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Abdract-The alkaloids of seven of the eight species of Fqgara growing in Argentina have bezn inv&igated. 
All the bases isolated and chamc&zed were quatemary and belonged either to the simple phenylethylamines 
or to the benzylisoquinolines. In the last group one benaylisoquinoline, several aporphines, two berberines 
and two benzophenanthridine alkaloids were identified (Table 1). Two of them, tembetarine and N-methyl- 
corydine were found for the East time in plants. Some considerations are made on the distribution of these 
alkaloids among Fagara and Zanthoxylum species. 

INTRODUCTION 

EIGHT species of Rzguru (Rutaceae) grow in Argentina.2 All of them belong to the Macqueria 
section, three are included in the Pterota subsection, and the other five in the Paniculatae 
(Table 1). 

Only one, F. coca (Gill.) Engl., has been previously investigated3 and two types of tertiary 
alkaloids were isolated from leaves and young twigs: the furoquinolines y-fagarine and 
skimmianine,4 and allocryptopine (a-fagarine) and fagarine II of the protopine grou~.~ 
The main alkaloid in the bark was the quaternary aporphine base, N-methylisocorydine6 
with small amounts of skimmianine and allocryptopine.7 Other bases of unknown structure 
were described by Stuckert3 and RedemansB 

We now report an investigation of the bases present in the bark of six more species: 
F. chiloperone var. angustijblia (Engl.) Engl., F. hyemalis (St. Hil.) Engl., F. naranjillo (Griseb.) 
Engl., F. nigrescens Fries, F. pterotu L. and F. rhoifolia (Lam.) Engl. The bark of F. coca 
was also reinvestigated and the new results obtained are included here. We were unable to 
obtain material from the remaining species F. rzkdeliana (Engl.) Engl. 

With the exception of F. coca, whose leaves are rich in alkaloid~,~ acid extracts from the 
leaves of all other species investigated gave only a very faint reaction for alkaloids, and we 
were unable to characterize individual bases. 

1 A previous communication has been published in Chem. Znd. &m&m) 945 (1966). . . 
a (a) In this paper the class&ation of the Fqgom genus by A. ENOIBR Die natwlichen s 

(EditedbyA.ENaraaandK.PRAWDL),Vol.3,Part4/5,p.95. Engelmann,Leipaig(1897),hasbeenfollowed, 
supphmented by the Zmfex K&et&. (b) The Argentine Fagam species have been chased in detail by 
M.G. -, Bol. Sot. Arg. Bot&n. 9,291(1%1). 

s G. V. STUCKERT, Znvest. Lob. Quim. Biol. 1,69 (1933). Facultad de Ciencias Medicas, Universidad National 
de cordoba. 

4 V. Daurorau, R. tiaro~.~ and J. Da LANGHE, .Z. Am. Chem. Sot. 64,2326 (1942). 
s (a) C. B. m, B. B. Wrsao~~vaa and G. A. ALLIS, J. Am. Chem. Soc.2 ~~$e~~ 

and V. Datnorau, Tetrahedwn 6,63 (1959); D. G-m V. Dau~owu . , 
2971 (1964). 

6J.Corur~andV.Dau~orau, .Z. Org. Chem. 19,1774 (1954). 
7 E. M. BARILARI and J. C~MLN, Anuks Asoc. Qufm. Arg. 43,180 (1955). 
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RESULTS AND DISCUSSION 

The bases isolated and identified are mentioned in Table 1, and the structures of their 
cations are indicated (I-XII). The presence, in several species, of a group of bases with a 
high water solubility which were almost insoluble in solvents of low polarity is indicated in 
the last column under A-82. They were found diEcult to purify by the methods employed, 
and reserved for further study. No other bases were detected. If the furoquinolines alkaloids 
found in Fagara coca and the simple phenylethylamines (protoalkaloids) candicine (I) and 
coryneine (II) are excepted, all other bases belong to the benzylisoquinoline group using 
this term in a broad sense. 

Candicine (I): R=H 
Coryneine (II): R=OH 

RIO 

R20 

CH30 
HO 

OCH3 RI 

0CH3 OCH3 

R2 

Laurifoline (VII): R=H Pahatine (IX): RI=R2=CH3 Chehytrine (XI): R1=OCH3, R2=H 
Xanthoplanine (VIII): R=CH3 Berberine(X): RI+R2=CH2 Nitidine (XII): RI=H, R2=OCH3 

CH30 

HO Cl%)2 

HO 

C&O 

Tembetarine (III) Magaoflorine (IV) : RI = R2 = H 
N-Methylisocorydine tV) : RI== CH3, R2= H 
N-Methylcorydine (VI) : R1 = H, R2= CH3 

As a result of this work, six bases have been isolated for the first time from Fagara spp. : 
the two phenylethylamines mentioned above, (+>tembetarine (III), (+ >iV-methylcorydine 
(VI), (+)-xanthoplanine (VIII) and palmatine (IX). Two of them, tembetarine (III) and 
Smethylcorydine (VI), are new natural bases. The former was found in all species studied, 
with the exception of F. coca. It has recently been isolated also from Pkot& porphyria 
(Gris.) Mez. (Lauraceae) .8 The determination of its structure as (+)-N-methylreticuline 
and its oxidation to the aporphine alkaloid (+)-laurifoline (VII) has already been 
reporWLg N-methylcorydine (VI) was isolated only, in a very small amount, from F. 
nigrt3cerrs. lo 

In view of the strong botanical relationship between the genus Fagara and Zanthoxylum, 
it is interesting to note that only three of the twelve alkaloids included in Table 1, magnoflorine 
(IV), xanthoplanine (VIII) and berberine (X), have been also isolated from ZanthoxyZum spp. 

8 A. M. KUCK, Unpublished results. 
9 S. M. ALBcIpIIIco, A. M. Kuuc and V. DE-U, Chem. Znd. (Lurzh) 1580 (1964); Ann. Chem. 685,200 

(1965). 
10 A. M. KUCK, Chem. Znd. (Lomzbn) 118 (1966). 
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Some comments on the type and distribution of the bases isolated are pertinent. One 
common feature is that if we exclude the f~oq~no~e and protopine alkaloids from F, coca, 
all other bases present in the Fagara species worked are quaternary and, with the exception 
of berberine (X) and pahnatine (IX), N-methylated. Enzyme systems responsible for 
quatemization through N-methylation seem to be rather active in those species. If the 
corresponding tertiary or secondary bases are present, their amount must be below the limit 
of identication given by the chromatographic methods employed. Even the tertiary bases 
~~top~e (XIII) and fagarine II (XIV), present in F. c0e0,~ have passed through the 
process of a second N-methylation, as the first N-methyl group should have been used in a 
precursor, to form the carbon atom 8 of their ten member heterocyclic ring. l1 

AUcuyptopine (XIII): RI=OCH3, Rp=H 
lQ@winen: (XIV): R,==H, R2=OCHs 

It is of interest that so many quaternary alkaloids are present in the species investigated, 
specially because they are usually considered not to be very active metabolically. On the 
other hand, it is well known that dopamine, the primary base which corresponds to coryneine, 
and reticuline, the tert&y ~~~s~~o~e alkaloid related to tembetarine, are common 
precursors of several alkaloids. 

Some comments can also be made on the distribution of the different groups of alkaloids 
and of individual bases. In the group of protoalkaloids the wide distribution of the mono- 
phenolic base candicine (I), found in all species, with the exception of F. naranjil~o, contrasts 
with the presence of its h~oxy~~d derivative coryneine (II), in only one species, F. hyemde. 
One can speculate that the original primary amine, dopamine, is used much faster than 
tyramine in the biogenesis of more elaborated bases, with the result that only a small amount 
is quatemized by N-methylation into coryneine (II). 

Although the number of species investigated is too small to make a gemmhxation, it is 
also an interesting point that the substitution pattern of the different aporphine alkaloids 
isolated shows a co-relation with the aliment of the species to the subsections, Pterota 
or Paniculatae, of the Fagara genus. 

It can be seen from Table 1 that whiIe the bases with the corytuberine substitution pattern 
[magnoflorine (IV), N-methylisocorydine (V) and N-methylcorydine (VI)] are found in both 
subsections, magnoflorine (IV) being quantitatively predominant, the alkaloids with a 
substitution of the glaucine type ~aurifoline (VII) and its mono-O-methyl ether, xantho- 
planine (VIII)] are concentrated in the P&rota subsection, the only exception being ~~0~~ 
(VII), which has also been found in F. ckilopero8e which belong to the Paniculatae. It is 

11 A. R. BATIIZSBY, Pm. Ckem. Sot?. 189 (1963); D. H. R. BARTON, ibid. 293 (1%3); D. H. R. BARTON, 
R. H. HJSSE and C#. W. KWBY, ibid. 267 (1963) and J. Chem. Sot. 6379 (l%s); A. R, BAITERSBY, R. J. 
BATKSIUB~, R. J. FUNUS, M. Hm and J. STAUNTON, Proe. C&em. Sm. 268 (1963). 
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interesting that the other mono-O-methyl ether of laurifoline, was first isolated from F. 
tiqzuzssoibu,12 which belong to the Pterota subsection as well. 

Calderwood and Fish13 have recently reported the isolation of the quatemary aporphine 
base present in F. tirzgzumoibu from an extract of the bark of F. rhoifoli together with small 
amounts of a-allocryptopine and of the quatemary alkaloid (-)-iV-methylcanadine. How- 
ever, in our extracts from the latter species these bases could not be detected even by paper 
chromatography. 

Although it is difficult to explain these differences, it is important to remember that F. 
rhoifoliu is the most variable of the species investigated, and a great number of synonyms, 
varieties and forms have been described. We have examined nine specimens with the results 
indicated in Table 1. Six of them (d-i) belong to F. rhoifolia var. petiohdutzun (Engl.) Engl. l4 
They were collected near the Parana River, in the North eastern sub-tropical provinces of 
Corrientes and Misiones and are characterized by their elliptic, narrow and dull folioles, 
with crenate margins. These specimens contained the benzophenanthridine alkaloids, 
chelerythrine (XI) and &dine (XII) which were absent from the others (u-c). Specimen a, 
collected in the neighbouring region (near the Parana River, Province of Chaco), has 
lanceolate, multicrenate and bright folioles, which turn reddish when dry. These characteris- 
tics coincide with the original description of F. niederleinii Engl.,i5 which is now considered 
to be synonymous with F. rhoifoliu. It was the only specimen containing tembetarine (III) 
and A-82 bases. Specimens b and c, collected 100 Km north of the city of Buenos Aires, are 
representative of a particular variety, which is peculiar to that region and features oblong 
folioles. Their content of alkaloids was rather poor, and tembetarine (III) was not present. 

It is evident that F. coca has a unique position among the Argentine species of Fqura, 
because it contains furoquinoline, protopine and berberine bases, three types of alkaloids 
absent in the other species. F. coca is also differentiated by its morphology and ecology. 
It can grow in a dry warm climate, with scarce summer rains, in a xerophitic deciduous forest, 
while the remaining species are found only in a subtropical rain forest. It is the only species 
with large and difI%se inflorescences and with leaves containing many translucent glandular 
points distributed in the whole foliar limb.16 

The presence in F. coca of the bases, chelerythrine (XI) and nitidine (XII), together with 
berberine (X) and palmatine (IX) is interesting in view of the recent progress made on the 
biogenesis of the phenanthridine alkaIoids. l7 In changing from a berberine to a benzo- 
phenathridine structure, carbon atom 8 of the berberine skeleton gives rise to carbon atom 
9 of the benzophenanthridines. While chelerythrme (XI) has a substitution pattern related 
to berberine (X), palmatine (IX) and allocryptopine (XIII)-all of them found in F. coco- 
the hypothetical precursor of nitidine (XII), which is related to fagarine II (XIV), also found 
in that plant,5 has never been detected. 

The presence of chelerythrine (XI) in all species of F-a investigated, while berberine 
(X) and pahnatine (IX) are only found in F. coca, could indicate different metabolic rates 
occur within the pool of berberine and benzophenathridine alkaloids. 

la N. V. RIGGS, L. ANTONACUO and L. MARION, Can. J. Ch. 39,133O (1961). 
I3 J. M. CAL.DERWOOD and F. FISH, Chem. Znd. (&m&n) 237 (1966). 
l4 See (h) p. 117, based on Zanthoxykm rho$olium Lam. var. petiolulatum A. ENGLER, In Martim, Flora 

Brasiliensia 1% 162 (1874). 
Is A. ENGLER, Bot. Jahddcher 21(5), 24 (1896). 
l6 J. GILLXS, Botun. Miscellany 3,168 (1833). 
l7 R. B. TUWER and R B. WOODWARD, i% Alkaloids (Edited by R. H. F. MANSKE and H. L. Hm), 

Vol. 3, P. 57. Academic Press, New York (1958); A. R. BATTEIWY, R. J. FRANUS, E. A. R~VEDA and J. 
STAUNIW, Chem. Common. 89 (1965). 
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EXPERIMENTAL 
Methods 

The plant material was air dried and kept at room temperature. 
The following chromatographic systems were employed on Whatman paper No. 1. 0 Ql N HCl, for 

ascending chromatography; 0 n-butanol saturated with 2 N HCl, and (III) n-butanol:pyridine:water 
(6:4:3), for descending chromatography. The chromatograms were observed with U.V. light (360-370 nm) 
before and after exposure to ammonia vapor. The bases were detected with iodoplatinic acid reagent,‘* 
Dragendorff reagent,lg and diazotized sulfanilii acid. Table 2 gives the R, values found for the different 
alkaloids. Solvent 0 was also used for column chromatography on cellulose. All evaporations were carried 
out under dimSshed pressure at the lowest possible temperature. 

TABLB 2. CHIUIMATDGRAFWIC CHARA -CS OF TAB QUATWNARY ALKAulIDs PROM ~~~a SPECIE.9 

Alkaloids 

colors with reagentst, g Pluorescence under 
R,vahl& , \ U.V. light$, 0 

t \ Iodoplatinic Diitised p 
0 0 0 acid sulfallilic acid Direct After NH3 

Candicine 086 
:z 

-lT Grey Red - - 

coryneinc 0.86 0.35 Grey Pale-brown - - 
Tembetarine 0.75 0.61 -ll Green 
Magllo&iIle 

orange - - 

N-methylisocqdine :: 
034 @13 Brown Yellow - Blue 
0.58 05lll Brown Red - Light-blue 

N-methykxxydine 067 068 0.59 Brown - - 
Laurxoline 

Light-blue 

Xallthoplanille z 
@21 0.45 Bluish-brown Pal&brown - Dark-blue 

@58 Bluish-brown Pale-brown - Dark-blue 
Palmatine 012 :g O-54 Liit-brown - Yellow Yellow 
Berberine 0.13 0.33 054 Light-brown - Yellow Yellow 
C&leryth&e 0.10 036 091 Light-brown - 
Nltidiie 0.05 0.05 0.4211 Light-brown - z Palaorange Pale-yellow 

l WhatmanpaperNo. 1. Sy&ms,I:Ol NHCl(ascemG@,II:but.anolsaturatedwith2NHCl(descend- 
in&, III:butanol:pyridine:water 6:4:3 (descending). 

t All spots gave positive reaction with Dragen- reagent according to Mu&r and Macheboeuf. 
$360-370 nm. 

-WtTfZ0-. 

Inmany~~bawslwere~tedas~~andstyphnateswhichwaeconvatedintochloridesand 
iodkkq employin the method deacrlbed by B0bbltt.m 

Theknown~~araei~by~~~propertiesof~~~ti~withauthentic 
samples except in a Pew cases. Mixed m.p., daermination of the RI with difknmt solvent systems, u.v., i.r., 
andNMRspectra,werethecriteriamainlyused. Asitwasnotpossibletoobtalnsamplesofcoryne& 
laurifoline, and xanthoplanine, a larger number of derivatives ofthose bases was prepared. M.p. are unconx~ 
ted. 

Ejctract~ 

Thefollawing~a~~~~ofthe~~fortheextractionofthebaslesImdthefirsts~ 
of puScation, 

Thebark,groundto9mesh,waswell extra&d with lit petroleum (b.p. 60-700) and the extracts rexned 
forfurtherstudies. Itwasthemextrtlctedseveral~withboilingmethanol,untilthealkaloi~reractionwas 
negative or very faint. 

18 L. R. G~LDBAUM and L. KAZYAK, Anal. h. 28,1289 (1956). 
‘9R.MuNmaandM.M AcHEEoWF, Buu. sot. Chim. Biol. 3l& 846 (1951). 
20 J. M. BOBBITT, J. Org. Ch. 22,1729 (1957). 
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The combined methanol extracts were filtered and evaporated, and in all cases a heavy syrupy residue 
remained. The residue was treated with 0.1 N HCI, and by shaking for 30 min a fine suspension was obtained, 
which was filtered @elite). The insoluble portion was m-extracted twice in the same way. The acid extract (A) 
contained all the alkaloids present. An aliquot of this extract was reserved for the investigation of benxophen- 
anthridine alkaloids. To the remaining solution, 4 N NaOH was added to pH 6. A precipitate was produced 
which was separated by 8ltration, and the 8ltrate passed through a column of Amberlite IRG50 (50% H+, 
50% Na+, v/v), employing 1 1. of the resin per kg of bark, which retained all the bases. It was washed with 
water, with 50 % ethanol and finally with 96 !X ethanol. The washings were negative to DragendoriI reagent. 

The bases &et-e eluted from the column &h ethanolic @6 N HCl until a negative test for alkaloids-was 
observed. The acid eluate was evaporated to dryness and the solid residue extracted with boiling ethanol, 
which dissolved the chlorides of the alkaloids, while most of the sodium chloride remained insoluble. The 
ethanolic solution (B) was again evaporated to dryness, collecting by filtration any alkaloid chlorides which 
crystallized during the operation. T’he bases present in the residue (C) obtained were examined by paper 
chromatography (solvents I and II). The residue (C) was then treated according to its complexity, and the 
bases separated and identitied as described below. 

Separation and Identification of the Phenylethylamines, and of the Benzylisoquinoline and Aporphine Alkaloids 

Fugara rhoifoIia 

The residue (C) contained four bases: candicine, tembetarine, magnoflorine, and N-methylisocorydine. 
It was dissolved in 0.1 N HCl. and chromatoxauhed on a column of cellulose (48 x 570 mm). Fractions 
containing individual bases appeared in the or&given below; they were combined and further purified as 
indicated below. 

Candicine. On evaporation, the corresponding fractions afforded an amorphous solid, which crystallized 
easily as chloride from ethanol. M.p. 284-285”, A,, BtoH 278 nm (log f 3.23). (lit.21 m.p. 285”). Gn treatment 
with diazomethane, O-methylcandicine was obtained, and isolated as the iodide, m.p. 209-210”. (lit.** 
m.p. 210-21 lo). 

Tembetarine. It was isolated as the chloride and puri8ed as described by Alb6nico et al.9 M.p. 237-238”; 
(&+ 123.3” (c. 090, EtGH). Picrate, mp. 190-191”. 

N-methylisoco~dine. The fractions containing this base were evaporated, the amorphous residue dissolved 
in a small amount of water and sodium styphnate solution added until precipitation was complete The well- 
dried styphnate was dissolved in a small volume of acetone and filtered through a column of neutral alumina. 
The filtrate, on evaporation, yielded a crystalline residue which was recrystalhxed from ethanol giving long 
yellow prisms. M.p. 208-209”; (a)“$ + 95.6” (c. Q42, acetone). Found: C, 54.05; H, 4.78; N, 9.50; CHsO, 
15.59; CHs(N), 3.76; C21H26N04.~H2N30s required: C, 54.01; H, 4.67; N, 9.34; CHsO, 1550; CI&(N), 
5~00”%). The styphnate was transformed into the iodide., np. 231-232”, (&+ 139.1” (c. @15, water) which 
on treatment with diaxomethane, afforded di-OJV-methylisocorydine iodide, m.p. 250-251“; (a>“$*+ 167.3”, 
all in agreement with the data of Comin and Deulofeu.” 

1cpagrzc~orine. The styphnate was obtained by a similar procedure, m.p. 245-246”, (@‘+ 124” (c. 05, 
acetone). Iodide, m.p. 264”; (0r)g+221.8’ (c. O-30, MeOH). Both salts were compared and found identical 
to authentic samples.*3 

Tembetarine and magnoJ7or~ne. The isolation of tembetarme chloride from specimens which contain only 
that base has already been described.9 

In the residue (C) from F. naraqj~lfo var. paraguuriensis, small amounts of magnoflorine could also be 
detected. The two bases were separated by chromatography on a column of cellulose, crystallixed as salts and 
identi8ed as described for F. rhoifblia. 

Fagara ww 

Candicine, N-methylisowrydine, andmagnoJ%rine. Because of the presence of tertiary bases in the bark of 
this species the acid solution (A) was made alkaline with ammonia (pH 8) and extracted with ether, which also 
dissolvedthebenxophenanthridine alkaloids. Paper chromatography of the ether extract revealed the presence 
of skimmianine, allocryptopine? and fagarine II.sa 

The extracted aqueous solution was then acidiiied to pH 6 with 1 N HCl, passed through the column of 
Amberlite and worked as usual. From the residue (C), candicine, N-methylisocorydine, and magnoflorine 
were easily separated and crystallixed as salts. 

21 L. RETI, Compt. Rend. Sec. Biol. 114,811 (1933). 
22 T. NAKANO, Chem. Pharm. Bull. (Tokyo) 2,321(1954). 
23 T. NAKA~, Chem. Pharm. BulI. (Tokyo) 2,329 (1954). 
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Fagara hyemaiis 

With this and the following species separtion of the bases from residue (C) by the method described 
presented ditllculties, and good results were only obtained by submitting it to 200 transfers in a counter current 
distribution apparatus, with tubes containing 40ml of each phase, and using the system: n-butanolQ1 NHCl. 
The concentration of the alkaloids was determ&d by measuring the optical density at 283 nm. The bases 
present in the tubes after distribution were revealed by paper chromatography, and isolated as described below. 

&rses A-82 (K=O%). This fraction was reserved for further examination. 
Coryneitze (K= @lo). Both phases were evaporated to dryness and the residue, on the addition of methanol, 

crystalhzed easily as the chloride. Recrystallized from ethanol prisms were obtained, m.p. 260”, hgsrr 
208 nm (log c 394), 2835 nm (log c 3.47). Treatment with diazomethane produced di-O-methykoryneine 
chloride, m.p. 24&205”, and with diazoedum e the corresponding di-O-ethylcoryneine chloride, m.p. 123- 
124”infulla greement with the data of Buck et al.= 

Candicine (1y=@17). It was worked as described for corynehte, and the crystalline chloride isolated. 
Tmtberarine, magtwfIorine, andlarcrifoline (K= 0.35). After evaporation of the two phases, the residue was 

dissolved in warm methanol when most of the tembetarme chloride crystalhzed out. The mother liquor was 
again evaporated to dryness and separated by chromatography on a column of cellulose (35 x 105 mm). The 
mm&ring tembetarine was eluted tlrst and isolated as the chloride. The fractions containing the base next 
eluted were evaporated to dryness, and the alkaloid identified as magnoflorine by preparation of the styohnate. 

The last base eluted was identitled as laurifohne. It easily gave acrystalline chloride, which on re&&dliza- 
tion from methanol, had m-p. 257” (dec), (&2+25.3 (c. 094, water), Ag%rr 227,281, 306 nm (log t 4.53, 
4*03,4*14); picrate, m.p. 225” (dec), in agreement with the data of Tomita et a1.25 On treatment with methyl 
iodide in N KOH @ethanol) di-&nethyhaurifoline iodide, was obtained m.p. 222-223” (&+82*5’ (c. 
@59, MeOH), which was found identical with glaucine methiodide. Employing ethyl iodide the known d&O- 
ethyllaurifoline iodide, m.p. 223” was produced.26 

Fagara nigrescene 

Eases A-82 (K=O%). This fraction was mserved for further examination 
Candicine (K= 0.17) wzu identitled as indicated before for F. hyemafis. 
Tembetaritte, N-methylcorydine, and methylisowrydine. (K=O*35) Paper chromatography revealed that 

the main alkaloid was tembetarme which, on evaporation of both phases and dissolution of the residue in 
warm methanol, separated as the chloride. The mother liquor was passed through a column of cellulose 
(48 x 570 mm). After elution of the tembetarme the following fraction contained N-methyIwryd&ze. They 
were evaporated to dryness and the crystalline styphnate prepamd; m.p. 206-207”, (&+ 128.7” (c. 026, 
acetone). The full identitication of this base has been descrii by Ku&l0 

The last eluted base was crystalhzed as styphnate and identified as N-methylisocorydine. 
Xanthoplanine (K= 1.00). The central tubes, containing only one base, were evaporated to dryness and a 

crystalline~styphnate prepared, which was pur&d by recrystallization from ethanol-ether; m.p. 216217”, 
(a 

P 
O+w4’ (c. O-56, acetone); picrate m.p. 229-2300, (ag+ 50-3” (c. @73, acetone); iodide mp. 207X209”, 

(a &+62*0” (c. 043, Et0I-I) ina greement with the vale given by Ishii and Haradaz7 for the same derivatives 
of the original xanthoplanine. As a further ide&ication, O-ethybourthoplanine iodide was prepared, m.p. 
225-226”. (&?+76*3”(c.Q66. MeOHhBva Hofmannreaction it save onlv an oily methine, whosemethiodide, 

I. _I 

m.p. 274-275”, was again submitted’to a Hofmann degradation and a-second crystalline methine isolated; 
rap. 135-137”. Both memines were found to be identical to authentic samples, obtained by Rtle.gge~~* from 
N-methylhlurotetamne. 

Fagarapterota 

Most of the laurifoline chloride m spontaneously on concentration of the solution (B). Mother 
liauors were evanorated and the residue (0 submitted to counter current distribution. The peaks contained the 
f&owing base&Bases A-82 (K=0=06);‘c&icine (K=Q17); temti; magnotlorine, ZV-methylisccory- 
dine, and laurifoline (K=Q35). The candii chloride was crystalhzed and identified as usual. The tubes 
containing the four latter bases were evaporated and the residue on treatment with methanol gave crystalline 
tembetarine chloride. After evaporation of mother liquor the residue was chromatographed on cellulose 
(35 x 105 mm) and the bases ehrted in the following order: tembeuume. N-methylisocorydine, magnotlorine, 
and laurifoline. They were identified as aheady described. 

24 J. S. BUCK, R. BAL.TZL.Y and W. S. Ina, J. Am. Chenr. Sot. 60,1789 (1938). 
*s M. TOMITA and F. Kusun~, Chem. Pharm. Bull. (Tdyo) 1,1(1953). 
26 F. Kusun~, Ckm. Pharm. Bull. (Tokyo) 1,55 (1953). 
27 H. Isrin and K. HARADs J. Pharm. Sot. Japan, 81,238 (1961); Chem. Abstr. 55,14495 (1961). 
ss A. Ribrooaa, Helv. Chim. Acta 42,754 (1959). 
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Fagma chibperone 

The residue (C) was submitted directly to counter current distribution. The following peaks were observed, 
bases A-82 (K=O.o, candicine (K=O~17), tembstarine, magnoflorine, and laurifoline (K=O35). They were 
isolated as crystalline salts and identiikd as described for F. h~~mali2. 

Separation and Ident@cation of Berberine a& Benzophenthridine Alkaloids 

The aliquot fraction separated from the original acid solution (A) was extracted with ether and made 
alkaline with concentrated ammonia, when a slight precipitate was formed, which was eliminated by filtration 
From the t%ltrate, the benxophenanthridine bases were extracted with chloroform. The aqueous solution was 
then alkalinixed to pH 13, with 4 N NaOH, and the berberine bases extra&d with the same solvent. 

On paper chromatography, the first chloroform extracts never showed the presence of more than two bases. 
They were evaporated to dryness, the residue was dissolved in the smallest possible amount of ethanol and 
nitric acid carefully added. The nitrates then precipitated in a crystalline condition When only chekykk 
was present, as indicated by chromatography, the nitrate was recrystahixed from ethanol, m.p. 246-247”, and 
identified by transformation into the chloride, m.p. 240” and the preparation of diiydr~och&rythrine, m.p. 
159-161”.*9 Ifnitidine nitrate was the only salt obtained. it was recrvstailixed from water. OLD. 269-270”. and 
identified by further transformation into the pseudocyan&, m.p. 236-237”, and the preparation of oxinitihine, 
m.p. 28&?85”.3s 

Whenbothbaseswerepresentintheex~agoodseparationwasobEainedbyboilingthemixtureofthe 
crystalline nitrates with 25 parts of boiling ethanol, which dissolves the c-e salt, while most of the 
nitidine nitrate remains insoluble. The separated salts were puritkd and identitied as described. 

InthecaseofF. coco,thesecondchlorof~ext~~~iningthaberberinaalkalo~,werecon~~~ 
to dryness and 20% acetic acid was added slowly to the residue, scratching the contents, until a crystalline 
precipitate containii both bases was formed. It was filtered, dried, suspended in 50 parts of water, and the 
suspension heated to boiling point and filtered. The filtrate contained the berberine acetate with traces of 
palmatine, while the insoluble acetate of the latter base was collected in the filter. 

Rerberine was identified by transformation into tetrahydroberberine, m.p. 169-170”,31 and pahnatine 
by preparation of the chloride, m.p. 199-210 ‘,3* iodide, m.p. 235-237” and of tetmhydropahnatine, m.p. 
146-147O.33 

29 P. J. Scrixuxa, M. Y. CHANO and C. R SWANHO~, J. Org. ckem. 27,1472 (1962). 
3s H. R. ARTHUR, W. H. HUI and Y. L. No, J. Chertz. tic. 1840 (1959). 
31 E. SpjcTH and N. -AR, Monet&. Ckni. S2,117 (1929). 
“*K.FsxsrandG. WE, Arch. Pharm. 2!%,1(1918). 
33 K. Fstsr, Arch. Pham. 245,586 (1907). 


