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ABSTRACT

The synthesis of protoberberines:developed in this laboratofy .
by Kiparissides haéAbeen studied in greater detail. The‘key inter- |
mediate in this synthesis 1s formed by the condensation of 3,4-dihydro-
6,7-dimethoxy-N-(2,3-djmeth0kybenzy1)-1soquino11n1um chloride with the
anion of methyl methylthiomethylsulfoxide. Careful chromatography of
the product has established that it is a comh]ex mixture of diastereomers.
" The separated fractions were 1nd1vidua11y cyclized to dihydropalmatine
ch]oride,wﬁich was isolated in crystalline form directly from the reaction
mixturé. This quarternary salt was reduced directly to tetrahydropalmatine,
and also used in the synthesis of corydaline.

This work has also shown-that isoquinolines may be substituted for

3,4-dihydroisoquinolines as starting materials in the synthetic seguence,
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CHAPTER 1

INTRODUCTION

1.1 Historical Background

Alkaloids are naturally occurring nitrogenous bases, widely
distributed in plants. These compounds are usually heterocyclic, and
caﬁ display a variety of structural features.

Of interest in this thesis are specific members of the proto-
berberine group of alkaleids. These compounds belong to the isoquinoline
family of alkaloids, and contain within their structures an isoquinoline
1 or hydroisoquinoline ring system. For the purpose of nomenclature,

-

they are considered derivatives of the dibenzo [a, 9] quinolizidine

system 2. -
5. 4
6 X3
7 AN
8 ) 2
1




In nature, most protoberberine alkaloids exist either as

tetrahydroprotcberber1nes 3, or as quarternary berberinium sa]ts 4.

R = -OH, ~0CHz, -0-CHy-0-

Substituents are usually present at C-2 and C-36nlaromatic

=11

ring A, and either at C-9 and C-10 or at C~10 and T dromatic ring

D, the former being more-common. A]sb known are ‘compounds where a
hydroxy] or methoxyl substituent is bresent at Cc-1, aﬁd an alcoholice
h}aroxyT may be found at C-13 or at C-5. In some protoberberines, a
methyl grbup 1s present at C-8 or C-13, and more recently, quarternary
N-methyl tetrahydroprotoberberine salts, as well as N-oxides have been
reported (1, 2). |

The final step in the structural elucidation of natural products

was traditionally the total synthesis. Although modern instrumental

-




- " . . "
techniques can now be used to.determine unambighous]y both fﬁe'structure
and stereochemistry of natural products, synthetic stud1es still present
a challenge to the organ1c chemist. “In the context of this thesis, they
are useful for the development of new synthetic reactions and’ 1nter-
mediates, and in the synthesis of non- -naturally occurr1ng“1somgrs.

In assembling the protpberﬂerine skeleton, three classical
synthetic reactions .are tommonly used, as well as numercus comtemporary
methods, one of which has been developed in our laboratories in recent
yearé. The three traditional synthetic routes to protoberberines will
now be examined, fol]owedlby a brief summary of same of the maore con-

temporary methods,

1.2 Traditional Synthetic Routes to the Protoberberines

The three synthetic reactions which” are of interest here are the
Bischler-Napieralski reaction (3), the Pomeranz-Fritsch cyclization (4, 5)
and the Pictet—§peng1er synthesis which is now recognized as a specific

example of the Mannich reaction (6);

1.2.1 " The Bischler-Napieralski Reaction

This reaction consists of a‘dehydrative cyclization which can
be used (a) to form ring B from an amide 5 and yield a benzy11soqu1nol1ne
_,v1ntermed1ate 6. or (b) to form ring B from a lactam 7 in the final step

" of construction of the protoberberine skeleton.

.- ._.__..__L_‘___ .

”

T e o e -



(b) .
CH30 .
BZODO/.\'L 1) POC]3‘-
o . 2) NaBH,
0Bz 3)H+
7 UCH3 <

SCOULERINE

Tani and co-workers (7) in a more recent application of the
Bisch]er-Napieraﬁski reaction, have used the brominated tetrahydro-
benzylisoquinoline formamide 8 to ring-close regiospecifically to yield

the desired 2,3,9,10-substitution pattern required in the total synthesis

/



1) NaBH
2} HCI

4

3) LiAlH

4

Y

SCHEME 1




1.2.2 The Pomeranz-Fritsch Cyclization

~This reaction, as proposed independently by Pomeranz (4) aqd
Fritsch (5), was a two-step synthesis to isoquinoline 1. In the first
step, a Schiff base 12 is formed by the reaction of benzaldehyde 10 |
‘with aminoacetaldehyde diethy] acefa] 11. Cyclization of the benzyl-

aminoacetal was effected with sulfuric acid (Scheme 2).

HC(OEe)

\?H2
CHO CHZ
12

10 11

H250q AN
o ZN

1

SCHEME 2




Although the yields of the synthesis are usuaily below 50%,
the.Pomerénz-Fritsch cyciization is of;importance in the context of this
thesis, as it offers the possibility of preparinﬁ isoquinolines with
substitution patterns difficult to obtaiﬁ by the Bischler-Napieralski
or Mannich syntheses, For example, the Pomeranz-Fritsch cyclization
should allow for the preparation of ihe isoquinoline 14 1in tﬁo steps

from the 2,3-disubstituted benzaldehyde 13.

1) H,NCH,CH{OEE), N

HF -
CH30 o 2 CHg0 A

0Bz OH

A

In 1965, Bobbitt and co-workers (8) realized that yields in the
Pomeranz-Fritsch reaction could be greatiy improved if the Schiff base
12 was first reduced before acid-catalyzed cyclization. In 1975, Dyke
and Tiley (9) used the Bobbitt modification of the Pomeranz-Fritsch
cyclization in the tctal synthesis of tetrahydroberberastine. In their
synthesis, the deoxybenzoin 15 was condensed with aminoacetaldehyde
dimethyl acetal, and the resulting Schiff base reduced with sodium
borohydride to give the amine 16. A Mannich reaction vide infra using
formaldehyde was then carried out to form ring C. This was followed by

an acid-catalyzed Pomeranz-Fritsch cyclizatioh, which completed the



X
"

8.
synthesis of the pratoberberine skeleton (Scheme 3).
e
| 0CH3
0 _
<0 1) NHpCHyCH(OCH3), - <U O
2) NaBR, -0 :
0Bz OH
15 0CHs 16 ol

TETRAHYDROBERBERASTINE

SCHEME 3




1.2.3 The Intramolecular Mannich Reaction

As early as 1911, Pictet and Spengler (10) had J!veloped;an
ingenious reaction which would, later in history, be recognized as a
special example of the Mannich reaction (6)}. Today, this'intramoﬁecular
Mannich condensation is known to be the most general method for pro-
ducing a wide variety of tetrahydroprotoberberine alkaloids.

In its earliest form, the Pictet-Spengler reaction involved
the condensation of B-phenyléthylamine with formaldehyde in concentrated
HC1 to form 1,2,3,4,-tetrahydroisoquinoline. The reaction was extended
by Decker (11) who used substituted phenylethylamines 17 and various

aldehydes in a two-step synthesis, shown in Schemé 4.

17 2 HC
=i E’
it
RO
RO NH
R’

SCHEME 4
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The application of the Pictet-Spengler reaction to the synthesis
qf protoberberines occurred a§ eaﬁ]y*as 1911 when Pictet and Gams (12)
claimed to have synthesized tétrahydroberberine 18. Later work by
Haworth and co-workers (13) showed that tetrahydro-y-berberine 19 was

the product of their reaction, as would be expected (Scheme 5).

SCHEME 5
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In more recent synthetic wark, the Mannich condensation of the
benzylisoquinoline 20 with formaldehyde was seen to yield products with
both 2,3,9,10- and 2,3,10,11-oxygenation patterns (14) (Scheme ).

S

H,C0, H20

vary pH

L, C
0CH; . = 0CHs

NANDININE ' OH

SCHEME 6
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In other studies done on this system (15), .it was observed that
as the pH of the reaction mixture increases from 1.2 to 7.8, the ratio
of nandinine to 21 changes from 1:1 to 1:3.8. Furthermore, when the
activating Hydroxyl at the C-3' position of the benzylisoquinoline unit
is not present, only products having the 2,3,10,11-oxygenation pattern
are obtained.

For more complete reviews on the traditional synthetic reactions
used in protoberberine chemistry, the reader is referred to the following

references (16, 17, 18, 19, 20, 21, 22).

1.3 Modern Synthetic Routes to the Protoberberines

Innovations in the synthesis of protoberberine alkaloids are far
too numerous to be mentioned heré, and the reader js referred to the
leading reviews for a more complete treatment (22, 23, 24, 25, 35). What
is of interest at present is the examination of novel chemical (as opposed
to photo or thermochemical) routes that have been developed recently for

the construction of the protoberberine skeleton.

.

1.3.1 The Synthesis of Protoberberines Through Phthalideisoquinolines

As early as 1925 it was shown that protoberberine alkaloids
could be synthesized through phthalideisoquinolines (26). In a more
recent synthesis, the mixture of diastereomers 23 was synthesized

through the phthalideisoquinoline 22, as shown in Scheme 7 (27).



L

N ‘ / | ’ | 13

1) LiA]H4

2) Work-up

OPHIOCARPINE
and EPIOPHIOCARPINE

SCHEME 7
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1.3.2 Synthesis Using a Dihydroisoduino]ine Intermediate -

Severa1:workers have shown that tetrahydroprotoberber1nes such
as xylopinine 25 can be obtained from the acid catalyzed ring closure

of dihydr01soqu1nol?nes like 24 (Scheme 8) (28, 29, 30)."

CH30

CH30"

SCHEME 8
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1.3.3 The Use of Isoquinoline-1-Carboxaldehydes as Intermediates

Bradsher and Dutta have described the synthesis of the
isoquinoline-1-carboxaldehyde 26 which they used in the synthesis of

tetrahydropalmatine, as shown in Scheme 9 (31);

i

Ch0 XYy 1) MOH CHz0 N
Hz0 AN eromide CH0 N B
CHO CH i
25 HO-N” 3
B . ZN0CHz
CH30
HC1, & CH30 .___Egiif_*_ TETRAHYDROPALMATINE |
UCH3
OCH3
SCHEME 9

’;2!

o
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1.3.4 Synthesis from Homoph.thalic Anhydrides

- An interesting syrithetic route to 13-methyl-tetrahydroproto-
berberines has been developed by several workers (32, 33) and is shown
in Scheme 10, The synthesis is based on the condensation of nor-

hydrastinine glwi thj,5-d1‘methoxyhumophtha11'(: anhydride 28.

_ | | 0
<0D© CHC1, <
) * Room T~ 0
0 /N\ aom
27
== OCH3
0
1) CH N, <0 O
2) LiAlK, _ Y N

3) p-toluene

sul fonyi chioride _ H3C
4) LiAlH,

0CHs
0CH3

SCHEME 10
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'1.3,5 Synthesis Using a Substituted Mercaﬁtal Intermediate

One of the objectives of the protoberberine research in our
laboratories has been to develop a synthesis which would allow for
the introduction of a labelled carbon atom at position 13 in the proto-

berberine. skeleton.

In such a synthesis, the C-13 fragment must be efficiently introduced
into the molecule at a late stage in the syntﬁetic route. Since there
was no precedent for such a synthesis by either classical or modern
routes, the reactions shown in Scheme 11 were developed in our labor-

atories (34).
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R e (ke

“Ci-S-Citg 28

SCHEME 11




In th%s synthetic route, the key intermediate, 28, is generated
by condensing the anion of ‘methyl methylithiomethyl sulfoxige (MMTS)-with
a 3,4-dihydro-N-benzyl-isoquinolinium salt.as shown. The :;:.ubstituted
mercaptal 28 was shown to undergo cyclization rapidfy to the dihydro-
protoberberine 29 in hot, concentrated HC1 (34).

If was the purpose of thé present work to expand upon this
synﬁhetic route, with the following objectives in mind:

1. To apply the synthesis to other 2,3,9,10-substituted protoberberines
than thase produced previously in our laboratories.

2. To analyze the complex mixture of products produced in the reaction
of the MMTS anion with the 3,4-dihydro-N-benzyl-isoquinolinium salt.

é. To investigate the applicability of isoquinoline derivatives 30 as

starting materials in our synthetic route,

Before the present work was performed, the synthetic intermediates used
were 3,4-dihydroisoquinolines 31, generated by the Bischler-Napieralski

reaction,
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31

This reaction lends itself readily to the synthesis of intermediates
"with substituents at C-6 and p-? of the {soquiﬁoiine system. Other
substitution patterns, particularly 7,8 are difficult to obtain by the

Bischler-Napieralski route. By starting with the substituents already

in pldce, many substitution patterns become possible. For example, the
numbew, of protoberberines which might be synthesized would be greatly

increysed if the Pomeranz-Fritsch reaction were used to create inter-

mediates such as 14,

CH30 2N

OH
14

It was of interest, therefore, to investigate the use of isoquinoline 1
and 6,7-dimethoxyisoquincline 33 as starting materials in our total

synthesis of protoberberine alkaloids,

CHz0

CHz0 N



CHAPTER 2

RESULTS AND DISCUSSION

2.1 Introduction

In pursuit of the objectives outlined in Chapter 1, the synthetic
route developed by Kiparissides (34}5§as investigated in greater detail.
The substituted mercaptal 33 was subjected to careful chromatographic
studies, and was found to be a mixture of faur diasterecmers, although
it was not possible to comp]e;ely separate them. Each of the fractions
that were isolated were cyclized to dihydropalmatine chloride 34, which
could be isolated in crysta]]iqg farm directly from the reaction mixture.
This method of isolaticon was found preferable to that used previously.
This dihydro compound underwent reduction readily to tefrahydropalmatine
35 and was also converted to corydaline 36. ‘

The use of isoquinolines as starting materials in the Kiparissides
synthesis was also investigated. Procedures were developed to convert
isoquincline 1 and 6,7-dimethoxyisoquinoline 32 into the protoberberine

37 and tetrahydropalmatine 35, respectively.

21
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" 0CHs ‘ 0CHs
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CH30 N
‘ OCH;
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2.2 The Synthesis of (:)-Tetrahydropalmatine by the Kiparissides
" . Route

The key intermediate in the Kiparissides synthesis is the
substituted mercaptal 33. This compound was prepared by the con-
densation of the anion of methyl methylthiomethy! 5u1foxideﬂ(MMTS) 38,

with the N-benzylisoquinolinium salt 39 (Scheme 12), using her f

procedure.
CH;":S\\ n-BuLi (1 eq) CHz —S§
SR AN
CHy THF, -35%C, Ar CH™ Li*
CHz— E _ ‘ CH3— SI
0 AL {0 38
+ 38 )
CHEU:[:::]::::W CHBU
c Nt THR, -35%
H30 N — CH30 N
3 0CHz - . /;,?HO 0CH3
9 A
i OCH | 2
33

SCHEME_12




Although Kiparissides was the first to use sulfur stabilized
carbanions in the synthesis of protoberberines, their use as éldehyde
equivalents is well documented (37, 38, 39, 40, 41) as is their
addition to iminium salts (42).

The quarternary salt 39 was prepared by the reaction of 6,7-
dimethqu-3,4-dihydroisoquino]ine 40 with the benzylchloride 41, as

shown in Scheme 13.

24

1
CHBU:[::::I::ij 0 cghg
N + -
Uis0 OCH5
4o i1
CH30 NG
0CH;
29 0CHz

SCHEME 13




25

The 1soquinoline 40 was prepared by a Bischler-Napieralski

cyclization of formamide 43 with POC1, (Scheme 14).

CHBOm HCOOH__ CH30m POCTy
: Eg CHBO:[:::I:::T] 43 0=
CHBU ~ZN

40

T—Y—

SCHEME 14

The benzyl chloride 41 was obtained in two steps from 2,3-

dimethoxybenzaldehyde, as shown in Scheme 15.

OH
UCH3 NaBH 0CH3

0CH; OCHs
C |
soct, 0CH3

P

0CH3

41

SCHEME 15




The mercaptal 33 produced by Kiparissides was shown by her to

exhibit one major component, and two minor components on TLC (Alumina,

chloroform : ethyl acetate = B:2), Chromategraphy on alumina. yielded

one component in 98% yield, that had four, rather than two, S-CH
: .

3
H NMR spectrum. It was proposed that the product

resgnances in its
isolated from the alumina cotumn contained a mixture of rotamers or
diasterecmers (34). ‘ o

¥ In the present work, an attempt was made to determine the
nature of this mixture. Thin Tayer c¢hromatography (Silica, ether :
ethanol (absolute) = 8:1) gave the first indication that the system
was more complex than previously imagined. Three distinct components
were visible at_Rf 0.16, 0.20 and 0.33. Column chromatography by
the "flash" method {36) was chosen because of its great speed, which
is so desirable in the cnromatography of large amounts of material,
From one gram of crude product, three fractions were isolated, and

subjected to ]H NMR spectroscopy. The results of this work are given

in Table 1.

26’
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TABLE 1: Chromatography Data of the Substituted Mercaptal 33
(Eluant; Ether : Ethanol = 8:1)

Component. Amount 1H NMR Chemical Shifts
(Rf on TLC) Isolated of S-CHq Proton; (CDC]B)
{mg) -
0.33 360 ' 2.16, 2.22, 2.36, 2.62
0.20 120 2.22, 2.64
0.16 280 2.02, 2.30, 2.68, 2.70
<

Since two of the fractions isolated still appeared to be

mixtures, they were subjected to:variable temperature 1H NMR. It

- Was expected that if these fractions contained mixtures of rotamers

as opposed to diastereomers, that the four S-CH3 signals of these
spectra would coalesce into two. Samples of the mercaptals Re = 0.33
and 0.16 were dissalved in DMSO-d6 and their spectra run at room

temperature, 400, 60°

and 90°. For the mercaptal Rf = 0.16, there
was no evidence of peak coalescence at 90°. The spectra of the
mercaptal Rf = 0.33 showed that the 2.16 ppm and 2.36 ppm sTgnaTs*
were moving to lower field with increasing temperature, measured

relative to the DMSO multiplet (Figure 1 ).

A

* These chemical shifts refer to CDCI solution, as na internal
reference was used in the DMSO experiments.
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14 NMR: T = 25%
DMSO
R | L ]
3.0 2.62 2.36 2.22 2.16 2.0
lH NMR: T = 90%
[ ) 1 1
3.0 2.62 2,22 2.0

1

FIGURE 1: "H NMR of Mercaptal Rf = 0.33 at 25° and 90°

It is clear from Figure 1 that the 2.62 and 2.16 ppm signals
arise from one component of the mixture, as do the 2.36 and 2.22 ppm
signals. If true coalescence was occurring, each pair of signals
would converge to yield a singlet~at a chemical shift which was an

average of those of the parent signals. Since the 2.62 and 2.22 ppm
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peaks did not shift relative to DMSO, it was concluded that the 2.16
and 2.36 ppm signals were merely drifting to lower field w{th increasing
temperature, and that the mercaptal Rf = 0,33 contained a mixfare of
diastereomers as opposed to ratamers.

Several attempts were made to resolve these mixtures of
diastereomers into their camponent parts. In preliminary studies, the
crude reaction product, showing three components by TLC (ether : ethanol
= B:1) was used. Chromatcgfaphy bf this material was attempféd on a
Prepacked Merck silica gel 60;.size B column, using a U.meqetector
(254 nm) and a fraction collector. The ether based solvent system
which worked so well in flash chromatography proved unsuitable, bécause
of the formation of gas pbckets in the tubing of the-chromatograph,
which interfered with the detection system. Other solvent systems
including 1% EtOK in THF and Hexane : EtOH : THF = 7:2:1 were used but
did nﬁt afford any separation. Extensive investigation of TLC solvent
systems was undertaken, but no others were found‘that were capable of
separating the mercaptal mixture. Chromatography on the Merck column
was therefore abahdoned.

The firal attempt made to separate the mixture of diastereomers
was by High Pressure Liquid Chromatography (HPLC). A preliminary flash
chromatography (silica, ether : ethanol = 8:1) was used to obtain
aliquots of each mercaptal component in "pure" form. Solutions of
concentration 1 mg/ml in CH2C12 were injected onto a reverse phase
column. Under thesé conditions, no further separation was achieved.

During the course of these studies, sevaral interesting
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observations were made. 'C1ose;examination of the ]H NMR épectruﬁ of

the Rf = 0.16 component showed that two of the four S-CH3 peaks belonged'h

_t6 unreacted MMTS. This result should have been considered earlier,

since the R of MMTS on TLC in ‘the same solvent system is,70.2. Further-
more, a more complex so1vent system was found to resolve-the Rf = 0. 33

component 1nto two spots on YLC (Figure 2).

M ?
--‘---F-—:_-_:-_::-:'z "0.50
- ‘-:_‘: g Teesem T &
d.33— ."f"! ® —0.34
0.20- &
0.16 -
Ether : 8. Hexane : 6
Ethanol : 1. . Ethancl : 3
THF 1

FIGURE 2: TLC of Substituted Mercaptal 33
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These observations can be summarized as fo'l"lowsr on TLC in
‘Ether : Ethanol = 8:1, the mercaptal appeared as a mixture of three .
components. The Rf = (.33 spot would seem to contain two dﬁastereomgrs;
the Ry = 0.20 component is one diastereamer; the Re = 0.16 spot isea
mixture of one diastereomer .and unreacted MMTS. It is not unreasonable
that the crude reaction product should contain four diastereomers, as
the substituted mercaptal 33 possesses two asymmetric carbon centers,
as well as a chiral sulfoxide** A molecule containing three asymmetric
centers is expected to give rise to 23 = 8 stereoisomers or four pairs

of enantiomers.

CHSO y
CH3U W
Het" *30
3 | DCH3 .
CH3
33 * Denotes an asymmetric cenlter

——

**Sulfoxides are stable to pyramidal inversion below 190%, (See D. R.
Rayner et al. J. Am. Soc., 90,7 4854 (1968)).
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In the absence of a more powerful chromatography system, it
was important to confirm that the fractions were structurally related.
Accordingly, seﬁeral'grams‘of the crude mercaptal were chromatographed
on a flash column (ether : ethanol = 8:1) and the three fractions
isolated were analyzed by mass spectrometry. The three components
gave a-similar, comblex fragmentation pgttern, given in Table 2 and

rationalized in Figure 3.

- TABLE 2: Mass Spectrometry Data of the Mercaptal Re = 0.33

m/e : I.
" (Percent Base Peak)
447 10
432 20
4N 80
386 40
370 40
354 100
342 40
340 15
338 10
325 40
324 100
323 50
322 ) 60
308 15
250 15
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Il
M+-(S—CH3)—H
447 ) CH3O
0

CH40 =N

~CH 2 )
! OCH,
432 401 QCH,4

Cogllag0gN = 342
-0CH -CH
3 3
,«/”’f’/# -Hy
370 386
~S-CH, |
1 CH,0 N
’ '
CHy
OCH,
CogHap0N = 340
o
. 325

FIGURE 3: M.S. Fragmentation of Substituted Mercaptal 33

* m/e values
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It was confirmed thaf the mercaptal fractions were structurally

| related by their behaviour in the next step of tﬁé total synthesis.

' Each fraction was treated with conc. HCI according to the procedure of
Kiparissfdes (34). She described the isolation of the unstable enamine
34 by basification of the acidic reaction.mixture, followed by extraction
with ether, In the present work ‘fine ye]ldw need1esﬁcrysta11ized from
the reaction mixture of each cyclizat10n to which the quarternary sa]ﬁ
structure 34 is assigned. This iminium salt is formed from the enamine

in the strongly acidic medium.

CH—’
_HE1_ CHs0 O P
0CHs O 0CH;
0CHs s

34

+
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The mass spectra of the three cyclized products showed similar
fragmentation patterns with varying peak intensitites. Difficulties
in obtaining good mass spectra of iminium salts are expected, because
- their low vo]atiiity requires high probe temperatures which are poorly
reproducibla, The spectra show no parent péak. but give a Ease peak
at m/e = 353 corresponding ta the loss of H- from the original iminjum
ion m/e = 354, Major peaks are also present at m/e = 190, 164 and 149
(Table 4, Chapter 3) which are characteristic fragment jons of tetra-
hydropalmatine and its salts (vide infra).

Good ]H NMR spectra of these salts were not obtained as it was
difficult to free them from water of hydration. DOrying the crystals
over PZO5 at 80°C and 0.05 mm Hg for 24 h appeared to remove the water,
but under these conditions, the brilliant yellow needles tyrned deep
orange in colour. The NMR spectra of the products were poorly resolved,
but showed aliphatic, methoxyl and aromatic signals expected for the
iminium salt 34 (p.60 , Chapter 3}. It is unfortunate that good
elemental analyses of the éyc]ized products could not be obtained,
probably owing to the presence of HéO and HC1 remaining in the crystal

lattice.

Finally, each of the chloride salts was reduced with NaBH, to

4
give a white crystalline compound in 70% yield from the mercaptal. The
melting point and NMR of the products were identical with those of
natural (+)-tetrahydropalmatine 35, and the mass spectra showed a
‘molecu1ar ion at m/e = 355 corresponding to CoyHy50,N and peaks at m/e

= 192 and 164, characteristic of the fraémentafion of the protoherberine

-

35. (Figure 4).
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With H-
Transfer

1

o)
G0 0CH;
CHs0 NTH

0CHs

m/e = 192 m/e = 164

FIGURE 4: Major Fragments of Tetrahydropalmatine 35
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2.3 The Synthesis of Corydaline 36

Bersch has described the reaction of formaldehyde with dihydro-
berberine, yielding 6-8-13 methylated iminium salt (43). [t was a
lTogical extension of the present work to synthesize the 13-methy} proto-
berberine, corydaline 36 from the dihydro salt 34 using the method of
Bersch. The reactions, which are outlined in Scheme 16, yielded a
crystalline product in 42% yield, which was shown spectroscopically

to be identical with natural corydaline.

CH30 CH30

CH30 CH3U
])HZCO
2)Nal

SCHEME 16




38

Kondo has shown that the salt 45 on reaction with NaBH, yields
exclusively corydaline, and none of its diasterecmer, mesocorydaline (44).
The total synthesis of corydaline as described here is of
interest because it involves fewer steps than previous synthetic routes.

The recent synthesis by Cushman* {48) far exampie, used 3,4-dimeth0xy;
homophthalic anhidride as the key intermediate in a synthetic route

which was at least four steps Tonger than the present one.

2.4 The Synthesis of 10,11-Dime thoxy-5,6,13,13a~-tetrahydro-8H-
dibenzo [a,g]quinolizine (10,11-Dimethoxyberbine)gz**

One of the objectives of this work was to determine the applic-
ability of isoquinolines as starting materials in the Kiparissides
synthesis of protoberberines, If successful, a wider range of
substited protoberbefine alkaloids could be synthesized. In particular,
the Pomeranz-Fritsch cyclization could be used to prepare starting
materials with substituents at positions 7 and 8 of the isoquinoline
ring.

The key reaction in the prospective synthesis was the conden-'
sation of the salt 46 with the MMTS anion 38 to form the enamine 47

(Scheme 17),

* A typical Synthesis by Cushman is given in Scheme 10, Chapter 1
** This compound has been previously reported (49, 50)
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. 7 ﬂ
g . CHLit

Cls —S
38
46 0CH -
0CHs
X
N
H
s77
/ S=0
H3C |
47

SCHENE 17

-35°

OCH<

Ar

The synthetic work began with the reaction of isoquinoline 1

with the benzyl chloride 48 to yield the quarternary salt 46 (Scheme 18).

Compound 48 was obtained by treating the benzyl alcohol with SOClz'in

CHC13.
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o ¢ Lol B _
Nt CY =Ty !

46 0CH;
48 ~ OCHy

SCHEME 13

In agreement with expectation, compound 46 when reacted with
the MMTS anion 38 under the same conditions used in the tetrahydro-
palmatine synthesis, yielded 47, as shown in Scheme 17. The brown
0}l isolated c1ear1y showed four components present in roughly equal
proportion by TLC (THF : Hexane = 6:4), The product gave a complex
NMR spectrum, showing a multiplicity of peaks in the S-CH3 region,
Unfortunately, the material was unstable, and chromatography on silica
gel simply resulted in decomposition of the material.

Accordingly, without further purification of the crude reaction
product, attempts were made to reduce the enamine functionality with
NaBHq, and alse to cyclize the material directly. Both of these
experiments, outlined in Scheme 19, failed to produce the expected

products.
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Het! §70
S 0CHs
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The enamine reduction of Borch and co-workers (45} was attempted
next, Using this procedure; the enamine was dissotfved in methanolic
acetic acid, and NaBHacN added in excess. Within two minutes the colour
of the solution had changed dramaticaily from deep purple to clear
yellow. Although the TLC of the reaction mixture was not conclusive,
that done after workup showed three components present (R. = 0.12 to
0.24, THF : Hexane = 6:4) whereas the starting material showed four
components (Rf = 0.14—0.29) en the same solvent system. The NMR of the
product was muéh simpler than that of the starting materia],'but still
showed four signals in the S-CHy region. Two poorly-resolved triplets
(J = 3 Hz) present at § = 3.56 and 3.72 are evidence of the Ar—CHZ-CHZ—N
system resulting from the enamine reduction. The yield in the two steps
from the N;benzylisoquinolimium chjoride 46 was 60%.

Without further purification, the clear yellow oil 49 isolated
from the reduction was treated with concentrated HC1 and heated for 10

minutes on a steam bath. A yellow solid crystaliized from the reaction

mixture in 62% yield. The NMR spectrum of the product showed two

triplets (J = 7.5 Hz] corresponding to the two methylene groups in ring
B, as well as the aliphatic, methoxyl and aromatic signals expected
for the iminium salt 52. The mass spectrum showed a peak correspanding,.

to the ihinium cation at m/e = 294 and peaks at m/e = 132 and 164 {base

e

peak) corresponding to the fragments 50 and 51 as expected. The enamine

reduction and the cyclization reaction are summarized in Scheme 20.
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g CHy
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o mfe = 132 | O0CHs
- OCHz
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51
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0CH; 0CHz
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In the final sfep of the synthesis, the salt 52 was reduced
with,Na-BH4 in ethanol.” A white crystall i.pe.é’ompound was isolated after
workup in 82% yield which cryst&]]ized from EiOl-i/CHCly m.p. 124-125%.
Thé mass spectrum showed a parent pe'ak at m/é = 295.(1 = 90%) and a
base peak at m/e = 164 corresponding to the cation ﬂ The NMR was
consistent with structure 37, and was cha-racteriz_e(li by a metﬁdxyl
singiet integrating to six protons, and two a'r.omat.ic_singlets arising

from the two protons on Ying D. . ”
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2.5 _-Jhe Synthesis of Tetrahydropalmatine via an Isoquinoline

Intermediate”

- "This project was undertaken to confirm the utility of a

subétituted'isoduino]ine as an alternative starting material in the

Kiparissides synthesis of protoberberines.

' The desired'isoqu1n01ine 32 was prepared by dehydrogenation of
the dihydro compound Eg_ﬁver Pd/C in refluxing decalin. The reaction,
as adapted from the literature (46), gave the product in 79% yield.
{Scheme 22).

CHSOD:/\ Pd/C, decalin, & _ CHBO:.:/\
CHéU AN | CHz0 A

40 , 32 ,

SCHEME 22




The isoquinoline 32 was purified by flash ‘chromatography
(silica, acetone, 94% recovery) and then reacted with the benzyl
chloride 41 to jield pale white crystéIs identified by NMR as the

quarternary salt 53. The reaction, shown in Scheme 23, went in 87%

_yield.
+(1°
CHz0 N . ci . CHBUf =N
Chs0 AN 0CHs 0CH;
. - | “eMs
2 0CHz 0CH3
4 53
SCHEME 23

The reaction of the salt 53 with the MMTS anion 38 produced a
brown 0i1 which showed four components by TLC (silica; ether : ethanal =
8:1} and a complex S-CH3 regicn in its NMR. As the product was unstable,
it was treated directly with NaBHACN in methanolic acetic -acid as before.
Under these conditions, the material decombosed to the N-benzylisoquin-

oline 55 and MMTS. These reactions are shown in Scheme 24,
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CH3OI©(/\’+ ; CH3—S\ 3%, A
CH30 AN CHLiY |
N / |

och; Uz
53 38
= 0CH3 —
CHa0n
CH30:[:::]::;i; -

U S/FH OCHz "
c330‘ PN i E:o 0CH
CH30 i | i><i 3

/?H _ DCH3 NaBH_CN,
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H3C/ =0 ~0CHs 3 \
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00 + MNTS
| _ ocn3
55
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The enamine reduction was'attempted again, using THF rather

than methanol as the reaction solvent. Tﬁe course of the reaction
was easily followed by dramatic colour changes from &eep purple, to
red to clear yellow. Thin layer chromatography indicated the reaction
had gone to completion (Figure 7 , Chaﬁter 3}. The yellow 0il isolated

| in this reduction representeq a 43% yield in the two steps from the
quarternary salt 53. Purification by f]ﬁsh chromatography (silica,
ether : ethanol = 8:1, 70% recovery) produced a ciear yellow oil

~ containing a mixture of the three mercapta1‘compbnents at Rf = (.33,
0.20, 0.16. This material was immediately cyclized in concentrated
HC1 as previously described,.and the characteristic yellow neéd]es
precipitated from the reaction mixture in 60% yield. Reduction with
NaBH, in éthano] produced a white crystalline compound in GQ% yield,
which had melting point, NMR and mass spectra identical with natural

(1)—£etrahydr0pa]matine 35.

2.6 Proposed Mechanisms of Mercaptal Cyciization

The cyclization of the substituted mercaptal intermediates is
the key step in the Kiparissides synthesis of protoberberines. She
proﬁosed* that the reaction'proceeds through an acidic hydrolysis to
an aldehyde intermediate, in accordance with the ideas of Kuhn and
co-workers (47),whiéh then cyclizédlto compiete the protoberberine
skeleton. The cyclized product that she isolated was the enamine 34,

which would be expected to yield the iminium salt 34 in a strongly

acidic solution {Scheme 25).'

* Reference 34, p. 37.
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An uhsqccessfui atfempt was made to-generate the a1dehyde inter-
mediate in chloroform for investigation by infrared rﬁetr_\bds. Inter-
cepting the é]dehyde as the 2,4-dinitrophenylhydrazone was a1so.tr1ed,
but this too proved unsuccessful.

- An alternate mechanism, not involving the formation of a
carbonyl intermediate is also possible; alfhough'the fate of sulfur

in the reaction is yet unknown. {Scheme 26).
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2.7 Conclusion

The adduct of the MMTS anion and the iminium salt ég, which is
the most important anc¢ unique compound of the synthetic route to
(:)-tetrahjdropa]métiﬁe, has been shown to be a mixture of four
diastereomers, as would be expected for a system containing three
chiral centérs. The diastereomers have been shown to lead to the. same
produét, the dihydroprotoberberinium chloride 34. This iminium salt,
which was shown to yielg (t)-tetrahydropa]mqtine én reduction with
NaBH4, was used in a naw total synthesis of corydaline. This syn ic
route, based on a reaction developed by Bersch {43), is much shorter
than methods currently available in the literature (48).

Furthermore, the present studies show that isoquinolines may
be substituted for 3,4-dihydroisoquinolines és starting materiq]s fn
the Kiparissides synthesis. NiGh this finding, 1t should be possible

to synthesize tetrahydroprotoberberines with substitution patterns

different from those available from the 3,4-dihydro compounds.
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CHAPTER 3

EXPERIMENTAL

Apparatus, Materials and Methods

The continuous wave 1

H NMR épectra were run on a Uar%an EM 350
spectrometer. The Fourier transform spectra were run on either a
Bruker WP 80 or WH 90 spectrometer. Unless otherwise specified, the
samples were dissolved in chloroform-d using tetramethylsilane (TMS)
as the internal standard. Chemical shifts, quoted as & values, were
measured in relation to TMS. The s}mbo]s s = singlet, d = doublet,

t = triplet, q = quartet and m = multiplet are used in reporting
spectra,

Mass spectra were recorded on either a Consolidated Electro-
dynamics Corporation Model #21-1]05 mass spectrometer or a V.G. Micro-
mass 7070 F mass spectrometer, at 70 eV.

Infrared spectra were recorded on a Perkin Elmer 283 spectro-

meter in chloroform solution. Melting paints were determined on a

Kofler micro hot stage and are uncorrected. The microanalyses were

performed by the Guelph Chemical Laboratories Limited, Guelph, Ontario.

Column and thin layer chromatography (TLC} were performed
using silica gel 60 as the adsorbent. Gravity columns were run on .
Baker 60-200 mesh silica, and "flash" columns preparéd as described-

in the titerature (36). Lobar columns were run using a prepacked

. ;

2
-
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Merck silica gel 60,size B column. High pressure liquid chromatography
(HPLC) was performed on a Spectra-Physics SP-8000 Liquid Chromatograph,
us{ng a reverse phase 250 x 4.6 hm ID Spectra-Physics column packed
with 10 um Lichrosorb RP-8. The chromatography was performed at room
temperature and the mobile phase was a linear MeOH/HZO gradient from
6:4 v/v to 9:1 v/v. Détecﬁign was by U.V., a = 254 nm.

Tetrahydrofuran (THF) was dried by distillation from sedium in

a nitrogen atmosphere, just prior to use.

Synthesis of (+)-Tetrahydropalmatine 35

3,4-Dihydro~6,7-dimethoxyisoquinoline 40

(a) N-3,4-dimethoxyphenylethylformamide 43:8-3,4-dimethoxyphenyl -
ethylamine (38 g, 0.21 males) and 90% formic acid (14 g) were heated
under reflux for 21 hours. Excess formic acid was removed on the rotary
evaporator and the clear yellow product vacuum distilled (1850/0.2 mmHg )

to yield a clear yellow oil. (40.1 g, 90%).

THNMR: 2.76 (2H, t, ~CH,~CH,=N, J = 7.5 Hz), 3.52 (2H, m, -Cl,-CH,-N),

2 "2

3.85 (6H, s, 2 x OCHB). 6.29 (1H, s{broad), -NH), 6.68-6.88

—

(3H, m, arom.), 8.15 (1H, s, COH).

(b) Te a stirred, refluxing solution of the formamide (12 g, 57
mioles) in 50 ml of acetonitrile was added POCT, (10.5 ml, 114 mmales)
dropwise over a period of 25 minutes.  After the reaction mixture had
stirred for 2 h, it was cooled to 0%°.and shaken with.petro]eum ether

(20 m1, b.p. 30-60°) and the top Tayer discarded. Hydrochloric acid

/‘



.\

5

.(10%) was then added, followed by basification to pH = 10 with conc.

NH40H. The resulting mixture was filtered, and the filtrate extracted
with benzene {4 x 40 ml). The combined extracts were dried over
NaZSU4 and the solvent removed on the rotary evaporator. The brown,
viscous residue was .distilled under vacuum (11101 0.25 mm Hg) yielding

a clear yellow oil (5.0 g, 46%). « °

]H NMR: 2.67 (24, t, -CHZ_CHZ_N’ J = 6 Hz), 3.72 (2H, m, ~CH2—CH2-N),

3.88 (3H, s, -DCH3), 3.90 (3H, s, -OCHS), 6.68 (1H, s, arom.),
6.80 (1H, s, arom.), 8.22 (1K, s(broad), HC = N).

A ]

2,3-Dimethoxgﬂ%nzy1 Chloride 41

(a) 2,3-Dimethoxybenzyl alcohol: fo a cold (OO) solution of 2,3-
dimethoxybenzaldehyde (7.62 g, 46 mmoles) in absolute ethanol (25 m1)
was added NaBH4 in excess. The mixture was stirred mechanically under _
nitrogen for 1.5 h after which time reaction appeared compiete by TLC
(ether). Solvent was removed under vacuum, HZO added (30 m1) and excess
NaBH4 destroyed by the careful addition of 6M HCI. This mixture was
extracted with ether (3 x 40 m1), and the organic extracts were dried
over Nazso4 and concentrated under vacuum to yield a clear, colourless

oil (7.27 g, 43 nmoles, 93%),

"H NNR: 2.38 (WH, s(broad), -OH), 3.85 (6H, s, 2 x OCH,), 4.64 (2H,

‘..d,--CHZ-Ar. J = 3Hz}, 6.95 (3H, m, arom.).

{b) To the benzyl alcohol (7.27 g, 43 mmoles) dissolved in CHZCI2

(30 ml, freshly distilled from PZDS) was added SDC12 (4.9 ml, 67 mmoles,

e
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freshly distilled from-quinp]ine then linseed 0il) dropwise with
mechanical stirring and cooling in ice. The mixture was syirred for
24 h at room T, after which solvent and unreacted SOC1, were remo;ed
on the rotary evaporator, The résidue was vacuum distilled (1029

0.04 mm Hg) to y{eld a clear, pale yeﬁlow Tiquid (6.71 g, 36 mmoles,

- 843)..

TH NMR: 3,72 (3H, s, -0CHy), 3.86 (3H, 5, -O0CHg), 4.58 (2H, s, -CHy-Ar),

6.90 (3H, m, arom.).

3,4-Dihydro-6,7-dimethexy-N-(2, 3-dimethoxybenzy1 )~ isoquinol inium

chloride 39

To a stirring selution of the isaquinoline 40 (2.0 g, 10.5 mmo]eé)
in benzene (50 ml) was added the benzyl ch]oriQe 41 (2.0 g, 10.7 mmoles)
dropwise. The solvent was removed under vacuum after 24 h, and the oily
re¥idue crystallized from benzene : ethanol = 20:1 to yield yellow prisms

”,

(3.87 g, 10.2 mmoles, 97%) m.p. 187-189°C.
1 i:\h‘\‘-h;”’.
H NMR: 3.16 (2H, t, -CHZ—CHZ—N » J = 7.5 Hz), 3.81-4.0 (2H, m,

- -CHy-N'), 3.88 (3H, s, -OCH,), 3.9 (3, s, -0CH;), 3.96
(34, s, -0CH;), 4.00 (3, s, -OCH;), 5.43 (2H, s, N'-CH,-Ar),
' 6.94-7.34 (4H, m, arom.), 7.74 (1H, s, arom.), 10.46 (1H, s,
~CH=NT).

Preparation of the Substituted Mercaptal 33
(a) Anton Generation: To a stirred solution of MMTS (methyl

methylthiomethyl sulfoxide, 1.80 g) in freshly-distilled THF (75 mls)
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was added n-butyl” 19thium (2.6 M in n-Hexane, 5.4 ml, 1 eq.) under’ an

. atmosphere of dry argon. The-solution was stirred mechanically and its

temperature maintained at -35°C during the addition and for 30 minutes

afterwards.

(b) Condensation: The cold solution above was added dropwise to a
stirred suspension of the iminium chloride 39 (3.0 g, 7.9 moles) in

anhydrous THF (125 ml1}. The temperature was maintained at -30° during
the addition and for three hours further, during which time the solid
entered solution. Methylene chloride was added (200 m1), followed by

Ho0 (60 mi) to hydrolyze excess LiMMTS. This mixture was shaken, and

- the organic phase separated, dried over Na,S0, and concentrated under

274
vacuum. The yellow oily residue isolated (4.24 g, > 100%) showed a

mixture of components by TLC. Using Et,0 : EtOH (abs) = 811 three
components were visible at Re = 0.16, 0.20, 0.33. Later studies using

Baker "hexanes" : EtOH (abs) : THF = 6:3:1 showed four components

present (Rf 0.3 to 0.5). (See Figure 2, Chapter 2).
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tography: 1.0 g of the crude 011 was chromatographed on silica

ing EtEO : EtOH = 8:1 as the eluant, and the "flash" method of

chromatography as described by Still (36).

and submitted for

1

Three fractions were.isolated

H NMR spectroscopy. (Table 3). {Figures 8, 9,-10).

TABLE 3: 'H HNMR Data from Chromatography of Substituted Mercaptal 33

- TH NMR CHEMICAL SHIFTS
.. Component Wt. Recovered - _
_ (Rf on silica| from Column (mg) |- S-CH —OCH3 Aromatic
' QEI 3 ?
Et,0 |8, c
ETOM T 7
0.33 - 360 2.16(s), 2.22(s) 3.78(3H,s), 6.60-7.16
2.36(s), 2.62(s) 3.88(3H,s), (5H,m)
3.89(3H,s),
3.91(3H,s).
0.20 " 120 2.22(s), 2.64(s) 3.87(9%H,s), 6.61-7.06"
' 3.78(3H,s).  (5H,m)
0.16 280 2.02(s), 2.30(s)  3.78(3H,s), 6.62-7.24
2.68(s}, 2.70(s) 3.85(6H,s), (5H,m)
3.88(3H,s).

M.S.:

A1l three mercaptal components gave a characteristic fragmentation

pattern, similar to that given in Table 2. (Chapter 2).
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Cyclization of the Three Mercaptals to Dihydropaimatine Chloride 34

Each of the three rESidues jsolated from the column was

subjected to cyclization b& the fo1iowing procedure: 75 mgiof the
yellow 011 were dissolved in concentrated HC1 (3.5 mi) and EEEEgd in

a flask equipped with a reflux condenser, on a steam bath in an atmos-
phere of Ny, The flask wés allowad to cool to room temperature and was
then placed in an ice-salt bath. Bright yellow cry;ta}x’were obtained
in 70 to 90% yield, which were recrystallized from conc. HC1 and washed
with cold acetone and ether, The melting points observed for the _
cyclized materials were 152-157°(d), 153-162%(d) and 157-165¢(d) which
wefe_reactioy products of the Rf = 0.33, U.ZO'and 0.16 mercaptals,

respectively. The differences in the melting points of the three products

are no doubt due to varying degrees of solvation of the crystals.

M.S.f The three products of cyclization gave similar fragmentation
patterns, including a base peak at m/e = 353, corresponding
to the loss of H- from the iminium cation. The intensities
of the peéks in the three spectra varied, however. This

 effect is due to differences in probe temperature, which
was h1gh 1n order to volatilize the chloride salts. Table 4
contains the fragmentat1on data from the cyclization product

of the mercaptal Rf = 0.33. Only peaks greater than 20% of

the base peak were recarded.
[ 3




TABLE 4: M.S, Fragmentation of Cyclization Product from Rf.= 0.33

Mercaptal ‘ :
m/e 1
(Percent Base Peak)

355 : ) 35

354 o 35

) 353 100

. 352 45

M—-\_/ . .

338 35

180 . 25

164 - ' © 50

149 )

1

H NMR (TFA): The cyclized product from the mercaptal R. = (.33

P
showed the fd110wing signals:

$3.40 (2H, m, C(5)H,), 4.08 (3H, s, -OCH,), 4.15 (9H,
5, 3x OCHq), 4.1-4.35 {2H, m, C(6)H,), 4.64 (2H,’
s{broad), C(13)H2), 5.30 (2H, s(broad), C(8)H2),

6.94-7.78 (4H, m; -arom.).
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(£)-Tetrahydropalmatine 35

Each of ?hé cyclized products was subjected tg borohydride
reduction by a method Similar to the following: o

To a solution of the ch1or1de (14 ng, 0.04 mmole) in absolute
EtOH (10 m1) was added sodium borohydride in excess. Thé mixture was
stirred mechanically under N2 for 45 minutes, at which time the reaction
appeared complete by TLC (ether). Solvent was removed under vacuum,
H,0 added (15 ml) and glacial acetic acid added dropwise with cooling
to remove unreacted NaBH4. Basification with é saturated solution of
NaOH to pH > 10 was followed by extraction with ether (4 x 15 m1). The
organic phase was shaken with 10% HC1 (3 x 10 mi) after which the
aqueous layer.was basified to pH > 10 with NaOH (saturated solution).
Extraction of the basic solution with ether (3 x 15 m1) follawed by
drying over Na2504 and concentration under vacuum yielded a pale white

crystalline product {(11.7 mg, 90%) m.p. 146-148° (1it. m.p. 1438° (21)).

"HONMR:  2.62-4.35 (9H, m, C(5)Hy, C(6)Hy» C(8)Hy, C(13)H,, C(13a)H),
3.85 (6H, s, 2 x OCHy), 3.87 (3H, s, -0CHy), 3.89 (3, s,
-OCHB), 6.62 (14, s, arom.), 6.73 (1H, s, arom.), 6.82 (1H,

s, arom.), 6.85 (1H, s, arom.).

Similar data were obtained for all three reduction products,

r

and were found to be identical with that for natural (:)-tetrahydro-

palmatine.
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Synthesis of Corydaline 36

Dehydrocorydaline Iodide 45

Dihydropaimatine chloride 34 (288 mg, 0.74 mmole) was treated
with 10% acetic acid (10 m1), 30% formaldehyde (1 mi) and sodium
acetate (124 mg). The mixture ‘'was heated on a steam bath for 15

minutes under'NZ, after which 2.5 ml of a saturated solution of Nal

.was added. The flask was cooled to room temperature, then niaced 1in

the refrigerator. The finé.ye11ow needles which formed (247 mq, 68%)
were recrystallized from 47-51% HI to yield bright yellow square prisms,
m.p. 139-143°(d).

1 -

'HONWR:3.00 (3, s, ~CH3), 3.30 (2H, m, ~CHy-CH,-N"), 3.96 (3H, s,

-OCHB), 4.02 (3H, s, -0CH,), 4.08 (34, s, -0CH5), 4.32 (3H,
s, -CCHy), 5.12 (2H, m, -CH —CH2~N+J.7.OO (1H, s, arom.),
7.25 (1H, s, arom.), 8.02 (2H, s, arom.), 10.24 (1K, s, arom.).

{*}-Corydaline 36

To a solution of the ifodide (65 mg, 0.13 mmole) in 95% EtQH
(10 m1) was added NaBH, (10 mg, 0.26 mmole). The mixture was stirred
mechanically under N2 for 1 hour, at which time the reaction mixture
was still deep 6range in colour. A furth;r 10 mg of borohydride were
then added along with one drop of glacial acetic acid. The colour of

the reaction mixture changed immediately to pale yellow, and TLC

(Ether : Petroleum ether = 9:1) showed one major component present at

' Re = 0.4. Selvent was removed under vacuum, H20 added (15 ml) and
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excess*NaBH4 destroyed by the careful addition of glacial acetic acid.
Basification to pH > 10 with a saturated solutidn of NaOH was follawed
by, extraction with ether {3 x 20 m1). This extract was shaken with -
10% HC1 (2 x 25 mi) and the aqueous layer basified to pH > 10 as before.
This alkaline solution was extracted with ether (3 x 25 ml1), and the
or;anic'extract dried over Na2504 and concentrated under vacuum tq

yield a yellow solid (297mg, 60%). Recrystallization from absolute

EtOH yielded deep yellow prisms, m.p. 135-136° (1it. m.p. 135% (21)).

_ W v Was identical with that of natural corydaline.

0.90 (3H, d, -CHB; J = 6Hz), 2.40-4.45 (BH, m, C(5)H,,
C(6)Hy, C(B)Hyy C(13)H, C(13a)H), 3.88 (12H, s, 4 x OCH,),
6.59 (H, s, arom.), 6.68 (1H, s, arom.), 6.82 (IH, s, arom.).

6.86 (1H, s, arom.). (Figures 11 and 12). .
M.S.: The mass spectrum showed a parent peak at m/e = 369 (Intensity =

30%) and a base peak at m/e = 178 corresponding to C]]H]402.

Synthesis of 10,1]—Dimethoxy—ﬁ,6,13,I3a—tetraﬂgﬂro-8ﬂ-dihenzo [a,q]

quinolizine (10,11-Dimethoxyberbine) 37

3,4-Dimethoxybenzyl Chigride 48

(a) 3,4-Dimethoxybenzyl Alcohol: To a cold {0°) solution of
freshly distilled veratraldehyde (10 g, 60 mmoles) in 95% EtOH (25 ml)
was added excess NaBH4. The mi*ture was stirred mechanically under
N, and allowed to warm up to room T. The reaction appeared complete

by TLC (ether) after it had been stirred for 1 h at room T. The
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solvent was removed under vacuum, HZO added (lp ml), the mixture

cooled iq ice and BXCess NaBH4 destroyed by careful addition of 16%

HC1. The solution was extratted with ether (3 x 35 ml) and the extract
dried over Na,30,. Concentration under vacuum yielded 10.0 g {59 mmoles,
98%) of clear, almost colourless 0i1{ showing one component by TLC

.

(ether) at Re = 0.24, ff
Ty NMR:  2.55 (1H, s, ;OHi (Disappears on addition of DZU)’ 3.90 (6H,

s, 2 X OCH3), 4.62 (2H, s, —CHZ—Ar), 6.90-7,08 (3H, m, arom.).

(b) The benzyl alcohol {2 g, 11.9 mmoles) was dissolved in CH,C1,

(15 m1) freshly distilled from P,0 To this was added SOC1, (1.4 m,

275"
19.3 mmoles, distilled from quinoline then linseed 0il) dropwise with

mechanical stirring. The mixture was allowed to stir for 48 h under
a CaC]Z dr*ipg tube. At this time, solvent and unreacted SOCI2 were
removed on a rotary evaporator and the deep brown oily residue vacuum
disti]]ea (750/0.03 mm Hg) to yield 1.85 g (9.9 mmoTes, 83%) clear

colourless oil.

V4 NMR:  3.80 (6H, s, 2 x OCH), 2.58 (24, S, ~CH,-Ar), 6.85-7.10

(BH,_m, arom. ).

M.S.: Base peak at m/e = 151 = M+ - €1 and parent peaks at m/e =
186 (30%) and 188 (i0%).

Quarternary Salt 46

Isoquinoline (3.22 g, 25 mmoles, freshly distilled from zinc.

dust (224° /760 mm Hg)) was dissolved in benzene (30 ml). The benzyl
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chloride 48 (4.41 g, 23,6 mmoles) was added slowly, and the mixture
refluxed gently far 24 h. At this time, the yellow crystals which had
formed were filtered off and washed. The solid was dried on filter
paper to yie]d_3-92 g (12.4 mmoles, 50%) of product. The mother: liquor

was heated under reflux for a further three houfs producing 0.309 g

of yellow crystals (total yield 54%).

"HONMR: (CD,00): 3.81 (3H, s, -OCH,), 3.85 (3H, s, ~0CH,), 5.95 -

£ (2H, s, N-CHy~Ar), 6.98-7.30 (3H, m, arom.), 7.95-8.30 (4H,
m, arom.), 8.48-8.82 {2H, m, -CH=CH-N), 10.20 (1H, s, HC=N).

Anmal. Calc, for C]BHTBUZNC]: C, 88.52; H, 5.75, N, 4.44; C1, 11.23%.

Found: C, 68,53; H, 5.69; N, 4.14; CT1, 11.15%.

Condensation of the MMTS Anion with the Quarternary Salt 46

(a) Anion'Generation: To 1.10 g of freshiy distilled MMTS was
aﬁded THF (50 ml), and the solution was stirred mechanically under
dry argon and cooled to —350. To this cold solution was added 4.2

ml of n-BuLi (2.14 M in hexane, 1 eq.) dropwise via a syringe. The

soiution was stirred under dry argon for 45 min. at -35°.

(b) Condensation: The cold solution from {a) was added dropwise
via a two-ended needle to a cold (-350) stirred suspensioh of iminium
chloride 46 (1.57 g, 5.0 mmoles) in THF (75 m1). The suspension was
stirred mechanically under argon and its temperature maintained at
-35° for a further 3.5 h, during which time the solution became red

in colour, At this time, 150 ml of CH2C12 were added, followed by
. 3 .
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40 ml H O to hydrolyze excess LiMMTS. The drganic layer was drained

off, and the aqueous fraction washed with L:Hzt:l2 (20 m1). The organic
layers were combined, dried over Na2504 and concentrated. under vacuum
to yield 2.66 g (6.6 mmoles, > 100%) of brown cil which showed four

T4 NMR of the

components present by TLC (THF : Hexane = 6:1). The
crude material was very complex, showing at least six S-—CH3 peaks.
Attempts to chromatograph- the mixture on silica gel resulted in rapid.

decomposition to very polar material.

® |—0,.38
L
°
0.23- @ e |-0.20
‘ ]
0.06-| @
. .

Mercaptal 33 LH“- Reaction Product 47

A
CH40 N
CH3% : NAEE%:]ZOCH [:::[:;jL
3
OCH,

CH
/S/If=0

FIGURE 5: TLC of Substituted Mercaptals (THF : Hexane = 6:1)
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Reduction of Enamine |47

To a stirred [solution of the enamine (2.62 g, 6.5 mmoles as

_ pure compound) in methanol (20 ml) was added glacial acetic acid (50 ml,

solution pH = 3) followed by the addition of NaBHCN (419 mg, 6.67 mmoles).

Within two minutes of |the addition of the cyanoborohydride, the deep
purple solution turneq clear yellow. Since tﬁe TLC of the solution (THF :

Hexane = 6:4) was not conclusive, and no further changes were noted in

the reaction flask,: tre solvent was removed under vacuum, 0.1 N NaOH
added {30 ml) and the solution extracted with ether (3 x 40 m1}. During
the cour;e of the extraction, 2 M NaOH was added to maintain pH > 10.

~ The etheral layers Hg#e_combined and shaken with 10% HC1 {4 x 20 ml).
to take the basic material into the aqueous phase. Basification of the
aqueous extract to pH > 10 with saturated NaOH solution was followed

- by extractign with ether (3 x 50 m1). The extract was dried aover NaESO4
and concentrated under vacuum to yield a yellow oil (1.23 g, 3.04 mmole,
60% based on quarternary salt 46 used in.the MMTS condensation)., The
TLC of the oi1 (THF : Hexane = 6:45 showed three components present at
Rf = 0.12, 0.21 and 0.24, whereas the starting material showed four
spots from Rf 0.14 to 0.29.

"HONMR: 1,94 (3H, s, S=CH,), 2.18 (34, s, S-CHy), 2.50 (34, s, 5-CH,)

2.76 (3H, s, S-CHB), 2.62-4.75 (44, m, N-CHZ-Ar and N-CH-CH-S),

3.56 (2H, t, -CH2-CH2—N, J = 4.5 Hz), 3.72 (2H, t, -CHZ-CHZ-N,

—

J = 4.5 Hz)}, 6.72-7.34 (7H, m, arom.).



Pl e e e L L

68

Cyclization of the Substituted Mercaptal 49 to the Iminium Salt 52

The reduction product above (1.23 g, 3.04 mmoles as pure
compound) was dissolved in conc. HC (15 m1) and heated in a steam bath
in a flask eguipped with a ref]ux-condenser. under N2 for 10 minutes.
During this tihe, there was much bubbling and evolution of foul smelling
gases. The solution was cooled to room T, and then placed in a refriger-
ator. "No crystal growth was observed after three days, but when the f]aﬁk
was scratched with a stirring rod, crystal formation occurred within two'

hours. The flask was placed in the refrigerator overnight, after which

"the trystals-were filtered off, washed, and dried on the vacuum 1ine over

P205. The yield of yellaw crystals wad\flzlmg (1.87 mmoles, 62% in this

step, 37% relative to the N-benzyl isoquinclinium salt 46).

VW NMR (TFA): 3.40 (2H, t, C(5), J

7.5 Hz), 4.04 (6H, s, 2 X OCHB),

4.30 (2H, t, €{6), J

7.5 Hz), 4.65 (2H, s(broad),
C(13)), 5.20 (2H, s(broad), C(8)), 6.98 (1H, s, arom.),
7.08 (1H, s, arom.}, 7.50-8.20 (4H, m, arom.).

M.S.: The mass spectrum showed a peak corresponding to the
ion M'-C1 and the expected peaks at m/e = 132 and 164

(base peak).

10,11-Dimethoxy-5,6,13,13a-tetrahydro-8H-dibenzo[a,glquinolizine 37

To an ice cold salution of the iminium salt 52 (100 mg, 0.30

mmole) jﬁ 95% EtOH (fO ml) was added excess NaBHq. The mixture was

allowed to warm up to room T, and was stirred under N2 for 1 h.’ At

“
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this timé the reaction appeared complete by TLC (ether) so the solvent
was removed under vacuum, H,0 added (10 m1) and unreacted NaBH, ’
destroyed by adding glacial acetic acid with cooling in ice. Basifica-
tion to pH > 10 with a saturated solution of NaOH was followed hy-
extraééﬁon with ether (4 x 20 m1). The etﬁera] extract was shaken

with HC1 (3 x 25 mi) and the aﬁueous extract basifiea to pH > 10 as
above, Extractiop.with ether (4 x 25 ml1) followed by drying over

Na2304 and concentration un&er vacuum yie]ded‘white crystals (75 mg,
0.?5 mmale, 83%) which were.recrystallized from ‘EtOH (abs.)/CHCls.

m.p. 124-125°C. Anal. Galc. for CygHyO,N: C, 77.29; H, 7.12; N, 4.743.
Found: C, 77.60; H, 7.55; N, 4.73%. '

Th NMR:  2.62-3.85 (9H, m, C(5)Hys C(6)Hy, C(B)Hy, C(13)Hy, C(13a)H),

3.85 (6H, s, 2 x OCHB), 6.56 (IH, s, arom.), 6.60 (IH, s, °
arom), 7.10-7.20 (4H, m, arom.). (Figure 14),

[.R.: {Figure 15)

M.S.: The mass spectrum showed a molecular ion at m/e = 295

(Intensity = 90%) correspond}ng to CygHy 0.N and a base peak
at 164 corresponding to C]0H1202.

-

The Synthesis of Tetrahydropalmatine Via an Isoquinoline Intermediaté

Preparation of 6,7-Dimethoxyisoquinoline 32

(a) 3,4-Dihydro-6,7-dimethoxyisoquinoline was prepared by a Bischler-
Napieralski cyclization of 3,4-dimethoxyphenylethylformamide as pre-

viously described.
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(b} To the dihydroisoquinoline (2 gy 10.5 mmoles) dissolved in

70

decalin (20.m1) was added 10% Pd/C catalyst (0.4 g). The mixture was

stirred mechanically under reflux and a stream of N, used to sweep away

TLC (acetone) showed traces of starting material were presént, S0
0.26 g of fresh catalyst were added, aﬁd the mixture refluxed for a
further 1 h, 'A; this time, the flask was cooled to room teﬁheratpre,
and 50 ml CHC13 were added. The résultjng mixture was filtered on '

paper, and the filtrate shaken wifh 6M HC1 (3 x 50 m1) to take only

the basic material into the aqueous phase. The aqueC:i solution was

basified to pH > 10 with a saturated solution of NaOMwand extracted
with CHCI, (4‘; 75 m1)}. The organic extract was dried over NaESO4
and concentrated under vacuun. The product was a dark ﬂ&gfh 011
(1.59 g, 0.84 mmoles, 80%) which crystallized. into rosettes on
standing. Thin Tayer chromatography (acegone) showed one spot at

Re = 0.34 and some polar, baseline material. The product was there-

fore chromatographed on a flash column (acetone) producing a clean,

ctear yellow oil in 94% recovery, which crystallized into rosettes on

_standing.
. 5 .

"HMR: 3,98 (6H, s, 2 X OCHy), 7.00 (1K, s, arom.}, 7.12 (14,

s, arom.), 7.45 (1H, d, ~CH=CH-N, J = 6 Hz), 8.35 (1H,
d, -CH=CH-N, J = 6 Hz), 9.00 (1H, s, —CH=N).

' ﬁl]-Dimethoxz:N-(2,3-dimeth0xybenzy1)—isoquinOTinium chlpride 53

To a solution of the isoquinotine 32 (1.5 g, 7.9 mmoles) in

©

~ the hydrogen evolved, After the reactiﬁn had proceeded for four hours,
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benzene (30 ml, freshly distilled from.CaC]z) was added 2,3-dimethoxy-

benzyl chloride 41 (1.5 g, B.D.mmolesi dropwise with mechanical stirring.
The mixture‘ﬂas gently refluxed under a CaC12 drying tube for 24 hours.

At this time the fine white needles which had formed were filtered off
washed with fresh benzene and dried. Since the yield of crystals was
only 1.37 g (3.6 mmoles, 46%), the mother liquor was stirred under

reflux for a further 48 h. A further 1.22 g of crystals were obtained

| (3.2 mmoles, total yield 86%). The solid ﬁas recrystallized from

benzene/chloroform producing white rods m.p. IOQ—TIZOC.

Towr: 3.82 (3m, s, -0CH3), 3.94 (3H, s, -0CH3), 4.08 (3H, s, -OCH,),

4.15 (3H, s, -0CH4), 6.10 (2H, s, N+—CH2-Ar), 6.92-7.58 (4H,

m, arom.), 7.98 (1H, s, aran.), 8.14, 8.48 (2H, AB quartet,

-N*-cH=CH-, J 7.5 Hz), 10.72 (14, s, He=nh).

3,4

Preparation of Mercagtal'Enamine 54

(a)  Generation of MMTS anion: To 455 mg of frashly distilied

MMTS (62°/0.01 wm Ha) was added 20 ml freshly distilled THF. The

solution was stirred mechanically under dry argon and cooled to -35°.

To this solution was added 2.4 ml n-Buli (1.5 M in n-hexane, 1 eq.)

dropwise'vihﬂa'éyringe. The solution was stirred mechanically under

argon at -35° for 30 minutes, during whwch time the clear, co1ourless

-

solution turned giear yellow.

*

(b) Condensatibn: The cold solution above wa§ added dropwise to a

stirring suspension of the iminium ch]dride_§§ {735 mg, 1.96 mmoies,

.dried overnight over P205, 0.01 mm Hg at 8206) in 30 ml freshly
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"d'isfi]led THF The"suspension was -Stirred chaniéa'l]y under argon . -
.at =35% for three hours. T
~:-.-To the flask was then added 80 ml CH,C1,, followed by 20 ml

. Hao-to_hydro]y'ze_excéss*L'?Ml'-iTS." The organic layer' was drained off,

and the dqireous laye-r washed with 10 m1 CHéC] 2 \Jhich 'was then combined

‘with the organic extract. This organic so'l_utibn was dried over NaéSO4

¢

and -goncentrated under vacuum to yield 1.09 g (2.4 mmoles, > 100%) of

brown oil.

CH30

— £
L ] —0.42
530-?- ® :
- * ‘1&: ¢ —0.26
: N 0.20— | A‘s ' '
\,-/> C0.15 - ® r""
Mercaptal 33 / | |\qa Mercaptal 54
' o mMTS .

CHgO N
- N
CH30 P

} ; OCH o '
30 OCH ~ Fse0 oCH. -
3¢ on ne 10 3.
3 3 cH

Y ,

FIGURE 6: TLC of Mercaptals (Ether : EtOH = 8:1)
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Enam1ne Reduct1on

To 1.06°g of the enamine (2.3 mmoles as pure material) wWas
added 15 m1 THF and 25 ml glac1a1 acetic acid. The deep purp1e;m1xture -
“was stirred mechantca]ly under N,. To this solution was added NaBH,CN
(239 mg, 3.8 mmoles) and within 15 minutes, the following colour changes
were noted: deep purple t0 deep red, to red, to orange, to cTedr golden
yellow. At this time, TLC {Ether : EtOH = 8:1) showed that the reaction

_was complete. The solvent was removed under vacuum, 20 ml,HZO added

4 )

then 20 ml 2M NaOHto make the solution strongly alkaline. This solution

was extracted with ether, and. the organ1c extracts filtered on paper to
,/”;emove an oily precipitate. The etheral solution wa; shaken with 10z

HCT (3 x 30 wl) and the ether Jyer was discarded. The aqueous solutian
was rendered-strongly alkaline.with a saiurated NaOH solution. ™ Extraction
with ether (3 x 30 m1) followed again by filtration of the.arganic 1dyer

© on paper yielded a clear yellow etheral solution ‘which was dried over .

N32504 and concentrated under vacuum. The product was a yellow-green oil

(383 mg, 0.824 mmoles, 43% relative to quarternary salt 53).
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To remove bofh the po1ar and fast-moving contaminants, 200 mg
of the crude oil were_chrdmatographed on a F]aéh column (Ether : EtOH =
8:1) which yielded 140 mg (70% recovery) of ciear yellow oil. TLC in
this solvent system showed only the characteristic three components to

be present at RF 0.15, 0.26, 0.30.

—

Ty NMR: Was identical with the-mercaptal.gg (containing the mixture

of components) synthesized as per the procedure on page 56.

The. characteristic peaks of the spectrum are given as follows:

2.02-2,70 {6H, m, 2 x SCH3), 3.88 (6H,,s, 2 X‘UCHB), 3.89_(5H,
s, 2 X OCHQ), 6.60-7.19 (5H, m, arom.).

Tetrahydropaimatine 35

(a) The mercaptal was cyclized as previously described to yield
the characteristic bright yellow-needles in 56% yield which, without

recrystallization, melted with decomposition at 142-150°¢,

(b)  To 17 mg (0.044 mmole) of the crystals in absolute EtOH (10 m1)
;ws added NaBH, in‘excess. The mixture was stirred mechanically uﬁder
'NZ for. 1.5 h, during‘which time the yellow solution decolourized. The
solvent was removed under vacuuﬁ, H20 added (15 m])land glacial acetic
acid added with cooling to destroy unreacted NaéH4. The solution was
basified to pH > 10 with a saturated solution of NaOH, and extralted
wfth ether (3 x 15 ml). The organic extract was shaken with 10% HC1
(3 x 10 m1) and the aqueous layer basified as above. Extraction of

this alkaline solution with ether (3 x 10 ml) was followed by'drying
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the orgénic layer over Na2504, and concentrating it under vacuum. A
white crystalline residue was isolated (3 mg, 0.025 mmole, 58%) m.p,
145-147°, |

M.S.: The mass spectrum showed a parent peak at m/e = 355 (Intensity =

65%) corresponding to CZIH2504N’ and a base peak at m/e = 164,

_corresponding to'CIOleoz{

H-NMR: 2.61-4.35 (94, m, C(S)Hz. C(G)HZ, C(8JH2, C(TS)HZ, C(I3a)H), .
3.86 (12H, s, 4 x UCH3),-6{62 (1H, s, arom.iE§6.74 (M, s,
arom.}, 6.82 (1H, s, arom.), 6.85 (TH, s, arom.).
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I1.R. Spectrum of Protoberberine 37
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