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(Rec&ed 2 AIIPILF’ 1957) 

since upon mthylatim it a%rded the known . . hydroaoqumollne LophoLminceppsars~bcthebiogQnatic~~ofpii~andpilo- 
ce&inc. . 

As poem out in an fsarlier pap& dealing’ with the structure eluckbtion of pilo- 
cereixte (Xa) this cactus a&al&d, is of tmusual interest -6incc its empi&al fowula 
C&I,,N,O, differs markedly from those (less than 13 carbon atoms) of the other 
a#&46 found among the cactacepe. a Consequeatiy an effort was made to isolate 
addieozkal alkaloids from the cactus L.upho~reus Schottfi which appeamd to ba the 
richest yurceS of pilocereine. 

The @ocere&?&pleted “nOI1-pheaOlic” alkaloid fraction was subjec&d to 
chromatography and af%er the separaGon of an additional quantity of *mine 
a second alkaloid ,waa i&at4 (m-p. 165-166’) the analy& of which, (C&,,NIO, 
with two methoxyl and two ~-met&l groups) coincided $th that of p&&mine 
(Ia). The i&a-red spectrum of this alkaloid was identical with that of pilocereine 
(m.p. 1751176”) when measured in chloroform solution but appmciable :m 
were noticed when the spectra.were de&mined in nujol mull. Furt&mom the X-ray 
di#raction pattemsQ were different. The possibility of polymorphism was exc@ded 
in the following manner: (a) the new alkaloid-~ be separated 
chromatographically fiom pilocereine; (b) the two alkaloids exhibited a marked 

* port XIX by M. Gormaa, J. P. Ku&my, P. J. Sdwll()r, N. Nouns and C. Djemsai Tewek&on l(1957) 
is in the pram 

7 P&dactorata rcuarch Mow, 19561957, on a Pulbwt Travel Grant from the Uniwxnity of Kyoto, 
Japan. 

$ postdoctom~ rxmcat& Wow, 1955-1956. Frcmnt addrem Dqmwent of Chmuiey, univmsity 
of connsctfcllt, StorrsY corm. 

gK&dlymaamucdbyMisrAnllVanCampin~EliLilly Re8wrch Laboratories &diawpo~, 
Indiana) through the umtm9 of Dr. El. 0. Joaer. 
1 C. D-i, S. K. Fiqdor, J. M. Bobbitt and F. X. Mukky J. ARW. Cham. Sot. 79,22O3 (1957). 
* For review m L. R.&I in R. H. F. Mmske and H. L. Hohw l%e A&&oi& Vol. IV. pp. 7-28, Aordaaic 

Prwi, New York (1954). 
3 (a) G. Hey1 Arch. Phurm. 239,451 (1901); (b) C. D~OII& N. Frick awJ L. E. G&E J. Amar. Chem. 

SW. Z&3632 (19b); (c) C. D-i, C. R. Smith, S. P. Marby, R. N. McDonald, A. J. Lunin, S. K. 
Figdor and H. Estrada Ibid. 76, 3215 (1954). 
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depression in melting point when mixed; (c) the two substances were not inter- 
convertible by cross seeding in the same solvent; (d) as shown in Table 1, out of four 
derivatives, three exhibited very similar melting points but in each instance a marked 
mixture melting point depression was observed; (e) the respective acetates had very 
different melting points but even here the infra-red spectra were essentially identical 
when measured in carbon distide solution. 

Derivative Pilw+ Pil-0 

F*lWfe 175-176” 165-166” 

Diperchlorate 216-217” 221-222” 

Acetate 186186.5” 133-M” 

Methyl ether 133-M” and 141-142” 
153-155” 

Ethyl ether 147-148” 150-152’ 

I I 

* These constants were determined simultaneoosly with those of pilo- 
ceredine and in some c88t1) differ very slightly from those reported 
‘kiUlicL’@ 

Piloceredine, like pilocereine, was optically inactive* and the similarities in 
physical properties suggest that the former might be the possible diastereoisomer of 
pilocereine (Ia). In order to co&m this supposition the appropriate ethers? of 
piloceredine were subjected to cleavage with potassium in liquid ammonia at -60° 
since identical products4 should be obtained and indeed this proved to be the case. 
From the non-phenolic fraction of the ether cleavage of piloceredine methyl ether 
(Ib) there was isolated 1-isobutyl-2-methyl-6-methoxy-1,2,3,4-tetrahydroisoquinoline 
(IIa), 1-isobutyl-2-methyl-6,7dimethoxy-1,2,3,4-tetrahydro&+inoline (11~) and 
l-isobutyl-2-methyl-6,7-dimethoxy-8-hy~oxy-l,2,3,4_tetrahydroisoquinoline (IIIa). 
Methylation of the phenolic cleavage products followed by chromatography 
afforded 1-isobutyl-2-methyl-6,7-dimethoxy-1,2,3,4-tetrahydroisoquinolinc (UC) and 
l-isobutyl-2-methyl-6,7,8-trimethoxy-l,2,3,4-tetrahydroisoquinoiine (IIIb). The identi- 
fication of these products establishes structure (Ib) for piloceredine methyl 
ether. In order to prove rigorously the position of the kryptophenolic hydroxyl 
group in the free alkaloid, a sample of piloceredine ethyl ether (Ic) was treated with 
potassium in liquid ammonia at -60° and l-isobutyl-2-methyl-6-methoxy-7-ethoxy- 
1,2,3,4-tetrahydroz&quinoline (IId) was identified among the cleavage products. 
The isolation of (IId) ipso ficfo locates the free hydroxyl group of piloceredine; 
thus it follows that this alkaloid possesses the same structure (Ia) as pilocereine and 
that both possible diastereoisomers occur in the same cactus. 

It has already been mentioned above that both alkaloids were optically inactive. 
With the information at hand it is impossible to say whether pilocereine and 

l Established by examination in a s?ectrop$wimeter down to 350 q.’ 
skel; has Lk~~~Iin the case of pdoccreme that ether cleavage of the base itself ib accompanied by 

m 
4 The 8yntbeais of the relevant metho 

xxr. 
and etho$ tetrahydtifwquinolin~ haa already ban recorded by 

C. Djerassi, F. X. Markley and R. E bch J. Org. Chem. 21,975 (1956). 



pilocar#iincexistssrrsccgnatesinthecadusorwhnthrrr~miPrtionoccrtrred~the 
isolation prooedure. Spilth and Kesxtleti have observed that resol* synthetic 
pellotine (Iv) racemks quite readily. In order to determine whether this also 
applies to piloweine ad pilm a variety of unsucoGBsfu1 r43sdutins were 
attempted as 0uM in the experimmtal section. 

Of the total alkaloids of the cactus Lqbcerw Sdwttii approxhfhdy 5 per cent 
is soluble in alkali. The phenolic alkalkds could not be purified but when a distilled 
portion was methylated with diaaomethane and subjected to careful chromatography 
there was isolated--as the picrate-a small amount of 1-isobutyl-2-methyl-6,7- 
dimethoxy-1,2,3,4_tetrahydrokxptinoline (11~). Consequently, this substance must 
represent the methyl ether of another alkaloid-now named lophocerine-and 
we are suggesting structure Ilb (l-isobuiyl-2-methyl-6-methoxy-7-hydroxy-l,2,3, 
44etrahydroisoquinoline) for it, although it is appreciated that the position of the 
free phenolic group(s) follows only from analogy.* We consider the isolation of 
lophocerine (IIb) to be of some biogenetic sig&cance since both monomeric (IIb) 
and dimeric (Ia) fragmems are found in the same cactus. It is very likely that pilo- 
cereine and piloceredine are produced by phenol coupling and lophocerine (Ub) 
contains all of the requisite structural feature@ for such a biosynthetic step. 

Ia R=H lIa,R==H 

b R=CH, b R=OH 

c R=C& c R=OCHs 

d R=CHgCO d R=OCpHs 

IlIa R=H 

b R=CHs 

-NW Prwructa p. 85, Oxfaixi Univcmity Pma (1955); 
R. H. F. Maneke The Alkebfdc Vol. IV, pa 1. Aaddc Pmr. New York i1954j. 
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EXPERIMENTAL* 

Isolation of pilocerea’ine (Ia).t A 5-5 kg portion of dried alcoholic extract derived 
from 36 kg of dry Lophocereus Schottii was partitioned between ether and 10 per cent 
hydrochloric acid, any insoluble material being discarded. The combined acid 
solutions were basSed to pH 9 with ammonium hydroxide which caused the sepa- 
ration of some black gum. After thorough extraction with ether and filtration of any 
insoluble material the aqueous layer was examined for quaternary salts by addition 
of ammonium mine&ate. The precipitate was converted into the sulfate, chloride 
and picrate but no evidence for the presence of quaternary salts could be found. 
Typical experimental procedure is already on record.’ 

The ether layer was washed with 5 per cent sodium hydroxide solution and this 
was processed separately (see below) for phenolic alkaloids. Concentration of the 
ether solution to a small volume and chilling in the refrigerator for several days 
furnished 220g of substantially pure pilocereine which exhibited m.p. 175-176” 
after one recrystallixation from acetone-hexane. 

The oily mother liquor was passed in benzene solution over 7 kg of alumina 
(deactivated with 210 ems of 10 per cent acetic acid) and the benzene and ether fractions 
were combined and rechromatographed on 7.5 kg of activated alumina (activity 
I-II). Development was effected with benzene, benzene-ether and ether and 6 
fractions of 2.5 1. each were collected. Fraction 1 (elution with benzene) yielded 
13.9 g of a mixture (m.p. 15 l-161”) of pilocereine and piloceredine which was 
resolved by repeated chromatography into 3-O g of pilocereine and 9.5 g of pilo- 
ceredine. Fractions 2-6 yielded 80.1 g of piloceredine, m.p. 161-163”, raised to 
m.p. 165-M” after recrystallization from acetone. A mixture with pilocereine 
melted at 153-173” and the two substances could not be interconverted by cross 
seeding. The i&a-red spectra in chloroform and in carbon disulfide were identical, 
but substantial differences were noted in a nujol i&a-red spectrum and in the X-ray 
diffraction patterns. 

Anal C&d. for C,H,,N,O,: C, 7254; H, 8.93; N, 564; 0,12*89; 2 methoxyl, 
12.49; 2 N-CH,, 6.05. Found: C, 72.61; H, 8.51; N, 5.59; 0, 12.95; methoxyl, 
12.30; N-CH, 6.89. 

Piloceredine diperchlorate. A solution of piloceredine in dilute hydrochloric 
acid was treated with aqueous ammonium perchlorate and the resulting precipitate 
was recrystallized from methanol, m.p. 221-222”, depressed to 210-213” .upon ad- 
mixture with pilocereine diperchlorate (m.p. 216-217”). The finger print regions of the 
respective nujol mull infra-red spectra were different. The analytical sample was 
dried at 130” and 4 mm for 24 hr. 

Anal. Calcd. for C$,,H,,N,O, 2 HCIOl: C, 51.64; H, 664; N, 4.01; 0, 
27.52; Cl, 1010. Found: C, 51.31; H, 6.88; N, 4.32; 0,27*25; Cl, 999. 

Piloceredine acetate (Id). A sample of piloceredine was acetylated with acetic 
anhydride and pyridine and all volatile material was removed in vacua. The residue 
was taken up in ether, washed with potassium carbonate solution, dried, evaporated 

* Melting points are unco~. The mic.roanalYs~~ were carried out by Dr. A. lhrlhudt. Mulllaim, 
-Y. 

t We am indebted to Parke, Davis and Co., Detroit, Michigan for putting the facilities of their pilot 
plant at our disposal. . 

7 hi. Tomita and T. Nakano J. Phurm. SOC. Jup 72,727 (1952). 
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and chromatographed on deaotivatedalumina., Glution with benxene and recrystal- 
l&ion from petroleum ether &o&d the crystalline acetate, mp. 133-M”, 
aepnossd to 120-128” upon admixture with pikemine acetate ,(m.p., 186”); the 
infra-redspectra of the two samples, measured in catbon disulfhle were practically 
identical. 

At&Z. C&d. for C,,H,N@,: C, 71.34; H, 8.61; N, 5QQ; 0, 1445. Found: 
C, 71*35; H, 8.63; N, 534; 0, 14.57. 

Cfeavage of piloceredine methyl ether (Ib). A solution ‘of 4.5 g of @@emdine in 
loOom~ofmethanolwaaitrcratsd:for4day5atOowithdistilkd~~e 
(from 10 g of N-nitroso methylurea) and then for a further 6 days’with a fresh portion 
of diaxomethane. After evaporation to dryness the residue was muysMk& ‘~veral 
times from hexane whereupou the methyl ether (lb) exhibited m.p. 141-142”. A 
mixture melting point with pilocereine methyl ether (m.p. 133-134*) was depressed 
to 124130°. The i&a-red spectra showed marked differenws in ~nujol mull but were 
essentially identical when measured in chloroform solution. 

Anal. Calcd. for C,,H,,N,O,: C, 7290; H, 9-08; N, 5.49; 0, 12.53. Found: 
C; 73.27; H, 8.98; N, 5.40; 0, 12.54. 

The ether cleavage was aceomplishekl by adding 34 g of potassium metal with 
stirring at -60” to 25 g of piloceredine methyl ether (‘Ib) in 100 cuP of ether and 
500 cm* of distilled liquid ammonia. After 7 hr ammonium c,hloride was added’to 
discharge the blue’ color and the ammonia was allowed to evaporate overnight. 
The residue was partitioned between ether and 3 ‘per cent sodium hydroxide solution, 
the organic phase was extracted with di!ute hydrochloric a&d and baa&d with 
ammonium hydroxide and the non-phenolk basic fraction (168g) was ‘re-extracted 
with ether. Separation was effected by chromatographing this material on 140 g 
of alumina deactivated with, 4-2 km8 of 10 per cent acetic acid and collecting about 
50 fractions. 

Fractions 2W25 ‘eluted with benkene ‘furnished-after treatment v&h ,pkrk 
acid-051 g of 1-isobutyZ-2-methyZ-6-methoxy-1,2,3,4-tetrahyaVoisoqukW~ @a) 
picrate m.p.’ 152-153”. Fractions 27-33 (1 : 1 benzene-ether) yielded O-5 g of 
l-isobutyl-2-~thyl-6,7-diinethoxy-l,2,3,4t~t~~y~oicso(licinoline (EC) picrate in+ 
183-184” while the ether eluates (fractions 39-43) after converdon ‘to the picrate 
led to 0.14 g of l-isobutyZ-2-methyZ-6,7-dimPthoxy-8-hydroxy-l,2,3,4_tetrahydro- 
isoqdwfine @Ia) picrate m.p. 152-153”. 

The originals 3 .per cent sodium hydroxide extracts ‘were made acid with hydro- 
&loric acid, washed with ether (discarded), made alkaline with ammonium hydroxide 
and extracted with’ether. Evaporation of the ether gave 0.72 ‘g of phenolic, basic 
oil which was methylated in ether-methanol solution for 8 days ‘at ‘0”. When the 
methylated.phenolic fraction ivas chromatographed in the above described manner 
and the various eluates ,treated with pick acid there was obtained 0.46 g of l-iso- 
butyZ-2-methyZ-6,7-dimethoxy-1,2,3,~?e~~ydr~~~l~‘(IIc) p@ate m.p. 181-184” 
and Oil8 g of l-isobutyl-2-methjll-6,7,t-trintet~~y-1;213,C’~i~ 
(IIIb) p&ate m.p. 132-M”. Identilkation was accomplished in each case by 
mixture melting point determinations with authentic samples.l~P~* 

Cleavage of piloc~re@e ethyZ ether (1~). Piloceredine (64 g) was converted intb 
its ethyl ether (6.06 g, m.p. 147-149’) with diazoethane exactly as desuribed above for 
8 C. Djerassi, I. J. Bccrcboom, S. P. Mar&y and S. K. Pigdor .L Amer. Chem. Sot. 77,484 (1955); 
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the diaxomethane methylation except that absolute ethanol was used as solvent. 
The analytical sample obtained from hexane showed m.p. M-152”, depressed to 
133-141’ upon admixture with pilocereine ethyl ether (m.p. 147-148”). The i&a-red 
spectra of the two ethers in chloroform solution were identical but differed in the 
finger print region when measured in nujol mull. 

Anal. Calcd. for C,&I,NsO,: C, 73.24; H, 9.22; N, 5.34; 0,12*20; 2 N-CH,, 
5.72. Found: C, 73.32; H, 9.20; N, 52Q; 0, 12.43; N-CH,, 6.09. 

The cleavage of 2.5 g of the ethyl ether was conducted as described above for the 
methyl ether except that the reaction time was extended to 24 hr. From the non- 
phenolic portion there was isolated after chromatography and conversion to the 
picrate 0.31 g of l-isobutyZ-2-methyZ-6thoxy-7-ethoxy-l,2,3,~tetr~y~ois~- 
oline (IId) picrate m.p. 149150’ which was not depressed on mixture with a 
synthetic specirner~.~ 

Lophocerine (IIb). A portion of the phenolic alkaloids (c. 5 per cent of the total 
alkaloids) was distilled and 0.53 g of material distilling between M-225” at 0.05 mm 
was methylated with diaxomethane in methanol-ether for 3 days. After washing with 
alkali and acid, basifying the acid extracts and taking up in ether, evaporation of 
the dried organic phase gave @26 g of oil which was chromatographed on 20 g 
of alumina deactivated with O-6 cma of 10 per cent acetic acid. Elution with hexane- 
benzene (1 : 2), conversion to the picrate and recrystallixation from ethanol yielded 
80 mg. of l-isobutyZ-2-methyl-6,7-dimethoxy-1,2,3,4-tetrahydroisoquinoZine (Ilk) picrute 
m.p. 185-186’, undepressed when mixed with a synthetic sample.8 

Attempted resolutions. The resolution of pilocereine was attempted with the 
following reagents without success: D-W&k acid, L-dibenxoyltartaric acid, 
D-camphoric acid, D-Bkamphorsulfonic acid, D-quinic acid, L-malic acid, N-acetyl- 
L-leucine and (+)-N-acetyl-threo+phenyl-1-serine (kindly provided by Dr. A. 
Fiirst, Hoffmann-LaRoche, Basel). 
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