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A variety of polymethoxy-substituted isoguin-
olines have been preferentially O-demethylated
with mineral acid and the procedure applied to the
facile synthesis of the alkaloids corypalline [(46),
cherylline (48), multifloramine {51}, anhalconine
(2} and lophophorine (54), The method of select-
ive O~demethylenation of methylenedioxy-dimethoxy-
substituted isoquinolines with boron trichloride
was utilized for the conversion of the phthalide
alkaleoid (-)-g-hydrastine (6) into (-}-cordrastine
IT (7).

Introduction

The isoguinoline alkaloids are classified into families that
comprise both simple and complex structures, However, members
within each family are usually closely related and often differ
only at the oxygenated sites of the aromatic ring, This re-
lationship, clearly delineated in a recent monograph by
Kametani,1 is demonstrated by the following examples, The

simple isoquinoline alkaloids (+)-O-methylanhalonidine. (1},



(-)-anhalonine 12), and (*)-anhalonidine {(3) all have the same
basic structure except for the 7,8-dimethoxy-, methylenedioxy-,
and methoxy hydroxy-substituents, respectively. 'Similarly, the
tetramethoxy benzylisoguinoline eﬂ.kaloid {+)-laudanosine (4) is
closely related to the dimethoxy diphenol (+)-reticuline (5) and
the phthalideisoquinoline alkaloid (-}-g-hydrastine (6) differs
from (-)-cordrastine II (7) only by having a methylenedioxy-

instead of a dimethoxy-substituent,
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In spite of this structural resemblance, it is noteworthy
that there are no general methods available whereby closely
related alkaloids can be obtained from a readily accessible
member. This is illustrated by considering some of the syn-
thetic methods that have been used for the preparation of the
above alkaloids as their racemates,

The simple isoquinolines (*)-O-methylanhalonidine (10),
()-anhalonine (14), and (x)-anhalonidine (3) were initially
prepared by Sp;th and co-workers from N-acetylmescaline (8),2a
the methylenedioxy methoxy amide (l]_.),3 and the acetoxy di-
methoxy amide (15),4 respectivély;,zﬁhile Bischler-Napieralski
cyclization of (8) to the 3,4-dihydroisoquinoline (9) followed
by reduction readily afforded (10), cyclodehydration of the
unsymmetrically substituted amide (11) gave a mixture of the
isomeric imines (12) and (13) which required separation and
then reduction of (13) to Yiéld-(l4). Similarly, (15) gave a
mixture of (16) and (17) from whiéh only the latter provided
the alkaloid (+)-anhalonidine (3),

To circumvent isomer forﬁétion, Brossi, Schenker, .and
Le'imgruber5 reported the following synthesis of (3). Thé
8-hydroxy lactam (18), obtained. from mescaline by successive
treatment with ethyl chlorcoformate, polyphosphoric acid, and
concentrated hydrochloric acid, was benzylated, reduced to ‘the
tetrahydroisoquinoline, oxidized to the imine, quaternized
with khenzyl bromide, reacted with methyl magnesium icdide and
the resulting N,0-dibenzyloxy tetrahydrcisoquinoline (19)
catalytically debenzylated to afford (3), More recently, the
latter was synthesized by Takido, Khanna, and Paul6 who em-
ployed a modified Pomeranz-Fritsch reaction, 2-Hydroxy-3,4-
dimethoxy-acetophenone (20), obtained by partial etherification

of galloacetophenone with dimethyl sulfate, was reductively



condensed with aminoacetaldehyde diethylacetal to provide the

substituted benzylamine (21) which was ring-closed with acid

followed by ecatalytic hydrogenation to (3).
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The benzylisoquinolines (+)}-laudancsine (27a) and (*)-reti-
culine (27c) have also been synthesized by the same reaction _
seguences but using different intermediates, Treatment of com-
mercially availéble homoveratrylamine (22a) with 3,4—diméthdxy—
phenylécetyl chloride (23a) gave the tetramethoxy-substituted

amide (24a) which was cyclized with phosphorus pentoxide to the



3,4-dihydroiscquinoline (25a) followed by quaternization to (26a)
and reduction to the tetramethoxy-substituted tetrahydroisoquin-
oline (27a).7 In contrast, the synthesis of the related diphenol
(t)~reticuline (27c) required not only additional steps for the
preparation of the 0O-benzyloxy precursors (22b) and (23b) but
also the removal of these protecting groups from (27b), obtained
by reduction of the gquaternary salt (26b).8

Recently, this latter sequence was simplified by the finding
that some free phenols could be directly used in the Bischler-
Napieralski reaction.9 By this method, the phenclic amine (22c),
obtained from vanillin by a multistep procedure, was condensed
with the phenoclic acid chloride (23c) to the diphenolic amide
{24c) which was cyclodehydrated to the imine {25¢) and then con-
verted-by reduction of the methobromide (26c) into (*)-reti- -

culine (27c).
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The related phthalideisoquinolines (+)-hydrastine (38) and
(x)-cordrastine (39) have alsc been synthesized by the same re-
action segquences, The necessary intermediate meconine a-carboxylic
acid {30) was prepared by Perkin and 'I‘rikojus10 by reacting 2,3-
dimethoxybenzoic acid with formaldehyde and hydrochloric acid to
give the dimethoxy phthalide meconine (28) which was oxidized
with manganese dioxide to opianic acid (29) followed by hydrolysis
of the intermediate cyanchydrin, The corresponding acid chloride
(31) was transformed by Haworth, Pinder, and Robinsonll by treat-
ment with N-methylhomopiperonylamine (32) into the amide (34)
which was ring-closed with phosphorus oxychloride; the resulting
unsaturated intermediate (36) was hydrogenated to afford the di-
methoxy methylenedioxy-substituted phthalide as a mixture of two
diasteroisomeric hydréstines i38). Similarly, Haworth and Pindefu
reacted the acid chloride (31) with N—methylhomovg;atrylamine
{33) to give the tetramethoxy amide (35) which was cyclodehy-
drated to (37} and catalytically reduced to afford the two racemic

modifications of cordrastine (39),
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The foregoing examples illustrate that phenclic isoquinol-
ines are less accessible than their corresponding O-methyl ethers
and that the phfhalideisoquinolines are only obtained as racemic
diastereoisomeric mixtures, Consequently, it was of interest to
consider the possibility of transforming readily availakle
natural alkaloids or their synthetic precursors intoc less access-
ible isoguinolines, In this connection, the method of selective
de-etherification appeared attractive since preferential O-de-
methylation with mineral acid had already been applied, in a few

instances, to isoguincline compounds,



Ag previously mentioned, the 8-hydroxylactam (18) was pre-
pared from the 6,7,8-trimethoxy precursor by preferential
cleavage of the methoxyl ortho to the carbonyl with mineral
acid.5 In addition, Bruderer and Brossi13a and Kametani, Takano,
and Sasaki13b demonstrated that the 7-methoxyl in 6,7-dimethoxy-
3,4-dihydroisogquinoline (40) and related l-substituted deriva-
tives was selectively cleaved with mineral acid under controlled
reaction conditions to afford the monophenol (41), Similarly, the
preferential scission of the 7-methoxyl in 6,7,8-trimethoxy-3,4-
dihydroisoquinoline (42) to give the dimethoxy monophenol (43) was
reported by Brossi, Baumann, and Borer14 as well as by Kametani,
Wagatsuma, and Sasaki,l5

The selective O-demethylation of both imines (40) and (42)
has been explained by the enhanced basicity of the 7-methoxyl due
to partial loss of conjugation by preferential protonization and
the concomitant reduced basicity of the 6- and 8-methoxyls due to
their conjugation with the protonated imino group.14 Indeed, 6,7-
dimethoxy-3,4~dihydroisoquinoline (40) behaves as a carbinolamine
and, in a manner similar to 3,4-dimethoxy-aromatic aldehydes and
ketones, is selectively cleaved at the methoxyl with the highest
electron density which is meta to the carbonyl,16 In addition, it
is generally accepted that the lability of the 7-methoxyl in the
6,7,8-trimethoxy imine is influenced by steric interactions which
force the methyl of the middle methoxyl out of the plane of the
benzene ring.l7 Finally, it is most likely that scission of the
7-methoxyl occurs between the methyl group and the oxygen attached
to the aromatic ring since we recently found that preferential
cleavage of (40) and (42) with mineral acid in 180 enriched water
showed no incorporation of the isotope into the corresponding

O-demethylated products (41) and ({43).
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In view of the acid lability of the 7-methoxyl of the imines
{40) and (42), a study was undertaken to explore its potentiality
as a tool in the synthesis of phenolic isoquinoline alkaloids,

In this connection, the behavior of the isomers of the 6,7-di-
methoxy imine (40), the Ipecac alkaloid psychotrine (44), and the
benzylisoquinoline papaverine (45) in mineral acid under controlled
reaction conditions was demonstrated, The lability of the
7-methoxyl of (40) was applied to the synthesis of the simple iso-
quincline alkaloid corypalline {46) and its 8-methyl derivative
{47) as well as the rare Amaryllidaceae alkaloid cherylline (48),
In addition, investigations of the lability of the middle of three
vicinal methoxyls in model compounds and in 3,4-dihydre- and 1,2,
3;4-tetrahydroisoquinolines led toc facile syntheses of desmethyl-
mescaline (49), desmethyltrichocereine (50), the homoaporphine
alkaloid multifloramine (51), the monophenolic homoberbine (52),
desmethylthalifendlerine (53) and the Cactus alkaloids anhalonine
{2} and lophophorine (54),
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Finally, a simple transformation of commercially available
(-)-B-hydrastine (6} into the related phthalide (~}-cordrastine
II (7) was achieved by selective cleavage of the methylenedioxy
group with boron trichloride to the diphenol) (59) followed by
methyvlation. The use of boron trichloride, based on its pre-
ferential cleavage of cyclic acetals of hexitols,18 was prompted
by the recently reported de-etherification of (6) to the tetra-
phenol (55) by boron trib_romide.l9 The action of boron tri-
chloride parallels that of aluminum tribromide in nitrobenzene
which apparently complexed preferentially with the methylene-
dioxy group in the presence of methoxyls effecting cleavage of
the tetrahydroberberine (57) to the corresponding diphenol {58)20
and contrasts with that of pyridine hydrochloride which selectively
cleaved both methoxyls in (6) to afford the methylenedioxy-sub-

stituted phthalide (56}019
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Partial O-Demethylation of Dimethoxy-

substituted 3,4-dihvdroisoquinolines

Partial Cleavage of Isomeric Dimethoxy-substituted

3,4—dihydroisoquinolin9521

In view of the .preferential cleavage of 6,7-dimethoxy-3,4=



dihydroisoguinoline (40) with mineral acid to the 7-monophenol

(41),13 it was of interest to determine whether the isomeric

dimethoxy-substituted dihydroisoquinolines could also be partially

O-demethylated,

For this purpose,

the reaction conditions were

optimized to favor the formation of only one main product, as

visualized by thin layer chromatography, since the concentration

of acid and substrate as well as the reaction temperature and
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time influenced the extent of ether cleavage, Under these con-
ditions, the 5-methoxyl of the 5,6-dimethoxy imine (60) and the
5,8-diether {62} were cleaved to give the corresponding mono-
phencls (65) and (67) while the 6,8-dimethoxy isomer (63) and the
5,7-diether (64) afforded the 6-monophencl (68) and the 7-mono-
phenol (69), respectively., 1In contrast, acid catalyzed cleavags
of the 7,B-dimethoxy isomer (61) gave the 8-monophenol (66) along
with a significant amount of the corresponding diphencl,

All of the isomeric dimethoxy-substituted 3,4-dihydroisoquin-
olines, except the 5,6-iscmer (60),22 were new and were prepared
by standard methods., The 5,8-isomer (62) was obtained from 2-(2,
5-—dimethoxypheny1)ethylamin_ez3 by N-formylation followed by
Bischler-Napieralski cyclization, The isomers (61), (63), and
(64) were preferably obtained by hypochlorite oxidation24 of the
corresponding tetrahydroisogquinclines {70}25 and the heretofore
unknown 6,8- and 5,7-isomers (72) and {74), The isomers (72} :and
(74) were conveniently prepared from the known trimethoxy-substi-
tuted precursors (71)2a and (73),26 recpectively, via a modified
Birch reduction involving the eliminetion of the middle of three
adjacent methoxyl groupé#with sodium in a mixture of ligquid ammcnia
and ethanol.27 Alternatively, catalytic reduction of the 3-chloro-
substituted isoquinoline (75)28 also affprded the 6,8-dimethoxy-
tetrahydreisoquinoline (72} while demethoxylation of mescaline
(76) furnished 3,5-dimethoxyphenethylamine (77)29 which was con-
verted by N-formylation and the ring closure with phosphorus oxy-
chloride into 6,8-dimethoxy-3,4-dihydroisoquinoline (63} in pocr
yield,



; B o o ‘
Rg Meox[;:]:jfE/Cl - Meo
R, NH o S

R MeQ MeQ

8 - '

(70) R,=R_=oMe (75) - (76) R=OMe
(71) R =R =R =OMe o © U (77) RER
(72) R =R =OMe ' o
(73) R5= 6=R7=0Me

74 =R_=
{(74) R5 R7 OMe

All the monophenols (65)-(69) were isolated either as their
crystalline bases or as mineral acid salts and chafacterized by -
physical-chemical methods. The position of the phenolic hydioxyl
group was established by direct comparison with a reference com- -
pound prepared by an unequivocal route or by transformation into
a known tetrahydroisogquinoline derivative, '

The monophenol (65) was found to be identical with 5-hydroxy-
6—methoxy;3,47dihydroisoquinoline which was prepared from 2-(2-
hydroxyl-3-methoxyphenyl)ethylamine (78)30 by N-formylation
fellowed by-c¢yclization with phosphorus oxychloride, In a similar
manner, the phenethylamine (79), obtained from 2-benzyloxy-5-
methoxybenzaldehyde,31 was converted to the dihydroisoquinoline .
which by O-debenzylation with acid gave 5-hydroxy-8-methoxy-3,4-
dihydroisoguinoline, identical to the monophenol (67), In contrast,
the structure of (66) was readily established by reduction with
sodium borohydride to the known 8-hydroxy-7-methoxytetrahydroiso-
quinoline (80).26’32 l

To ascertain the position of the phenolic hydroxyl of (68), it
was reduced to the tetrahydroisoguinoline (8la), converted into

the N-formyl derivative (81lb) and reacted with 5-chloro-l-phenyl-
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1H—tetrazole to yield the ﬁetraéolyl ether (82), Hydrogenation
of (82) in the presence of palladium removed the tetrazolyl
ether group33 and the resulting monomethoxy N-formyl derivative
(83) was ‘reduced with sodium bis{2-methoxyethoxy)aluminum
hydride to a monomethoxy tertiary amine which was identical to
8-methoxy-2-methyl-1,2,3,4-tetrahydroisoquinoline (84)34 but

not to 6~methoxy—2-methyl—1,2,3,4—tetrahydroisoquinoline,35
Similarly, the monophenol (69) was transformed via (85)-(88) to
a monomethoxy tetrahydroisoquinoline which was identical to 5-
methoxy-2-methyl-1,2,3,4-tetrahydroisoquinoline {89)36 but not
to the 7-methoxy isomer.37 Further confirmation for the pres-
ence of the 7-phenolic hydroxyl in (69) was obtained from the
non-identity of the corresponding tetrahydroisogquinoline (85) to

authentic 5_—hydroxy-7--methoxy—l,2,3,4—tetrahydroisoquinoline.38
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Structure of Psychotrine and Cleavage of

.39
O-Methylpsychotrine

In contrast to the acid lability of the 7-methoxyl in 6,7-
dimethoxy-B,4-—dihydroisoquinoline,13 it has been assumed that
the 6'-methoxyl in the Ipecac alkaloid O-methylpsychotrine (90),
a substituted 6',7'-dimethoxy-3,4-dihydroiscquincline, is pre-
ferentially cleaved with mineral acid to the 6'-monophenol psycho-
trine (44), This difference in cleavage pattern prompted the
following study which confirmed the structure of {(44) but not
the preferential lability of the 6'-methoxyl in O-methylpsycho-

trine (90},



The two phenclic Ipecac alkaloids psychotrine (44) and
cephaeline (91} have been related to each other by J:educticzm40
Their absolute configuration has been established since O-methyl-
ation yielded O-methylpsychotrine (90)41 and emetine (92)40
respectively, two cther Ipecac alkaloids of known absolute con-
figuration.42 However, the assignment of the free hydroxyl
group to the 6'-position in psychotrine (44) and cephaeline (91}
has not been rigidly established since it is primarily based on
the assumption by Brindley and Pyman43 that the 6'-methoxyl in
O-methylpsychotrine {90) is the most labile of the four methoxyls
in the molecule and is preferentiaily cleaved by acid hydrolysis
to psychotrine (44) with a 6'-hydroxvl group, Pailer and
Porschinski44 lent support to this assumption when they sub-
jected O-ethylcephaeline {93) to a lengthy degradation and ob-
tained a semicarbazone which gave no melting peoint depression
with a synthetic sample of 2-ethyl-4-ethoxy-5-methoxybenzalde-
hyde semicarbazone, However, the synthesis of the latter compound
was ambigucous and reguired 5 recrystallizations to give a con-

stant melting point,
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In view of these considerations it was of interest to
rigidly establish the position of the ﬁydroxyl group of (44)
and {91) by an unambiguous synthesis of psychotrine (44) and
its 6°'-0-methyl-7'-0-desmethyl iscomer (101) which was needed
for comparison,

Condensation of the optically active tricyclic ester (94)24
with 2-(3-benzyloxy-4-methoxyphenyl)ethylamine (95)45 or 2-
{4~-benzyloxy-3-methoxyphenyl)ethylamine (96)46 gave the benzyl
ether amides (97) and (98}, respectively, Cyclization of the
latter with phosphorus oxychloride afforded the corresponding
benzyloxy-substituted 3,4-dihydreisoquincline derivatives (99)
and (100) which were debenzylated with 20% hydrochloric acid to
the phenolic bases (44} and (101}, respectively, Synthetic (44)
was identical in all respects to natural psychotrine and was con-
verted by treatment with diazomethane into C-methylpsychotrine
(90) which was also identical to the natural alkaloid, This
definitely confirmed Brindley and Pyman's assumption that the
free hydroxyl group of psychotrine {44) is in the 6'-position,
Further, since {44) has been related to cephaeline (91),41’47
this also unequivocally established the §'-position of the free
hydroxyl group of cephaeline, This was independently confirmed
by Széntay and co-worker548 who synthesized racemic {91) by a
Pictet-Spengler condensation of racemic protoemetine, obtained
by diisckbutylaluminum hydride reduction of racemic (94), with

3-hydroxy-4-methoxyphenethylamine,
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The procedure of Brindley and Pyman43 for the hydrolysis of
O-methylpsychotrine (90) with hydrochloric acid at 170° was re-
peated and the reaction mixture analyzed by thin layer chroma-
tography using psychotrine (44), O-methylpsychotrine (90) and
6'-0-methyl-7'-desmethylpsychotrine (101) as comparison samples,
As expected, the hydrolysis gave a ‘rather complex mixture con-
taining (44) and (101), as well as (90) and at least & other
components, It is evident that, in contrast to Brindley and
Pyman's postulation, selective cleavage of the methoxyl groups

does not take place under these conditions.

.4
Controlled O-Demethylation of Papaverine °

In contrast to the preferential cleavage of the 7-methoxyl
of 6,7-dimethoxy-3,4-dihydroisoquinoline with mineral acid,13
it has been reported that the benzylisogquinoline alkaloid pa-
paverine (45) is partially O-demethylated to the 6,7-dimethoxy
diphenol (106) by refluxing concentrated hydrochloric acid50
and completely de-etherified to the tetraphenol papaveroline



(108) by refluxing 48% hydrobromic acid.51 It was, therefore,

of interest to determine the relative lability of the methoxyls

of (45) to acid catalyzed cleavage under controlled conditions,
Based on these studies, the pattern of O-demethylation of

{45) with mineral acid involved first the two methoxy groups

of the benzylic side chain to afford a mixture of the mono-

phenols (102) and (103) and the diphenol (106), then the

methoxyl in the 7-position to form the triphenol {107}, and

finally the 6-methoxyl to give the tetraphenol (108). There

was no evidence that the 7- or 6-methoxyl preferentially cleaved

to the corresponding monophencls (104) and (105),
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Reaction conditions for the acid catalyzed hydrolysis of pa-
paverine (45) were optimized by thin layer chromatography using
as standards authentic samples of phenols which were obtained
as follows: The monophenols (102) to {(105) and papavercline
(108) were prepared according to literature procedures.SI’52
The diphencl (106) was obtained by a Schotten~Baumann reaction
of the hydroxy amine (109)53 with the acid chloride (110) of
3,4-dibenzyloxyphenylacetic acid54 to give the amide (111} which
was cyclodehydrated with phosphorus oxychloride to the isoqguin-
oline {112) and then O-debenzylated with acid. The triphenol
(107) was synthesized by fusion of the henzyloxy methoxy amine
(96)46 with the diphenolic acid (113) followed by benzylation



- to ‘the amide (114) which was ring-closed with phosphorus oxy-
chloride and the fesulting imine (115) dehydrogenated with pal-

1adiumland debenzylated with acid,
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Reaction of papaverine (45) with refluxing concentrated
hydrochloric acid for several hours gave a mixture of starting
material and the five phencls (102), (103), (106}, (107) and
(108) from which the diphenol (106) could be isclated in good
yield but whose physical properties differed considerably from
those reported.50 In contrast, treatment of (45) with liquid

hydrogen bromide gave a 1:1 mixture of the two monophenols (102)



and (103) as shown by nmr and glpc while refluxing 48% hydro-
bromic acid gave initially 40% of the diphenol (106) and on
longer reaction time 80% of the triphenol (107), The mixture
of monophenols (102} and (103) was transformed stepwise with the
latter reagent to afford the diphenol (106), then the triphenol
(107), and finally the tetraphencl (108).

Although these cleavage conditions provide a facile route to
some of the phenols, it is interesting that the relative resist-
ance of the 6- and 7-methoxyls of (45) to scission with mineral
acid contrasts with their lability on thermal fusion of the
hydrochloride of (45) to afford a mixture of the protopapaverines
(116) and (117).°°

c1 “o X
HO S+ ‘ R = CH2-<::2>-OMe ]:::[;:L+M ‘
~N-Me HO ZN=-Me
MeO OMe

R R

(116) (117)

. 57
Synthesis of Corvpalline56 and 8-Methylcorypalline

The simple phenolic isoquinoline alkaloid corypalline58 {46)
has been synthesized by conversion of the benzyloxy-substituted
imine (118}, obtained by cyclecdehydration of N-formyl-4-benzyl-
oxy-3-methoxyphenethylamine, into its methochloride {119) fol-
lowed by reduction,59 It has also been prepared by hydrogenation
of the condensation product (120), obtained from isovanillin and
aminoacetaldehyde diethylacetal, to form the N-benzyl derivative
{121) followed by reductive condensation with formaldehyde to the
tertiary amine (122), treatment with dilute mineral acid, and

catalytic hydrogenation_60



Alternative to the above methods, a facile route to cory-
palline (46) has now been achieved based on the acid lability of
the 7-methoxyl of 6,7-dimethoxy-3,4-dihydroisoquinoline (40).l3
Treatment of (40)61 with 48% hydrobromic acid under controlled
reaction conditions afiorded 63% of the monophenolic imine (41),
Catalytic hydrogenation of its gquaternary methiodide (123)62

ylelded directly the alkaloid (46) in 57% overall yield,
MeO MeO -
— om0
N ZN-M
C.7 H7 C . H7O e
(118) (119) \\N

EtO._ _OEt EtO OEt
MeO@D’ R MeO\/ij\\jél — MeO@C’
b -R
HO = O HO N-Me
(120) (121) R=H {46)
(122) R=Me
MeO MeO - /
_— [ | + I
RO 3 = N-Me
{40) R=Me (123)
{41) R=H

Az an extension of the utility of preferential O-demethyl-
ation, the now readily accessible monophenol corypalline (46)
was converted into 8-methylcorypalline (47) and its O-methyl
ether, This was prompted by the structural resemblance of (47)
with 1-(4-methoxybenzyl)-2,8-dimethyl-7-hydroxy-6-methoxy-1,2,
3,4-tetrahydroisoquincline, a major cleavage product of the bis-

benzylisoquincline alkaloid repanduline with potassium in
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1iguid ammonia63 which has been synthesized by a rather lengthy
procedure.64 In contrast, the following simple and efficient
method was used to introduce an 8-methyl substituent into a 7-
hydroxy-6-methoxy—~tetrahydroisoquinoline and inveoclves the thio-
methylation reaction of Poppelsdorf and Hblt65 followed by re-
ductive desulfurization of the phenyl-thiomethyl intermediate,
Reaction of corypalline (46) with formaldehyde and thio-
phenol provided the thio derivative (124), Treatment of (124)
with excess Raeney nickel  in ethanol afforded directly 8-methyl-
corypalline (47) which was converted with diazomethane into its
O-methyl ether (127), The structures of the new tetrahydroiso-
guinoline (124), (47), and (127), supported by physical data,
were confirmed by an independent synthesis of (127). Reductive
condehsation of 3,4—dimethoxy—2—methylbenzaldehyde66 with amino-
acetaldehyde dimethylacetal yielded the substituted benzylamine
{125) which was cyeclized to the tetrahydroisogquinoline (126)
followed by reductive condensation with formaldehyde to 6,7-di-

methoxy-2,8-dimethyl-1,2,3,4-tetrahydroisoquinoline, identical

to {127},
MeO 2 MeD Z ] MeQ
| ——
c 5
H2 S C6 HS Me
(46) (124) L(am)
v
MeQ OMe
Me \g MeO MeO m
_— —
NH -
MeO Meo:[;:l:::LH MeO ] N-Me
Me Me Me

(125) (126) {127)

]
=3



The Synthesis of CherylliﬁeG7

An interesting application of the preferential cleavage. of
the 7-methoxyl of 6,7—dimethoxy—3,4—dihydroisoquinolinel3 is
given by the synthesis of cherylline (48), The latter, a 4-
phenyl-substituted 1,2,3,4-tetrahydroisoquincline and a new
representative of the rare phenolic Amaryllidaccae alkaloids,
was recently isolated, its structure determined and its absolute
configuration established.68 The preparation of (+)-cherylline .
(138) as weli as the first synthesis of the natural alkaloid
{48) and its unnatural isomer {149) was accomplished as follows.

Based on standard methods,69 the benzophencne (128), ob-
tained by condensing veratric acid and .phenol in the presence of
polyphosphoric acid, was converted to the benzyloxy ketone (129)
and reduced teo the benzhydrol (130) with sodium borohydride,
Treatment of (130) with thionyl chloride yielded the chlorc de-
rivative (131) which was converted to the nitrile (132) with
cuprous cyanide followed by hydrogenation in the presence of
Raney cobalt to the phenethylamine (133}, Bischler-Napieralski
cyclization of the N-formyl derivative (134), obtained from (133)
and methyl formate, followed by debeﬁzylation with conc, hydro—
‘¢hloric acid at 25° gave the 6,7-dimethoxy dihydroisoquinoline
{135), Selective O—demethylatién of (135) with 48% hydrobromic
acid at 100° for 6 hr yielded the 6-methoxy-7-hydroxy derivative
(136), Sodium borohydride reduction of (137), obtained from
(136) and methyl iodide, afforded (+)-cherylline (138) whose uv,
nnr and mass spectra and chromatographic behavior were identical

to a sample of natural cherylline.68



OR

MeO g o
MeO
(128) R=H | (130) R=OH fe. 0 (135) R=Me
= = 136) R=H
{129) R C.H, (131} R=Cl ( )
(132) R=CN
(133) R= -CHNH, - K ’
(134) R= -CH,NHCHO. Vi
OH o ' _ OH

MeO ‘ i ‘ MeO O + I-
B O -Me HO ~N-Me

(138) (137)

A

The synthesis of cherylline (48) and its unnatural isomer
(149) was accompiished via resolution of the (*)-phenethylamine
{133). Treatment'of (133) with (—)—diacetone-Z-keto-L-gﬁlonic
acid70 in isopropancl afforded the diastereomeric salt (139a),.
Treatment of the mother liquors (as the free base) with (-}-di-
O-p-toluoyl-D-tartaric acid in acetone yielded the diastereomeric
salt (140a), Each of these was converted to the corresponding
crystalline hydrobromides (139b) and (140b) whose ORD and CD
spectra were exact mirror images, From this point; the syn-
thesis was carried out by the procedures described for (138).

The (+)—phenethylamine‘(l§9b) gave the dextroroctatory



(133)

0C,H,
Meo /’l CH_NHR
~ 2
MeO
H P COOH
H O '
{139a) R=H- C02H (140a) R=H. HCOzceHﬁMe{p)
|
O O H :
M>< (p)MeC6h4OZCCH
e Me |
COCH

(139b} R=H.HBr (140b)
{141) R=CHD (142) y

{143} R=Me-.HC1 (144)
{145) R=H (146)
{147} R=H-Mel (148)

H
MeO 3

{149) {48)



intermediates (141), (143),(145) and (147), all of which ex-
hibited negative Cotton effects in their ORD spectra while the
(-)-phenethylamine (140b) furnished the antipodes (142), (144),
(146) and (148) which showed positive Cotton effects, Reduction
of the quaternary intermediate (147) was accompanied by inver-
sion of the Cotton effects and afforded unnatural cherylline
(149) of R-configuration, By the same procedure (148) was con-
verted into the (-)-tetrahydrodisoguinoline (48) identical in
mmp, chromatographic behavior, uv, nmr, ORD, CD and mass spectra

to natural cherylline.68

Partial O-Demethylation of 1-(Trimethoxy-
subgtituted) 6,7-dimethoxy-3,4-dihydro-

and 1,2,3,4-tetrahydroisoguinolines

Cleavage of Mescaline71 and Tric:hocereine72 as

Model Compounds

The lability of the middle of three vicinal aromatic
methoxyls to mineral acid has been previously demonstrated for §

7,8—trimethoxy—3,4—dihydroisoquinoline.14’15

The utility of
this finding was evaluated on simpler model systems, Thus, the
trimethoxy-phenethylamine alkalcids mescaline (150) and its N,
N-dimethyl derivative trichocereine (151} upon treatment with
20% hydrochloric acid under controlled reaction conditions
afforded 64% of desmethylmescaline (49) and 74% of demethyl-
trichocereine (50), respectively, Evidence that scission had
indeed occurred at the middle methoxyl was cbtained by the id-
entity of the cleavage product (49) to an authentic sample pre-
pared by condensation of syringaldehyde with nitromethane fol-
lowed by lithium aluminum hydride reduction.73 Further, the
product obtained by reductive condensation of (49) with formal-

dehyde was identical to the monophenol (50),.
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MeO
MeO - i:l] R
Me(Q~ ™ N JHC1 : : . \\R
\R MeQ

MeO _
(150) R=H (49) R=H
(151) R=Me (50) R=Me

Preferential Cleavage of 1-{Trimethoxyphenethyl)-
3,4-dihydro- and l.gL3,4~tetrahxdroisoduinolines74

The diphenodlic tetrahydroisoquinocline {154}, shown by
Battersby and'co-workers75 to be an important precurscor of the
novel homoaporphine alkaloid multifloramine (51), has been syn-
thesized by standard methods by Kametani and associates,76
It was, therefore, worthwhile to consider preferential O-demethyl-
ation with mineral acid as an alternative route to the precursor
(154), In view of the acid labkility of the middle of three

14,15,71,72

vicinal methoxyls and of the 7-methoxyl in 6,7-di-

mEthoxY-3,4~dihydroisoquinolinesl3’56’67

it appeared likely that
the pentamethoxy-substituted 3,4-dihydroisoquinocline (152) could
be selectively cleaved at the 4',7-positions to afford the cor-
responding diphenol (153} which could then be readily converted
into the desired tetrahydroisoquinoline {154), Based on these
considerations, the action of mineral acid under controlled con-
ditions on various 1-(3,4,5~trimethoxyphenethyl)-3,4-dihydro-
and 1,2,3,4-tetrahydroisoguinolines, all obtained by standard

74 . .
methods, was investigated,
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MeO MeO
I
HO N-Me 28] L N=-Me

MeO
HO ii.

MeO” 3 OMe Me0” ™y~ " OMe OMe
OK OH
(152) R=Me (154) ‘ (51)
(153} R=H

Treatment of the pentamethoxy-substituted 3,4-dihydroisco-
guinoline {152) with liquid hydrogen bromide cleaved the 4'-
methoxy to give the monophencl (155) while 62% hydrobromic acid
at 100° for 15 min, and at reflux for 2 hr gave the tetraphenol
(157) and the pentaphencl {159), respectively. Based on the
known greater lability of a benzyloxy function than a methoxyl
to mineral acid,T7 the structures of (15%) and (157) were es-
tablished by their identity to the mineral acid cleavage products
of the corresponding benzyloxy derivatives (156) and (158) ob-
tained by standard methods:; whereas that of {159) was confirmed
by scission of the monomethoxyl of (157} with refluxing hydro-
bromic acid, In addition, the 4'-methoxyl of the pentamethoxy-
substituted 1,2,3,4-tetrahydroisoquinoline {(160) was cleaved
with refluxing 20% hydrochloric acid to the corresponding.mono-
phenol (161) which was also obtained by acid catalyzed debenzyl-

ation of the monobenzyloxy derivative (162).
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(152)

MeO HD
MeO OMe HO 0 OH
(155) R=H {157) R=H
_ ~ (159)
{156) R—-C7H7 {158) R.—C?H.7

MeO MeO g
O -Me M eo N —Me

MeO
—_—
MeO 0 OMe MeO O OMe
OMe OR
(160} {l61) R=H

(162) R=C7H.7

In view of this unexpected stability of the 7-methoxyl of the
3,4-dihydroisogquinoline (152}, the corresponding 7-benzyloxy
tetramethoxy-3,4~-dihydroisoguinoline (163) was reacted with 20%
hydrochloric acid under controlled conditions, At room tempera-
ture for 10 days, (163) was selectively cleaved at the benzyloxy
function to afford in excellent yield the monophencl (164)
while at reflux the 4',7-diphencl (153) was formed, The latter
was also obtained by controlled acid hydrolysis of either the

monophenol (164) or the dibenzyloxy derivative (165). In a
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similar manner, the 7-benzyloxy-tetramethoxy-tetrahydroisoguin-

oline (166) was hydrolyzed by mild treatment with 20% hydro-

chloric acid to the 7-hydroxy derivative (167) or under more vig-

orous conditions to the desired 4',67-diphenol (154}, The latter

was also obtained from the monophencl (167) or the dibenzyloxy

intermediate (168) by controlled reaction with acid,

MeO
KO
MeO O OMe

OMe

(164)

MeC

HO @ N-Me
MeO ! OMe

OMe

(167)

MeO
O ~
C_7 H70

4 1
e
MeO OMe RO N

OMe

/ (163) \

ne
~N-Me
C7I-LIO
MeO I OMe

OMe

l// (166)
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Based on the partial ether cleavage study which demonstrated
that the benzyloxy and the 4'-methoxy groups were the most
labile while the 6-methoxyl was the most stable to acid cata-
lyzed hydrolysis, the diphenolic multifloramine precursor (154),
previocusly obtained by-a multistep procedure,76 was synthesizea
by the following straightforward éequences. Since free phenols
need not be protected in the Bischler-Napieralski reaction,
the hydroxy-phenethylamine78 {169) and the trimethoxy-phenylpro-
pionic acid (170),79 both obtained by improved procedures, were
fused to give the amide (171). Cyclodehydration of (171) with
phosphorus oxychloride to the monophenolic imine (164) followed
by treatment with 20% hydrochloric acid under controlled re-
action conditions effected cleavage of the middle of the three
methoxyls to yield the diphenolic dihydroisoquincline (153)
which was converted intc the methobromide (172) and catalytic-

ally hydrogenated over platinum to the desired diphenol (154),

Meo:[::j/NW + C02H MeO MeO
HO NH2 ;
(169) — —
MeO OM
OMe
(170}

MeO
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Synthesis and Absolute Configuraticon of Multifloramine80

As shown in the preceding study, the diphenoclic tetrahydro-
isoquinoline (154), an important precursor of the novel homo-
aporphine alkalocid multifloramine (51),-75 was obtained by a
straightforward synthesis based on preferential O-demethylation
Since Kametani and co—workers76 have reported the oxidative con
version of (154) to the dienone (173), the penultimate inter-
mediate for racemic multifloramine, it was of interest to re-
solve (154) and prepare natural (-)-multifloramine (51) as

well as its unnatural isomer,

MeC O Me( MeO »
HO N-Me HO N-Me BO I/N—Me
MeO - i
—— MeO o
(0] = |
< "3
OMe
Me0 OMe OMe
GH
{154} (173) {(51)

Optical resolution of (154} with a number of optically
active acids was unsuccessful, However, the related dibenzyleoxy
derivative (174), obtained from the corresponding 3,4-dihydro-
isoquinoline (165) by sodium borohydride reduction, was readily
resolved with di-O-p-toluoyl-D-tartaric acid, Crystallization
of the tartrate from acetonitrile gave the levorotateory salt of
(175) whose hydrochloride was dextrorotatory. Conversion of the
tartrate mother liquors to the hydrochloride followed by crystal-
lization from acetonitrile yielded the levorotatory enantiomeric

hydrochloride of (176). Reductive condensation of (175) with
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formaldehyde in the presence of Raney nickel resulted in simul-

taneous N-methylation and debenzylation to afford the levorota-
tory diphenol {177). Similar treatment of (176) yielded the

dextro-isomer. (178).
NG
~-N
C,iH?O
MeO O OMe

OC_H,
(165)

NG
NH
C,H,0

(177)
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In order to determine the absolute configuration of the
enantiomeric diphenols, the dextrorotatory antipode (178) was
fully methylated by treatment with diazomethane to the dextro-
rotatory pentamethoxy-tetrahydroisoquinoline (179), isolated
as its hydrobromide, The latter exhibited an ORD spectrum
which was similar, but with opposite Cotton effects, to the
spectrum of the hydrobromide of dimethoxytetrahydroisoquin-
oline (180) whose absolute configuration had been established
as R, Further, since comparison of the ORD and CD spectra of
the dextro-base (179) and the R-levo-base (180) showed that the
two compounds were mirror images of each other (Fig, 1), it fol-
lowed that (179) had the S-configuration at its asymmetric
center, Based on this assignment, the interrelated enantio-
meric diphenols {177) and (178) as well as their dibenzyloxy
precursors {175) and (176) possess the R- and S-configurationms,
respectively (Table I),

23

-
-3

-3

Molegular Rotatioa |G| z10
Molecular Ellipticity {&) x 10

A tnm 1
200 250 300 350 400 450

rig, 1. ORD {(-) and CD (---) Curves of {179} (e ¢,1785, MeCH)
and (180) (c 0.1565, MeOH},
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Table 1

Configuration and Specific Rotation

of Resolved Tetrahydroiscquinolines

R configuration

MeQ

8 configuration

salt Base
SETUCEURe | contig- o (q25° | 1P oF PP (25
Compd 1 2 luration|Mp, ¢ D {mm},°C D
(175)| Cc,H, H R 129-130° ~51°
160-161° | +8.0° a +12,8°
(176)| ¢ B, H s 160-161 | -8.0° a -13,0°
1(177)] H  Me R 220-222%1 -32.0°| 62-63 | -27.0°
(178)] H  Me s 220-222% | +32.5° | 62-63 | +27.0°
(179} Me  Me s 170-171% | +12,8° %50-2?5 +4.8°
.07

aDetermined as 1% solution in methanol,

bDi—O-p-toluoyl-D—tartrate.

cHydrochloride.

Aot distilled.

eHydrobromide.
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The isomeric diphenols (177) and {(178) were transformed
into the enantiomeric multifloramines (51) and (183), respect-
ively. Oxidation of (177) with aqueous ferric chloride
afforded the dienone (18l) whose nmr spectrum was in excellent
agreement with the chemical shifts reported for the racemic
dienone.76 Upon treatment with concentrated sulfuric acid,
(181) rearranged to the levorotatory isomer of R-configuration
{51}, identical to the natﬁral alkaloid75 multifloramine by
mixed melting point and optical rotation, By the same sequence
of reactions, dextrorotatory unnatural multifloramine (183) was
obtained from the diphenol (178) by oxidation to the dienone
(182) followed by acid rearrangement (Table 2),

{178) (182) (183)
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Table 2

Configuration and Specific Rotation of
Optically Active Dienones (ﬁ) and

Multifloramines (E)

A B
LY -
Base
25b

Compd Structure Configuration Mp °C {a]D
(181) A R 243-244 -49,5°
{182) A s 241-~242 +50,0°
( 51) B R 215-216 -111.5°
(183) B S 214-215 +112,0°

a ; . . . .
Only the R-configuraticn is represented in formula A and B,
- A

bDetermined as a 1% solution in methanol,.
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The optical rotatory dispersion spectra (Fig. 2) and the
circular dichroism spectra (Fig, 3) of natural multifloramine
(51) and the unnatural isomer (183) are mirror images of each
other, It is of interest to note (Fig., 2) that, although (51)
is levorotatory at the sodium D-line, the Cotton effects bé—
tween 250 and 320 nm are dextrorotatory. In contrast, the 1-
phenethyl-substituted tetrahydroisoquinolines {179) and (180)
exhibited [c(]D values and Cotton effects of the same sign,
This is probably due to the difference between a relatively

rigid cyclized structure and an open-chain compound.

200

100
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Molecular Rotation |0| x 10
I
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Fig. 2, ORD Curves of (51) and (1B3] (e 0,372, MeQH),
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Synthesis of 10-Hydroxy-2,3.9 11-tetramethoxy-
82,83 S

homoberbine

Another example of the labkility of the middle of three
vicinal methoxy-substituted tetrahydroisoquinolines toward
mineral acid under controlled reaction conditions was provided
by a study of the homoberbines {184), a new class of hetero-
cyclic compounds which are homologs of the tetrahydroprotober-
berines {(berbines) but have not as yet been isolated from
natural sources, However, it was of interest to synthesize a
few representative homoberbines especially since they could be
derived from phenethylisoquinolines (185), some of which have

been shown to be biogenetic precursors of the homoaporphines
(186).7°



N
B 1 @ N-R 1 \Im

N-R
«— —_—
9
13

11 R, \ @ %

(184) (185) - (186)

Based on the classical Mannich type reaction for the pre-
paration of berbines, the pentamethoxy-~substituted homoberbine
(189) was obtained from the previously described pentamethoxy
3,4-dihydroisoguinoline (152) by sodium borochydride reduction
to the corresponding tetrahydroisoquiholine (187) followed by
condensation with formaldehyde in the presence of mineral acid,
The mass spectrum of (189) showed the expected molecular ion
(M+) and the (M—l)+ as well as main cleavage corresponding to
ions (A) and (B).

Treaﬁment of the pentamethoxy-homoberbine (iSQ)_witﬁ 20%
hydrochloric acid for 2 hr at reflux effected selective scission
of the middle of the three methoxyls to afford the 10-hydroxy-
substituted homoberbine (191) in 64 % yield., The structure of
the latter was confirmed as follows, The previously described
benzyloxy-imine (156) was reduced to the tetrahydroisoguinoline
(188} followed by condensation with formaldehyde in acetic acid,
according to the procedure of Kametani and co-—workers84 for min-
eral acid sensitive functions, to the benzyloxy homoberbine (190)
O-Debenzylation of (190) with acid afforded the identical mono-
phenol (191) cbtained by preferential cleavage of (189),
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Partial O-Demethylation of 6,7,8- and 5,6,7-Trimethoxy-

substituted 1,2,3,4-tetrahydroisoquinolines

Cleavage of Model Compounds85

The selective cleavage of the middle of three vicinal
methoxyls by mineral acid under controlled reaction conditions
has been demonstrated in the preceding chapter for l-(trimethoxy-
substituted) 6,7-dimethoxy-3,4-dihydro- and 1,2,3,4-tetra-
hydroisoguinolines and has been reported by Brossi and co-
workers and by Kametani and associates15 for 6,7,8-trimethoxy-
3,4-dihydroisoquinolines, It was, therefore, of interest to de-
termine the behavior of 6,7,8- and 5,6, 7-trimethoxy-substituted

1,2,3,4-tetrahydroisoquinolihes toward mineral acid,
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For this purpose, the simple alkalecid anhalinine (192)2.
was treated with 20% hydrochloric acid under reaction con-
ditions optimized to favor the formation of a minimum of pro-
ducts as visualized by thin layer chromatography, Under these
conditions, a mixture of hydrochlorides was obtained which was
separated to give 60% of the starting material (192), 21% of
the 7-monophencl (193),86 4% of the B-monophencl anhalamine
(194) hydro'chlorides’15 and 4% o6f the diphenclic tetrahydro-
isoguinoline (195) hydrochloride, Similarly, the l-methyl-sub-
stituted alkaloid (x)-O-methylanhalonidine (196) hydrochloride87
vielded 48% of unchanged (196), 20% of the 7-monophenol {197),14
5% of the B-monophenol anhalonidine (3)5 and 6% of the 7,8-di-
phenol (198),

MeO Mel MeO MeO.,
e ‘/\T - e I/\’ + + ]
MeO ~ | NH HO 7~ | NH MeO NH B0 : NH
R =0 R ‘HO R

MeO R MeO
(192) R=H {193} R=H (194) R=H (195) R=H
{196} R=Me (197) R=Me (3) R=Me {158) R=Me

In contrast to the secondary amines (192) and (196) which
formed mixtures of phenolic products that could not be avoided,
the corresponding tertiary amines O—méthylanhalidine (199)88
and racemic O-methylpellotine (201)2 when treated with 20%
hydrochloric acid under the same conditions were O-demethylated
at the middle methoxyl group to afford 81% of (200) and 72% of
(202), respectively, as hydrochlorides, Similarly, the 5,6,7-
trisubstituted tetrahydroisoguinoline (;)-thalifenderline {(203)

. . ' 20
hydrochloridesg-yielded the corresponding 6-phencl (53},
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(199) R=H (200) RrR=H (203) R=Me
{201) R=Me (202) R=Me (53) R=H

Synthesis and Absolute Configuration of Anhalonine

and Lophophorine91

The previous study on the preferential O-demethylation of
6,7,8-trimethoxy-substituted 1,2,3,4-tetrahydroisoquinolines
with mineral acid demenstrated that, in contrast to the N-methyl
derivatives which were selectively cleaved at the 7-methoxyl,
the corresponding secondary amines gave mixtures of the 7- and
8-monophenols and the 7,8-diphenol,85 This finding has now
been utilized for a novel and simplified synthesis of two of the
major cactus alkaleids, anhalonine (2) and lophophorine {(54),
heretofore obtained by a route (see Introduction) that formed
isomeric intermediates which required separation°3

For this purpose, the reaction conditions previously noted
for the preferential O-demethylation of {+}-0O-methylanhalonidine
(196) were modified by extending the treatment time with 20%
hydrochloric acid to afford the key intermediate 6-methoxy-7,8-
diphenol (198) in 57% yield, Reaction of {(198) with ethyl
chloroformate yielded the diphenclic carbamate (204) which was
condensed with dibromcmethane in dimethylformamide according to
the procedure of Tomita and Aoyagi92 to the methylenedioxy ure-
than (205), Base~catalyzed hydrolysis of (205) gave racemic an-
halonine (206) whereas lithium aluminum hydride reduction of

(205) afforded racemic lophophorine (207), Alternatively, (207)
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was obtained by reductive condensation of (206) with formalde-
hyde in the presence of Raney nickel catalyst., Resolution of
(206) with (-)-tartaric acid according to the procedure of
Sp;th and Kesztler3b afforded the alkaloid anhalonine (2)3b’93

which was transformed by N-methylation into natural lophophor-
. 3b, 93 ’
ine (54),

MeO MeO MeQ MeO
—— e .
RO H R,0 -C0,Et 0 -R 0 YR
RO RZO Me L 0 Me L 0 H Me

Me
{196) R=Me (204) R1=R2=H {206) R=H (2) R=H
{198) R=H {205) Rl+R2=CH2 (207) R=Me (54) R=Me

In connection with a related study on the tetrahydroiso-
guinoline alkaloid (+)—O---rnethylanhalonidine,91 a single-crystal
X-ray analysis established that anhalonine (2} hydrobromide
possesses the S-configuration (Fig, 4). This confirmed the
assignment made by Battersby and Edwards94 using the method of
optical rotatory shifts wherein the negative molecular rotation
of {2) and (54) decreased with increasing polarity of the sol-
vent, The similarity of the ORD and CD spectra of (2) and (54)
provided verification that lophophorine (54) possesses the S-

configuration,

Fig. 4. Stereodrawings Illustrating the Absclute
Configuration of Anhalonine (2) as

Determined by X-ray Analysis of (2}HBr,
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Preferential cleavage of an Aromatic Methglenedioxx Group
in the Presence of Methoxyls with Boron Trichloride95

In connection with recent studies on the transformation of
phthalide alkaloids, it was reported that boron tribromide was
an excellent reagent to effect complete O-dealkylation.19 In
contrast, it has now been ascertained that the Lewis acid boron
trichloride can be used to preferentially cleave an aromatic
methylenedioxy group in the presence of methoxyls, The select-
ive action of this reagent was demonstrated on model compounds
and - applied to a facile synthesis of a phthalideisoquinoline,

Although boron trichlofide has been utilized in the scission
of cyclic acetals of hexitols18 and in the partial de-etherif-
ication of certain podophyllotoxins,96 it was only effective

in cleaving an aromatic methylenedioxy group in the presence of

aromatic methoxyls under controlled reaction conditions, The
type and extent of de-etherification of model compounds treated
with boron trichloride in methylene chloride was influenced by
the ratio of substrate to reagenf as well as the reaction temper-
ature and time, By proper selection of conditions, cleavage of
a methylenedioxy group in preference to aromatic methoxyls could
be achieved, For example, treétment of the 4,5-methylenedioxy-
o-xylene (208)97 at room temperature with 1 or 2 equivalents of
boron trichloride for 64 hr and 3 hr, respectively, gave the
4,5~dimethylcatechol (209)98 in 80% yield, while ether cleavage
of the 4,5-dimethoxy-o-xylene (210)98 required higher temper-
atures or longer reaction times, Similarly, while the methylene-
dioxy-substituted isoquinoline (211)99 and its methoxy analog
papaverine {(45) were converted by treatment with 2 molar equiv-
alents of the reagent for 5 hr at room temperature into a mix-
ture of phenolic materials, onlyl(zll) was cleanly cleaved at 4°
to yield 78% of the 3',4'-0-desmethylpapaverine (106)49 whereas
{45) was recovered unchanged,
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T — 0 i
MeQ \( MeO N MeD -
H
2 CHy cH,
! o OH OMe
o_/ OH OMe
{211) (106) (45)

To further illustrate the synthetic applicability of pre-
ferential O-demethylenation with boron trichloride to isoquin<
oline alkaloids, commercially available (-)-g-hydrastine (6) was
treated with 2 moles of the Lewis acid in methylene chloride at
room temperature for 6 hr to afford 81% of the dimethoxy diphenal
(59). Reaction of (59) with diazomethane afforded the recently

described tetramethoxy phthalideisoguinoline (-)}-cordrastine II

(7y.%°
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Conclusions

The utility of preferential O-demethylation with mineral
acid and preferential O—demetﬁylenation with boron trichloride
as tools in the synthesis of certain isoquinoline alkaloids has
been demonstrated, This approach provides a simple route to
phenolic isoquinolines usually obtained by cumbersome multistep
procedures, However, it is limited to specifically substituted
starting materials,

A variety of simple and complicated polymethoxy-substituted
3,4-dihydro- and 1,2,3,4-tetrahydroisoquinolines have been pre-
ferentially O-demethylated with mineral acid under controlled
reaction conditions, The lability of the 7-methoxyl in 6,7-
dimethoxy-3,4-dihydroisocquinoline was utilized in the novel syn-
thesis of the monophencolic alkaloids corypalline (46} and
cherylline (48) and studies of the cleavage of the middle of
three vicinal methoxyls resulted in the facile synthesis of the
homoaporphine alkaloid multifloramine (51) and the catcus al-
kaloids anhalonine (2} and lophophorine (54). In addition, the
potential of selective O-demethylation for further transforma-
tions was indicated by the conversion of corypalline (46) into
its B—methyl-substituted derivative (47},

wagver; the usefulness of preferential O-demethylation as
a synthetigttaol is limited not only by the necessity of em-
pirically establishing the optimum reaction conditions for each

polymethoxylated isoquinoline but also by the influence of all
the substituents on the cleavage pattern, For example, whereas

the 6-methoxyl in 6,7-dimethoxy-3,4-dihydroisoquinolines was
the most stable to acid catalyzed hydrolysis, the preferential
cleavage of the 7-methoxyl was not always possible. This was
shown by the acid cleavage of the Ipecac alkaloid O-methylpsy-
chotrine (90) which gave a complex mixture of phenols and by

the lability of the methoxyls of the benzylic side chain of
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papaverine (45) as well as by the facile scission of the three
vicinal methoxyls in 6,7-dimethoxy—l-(3,4,Sftfiméthoiyﬁhénethyi)
-3,4~dihydroisoquinoline (152), Further, althoﬁgﬁ;aeéﬁééhyii
mescaline (49), desmethyltrichocereine (50), thefmoh8§ﬁagolic]_
homeoberbine (52), and desmethylthalifendlerine (535=w€£é &éfived
from their methylated precursors by preferential‘cleééagé of the
middle of the three vicinal methoxyls, controlled minéral acid
treatment of the 6,7,8-trimethoxy-substituted tetrahydféisoéuin—
olines anhalinine {(192) and O-methylanhalonidine (196) gavé mix—
tures of the 7- and 8-monophencls and the 7,8—diphenoi. In?céﬁ-
trast, the corresponding N-methyl derivatives (199) and (20i)l:
afforded the expected monophenols (200) and (202), respecﬁive%y,
Finally, the preferential cleavage of a methyleﬁedioxy gréup
in the presence of methoxyls with boron trichloride under con-
trolled reaction conditions was demonstrated for model compounds
as well as by the facile conversion of the phthalide alkaloid
(-)-B-hydrastine (é) into {-)-cordrastine II (7)., This action
of boron trighloride in methylene chloride, paralleling that of
aluminum tribromide in nitrobenzene, provides a facile method
of converting one alkaloid into another with retention of con-
figuration, However, its general applicétion is limited by the

availability of starting materials,
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