 351 (68), 349 (50). 206 (25), 192 (73), 183 
(100) (64) 

327 2 - N 0 R C E P " T H I N E  C%H%O@J2: 592.2573 
Type VI (RJ) 6,7*, l:+, 12-6,7,8*, 12+ 

MP: Amorphous (21) 
[a)D: +318°(r=0.25, MeOH) (21) 
'HNMR: NMe2.68(N-2');OMe3.71(C-6), 3.91(C-12);CH2025.60(d, 1HJ= 1%). 5.63(d, lH,]= lHz ,  

C-6', C-7');AIH4.19(m, lH,  H-l ' ) ,4.32(m, lH, H-1);ArH 5.58(d, lH,]= 1.5 Hz, H-lo), 6.32 
(dd, 1H,]=2, 8.2 Hz, H-11'), 6.34(H-5), 6.41(H-5'), 6.71(H-8), 6.82(d, 1H,]=8.2Hz, H-13), 
6.84(dd, lH,J=1.5 ,  8.2Hz,H-14), 6.97(dd, 1 H , j = 2 ,  8.2H~,H-10') ,6.98(dd, lH,]=2,8.2 
Hz,H-13'),7.46(dd, 1H,]=2,8.2Hz, H-14') (21) 

MS: 

Sources: S t q h n k  J V ~ O J U  Forman (Menispermaceae) (21) 
Derivatives: Cepharanthine [34] (2-norcepharanthine + CH,O/HCOOH) (2 1) 

[w+ 592 (78), 591 (loo), 486 (4), 485 (lo), 365 (59), 35 1 (39L 349 (40), 206 (20), 192 (18), 183 (3% 160 
(31) (21) 

328 2 ' - N O R C E P " T H I N E  C&&N2 : 592.2573 
TypeVI(R,S)6,7*,11+,12-6,7,8+,12+ 

[a]~: +206'(c=0.24, CHCI,) (64) 
W :  210 (4.611, 241 (sh) (4.17), 282 (3.71) (64) 
'HNMR: NMe2.58(N-2);OMe3.70(C-6), 3.89(C-12);CH202 5.56(d, lH,]= 1.3Hz), 5.61(d, lH,]= 1.3 

Hz, C - 6 ' d C - 7 ' ) ; A H  3.61(m, lH, H-1),4.56(m, lH, H-lf);ArH5.56(brs, lH,H-lO), 6.33(H- 
5),6.37(H-5'),6.39(m, lH,H-ll'),6.63(H-8),6.79(brs,2H,H-13aadH-14),6.92(m, 1H,H- 
10'),6.94(dd, lH,]=2.1,8.3Hz,H-l3'),7.48(dd, lH,J=2.1,8.3Hz,H-14')  (64) 

{hfl+ 592 (22). 591 (23), 577 (4), 366 (24). 365 (100). 363 (14). 351 (14), 190 (10). 183 (49), 174 (19) MS: 
Souma: Stcphankpimii Diels (Menispermaceae) (64) 

(64) 
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329 2’-NORCOCSULINE CsH,,O,N2: 548.23 11 
Type XXIII (S,S) 6*,7+, 1 l’, 12-6,7*,8+, 12’ 

[a]~: +238’(r= 0.15, CHCI,) (35) 
W(Er0H): 212 (4.53). 225 (4.43), 287 (3.60) (35) 
‘H NMR: 

Ms: 
Sources: Alkniria&b~tunrr Becc. (Menispe-w) (35) 
Derivatives: Gusuline [153] (2’-norcocsuline + CH,0/NaBH4) (35) 

NMe2.44 (N-2); OMe 3.86(C-6‘); AIH 3.32 (H-1). 4.35 (H-1‘); ArH 6.12 (Ha) ,  6.3 1 (H-5’), 6.50 (H- 
lo), 6.60(H-5),6.79(H-14), 6.90(H-13),6.%(H-l1’), 7.13(H-10’), 7.17(H-13’),7.63(H-14’) (35) 

[MI+ 548 (27), 547 (27), 335 (loo), 321 (27), 319 168 (32). 167 (7) (35) 

330 2’-NORDAURtSOLINE C&470&J2: 596.2886 
Type I (R,R) 6,7,11*, 12-6,7,12* 

OH 

[a]~: Negative (36) 
‘HNMR: NMe2.43(N-2);OMe3.81(C-6orC-6‘), 3.84(C-7), 3.86(C-6’orC-6);AlH3.61(dd, lH, H-l),4.15 

2H, H-ll’andH-13’), 6.84(dd,H-14), 6.90(d, H-13), 7.16(d, 2H, H-lO’andH-l4’)(nOeused) (36) 
(dd, lH,  H-l‘);hrH6.32(~, H-8), 6.45 (5, H-5). 6.49(d, H-10). 6.606, H-5‘). 6.696, H-8’), 6.83(d, 

MS: M+ 596 (<l), 192 (100) (36) 
Sources: Abutapabni (Martius) Krukoff and Bameby (Menispermnceae) (36) 
Derivatives: &uridine (1921 (2’-N-nordauriroline + CH,0/h‘aBH4) (36) 

[a]~: +196”(r=0.17, CHCI,) (51) 
W: 218(4.42), 29003.38) (51) 
‘HNMR: W e  2.40 (N-2); OMe 3.48 (C-7), 3.50 (C-69, 3.83 (C-6), 3.90(C-l2’1;AIH 3.90(H-1), 4.34(H-l’); 

ArH 6.39(H-5), 6.45 (H-5’), 6.77 (H-10). 6.88(H-13’), 6.89(H-13), 7.09(H-10’), 7.21 (Ha‘), 7.24 
(H-14‘). 7.32 (H-l4)(nOe used) (51) 

MS: [MI+ 608 (76), 607 (loo), 381 (49). 365 (30h 191 (54) (5 1) 
C D  0(300), +13.2(277), 0(255), +37(240).0(218), -4.80(215) (51) 
Sources: Guar&& gvzannsir (Aublet) R.E. Fries (Annomcae) (5 1) 
Derivatives: Funiferine (201 (2’-norfuniferine + CHzO/NPBH4) (5 1) 
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332 2’-NORGUAlTAGUIANM C,,H,O&J,: 608.2886 
TypeIV(S,S)6,7,8*,12-6,7*,12(11-11) 

[u]D: + 18’ (c= 0.12, CHCIJ (5 1) 
UV: 220 (4.64). 290 (3.70) (5 1) 
‘HNMR: Nhfe2.39(N-2);OMe3.37(C-6‘), 3.56(C-7), 3.83(C-6), 3.93(C-12’);ALH4.21(H-l), 4.40(H-l‘); 

hrH 6.41 (H-5), 6.42 (H-57, 6.86 (d , /=8 .1  Hz, H-13), 6.88 (d,/=8.33 Hz, H-13’), 7.20 (dd, 

7.55 (H-10, d,/  = 2.1 Hz) (nOe used) (5 1) 
]=2.1, 8.1 Hz, H-14), 7.24 (d , /=2 .1  Hz, H-lo’), 7.28 (H-8’). 7.31 (dd,]=2.1, 8.3 Hz, H-14’). 

MS: 

Sources: G e  guiznmriS (Aublet) R.E. Fries (Annonaceae) (5 1) 
Derivatives: Guattaguianine (2’-norguattaguianine + CH20/NaBH4) (5 1) 

[hQ+ 608 (73), 607 (loo), 380 (51). 191 (48) (51) 
m: 0 (320), +5.9 (296), 0 (285). -2.3 (276), 0 (265). + 12.9 (254),0 (243), +45.9 (227) (51) 

[a]~: +40° (r=O.09, CHCI,) (51) 
W: 228 (sh) (3.96), 281 (3.38) (51) 
‘H NMR: NMe 2.40 (N-2), 2.67 (N-2’); OMe 3.35 (C-6’), 3.50 (C-7), 3.83 (C-6). 3.90 (C-12‘); 

6.98 (H-lo’), 7.06 (H-8’), 7.20 (H-14), 7.34 (H-14’), 7.54 (H-10) 
A H  3.49 (H-1), 4.09 (H-1’); ArH 6.41 (H-5), 6.45 (H-5‘), 6.87 (H-l3), 6.88 (H-13‘), 

(51) 
MS: 
CD: 

[MI+ 622 (&), 396(29), 395 (100). 381 (39), 198 (94). 174 (53) 
0 (310), + 1 (300), 0 (292), - 1.3 (277), 0 (262). +0.9 (255), 0 (250), -2.9 (245), 0 (240), 
+24.8 (225) (51) 

(51) 

333 2 ’ - N O R I S O C E P ” T H I N E  C~H,,O$J,: 592.2573 
TypeVI ( R , S )  6,7*,11+,12-6,7,8*,12+ 

[u]D: -84” ( ~ = 0 . 2 5 ,  CHCI,) (64) 
W: 236 (sh) (4.08), 280 (3.67) (64) 
‘H NMR: Nhfe 2.63 (N-2’); OMe 3.59 (C-6), 3.93 (C-12), CH202 5.56 (d, 1H,J= 1.3 Hz) and 5.67 (d, lH, 

/= 1.3 Hz)(C-6‘ andC-7’);AIH4.07(m, lH,  H-1’). 4.57(m, lH, H-l);ArH6.38(H-5orH-5’), 6.39 
(d, 1HJ= 1.8Hz,H-10), 6.44(H-5’orH-5),6.55(H-8),6.84(dd, lH,]=2.0,8.3Hz,H-ll’),6.89 
(d, lH,/=8.2Hz,H-13),6.92(m, lH,H-IO’andH-13‘),6.95(dd, lH,/=1.8,8.2Hz,H-14),7.39 
(dd, 1H,J=2.0, 8.3 Hz, H-14’) (64) 

MS: 
Sources: Stqbania pinrii Diels (Menispermaceae) (64) 

[MI+ 592 (loo), 591 (88), 365 (45), 351 (22), 349 (32), 206 (12), 192 (12), 183 (72), 160 (19) (64) 

334 2-NORISOTETRANDRINE C,,H,O,N,: 608.2886 
Type VI11 (R ,S )  6,7,8*, 11+, 12-6,7*, 12+ 
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[a]~: + 100’ (c= 0.16, CHCI,) (64) 
UV: 208 (4.82), 239 (rh) (4.34, 282 (3.86) (64) 
‘HNMR: NMe2.57(N-2’);OMe3.08(C-7), 3.63(C-6’), 3.75(C-7), 3.93(C-l2);AIH 3.88(M, lH,  H-l’), 4.06 

(M, IH, H-l);ArH6.05(H-8’),6.3O(H-5),6.42(d, lH,]= 1.8Hz,H-10),6.45(dd, 1H,]=2.2,8.3 
Hz, H-10f),6.55(H-5’),6.71(dd, lH,]=2.2,8.3Hz,H-ll’),6.75(dd, 1H,]= 1.8, 8.0HZ,H-14), 
6.83 (d, 1H,]=8.0 Hz, H-13), 7.09 (dd, 1H,]= 2.2,8.3 Hz, H-13’), 7.29(dd, 1 H , j =  2.2-8.3 Hz, 
H-14’) (64) 

MS: 

Sources: St&anialpimii Diels (Menispermaceae) (64) 

[mun+608(48)(hrms, found608.2893), 607(41), 606(10), 381 (loo), 367(13), 191 (71), 190(10), 174(17), 
168(15) (64) 

335 NORISOYANANGINE C,,HMO&J,: 578.2417 
Type XIX (R,Q 5,6,7~,8+,12-6~,7+,12(11-11)  

OH 

TLC: 0.25 [Si gel 60 F,,, CH2C12-MeOH-25% NH40H (90:9:1)1 (56) 
[aIm~: +139’(c= 1.2, CHCI,) (56) 
W: 203 (4.70), 230 (sh) (4.44), 288 (3.74) (56) 
IR(KBr): 
’HNMR: 

3400, 2950, 2800, 1620, 1500, 1450, 1370, 1320, 1270, 1230, 1100, 1020,800, 700 
NMe2.29(N-2);OMe3.92(C-6), 3.97(C-12);ArH6.66(H-5’), 6.88(d, 1H,]=8.2Hz, H-13), 7.04 
(d, 1H,]=8.2HzIZ,H-13’),7.l8(H-8’),7.23(dd, lH,]=2.2,8.2Hz,H-14), 7.32(d, 1H,]=2.2 

61.54 (C-l), 43.83 (C-3), 18.25 (C4), 114.55 (C-46, 141.70 (C-5). 132.77 (C-6), 132.81 (C-7), 
131.56 (C-8), 122.78(C-8a), 39.88 (CU), 137.32 (C-9), 135.38(C-10), 126.32(C-11), 153.21 (C-12), 
111.19(C-13), 129.80(C-14), 58.42 (C-1’). 45.15 (C-3’), 29.53 (C4’), 133.00(C4’a), 116.15 (C-5’). 
138.85 (C-6’), 136.20 (C-7’). 114.29 (C-8’), 129.30 (C-8’a), 42.62 (C-a‘), 138.85 (C-9’), 134.56 (C- 
lo’), 128.03 (C-ll’), 152.80 (C-129, 118.80 (C-13’), 130.40 (C-14’). 42.96 (2-NMe), 56.61 (12- 
OMe), 61.51 (6-OMe) (56) 

[MI+ 578 (a), 577 (56), 561 (8), 381 (lo), 365 (60), 352 (46), 351 (loo), 337 (34), 335 (34). 321 (IS), 183 
(22), 176 (28), 175 (26) 

(56) 

HzIZ,H-1O‘),7.35(dd, IH,]=2.2,8.2Hz,H-14’) ,7 .93(d,  1H,J=2.2H~,H-10)  (56) 
I3C NMR: 

MS: 

Sources: TiIiucoru hiandru Dielr (Menisperrmceae) (56) 
(56) 

336 2-NORLIMACINE CsH,O&J,: 594.2730 
Type VIII (R,R) 6,7,8’, 11+, 12-6,7*, 12+ 

[o]D: -193”(~=0.13, CHCI,) (19) 
UV: 211 (4.91), 238 (4.46), 282 (3.96) (19) 
’H NMR: NMe 2.63 (N-2’); OMe 3.37 (C-67, 3.78 (C-6), 3.95 (C-12); AIH 3.87 (m, H-1’). 4.01 (d, lH, H-1); 

ArH 6.04 (H-8‘), 6.30 (H-5). 6.38 (dd, 1H,]= 1.8.8.2 Hz. H-10’). 6.45 (d, 1H,]= 1.8 Hz, H-lO), 
6.54(H-5’), 6.74(dd, lH,]= 1.8,8.2Hz, H-ll’), 6.83(dd, 1 H , j =  1.8, 8Hz, H-14),6.87(d, lH, 
] = 8  Hz, H-13), 7.14(dd, 1H,]= 1.8.8.2 Hz, H-13’). 7.37 (dd, 1HJ= 1.8, 8.2 Hz, H-14‘) (19) 

[m+ 594 (47). 593 (39). 369 (25), 367 (loo), 366 (16). 365 (49), 353 (13). 190 (12), 184 (39). 183 (14). 174 MS: 

Sources: C~ltymnnr olivascnr Bameby et Krukoff (Menirpemuceae) (19) 
Derivatives: L i m i n e  [&I (2-norlimncine + CH20 + NaBHJ (‘H nmr) 

(32) (19) 

(19) 
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337 2’-NOROBABEFUNE C37H4,30&l2: 608.2886 
TypeVI(R,S)6,7*,11+,12-6,7,8*,12+ 

‘HNMR: NMe2.60(N-2‘);OMe3.20(C-7’), 3.67(C-6), 3.80(C-6’), 3.90(C-12);AlH3.65(m, lH, H-lh4.70 
(m, lH, H-1’); ArH 5.44(brs, lH, H-lo), 6.34(H-5 orH-5’), 6.36(H-5’orH-5), 6.36(m, lH, H- 
11’), 6.96(m, lH,H-10’),6.97(m, lH,  H-l3’),7.62(dd, 1H,]=2.2, 8.2Hz.H-14’) (64) 

[m+ 608 (42), 607 (42), 593 (9), 381 (loo), 367 (20), 192 (7), 191 (541, 19’3 (10). 174 (19), 168(17) (64) MS: 
Sources: St@Aznirrpimii Diels (Menispermaceae) (64) 

338 2’-NOROXYACA”INE C3sH3,0$r12: 594.2730 
Type VI (R ,S )  6,7*, 11+, 12-6,7,8*, 12+ 

MP: Amorphous (41) 
[a]~: + 125” (c= 0.1, MeOH) (41) 
‘H NMR: NMe 2.57 RJ-2); OMe 3.19(C-7‘), 3.66 (C-6), 3.8O(C-6‘); IVH 3.62 (m, lH,  H-l), 4.56 (rn, lH, H- 

(H-8), 6.78 (br s, 2H, H-13 and H-14), 6.92 (m, lH, H-13’), 6.97 (m, lH,  H-14’), 7.55 (dd, lH, 
/=  2.4, 8.4 Hz, H-14‘) 
594 (67), 593 (55), 382 (26), 381 (loo), 367 (21), 192 (30), 191 (76). 174 (27) 

I‘);ArH5,42(brs, lH,H-l0),6,30(dd, lH,J=2.4,8.4H~,H-l1’),6.34(H-5’),6.35(H-5),6.61 

(41) 
MS: 
Sources: Tbulictmnrltr&m W d .  (Ranunculaceae) (41) 

(41) 

339 2’-NORPISOPOWIARIDINE C,6H,OO,N,: 596.2886 
TypeXXVII (R,R) 6,7,12-6,7,12(11-11) 

OMe Ma0 

OMe HO 

MP: Amorphous (30) 
[a]D: -46”(~=0.33 ,  MeOH) (30) 
UV(EtOH): 209 (4.30), 230 (sh) (4.18), 289 (3.73) (30) 
‘H NRM: NMe 2.64 (N-2); OMe 3.25 (C-7 orc-7’). 3.73 (C-7’ or C-7). 3.92 (C-12’); AIH 4.14 (m, IH, H-1’); 

ArH5.41(s,H-8orH-8’),6.28(d, IH,]=2Hz,H-10’),6.37(d, lH ,J=2Hz ,H- l0 ) ,6 .57 ( s ,2H,  
H-8’ or H-8 and H-5 or H-5’). 6.67 (5, H-5’ or H-5), 6.98 (d, 1 H , j  = 8 Hz, H-13). 6.99 (d, 1 H , j  = 8 
Hz,H-13’),7.19(dd, lH,]=2,8Hz,H-14’), 7.23(dd, lH,/=2,8Hz,H-l4)(nOeused) (30) 

CIMS: 
CD: -3.2 (2%), 0 (288). + 1.8 (280), 0 (264, -k 1.8 (253), 0 (247), - 12.9 (226) 
Sources: Popnuiupiroca~ (BI.) Endl. (Annonuex) (30) 
Derivatives: Pisopwiaridine [359] (nor-2-pisopowiuidine + CH,0/NaBH4) (30) 

[M + 11+ 597 (100), 596 (4),420 (4). 4% (4). 192 (96), 178 (65) (30) 
(30) 
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340 NORSTEPHASUBINE C3&2O$J,: 576.2260 
Type VI ( R , - )  6,7+,11+, 12-6,7,8*, 12+ 

MP: Amorphous (21) 
[a]~: +309°(c=0.09, MeOH) (21) 
UV: 

‘H NMR: 

240 (4.53), 286 (3.62), 338 (3.42) (21); (MeOH + H + )  235 (4.30), 264 (4.36), 321 (3.32), 368 ( 3 . W  374 
(3.39) (21) 

OMe 3.88 (C-12), 4.02 (C-6), 4.03 (C-6’); A H  4.02 (m, lH, H-1). 4.50(d, 1H,]= 13.7 Hz, Ha’ ) ,  
5.35(d, 1H,j=l3 .7HzI2 ,H~‘) ;ArH4.87(d ,  lH,]=l.5H~,H-10),6.02(H-8),6.43(dd, 1H,]=2, 
8.4H~,H-13’),6.53(H-5),6.66(dd, lH,]=2,8.4Hz,H-ll’),6.71(dd, lH,]=1.5,8.1Hz,H-14), 

8.4Hz, H-14’),7.46(d, lH,]=5.6Hz,H-4’),8.41(d, lH,]=5.6Hz,H-3’) (21) 
6.73(d, lH,]=8.lHz,H-13),6.93(H-5‘),7.09(dd, lH,]=2,8.4Hz,H-l0’),7.37(dd, 1H,]=2, 

MS: 

Derivatives: Srephasubine I3741 (aonrephasubine + CH20 + HCOOH) (2 1) 

[W+ 576(72), 575 (100). 561 (20), 549(29), 288(15), 190(8), 174 (25). 146(16), 145 (18) (21) 
SoweS: S t @ k R k  J U h J U  FO- (Mff l iSpeWW) (2 1) 

341 NORTHALIBROLINE C,,H,O$J2: 582.2730 
Type I (S,S) 6,7,11+, 12-6,7,12* 

OH 

W: 282 (76) 
IR(KBr): 
’H NMR(CDC1, +CD30D): 

3400, 2924, 1620, 1508, 1450, 1369, 1259, 1220, 1125, 1021 (76) 
NMe2.49(N-2);AH3.67(dd, lH, H-1). 4.10(dd, lH,  H-l’);OMe3.81(C-6orC- 
6‘), 3.85 (C-6’ or C-6); ArH 6.13 (Ha) ,  6.49 (H-8’), 6.51 (H-W?]), 6.58 (H-5’), 
6.71 (H-5), 6.82 (d, 2H,]=8.6H~)(H-ll‘  nndH-13’), 6.85 (d, 1HJ= 7.1-9 H- 
14),6,87(d, lH,]=7.1H~,H-13),7.12(d,2H,]=8.6H~,H-lO‘MdH-14‘) 
(76) 

MS: 192 (63), 191 (14), 190 (90), 179 178 (loo), 177 (13) (76) 
Sources: T k l i m m  m i w  L. w. mimw (Ranunculaccae) (76) 

342 2-’-NORTHALIPHYUINE C&H,O$J2: 594.2730 
Type XI (S,S) 6,7,8+, 11+, 12-6*,7,12+ 

UV: 237 (sh) (4.16), 2.85 (3.83) (24.41) 
’HNMR: NMe2.W(N-2);OMe3.64(C-7’), 3.90(6H)(C-6andC-12);AIH4.46(m, lH, H-l’);ArH6.11(2H, 

6.69 (dd, lH,] = 2.1.8.1 Hz, H-10’). 6.82 (d, 1H,]= 8.2 Hz, H-13). 6.94 (dd, lH,]= 2.1,8.1 Hz, 
H-11‘). 7.08 (dd, 1H,]=2.1, 8.1 Hz, H-13‘), 7.26 (dd, 1H,]=2.1, 8.1 HI, H-14’) 

H - 5 ‘ d H - 8 ’ ) .  6.23(d, lH,]=2.2Hz, H-lo), 6.55 (H-5), 6.68(dd, lH,]=2.2, 8.2Hz, H-14), 

(24,41) 
MS: M+ 594 (89), 593 (84). 592 (25). 367 (loo), 353 (lo), 208 (3 1). 192 (22), 191 (39), 190 (2OA 184 (84) (24.41) 
CD: 
Sources: T h l i c t m  cnIrrutnm Wall. (Ranunculacnu) (4 1) 

0 (300), -7 (285). 0 (270), - 1 (250), positive tail below 220 nm (24,41) 
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343 2 - N O R T " E  CyjH3,0&J2: 594.2730 
Type XTV (SJ) 6,7*, 1 I+,  12-5*,6,7,12+ 

Me0 
H 

TLC: 0.18 (Si gel) [C6H6-MeCO-NH40H (95:5:tace)l (12) 
[ a ] " ~ :  -31.8°(r=0.43, MeOH) (12) 
UV: 234 (sh) (4.45), 283 (3.97) (12) 
'HNMR: NMe2.62(N-2');OMe3.90(C-6), 3.93(C-12), 3.94(C-7');AlH3.51(m, lH,H- l ) ,  3.62(m, lH,  H- 

8'), 6.80(d, 1H,]=8.0Hz, H-13), 6.91(brs,2H,H-ll',H-13'),7.07(brs, lH,H-10'),7.63(bts, 
lH,  H-14') (nOe used) (12) 

l ');ArH5,93(d, lH,]=l.9Hz,H-10),5.97(H-8),6.68(dd, lH,]=1.9,8.0Hz,H-14),6.77(H- 

MS: [MI+ 594 (22). 367 (100) (12) 
CD: 
Sources: T M t n n n r l t ~ ~ m  Wall. (Ranunculpc~) (12) 
Prepration: 

0 (300). +7.6 (289). 0 (276). -2.1 (260), 0 (257). +6.3 (238), negative tail below 230 (12) 

Via N-methylation (CH,O + NaBH4) of thalmine [lwl (tlc, 'H nmr) (12) 

344 2-NORTHALRUGOSINE CSH,,O$I,: 594.2730 
Type VIII (R,S) 6,7,8*, 11+, 12-6,7*, 12+ 

[ a ] ~ :  +209O(c= 0.16, CHCI,) (38) 
W: 234 (4.60), 282 (4.06) (38); (MeOH + OH-) 2 4 , 2 9 8  (38) 
'HNMR: NMe2.49(N-2');OMe 3.76(C-6), 3.94(C-6'orC-12), 3.96C-12 ocC-6');AlH 3.74(m, lH, H-1% 

4.23 (m, lH, H-1); ArH 6.14 (H-8'), 6.25 (d, lH,]= 1.5 Hz, H-lo), 6.39 (H-5), 6.46 (dd, lH,  
]=2.0, 8.2Hz,H-10f),6.72(dd, lH,]=2.0,8.2Hz,H-ll'),6.76(H-5'),6.83(d, lH,]=8.0Hz, 
H-13), 6.88(dd, 1H,]=l.5,8.OHzI2,H-14),6.99(dd, 1H,]=2.0,8.2HzIZ,H-13'),7.31(dd, lH, 
]=2.0, 8.2 Hz, H-14') (38) 

[MI+ 594 (12), 593 (7), 368 (22). 367 (91), 353 (lo), 314 (38), 301 (lo), 192 (33). 190 (20)9 184 (1m), 178 
(22), 174 (25), 161 (24) 

MS: 

Sources: Pynrmrbnrrr mda Diels (Menispermaceae) (38) 
Derivatives: Thalrugosine [79] (2-northalrugosine + CH,O/NaBHJ (38) 

(38) 

345 2'-NORTILIAGEINE C36H3806NZ: 594.2730 
Type IV ( S , R )  6,7,8*,12-6,7*,12(11-11) 

[ a l ~ :  +203°(c=0.18, CHCIJ (51) 

(H-5), 6.48 (H-5'), 6.74 (H-lo), 6.86 (H-13'), 6.89 (H-13), 7.14(H-10'), 7.23 (H-14')s 7.29 (H-8'), 
7.34 (H-14) (51) 

MS: [MI+ 594 (58), 593 (88), 367 ( 1 W ,  353 (13 ,  184 (56) (51) 
Souma: C&gwiumn~ir (Aublet) R.E. Fries (Annonacwe) (51) 
Derivatives: Tiliageine [27l (2'-nortiliageine + CH,O/NaBHJ (5 1) 
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346 NORYANANGINE C35H340.5N2: 578.2417 
TypeXIX (S,S) 5,6,7*,8+,12-6*,7+, 12(11-11) 

OH 
I 

MP: 19a-198” (56) 
TLC: 0.35 (Si gel 60 F254) [CH2C1,-MeOH-25% “,OH (90:9:1)1 (56) 
[a]”D: +295” (r=O.5, CHCI,) (56) 
W :  211(5.17), 230(sh)(5.01), 289(4.32) (56) 
IR-r): 
‘HNMR: 

3400, 2920, 2830, 1660, 1630, 1590, 1500, 1446, 1370, 1330, 1275, 1230, 1100, 1 m ,  890,860 (56) 
NMe2.29(N-2);OMe3.%(C-6), 3.99(C-12); 6.63(H-5’), 6.95 (d, 1H,]=8.25 Hz, H-13), 6.98(d, 
lH,]=8.25Hz,H-l3’),7,31(dd, lH,]=2.1,8.25Hz,H-14‘),7.35(dd, lH,]=2.1,8.25&,H- 
14),7.60(d, lH,]=2.1Hz,H-10’),7.69(d, lH,]=2.1Hz,H-10),8.11(H-8’) (56) 

133.06(C-8), 121.18(C-&), 40.43 (Ca) ,  137.71(C-9), 135.83(C-10), 126.46(C-11), 153.33(C-12), 
13C NMR: 62.73 (C-1), 44.19 (C-3), 16.00 (C-4), 115.52 (CAa), 141.79 (C-5), 133.00 (C-6), 133.36 (C-7), 

111.11 (C-13), 129.59(C-14), 59.51(C-l’), 44.26(C-3’), 28.59(C-4’), 133.64(C4‘a), 115.79(C-5’), 
139.47 (C-6’), 139.9O(C-7‘), 113.81 (C-89, 130.45 (C-8’a), 43.21 (C-a’), 137.15 (C-9’), 134.09(C- 

OMe), 61.53 (6-OMe) (56) 
io’), 126.46 (C-ll‘), 152.69 (C-12’), 118.35 (C-13’). 130.64 (C-14‘); 42.06 (2-NMd, 56.52 (12- 

Ms: 
Sources: T d k w u  hirrndru Diels (Menisprmaceae) ( 5 8  

[W+ 578 (50). 577 (41), 365 (22). 352 (24). 351 (471, 337 (22). 176 (lo), 149 (42). 38 (100) (56) 

347 0 X A N D m  C3,H3,0,N2: 622.2679 
TypeIV (S,S) 6,7,8*,12-6,7*,12(11-11) 

MP: Amorphous (80) 
[a)D: - 1l0(r= 0.9, CHCI,) (80); +9’ (c= 0.96, MeOH) (80) 
W(EtOH): 209 (4.73), 282 (4.02) (80); (EtOH + NaOH) 224 (4.92), 296 (4.30) (80) 
IR(hlm): 3320, 1670, 1605 (80) 
‘H NMR: NMe 2.32 (N-2’), 2.33 (N-2); OMe 3.66(C-6’), 3.82 (C-6), 3.85 (C-12);” 3.80(d, H-l), 4.21 (s, H- 

(d, IH,]=8.5Hz,H-13‘), 6.93(d, IH,]=2Hz,H-10’), 7.12(H-8’), 7.25(dd, I H , j = 2 , 8 . 5 H z ,  
H-14’). 7.27 (dd, 1H,]=2, 8.5 Hz, H-l4)(nOeused) 

l’);ArH6.37(H-5), 6.65(H-5‘), 6.70(d, lH,]=2Ht,H-10),6.85(d, lH,]=8.5Hz,H-13),6.91 

(80) 
”C NMR: 63.8 (C-l), 45.5 (C-3), 22.6 (C-4), 124.4 (C-4a), 107.3 (C-5), 146.4 (C-6), 133.6 (C-7), 137.0 (C-8), 

126.8 (C-8aor C-8’a), 38.1 (C-a), 13 1.2 (C-9 or C-11 or C-1 1% 134.8 (C-lO), 133.3 (c-11 Or C-9 or C- 
11’). 154.0(C-12), 117.7 (C-13 orC-8’), 131.4(C-l4orC-lO’orC-14’), 84.0(C-l‘), 53.0(C-3’), 35.0 
(C4’), 131.2 (C-4’aor C-11 or C-11’). 113.2 (C-5‘), 150.9(C-6’), 139.8(C-7’), 117.8 (C-8’ orC-13), 
126.9(C-8’aorC-Sa), 205.5 (C-a‘), 143.2(C-9‘), 131.5 (C-lO’orC-14orC-14’), 131.9(C-11’), 153.1 
(C-127, 11 1.2 (C-u’), 129.6(C-14’ or C-10’ or C-14), 41.7 (2-NMeand 2’-NMe), 42.8 (2’-NMeor 2- 
m e ) ,  55.8 (12-0Me or 6’-0Me), 55.9 (6-OMe). 56.4 (6’-OMe or 12-0Me) (80) 

E M :  
CIMS: Chf+ I]+ 623 (80) 
C D  
Sources: Pstsubadru a@. lurirh (Annonaccae) (80) 
Derivatives: 0,O-Diacetyloxandrine (oxandrine 4- Ac,O/pyridine) (80) 

[ a ] ~ :  +88’ (~‘0.9, CHCI,) (80) 
W(EcOH): 224 (4.62). 282 (3.69) (80) 
IR(film): 1765, 1680, 1605 (80) 

[MI+ 622 (16). 381 (3), 367 (l), 192 (loo), 191 (30). 175 (5) 

(80) 

(80) 

0 (310), -4.6 (sh) (293). -25 (250), 0 (233), +SO (221) 
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’H NMR: NMe 2.25 (N-2’), 2.29 (N-2); OAc 2.01 (C-12’), 2.07 (C-7); OMe 3.43 (C-67, 3.65 (c- 
12), 3.81(C-6);ALH 3.48(d, H-1),4.16(~, H-l’);hH6.50(H-5),  6.59(H-5‘), 6.77(d, 
1H,]=8.5 Hz, H-13), 6.83 (d, 1H,]=2 HZ, H-lo), 7.02(d, 1 H , j = 2  Hz, H-lo‘), 
7.11(d, lH,]=8.5Hz,H-13’),7.13(H-8’),7.29(dd,2H,]=2,8.5H~,H-l4addH- 
14’) (80) 

EIMS: 
CIMS: [M+ 11+ 707 (80) 
0,O-Dimethyloxandrine (oxandcine + CH2N2) (80) 
‘H NMR: 

M+ 706 (loo), 664 (50), 663 (58), 649 (19), 437 (5). 381 (5), 368 (4), 353 (9). 191 (30) (80) 

NMe 2.26 (N-2’), 2.27 (N-2); OMe 3.41 (C-7). 3.69 (C-6’), 3.74 (c-12 or C-12‘), 3.76 
(c-12’orC-12). 3.83(C-6);AlH 3.45 (m, H-l), 4.13(s, H-l’);ArH6.44(H-5), 6.58(H- 
5’),6.77d, lH,]=8.5Hz,H-13) ,6 .81(d,  lH, /=8 .5Hz,H-13orH-l3’ ) ,6 .85(d ,  
1H,]=h8.5 Ht, H-13‘orH-13), 7.02(d, 1H,]=2Hz, H-lo’), 7.12(H-8’), 7.26(dd, 
lH,]=2,8.5Hz,H-l4’) ,7 ,28(dd,  lH,]=2,8.5Hz,H-14) (80) 

EIMS: 
Dihydmxandrine (oxandrine + NaBH,/MeOH) (80) 
(a)D: + 140’ (c=  0.38, CHCI,) (80) 
W(EtOH): 210 (4.99), 285 (4.02) (80) 
IR(6h-n): 3350, 1610 (80) 
’H NMR: 

[MI+ 650 (100). 396(1), 381 (12), 198 (60). 175 (39) (80) 

NMe 2.08 (N-27, 2.35 (N-2); OMe 3.42 (C-6’), 3.70 (C-6). 3.82 (C-12), AIH 3.67 (d, 

13), 6.9&7.41(6H, 80) 
/ = 4  Hz, H-l’), 5.30(d, lH,]=4Hz, H~’); ,ArH6.32(H-5),  6.57(H-5’), 6.88(d, H- 

EMS: 
Reduction (WHCI) afforded two isomeric products, one of which was anrioquhe I2251 

[MI+ 624 (100). 623 (60). 609 (3% 381 (3). 206 (14 ,  191 (27) (80) 
(80) 

348 OXANDRININE C,,Hm0,N2: 636.2836 
T~IV(S,S)6,7,8*,12-6,7*,12(11-11) 

MP: Amorphous (80) 

UV(Et0H): 208 (4.50), 282 (3.64) (80); (EtOH + NaOH) 216 (4.78), 290 (4.00) (80) 
E(&): 3340, 1675, 1600, 1500 (80) 
‘H NMR: 

EMS: 
CIMS: + 11+ 637 (80) 
CD: 
Sources: Psardoxrrndra aff. I d  (Annonaceae) (80) 
Derivatives: 0-Methyloxandrinine (0,O-dimethyloxandrine) (oxandrinine + CH2N2) (80) 

[Q]D: +60’(~=0.5, CHCI,) (80) 

NMe 2.27(s, 6H, N-2 and N-2’);OMe 3.74 (C-6’), 3.80(C-6), 3.84 (s, 6H, C-la and C-12’); “4.18 
(s, H-1’); ArH 6.43 (H-S), 6.65 (H-57, 6.81-7.32 (m, 7H) (80) 

M+ 636,635,621, 607,417,411, 381, 368, 191, 15’0, 175, 174 (80) 

0 (355). + 1 (330), 0 (280, -2.5 (252), 0 (236), +8.5 (223), 0 (210) (80) 

‘H NMR: NMe 2.26 (N-2’). 2.27 (N-2); OMe 3.41 (C-7), 3.69 (C-69, 3.74 (C-12 or C-12’), 3.76 
(C-12’ or C-12), 3.83 (C-6); AIH 3.45 (m, H-1), 4.13 (s, H-1‘);ArH 6.44(H-5), 6.58(H- 
5’), 6.77 (d, 1H,]=8.5 Hz, H-13), 6.81 (d, 1H,J=8.5 Hz, H-13 oc H-13‘), 6.85 (d, 
lH,]=8.5Hz,H-13’0~H-13) ,  7.02(d, lH,]=2H~,H-10’),7.12(H-8‘),7.26(dd, 
1H,J=2, 8.5 Hz, H-14’). 7.28(dd, lH,]=2,8.5 HZ, H-14) (80) 

EMS: [MI+ 650 (100), 396 (I), 381 (12), 198 (60), 175 (39) (80) 

349 OXOFANGCHIRINE C,,H,4O,N2: 618.2366 
Type VI11 (?,-) 6,7,8*,11+,12-6,7*,12+ 
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MP: 184-186° (Me,CO) (327) 
[ a ] ~ :  +47'(c=0.42, CHCl,) (327) 
UV: 235 (4.68). 280(sh), (4. lo), 325 (3.77) (327) 
IR(KBr): 1680, 1600, 1580, 1220, 1060 (327) 
'H NMR: NMe 2.42 (N-2); OMe 3.29 (C-7), 3.69 (C-6'), 3.79 (C-6), 3.94 (C-12); AIH 2.3-3.05 (m, 6H); ArH 

5.87 (d, lH, H-10). 6.38 (H-S), 6.74 (H-89, 6.8+6.9(AB, H-13'+H-14'), 7.02 (H-5'), 7.38(dd, 
lH, H-ll'), 7.64 (d, lH, ]=5.5 Ht ,  H-4'). 8.34 (dd, lH, H-IO'), 8.6 (d, 1H,]=5.5 fi, 
H-3') (327) 
77.0(d, C-l),44.9(t,C-3), 23 .2( t ,C-4) ,41 .2(C~) ;  141.7(d,C-3'), 16O.I(s,C-l'), 194.3(s,Cu'); 
othersinclude 137.8(s), 146.2b) 146.8(s), 147.1(s), 149.4(s), 151.0(s), 153.7(s), 155.6($);42.5(q, 
2-NMe). 55.7 (q,OMe), 56.l(q,OMe), 56.4(q, OMe), 60.4(q,OMe) (327) 

[MI+ 618 (100)(found 618.2326), 603 (99), 587 (9), 557 (lo), 481 (2), 379(7), 309(19), 206(6), 105(2), 58 
(70) (327) 

"CNMR: 

MS: 

Sources: Srqhniu ruradru S. Moore (Menispermaceae) (327) 

3 9  N-2-OXY-O-METHYLDAURCINE 
Type1 (R,R) 6,7,11*,12-6,7,12+ 

This was isolated as a nonseparable mixture with N-2'-oxy-O-methyldwricioe I3511 ina ratio of 10:7 or 7: 10 (30). The 
data that is reported for e r h  alkaloid is the data obtained for the 10:7 or 7: 10 m& (30). 
MP: Amorphous (30) 
[ a ]~ :  -138"(r=O.5, MeOH) (30) 
UV(EtOH): 209 (4.41), 230 (sh) (4.20), 285 (4.13) (30) 
'HNMR: NMe2.50and2.53;N+O-Me 3.27and 3.32;OMe3.51and3.51oad3.58ad3.59(dlforC-7orC- 

7'); 3.76-3.82 (C-6 and C-6' and C-12); ArH 6.47 ad 6.53 and 6.55 and 6.57 (all for H-5 and H-5'); 
6.04 ad 6.09 and 6.26 and 6.30 (all for H-8 ad H-8'); 6.6-7.2 (7H, H-10 aod H-I3 and H-14 ad H- 
IO'andH-ll'~dH-13'~dH-14') (30) 

CIMS: 

Sources: P o p w L ~ p b w q ~  (B1.) End. (Anwnaceae) (30) 
Derivatives: 

[M+ 11+665(1), CM1+654(2),653(5),640(12), 639(28),448(4),434(5), 206(100), 204(12), 192(15), 
190(14) (30) 

0-Methyldauricine [la] (N-2-oxy-O-methyldauricine + ZdHCI) ('H nmr, tlc, sp rotation) (30) 

351 N-2'4XY-O-METHYLDAURICINE C@&07N2: 654.3305 
TypeI(R,R)6,7,11+,12-6,7,12+ 

This was isolated as a nomeparable mixture with N-2dxy-O-methyldauricine I3501 in a ratio of 7: 10 or 10:7 (30). The 
data that is reported for each alkaloid is the data obtained for the 7: 10 or 10:7 mixture (30). See data listed for N-Z-oxy- 
0-methyldauricine [350]. 

352 PMiPULHMiINE C&mO@,: 5%.2886 
Type1 (R,R) 6,7,11+,12-6,7,12+ 
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MP: AmorphouJ(71) 
[a]D: -58°(c=0.18, MeOH) (71) 
w: 
‘HNMR: NMe2.49(N-2);OMe3.81(C-7’otC-6’orC-6), 3.85(C-6’orC-7‘orC-6), 3.87(C-6andC-6’otC-7’); 

ArH 6.30 ( H a ‘  and H-8), 6.46 (H-8’ or H-S’), 6.47 (d, 1H,]= 1.7 Hz, H-lo), 6.61 (H-5). 6.69 (H- 

233 (4.18), 2% (3.75) (71); (MeOH +OH-) 236 (4.081, 296 (3.51), 312 (sh) (3.42) (71) 

5’),6.83(d,2H,]=8.45HZ,H-ll’andH-13‘),6.85(dd, lH,J1=1.7 ,8 .2H~,H-14) ,6 .91(d ,  lH, 
1 - 8 . 2  HZ, H-13), 7.16(d, 1H,J=8.45 Hz, H-10’mdH-14’) (71) 

EMS: 192(100) (71) 
CIMS: [M+ 1]+ 597,405 (12), 192 (100) (71) 
CD: -3.1(289), 0(256), 0(248), -11.6(226) (71) 
Sources: Atistolabia gigmteu Mart. (Aristolochiaceae) (7 1) 
Derivatives: 0,O-Dimahylpampulhamine (pampulhamine + CH2N,) (7 1) 

‘H NMR: 

EMS: 
Daurisoline 11921 (pmpulhamine -t CH20/NaBH4) 

NMe 2.47 (N-2); OMe 3.61 (s, 3H), 3.80 ( 6 ,  3H), 3.83 (s, 6H), 3 .86  (I, 3H); ArH 6.2- 
7.2 (m, 11H) (71) 

[MI+ 624 (0. l), 433 (1.5), 419 (0.5), 206 (lOO), 192 (23) (71) 
(7 1) 

353 PANGKORAMINE CMH,40,$42: 566.2417 
TypeVI (R,R) 6,7*,11+,12-6,7,8*,12+ 

MP: Amorphous (35) 
[a]~: + 126°(r=0.05, MeOH) (35) 
UV(EtOH): 214 (4.72), 230 (4.39). 280 (4.58) (35); (ErOH+OH-) 212, 290 (35) 
‘HNMR: 

MS: 
Sources: Albcrtiria-w Becc. (Menispermaceae) (35) 
Derivatives: Candicusine [280] (pangkoramine + CH,O/NaBH4) (35) 

OMe3.57(C-6), 3.81(C-6’);AIH4.07 (H-l), 4.99(H-l’):kH6.25(H-8), 6.41(H-SmdH-5’), 6.71 
(H-lo), 6.76 (H-14), 6.82 (H-10’ and H-13‘). 6.84 (H-13), 6.69 (H-11’). 7.40 (H-14’) (35) 

[MI+ 564 (24), 563 (36). 353 (loo), 339 (9). 192 (22), 177 (35) (35) 

C,,H,,O6N2: 564.2260 354 PANGKORIMINE 
Type VI (R, -) 6,7*, 1 I +, 12-6,7,8,12+ 

[a]D: +65°(c=0.05, MeOH) (35) 
UV(ErOH): 

‘HNMR: 

213 (4.64), 228 (4.48), 283 (4.26), 314 (3.80) (35); (ErOH+H+) 213 (4.63). 279 (4.13), 333 

OMe 3.92(C-6’), 3.97(C-6);AlH4.04(d, 1HJ= 13.6H2, Hu’,),4.13(H-1),4.63(d, 1HJ= 13.6 

(H-13’), 6.79 (H-13), 7.25 (H-lo‘), 7.41 (H-14’) (nOe used) (35) 
[MI+ 564 (loo), 563 (94 ,  562 (46), 549 (81, 534 (to), 533 (53). 283 (16) 

(4.09 (35) 

Hz, Hu’,); ArH 5.02 (H-10). 6.22 (H-8). 6.41 (H-11’). 6.53 (H-5). 6.57 (H-5’). 6.67 (H-14). 6.78 

MS: 
Sources: AIbntiriapapwrrw Becc. (Menispermaceae) (35) 
Derivatives: Pangk-ine 13541 (pangkorimine + NaBH4/MeOH) (35) 

(35) 
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C35H3,0&J,: 582.2730 355 PEDROAMW 
Type I (R,R)  6,7,11*,12-6,7,12* 

Mp: Amorphous (71) 
[u]D: -74'(c=0.1, MeOH) (71) 
UV: 232 (4.32), 287 (3.95) (71); (MeOH+OH-) 232 (4.37), 295 (3.92) (71) 
'HNMR(CD,OD+CD,CN): NMe2.53 (N-2);OMe 3.83 (C-6orC-6'). 3.90(C-6'orC-6);ArH6.30(H-S), 6.48 

(H-8'), 6.50 (m, lH, H-lo), 6.55 (H-5 or H-5'), 6.57 (H-5' or H-5), 6.62 (d, 2H, 
]=8.5 Hz, H-ll 'andH-13'), 6.64(m, 2H, H-13+H-14), 6.82(d, 2H,]=8.5 
Hz, H-10' and H-14') (71) 

E M :  405 (1.7), 192 (1001, 178 (75) (71) 
CIMS: 
CD: 
sOurcesAkt&bia gigumtra Marc. (Arirtolochiaceae) 
Derivatives: 

[M + l]+ 583 (72), 192 (loo), 178 (69) (71) 
0 (338), -2.6 (289), 0 (254, 0.5 (249), 0 (245), - 10.5 (228) (7 1) 

(7 1) 
O,O,O-Trimnhylpedroamine [O,Odimethylpampulhaminel (pedroamine + CH2N2) (co-tlc, ms, 'H 

N-Methylpedmamine (pedroamine + CH,O/NaBH4) 
'HNMR: NMe2.47(N-2), 2.53(N-2'); 3.83(C-6orC-6'), 3.85(C-6'orC-6);ArH6.10-7.20(m, 

CIMS: 

nmr) (71) 
(7 1) 

11H) (71) 
[M + lIf 597 (11). 406 (6). 192 (loo), 178 (7). 176 (28) (71) 

3% PHAEANTHINFd'a-N-OXIDE C38H4207N2: 638,2992 
Type VI11 ( R , R )  6,7,8*, 11+, 12-6,7*, 12+ 

MP: 193-195" (Me2CO) (48) 
[u]22D: -253°(c=0.17, CHCl,) (48) 
UV: 282(3.95) (48) 
IR(KBr): 

'H NMR: 
MS: [MI+ 638, 622, 396, 395, 381, 198 (48) 
Swrces: P y m A m a  muilfemir Vidal (Menirpermaceae) (48) 
Derivatives: Phaeanrhine n41 (phaeanrhine-2'a-N-oxide + H W , 5 )  (48) 

2930, 2850, 1603, 1580, 1503, 1460, 1445, 1435, 1410, 1350, 1340, 1322, 1310, 1265, 1231, 1215, 
1185, 1162, 1120, 1101, 1060. 1020,995,962,912,860, 852,835, 819,745 
NMe 2.36 (N-2). 3.42 (N-2'); OMe 3.21 (C-7), 3.42 (C-6'), 3.76 (C-6). 3.93 (C-12) (48) 

(48) 

357 PISOF'OWAMINE C37H4206NZ: 610.3043 
Type XXVll ( R , R )  6.7.12-6,7.12( 11- 1 I )  

MP: Amorphous (30) 
[a]~: -6So(r=0.l5, MeOH) (30) 
UV: 208 (4.69), 228 (rh), (4.38). 288 (3.92) (30) 
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'H NMR(CDCI,/CD30D 10%): NMe2.64(N-2');OMe3.46(C-7orC-7'), 3.66(C-7'orC-7), 3.81(C-6orC-6'), 
3.85(~-6'orC-6);AIH4.14(m, H-1');ArH 5.88(s, H-80rH-8'), 6.53(s,H-8' 
orH-8),6.59(~,H-5OfH-5'),6.63(~, H-S'OfH-5),6.79(d, l H , j = 2 H ~ , H - 1 0  
or H-10'). 6.86(d, 1HJ= 8 Hz, H-13' or H-13), 6.88(d, 1 H , j =  8H2, H-13or 
H-13'), 6.88(d, 1 H , j = 2 H ~ ,  H-lO'orH-l0),6,98(dd, l H , j = 2 , 8 H z , H - 1 4  
or H-14'). 7.04 (dd, 1 H , j =  2 , s  Hz, H-14' or H-14) (30) 

CIMS: 
Sources: Popmuiapirwmp (BI.) Endl. (Annonaceae) (30) 
Derivatives: Pisopowetine [358] (pisopowmine + CH20/NaBH4) (30) 

[M + I]+ 61 1 (20). 420 (18). 406 (24), 206 (100). 192 (64) (30) 

358 PISOPOWETINE C3SH4406N2: 624.3199 
Type XXVII ( R , R )  6,7,12-6,7,12(11-11) 

MP: Amorphous (30) 
[a]D: -80" (~=0 .2 ,  M a H )  (30) 
UV(ErOH): 210 (4.74), 232 (sh) (4.54). 284 (4.19) (30) 
'HNMR: NMe2.45(s, 6H,N-2andN-2');0Me3.43(~, 6H,C-7andC-7'), 3.74(~,6H,C-6andC-6');ArH5.98 

(s, 2H, H-Sand H-8'), 6.50(s, 2H, H-5 and H-5'). 6.69(d, 2 H , j = 8  Hz, H-13 and H-13'). 6.86(dd, 
2 H , j = 2 ,  8 Hz, H-14 and H-14'), 6.93 (d, 2H,]= 2 Hz, H-10 and H-10') (30) 

CIMS: 
Sources: Popmuiapirocarp. (BI.) Endl. (Annonaceae) (30) 
Derivatives: 0,O-Diacetylpisopowetine (pisopowetine + Ac20/pyridine) (30) 

[M + I]+ 709 (22). 667 (5). 504 (9). 462 ( 4 ,  206 (100) 

[M + 11+ 625 (4), 420 (10). 206 (loo), 192 (18) (30) 

'H NMR: OAc 2.01 (s), (6H), (C-12 and C-12') (30) 
CIMS: (30) 

359 PISOPOWIARIDINE C,,H4,0$r12: 610.3043 
TypeXXVII (R,R)6,7,12-6,7,12(11-11) 

MP: 184-185" (MeOH) (30) 
[ a ] ~ :  -78' (c= 1, MeOH) (30) 
UV: 209 (4.75), 226 (sh)(4.55), 288 (4.15) (30) 
'H NMR(CDCI,/CD,OD 5%): NMe 2.70, 2.73; OMe 3.39 (C-7 or C-7'). 3.47 (C-7' or C-7). 3.90 (C-12); ArH 

5.47 (H-8 or H-8'). 5.52 (H-8' or H-8). 6.27 (d, 1 H , j = 2  Hz, H-10 or H-10'). 
6.37(d, l H , j = 2 H z ,  H-10'orH-10),6.62(s.ZH, H-5andH-5'),6.91(d, lH,  
j = 8 , H z ,  H-l30rH-13'), 6.95(d, l H . j = 8 H t ,  H-13'orH-13), 7.04(dd, lH,  
j = 2 , 8 H z ,  H-140rH-14'). 7.10(dd, l H , j = 2 , 8 H ~ ,  H-14'0rH-14) (30) 

"CNMR(CDCI,+CD,ODSR): 64.5 (C-1 orC-1'),44.8(C-3), 23.3(C-4), 124.4(C-4a), 111.2(C-5), 144.3(C- 
6), 144.4 (C-7), 111.0 (C-8). 126.8 (C-Sa), 39.6 (C-a or C-a'), 131.8 (C-9), 
133.2 (C-10). 125.3(C-11), 154.0(C-12), 114.8(C-13), 129.7(C-14); 64.5 (C- 
1' or C-i), 44.8 (C-3'). 23.1 (C-4'). 124.3 (C-4'a). 114.8 (C-5'). 144.1 (C-6'), 
144.3 (C-7'), 111.0 (C-8'),  126.8 (C-s'a), 39.3 (C-a' or C-a), 130.2 (C-9'). 
134.0(C-10'), 125.5 (C-1 l'), 152.0(C-12'), 116.4 (C- 1 3 ' ~  129.7 (C-14'). 40.7 
(2-NMe and 2'-NMe), 54.6 (OMe). 54.7 (OMe). 55.7 (OMe) (30) 

CIMS: 
CD: 

[M + I]+ 61 1 (12). 420 (2 1). 192 (100) (30) 
-3.5 (289), 0 (279), + 1.5 (275). -b 1.3 (253). 0(258), - 18.3 (229), -20.9(213) (30) 

Sources: p o ~ z u p i r a u r p .  (Bl.) Endl. (Annonacm) (30) 
Derivatives: 0,O.O-Triacetylpisopowiaridine (30) 

'H NMR: OAc 2.03 (S, 3H), 2.22 (5, 3H). 2.23 (s. 3H) (30) 
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360 PlSOPOWlARINE CMHuOfi,: 624.3199 
Type XXVll ( R , R )  6,7,12-6,7,12( 11) 

MP: 187-188”(MeZCO) (30) 
[a]D: - 112” (c= 1, MeOH) (30) 
UV: 209 (4.58). 226 (sh) (4.36), 288 (3.91) (30) 
‘HNMR: NMe2.62(6H, N-2andN-2’);OMe3.42(6H, C-7andC-7’). 3.71(6H, C-12andC-12’);ArH 5.716, 

2H, H-8and H-8’), 6.52(d. 2 H , j =  2 Hz, H-loand H-IO’), 6.62 (I, 2H, H-5 d H - 5 ’ ) .  6.78(d, 2H, 
j = 8 H z ,  H-l3mdH-13’). 6.98(dd, 2 H , j = 2 ,  ~ H z ,  H-14mdH-14‘) (30) 

“C NMR: 65.0 (C-l), 45.7 (C-3), 23.9 (C-4). 125.5 (C-4a). 11 1.1 (C-5). 144.2 (C-6), 144.4 (C-7). 110.7 (C-8), 

(C-14). 65.O(C-l’). 45.7 (C-3’). 23.9 (C-4’). 125.5 (C-4’a). 111.1 (C-5’). 144.2(C-6’), 144.4(C-7’), 
110.7 (C-S’), 127.9(C-S’a), 40.6(C-a’), 131.4 (C-9‘). 133.5 (C-lo’), 126.9(NC-11’), 155.6(C-12’), 
115.0 (C-13’). 129.6 (C-M’), 41.5 (2-NMe and 2‘-NMe), 55.2, 55.8 

127.9 (C-&), 40.6 (Ca) ,  13 1.4 (C-9), 133.5 (C- lo), 126.9 (C- 11). 155.6 (C- 12). 115.0 (C-13), 129.6 

(30) 
CIMS: [M + I]+ 625 (0.9). 434 (191, 192 (100) 
CD: 
Sources: Popwizpzmarp l l  (Bl.) Endl. (Annonaceac) (30) 
Derivatives: 0,O-Diacetylpisopowiuine (piropowiuine + Ac,O/pyridine (30) 

(30) 
-5.7 (296), 0 (288). +4.7 (280). + 1.2 (255), 0 (252), -33.2 (220) (30) 

‘H NMR: OAc 2.23 (I, 6H) (30 
CIMS: [M + I]+ 709 (32). 667 (25). 476 (4). 434 (2). 234 (87). 192 (100) (30) 

361 PlSOPOWIDlNE C@H,O&,: 638.3359 
Type XXVlI ( R , R )  6.7,12-6,7,12,4 11-1 1) 

MP: Amorphous (30) 
[a]D: - 137”(r= 1.2, MeOH) (30) 
UV(ErOH): 208 (4.49). 228 (sh) (4.19). 287 (3.73) (30) 
‘H NMR: NMe2.57(N-2andN-2’);OMe3.39(C-7orC-7’), 3.52(C-7’0rC-7), 3.71(C-12orC-12’), 3.74(C- 

12‘ or c-12). 3.82 (C-6’); ArH 5.69 (H-8 or H-8’). 6.00 (H-8’ or H-8), 6.54 (d, 1 H , j =  2 Hz, H-IO), 
6.58(H-5 orH-5’), 6.65(H-S’orH-5),6.75(d, l H , j = S H t ,  H-13’), 6.81(d, 1 H , j = 2 H ~ ,  H-IO‘), 
6.85(dd, lH , j=2 ,8Hz ,H-14’ ) ,6 .90 (d ,  lH , j=8H~,H- l3 ) .7 .14 (dd ,  lH, j=2,8Hz7H-14)(& 

65.2(C-1 wC-1’), 46.0(C-3). 24.2 (c-4). 126.5 (C-4a), 111.5(C-5), 144.4(C-6), 144.7(C-7), 110.8 
(C-8). 128.4 (C-&), 41.4 (Ca0rC-a’). 131.6(C-9), 133.7 (C-IO), 127.5 (C-11). 155.8 (C-12). 115.2 

used) (30) 
‘’C NMR: 

(C-13). 129.8(C-14), 64.9(C-l’orC-l). 46.6(C-3’), 25.3 (CA’), 124.7(C-4’a), 111.2(C-5’), 146.7 
(C-6’). 147.8 (C-7’). 111.4 (C-S’), 128.5 (C-S’a), 39.9 ( C a ’  or C a ) ,  131.5 (C-9’). 132.9 (c-10’). 
127.7 (c-11‘). 155.7 (C-12’), 111.6 (C-13’). 129.9 (C-14% 42.6 (2-NMe and 2’-NMe), 55.2 
( 1  XOMe), 55.6(1xOMe), 55.9(2 XOMe), 56.0(1XOMe) (30) 

CIMS: [M + 1]+ 639 (27). 206 (60). 192 (100) 
CD: 
Sources: Popmviapisaarp (BI.) Endl. (Ann--) (30) 
Derivatives: 0-Acetylpisopowidine (pisopowidine + Ac,O/pyridim) (30) 

‘HNMR: OAc2.23 (30) 
CIMS: 

(30) 
-4.0 (294), 0 (285). +2.0 (277), 0 (248), -23.5 (218) (30) 

[M + I]+ 681 (SO), 639 (20). 476 (4). 234 (47), 206 (100). 192 (63) (30) 
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362 PISOPOWINE C4@4806N~: 652.3512 
Type XXVlI (R,R)6,7,12-6,7,12(11-11) 

MP: Amorphous (30) 
[a)D: - 152”(c=0.4, MeOH) (30) 
UV(ErOH): 209 (4.68). 228 (sh) (4.49), 288 (4.03) (30) 
‘HNMR: NMe 2.61 (6H, N-2 and N-2');OMe 3.51 (6H, C-7 andC-7’), 3.73 (6H, C-12 and C-12'); 3.83(6H,C- 

6andC-6’);ArH5.94(2H, H-8andH-8’),6.56(2H, H-SandH-5’),6.82(d, 2 H , j = 8 H z ,  H - 1 3 4  
H - I ~ ’ ) ,  6.96 (dd, 2H,]= 2, 8 Hz, H-14 and H-14’). 6.98 (d, 2 H , j =  2 Hr, H-10 and H-10’) (nOe 
used) (30) 
64.6(C-l), 46.2(C-3), 24.8(C-4), 124.8(CAa), lll.O(C-5), 146.1 (C-6). 147.3(C-7), lll.O(C-8), 
128.1 (C-8a), 39.9(C-a), 130.9(C-9), 132.4(C-10), 127.5 (C-11). 155.4(C-12), lll.O(C-I3), 129.7 
(C-14); 64.6 (C-1’). 46.2 (C-3‘). 24.8 (C4’), 124.8 (C-4‘a). 111.0 (C-5’). 146.1 (C-6’), 147.3 (C-7’), 
111.0 (C-8’), 128.1 (C-8’a), 39.9 (C-a’), 130.9 (C-9’). 132.4 (C-IO’), 127.5 (C-Ill), 155.4 (C-12‘). 
lll.O(C-l3’), 129.7 (C-14‘);42.0(2-NMeand 2‘-NMe), 55.2(2XOMe), 55.5 (4XOMe) 

[MI+ 652 (0. I), 65 1 (0.2) (observed for [M - 1]+, 65 1.3450; calculated for [M - I]+, 65 1.3434), 446 (0.2). 
445 (0.3), 206 (100). 192 (3) (30) 
-5.0 (292), 0 (280), +0.9 (275), 0 (254). -27.0 (217) 

“C NMR: 

(30) 
MS: 

CD: 
Sources: P o ~ w ~ ~ ~ J c c , z @  (BI.) Endl. (Annonaceae) (30) 
Derivatives: 

(30) 

Ceric ammonium nitrate oxidation of pisopowine followed by appropriate workup afforded 2,2’-di- 
methoxy-5,5’-diphenyldicarboxaldehyde and 6,7-dimethoxy-2-methyl- 1,2,3,4-tetrahydroisoquino- 
line (30). 

363 POPIDINE C,,H,O,N,: 624.3199 
Type1 (R,R) 6,7,11+,12-6,7,12+ 

This was isolated as a nonseparable mixture with popisidine [364] in a ratio of 2: 1 (popidine to popisidine) (30). The 
data that is reported is the data obtained for the 2: 1 mixture (30). 
MP: Amorphous (30) 
[ a ]~ :  -128”(r= I ,  MeOH) (30) 
UV(EcOH): 208, 228 (sh), 282 (30) 
‘H NMR: NMe 2.43 (N-2’). 2.49 (N-2); OMe 3.56 (C-7 or C-7’), 3.57 (C-7’ or C-7), 3.74 (6H) and 3.76 (6H)(C- 

6, C-6’, C-12‘); ArH 5.88, 6.00, 6.03, 6.08(H-5 and H-5‘); 6.4-7. I (H-8, H-8’. H-10, H-13, H-14, 
H-IO’, H-l l ’ ,  H-13’. H-14’) (30) 

CIMS: 
Sources: 
Derivatives: 

{M + I]+ 625 (6 1). 434 (4). 420 (3). 206 (100). 192 (88) (30) 
P ~ p ~ h p Z ~ o ~ l l @  (BI.) Endl. (Annonaceae) (30) 

Birch reduction ( N d ” , )  afforded (RH.-)-O-methylumepavine + (R)-(-)-6-0-ethyl-4‘-O-methyl-N- 
merhylisococlaurine + (RH- barmepavine + (RH-)-6~-ethyl-N-methylisoc~laurine (30). 

364 POPISIDINE C38H,06NZ: 624.3199 
Ty~I(R,R)6,7,11+,12-6,7,12C 
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This was isolated ar a nonseparable mixture with popidine [3631 in a ratio of 1:2 (popisidine topopidine) (30). See data 
listed for popidine I3631. 

365 POPISINE C38H4406NZ: 624.3 199 
Type 1 ( R , R )  6,7,1 I*, 12-6,7,12* 

MP: Amorphous (30) 
( a ] ~ :  - 148" (c= 1, MeOH) (30) 
UV(Et0H): 208 (4.64). 228 (sh)(4.36), 285 (3.91) (30) 
'H NMR: NMe 2.44 (N-2'), 2.48 (N-2); OMe 3.57 (C-7), 3.80 (9H, C-6, C-6'. C-12); ArH 5.98 (H-8 or H-8'), 

1HJ= 2 Hz, H-10). 6.80(d, 1HJ= 8Hz, H-13). 6.80(d, 2H, H-11'andH-13'). 6.98(d, 2H, H-10' 
and H-14') (30) 

6.08 (H-8' or H-8), 6.48 (H-5 Or H-5'). 6.52 (H-5' Of H-5). 6.67 (dd, lH,J = 2, 8 Hz, H-14). 6.79(d, 

CIMS: 
CD: 
Sources: 
Derivatives: 0-Acetylpopisine (30) 

CIMS: 
0-Ethylpapisine (30) (popisine + MeCHN,) 
'H NMR: 
Birch reduction (NdNH,) afforded ( R H -  )-O-methylarmepavine and (RH-)-7-O-ethylarmepavine (30). 

IM + 1]+ 625 (5 I), 434 (21). 420 (25), 206 (100), 192 (77) (30) 
-6.2 (290), 0 (275), +0.6 (252). 0 (248). -24.2 (226), -33.2 (212) (30) 

PopmuirrprJocnrpa (BI.) Endl. (Annonacm) (30) 

fM + 11' 667 (5 l), 625 (7). 476 (7), 234 (57). 206 (100). 192 (24) (30) 
(30) 

OEc 1.33 (t, Me) and 3.85 (q, CH,) (30) 

366 POPISONINE 
Type I ( R , R )  6,7,11*, 12-6,7,12* 

MP: Amorphous (30) 
[a]~: -118"(c= 1, MeOH) (30) 
UV(Et0H): 208 (4.66), 229 (sh)(4.44), 286 (3.93) (30) 
'H NMR: NMe 2.48 (N-2'). 2.54 (N-2); OMe 3.58 (6H) (C-7 and C-7'), 3.82 (C-12); ArH 5.98 (H-8 or H-8'), 

6.00(H-8'orH-8), 6.47(H-5orH-5'), 6.53(d, lH , J=2Hr ,  H-10). 6.56(H-5'orH-5). 6.56(d, 2H, 
H-ll'andH-13'),6.77(dd, 1H,J=2,8Hz,  H-14), 6.85(d, lH,J=8Hz,H-13),  6.97(d, 2H,H-10' 
andH-14') (30) 
64.4 (C-1). 46.0 (C-3), 24.4 (C-4), 125.8 (CAa), 114.6 (C-5). 144.1 (C-6), 144.4 (C-7). 110.6 (C-8), 
127.2 (C-8a), 39.9(C-a), 132.5 (C-9), 116.6(C-10), 144.3(C-11), 149.3 (C-12), 116.6(C-13), 125.6 
(C-14). 64.4 (C-l'), 46.2 (C-37, 24.4 (C-4'). 125.6 (C-4'a). 114.6 (C-5'), 144.1 (C-6'). 144.4 (C-7'). 
110.6 (C-8'), 127.2 (C-8'a). 39.9 (C-a'), 133.4 (C-9'). 130.5 (C-10'), 112.3 (C-ll'), 155.8 (c-12'), 
l21.9(C-13'), 130.5(C-14'), 41.8(2-NMeand2'-NMe), 55.2(2XOMe), 55.8(1 XOMe) 

"C NMR: 

(30) 
CIMS: 
CD: 
Sources: 
Derivatives: 

IM + 1]+ 611 (54). 420(12), 192 (100). 177 (5) 

P ~ p o w i a p t ~ o ~ l l p ~  (BI.) Endl. (Annonaceae) (30) 

(30) 
- 1.5 (298). 0 (292), 4-3.7 (282). 4-2.7 (254), 0 (247), - 13.2 (230), - 12.5 (222) (30) 

Birch reduction (Na/",) of 0,Odiethylpopisonim afforded ( R H -  )-6-O-erhyl-4'-O-methyl-N-methyl- 
isococlaurine + ( R H -  )-6-O-ethyl-N-methyli~woclaurine (30). 
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MP: Amorphous (30) 
[a]D: 
UV(Et0H): 208 (4.65), 228 (sh) (4.37), 286 (3.92) (30) 
‘H NMR: 

- 119’ ( c =  I ,  MeOH) 

NMe 2.44 (N-2‘), 2.48(N-2);OMe 3.56(C-7). 3.80(6H, C-6’ and ‘2-12); ArH 6.05 (H-8orH-8’). 6.28 
(H-8’orH-8). 6.42(H-50rH-5’), 6.50(H-5‘orH-5), 6.56(d, 1 H , j = 2  Hz, H-lo), 6.74(d, 2H, H- 
ll’andH-13‘),6.76(dd, lH,]=2,8Hz,H-14) ,6 .83(d,  lH,j=8Hz,H-13),7.01(d,2H,H-10‘ 
and H-14‘) (30) 

CIMS: 
CD: 
Sources: 
Derivatives: 

[M + 1]+ 61 1 (7 l), 420 (19). 192 (100) (30) 
-4.4 (290), 0 (277). + 1.7 (251), 0 (246), -19.7 (227), -25.4 (213) (30) 

Popmuiapirocarpa (BI.) Endl. (Annonaceae) (30) 
Birch reduction @la/”,) of 0,Odiethylpopiwpine afforded (R)-(-)-6-0-ethyl-4’-O-methyl-N- 
rnethylisococlaurine + (RH -)-7-O-ethyl-N-methylcoclaurine (30). 

368 PSEUDOXANDRINE C37H3807N2: 622.2679 
TypeIV(S,S)6,7,8*,12-6,7+,12(11-11) 

‘H NMR: 

13C NMR: 

MP: Amorphous (80) 

W(Et0H): 
IR(6lm): 

[U]D: + 2 3 ” ( ~ =  1.13, CHCl,) (80) 
208 (4.78). 282 (3.94) (80); (EtOH + NaOH) 222 (4.96), 300 (4.24) (80) 

3340, 1680, 1605, 1510, 1460, 1305, 1270, 1240, 1120 (80) 
NMe 2.27 (N-2‘), 2.39 (N-2); OMe 3.63 (C-6’). 3.85 (C-6), 3.86(C-l2’);AIH 4.05 (d, H-1’), 4.25 (s, 
H-1); ArH6.42 (H-5). 6.66(H-5’), 6.73 (d, l H , J = 2 H z ,  H-10). 6.85 (d, 1H,J=8.5 Hz, H-13’). 
6.95 (d, 1H,J=8.5 Hz, H-13), 6.96(d, lH,]=2Hz, H-lo’), 7.14(H-8’), 7.20(dd, 1H,]=2, 8.5 
Hz, H-14’), 7.36 (dd, 1H,]= 2, 8 .5  Hz, H-14) (nOe used) (80) 
84.4 (c-I), 52.0 (c-3), 35.2 (C-4), 121.9 (CAa), 106.1 (C-S), 145.8 (C-6), 134.3 (C-7), 141.5 (C-8). 
124.O(C-8a), 205.1 (C-a), 136.4 (C-9), 131.4(C-lOorC-l4orC-14’), 131.6(C-llorC-l1’), 153.1 

4’a), 114.1 (C-5’), 151.2 (C-67, 143.3 (C-77, 120.8 (C-8‘), 126.7 (C-8‘a), 39.5 (C-a’), 135.8 (C-9’). 

42.6(2-NMeand2‘-NMe), 43.1 (2‘-NMeor2-NMe), 55.9(6-OMe), 56.2(6-OMeor 12’-OMe), 56.2 
(12’-OMe or 6-OMe) (80) 

(C-12). 110.9(C-13), 129.5 (C-140rC-10f), 0rC-14’), 63.O(C-l’), 45.2(C-3’), 22.6(C-4‘), 127.6(C- 

133.6 (C-lo’), 130.4 (C-11’ Or C-11). 153.9 (C-12’), 117.5 (C-13’), 130.9 (C-14’ or C-10 0rC-14), 

EIMS: 

CIMS: [M+ 11+ 623 (80) 
CD: 
Sources: 
Derivatives: 0,O-Diacetylpseudoxdrine (pseudoxandrine + AcJpyridine (80) 

[w+ 622 (loo), 621 (80), 607 (18), 593 (14), 382 (3), 381 (8) ,  367 (4), 311 (11), 192 (8)7 191.5 191 
(30), 190 (9), 175 (4), 174 (3) (80) 

0 (295), +5 (sh) (277), +35.6 (242), 0 (228). -47 (218) (80) 
Pieuhwndra &. l&aL (Annonaceae) (80) 

[UlD: +47’(c= 0.53, CHCI,) (80) 
W(EtOH): 212 (4.75), 281 (3.92) (80) 
IR(6lm): 1760, 1685, 1610, 1500 (80) 
‘H NMR: 

EMS: 

CIMS: [M + 11+ 707 (80) 
0,O-Dimethylpseudoxandrine (pseudoxandrine + CH,N,) (80) 
[a]D: +6” (r= 0.66, CHCI,) (80) 
W(EtOH): 210 (4.70), 286 (3.95) (80) 

NMe 2.28 (N-27, 2.72 (N-2); OAc 1.75 (C-7). 2.12 (C-12); OMe 3.62 (C-6’), 3.68 (C- 

[MI+ 706 (100). 705 (55), 691 (13), 664 (28), 663 (34). 649 (19), 622 (3), 621 (8), 423 (2), 
381 (4). 368 (2), 206 (3), 204 ( 3 ,  191 (34), 175 (4) 

12‘). 3.83(C-6);AIH4.29(~,H-l);ArH6.50(H-5), 6.71(H-5’), 6.59-7.30(7H) (80) 

(80) 
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IR(hlm): 1680, 1605 (80) 
'HNMR: NMe2.29(N-2'), 2.39(N-2);OMe 3.52(C-7), 3.56(C-6'), 3.73(C-6orC-12orC-12'), 

7.96 (9H) (80) 
3.79(C-I2' o~C-12 orC-6), 3.84 (C-12 OCC-12' 0rC-6); "4.25 ( lH,  H-l);ArH 6.02- 

EIMS: [~+650(100),649(89),635(61),621(21),607(10), 395(10), 382(12), 381(17), 368(5), 
354(7), 325(26), 311(15), 206(98), 198.5(17), 198(67), 192(14), 191(15), 190(27), 174 
(27), 174(21) (80) 

Dihydrodimethylpseudoxandrine (0,Odimethylpwudoxandrine + NaBH,MeOH) (80) 
IR(fi1m): 1605, 1585. 1500 (80) 
CIMS: 
Reduction (WHCI) afforded two isomeric products, one of which was tiliageine [z;rl(80). 

[M + I]+ 653, 652, 639,621, 395, 369, 206 (80) 

369 PSEUDOXANDRININE C38H4007N2: 636.2836 
TypeIV (S,S)6,7,8*,12-6,7',12(11-11) 

MP: Amorphous(80) 

uV(EtOH): 
IR(fi1m): 
'H NMR: 

[U]D: +7 ' (~=0 .7 ,  CHCI,) (80) 
208 (4.4), 224 (sh) (4.34), 280 (3.80); (EtOH + NaOH) 220 (4.90), 296 (4.33) (80) 

3340, 1675, 1600, 1500, 1270, 1230, 1120, 1070, 1020 (80) 
NMe2.26(N-2'), 2.37(N-2);OMe 3.55(C-7), 3.56(C-6'), 3.82(C-6), 3.85(C-l2');AIH4.16(H-l'), 
4.24(H-l);ArH6.42(H-5), 6.65(H-5'), 6.66(d, IH , j=2Hz ,H- l0 ) ,6 .86 (d ,  l H , j = 8 . 5 H z ,  H- 
13'), 6.93(d, 1 ~ , j = 8 . 5  Hz, H-13),6.98(d, I H , j = Z H z ,  H-lO'), 7.20(H-8'), 7 .26W. W J , = 2 .  
8.5 Hz, H-14'), 7.36(dd, 1 H , j = 2 ,  8.5 Hz, H-I4)(nOeuud) (80) 

EIMS: 

C D  0(362), -2.9(341), O(313). +2.9(296), +19(249), O(232). 21.7(219) (80) 
Sources: PJcudourndra afT. IuriaL (Annomeae) (80) 
Derivatives: 0-Merhylpseudoxandrinine (0,Odimethylpseudoxndrine) (pseudoxandrinine + CH2N2) (80) 

[MI+ 636 (100). 635 (85), 621 (28). 607 (12), 593 (6). 411 (2). 3% (I) ,  395 (2), 381 (5). 367 (1). 365 (9), 
198.5 (5). 198 (19). 191 (3). 175 (6), 174 (6) (80) 

[a]~: +6"(r=0.66, CHCI,) (80) 
UV(EtOH): 210 (4.70), 286 (3.95) (80) 
IR(h1m): 1680, 1605 (80) 
'H NMR: NMe 2.29(N-2'), 2.39(N-2); OMe 3.52(C-7), 3.56(C-6'), 3.73(C-6orC-12orC-12'), 

3.79 (C- 12' or C-12 or C-6). 3.84 (C- 12 or C- 12' or C-6); AIH 4.25 (IH, H-1); ArH 6.02- 
7.96 (9H) (80) 

[MI+ 650(100),649(89),635(61),621(21),607(10), 395(10), 382(12), 381(17), 368(5), 

(27). 174 (21) (80) 

EIMS: 
354(7), 325(26), 311(15). 206(98), 198.5(17). 198(67), 192(W, 191(15), 190(27). 175 

370 PYCNAWNTHINE~ CHH,O,N,: 562.2104 
Type VI ( R , - )  6,7*, 1 I + ,  12-6,7,8*, 12+ 

[U)D: +186" ( r X 0 . 2 9 ,  McOH) (38) 
UV: 230(4.80). 284(sh)(4.12), 318(sh)(3.80) (38);(MeOH +OH-)267,290, 364 (38);(MeOH+H+)265, 

hA possible, but less likely srmcture, could be one with a 6-hydroxy. 12-merhoxy arrangement (38). 
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‘H NMR(pyridine-dd: 

MS: 
Sources: P y d  ozantba Diels (Menispermaceae) (38) 
Derivatives: N,O,O-Trimethylpycnazanthirx (pycnazanthine + CHzNz follo~ed by CH,O/NaBH,) (38) 

OMe 3.73, 3.87; AIH 4.80 (d, IH, J =  13.4 Hz, H a ) ,  5.75 (d, 1H, 13.4 Hz, 
H a )  (38) 

[MI+ 562 (loo), 561 (37). 543 (23), 528 (39), 281 (9). 178 (19). 174 (13) (38) 

[a]~: + 125”(r=O. 15, CHCI,) (38) 
uv: 238 (sh) (4.60). 289 (3.78). 317 (3.72) (38); (MeOH + OH-) unchanged (38); (MeOH + H+)  
258, 300, 365 (38) 
‘H NMR: NMe 2.53 (N-2); OMe 3.5 1 (C-7), 3.85 (C-12), 3.98 (C-6 or C-6’). 4.01 (C-6’ or C-6); 

AIH3,58(brs, lH,H-l) ,4 .52(d,  lH , J=14Hz ,Ha) ,5 ,29 (d ,  lH,J=14Hz,H-a) ;  
ArH5.98(H-8), 6.53(H-5),6.98(H-5’), 6.4-7.4(m, 6H), 7.46(d, IH , J=6Hz ,  H- 

[MI+ 604 (100). 603 (751, 590 (1 I ) ,  589 ( 3 2 ~  302 ( 1  I ) ,  206 (4). 190 (5), 189 (3), 188 (3). 174 
(23) (38) 

4‘). 8.48 (d, 1H, J=6  Hz, H-3’) (38) 
MS: 

371 SIDDIQUAMINE C,,H,,06N2: 574.2104 
YypeXXliIa(S,-) 5,6,78.8+,12X-6~,7+,llX,12 

OH 
I 

H 

[ a ] ” ~ :  +113”(c=0.08, CHCI,) (33) 
UV: 233 (4.63). 267 (sh) (4.32), 355 (3.63) (33) 
‘HNMR: NMe2.61(N-2);OMe3.90(C-12’), 4.05(C-6);AIH4.10(H-l), 4.10(d, 1HJ= 13Hz, H-a’,),4.39 

(d, 1HJ= 13Hz,H-a’,);ArH6.68(dd, lHJ=2 .2 ,8 .2Hz ,H- l l ) , 6 .74 (d ,  lH,J=1.8Hz,H-10’), 
6.85(d, I H , J = 8 . 2 H z , H - l 3 ’ ) , 6 . 9 7 ( d d ,  l H , j = 2 . 2 , 8 . 2 H z ,  H-10),7.11(H-8‘),7.12(dd, lH,  
J=1.8,8.2Hr,H-14’),7.17(H-5’),7.24(dd, IH,J=2 .2 ,8 .2Hz ,H-13) ,7 .24 (d ,  IH,J=5.5Hz, 
H-4‘),7.46(dd, lH , J=2 .2 ,  8.2Hz,H-14),8.24(d,  IH,J=5.5Hz, H-3’)(nOeused) (33) 

MS: 
Sources: C~cu~uspndvIus (Forsk.) Diels (Menispermaceae) (33) 

[MI+ 574 (86), 573 (100). 559 (10). 544 (5), 287 (17), 279 (10) (33) 

372 SlDDlQUINE C34H2806Nz: 560.1947 
Type XXIIla (S,-) 5,6,7C,8+.12*-68,7+, l lX,12 

OH 

Me H 

HO 

[ a ] ” ~ :  + 172’(r= 0.12, CHCI,) (33) 
UV: 232 (4.70), 267 (sh) (4.39). 355 (3.68) (33) 
‘HNMR: NMe2.61(N-2);OMe4.02(C-6);AIH4.10(H-l),4.11(d, 1HJ= 13Hz, H-a’,),4.35(d, 1H,J= 13 

Hz, H-a‘,); ArH 6.65 (dd, 1H,J=2.2,  8.2 Hz, H-11). 6.70(d, lH , J=  1.8 Hz, H-10’). 6.86(d, lH,  
J = 8 . 2 H ~ , H - 1 3 ‘ ) ,  7.00(dd, I H , J = 2 . 2 , 8 . 2 H ~ , H - I O ) , 7 . 0 5 ( d d ,  1HJ= 1.8,8.2H~,H-14’),7.06 
(H-8’). 7.14 (H-5’). 7.22 (d, 1H,J=5.6 Hz, H-4’). 7.24 (dd, 1H,J= 2.2, 8.2 Hz, H-13), 7.46(dd. 
lH,J=2.2,8.2Hz,H-14) ,  8.23(d, lH,J=5.6Hz,  H-3’)(nOeused) (33) 

MS: [MI+ 560(79), 559(100), 545 (IO), 530(18), 280(13) (33) 
Sources: C O C C U ~ U ~ ~ ~ ~ ~ I U J  (Fonk.) Diels (Menispermaceae) (33) 
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C,,H,,O,N,: 574.2104 373 STEPHASUBIMINE 
TypeV1(-,-)6,7*,11+,12-6,7,8*,12+ 

N\ 

\ 0 \ 
OMe 

MP: Amorphous (2 1) 
YV: 242 (4.64), 281 (3.91), 323(3.70)(21);(MeOH+H+)264(4.57), 307(4.02), 362(3.92), 368(3.91) (21) 

OMe 3.87 (C-12). 4.02 (C-6), 4.11 (C-6’); AlH 2.47 (m, 2H, HA), 3.11 (rn, lH,  H-3). 3.33 (d, IH, 
J=12Hz,H-a) ,3 ,63(d,  lH , J=12Hz ,Hu) ,3 .81 (m,  lH,H-3),4.54(d,  lH,J=14.1Hz,H-a’),  
4.54(d, 1H,J= 14.1Hz, H-a’);ArH5.37(d, 1HJ= l.8Hz,H-10),6.42(dd, lH,J=2,8.4Hz,H- 

6,82(dd, lH , J=  1.8,8.2Hz,H-14),6.96(H-5’),6.97(dd, 1H,J=2,8.4Hz,H-10’),7.10(dd, lH ,  
J = 2 ,  8.4Hz) (21) 

H NMR: 

13’), 6.50(H-5), 6.74(d, lH,J=8.2Hz,  H-l3),6.75(dd, 1H,J=2,  8.4H2, H-11’). 6.81(H-8), 

MS: [MI+ 574 (100). 559 (24), 206 (43), 192 ( I O )  
Sources: Stepbunla r i l h ~ a  Forman (Menispermaceae) (2 1)  
Derivatives: 

(21) 

Norstephasubine (3401 (stephasubine + NaBH4) (tlc, ’H nmr, ms) (2 1) 

374 STEPHASUBINE C36H3406Nz: 590.24 17 
TypeVI(R,-)6,7‘,11+,12-6,7,8*,12+ 

MP: Amorphous (21) 
[a)D: +339“(~=0.09,  MeOH) (21) 
UV: 

‘HNMR: 

240 (4.56), 287 (3.61). 337 (3.43); (MeOH + H+) 235 (4.35), 264 (4.41), 290 (sh) (3.69), 321 (3.39), 368 

NMe 2.51 (N-2);OMe 3.88(C-12), 4.07(s, 6H, C-6andC-6’);AIH 2.18(m, 1H, HA), 2.25 (m, lH,  
H-a), 2.27 (m, lH,  HA), 2.35 (m, lH,  H-3), 2.72 (m, lH,  H-3). 2.97(m, lH, H a ) ,  3.56(m, 1H, H- 
1),4.52(d, lH,J= 13.8Hz,H-a‘), 5.37(d, 1HJ= 13.8H2, H-a’);ArH4.79(brs,H-10), 5.99(H- 

2H,H-13andH-14),7.01(H-5‘),7.03(dd, IH,J=2,8.4Hz,H-10’) ,7 .43(dd,  lH,J=2,8.4Hr,  H- 
14’), 7.48(d, lH,]=5.6Hz,H-4’), 8.45(d, 1H,J=5.6Hz,  H-3’)(nOeused) 

(3.48), 374 (3.48) (21) 

8), 6.49(dd, 1H,J=2,  8.4H2, H-13’),6.56(H-5),6.65(dd, I H , J = 2 , 8 . 4 H ~ , H - l l ’ ) , 6 . 7 1 ( b r s ,  

(21) 
MS: 
CD: 0 (270). +64 (245), +4sh (218), negative tail (21) 
Sources: Stcphania J W ~ U  Forman (Menisperrnaceae) (2 1) 

[MI+ 590 (76), 589 (loo), 575 (26), 295 (18), 190 (5). 174 (24), 145 (13), 144 (13) (21) 

375 STEPHIBABERINE C,,H4,06N,: 608.2886 
TypeVI(R,S)6,7*,11+,12-6,7,8*,12+ 

[aID: +207°(r=0.17, CHC1,) (64) 
UV: 
‘HNMR: 

241 (sh) (4.36). 283 (4.00) (64); (MeOH +OH-) 243 (sh), 285 (64) 
NMe2.59(N-2), 2.67(N-2’);OMe3.26(C-7‘). 3.61(C-6). 3.90(C-12);AIH3.75(m, lH,  H-l), 4.26 
(m, lH, H-l’);ArH5.46(brs, IH,H-lO),6.37(H-5),6.46(H-5’),6.45(dd, lH,J=2.1,8.4Hz,H- 
1 l’), 6.7 1 (H-8), 6.79 (br s, 2H, H- 13 and H- 14), 6.87 (dd, 1H.J = 2.1.8.4 Hz, H-13‘). 6.9 1 (dd, IH, 

J=2 .1 ,8 .4Hz ,H-10’ ) ,7 .44 (dd ,  lH , j=2 .1 ,8 .4Hz ,H- I4 ’ )  (64) 
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376 STEPIERRINE C35H3206N2: 576.2260 
Type VI11 (-J) 6,7,8*,11+,12-6,7*, 12+ 

OH 

[a]D: +55”(r=O. 10, CHCI,) (64) 
uv: 239(sh)(4.49), 278(3.97), 331(3.69)(64);(MeOH+OH-)264,290(sh)(64);(MeOH+H+)230(sh), 263, 

287 (sh), 321, 371 (64) 
‘H NMR: NMe 2.66 (N-2‘); OMe 3.38 (C-7‘). 3.90 (C-7); AIH 4.14 (d, 1 H , j =  12.8 Hz, H a , ) ,  4.96 (d, lH, 

/ =  12.8 Hz. H a , ) ;  ArH 6.00(H-8’), 6.55 (H-5’), 6.75 (H-S), 6.77 (d, IH,J= 1.7 Hz, H-lo), 6.78 
(dd, 1 H , j =  1.7, 8.3 Hz, H-14). 6.85 (d, 1H,J=8.3 Hz, H-13). 7.04(dd9 1 H , l = 2 . 3 ,  8 .1  Hz, H- 
1 I’), 7.13 (dd, 1 H , j =  2.3, 8 .1  Hz, H-IO’), 7.21 (dd, 1 H , j =  2.3, 8.1 Hz, H-13’), 7.32 (d, l H , j =  
5.6 Hz, HA), 7.53 (dd, 1 H , j = 2 . 3 ,  8 .1  Hz, H-14’), 8.33 (d, l H , j =  5.6 Hz, H-3) 

[MI+ 576 (21) (hrms, found 576.2266), 575 (100). 288 (13). 192 (21), 191 (8)- 190 (13A 177 (14). 174 
(32) (64) 

(64) 
MS: 

Sources: Stcphrmrapimii Diels (Menisperrnaceae) (64) 

377 THALIDASINE-2a-N-OXIDE C,,H440,N,: 668.3098 
TypeXII(S,S)6,7,8*,11+,12-5*,6,7,12+ 

MP: Amorphous (4 1) 
[a]D: +6°(c=0.15, M d H )  (41) 
‘H NMR: NMe 2.62 (N-2‘). 3.05 (N-2’); OMe 3.20(C-7), 3.41 (C-6’), 3.76(C-6), 3.85 (C-7‘), 3.90(C-12); AIH 

2.62(m, 2H, H-amdH-a ’ ) ,  3.18(rn, IH, H-a’), 3.85(rn, IH,H-@, 3.89(m, lH,H-l’) ,4.88(rn,  
IH, H-l);ArH6.39(H-5),6.44(H-8’),6.20(dd, l H , j = 2 . 0 , 8 . 2 H z , H - 1 0 ‘ ) , 6 . 2 7 ( d d ,  1H, j=2 .0 ,  
8 .2Hz ,H- l l ’ ) , 6 .62 (d ,  I H , j = 1 . 8 H z , H - 1 0 ) , 6 . 6 8 ( d d ,  1 H , j = 1 . 8 , 8 . 0 H z , H - 1 4 ) , 6 . 8 1 ( d ,  IH, 
j=8.0Hz,H-13) ,7 .04(dd,  l H , j = 2 . 0 , 8 . 2 H z , H - 1 3 ’ ) , 7 . 4 4 ( d d .  lH,j=2.0,8.2Hz,H-l4‘)(nOe 
used) (41) 

MS: [MI+ 668 (3). 667 (6). 666 (12), 652 (70). 637 (25), 425 (69), 4 I 1  (86), 2 13 (100). 206 (58). 204 (59), 190 
(89). 176(18), 174(21) (41) 

Sources: Thalirirum cultraturn Wall. (Ranunculaceae) (4 1) 

378 THhLIGOSINE-2p-N-OXIDE (Thalisopine-2f3-N-oxide) C,,H4,0,N2: 654.2941 
TypeVII(S,S)5,6,7,8*,12+-6,7*,11+.12 

OH 
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MP: Amorphous (4 1) 
[a]~: -59”(r=0.13, MeOH) (41) 
’H NMR: NMe 2.61 (N-2). 3.46(N-2’); OMe 3.06(C-7), 3.45 (C-6’). 3.83 (C-6), 3.%(C-12’);AIH4.42 (m, 1H. 

H-l),4.81(m, IH,H-l’);ArH6.36(H-8’),6.51(H-5’),6.57(d, lH,/=1.8Hz,H-10’) ,6 .83(brs,  
2H,H-IOandH-l l ) ,6 .98(d,  IH, /=8 .2Hz ,H-13’ ) ,7 .05 (dd ,  IH, /=1 .8 ,8 .2Hz,H-14‘) ,7 .11  
(dd, 1H,/=2.1, 8.1 Hz, H-13), 7.50(dd, 1H,/= 2.1, 8.1 Hz, H-14) (nOe used) (41) 

MS: [MJ+654(2),653(8), 652(18),651(21),638(47),637(39),624(13),623(21),425(5),411(100), 397(79), 
206(57), 192 (54). 191 (15). 190(21), 176 (20) (41) 

Sources: Thalinrum rulfrufum Wall. (Ranunculaceae) (4 1) 

379 THALlPHYLLINE-2’&N-OXIDE C3,Hm07N2: 624.2836 
Type XI (S,S) 6,7,8*, 11+, 12-6*,7,12+ 

MP: Amorphous (41) 
[a]D: +257’(r=0.7, MeOH) (41) 
‘H NMR: NMe 2.07 (N-2), 3.26(N-2’); OMe3.60(C-7’). 3.90(C-6), 3.93 (C-12);AIH 2.61 (m, IH, Ha), 2.95 

(m, IH, H a ’ ) ,  3.20(m, 2H, H-aandH-l),4.02(m, lH,H-a’),4.63(m, 1H,H-I1);ArH5.83(H- 
S I ) ,  6.21 (H-5’), 6.26 (dd, lH, /=2.1,8.0 Hz, H-IO‘), 6.58 (H-S), 6.58(d, 1H,/= 1, 8 Hz, H-lO), 
6.64(dd, lH , j=2 .1 ,8 .0Hz ,  H-ll’),6.77(dd, 1HJ= 1.8,8.2Hz,H-14),6.86(d, 1H, /=8 .2 f i9  

[MI+ 624 (3), 623 (9). 622(22), 608(43). 607 (3 I ) ,  594 (6), 381 (87). 367 (20). 192 (24), 191 (100). 190(33), 
176 (28). 174 (39) (41) 

H-13), 7.22(dd, lH, /=2.1,8.0Hz,  H-13’). 7.33(dd, IH , /=2 .1 ,8 .0H~,  H-14’ ) (nOeud  (41) 
MS: 

Sources: Thalinrum ruftratum Wall. (Ranunculaceae) (41) 

380 THALlVARMINE 
Type XI (SJ) 6,7,8*.11+.12-6°,7,12+ 

CsH,06N,: 594.2730 

TLC: (Si gel) 0.23 [toluene-Me,CO-NH40H (IO: 10:0.5)]; 0.12 [CHCI,-MeOH (9: I)]; 0.26 [CHCI,-MeOH- 
NHIOH (90: 10:0.2)]; 0.26 [ErOAc-iPrOH-”,OH (80: 15:5)1 (IO) 

UV(EtOH): 277 (IO); (ErOH + NaOH) 292 (IO) 
‘H NMR: NMe2.09(N-2), 2.55(N-2’);OMe3.63(C-7‘), 3.89(C-6);ArH6.03(H-S’), 6.11(H-5’), 6.27(d, IH, 

/ =  1.8Hr, H-10);6.53(H-5),6.63(dd, IH,/= 1.8,8.0Hz,H-14),6.68(dd, 1H./=2.0,8.0Hz,H- 
10’),6,74(dd, IH,/-2.0, 8.OHz, H-11’),6.80(d, lH,/=8.0Hz,H-13) ,7 .02(dd,  lH,/=2.0,8.2 
Hz, H-l3’),7,22(dd, l H , / = 2 . 0 . 8 . 2 H ~ .  H-14‘) (IO) 

[MI’ 594 ( IS ) ,  593 (41), 592 (23). 382 (23). 381 (87). 191.5 (20). 191 (100). 176 (18). 174 (24). 168 
(13) (10) 

MS: 

Sources: Thalirtrum minw L. var. mintt~ (Ranunculaceae) ( 10) 
Derivatives: 0-Methylthalicberine [951 (thalivarmine + CH,N,) (tlc) (IO) 
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381 THALMICULATIMINE CSHs06NZ: 592.2573 
TypeXIV(S,-) 6,7~,11+,12-5',6,7,12+ 

MP: Amorphous (24) 
[a]D: +7.5"(c=0.093, MeOH) (24) 
UV: 
'H NMR: 

280 (4.02); (MeOH + H+) 237 (sh)(4.38), 285 (4.01) (24) 
NMe 2.17 (N-2); OMe 3.76 (C-6'). 3.90 (C-7'). 3.94 (C-6); AIH 3.09 (m, 1H, H-1); A H  5.58 (H-8). 
5.81 (d, 1 H , j = 2  Hz, H-10). 6.73 (dd, 1 H , j = 2 ,  8.2H2, H-14). 6.79(d, 1H,j=8.2Hz),  7.02(d, 
2H,]=8Hz, H-ll'andH-13'), 7.40(d, 2 H , j = 8 H z ,  H-10'andH-14') 

(24) 
(24) 

MS: 
C D  
Sources: 
Derivatives: 

[MI+ 592 (72), 591 (loo), 397 (5). 296 (11), 273 (4) 
0 (330). -6.5 (302). 0 (294), +7.5 (278). O(267). - 10.5 (245). positive tail below 238 nm (24) 

Thlirtnn cultraturn Wall. (Ranunculaceae) (24) 
2'-Northalictine (thalmiculatimine + NaBH4) (24) 
[a]D: -54" (c=O.  1, MeOH) (24) 
UV: 237 (sh) (4.33). 284 (3.90) (24) 
'H NMR: NMe 2.19 (N-2); OMe 3.73 (C-6'1, 3.91 (C-6 or C-79, 3.92 (C-7' or C-6); AIH 4.46 (m, 

lH, H-l');ArH5.85(H-8), 6.04(d, l H , j = Z H z ,  H-10),6.63(H-5),6.74(d, 1HJ=2  
Hz, H-14),6.84(dd,2H,j=2,8.2H~,H-8'andH-13),6.95(d,2H,j=8H~,H-ll' 
andH-13'), 7.37 (d, 2 H , j = 8  Hz, H-10' and H-14') (24) 

MS: 
CD: 

Thalictine [ lo7  (thalmiculatimine + NaBH, followed by CH,O + NaBH4) 

[MI+ 594 (52), 593 (77), 592 (78), 591 (loo), 395 (17). 381 (47). 365 (24), 191 (38) 
0 (300), +2.4 (291), 0 (288). -3.3 (281), 0 (268). 0 (258). + 14.5 (2401, negative tail below 
230 nm (24) 

(24) 

(24) 

382 THALMICULIMINE C,,H,,O,N,: 622.2679 
TypeXIVa'(S,-) 5,6,7+,11+,12-5',6,7,12+ 

Mc0 

MP: Amorphous (24) 
[Q]D: -5" (r = 0.09, MeOH) (24) 
UV: 
'H NMR: 

274 (3.97); (MeOH + H+) 237 (sh) (4.40), 284 (3.93) (24) 
NMe 2.16(N-2);OMe3.69(C-6'), 3.92(6H, C-7'andC-12),4.07(C-6);AIH 3.04(m, IH, H-1);ArH 
5.17 (H-8), 5.84(d, 1 H , j = 2  Hz, H-lo), 6.75 (dd, l H , j = 2 , 8 . 2  Hz, H-14), 6.81 (dd, 1H3J=8 .2  
Hz, H-13), 7.04 (d, 2 H , j = 8  Hz, H-11' and H-13'), 7.06(H-8'). 7.38(d3 2 H , j = 8  Hz, H-10' a d  
H-14') (24) 

MS: [M]+622(86),621(100),607(44), 591(16), 561(18), 311(18). 288(10) (24) 
CD: 
Sources: TMimmm cultraturn Wall. (Ranunculxeae) (24) 
Derivatives: 2'-Northalmiculine (thalmiculimine + NaBH4) (24) 

0(330), -5.4 (302), 0 (289). +7.4 (278). 0 (269). - 12 (245). positive tail below 235 nm (24) 

MP: Amorphous (24) 
(a)D: -44'(c= 0.1, MeOH) (24) 
UV: 236 (sh) (4.33). 281 (3.63) (24) 
'H NMR: NMe 2.26 (N-2); OMe 3.69 (C-6'), 3.93 (C-7'), 3.95 (C-12). 4.05 (C-6); AIH 3.30 (m, 

'This is a new class that supplements Class XIV as presented in the review of Guha et al. (1). 
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lH,H-l) ,4 ,50(m, lH,  H-lf);ArH5.46(H-8),6.12(d, IH,J=2Hz,H-I0),6.81(dd, 
IH,J=2,8.2Hz,H-14) ,6 .85(d,  1H,j=8.2Hz,H-13),6.99(H-11’andH-13’),7.35 
(H- 10’ and H- 14’) (24) 

MS: 
CD: 
Thalmiculine [383] (thalmiculimine + NaBH4 followed by CH20 + NaBH4) 

[MI+ 624 (72). 623 (100). 397 (57), 383 (49). 199 (71). 176 (64) 
0(300),  -7 (281). 0 (268), 0 (255). +23.5 (238). negative tail below 225 nm 

(24) 
(24) 

(24) 

383 THALMICULINE 
Type XIVa’ 0 ,s )  5,6,7*, 1 I + ,  12-5*,6,7,12+ 

C3,H4,07N2: 638.2992 

MP: Amorphous (24) 
[a]~: -35’(r=2.2, MeOH) (24) 
UV: 235 (sh) (4.28). 281 (3.58) (24) 
‘HNMR: NMe2.18(N-2), 2.67(N-2’);OMe3.63(C-6‘), 3.9O(C-7’). 3.93(C-12),4.05(C-6);AIH3.22(m, lH, 

H-I), 3.64(m, lH,H-l’);ArH5.45(H-8),6.09(d, lH,J=2Hz,H-10),6.75(dd, lH,J=2,8.2Hz,  
H-14). 6.80(d, 1H,J=8.2Hz, H-13), 6.81(H-8’), 6.95(brs, IH, H-Il‘andH-l3’), 7.30(brhump, 
2H, H-10’ and H-14‘) (24) 

MS: 
CD: 
Sources: Thrrlimufi, cultruturn Wall. (Ranunculaceae) (24) 
Derivatives: 0-Methylthalmiculine (thalrniculine + CH,N,) (24) 

[a]~: -38’(r=0.2, MeOH) (24) 
’H NMR: 

[MI+ 638 (loo), 637 (62), 41 1 (67), 397 (41). 206 (73). 183 (38) 
0 (300). -3.2 (280). -0.8 sh (268). 0 (260). -t 11.2 (238). negative tail below 225 nm 

(24) 
(24) 

NMe 2.18 (N-2). 2.66 (N-2’); OMe 3.65 (C-6’). 3.88 (C-7’), 3.93 (C-12), 4.00 (C-6); 
AIH3.27(m, IH,H-I),  3.63(m, lH,H-l‘);ArH5.70(H-8),6.12(d, lH , J=2Hr ,H-  

and H-13’). 7.37 (2H, H-10’ and H-14’) (nOe used) 
10),6,76(d, IH,J=2Hz,H-14),6.79(dd, IH,J=2,8.2H~,H-13),6.93(ZH,H-ll’ 

(24) 
MS: [MI+ 652(9l), 651 (12). 638(18), 622(19), 426(82), 412(79), 410(31), 213.5(100), 206.5 

(16). 204 (41). 190.5 (73) (24) 

384 THALRUGOSAMININE-2a-N-OXIDE C,,H,OsN,: 668.3098 
Type VI1 (S,S) 5,6,7,8*,12+-6,7*, 1 I + ,  12 

OMe 

MP: Amorphous (4 1) 
[a]~: -33”(c=0.2, MeOH) (41) 
‘H NMR: NMe 2.58 (N-2), 3.45 (N-2’); OMe 3.05 (C-7), 3.45 (C-6‘), 3.81 (C-5), 3.89(C-6), 3.96 (C-12’); AIH 

2.55(m,2H,H-abandHu’d,  3.13(m, l H , H q ) , 3 . 5 5 ( m ,  lH,H4’,) ,4.47(m, lH,H-l) ,4.83(m, 
iH ,  H-l’);ArH6.37 (H-8‘), 6.5O(H-5‘), 6.59(brs, lH ,  H-IO’), 6.82(brs, 2H,H-lOandH-l1), 6.99 
(brs,2H,H-13’andH-l4’),7,16(dd, IH,J=2.2,8.1Hz,H-l3),7.51(dd, lH,J=2.2,8.1Hz.H- 
14) (nOe used) (4 1) 

MS: [M]+668(6),667(10),666(22),652(81),651(60),637(35), 608(18),607(19),441(1),425(63),412(26), 
411(92), 397(15), 213(100), 206(51), 174(42) (41) 

Sources: ThalIrtrnrn cubraturn Wall. (Ranunculaceae) (4 1) 

This is a new c l w  that supplements Class XIV as mentioned in the review of Guha et ul. (1). 
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TLC: 

[a ]~ :  + 196” (c= 0.2, MeOH) (24) 
UV: 

’HNMR: 

(Si gel) 0.36 [toluene-Me2CO-NH40H (lO:lO:O.5)], 0.33 [CHCI,-MeOH (9:l)l. 0.55 [CHCI,-MeOH- 
“,OH (90:10:0.2)], 0.50 fErOAc-iPrOH-NH,OH (80:15:5)1 (10) 

283, 324 
354 (3.82) (24) 

(IO); 234 (sh) (4.39), 281 (4.05). 313 (3.78); (MeOH + H+)  239 (4.36, 285 (3.99). 308 (3.69). 

NMe 1.95 (N-2);OMe3.71(C-7’), 3.90(C-6), 3.92(C-12);AlH4.20(brr, lH,  H-l);ArH5.80(d, lH ,  
/=  1.7, H-10). 6.27(H-8’), 6.56(H-5), 6.63(dd, 1H,/= 1.7, 8.0, H-14),6.68(H-5’),6.78(~, 2H, 
H-10’. H-ll’), 6.79(d, lH , /=8 .0 ,  H-13). 7.16(d, 1H,/=8.0,  H-13’). 7.47 (d, 1H,-J=8.0, H- 
14’) (IO) 
NMe 1.96(N-2);OMe3.71(C-7’), 3.92(C-12), 3.93(C-6);ArH5.80(d, IH, /= 1.8Hz, H-lo), 6.28 
(H-8‘),6.56(H-5), 6.63(dd, lH,/=1.8,8H~,H-14),6.67(H-5‘),6.78(dd, l H , / = 2 , 8 . 2 H ~ , H -  
10’),6,79(d, 1 H , / = l 1 . 8 H ~ , H - l 3 ) , 6 . 8 1 ( d d ,  lH,/=2,8.2H~,H-l1’),7.16(dd, l H , j = 2 , 8 . 2 H z ,  
H-13‘). 7.48 (dd, 1H,/=2,  8.2 Hz, H-14’) (24) 

MS: [MI+ 592 (39), 591 (loo), 590 (50), 576 (IS),  561 (12). 560 (26), 368 (17), 236 (14). 204 (8). 183 (7) 
[MI+ 592 (94), 591 (100). 578 (25), 577 (62). 561 (38). 296 (28). 204 (13), 191 (17), 190 (12) (24) 

(10) 

a: 0 (320), + 14 (280), 0 (271). -9.6 (265). - 11.0 (255). - 14.4 (245), negative tail below 225 nm (24) 
Sources: Thalirttwrn minw L. var. minur (Ranunculaceae) (IO), Tbalictrum cnlrrafum Wall. (Ranunculaceae) (24) 
Derivatives: 0-Methylthalmethine [%] (thalsivasine + CH2N2) (tlc) (10) 

2’-Northaliphylline (thalsivasine + NaBH,) (24) 
(See data recorded for new alkaloid 2’-northaliphylline 13421 in this review.) 
Thaliphylline [253] (thalsivasine + NaBH4 followed by CH20 + NaBH,) (24) 

386 TIUANANGINE C3,H3,06N2: 592.257 3 
Type XIX(S,S) 5,6,7*,8+,12-6*,7+,12(11-11) 

OH 
1 

MP: Amorphous, 143-149” (26) 
TLC: 
[U]’~D: +259O(c= 0.6, CHCl,) (26) 
UV: 205 (4.28). 233 (4.05). 290 (3.42) (26) 
IR(KBr): 

‘H NMR: 

(Si gel F2),) 0.25 [CHCI,-MeOH (9: l)], 0.17 [cyclohexane-CHCI3-Et2NH (4:5: I)] (26) 

3370, 2940, 2860, 2800, 1635, 1600, 1505, 1470, 1440, 1385, 1375, 1280, 1240, 1205, 1120, 1045, 
1030, 1015,990,950,875, 820, 760 (26) 
NMe 2.33 (N-2), 2.67 (N-2’); OMe 3.93 (C-6), 3.96(C-12’); AlH 2.43 (dd, 1H,/= 18.2, 4.8 Hz, H- 
4a), 2,67(1H,HA’a), 2.70(1H,HAb),2.82(2H,H-uandH-~), 3.00(1H,H-3’a), 3.02(1H,He’b),  
3 . 0 4 ( 2 ~ ,  H-3aand HA’b), 3.26(dd, I H , / =  12.5, 4.4, H-3’b), 3.36(ddd9 lH,-J= 13.5, 13.594.8 
Hz, H-3b), 3.58(d, lH , /=  14.4,H-a’a). 3.72(brs, IH,H-I’) ,  3.77(d, 1H,/=6.8Hz3H-l) ;ArH 
6.65(H-5‘),6.97(d, IH,/=8.4Hz,H-13),  7.03(d, IH,/=8.6Hz,H-13’),  7.33(dd, IH, /= 1.8, 
8.4Hz, H-14), 7.49(dd, 1H, /=  1.8.8.6H2, H-14‘), 7.57(d, IH, /=2.1,Hz,  H-IO), 7.71(d, IH, 
/ =  1.8 Hz, H-lo’), 8.09 (H-8’) (2D nmr used) (26) 

62.89 (C-I), 43.15 (C-3). 15.89 (CA), 115.36 (C-4a), 141.67 (C-5). 132.74 (C-6). 133.39 (C-7). 
132.94(C-8), 121.41 (C-8a), 40.78(C-a), 136.17(C-9), 135.88(C-10), 127.76(C-11), 152.16(C-12), 
112.12 (C-13). 130.54 (C-14); 66.81 (C-l’), 52.70(C-3’), 26.22 (C-4‘). 134.65 (C-4’a). 115.29(C-5’), 
139.83 (C-6’), 140.57 (C-7’), 114.55 (C-8’), 128.95 (C-8‘a). 42.37 (Ca’) ,  134.30(C-9’), 134.65 (C- 
io’), 126.72 (C-ll’), 154.10 (C-12’). 117.30 (C-13’). 130.31 (C-14‘); 40.40 (2’-NMe), 42.05 (2- 
NMe), 56.42 (12‘-OMe), 62.89 (6-OMe) 

335 (14), 183 (31A 182 (5). 

“C NMR: 

(26.56) 
MS: 

Sources: Trliacora wiandra Diels (Menispermaceae) (26) 

[MI+ 592 (45). 591 (25). 575 (7). 560 (7). 366 (24), 365 (100). 35 1 (27). 349 
175 (22) (26) 
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CMHBO~N,: 594.2730 387 TILITRIANDRINE 
Type IV(S,R)6,7,8*,12-6,7*,12(11-11) 

N ;;I 
HO k 

MP: 192" (CH,CIJMeOH) (61) 
TLC: (Si gel 60 F,,,) 0.22 [CH,CI,-MeOH-NH,OH (90:9: 1)l (61) 
[a]'"~: +198"(r= 1.1, CHCI,) (61) 
UV: 212 (4.38). 285 (3.57) (61) 
IR(KBr): 

'H NMR: 

3380, 2920, 2840, 1620, 1580, 1500, 1460, 1450, 1410, 1300, 1280, 1240, 1110, 1060, 1040, 880, 
810 (61) 
NMe(2.36(N-2);OMe 3.48(C-6'), 3.84(C-6), 3.88(C-12);ArH6.36(H-5), 6.49(H-5'), 6.86(d, IH, 
j = 2 . 0 H t ,  H-10),6.88(d, l H , j = 8 . 4 H t ,  H-l3') ,6.90(d,  IH,j=8.4Ht ,H-13) ,7 .04(d ,  lH, 
j=2.0Hz,H-10 ' ) ,7 .13(dd,  l H , j = 2 . 0 , 8 . 4 H ~ , H - 1 4 ' ) , 7 . 3 7 ( d d ,  IH,j=2.0,8.4Ht,H-l4)(ZD 
nmr used) 
for antioquine (1%). 

(61). The signals for the H- 10 and H-10' protons are reversed in cornpariron to those assigned 

62.61 (C-1). 44.18 (C-3). 21.52 (C-4), 122.02 (CAP), 104.93 (C-5), 145.62 (C-6). 134.69 (C-7), 
142.00(C-8), 124.14(C-8a), 40.39(C-a), 130.94(C-9), 135.09(C-10), 129.09(C-ll), 152.96(C-12), 
11 1.36(C-13), 129.54 (C-14). 56.50(C-l'), 42.40K-3'). 29.50(C-4'), 127.69(C-4'a), 113.72(C-5'), 
148.05 (C-6'), 143.03 (C-7'). 118.16 (C-8'), 126.34(C-8'a), 39.61 (Ca ' ) ,  138.03 (C-9'). 136.13 (C- 
lo'), 129.95 (C-ll'), 152.45 (C-12'). 117.38 (C-13'). 130.51 (C-14'); 42.18 (2-NMe), 55.95 (6'- 
OMe), 56.37 (6-OMe). 56.68 (12-OMe) 

"C NMR: 

(61) 
MS: 

Sources: Ttlaarora triadra Diels (Menisperrmceae) (61) 
Derivatives: Antioquine 12251 (tilitriandrine + CH,O"aBH,) (61) 

[MI+ 594(100), 593(100), 579(19), 381(26), 368(75), 367(76), 353(28), 351(15), 192(30), 191(25), 184 
(40), 161 (12) (61) 

388 YANANGCORININE CMH*O,N,: 576.2624 
Type XVIII (SJ) 6,7*,8+,12-6*,7+, 12(11-11) 

MP: Amorphous; 174-180' (17) 

UV: 205 (4.57), 235 (4.27), 290 (3.62) (17) 
IR(KBr): 
'H NMR: 

fQ]"D: +368"((.=0.6, CHCl,) (17) 

3400,2940,28402800, 1630, 1600, 1505, 1450, 1365, 1280, 1240, 1125, 1030,960,880,820 (17) 
NMe 2.33 (N-2). 2.66 (N-2'); OMe 3.83 (C-6). 3.93 (C-12'); AIH 3.71 (H-l), 3.00 and 3.38 (H-3). 
2.84and2.88(H-4), 2.80(H-a), 3.47(H-l'), 2.75and3.16(H-3'), 2.58and3.00(H-4'), 3.00and 
3.47 (H-a'); ArH 6.32 (H-5). 6.68(H-5'), 6.98(H-13), 7.03(H-13'). 7.32(H-14), 7.41 (H-14'). 7.55 
(H-10). 7.72 (H-IO'), 8.07 (H-8') (2D W r  COSY d) (17) 

'"C NMR: 62.96 (C-1), 43.79 (C-3). 21.33 (C-4). 130.02 (c-41). 106.36 (c-5). 146.30 (c-6). 130.18 (c-7), 
140.06(C-8), 118.96(C-8a), 40.65(C-a), 135.69(C-9), 134.72(C-10), 126.75(C-11), 152.10(C-12), 
112.03 (C-13). 130.3 1 (C-14), 67.55 (C-l'), 53.15 (C-3'),27.16(C4'), 135.59(C-4a1), 115.33(C-5'), 

127.79 (C-11'). 153.91 (C-12'), 117.24 (C-13'). 130.02 (C-14'). 42.18 (2-NMe). 42.01 (2'-NMe), 
56.29(6-OMe), 56.35 (12'-OMe) (17) 

139.99 (C-6' and C-7'). 114.23 (C-8'), 128.95 (C&'), 41.46 (C-a'), 136.37 (C-9'). 135.88 (C-IO'), 

MS: 
Sources: Tliiarora triadra Diels (Menispermaceae) (17) 
Derivatives: 

[MI+ 576 (55). 561 (3). 350 (30). 349 (loo), 335 (30), 319 (7). 175 (50) (17) 

0-Methyltiliacorinine (yanangcorininc + CH,N2) (ir. M, 'H nmr, [ab) 
MP: Amorphous; 166-174" (17) 
[a]'"D: +240.3'(r=0.4, CHCI,) (17) 
IR(KBr): 

'H NMR: 
MS: 

(17) 

2940, 2840, 2800. 1630, 1595, 1505, 1440, 1415, 1360, 1270, 1120, 1030, 960, 880, 
820, 740 (17) 
NMe 2.31 (N-2). 2.60 (N-2'); OMe 3.79 (C-6). 3.85 (C-12), 3.88 (C-12') (17) 

[MI+ 590 (32). 589 (19), 350 (28), 349 (loo), 335 (30), 319 (6). 175 (25), 174 (20) (17) 
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389 YANANGINE C,H&jN,: 592.2573 
Type XIX ( S A  5,6,7*,8+, 12-6*.7+, 12(11-11) 

MP: 237-240” (CH2CI2) (27) 

[ a ] ” ~ :  +356”(~=0 .6 ,  CHCI,) (27) 
TLC: 

UV: 205 (4.50), 233 (4.27), 290 (3.62) (27) 
IR(KBr): 

‘H NMR: 

(Si gel 60 F254) 0.37 ICHC1,-MeOH (9: l)]; 0. I9 [cyclohe-CHC1,-Et2NH (4:5: 1)l (27) 

3370, 2910, 2840, 2800, 1630, 1595, 1500, 1460. 1435, 1370, 1270, 1235, 1200, 1100, 1095, 1040, 
1010, 985,970,945, 870, 820.765 (27) 
NMe 2.29 (N-2). 2.67 (N-2’); OMe 3.%(C-6), 4.00(C-12); AIH 2.42 (dd, lH,  H-4). 2.57 (d, lH,  H- 
4’). 2.68 ( lH,  HA), 2.76 (d, IH, H-3’), 2.80 (2H, H-a), 2.94 ( lH,  H-a’), 3.00 ( lH ,  H-4‘), 3.04 (IH,  
H-3). 3.15 (dd, lH,  H-3’), 3.34 ( lH,  H-3), 3.47 (d, lH,  H a ’ ) ,  3.53 (IH, H-1‘). 3.72(d, 1H, H-1); 
ArH 6.53 (H-5’). 6.98 (H-13), 7.03 (H-13’), 7.33 (H-14’), 7.36 (H-14), 7.59 (H-lo’), 7.69(H-10), 
8.11 (H-8’) (2D nmr used, nOe used) (27) 
NMe 2.29(N-2), 2.67 (N-2‘); OMe 3.96(Cd), 4.00 (C-12); ArH 6.64 (H-5’). 6.98(d, 1H,J= 8.3 Ht, 
14-13), 7.03(d, lH,]=8.3Hz, H-14’). 7.33(dd, 1HJ= 1.9.8.3Hz. H-14’), 7.36(dd, 1H, j=2 .1 ,  
8.3Hz,H-14),7.59(d, lH, j=1 .9Hz,H-lO’) ,7 .69(d ,  lH,J=2.1H~,H-10),8.11(H-8’) (56) 
62.96 (C-l), 43.11 (C-3). 15.83 (C-4), 115.52 (C-4a), 141.77 (C-5), 133.03 (C-6), 133.61 (C-7), 
133.10 (C-8), 120.99(C-8a), 40.33 (CUI, 137.82 (C-9). 135.82 (C- lo), 127.92 (C- 1 I),  153.26 (C-12), 
11 1.18 (C-13). 129.%(C-14), 67.42 (C-l’), 53.12(C-2’). 27.29(C-3‘), 134.20(C-4‘). 115.04(CA’a), 

io’), 126.49 (C-ll’), 152.65 (C-12’). 118.53 (C-13’). 130.25 (C-14’), 42.30 (2-NMe), 41.95 (2 - 
NMe), 56.55 (12-0Me). 61.53 (6-0Me) (27) 
62.96 (C-1). 43.23 (C-3). 15.93 (C-4), 115.43 (CAa), 141.75 (C-5). 132.99 (C-6). 133.51 (C-7), 
133.02 (C-8), 120.97 (C-8a). 40.39(C-a), 137.73 (C-9), 135.79(C-10), 127.94(C-11), 153.34(C-12), 
111.32 (C-13), 130.02 (C-14). 67.10(C-l’), 52.92(C-2‘), 26.83(C-3’), 26.83(C-4’). 133.70(C-4‘a), 
115.09(C-5’), 139.55 (C-6’). 140.36(C-7’), 114.43 (C-8’). 129.30(C-8’a), 41.20(Cu’), 136.27(C- 
9’), 134.39(C-10’), 126.50(C-11’), 152.73 (C-12’). 118.57 (C-13‘), 130.31 (C-14’). 42.04 (2-NMe). 
41.95 (2‘-NMe), 56.61 (12-OMe). 61.53 (6-OMe) 

(27) 

”C NMR: 

139.34 (C-5’), 140.25 (C-6‘). 114.32 (C-7’). 129.63 (C-8’), 41.53 (Ca’) ,  136.27 (C-9‘). 134.46 ($.- 

(56) 
MS: 
Sources: Ti/iarwa rriundra Dielr (Menispennaceae) (27) 

[MI+ 592 (37). 591 (21), 366 (30). 365 (100). 351 (29). 349 (12). 335 (8), 183 (74). 182 (8), 175 (47) 

Derivatives: 0,O-Dimethylyanangine (yanangine + CH2N2) (27) 
MP: Amorphous, 15C-155’ (27) 
TLC: (Si gel 60 F254) 0.53 [cyclohexane-CHCI,-Et,NH (4:5: 1)l (27) 
[aImD: +257”(r=0.6, CHCI,) (27) 
IR: 2930, 2840, 2800, 1605, 1590, 1500, 1460, 1430, 1410, 1360, 1275, 1245, 1130, 1070, 

1050, 1030, 875, 870 (27) 
‘H NMR: NMe 2.30 (N-2). 2.61 (N-2’); OMe 3.79 (C-12 OMe), 3.81 (C-12’), 3.87 (C-5), 3.92 

(C-6) (27) 
‘,C NMR: 62.66 (C-I), 43.21 (C-3), 16.05 (C-4), 122.12 (CAa), 145.98 (c-5). 134.29 (C-6). 

136.17 (C-7). 135.52 (C-8). 121.44 (C-8a), 40.59 ( C 4 ,  139.54 (C-9). 135.36 (c-10). 

3’), 26.64 (C-4’). 134.29 (C-4’a). 115.23 (C-57, 139.44 (C-6‘), 139.96 (C-7’), ‘114.52 
(C-8’). 130.09 (C-8’a). 40.95 (C-a‘), 135.88 (C-9‘), 135.10 (C-10’). 128.44 (C-11’). 
155.59 (C-12’). 112.12 (C-13’), 129.31 (C-14’), 41.95 (2-NMe). 41.20 (2’-NMe), 
60.56 (5-OMe). 61.34 (6-OMe), 56.06 (12-OMe), 56.93 (12‘-OMe) 

{MI+ 620(55). 619(28), 380(32), 379(100), 365(29), 363(13), 349(5), 333(4), 190(47), 189 
(14) (27) 

128.76 (C-ll), 155.66 (C-12), 110.89 (C-13), 129.12 (C-14); 67.45 (C-1’). 53.15 (C- 

(27) 
MS: 

5-0-Methylyanangine (yanangine + CH2N2) (27) 
MP: Amorphous. 108-112° (27) 
TLC: (Si gel 60 F254) 0.37 [cyclohexane-CHC1,-Et2NH (4:5: 1)) (27) 
[ a ] ~ :  +294”(r=0.6, CHCI,) (27) 
IR(KBr): 3400, 2940,2840,2800, 1595, 1505, 1465, 1435, 1420, 1470, 1280, 1240, 1070, 1055, 

1020, 880, 830, 735 (27) 
’H NMR: NMe 2.29 (N-2), 2.64 (N-2’); OMe 3.81 (C-5). 3.92 (C-6). 3.97 (C-12) (27) 
”C NMR: 62.92 ( G I ) ,  43.37 (C-3). 16.05 (C-4), 122.35 (CAa), 146.11 (C-5), 134.42 (C-6). 

136.14 (C-7), 135.46 (C-8). 120.96 (C-8a). 40.33 (C-a), 137.66 (C-9), 135.78 (C-IO), 
127.92 (C-11). 153.33 (C-I2), 111.22 (C-13). 130.02 (C-14); 67.23 (C-l’), 52.99 (C- 
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3’). 26.96 (C-4’), 134.42 (C-4’a). 115.23 (C-S’), 139.70 (C-6’). 140.15 (C-7’). 114.32 
(C-8’), 129.57 (C-8’a). 41.24 (Ca’) ,  136.14 (C-9’), 134.42 (C-10’). 126.49 (C-ll’), 
152.74 (C-12‘), 118.63 (C-13‘), 130.35 (C-14’), 42.01 (2-NMe), 41.75 (2‘-NMe), 
60.63 (5-OMe), 61.37 (6-OMe). 56.55 (12-OMe) 

[MI+ 606(53), 605 (25). 380(35), 379(100), 365(31), 363(12), 349(5), 333(4). l90(46), 189 
(13) (27) 

(27) 
MS: 

12’-0-Methylyanangine (yanangine -t CH2N2) (27) 
TJX: (Si gel 60 F214) 0.38 [cyclohexane-CHC13-Et2NH (45:  1)l (27) 
‘H NMR: NMe 2.36(N-2), 2.70 (N-2’); OMe 3.77 (C-12). 3.87 (C-12’), 3.93 (C-6) (27) 

SECOBISBENZYLISOQUINOU” ALKALOIDS 

390 AURORAMINE 

[alD. Paritive (50) 
UV(Er0H): 220, 260, 270, 305 (50) 
IR(KBr): 2940, 2840, 1690, 1640, 1600, 1500, 1280, 1120 (50) 
‘H NMR: NMe 2.29 (N-2’). 3.05 (N-2); OMe 3.67 (C-7‘), 3.85 (C-6’), 3.95 (C-6 or C-12), 3.96 (C-12 or C-6); 

ArH6.54(H-5’), 6.72(H-5), 6 . 8 3 ( H - l I ’ d H - 1 3 ’ ) ,  7.14(H-10’~1dH-14‘), 7.26(H-8), 7.38(H- 
lo), 7.62 (H-14). 7.68 (H-13); M H O  9.79 (50) 

MS: 
Sources: 
Preparation: Via oxidation (KMnO4/Me2CO) of 0-rnethyllimacusine (50) 
Apparent biogenetic precursor: 0-Methyllimacusine (50) 

[M[+ 652 (0.2), 651 (0.3), 411 (loo), 365 (8.4). 241 (3), 206 (2. I), 204 (4.8) (50) 
G Y ~ J  anrcrirrrnw Jacq. (Hernandiaceae) (50) 

391 MAROUMINE C3,H380,N2: 638.2628 
Type VI (- , R )  

[uID: Paritive (50) 
UV(Er0H): 220, 270, 305 (50) 
IR: 2840, 1690, 1650, 1600 (50) 
‘HNMR: NMe2.31 (N-2’). 3.06(N-2’);OMe 3.75 (C-7), 3.95(C-6orC-I2), 3.96(C-12orC-6);ArH 6.59(H- 

5 ’ ) .  6.74 (H-5), 6.83 (H-11’ and H-13’). 7.08 (H-13). 7.13(H-10’ and H-14’), 7.28(H-8). 7.38 (H- 
IO), 7.62 (H-14); ArCHO9.79 (50) 

MS: 
Sources: Gymmpvs lrmcricunus Jacq. (Hernandiaceae) (50) 
Derivatives: 0-Acetylmaroumine (marournine + Ac,O/pyridine) (50) 
Preparation: Oxidation of0-acetylgymarpine with KMn04/Me2C0 afforded seco-acerylgymarpine which was iden- 

tical to 0-acerylmaroumine (50) 
Apparent biogenetic precursor: Gymcarpine [3061 (15.50) 

[MI+ 638 (0.6). 637 (0.6), 397 (100). 35 1 (14). 242 (8.3). 207 (23). 164 (30) (50) 
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392 PYCMANILLINE C,H,O$iZ: 668.2734 
Type VI11 ( R ,  -) 

MP: Amorphous (48); 254-255" (48) 
TLC: (Si gel 60 F214) 0.05 [CHCI,-MeOH-NH,OH (9: 1:0.05)1 (48) 
[a]"D: +5O0(c=O.l, CHCI,) (48); +33'(~=0.61, CHCI,) (48) 
UV: 

IR(KBr): 2930, 1710, 1650, 1605, 1505 (48) 
'H NMR: 

225 (sh) (4.79), 250 (sh) (4.52), 261 (sh) (4.41), 272 (sh) (4.25). 285 (sh) (4.08). 295 (sh) (3.92), 306 (sh) 
(3.77) (48) 

NMe 2.52 (N-2), 3.03 (N-2'); OMe 3.62 (C-7), 3.69(C-6), 3.79 (C-6'), 3.86(C-12); ArH 6.50(H-5), 
6.62(H-5'). 6.75-7.05(m, 3H, ringC), 6.83(d,2H,j=8.1Hz,H-11'andH-13'),7.16(H-8'),7.83 
(d, 2 H , j = 8 . 1  Hz, H-10' and H-14') (48) 

CIMS(i-butane): 
CIMS(NH,): 
Sources: f y - k  manilfmis Vidd (Menispermace) (48) 
Preparation: Via oxidation of phaeanthine n41 with KMnOdMe2C0 (48) 
Apparent biogenetic precursor: Isotetrandrine [621 (1) or phaeanthine 1741 (1) 

[M + I]+ 669 (loo), 668 (16) 623 (101,411 (8 1) (48) 
[M + ll+ 669 (loo), 668 (24). 41 1 (35) (48) 

393 SECOLUCIDINE C,,H+jO,N2: 606.2366 
Type XVIIl (S,-) 

[a]D: +82"(f=0.5,  CHCI,) (29) 
UV(Et0H): 
IR(h1m): 1680, 1640, 1620, 1580, I500 (29) 
'HNMR: 

EMS: 365 (loo), 242, 2431, 225 (29) 
CIMS: [MI+ 607, [M + 11+ (29) 
CD: 
Sources: fsenhxandra rchxiwpa Maas (Annonaceae) (29) 
Derivatives: 0-Acetylsecolucidine (secolucidine + Ac,O/pyridine) (29) 

222 (4.63). 254 (sh)(4.32), 284 (4.12); (EtOH +OH-)  220 (4.66). 292 (3.98). 346 (4.10) (29) 

NMe2.37(N-2), 3.11(N-2');OMe3.80(C-6), 3.86(C-12);ArH6.30(H-5). 6.70(H-5'), 7.23(H-8'), 
6.94-7.87(m, 6H, H-10, H-13, H-14, H-10'. H-13'. H-14');ArCHO9.90 (29) 

0 (33 1). + (298). 0 (284). -8 (243), 0 (228), + 5  (2 19) (29) 

[a]D: -35"(r=0.6, CHCI,) (29) 
IR(fi1m): 1765, 1695, 1645, 1620, 1585 (29) 
'HNMR: NMe2.61(N-2), 3.11 (N-2');OAc2.03;OMe3.68(C-12), 3.88(C-6);ArH6.36(H-5), 

6.68(H-5'), 7.27(H-8'), 6.95-7.86(m, 6H, H-10, H-13, H-14, H-IO', H-13'. H-14'); 
ArCHO 9.98 (29) 

MS: [MI+ 648 (6). 606 (1 l), 365 (loo), 242 (7). 225 (2) (29) 
Apparent biogenetic precursor: Tiliacorinine [119] ( I )  



708 Journal ofNatural Products Wol. 54, No. 3 

TABU 5. Calculated Molrmlnr Weinha d N e w  Bisbenzvlisoauinoline Ahloids. 

546.2 15 5 

548.23 1 1 

560.1947 

562.2104 

564.2260 

566.2417 

574.2104 

576.2260 

576.2624 

578.24 17 

580.2573 

582.2730 

590.2417 

592.2573 

594.2730 

~34H,O,N2 
1,2-Dehydro-2’-norrelobine [292] (33) 

2’-Norcocsuline [3291 (35) 

Siddiquine I3721 (33) 

1‘,2’-Dehydrokohtine I2901 (33) 
Pycnvanthine [370] (38) 

5-Hydroxyapateline [so91 (33) 
Pangkorimine [3%1(35) 

Bisnorotramegine [ 2 m  (38) 
Pangkonmine [3531(35) 

Siddiquamine [371](33) 
Stephasubimine [3731(2 1) 

Dehtridine [287l(63) 
1 ’, 2’-Dehydrokohatnmine I2891 (33) 
Noatephasubine [3401(2 1) 
Stepierrine I3761 (64) 

Yanangcorinine (3881 ( 17) 

5-Hydroxytelobine I3101 (33) 
Kohacamine [3141(33) 
2-Norcepharanoline (3261 (64) 
Norisoyanangine [33f (56) 
Noryanangim [3461(56) 

C34H3205N2 

C34H2B06N2 

C34H3006NZ 

C34H3206N2 

C34H3406N2 

C35H3006N2 

C3>H3206N2 

C36H3505N2 

C35H3406N2 

C35H.%06N2 

C35H.3806N2 

Bisnorthllrugosine [2791(38) 

2-N-Methylliadoldhnmine 13211 (36) 
2’-N-Methyllindoldhunine I3221 (36) 
Norrhalibroline[341) (76) 
Pedmpmine [3551(7 1) 

Guyolivine I2811 ( 19) 
Stephasubine I3741 (2 1) 

Cordobimine [283] (79) 
1,2-Dchydro-2-mxlimuusine 12911 (19) 
12-0-Demethylcoclobine [2931 (59) 
3’,4‘-Dihydmtephasubine [295] (49) 
2-Norcepharanthine [ 3 2 7  (2 1 )  
2’-Norcepbthine 13281 (64) 
2-Norisocephuanthine [333] (64) 
Thalmiculatimine I3811 (24) 
Thalsivasine I3851 (10.24) 
Tilianangine [3861(26) 
Yanangim (3891 (27) 

Aquifoline [273] (3 1) 
Berbilwrine 12751 (62) 
Z,Z’-Bisnorguattaguianine [276] (5 1 )  
2,2’-Bisnorphaeanchine [278] (35) 
Candicusine [280] (83-85) 
12-0-Desmechyllauberine 12941 (65) 
2-Norlimacine 13361 (19) 
2’-Noroxyacanthine 13381 (4 1 )  
2’-Northaliphylline [3421(24,4 1) 
2-Northalmine [3431(12) 
I-Northnlrugosine [ M I  (38) 
2’-Nortiliageine (5 1 )  

C36H3406N2 

C36H3606N2 

C36H3806N2 

Thplivarmine [380] (10) 
Tilitriandrine [m (6 1) 

~ ’ - N o K ~ w ~ . s o L ~ ~  (3301 (36) 
5%.2886 C&43O$J2 

2’-Norpisopwkidine (3391 (30) 
Pnmpulhamine I3521 (7 1)  

Fcnfangjine D ( 1,3,’4-tridehy&gchi- 
605.2652 C3,H3,0$J2 

nolinium hydroxide) I3001 (52) 
606.2366 C3&344N2 

Secolucidiae I3931 (29) 

Dehatrine [=I (63) 
Medelline I3181 (67) 
N-MnhyltiliPmosine I3231 (78) 

Cultithnlminine I2851 (4 1) 

cordobine [2841(79) 
Guntrnmine I3031 (5 1) 
Gyratmericine I3051 ( 15) 
Gymprpiae I3061 (15) 
GymPrpusine[307(15) 

2’-Norgunttlguwine [332] (5 1 )  
2-Norisomrandrim [3341(64) 

Srephibpkrine [37f (64) 

Geraldcaine I3011 (7 1 )  
Pisopownmine 13571 (30) 
Piropoarkidine f3591(30) 
Popisonine [%I (30) 
Popisopine I367 (30) 

Oxofangchinne I3491 (327) 

Guattaminone I3041 (5 1 )  

Gpharanthine-2’&N-oxide (2821 (21) 
orpodrine 13471 (80) 
F’seudoxandrine [3681(80) 
Thalmidmine I3821 (24) 

Cyclarneonine 12861 (8 1) 
Gyrolidiw [3081(15) 
0-Methyllimncutine [3201(15) 
Monterim [3241(79) 

Berbpmine Z’&N-oxide [2741 (25) 
FenfPngjine B (fnngchinolinc2‘a-N- 

Fenfangjine C (fangchinoline-2’B-N- 

S-Hydroxychnlmine 13131 (24) 
Lim~cine-2’a-N-oxide [3151(83-85) 
LimsEine-2&N-oxide [3161(8345) 
Limpcine-2‘&N-oxide 1317 (8345  
Thaliphylline-2’B-N-oxide 13791 (4 1) 

Pisopowetine [3581(30) 
Pisopowkine [3601(30) 
Popidine (3631 (30) 
Popisidine I3641 (30) 
Popisim I3651 (30) 

606.2730 C37H9O$Jz 

608.2522 C*HSQN, 

608.2886 C,,H@O$JZ 

2’-Norfunifcri~ I3311 (5 1) 

2’-N0~0bokri1~ I337 (64) 

610.3043 C37H420$J2 

618.2366 C,,H&N? 

620.2523 C37H&Nz 

622.2679 C,,HSO7Nz 

622.3043 C&420$J2 

624.2836 C37HmqN2 

oxide) IZgsl(52) 

oxide) [2991(52) 

624.3199 C38H440& 

636.2836 C ~ ~ H & ~ N Z  
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oxandrinine (3481 (80) 
Pseudoxandrinine [3691 (80) 

Granjine [3021(79) 

N-2‘-Methylisotetrandnne (3191 (23) 

Maroumine (3911 (50) 

Fenfang j ine A (tetrandri ne-2 p-N-  

Phthine-2’a-N-oxide [3561(48) 
Thalmiculine I3831 (24) 

Pisopowidine I3611 (30) 

Neothalibrine-2’-N-oxide I3251 (4 1) 

Auroramine [3901(50) 

636.3199 C&-O6N, 

637.3278 c3&4,0fl2 

638.2628 C37H3808N2 

638.2992 C38H4207NZ 

oxide) [2971(52) 

638.3359 C@-06N2 

640.3149 C38H407N2 

652.2785 C38HmO8N2 

7 09 

652.35 12 C4,,”,06N2 
Pisopowim [3621(30) 

Thaligosine-2p-N-oxide (thalisopine-2p- 
654.2941 C,,H,,O,N, 

N-oxide) I3781 (4 1) 
654.3305 C39H4607N2 

N-24xy-O-methyldauricine 13501 (30) 
N-2’-Oxy-O-methyldauricine 13511 (30) 

Ambrimine [2721(68) 
Efatine I2961 (68) 

Pycmanilline I3921 (48) 

5-Hydroxythalidasine I3111 (24) 
Tldidasine-2a-N-oxide [3m (4 1) 
Thd~gosaminine-2a-N-oxide 13841 (4 1) 

5-Hydroxythalidasine-2a-N- 

656.3097 C38HUN2 

668.2734 C,,HmO,N, 

668.3098 C39Hu08N2 

684.3046 C#uOpN, 

oxide I3121 (4 1) 
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TABLE 7. Botanical Sources of Bisbenzylisoquinoline Alkaloids by Family. 

Annonaceae 
C-OJpIJld 

Cordobimine 12831 (79) 
Cordobine I2841 (79) 
Granjine I3021 (79) 
Monterine 13241 (79) 

Apateline I1871 (59) 
Aromoline 1311 (59) 
2,2’-Bisnorguattaguianine [2761(5 1) 
Gclobine [351(59) 
Daphnandrine [371(59) 
Daphnoline I381 (59) 
1.2-Dehydroapateline 11931 (59) 
1,2-Dehydrotelobine I 1 9 4  (59) 
12-0-Demethylcoclobine [2931(59) 
Funiferine I201 (5 1) 
Guanamine [3031(5 1) 
Guanaminone [3041(5 1) 
2’-Norfuniferine 13311 (5 1) 
2‘-Norguattaguianine [3321(5 1) 
2’-Nortiliageine 13451 (5 1) 
Telobine [1601(59) 
Tiliageine I271 (5 1) 

Dauricine 131 (30) 
Dauricoline I51 (30) 
0-Methyldauricine I1211 (30) 
N-2-Oxy-0-methyldauricine I3501 (30) 
N-2’-Oxy-O-methyldauricine [3511(30) 
2’-Norpisopowiuidine 13391 (30) 
Pisopowamine I3571 (30) 
Pisopowetine [3581(30) 
Pisopowiaridine I3591 (30) 
Pisopowiarine I3601 (30) 
Pisopowidine I3611 (30) 
Pisopowine (3621 (30) 
Popidine I3631 (30) 
Popisidine I3611 (30) 
Popisine 13651 (30) 
Popisonine 13661 (30) 
Popisopine I3671 (30) 

Berbamunine [l (29) 
Hommromoline [421(29) 
Medelline 13181 (67) 
Oxandrine [3471(80) 
Oxandrinine I3481 (80) 
Pseudoxandrine [3681(80) 
Pseudoxandrinine 13691 (80) 
Secolucidine 13931 (29) 
Thaligrisine 12521 (29) 

Guattoirr 

Popmuia 

Psdxandra 

Aristolochiaceae 
A ristolochia 

Geraldoamine I3011 (7 1) 
Pampuihamine [3521(7 1) 
Pedroamine (3551 (7 1) 

Berberidaceae 
Berberis 

Aromoline I311 (13,32,44,62) 
Belarine (931 (62) 
Berbamine [571(6,13,18,23,25,32,44,54,62) 
Berbamine 2’p-N-oxide 12741 (25) 
Berbamunine I11 (13,32,54,62) 
Berbilaurine I2751 (62) 
7-0-Demethylisothalicberine 11951 (62) 

12-0-Desmethylhberine [2941(65) 
Espinine f9](65) 
Hornoarornoline I421 (62) 
Isotetrandrine 1621 (6,13,25,32,62) 
Lauberine [lo61 (62) 
N-2‘-Methylisotetrandrine I3191 (23) 
Obaberine I461 (13,36,62) 
Obapegine I711 (13,44,62) 
Oxyacanthine I481 (13,23,37,44,62) 
Penduline I721 (25) 
Thalrugorine 1791 (13,57,62) 

Aquifoline [2731(3 1) 
Aromoline [311(20) 
Baluchistine [I881 (3 1) 
Berbamine [571(5,20,22) 
Isotetrandrine I621 (20,22) 
Obamegine V l l ( 2 0 )  
Oxyacanthine 1481 (20,22) 

Hernandiaceae 
Gymatpus 

Mairthaia 

Auroramine (3901 (5) 
Grisabine I101 (15) 
Gyrmmericine I3051 (15) 
Gyrocarpine [3061(15,50) 
Gyrocarpusine (3071 (15) 
Gyrolidine I3081 (15) 
Isotetrandrine [621(15) 
Limacine I641 (15,50) 
Maroumine I3911 (50) 
0-Methyllimacusine 13201 (15) 
Phaeanthine (0-methyllimacine) V4] (15,50) 

Ambrimine [272](68) 
Efatine I2961 (68) 

HWWndia 

LaUraCeae 
D&ia 

Dehatridine 12871 (63) 
Dehatrine (2881 (63) 
Obaberine (461 (63) 

Menispermaceae 
Abuta 

Daurisoline [1921(36) 
N,N’-Dimethyllindoldhamine 

Lindoldhamine I111 (36) 
2-N-Methyllindoldhamine 13211 (36) 
2 ’-N-Methyllindoldhamine 13221 (36) 
2‘-Nordaurisoline I3301 (36) 

Apateline (1871 (8.35) 
Aromoline I311 (8) 
N,N’-Bisnommoline (321 (35) 
2,2’-Bisnorphaeanthine [2781(35) 
Cocsoline (1521 (8,35) 
Cocsuline 11531 (8.35) 
Daphnandrine (371 (35) 
Daphnoline (381 (8,35) 
Lindoldhamine (111 (35) 
N-Methylapateline I2071 (8) 
0-Methylcocsoline 12391 (35) 
2’-Norcocsuline [3291(35) 
Pangkoramine (3531 (35) 
Pangkorimine 13541 (35) 

Cocsoline I1521 (82) 

(Guattegaumerine) [2341(36) 

A lttrtisia 

Anisocyrla 
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1,2-Dehydroap~teline 11931 (82) 
1,2-Dehydrotelobine (1941 (82) 
Trilobine [163] (82) 

Caryolivine I2811 (19) 
1,2-Dchydm-2-mrlimawinc 12911 (19) 
N ,  N’-Dimethyllindoldhine 

2-Norlimacine I3361 (19) 
2-Norlimusine [245] (19) 

1’,2’-Dehydrokohatamine [2891(33) 
1 ’ ,2’-Dehydrokohatine I2901 (3 3) 
1,2-Dehydr0-2‘-nonelobine [2921(33) 
5-Hydroxyapateline [3091(33) 
5-Hydroxytelobim I3101 (33) 
Isotrilobine 11571 (28) 
Kohatamine f3141(33) 
Kohatine [2361(33) 
Siddiquamine I3711 (33) 
Siddiquine [372] (33) 
Trilobine [I631 (28) 

Candicusine [2801(83-85) 
Krukovine I631 (83.84) 
Limacine 1641 (83.84) 
Limine-2’a-N-oxide [3151(83-85) 
Limacine-2p-N-oxide [3161(83-85) 
Limacine-2’p-N-oxide (317 (83-85) 
Limacusine I461 (8334) 

Cycleaneonine [286] (81) 
Insulanoline 11691 (1 1) 
Insularine I1701 ( 1  1) 

Apteline 11871 (39) 
N,N’-Bisnoraromoline 1321 (39) 
Daphnandrine 1 3 7  (39) 
Daphnoline I381 (39) 
1,2-Dehydroapateline [1931(39) 
1,2-Dehydmtelobine (1941 (39) 
Isotrilobine (157 (39) 
0-Methylcocsoline [2391(39) 

Berbamine 157 (48) 
Birnorobamegine [Z77‘l(38) 
Birnorchalrugorine I2791 (38) 
Daphnoline [381(38) 
Isotetrandrine t621(48) 
2-Norberbamine 1681 (38) 
2-Norobamegine I691 (38) 
2-Nonhalrugosine I3441 (38) 
Phaeanthine 1741 (48) 
Phaeanthine-2‘a-N-oxide I3561 (48) 
Pycmanilline [3921(48) 
Pycnamine 1751 (48) 
Pycnaza,nrhine [3701(38) 

Aromoline [311(46,58,64) 
Berbamine I571 (46) 
Berbamunine I l l  (64) 
Cepharanthine [%I (7,9,21,40,64) 
CPpharanthine-Z‘kN-oxide [a21  (2 1) 
Cycleanine [1211(7,46,52,64) 
Daphnandrine [37(64) 
1,2-Dehydroapateline [1931(64) 
N-Desmethylcyclcmine I2331 (64) 
3‘,4’-Dihydmtephasubine [2951(49) 

Caymrmr 

(guattegaumerine) I2341 (19) 

Comr(ur 

Cwarra 

cyr!uI 

PIIchygont 

P y m k  

S 9 b m i a  

(+kEpistephPnine [&I (49) 
Fangchinoline 1611 (16,52) 
Fenfangjine A (tetrandrine-2kN- 

oxide) I m ( 5 2 , 7 5 )  
Fenfangjine B (fangchimline-2’a-N- 

oxide) I2981 (52,75) 
Fenfangjine C (fangchimline-2’~N- 

oxide) I2991 (52,75) 
Fenfangjine D (1,3,4-tridehydrofangchimlium 

hydroxide) 13001 (52,74) 
Homoammoline (thnlrug-ine) [421(43,46,64) 
Isotetrandrine 1621 (16,46,64) 
2 - N o r b e b i n e  [68] (64) 
2-Norcephannoline (3261 (64) 
2-Norcepharanrhine (3m (2 1) 
2‘-Norcepharanthine [3281(64) 
2-Norisocephunnthine [3331(64) 
2-Norisotetrandrine [3341(64) 
2‘-Norisotetrandrine [213] (64) 
2-Norobaberine I% dvcl(64) 
2‘ -Norokr ine  [3371(64) 
Noatephasubine I3401 (2 1 )  
Obaberine [%] (64) 
Oxofangchitine 13491 (327) 
Stephasubimine I3731 (2 1) 
Stephasubine [3741(2 1,49) 
Stephibakrine 13751 (61) 
Stepierrine [37a (64) 
Tetrandrine 1761(16,45,52) 
Thalrugosamine [521(64) 

Dinklacorhe [1141(26,27) 
N-Methyltiliamorine [323] (78) 
Nortiliacorine A (1151 (56) 
Noniliacorinine A [1161(17,26) 
Norisoyanangine 13351 (56) 
Noryanangine [%I (56) 
Tiliacorine Ill81 (17,26) 
Tiliacorinine [1191(17) 
Tiliacorinine-2’-N-oxide 12541 (56) 
Tiliageine Im(61) 
Tilianangine (3861 (26) 
Tiliarine [1851(66) 
Tilirriandrine [m (61) 
Yanangcorinine [3881(17) 
Yanangine 13891 (27) 

Tiikwa 

Nymphaeaceae 
NJUnr60 

Isoliensinine I281 (463) 
Neferine [Sol (463) 

Ranunculaceae 
1s- 

Bertarnine [ 5 7  (60) 
Isotetrandrine 1621 (60) 

Aromoline [311(4 1) 
Cultithahinine [ a 5 1  (41) 
N-Desrnethylthalidasine 

(2-mrthnlidnsine) 11961 (12) 
Hemandezine [811(34,55) 
5-Hydrorythalidasine 13111 (24) 
5-Hydrorythalidasine-2’a-N-oxide 13121 (4 1) 
5-HydmrythPlmine [3131(24) 
Isothalidaine [821(34) 
0-Methylthalicberine 1951 (10,24,42,53) 
0-Methylthalmechine (961 (10,452) 
0-Methylthnlmine (2443 (24) 
Neothalibrine [2111(41)’ 

ThrrliCmilIl 
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Neothalibrine-2‘a-N-oxide I3251 (4 1) 
2’-Noroxyacanthine I3381 (4 1) 
Northzlibroline (3411 (76) 
2’-Norrhaliphylline 13421 (24,41) 
2-Northalmine (3431 (12) 
Obaberine [%] (41) 
Oxyacanthine 1481 (41,452) 
Thalicberine I971 (10) 
Thalictine (1071 (24) 
Thalidasine [lo01 (12,47) 
Thalidasine-2a-N-oxide [377l(41) 
Thalidezine ((831 (34) 
Thaligosine (thalisopine) I524 (41) 
Thaligosine-2p-N-oxide (thalisopine-2p-N- 

Thaligosinine [52b1(14) 
Thaliphylline (2531 (10,24) 

oxide) [378] (4 1) 

Thaliphylline-2’&N-oxide [3791(4 1) 
Thalirugine (14b) (41) 
Thalisopidine (531 (14) 
Thalisopine [%I (24) 
Thalivarmine I3801 ( 10) 
Thalmethine (981 (10,452) 
Thalmiculatirnine [3811(24) 
Thalmiculimine I3821 (24) 
Thalmiculine (3831 (24) 
Thalmine (1081 (12,42) 
Thalmirabine (2221 (34) 
Thalrug-inine I551 (24) 
Thalrugosuninine-2a-N-oxide I3841 (4 1) 
Thalrugosidine [lo11 (24) 
Thalrugosinine (2241 (12) 
Thalsivasine I3851 (10) 

TNLE 8. Botanical Sources ofBisbenzylisoquinoline Alkaloids. 

Structural 
Name of Plant Plant Part’ Alkaloid Type of 

Alkaloid 

Abnkapabni 
(Martius) Krukoff and Barneby 
(Menispennareae) 

AlkrtiJia lawifilia 
(Menispermaceae) 

Alkrtisiapapvana Becc. 
(Menispermaceae) 

Anirmycka cynrora 
Troupin (Menispermaceae) 

Aristolocbia gigantea 
Man. (Aristolochiaceae) 

Brrberir boliviana 
k h l .  (Berberidaceae) 

St Daurisoline I1921 (36) 
N,N’-Dimethyllindoldhamine (2341 (36) 
Lindoldhamine I l l ]  (36) 
2-N-Methyllindoldhamine I3211 (36) 
2’-N-Methyllindoldhamine [322](36) 
2’-Nordaurisoline I3301 (36) 

Rh Apateline I183 (8) 
Arornoline [31] (8) 
Cocsoline I1521 (8) 
Cocsuline [1531(8) 
Daphnoline (381 (8) 
N-Methylapateline I2071 (8) 

St Apateline [1871(35) 
N,N’-Bisnoraromoline (321 (35) 
2,2’-Bisnorphaemthine (2781 (35) 
Cocsoline 11521 (35) 
Cocsuline [1531(35) 
Daphnandrine I37 (35) 
DaphnoIineI381(35) 
Lindoldhamine [11](35) 
0-Methylcocsoline I2391 (35) 
2’-Norcocsuline 13291 (35) 
Pangkoramine I3531 (35) 
Pangkorimine I3541 (35) 

1,2-Dehydmpateline [1931(82) 
1.2-Dehydrotelobine (1941 (82) 
Trilobine 11631 (82) 

Pampulhamine 13521 (7 1) 
Pedroamine (3551 (7 1) 

R Aromoline I311 (62) 
Berbamine [53 (62) 
Homoammoline [42](62) 
Isotetrandrine (62) (62) 
Obaberine [%I (62) 
Obamegine n11 (62) 
Oxyacanthine I&] (62) 
Thalrugosine [791(62) 

R Cocsoline I1521 (82) 

L Geraldoamine I3011 (7 1) 

I 
I 
I 
I 
I 
I 
XXIII 
VI 
XXIII 
XXIII 
VI 
XXIII 
XXIII 
VI 
VI11 
XXIII 
XXIII 
VI 
VI 
I 
XXIII 
XXIII 
VI 
VI 
XXIII 
XXIII 
XXIII 
XXIII 
I 
I 
I 
VI 
VI11 
VI 
VI11 
VI 
VI11 
VI 
VI11 
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Structural 

Alkaloid 
Name of Plant Plant Part’ Alkaloid Type of 

Brrkribrandiriaa 
Ahrendt (Berberidaceae) 

St 

T 

Brrkri b m r h f o l i a  R 
Schneid. (Berberidaceae) 

Brrkri cbikwu L 

Brrkrimtica L. WP 
Gill. ex Hook (Berberidaceae) 

(Berberidaceae) 

Brrkri h n a  Palib. 
(Berberidaceae) 

Brrkri W n a  Billbg. 
(Berberidaceae) 

BcrberisobIagta(Regl.) Sh 
(Berberidaceae) 

BnSerirpa~uw!m&ta R 
Ruby. (Berberidaceae) 

St 

Brrkripolymqphrr (Berberidaceae) St 
B r r k r i p s a k a  T 

B&s stdaijka Culture 

(Berberidaceae) 
Brrkri rcgdiana (Berberidaceae) Fr 

(Berberidaceae) 

Brrkri wilsaiae T 
Hemsl. et Wils. (Berberidaceae) 

B a b y  et Krukoff 
Cay- olivarrmr St 

Aromoline I311 (62) 
Berbamine I57 (62) 
Berbamunine 111 (62) 
Isotetrandrine [a21 (62) 
Obsberine 1461 (62) 
Obamegine I711 (62) 
Oxyacanthine[48](62) 
Berbamine [57(25)  
Berbamine-2’p-N-oxide I2741 (25) 
Isotetrandrine 1621 (25) 
Penduline I721 (25) 
Aromoline [31] (62) 
Berbamine [57(62)  
Isotetrandrine [621(62) 
Oxyacanthine [48](62) 
12-0-Desmethyllauberine I2941 (65) 
Espinine[9](65) 
Aromoline [311(13) 
Berbamine [571(13) 
Berbamunine 111 ( 13) 
Isotetrandrine [62] (13) 
Obaberine [%I( 13) 
Obamegine I711 ( 13) 
Oxyacanthine I481 ( 13) 
Thalrugosine 1791 (13) 
Aromoline [31] (44) 
Berbamine [57(44) 
Obamegine I711 (44) 
Oxyacanthine 1481 (44) 
Aromoline I311 (62) 
Belarine 1931 (62) 
Berbilaurine I2751 (62) 
7-0-Demethylisothalicberine I1951 (62) 
Homoaromoline I421 (62) 
Lauberine I1061 (62) 
Thalrugosine 1791 (62) 
Berbamine [ 5 7  (23) 
N-2’-Merhylisotetrandrine I3191 (23) 
Oxyacanthine[48] (23) 
Berbamine [ 5 7  (62) 
Isotetrandrine 1621 (62) 
Obberine I461 (62) 
Oryac~thineI48](62) 
Berbamine I57 (62) 
Isotetrandrine I621 (62) 
Obabcrine [%I (62) 
OxyacanthineI48) (62) 
Thalrugosine I791(57) 
Obaberine (46) (36) 
Oxyacanthine I481 (37) 
Berbamine I571 ( 18) 
Aromoline 1311 (32) 
Berbamine I53 (32,54) 
Berbamunine [11(32,54) 
N,N’-Dimethyllindoldhamine 

(guattegaumerine) 12341 (54) 
Isotetrandrine I621 (32) 
2-Norberhunine [l dvtl(32.54) 
Berbamine [57 (6) 
Isotetrandrine 1621 (6) 
Cnryolivine (2811 (19) 
1,2-Dehydrc-2-norlimaine [291] (19) 

VI 
VI11 
I 
VI11 
VI 
VI11 
VI 
VIII 
VIII 
VIII 
VIII 
VI 
VIII 
VI11 
VI 
XIV 
I 
VI 
VI11 
I 
VI11 
VI 
VIII 
VI 
VIII 
VI 
VI11 
VI11 
VI 
VI 
XI 
XIV 
XI 
VI 
XIV 
VIII 
VI11 
VI11 
VI 
VI11 
VI11 
VI 
VI 
VI11 
VI11 
VI 
VI 
VI11 
VI 
VI 
VI11 
VI 
VI11 
I 

I 
VI11 
I 
VI11 
VI11 
VI11 
VI 
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TABLE 8. Continued. 

Name of Plant Plant Part’ Alkaloid 
Structural 
Type of 

Alkaloid 

c w m  sp. 
(Annonaceae) 

StB 

cnmca Cadli2n.I  R 
(L.C. Rich) Bameby and 
Krukoff (Menispermaceae) 

Cycka bypgkuuu 
(Me nis pe rmac eae ) 

C y c k  racemou Oliv. R 
(Menispermaceae) 

(LaUrac-) W 
D&h t d r u  Men. L 

(Menispermaceae) N,N’-Dimerhyllindoldhamine 
(guattegaumerine) 12341(19) 

2-Norlimacine 13361 ( 19) 
2-Norlimawine 12451( 19) 

Carvlvr birsntvr L Isotrilobine (157 (28) 
(Menispermaceae) Trilobine [I631 (28) 

Cocnrlurpmdwl~ L 1 ’ ,2 ’ -Dehydrokohatamine [2891(3 3) 
(Fonk.) Diels (Menisperrnaceae) 1’,2’-Dehydrokohatine 12901(33) 

1,2-Dehydm-2’-norrelobine I2921(33) 
5-Hydroxyapeline 13091 (33) 
5-Hydroxytelobine [3101(33) 
Kohatamine I3141 (33) 
Kohatine 12361 (33) 
Siddiquamine 13711 (33) 
Siddiquine [3721(33) 
Cordobimine 12831 (79) 
Cordobine (2841 (79) 
Granjine I3021(79) 
Monterine I3241(79) 
Candicusine I2801(83-85) 
Krukovine 1631 (83.84) 
LimncineIbLI (83,84) 
Limncine-2’a-N-oxide I3151 (83-85) 
Limncine-2p-N-oxide 13161 (83-85) 
Limscine-2’~N-oxide 1317 (83-85) 
Limacusine[%1(83,84) 
Insulanoline I1691( 11) 
InsuIarineI1701(11) 
Cycleaneonine [2861(8 1) 

Gtutmiuguiamric(Aub1er) StB 
R.E. Fries(Annonaceae) 

Gymuq~ awurkunw Jacq . L 
(Hemandiaceae) 

ScB 

Dehatridim I 2 8 7  (63) 
Dehatrine I2881 (63) 
Obaberine I461 (63) 
Apareline I1811 (59) 
Aromoline I311 (59) 
2,2’-Bisnorguattaguianine 12761 (5 1) 
Coclobine I351 (59) 
Daphnandrim 137(59)  
Daphnoline 1381 (59) 
1,2-Dehydroapateline 11931 (59) 
1,2-Dehydrotelobine Il%l(59) 
12-0-Demethylcoclobine [2931(59) 
Funiferine I201 ( 5  1) 
Guattvnine [3031(5 1) 
Guatraminone 13041 (5 1) 
2’-Norfuniferine [3311(5 1) 
2’-Norguattaguianine I3321 (5 1) 
2’-Nortiliageine [3451(5 1) 
Telobine 11601 (59) 
Tiliageine127l(5 1) 
Auroramine I3901 (50) 
Gymarpine 13061 (50) 
Umacine 1641 (50) 
Maroumiw I3911 (50) 
Phaeanchine n4] (50) 
Grisabine[lOl(l5) 
Gyroamericine[3051(15) 
Gyrnarpine~3061(15) 
Gyrocarpusine I 3 0 7  (15) 
Gymlidine 13081 (15) 
Isotetnndrine (621 ( 15) 
Limacine I641 (15) 

I 
VI11 
VI 
XXIII 
XXIII 
XXUIa 
M I I a  
XXIII 
M I I a  
XXIIIa 
XXIIIa 
M i I a  
XXIIIa 
XXIIIa 
IV 
IV 
IV 
Iv 
VI 
VI11 
VI11 
VI11 
VI11 
VI11 
VI 
XXVI 
XXVI 
XXII 

VI11 
VI11 
VI 
M I 1  
VI 
IV 
VI 
VI 
VI 
XXIII 
XXIII 
VI 
IV 
IV 
IV 
IV 
IV 
IV 
XXIII 
IV 
seco VI 
VI 
VI11 
seco VI 
VI11 
I 
VI11 
VI 
VI 
VI 
VI11 
VI11 
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TABU 8. Continued. 

S t N C U d  

Name of Plant Plant Parr’ Alkaloid Type of 
Alkaloid 

HcrnandiapCIkZta StB 
Meissner (Hemuldiaceae) 

I S ~ t b a l i m a r d U  
(Ranunculacepe) 

Mabmis ap.$iliwn B,L 
(F’ursh) Nun. (Berberidaceae) 

Popmuirrpiswarprr 
(BI.) Endl. (AMOWW) 

Psdxandra aff. lurirh 
(Annonaceae) 

P d d a s r k m m p a  M a s  
(Annonaceae) 

P y d  martillensis Vi& 
(Menirpermaceae) 

Pyrnawhnrrr ozrmrba Diels 
(Menispenceae) 

L,Sr.Fr 

R 
sd 

St 

B d o r  L 

B 

StB 

R S  

St 

0-Methyllimnwine [320] ( 15) 
Phpennrhine (0-methyllimncine) n4] (15) 
Ambrimine [272] (68) 
Efarine [2961(68) 
Berbamine I571 (60) 
hetrandrine (621 (60) 
Aquifoline [2731 (3 1) 
Aromoline [311(20) 
Berbamine [ 5 7  (5,20) 
Isotetrpndrine [621(20) 
Obamegine 1711 (20) 
orynCnnrhinef481(20) 
Berbamine [571(22) 
Isocerrandrine [62] (22) 
Oxyacanthine [&I (22) 
Baluchisrine [188] (3 1) 
Isoliensinine I281 (463) 
Nefcrine [MI (463) 
Aweline Ilafl(39) 
N,N’-BbnorPromoline 1321 (39) 
D;lphnnndrim [37(39)  
Dpphnoline W l ( 3 9 )  
1,2-DehydroPpPteline I1931 (39) 
1,2-Dehydrotelobine [1%1(39) 
Isotrilobine 1157 (39) 
0-Methylcocmline [2391(39) 
Dauricine [31(30) 
Dauricoline [SI (30) 
0-Merhyldauricine [la] (30) 
N-2-Oxy-O-methyldauricine I3501 (30) 
N-2’-OxyOmethyldauricine 13511 (30) 
2‘-Norpisopowiaridine [3391(30) 
Pisopowmine [357 (30) 
Pisopowetine t3581(30) 
Pisopowiaridine [3591(30) 
Pisopowiarine 13601 (30) 
Pisopowidine [3611(30) 
Pisopowine 13621 (30) 
Popidine [3631(30) 
Popisidine [364] (30) 
Popisine I3651 (30) 
Popisonine [366) (30) 
Popisopine C367 (30) 
Medelline I3181 (67) 
Oxandrine 1347 (80) 
Oxandrinine (3481 (80) 
Pxudoxandrine 13681 (80) 
Pseudoxandrinine I3691 (80) 
BerbPmunine I11 (29) 
Homoammoline [421(29) 
Secolucidine [3931(29) 
Thaligrisine I2521 (29) 
Berbamine I57 (48) 
Isoterrandrine [62] (48) 
Phaeanthine n4] (48) 
PhaePnthine-2’a-N-oxide [3%1(48) 
Pycmanilline 13921 (48) 
Pycnamine I751 (48) 
Birnorobvnegine [277](38) 
Bisnorrhalrugcsine I2791 (38) 
Daphnoline138](38) 
2-NorberbPmine [681(38) 

VI 
VIII 
vb 
vb 
WI 
VIII 
VIII 
VI 
VI11 
VI11 
VIII 
VI 
VIII 
VIII 
VI 
VI 
V 
V 
XXIII 
VI 
VI 
VI 
MII 
XXIII 
XXIII 
XXIII 
I 
I 
I 
I 
I 
xxw 
XXVII 
xxw 
xxw 
XXVII 
XXVII 
xxw 
I 
I 
I 
I 
I 
XVIII 
Iv 
Iv 
IV 
Iv 
I 
VI 
seco X W I  
I 
VI11 
VI11 
VI11 
VI11 
Seco VIU 
VI11 
VI11 
vu1 
VI 
VI11 
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TABLE 8.  Continued. 

Name of Plant Plant Pan’ Alkaloid 
Structural 

Alkaloid 
Type of 

Stcpbania crpbmaba Hayatn 
(Menispermaceae) 

Szt#&nia @igm Diburong 

St&ania bmadfdia Walp. 
( MeniSpemur cae ) 

(Menispermaceae) 

Stepbaniapinrii Diels 
(Menispermaceae) 

R (Culture) 

St 

Tb 

Stqbania turandra S. Moore R 
(Menispermaceae) 

Rh 

T 

R 
WP 

2-Norobamegine 1691 (38) 
2-Northalrugasine I3441 (38) 
Pycnazanthine I3701 (38) 
Aromoline 1311 (46,58) 
Berbamine [ 5 7  (46) 
Cycleanine (1211 (46) 
Homoammoline [421(46) 
Isotetrandrine 1621 (46) 
Cepharanthine [34] (7,40) 
Cycleanine [121] (7) 
3’,4’-Dihydrostephasubine [2951(49) 
(+)-Epistephanine [MI (49) 
Stephasubine [374] (49) 
Aromoline [31] (64) 
Berbamunine [l] (64) 
Cepharanthine I341 (64) 
Cycleanine[121] (64) 
Daphnaadrine 137 (64) 
1,2-Dehydrcapareline 11931 (64) 
N-Desmechylcycleanine [2331(64) 
Homoammoline [42] (64) 
Isotetrandrine I621 (64) 
~ - N o & I ~ u u  ‘ne I681 (64) 
2-Norcepharanoline 13261 (64) 
2’-Norcepharanthine [328] (64) 
2-Norisocepharanthine [3331(64) 
2-Norisoterrandrine [3341(64) 
2’-Norisotecrandrine 12131 (64) 
2-Noroboberine 1% dvtl(64) 
2’-NorobPberine [337 (64) 
Obaberine [%I (64) 
StephibPberine [3751(64) 
Stepierrine [376] (64) 
Tharug-ine I551 
Cepharanthine [341(9) 

Cepharanthine I341 (2 1) 
Cepharanthine-Z’p-N-oxide (282) (2 1) 
2-Norcephuanthine I 3 2 7  (2 1) 
Nontephasubine I3401 (2 1) 
Stephasubimine I3731 (2 1) 
Stephasubine [374] (2 1) 
Cycleanine [1211(52) 
Fangchinoline 1611 (16,52) 
Fenfangjine A (tetrandrine-2~-N-oxide) 

I297(52,75) 
Fenfangjine B (fangchinoline-2’a-N-oxide) 

[2981(52,75) 
Penfangjiw C (fangchinoline-2‘p-N-oxide) 

[WI (52,75) 
PenfangjineD( 1,3,4-tridehydrofangchinolium 

hydroxide) [3001(52,74) 
Isotecrandrine (621 (16) 
Oxofangchirine (3491 (327) 
TetrandrinefJ6](16,45,52) 
Homavomoline (thalrug-ine) 142) (43) 

0-Mechylrhalicberine [95] (42) 
W i n e  [lo81 (42) 
0-Merhylthalicberine 1951 (42) 
Aromoline[31](41) 
Cultithalminine [285] (4 1) 

VI11 
VI11 
VI 
VI 
VI11 
xx 

VI 
VI11 
VI 
xx 
VI 
VI 
VI 
VI 
I 
VI 
xx 
VI 
XXIII 
XXIII 
VI 
VI11 
VI11 
YI 
VI 
VI 
VIII 
VIII 
VI 
VI 
VI 
VI 
VI11 
VI 
VI 

VI 
VI 
VI 
VI 
VI 
VI 
xx 
VI11 

VIII 

VI11 

VI11 

VI11 

VI11 
VI11 
VI 

XI 
XIV 
XI 
VI 
XIVa 
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TABLE 8.  Continued. 

Name of Plant Plant Part' Alkaloid 
Structunl 

Alkaloid 
Type of 

TAalictmw&qi R 
(Ranunculaceae) 

TAalkmWU0ppoidcrC.A.M. R 

TbalimwRhnlwun'Scandl. T 

Tbalimum minvr L. T 

(Ranunculaceae) 

(Ranunculaceae) 

(Ranunculaccae) 

T b a l i ~ n n i n v r w .  bypvkaunm L. 

TbaIkmW m'nvr w. minvr L. 
(Ranunculaccae) 

(Ranunculaceae) 
L 

R,fi 
TbalimwRsqwarrarvnr Steph. ex R 

Ti/kwaraccmua Colebr. R 
Willd. (Ranunculacae) 

(Menispermacae) 

TiIkwa h d r a  Diels L,St 
(MeniSpermac€-Z) 

N-Desmerhylthalidasine (2-northalidasine) 

5-Hydroxychalidasine 13111 (24) 
5-Hydroxychalidasine-2'a-N+xide I3121 (4 1) 
5-Hydroxyrhalmine 13131 (24) 
0-MethylcMlicberine 1951 (24) 
0-Merhylthalmine 12%1(24) 
Neothalibrine 12111 (41) 
Neothalibrine-2'a-N-oxide [325] (4 1) 
2'-Noroxyacanthine 13381 (4 1) 
2'-Northaliphylline 13421 (24,41) 
2-Northalmine 13431 (12) 
Obaberine [%I (4 1) 
Oxyacanthine 1481 (4 1) 
Thalictine 1103 (24) 
Thalidasine 11001 (12) 
Thalidasine-2a-N-oxide [377l(4 1) 
Thaligorine(thaJisopine) [52a1(4 1) 
Thaligosine-2 B-N-oxide (thalisopine-2 B-N- 

Thaliphylline 12531 (24) 
Thaliphylline-2'~-N-oxide 13791 (4 1) 
Thalirugine [14b1 (4 1) 
Thalisopine 1541 (24) 
Thalmiculatimine (3811 (24) 
Thalmiculimine 13821 (24) 
Thalmiculiae 13831 (24) 
Thalmine (1081 (12) 
Thalrugasaminine 1551 (24) 
Thalrugasaminine-2a-Naide [38@ (4 1) 
Thalrugmidine (101) (24) 
Thalrugojinone 12241 (12) 
Thalsivasine [3851(24) 
Hernandetine 1811 (34) 
Isorhalidezine 1821 (34) 
Thalidaine I831 (34) 
Thalmirabine [2221(34) 
Thaligosinine [52bl( 14) 
Thalisopidine 1531 ( 14) 
Hernandezine 1811 (55) 

0-Methylthalmethine [%I (452) 
Oxyacanthine (481 (452) 
Thalmerhine I981 (452) 
0-Methylthalicberine I951 (53) 

0-Methylthalicberine [951(10) 
0-Merhylrhalmethine I%] ( 10) 
Thalicberine I97l (IO) 
Thaliphylline 12531 (10) 
Thalivumine I3801 (10) 
Thalmerhine [*I( 10) 
Thalrivasine E3851 (10) 
Northalibroline I341] (76) 
Thalidasine [lo01 (47) 

N-Methyltiliarnosine 13231 (78) 
Nortiliacorinine A 11151(66) 
Tiliarine [1851(66) 
Dinklacorine I1141 (26,27) 
Nortiliacorinine A 11161 (17,26) 
NorriliacorineA [115](56) 

11%1(12) 

oxide) [3781(4 1) 

XII 
XIIa 
XIIa 
X I V a  
XI 
XIV 
I 
I 
VI 
XI 
XIV 
VI 
VI 
XIV 
XI1 
XI1 
VI1 

VI1 
XI 
XI 
Ia 
VU 
XIV 
X I V a  
X I V a  
XIV 
VI1 
VI1 
XI1 
XI1 
XI 
IX 
IX 
Ix 
XI11 
VI1 
VI1 
IX 

XI 
VI 
XI 
XI 

XI 
XI 
XI 
XI 
XI 
XI 
XI 
I 
XI1 

XIX 
XVIII 
XVIII 
xvm 
XVIlI 
XWI 
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TABLE 8. Continued 

Name of Plant Plant Parr‘ Alkaloid 

Norisoyanangine [3351(56) 
Noryanangine [3461(56) 
Tiliacorine [llS] (17.26) 
Tiliacorinine (1191 (17) 
Tiliacorinine-2’-N-~xide 12541 (56) 
Tiliageine [27l(6 1) 
Tilianangine [3861(26) 
Tilitriandrine (387 (61) 
Yanangcorinine [3881(17) 
Yanangine [W] (27) 

XIX 
XIX 
XVIII 
XVIII 
XVIII 
IV 
XIX 
IV 
XVIII 
XIX 

‘B = Bark, Bb = Bulb, Fr = Fruits, L = Leaves, R = Roots, RB = Root bark, Rh = Rhizomes, Sd = Seeds, 
Sh = Shoots, St = Stems, StB = Stem bark, T = Tops, Tb =Tuben, W = Wood, W P  = Whole Plant. 

TABLE 9. Biosynthesis of Bisbenzylisoquinoline Alkaloids. 

1 BERBAMUNINE C*H,O$rl,: 596.2886 
Feeding experiments with ( l-I3C)-(R)- and (S)-coclaurine in Bcrbcrir Jrolon$wa cell cultures, followed by m r  
studies of the resulting alkaloids, confirmed the biosynthetic route to berbamunine (R,D (54). 
A specific cythochrome P-450-linked microsome-bound plant enzyme from Berbcnr rtdonifrrrr is involved in C-C 
and C-0 bond formation in berbamunine (480). 

122 ISOCHONDRODENDRINE C3&3&N2: 594.2730 
Tracer experiments demonstrated that (R,R)-isochondrodendrine is stereospecifically biosynthesized in young 
Cissanrplorpatrira L. (Menispermaceae) plants by oxidative dimerization of (R)-N-methylcoclaurine (72). 

133 CURINE (BEBEERINE) C&3806N2: 594.2730 
Tracer experiments demonstrated that (R,R)-curine (bebeerine) is stereospecifically biosynthesized in young Cb- 
srmrplorpmira L. (Menispermaceae) plants by oxidative dimerization of (R)-N-methylcoclaurine (72). 

136 HAYATIDINE C,,H,0$r12: 608.2886 
Tracer experiments demonstrated that (S,R)-hayatidine is stereospecifically biosynthesized in young CirrmApJar 
@ e r a  L. (Menispermaceae) plants by intermolecular oxidative coupling of (StN-methylcoclaurine and (R)-N- 
methylcoclaurine (72). 

137 HAYATINE C=H3,0&: 594.2730 
Tracer erperiments demonstrated that hayatine [a racemic mixture of (+ ,+) and (- ,-) forms] is stempecifi- 
cally biosynthesized in young Cirranrplar p a i r .  L. (Menispermaceae) plants by oxidative dimerization of N- 
methylcoclaurine. Results suppbtt the following sequence: TyrosineHCoclaurineHQ-N-methylcoclaurine = 
1,2-Didehydro-N-methylcoclaurine~(RtN-methylcoclaurine”ayatine (470). 

234 N , N ’ - D I M E D L D H A M I N E  (Guattegaumerine) CyjHaOd’42: 596.2886 
Feeding experiments with (1-l3C)-(R)- and (Stcodaurine in Bcrbns Jtolon$cra cell cultures, followed by nmr 
studies of the resulting alkaloids, con6rmed the biosynthetic route to berbamunine (R,D (54). and also showed 
that the (R) isomer is incorporated in similar excess into both halves of the (R,R) dimer guattegaumerine (54). 

TABLE 10. Pharmacological Activities of Bisbenzylisoquinoline Alkaloids. 

0-Acetyldauricine 13 dvt] 

dependent phosphodiesterase as did the 0-propionyl ester (323). 

Antioquine [2251 
Antioquine demonsttared in vitro activity against the flagellated protozoa Lcisbnvrnia br+m‘I, L&hania 

amazmunrir, and L i ~ h a n h  dmwuni (378). In addition, the alkaloid was investigated for in vitro activity against the 
eiprnastigotes of three genetically typed strains of the flagellated protozoa Tvpnomna m z i  (Chagas disease) and found 
to lack sufficient activity to warrant in vivo analysis (379). Antioquine produced a r e h i o n  ofCa++-induced sustained 
contractions in the rat uterus in a Kdepolarizing solution, as well as the spontaneous activity of the rat uterus. The aJ- 
kaloid induced a displacement to the right of the dase-response curves to GI++. This antagonism was noncompetitive. 
These and other experiments suggest that the relaxant &s of the alkaloid may be due to the blockade of Ca++ move- 
ments across the cell membrane, mainly through voltage-opemed channels (390). 

0-Acetyldauticine showed antiarrhythmic activity in guinea pigs (3 10) but did not as strongly inhibit calmoddin- 
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Aromoline [31] 
Aromoline exhibited in vitro antimalarial activity (ICso 0.67 pg/ml) (chloroquine phosphate; IC,, 0.14 pg/ml) 

against Phrmodinm f h p r n m  (464). 

Berbamine 1571 
Antimidial #h.-Berbamine demonstrated in vitro activity against the hgellated protoum L. bradimsir, L. 

a m a z m b ,  and L. doMvrrni (378). 
Berbamine was investigated for in vitro activity against the epimastigotes of three generically typed strains of the 

flagellated protozoa T. w z i  (Chagas disease) and found to lack sdc ien t  activity to w-t in vivo analysis (379). 

Cardiouarrvlm cflcrtJ.-Berbamine markedly inhibited the force of contraction, prolonged the e&ctive refractory 
period, and attenuated adrenaline-induced automaticity in the isolated atria ofguinea pigs. In addition, the alkaloid an- 
tagonized the effect of isoproterenol in a noncompetitive manner, shifted the concentration-response curve of Ca++ to 
the right in a noncompetitive m e r ,  and noncompetitively antagonized theeffect ofhistamineon theatria(l24). Ber- 
bamine inhibited contractility and automaticity of isolated guinea pig ppillary muscles and human pectinate muscles 
and prolonged the functional refractory period of these muscles, but failed to effm excitability. The alkaloid M- 

tagonized the positive inotropic action of isoproterenol and histamine on guinea pig plpillary m w l e  but with kineria 
different from those of propmolol and cimetidine, respectively, suggesting that the antagonistic action of the alkaloid 
was not through a competitive blockade of beta- or histaminic H, receptors. Finally, the alkaloid antagonized the p i -  
tive inotropic action of ca++, with kinetics similar to those ofvenpunil, suggesting that berbamine is a &++ channel 
blocker (132). 

Berbamine (5 mgkg) decreared the size of ligated coronary-anery-induced myocardial infarction in rabbits and 
rats, with a corresponding increase in serum-free fatty acids and a decrease in the number of Q waves and the levels of 
serum creatine kinase in rabbits, thus exerring a myocardial protective e&ct (133). The alkaloid was effective against 
experimental cardiac arrhythmias induced by ouabain, aconitine, CaCl,, and ligation of the coronary artery in guinea 
pigs, rats, and mice. The alkaloid was still dfective post bilateral vagotomy; however, it inhibited neither the iurhyrh- 
mia induced by direct injection of picrotoxin or aconitine into the Lateral ventricle of rats nor isoprenaline-induced 
CAMP increases in mouse plasma (268). Berbamine and its various derivatives inhibited G++-Mg++-ATPue stimu- 
lated by calmodulin, by partial proteolysis, or by oleic acid in erythrocyte membmb. The capability of these deriva- 
tives to inhibit trypsin-activated &++-Mg++-ATPare compared favorably with their ability to inhibit the cplmodulin- 
stimulated enzyme. 0-4-(Ethoxybutyl~berbamine inhibition of Ca"-Mg++-ATPase was competitive with respect to 
ATP (277). 

Berbamine was found to inhibit calmodulindependent phosphodiesterase (IG, 22 prnoYliter). 
0-Acylated and 0-alkylated derivatives were prepared from berbamine and found to possess high anti calmodulin- 

dependent Ca++-Mg++-ATPare activities. Those derivatives with a long alkyl side chain had very high activities. The 
IC,, of 0-(4-ethoxylbutyl)berbamine was about 0.35 w, which implies that this compound is one of the most potent 
of these type of antagonists (333). 

Iv administration ofberbamine inhibited ouabain-induced arrhythmia in guimapigs, with the alkaloid inhibiting 
the inotropic effect of ouabain in a concentrationdependent manner in the isolated guinea pig left atrium. Calcium 
channel blockade is implicated as a likely mechanism (395). 

Berbamine (100  w) relaxed the high K+-induced contractions ofpig coronary artery. This effect was reveryd by 
raising the concentration of Ca++ in the medium. The alkaloid shifted the dose-contntction curve of GCI, on pig com 
nary artery strips to the right and inhibited (30 pM) norepinephrine-induced contractions of the coronary artery in 
Ca++-free medium. Berbamine had no significant effm on the inhibition of coronary artery contraction induced by 
ca++ influx ' through norepinephrine-opened receptor-operated Ca++ channels (458). 

Cmtrd#h.++)-Berbamine has a relatively high &nity (K, 1.9 X lo-' M) for the muxarinic receptors ofm 
brain, as determined by its effect on the binding of I3HIQNB (quinuclidinyl benzilate) in an in vitro receptor binding 

The effects of berbamine on foul cerebral ischemia in rats was evaluared via the measurement 0fF'GF2, in the right 
cortex 15 min after the onset of ischemia and the activity ofcreatine phosphokinase in the venous blood 2 4  after. PGF,, 
was less in the berbamine (15 mgkg) group, and berbamine decreased the infvcr size. It was concluded that the alkaloid 
had some protective effect on acute focal cerebral ischemia in the rat (448). 

Imnrunmnouklamy flcrtJ.-Administration (ip) of berbamine to mice inoculated with inhema virus (m,) pro- 
duced an immuncstimulant effect as observed via enhanced phagocytic activity of the alveolar m~crophnges, as well as 
increased intracellular bactericidal activity and phagorome-lysosome fusion in the lung. The alkaloid did not &t the 
hemagglutinating titer in bronchdveolar spaces, the production of anti-influenza antibodies, or the pathological 
profile of this viral pneumonia (158). 

Berbamine partially overcame the resistance of a multidrug-resistant subline (ChR-24, derived from human KB 
carcinoma cells) to vincristine, actinomycin D, daunomycin, and adriamycin (2 16). 

Berbamine produced a 56.4% inhibition of formylmethionyl-leucyl-phenylalamne-induced superoxide (023 
generation by polymorphonuclear leukocytes, suggesting that the alkaloid possessa mernb&-modifying activity 
(226). 

Berbamine has lesser in vitro suppressive effects on adherence, locomotion, and 3Hdeoryglu~ose uptake of neut- 
rophils, as well as mitogen-induced lymphocyte responses and mixed lymphocyte reactions, than doer tetrandrine. Ter- 
mdrine displays anti-oxidant activity, while berbamine does not. Berbamine, however, has a significantly greater ca- 
pacity for inhibition of n a d  killer cell cytotoxicity (435). 

MixcI&Lowr ~flcrt~.-A hair tonic formulation of berbamine + poly(oxyerhy1ene) hydrogenated a t o r  oil +per- 

w a y  (394). 
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fume + H,O applied to male patients for 3 months resulted in dandrufTcontrol(9096) and prevention of alopecia (80%) 
(433). 

Cepharawline produced a 56.0% inhibition of formylmethionyl-leucyl-phenylalanine-induced superoxide (0,J 
generation by polymorphonuclear leukocytes, suggesting that the alkaloid possess membrane-modifying activity 
(226). 

Cepharanthine 1341 
A n t i - i n ~ m z t m y  &-tf.-Cepharanthine was found to suppress the release of arachidonic acid from rat peritoneal 

exudate cells in vitro. The alkaloid may be able to inhibit inflammation via blocking the metabolism ofarachidonic acid 
(399). 

Cepharanthine inhibited, in a dosedependent fashion, the Ca ionophore A23 187-stimulated LTB, formation in 
rat periotenal exudate cells, while F'GE, formation was enhanced. The 5-liporygenase system and LTB, formation were 
likewise inhibited by the alkaloid. These results suggest that the anti-inflanmmory effects of the alkaloid may be related 
to its effects on arachidonate metabolism (421). 

Cepharanthine inhibited the idammatory activity induced by local application of 12-0-tetradecanoylphorbol- 13- 
acetate to the mouse ear. The alkaloid also markedly suppressed the tumor-promoting effect of the acetate ester on skin 
tumor formation in mice initiated with 7,12-dimethylbenz[u~thracene. The anti-tumor-promoting activity of the al- 
kaloid is apparently due to the presence of its anti-idammatory activity (454). 

Bloodrugulution ef lh .4pharanth ine  markedly prolonged both the prothrombin time and the activated partial 
thromboplastin time. The alkaloid further prolonged the kaolin-activated clotting time but had no effect on the recal- 
cification clotting time nor on the activity of individual coagulation factors. The alkaloid inhibited the release ofplatelet 
factor 4. The use of the alkaloid in the therapy ofhypercoagulation state or in disseminated intravascular coagulation was 
discussed (255). 

The prothrombin time, activated partial thromboplastin time, and kaolin-activated clotting time were markedly 
prolonged in the presence of cepharanthine in rats with experimental disseminated intravascular coagulation, while the 
recalcification clotting time remained uruffmed. The alkaloid inhibited both platelet aggregation and release of 
platelet factor 4, as well as preventing both the decrease ofplatelet count and antithrombin III activity. Potential use of 
the alkaloid in the therapy of humandisseminated intravaxular coagulation was d i d  (356). 

Cmn'nogmir inbibitmy flmf.-Superoxide anion production by phorbol myristate acetate-induced mouse 
peritoneal exudate cells was inhibited by cepharanthine (34% at 5 kg/ml and 85% at 50 pg/ml). No inhibition of the 
superoxide anion by a xanthine-xanthine oxidase system was observed, indicating that the alkaloid is not a scavenger of 
superoxide anion. No significant inhibition of canageenan-induced rat paw edema was observed (350). 

Cepharanthine (locally, 2 mg) was shown to be an inhibitor (78%) of the carcinogen promoter (locally, 1 pg) 12-0- 
tetradecanoylphorbol-13-ac~~e at the Same area when tested on mice eats (35 1). 

Cmrrul cflh.-Athough one study suggested that cepharanthine demonstrated an af6nity for dopaminergic re- 
ceptors by inhibiting ['HI spiperone binding to rat striatal membranes (99). a second study rrported that the alkaloid 
failed to effectively displace 'H-spiperone binding from rat striatal membranes (128), thus suggesting that the alkaloid 
lacks potent dopamine receptor blocking activity (antidopaminergic effects) (128). 

Cepharanthine increased corticosterone levels in rat plasma and increased plasma ACTH and corticosterone in 
propranolol-pretreated rats. Pretreatment with dexamethasone as a pituitary-adrenocortical suppressant blocked in- 
creased plasma corticosterone levels in rats treated with the alkaloid. The alkaloid increased corticosterone levels when 
beta blockade (i%r&dhapmursir-induced) occurred but did not affect corticosterone metabolism in adrenal cell suspen- 
sions. Hence, the alkaloid appears to stimulate the pituitary-adrenocortical system (1 13). 

Cytotoxir ef lh .4pharanth ine  potentiated the cytotoxicities of adriamycin and vincristine in cultured L12 10 
cells at a noncytotoxic dose. This potentiating activity was stronger when the cells were preincubated with the alkaloid 
prior to treatment of the cells with the alkaloid and vincristine, suggesting that a long-term contact with cells is re- 
quired for enhancement. Cepharanthine induced the increse of the cellular level ofvincristine in Ll210 cultured cells, 
with this accumulation of vincristine probably being due to inhibition of a vincristine efflux function of the cells. The 
alkaloid (5 mg/kg per day for 10 days) enhanced the antitumor activity of vincristine in mice in the P388 leukemia and 
Ll210 leukemia systems (266). 

The intracellular uptake, retention, and cytotoxicity of adriamycin combined with cepharanthine were investi- 
gated by flow cytometry in NIH 313 cells. Cepharanthine suppressed the efflux ofadriamycin in a similar fashion to ver- 
apamil. The alkaloid increased adriamycin intracellular uptake, and the cytotoxicity ofadriamycin was enhanced 5-fold 
in cells pre- and co-incubated with the alkaloid. When the alkaloid was present in the medium before, during, and after 
colony formation (10 days), after incubation with adriamycin, the cytotoxicity increased about 300-fold. A pwsible 
novel use of this alkaloid to improve drug sensitivity to adriamycin-resistant tumors is discussed (267). 

Cepharanthine inhibited cell growth and cell cycle traversal by a human colon cancer cell line in vitro. Flow 
cytometry studies suggest that the alkaloid exerts its growth-inhibiting effect on tumor cells by blocking the traversal of 
cells through the S phase. The alkaloid may be clinically useful when administered directly into tumors or into cavities 
containing malignant fluids (287). Cepharanthine enhanced the cytotoxicity ofpeplomycin in cultured Chinese b t e r  
V-79 cells. The alkaloid alone was almost without toxicity to these cells and did not appear to &ect the mechanism of 
action of peplomycin (290). 

Cepharanthine produced an 8-fold enhancement of the cytotoxic effect of a conjugate of epidermal growth factor 
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coupled with P I A  exotoxin in HeIa cells. The alkaloid appears to accumulate in lyxaomes and to delay degrada- 
tion of P J A  exotoxin in the cells (295). 

Cepharanthine suppresses the multidrug-resistant human KB carcinoma cell membrane P-glycoprotein phenotype 
via inhibition of the photolabeling of this protein in doses comparable to those that reverse mdtidrug resistance (298). 

The antitumor activity of 5-fluorouracil in mice with sarcoma-180 tumors was enhanced by co-administration of 
cepharanthine (303). Cepharanthine was found to potentiate harringtonine cytotoxicity in adriamycin-resistant P388 
murine leukemia and K562 human leukemia cells (4 19). The mechanism of this potentiation was probably inhibition of 
the active efflux of harringtonine in these cells (419). 

The cytocidal effect of adtiamycin was enhanced by hyperthetmia and cepharanthine. The alkaloid decreased ad- 
riamycin efflux (429). The sensitivity of Ehrlich axites tumor cells to adriamycin was enhanced by treatment with 
cepharanthine. Complete inhibition ofadriamycin dux occurred in the presenceof 50 pg/ml of the alkaloid, but little 
inhibition occurred when the concentration was 1 Fg/rnl(430). 

I m n u n d l u t q  ejk-tJ.4pharanthine-treated mice showed an increase in the number of T cells in the 
parathymic lymph nodes, with these node cells exhibiting augmented proliferative responses to T cell mitogens and 
exogenous interleukin 2. These and other results suggest that the migration of marure T cells from the thymus to the 
parathymic lymph nodes is increased by cepharanthine and that the alkaloid is able to regulate their tcaf6c by a prosta- 
glandin-mediated system (1 10). Cepharanthine demonstrated maximum colony-stimulating activity at 0.2 pg/ml in a 
mononucleocyte-conditioned medium, while the alkaloid totally inhibited the colony formation at 20 and 200 pg/ml. 
This colony-stimulating activity was not observed in alkaloid nonadherent conditioned medium. Application of the al- 
kaloid directly into bone marrow mononucleocytes did not affect colony-forming activity during 14 days, suggesting 
that cepharanthine has no colony-stimulating activity (1 19). 

The administration ofcepharanthine (ip, 10 mg/kg) for 10 days prior to the injection of anti-basic liver protein an- 
tibody into mice previously immunized with normal rabbit IgG and complete Freund's adjuvant suppressed the de- 
velopment of hepatic injury. Hence, the experimental model of hepatic injury in mice is useful for immunophar- 
macological research on liver diseases (339). Oral administration of cepharanthine (25 or 50 mg/kg) to whole-body ir- 
radiated mice decreased the radiation-induced hemopoietic suppression and increased spleen weight (426). 

Iiptdperox&tia inhzbitay &7J.-Cepharanthine markedly suppressed increased lipid peroxides and serum GOT 
and GFT activities in a homogenate of regenerating rat liver after partial hepatectomy. There was no effect on serum 
lipid peroxide concentration or on serum lipid concentration. These results suggest that the alkaloid may Iffsen parrial- 
hepatectomy-induced hepatic damage but may have little effect on serum lipid metabolism (1 11). 

Cepharanthine exhibited a weak inhibition of radiation-induced peroxidation of lipids dissolved in CHC1,-MeOH- 
H,O (1:2:0.8). By contrast, a-tocopherol strongly inhibited this peroxidation and seemed to be oxidized at a high rate 
byfreeradicals(ll7). 

Cepharanthine (* 50 pAf) inhibited radiation-induced lipid peroxidation in egg lecithin liposomes and also 
Fe++-induced lipid peroxidation in mitochondria, with a propxed mechanism of action that involves lipid membrane 
structure (1 18). 

Membrane d L t q  cfktJ.4pharanthine inhibited concanavalin-A-induced platelet activation in a dmede- 
pendent fashion, as estimated by the release of serotonin. The alkaloid is a membrane-interacting amphiphile which 
may inhibit the con*mavalin-A-induced assembly of the cytmkeletal proteins and their association with surface mem- 
brane glycoproteins, probably via the alteration of membrane properties (130). 

The membrane modulator cepharanthine inhibited the superoxide generation produced by the chemotactic p e p  
tide formyl-Met-Leu-Phe and/or digitonin in neutrophile. Further studies using inhibitory profiles of the activation pa- 
rameters suggested that receptor-mediated membrane depolarization is not a necessaty event for the activation of 
superoxide generation by digitonin (136). Treatment of mitochondria with the membrane stabilizer cepharanthine 
prior to exposure to anoxic conditions improved mitochondrial energy functons and was helpful in the study ofanoxia- 
induced mitochondrial injury (157). 

O f 5 5  pups born to rats treated with excess vitamin A (a teratogen), 54 had external malformations, although only 
23 of 55 pups born to rats treated with vitamin A plus cepharanthine (which possesses membrane-stabilizing activity) 
were malformed, suggesting the teratogenic effect of vitamin A is apparently caused by damage to cell membranes 
(166). 

Cepharanthine was found to overcome completely the resistance of a multidrug-resistant subline (ChR-24, derived 
from human KB carcinoma cells) to vincristine, actinomycin D, and daunomycin, and overcome partially resistance to 
adriamycin. Funher studies with phospholipids suggest that the alkaloid may overcome drug resistance by binding to 
phosphatidylserine in the plasma membrane and perturbing membrane function (2 16). 

Cepharanthine and chlorpromazine (both amphiphiles) inhibited aggregation and morphologic changes of 
platelets previously stimulated with arachidonic acid. When treated with these amphiphiles, extended platelet 
pseudopodia (arachidonic-acid-stimulated) were completely extinguished, with these results indicating that this action 
was due to the dissociation of previously assembled cytoskeletons (2 18). 

Cepharanthine inhibited various metabolic responses of polymorphomuclear leukocytes, particularly the inhibi- 
tion of 0,- generation of polymorphonuclear leukocytes, with this activity probably being attributed to its membrane 
modifying action. Inhibition of0,- generation ofpolymorphonuclear leukocytes by the alkaloid was stronger than any 
other inhibition of metabolic responses. This inhibitory effect was observed in other biscoclaurine alkaloids, with the 
number of diphenylether oxygen atoms dictating level of activity (3>2> 1) (226). 

Cepharanthine inhibited formylmethionyl-leucyl-phenylalanine-induced guinea pig polymorphonuclear leuko- 
cyte metabolic response and superoxide formation, with this inhibition being promoted via the membrane modulating 
effect of the alkaloid. In addition, other biscoclaurine alkaloids had the effect, which was structurally related to the 
number of ether bridges in these bases (3>2> 1) (230). 
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The structure-activity relationships of 4'4-substituted 1-benzyltetrahydroisoquinolines were studied with re- 
spect to their actions on the cell membrane of blood platelets and erythrocytes. The e f k t s  of these corn@ ace com- 
parable to those of cepharanthine and appear to be due to a perturbing action of the membnw lipid bilayer (294). 

Cepharanthine protected myocardial membrane phospholipid from peroxidative injury. The alkaloid acted to pre- 
vent, in a concentrationdependent manner, the cardiac phospholipid peroxidation that resulted from lipid erporure to 
superoxidedependent, Fe-promoted 0-radical chemistry of the type thought to be a causative facror in ischemic-reper- 
fusion tissue damage. The alkaloid (at an effective antiperoxidant concentration) did not inhibit the enzymic superoxide 
source (xanthine oxidase), scavenge superoxide radical, or act like a chain-breaking antioxidant. The alkaloid is a mem- 
brane-active compound which acts as a lipophilic anesthetic and may exert its antiperoxidant etkcn by inducing struc- 
tural changes in the lipid-rich membrane or liposome target of free radical attack (374). 

Pharmaro~inrti~s.-'~C-labelled (methylenedioxy group) cepharanthine was administered (po and iv) to Wistar rats 
in a dosage of 5 mg/kg. Almost 70% of the dose was absorbed from the digestive tract, with radioactivity being mainly 
found in the feces as polar metabolites (8345% of the dose), via the bile, and only slight enterohepatic recycling. High 
radioactivity was found in the liver, spleen, adrenals, thyroid, hypophysis, kidneys, and lungs, with low radioactivity in 
the eyeballs and CNS after po administration. Serum protein binding was 7693%.  Slight radioactivity was found in 
f e w ,  with radioactivity in m a t e d  milk being 1.3-1.8 times that of maternal blood. The radioactivity disappeared 
slowly from most tissues with tl/, being 8-24 days, except in the testis where the value was 36 days. A biphasic decrease 
in blood radioactivity (tl/, 0.3 h and 44 h) occurred after iv administration. Radiwctivity was high in the feces (7 1% of 
the dose), lungs, and thyroid (137). 

MzrceIkznmns ef&vtr.--Cosmetics containing the alkaloid stimulate the metabolic activity of the skin (102). 
Colchicine administered in combination with cepharanthine (1.25 pg/25 g,  10 times) more effectively inhibited 

Mycoharrrrium-induced amyloidosis in mice than did colchicine alone. In addition, the combination of these two drugs 
significantly decreased the death rate associated with secondary reactions in experimennl amyloidosis, when compared 
with sole therapy with colchicine (107). 

In both actively and p i v e l y  sensitized rhinitis models, cepharanthine (0.025-25 mgkg) suppressed the leakage 
of pontamine sky blue dye in the perfusate of the nasal cavity, suggesting that the alkaloid may be clinically Usdul in the 
therapy of nasal allergy (150). 

Cepharanthine (ip, 2 mg/kg) was used in the therapy ofotitis media with infusion {induced by intrabullar injection 
of a keyhole limpet hemocyanin (KLH)-anti-KLH immune complex] in chinchillas. No correlation of histamine and 
F'GE, levels in the middle ear effusion and otitis media was noted. The alkaloid did not produce these effects at a dosage 
of 5 mg/kg (24 1). In the kanamycin-treatment guinea pig model for cochlear hair cell dunage, cepharanthine prevented 
the induction ofdamage to the outer and inner hair cells but failed to prevent damage to the outer hair cells in the first 
row of the spiral organ and the first cum of the cochlea (276). 

The effect of cepharanthine on the teratogenicity of vitamin A was studied using maternal-induced hyper- 
vitaminosis ear malformations in mice. There was a decrease in internal malformations in the ear region in the vitamin 
A + cepharanthine group as compared with the vitamin A group alone (280). 

Administration of cepharanthine (0.1 mg/ml) to rats via local nasal perfusion inhibited antigen-stimulated dye 
leakage and increase in liposomal enzyme activity. This antiallergic action was weaker when the rat model was pre- 
treated with metyrapone (x, 20 mg/kg/day for 5 days). Membrane stimulation or pituitary-adrenotropic Stimulation 
were advanced as potential antiallergic mechanisms for the alkaloid (346). 

After administration of cepharanthine (iv, 1 and 3 mgkg) in rabbits with transparent round chambers implanted 
in their ears, an enhancement of rhythmic perfusion of microvascular blood due to vasomotion occurred for a period of 1 
h or longer. This activity was not observed at a dosage of 10 mg/kg. This microvascular dilator effect did not appear to 
have a direct association with systemic hemodynamics (348). 

Administration of cepharanthine (po, 5 and 10 mg/kg per day) to hamsters minimized the ototoxicity (slight 
cochlear damage) induced by kanamycin (im, 300-700 mg/kg per day). However, administration of the alkaloid(intra- 
tympanically unilaterally, 0.15 mg/animal) facilitated the ototoxicity of the aminoglycoside (349). The decrease in the 
swival fractions of thermotolerant V-79 cells was examined with cepharanthine. The alkaloid did not enhance hyper- 
thermic cell killing (single heating) nor decrease the survival fraction of sublethally heated cells. Administration of the 
alkaloid during the second heating decreased the survival fraction (363). 

Cepharanthine inhibited the opsonized zymosan-induced increase of reactive oxygen production by leukocytes in a 
concentrationdependent manner, with total inhibition at 30 pM. The alkaloid also inhibited formyl-Met-Leu-Phe-in- 
duced leukocyte aggregation and in combination with heparin prevented the decrease in leukocytes in endotoxin-treated 
rats (406). 

Formulation of cepharanthine in an oral oleaginous ointment containing Plastibase is effective in the topical 
therapy of leukoplakia and lichen planus (409). No significant antitoxic effects on the venom of the mamushi snake (Ag- 
L i s t d n  blomhofizii) were produced by cepharanthine in a study involving injections of the venom into the thighs of mice 
(4 17). Cepharanthine was observed to inhibit [3Hlazidopine photolabeling ofP-glycoprotein in a human cell line(4 18). 

Chondodendrine (1321 

Chondodendrine demonstrated in vitro activity against the flagellated protozoa Leirhmnia bradiemir, L e i r h n i u  
~ ~ Z O W ~ J ,  and Leirhmania donouuni (378). In addition, the alkaloid was investigated for in vitro activity against the 
epimastigotes of three genetically typed strains of the flagellated protozoa Trypanorm m z i  (Chagas disease) but was 
found to lack sufficient activity to warrant in vivo analysis (379). 

COCCUIKJ trilobvr Alkaloids 

The total alkaloids of Mufangi (Corrwlur rrilobur) roots and stems competitively inhibited the noradrcnaline-in- 
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duced contraction of isolated rabbit 
blocker phentolamine. The alkaloids 
choline, or histamine (245). 

aortic strips. This inhibition was likened to that produced by the Q-pdrraefgiC 
lrad little or no antagonistic action on contrsctions induced by KCI, C&,, acetyl- 

Cocsuline 11531 
Cocsuline demonstrated in vitro activity against the flagellated protozoa L & h n i a  bra~ifienJis, L&bmania 

arrzmnris, and L i ~ h r i a  k n i  (378). In addition, the alkaloid w investigated for in vitro activity against the 
epimvtigotes of three genetically typed strains of the flagellated protozoa Tlyplno~ma mi (Chagas disease) but was 
found to lack sufficient activity to warrant in vivo analysis (379). Cocsuline exhibited weak in vitro>anti-mnluial qtivity 
(IC,, 15.56 pg/ml) (chloroquine phcsphate: IC,, 0.14 pg/ml) against P k d m  f&parm (464). A subsequedt test 
(465) afforded results (IC,, 12.02 pglml) consistent with the fint test. 

Cycleaneonine [Zsa] 
Cycleaneonine demonstrated significant inhibitory activity against stomach carcinoma cells in cell culture (81). 

Cycleanine [121] 

Antimi& flktJ.-Cycleanine demonstrated in vitro activity against the flagellated protozoa L&bmania 
brarifimris, Lti~bmanka ~ ~ ~ M Z O W R J ~ J ,  and hbmania  donovmi (378). In addition, the alkaloid was investigated for in vitro 
activity against the epimastigotes of three genetically typed strains of rhe flagellated protozoa Trypanama m'(Chagas 
disease) but was found to lack sufficient activity to warrant in vivo analysis (379). 

Carcinogenic inbibby flktJ.4ycleanine formulated in tablets w+ found to produce a 91% inhibition of 124- 
tetndecanoylphorbol-13-ace~te-promoted tumor formation in the rat ear, at a dosage of 2 mg (405). 

Cara5wa~~~kzr flktJ.-Administration of the dimerhobromide salt ( 1 mgkg iv) of cycleanine to rabbits improved 
sincatrial node conduction. However, at an increased dosage (2 m&g iv) the alkaloid transiently inhibited sinoatrial 
(SA) node automaticity without &ing the atrioventricular (Av) node. In dogs, the alkaloid did not & the SA node 
but inhibited the AV node (103). 

CmdflktJ.-fithough one study reported that cycleanine demonstrated an affinity for doppminergic receptors 
by producing an inhibitory effect of 13H1 spiperone binding to rat striatal membranes (W), a second rcport scared that 
the alkaloid failed to effectively displace 'H-spiprone binding from rat striatal membranes (128). In addition, the al- 
kaloid failed to antagonize apomorhim-induced rotation in mice with unilateral striatal 6-hydroxydopamine lesions, 
suggesting that the alkaloid lacks potent dopamine receptor blocking activity (antidopaminergic dfms) (128). 

Mnbraw rnodvhtoy flktJ.4ycleanine produced a 36.2% inhibition of formylmethionyl-leucyl-pheny~~- 
induced superoxide (02-) generation by polymorphonuclear leukocytes, suggesting that the alkaloid POSS~KJ mem- 
brane-moddying activity (226). 

Midbnmu flkt~.-A hair tonic formulation of cycleanine -t poly(oxynhy1ene) hydrogenated castor oil +per- 
fume + H,O applied to d e  parients for 3 months resulted in dandruffcontrol (90%) and prevention ofalopecia(80%) 
(433). 

Daphnandrine [37l 
Daphnvldrine demonstrated in vitro activity against the dagellated protozca L&bmania brruilirnru, k k i a  

ammnm~i~, and L & h n i a  h n i  (378). In addition, the alkaloid was investigated for in vitro activity against the 
epimastigotes of three genetically typed strains of the flagellated protozoa Trypanaroma mi (Chagas d i m )  and was 
found to possess sufficient activity to warrant in vivo analysis (379). 

Daphnoline I381 
Daphnoline demonstrated in vitro activity against the flagellated protozoa Lrirbmmia brasifitmu, Lrirbnmirr 

mn~zonnrir, and Lrisbnrmka h n i  (378). In addition, the alkaloid was investigated for in vitro activity against the 
epimastigotes of three genetically typed strains of the flagellated protozoa Ttypano~ma mi (Chagas disease) but was 
found to lack sufficient activity to warrant in vivo analysis (379). 

Jhuricine If 
A n t i - i n M w y  flh.-Injection (ip) of dauricine (LD,, 205 mg/kg) markedly inhibited croton oil-induced 

mouse ear edema and carrageenin-induced rat paw swelling. This inhibition in rats was slightly reduced via bilateral ad- 
renalectomy. The alkaloid d e c d  the adrenal ascorbic acid levels, suggesting that its anti-idammatory action was 
mediared via the adrenal cortex. Finally, the alkaloid also inhibited croton oil-induced exudate and granuloma forma- 
tion and CMC-induced leukocyte migration in rats, with an analgesic &t on mice 'writhing test) (154). 

CurdimumLr cff~J.-Administration of dauricine in isolated rat hearts produced a concentrationdependent in- 
crease in coronary arterial flow and a decrease in myocardial contractile force. Administration of the alkaloid to mice (ip, 
50 mg/kg) antagonized the increased myocardial blood flow induced by CaCI,, as did verapamil(7.5 mg/kg), while in- 
creases in isoproterenol-induced myocardial blood flow were not inhibited by dauricine but were antagonized by pro- 
pranolol (30 mg/kg). These results suggest that the myocardial dects  of the alkaloid are due to Ca++ antagonism (168). 

Administration of dauricine (iv) or verapamil to dogs dosedependently decreased blood pressure and inhibited the 
function of the SA node and left ventricle (dauricine less than verapamil). In addition, total peripheral resistance, heart 
rate, stroke volume, and cardiac output were decreased and the preventricular ejection perlod/left ventricular ejection 
time was increased (183). The subacute toxicity of different doses of dauricine to the hart, kidney, and suprarenal 



May-Jun 199 17 SchifT Bisbenzylisoquinoline Alkaloids 725 

glands was evaluated. Hepatic and renal damage was slight after doses of 150 or 300 mg/kg (po) for 3 months, while 
myocardial damage was insignificant after doses of4.8-300 mg/kg per day (po) for 2 or 3 months or after 600 mglkg for 
18 days. The alkaloid has hypotensive and anti-arrhythmic effects with little toxicity and a large safety range (232). 

Dauricine (iv, 1.2-10 mgkg) increased the threshold of electrical stimulation-induced ventricular fibrillation in a 
dosedependent fashion. This effect was potentiated by lidocaine, additive with amiodarone or propranolol, and not af- 
fected by phenytoin (283). 

Dauricine (1.0-10 mM) decreased in aconcentrationdepedent manner the amplitude and V, whilegrolonging 
the duration of the action potential of in vitro toed sciatic nerve preparation. Its action was more potent than lidocaine 
but less potent than dicaine and quinidine in these systems. These results were similar to those in guinea pig heart and 
indicate that the alkaloid inhibits Na+ influx (357). 

Dauricine and a number of its derivatives were studied via Q-model information cluster analysis. Resuln indicated 
that derivatives of different clusters have more varied calmodulin-antagonistic activities, with derivatives of the same 
cluster having less varied activities (434). 

Dauricine was used successfully in the therapy of human patients with frequent ectopic activity at rest. lmpedence 
cardiogram and systolic time interval showed no significant changes in cardiac output, stroke volume, total peripheral 
resistance, PEP, PEPLVET, and mean arterial pressure. Prolongation in LVET and decreare in heart rate were observed 
after treatment with the alkaloid for 4 weeks (459). 

Centru/efktJ.-Although one study reported that dauricine has an affinity for dopaminergic receptors by produc- 
ing an inhibitory effect of ['HI spiperone binding to rat striatal membranes (99). a second study reported that the al- 
kaloid demonstrated an ability to displace 'H-spiperone binding from rat striatal membranes and to antagonize 
apomorhine-induced rotation in mice with unilateral striatal &hydroxydopamine lesions (128). The results of the sec- 
ond study suggest that the alkaloid has potent dopamine receptor blocking activity (antidopaminergic effects) (128). 

M&uw moduluting cfktJ.-Dauricine produced a 50.84 inhibition of fotmylmethionyl-leucyl-phenylalanine- 
induced superoxide (02-) generation by polymorphonuclear leukocytes, suggesting that the alkaloid possesses mem- 
brane-modifying activity (226). 

Phtefrt ugpgutzon inhibitmy efktJ.-Dauricine inhibited (in vivo and in vitro) rabbit platelet aggregation induced 
by ADP, arachidonic acid, or collagen, but with no selective inhibition of this aggregation, suggesting that Ca'+ an- 
tagonism may be involved (147). 

Dauricine was observed to inhibit in a dosedependent manner the formation of 5-lipoxygenase products and cy- 
clooxygenase products of arachidonic acid metabolism in rat pleural neutrophils (403). In addition, the alkaloid inhi- 
bited, in a concentrationdependent fashion, the ADP-, arachidonic acid-, or epinephrine-induced in vitro rat and 
human platelet aggregation. Various arachidonic acid congeners were inhibited by dauricine in washed rat platelets 
(407). 

Mirce//unrow cfktJ.-The effects of dauricine on human erythrocytic membrane calmodulin-dependent Ca++- 
Mg++-ATPase were examined, but results were not stated in this abstract (224). 

Dauricine did not induce sex-linked recessive lethal effects in male fruit flies (DmJophi/u m/anoguJtrr) and thus is 
probably not a mutagen (228). 

7-0-Demethylisothalicberine 11951 
7-0-Demethylisothalicbetine blocked the action potential of transitional pacemaker cells in spontaneously beating 

preparations of sinus venosus of the Chilean frog Cudiwkru  d i i v r r b r u .  This blockade was preceded by subthreshold 
oscillations and membrane potential depolarization. Transitional cells completely blocked by the alkaloid were de- 
polarized to about 40 mV. These results suggest a similarity between the alkaloid and verapamil on these cells (455). 

N,N-Dimethylcurine (133 dvtl 

Dimethylcurine methylchloride administered to dogs exhibited hypotensive activity characterized by a rapid onset 
and o&et of action. These effects were well controlled and unaccompanied by depression of cardiovaxular function 
(313). 

0,O-Dimethylliensinine (29 dvtl 

moted tumor formation in the ear of rats (405). 

N,N-Dimethyltetrandrine iodide (Tetrandrine dimethiodide) n6 dvt] 

The hemodynamic and respiratory effects of N,Ndimethyltetrandrine iodide (tetrandrine dimethiodide, "han- 
jisong") were studied in pentobarbital-anesthetized dogs at an intravenous dmage of 1.3-1.5 mg/kg. Rapid responses 
were evoked which peaked within 5 minutes and dissipated in 15 min. The most obvious effect noted was that of a tran- 
sient drop in arterial blood pressure without subsequent compensation reactions. The alkaloid appears to a&ct arteriolar 
and pulmonary vessel resistance (272). Tetrandrine dimethicdide administered to dogs exhibited hypotensive activity 
characterized by a rapid onset and offset of action. These e t k t s  were well controlled and unaccompanied by depression 
of rardiovaxular function (3 13). 

Dimethyltrilobine (163 dvt] 

Dimethyltrilobine blocked neuromuscular transmission in isolated rat phrenic-nerve diaphragm and chick bi- 
venter cervicis preparations without affming the conditions of the nerve or the contracrile response of the muscle to di- 
rect stimuli.'The sensitivity of the chick muxle to acetylcholine was reduced and high Ca++ levels antagonized its 

0,O-Dimethylliensinine formulated in tablets was found to inhibit 12-0-tetradecanoylphorbol- 13-acetate-pro- 
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neuromuscular blockade, presumably by increasing acetylcholine release from the presynaptic membranes. The alkaloid 
apparently am on nicotinic receptors, and with an action lesser than that of curare (176). 

Dimethyltrilobine iodide was observed to competitively inhibit acetylcholine-induced contraction of isolated toad 
r e c ~  abdominis, suggesting that the alkaloid is a competitive antagonist ofthe N, receptors, with this antagonism and 
N,-receptor af6nity comparable to those of (+)-tubocurarine (235, 246). Dimethyltrilobine iodide produced a direct 
positive inotropic &ect on isolaterd guinea pig papillary muscle, with prolongation ofthe duration of the action poten- 
tial APD,, and APD, and effective refractory period. The alkaloid decrfased blood pressure, heart rate, and left ven- 
tricular systolic pressure, but did not affect left ventricular diastolic pressure and cardiac output in dogs (243). 

Dimethyltrilobine iodide was found to inhibit the action potentials of isolated rabbit superior cervical ganglion. 
This inhibition was weaker than that induced by (+)-tubocurarine; it was antagonized by neostigmine, enhanced in a 
Ca++-free or % Ca++ medium, and decreased in a 2fCa++] medium. The alkaloid inhibited ganglionic N,  P, and LN 
waves (248). 

Dimethyltubocurarine (Metocurine) [14 dvt] 

Raised concentrations of DMT apparently block open receptor channels ofclonal BC3H- 1 muscle cells in a voltage- 
dependent fashion, with both brief and longduration openings arising from receptors bound with 2 mol of DMP (88). 
Addition of metocurine to primary cultures of rat hepatic cells did not produce a leakage of lactic dehydrogenare into the 
culture medium, which implies that this compound doer not produce the same membrane damage as other related com- 
pounds such as atracurium or its metabolites (165). 

The administration of metocurine (0.3 mgkg) and other nondepolarizing muxle relaxants to dogs did not alter 
intraocular pressure (236). Metocurine was employed in the study of the influence of respiratory-induced acid-twe 
changeson theactionofwiousnondepolarizingmusclerelaxantsinrats. WithanincreaseinCO,from2.5% ~07.546, 
the partial neuromuscular blockade produced by merocurine was augmented (292). 

Trimetaphan in combination with metocurine produced a dosedependent potentiation of neuromuscular blocking 
&ts in the rat phrenic nerve diaphragm preparation (347). Chronic muscle disuse is known to decrease the sensitivity 
of skeletal muscle to nondepolarizing relaxants, such as metocurine. In a study with dogs chat were exercised daily by 
running over a period of 5 weeks, it was demonstrated that exercise increws the sensitivity to metocurine (413). 

Increasing CO, concentration (respiratory) and decreasing HC0,- concentration (metabolic) inhibited the effects 
of metocurine in rats, while reversing these parameters augmented the effects of the alkaloid (444). 

A comparison of panmetric with semiparametric analysis of the concentration-vs.-effect relationship of 
metocurine was performed in dogs and pigs (453). 

0-(4-Ethoxybutyl)berbamine 

A new semisynthetic derivative of berbamine {0-(4-ethoxybutyl)berbamine (EBB)] is a powerful and specific in- 
hibitor of calmoddin. The alkaloid inhibited calmoddin-stimulated Ca++-Mg++-ATF'ase in human erythrocyte 
membranes (IC5o 0.35 FM) in comparison to berbamine (IC5,, 60 pM). Camoddin-independent basal Ca++-Mg++- 
ATP=, Na+-K+-ATF'ase, and Mg++-ATPase were not affected at 1.0 pM EBB at which calmoddindependent 
Ca++-Mg++-ATF'ase was already potently inhibited (competitive with respect to calmoddin). Higher concentrations 
ofcalmoddin reversed the inhibition induced by higher concentrations of EBB. It was demonstrated that EBB binds di- 
rectly to dansyl-calmodulin, causing a conformational change of the calmoddin polypeptide chain. Data obtained from 
fluorescence titration curves obtained in the presence of Ca++ suggested the presence of two specific binding sites for 
EBB and additional nonspecific binding sites (174). 

0-Ethylfangchinoline 

Administration of O-ethylfangchinoline (prepared via the ethylation of fangchinoline with PhEt,N+ I- in EtOH) 
(po, 50 mglkg) produced a hypotensive response (147-169 mm Hg) in rats (200 mm Hg original blood pressure)(355). 

Fangchinoline (611 
Fangchinoline produced an 82.4% inhibition of formylmethionyl-leucyl-phenylalanine-induced superoxide 

(O,-) generation by polymorphonuclear leukocytes, suggesting that the alkaloid possesses membrane-modifying activ- 
ity(226). Fangchinoline antagonized thecaff  channel blocker 'Hdiltiazem in receptor binding studies(IC,, 1.0 phf) 
(460). 

Fenfangjine A (2971 

potentially useful antihypertensive (52,75,311). 

Fenfangjine B [298] 

potentially useful antihypertensive (52,75,311). 

Fenfangjine C I2991 

tentially useful antihypertensive (52,75,311). 

Fenfangjine D [300] 

potentially useful antihypertensive (52,74,75,311). 

Fenfangjine A exhibited inhibitory activity against angiotensin converting enzyme I (ACE) (52.3 11) and is thus a 

Fenfangjine B exhibited inhibitory activity against angiotensin converting enzyme I (ACE) (52,3 11) and is thus a 

Fenfangjine C exhibited inhibitory activity against angiotensin converting enzyme I (ACE) (52) and is thus a p 

Fenfangjine D exhibited inhibitory activity against angiotensin converting enzyme I (ACE) (52,3 11) and is thus a 
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Gilletine [202] 

against Plasmodiumfalcipurum (465). 

N, N’-Dimethyllindoldharnine (Guattegaumerine) [2%] 

Guattegaumerine exerted a strong antimitotic and cytotoxic effect on L12 10 and B16 melanoma cells in c u l m ,  
with a lower activity on HeLa cells and Flow 2002 cells (normal human cells). The alkaloid exerts some activity at con- 
centrations below 5 kg/ml on B16 melanoma but is more than two times less toxic on normal human cells (195). 

Gyrocarpine 13061 
Gyrocarpine demonstrated in vitro activity against the flagellated protozoa Leishmania brruilimis, Leishmania 

amazonensis, and Lei~hmania domani  (378). In addition, the alkaloid aras investigated for in vitro activity against the 
epimastigotes of three genetically typed strains of the flagellated protozoa Tryplrnmoma m z i  (Chagas disease) and found 
to possess sufficient activity to warrant in vivo analysis (379). 

Homoaromoline [42] 
Homoaromoline produced a 67.0% inhibition of formylmethionyl-leucyyl-phenylalanine-induced superoxide 

(02J generation by polymorphonuclear leukocytes, suggesting that the alkaloid possesses membrane-modifying activ- 
ity (226). 

Hypoepistephanine [43] 

Hypoepistephanine produced a 34.1% inhibition of formylmethionyl-leucyyl-phenylalanine-induced superoxide 
(02-) generation by polymorphonuclear leukocytes, suggesting that the alkaloid possesses membrane-modifying activ- 
ity (226). 

Iuxhondodendrine [122] 

Gilletine exhibited in vitro anti-malarial activity (IC,, 1.10 &ml) (chloroquine phosphate: IC,, 0.14 &mi) 

Isochondodendrine demonstrated in vitro activity against the flagellated protozoa Leishmania brad imis ,  
L k ~ k n i a  amazonensis, and L k s h n i a  donouani (378). In addition, the alkaloid was investigated for in vitro activity 
against the epimastigotes of three genetically typed strains of the flagellated protozoa T ~ ~ u ~ o J ~ M  m z i  (Chagas disease) 
but found to lack sufficient activity to warrant in vivo analysis (379). 

Isoliensinine 1281 

Isoliensinine produced a 59.6% inhibition of formylmethionyl-leucyl-phenylalanine-induced superoxide (02-) 
generation by polymorphonuclear leukocytes, suggesting that the alkaloid possesses membrane-modifying activity 
(226). Isoliensinine, formulated in tablets, was found to inhibit 12-0-tetradecanoylphorbol- 13-acetate-promoted 
tumor formation in the ear of rats (405). 

Isotetrandrine f621 

A hair tonic formulation of isotetrandrine + poly(oxyethy1ene) hydrogenated castor oil + perfume + H,O applied 
to male patients for 3 months resulted in dandruffcontrol (90%) and prevention ofalopecia (80%) (433). Isotetrandrine 
exhibited strong in vitro anti-malarial activity (IC5o 0.07 (chloroquine phosphate; IC,, 0.14 pg/ml) against 
Plasmodium falciparum (465). 

Krukovine [63] 

Krukovine demonstrated in vitro activity against the flagellated protozoa Leishmania brruilimis, Leishmania 
amazonensis, and Leishmania &ani (378). In addition, the alkaloid was investigated for in vitro activity against the 
epimastigotes of three genetically typed strains of the flagellated protozoa TIypanosmM m z i  (Chagas disease) but found 
to lack suf6cient activity to warrant in vivo analysis (379). 

Limacine 1641 
Limacine was found to have little effect on the kinetics of soybean lipoxygenase type I using linoleic acid as a sub- 

strate in vitro (261). Limacine was found to be inactive as an antitrypanocidal agent in tests involving mice infected with 
Ttypanosoma brucei brucei (286) and failed (x, 100 mg/kg) to demonstrate antimalarial activity in mice as measured with 
the sporozoan parasite PlasmodiMn bcrghn brrghn (305). Limacine demonstrated in vitro activity against the flagellated 
protozoa Leishmania brad imis ,  Leishmania amazonensis, and Leishmania &ani (378). In addition, the alkaloid was in- 
vestigated for in vitro activity against the epimastigotes of three genetically typed strains of the flagellated protozoa 
Trypanosoma m z i  (Chagas disease) but found to lack sufficient activity to warrant in vivo analysis (379). 

Limacusine I441 

Limacusine was found to have little effect on the kinetics of soybean lipoxygenase type I using linoleic acid as a sub- 
strate in vitro (261). Limacusine was found to be inactive as an antitrypanocidal agent in tests involving mice infected 
with TIypanosoma brucei brucei(286) and failed (sc, 200 mg/kg) to demonstrate antimalarial activity in mice as measured 
with the sporozoan parasite Plasmodium Lwgbei b w g h  (305). 

Malekulatine [238] 

Malekulatine demonstrated in vitro activity against the flagellated protozoa Leishmania bradimsir, L e i s k n i a  
amazonensis, and fishmania donovani (378). In addition, the alkaloid was investigated for in vitro activity against the 
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epimastigotes of three genetically typed strains of the flagellated protozoa Ttypunosoma m i  ( C h a p  disease) but found 
to lack sufticient activity to warrant in vivo analysis (379). 

0-(4-MethoxyphenylMauricine [3 dvtl 

0-(4-MethoxyphenyI)dauricine was prepred from dauricine and showed antihypertensive activity in rats (310). 

N-Methylcurine chloride (Curine methylchloride) 1132 dvtl 

dent manner in patients during endotracheal intubation, with this blockade increasing from 25 to >90% (324). 

Neferine [MI 

E d u a n e ,  via inhalation (3%), i n c d  the neuromuscular blocking ofN-methylcuine chloride in a dosedepen- 

Neferine produced a 63.6% inhibition of formylmethionyl-leucyl-pheny~ine-induced superoxid; (02-) gen- 
eration by polymorphonuclear leukocytes, suggesting that the nlkaloid poszesser membrane-moddying activity (226). 
Nekrine (iv, 6 mgkg) reduced both blood pressure and cudiac contractility in normotensive and hypertensive M. At 
2 mgkg, only the hypotensive effects were noted. The alkaloid reduced peripheral resistance in the perfused hiadlimbs 
of cats at 0.6 mgkg. The alkaloid d e c d  diastolic pressure more than systolic pressure (389). Neferine, formulated 
in tablets, was found to inhibit 12-0-tetradecanoylphorbol-13-8~etate-promoted tumor formation in the ear of rats 
(405). Neferine suppressed the amplitude of action potential and the maximal upstroke velocity in rabbit sinoatrial 
nodes and clusters of cultured cardiac myocytes from neonatal rats. The alkaloid apparently has an inhibitory & on 
the slow transmembrane Naf andor Ca++ current of the myocardium (43 1). The effects ofneferine on the action poten- 
tial duration and V, in guinea pig heart papillary muscles were related to the stimulation frequency, and the antiar- 
rhythmic action (ouabain-induced arrhythmias) was due to inhibition of Na+, K', and Eac+ m y d i a l  currents 
(447). 

Nortiliacorinine A I1161 
The antifungal effects of nortiliacorinine A were studied, with results suggesting that the alkaloid was probably 

not a promising antifungal agent (445). 

Obaberine [46] 
Obaberine demonstrated in vitro activity against the flagellated protozoa L.ei~bmuniu b r u d k i r ,  L.eiJbmuniu 

umzonnrrir, and L n ~ h ~ h  domuni (378). In addition, the alkaloid was investigated for in vitro activity against the 
epimastigotes of three genetically typed strains of the flagellated protozoa Ttypuno~oma m i  ( C h a p  di-) and found 
to possess sufficient activity to warrant in vivo analysis (379). 

Otramegine I711 

against PIarnodivnr falcipumm (465). 

Oxyacanthine [&I 
Oxyacanthine produced a 63.1% inhibition of fonnylmethionyl-leucycyl-phenylalanine-induced superoxide (02-) 

generation by polymorphonuclear leukocytes, suggesting that the alkaloid possesse~ membrane-moddying activity 
(226). 

Phaeantharine I731 
Phaeantharine chloride was fouod to inhibit the growth of some Gram p i t i v e  bacteria, as measured by the plate 

diffusion test. Several synthetic intermediates were found to k k  cytostatic activity, while OM showed spasmolytic a- 
tivity (344). 

Phaeanthine I741 
Phaeanthine was found to be inactive as an antitrypanocidal agent in tests involving mice infected with 

Ttypumoma brum' brum' (286). F u r r h o r e ,  the alkaloid (x, 200 mgkg) failed to demonstrate activity antimplnrinl ac- 
tivity in mice as measured with the sporoumn pamite Plrunodimr atpSri kg6rr (305). P h t h i n e  demonstrated in 
vitro activity against the flagellated protozoa LirbmrrnL bradiarir, L&bmaniu unwwmuir, and LAsbmzniu abowai 
(378). In addition, the alkaloid was investigated for in vitro activity against the epimastigotes ofthree genetically rypcd 
strains of the flagellated protozoa Ttypuno~um m z i  (Chagas disease) but fwod to lack sufficient activity to warrant in 
vivo analysis (379). Phaeanthine exhibited in vitro anti-rmlnrial activity (IC,, 1.43 pg/ml) (chloroquine phosphate; 
IC,, 0.14 pg/ml) against Plarnodiwm falnpmvnr (464). A subsequent test (465) afforded results (IC,, 1.41 &ml) con- 
sistent with the first test. 

0-Propionyldauricine [3 dvt] 

0-Propionyldauricine, prepared from dauricine, was found to strongly inhibit calmoddindependent p h -  
phdiesterase(IC,,2.8 pmoUliter)(323)and tobe~ofthemoJtpotentcolmodulinanngoaists(I~, 1.2 cLM)among 
this series of compounds (383). 

Pycnamine I751 

against Plarmodivrn falnpmvm (464). 

Otramegine exhibited in vitro anti-malarial activity (IC,, 0.5 1 Fg/ml) (chloroquine phosphate; IC,, 0.14 &ml) 

Pycnamine exhibited in vitro anti-mnluial activity ( 1 4 ,  0.15 pg/ml) (chloroquine phosphate; IC,, 0.14 &mI) 
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Tetrandrine n61 
Anti-aIlqk #rrrJ.-Tetrandrine inhibited histamine-stimulated 45Ca++ i d u x  ’ partially and high-K+-stimu- 

laced andor potential-operated channel-opened 45Ca++ influx completely in guinea pig and dog tracheal muscle prepa- 
rations. Blockade of potential+perated and receptor-operated Ca++ channels via the alkaloid and i n  resultant anti-al- 
lergic action are dlxussed (242). Tetrandrine prevented experimentally induced mast cell degranulation and histamine 
release, as well as inhibiting 45Ca++ inward ’ currents (253). 

Anti-injbnmzmy #a-rJ.-Tetrandrine produced significant inhibition of random movement, chemotaxis, 
superoxide anion generation, and interleukin-1 production in human monocytes. Degranulation and hexose- 
monophosphate shunt activity were una&cted, however. The alkaloid may be useful in the therapy of chronic inflam- 
matory diseases where interleukin-1 plays a major role as an in&mmatory mda to r  (373). The effecn of tetrandrine on 
v1sculaT permeability and neutrophil functions in cungeenin-induced air-pouch inflammation in rats (x) were studied. 
Vascular permeability, neutrophil migration, beta-glucuronidase release, and superoxide anion generation were sup 
pressed by the alkaloid (20.40, 100 mgkg), bur the intracellular superoxidedismutare and CAMP levels in neutrophils 
were increared by the same dose ofthe alkaloid. The alkaloid apparently inhibits prostaglandin synthesis and scavenges 
free radicals (402). 

Antimi& #rrrJ.-Tetrandrine was found to passers potent in vitro antimalarial effects on both chloroquine- 
sensitive and chloroquine-resistant strains ofPlrumodiwf&purum. The alkaloid was about 3 times more potent against 
the chloroquine-resistant strain than it was against the chloroquine-sensitive strain, as determined by their IC,, values. 
The alkaloid did not reverse chloroquine resistance but did possess calcium channel blocking activity, similar to ver- 
apgmil(393). 

Anrisikotic &h.-Tetrandrine (0.1-1.0 kg/ml) produced dosedependent inhibition of human neutrophil and 
monocyte adherence, with monocytes being more sensitive than neutrophils. Dye-exclusion experiments indicated that 
the alkaloid is non-toxic to these cells at 10 pg/ml concentrations. Adherence was suppressed via washing, and enhance- 
ment of adherence by the tumor promoter, phorbol myriscate acetate, was abolished by the alkaloid. Deoxyglucose u p  
take by neutrophils and monocytes was suppressed. It is suggested that the alkaloid may act in human silicdsis by inter- 
fering with the recruitment of neutrophils and monocytes into silicotic lesions (145). 

Tetrandrine markedly suppressed random movement, chemotaxis, and phagocytosis of human neutrophils, with a 
minimum inhibition of lyosomal enzyme secretion from specific (secondary) but not azurophil (primary) granules. There 
was a marked depression of hexose-monophosphate shunt activity and H 2 0 2  production at 10 pg/ml, but inhibition of 
superoxide anion generation was observed at 0.1 kg/ml. This difference was attributed to the capacity of the alkaloid to 
act as a scavenger of oxygen radicals, as demonstrated via experiments with hypoxanthine-xanthine oxidase. The use of 
the alkaloid in the therapy ofsilicosis may be explained by its potent antiphagocytic and antioxidant properties (299). 

Low concentrations ( 1  kg/tube) of tetrandrine did not depolymerize microtubules as examined via immunofluores- 
cence microscopy in 3T3 cells. Colchicine and high concentrations (>5 mg/tube) of tetrandrine were toxic to micro- 
tubules, while P,, did not affect the microtubules. Combinations of tetrandrine and P,,M may be of use in the therapy of 
silicosis (308). Tetrandrine only slightly inhibited the polymerization process in guinea pig brain tubulin, with only 
slight depolymerizing actions on microtubules (309). 

Tetrandrine was found to inhibit experimental pulmonary fibrosis and reduce immunologic alterations in rats as 
determined by light and electon microscopic histological evaluation of the lungs, plus hydroxyproline content and wet 
wt of the lungs. Combined therapy with the alkaloid and with polyvinylpyridine N-oxide could offer significant advan- 
tages in the treatment of silicotic patients leading co long-lasting recovery periods (33 1). 

Blood coagulation efh.-Tetrandrine was compounded in the form of granules with the aid of silicic acid, corn- 
starch, and hydroxypropylcellulose for administration to patients in order to decrease blood viscosity (45). 

Cardiovacular ef=rrJ.-Tetrandrine exhibited effectiveness in the therapy of hypertension in clinical testing ( 5 2 ) .  
Repeated determinations of cardiac output, pulmonary capillary wedge pressure, and EKG parameters in anesthetized 
dogs demonstrated the alkaloid to be a potent arteriolar vasodilator with slight effects on atrioventricular conduction, 
but lacking significant negative inotropic effects (100). Tetrandrine inhibited both KCI- and CaCI,-induced contraction 
in isolated rabbit pulmonary arteries, being similar to verapamil and different from papaverine in its effects. The al- 
kaloid appears to be a Ca++-channel blocker ( 1  14). 

Tetrandrine (3 or 5 mg/kg, iv) decreased the area of myocardial ischemia and necrosis and lowered the STsegment 
of epicardial ECG in open-chest dogs with experimental ischemia and infarction induced by ligation of the left descend- 
ing coronary anery ( 126). Tetrandrine, like verapamil, produced excitation-contraction decoupling in the cardiac mus- 
cle and inhibited the slow action potential evoked in partially depolarized papillary muscle by electrostimulation. The 
alkaloid possessed negative inotropic and chronotropic effects in myocardial preparations and inhibited Ca++-induced 
contractions in the isolated coronary artery and uterus. These inhibitory effects were reduced by increasing the external 
Ca++ concentration, and there was no competitive antagonism between tetrandrine and isoprenaline Hence, the al- 
kaloid is a Cat+ antagonist in both cardiac and smooth muscle, though less potent than verapamil(l78). 

Pretreatment of anesthetized guinea pigs with tetrandrine (iv, 5 mg/kg) increased the doses ofouabain required to 
induce and reach the p k  of inotropic effect as well as toxic reactions, without altering the peak inotropic effect, peak 
blood pressure, toxicity, and safety margin. The alkaloid prevented and controlled ouabain-induced arrhythmia, proba- 
bly via prevention of Ca++ influx (203). 

Tetrandrine was found to exhibit antihypertensive, anti-arrhythmogenic, anti-anginal (anti-angina pectoris), and 
antitumor effects, with evidence that the alkaloid antagonizes calmoddin, and i t  is a new and natural inhibitor of cal- 
modulin-stimulated Ca++-Mg++-ATPase of erythrocytic membranes (224). The hypotensive action of tetrandrine in 
conscious rats (iv, I5 mglkg) is mainly attributed to its inhibition of myocardial contraction at the early stage followed 
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by vasodilation at a later stage. At higher doses (40 mg/kg), the alkaloid induced cardiac arrest, with the occurrence of 
an excitation-contraction decoupling, as that observed with verapamil (23 1). Tetrandrine and verapamil (but not pro- 
pranolol) reversed positive staircase phenomena of left atrial contraction in the guinea pig. Partial depolarization of the 
preparation with K+ increased this effect. The alkaloid also produced adepressed post-rest potentiation of lek atrial con- 
traction. The negative inotropism of the alkaloid related not only to the inhibition of Ca++ into cells, but also to the 
decrease of intracellular Ca++ release (269). Large doses ofeither tetrandrine or verapamil inhibited the acetylcholine- 
induced release of Ca-dependent endotheliumderived relaxant factor in isolated rabbit aortic rings. This release was also 
inhibited in a Ca-free medium. These results suggest that the characteristics ofendothelial Ca channel cells are not iden- 
tical with those in smooth muscle cells (270). 

Tetrandrine exhibited both negative inotropic (frequency dependent) and cbronotropic effects on isolated myocar- 
dial preparations, as well as the heart in situ. The alkaloid induced excitation-contraction decoupling, a decrease in the 
amplitude of slow action potential, and a diminution of inward Ca++ current Ts, peak values. The alkaloid protected 
the guinea pig from isoprenaline-induced myocardial ischemia. Ca++-, high K+-, norepinephrine-, and ouabain-in- 
duced contractions of aortic and coronary artery strips were counteracted by the alkaloid, with similar inhibition of 
Ca++-induced or ouabain-induced tat uterine musculature contractions. Addition of extra Ca++ neutralized these in- 
hibitory effects. The alkaloid is a Ca++ channel blocker but much less potent than verapamil(27 1). 

The amount of ouabain required to induce the onset and peaking of inotropic effect, as well as toxocity, of tetran- 
drine was increased after pretreatment ofguinea pigs with the alkaloid. The peak value of the positive inotropic effect 
was unaffected and neither the toxicity of ouabain nor its margin of safety was changed (120,288). 

The effects of tetrandrine on the binding of 3 chemical classes of Ca++ entry blockers in porcine cardiac sarcolem- 
mal membrane vesicles were studied. The alkaloid, which appears to be a structurally unique natural product Ca++- 
entry blocker, may interact directly at the benzothiazepine-binding site of the Ca++ entry blocker receptor complex and 
allosterically modulate ligand binding at other receptors in this complex (29 1). Tetrandrine produced an in vitro inhibi- 
tion of angiotensin I converting enzyme (3 11). 

Reductive cleavage of tetrandrine afforded 0-methylarmepavine and N-methylcoclaurine. These monomeric prod- 
ucts exhibited Ca++-antagonistic effects only at higher doses, but did produce positive inotropic effects on isolated rat 
atria and a,-adrenoceptor antagonistic effects on isolated vas deferens, respmively (332). The anti-arrhythmic effect of 
tetrandrine (iv, 3 mg/kg) plus propranolol (iv, 0.2 mg/kg) in rabbits with epinephrine-induced heart arrhythmias was 
greater than that of either drug alone, with the pharmacokinetic parameters ofpropranolol not being altered by the al- 
kaloid (336). 

The effects of tetrandrine on the slow-inward currents in canine cardiac Purkinje fibers were studied via the 2- 
microelectrode voltage clamp technique. The alkaloid inhibited the peak value of the slow-inward current in concentra- 
tiondependent and timedependent manners. The slow-inward current induced by Sr++ instead of Ca++ was also re- 
duced after exposure to solutions of the alkaloid. The alkaloid is considered to be a slow channel blocker (366). 

Tetrandrine (0.32 mM) and verapamil(30 KM), but not propranolol, reversed the positive staircase phenomenon 
of contraction in the left atrium of guinea pigs. Partial depolarization of the preparation with K+ (20 mM) resulted in a 
more pronounced effect. These and other results suggest that the negative inotropism of the alkaloid is not only related 
to the inhibition of Cat+ into cells but also to a decrease of intracellular Ca++ release (408). 

The hypotensive action of tetrandrine in rats (iv, 15 mg/kg) is principally due to inhibition ofcardiac contractility 
and to vasodilation (442). 

Tetrandrine antagonized the Ca++ channel blocker 'Hdiltiazem in receptor binding studies (ICs, 0.63 pM) 
(460). 

Central rfftJ.+-)-Tetrandrine has a very high affinity (K, 7.3 X lo-' M) for the muscarinic receptors of rat 
brain, as determined by its effect on the binding of ['HlQNB (quinuclidinyl txnzilate) in an in vitro receptor binding 

Cytotoxir rffrJ.-The inhibiting effect of tetrandrine on unscheduled DNA synthesis of human lung adenocar- 
cinoma cells was measured by direct scintillation counting of[ ")thymidine incorporated into the uv-irradiationdam- 
aged DNA (285). 

Immwnmnodvkatmy cflh.-Tetrandrine was shown to have potent immunosuppressive properties, as mitogen-in- 
duced lymphoproliferative responses were markedly reduced wen when the alkaloid was added after the initiation ofcul- 
tures. The alkaloid suppressed in vitro antibody synthesis by B cells, as well as natural killer-cell-mediated lysis ofK562 
cells. Tetrandrine does not interfere with receptor-ligand binding, but does affect the inositol triphosphate second mes- 
senger system (296). 

Tetrandrine was shown to possess significant inhibitory effects on receptor-ligand-mediated histamine release from 
rat mast cells at concentrations similar to or lower than those observed with theophylline and sodium cromoglycare. The 
alakloid does not bind tightly to these cell membrane nor cytoplasmic components, since inhibition of ovalbumin-IgE 
and concanavalin-hnediated histamine releare was reversible by washing the cells. These results, combined with the 
anti-phagocytic, anti-oxidant, and immunosuppressive properties of the alkaloid, suggest that tetrandrine may have a 
broad-spectrum non-steroidal properties useful in the therapy ofallergic diseases (307). 

Tetrandrine has greater in vitro suppressive effects than berbamine on adherence, locomotion, and 3 H d e o x y g l u c ~  
uptake of neutrophils, as well as mitogen-induced lymphocyte responses and mixed lymphocyte reactions. In addition, 
tetrandrine displays anti-oxidant activity, while berbamine does not. Berbamine, however, has a significantly greater 
capacity for inhibition of natural killer cell cytotoxicity (435). 

There was a consistent suppression of phosphoinositide turnover in concanavalin-A-stimulated human lympho- 
cytes in the presence of tetrandrine. In addition, concanavalin-A-stimulated calcium flux was inhibited, as well as pro- 
tein kinase C activity. The immunosuppressive properties of the alkaloid may be mediated by the capacity ofthe alkaloid 
to interfere with transmembrane signalling (439). 

assay (394). 
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Mewhum d l u t q  e&tJ.-Tetrandrine (a calmodulin antagonist) specifically inhibited calmoddin-stimulated 
Ca++-Mg++-activated ATPase in human erythrocyte membrane (in vitro). The alkaloid also inhibited Na+-K+- 
Mg++ ATPase, as well as baJal Ca++-Mg++-activated ATPase. Tetrandrine also inhibits the osmotic lysis of e r y t b  
cytes. The results suggest that the alkaloid may bind to membrane Ca++-Mg++-ATPase and that the calmcdulin an- 
tagonistic effect of the alkaloid is related to its membrane-stabilizing activity (170). Tetrandrine produced a 92.2% in- 
hibition of formylmethionyl-leucyl-phenylalanine-induced superoxide (02-) generation by polymorphonuclear leuko- 
cytes, suggesting that the alkaloid possesses membrane-moddying activity (226). 

Mvtugmir &&J.-The potential genotoxic and carcinogenic hazards of tetrandrine were studied using the SA- 
d U h i s t i d i n e  reversion assay and the SOYIlmu test. The results indicated that the alkaloid was a weak promutagen 
inducing frameshift mutations and was a potent genotoxic enhancer. Experimental details suggest that the enhance- 
ment of genotoxicity may result from an increase in error-prone DNA repair (388). 

The genotoxicity of tetrandrine was studied utilizing the micronucleus and sister chromatid exchange assay sys- 
tems. The alkaloid elevated sister chromatid exchange levels in cultured Chinese hamster lung cells and in spleen cells 
but failed to induce micronuclei. These and other results suggest that the alkaloid is a weak indirect-acting genotoxicant 
(443). 

The enhancement of tetrandrine on the genotoxic activity of two known mutagens, mitomycin C and cigaret- 
smoke condensate, was studied utilizing cultured Chinese harnster lung cells, with the sister chromatid exchange being 
used as the genetic endpoint to measure genotoxicity. The frequencies of sister chromatid exchange induced by the two 
mutagens were enhanced by tetrandrine in an alkaloid concentrationdependent fashion (45 1). 

Phtdet uggtvgutia &b.-Tetrandrine markedly inhibited ADP-, collagen-, and arachidonic-acid-induced rabbit 
platelet aggregation in a concentrationdependent manner (201,365,384). These effects are likely due to the inhibition 
of calmodulin-dependent phosphodiesterase activity by the alkaloid (384). Platelets pretreated with the alkaloid were 
not activated by collagen, nor were there morphologic changes ot granule release. Dipyridamole enhanced the inhibi- 
tion of alkaloid-induced platelet aggregation, but increased extracellular Ca++ weakened this inhibition (365). 

Tetrandrine was found to exhibit inhibitory effects on platelet-activating factor-induced platelet aggregation in a 
dosedependent manner, with preferential inhibition of platelet aggregation induced by collagen, thrombin, epinep 
hrine, and ADP. Arachidonic acid- and Ca ionophore A23 187-induced platelet aggregation was u d e c t e d  by the al- 
kaloid. The results support a possible interference with the phosphatidylinositol second-messenger system as a 
mechanism of action and funher suggest a clinical role for the alkaloid as a nonsteroidal broad-spectrum anti-allergy 
medication (397). 

Tetrandrine inhibited platelet aggregation induced by arachidonic acid, platelet activating &tor, or ADP in a con- 
centrationdependent manner in rabbits and pigs in vitro (2-10 times greater than verapamil) and rabbits in vivo. Cal- 
cium antagonism may be responsible for the inhibitory effect of the alkaloid on platelet aggregation (400). 

MIICGUUW cfi&f.-Tetrandrine failed to influence the yield of DNA single strand breaks in cultured mouse cells. 
In addition, the alkaloid inhibited the rejoining of DNA single strand breaks, irrespective of when irradiation was a p  
plied. Finally, the inhibition of undetermined synthesis and DNA synthesis by tetrandrine was observed (129). 

A review, in Japanese, of the pharmacological and biological effects of tetrandrine from the Fang Ji preparation 
Stepbuniu tetrundru was presented (186). 

Administration of tetrandrine (ip, 20, 50, and 100 mglkg) to mice once daily for 7 days increased the formation of 
micronuclei in blood lymphocytes in a dosedependent manner. The mechanism of action was proposed to be one of in- 
terference with the incorporation of deoxythymidine into DNA leading to chromosome fragmentation (202). Tetran- 
drine inhibited phenylephrine-induced contractions and spontaneous contractions in isolated rabbit oviductal isthmus. 
The alkaloid (iv) suppressed the increase in intraluminal pressure in response to phenylephrine and, at 48 h post-ovula- 
tion, delayed the transport of the ovum through the oviduct. The alkaloid also suppressed the activity of ova accelerated 
by estradiol cyclopenylpropionate (273). 

A hair tonic formulation of tetrandrine + polyloxyethylene) hydrogenated castor oil + perfume + H,O applied to 
male patients for 3 months resulted in dandruff control (90%) and prevention ofalopecia (80%) (433). 

Tetrandrine-N-oxides 

Tetrandrine-N-oxides exhibited inhibitory activity against angiotensin converting enzyme I in an in vitro study 
(75 ,311) .  

Thalrugosine [791 
Thalrugosine produced a 77.6% inhibition of formylmethionyl-leucyyl-phenylalanine-induced superoxide (02J 

generation by polymorphonuclear leukocytes, suggesting that the alkaloid possesses membrane-modifying activity 
(226). 

Tiliacorinine Ill91 
The antifungal activity of tiliacorinine was studied, with the results demonstrating that concentrations of 

tiliacorinine equal tdgreater than 500 ppm inhibited fungal growth. The alkaloid may thus be a promising antifungal 
agent (445). 

Trigilletimine (1621 
Trigilletimine exhibited weak in vitro anti-malarial activity (IC5, 2 1.57 pg/ml) (chloroquine phosphate; IC,, 

0.14 pg/ml) against Plufdi iumfufc$anm (464). A subsequent test (465) afforded results (IC,, 23.44 pg/ml) consis- 
tent with the first test. 
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Trilobine I1631 
Administration of trilobine HCI (po or ip) produced an anti-idammatory effect in rats which was not decreased by 

bilateral adrenalectomy. The alkaloid failed to prolong post-adrenalectomy survival time but did decrease proJtaglnodin 
E levels in the inflammatory tissue. In addition, the W o i d  produced marked involution of &e thymus, increased 
weight of the adrenal glands, and increased plasma cortisol levels (155). A review, in Japanese, oftbe pharmacological 
and biological effects of trilobine from the Fang Ji prepararion Cmulwr hi& was presented (186). 

Trilobine produced a 98.8% inhibition of formylmethionyl-IeucyI-pheny~ine-ioduced superoxide (02-) gen- 
eration by polymorphonuclear leukocytes, suggesting that the W o i d  posseuer membmne-modifying activity (226). 
Administration dcrilobine HCI (ip, 5 mgkg) to mice d e c d  ventriculv fibrillacion and (ip, 10 mgkg) d d  
the occurrence ofGC1,-acetylcholine-induced atrial fibrillation. When given intravenously (5 mlJkg), the Plknlbid in- 
creased the dose of ouabain needed to produce ventriculv enmystole, ventricular fibrillation, and cptdipc arrest in 
guinea pigs. Administration to rats (iv, 5 mg/kg) converted BaCI,-induced arrhythmias into sinus rhythm for > 10 
min, while in rabbits the alkaloid delayed the onset and shortened the duration of epinephrineCHCI,-induced u- 
rhythmias. The picrotoxin-induced arrhythmias produced by intracerebroventricular injection were antagonized by the 
alkaloid (intracerebral injection, 0.5 mg/kg; iv, 5 mg/kg) (3 14). 

Trilobine HCI (5 and 10 mg/kg) was injected into the sublingual vein of female rats whose left efferent vagal trunk 
had been sectioned at the distal end. Predrug spontaneous firingof the central ttu& was recorded, and the action po- 
tentials were recorded at the time of injection and every 30 min thereafter for 2 h. There was no statistically significant 
change in vagal firing post alkaloid administration (462). 

(+)-Tubocurarine I1421 
The widespread use of this alkaloid in medicine is well known. Thc literature abounds with references to i n  basic 

and clinical pharmacology and the following numbered references have appeared in only a three-year time period, 1986- 
1989: 87, 89, 90, 92-97, 101, 105, 106, 108, 109, 112, 115, 116, 121-123, 125, 127, 131, 135, 138-144, 146, 
148, 149, 151-153, 156, 159-164, 169, 171, 172, 175, 177, 179-182, 184, 185, 187-193, 197-200, 204-215, 
219-223, 227, 229, 233, 234, 237, 238,247,249, 251,252,256, 259,260,262-264,274,275,278,279,281, 
282, 284, 289, 292, 297, 300, 302, 304, 315-322, 325, 326. 329, 330, 334. 335, 337,340-343,345,347,352, 
358-362, 367, 368, 371, 375-377, 380, 382, 385-387, 391, 392,396, 398,401,404,410412,415,416,425- 
425, 432,436438,440,444,449,450,456,457,466469.  

TABLE 11. Names and Synonyms of Bisbenzylisoquinoline Alkaloids Cited in This Review.’ 

0-Acteyldauricine [3 dvtl P.c., syn. 
Ambrimine f2721 n.a. 
Antioquine (N-2’-Methyltilitriandnne) I2251 a.d., p.c. 
Apteline 1187 r.i. 
Aquifoline I2731 n.a. 
Aromoline (311 c.c., r.i., p.c. 
Auroramine I3901 n.a. 
Baluchistine 11881 r.i. 
Belarine [93] r.i. 
Berbamine I571 c.c, c.s., p.c., r.i. 
Berbamine-2’B-N-oxide I2741 n.a. 
Berbamunine (11 b.s., c.c., r.i. 
Berbilaurine 12751 n.a. 
N,N’-Bisnonuomoline I321 r.i. 
2,2’-Bisnorguattaguianine 12761 n.a. 
Bisnorobamegine {2m n.a. 
2.2‘-Bisnorphaeanthine I2781 n.a. 
Bisnorthahgosine 12791 n.a. 
Glafatine-2’a-N-oxide [226] r.s. 
Calafatine-2’B-N-oxide [227 r.s. 
Candicusine IZSO] n.a. 
Caryolivine [281] n.a. 
Cepharanoline I331 p.c. 
Cepharanchine (341 c.s., P.c., r.i. 
Cephannthine-2’&N-oxide 1282) n.a. 
Chondcdendrine I1321 p.c. N,N’-Dimethyllindoldne (GunrregnUwrioe) 
Coclobine [35] a.d., r.i. 
Cocsoline I1521 r.i. 
Cocsuline I1531 P.c.. r.i. 
Cordobimine I2831 n.a. 
Cordobine I2841 n.a. 
Cultithalminine I2851 n.a. 
Curine (bebeerine) I1331 b.s. 

CycIeaneonine (2861 ma., p.c. 
Cyclepnine 11211 a.d., c.s., P.c., r.i. 
Daphnandrim[37)p.c., r.i. 
Daphnoline [381 P.c., r.i. 
Dauricine [3] c.s., P.c., r.i. 
Dauricoline [5] r.i. 
Dwisoline [1921 a.d., r.i., syn. 
Dehatridine [287l n.a. 
Dehatrine (2881 n.a. 
1,2-Dehydmnp~teline I1931 r.i. 
1’,2’-Dehydrokohatamine [2891 ma. 
1 ’ ,2 ’-Dehydrokohatine (2901 n. a. 
1,2-Dehydro-2-norlirine I2911 n.a. 
1,2-Dehydm2‘-nortelobine [2921 n.a. 
1,2-Dehydrotelobine [1%1 r.i. 
Demerarine I391 a.d. 
12-0-Demethylcoclobine 12931 n.a. 
7-0-Demethylisothalicbcrine 11951 P.c., r.i. 
N-Desmethykycleanine I2331 r.i. 
12-0-Desmethyllauberine 12941 ma. 
N-Desmerhylthalidasine (2-Northolidasine) [I%] r.i. 
N-Desmethylthalisryline 1161 r.s. 
3’,4‘-Dihydmtephubine [2951 n.a. 
N,N-Dimethylcurine 1133 dvtl p.c. 
0,O-Dimethylliensinine [29 dvtl p.c. 

[23441a.d., b.s., c.c., r.i.,p.c. 
N,N-Dimethyltetmndrine n6 dvtl p.c. 
Dimethyltrilobine [163 dvt1 p.c. 
Dimethyltubocunrine (Metocurine) [1421 p.c. 
Dinklacorine 11141 a.d., r.i. 
Efatine [2%1 n.a. 
(+)-EpistephanineI&] a.d., r.i. 
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Fenfangjine B (Fangchinoline-2’a-N-oxide) 

Fenfangjine C (Fangchinoline-2’@-N-oxide) 

Fenfangjine D (1,3,4-tridehydmfangchinolinium 

Funiferine [20] a.d., r.i. 
Geddoamine 13011 n.a. 
Gilletine I2021 p.c. 
Granjine I3021 n.a. 
Grisabine [lo] r.i. 
Guattaguianine [276 dvtl S.S. 
Guatrarnine I3031 n.a. 
Guattaminone I3041 n.a. 
Gyroamericine I3051 n.a. 
Gyrocarpine (3061 n.a., p.c. 
Gyrocarpusine [307 n.a. 
Gyrolidine [308l n.a. 
Hayatidine [1361 b.s., C . S .  

Hayatine (137 b.s., C.S. 

Hayatinine (1381 C.S. 

Hemandezine [811 c.s., r.i. 
Hornoarornoline 1421 a.d., r.i., P.C. 
5-Hydroxyapateline (3091 n.a. 
5-Hydroxytelobine [3101 n.a. 
5-Hydroxythalidasine 13111 n.a. 
5-Hydroxythalidasine-2’a-N-oxide [3121 n.a. 
5-Hydroxythalrnine 13131 n.a. 
Insdanoline 116% r.i. 
Insularine I1701 r.i. 
Isochondrodendrine (1221 b.s., c.s., P.C. 
Isoliensinine I281 P.c., r.i. 
Isotetnndrine 1621 c.c., c.s., r.  i., P.C. 
Isothalidezine [821 r.i. 
Isotrilobine I1521 c.s., r.i. 
Kohatarnine [3141 n.a. 
Kohatine (2361 a.d., r. i .  
Krukovine (631 P.c., r.i. 
Lauberine (1061 r.i. 
Limacine (641 P.c., r.i. 
Lirnacine-2’a-N-oxide [315] n.a. 
Limacine-Z@-N-oxide 13161 n.a. 
Limacine-2’@-N-oxide 1317 n.a. 
Limacusine [%] r.i., p.c. 
Lindoldhamine (111 a.d., r.i. 
Malekulatine [2381 p.c. 
Marournine [3911 n.a. 
Medelline I3181 n.a. 
0-(4-Methoryphenyl>cine I3 dvtl P.c., syn. 
N-Methylapateline 12071 r. i .  
0-Methylcocsoline [2391 r.i. 
N-Methylmine (133 dvtl p.c. 
0-Methyldauricine [124 a.d., r.i. 
N-2’-Methylisotetrandrine I3191 n.a. 
0-Methyllimacusine I3201 n.a. 
2-N-Methyllindoldhamine [3211 n.a. 
2‘A”Methyllindoldhamine [3221 n.a. 
0-Methylthalicberine I951 r.i. 
N-Methylthalistyline (17 r.s. 
0-Methylthalmethine [%I c.s., r.i. 
0-Methylthalmine [2%1 r.i. 
N-Methyltiliamosine (3231 n.a. 
Monterine 13241 n.a. 
Neferine [30] P.c., r.i. 
Neothalibrine 12111 a.d., r.i. 

12981 n.a., p.c. 

(2991 n.a., p.c. 

hydroxide) [3001 n.a., p.c. 

Espinine (91 r.i. 
Fangchinoline (611 c.s., r.i., syn., p.c. 
Feafvlnjine A (Tet&e-2&N-oxide) [m n.a., p.c. 

Neothalibrine-2’a-N-oxide [325] n.a. 
2-Norberbamiae 1681 r.i. 
2-Norberbamunioe (1 dvtl C.C. 

2-Norce~haranoline (3261 n.a. -~ 
2-Norce&mnthine [327 n.a. 
2’-Norcepharanthine (3281 n.a. 
2’-Norcocsuline [3291 n.a. 
2’-Nordaurisoline [3301 n.a. 
2’-Norfuniferine (3311 n.a. 
2’-Norguarraguianine I3321 n.a. 
2’-Norisocepharanthine [3331 n.a. 
2-Norisotetrandrine (3341 n.a. 
2’-Norisotetrandrine (2131 r.i. 
Norisoyanangine [335l n.a. 
2-Norlimacine I3361 n.a. 
2-Norlirnacusine [2451 r.i. 
2-Norobaberine I% dvtl a.d., r.i. 
2’-Norobaberine [337 n.a. 
2-Norobamegine (691 r.i. 
2’-Nororyacanthine I3381 n.a. 
2’-Norpisopwiaridine (3391 n.a. 
Nontepbubine I3401  n.a. 
Norrhalibroline I3411 n.a. 
2‘-Norrhaliphylline I3421 n.a. 
2-Nonhalmine (3431 n.a. 
2-Northalrugosine [MI n.a. 
NorriliacorineA (1151 a.d., r.i. 
Nortiliacorinine A (2’-Nortiliacorine) 

[1161a.d.,p.c., r.i. 
2’-Nortiliageine I3451 n.a. 
Noryanangine [3%1 n.a. 
Obaberine [%I P.c., r.i. 
Obamegine 1711 r.i., p.c. 
Owdrine I3421 n.a. 
h d r i n i n e  [348] n.a. 
Orofangchirine f3491 n.a. 
Oxyacanthine (481 r.i., p.c. 
N-2+-0-methyldauricine [350] n.a. 
N-2’Qxy-O-Methyldauricine [3511 n.a. 
Parnpdhamine I3521 ma. 
Pangkoramine I3531 n.a. 
Pangkorimine (3541 n.a. 
Pedmarnine I3551 n.a. 
Penduline n2] r.i. 
Phaeantharine I731 syn., p.c. 
Phaeanthine (0-Methyllimacine) n41 c.s., P.c., r.i. 
Phaeanthine-2‘a-N-oxide [3%] n.a. 
Pisopwarnine I3521 n.a. 
Pisopowetine I3581 n.a. 
Pisopowiaridine (3591 n.a. 
Pisopowiarine (3601 n.a. 
Pisopowidine I3611 n.a. 
Pisopwine [362] n.a. 
Popidine [3631 n.a. 
Popisidine I3641 n.a. 
Popisine (3651 n.a. 
Popisonine [366] n.a. 
Popisopine I3621 n.a. 
0-Propionyldauricine [3 dvt] p.c. 
Pseudoxandrine 13681 n.a. 
Pseudoxandrinine [3691 n.a. 
Pycmanilline 13921 n.a. 
Pycnamine n51 r.i., p.c. 
Pycnazanthine (3701 n.a. 
Secolucidine (3931 n.a. 
Seeperine 1501 a.d. 
Siddiquamine 13711 n.a. 
Siddiquine [3721 n.a. 



734 Journal of Natural Products mol. 54, No. 3 

Stephubimine I3731 n.a. 
Stephasubine I3741 n.a. 
Stephibaberine I3751 n.a. 
Stepierrine [376] n.a. 
Telobine [la] r.i. 
Tetrandrine fJ61 c.s., P.c., r. i. 
Thalicberine 1971 r.i. 
Thalictine [ lo7  a.d., r.i. 
Thalidasine [lo01 c.s., r.i. 
Thalidasine-2a-N-oxide [ 3 m  n.a. Thalrugosaminine-2a-Ndride n.a. 
Thalidezine I831 c.s., r.i. 
Thaligosine (Thalisopine) [52a] a.d., r.i. 
Thaligosine-2p-N-oxide (Thalisopine-2p-N-oxide) Thalrugosinone [2241 r.s. 

I3781 ma. Thalsivasine 13851 n.a. 
Thaligosinine I52bl r.i. Tiliacorine [llSl a.d., r.i. 
Thaligrisine I2521 r.i. Tiliacorinine I1191 P.c., r.i. 
Thaliphylline I2531 r.i. Tiliacorinine-2’-N+xide I2541 a.d., r.i. 
Thaliphylline-2’p-N-oxide [3791 n.a. Tiliageine [27) a.d., r.i. 
Thalirabine (5-0-Desmethylthalistyline) (1711 r.s. Tilianangine I3861 n.a. 
Thalincebine I1411 r.s. Tiliarine [185] c.s., a.d. 
Thalirugine [1&J r.i. Tilitriandrine [38? n.a. 
Thaliropidine 1531 r.i. Trilobine [I631 c.s., r.i. 
Thalisopine [54] r.i. (+(-Tubocurarine chloride I1421 p.c. 
Thalistine 12211 I.S. Yanangcorinine [B] n.a. 
Thalistyline [181 C.S. Yanangine 13891 n.a. 

Thaliwmine 13801 n.a. 
Thalmethine I981 r.i. 
Thalmicularimine 13811 n.a. 
Thalmiculimine I3821 n.a. 
Thalmiculine 13831 n.a. 
Thalmine I1081 r.i. 
Thalmirabine [222] r.i. 
Thalpindione I2231 C.S.  

Thalrugosaminine I551 a.d., r.i. 

,Thalrugosidine I1011 a.d., r.i. 
Thalrugosine [791 r.i., p.c. 

‘a.d. =additional work; b.s. =biosynthesis;c.c. =cellcultuce;c.s. =chromatographicseppmtion;n.a. =newal- 
kaloid; p.c. =pharmacology; r.i. = misolared; r.s. = m i d  structure; s.s=semisynthetic; syn. =synthesized; 
dvt =derivative (meaning a derivative of an alkaloid with the preceding number). 

TABLE 12. Alkaloids Svnrhesized 

0-Acetyldauricine [I3 dvrl(3 10) 
Daurisoline [1921(177) 
Fangchinoline [61] (69) 
0-(4-Methoxyphenylkdauricine [3 dvtJ (3 IO) 

TABLE 13. Alkaloids Produced In Cell Culture. 

Brrbnts srofon+ra (Berberidaceae) (54) 
Ammoline I311 
Berbamine [57) 
Berbamunine [l] 
N,N‘-Dimethyllindoldhamine (Guattegaumerine) [2%] 
Isotetrandrine 1621 
2-Norberbamunine [l dvr] 

Ammoline 1311 
Berbamine I57 

Stcpbania ccpbarantba (Menispermaceae) 

PUBLISHED REVIEWS 

A massive review (English, 649 references) on the literature of the bisbenzylisoquinoline alkaloids 
from 1974 to 1986 was published by Buck in 1987 (3 12). 

A comprehensive review (German, 42 references) of the chemistry and pharmacology of the bisben- 
zylisoquinoline alkaloids reporred in the literature from 1986 through I988 was presented by Pachaly in 
1990 (47 1 ) .  In a separate work (English, 2 1 references) published in 1988, the same author described his 
research on the bisbenzylisoquinoline alkaloids (and other related compounds) from four Menispermaceom 
plants: Cycka barbata Mien,  TiIiacara triandra Diels, Tinospora (cmdifolia) baenzigwi Forman, and Tinospora 
crikpa (L.) Hook f. +Thorns (472) .  
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A small review (Chinese, 10 references) describing the methods for determining the structure of bis- 
benzylisoquinoline alkaloids was published by Lu in 1989 (414). 

A small review (Spanish, 2 1 references) describing the benzylisoquinoline-derived alkaloids (includ- 
ing bisbenzylisoquinoline alkaloids) of the genus Berbcris was published by Fajardo et ul. in 1986 (473). 

A review (Spanish, 42 references) describing the 1-benzyltetrahydroisoquinoline alkaloids (including 
bisbenzylisoquinoline alkaloids) isolated from some Chilean species of the genus Berberis was published by 
Gaona in 1988 (381). 

Reviews describing the alkaloids of the genus Thulictrum (including bisbenzylisoquinoline alkaloids) 
were published by Baser in 1986 (English, 37 references) (173). Lin et ul. in 1988 (Chinese, 88 references) 
(301), and Schiff in 1987 (English, 669 references) (474). 

A review (English, 120 references) describing the alkalojds (including bisbenzylisoquinoline al- 
kaloids) of the genus Guuttenb was published by Cave et ul. in 1989 (475). 

A review (English, 37 references) describing the alkaloids (including bisbenzylisoquinoline alkaloids) 
of Corcufus penhlw, as well as 7 other medicinal plants of Pakistani origin, was published by Atta-ur- 
Rahman in 1987 (354). 

A review (English, 174 references) describing the methods of isolation and determination of 
isoquinoline alkaloids (including bisbenzylisoquinoline alkaloids) from various sources was published by 
Valka in 1989 (420). 

An incisive and key review (English, 27 references) of the ‘H-nmr and mass spectral characteristics of 
bisbenzylisoquinoline alkaloids was published by Guinaudeau, Freyer, and Shamma in 1986 (476). These 
alkaloids were divided into 12 subgroups (A to L), according to the nature of the linkagds) between the two 
monomeric coclaurine parts, and over 100 ’H-nmr spectra are presented in a tabular form. A thorough dis- 
cussion of each group is presented. This landmark paper is required reading for anyone utilizing these tech- 
niques in the identification of bisbenzylisoquinoline alkaloids. 

THIN-LAYER CHROMATOGRAPHY.-A new tlc method is described which afford excellent resolu- 
tion of 12 alkaloids present in curare resin (9 1) .  

The quantitative determination of trilobine E1631 in rabbit plasma was accomplished via extraction 
(Et,O) of the alkalinized plasma, back extraction (first with H2S04,  followed by alkalinization and then 
extraction with CH,CI,), and tlc using cyclohexane-iPrOH-Er2NH (7.5: 1 . 5 :  1 )  as the developing agent 
and scanning at 265 nm. The recovery was 101.5% and the minimum detectable concentration was 0.005 
mcg/ml plasma (217). 

A discussion of some commonly used systems in the separation of bisbenzylisoquinoline alkaloids was 
presented as one part of a larger review of classical tlc of alkaloids (258). The R,values of berbamine [57,  
cepharanthine 1341, cycleanine [121], dauricine 131, hayatidine [136], hayatine [137l, hayatinine 
[138], hernandezine [Sl], isochondrodendrine [1221, isotetrandrine 1621, isotrilobine 1157, O-methyl- 
thalmethine 1961, phaeanthine n41, thalidasine [lOO], and thalidezine [831 were recorded, as observed 
in the development of Si gel G and alumina plates in 9 solvent systems (258). 

Extraction of Stephuniu tetrundru preparations with EtOH and appropriate workup afforded tetran- 
drine [761, which was separated by tlc using CHC1,-MeOH (8:2) and quantitated via scanning (369). In a 
separate study, tetrandrine [761 and fangchinoline 1611 were extracted from the roots of S. tetrundru with 
CHCI,/NH,OH and determined by tlc densitometry using CHC1,-MeOH (10: 1 . 1 )  (370). 

A review of recent developments in the tlc of alkaloids, including those of the bisbenzylisoquinoline 
type, was presented. Subjects discussed included high performance tlc, sandwich chamber tlc, overpres- 
sure tlc, high pressure circular chromatography, centrifugal layer chromatography, and sequential cen- 
trifugal layer chromatography (427). 

MlscELLANEOUS.-Fangchinoline [61) was separated from tetrandrine 1761 by low-pressure cc [Si 
gel G column at 0.5-0.6 kg pressure with cyclohexane-EtOAc-Et,” (6:2: 1)l and p H  gradient extrac- 
tion (CHCI, solution extracted with McIlvaine buffer solutions at p H  5.4,  5.0,  and 3.8) (98). 

Tetrandrine 1761 and fangchinoline f611, extracted from S. tetrundru roots, were isolated and purified 
by tlc and cc and then determined by differential scanning calorimetry of hplc (446). 

A review was made of the products and mechanisms of action of microbial transformations of 14 com- 
pounds with antitumor activity, including tetrandrine 1761, isolated from higher plants (104). 

A rapid, simple, and sensitive method for the qualitative analysis and quantitative determination of 
tetrandrine [76) in rat bile or urine was developed; it consisted of extraction of alkalinized bildurine with 
Et,O and hplc analysis (428). 

(+)-Tubocurarine forms a colored ionic complex with methyl orange, which ca’n be extracted with 
CHCI, and p H  7.8 measured by its uv absorbance at 4 19-424 nm. The detection limit was 2 5  kg/ 10 ml of 
alkaloid, with Beer’s Law being obeyed in the range of 25-100 pg (relative standard deviation= 1.4%) 
(167). A separate study (194) reported measurement of this complex at 490 nm, with Beer’s Law being fol- 
lowed in the range of 6-130 kg of alkaloid (detection l i m i t = 6  pg/15 ml; relative standard devia- 
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tion = 1.11%). This method is not suitable for determination of the alkaloid in biological tluids b e c a w  
proteins can react with methyl orange (194). 

A photooxidative cleavage reaction, modelled after that developed for the benzylisoquinoline al- 
kaloid laudanosine, was applied to the dimeric benzylisoquinoline alkaloids berbamine 157, phaeanthine 
P4], nortenuipine 1891, tenuipine 1921, obaberine 1461, aromoline 1311 diacetate, nemuarine [lll], 
micranthine 11591, apateline 1187, N-methyltelobine 1160 dvt], and cycleanine [121] (or derivatives of 
some of these bases). In general, this reaction results in the cleavage of the isoquinoline-portion (‘top por- 
tion;” rings A, B, C, and D) from the benzyl-portion (”bottom portion;” rings E and F), with the former 
being characterized as a tetrahydroisoquinoline-0-tetrahydroisoquinolone dimer (after reduction with 
NaBH4 and thermal dehydration) and the latter as a dialdehydediaryl ether. By way ofexample, photolysis 
of isotetrandrine 1621 afforded 3-(4’-formylphenoxy)-4-methoxybenzaldehyde (“bottom portion”) and 
after further reaction (NaBH4 reduction and thermal dehydration) the amino-lactam 3’,4’dihydro-6’- 
methoxy-7’-[ 1,2,3,4-tetrahydro-6,7-dimethoxy-2-methyl-(is~uinolin-8-yl)oxy]-2’-methyl- 1 ‘(2H)- 
isoquinolone (”top portion”). The utility of this reaction sequence as an alternative degradative procedure 
for use in structure determinatiodconfirmation of these type of alkaloids is discussed (225). 

A small-interfacial voltaic cell (Sb scratch) was found to be satisfactory for end-point detection in ti- 
tration of berbamine [57l (0.4-4 mg) and other alkaloids and their salts in EtOH, CHCI,, or dibutylether 
media with picric acid in the same medium. Advantages include its simplicity and sharp end-points, with 
recoveries being 96.5-100.8% for determinations of 19 drugs and their salts. The relative error was * 5 %  
for 5 pharmaceutical tablets and injections (250). Crude berbamine, obtained from the waste solutions of 
coptisine extracts, was extracted with CHCI, and determined by potentiometric titration with picric acid 
(0.06 N)  in CHCI, (306). 

The pharmacokinetic data obtained after rabbits were administered trilobine 11631 (iv, 40 mg) fit a 
2-compartment open model. The alkaloid was extracted from rabbit plasma with n-hexane (containing 2% 
n-BuOH) and determined by hplc using MeOH-NH40H (100:0.02) as mobile phase, with detection at 
236 nm. The detection limit was 7.2 ng or 20 ng/ml ofplasma (265). 

High-speed countercurrent chromatography was used to separate a m i n u r e  of tetrandrine p61, 
fangchinoline 1611, and cyclanoline originally extracted from S. tetrandra. The separations were performed 
using a two-phase solvent system composed of n-hexandEtOAdMeOWH,O in two different elution 
modes over a period of 100 min, with the peak fraction of each component being analyzed via ms (338). 

Polyphase-liposome injections containing thalidasine [lo01 were diluted with EtOH-0.01 N HCI 
(4: 1) and the alkaloid quantitated by spectrofluorometry at 235 nm (for excitation) and 3 18 nm (for emis- 
sion). The recovery was >96% with a coefficient of variation of <3.1%. The polyphase-liposome encapsu- 
lation rate was determined with this method after separation via Sephadex gel cc (364). Thepharmacokine- 
tics of intravenously administered thalidasine in polyphase liposome and aqueous solutions in mice were 
studied by hplc. The blood alkaloid concentration w e  fit a 2-compartment open model, with the distri- 
bution and elimination half-lives being 3.52 and 23.58 min, respectively, for the liposome form, and 
1.293 and 11.12 min, respectively, for the aqueous solution (372). 

Fabms was utilized in the study of 12 known tail-to-tail linked benzylisoquinoline-aporphinedimeric 
alkaloids and 5 known tail-to-tail linked bisbenzylisoquinoline alkaloids (northalibrine 1131, thalibrine 
1141, thaliracebine [14a], thaliruginine 114~1, and thalirugidine [la]). This method, while retaining 
almost the same fragmentation pattern as that by conventional ei analysis, provides relatively intense 
molecular ions (1O-35%), which would be barely discernible via ei analysis (441). 

A correlation was made between the level of ploidy and the type of dimeric isoquinoline alkaloids pres- 
ent in Tbufictwm ninrrs populations of southern Bulgaria. Up to the present time, 27 populations of this 
plant in Bulgaria have been studied for their chromosome number, with dimeric alkaloids being detected 
in 13 of them. The hexaploid cytotype is more common in the lowlands while the decaploids are found 
more frequently in the high mountains (above 1500 m). The bisbenzylisoquinoline alkaloids (oxyacanthine 
1481, thalmethine 1981, and 0-methylthalmethine 1961) are found only in the hexaploids while the apor- 
phine-benzylisoquinoline alkaloids (thalicarpine, thalmelatine, thalipine) are found only in the deca- 
ploids. The assumption can be made that two cytotypes and two chemotypes have been found in Bulgaria 
up to this time (452). 

A review by Gottlieb et uf. (477) discussed the chemical dichotomies in the Magnolialean complex. 
The most characteristic chemosystematic feature of the Magnolialean families is the rich diversification of 
two groups of secondary metabolites, the neolignans and the benzylisoquinolines. Biogenetic considera- 
tions and correlation with morphological advancement suggest the evolutionary p r h a c y  of neoligmns 
over benzylisoquinolines. 

A review by Hegnauer (478) discussed the biochemistry, distribution, and taxonomic revelance of 
higher plant alkaloids, with all of the major classes of alkaloids being classified according to their 
biosynthetic origin. 

Waterman and Gray (479) provided a major review on chemical systematics, including alkaloids. 
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This particularly incisive paper d i d  the development of chemical systematics and the handling and 
interpretation of chemical data, while citing numerous examples of the successful taxonomic use of 
phytochemistry. This work is highly recommended for botanists, chemists, pharmacognosists, 
taxonomists, and all others utilizing chemistry characters in the study of systematics. 
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