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.IssTR.~cr.-.ldditional alkaloids were obtained from T .  r i (gos i im and characterized 
by spectral methods. These minor constituents were obtained from the tertiary alka- 
loid fractions by extensive chromatograph>-. The ether-soluble nonphenolic fraction 
gave ozJ-berberine (l), thalriigosinone ( 2 ) ,  thalicthuberine 13), obaberine (l), protopine 
i s )  and neothalibrine (6) .  The ether-soluble phenolic fraction afforded aromoline 
(8 )  and coryalline 19) : while the chloroform-soluble fraction yielded rugosinone 
norosl-hrdrastinine (12 I and 1,2-dih~-dro-G,T-n~etli~-lenedioz~--l-osoisoq~iinoline 113 1 .  
.111 a& i e a  alkaloids for the source, x i t h  thalriigosinone i2),  rugosinone (10) and I,?- 
dih:-dro-A,T-meth?-lenedios\--l-osoisoqi~inoline 113) also new natural products. -4nt1- 
microbial activity is reported for nine alkaloids and one derivative. 

-4s part of a detailed study of tlie alkaloids from the genus TIzalictrztm! 
T .  rzigoszim Xit. ( T .  glamzinz Desf.) investigated in our laboratory has yielded 
over 20 alkaloids (see reference 1 and others therein) to whjcli we n-ish to add, 
in this report. eleven others present in minor amounts. They It-ere isolated from 
fractions which previously gave the major constituents for which details of isolation 
and structure elucidation are published (l).3 

The ether-soluble tertiary nonplienolic alkaloid fraction afforded in the order 
of elution from the silica gel column the following six compounds : oxyberberine 
(l), thalrugosinone (2): thalicthuberine (3), obaberine (4), protopine ( 5 )  and 
neothalibrine (6). Of these! all but tlialicthuberine (3) and neothalibrine are 
n-ell-characterized knon-n compounds. Sone have been reported, previously, 
from T .  rzigoszim, and all n-ere identified from their physical and spectral properties 
on direct comparison with authentic samples or from values reported in tlie litera- 
ture. Seothalibrine (6), a recently characterized nen- alkaloid from the fruit of 
T .  re.ilolzitztm was identified by direct comparison It-ith tlie known compound (2j .  

Thalrugosinone (2) is a new bisbenzylisoquinoline alkaloid, representing a 
first example of a variation not previously encountered, in u-hich both tlie benzylic 
carbons are oxidized to the level of a ketone while the hetero ring of the isoquinoline 
system remains fully reduced. The limited quantities of material prevented a 
chemical characterization, but the apectral data is consistent n-ith a unique 
structure. The high resolution mass spectrum showed an intense niolecular ion 
that on accurate m a s  measurement is in excellent agreement with the formula 
C3sH38S209. I ts  intensity supports the presence of two diphenyl ether groups 
(3) ,  and the nmr spectrum clearly revealed peaks for one S-methyl and five 
0-methyls. Of the four remaining oxygens, tn-o as stated are diphenyl ethers, 
and the other two must be carbonyls, since tlie molecular forniula requires tivent\-- 
one double-bond equivalent. and the simple bisbenzylt etra1i~-droisoyuiiioliiie 
y-stem accouits foi. o-il\- niwteen. The ir spectrum contains n verJ- intense peak 

'For paper SSIS see J .  Vu, .T. L.  Beal and R. W. Doskotch, J .  Org .  Ciietii., 45, 213(19SO). 
*Present address: AIcSeil Laboratories, Fort JTashington? P-1 19031. 
$I t  has come to  our attention that the alkaloid thaligosine of reference 2 has the identical 

structure as thalisopine [kh. G. Pulatova, S. Kh.  l l aekh ,  %. F. Ismailov and S. T u .  Tunnsor.  
Khivi. Puir. Soedi t i . ,  4, 391 11968): C-1 70, 88033s il9G9);. Since the  physical properties are 
comparable, there is little doliht that  the:- are the same, and our independent structure proof 
confirms the assignment made. 

143 
The name thalisopine should be the name used, henceforth. 
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at  1660 cni-' supportive of the aryl ketones (4). That the carbonyls are present 
at  the a-benzylic positions rather than at  C-4 of the tetrahydroisoquinoline rings 
was shown by the presence in the m a v  spectrum of a fragment ion peak a t  mle 
412 corresponding to the head-to-head linked isoquinoline portions. This fragment 
requires four methoxy groups, thereby placing thalrugoiinone into one of three 
groups of bisbenzyltetrahydroigoquinoline. (51, i.e., related to thalidasine, thal- 
rugosaminine or hernandezine. Thalidaqine and thalrugosaminine have been 
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reported from T .  rugoszim, with thalidasine as the major base (6, 7, 8 ) .  The ions 
m/e 325 (base peak) and 341 from cleavage of 2 a t  b and d result in left- and right- 
side fragments, respectively. However, the mass spectral peaks do not permit 
exclusion of the thalrugosaniinine-related structure 7 ,  as cleavage at  a and b 
would give the same m e 325 and 341 ions. Examination of other significant 
peaks failed to provide a clear choice between the tn-o possibilities. The mass 
spectrum, horn-ever, did exclude the hernandezine-related structure. 
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Comparison of the chemical shifts for the .l’-methyl and 0-methyl groups of 
thalrugosinone (2) with those of thalidasine (6) and thalrugosaminine (7)  showed 
onlj- a very small difference from the thalidasine positions (largest difference of 
3.6 Hz and average of 1.5 Hz), while with thalrugosaminine, the difference was 
greater (largest 15 Hz and average 5.3 Hz). Furthermore, the multiplicity 
pattern of the aromatic protons of thalrugosinone was similar to that of thalidasine, 
but clearly different from thalrugosaminine. The final comparison was the circular 
dichroisni spectra; thalrugosinone and t halidasine curves n-ere of similar shape, 
\r-hile thalrugosaminine (7) and hernandezine are markedly different , 

OMe moMe 

8 - 

I n  making the spectral comparisons, the assumption was made that changing 
the benzylic sp3 carbons (methylene) of the normal bisbenzylisoquinoline alkaloids 
to sp2 carbons (carbonyl) of thalrugosinone would not appreciably change the 
conformation of the molecule and, in particular, that chemical shifta in the nmr 
would be little affected. This appears to be the case, but more surprisingly, 
there was also no significant change in the cd spectrum. To our knowledge, 
thalrugosinone (2) is the first reported natural dioxobisbenzyltetrahydroiso- 
quinoline alkaloid ( 5 ) .  
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The ether-soluble tertiary phenolic alkaloid fraction yielded two additional 
alkaloids, aromoline (8) and corypalline (9), which are known compounds but 
not previously reported from T .  rugosum. Identification was by direct comparison 
of physical properties with those of authentic samples. 

The chloroform-soluble tertiary alkaloid fraction gave a new oxobenzyliso- 
quinoline alkaloid, rugosinone (10) whose structural features were established 
by spectral methods. Firstly, the nmr spectrum showed peaks for tn-o methoxg-, 
one methylenedioxy, six aromatic protons, and one D 2 0  exchangeable proton at  
very leu- field (6 12.40). There were no methylene or methine absorptions. Of 
the six aromatic protons, tn-o were singlets and the remainder were doublets; 

0' M e 0  
M e 0  

10 -- 
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9 - 
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13 --  

one pair had a coupling constant of 5 Hz and the other 9 Hz. Double irradiation 
experiments confirmed the relationship. Secondly, the uv spectrum showed 
absorption more complex than for a simple benzenoid system (e.g., X max 329, 298 
and 237 nm) and consistent with the presence of an isoquinoline ring. (The pair 
of doublets with J = 5  HZ is characteristic of H-3 and H-4 of such a system.) 
The bathochromic shift to 380 nm under alkaline conditions established that the 
D,O exchangeable peak in the nmr spectrum was a phenolic hydroxyl. Thirdly, 
the mass spectrum (both from electron impact and chemical ionization) fixed 
the molecular weight at 353 daltons, which corresponds to  the formula CI9Hl6NO6. 
This formula accounts for all of the protons observed in the nmr spectrum and 
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for one more oxygen than suggested by the functional groups inferred from that 
spectrum. The ir spectrum with strong absorption a t  1627 cm-I required the 
presence of a carbonyl group. Rugosinone (10) was considered, therefore, to 
be related to papaveraldine (11, 9). Comparison of the spectral properties showed 
many similarities; the difference of -30 cm-l in the carbonyl absorption (1657 
cm-' for papaveraldine) for rugosinone n-as taken as indication of intramolecular 
H-bonding betu-een the phenolic hydroxyl and the ketone (4). The phenolic 
proton position at  6 12.40 in the nmr is in accord, although the ir spectrum did 
not clearly show hydroxyl absorption. 

Location of the methylenedioxy, tn-o methoxy and phenolic groups on the 
oxobenzylisoquinoline skeleton was assisted by the ms peaks m e 172 and 181; 
thereby a.signing the methylenedioxy to the isoquinoline part and the two 
methoxy. and the phenol to the phenyl ring. For intramolecular H-bonding to 
occur, the phenolic group must be placed at C-2'. A total of five structures 
can be drann to take care of the other substituents that  x-ould agree with the 
nmr data. Three would have the methylenedioxy group at  C-6 and C-7 and the 
methoxj-s at  C-3' and C-4' (as in lo), C-3' and C-GI, or C-5' and C-6', and the 
other t n o  u-ould bear the methoxys at  C-4I and C-5l and the methylenedioxy 
group between C-5 and C-6. or C-7 and C-8. The physical data did not allow 
for difierentiation between these structures, and lack of material prevented 
degradative studies, but on biogenetic grounds, qtructure 10 appeared the most 
likely. The synthesis of compound 10. to  be reported later, was undertaken and 
the product proved to be identical with natural rugosinone (10). 

The chloroform-soluble tertiary alkaloid fraction also afforded t1T-o isoquinoline 
alkaloids, noroxyhydrastinine (12) and its 3.4-dehj-dro-derivative 13 for u-hich 
110 trivial name was assigned and can be named systematically, 1,2-dihydro-6,7- 
methylenedioxj--1-orcoisoquinoline or 6,7-meth;\-lenedioxyisocarbostyril. Soroxy- 
hydrastinine (12) has been reported previou.ly from Thalictrum (11) and its 
dehydro-derivative 13, although not previously known as a natural product, was 
prepared synthetically (12). I t s  structure was assigned from spectroscopic data. 

Some of the alkaloids isolated from T .  rugosum were tested for antimicrobial 
activity according to the procedure routinely employed in our laboratory (13), 
with the results given in table 1. Thalicthuberine (3) has the broadest activity, 

T ~ B L E  1. Antimicrobial activity for the alkaloids from T .  rirgositni roots. 

E. Coli 
9 6 3 i  

Organism Staph. 
aureus 

.ilkaloids ~ 13709as 

Salmonella I Klebsiella Mycobacj. ' Candida 
gallinarum ~ pnennioniae smegmatis albicans 

9184 10031 GOT ~ 10231 

Streptorn\ cin 1 3 1  
Thaligo,-idinec 1000 
Thaliruginec 1000 
Thaligosininec 1000 
Thaligosinec 1 100 
Thalirugidinec 1000 
Thaligosine- 

e t h l l  etherc 100 
SoroiyhJ-drast  inine I h  
T h  a1 i c t hu be rine ~ 100 
Protopine i 
Seothalibrine 1000 

12 5 25 1 56 

i i 1000 ~ 100 1 100 
i i l  i i 1 

?.iTCC culture numbers. 
'li=iiiactive a t  1000 ug nil. 
cL>iecussed in reference 1. 
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inhibiting all of the test organisms, but E. coli, and showing the greatest effect 
against M .  smegmatis and C. albicans. The next most active alkaloid was thali- 
gosine, active against four of the six test organisms. Its ethyl ether appears to 
have increased potency against C. albicam. 

EXPERIJIESTAL4 
SOURCE OF ALKALOID FRIcTIOh.s.-The minor alkaloids reported in this paper were obtained 

from the column fractions recorded in reference 1, including the fraction numbers. The original 
partition source is designated as one of the following: diethyl ether-soluble tertiary nonphenolic 
alkaloids, diethyl ether-soluble phenolic tertiary alkaloids, or chloroform-soluble tertiary 
alkaloids. 

tertiary nonphenolic alkaloid fraction (40 g, ref 1) was chromatographed on 1 kg of silica gel 
with chloroform (2 liters) and the following mixtures of methanol in chloroform, 1.257, (2 
liters), 2.5 (8), 5 (9), 7.5 (4) ,  10 (4), 20 (6), 50 (4), and methanol (4 liters) as eluents. A final 
column wash of 1% HCl in methanol follomTed. Effluent fractions of 500 ml were evaporated to  
dryness, the residues weighed and analyzed by tlc. The numbered fractions were used in the 
separations tha t  follow. 

OXYBERBERINE (1).-The residue (256 mg) of column fraction no. 16 of the ether-soluble 
tertiary nonphenolic alkaloids eluted with 2.57, methanol in chloroform was rechromatographed 
on 12 g of silica gel with the following eluents: benzene (50 ml), benzene-chloroform and 1% 
methanol in chloroform (150 ml each). The la t ter  two eluates contained a pale yellow residue 
that  formed colorless crystals from methanol, mp 199-200" [lit. (14) mp 198-200"], and showed 
identical tlc mobility, uv, ir and nmr spectra as authentic oxyberberine. 

THALRCGOSINONE (2).-The 1% methanol in chloroform effluent from the column tha t  gave 
oxyberberine (1) also afforded 50 mg of an amorphous base that  was further purified on a column 
of neutral alumina (5  g). Eluting solvents were 25 ml each of benzene, benzene-chloroform 
(4:1), benzene-chloroform (3:1), benzene-chloroform (1:l) and chloroform. The benzene- 
chloroform (3:l j eluates gave 20 mg of a white amorphous substance which darkend on exposure 
to air, and had the following properties: tlc R f  0.86 on silica gel G with benzene-acetone-am- 
monium hydroxide solution (20:20:0.5): [ C Y ] ~ ~ D  -46.4" (c 0.125, MeOH). cd (C 1.88 x l O - W ,  
hleOH) [01300 0, [elz,, -25,000, [elzi4 0, [0lZss +7,500, [el26c 0, [el242 +67,000: [e1z30.0 and [elzzo (end 
abs) -48,000; UV" X niax 283 nm (shld) (log t 3.86) and 274 (3.89) with no significant change in 
0 .01s NaOH or HC1; ir (CHC13) Y max 1660 cm-1 (ArCO); nmr (90 MHz, CDC13) 6 2.64 ( s ,  
NhIe), 3.33, 3.48, 3.78, 3.88 and 3.90 (tis, 5 OMe), 4.4-4.75 (brm, 2 methine protons) and 6.1-7.7 
(m, 9 ArH);  and ms m / e  666.2591 (567,, C 3 s H 3 ~ S ~ 0 9  requires 666.2577), 412 (16, fragment 
C Z ~ H Z ~ N Z O ~  from cleavage a t  a and a ' ) ,  341 [ E ,  C19H19XOs cleavage a t  b + d (right), b + e and 
c + d (left)], 325 [loo, C19H19S04 cleavage a t  b + d (left), b + e and c + d (right)], 221 (11, 
C12HljN03 cleavage at u t  and b ) ,  207 (8, CilHI3SO3 cleavage a t  n and c) ,  206 (10 ,doubly charged 
412 fragment), 205 (6, C I Z H ~ ~ N O Z  cleavage a t  a' and c) and 191 (6, CllH33NOZ cleavage a t  a 
and b ) .  

CHROXITOGRAPHY OF ETHER-SOLUBLE TERTIARY NONPHENOLIC aLKALoIDs.-The ether-soluble 

Thalidasine cd values: (C 3.68 x 10-3?vI, hleOH) [e]3ci 0,  [elza6 -27,000, [elzi3 0 ,  

Hernandezine cd values: (C 3.83 x 

$3,300, 

hIeOH) [8]31c 0, [8]2a6 +28,000, [8]265 (shld) +6,700, 
[ e l z b s  0,  [elza4 $45,000, [elza4 0 and [ e h  -6o,000. 

[ ~ I Z ~ S  0, [elz46 -52,000, [el241 0, and [el22z +300,000. 
THALICTHUBERIXE (3) ASD OBABERIKE (a).-The residue (1.18 g) of column fraction no. 33 

of the ether -soluble tertiary nonphenolic alkaloids eluted with 5% methanol in chloroform 
was rechromatographed on a column of neutral alumina (60 g, activity 1) with benzene (50 ml), 
benzene-chloroform ( l : l ,  250 ml), chloroform (250 ml) and 1% methanol in chloroform (100 ml) 
as eluents. The benzene-chloroform (1:l) effluent gave 100 mg of a residue tha t  formed 
thalicthuberine (3) as colorless needles from ether: mp 126" [lit. (15) mp 126-7'1; R f  0.41 on tlc 
with silica eel G and benzene-acetone-ammonium hvdroxide solution (10:10:0.3) : and nmr I60 
MHz, CDCT3) 6 2.36 (s, ZNMe), 3.88 and 3.99 (2s, 2"0?rIe), 6.03 (s, OCHZO), 7.13 (s, 2H1 H-2 
and H-8), 7.45 and 7.71 (*4B q,  J 9, H-9 and H-lo), 9.10 (H-5) and an ABCD multiplet be- 
tween 2.4-3.4 ppm for the methylene groups. Direct comparison (tlc, uv, ir, nmr and mmp) 
with an authentic sample of thalicthuberine showed the two t o  be identical. 

The chloroform and 1% methanol chloroform effluents gave a 600 mg residue tha t  was 
further separated on a silica gel (30 g) column with chloroform (50 ml) and the following mix- 
tures of methanol in chloroform: lyG (150 ml) ,  2 (200), 4 (200) and 8 (200). The 27, methanol in 
chloroform eluent residue (260 mg) was again separated by preparative tlc (0.5 mm) and ben- 

4The instruments and reagents used, plant supply, extraction procedure, partition method 
and chromatographic conditions are given in reference 1. 

5The uv spectrum shows a gradual but important increase in absorption from higher wave- 
lengths [400 nm (log e 2.52), 350 (2.94) and 300 (3.46)] but no discernible shoulder was evident, 
indicating additional absorption than observed for the usual bisbenzylisoquinoline alkaloids. 
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zene-acetone-ammonium hydroxide solution (10.10.0 1) afforded 70 mg of crystalline thalic- 
thuberine (3),  as well as thalrugosidine (84 mg) and thalrugosaminine (58 mg) previously re- 
ported (7, 16). The 4 5  methanol in chloroform effluent left a pale yellow amorphous base 
(70 mg) that was again chromatographed on neutral alumina (4 g) with benzene (50 ml), ben- 
zene-chloroform (l:l, 120 ml) and CHC13 (200 ml).  The last two solvents gave 35 mg of a 
homogeneous alkaloid that was identified (tlc, uv, ir, nmr and cd) as obaberine by direct 
comparison with an authentic sample. 

PROTOPIXE (5).-The residue (408 mg) of column fraction no. 35 of the ether-soluble tert iary 
nonphenolic alkaloids that was eluted with 5 5  methanol in chloroform was rechromatographed 
on silica gel (20 g )  with chloroform (50 ml),  1 5  methanol in chloroform (250 ml) and 2% 
methanol in chloroform (500 ml) as eluents. The last solvent eluted 53 mg of protopine ( 5 )  
that  crystallized from methanol as colorless prisms: mp 203-4" [lit. ( 1 T )  mp 207"]; Rr 0.85 on 
tlc with silica gel G and benzene-acetone-ammonium hydroxide solution (20:20:0.6); i r  (CHC13) 
Y mas 1655 em-1 ( C = O ) .  nmr (18) (90 hIHz, CDC13) 6 1.91 (s, S l I e ) ,  2.52 and 2.84 (2 brm, 2H 
each, CHtCHt), 3.57 and 3.77 (2s, 2H each, 2 CHI),  5 90 and 5.93 (2s, 2H each, OCHzO), 6.66 
(s, 2H, a-ArH), 6.63 and 6 89 (2s, 1H each, 2 i lrH).  Identification n-as made by comparison of 
physical properties to those reported in the literature. 

XEOTHILIBRISE (6).-The residue (1.99 g) from column fraction no. 51-67 of the ether- 
soluble tert iary nonphenolic alkaloids, that  was eluted with 1 0 7  methanol in chloroform, was 
chromatographed on 80 g of silica gel x-ith chloroform (50 ml) and the following mixtures of 
methanol in chloroform, 2% (600 ml),  5 (500) and 10 (500). The 5 7  and 1 0 5  methanol in 
chloroform effluents gave 95 mg of a base fraction that was purified successively by preparative 
tlc on silica gel H F  (0.5 mni) and benzene-acetone-ammonium hydroxide solution (20:20:0.8), 
and by column chromatography on neutral alumina 110 g) with chloroform as  eluent. The  
homogeneous alkaloid (80 mg) obtained was identified as neothalibrine (6) by direct compari- 
son (tlc, ir,  nmr and cd) n-ith an authentic sample 12). 

ARONOLISE (8).-The column fraction no. i3-T9 residue (0.5 g, ref 1) from the ether-soluble 
tert iary phenolic alkaloids eluted with 1 0 5  methanol in chloroform was rechromatographed 
on 25 g of silica gel with chloroform (50 ml) and the following m tures of methanol in chloro- 
form. 2 5  1250ml), 3 (250), 4 (500), 5 (250) and 10 (100ml). The 3 and 5 7  methanol in chloro- 
form effluents gave a base fraction that m-as chromatographed on neutral alumina (4 g) with 
2 5  methanol in chloroform (50 ml) to  give 25 mg of a white residue that crystallized from 
ether, mp 180-2'. I t  m-as identified as aromoline (8) by direct comparison (mp, mmp, tlc, uv, 
ir, nmr, Ins and cd) with an authentic sample previouslj isolated from T .  Izcciditni (19). 

CORYP~LLISE (9).-The residue (792 mg) from column fraction no. 80-100 (2) of the ether- 
soluble tert iary phenolic alkaloids n-as rechromatographed on silica gel (32 g) with chloroform 
(50 ml) and the following mixtures of methanol in chloroform: 2 .5q  (125 ml),  5 (250) and 7.5 
(250) as eluents. The ZCc methanol in chloroform eWuent gave 5 mg of colorless needles that 
were recrystallized from chloroform: mp 166-7" [lit.  (20) mp 167-8"] and R f  0.3 on tlc with 
silica gel G and benzene-acetone-ammonium hydroxide solution (20:20:1). The compound was 
identified as cor-ypalline (9) by direct comparison (mp, mmp, t lc ,  ir,  nmr and ms) with a known 
sample (20). 

CHRO\I.ITOGR~PHT OF CHLOROFORM-SOLUBLE T E R T I ~ R E  iLkxLoIDs.-The chloroform-soluble 
tertiary alkaloid fraction (11 g, ref 1) was chromatographed on 330 g of silica gel with chloro- 
form (2 liters) and the following mixtures of methanol in chloroform, 2 . 5 5  (2.5 liters), 5 (2), 
10 <3), 20 (2) ,  40 (1) and 50 (1) as eluents. Effluent fractions of 100 ml were evaporated, the 
residues weighed and analyzed by tlc. The fractions yielded the compounds reported below. 

RCG~SISOXE (lo).-The residue (530 mg) from column fraction no. 10-17 of the chloroform- 
soluble tertiary alkaloids was rechromatographed on a column of silica gel (20 g) with benzene- 
chloroform ( l : l ,  100 ml),  chloroform (175ml) and 1 5  methanol in chloroform ( 1 3 m l )  aseluents. 
The chloroform effluent gave a total  of 15 mg of a white crystalline residue of nigosinone (10): 
mp 2233" (from e th r l  acetate):  CD (&OH) no absorption: i r  (CHClj) ~ m a x  1627 em-' ( C = O ) ,  
uv (MeOFI) X mas  $29 nm (log E 3.95), 298 (4 13) and 237 (4.57), with XaOlIe,  380 (3.65), 327 
(3.791, 296 (1 05) and 236 (4 60). nmr (90 MHz, CDC13) 6 3 91 and 3.95 12s, 2 Ohre), 6.11 (5, 
OCHzO), 6.41 and 7.20 (AB q, J 9 ,  H-5' and H-G'), 7.15 and 7.38 12s, H-5 and H-8), 7.61 and 8.43 
(AB q,  J 5 ,  H-3 and H-41, and 12.40 (s, OH, lost in D2@): and ms(ei) W T  e 353 (937 .  ?.I+, 
C I S H ~ J C ) ~  requires 353), 338 (6, M-lIe),  336 (14, M-@H), 294 (loo), 279 (151, 181 (13), 174 (33), 
173 (24), l i 2  (75) and 134 (24), ms(ci, I-butane) m, e 351 (1005, M + l ) .  

Rugosinone (10) gives onlv a verv weak color test with Dragendorff's reagent, but intense 
ones with phosphomolybdic icid (for phenols) and chromatropic acid (for methylenedioxy 
group). 

PIPIYER~LDISE (11) .-Papaverine (100 mg) was oxidized with 300 mg of sodium dichromate 
in 10 ml acetic acid for 19 hrs at  room temperature, as  a modification of the procedure by 
Kabachnik and Zitser (21) to  give papaveraldine (11). mp 206-7" (from ethanol), ir (CHCl,) 
Y may 1657 cm-l ( C = O ) ,  nmr (90 MHz, CDC13) 6 3.91 and 4.05 (2s, 2 OlIe) ,  3.96 (s, 2 OMe), 



6.87 (d, J 8 . 3 ,  H-5'), 7.14 ( 8 ,  H-8). 7.43 idd, J l . 9 ,  8.3, H-60, 7.55 (s, H-5), 7.63 (d, J5.4, H-4), 
7.72 (d, J 1.9, H-2') and 8.46 (d, J 5.4 ,H-3), and ms ni l e  353 (loo%, M+), 338 (31, Rl-Me), 324 
(251, 322 (50, 11-OhIe), 294 (21), 279 (15), 266 (3), 188 (2) and 165 (9). 

NOROXIDRASTINISE (12).-The residue (175 mg) of fraction no. 18-20 of the chloroform 
soluble tert iary alkaloids eluted with chloroform m-as rechromatographed on 8 g of silica gel 
m-ith chloroform (50 nil), 1% (120 ml) and 2% (100 ml) methanol in chloroform as eluents. 
The 1% methanol in chloroform effluent gave 20 mg of a colorless residue tha t  crystallized 
from methanol to give noroxyhydrastinine (12), mp 183-4" [lit. (11) mp 182-3"]. Identification 
was made by direct comparison of physical da ta  (tlc, mp, ms, i r  and nmr) with those from an 
authentic sample prepared from tetrahydroberberine (see below). The mmp was undepressed, 
and the tlc R i  on silica gel G with benzene-acetone (1:l) was 0.4. 

~ , ~ - ~ I H ~ D R ~ 6 , ~ - ~ ~ E T H P L E I E D I O ~ ~ ~ - ~ - O X O I S O Q ~ I S O L I ~ E  (6,7-hETHYLE~EDIOXT-ISO-CARB061Y- 
RIL OR 3 , 4 - D E H r D R O ~ O R O X H r D ~ . ~ ~ T I S I S E )  (13).-The residue (7GO mg) from fraction no. 21-27 O f  
the chloroform-soluble tertiary alkaloids eluted with 2.5W methanol in chloroform n-as rechro- 
matographed on 30 g of silica gel with chloroform, 1% and 2%, methanol in chloroform (200 ml 
for each) as eluents. The 2% methanol in chloroform effluent residue on crystallization from 
chloroform gave 3.5 mg of the carbostyril 13: mp 268-270" (dec.) Flit. (12) mp 278"]: R i  0.55 on 
tlc with silica gel G and benzene-acetone (1:l):  i r  (CHC13) Y max 3400 (KH) and 1660 cm-l 
( C = O ) ;  iiv (RIeOH) X mas  340 nm ,(log E 3.36), 326 (3.47), 312 shld (3.37), 293 (3.59), 282 (3.58) 
and 268 shld (3.60) with no shift In 0 .01s  S a O H  or HC1; nmr 190 l\IHz, CDCla) 6 6.08 (s, 
OCHzO), 6.42 (d, J 7 ,  FIN) ,  6.89 (s, H-5), 7.01 (brd, J 7 ,  H-3) and 7.7G (s, H-8); and ms n i le  
189 (loo%, AI-, CloH7S03 requires 189), 162 (3), 131 (4), 103 (2) and 76 (2), ms(ci, 1-butane) 
m/e 190 (loo%,, M f l ) .  

berberine by reduction with KaBH4, was dissolved in 120 ml of acetone and KRIn04 (2 g) was 
added during 1 hr.  The mixture n-as stirred an additional 6 hr.  Excess methanol was added 
and the reaction mixture was heated on the steam bath t o  destroy excess reagent. The pre- 
cipitate of Rho2 m-as removed by filtration and the  clear pale yellow filtrate was concentrated 
to 25 ml by evaporation, and 50 ml water x-as added. The mixture was extracted with 250 ml 
chloroform, and the extract washed with m-ater and dried with Sa2S04. Removal of solvent 
left 469 mg of a yellow-bron-n solid, tha t  was separated on a column of 16 g of silica gel n-ith 
benzene, benzene-chloroform (1:l) (100 ml for each), chloroform and 1% methanol in chloroform 
(120 ml for each) as eluents. The early 1% methanol in chloroform effluent gave a residue that 
crystallized from methanol t o  give 45 mg of oxyberberine (l), mp 199-200-, identical t o  the  
material isolated from the plant. The later 1% methanol in chloroform effluent gave 50 mg 
of noroxyhydrastinine (12), mp 182-3-, identical t o  the  material isolated from the plant. 

0 X I D . i T I O X  O F  TETR.iHrDRoBERnERIKE.-Tetrahydroberberine (900 mg), prepared from 
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