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. b s T R x T . - A h  unusual glucoalkaloid has been crystallized from the title CBCtUS 
plant. Acid employed in the usual alkaloid extraction schemes decomposed the nen 
nonphenolic alkaloid (pterocereine I into a nen phenolic alkalold (deglucopterocereli!e) 
and glucose. $-Glucosidase also hydrol) zed the glucoalkaloid. Spectral anak-sis of 
the structures indicated that  pterocereine is (- )-1-hydroxymeth>-l-Z-meth) 1-SP-0- 
glycos) 1-6,i-diniethoxy-1,2,3,4-tetrahydroisoquinoline. Further structural conforma- 
tion n-as accomplished by  carbon-13-h? drogen long-range coupling anal? sis ?;either 
compound exhibited significant cytotoxicity in the 9 KB s?steni. 

Most cactus alkaloids are either p-phenethylamines or the related simple 
tetrahydroi3oquinoline.. I n  a continuing chromatographic screening of cacti for 
nen alkaloid<, unknon n compound. n ere detected in Pterocereus gazimeri (Br. & 
R.) 1lacDoug. 6r JIir.. a species that ic native to the Yucatan in Mexico (1-3). 
The plant apparently has no folkloric uqes but is commercially available in the 
Knited States as an ornamental. 

Folloning our usual procedures for extraction of cactus alkaloids (A) ,  a large 
aniount of plant material (520 g) was defatted, basified, and extracted by chloro- 
formic percolation. The chloroform reqidue was extracted n-ith 1 S hydrochloric 
acid nhich n-as, in turn. extracted n-ith chloroform and ethyl ether to remove 
nonalkaloidal impurities (extract B). The aqueous solution n-as then basified and 
re-extracted n i th  the organic solvents to produce extracts A (alkaloid.) and c 
(water qoluble alkaloids). Anion exchange chromatography Tva9 performed on the 
combined extracts A and C to resolve the alkaloids into phenolic and nonphenolic 
fractions. 

A nen- alkaloid (pterocereine) crystallized as the free base from the non- 
phenolic fraction and also from the nater  rinse of the ion exchange column (0.062% 
yield). X new phenolic alkaloid (subsequently identified as deglucopterocereine) 
was crystallized as the hydrochloride from the phenolic fraction. Column chro- 
matography of the mother liquor from the nonphenolic fraction resolved addi- 
tional alkaloids but theie were decomposed in attempts to crystallize them as 
their hydrochlorides. Preparative thin-la? er chromatography (tlc) of the mother 
liquor from the phenolic fraction resulted only in a small additional quantity of 
deglucopterocereine (0.164% total yield). 

Pterocereine gave unusually lon- Rf values, indicating unusually high polarity, 
in tlc qystems designed for cactus alkaloids (5, 6).  The chemical ionization ms 
(low resolution) gave an 11+1 peak at 416 n i th  a base peak a t  254 suggeqting 
10s. of C ~ H I O O ~  (posqibly a glucose unit); minor peaks at 398 and 35-1 indicated 
respective lo- of n-ater and methanol. Electron impact ms (high resolution) 
failed to detect the molecular ion. but the peak at 354 sufficed for an exact mass 
measurement of the molecular ion minus CH20H; the molecular formula T{ as, 
thus. establbhed to be CigH?909S. .I pocitive llolish te.t supported the jug- 

ll-lsiting Associate Professor, on leave from the Faculty of Pharmacy, University of 
Alexandria, Alexandria, Egypt 

_____ 

197 



19s JOURNAL OF ~\TATURAL PRODUCTS [VOL. 42, NO. 2 

gested presence of a sugar moiety in the molecule. Tlc of h>-drolysis products 
revealed that both p-glucosidase and acid hydrolyzed pterocereine to yield glucose 
and the phenolic alkaloid. The phenolic alkaloid was thus identified as deglu- 
copterocereine-the glucose being bonded in p-linkage to a phenolic hydroxyl. 
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FIG. 1. Protov-decoupled Carbon-1.3 ,Yatural A bundance Spec tra .  
Top: Dcglucopterocereine HCl (in DzO) 
Middle: Acetyldeglucopteroccreine HC1 (in DsO) 
Bottom: Pterocereine (in DRISO-de) 
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CI ms of deglucopterocereine gave an J I S 1  peak at 254; E1 ms failed to reveal 
the molecular ion, but high resolution analysis of a peak minus -CH,OH gave 
222.113 n-hich exactly matched the calculated mass for the Ci2Hl603S fragment; 
the empirical formula was thus established to  be CI3Hl9O4S. -4 small peak at  
236 represented loss of n-ater from the alcoholic group. 

The uv absorption bands at  214 and 265 nm and I3C SJIR spectrum in deuterio 
chloroform solution (fig. I) suggested the basic skeleton of tetrahydroisoyuinoline 
(7, 5). Two 0-methyl and one .l--methyl groups were shovn by the 13C 4gnals 
at  60.7 (OCH3; q, 144.7 Ha), 56.0 (OCH,; y, 144.6 Hz) and 41.i  (SCHB;  q. 133.1 
Hz) ppm, and the corresponding 'H signals at  3.94, 3.90 and 2.55 ppm (table 1). 
From the 13C SJIR studies of other tetrahydroisoquinoline derivativeb (8 ,  9). the 
methylene carbon peaks at 44.5 (t, 136.1 Hz) and 1i.O (t, 125.5 He) ppm can be 
assigned to C-3 and C-4, respectively. Then the only methine carbon peak at  

TABLE 1. Szinzniary of phvsical data used f o r  s t ruc ture  eliiczdatzon. 
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64.0 (d, 139.2 Hz) ppm must be designated to the C-1, which is attached to the 
hydroxymethyl carbon (62.0 ppm; t ,  144.7 Hz). The existence of the hydroxy- 
methyl group !vas confirmed by the formation of a monoacetate in acetic anhydride- 
glacial acetic acid (table 1). 

Only one aromatic proton a t  6.30 (singlet) ppm and one methine carbon a t  
102.0 (dd, 156.3 and 1.8 Hz) ppm in the SRlR spectra revealed the presence of a 
pentasubstituted benzene system. The small splitting (1.8 Hz) resulting from the 
long-range coupling with H-1 (the only aliphatic methine proton) suggested that  
the aromatic proton was attached to C-8. Then the remaining two methoxy and 
one phenolic groups have to be at  the C7, Cs, and Cj  positions. The exact loca- 
tions of these substituents v-ere determined by W J H  long-range coupling analyses 
of this compound and other related compounds (9). Three downfield signals a t  
150.4, 146.4 and 133.8 ppm can be assigned to C7, Cj and cg, respectively, based 
on simple chemical shift theory. In  the proton-coupled I3C NMR spectrum (fig. 
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FIG. 2. Proton-coupled Carbon-13 Spectrum of Deglucopterocereine in Deuteriochloroform 
Solution. Only the Signals of C-5, C-6 and C-7 are shown (J indicates the cou- 
pling constants with H-8). 

2 ) ,  there are distinct couplings between the 0-methyl protons and the Ci and Cs, 
which further couple with the H, [2J(Ci-Hs) 3.7 Hz and 3J(Cg-H~) :7.7 Hz]. How- 
ever, no significant coupling can be seen between the Cj and Hs, indicating their 
1,kelationship based on the general 13C-lH long-range coupling patterns (10-12). 
This assignment is consistent with the tetraxotized benzidine color reaction (orange- 
red) which has been observed with 5 or 8 hydroxy tetrahydroisoquinolines, whereas 
6 or 7 hydroxy compounds produce yellox--brown chromophores (13). 

Deglucopterocereine is thus proposed to be (-)-l-hydroxymethyl-2-methyl-5- 
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liydrox~--6,i-dimethoxy-l,2,3,~-tetrahydroisoquinoline, and pterocereine is its ( -)- 
5-P-0-glucopyranoside. Both pterocereine and deglucopterocereine are new nat- 
ural compounds. The hydroxynethyl group and the phenolic glucoside are both 
uncommon among tetrahydroisoyuinoline alkaloids (14). I n  the 9KB cytotosicity 
assa>-, neither pterocereine nor deglucopterocereine exhibited significant activity 
(ED;o> 1OOpg ml and 1Gpg nil, reqpectirely). 

EXPERIlIESTAL2 
PL.LST if.\TERI.\L.-Fresh whole plants and cuttings n-ere purchased coniniercial1)- from 

C;rigsb>- Cactus Gardens, 2326 and 235-1 Bella T-ista, 1-ista, California 92083 in Febriiar?- of 
1977 and 1975. The plants conformed t o  the description of Paci iperezrs  ( Y )  g i u m e r i  Br. and R .  
13); a provisional name n-hich has been changed to Pterocereirs gil irmeri rBr. and R . )  l lacl3oug. 
and l l i r .  I 1 I :  the synonym, -4izisoceuciis girzriircri (Br. and R.) Backhg., has also been proposed 

Reference photographs are on file and sample plants are being maintained in oiir green- 
se.., The plants were sliced, frozen, freeze-dried, and pulverized through a 2 nini Qrreen 

in a 11 iley mill.  

ESTRICTIOS .ISD ISOL.\TIOS OF PHEsouc '  .LSD SOSPHESOLIC .LLK.ILOID I-P..~cTIoss.-Prelinii- 
iiary tlc sv-reening of 10 g of the plant material and fractionation via anion-eschange chroma- 
tograph?- shon-ed two niajor spots corresponding to a phenolic and a nonphenolic a1k:doid. 
Snhseqiiently, 520 g of the plant material n-as defarred, basified, and extracted via chlorniormic 
percolation (20 l i t e r s ~  f4,i. The chloroform extract was condensed to  -1 liters and left overnight 
to form 2.63 g of a deposit. The filtrate n-NS condensed to  1 liter and n-as processed, essenrially 
:is previocs1)- described 1 - 1 1 ,  t o  yield extracts (alkaloids), B jnon-alkaloidal material I .  and 
C: (water soluble alksloids). Tlc of extracts A and C showed thxt they \\-ere nearly idenrical, 
so The)- were combined to give 6.85 g of total  alkaloids which n-ere resolved via anion-ezchaiige 
chromatograph>- !13! on 110 g of .imherlite I R - i  401 resin ih?-drositle form! inT0 nonpheniilic 
and phenolic fraciions. 

ISOL.I~-IOS OF PTEl2OcEREISE.-The nonphenolic alkaloid fraction totaled 2 .5  g of residue 
\\-liich produced crystals upon concentration in ethanol: tn-o recrystdlizations gave 0.236 g of 
:I cr?-sTall!iie nonphenolic alkaloid having a constant nip, after repeated recrystallizat ioii a t  
198-199'. : and  showing homogeneit?- on tlc. The 
mother liqunr (1.65 g of residue I ,  in which tlc revealed several additional alkaloids. was c.liro- 
niatograplied on :I silica gel coluniri t o  produce 0.09 g of the same alkaloid from a 305; ethanol 
in chloroforni eluate and other cr!-stalline alkaloid fracrions n-hirh a-ere decomposed in attempts 
to prepare their h!-droclilorides. The n-ater rinse i2 liters) from the anion eschange coliinin 
I 131, upon condensation under roTar>- vaciiiini evaporation, furnished an additional 0.021 g of 
the same alkaloid. 

This ne\y alkaloid x a s  named pterocereine. 

IsoL.i-rIos OF DEGLTCOPTEROCEREISE.-The phenolic alkaloid frartion gave 2.45 g o r  dark 
slJliite ethanol and acidified (pH paper! by clropwise 
lute ethanol. The cr>-stalline mass that Eorn 
elding 0. i96 g) t o  give a constant nip at 247-2 
he niother liquor in solvent B fiirnished an ad  

briiwi residiie n-liich xx-as dissolved 
addition i,f 5T; h?-drochloric acid in 
recrysrallized five tinies from ethan 
homcjgeneit!- on t lc .  Prepararive t l  
0.06 g of -he same alkaloid and a small amount of minor alkaloids wliicli failed tn priitliice 
c:rystalline salts .  This nex phenolic alkaloid n-as siihsequently iianied deglurnpterocerPiiip. 

?3Ielting points were determined on :I Laboratory .ipparatus llel-Temp iiiel ting point 
;ipparatm and were uncorrected. T v  spectra n-ere determined on :I Car? model 1; reciirding 
spectrometer. I r  spectra 17-ere determined on a Beckman niodel IR-33 recording spectroplintn- 
meter using KBr  pellers. lH-nnir spectra were obtained on a T'arian Ell-360 iising l1e:Si us 
internal or exteriial standard and lT -nmr  peclra x-ere nbtained on a .Jeol PFT-100 iising 
,leiiterated solvent or methanol as internal tandard.  E1 high resolnticrn mass syerr r:i were 
determined (111 a Hitachi RllU-G: and E1 an  CI low resolution niass spectra 71-ere deteriiiined 
01i a DiiPclnt 21-4928. Optical rotations \\-ere obrained using a Perkin Elmer 141 Po1nrin;Pter. 
.inalytical tic plates n-ere piirchased from 3Ierck (silica pel GO. kieselguhr F 254; and cP!:iiluse 
F 2.54). =\nal>-tical tlc separations and cochruniqtograpli~. of cactu 
iising solvents A. B. D, G .  and H and visualization reagent. as p r  
Butaiiol-p:l-ridine-n-ater, 0:4:3 on cellulose: ethyl acet ate-W; i sop r~pa  
:icerone-witer, 4:5:1 on kieselguhr: and acetone-x-nter: 9 : l  and acetone-nnter-clili,r~,ivrni- 

:10 on silica gel n-ere solvents eniplo>-ed to identify 
niline acid plitlialate: sulfuric acid? and anisnldeh!-de-siilf~iric acid reagent 
ialize the sugars. 9 KB cytotosiciry testing n-as performed at the PiirrIiie 

('ancer Center follol\-ing protncols set l>>- the Sational Cancer Institute. 
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STRUCTURAL STUDIES KITH PTER0CEREINE.-This new nonphenolic alkaloid (0.0627, yield) 
occurred as white crystals sparingly soluble in chloroform, absolute ethanol and acetone, slightl>- 
soluble in ethanol, and moderately soluble in water. On tlc plates it reacted immediately with 
iodine vapor and Dragendorff’s reagent, slowly n-ith iodoplatinate, and not a t  all viith 
tetrazotized benzidine, fluorescamine, or dansyl chloride, indicating a nonphenolic tertiarj- 
amine ( G ,  13). I t  responded strongly to  the general test for carbohydrates with L\Iolish’s 
reagent suggesting the presence of a sugar moiety. A developed tlc plate was sprayed with 
5% hydrochloric acid, warmed at 40” for -15 min, and then sprayed n-ith tetrazotized benzidine: 
an orange-red chromophore was then produced indicating hydrolysis to  a phenolic aglycone. 

To confirm the presence of a glycosidic function, pterocereine n-as hydrolyzed by B-gly- 
cosidase (Calhiochem) a t  pH 4, 40”C, for -18 hr .  Testing with a series of reference sugars and 
five different tlc chromatographic sj-stems with visualization reagents specific for sugars 
easily identified glucose in the hydrolysate as the only glycone. The aglycone n-as readily 
detected on the same chromatograms by spraying v-ith tetrazotized benzidine reagent. Similar 
results were obtained after hydrolysis of pterocereine with both sulfuric and hydrochloric 
acids. Tlc revealed tha t  the phenolic aglycone from pterocereine was identical t o  the major 
phenolic alkaloid tha t  had been previously isolated; the phenolic alkaloid m-as consequently 
named deglucopt erocereine. 

yield) crystallized from ethanol as a white hydrochloride salt.  The base was freely soluble in 
chloroform and ethanol and insoluble in water. On tlc plates, the alkaloid reacted positively 
with iodine vapor, iodoplatinate, Dragendorff’s reagent, and tetrazotized benzidine (6, 13) ; 
the orange-red chromophore produced by t’etrazotized benzidine was indicative of either a 5 or 
8 hydroxy tetrahydroisoquinoline (13). S o  visualization reaction was produced with fluores- 
camine, indicating a tertiary amine (6). Silicotungstic acid solution formed a characteristic 
precipitate, and a crystalline picrate (mp 195-196”) and monoacetate hydrochloride (mp 192- 
193”) were readily obtained. The alkaloid was negative in the Molish’s test for carbohydrates. 
The physical data  used for the structural elucidation are summarized in table 1. 

STRUCTURAL DETERMISATION OF DEGLUCOPTER0CEREIKE.-This new phenolic alkaloid (0.164% 
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