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AkBsTRicT.-Three new antimicrobial bisbenzylisoquinoline alkaloids, thalmirabine 
(3),  thalistine (11), and 0-methylthalibrine (18) were isolated from the roots of T .  
minus L. Race B and characterized by spectral and chemical methods. Additional 
alkaloids, not previously reported from this source, are -7--methylcorydaldine (l), 
thalrugosine (2), thalphenine (22), colnmbamine (23),  thalifendine (24) and jatror- 
rhizine (25). 

To date, sixteen alkaloids have been reported from the roots of Thalictrum 
minus L. race B (Ranunculaceae) ( I ,  2, 3), some of which possess hypotensive 
and antimicrobial properties. I n  this paper we present the isolation and identifica- 
tion from this source of nine additional alkaloids, of which three are neIv natural 
products. Five were obtained from the ether-soluble tertiary nonphenolic fraction, 
the so-called Fraction F of an earlier publication (2) ; while four were quaternary 
alkaloids derived from Fraction E. The compounds are presented in the order 
of elution from the first chromatographic column. 

S-Nethylcorydaldine (1) n-as isolated from the mother-liquor residue of 
adiantifoline (1) in a very minute amount and was characterized by comparison 
of physical properties with those of a known sample. As a natural product, it 
was first obtained from T .  fe f zd ler i  (4). Thalrugosine (2) another known alkaloid, 
was likewise identified by direct comparison with an authentic sample (5). 

Thalmirabine (3), an optically active amorphous solid, [CY]D+ 116", a new 
alkaloid, exhibited in the mass spectrum a molecular ion peak at mle 668 (37%), 
n-hich from the value and intensity suggested a bisbenzylisoquinoline with two 
diphenyl ether bridges and a probable molecular formula of C39H4J208. The 
nmr spectrum exhibited peaks for two S-methyls, five 0-methyls, eight aromatic 
protons, one of which was at an upfield position (6 6.00) characteristic of H-8 
protons, and one phenolic hydroxyl, which was lost in the presence of DzO. The 
lost group was supported by the ir peak at 3530 cm-l and the preparation of 
0-methylthalmirabine (4) by methylation with diazomethane. Since neither 
thalmirabine (3) nor its methyl ether 4 appeared to be known compounds, a total 
structure proof was undertaken. Reductive cleavage of 0-ethylthalmirabine (5 )  
n ith sodiuni/ammonia gave (S)-( +)-0-methylarmepavine (6) as the sole non- 
phenolic base, and tu-o phenolic bases. One, (S)-5-hydroxy-2-methyl-4',6,7- 
trimethoxybenzyltetrahydroisoquinoline ( 7 ) ,  was characterized from spectral data 
and by conversion to the ethyl ether 8 n-hich was identical with one of the degrada- 
tion products of 0-ethylthalidezine (6). The other, (S)-6,i-dimethoxy-5-ethoxy- 
~'-hydrosy-2-meth~lbenz~-ltetrali\-droisoyuinoline (9), was identified by direct com- 
parison 11-ith one of the degradation products common to 0-ethylthaligosine and 

'For paper XXXIII see W . - S .  Wu, J. L. Beal and R .  Q'. Doskotch, J .  LYaht. Prod., 43 (1980). 
2Present address: McNeil Laboratories, Fort Washington, PA 19034. 
3Present address: Faculty of Pharmacy, University of Alexandria, Alexandria, Egypt. 
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0-ethylthalirugine (7). Methylation of product 9 formed the methyl ether 8, 
thereby confirming the original a- ,si 'g nnient. 

The Sa, SH, degradation product4 require that  the diphenyl ether group 
joining the head to head subunits of thalniirabine (3) must be from the C-5 position 
of one to  the C-8 of the other, and that the phenolic hydroxy be located at the 
C-3 poqition of the tetraoxygenated isoquinoline. Exact location of the other 
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diphenyl ether bridge JTas not possible for one unit, but from biogenetic considera- 
tion, the most favored location would be ortho to  the methoxy. Experimental 
proof that this is the case was made available by isolation of 2-methoxy-4’,5- 
dicarboxydiphenyl ether (characterized as the dimethyl ester lo),  from the 
potassium permanganate oxidation of thalmirabine (3). Since the cd spectra 
of the degradation products supported S-configuration for both asymmetric 
centers (S), the unique structure for thalmirabine is as drawn in 3. Thalmirabine 
is the third member of a type of bisbenzylisoquinoline, designated by the numerical 
system of Shamma and Moniot (9) as 5*,G,7,1 1tl12-5,G,7,8*121, previously repre- 
sented by thalfine and thalfinine (lo), and also isolated from T .  mims  race B ( 2 ) .  
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Thalfinine differs from thalmirabine in possessing 5r-methoxy-G',7'-methylene- 
dioxy substituents in place of the 5'-hydroxy-G', 7'-dimethoxy. The experimental 
proof for the configuration at  C-1' of thalfinine had not been presented, although 
S-stereochemistry appears the most probable ( 2 ) .  The cd curves of thalmirabine 
(3) and O-methylthalmirabine shov a closer relationship to thalfinine than to 
epithalfinine ( 2 ) ,  although there are some differences, and an unequivocal ansu-er 
to  settle the question of configuration at  the second center is not possible from 
this analysis. 
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Thalistine (11) I the second nen- alkaloid is also amorphous, optically active, 
and a biqbenzylisoquinoline, but unlike thalmirabine (3) contains only one diphenyl 
ether, the mas< spectrum shoved a weak (5Yc) molecular ion at m,'e 668 cor- 
responding to formula CjsH+S:Og. The nmr spectrum indicated the presence 
of tn 0 -l--methyl~, four O-meth>-lq, one niethylenedioxy, and nine aromatic 
proton<, t n o  of which are at the high field poqition (6 5.i6) expected for H-8 
protonq of ~~~-metliylbenz~ltetrahydroisoquinoline~ and their derivatives. I n  
additio.1. there n as o x  D 7 0  wdiangeable proton for a phenolic group, that n-ac 
also wggested by the ir peak a t  3520 cm-l, and confirmed by the preparation of 
the methyl ether 12  nth diazomethane AnalJsis of the mass spectral peaks 
of thalistine (11) supported a structure in nhich one of the isoquinoline units 
contained t n o  methoxys and a phenolic hydroxyl [fragment l l a .  m/e 222 (lOOyo) 1, 
while the other iqoquinoline possessed the metliylenedioxy group and one methoxy 
[fragment l l b ,  in e 220 (917,) 1 ;  the fourth niethoxj mould be TT-ith the diphenyl 
ether component. Thaliqtine ethyl ether (13) no longer contained in the maqs 
spectrum the peak a t  wz ' e  222 but, instead, a nev peak at m l e  250 (967,) for 
fragment 13a was preqent; the m / e  220 (100%) remained intact. 

Two degradations 

- -  21;R1+ R2=CH2,R3=R4=Me 

23;R1=R3=R4=Me,R2=H - -  
2 4 ; ~ 1 + ~ ~  - -  =CH2,R3=Me,R4=H 

25; R1= H, R 2 =  R3 = R 4  = M e  

were performed on 0-ethj-lthalistine (13). 

- -  
First, S a , ' S H 3  

cleavage produced (S)-4',i-dimethoxy-5-ethox~-2-methylbenzyltetrahydroisoquin- 
oline (14) as the nonphenolic product, identified by direct comparison with one 
of the degradation products of 0-ethylthalidezine (1 1)) and (S)-4',i-dihydroxy-5- 
methoxy-2-niethylbenzyltetraliydroisoquinoline (15) as the phenolic product, also 
identified by comparison with a known sample (11, 12). Those products con- 
firmed the S-configuration for both centers, as was suggested by the ed spectrum 
of thaliqtine ( l l ) ,  and placed the methoxy of the diphenyl ether on the same 
benzylisoquinoline unit bearing the phenolic group. Although it is n-ell-docu- 
mented (2, 12) that trioxygenated tetrahydroisoquinolines do not survive intact 
the K a / S H 3  reaction, the products that result do allou- for formulation of the 
correct qtructure of thalistine, except for the location of the diphenyl ether. The 
second degradation reaction, KI\In04 oxidation, settled the remaining uncertainty 
and also provided the isoquinolines with the substituents unaltered. TKO iso- 
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quinolones, 5-nietho~y-2-methyl-6,i-methylenediox~-l-oxo-l,2,3,~-tetral~ydroiso- 
quinoline (16) and 6.i-dimetlioxy-5-etlioxy-2-methyl-l-oxo-l,2,3,~-tetrahydroiso- 
quinoline (17) were obtained, which firmly established the nature of the correspond- 
ing units in thalistine (11). The other product, 2-methouy-4'.5-dicarboxydiphen~-l 
ether, characterized as the dimethyl ester 10, completed the study on thali+tine 

Thalistine (11) is related to the thalistyline group of alkaloids (bi+benz;\-liso- 
quinoline type n ith one diphenyl ether formed from two -1',5.6,i-tetraox!-gerlnted 
benzyltetrahJ-droiqoquinoline units) and brings the total to five (2. 11 12). 
Tlialirabine, the only other thali-tyline-type alkaloid from T .  miiius race B, i. 
related t o  thal idne as the monoquaternarj- S-methyl derivative n ith the -yn- 
onymous name -I--rnethylthalistine ( 2 ) .  

The third nen alkaloid, 0-methylthalibrine (18), an arnorphou- optically 
active bisbenzj-lisoquinoline alkaloid with one diphenyl ether (ma- -pectral 
features). has formula C39H-16S206 and exhibits peaks in the nmr spectrum for 
two S-methyls, five 0-methyl., and eleven aromatic proton., two of n hich are 
at upfield po-itions (6 6.10 and 6.16) characteristic of H-S protons. Since no 
phenolic characteristics were ob.erved, the alkaloid n a< directly cleayed by 
S a  SH,. forming tT1-o major products S-( +)-0-methylarmepavine (6) and S-( +)- 
arniepavine (19). These and the Ii1InO4 oxidation products of 6,i-dimethoxy-2- 
metli~-l-l-oso-1,2,3,4-tetrahydroisoquinoline (1) and 2-metho~y-4'.j-dicarbosy- 
diphenyl ether (identified as the ester 10) led to unambiguous structure 18 for 
the compound. The literature records this substance as a methylation product 
of thalibrine (20) (13), and direct comparison of the synthesized material n-ith the 
natural product confirmed the structural assignment. 

The quaternary alkaloid fraction yielded four protoberberine alkaloids coninion 
to  Thalictrum; berberine (21), [already reported (3) ] columbaniine (23), thali- 
fendinr (24) and jatrorrhizine (231, as Ti-ell as the aporphine, thalphenine (22). 

The three new alkaloid. Ti-ere evaluated in the antimicrobial screen routinely 
employed in our laboratory (14) and gave the following results. The concentra- 
tions are the minimal inhibitory values : thalmirabine (3) active against Myco-  
bacferium smegmatis (100 pg ml) thalistine (11) active against AI. smegmatis (100 
pg 'ml) and Staphyloccocus aureus (1000 pg ml), and 0-methylthalibrine (18) ac 
tive against M .  smegmatis (100 pg 'ml) and Caitdida albicans (500 pg ml). 

EXPER11\IEKTAL4 
EXTRACTIOS ASD ISITIAL FRxTIos.iTIos.-The fractions utilized in this paper originate from 

the separation technique reported earlier (2) and from fractions of a subsequent publication (1). 

-V-METHYLCORYDALDISE (1) .-The adiantifoline mother-liquor residue (1.2 g) (1) from the 
ether-soluble tertiary nonphenolic bases (Fraction F) of column fractions no. 30-33 was re- 
chromatographed on silica gel (50 g) mith chloroform (100 ml),  0 . 5 5  (300 ml), 1% (500 ml) 
and 2% methanol in chloroform (500 nil) as eluents. ;i 3 mg residue was eluted with 0.57c 
methanol in chloroform which formed tiny colorless needles (1.5 mg) of ,\'-methylcoq daldine 
(1) from methanol, mp 122-3" [lit. (15) mp 125-6'1 and showed physical properties (mp, mmp, 
tlc, uv, ir,  and n m r ~  identical with a known sample (16). 

(11). 

The 15 and 2% methanol in chloroform eluates gave 570 mg of adiantifoline. 

T H ~ L R U G O S I ~ E  (2).-The column fraction no. 46 (1.25 g) of the ether-soluble tertiary 
nonphenolic bases was rechromatographed on 60 g of neutral alumina with benzene-chloroform 
(l:l, 500 ml) and chloroform (500 ml) as eluents. The first solvent and early fractions of the 
second solvent gave 85 mg of a crystalline residue that was recrystallized from ether to give 
thalrugosine (2), nip 211-3" [lit.  ( 5 )  mp 212-4'1. Identification a a s  by direct comparison of 
physical properties itlc, uv, ir, nnir, cd and mmp) with authentic thalrugosine (2). 

4For details of reagents, instruments and conditions used, see paper XXXII ,  R.-S. Wu, 
,J. L. Beal and R. TI-.  Doskotch, J .  1-d. Prod . ,  43, 2 i O  (1980). 



47s JOURNAL OF SATCRAL PRODUCTS [VOL. 43, xo. 4 

THALhfIRSBISE (3) .-The column fraction no. 46 that gave thalrugosine (2) on rechroma- 
tography yielded from the late chloroform effluent 208 mg of an amorphous but homogeneous 
solid, named thalmirabine (3): R f  0.59 on tlc with silica gel G and benzene-acetone-ammonium 
hydroxide solution (20:20:0.5); [ ~ ~ ] * ~ ~ + 1 1 6 ~  (c 0.2,  MeOH); cd (C 3.0 x lOPhI, hIeOH) [8]300 0, 
[~~~~ , - l l ,OOO,  [@I209 0, [8]230+65,100; uv X max 314 nm (shld, log e 3.34) and 280 (3.95); ir Y max 
3030 em-' (OH); nmr (60 hIHz, CDC13) 6 2.36, 2.60 (2s, 2 NhIe), 3.38, 3.42, 3.72, 3.80 and 3.86 
(5s, 5 OMe), 5.20 (brs, OH, lost in DzO), 6.00 (s, H-8), 6.4-7.3 (m, 7 ArH): and ms w i / e  668 
(37,%, AI-, C H H ~ ~ O S ) ,  442 (4,.C24Hd;206, a + b cleavage), 222 (56, C12H16K03, cleavage a t  
b t c + H ) ,  221 (100, double ion of 442 and/or C12HlSN03, cleavage at b + c)  and 206 (18, 
Cl2H16N02, cleavage a t  a + d + H ) .  

-4nal. Calcd for C39H14N20s.1.5 H20: C, 67.32; H, 6.81. 
Found: C, 67.29; H, 6.49. 

Thalmirabine (3) gave a positive test with phosphomolybdic acid for a phenol and a nega- 
tive Gibbs' Test for a para unsubstituted phenol. 

0-METHYLTHALMIRABINE (4).-Thalmirabine (3, 10 mg) was dissolved in 2.5 ml methanol 
and mixed with ethereal diazomethane prepared from 0.3 g of N-methyl-AT-nitroso-p-toluene- 
sulfonamide and 4 ml of 0 . 1 s  KOH in methanol. After 6 days a t  ambient temperature, the 
reaction residue was chromatographed on 1 g of silica gel nTith chloroform (50 ml), 1% and 2% 
methanol in chloroform (100 ml each). The 1% methanol in chloroform effluent afforded 7.5 
mg of 0-methvlthalmirabine (4): R f  0.7 on tlc under the same conditions as thalmirabine: cd 
(C 4.9 x lO-%f, BIeOH) [ 8 ] 3 0 6  0, [8],,,-6,650, 0,.[8]230+43,000; and nmr (90 RIHz, CDC13) 
6 2.37, 2.64 (2s, 2 KBIe), 3.38, 3.42, 3.74, 3.83 (double intensity), 3.88 (5s, 6 OMe), 5.99 (s, H-8), 
6.4-7.5 (m, 7 ArH): 

O-ETHYLTH.4LMIR.iBISE (5).-Thalmirabine (120 mg) in 5 ml of hleOH was mixed q-ith 
ethereal diazoethane prepared from 2 g of il'-ethyl-K'-nitro-X-nitrosoguanidine and 4 ml of 
50% aq.  KOH. After 1 wk a t  ambient temperature, the residue after evaporation of solvent 
was chromatographed on 6 g of silica gel with chloroform (50 ml), 1% and 2% methanol in 
chloroform (100 ml each) as eluents. The 1% methanol in chloroform effluent gave 75 mg of 
0-ethylthalmirabine (5 )  as an amorphous solid: R f  0.78 on tlc under the same conditions as  
thalmirabine; nmr (60 hIHz, CDC13) 6 1.40 (t ,  J 7,  OCH&H3), 2.38, 2.63 (2s, 2 Nhle), 3.40, 
3.42, 3.79, 3.83, 3.88 (5s, 5 OMe), 4.04 (9, J 7,  OCH2CH3), 6.03 (s, H-8), 6.4-7.4 (m, 7 4 r H ) ;  
and ms ni l e  696 (70, M+, CclHpsNzOs), 470 (23, C2&4N;206, cleavage a t  a + b), 250 (65, 
C14H20K03r cleavage a t  b + c + H ) ,  235 (100, double ion of 470) and 205 (60, cleavage at a + d ) .  

SODIEJI/.IMMONIA CLEAVAGE OF 0-ETHYLTHALMIRABIKE (5).-To 15 ml of liq. XH3 contain- 
ing 150 mg Na maintained below -3" was added dropwise during 0.5 hr, 5 ml of tetrahydro- 
furan solution containing 52 mg of 0-ethylthalmirabine ( 5 ) .  Reaction %-as allowed to  proceed 
for 2.5 hr. After the KH3 evaporated a t  ambient temp., the unreacted Na was decomposed 
with excess methanol. The mixture was concentrated to -2 ml, taken up in 125 ml of ether 
and extracted with 1N KaOH to separate the products into phenolic and nonphenolic fractions. 

The ether layer was washed (HzO), dried (Na2S04) and evaporated to give 8 mg of a color- 
less oil that  was chromatographed on 1 g of neutral alumina with benzene (25 ml), benzene- 
chloroform ( l : l ,  50 ml) and chlorofo.ym (50 ml) as eluents. The benzene-chloroform (1: l )  
effluent afforded 5 mg of a colorless oil, tha t  was identified as (S)-(+)-0-methylarmepavine 
(6) by comparison of physical data  (tlc, uv, ir ,  nmr and cd) n,ith those of an authentic sample. 

The alkaline solution containing the phenolic products was treated with excess NHdC1 to  
pH 9 and extracted with 250 ml of ether. The washed (H20), dried (Na&04) and evaporated 
ether extract left 18 mg of a pale yellow residue tha t  showed two spots on tlc, R f  0.68 and 0.42 
under the same conditions as for thalmirabine. The residue was chromatographed on 1.5 g of 
silica gel with chloroform (50 ml), 1%, 2Yc and 3% methanol in chloroform as eluents. The 170 
methanol in chloroform effluent contained 9 mg of a colorless solid, identified as (S)-5-hydroxy- 
2-methyl-4',G,7-trimethox-ybenz~-ltetrahydroisoquinoline (7) :  mp 85-6"; Rr 0.68 on tlc; cd (C 
6.1 x lO-3hI, RIeOH) 0, [8]ei2f2,900, [B]250 0, [8]230+70,000; uv X max 283 ilog t 3.85): ir  
(CHClr) Y max 3520 cm-l (OH): nmr (GO MHz, CDC13) 6 2.52 ( s ,  XhIe), 3.57, 3.78, 3.86 (3s, 
3 OhIe), 5. iO (s, H-8), 0.80 and 7.02 (ilA'BB' q, J 9, 4 ArH);  and ms m / e  343 (0.2%, M', 
CznHzSN04),  222 (100, a) and 121 (7, b ) .  0-Ethylation of product 7 Ti th  diazoethane gave the 
ethyl ether 8 identical (tlc, uv, ir, nmr and cd) with one of the nonphenolic products formed 
from 0-ethylthalidezine (6), and prepared by N a / S H 3  cleavage for a direct comparison. 

The 2% methanol in chloroform effluent yielded 6.5 mg of a colorless crystal identified as 
6,7-dimethoxy-5ethos~--4'-h~drosy-2-methylbenzyltetrahrdroisoquinoline (9): mp 113-4"; 
[ c ~ ] ~ ~ ~ + 1 0 3 "  (c 0.308, RleOH): cd (C 8.G x 10-3M, MeOH) [ ~ I , O C  0, [8]284+7,000, [8]262 (shld)+1,300, 

(min)$600, [8]230+5G,000; uv A mas 282 nm (log e 3.54): ir  (CHC13) Y max 3595 em-' (OH): 
nmr (GO MHz, CDClj) 6 1.36 (t .  J 7,  OCH?CHi), 2.53 is, Nhle), 3.57, 3.83 (2s, 2 OMe), 4.07 
(9, J 7,  OCH2CH~) ,  5.91 (s, H-k), 5.9 (brs, OH, lost in D20), 6.66 and 6.91 (AA'BB' q ,  J.AB 
8.5, 4 ArH); and ms (ci, i-butane) n i l e  358 (lOyc, AIH-, C21H2~N04), 250 (100, a)  and 107. (2, p ) .  
This product was identical with one of the N a / S H 2  cleavage products of 0-ethylthaligosme 
and 0-ethylthalirugine (7) .  0-Methylation of base 9 with diazomethane yielded 5-ethosy-2- 
methyl-4',6,7-trimethoxybenzyltetrah~droisoquinoline (8 ) .  
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IilISo4 OXIDATIOS OF THALUIR.iBISE (3) .--;i 85 nig sample of thalmirabine (3) dissolved in 
20 ml of acetone n-as treated portionn-ise n-ith 200 mg of K l I n 0 4  during 1 hr  while being stirred. 
*Ifter an additional 3 hr  of stirring, the excess reagent n-as decomposed with methanol, and the 
l h O 2  precipitate was removed by filtration. The filtrate was concentrated to  5 ml, 10 ml of 
H 2 0  was added and then acidified with 1S HCI. After exhaustive extraction with CHC13 
(250 ml), and removal of solvent, the 53 nig residue rras treated overnight with ethereal diazo- 
methane prepared from 1 g of .\~-methyl-,\~-nitroso-p-toluenesulfonamide and 5 ml of 0 . 1 s  KOH 
in methanol. The reaction residue after evaporation of solvent was purified on 5 g of neutral 
alumina n-ith benzene as eluent. The white crystalline product, nip X-9", u-as identical (tlc, 
nimp, ir and nmr) with a k n o m  sample of the dimethyl ester (10) of 2-methoxy-4',5-dicarbosy- 
diphenyl ether. 

THALISTISE (11!.-The residue ( 2  g) from column fraction no. 47 of the ether-soluble non- 
phenolic tertiary alkaloid partition fraction was rechromatographed on silica gel (GO g) with 
chloroform (100 ml) ,  lc; (200 ml), 2 5  (200 ml), 3 5  (600 ml) and 4% methanol in chloroform 
(500 ml) as eluents. The 3 5  and 4 5  methanol in chloroform eluate gave 631 mg of a pale yel- 
low residue, which was further separated on a 30 g neutral alumina column with benzene (100 
ml), benzene-chloroform (l:l, 300 ml)  and chloroform (300 ml) as eluents. The chloroform 
effluent left a 570 me amoruhous base named thalistine (11): Ri 0.6 on tlc with silica ne1 G and 
benzene-acetone-amkonium hydroxide solution 6:5 .0 .2  I : ;CY]~~D+~O~O (c 0.35, 1I;OH) : cd 
[9.~9~-1,530, ;9]226+64,000. uv X may 278 (log 3.90). ir (CHC13) Y max 3520 em-' (OH), nmr 160 
NHz,  CDCI,) 6 2.47, 2.50 (2s ,  2 S l I e ) ,  3.60, 3.63 (2s, 2 OlIe) ,  3.78 (s, 2 OMe), 5.i6 ( s ,  H-8 and 
H-S'i, 5 38 is, OCHZO), 6.4-7.2 (m, 7 -4rH), 5 8 (brs, OH, lost with D20); and ms m e 668 ( 5 5 ,  
11-. C3Q€HllS20A)l 667 (1). 236 (15). 222 1100. a), 221 (82). 220 (91. b ) ,  205 133,. 204 (311, 192 
(50) and 176-(10j. Positive tests' &-ere obtained m-ith phosphomolybdic ac'id 'and Gibbs' re- 
agents for a phenolic unit with an unsubstituted para position. 

The dimethiodide salt m-as prepared from 5 mg of thalistine, 1 ml of acetone and 0.5 ml of 
methyl idodide. After reacting 2 hrs, the precipitate n-as crystallized from methanol to  give 
2 mg of rosettes, mp 205-7' idee), [ c ~ ] ~ ~ ~ + 1 0 5 "  (c 0.01, LIeOH). The product was identical 
(mp, nimp, specific rotation and ir) n-ith thalirabine methodiiodide ( 2 ) .  

in 5 ml of methanol was treated for 3 days with ethereal diazoniethane prepared from 1 g of 
.\7-methyl-.\--nitroso-p-toluenesulfonamide and 5 ml of 0 . 1 s  KOH in methanol. The residue 
after removal of solvent was chromatographed on 3.5 g of neutral alumina with benzene (50 
ml) and the following mixtures of benzene-chloroform (2:1, 50 ml), ( l : l ,  100 ml) ,  (12, 100 ml) 
and CHC1, (50 ml) as eluents. The benzene-chloroform (1:l) effluent produced 25 mg of 0- 
methylthalistine i12), R f  0.73 on tlc with the system used for thalistine. The compound was 
identical (tlc, uv, ir, nnir, cd and specific rotation) with :l=desmethylthalistyline, an alkaloid 
isolated from T .  ZongisfTlzcni DC (12). 

0-ETHTLTHALISTISE (13).---Thalistine (262 mg) in 10 ml of methanol was treated for  3 
days with ethereal diazoethane generated from 2 g of AY-ethyl-.Y'-nitro--Y-nitrosoguanidine and 
10 ml of 5 0 5  aq .  KOH. The reaction residue after removal of solvent &-as chromatographed 
on 15 g of neutral alumina (activity 1) with 100 ml each of benzene, benzene-chloroform (3:1), 
(1:lj and chloroform as eluents. The last two solvents gave effluents from n-hich was ob- 
tained 130 mg of the 0-ethyl derivative 13: Rf 0.73 on tlc with silica gel G and benzene-acetone- 
ammonium hvdroxide solution 110:10:0.31: nnir (60 MHz. CDClcl 6 1.33 (t.  J 7. OCHXH?) .  

0-lIETHI-LTH.iLIsTISE (.\--DEsafETHI-LTH.~LISTTLISE) (12) .--I 60 mg sample O f  thalistine (11) 

2.44, 2.48 (2s;  2 S l I e ) ,  3.60, 3.62, 3.77, 3.T9 (4s, 4 OlIe) ;  4.01 (9, J 7, OCHZCH~) ,  5 7;, 5.94 
(2s ,  H-S and H-8'1, 5.88 i s ,  OCH20) and 6 6-7.1 (m, 7 ArH): and ms vz e 696 ( 1 5 ,  
\I-, C4,111cS20S),  695 (0 5, 11-H), 667 (l),  250 (96, a), 221 (32), 220 (100, b ) ,  205 t l G ) ,  201 ( l l ) ,  
192 (461, and 176 (10). 

~ O D I T ~ r , ' . i J f ~ \ I O s I . ~  CLEAYAGE OF 0-ETHI-LTHALISTISE (13) .-The reductive cleavage of 0- 
ethylthalistine (120 mg) was conducted as described for 0-ethylthalniirabine ( 5 )  using 20 ml 
S H ,  containing S a  and 10 ml of tetrahydrofuran. The nonphenolic bases (ii mg) showed 
two spots on tlc, R i  0.90 (major) and 0.85 (minor) Kith silica gel G and benzene-acetone-am- 
nionium hydroxide solution (10:10:0.3). These nonphenolic bases m-ere chromatographed on 
silica gel i 5  g~ lvith benzene (50 ml), benzene-chloroform (l:l,  7 5  nil) and chloroform (50 ml) 
as  eluents. The major product i l l  mgj, as an oil, n-as identified as 4',i-dimethoxy-5-ethoxy- 
2-methylbenzyltetrahydroisoquinoline (11) by direct comparison (tlc, uv, ir, nnir and cd) with 
one of the degradation products froni 0-ethylthalidezine i l l ) .  

The phenolic base fraction contained one major component Ri 0.53 on tlc with the same 
system used for the nonphenolic fraction. Chromatography on silica gel (4 g) with 50 ml each 
of chlorciform, lC,, 2 5  and 3 5  methanol in chloroform as eluents, g,a_"e from the 3% methanol 
in chloroform eluate after crystallization from methanol, 12 mg of 4 ,i-dihydroxy-.j-methoxy-2- 
meth?-lbenzyltetrahydroisoquinoline (E), nip 222' [lit. 112) mp 221-27. Identification was 
made b?- direct comparison of physical data (tlc, nip, mmp, uv, ir, nmr and cd) with those of 
a known sample (11, 12) .  
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KMKO, OXIDATIOK OF 0-ETHYLTH~LISTINE (13) .-A 200 mg sample of 0-ethylthalistine (13) 

dissolved in 25 ml of acetone was stirred a t  ambient temperature and treated with 400 mg of 
KMnO4 over 1 hr, a t  which time the solution showed a purple color. Stirring was continued 
an additional 3 hrs, and then excess methanol was added to decompose the unused reagent. 
The AInOzprecipitate was removed by filtration and the filtrate concentrated to 10 ml and mixed 
n-ith 10 ml of H20. hfter being acidified with 1s HCl, the mixture was extracted with chloro- 
form (250 ml) and the chloroform residue (185 mg) was chromatographed on 5 g of silica gel 
n7ith benzene (50 ml), benzene-chloroform (3:1, 50 ml), chloroform (50 ml) and 5% methanol in 
chloroform (100 ml) as eluents. The early benzene-chloroform (3:l) effluent contained 16 mg 
of ~methoxy-2-methyl-6,i-meth~-lened1oxy-l-oxo-l,2,3,4-tetrahydroisoquinoline (16) as color- 
less needles from methanol, mp 140" [lit. (12) mp 136-137'1. Identification was by direct com- 
parison (mp, mmp, tlc, uv, ir and nmr) with a known sample previously obtained from 
thalistyline (12). 

effluent produced 12 mg of a colorless oil which v a s  
identified as 6,i-dimethoxj -5-eth 2-methyl-l-oxo-l,2,3,4-tetrahydroisoquinol1ne (li) by 
direct comparison (tlc, uv, ir and nmr) m-ith an authentic sample prepared from 0,O-diethyl- 
thalirugine (7). 

The 5% methanol in chloroform and methanol effluent contained 20 mg of a solid tha t  
showed identical tlc behavior as 4',5-dicarboxy-2-methoxydiphenyl ether and on methylation 
with diazomethane gave 12 mg of crystalline dimethyl ester 10 from methanol, mp ii-8", after 
purification on neutral alumina (2 g) with benzene as eluent. Identity was by direct com- 
parison (mp, mmp, tlc, i r  and nnir) with a known sample. 

0-METHYLTHALIBRISE (18).-The residue (2.3 g) from column fractions no. 48-52 of the 
ether-soluble tertiary nonphenolic alkaloids was dissolved in a small amount of chloroform 
and added to a neutral alumina column (120 g),  then eluted with benzene (200 ml), mixtures of 
benzene-chloroform (4:1, 250 ml), U:l ,  500 ml), (1:2, 500 ml) and chloroform (400 ml). The 
benzene-chloroform effluent left 450 mg of an amorphous base, named 0-methylthalibrine (18) : 
Rr 0.69 on tlc with silica gel G and benzene-acetone-ammonium hydroxide solution (20:20.0.7) : 
[ c ~ ] ~ ~ D f 1 0 9 '  (c 0.22, AIeOH) [lit. (13) [a ]~+82"  (c 0.36, CHCla)]: cd (C 3.4 x lo-%, LfeOH) 
[813~' 0, [8]2rii+15,500, [8]2io 0, [8]230 0, [8]228+75,500: uv X max 285 nm (shld, log e4.01), 280 (4.02); 
nmr (60 MHz, CDClJ 6 2.49 and 2.53 (2s, 2 S lPe ) ,  3.60, 3.63, 3.78, 3.80 and 3.83 (5s, 5 ORIe), 
6.10 and G.16 (2s, H-8 and H-SI), 6.53 and 6.56 (2s, H-5, H-5'), and 6.6-7.2 (m, i ArH); and 
ms m / e  638 (0.03%, Af+, C39H48N206), 206 (100, a ) ,  191 (9, a-Ale) and 190 (9). 

SoDIE3f/AhihioxI.k CLEATAGE OF 0-IMETHYLTHALIBRINE (18) .-The reaction was performed as 
described for 0-ethylthalmirabine ( 5 ) .  A 100 mg sample of 0-methylthalibrine (18) in 5 ml of 
tetrahydrofuran was added over 0.5 hr to 20 ml liq. NH3 containing enough Na to persist a t  
least 0.5 hr. ilfter reacting for an additional 2 hr, the reaction mixture was separated into the 
phenolic and nonphenolic bases. The nonphenolic fraction (45 mg) containing one spot on tlc, 
Rr 0.67 on tlc mTith silica gel and benzene-acetone-ammonium hydroxide solution (20:20:0.5), 
was purified on 5 g of neutral alumina with benzene (50 ml) ,  benzene-chloroform ( l : l ,  100 ml) 
and chloroform (50 ml) as eluents. The second solvent eluted 35 mg of a colorless oil, which 
was identified as S(f )-0-methylarmepavine (6) on the basis of physical properties identical 
(tlc, UV, ir, nmr and cd) with those of an authentic sample. 

The phenolic fraction (40 mg) was chromatographed on 2 g of silica gel with chloroform 
(25 ml) lx, 2% and 3% methanol in chloroform (50 ml each) as eluents. The 3YG methanol 
in chloroform effluent gave 20 mg of a second phenolic base, Ri  0.45 on tlc with the same system 
as for 0-methylarmepavine, and with physical properties (tlc, uv, ir,  nmr, ms and cd) identical 
with S-(+)-armepavine (19). 

K M N O ~  OXIDATIOS OF 0-METHTLTHALIBRINE (18) .--4 200 mg sample of 0-methylthalibrine 
in 20 ml of acetone was treated with 400 mg of KMn04. After being stirred 5 hrs the reaction 
was worked up as described for the oxidation of thalmirabine (3) to yield 25 mg of isoquinoline 1, 
and 42 mg of 2-methoxy-4',5-dicarboxydiphenyl ether as the dimethyl ester 10. Both products 
were identified by direct comparison of physical properties (mp, tlc, ir,  and nmr) to those of 
known samples. 

METHYL~TIOS OF THALIBRISE (20).-A 350 mg sample of thalibrine (20) in 3 ml of methanol 
was added to an ethereal diazomethane generated from 0.5 g of A\~-methyl-A7-nitroso-p-toluene- 
sulfonamide and 2.5 ml of 0 . 1 s  KOH in methanol. After a t  3 days a t  ambient temperature, 
the residue after evaporation of solvent was chromatographed on 2 g of neutral alumina -5th 
benzene, benzene-chloroform (1:l) and chloroform (50 ml each) as eluents. The second sol- 
vent eluted 18 mg of the amorphous methyl ether 18, which shox-ed identical tlc mobility, 
specific rotation, uv, ir,  nmr and cd spectra as the 0-methylthalibrine isolated from the plant. 

reineckates (23 g) was dissolved in 2 liters of SOYc aq .  acetone, and mixed with 150 g of Am- 
berliteTy I R A  400 (C1 form) ion exchange resin for 3 days. Collection of the resin by filtration 
and evaporation of the filtrate left 12 g of the quaternary alkaloid chlorides. Chromatog- 

The late benzene-chloroform 

CHROM ITOGRAPHY or THE QUATERNART .4LK 4LOID FRacTIos.-The quaternary alkaloid 
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raphy on 0.5 kg of neutral alumina (activity 1) with chloroform (0.5 l i ter) ,  the following mix- 
tures of methanol in chloroform 2 . 5 5 ,  ( 2  liters), 5 (2), 10 ( 2 ) ,  20 ( 2 ) ,  40 (3), 50 (2), and methanol 
( 2  liters) as eluents. Effluent fractions of 20 ml were evaporated: residue weights were de- 
termined and analyzed by tlc. 

BERBERISE (21) ISD THILPHESILE (22) .-The yellow crystalline residue from column frac- 
tions no. 60-195 gave 415 mg of crystalline berberine (22) chloride, which was identified from 
physical properties. Fractions no. 196-230 (175 mg) also gave crystalline berberine (21) 
chloride. The mother liquor residue 1130 mg) was chromatographed on 13 g of neutral alumina 
n i t h  chloroform (50 ml), 1% (125 ml) ,  2% (100 ml) and 4cc (100 ml) methanol in chloroform 
as eluent. The early 2% methanol in chloroform effluent gave 20 mg of berberine, and the 
late fractions plus the 4% JIeOH in CHCls eluate left a residue, which crjstallized from 
methanol-acetone to give thalphenine (22) chloride: mp 186-8' [lit .  (17) mp 185-18G"j; : c u ] * ~ D ~ ~ ~ "  
(c 0.28, AIeOH) Dit. (1Tj  :cu]~f69 (c 1.3, EtOH,], and other physical properties (tlc, mnip. IIV, 
ir,  nmr and cd) identical m t h  those of an authentic sample. 

COLUZIB.I\II~E (23) -The residue 1945 mg) of column fractions no. 231-262 was rechroma- 
tographed on 30 g of silica gel with chloroform (50 ml), 2.5% 1200 ml),  5 5  (500 ml). 10% 1i:O 
ml) and 1 5 7  (250 ml) methanol in chloroform as eluent. The 2 .5 ,  5 ,  and 10% methanol in 
chloroform gave more berberine (316 nig), and the later 10% methanol in chloroform afforded 
a residue that m s  dissolved in 1 ml of methanol and with KI gave a yelloff precipitate that 
recrystallized from methanol to give micro-needles of columbamine (23) iodide, mp 20G-8" 
and other physical data (nimp, tlc, uv and ir)  identical with an authentic sample. 

THILIFESDI~E i24).-The residue (953 mgl of column fractions no. 263-363 m s  rechroniatog- 
raphed on silica gel (30 g) and chloroform (50 ml), 2 . 5 5  (200 ml), 5 7  (500 ml) 10% (750 ml) 
and 20% methanol in chloroform as eluent. The later 10% methanol in chloroform effluent 
afforded 17 mg of a yelloxT-orange crystalline residue that r a s  converted to the iodide salt 
and crystallized from methanol to give thalifendine (24) iodide, mp 210" (dec) identified by 
comparison (mmp, tlc, uv, ir and nmr) with an authentic sample. 

JATRORRHIZI~E (25j.-The residue (1.3 g) of column fractions no. 363-532 was rechromatog- 
raphed on 40 g of silica gel with the following niiytures of methanol in chloroform, 2 . 5 5  (250 
nil), 5 (750), 10 (500), 15 (750) ,  20 (500)  and 30 (500). The residue (156 mg) of the 10% and 20% 
effluent was converted to the iodide salt,  crystallized from methanol to give yellon--orange 
needles of jatrorrhizine (25) iodide, mp 207-9" (dec), identified by direct comparison (mmp, 
t lc ,  uv and ir) with a knon-n sample. 
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