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The bisbenzylisoquinoline alkaloids aromoline, homoaromoline, and krukovine have been found to be the major 
components of Abuta splendida Krukoff and Moldenke. Krukovine has been assigned structure 4 on the basis of 
both spectroscopic evidence and chemical degradation. 

In a continuing search for natural anticancer agents, we 
have been studying some hitherto unexamined sources of 
bisbenzylisoquinoline alkaloids, in particular, plants of the 
genus Abuta (Menispermaceae).l We now wish to report 
the isolation of the major alkaloidal constituents of the 
Amazonian species, Abuta ~ p l e n d i d a . ~ , ~  These include the 
known bisbenzylisoquinolines aromoline (1) and homoaro- 
moline (2) as well as the new alkalodd krukovine, which has 
been shown to have structure 4. 

1, R, = R, = H; RJ = Me 
2, R1 = Me; R2 = H; R, = Me 
3, R, = R2 = R, = H 

4, R, = R2 = H 
5, R, = R, = Me 
6, R, = Rz = CD, 

7, R, = CD, 

Aromoline ( 1)4 was obtained as tiny, colorless prisms, mp 
182-183O. Positive identification of this alkaloid was made 
by direct comparison (ir, mixture melting point, TLC) with 
an authentic sample obtained by the N-methylation of nat- 
ural daphnoline (3). 

Homoaromoline (2)5 was obtained as tiny, white needles, 

mp 236-237'. It was found to be identical (TLC, mixture 
melting point) with an authentic sample. 

Krukovine (4) crystallized from chloroform as colorless 
prisms of the chloroform solvate, mp 182-183'. The com- 
position CssH38OeNz was determined by high-resolution 
mass spectrometry. 

The infrared spectrum of krukovine showed a band a t  
3400 cm-l, attributable to a nonassociated phenolic group. 
The NMR spectrum of krukovine showed the presence of 
two aromatic methoxyls a t  6 3.30 and 3.73, as well as two 
methylimino groups a t  6 2.28 and 2.58. Of the ten aromatic 
protons present five were clearly discernible, one as a sin- 
glet a t  S 5.97 and four as a pair of doublets at S 7.11 (d, J = 
8 Hz, 2 H) and 7.32 (d, J = 8 Hz, 2 H). 

Treatment of krukovine with excess diazomethane, fol- 
lowed by crystallization from acetone, afforded 0,O- di- 
methylkrukovine (5 ) ,  mp 125O, confirming the presence of 
two phenolic functions in the parent molecule. The compo- 
sition C38H4206Nz was determined by high-resolution mass 
spectroscopy. The corresponding reaction of krukovine 
with deuteriodiazomethane in dioxane-deuterium oxide6 
yielded the corresponding 0,O- bistrideuteriomethyl deriv- 
ative (6). A comparison of the NMR spectra of 5 and 6 
showed that the new methyl groups of the dimethyl ether 5 
are represented by signals at  6 3.18 and 3.93. These values 
can be assigned to the C-7 and C-12 aromatic methoxyls of 
a normal head-to-head dimer, since it has been pointed out 
that  a methoxyl at  C-7 is highly shielded, while a methoxyl 
a t  C-12 (or C-12') appears in the usual range.7 

The mass spectrum of krukovine is typical of that of a 
bisbenzylisoquinoline alkaloid containing both head-to- 
head and tail-to-tail ether bridges.* Thus, a weak peak a t  
M - 107 occurs in the spectra of krukovine (4),  its dimethyl 
ether 5 ,  and the deuterated dimethyl ether 6. Furthermore, 
a weak peak at M - 137 is observed in the spectrum of the 
dimethyl ether 5,  which is shifted to M - 140 in the spec- 
trum of the corresponding deuterated derivative 6, whereas 
this feature is absent in the spectrum of krukovine itself. 
These latter peaks are characteristic of a tail-to-tail diphe- 
nyl ether system containing one methoxyl substituent. This 
requires that one of the phenolic groups of 4 be located on 
the tail-to-tail diphenyl ether system, and that the second 
phenolic group of 4 be located on one of the isoquinoline 
units. In accord with this general formulation, the very 
strong peak of krukovine representing the linked isoquino- 
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line units is seen at  mle 381, a value which is shifted to mle 
395 in the spectrum of dimethyl ether 5 ,  and to mle 398 in 
the spectrum of the deuterated dimethyl ether 6. 

The mass spectrum of the 0,O- bistrideuteriomethyl 
ether (6) further defines the environment of the original 
phenolic hydroxyl of 4 located on the linked isoquinoline 
units. Loss of CHs from the head-to-head fragment of the 
molecule gives rise to an ion 7 at mle 384, consistent with 
the loss of this group from a C-6 (or C-6') position to give a 
stabilized p-quinonoid species. Furthermore, the same 
doubly charged dioxane fragment a t  mle 175 (8) appears in 
the mass spectra of both the dimethyl ether 5 and the bis- 
trideuteriomethyl analogue (6), indicative of the presence 
of an o-hydroxy-0'-methoxydiphenyl ether system in the 
top portion of krukovine itself. 

The above data, as well as the negative rotation of di- 
methylkrukovine (5 ) ,  suggested that the latter might be 
identical with phaeanthine: despite the far higher melting 
point (216-217', ether) reported for the latter. Indeed, 
crystallization of authentic high-melting phaeanthine from 
acetone afforded the low-melting form, identical with 0,O- 
dimethylkrukovine. 

Treatment of 0,O- bis(trideuteriomethy1)krukovine (6) 
with sodium in liquid ammonia cleanly cleaved the mole- 
cule into nonphenolic and phenolic portions.1° The non- 
phenolic product was identical with an authentic sample of 
(R)-O,O-bis(trideuteriomethyl)-N-methylcoclaurine (9). 
The phenolic product was identified as (E)-N-methylco- 
claurine (10) by comparison with an authentic sample of its 
enantiomer and by conversion to the known crystalline ox- 
alate]] of its 0,O-diethyl ether (11). These observations are 

MeN\ +PJQ(ooMe 

I +  
Me 

8 

OCD, 
9 

RO 
10, R = H 
11, R = Et 

entirely consistent with structure 4 for krukovine as the en- 
antiomer of atherospermoline12 (4, SS). 

Experimental Section 

Melting points are uncorrected. NMR spectra were determined 
in CDC13 solution (unless otherwise indicated) with tetramethylsil- 
ane as internal standard using Varian A-60, HR-100, and Jeol in- 
struments. Infrared (KBr), ultraviolet (ethanol solution), mass 
spectra, and optical rotations (chloroform solutions a t  room tem- 
perature) were determined using Perkin-Elmer Models 137, 202, 
270, and 141 instruments, respectively. All preparative chromatog- 
raphy (PIE) was carried out on silica plates using 201 CHCh- 
MeOH. Abuta splendida (Schunke 1971/38) was collected by J. 
Schunke in Mariscal Caceres, Tocache Nuevo, Department of San 
Martin, Peru, and identified by 6. A. Krukoff. A voucher specimen 
has been deposited at  the New York Botanical Garden and other 
institutions. 

Isolation of Aromoline ( l ) ,  Homoaromoline (2), and Kruko- 
vine (4)  from Abuta splendida Krukoff and Moldenke. Stems 
of liana (4.86 kg) were exhaustively extracted first with aqueous 
ammonia-ether and then with 2 N HC1. The combined ether ex- 
tracts yielded 43.5 g of crude residue consisting of neutral and 
basic material. This material was subjected to gradient pH coun- 
tercurrent distribution (200 transfers) between chloroform and 
aqueous acid, starting with pH 6.5 citrate-phosphate buffer and 
ending with 3 M phosphoric acid. The acidic aqueous layers were 
basified, reextracted with chloroform, and divided into several 
fractions: A (tubes 1-16), B (tubes 17-25), C (tubes 26-36), D 
(tubes 37-42), E (tubes 43-55), F (tubes 56-66), G (tubes 67-104), 
H (tubes 105-122). 

Fraction B (4.64 g) crystallized from chloroform to give colorless 
prisms (1.84 g) of krukovine (4): mp 182-183'; [.ID -180' (c 0.06); 
ir (KBr) 3400 cm-l (OH); uv A,, ( E )  285 (6600); A,,, 260 (2850); 
A,,, (NaOH) 291 (9430); Amin (NaOH) 272 (7540); NMR (CDC13 + 
MezSO-de) 6 2.28, 2.58 ( s ,3  H each, 2 NMe), 3.30,3.73 (s,3 H each, 
2 OMe), 5.97 (s, 1 H), 7.11 (d, J = 8 Hz, 2 H), 7.32 (d, J = 8 Hz, 2 
H) (m, 6.28-6.75); mass spectrum m/e (re1 intensity) 594 (M+, 69), 
593 (44), 487 (<l ) ,  403 (14), 381 (loo), 192 (75), 191 (95), 190 (24), 
174 (32), 168 (25); high-resolution mass spectrum m/e 594.27492 
(calcd for C3&3&6Nz, 594.27298). Solvent-free 4 showed [a]D 
-201°, indicating a CHC13 content of ca. 10% (0.5 molar equiv) for 
the crystalline solvate. 

Crystallization (CHC13) of the mother liquors of fraction B 
yielded aromoline (1, 2.1 g) as colorless prisms, mp 182-183', [oI]D 
+235'. Two further recrystallizations from CHC13 gave crystals: 

6 2.48, 2.55 (s, 3 H each, 2 NMe), 3.57, 3.79 (s, 3 H each, 2 OMe), 
5.63 (s, 1 H) (m, 6.39-7.69); mass spectrum m/e (re1 intensity) 594 
(M+, 41), 593 (34), 487 (4), 403 (6), 381 (go), 192 (30), 191 (loo), 
190 (18), 175 (18), 174 (35), 168 (40). 

Fraction C (6.56 g) crystallized from CHCls to give aromoline 
(5.15 9). 

Fraction F (0.18 g) crystallized from acetone to give white nee- 
dles of homoaromoline (2, 0.10 g): mp 236-237'; [ a ] ~  +371' (c 0.1) 
[lit.5 mp 238-240°, [U]D +416' (CHC13)I; ir (KBr) 3400 cm-' (OH); 
NMR 6 2.47, 2.53 (s, 3 H each, 2 NMe), 3.57, 3.75, 3.87 ( s ,3  H each, 
3 OMe), 5.61 (s, 1 H) (m, 6.21-7.15); mass spectrum m/e  (re1 inten- 
sity) 608 (M+, 38), 607 (24), 501 (6), 471 ( l ) ,  417 (4), 381 (59), 192 
(loo), 191 (78), 176 (lo), 175 (15), 168 (19). 

O,O-Dimethylkrukovine (5). To a solution of 4 in methanol- 
ether was added ethereal diazomethane in two portions during 24 
hr. The mixture was set aside in the dark. The usual work-up gave 
5 as an oil which crystallized from acetone as tiny needles: mp 
125'; [a]D -260' (c 0.1); NMR S 2.33, 2.62 (s, 3 H each, 2 NMe), 
3.18, 3.37, 3.74, 3.93 (s, 3 H each, 4 OMe), 6.00 (8, 1 H) (m, 6.30- 
7.26); mass spectrum m/e (re1 intensity) 622 (M+, loo), 621 (40), 
515 (<l), 485 (2), 430 (7), 431 (6), 395 (521, 198 (28), 192 (lo), 
190 (5), 175 (13), 174 (18); high-resolution mass spectrum m/e 
622.30181 (calcd for C ~ S H ~ Z N Z O ~ ,  622.30428). 

An authentic sample of phaeanthine, mp 216-217', was crystal- 
lized from acetone to give colorless needles, mp 124-125', identical 
in all respects (ir, mixture melting point, TLC) with 0,O-di- 
methylkrukovine ( 5 ) .  
O,O-Bis(trideuteriomethy1)krukovine (6). To a cooled solu- 

tion of excess diazomethane in dry dioxane (10 ml) and DzO (1 ml) 
was added a solution of 4 (50 mg) in dry dioxane (2 ml) and DzO (1 
ml). After standing for 24 hr in the dark, the usual work-up afford- 
ed 6 as an amorphous solid: NMR 6 2.33, 2.61 (s, 3 H each, 2 NMe), 
3.37, 3.75 (s, 3 H each, 2 OMe), 6.00 (s, 1 H) (m, 6.29-7.25); mass 
spectrum m/e (re1 intensity) 628 (M+, loo), 627 (77), 626 (35), 521 
(<l), 488 (3), 437 (8),  436 ( l l ) ,  398 (95), 199.5 (68), 192 (22), 190 
(6), 175 (35), 174 (37). 

Sodium-Ammonia Cleavage of 6. To liquid ammonia (400 ml) 
a t  -78' was added alternately, with stirring, small pieces of sodi- 
um (total of 1 g) and portions of a solution of 6 (230 mg) in dry tet- 
rahydrofuran, making sure that the color remained blue, prior to 
each addition of the alkaloid solution. Finally some extra pieces of 
sodium were added until the blue color persisted for 15 min. The 
ammonia was then alowed to evaporate overnight. The residue was 
extracted into methanol. The residue from the methanol was dis- 
solved in water and extracted with ether to separate the non- 
phenolic fraction (100 mg). From the aqueous fraction after satu- 
ration with ammonium chloride (pH %9) and extraction with 
ether (addition of a little NaBH4 retarded air oxidation) was ob- 
tained the phenolic fraction (70 mg). 

From the nonphenolic fraction, 9 was isolated by PLC as an oil: 
NMR 6 2.53 (s, 3 H, 1 NMe), 3.83 (s, 3 H, 1 OMe), 6.10 (s, 1 H),  

mp 182-183; [a]D +320° (C 0.05) (lit.4 mp 175', [CY]D + 327'); NMR 
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6.60 (8 ,  1 H), 6.81 (d, J = 8 Hz, 2 H), 7.06 (d, J = 8 Hz, 2 H); mass 
spectrum mle (re1 intensity) 333 (M+ <l), 332 (l), 209 (loo), 124 
(13). 

The oxalate of 9 crystallized from ethanol-ether as colorless nee- 
dles, mp 127-129O, [.ID -93’ (c  0.14). An authentic sample of 
(S)-0,O- bis(deuteriomethy1) -N-methylcoclaurine was prepared by 
deuteriomethylation of (S)-N-methylcoclaurine. Its oxalate crys- 
tallized from ethanol-ether as needles, mp 128-129’, [ a ] ~  +1Olo 
(c  O.l), and it was found to be identical (ir, mixture melting point, 
TLC) with the oxalate of 9. 

From the phenolic fraction, 10 was isolated by PLC as an oil: 
(ol]D -36O (c  0.05); NMR 6 2.42 (s, 3 H, 1 NMe), 3.77 (8, 3 H, 1 
OMe), 5.90 (br, 2 H, 2 OH), 6.52 (s, 1 H), 6.29 (9, 1 H), 6.60 (d, J = 
8 Hz, 2 H), 6.90 (d, J = 8 Hz, 2 H); mass spectrum m / e  (re1 intensi- 
ty) 299 (M+, l), 192 (loo), 107 (9). The ir (CHC13) and NMR spec- 
tra of 10 were identical with those of an authentic sample of its en- 
antiomer. 

A portion of the phenolic fraction (20 mg) was treated with ethe- 
real diazoethane. Work-up in the usual manner after 2 days yield- 
ed 0,O’-diethyl-N-methylcoclaurine (11, 17 mg) as a pale yellow 
oil. It was converted to the oxalate which crystallized from etha- 
nol-ether as needles: mp 172-174’; [ol]D -114’ (c  0.05) (lit.’’ mp 
173-174’, [ol]D -123O); mass spectrum mle  (re1 intensity) 355 (M+, 
I), 220 (loo), 135 (11). The ir spectrum, mixture melting point, op- 
tical rotation, and Rf of this compound were identical with those of 
an authentic sample. 

N-Methylation of Daphnoline (3). To a methanol-chloroform 
solution of daphnoline (3, 13 mg), excess of 40% formaldehyde so- 
lution was added, and the mixture was stirred at room tempera- 
ture for 2 hr. 

The solution was then cooled in an ice bath and NaBH4 was 
added in small portions. The solution was further stirred for 1 hr. 
Work-up as usual gave 13 mg of a transparent oil which crystal- 
lized from chloroform as colorless prisms, mp 182-183O, identical 
(ir, mixture melting point, TLC) with aromoline (1). 
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Seven crystalline alkaloids have been isolated and identified from extracts of a Mexican “peyote” cactus, Dolz- 
chothele longimamma (DC.) Br. and R. Five of these are new alkaloids: N-methyl-@-hydroxy-4-methoxy-@-phe- 
nethylamine (longimammine or 4-O-methylsynephrine), 6-hydroxy-2-methyl-l,2,3,4-tetrahydroisoquir~oline (lon- 
gimammosine), 8-hydroxy-2-methyl-1,2,3,4-tetrahydroisoquinoline (longimammidine), 6-methoxy-192,3,4-te- 
trahydroisoquinoline (longimammatine), and 4,8-dihydroxy-2-methyl-l~2,3,4-tetrahydroisoquinoline (longimam- 
mamine). Although these compounds have all previously been synthesized, a new and convenient route is de- 
scribed for the syntheses of longimammidine and longimammosine. The known cactus alkaloids, (-)-normacrom- 
erine and (&)-synephrine, were also found in this species. 

The peyote cactus, Lophophora  wil l iamsi i  (Lem.) Coult., 
has a well-documented history as a folkloric medicine and 
is known to contain many P-phenethylamine and tetrahy- 
droisoquinoline alkaloids including the hallucinogen, mes- 
caline.2 Several ethnobotanical reports by Schultes suggest 
that Dolichothele  long imamma (DC.) Br. and R., another 
Mexican “peyote” cactus, may cause similar psychoactive 
effects.“ Early reports state that this genus contains un- 
known poisonous alkaloids,* and in a recent TLC screen of 

some Dolichothele  species several new unidentified cactus 
alkaloids were detected in D.  long imamma.5  In  the present 
communicatioii we report the isolation and structure deter- 
mination of seven alkaloids from this cactus. 

TLC visualizationlaP6 of alkaloid-bearing fractions5 from 
freeze-dried and pulverized D. long imamma confirmed the 
presence of several compounds that were distinct from pre- 
viously known cactus  alkaloid^.^,^ Large-scale extraction, 
involving basification of the plant material, chloroform ma- 


