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PREFACE

This thesis is divided into three chapters, each one 
consisting of an introduction, a discussion and an 
experimental section. The diagrams are placed as near 
as possible to the text referring to them. Structures 
are numbered from 1 - x in each chapter and a structure 
number refers only to the chapter in which it is located

The following abbreviations have been used:

Ac = acetyl
Et = ethyl
I.M.D.A. = intramolecular Diels-Alder
Me = methyl
t.l.c. = thin layer chromatography

In the experimental sections, melting points were un
corrected. Ultra violet spectra were determined on 
ethanol solutions and infra red spectra as nujol mulls 
except where stated. ’H nmr spectra were measured on a 
Jeol lOOMHg spectrometer and chemical shifts are exp
ressed as ppm (6) downfield from tetramethylsilane (TMS) 
as internal standard. Mass spectra were recorded on an 
A.E.I. MS/12 instrument.



Ill

SUMMARY

The work described in this thesis is divided into three 
chapters. Each chapter is preceded by an introduction 
which outlines the field of research described in the 
chapter and the reasons for pursuing the rationale for 
the research.

Chapter I describes the synthesis of a series of 3,4,11,11a- 
tetrahydrobenzo D3 quinolizin-2(6H)-ones(I) and their 
reactions, specifically with phenyl magnesium bromide.
Further reactions of the carbonyl function are also 
discussed.

Chapter II contains an investigation into the synthesis 
of suitable 2,3-disubstituted-l,2,3,4-tetrahydroisoquinolines 
on which to perform intramolecular Diels-Alder reactions.
The successful intramolecular Diels-Alder reaction of 
two substrates is described and the stereochemistry of 
the products has been investigated.

Chapter III is divided into two short sections, each 
preceded by an introduction.

The first section describes a series of 1,3-dipolar 
cycloaddition reactions, utilizing 1,2,3,4-tetrahydroiso- 
quinoline-1- and -3-carboxylic acids as substrates.

The second section involves the investigation of a series 
of 2,3-sigmatropic rearrangements of 2-substituted-l,2,
3,4-tetrahydroisoquinoline-3-esters.
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CHAPTER I
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INTRODUCTION

1. Background

The rapid and effective relief of pain has always been an 

aim of the medical profession. Any drug which has this 

property is known as an analgetic.

Opium, which is the crude, dried sap of the poppy Papaver 

Somniferum, has been used since ancient times for both its 

analgetic properties and its ability to give rise to 
euphoria.

Morphine (1) is the principle active constituent of opium. 

It was first isolated in 1803 by Friedrick Sertuner, a 
German pharmacist. However, the ability of morphine to 
relieve pain of any origin is accompanied by numerous harm
ful side effects, one of the most notable being a physical 

and mental dépendance upon the drug.

There has arisen an increasingly active search for an 

efficient analgetic free from the side effects associated

NMe

HO OH

(1 )
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with morphine. This search has yielded a large number of 

useful drugs, but, as yet, none with the effectiveness of 

morph i n e (1 ).

One such analgetic is pethidine (2), a 4-arylpiperidine 

derivative.

Ph O C O Et

Me
N 
Me

(2 ) (3)

In the opiate series of drugs, the activity can be altered 

dramatically by changes in the substitution on nitrogen.
For example a replacement of the N-methyl group in morphine 
by an N-(2-phenethyl) group leads to a marked increase in 

activity^.

2 3Schaumann ’ drew a parallel between the structures of 

morphine (1 ) and pethidine (2 ) on the basis of structural 
similarity, and it is this parallel which has provided the 

springboard for the present study.

In recent years, a number of workers have prepared nitrogen 

bridgehead analogues of pethidine (2 ) and its reversed 

ester (3). In particular Beckett, Lingard and Theobald^ 

synthesised a series of indolizidine (4) and quinolizidine 

(5) derivatives, in order to obtain further data on the 

importance of N-dealkylation in the analgetic response.
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As already mentioned, the activity of a drug can be dramat
ically altered by a change in the substitution on nitrogen, 
and it had already been shown^ that bridgehead-nitrogen 
analogues of the azamorphinans have considerable analgetic 
activity.

(4 ) (5)

In this study Beckett chose the systems (4) and (5) in the 
hope that their action would lead to a clearer understanding

PhX OCOCHg
ff

H
N

( 6 )

Ph OCOCH

(7 )
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of the analgetic response and the steric requirements of 

the analgetic receptor surface. It was considered to be 

important that the derivatives should have similar basicities 

to pethidine and its reversed ester since this property 

is an important factor in determining drug distribution 

in body tissue.

The derivatives prepared by Beckett were 7-acetoxy-7- 

phenylindolizidine (6 ), 2-acetoxy-2-phenylquinolizidine (7) 

and ethyl- 2 -phenylquinolizidine- 2 -carboxylate (8 ).

Sam^ and his co-workers considered the biological prop-
11erties of phenylhydroxyalkylamines showed sufficient

potential to warrant a study of epimeric l^hydroxy- 1 ^ 

phenylquinolizidines, 2 -hydroxy- 2 -phenylquinolizidines and 

3-hydroxy-3-phenylquinolizidines, and their esters.

The rigidity of the quinolizidine system was considered 

by Sam as likely to affect the biological activity of the 

derivatives and to give a greater understanding of the 

structural requirements for pharmacological activity. In 

fact, the 2 -hydroxy- 2 -phenylquinolizidine esters demonstrated 

marked analgetic activity. Such activity was also noted 

in the case of the 3-aryl-3-hydroxyquinolizidines, which 

also had some antidepressant activity.

It was upon this basis that the research described in 

Chapter I of this thesis was conceived.



2. Natural Occurrance

The perhydrobenzo [b]quinolizine (1,3,4,6,6a,7,8,9,10,1 Oa,- 
11,11a - dodecahydro-2H-benzo[b]quinolizine) ring system 
(9) occurs extensively in nature, for example in clinically 
useful hypotensive alkaloids of both the Veratrum [eg 
protoveratrine A (10)] and Rawolfia [eg reserpine (11)] 
series.

lO

d

( 9 )

H

H

OH OAc

(10)

OMB

HMB = (+)-2-Hydroxy-2-methylbutyrÿI 
MB = (-)-2-Methylbutyryl
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N

H

CH O C  X  O ^

O
" < ^ 0 C H 3  

OCH_
(11)
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The ring system (9) is also found in the Yohimbine alkaloids,
and it was the construction of the C-D-E ring skeleton of 

33Yohimbine (12) which caused the initial interest in the 
synthesis of the perhydrobenzo [b]quinolizine system (9).

OH
(12)

Suitable derivatives of (9) may also form useful inter
mediates for the synthesis of the fundamental structural 
unit (13) of the tetrahydroberberine alkaloids^^.

lO

(13)

5,6,13,13a-tetrahydro-8H-dibenzo |a,g]quinolizine.

1,3,4,6,11,lla-Hexahydro-2H-benzo [b] quinolizine (14)
(R^ = R2 = H) and its derivatives were well known and 
seemed to offer a facile approach to the above systems,
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the syntheses, outlined in the following pages, allowing 
the insertion of a number of functional groups into the 
system as well as a variety of oxygenated substituents, 
as found in alkaloids containing this skeleton, on the 
ring designated C in (14).

(14)
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3. Synthetic Methods

The first reported synthesis of 1,3,4,6,11,lla-hexahydro-

2H-benzo[b] quinolizine (14) (R^ = R 2  = H) was published
12in 1931 by v. Braun and Pinkernelle and is summarised 

in Scheme I. Benzyl chloride and pyridine were reacted 

together to yield benzylpyridine (15). Reduction 

followed by reaction with formaldehyde yielded the tricyclic 

compound (14) (R^ = Rg = H).

(15)
i reduction
ii HCHO

(14)

SCHEME I.
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A variety of other methods for the synthesis of this system 

have been reported. Sugimoto^^ prepared (14) (R^ = R^ = OCH^), 

by the method outlined in Scheme II.

3,4-Dimethoxyphenylalanine (16) was reacted with formaldehyde 

and hydrochloric acid^^ to yield the tetrahydroisoquinoline- 

3-carboxylic acid (17), which was esterified under Fischer- 

Speier conditions to (18), followed by alkylation with 3  - 

bromopropylcyanide to yield (19), which was converted to 

the diester (2 0 ).

Cyclisation of the diester (20) by the Dieckmann reaction 

yielded the keto derivative (21). Sugimoto then claimed 
that Clemmensen reduction afforded the amine (14)

(R^ = R 2  = OCHg), however, in view of later work^^*^^ it 

appears likely that the product was of the type (2 2 )

(R. = R. = OCH-).
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COOH

N H o  h c h o /h c i NH . HCICH.(16) (17)
i.EtOH/Scl gas 

ii.K-CO,

,Et

NH
CH.

(18) 

i.BrfCHg), CN

(19)

CH
(20)

CH

CH
(21)

Clemmensen
R.

(l4:R̂ cRg=0CHg)
SCHEME II

(22)
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17Clemo and Swan prepared (14) (R^ = = H) in the same

manner as Sugimoto (Scheme II), but utilizing d 1 -phenyl

alanine as the starting material.

18In 1951 Archer published a revised preparation of (14) 

(R^ = R 2  = H) in which he carried out the alkylation of 

ethyl-1, 2,3,4-tetrahydroisoquinoline-3-carboxylate (23) 

with ethyl-4-bromocrotonate to yield (24), which was 

reduced to the diester (25) with hydrogen in the presence 

of Adam's platinium catalyst. Dieckmann cyclisation of 

the diester yielded the aminoketone (26) (Scheme III).
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(23)
+ BrCH-CH = CHCOgEt

X 0 «  Et 
T /C O . Et

Hg/PtOg

0O !? “"
(25)

Dieckmann

(2 6 )

SCHEME III
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This modification raised the yield of the ketone [26] 

from Clemo’s 3% to 24%, based on dl-phenylalanine.

Clemo's work was part of a study on the constitution of 

Yohimbine [12], in which the use of the Fischer Indole 

synthesis allowed the build up of the entire ring skeleton 

for comparison with derivatives of [1 2 ],

(12)
19In 1956 Sugimoto described two further preparations of

I,3,4,6,11,lla-hexahydro- 8 ,9-dimethoxy-2H-benzo[b] quinolizine 

[14] [R^ = Rz = OCH 3 ].

Treatment of 3,4-dimethoxybenzaldehyde [27] with 2-pyridyl- 

magnesium bromide [28] yielded 2-pyridyl-3,4-dimethoxy- 

phenylcarbinol [29], which was reduced with sodium in 

1-butanol to the secondary amine [30]. The quinolizidine 

[14] [R^ = R 2  = OCH 3 ] was obtained by treating the hydro

chloride of [30] with formic acid under the Pictet-Spengler 

reaction conditions. [Scheme IV].

The second synthesis involved the preparation of 1,3,4,-

II,lla-tetrahydro-8,9-dimethoxy-2H-benzo[b]quinolizine [31], 

followed by Wolff-Kishner reduction.
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SCHEME IV

CH
MgBr

(28)(27)

(29)
Na/l-butanol

(30)

HCHO

(14) (Rĵ  = R 2  = OCH 3 )
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20The synthesis was modified by Kupchan et.al and this is 

outlined in Scheme V. Condensation of 3 ,4-dimethoxybenzyl 

bromide^^ (32) and 2-carbethoxypiperidine^^ (33) afforded 

a quantitative yield of (3,4-dimethoxybenzyl)~ 2 -carbethoxy~ 

piperidine (34), which was saponified by the action of 

alcoholic potassium hydroxide ,to the acid (35), the hydro

chloride of which was treated with polyphosphoric acid, 

to yield the ketone (31).

The use of polyphosphoric acid in the cyclisation of
23aromatic esters is well documented ; however Kupchan was 

unsuccessful in his attempt to cyclise the amino ester (34).
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SCHEME V

CK EtO.

(32) (33)

(34)

KOH/EtOH

(35)

P.P.A./85 /9h

(31)
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Bradsher and his co-workers have carried out a large 

amount of research on the acridizinium system (36) from 

which it is possible to obtain 1 ,3,4, 6 ,1 1 ,lla-hexahydro- 

2H-benzo[b] quinolizine (14) (R^ “ ^2 = %).

9 AAcridizinium bromide (36) (X = Br) was prepared by 

reacting pyridine-2-aldehyde (37) with benzyl bromide (38) 

followed by  cyclisation of the product (39) by refluxing 

in hydrobromic acid solution, as summarised in Scheme VI. 

Reduction of the quaternary salt with hydrogen in the 

presence of A d a m ’s catalyst afforded the hexahydro product 

(14) (R^ = R% = H).
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SCHEME VI

(38)

OHO

Br

(39)

H Br/i

(36)

H2/Pt02

(14: R. = R 2  = H)
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Kupchan et.al. also carried out the preparation of
8 ,9-dimethoxyacridizinium bromide (40), but modified the

32route reported by Bradsher and Dutta , in which the 

penultimate stage (the cyclisation step represented in 

Scheme VI), was effected with hydrobromic acid; by the 

use of polyphosphoric acid. This modification avoided 

the ether cleavage side reaction.

Bre
(40)

Kupchan was studying approaches to the perhydrobenzo[b]- 
quinolizine (9) system, in the hope of obtaining derivatives 

which would ultimately lead to alkaloid analogues with 

enhanced, or more specific, pharmacological properties.
The oxygen function at C-11 in (31) would provide a 

valuable step in the synthesis of alkaloids of the 
ceveratrum series, allowing the synthesis of compounds 

stereoisomeric about C-lOa, C-11 and C-lla,

Part of the work by Kupchan on (26), with the carbonyl 

function at C-1, involved conversion to the oxime (41), 

followed by reduction with lithium aluminium hydride to 

(42), subsequent hydrogenation, with lithium in liquid 

ammonia followed by hydrogenation over platinium oxide 

at atmospheric pressure, led to the amine (43),
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(26)

(41)

lOH

(42)

(43)

He also studied the reduction of the aromatic ring in the 

other derivatives which had been prepared by the routes 

already outlined, obtaining a variety of octahydro- and 

perhydro- derivatives.

2 7Woodward and Lamore synthesised the tetrahydro derivative 

(44) by condensation of the lithium derivative of a- 

picoline (45) with isopropoxymethylene cyclohexanone [46) 

followed by acid treatment.
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• OCH(CHg) 

(46)

(44)

28 29Both Swan , and Glover and Jones prepared 1,2,3,4-

tetrahydro-l-oxobenzo[b] quinolizinium bromide (47) by

treating 3-cyanoisoquinoline (48) with 3-ethoxypropyl-

magnesium bromide (49) to yield 3 - (4-ethoxybutyryl)-

isoquinoline (50) which was cyclised with hydrobromic

acid.
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(48)

E t O .C H , .C H j .CH.MgBr 
(49)

OEt

(so)
35% HB r / r e f  lux

(47)

Swan also prepared the octahydro derivative of (47), 

1,2,3,4,7,8,9,10-octahydro-l-oxobenzo [b]quinoliz inium 
bromide (52) by an identical route, starting from 3^ 

cyano-5,6,7,8-tetrahydroisoquinoline (51).

Û T

(51)

r
(52)
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The final method of preparation of the hexahydrobenzo[b] - 

quinolizine (14) system, to be discussed, was reported 

by Bobbitt and Moore^^ and extended in this laboratory^^.
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4. Synthesis of the hexahydrobenzo |b l  -quinolizine system

A series of 2-oxo-l,2,3,4,6,7 - hexahydro - 11b H - benzo[a]- 

quinolizines (53a - h) had previously been prepared by Beke 

and Szantay^^, as shown in Scheme VII.

The 3,4 - dihydroisoquinolinium salt (54) was reacted with 

a variety of a,3-unsaturated ketones (55) to yield the 

quaternary salts (56 a-h), which cyclised under basic cond

itions to yield the amino-ketones (53 a - h) , Scheme VII.

The reaction is believed to proceed via the same route as 

that suggested for the preparation of the 3 , 4 ,11,11a-tetra
hydro - IH - benzo [b] quinolizin - 2 - (6H) - ones , Scheme X I

The synthetic route suggested by Bobbitt and Moore^^ to the
C - 2 oxygenated 3,4,11,11a - tetrahydro - IH - benzo[b]quinolizin -

3 52(6H)-ones (57) arose due to his work on the isolation of 

a few intermediate 4 -hydroxy - 1 , 2 , 3 , 4 - tetrahydro- 

isoquinolines (58), which are readily dehydrated by acids 

to the 1,2 - dihydroisoquinolines^^ (59) on heating, and these 

are known to be susceptible to nucleophilic attack at C-3 

and electrophilic attack at C-4^^ .

This route to isoquinolines represents a modification of 

the Pomeranz-Fritsch synthesis^^, which involves the 

cyclisation of N - benzylaminoacetaldehyde dialkyl acetals 

with sulphuric acid, which yields the aromatic isoquinoline 

directly. This route has serious disadvantages and is very 

sensitive to experimental conditions. The modification by 

Bobbitt allowed the preparation of 1,2,3,4 -tetrahydro- 

isoquinolines (60), by treatment of reduced amino acetals (61)
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SCHEME VII

R

(54) (55)

o

H.

(53)

* 2 ^3 ^4 ^5 ^ 6

a H H R R R R
b OCR 3 OCR R R R R
c 'OCR

2 ° ’ OCR 3 R R R
d OCR 3 OCR 3 R R R CR 2 CH 3

e OCH 3 OCR 3 R R . R CR 2 CR(CR 3

f OCR 3 OCR 3 R CR 3 C R 3 R
g OCH 3 OCR 3 R R R CRgPh
h OCH 3 OCR 3 R R R Veratryl



. 28 -

SCHEME VIII

(57)

NH

(61)

(60)

NH

[ H ]

OH

6N HCL

(58)

I " *

(59)

IH

IH

R] R3 '3
a 0CH3 OH H
b OH OCH3 H
c OCH3 OCH3 H
d H OCH- OH

OCHgO '
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containing a C3 oxygen substituent with 6N hydrochloric 

acid followed by hydrogenation.

The postulated intermediate 1,2 - dihydroisoquinoline (59) 
was not isolated due to its instability^ however a large 

amount of evidence exists for its formation.

If the dehydration of the 4 -hydroxy - 1 , 2 , 3 , 4 - tetrahydro-
isoquinoline (58) is not followed by hydrogenation, the

corresponding 1, 2 , 3 , 4 -tetrahydro-isoquinoline (60), the

fully aromatic isoquinoline (62) , a dimer (63) and a trimer 
3 6are isolated . Compounds (60) and (62) are typical products

resulting from the disproportionation of 1 , 2 - dihydroiso-

quinolines in acid solution^^, and the dimer is most easily
explained as the product of an enamine reaction of 1,2

dihydroisoquinoline. Further support for a 1 , 2 -dihydro-
37isoquinoline intermediate was provided by Bobbitt et.al. 

who showed that the reduced aminoacetal (61) (R^ = OCH^,

R 2  = OH, Rj = H) reacted with benzaldehyde to give a good 
yield of the 4-benzylisoquinoline (64).
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(60)

QH

NH
(62)

(58)

(63)

Trimer
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SCHEME IX

OEt
CH

NH

(61)
6N HCL/EtOH/A

(64)

It was on the basis of the preceeding work that Bobbitt 

and Moore^^ suggested a route to a series of 3,4,11,11a- 

tetrahydro - IH - benzo [b]quinolizin - 2 (6H) ones (57 a - e) . 

Substituted benzylaminoacetals (61 a - e) were prepared by 

the condensation of the substituted benzaldehydes with 

aminoacetaldehyde diethyl acetal, followed by hydrogenation 

over A d a m s ’ catalyst. Reaction with methyl vinyl ketone 

afforded the tertiary bases (65 a ^ e ) ;  treatment of which 

with hydrochloric acid, as indicated, led to the products 

(66 a - e) and (57 a - e) , Scheme X.

As shown in Scheme X the alcohols (66) could be separately 

converted into the tricyclic ketones (57) with concentrated 
hydrochloric acid.
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A feasible mechanism for the formation of (57) is summarised 
in Scheme XI.
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SCHEME X.

R

(61) r.t. 48h

EtO

(65)

12N HCL/A6N HCL

12N HCL

(66) (57)

a
b
c
d
e

OCH.
OH
OCH.
H

OH
OCH.
OCH.
OCH.

OCHgO

H
H
H
OH
H
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SCHEME XI

" ^ 0

RO

H

dN

RO
(57)
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Structure (67) could not be excluded, on the basis of

Bobbitt’s evidence, for the final amino ketone, so a structure
31elucidation was carried out in this laboratory.

The amino ketone (57) or (67) (R^ = R^ = 0 Me : R^ - H) was 

prepared in an identical manner to that used by Bobbitt and 

Moore^^ and the product gave the correct elemental analysis 

and agreed with the quoted melting point. The ultra-violet 

spectrum was characteristic of a tetrahydroisoquinoline.

The ’H n.m.r. spectrum could not be interpreted to distinguish 

between the two possible structures.

The aminoketone was reduced using the Huang-Minlon modifi- 
48cation of the Wolff-Kishner reduction, thus (57) would 

lead to (68) and (67) would lead to (69).

(57)(R-, = R, = OMe 
*3 = H) (68)

(67)(R, = R« = OMe
Rs = H)

(69)
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It was important to utilize this mode of reduction to 

ensure that the ring structure was not affected. As already 

mentioned a Clemmensen reduction (under acidic conditions) 

may lead to cleavage of the aromatic ether linkage, as well 

as to ring contraction or expansion due to the formation of 
free radicals at the reaction site, (see page 37 ),

The product obtained could again not be assigned a structure 

on the basis of the ’H n.m.r. spectrum so compound (68) was 

synthesised by an unambiguous route for comparison.

3 2The method used was that of Bradsher and Dutta , with the 

modifications suggested by Kupchan et al?^, this method has 
already been discussed and is outlined in Scheme IV.

It was proved that the compound obtained by this route was 
identical with that obtained by the method of Bobbitt and 
Moore, by mixed melting point determination and quantitative 

solution infra-red spectroscopy, similar comparisons of the 
hydrochlorides, picrates and N-methiodes and also thin 

layer chromatography.
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5. Rearrangements of g - aminoketones under Clemmensen 

reduction conditions.

The rearrangement of a - aminoketones during Clemmensen 

reduction has been well studied^^'^^ on both bicyclic and 

tricyclic compounds containing a bridgehead nitrogen. The 
rearrangement was first noted when 1  ^ketoquinolizidine [70] 

was reduced under Clemmensen conditions and the product was 

found not to be quinolizidine (71] but rather l^azabicyclo  

[5 ,3 ,0 ] decane (72]^^. However, the same workers found tfiat 

Clemmensen reduction of 2 - ketoquinolizide (73] gave quino

lizidine (71).

There is no clearly outlined mechanism for the rearrangement
f t ?but it has been suggested that the first step might be a 

cleavage of the a C - N  bond in the acid medium, followed by 

an intramolecular condensation of the secondary amino group 
with the carbonyl group and reduction to give the new ring 
system, as shown in Scheme XII,



-38, - 

SCHEME XII

(70) 

H+

OH

OH

(72)



(73)
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G 1e m m a n s e n
R e d u c t i o n

IS

(71)

Similarly, when Leonard reduced the tricyclic ketone (26) 

under Clemmensen conditions he obtained the rearranged 

product benzo [c] - 1 - azabicyclo [4 .4.Ojdecane (22).

(2 6 )

C l e m m e n s e n  
K e a u c t i o n  ^

In view of the proposed mechanism of the reaction it appears 

unlikely that the 3,4,11,11a - tetrahydrobenzo [b] quinolizin- 

2 (6H) - ones (57) would suffer any rearrangement of the ring 
system.

( 5 7 )

However there is no reported case of a Clemmensen reduction 

having been carried out on systems such as (57).



—  40 —

6. Further synthetic routes.

A variety of other routes exist which could possibly be 
utilized in the synthesis of the 1,3,4,5,11,11a, - 
hexahydro-2H - benzo [bjquinolizine (14) ring system and 
its derivatives.

76Rapoport and his co-workers developed^method for 
producing iminium salts in high yield by heating -  

tertiary amino acids in phosphorous oxychloride, the 
acid chloride formed is unstable and yields an iminium 
salt. Rapoport used this method to synthesise a 
tetrahydroberberine derivative (76) from the suitably 
N - substituted 1,2,3,4 - tetrahydroisoquinoline - 3- 
carboxylic acid (74) as shown in Scheme XIII, via the 
iminium salt (75).

There seemed no reason why this synthesis could not be 
utilized in the preparation of the aminoketone, 3,4,11,11a, 
tetrahydro - IH - benzo/bjqulnolizin - 2 (6H) - one (57)
(R^ = R2 = Rg = H), as shown in Scheme XIV.
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SCHEME XIII

(74)

OMe
>Me

(7 5 )

OMe

(76)
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SCHEME XIV

O C O "

This route would provide the only possibility for the 

preparation of the totally unsubstituted system.

It had also been shown that^^*^^'^^ N - 6 - arylethyl - 1,2 - 

dihydroisoquinolines, such as (77) could be cyclised to 

berbine derivatives such as (78) by acids, but Brown, Dyke 

and Sainsbury^^*^^ found» by 'H n.m.r. studies, that the 

aminoacetal derivative (79) was rapidly hydrolysed by 

concentrated hydrochloric acid at room temperature to the 

aldehyde (80), and in a slower reaction^^ the doubly cyclised 

material (81) was formed in good yield. This can be explained
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iMe
M e

(77)

OMe
OMe

MeO

(78)

in terms of the initial formation of the N - substituted 4 - 

hydroxy - 1,2,3,4 - tetrahydroisoquinoline (82) followed by 

nucleophilic attack at C - 4 by the dimethoxyphenyl ring, 

before dehydration can occur, Scheme XV.

Following this, it was thought possible^^ that isopavine 

alkaloids eg. amurensine (85: R = H) or amurensinine 

(85: R = Me) could be formed by a similar reaction. When 

the aminoacetal (83) was treated with concentrated hydro

chloric acid at room temperature for five days (amurensinine 

(8 5: R = Me) was obtained via the intermediate 4 - hydroxy- 

1,2,3., 4 - tetrahydroisoquinoline (84), Scheme XVI.
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SCHEME XV
oca

CHgO

CH
OH

HOOH

(80)

OH

(82)

OCH

CH

(81)
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SCHEME XVI

'MeMe

NMe

Me

OR
(83)

(84)

c HCL

OH

MeIMe

OMe

NMe

(85)

This work added further weight to the alternative structure 

(67) suggested for the product resulting from the acid
70cyclisation of the amino acetals (61) prepared by Bobbitt , 

and despite the structure elucidation carried out in this 

laboratory (page 35) it was decided to investigate the possi

bility of using physical methods for assigning the structure 

unambiguously.
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7. Stereochemical and Structural Studies of Nitrogen 

Bridgehead Compounds.

The study of the stereochemistry of nitrogen bridgehead 

compounds is a matter of extreme importance in view of their 

extensive natural occurance. The existence of a nitrogen 

bridgehead nucleus is common in many compounds of biological 

and medicinal interest.

An extensive amount of work has been carried out on the use 

of spectroscopic techniques to determine the stereochemistry

N. 

(71)

(71b) (71a)

(71a)

Equilibrium between trans - and cis - quinolizidine.
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and preferred conformations of the quinolizid_ine nucleus (71) , 

especially in relation to the mode of fusion of the two rings; 

cis (71a) or trans (71b).

The evidence used to determine the stereochemistry and 

conformation of quinolizidine and its derivatives can be 

applied to the hexahydrobenzo[b] quinolizine (14) systems of 

interest to the author.

The difference between quinolizidine and the carbocyclic analog
is basically the replacement of the axial C - H bond of the
bridgehead carbon atom by a nitrogen lone pair. The nitrogen
atom allows conformational mobility between the c i s and

53trans - fused structures. It has been predicted and 

supported empirically^^, that the nitrogen lone pair has a 

steric requirement approaching that of a methyl group, however, 

there is also a strong body of opinion which interprets these 

observations in terms of a much smaller steric requirement 

for the nitrogen lone pair^^, and, assuming this to be the 

case, quinolizidine was estimated to be more stable in the 

trans - fused conformation^^.

The most widely used physical technique for assigning the

conformation and stereochemistry of quinolizidines has been
57infra-red spectroscopy. Wenkert made the first correlation
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between the ring-fusion configuration and the infra-red

spectrum in connection with studies on th-e yohimbine alkaloids.
5 8Bohlmann studied a large number of alkaloids containing 

the quinolizidine nucleus and found that those in which the 

quinolizidine moiety was trans - fused exhibited a character

istic series of bands in the infra-red spectrum between 2700 

and 2 800 cm”^. These bands, termed "trans bands" by Bohlmann, 

and how known as "Bohlmann bands", were absent in the cis - 

fused quinolizidine nucleus. By further work^^ it was shown 

that these bands were associated with the axial C ^ H bonds 

a to the nitrogen atom and trans to the nitrogen lone pair, 

also two such C - H bonds were necessary for these bands to be 
observed, the cis fused quinolizidine only having one.

ft 7Wiewiorowski £t. , defined the conditions necessary for

the occurance of "Bohlmann bands" more precisely. They found 

that for the bands to appear, one hydrogen on a carbon atom 

a to a nitrogen atom situated trans and axial with respect 

to the nitrogen lone pair of electrons was necessary. The 

intensity and complexity of the bands was found to be roughly 

proportional to the number of hydrogen atoms so situated.

Next to infra-red spectroscopy the most widely used technique 

for the investigation of the conformation and stereochemistry 

of the quinolizidine nucleus has been proton nuclear magnetic 

resonance spectroscopy, however this was found to be of little 

use in the present work due to the overlap of so many resonances 

of the aliphatic region of the 'H n.m.r. spectra of the 

benzo[bj quinolizine derivatives.
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DISCUSSION.

The aim of the work described in this chapter was to prepare 

analogues of 2  - hydroxy - 2 - phenylquinolizidine (8 6 ) for 

biological testing,

A possible route to these analogues was suggested by the 

reaction between a series of N-benzylaminoacetaldehyde - 

dimethyl acetals and methyl vinyl ketone, followed by 

cyclisation to 3,4,11,11a - tetrahydro - 1 H-benzo{b]}quinolizin 

2 - (6 H) - ones (57) which might then be reacted with phenyl 
magnesium bromide to give the required tertiary alcohols 

(87) .

It was also of interest to study the scope of the synthetic 

route proposed by Bobbitt^^ by variation of the a,g - 

unsaturated ketones used in the addition reaction with the 

N - benzylaminoacetaldehydedimethylacetals. In view of the 

work of Beke and Szantay^^ (page 27) it seemed that the 

reaction was a general one.

It was decided to attempt the synthesis of the 3,4,11,11a - 

tetrahydro - 1 H - benzo£bJquinolizine - 2  - (6 H) - one system 

by the same route, with minor modifications, as that used 

by Bobbitt and Moore^^ (see introduction) and summarised in 

Scheme X (page 33).

A series of acetals ( 8 8  i - v) were prepared by condensing 

the appropriately substituted benzaldehyde with aminoacet- 

aldehyde dimethylacetal followed by reduction of the 

resulting Schiffs base (89 ) with sodium borohydride in 

ethanol, the N - (benzyl) - amino -acetaldehydedimethylacetals
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were obtained in good yield after distillation, or an alter

native purification - see later.

The resulting oils reacted with methyl vinyl ketone on stand

ing in ether at room temperature for two days under a nitrogen 

atmosphere, to give the tertiary bases (90) which were used 

without purification. After removal of the solvent the oily 

tertiary bases were treated with concentrated hydrochloric 

acid at 80 - 90° for 45 minutes, followed by bas-ification, 

yielding the 3,4,11,1 1 a - t e t r a h y d r o - I H - b e n z o  [bjquinolizin- 
2 - (6 H) - ones (57 ), either by filtration or extraction.

Bobbitt prepared a number of the intermediate N - (3 - oxobutyl) - 
4 - hydroxy - 1,2,3,4 - tetrahydroisoquinolines (6 6 ) but this step 

was omitted in the present study, except in the case of the 
dimethoxy compound ( 6 6  i ). The inclusion of this step 
resulted in a lowering of yield of the final aminoketone.

The route to the amino ketones is summarised in Scheme XVII.
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SCHEME XVII

HO

CgHg reflux 
i -H 2 O

MeOv^^OMe

(88) q
1 CH,=CH-t-CH,/Et-0/r.t./48h
MeCK^Me

(90)6N HCl Ci HCl/heat

c. HCl/
heat

(66) (57)

^ 2 ^ 3

I OMe üMe H
II H OMe H
III H OMe OMe
IV -O-CHg -0- H
V OMe OH H
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Initial attempts to prepare 3,4,11,1 1 a - t e t r a h y d r o -8, 9  - 

dimethoxy - IH - benzo(bjquinolizin - 2 (6 H) - one (57i) resulted 

in the isolation of a quantity of a non-basic colourless 

crystalline solid lacking a carbonyl absorption in the infra

red spectrum. The proton n.m.r. spectrum was fairly simple, 

consisting of two singlets at 3.80 and 6.80 p.p.m. and an 

AB quartet (J = 14Hg) at 3.50 and 4.68 p.p.m. integrating 

respectively to a ratio., of 6 : 2 :1 : 1  (fig I).

Mass spectral evidence ( %  4 5 0 (m ^J) gave support to the idea 

that the unknown solid was cyclotriveratrylene (10,15- 

dihydro-2 ,3,7,8,12,13 - hexamethoxy - 5H - tribenzo jfa, d , g^ cyclo- 

nonene) (91). This compound is well known in the literature^^ 
and has been synthesised by the treatment of 3 , 4 -dimethoxy- 

benzyl alcohol (92) with acid. A considerable amount of work 
has been done on the structure of the trimer, (a tetramer 
also exists), utilising proton n.m.r, spectroscopy. The 

evidence points to a rigid crown structure (91) thus giving 

rise to non-equivalent geminal methylene protons, hence the 

observed proton n.m.r. signal pattern. A proposed mechanism 

for the formation of cyclotriveratrylene assumes the presence 

of unreacted 3 , 4 -dimethoxybenzyl alcohol (Scheme XVIII).
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SCHEME XVIII

H-
Acid
“H 2 O

(92)

Me()x.%cZZ>x

OH

OH

Y
etc
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'MeMe MeMeO
MeMeO

Cyclotriveratrylene.

( 91 )

Thus it was apparent that a quantity of 3,4 - dimethoxybenz- 

aldehyde was failing to condense with the aminoacetaldehyde 
dimethyl acetal and was being reduced by the sodium borohydride 

to 3,4 - dimethoxybenzyl alcohol. This problem was overcome 

by acidification of the crude acetal with ice-cold 2N 
sulphuric acid followed by washing tke acidic solution with, 

diethyl ether and rebas-ification, ensuring that the temper^ 

ature did not rise above 0°. The basic solution was then 

extracted with dichloromethane to yield, on evaporation, the 

required acetal in a pure state which was successfully 

cyclised to the required amino ketone [57i],

The mass spectrum of 3,4,11,11a- tetrahydro- 8 , 9 - dimethoxy- 

1 H-benzo[b]quinolizin- 2 - (6 H) - one (57i) was recorded at 

7 0 e V and it gave further evidence for the assigned structure. 

A strong molecular ion and^M-lJpeak were observed,/together 

with a base peak resulting from a retro-Dielo-Alder reaction.

The cleavages proposed were supported by the presence of 

hhë' appropriate■metastable ions. All the amino -
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ketones prepared in this manner gave a similar mass spectral 

fragmentation pattern, Scheme XIX.

SCHEME XIX

CET
m/e 261 (47%)

Me

m/e 260 (30%)

m/e 164 (100%)

-f

-Me

m/e 149 (20%)

The observed fragmentation could not be explained on the 

basis of the alternative structure (67) .

(67)

This structure is unlikely to give the retro-Dielo-Alder 
fragment at ^/e 164.
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The infra-red spectra of the amino-ketones were recorded in 

solution and they also gave support for the assigned structures 

due to the presence of Bohlmann bands in the 2800-2700 cm  ̂

region (see introduction, page 47), their presence indicating 

that the quinolizidine unit was present in the expected trans- 

conformation.

The infra-red spectra of the five amino ketones prepared by 

the above route are summarised below. Table 1.

An effort to expand the scope of the reaction was made by 

attempting the addition reaction to the N-(benzyl)-amino 

acetaldehyde-dimethyl acetals (8 8 ) with a variety of a,B- 

unsaturated ketones.

The first of these ketones to be tried was ethyl vinyl ketone 

The acetals -(8 8 ) were reacted with ethyl vinyl ketone, under 

the same conditions as already described, to yield the 

tertiary bases (93) which were cyclised with hot concentrated 

hydrochloric acid to yield the expected 1 -methylamino ketones 

(94).
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Compound

Table 1.
-1-l.r. spectrum (cm ) 

Bohlmann region Carbonyl peak

(57i)

2790

2750

2730

1720

MeO

(57i I)

2800
2760
2750

1725

Me

(57i i i)

2800
2780
2700

1710

(57 iv)

2750
2740
2710

1710

le o c r
(57v)

2800

2750

2720

1715

Ir spectra recorded in CHCl? solution 
(reference polystyrene filmj.
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The reactions appeared to proceed faster and in better yield 

than the cyclisations of the amines resulting from the methyl 

vinyl ketone addition reaction. This was due to the presence 

of the methyl group helping to facilitate the formation of 

the enol.

OMeMe

NH

(88)

Me CHg C CH=CH 2

Me
MeO

(93)

c. HCl/heat

Me

(94)

a) “ ^ 2  ~

b) = OgCHg
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The 1-methyl-aminoketones (94a-b) were identified from their 

mass spectra and 'H n m r  spectra. As expected the infra-red 

spectra of all the compounds again gave evidence for the 

presence of a trans-fused quinolizidine unit, by virtue of the 

bands in the ’’Bohlmann” region, see Table 2.

A tentative assignment of the stereochemistry of the compounds 

has also been made on the basis of the ’H n m . r  spectra, also 

summarised in Table 2. The methyl doublets of all the 

compounds have J = 6-7 suggesting that the methyl group is 

in the axial position, by comparison with ’H n m r  data of 

monomethylquinolizidines^^ (Table 3).

The recorded data is summarised in Table 2.



— 60 —

§ÎH
+->u
o

V)

rH
X
p
o LO

1—1
P P
cd 0 rH

U  P

p
o

•HbO(DP
gnjerH.P
oPQ

o . o LO O o LO LO
o Tj- O LO Tf
oo . 00 0^ O'-
04 , 04 . 04 04 04 04 04

p>
0
rH04
p0 orH

X
cd rH

E- X

■p
0
6
P
S
P

d:

ro
d:

4->P
0>
cdP i
p<

•p
0
rH
Xi
p
o

6
m  p  
o  pV I
0
p+J
p0u

vO

'§P
o

. p
ou

O) %



— 61 ”

Table 3.

'H n m r  and I.R. Data on Monomethylquinolizidines

Structure ' H n mr methyl 
doublet'

Centre of doublet Apparent 
(ppm) JCHg)

Ir Bohlmann. 
region (cm“ )

Me

0.9 5 5.8

2805

2755

2680

2610

Me

0.84 1.6

2805
2755
2685

2605

0.91 2.7

2805

2760

2675
2605

Me

0.99 6.9

2800

2760

2675

2600
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Table 5 (cont)

'H n m r  and I.R. Data on Monomethylquinolizidines. 

Structure ^Hnnir methyl 
doublet
Centre of doublet Apparent 

(ppm) JCHg)

Ir Bohlmann. 
region (cm’ )

1.80 6 ; 6

2795

2755
2680

2615

Me 0.82 4.8

2805
2760
2685
2625
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fi 7Previous work had also indicated that the splitting by the 

adjacent hydrogen was less for equatorial methyl groups than 

for axial methyl groups. The work was done on dimethyl- 

cyclohexanes and JCHax/Me-eq) was 0-3,7 Hz, and, although 

the compounds studied did not contain any rigid axial groups 

J(H-eq/Me-ax) was estimated as 8 .1-9,9 Hz, However, consider

ation of the transition state leaves the assumption that the 

methyl group is in the axial position in doubt. The course of 

the reaction is depicted in Scheme XX,

SCHEME XX,

Me

Me

Me

(e)
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The intermediate (b) appears to be considerably less stable 

than (c) due to the considerable steric requirement of the 

methyl group. Thus it appears likely that C-C bond rotation 

occurs (giving (c)), which will then cyclise to give the 

product (d) in the c i s conformation with an equatorial 

methyl group. It has been estimated^^ that AG° for the cis

trans quinolizidine equilibrium is about -4.4 kcal mole~^,

thus the cis product (d) can, with relative ease, flip to the 

more stable trans product (e) which is indicated in the infra

red spectra.

'H n m r  evidence was not sufficiently conclusive to assign 

the stereochemistry of the methyl group beyond doubt although 

it did appear to suggest an axial group by comparison of 

coupling constants with known compounds. In total opposition 
to this evidence was the view presented by consideration of 

the course of the reaction and the steric requirement of 

the methyl group.

There was no evidence for the presence of an epimeric mixture 

from thin layer chromatography or melting points - which were 

found to be very sharp.

The addition reaction was then attempted using mesityl oxide, 

an a ,B - unsaturated ketone with which Beke and Szantay 

achieved success (page 27), although only in poor yield (15%).

The N-(benzyl)-aminoacetaldehydedimethylacetal( 8 8 i) was stood 

in ether with mesityl oxide (95) for two days, however th_e 

addition reaction failed to occur. The reaction was also 

attempted in refluxing ether but again no evidence was
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obtained for the required product (96), Scheme XXI.

It seems likely that the failure of the reaction was due to 

steric hinderance, preventing sufficiently close approach of 

the secondary amine and the more hindered double bond.

SCHEME XXI

M(
Me

Me

(88)

0 
C—CH— C—  M©

(95)

MeCK^^OMe 
M e C K / ^

(96)

The reaction was then attempted wft h  two further q,grunsat^ 

urated ketones, 2-cyclohexen - 1 - one (97) and 1 - acetyl - 1 - 

cyclohexene (98). Both these compounds were found to add to 

the acetal (8 8 i) by standing the two reactants in ether, under 

nitrogen, at room temperature for two days. The intermediate 

tertiary amine acetals (99) and (100) were not purified, 

however t.l.c. indicated the presence of a pure product in 

both cases.

Cyclisation of both the acetals was achieved in a manner
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analgous to that already described, to yield the amino 

ketones (101) and (102). Both were obtained as beige 

amorphous solids which could not be recrystallised, however 

the solids gave tentative spectroscopic evidence for the 

expected products, Scheme XXII.

The mass spectrum of the amino ketone (101) exhibited a 

molecular ion at ^/e 287 at low eV, ( 8  e V ) . At 7 0 e V  the 

mass spectrum exhibited a strong fk-lj peak, however the 

retro-Diels-Alder fragment at m/e 164 was not observed in 

the case of amino ketone (1 0 1 ), which gave a base peak at 

m/e 190 resulting from fragment a.

MeO

a

The mass spectrum of the amino ketone (102) again exhibited 

a molecular ion, at m/e 315, and a strong [M-l]'peak. In 

this case, however, a peak resulting from the retro-Diels- 

Alder fragmentation (at m/e 164) was observed.

The mass spectra are the only firm evidence obtained for 

the structure of the products as the 'H n m r  spectra were 

found to be too complex to analyse with certainty, however 

this reaction represents a significant possibility for the 

synthesis of a wide variety of natural products by use of 

the appropriate a ,3 -unsaturated ketones.
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SCHEME XXII

+ (88]

(97)

(101)

Me
c=o

OMe

(99)

+ (88]
(98)

. MeO\^OMe
M e ^ ^ Ojn i 1

(100)

Mel

(102)
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ii. Synthesis of analogues of 2 - aryl - 2 - hydroxyquinolizidine

Having prepared an extensive series of amino ketones it was 

decided to attempt to synthesise a series of compounds 
analogous to the 2  - aryl - 2  - hydroxyquinolizidines discussed 

in the introduction (page 4), for biological testing.

The initial target compound was 1,3,4,6,11,11a ^hexahydrO'*

8,9 - dimethoxy - 2 - hydroxy - 2 - phenylbenzo[b]quinolizine 

(87i: = R 2  = OCHg : R^ = H] which was to be prepared from

the amino ketone (57i ; R^ = R 2  = OCH^, R^ = H ) , by reaction 

with phenyl magnesium bromide, as shown in Scheme XXIII.

SCHEME XXIII

(57i)

PhMgBr

MeO

(87i)

Initial attempts to prepare the alcohol (87i) resulted in 

the isolation of an intractable brown tar, which was shown, 

by t.l.c. to be a multi-component mixture.
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In these initial attempts, phenyl magnesium bromide was 

prepared in the usual way, in dry ether under nitrogen, and 
the amino ketone (57i) dissolved in dry tetrahydrofuran 

[being insoluble in ether), was added to the ice cold 

solution of the Grignard reagent. The reaction mixture was 

allowed to come to room temperature and vigorously stirred 

overnight, it was then refluxed for two hours before being 

"worked-up" for bases.

In an effort to overcome the problems incurred in the 

reaction, it was repeated a number of times using different 
concentrations, temperatures, reaction times and solvent 

ratios. When these further attempts failed to yield the 

desired product it was decided to attempt the reaction with  

phenyl lithium, but again success was not achieved.

Attention was finally focused on the purity of the solvents 

employed, both of which (tetrahydrofuran and ether) had been 

distilled; from calcium hydride (tetrahydrofuran) or sodium 

wire (ether) and then stored over the same drying agent.

The phenyl magnesium bromide (50% excess) was prepared by 

adding bromobenzene, dissolved in ether, freshly distilled 

immediately prior to the reaction from lithium aluminium 

hydride under nitrogen atmosphere, to magnesium turnings.

After the Grignard reagent had been prepared the amino ketone, 

dissolved in tetrahydrofuran also distilled immediately prior 

to use from lithium aluminium hydride under nitrogen 

atmosphere, was added to the ice-cold solution of the Grignard 

reagent. After the addition was complete (1-2 hours) the 

mixture was allowed to come to room temperature and stirred
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overnight. The reaction mixture was worked up by hydrolysing 

the Grignard mixture with water, followed by a base work

up. After extraction and removal of the solvent the desired 

alcohol was obtained in 60-70% yield after recrystallisation 

from acetone.

The product was identified from its ’H n m r  spectrum, infra

red spectrum and mass spectrum. The mass spectrum exbjtbited 

a fairly weak molecular ion at ^/e 339, accompanied by an 

M-1 peak of equal intensity. There was a weak peak at 

^/e 321, representing the loss of water, and the base peak 

of the spectrum was at ^/e 164, again due to the retro^ 
Diels-Alder reaction characteristic of these compounds.

The fragmentation is depicted in Scheme XXIV.

The ’H n m r  spectrum exhibited the phenyl group as a complex 

multiplet, integrating to 5 protons from 7.56^7.266, and a 

deniable peak integrating to 1 proton at 2,206. The 

remainder of the aliphatic region was too complex to assign 

with any certainty.

The infra-red spectrum exhibited the expected Bohlmann bands, 

at 2905, 2880 and 2845 cm~^, (Table 4).
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SCHEME XXIV

-h

m/e 164 (100%)

-Me

Me

+ •
m/e 339 (19%)

Ph
Me<

m/e 338 (19%)

Me

m/e 321 (5%)

)H

m/e 149 (40%)
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Table 4.

Infra-red spectra of benzo/bjquinolizinols

Compound "Bohlmann" Bands (cm~^)

2905
2880
2845

(87 i)

MeO

(87ii)

2810
2750

OH

(87iii)

2760
2670

Me

Me<
(103)

2905
2835

a. Reference: polystyrene film. Spectra recorded as 
nujol mull.
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There was no indication for the formation of two epimers which 

is surprising in view of the work of Beckett^ and Sam^"^^ 

because in all cases they found that reaction of the keto 

quinolizidines with phenyl Grignard gave rise to two epimeric 
alcohols which were separated and identified. Sam^ found that 

the reaction of 2-ketoquinblizidine (73) with phenyl magnesium 

bromide afforded a 1:3 mixture of the epimeric alcohols [8 6 a) 

and (8 6 b) which were separated by elution chromatography, •

Identification of the epimers was achieved by infra-red and 

'H n m r  spectroscopy. The infra-red spectra of the two epimers 

were similar, however 2 (e) ^hydroxy - 2 (a) - phenyl-quinolizidine 

(8 6 a) exhibited some intramolecular hydrogen bonding at high
- Idilutions, with a broad weak band at 3350cm which was attributed 

to the cis ^quinolizidine (8 6 c)

Such hydrogen bonding is not possible in the case of epimer 

(8 6 b).

A similar study was performed on l,3,4,6,ll,lla-hexahydro -2- 

hydroxy - 2 - phenylbenzofbjquinolizine (87i;R^=R2 = 0 M e , R^ = H) , 

in chloroform solution. The most concentrated solution possible 

was 1 0 % w/v, however at this concentration the free hydroxyl 

stretching was clearly observed at 3600 cm^^ with a broad 

intermolecular hydrogen bonding peak from 3050 ^ 3450 cm'^^.

When the concentration was halved to 5% W/V the'free hydroxyl 

absorption remained, at 3600 cm ^ , but the intermolecular.hyd

rogen bonding absorption was absent. In neither spectrum was 

an intermolecular hydrogen bonding observed, lending a degree 

of justification for the assignment of the conformation of 

the isolated product as having a 2 (axial) - hydroxy and 

2 (equatorial) - phenyl group.
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(86c)

N

(73)

OH
(86b)

Shift reagent studies on the 'H n m r  spectrum with EuCfod)^

failed to yield any further evidence for the conformation of

the product. None of the peaks showed any significant shift 
and merely resulted in a marked broadening of the peaks.

Thus the conformation of the isolated alcohol can be tentatively 

assigned as the 2 -  (a) hydroxy- 2(e) - phenyl epimer (87a), 

from the observed infra-red spectrum and the observation by 

Sam that a 3:1 ratio of 2(a) - hydroxy-2(e) - phenylquinolizidine 

2 (e) - hydroxy - 2 (a) -phenylquinolizidine was formed by reaction 

of phenylmagnesium bromide with 2 -ketoquinolizidine.
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MeO
HO

MeO
Ph

(87a)

In the same manner as the tertiary alcohol (87i:R^ = R 2  = 0 Me; 

R^ = H) was prepared, the further series of alcohols (87ii-iii; 
103) were obtained, all giving similar infra-red, 'H n m r  

and mass spectra, see Table 4.

87ii

87iii

103

R
R. R

CH 2 O 2  

H Me 0
Me 0 Me 0

R.

H
H
H

R,
H
H
Me

The acetate of the alcohol (87i) was prepared by reacting the

alcohol with isopropenyl acetate (104) in the presence of
73p-toluenesulphonic acid . This yielded the acetate (105) as 

a colourless crystalline solid in high yield.
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Beckett found that acétylation of the two epimeric 2 - hydroxy - 

2  - phenyl - quinolizidines in this manner gave reaction in only 

one case, the axial alcohol (8 6 b) underwent acétylation smoothly 

under the above conditions, to yield the acetate (106), whereas 
the equatorial alcohol (8 6 a) underwent partial elimination to 

yield (107) as a colourless crystalline solid in 11% yield.

OH

(86b)

'OCOMe

(106)

Thus the implication is that the hydroxy group is in the axial 

position but there is no conclusive evidence for this,although 

this evidence supports the infra-red evidence.

Me<

Cl!S>
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iii Further reactions.

A further series of reactions were carried out on 3,4,11,11a- 

tetrahydro - 8 , 9 -  dimethoxy - IH - benzo/bjquinolizin - 2 (6 H) - one 

(57i) in order to supply samples for biological testing.

The carbonyl function was reduced to the alcohol (108) by

dissolving the amino ketone (57i) in 95% ethanol and adding

excess sodium borohydride portionwise. The mixture was

stirred for 24 hours, diluted with water and extracted.

Evaporation of the solvent yielded the expected alcohol which

was recrystallised from acetone. Evidence was obtained in

this case for the formation of the two epimeric alcohols, from
the ’H n m r  spectrum, which was very poorly resolved, and from

t i c  which showed two distinct spots running very close

together. Attempts to separate the two epimers by elution

chromatography failed, as did fractional recrystallisation.

The two epimers appeared (from t i c )  to be formed in a 1:1 
ratio.

The carbonyl function of the amino ketone (57i) was also 

reacted with hydroxylamine hydrochloride in ethanol in the 

presence of pyridine to yield the oxime (109) after refluxing 
the mixture for Ih. followed by removal of the solvent. The 

resulting solid was recrystallised from etliano 1 7 water to yield 

the oxime (109) as a colourless microcrystalline solid in 

excellent yield.

The oxime (109) was reduced to the diamine (110) by adding 

it to a vigorously stirred suspension of lithium aluminium 

hydride in tetrahydrofuran. The mixture was refluxed for 8 h. 

whereupon the excess lithium aluminium hydride was decomposed 
with ethanol. Potassium hydroxide solution was then added to
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the mixture which was refluxed for Ih., the tetrahydrofuran 

layer was separated, dried and evaporated to yield the 

amine (1 1 0 ) as a pale yellow oil which was characterised as 

the hydrochloride.

(108)

(57i)

HgNOH

ffNOH

Li AlH

010)
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A previous investigation^^ on the lithium aluminium hydride 
reduction of the oxime of 2 methylcyclohexanone showed the 

product to be principally trans - 2  - methyIcyclohexylamine. 

Furthermore, two other i n v e s t i g a t i o n s ^ ^ h a v e  demonstrated 

that such reductions generally afford equatorial amines. Thus, 
by analogy, the equatorial position is suggested for the 

primary amine function of (1 1 0 ),

Me

Me<

Cl10a)

However no firm evidence could be obtained for such a 

configuration from the proton n m r  spectrum, which appeared 
broad and poorly resolved, indicating the possibility that 

the product was an epimeric mixture.

All the compounds which were submitted for pharmacological 

testing showed little to no activity.
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EXPERIMENTAL.
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N - benzylaminoacetaldehydedimethyl acetals.

Aminoacetaldehtjdedimethyl acetal (10.5g) and the aldehyde 

(0.1 mole) were stirred in absolute Et OH (200 cm^) at room 

temperature for 24 hours. NaBH^ (2.0g) was added portionwise 

and the mixture was stirred for a further 24 hours. Water 

(400 cm^3 was added and the mixture was extracted with
7 7

CH 2 C I 2  (5 X  100 cm ). After washing with H 2 O (SO cm ), the 

combined extracts were dried (MgSO^) and the solvent was 

evaporated to yield the acetal as an oil. Excess aminoacetalde- 

hydedimethylacetal was distilled at 70° and 1 mm pressure.

a) N - (3,4 - dimethoxybenzyl) aminoacetaldehydedimethyl- 
acetal (8 8 i) .

Colourless oil (95%).
'H n m r  (CDClj) 6 . 9 f3j(Ar-H ' s) , 4.55 t J = 5 H^

(CHCOCHgjz), 3.9 s £e]J (2 X  OCH 3 ) , 3.8 s [2]  (Ar-CHg-),
3.4 s [ô] (CHCOCHj)^), 2.78 d J = 5Hj [ 2 ] (CH^-CH), 1 . 7 7  s 

(NH) removed by D 2 O.

b) N - (3-methoxybenzyl) aminoacetaldehyde - dimethylacetal 

(SSii).

Colourless oil (80%). B.p. 140-145°/1.0 mm. 'H n m r  (CDCl^) 

6.65-6.80 [ I J  (Ar-H's), 4.50 t  £i3 (CHCOCH,),), 3.85

s C ^ J  (OCHj), 3.80 s [ 2 '] (Ar-CHg-) , 3.35 s f è j  (CHCOCH^) ,

2.70 d J= 5 Hj [ 2]  (-CHg-CH), 1.78 s [ Î J  (NH) removed by
D 2 O.
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c) N - (2,3 - dimethoxybenzyl) aminoacetaldehyde-dimethyl 
acetal (BSiii).

Colourless oil (67%). B.p. 145-150°/0.5 mm. *H n m r  

(CDClj) 6.76-7.0 m [ 3 ]  (Ar-H's), 4.47 t J = 6H, [Ï]

(CH(0 ^ 3 ) 2 ), 3.84 s Ij J  (2 X O C H 3 ), 3.80 s [ Ï J  (Ar -CH^),

3.40 s [ 6 ]  (CH( 0 0 )3 ) 2 ). 2-76 ^  J = 6 H 3  (CH 2  - CH) , 1.92 
br.s (NH) removed by D 2 O.

d) N -  (3,4 -methylenedioxybenzyl) amino acetaldehyde dimethyl 

acetal (SSiv).

Colourless oil (85%).

'H n m r  (CDCI 3 ) 6 . 8  /IJ and 6.72 [z"] (Ar-H's), 5.88 s 

( 0  - C H 2  - 0 ) , 4.40 t J = 6 H 3  [ i j  (CH( 0 CH 3 ) 2 ), 3.68 s [ÏJ 
(Ar - CHj,) , 3.32 s [ I J  (2 x O C H 3 ) , 2 . 6 6  d J = 6 H (jJ  (CH 2  - CH) , 
1.48 br.s [ 1 ^  (NH) removed by D 2 O.

e) N - (3 - hydroxy - 4 - methoxybenzyl) amino - acetaldehyde- 

dimethylacetal (8 8 v ) .

Brown solid (85%). ' H n m r  (CDCl^) 6.89 br.s [ i J  and 

6 . 8  s [ 2 ]  (Ar-H), 4.47 t J = 5 H 3  0.] (CH( 0 C H 3 ) 2 ), 3.83 s [ z ]  

(OCH 3 ) , 3.69 s [ 2 ] ( A r - C H 2 -N), 3.34 s [ô] CCHCOCH 3 ) 2 ) ,
2.72 d J = 5 H 3  [ 2]  (CH 2  - CH) , 4 , 0 - 3 . 8  [2 ] (NH and OH) 

removed by D 2 O.

£) N - ( 3 , 4 - dimethoxybenzylcyclohexan - 2 - one) aminoacetalde- 

hydedimethylacetal (99) .

The colourless oil (79%), was cyclised (without purification) 
using c. hydrochloric acid to the amino ketone (1 0 1 ) which

was obtained as a colourless solid (34%) m p  98-102°. X max
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230, 268 nm. Ir (CCl^) 3000, 2950, 2900, 2870, 2830, 1725 cm'^. 
'H n m r  (CDCI 3 ) 6.79 s and 6.5 s / I J  (Ar-H's), 4.02 s [z]
(Ar - CH^ “ N) , 3 . 8 8  s and 3.86 s fj)"} (ZxOCH^), 3.75 - 1.80 

complex /ll] (remaining protons). Mass (m/e) 287 (M ) [26%'], 

286 (M" - 1) [ Ï 9 \ ]  , 272 £ s % } , 191 [ 1 6 % ] ,  190 [ i 0 0 % ]  , 151 [izÇ,

g) N - (3,4- dimethoxybenzyl ^ 2 acetylcyclo - hexane) amino T. 

acetaldehydedime thy 1  acetal [1 0 0 ) ,

Colourless oil (42%) which was cyclised with c. hydro

chloric acid without purification to yield the tetracyclic 
amino ketone (102) as an oil (43%). Mass (m/e) 315 (M^)
/29%J, 314 (M*-l) 0 4 % ] ,  273 0 4 % ] ,  205 /lO%J, 190 0 3 % 7 ,

189 0 6 % ] ,  164 0 7 % ] ,  151 0 0 0 % ] ,  146 0 3 % ] .

N - (3 - Oxobutyl) - 4 - hydroxy 6 , 7 - dimethoxy - 1, 2 , 3, 4 

tetrahydroisoquinoline (6 6 ), (R^ = = 0 Me; = H ) .

N -  (3,4 - dimethoxybenzyl) aminoacetaldehydedimethylacetal 

(1.0 g) was dissolved in 6 N hydrochloric acid (50 cm^), 

washed with ether - benzene (3 x 20 cm^, 3:2 mixture), and 

allowed to stand at room temperature for 24 h. The solution 

was cooled in ice and bascified with dilute ammonia solution. 

The amine was extracted with dichloromethane (3 x 25 cm^), the
3

combined extracts were washed with water ( 2 0  cm ), dried 

(Na^SO^) and the solvent was evaporated to yield an oil, which 

recrystallised from methanol to yield a colourless solid (5 5 %), 
m.p. 127 - 129° (lit^° ^ 3 5  . 1 3 7 °). %.r. 3150, 1710 cm"^.

'H n m r  (CDCI 3 ) 6.79 s 0.] (Ar-H) and 6.38 s 0] (Ar-H),

4.39 br.s. fl] (-CH - OH) , 3.78 s [ ô j  ( 2 x 0  Me), 3.40 d d  0] 
(CH^ - A r ) , 3.30 br.s. 0] (OH), removed by 0-0> 2.90 - 2.40
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complex (5] (aliphatics), 2.12 s 0 ]  (CH,). Mass (m/e)
279 (M"̂ ) [ 2 % J ,  278 (M* - 1 ) £&%], 261 0 4 % ] ,  2 2 1  0.7%],

180 000% ], 179 09% ].

10, 15 - Dihydro - 2,3,7,8,12,13 - hexamethoxy - 5H - 

tribenzo (a,d,g) cyclononene (91). rpyclotriveratrylenel.

The above compound was isolated from a mixture of N - 

(3,4 - dimethoxybenzyl) aminoacetaldehydedimethylacetal 

(0.05 mole), methyl vinyl ketone (0.06 mole) and c. hydro

chloric acid (20 c m ^ ) . (See text), m.p. 229-231° ex 

ethanol (lit. 234°). I.r. 1610, 1510, 1260, 1090. »H n m r

(CDCI 3 ) (fig. I ) 6.84 s [ e ] (Ar-H's), 3.82 s fl87

( 6  X  OCH 3 ) , 4.68 d J = I 4 H 3  and 3.50 d J = I 4 H 3  (37 

(3 X  Ar - CH^ - Ar). Mass (m/e) 450 (M*), 435, 419, 404,
388, 312, 299, 281, 268, 151.

3,4,11,11a - Tetrahydro - IH - benzo f h j  quinolizin - 2 - 

(6 H) - ones.

The N - benzylaminoacetaldehydedimethyTacetal CO»01 mole) and 

methyl vinyl ketone (0.015 mole) were dissolved in ether 

( 1 0  cm ) and the mixture was stood, under nitrogen, at room 

temperature for 2 days, or until t i c  (Silica gel, 5% MeOH/

CHCI 3 ) showed the absence of starting material.

The solvent was removed m  vacuo and the resulting oil was 

dissolved in conc. hydrochloric acid (50 cm^). The acid 

solution was washed with a 3;2 mixture of ether and benzene 
(3 X 50 cm^) and then heated on a steam bath for 30 min. The 
cooled solution was made basic with aqueous ammonia to pH 9^^10
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In the cases where the amine did not precipitate at this
point, the basic solution was extracted with dichloromethane 

3 3(2 X  100 cm 1 X  50 cm ), the combined extracts were washed 

with water (50 cm^), dried (Mg SO^) and evaporated to yield 

an oil.

a) 3,4,11,1 1 a , - tetrahydro - 8 , 9 -  dimethoxy - IH - benzo [ h j  

quinolizin - 2(6H) one (57i).

Upon basrification the resulting precipitate was filtered 

off and recrystallised from 95% ethanol as a colourless 

crystalline solid (75%), m.p. 137-138° (lit3°140.5-141-5°).

I.r. (CCI.) 2900, 2825, 2785, 1720 cm~^. X (nm) 240, 287.

'H n m r  (CDCl,) 6 . 6 6  s 0 ]  (Ar-H's), 3.88 s [ s j  (2 x OCH 3  

and Ar CH^ - N) , 3.25 - 3.54 br.m. (Ar - CH^ - CH) , 2.20 -

2.77 br.m. 0 2  (remaining protons). Mass (m/e) 261 (M )' 

[42%]. 260 (M*- l )  00% ], 244 0 % ], 164 000% ], 149 08% ].

b) 3.4.11.11a - Tetrahydro - 8  - metboxy - IH - benzo fb] 

quinolizin - 2 - ( 6 H) - one (57ii).

Obtained as a colourless crystalline solid (25%) m.p. 

109-110° ex ethanol. X max 210, 290, 297 nm. I.r. (CCl^) 

3000, 2950, 2915, 2890, 2840, 2800, 1725 cm"^. ' H n m r  

(CDClj) 7.04 - 6.50 m 0 ]  (Ar-H's), 3.76 s 0 ]  (OCH^) ,
3.70 d d  J = 1 5 H 3  0 ]  (Ar - C H 2  - N) , 3.40 - 3.25 m fl} ( CH) , 

2.74 - 2.30 complex 0 ]  (remaining protons). Mass Cm/e) 231 

(M*) 04% ], 230 (M"̂  - 1) 01% ], 135 01% ], 134 000% ].

(Found; C, 72.78; H, 7.35; N. 6.24; C.^ NO^ requires 

C, 72.70; H, 7.41; N. 6.06%).
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Hydrochloride recrystallised from ethanol as a colourless 

crystalline solid m.p. 149-151°.

c) 5,4,11,11a - Tetrahydro - 78 - dimethoxy - IH - benzo Çb7 

quinolizin - 2 - (6 H) - one (57iii).

Obtained as a colourless crystalline solid (59%). m.p. 

97-98° ex ethanol.

r . r .  2860, 2800, 2755, 1715 cm"^. ' H n m r  (CDClj) 6.74 s 

0 ]  (Ar-H's), 3.80 s [ 6 ] (2 x OCH 3 ) , 3.75 d d  J = 16 Hj

(2 ]  (Ar - CH^ - N) , 3.35 m fl] ( CH) , 2.80-2.30 complex [s] 

(remaining protons). Mass (m/e) 261 (M*) 07% ], 260 (M* - 1) 
(27%), 165 0 1 % ] ,  164 000% ], 149 00%]. [Found { C, 68>44; 

H, 7.52; N, 5.38; H^g HO 3  requires C, 68.94, H, 7.33;

N, 5.36%).

d) 3,4,11,11a - Tetrahydro - (8,9- methylenedioxy)- I H - benzo 

P J q u i n o l i z i n  - 2 - (6 H) - one (57iv) .

The Precipitate was filtered and recyrstallised from 

ethanol as a colourless crystalline solid (60%) m.p. 163- 
164° (lit^° 168-169°). I.r. (CHCI 3 ) 3000, 2910, 2890, 2800, 

1725 cm"^. ' H n m r  (CDCI 3 ) 6.52 s and 6.58 s 02] (Ar-H's), 

5.92 s 02] ( O ^ C H ^  - 0) , 3.65 d d  0 ] j  = 15 H 3  (Ar-CH^), 
3.30 m 0 ]  ( CH) , 2.80-2.30 m 0 ]  (remaining protons).

Mass (m/e) 245 (M"̂ ) 06% ], 244 (M*-l) 09% ], 201 0 % ] ,  174
03%], 148 000% ], 147 07%].
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e) 3.4.11,11a - Tetrahydro - 8  - hydroxy - 9 - methoxy - IH - benzo 

fbjquinolizin- 2 - (6 H) - one (57v).

Obtained as a pale yellow crystalline solid (6 8 %) m.p. 
174-175° ex acetone (lit^° 192.5-193.5) I.r. (CCl^) 2690,

2950, 2910, 2845, 2800, 2750, 1715 cm"^. ' H n m r  (CDCl,/

DMSO) 7.96 s 0 J  (OH) removed by D 2 O, 6.60 s 0 ]  (Ar-H's),

3.81 s 0 7  (OCH 3 ), 3.60 d d  J = 15 H^ 0 ]  (Ar - C H 2  - N) ,
3.25 m 0 ]  ( CH), 2.72-2.30 complex 0 J  (remaining protons), 

Mass (m/3) 247 (M*) 0 5 % ] ,  246 (M*-l) 0 2 % ] ,  204 0 % ] ,

151 0 2 % ] ,  150 0 0 0 % ] ,  135 0 % J .

3,4,11,lia - Tetrahydro - 1 - methylbenzo/b]quinolizin - 2 - (6 H)- 

ones.

The above compounds were prepared in exactly the same 
manner as the 3,4,11,11a - tetrahydro - IH - benzofbjquinolizin- 

2 - ( 6 H) - ones, using ethyl vinyl ketone as the a ,3-unsaturated 
ketone.

a) 3,4,11,11a - Tetrahydro - 8 , 9 -  dimethoxy - 1 - methyl-benzo^ 7  

quinolizin - 2 - (6 H) - one (94a).

Obtained as Colourless needles (49%) m.p. 140-142° ex 
ethanol Xmax 234, 285. I.r. 2970, 2900, 2885, 2810, 2750,

1715 cm ’H n m r  (CDCl^) 6.57 s and 6.50 s [ z ]  (Ar-H's), 

3-60 d d  = 15 H 3  (37 (Ar-CHz-N), 3.79 s ^ 7  (2 x OCH 3 ) ,
3.00 - 2.20 complex [?'] (aliphatic protons), 2.32 q J = 5 H 3  

C l l  (CH 3 -CH), 1.08 d J = 5 H 3  0 > 1  (CH3  - CH). (Found:

C, 70.02; H, 7.55; N, 5.16; C^^ H 21 ^ ^ 3  requires C, 69.79;
H, 7.69; N, 5.09%).
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b) 3,4,11,lia - Tetrahydro - 8 , 9 - methylenedioxy - 1 - methyl- 

benzo(b7quinolizin - 2 - (6 H) - one Ç94b).

Obtained as colourless plates (73%) m.p. 162° ex ethanol.

X max 230, 285. I.r. (CCl^) 2975, 2945, 2920, 2880, 2800,

1720 cm'l. 'H n m r  (CDCI3) 6.52 s and 6.47 s [ J  (Ar-H's),

5.86 s [ J  (0 - C H 2  - 0), 3.55 d d  J = 15 H 3  (31 (Ar - CH^ - N) 

2.44 q J = 6  H 3  fl] (CH - CH 3 ) , 1.10 d J = 6  H 3  f)] (CH 3  - CH), 

3.30-2.18 complex [ i j  (remaining protons). (Found: C, 69.61;
H, 5.59; N, 5.64; C^g H^y NO 3  requires C, 69.48; H, 6.61;

N, 5.40%).

1,3,4,6,11,11a - Hexahydro - 2 - phenyl - benzo/bjquinolizin - 2 - 

o i s .

General M e t h o d .

Phenyl magnesium bromide (0.1 mole) was prepared by 

adding bromobenzene (0 . 1  mole) to magnesium turnings (1 . 0  g ) , 

in dry ether (50 cm ^ ) , under dry nitrogen, dropwise over 30 
min. The resulting mixture was stirred for 1,5 h, cooled to 

0° and the amino ketone (0.5 g ) , in freshly distilled tetra

hydrofuran (30 c m ^ ) , was added dropwise over 10 min. The 

mixture was allowed to come to room temp, and stirred for 1 2  h. 

(Check by t i c ,  10% MeOH/CHClg on silica gel). When reaction 

was complete the mixture was cooled to 0 ° and the excess grignard 

reagent destroyed by the addition of dil. hydrochloric acid 

(100 cm ). The acid layer was separated and washed with ether 

(3 X 50 cm^,) . The acid layer was bascified with 2N ammonium 

hydroxide and extracted with dichloromethane (3 x 50 c m ^ ) , the 

combined extracts were washed with water (50 cm^) dried 

(Na^SO^) and the solvent was evaporated to yield the product
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as a solid, which was recrystallised from acetone.

a) 1,5,4,6,11,11a - Hexahydro - 8 , 9 -  dimethoxy - 2 - phenyl - 

benzo fblquinolizin - 2 - o l . (87i).

Obtained as a colourless crystalline solid (60%) m.p. 

165-166°. X max (e) 230 (13,500), 285 (6,500). I.r. 3150,

2940, 2905, 2880, 2845, 1515 cm‘^. 'H n m r  (CDCl^) 7.24- 

7.56 m 0 s ]  (Ar-H's), 6.54 s 0 2 ]  (Ar-H's), 3.83 s 06] (2 x OCH^) , 

3.66 d d J = 15 H, 0 J  (Ar - CH^ - N) , 3.0 - 1.8 complex 09] 

(remaining protons), 2.00 br.s. 0 ]  (OH) removed by D,0.

Mass (m/e) 339 (M'̂ ) 0 9 % ] ,  338 (M* - 1) 019%], 321 [S%],
164 0 0 0 % ] ,  121 0 6 % ] .  (Found: C, 71.10; H, 7.34; N, 4.15;

^21 ^25^^3 ^squires C, 74.31; H, 7.42; N, 4.13%).

The Hydrochloride was recrystallised from ethanol, mp 176-177°.

b) 1,3,4,6,11,1 1 a - Hexahydro - 8  - methoxy - 2 - phenylbenzo[b7 
quinolizin - 2 - ol (87ii).

Obtained as a colourless crystalline solid (43%). mp 

183-184° (dec). X max 232, 289 nm. Ir 3200 (br) , 2920, 2900, 

2810, 2750 cm"^. 'H n m r  (TFA) 7.30-6.80 m 0 ]  (Ar-H's),

3.84 s 0 ]  (OCH,) , 3.80-2.36 complex 0 l ]  (remaining protons). 

(Found: C, 78.03; H, 7.52; N, 4.43; C^Q H^g N O 2  requires 

C, 77-67; H, 7.44; N, 4.53%).

c) 1,3,4,6,11,11a - Hexahydro - 8 , 9 -  methylenedioxy - 2 - 

phenylbenzo^b]quinolizin- 2 - ol (87iii).

Obtained as a colourless crystalline solid (52%). mp
' (:
-1

182-183°. X max (e) 237 (17,000), 285 (8,000). I.r. 3550,

3050 (br), 2760, 2670 cm''*'. 'H n m r  (CDCI 3 ) 7.60-7. 24 m 05]
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(Ar-H's), 6.48 s 0 ]  (Ar-H's), 5.86 s 0 ]  (0 - CH^ - 0),

3.52 d d  J = 15 Hj 0 ]  (Ar - CH^ - N), 2.20 s 0 ]  (OH) 

removed by D.O, 2.90-1.75 complex 0 J  (remaining protons). 

(Found: C, 74.42; H, 6.59; N, 4.24; C 2 Q H 2 2  NO^ requires 

C, 74.30; H, 6.50; N, 4.33%).

3,4,11,11a - Tetrahydro - 1 - methyl - 2 - phenylbenzo Ç h ]  

quinolizin - 2 - (6 H) - o l s .

There were prepared from the appropriate 3 , 4 , 1 1 , 1 1 a - t e t r a 

hydro - 1 - methyl benzo(jb7quinolizin - 2(6H) - ones in exactly 

the same manner as the 1 ,3,4, 6 ,1 1 ,1 1 a - hexahydro - 2  - phenyl- 

benzo^b 7 q u i n o l i z i n - 2 -ols, by reaction with phenyl magnesium 

bromide.

a) 3,4,11,11a - Tetrahydro - 1 - methyl - 8 , 9 -  dimethoxy - 2 - 

phenylbenzo/]b7quinolizin - 2 - (6 H) - ol (103) .

Obtained as colourless needles (49%) mp 176-178° X max 

234, 286. I.r. 3370 (br), 3000, 2940, 2905, 2835, 1600 cm'^. 
' H n m r  (CDC 1 ,/DMS 0 ‘̂ 6 ) , 7. 56-7. 20 m 0 ]  (Ar-H's), 6.60 s

and 6.52 s C Ü  (Ar-H's), 3.80 s 0 ]  C2 x OCH,) , 3.64 d i
15 Hj 0 ]  (Ar - C H 2  - N ) , 3.00-1.64 complex /s] (aliphatic 

protons), 1.92 q J = 7 H 3  [ i j  (CH - CH.), 0.76 d J = 7 Hj 

0 3 ]  (CHj - CH). (Found: C, 74.68; H, 7.62; N, 3.84;

^22 ^27 ^^3 requires C, 74.79; H, 7.65; N, 3.97%).

1,3,4,6,11,11a - Hexahydro - 2 - acetoxy - 8 , 9 - dimethoxy - 2 - 

phenylbenzoQ)7quinolizine - N - p - tolvene sulphonate (105).

The tertiary alcohol (0.1 g) and p-tolwene sulphonic acid
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(0 . 1 2  g) were refluxed together in isopropenylacetate ( 1 0  cm^ ) . 

The resulting solution was cooled and the precipitate was 
filtered off and recrystallised from ethanol to yield a fluffy 

colourless solid (951) m p  194^195^,

'H n m r  (CDCl^/DMSO) 7. 45-7.36 m [I'J (Ar-H's), 6.96 d 

J = 8  H 3  C Ü  (Ar-H's), 6.50 d J = 8  (Ar-H's), 4.32 q

J = 15 H 3  [ 2 ]  CAr - CH 2  - N), 3.82 s and 3.78 s 0 Ü  

(2 X  OCH 3 ) , 3.76-2.50 complex [ b j  (aliphatic H's), 2.32 s 

f z j  (Ar-CHg), 2.12 s [ z 2  (- C - CH^). (Found: C, 65.12;
H, 6.32; N, 2.58; C^q H 3 3  NOy S requires C, 65.09; H, 6.37;

N, 2.53%).

3,4,11,11a - Tetrahydro ^8,9 rvdjmeth.oxy IR ̂  benzofhjqutno^ 

lizin - 2 (6 H) - ol (108).

3,4,11,11a - Tetrahydro - 8 , 9 - dimethoxy - IH - benzo^bjquino- 
lizin - 2 (6 H) - one (1.0 g) was dissolved in 95% ethanol 

(50 cm^). Sodium borohydride (0.5 g) was added to the 

stirred solution, in portions, over 30 min. Stirring was 

continued at room temperature for 24 h . , whereupon the 

mixture was diluted with water ( 1 0 0  cm^) and extracted with 

dichloromethane (4 x 50 cm^ ) . The combined extracts were 

washed with water (50 c m ^ ) , dried (Na 2 S 0 ^) and evaporated 

to yield a yellow solid which was recrystallised from 

acetone to yield a colourless crystalline solid (95%) m p  

162-164°. X max (e) 234 (14,300), 286 (6,500). I.r. 3100 

(br) cm ’ H n m r  (CD-CI3 ) 6.5s s and 6.48 s /"2j (Ar-H’s),

3.84 s [j>2 (2 X  OCH 3 ) , 2.50 br.s /fl^ (OH) removed by D 2 O,

3.8-1.2 complex (remaining protons). Mass (m/e 263

(M+) 262 (M'" - 1) /43%], 244 / 6 %J, 164 (Ï0 0 Ç, 149 /ll%].
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1 2 1  /9iJ.  (Found: C, 67.93; H, 7.61; N, 5.28; NO^

requires C, 68.44; H, 7.98; N, 5.32%).

3,4,11,11a - Tetrahydro - 8 , 9 - dimethoxy - I H - benzo/bjquinolizin 

- 2 - Ç6 H) - one Oxime (109).

The amino ketone (2.0 g; 7.7 m mole), hydroxylamine hydro

chloride (2 . 0  g) and pyridine (2 , 0  cm^) were dissolved in 

ethanol (40 cm ) and the mixture was refluxed for 1 h.

Removal of the solvent iji vacuo yielded a solid which w a s . 

recrystallised from ethanol/water (1 : 1  mixture) to yield a
colourless microcrystalline powder (2,1 g ; 99.%)., m,p, 235^
236° (dec). X 230, 286. I.r. 3200, 3005, 2855 cm^ ^ . 'H n m r

(TFA) 6.98 s and 6.78 s ( A r - H ’s), 3.98 s (2 x OCH^) ,

4.9-4.1 complex and 3.9 5-3.10 complex [ ^ 2  (remaining

protons). (Found: C, 65.70; H, 7.18; N, 9.92; H 2 Q N 2 O 3

requires C, 65.22; H, 7.25; N, 10.15%).

1,2,3,4,11,11a - Hexahydro - 2 - amino - 8 ,9 - dimethoxy - 6 H  - 

benzofbjquinolizine (1 1 0 ) .

To a vigorously stirred suspension of lithium aluminium hydride 

(1.0 g) in dry tetrahydrofuran (25 cm^) was added the oxime 

(2.0 g ; 7 m mole) dissolved in dry tetrahydrofuran (60 cm^) 

over 1 h. The mixture was kept under dry nitrogen atmosphere 

and brought to reflux for 8  h. Upon cooling, excess lithium 

aluminium hydride was destroyed with ethanol and ION potassium 

hydroxide solution (25 cm^) was added and the resulting mixture 

refluxed for 1  h . , cooled and the layers separated. The 

tetrahydrofuran layer was dried (Na 2 S0 ^) and evaporated to 

yield a pale yellow oil, (1.8 g ; 95%). The oil was dissolved
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in ether (100 cm^) and dry HCl gas passed through the solution; 
evaporation of the solvent followed by recrystallisation from 

ethanol yielded the hydrochloride as a pale yellow crystalline 

solid (871), m.p. 270-272° (dec). I.r. 3200, 2705, 2580, 1605 

cm ^ . ’H n m r  (CDClg) 6.88 s and 6.80 s (Ar-H’s), 4,36

d J = 11 Hg [ l 2  CAr - CH - N) , 3.79 s C ^ 2  C2 x OCH^) , remaining 

protons appear between 3.60-1.80 as complex multiplets. Mass 

(m/e) 262 (M+) /31%], 261 (m"’ - 1) ^ 1 % J ,  246 [69%], 245

[l7%], 244 /23%], 205 [20%], 164 [Ï00%]. (Found; C, 54.32 ;

H, 7.01; N, 8.42; C^g H^^ 0^ 01^ requires C, 53.74; H, 7,17;
N, 8.36%).
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INTRODUCTION

HISTORY AND APPLICATIONS

The Diels-Alder reaction was initially formulated 
in 192 8^ and has always been a remarkably useful 
tool for the synthetic organic chemist, especially 
in the synthesis of polycyclic natural products, 
where its use offers an opportunity for the 
regioselective and stereospecific introduction of ^  
c h i centred o€ configuration. The intramolecular, 
Diels-Alder reaction offers itself as an efficient 
means for the synthesis of a variety of interesting 
bridged polycyclic species, including many natural 
products.

The first example of an intramolecular Diels-Alder
reaction appears to be an unpublished result quoted 

2by Alder . There were a few other isolated reports 
of the reactio n^w hic h  appeared to be rather 
incidental, but in 1963 two groups of workers 
published results in which the synthesis of 
longifolene (1)^ and a podophyllotoxin degradation 
product (2)^ was attem-pted via the deliberate 
application of the intramolecular Diels-Alder (IMDA) 
reaction.

The first systematic investigation of the IMDA 
reaction was carried out by House^. In this study 
the thermal reactions of the isomeric triene esters
(3) and (4) were
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OAc OAc

(13

R =

examined. Both the cis- and trans- isomers
(3a) and (4a) underwent stereoselective cyclisation
to produce the hydrin^ne derivatives (5) and (6)'."
If the diene and dienpphile portions of the molecule 
are separated by only two carbon atoms, the IMDA 
reaction fails.

Me
(4a3

130'

(63

COgMe

130

(3a3 (53
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Of particular interest was the fact that the 
cis - isomer (3a) underwent ready cyclisation, 
because systems of this type often fail to 
undergo bimolecular Diels-Alder reactions, thus 
it was concluded that the IMDA reaction of the 
cis - isomer profits from entropy factors due to 
the spatial proximity of the reactants, the diene 
and the dienophile.

Using the IMDA reaction a large number of natural 
products, previously almost inaccessible, have been 
synthesised and the synthetic work has been 
accompanied by a close systematic study of the 
reaction. The study of the IMDA reactions of 
dienamides of the type (7) (X or Y = 0) led to the 
following f observations^. At 200° (7) (X = ,
Y = O, R = CHg) gave very nearly pure cis - fused 
octahydroquinoline (8), whereas (7) (X = O, Y = Hg, 
R = CgHg) gives the cis and trans - lactams (9) and 
(10) in the ratio of 2:3. These observations are 
explained on the basis of the preferred coplanar 
arrangement of the amide and diene units in the 
corresponding transition states.
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C8)

H

An additional important factor in determining the 
stereochemistry of the products is the general 
tendency of the Diels-Alder reaction to prefer the 
endo orientation, rather than exo. This preference 
is best illustrated by the simple intermolecular 
Diels-Alder reaction between maleic anhydride and 
cyclopentadiene. The two possible additions are 
illustrated in equations 1 and 2, endo adducts 
normally predominate, often almost to the exclusion 
of exo adducts, however if the endo adduct is sterically
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hindered then isomérisation may occur to the exo 
adduct by a retro-Diels-Alder reaction followed by 
recombination.

eq1 
exo eq2

endo

9.
An explanation for the preference for endo - 
addition was put forward by Woodward and Hoffmann' 
Both the endo - and exo - addition is symmetry 
allowed, but for dienophiles with additional Tl 
bonds or other available orbitals there are secondary 
orbital interactions which come into operation, so 
as to favour the endo - transition state. For the 
the dimérisation of cyclopentadiene the endo - 
transition state is stabilised by the secondary
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interactions between the appropriate highest 
occupied and lowest unoccupied molecular orbitals, 
as shown in fig.l.

Figure 1

HOMO

LUMO

LUMO

HOMO

In the case of exo - addition these secondary 
interactions cannot take place.

An alternative explanation was proposed for the 
preference for endo - addition^^, based upon the 
fact that the endo - transition state results in 
more efficient geometrical overlap, as shown from 
calculations of overlap integrals. This explanation 
is better applied to cases where the reactants do 
not possess orbitals necessary for secondary 
interactions, such as the addition of dienophiles 
like cyclopropene and cyclopentene.
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2. Mechanism

It is now almost universally accepted that the 
Diels-Alder reaction proceeds by a concerted 
mechanism, due partly to the fact that the reaction 
fits in with orbital symmetry considerations.

A great amount of work has been devoted to 
investigating the timing of the formation of the 
new bonds and several results apparently suggested 
a stepwise mechanism. For example. Woodward and 
Katz^^ observed an intramolecular rearrangement of 
the Diels-Alder adduct (11) at 14 0^, which could be 
explained on the basis of cleavage of bond a followed 
by recombination to yield (12).

At temperatures higher than 140^, both bonds a and 
b cleave in a retro-Diels-Alder reaction, thus it 
was assumed that bond a cleaved before bond b.

The stereospecificity of the reaction was explained 
on the basis of secondary interactions preventing 
C - C bond rotation. However, this was not considered 
to be evidence for a two step Diels-Alder reaction 
because the rearrangement occurring at 140° is merely 
a Cope rearrangement, equation 3.
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Equation 3

HO --- H O -

H

A

HO

[11] Cl 2]

There is no evidence to support a general stepwise 
mechanism for the Diels-Alder reaction, although 
adducts of the Diels-Alder type may be formed by 
a stepwise route, especially when Zwitterionic 
intermediates are so stabilised that the stepwise 
route becomes a viable alternative.
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3. DIELS-ALDER REACTIONS OF FURAN, THIOPHENE 
AND THIOPHENE -1,1 - DIOXIDE

The simplest case of a Diels-Alder reaction is 
the combination of ethylene with butadiene. The 
Diels-Alder reactions of five membered cyclic 
dienes (13 X = 0,S, or SO^) bear a close 
resemblance to the simple case.

[13]

12The symmetry arguments of Woodward and Hoffmann 
give a reliable guide to forbidden processes, however, 
the fact that a process is not forbidden does not 
necessarily mean that it will take place, one of the 
reasons being that the products may be 
thermodynamically less stable than the reactants, and 
in the concerted Diels-Alder reaction the reactants 
and products interconvert readily, so the equilibrium 
would favour the stabler species - the reactants.

13Lert and Trindle have made a molecular orbital and 
mapping study of the symmetry allowed Diels-Alder 
reactions of heterocyclic dienes.

Using the theory of conservation of orbital symmetry 
it was possible to explain the marked lack of activity 
in Diels-Alder reactions of thiophene, whereas furan 
and thiophene - 1,1 - dioxide are both known to
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undergo the Diels-Alder reaction.

Discussions of Diels-Alder reactions stress the 
importance of the n  orbitals of the reactants, 
and it is a consideration of these that leads to 
the conclusion that thiophene will be particularly 
unreactive.

1. Molecular Orbitals of Butadiene.

The four 37n electrons of butadiene are classified 
as being of symmetry species S ]% and A 11. (S denotes 
symmetric and A denotes antisymmetric, with respect to 
a plane perpendicular to the CT” plane and containing 
the twofold axis of the diene). Thus the lowest 
energy molecular orbital (MO) of butadiene is S TT, 
as shown in figure 2.

Î
A t

A 

S

Figure 2. Molecular orbitals of butadiene.
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11. Influence of the Heteroatom

In a Diels-Alder reaction the dienophile approaches 
the diene in such a way that the occupied T T  M.O.is 
classified S. Thus, in the product the two CT bonds 
are formed from the butadiene A “n r  MO and the S MO 
of the dienophile. The ii bond arises from the S"TT 
MO of butadiene.

Consideration of the effect of the heteroatom on 
the diene leads to an idea of its effect on the 
electron reorganisation which takes place during 
the course of the Diels-Alder reaction.

The effect of theTTMO's of oxygen on the MO's 
of butadiene is shown in figure 3. The interaction, 
persisting through the reaction, tends to stabilize 
the S T T  MO of butadiene, but during the reaction, 
the interaction is weakened, however the reactants 
would appear to be more stable than the products. 
This treatment neglects the possible interaction of 
the S atomic orbitals of oxygen with the S cf bonds 
formed in the reaction. These two influences tend 
to cancel, therefore a Diels-Alder reaction of the 
furan molecule is expected under thermal conditions.

The behaviour of thiophene towards dienophiles is ' 
complicated by the possibility of d-orbital 
participation in the bonding. It is this that leads 
to the aromatic character of thiophene, which
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displays its aromatic character in its reactions, 
giving Friedal-Crafts acylation, bromination, 
nitration etc.

Sulphur has both a 3p and 3d orbital of S TT" 
symmetry, as well as a 3d orbital of ATT" symmetry 
The judged effect of these orbitals is shown in 
figure 4, showing the major effect to be on the 
butadiene A T T  MO, which is stabilised by the 3d 
orbital of ATT" symmetry. This effect is judged 
to persist through the reaction and the d orbitals 
have little effect in stabilizing the product.
This led to the conclusion that the Diels-Alder 
equilibrium would lie on the reactants side.

In the case of thiophene -1,1 - dioxide the 
stabilisation is not so great as in thiophene 
and indeed it is reactive as both a diene and 
dienophile in Diels-Alder reactions.
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Figure 3
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111. DIELS-ALDER REACTIONS OF THIOPHENE

There have been very few IMDA reactions of thiophene 
reported in the literature, however Bailey and Cummins14 
found that thiophene - 1,1 - dioxide (14) could react 
in Diels-Alder reactions as either a diene or a 
dienophile. It was a reactive dienophile but as an 
electron-deficient diene it was not very reactive.

The dioxide (14) dimerises with the loss of sulphur 
dioxide to yield 3a, 7a - dihydrobenzo(b)thiophene - 
1,1 - dioxide (15) via the intermediate (16). Since 
the dioxide (14) is strongly electron-deficient it 
was expected to react readily with electron rich 
dienes, such as 1,2 - dimethylenecyclohexane (17) to 
yield the dioxide (18), however it was not so reactive 
as an electron-deficient diene, forming an adduct 
with diethylacetylenedicarboxylate to yield (ISlJwhich 
on aromatisation gave the diethyl ester (20), but 
failing to react with maleic anhydride. The reactions 
are summarised in scheme I.
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Scheme I

-SO

so Cl 6]

[17]

C l 4

\1/ o

[20]
No reaction
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A series of Diels-Alder reactions of thiophene 
have recently been r e p o r t e d ^ i n  which a series 
of quaternary amines (21) were cyclised, by 
refluxing in either water or dimethylformamider
to the quaternary salts (22).

90-140

Me Me

^  (Me]^

f 2 2 )

121D R, = allyl or propargyl
■ f-’. ■ .

The products were obtained in 80% yield.

Investigations on the Diels-Alder reactions of 
benzo(b)thiophene have also been carried out^^.
It was found that when benzothiophene-l-dioxide (.23) 
was heated above 200°, sulphur dioxide was evolved 
and a product (25) obtained. The course of the 
reaction was deemed to be a dimérisation by a Diels- 
Alder reaction, to yield (24), which lost sulphur 
dioxide (as in the case of thiophene-1,1-dioxide).
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C253
Although Diels-Alder reactions involving the 

double bond of a single benzenoid ring are not 

common it was considered that the above route 

would be favoured due to the loss of sulphur 

dioxide, which shifts what was considered to be 

an unfavourable equilibrium.

17

An alternative structure (26) was possible for the 
Diels-Alder product, however this structure was 
excluded after desulfurisation (with Raney nickel) 
followed by dehydrogenation, yielding 1-phenylnaphthalene 
If the alternative structure (26) had been synthesised 
the degradation product would have been 
2-phenylnaphthalene.
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C26J
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IV. DIELS-ALDER REACTIONS OF FURAN

The inter- and intra-molecular Diels-Alder
18activity of furan has been well documented , the 

reactions proceed easily, with cronounced 
reversibility, in contrast to thiophene.

19 20Bimolecular Diels-Alder reactions of furans '
with olefins, activated by only one electron
withdrawing group tend to give low yields of
mixtures of isomers. The intramolecular cyclo-
additions tend to proceed faster and show enhanced

21stereoselectivity, this fact gave rise to a study 
of the seemingly attractive route depicted in scheme 
2, especially in view of the commercial availability 
of a wide number of furan derivatives.

2 ^n

Scheme 2

This route proved successful in the synthesis of 
11-oxatricyclo(6.2.1.0^' )̂ undec-9-en-5-one (27), and 
11-oxatricyclo(6.2.1.0^' )̂ undecan-5-one (28).
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C273 [28]
Previous reports of the I.M.D.A. reaction with the
furan moity concerned cases in which the furan
nucleus and the dienophile were connected by a

22heteroatom (oxygen or nitrogen)

However there are a few further examples of
23cycloaddition reactions of the furan moity

Parker and Adumchuk investigated the reaction sequence
(29) — >(30) — >(31)

r

[29]

0
[3 0 ]

R

[31]
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They observed that substrates in which the furan 

nucleus and the dienophile were connected by an 

ester containing chain showed evidence of ring 

closure. Thus the substrates (32) (33) and (34),

under a variety of conditions gave no cyclisation 

products.

(3 2D [33)

C34)

NH

0  n = 1,2,3

However, it was found that a series of tertiary 

amides (eg35) underwent quantitative cyclisation

NMe n = 1,2,3

[35:



- 122 -

The conclusions reached from this work were that
sidechains containing groups such as esters are'-
unreactive because the molecule adopts an unreactive
conformation in which the diene and dienophile

24are transoid about the ester linkage, the same
conclusion applying to the case of the secondary

. , 25amides

2 6Mukaiyama, Tsuji and Iwasawa investigated the 
I.M.D.A. reactions of the furan nucleus with 
sterically hindered dienophiles eg.(36). It was 
believed that the _s-cis conformer of (36) , as 
depicted, would be increased by the co-ordination 
of the carbonyl oxygen to a metal, as ehown in (37). 
This conformation of the dienophile would facilitate 
the IMDA reaction, yielding (38).

= Me,R2=Rg=H

C37)

N

0 HC383



— 123 —

It was found that when a benzene solution of the 
amide (36) was refluxed for 2.25h, the product 
(38) was obtained in 23% yield, however the 
magnesium salt, generated in situ (by treatment 
with organomagnesium reagents), afforded (38) 
in excellent yield under the same conditions.

The quantity of work that has been carried out 
on the IMDA reactions of the furan nucleus is, 
therefore, not great but sufficient to have led 
the author to believe that a 3-allyl-N-furfuryl- 
1,2,3,4 - tetrahydroisoquinoline was a potential 
substrate for such a reaction.
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INTRAMOLECULAR DIELS-ALDER REACTIONS OF 
NITROGEN CONTAINING MOLECULES.

A large number of I.M.D.A. reactions have been 
carried out on suitably substituted amines.
Oppolzer and his co-workers have used the IMDA 
reaction to synthesise a variety of heterocyclic 
compounds.

By the judicious insertion of an amide group into
the bridge connecting the diene and dienophile 

8Oppolzer was able to direct the cycloaddition away 
from the endo adduct to the exo adduct. This 
discovery led to an examination of the possibility 
of realizing a similar steric control over the 
cycloadditions of N-acyl-N-alkyl-l-amino-1,3 - 
butadienes.

It was found that heating a solution of (39) at
190^ led to the cis-octahydroquinoline (40) in 84% yield

AOMe

[3 9]
[40]

A number of other similar dienamides were cyclised 
with similar results.
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27Gschwend ^  ^  chose acrylamides of the type

(41) for their study of intramolecular (4+2) 

cycloadditions.

Ph

Ph

H
C41] X  = H or Me

Cyclisation of the substrates was carried out 

at various temperatures to yield the products
(42) as a varying ratio of cis and trans isomers.

Ph
— R

Ph

C42)

2 8Martin et ^  initiated a program to evaluate 

the feasibility of employing the I.M.D.A. reactions 

of nitrogen substituted dienes and dienophiles in 

order to construct functionalized hydroindoles 

and hydroquinolines.

They focused their attention upon the cycloaddition 

reactions of enamines and enamides with unactivated 

dienes, as depicted in equation 3.
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Equation 3

or
X = Hg or O 
n = 1 , 2

The strategy employed in this study was to 

synthesise the enamino diene (43a) and enamido 

diene (43b) which underwent thermolysis in 

moderate yields. However the products were found 

to be not the expected C44a) and(44b) but (45a) 
and (45b). Thus it appears that the diene was in 

the trans - configuration despite the fact that 

molecular models of the transition state in a 

concerted process appear highly strained, thus a 

stepwise mechanism cannot be ruled out in this case.

X

[433

a : X  = H. 
b  : X  = 0

[44)

[4 5)
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There is a vast amount of literature on the
subject of IMDA reactions and in particular their
application to the synthesis of natural products

29 30 31which has been excellently reviewed '

Diels-Alder reactions of isoquinolines and of the 
acridizinium ion are well known and include both 
intra and intermolecular reactions. However there 
are no reports in the literature of any IMDA 
reactions of 2,3 - disubstituted - 1,2,3,4 - 
tetrahydroisoquinolines. Due to the ready 
availability of 3-ally1-1,2,3,4 - tetrahydroiso
quinoline it was decided that this compound should 
be the starting material for a series of reactions 
in which it was hoped to insert various diene 
systems on the nitrogen atom.
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DISCUSSION

1. Synthesis of 3-substituted tetrahydroisoquinolines

Dyke and his c o - w o r k e r s f o u n d  that when l-allyl-2- 

methy1-1, 2-dihydroisoquinoline (46) was heated in dilute 

mineral acid, a rearrangement occurred rapidly and in good 

yield to give 2-methyl-3-allyl-3, 4-dihydroisoquinoline salt 

(47). This is an intramolecular suprafacial sigmatropic 

[ 3 ,^  shift, analogous to the Claisen and Cope rearrange

ments, proceeding as outlined in Scheme III.

If the immonium salt (47) is refluxed in 2N hydrochloric 

acid for 14 days the product is found to be a tricyclic 

base (48), the reaction proceeding via a different mech

anistic pathway, as shown in scheme IV.
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Scheme III

A6h

[4 6]

\k

M A e+

C47)

Scheme IV

NHVIe
C47)

Me

\j/

Cl

mVIe

[4 8]
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From the work on the chemistry of benzylaminoacetaldehyde- 

dimethyl acetals(see Chapter I) it was known that treatment 

of the acetals with dilute hydrochloric acid yielded 

4-hydroxy-l, 2, 3, 4-tetrahydroisoquinolines. If the 

reaction mixture is heated, then dehydration readily 

occurs to yield the 1,2-dihydroisoquinolines. In utilizing 

this reaction, Brown, Dyke and Sainsbury^^ prepared

3,4-dimethoxy-N-(2,2-dimethoxyethyl)-a-(2-propenyl) benzene 

methanamine (49) by reacting allyl magnesium bromide with 

the Schiffs base (50). When this product was warmed with 

ethanolic hydrochloric acid, the 3-allyl-3, 4-dihydroiso- 
quinoline (51) was isolated in 80% yield as the hydrochloride

This route thus presented a facile entry to appropriately 

substituted tetrahydroisoquinolines.

Therefore, it was decided to prepare 3-allyl-6, 7-dimethoxy- 

1, 2, 3, 4-tetrahydroisoquinoline (52) by the same route.

The Schiffs Base (50) was prepared by the condensation of 

3, 4-dimethoxybenzaldehyde with aminoacetaldehyde-dimethyl- 

acetal, in benzene, using a Dean-Stark water trap. After 

removal of the solvent, the colourless oil was allowed to 

stand in petroleum ether and after some time the Schiffs 

Base crystalised as colourless plates in 95% yield.

Reaction of the Schiffs Base (50)with allyl magnesium 

bromide (1.5 molar excess) in diethyl ether yielded the 

acetal (49) as a pale yellow oil which was not purified 

but gave the expected n.m.r. data.^^
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The cyclisation and rearrangement was carried out under 
the published conditions (6N ethanolic hydrochloric acid 
at 900) to give the 3,4-dihydroisoquinoline (51), after 
work-up for bases, as a brown oil. Reduction of the
3.4-dihydroisoquinoline (51) to 3-allyl-6,7-dimethoxy-l,
2.3.4-tetrahydroisoquinoline (52) was achieved with sodium 
borohydride in 95% ethanol by stirring the mixture at 
room temperature for 24 hours. After destroying excess 
sodium borohydride with dilute hydrochloric acid,
rebas ..ification and extraction, the tetrahydroisoquinoline 
(52) was obtained as a deep orange oil which solidified 
on standing. The product was characterised as the 
hydrochloride.

The route to 3-allyl-6,7-dimethoxy-l,2,3,4-tetrahydroiso
quinoline is summarised in Scheme (V).
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Scheme V

Me CH 0
+ HgNCHg CH(OMe)-

benzene reflux

MeO>̂  ̂ OMe

CH^ = CH-CH^MgBr

6 NHCl/EtOH/
100

MeO>,^OMe

MeO

NaBH

V

[51 ]

(5 2]
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2. Alkylation Reactions

It was the intention to prepare compounds for intramolecular 

Diels-Alder reactions (I.M.D.A.) with the diene participant 

substituted on the nitrogen atom of the tetrahydroiso

quinoline. There were three main routes which offered 

themselves for application.

i) There are a variety of dienoic acids readily available. 

These can be converted into the corresponding acid chlorides 

by reaction with phosphorous pentachloride, or thionyl 

chloride, and the amine can be alkylated with the acid 

chloride in the presence of a base to yield the amide, 

which can be reacted directly or, alternatively, reduced
to the amine, before the I.M.D.A. reaction.

ii) The tetrahydroisoquinoline can be alkylated by a 

halogen containing diene e.g. l-chloro-2,4-hexadiene (53) 

in the presence of a base.

This route has a severe drawback in that the availability 

of such halides is extremely limited, and they tend to be 

unstable. Usually their preparation involves reacting 

the corresponding alcohol with thionyl chloride, the 

product, in some cases, e.g. a-furfuryl chloride, (54), 

being very unstable and it is necessary to use it immediately 

without purification.

Both these forms of alkylation suffer from a difficulty 

in the preparation of starting materials and from incomplete
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reaction, due to the basic tetrahydroisoquinoline 

reacting with evolved hydrogen halide to give the quater

nary amine, despite the presence of base (e.g. sodium 

carbonate).

CH 3  - CH = CH - CH = CH - CH 2  - Cl

C53)

[54]

iii. The use of the selective reducing properties of the
37cyanohydridoborate anion offers the cleanest and simplest 

route to the required tetrahydroisoquinolines.

Sodium cyanoborohydride is known to reduce a wide variety 

of organic functional groups, however, a remarkable sel

ectivity can be achieved by suitable choice of the pH 

of the reaction medium.
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Sodium cyanoborohydride will not reduce aldehydes or 

ketones in water or methanol, under neutral conditions, 

however, as the pH is lowered to pH 3-4, the reduction 

becomes sufficiently rapid to be synthetically useful.

The reaction proceeds as indicated in scheme VI, consuming 

acid, therefore the pH must be maintained either by 

buffering or by addition of acid as the reaction proceeds.

Scheme VI

;C = O + BH^Cn " + H^ + ROH

I------- >  3HC-0H + B(OR)? + HCN1 ^

The same group of workers were also able to demonstrate 

that the reduction of the iminium system (55) or (56) 

with sodium cyanoborahydride was rapid at pH 6-7, 

therefore they were able to utilize this reagent for 

the reduction of an iminium salt in the presence of an 

aldehyde or ketone (which are reduced to a negligible extent 

at pH 6-7).

:C = NR^ / C  = NHR

(55) (56)

The formation of an iminium salt by reaction of an amine
with an aldehyde or ketone has an unfavourable equilibrium

3 8constant, the equilibrium lying to the left (equation 4) 

in most cases.
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+
Equation 4: = O + HNRg — ^ = N + H^O

The formation.of the iminium salt is a complex multi

stage process, however it is sufficient here to consider 

it as one step. Fortuitously, the optimum pH for the 

formation of the iminium system is about p H 6 . Because 

the reduction of the iminium salt by sodium cyanoboro- 

hyride is a fast reaction, it was found that an amine 

could be reductively alkylated by an aldehyde or ketone, 

provided that the ketone is not too hindered. As an illus

tration of the steric hind/rance of certain ketones, 

acetophenone, isobutyrophenone and phenyl tert-butyl ketone, 

were found to reductively alkylate dimethylamine in 92,5 

and 1 % yields, respectively.

The reaction is general for both ammonia and primary 

and secondary aliphatic amines. Aromatic amines do react, 

but much slower, probably due to the slower rate of the 

iminium salt formation.

Due to the availability of a variety of 2,4-diene-l-al 

type of compounds (57) (e.g. furfural, thiophene-2-carbox-

aldehyde, etc.) this route seemed very attractive.

I I I I-C = C - C = C -CHO
(57)

Initially, it was decided to prepare the acid chloride 

of 2,4-hexadienoic acid (59) by grinding the acid (59) 

and phosphorous pentachloride together in a pestle and
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39mortar, the solid mixture evolved hydrogen chloride 

and a great amount of heat, became liquid and was distilled 

to give the required product in low yield. The acid chloride 

was then reacted with 3-allyl-6,7-dimethoxy-l,2,3,4- 

tetrahydroisoquinoline (52) in benzene in the presence 

of potassium carbonate to yield the required amide (60), 

after a work up to remove unreacted starting materials, 

as a brown oil.

An I.M.D.A. reaction was attempted on the resulting amide 

by prolonged reflux at 2 2 2 ^ in triglyme, however t.l.c. 

analysis of the reaction mixture failed to indicate the 

presence of any material other than the starting amide (60). 

The proposed reaction scheme is summarised in Scheme VII.
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Scheme VII

CHg-CH = CH-CH = CH-GOOH

C59J
PCI,

CH^-CH = CH-CH = CH-COCl
[58]

V

MeO
NH

C52)

[60]

\K
MeO Me

[61]
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There are a number of factors which were believed to cont

ribute to the failure of this reaction. The amide function 

causes the diene to become electron deficient which sign

ificantly retards Diels-Alder reactions, especially if the 

dienophile is not attached to an electron withdrawing 

gr o u p .

Consideration of a model of the amide (60) demonstrated 

that the diene and dienophile parts of the molecule could 

not overlap without exerting considerable strain.

Due to the failure of this reaction it was decided not 

to attempt any further Diels-Alder reactions on similar 

amides, but to attempt the reactions on suitable amines.

To this end, 2,4-hexadienal C62) was reduced to the alcohol 

( 6  3) by sodium borohydride in ethanol. The reaction 

mixture was stirred for 24 hours and then steam distilled 

to yield the required alcohol, in good yield, as colourless 

needles. Reaction with thionyl chloride in pyridine 

yielded l-chloro-2,4-hexadiene (.64) as a brown oil, 

distillation at reduced pressure gave (64) in poor yield 

as a near colourless oil.

Alkylation of 3-allyl-6,7-dimethoxy-l,2,3,4-tetrahydroiso- 

quinoline (52) was achieved by adding the chloride (64) 

to a stirred suspension of the amine and potassium 

carbonate in benzene. The resulting mixture was brought 

to reflux for three hours, after which time thin layer
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chromatography showed only partial conversion of the 

amine. A  further one molar equivalent of the chloride (64) 

was added to the refluxing suspension. Refluxing was 

continued for a further three hours, the mixture was 

cooled, washed well with water and dried. After removal 

of the solvent the resulting brown oil was passed down 

a silica gel column. Elution with ether afforded the 

required tertiary amine (65) as a colourless oil in 

good yield.

Me
+C1-CH-(CH=CH)_Me

NH C64)
C521

K.COq/benzene

(65)

A similar reaction was also attempted with a -furfuryl 

chloride (54) which was prepared by the method of Kirner. 

The chloride was prepared by reacting the alcohol (6 6 )

40
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with thionyl chloride in pyridine. The resulting black 

mass was extracted with ether, the combined extracts were 

dried over potassium carbonate and distilled at reduced 

pressure. The yield of a-furfuryl chloride was very poor 

and a number of precautions had to be undertaken in the 

preparation and distillation due to the known instability 

of ct -furfuryl chloride.

The chloride (54) was used immediately to alkylate the 

amine (52), using the same method as that described for 

the preparation of the tertiary amine (65).

The yield of_the alkylation product (67) was again poor 

and required column chromatography to isolate the product

0^ ^CHgOH
[66]

SOgClg/

pyridine/E^i 0 ^CHgCI 
[54]

MeO

N H

[52]

[67]



- 142 -

In view of the poor yields and other difficulties incurred 

in the above two syntheses, it was decided to attempt to 

prepare the compounds (65) and (67) by the procedure 

mentioned in the introduction (i.e. reductive alkylation).

The readily available aldehydes, 2,4-hexadienal (62), 

furfural (6 8 ) and thiophene-2-carboxaldehyde (69) were 

all used in a reductive alkylation. The amine (52) was 

dissolved in dry methanol, and concentrated hydrochloric 

acid was added to bring the pH to 3-4, followed by mole

cular sieves. The aldehyde was then added to the resulting 

mixture in large excess (4-5 molar excess) and sodium 

cyanoborohydride (1.5 moles) was added portionwise. The 

mixture was stirred for two days, acidified to pH 1 in 

order to destroy excess sodium cyanoborohydride,diluted 

with water and washed repeatedly with ether before 

being bascified and extracted with an organic solvent to 

yield, after evaporation of the solvent, the required 

tertiary amines (65, 67 and 70), which were purified 

by passing the oils down a short silica column, eluting 

with ether. The reactions are summarised in scheme VIII.

In order to extend the range of suitably N-substituted 

3-allyl-l,2,3,4-tetrahydroisoquinolines for I.M.D.A. 

reactions, a reductive alkylation, as previously described, 

was attempted with 2-acetylfuran (71) ; however this reaction 

was unsuccessful even at elevated temperatures. The 

failure of the reaction to yield the tertiary amine (72)

was considered to be due to the steric hind-rance
/
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Scheme VIII

NH

C52) pH3-4/
NaBHjCN/
MeOH

H -C — R

(67): R. (7® R=

cea:Fjj;

incurred by the carbonyl group in (71) when approaching 

the secondary amine, thus slowing the rate of formation 

of the iminium salt (and consequently allowing the alde

hyde to be reduced.)
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MeO

N HMeO
t

+

[52]

Me

C71)

MeO

MeO

Me
[72]
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Synthesis of further substrates

A considerable amount of work was undertaken in an effort 

to extend the range of suitable compounds on which to 

perform I.M.D.A. reactions and this work can be divided 

into three sections. 

i) Via 3-formylisoquinoline

The proposed route is outlined in scheme IX. 3-Methyliso- 

quinoline (73) was formerly a readily available, and 

cheap, starting material, being a by-product of coal 

tar refining, thus it seemed feasible to oxidise the 

methyl group with selenium dioxide to yield 3-formyliso- 

quinoline (74).

Scheme IX

»

C73)

[753
'V

CHO

Reduction followed 
by IMDA reaction
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This reaction was accomplished under the published
41 oconditions by heating 3-methylisoquinoline to 180

and adding selenium dioxide in portions, ensuring that

the temperature of the reaction mixture did not exceed

220°. The resulting black mass was extracted with ether

and distilled, after removal of the solvent, to give

3-formylisoquinoline (74) as a pale yellow solid in 30%

yield. A considerable quantity of 3-methylisoquinoline

was also recovered.

The synthesis of the diene function at C-3 in the fully 

aromatic isoquinoline (75) appeared to be accessible by 

two routes; the first, by reaction of the carbonyl function 

with allyl magnesium bromide, to yield the secondary 

alcohol (76), which it was believed would dehydrate 

with ease to the desired compound (75), scheme X.

Scheme X

(7 4 )+CH 2  = CH-CH^MgBr

OH

176]

V

-HgO

C7 5]
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The reaction was performed under the standard conditions 

for a Grignard reaction, whereby a solution of 3-formyl- 

isoquinoline (74), in dry ether, was added to a cooled 

solution of allyl magnesium bromide in dry ether under a 

dry nitrogen atmosphere. The reaction mixture was allowed 

to come to room temperature and refluxed for two hours. 

After destroying excess Grignard reagent, followed by 

work-up for bases, a deep red oil was obtained which 

proved, by tic on silica gel, to be a multicomponent 

mixture. Separation was attempted by elution chromato

graphy on a silica gel column, however, this proved 

to be unsuccessful. Attempts to discover the nature of 

the components present in the mixture were inconclusive; 

there was, however, no carbonyl absorption in the infra

red spectrum.

The Grignard reaction was attempted again, using different 

conditions (inverse addition and different reaction 
temperatures and times) but on each occasion the product 

proved to be an intractable red oil.

It appears likely that some of the components of the 

mixture, result from the action at C-1 of the Grignard 

reagent, to yield l-allyl-3,4-dihydroisoquinoline deriv

atives, (Scheme X I ) , (75 - 79) .
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SCHEME XI

CHO

+CH, = CH-CH-MgBr

[ 7 4 ]

CHO

NH

[77]

OH

C 7 6 3

OH

C753

N H

NH

(79)
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It seemed possible that the problems incurred in the 

Grignard reaction could be overcome by employing the 

Wittig reaction.

The reaction was performed under the standard conditions. 

The ylid was prepared by dissolving allyltriphenyl- 

phosphonium bromide in dry tetrahydro-.furan and adding an 

equimolar amount of n-butyl-lithium (in hexane). The 

resulting mixture was stirred, under nitrogen, for four 

hours, before being allowed to settle. The ylid solution 

was then added to a solution of 3-formylisoquinoline (74) 

in tetrahydrofuran. The mixture was stirred for twelve 

hours at room temperature before being added to dilute 

hydrochloric acid followed by work up for bases.

The product was obtained in low yield as a brown oil, which 

was passed down a silica gel column, eluting with ether, 

to yield a colourless solid which darkened rapidly on 

exposure to the atmosphere.

I
H nmr data suggested structure (75), the C-1 proton signal 

appearing at 9.26 ppm as a singlet, a complex multiplet 

integrating to six protons appeared from 7.4-8.0 ppm, 

assigned as the remaining ring protons plus the C-1* proton 

of the side chain. The C-2* and C-3* protons of the side 

chain appeared in a multiplet at 6.44-6.86 ppm, and the 

terminal CH^ group appeared, again in a multiplet, at 

5.35-5.60 ppm. Further evidence for the structure was 

obtained from the mass spectral fragmentation pattern;
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at low eV a fairly strong molecular ion at 181 was

observed. At high eV successive removal of the carbon 

atoms of the side chain was observed, giving peaks at 

^ / q  167, 154, 141 and 128, the peak at ^/e 128 being 

the base peak (loss of C^H^).

This procedure therefore, represents an attractive route 

to the desired systems, however 3-methylisoquinoline is 

no longer a readily available starting material, and 

its synthesis, outlined in scheme 4 is lengthy and low 

yielding.

Thus it seemed desirable to research further routes to 

the required systems.

Me

+HCO g N H . / E C O  gH/NH-CHO

180

Me

NH
OHC

P_0_/H^P0,/200'

Me

s. Pd/heat

û û r "
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2. Via ethyl-T,2,3,4-tetrahydroisoquinoline-3-carboxylate

The synthesis of the ethyl ester of 1,2^3,4-tetrahydroiso- 

quinoline-3-carboxylic acid (80) has been discussed in 

greater detail in Chapter I of this thesis (page)\ ) 

and this ester represented a readily available starting 

material for the proposed reaction sequence, scheme XIII.

1,2,3,4-tetrahydroisoquinoline-3-methanol (81) was

prepared by reduction of the ester (80) with lithium

aluminium hydride in dry ether, by a route analagous to
42that employed by Yamada and Kunieda in the synthesis 

of (-)-l,2,3,4-tetrahydroisoquinoline-3-methanol (from L- 

phenylalanine). After destroying excess lithium aluminium 

hydride the product was obtained as a colourless crystalline 

solid in excellent yield.

Two possible reagents seemed attractive for the oxidation 

of the alcohol (81) to the aldehyde (82).

Pyridinium chlorochromate is a readily available, stable 

reagent and it is known to oxidise a wide variety of
43alcohols to carbonyl compounds with high efficiency. It 

was found that the yields of aldehydes and ketones obtained 

with 1.5 molar equivalents of the reagent were equal to, 

or greater than, those obtained with other reagents, often 

used in far greater excess.

43Corey carried out a large number of successful oxidations 

with pyridinium chlorochromate, however, when the alcohol (81)
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SCHEME XIII

NH

C O g E t

C H g O H

CHO

C82)

Grignard or Wittig reaction

H

[83 ]
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was dissolved in dichloromethane and added dropwise 

to a stirred suspension of pyridinium chlorochromate in 
dichloromethane, followed by stirring at room temperature 

for two hours, the resulting mixture was a deep green 

to black colour. Ether was added to the mixture and de

canted from the solid. This extraction procedure was 

repeated numerous times and the combined ether extracts 

were filtered to remove traces of chromium salts and the 

solvent was evaporated, yielding a minute quantity of 

a brown oil which could not be identified.

In view of the poor recovery of organic material from 

the reaction it was decided to attempt the reaction 
using sulphur trioxide in combination with dimethyl 

sulphoxide. Oxidations of alcohols have been reported

to have been achieved by agents such as dicyclohexyl-
51 52carbodiimide , acetic anhydride and phosphorous pent-

53oxide in the presence of dimethyl sulphoxide. The function
of dicyclohexylcarbodiimide has been elucidated and

the participation of a dimethyIsulphoxonium intermediate
54has been confirmed.

The use of sulphur trioxide, in the form of its pyridine 

complex, and dimethyl sulphoxide in the presence of tri- 

ethylamine was found^^ to be generally applicable in the 

oxidations of primary and secondary alcohols to aldehydes 

and ketones. The oxidations were . .
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found to proceed rapidly at room temperature and reach 

completion within minutes. A  further point in favour 

of the reagent was the lack of by-products and also the 

ease of isolation of the desired products.

Thus the oxidation of the amino alcohol (81) was attempted 

by adding a solution of pyridine-sulphur trioxide complex 

in dry dimethyl sulphoxide to a mixture of the alcohol (81) 

dimethyl sulphoxide and triethylamine. The reaction mixture 

was maintained at 25^ during the addition and the mixture 

was stirred until tic showed the absence of starting 

alcohol.

The mixture was acidified to pH4 with dilute hydrochloric 

acid to destroy excess oxidising agent, diluted with 

water and rebasified. Extraction followed by evaporation 

of the solvent yielded a brown oil from which pyridine, 

triethylamine and dimethyl-sulphoxide were removed by 

distillation at reduced pressure, to leave a dark brown 

tar which could not be identified,by *H nmr, infra-red 

or mass spectroscopy, none of these physical methods 

giving any evidence for the required product.

Due to the failure of this route, it was decided to in

vestigate a third route to the synthesis of the required 

systems.
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3.____ Cyclisation of 3,4-dimethoxybenzylaminoacetonitriles

A group of workers at this university^^'^^ developed a 

synthesis of 3,3-disubstituted 2,3 dihydroisoquinolin-4(IH)- 

ones (84) by cyclisation of 3,4-dimethoxybenzylacetonitriles 

(85) with concentrated sulphuric acid. It was found that 

the 3,3-disubstituted compounds were stable as free bases 

in contrast to the unsubstituted and 3-monosubstituted 

analogues.

i)____ Mechanism of cyclisation

Two mechanisms have been postulated for the cyclisation, 

the first involving electrophilic attack para to the C-3 

methoxy substituent (Scheme XIV) and the second involving 

attack para to the C-4 methoxy substituent, giving a spiro 

intermediate which undergoes rearrangement to an iminium 

ion, the resulting product depending upon the proximity 

of differing nucleophiles (Scheme X V ) .

In the case of the 3,4-dimethoxybenzylaminoacetonitriles 

(e.g. 85), which lack alternative sites for attack by the 
iminium ion, both modes o f 'cyclisation would yield the 

same product, however, in the case of a 3,4,5-trimethoxy- 

benzylaminoacetonitrile (8 6 ), cyclisation by Scheme XIV 

would yield a 5, 6 ,7-trimethoxyisoquinolinone (87) and by 

Scheme XV, a 6 ,7, 8 -trimethoxyisoquinolinone (8 8 ), Scheme XVI,

In a large number of cyclisations of variously substituted 

benzylaminoacetonitriles, Harcourt and his co-workers^^
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SCHEME XIV

C84]

concluded that both modes of cyclisation occurred, with 

the second (Scheme XV) being the favoured route, especially 

when the cyclisation was carried out in concentrated sulphuric 

acid at 50°.

ii) Application

The preparation of the 3,4-dimethoxybenzylaminoacetonitriles 

( 8  5) was achieved by reaction of 3,4-dimethoxybenzylamine (89)
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SCHEME XV

n ^ h ©

Me H
(853

Med

NH

d ^

MeO

\K "2
MeO

MeO
0

(841
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with the appropriate carbonyl compound (90) in the presence 
of potassium cyanide.

CH

NH (90 )CM 2
C89)

CH

(8 5 )
SCHEME XVI

C H o O

NH
CH

route XIV route XV

0

NHNH

CHoO

(88)
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As already stated, the product isoquinolinone should be 

3,3-disubstituted (R^, 7^H) to avoid the instability of

the 3-monosubstituted isoquinolinones (91) and the totally 

unsubstituted isoquinolinone (92).

NH NH

(91) (92)

Bearing this in mind' it was initially decided to attempt 

the synthesis of the 3,4-dimethoxybenzylaminoacetonitrile (93) 

by the reaction of 3,4-dimethoxybenzylamine (89) with 

2-acetylfuran (71) in the presence of potassium cyanide,
Scheme XVI I .

SCHEME XVII

Me

(71 )

N
Me

MeO

9 3

+ KCN
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The reaction was carried out by adding a one molar equiv

alent of 2-acetylfuran (71) to a vigorously stirred solution 

of 3,4-dimethoxybenzylamine (89) in water made just acidic 

with dilute hydrochloric acid. To the stirred mixture 

was added a solution of potassium cyanide in water over 

a period of ten minutes. The resulting mixture was stirred 

at room temperature overnight and then extracted with di

chloromethane . After repeated washing of the organic 

extracts with water the dichloromethane was dried and the 

solvent removed to yield a colourless oil which was not 

identified but a cyclisation was attempted with concentrated 

sulphuric acid at room temperature for 16 hours. During 

this time the mixture became black and work-up failed to 
yield any identifiable products.

It was found that all previous cyclisations attempted on 

such amino nitriles with double bond containing substituents 

had failed.

An alternative route to the desired systems, in view of

the known failure of the cyclisation step when the 3,3-di-

substituent contains double bonds was suggested from the
59work of Berney and Jauner.

Thus, the preparation of the 3,4-dimethoxybenzylaminoaceto- 

nitrile (94) was carried out as already described, using 

5,5-diethylaminopentan-2-one (95) as the carbonyl compound, 

the preparation^^ of which is outlined in Scheme XVIII.
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a -Acetylbutyrolactone (96) was dissolved in 6 N hydrochloric 

acid, and carbon dioxide evolution was observed, the mixture 

was gently heated, avoiding excess frothing, and distilled.

SCHEME XVIII

Me
Ioo

HCl Me ^
. C (CH2)3C1+C02

(96) (97)

\/
Et^NH

Me ^
""C- (CHg) gNEtg+HCl

(95)

The initial yellow solution rapidly became black as 

distillation ensued, the distillate being water and a 

yellow oil, the chloride (97). After approximately half 

the volume had been distilled, more water was added to the 

distillation flask and the volume reduced to half. The 

distillate was extracted with ether which was dried over 

calcium chloride. Removal of the solvent afforded an 

excellent yield of the required chloride (97) as a pale 

yellow oil which was used to prepare the aminoketone (95) 

without further purification.
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The crude chloride (97) and a large excess of anhydrous 

diethylamine were heated under reflux for two days, taking 

care to exclude moisture. After this time a colourless 

precipitate had been deposited in the yellow solution.

The cooled mixture was basified and the organic layer 
was distilled to yield the aminoketone (95) as a colourless 

viscous oil.

The aminoketone (95) was used to prepare the nitrile (94) 

which was obtained, after extraction, as a colourless 

oil in good yield.

The nitrile (94) was then added, with vigorous stirring, 

to ice cold concentrated sulphuric acid. The mixture 
became a deep red colour and was stirred at room temperature 

overnight; it was then cooled and added to ice water, taking 

care t o ’maintain the temperature at 0-5°. The mixture 

was then basified with sodium hydroxide and stood at room 
temperature for a considerable time - resulting in the 

precipitation of the free base of the required isoquinolinone 

(98) which was filtered off to yield an off white solid,
59which gave a 'H nmr in excellent agreement with the published 

data, and the mass spectrum, recorded at 70eV gave the 

expected molecular ion at 334, followed by progressive

decay as shown in Scheme XIX.

The isoquinolinone (98) was then reacted in a variety of 

ways in the hope of carrying out a Hoffman degradation to 

yield the required isoquinolinone (99).
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Me

N H

Me
MeO

NH

[98]

MeO

MeO "

[99]
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SCHEME XIX

NH M/e 334(13%)CH

CH

NHCH
M/e 319(1%)

CH

CH NH
NEt

N H

M/e 305(3%)

CH-

CH

M/e 261(2%)

C H

N H M/e 247 (4%)

M/e 233(6%)
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Initially the isoquinolinone (98) was reacted with excess 

methyl iodide in acetone, yielding a pale yellow crystalline 

solid, melting point 240°. The structure of the solid 

was not ascertained with certainty but was believed to be 

the di-alkylated product (1 0 0 ).

Me
MeO NEt

Me
2 1
0

Cl 003

A Hoffman degradation was attempted by passing the salt 

(dissolved in water) down an ion exchange column of 
ëeolite FF (IP) standard resin, however all the material 

was adsorbed onto the column and could not be recovered.

A further quantity of the salt was refluxed with 30% 

sodium hydroxide solution for 30 minutes, resulting in 

the formation of a basic brown oil which was identified 

from its mass spectrum as the diamine (1 0 1 ), having lost 

one ethyl group.

Me

NMe

C10 1 3
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It was therefore not feasible to eliminate the nitrogen 

on the side chain of this system without repeated Hoffman 

degradations, which would result in the destruction of the 

ring system.

Attention was then focused on the aminonitrile (98) and 

the possibility of protecting the ring nitrogen before 

the cyclisation step. Therefore the aminonitrile was 

dissolved in dry benzene and one equivalent of p-toluene- 

sulphonylchloride was added and the mixture was stirred for 

48 hours. The resulting solid was filtered off and re

crystallised from methanol to yield a colourless cryst
alline solid. The mass spectrum, recorded at 70eV, showed 

a molecular ion at 321. The 'H nmr spectrum (see

spectrum 1 ) was very simple and gave conclusive evidence 

for the structure (1 0 2 ).

Me

The formation of (102) is believed to occur due to the 

£-toluene-sulphonyl chloride catalysing a reversal of 

the formation of the nitrile. Initially the imine (103) 

is formed, followed by hydrolysis.
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-CN

NEt

[103]

Due to the failure of the above reactions, it was considered 

that the synthesis of 3 (N,N-dimethylaminopropyl)- 6 ,7- 

dimethoxy-3-methyl-1,2,3,4-tetrahydroisoquinolin-4-one (104) 

was desirable, and would allow an entry to the desired 

systems for further work.

Me
MeO

NH

NMe

n o  43
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4 . I.M.D.A. Reactions

Having obtained the tertiary amines (65) , (67) and (70) it 

was decided to attempt I.M.D.A. reactions under a variety 

of conditions.

The N - (2,4-hexadiene) amine (65) was dissolved in diphenyl 

ether and the solution was heated to reflux (257°) for 

one hour, after this time thin layer chromatography 

showed two spots, one of the same polarity as starting 

material and one less polar, in approximately equal ratios.

Longer reaction times failed to increase the yield of 

product (by t.l.c.)

The mixture was worked up for b ases, yielding a pale brown 

oil, which, on trituration with diethyl ether afforded a 

beige solid which was filtered and recrystallised from 

benzene. Evidence was gained that this was the expected 

product from the mass spectrum and 'H nmr spectrum [see 

below) .

In an attempt to improve the yield and carry out the reaction 

under milder conditions the amine (65) was dissolved in 

benzene, together with a trace of hydroquinone (to inhibit 

the possible formation of free radicals), and the mixture 

was heated to 200°, in an autoclave, for 8  hours. The 

resulting mixture was worked up as in the previous reaction 

to yield an identical product in higher yield (60%).

The mass spectrum of the starting material (65) exhibited
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a molecular ion at ^/g 313 with progressive decays of the

2- and 3- substituent side chains.

The 'H nmr spectrum exhibited seven olefinic protons as 

a series of complex multiplets from 6.3 - 5.4 6 and 5.2 - 

4 . 9 6 .

The product exhibited a molecular ion at ^/g 313 in the mass 

spectrum, recorded at 70eV, but the decay observed was 

very different to that of the starting material (65), 

exhibiting a strong peak at M-15 (loss of methyl group), 

however there was little further decay until a strong 

peak at ^/e 190 and 189, due to fragments (a and b) .

MeO MeO

MeO

ni/e 190

b

m/e 189

The 'H nmr spectrum of the product of the Diels-Alder 

reaction, recorded at 90 MHz in deuterochloroform exhibited 

only two protons in the olefinic region, however no 
information could be gained as to the stereochemistry of 

the product, the methyl group appeared as a doublet at
1.04 ppm.

The available information led to the conclusion that the 

Diels-Alder reaction had proceeded to give the expected
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product (105).

MeMeO

It was important to determine the stereochemistry of the

tetracyclic.product (105). The infra-red spectrum exhibited

strong 'Bohlmann bands' (see Chapter I) at 2760, 2790, 2670 
- 1and 2835 cm , indicating a trans nitrogen lone pair to 

the bridgehead proton.

Further evidence for the stereochemistry of the compound (105) 
was gained from 'H nmr recorded at 250 MHz in deuterated 
benzene. The data obtained is tabulated below, and the 

spectra are reproduced later, (spectra 5-8).

It is important to consider the possibility of an alternative 

structure (106) which would be formed if the diene and 

dienophile were able to interact as indicated overleaf.

This mode of interaction, although possible, does not appear 

likely on consideration of molecular models, also the 'H nmr 

evidence gives support to the proposed 6 ,6 ,6 ,6 , system,

[see below).
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C65J

MeO

[1 0  6)

Me



- 172 -

Stereochemistry of l,2,4a,5,12,12a,13,13a-octahydro-9, 

10-dimethoxy-2-methyl-7H-dibenzo(b,g)quinolizine (105)

The stereochemistry of the I.M.D.A. reaction product (105) 

was assigned with relative confidence from the 'H nmr 
spectrum. The spectrum (figs 6-11) was recorded on a 

Bruker WM 250 MHz spectrometer and this was used in con
junction with a spectrum run on a Perkin-Elmer 220 MHz. 
spectrometer. The data utilized in the stereochemical 

assignments is detailed below.

The assumptions made were:

1. The predicted dihedral angles were obtained 

from the observed couplings using the Karplus equation, 
assuming that for 0 = 0°, J = lOHz.

2. Ring D exists in the near chair conformation 

and, where stated, the observed dihedral angles were 

measured from a Drieding model adopting this con-r 
formation.

1% 13
MeO Me

Me
e 4
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Major peaks and assignments

6.56 I s  8  and 11

6.52 1 s

5.63 1 m  9.8 3.6 2.7 0.8 3

5.43 1 br.d. 9.8 ~1.0 ~1.0 4

3.84 , 7 d 14.6 7a

3.83 ) s 2xOCH^

3.38 1 br.d. 14.6 78

3.08 1 d.d. 10.5 3.0 58

2.80 - 2.60 2  m 1 2 a 128

2.43 - 2.30 2 m .  28 12a
2.05 1 br.t. 11.9 9.5 3.0 2.7<1.0 4a8
1.92 1 d.d. 11.9 10.5 5a

1.78 1 br.d. ' ~12.5 2.6 2.6 13a

1.58 1 dxt 12.2 12.2 6.3 18

1.44 1 br.d. 12.2 2.6 0.8 la

1.32 j 2 m  12.2 12.2 9.5 2.6 2.6 13aa

1.20 ) m 12.5 12.2 ~11.5 13

1.04 3 d 7.2 Me -CH
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Couplings in Hz from 250MHz spectrum

Geminal Couplings;

J7a7$ 14.6

J5a53 10.5

Jlale 12.2
J13al33 12.5

Jl2al23 15.5

Vicinal Couplings:

J5a4aa 11.9
J534ag 3.0

J4ag4 <1.0

J4a$13aa 9.5
J43 9.8
J323 3.6

J2 3 lot <1.0

J 2 3 I 3  6.3

Jl3actlot 2.6

Jl3l3aa 12.2

J13aal3a 2.6

Jl3aal33 ~12.5
J13al2aot 2.6

Jl33l2aa 'vll.5

Jl2aal2a 3.0

J12aal23 11.0

ax ax

eq ax

e'x. 90° 

ax ax

cis olefin

predicted 0 = 70-90

found 0 > 65

predicted 0 = 35

found 0 < 55

ax axial

ax

ax

ax

ax

ax

ax

eq

ax
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Long Range Coupling:

J4a33

J42B

2.7 

'V.l .0
allylic

allylic

The above information led to the assignment of the 

structure of the amine as follows:

MeO Me

MeO

Me

MeO
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Using identical conditions as those described for the IMDA 

reaction of 3-allyl-2(2,4-hexadiene)- 6 ,7-dimethoxy-l,2,3, 

4-tetrahydroisoquinoline (65), a similar reaction was 

performed on the furan derivative (67). The product 

was obtained in 50% yield, after recrystallisation from 

benzene, as a colourless crystalline solid with melting 

point 188-190°. 'H nmr and microanalytical data (of the 

hydrochloride) agreed with the assigned structure (107).

fG7)

220'

4/

n o  71

The infra-red spectrum of the product again indicated 

trans fusion at the nitrogen bridgehead ring junction 

by the presence of strong Bohlmann bands at 2765 and 2690 cm 

Csee spectrum 10). The 'H nmr spectrum of [107) was 

recorded at 2 2 0  MHa:, however this failed to yield any 

further information regarding the remaining stereochemistry

-1
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of the compound, however, by comparison with the structure 

of the amine (105) it is likely that the C-D ring 

junction is again trans - fused to give the structure as 

shown in (107a)(see spectrum 9).

MeO

(1 0 7 a )

The mass spectrum of the product showed a strong

molecular ion at 313, with peaks at 295 (loss of

HgO) , 190 and 164 (the base peak) . (ree. ^ 0

An attempted IMDA reaction on the third substrate 

prepared by reductive alkylation, 3-allyT-6,7-dimethoxy-2 

(2 -methylenethiophene)- 1 ,2 ,3,4,-tetrahydroisoquinoline (70) 

to yield the proposed compound (108), failed under the 

previously successful conditions. The reaction was also 

attempted at higher temperatures (up to 500°) without 

success. Few reports of the Diels-Alder reactions of 

the thiophene moity exist (see introduction).

In an effort to enable the IMDA reaction of 3-allyl-6,7 

-dimethoxy- 2 (2 -methylene thiophene)-1,2,3,4-tetrahydro

isoquinoline (70) to occur, two alternative approaches 

were employed.



- 178 -

The Diels-Alder reactions of thiophene-1,1-dioxide (14)
14and its derivatives are well known and the reason for 

this has already been discussed (page 114). Therefore 

it seemed feasible to prepare the S-dioxide (109) of 

the tetrahydroisoquinoline (70).

MeO

C107J

It was thought likely that the dioxide C109) would undergo 

a facile, if not spontaneous, IMDA reaction.

Initially the oxidation of the thiophene C70) was attempted 

with hydrogen peroxide in acetic acid (^forming peracetic 

acid) by adding 30% hydrogen peroxide to a solution of 

the thiophene (70) in acetic acid at room temperature, 

followed by refluxing for ^ - 1  hour.

Another reagent employed for such oxidations is m e ta-
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chloroperoxybenzoic acid, and this was also utilized 

in an attempt to effect the oxidation of the thiophene.

In this case, the reaction was carried out at room 

temperature in dichloromethane solvent.

Both the above attempts to prepare the dioxide (109) were 

unsuccessful. The explanation for the failure was believed 

to lie in the nature of the oxidising agents employed, 

both of which are likely to form the N-oxide and epoxide 

giving a possible product (110). No products were 

identified from the above reactions, the product, in both 

cases, being an intractable brown tar.

(1 1 0)
A recently published report on the IMDA reactions of thio

phene derivatives^^ led to a further attempt to effect 

the required cyclisation (see introduction).

The nitrogen of (70) was quaternised with hydrogen chloride 

gas in ether/ethanol, yielding the salt as a colourless 

crystalline solid. The IMDA reaction was then attempted 

by refluxing the salt in dimethylformamide for 48 hours, 

however, after this time the salt had decomposed to yield 

a brown tar which could not be separated into any identifiable 

components, thus it was considered unlikely that the 
proposed IMDA reaction could be effected.
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N - (3,4-Dimethoxybenzal)aminoacetaldehydedimethyl 

acetal (50).

3.4-Dimethoxybenzaldehyde(33.2 g; 0.2 mole) and 

aminoacetaldehyde dimethyl acetal (2 1 . 0  g; 0 . 2  mole) 

were dissolved in benzene (300 ml) and refluxed under 

a Dean-Stark water trap until the theoretical amount 

of water had been collected (3-4 h.). The solvent was 

then removed vaccuo to leave a colourless oil, which 

was immediately taken up in petroleum ether (b.p. 60-80°) 

and set aside to recrystallise. The resulting solid was 

filtered off, washed well with ether and dried, to yield 

46.7 g (92%) of the Schiffs base as colourless plates, 
m.p. 52.5-53° ( l i t . 52.5-53.5). Xmax (Ç) 302 (10,100), 

269 (15,200), 226.5 (16,800). l.r. (CHBr,) cm” ^ 2830, 
1643, 1023, 1078. nmr (CDCl^) 8.23 t [ l ]  (CH=N),

7.47 d J= 2 H 3  [ l ]  (Ar-H), 7.22 dd 0 = ^ 8 3 , 0 = 8 8 3  [ l ]

(Ar-H) , 6.90 d J= 8 H [_lj (Ar-H), 4.70 t 0 = 5 . 8 8 3

[ 1 ], (-0 8 (0 0 8 3 )3 ), 3.96 s and 3.93 s [ e ]  (2 x OOH 3 ) ,

3.78 dd 0 = 1 8 3  and 5 8 3  [2j (=8 - 0 8 3 -), 3.45 s [ 6 ]
(2 X OO 8 3 ). (Found: 0, 61.58; H, 7.45; N, 5.88;

C 1 9 H 1 9 N O 4  requires C, 61.64; H, 7.56; N, 5.53%).

3.4-Dimethoxy-N-(2,2-dimethoxyethyl)-a-(2-propenyl) 

benzenemethanamine(49).

A solution of allyl magnesium bromide (0.17 mole) v/as 

prepared by adding a solution of allyl bromide (2 0 . 6  g;
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0.17 mole) in dry ether (200 cm^) to magnesium

turnings ( 1 0  g ) , under dry nitrogen, with vigorous

stirring over 3 h. The mixture was stirred for a

further 1  h . , decanted into a dropping funnel and

added dropwise to a stirred solution of the above
3Schiffs base (25.3 g; 0.1 mole) in ether (200 cm ) at 

0°, over 1 h. The mixture was allowed to warm to room 

temperature and stirred overnight, followed by refluxing 

for 1 h. After allowing the mixture to cool, excess 

Grignard reagent was destroyed by adding aqueous 

alkaline ammonium chloride (200 cm^; 10% W / V ) . The 

ether layer was separated and the aqueous layer extrac

ted with ether (2 x 100 cm^). The combined ether 

extracts were washed with water (50 cm^), followed by 

extraction with dilute hydrochloric acid (3 x 100 cm^). 

The acid extracts were washed with ether (50 cm^),

basified with dilute ammonia solution and extracted with
3 3dichloromethane (3 x 100 cm , 1 x 50 cm ), the combined 

extracts were washed with water (50 cm^), dried (MgSO^) 

and evaporated to yield a yellow oil, 48.8 g (83%).

X max (C) 285 (2,650), 279.5 (3,050), 230 (9,150).

l.r.(CHBr^)(cm“^) 3330 (NH), 1640 (CH2 =CH-).

nmr (CDC1-) 7.0-6 . 8  m [ 3 ] (Ar-H's) , 6.0-5.5 m [^l]
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(-CH=) , 5.2-4.9 m [ 2 ] (€#2 =), 4.40 t^^l] (CH(OCH 3 )2 ),
3.88 and 3.85 s, s C s ]  (2 x Ar-OCH^, 3.58 t L l ]

(Ar-CH-N), 3.33 and 3.30 s, s [ 6] (2 x OMe), 2.58 d

[2 ] (NH-CH 2 ), 2.38 br. t [ 2 ]  (CH2 ~CH=CH 2 ) , 1.63 br. s
[1 ] (NH-removed by D ^ O ) .

3-Allyl-6,7-dimethoxy-3,4-dihydroisoquinoline (51).

The above secondary amine (15.0 g; 0.050 mole) was 

dissolved in ethanol (50 cm^) and concentrated 

hydrochloric acid (50 cm^) was added. The resulting 

red solution was heated on a steam bath for 90 m i n . , 

cooled, diluted with water ( 2 0 0  cm^) and basified

with dilute aqueous ammonia. The mixture was
3 3extracted with dichloromethane ( 3  x 1 0 0  cm , 1  x 50 cm ) 

and the combined extracts were washed with water 

(50 cm^), dried (MgSO^) and evaporated to yield a brown 

oil (10.0 g; 85%). nmr (CDCI 3 ) 8.24 d [l] (CH=N),

6.84 s II] (Ar-H), 6 . 6 6  s [l] (Ar-H), 6.15-5.73 m

[ 1]  (-CH=CH 2 ), 5.2-5.0 m [ 2 J  (CH=CH 2 ), 3.89 3 ^ 6 ]

(2 X  OCH 3 ), 3.8-3.4 m  Q l  (=N-CH<), 2.8-2.2 m  

(CH2-CH-CH2).

The dihydroisoquinoline was used without purification.
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3-Allyl-6/7-dimethoxy-l,2,3,4-tetrahydroisoquinoline 

(52). (See spectrum 2)

3-Allyl-6,7-dimethoxy-3,4-dihydroisoquinoline (4.6 g; 
0.02 mole) was dissolved in ethanol (50 cm?). Sodium 

borohydride (1.0 g) was added in portions and the 

mixture was stirred for 24 hours. Water (100 cm?) 

was added, followed by 2N hydrochloric acid until the 

solution was acidic. The solution was washed with 

ether (2 x 50 cm?), basified with 2N ammonia, extracted 

with dichloromethane (3 x 100 cm? ) . The combined 
extracts were washed with water (50 cm ^ ) , dried 

(MgSO^) and evaporated to yield a pale orange oil 
which solidified on standing (4.4 g; 95%). m.p. 64.5-66° 
X max (Ç) 224 (8,450), 232 (7,300), 283 (3,900), 287 

(3,900). nmr 6.59 s [l] and 6.53 s Q J  (Ar-H's),
5.89 mC.ll (-CH=) , 5.3-5.0 m  [ 2 ] (=CH,) , 4.0 s [.2 I  

(Ar-CHg-N), 3.88 s [ 3 ]  and 3.82 s Csjf (2 x OCH 3 ) ,

3.0-2 . 8  m [ 5 ] (-CHg-gH-CHg-), 1.80 br s [l] (NH) 

removed by D^O. l.r. (CHBr^) 3320, 2835, 1268, 1063, 

990, 920 cm"^. (Found: C, 70.8; H, 7.9; N, 5.8; 

^14^19^^2 requires C, 72.1; H, 8.2; N, 6.0%).

Hydrochloride obtained as colourless crystalline solid 

mp'~217-218°(dec) . (Found: C, 61.9; H, 7.4; N, 5.1; 

C 1 4 H 2 0 NO 2 CI requires 62.3; H, _7.5; _N, 5.2%)... ....
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2.4-Hexadienoic acid chloride (58).

2.4-Hexadienoic acid (4.0 g; 0.036 mole) and phosphorous 

pentachloride (8 . 0  g) were ground together in a mortar. 

The mixture became hot and evolved hydrogen chloride, 

becoming liquid. The resulting liquid was decanted 

into a distillation flask and distilled to give a 

colourless liquid (60%) b.p. 48°/10mm. (lit.^^ 78°/15mm)

The resulting liquid was used immediately due to its 

instability.

Hexa-2,4-dien-l-Ol (63).

Hexa-2,4-dien-l-al (50 g) was dissolved in 95% 

ethanol (200 cm^) and sodium borahydride (5.0 g) was 

added in portions, with vigorous stirring, over 1  h.

The mixture was stirred for 3 h. at room temperature, 

poured into water (400 cm^) and steam distilled. The
3distillate was extracted with ether (5 x 100 cm ), the 

combined extracts were dried (NagSO^) and evaporated 

to yield the alcohol as a colourless oil (90%) which 

solidified on standing. nmr (CDCL^) 6.20-5.48 m

t o  (olefinic H's ) , 4.06 d J = 5H_C2] (CH.-OH), 2.88 

br. s [Î] (OH), removed by DgO, 1.75 d J=5H, Q s ]  (CH,-).

Sorbyl chloride (64).

Sorbyl alcohol (4.5 g) was dissolved in dry ether 

(20 cm^) and dry pyridine (4.4 g ) . Thionyl chloride
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(6 . 2  g) was added dropwise to the stirred solution 

over 2  h., resulting in a black tar being deposited. 

The solution was stood overnight and the ether layer 

was decanted. The black tar was broken-up and extrac-
3ted with ether (3 x 100 cm ). The combined ether 

extracts were washed with water (50 cm^), dried 

(NagSO^) and then distilled to yield a colourless oil 

(53%) b p 44-49°/8mm. (lit^^ 60°/12mm). The product 

was used without identification due to its instability

g-Furfuryl chloride (54),

Furfuryl alcohol was freshly distilled prior to use 

(b.p. 84.5-85° 26 mm). Pyridine was dried and 
distilled from potassium hydroxide. Thionyl chloride 

was distilled from quinoline, then cotton seed oil and 

finally redistilled before use.

Furfuryl alcohol (46.2 g; 0.47 mole) and pyridine 

(44.7 g; 20% excess) were stirred together and dry 

ether (50 cm?) was added to the solution, which was 

then cooled in ice. When the temperature reached
2-3°, thionyl chloride (61.7 g; 0.52 mole) in dry 

ether (50 cm^) was added dropwise, with vigorous 

stirring, over 1 h. The temperature remained constant 
at 7-9° throughout the addition.
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The black lumps formed during the reaction were 

broken-up and the mixture was stirred for 25 min., 

whereupon the ethereal layer was decanted and the 

remaining solid was repeatedly extracted with ether 

(6 X 50 cm^ portions).

The combined ether washings were cooled in ice and 

washed with ice cold potassium hydroxide solution 

(50 cm^, 10% W/V solution) and then dried (NagCO^), 

followed by distillation at reduced pressure to yield 

a colourless oil (2 0 %) b p 4 3 - 4 7 ° / 2 0  mm. (lit?^ 

49.1-49.4°/26 m m ) .

The chloride was used without further identification 

due to its known instability.

N-substituted-3-allyl-6,7-dimethoxy-l,2,3,4- 

tetrahydroisoquinolines.

Method 1 :

3-Allyl-6,7-dimethoxy-l,2,3,4-tetrahydroisoquinoline 

(0.01 mole) was dissolved in dry benzene (25 cm^) and 

stirred under a nitrogen atmosphere, in the presence 

of K 2 C O 3  (0.4 g ) . The acid chloride (0.02 mole) was 

added dropwise over 30 min. The mixture was stirred 

overnight, diluted with water (50 cm^) and the benzene 

layer separated. Removal of the solvent at reduced
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pressure yielded an oil which was passed down a silica 

gel column, eluting with ether-methanol (95:5).

3-Allyl-6 f7-dimethoxy-2 - (hexa-2,4-dien-l-one)-

1,2,3,4-tetrahydroisoquinoline (60).

Obtained as colourless oil (45%) nmr (CDC1_) 6.60 so ^

[ 2 ] (Ar-H's), 6.10 m [ 2 ] (C-CH=CH-) , 5.75 m[^2l 

(CH^-CH=CH-) , 4,85 m D 3  (CH2 =CH-), 3.86 s M  

(2 X OCHg), 1.85 d J= 6 H 2  [3] (ÇH3 - ) , 3.2-2.1 complex 

C 7 J  (remaining protons).

Method 2 :

3-Allyl-6,7-dimethoxy-l,2,3,4-tetrahydroisoquinoline 

(0.01 -mole) was dissolved in dry benzene (50 cm^) and 

dry K 2 CO 3  (0.4 g) was added. To the vigorously 
stirred suspension was added the alkyl chloride 

(0 . 0 1  mole) dissolved in benzene ( 1 0  cm^) over 1  h. 

After stirring for 20 h. further alkyl halide 

(0 . 0 1  mole) was added and the mixture was refluxed 

for 2 h. The resulting suspension was poured into 

water ( 1 0 0  cm^) and the organic layer was separated, 

dried and evaporated to yield a brown oil which was 

passed down a silica gel column eluting with ether : 

methanol (95:5)
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a) 3-Allyl-6,7-dimethoxy-2-(hexa-2,4-diene)

-1,2,3,4-tetrahydroisoquinoline (65).

Obtained as a pale yellow oil (40%), for 

spectral details see method 3.

b) 3-Allyl-2-furfuryl-6,7-dimethoxy-l,2,3,4- 

tetrahydroisoquinoline(67).

Obtained as a colourless oil (18%), for 

spectral details see method 3.

Method 3 ;

3-Allyl-6,7-dimethoxy-l,2,3,4-tetrahydroisoquinoline 

(0 . 0 1  mole) was dissolved in dry methanol (50 cm^) 

and c. hydrochloric acid was added to bring the 

solution to pH 4. The aldehyde (0.05 mole) was 
added to the solution with stirring followed by 

sodium cyanoborohydride (0.007 mole) which was added 

in portions over 10 min. The solution was stirred 

at r.t. for 48 h . , c. hydrochloric acid was added to 

bring the pH to 1 and the methanol was removed at

reduced pressure. The residue was added to water
3 3(50 cm ), washed with ether (3 x 50 cm ), basified

with dil. ammonium hydroxide and extracted with

dichloromethane (3 x 50 cm^). The combined extracts

were washed with water (25 cm^), dried (NagSO^) and



- 189 -

the solvent was removed to yield the tertiary amine 

as an oil which was purified by passing down a short 

silica column, eluting with ether/methanol.

a) 3-Allyl-6,7-dimethoxy-2-(hexa-2,4-diene)-

1,2,3,4-tetrahydroisoquinoline(65).

Colourless oil (73%) Xmax (Ç) 230 (15,000), 284 

(4,800). Ir (CHBr^) 2830, 1260, 990 cm“ ^. nmr

(CDCI 3 ) 6.58 s and 6.54 s [2] (Ar-H's), 6 .3-5.4 m 

and 5.2-4.9 m C 7 j  (olefinic protons), 3.84 s 

(2 X OCH 3 ), 3.68 br s [2] (Ar-CHg-N), 1.75 d 

J= 6 H 3  [ 3 ] (CH3 ), 3.5-1 . 8  complex [ 7 ]  (remaining 

protons). Mass (m/e) 313 (M'*’)' C3%1 / 276 jj.6 %] ,

275 ClO%3 , 274 [45%], 273 (jl6 ^  , 272 ["81^ ,
246 [l9%] , 204 [ 6 %] , 192 [52%], 164 [l 6 %] , 81 [lOo{| , 

79 [l3%] .

Hydrochloride obtained as colourless crystals m p 

192-194° (dec). (Found: C, 68.81; H, 7.84;

N, 4.13; C 2 Q H 2 yN0 2 . HCl requires C, 68.67; H, 7.73; 
N, 4.00%).

b) 3-Allyl-2-furfuryl-6,7-dimethoxy-l,2,3,4- 

tetrahydroisoquinoline (67) (see spectrum 3 ) .

Colourless oil (67%). xmax (ç) 230 (15,500), 286 

(4,200). Ir (CHBr^) 2830, 990, 912, 1010, 735 cm"^.
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nmr (CDCl^) 7.40 m  [ l ]  (=CH-0-), 6.58 s and

6.50 s [ 2 ]  (Ar-H's), 6.30-6.13 m [ 2 ] (=CH-CH=),

6.2-5.6 m [ 1 ] (CH2 =CH-), 5.2-4.9 m|22] (CH2 =),

3.9-3.7 several s [lo] (2 x OCH^; -CH^-N-CH 2 -),

3.2-1. 9 m  [_5] (-CH 2 -CH-CH 2 -) .

Hydrochloride obtained as colourless crystalline 

solid, recrystallized from ethanol m  p 175.5-176.5°. 

(Found: C, 64.92; H, 6.82; N, 3.79; C^gH23N 0 3 .

HCl requires C, 65.22; H, 6.62; N, 4.00%).

c) Attempted reaction between 3-allyl-6,7- 

dimethoxy-1,2,3,4-tetrahydroisoquinoline and
2-acetylfuran to yield (72).

The alkylation reaction was attempted under the 

above conditions, stirring at r.t. for 3 days.

On work-up the secondary amine was recovered.

The reaction was also attempted in refluxing methanol 

for 2 days, work-up again yielded unreacted starting 

material.

d) 3-Allyl-6,7-dimethoxy-2(2-methylthiophen)-

1,2,3,4-tetrahydroisoquinoline (70).
(see spectrum 4).

Pale yellow solid (69%) m.p.72-73°. Hydrochloride 

prepared by adding ethereal hydrogen chloride to a
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solution of the amine in ethanol, solid filtered 

and recrystallised from ethanol m.p. 194-196°(dec).

X max (C) 228 (15,700), 286 (3,830). l.r. 2400 (br), 

2330, 1250, 980, 933 cm“ ^. nmr (D,0) 7.70 dd

Cl3 (S-CH=) , 7.40-7.20 m  [2] (=CH-CH=C) ,
6.94 s and 6.82 s [2] (Ar-H's), 5.80 m [l]

(CH =CH-) , 5.50-5.20 m  t . 2 3  (CHg^CH), 4.70-4.20 m

C 4 ]  (CHg-N-CHg), 3.82 s, s, m [ 7 ]  (2 x OCH 3 , > N-CH) ,

3.2-2.4 m [ 4 ] (CHg-CH-CHg). (Found; C, 62.18;

N, 6.38; N, 4.16; C^gHg^NOgS. HCl requires C, 62.36; 

H, 6.61; N, 3.83%).
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3-Fonnylisoquinoline (74)

3-Methylisoquinoline (64.5 g) was heated to 180° in 

an open flask. Selenium dioxide (50 g) was added 

portionwise over 15 min. with occasional stirring, 

and ensuring that the temperature of the reaction 

mixture did not exceed 220°. After a further 15 min 

at 2 0 0 °, the reaction mixture was cooled and the 

black tarry mass was extracted with boiling ether 

(5 X  200 m l ) . The combined extracts were filtered 

and evaporated to yield a red oil which was dis-*- 

tilled to yield 3-methyTisoquinoline. (13.0 g; 20%) 
b.p. 91°/0.8 mm; m.p. 6 8 ° (lit.-, b.p. 246°/760 mm;

m.p. 6 8 °), followed by 3-formylisoquinoline 

(18.7 g; 26%) b.p. 145-150/10 mm; m.p. 45-47° 

(lit.^^ b.p. 151°/10 mm; m.p. 47°). nmr (CDCl^)

10.32 s 1 (CHO), 9.40 s 1 (CH=N), 8.40 s 1 

(Ar=CH-C), 8.04 m 2 and 7.80 m 2 (Ar-H's).

3 - (Buta-1,3-diene)-isoquinoline (75).

Allyltriphenylphosphonium bromide (0.01 mole) was 

dissolved in tetrahydrofuran ( 2 0  cm^) and n-butyl- 

lithium ( 1  cm ^ / 1  molar solution in tetrahydrofuran) 

was added dropwise over 10 min. The mixture was 

stirred under dry nitrogen for 2 h. and 3-formyl- 

isoquinoline (0 . 0 1  mole) dissolved in dry
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tetrahydrofuran ( 2 0  cm^) was added to the mixture, 

with vigorous stirring, over 30 min. The resulting 

mixture was stirred overnight, poured onto crushed 

ice ( 1 0 0  g) and extracted with methylene chloride 

(3 X  50 cm?). The combined extracts were crushed 

with water (2 x 20 cm ), dried (MgSO^) and the solvent 

was removed at reduced pressure to yield a brown oil 

which was passed down a silica gel column, eluting 

with ether, to yield a colourless oil (1 2 %).

H nmr (CDCI 3 ) 9.24 d J=4H, (Ar CH-N) , 8.00-7.44
m  C e J  (Ar-H's + Ar-CH-C-CH=). 6.56-6.44 m  [ 2 ]

(CH-CH=), 5.56-5.24 m  %2] (=08^). Mass (m/e)
181 (M+) [l5%] , 180 (M+-1) D%1, 143 jlOO^ , 116
[l 6 %] , 115 [30%] .

5-Chloropentan-2-one (97).

3 3Water (52.5 cm ) , conc. hydrochloric acid (4 5 cm ) and

a-acetyl butyrolactone (0.3 mole) were mixed together

and carbon dioxide was evolved. The mixture was

heated gently and distillation was started. The

mixture rapidly changed colour, becoming black. The

distillation was carried out as rapidly as possible,
3yielding water and a yellow oil. After about 90 cm 

of distillate had been collected a further quantity 

of water (45 cm^) was added to the distillation flask 

and another 30 cm^ of distillate was collected.
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The distillate was extracted with ether (3 x 100 cm^). 

The combined ethereal extracts were dried (CaCl 2 ,

2 X 25 g) and the solvent was removed to yield a 

colourless liquid (98%) which was used without 

purification. nmr (CDCl^) 3.58 t J=7Hg [2%

(-CHg-Cl), 2.62 t J=7H3 1^21 (CHj-CHj-Cl) , 2.19 s [s] 

(CH3  -) , 2 . 0 2  t J=7H3 Lz] (C-CHg-) -

5-Diethylaminopentan-2-one (95)

Crude 5-chloropentan-2-one (0.25 mole) and diethylamine 

(0.55 mole) were refluxed together for 48 h. (A 

colourless precipitate was deposited). The mixture 

was cooled and 7 M  sodium hydroxide (45 cm?) was 

added slowly with stirring. The upper layer was
separated and fractionally distilled to yield a

o 60colourless oil (50%) b.p. 90-91 at 15 mm (lit.

b.p.2Q94-95°). nmr (CDCl^) 2.40 q [4 ]

(2 X  -CH.-CH^), 2.60-2.28 m  [4], (-CH_-CH_-N), 2.18 s 
— _o O__________ _—

[ 3 J (CH3 -C-) , 1.65 m [ 2 ] (C-CHg), 1.00 t J= 6 H 3  [e] .

(2 X -CH 2 -CH 3 ) . Mass (m/e) 157 (M+) Cs€ / 99 [j%J ,

8 6  Q.00%1 57 ^23%] .

Preparation of benzylaminonitriles.

3,4rDimethoxybenzaldehyde (0.01 mole) was dissolved 

in water ( 2 0  cm?) and the solution was made just 

acidic with 2 N hydrochloric acid. The carbonyl



- 195 -

compound (0 . 0 1  mole) was added slowly to the stirred 

solution, followed by potassium cyanide (1 . 0  g) 

in water ( 5  cm?), added dropwise over 1 0  min.

The resulting cloudy mixture was stirred overnight, 

allowed to separate and the oil removed. The aqueous
3phase was extracted with methylene chloride (5 x 20 cm ), 

the combined organic layers were washed with water 

(2 X 20 cm ? ) , dried (MgSO^) and evaporated to yield 

an oil.

a) 1,1- |?3,4-Dimethoxybenzylamino) -3-diethyl 

aminopropanel methylcarbonitrile (94).

Colourless oil (78%). l.r. (liquid film) 3300, 2210 

cm-l.

Methiodide prepared by dissolving the amino nitrile 

in acetone and adding excess methyl iodide. Obtained 

as yellow oil (100%). nmr (CDCl^) 6.92 s, 6.84 s

and 6.80 s [3j (Ar-H's), 3.88 s and 3.86 s |]6 ]

(2 X  OCH 3 ) , 3.20 m  [j3 (^C-CHg), 2.19 s [ 3 ]  (N-CH 3 ) , 
1.52 q J= 4 H 3  [e] (2 x CH 2 -CH 3 ) .

N-p-Toluenesulphonyl-3,4-dimethoxybenzylamine (102). 
(see spectrum 1 ).

The cyano amine (0.01 mole) was dissolved in dry
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benzene (5 cm^) and p-toluene sulphonyl chloride 

(0.2 g) was added in portions over 5 min. The 

resulting mixture was stirred for 48 h. and the 

resulting solid was filtered off and recrystallised 

from methanol to yield a colourless crystalline 

solid (48%) m.p. 101-130°(dec). nmr (CDCI 3 ) 7.73

d J = 8 H 3  [ 2]  (-Nf ' 7'25 d J= 8 H 3  [ 2 ]  (CHj-^  ̂ §Z) ,
6.69 s [ 3 ] (remaining Ar-H's), 4.96 m  [Î] (N-H, 

removed by DgO), 4.04 d J= 6 H 3  [ 2 ] (Ar-CHg-N), 3.82 s 

and 3.76 s [ 6] (2 x OCH 3 ) , 2.62 s [ 3 ]  (Ar-CH 3 ) .

Mass (m/e) 321 (m "̂ ) [40%] , 166 [l5%] , 164 [lOO%] .

3 (N,N-Diethylaminopropyl)- 6 ,7-dimethoxy-3-methyl-

1,2,3,4-tetrahydroisoquinolin-4-one (98).

The above nitrile (94) (1.0 g) was cooled to 0°

and c. sulphuric acid (5 cm?) was added dropwise 

over 15 min. The solution turned a deep-red colour 

and it was stood at room temperature overnight.

The solution was cooled to 0°, poured onto ice 

(25 g) and the resulting mixture was basified with 

10% sodium hydroxide solution. The basic solution 

yielded a buff precipitate on standing, which was 

filtered, washed with water and dried. (Yield 6 8 %) 

m.p. 68-70°(dec). Xmax 210, 234, 279, 315 nm.

^H nmr (CDCI 3 ) 7.48 s and 6.58 s [ 2 ]  (Ar-H's),

4.06 s [ 2 ] (Ar-CHg-), 3.92 s [ej (2 x OCH 3 ) ,
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M -CH, - CH,
(N<" —  ) , 2.40-2.34 m  [2]

- CH,

( - C H j - N ^ ), 1.70-1.45 m  [ 4 ]  (-CHg-CH.-), 2.25 br s 

[l3 (NH) removed by D_0, 1.30 s [3% (CH,-c£ ),

1.96 t J=7H, [6] (2 X CH--CH 3 ). Mass (m/e) 334

(M+) D-3 % 1  , 305 [3%1 , 261 [2 %] , 247 [4%J , 233 [ 6 %] , 

2 2 0  [l8 %] , 151 [l8 %} , 8 6  [loo^ , 73 [lO%| .

Reaction of (98) with methyl iodide.

The amino ketone (0.1 g) was dissolved in acetone
3 3(10 cm ) and methyl iodide (2 cm ) was added. The

mixture was stood at room temperature for 1  h. and
the precipitate was filtered off and dried to yield
a colourless solid (89%) m.p. 238-240°(dec).

nmr (D^O) 7.58 s and 7.00 s [2] (Ar-H's), 3.99 s

and 3.92 s (2 x OCH^) , 3.60-2.94 complex [izQ

(remaining CH^ groups), 2.00-1.90 m jjs] (-CH 3 +N-CH 3 ) ,

1.28 m  [ 6 ] (2 X N-CHg-CH^). Mass (m/e) 348 [20%],

333 [4 0 %] , 261 , 234 \ 6 7 ^  , 178 [l8 %] , 151 [l0 0 %]

150 [22%J , 142 £ 9 5 %] .

Attempted Hofmann degradation of 3,3-disubstituted

2,3-dihydro-6,7-dimethoxyisoquinolin-4(IH)-ones.

Method 1 ;

The quaternary amine was passed down a column of 

Zeolite FF (IP) standard resin, eluting with
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ethanol/water (1:1). Removal of the solvent from the 

recovered fractions failed to yield any organic 

material.

Method 2 :

The quaternary amine (0.1 g) was refluxed in 30% 

aqueous sodium hydroxide solution for 30 min. The 

mixture became dark and an oil separated.

The cooled mixture was extracted with dichloromethane
3

( 2  X 2 0  cm ), the combined extracts were washed with 

water (20 cm^), dried (MgSO^) and evaporated to yield 

a brown oil (78%). However the mass spectrum gave no 

evidence for the loss of a nitrogen grouping. The 

U.V. spectrum was identical to the starting material.
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1,2,4a,5,12,12a,13,13 a-0ctahydro-9,lO-dimethoxy 

-2-methyl-7H-dibenzo quinolizine (105).

(see spectra 5-8)

3-Allyl-N-(2,4-hexadiene)-6,7-dimethoxy-l,2,3,4- 

tetrahydroisoquinoline (1.0 g; 3.2 mole) was 

dissolved in dry benzene (50 cm^) in the presence 

of a trace of hydroquinone. The mixture was heated 

in an autoclave, under nitrogen, at 200° for 12 h. 

The resulting solution was cooled, the solvent was 

removed ^  vacuo to yield a brown solid, tritura

tion with ether followed by filtration yielded a 

pale brown solid which was recrystallised from 
benzene to yield a colourless crystalline solid 

(60%). Xmax (Ç) 230 (16,000), 286 (4200). l.r. 

(CHBr^) 2790, 2760, 2670 cm"^. nmr (CgD^)

6.50 s and 6.46 s £2] (Ar-H's), 3.88 br d £l] 
(=CH-CH-Me) , 3.50 d [l] (=CH-è-) , 3.78 d []], and

3.28 d flj (Ar-CHg-N), 3.51 s B ]  (2 x OMe) , 3.00 
q (-CH-CH=) , 2.8-2.45 m and 2.5-2.0 m  [5]
(Ar-CHj-CH-) and (N-CHj-C). 1.85 q [l] (-CH-Me),
2.7-2.1 m  £ 5 3  (remaining aliphatic protons), 1.02 

d £ 3 ]  (CH3 ). (Found: C, 76.43; H, 8.59; N, 4.45:

C 2 0 H 2 7 N O 2  requires C, 76.67; H, 8.63; N, 4.47%).
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2,4a-Epoxy-l,2,4a,5,12,12a,13,13a-octahydro-

9,10-dimethoxy-7H-dibenzo^b, quinolizine (107)

(see spectra 9-10).

The above compound was prepared from 3-allyl-2- 

furfuryl-6,7-dimethoxy-l,2,3,4-tetrahydro- 

isoquinoline (67) in an identical manner to that 

described above. The resulting brown solid was 

recrystallised from benzene to yield a colourless 

crystalline solid (53%) m.p. 190-191°(dec).

Xmax (C) 228 (15,800), 284 (4000). l.r. (CHBr^) 

2835, 2765, 2690 cm“^. nmr (C^Dg) 6.46 s and
6.36 s [j2”[ (Ar-H's), 5.63 and 5.47 dd and d,

J=1.5, 5.5 and 5.5 H^ |j2j (-CH=CH-), 4.73 br s [l] 
(CH-0), 3.72 d J=14.5 H^ £l] (Ar-CH-N, axial),

3.65 d J=12.5 H^ [l] (N-CH-C, equatorial), 3.46 s 

and 3.45 s []6j (2 x OMe), 3.15 d J=14.5 H^ [ l ]  

(Ar-CH-N, equatorial), 2.68 dd J=10, 15.5 H.̂  £ l ]  

(Ar-CH-C, axial), 2.51 dd J=3.5, 15.5 H^ [l] 

(Ar-CH-C, equatorial), 2.50 d J=12.5 H^ £l]

(N-CH-C, axial), 2.17 m []] ()CH-N) , 1.75, 1.55 and

1.45-1.2, complex, £ 4 ] (remaining protons). (Found 

C, 72.41; H, 7.13; N, 4.41: C^gHg^NO^ requires 

C, 72.82; H, 7.40; N, 4.47%).
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General Introduction.

This chapter is divided into two main sections which describe 

brief projects utilising the 1,2 ,3,4 - tetrahydroisoquinoline 

nucleus.

Part I describes the 1 , 3 -dipolar cycloaddition reactions 

of munchnone type derivatives obtained from l,2,3, 4 ^ t e t r a ^  

hydroisoquinoline - 1 - and - 3 - carboxylic acids.

Part II concerns a series of 1,3 -sigmatropic rearrangements 

of N-substituted 1,2,3,4 - tetrahydroisoquinoline - 3 -  

carboxylates, and includes a possible cyclisation reaction 
of similar compounds.



— 206 —

PART 1
1 , 3 -DIPOLAR CYCLOADDITION REACTIONS.

INTRODUCTION

The 1 , 3 - dipolar cycloaddition reaction can be represented 

as in Figure 1.

d = e

Figure 1.

The 4ir electron component involved in the Diels-Alder 
reaction (see Chapter II) need not necessarily be a four 

atom system (as in the case of 1,3 dienes), provided that 

the symmetry requirements for a concerted pathway can be 

fulfilled by the molecular orbitals^.

There are numerous examples known of the addition of 4ïï - 

electron - 3  carbon systems to tt bonds, these reactions are 

known as 1,3 -dipolar cycloadditions, the 4tt system being 

the 1 , 3 -dipole and the 2 tt system being the dipolarophile.

A 1,3 -dipole is basically a system of three atoms with 

four TT electrons distributed amongst them, as in the allyl 

anion system. The three atoms can consist of a wide variety 

of carbon, oxygen or nitrogen combinations ; the dipolarophile 

can be virtually any double or triple bond.

The term 1,3 -dipole arose because the compounds can only be 

described in terms of dipolar resonance contributors, in
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valence bond theory. The stability of 1,3 -dipoles varies 

considerably, some are isolable, others only generated in 

situ.

The dipolarophile may be virtually any double or triple bond, 

which may be either isolated or conjugated; indeed it may 

even be an enol form of a ketone.
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1. MECHANISM.

2 3Huisgen * has systematically studied the mechanism of

1,3 -dipolar cycloadditions. The evidence mostly points

to a concerted mechanism'Qthe rates of reaction being largely

independent of solvent and the reactions show high stereo-

specificity. Isotope effects also indicate a concerted

reaction^. However, there is also a strong body of opinion

in support of a stepwise mechanism, through a diradical 
5 6intermediate * . The formation of the new g bonds, although 

a concerted process, is not necessarily symmetrical, this 

allows a considerable build-up of charge in the transition 

state; substituents in the dipolarophile act to stabilise 
such charge, and also they may help to increase the polar- 

isability of the tt bond of the dipolarophile.

It is the charge build-up which has given support to the 

view that at least some 1,3 -dipolar cycloaddition reactions 

proceed in a stepwise manner, via highly stabilised 

zwitterionic intermediates.
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II. HISTORY AND APPLICATIONS

7Examples of this type of reaction were known for many years 

(equations 1 and 2) but it was not until fairly recently 

that the full scope of the reactions was recognised by 

Huisgen, and since the late 1950’s this type of reaction 

has become an increasingly valuable method for the synthesis 

of a large variety of five-membered heterocycles.

o  <$)
M g O ^ C — C H — —N = N

= — C 0 2 M e

MeO N

H

C 0 2 M e

Equation 1 .

Ph—N— N = N

R O g C — = — C O g R
R O g C ^ O g R

Equation 2

o
A general synthesis of pyrroles and pyrrolines was recently 

reported using mesoionic - oxazolium - 5 - olates (munchnones),

Cl).
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(1D
The munchnone underwent a 1,3 -dipolar cycloaddition reaction, 

followed by carbon dioxide elimination and aromatisation
9or tautomérisation . Utilizing this reaction Huisgen £t a l . 

carried out a series of syntheses, employing a variety of 

substituted - oxazolium - 5 - olates and dimethyl acetylene 

dicarboxylate, to give a number of pyrroles and pyrrolines 

in good yields.

Hershensoi}^extended the general synthesis to another series 

of a-amino acids, the tetrahydro - 3 - carboline - 1 - and 3 - 
carboxylic acids (2 and 3), He also utilized a wider variety 

of dipolarophiles, for example dimethylacetylene dicarboxylate, 

diphenylacetylene, phenyl acetylene, 1,4 - napthoquinone, 

vinyl acetate etc.

The munchnone type derivatives were produced by reaction of 

the a - amino acid with either acetic anhydride or propionic 

anhydride. Examples of the reactions are summarised in 

Scheme I .
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C O 2 H
+ (MeCOjgO

Me

MeO_CC==CCO_Me

-CO

Me
Scheme I

The reactions proceed through intermediates of the type (4).
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CH
Hershenson has also utilized the reaction to synthesise

pyrroles of the type (6) from the appropriately substituted

oxazolium - 5 - oxide [5), which can then undergo a second
11cyclisation to form the 5-azaindole (7) , Scheme II,

©
yk

(5)

MeOgCCSzCCOgMe

M e 0 2 C \ x̂ 0 2 M ©

MeOgC-v,

Scheme II
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In view of the variety of a - aminoacids successfully employed 

in the above reactions it was considered likely that munch

none type derivatives could be prepared from tetrahydro

isoquinoline -1- and - 3 -  carboxylic acids, and that elaboration 

of the basic isoquinoline structure could be achieved by 

their involvement in 1,3 -dipolar cycloaddition reactions.
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DISCUSSION.

In view of the similarity of the nitrogen heterocyclic

carboxylic acids employed in 1,3 -dipolar cycloaddition
10 8 reactions by Hershenson and Huisgen to 1,2,3,4 - tetra

hydroisoquinoline - 1 - and - 3 - carboxylic acids, it was 

considered possible that a 1,3 - dipolar cycloaddition 

reaction, followed by, the elimination of carbon dioxide, 

could take place under similar reaction conditions.

The preparation of 1,2,3,4 - tetrahydroisoquinoline - 3 -

carboxylic acid (8) has been discussed in Chapter I, and

was carried out by refluxing d I -phenylalanine (9) with 
formaldehyde and concentrated hydrochloric acid. This

yielded the hydrochloride as a colourless solid, in excellent
yield. The free amino acid was then prepared by dissolving
the hydrochloride in the minimum volume of hot ethanol/water

(2:1) followed by careful neutralisation with ammonium

hydroxide, until the solution was just acid to congo red.

Upon cooling the amino acid crystallised out as colourless

plates. Scheme III.

The munchnone type derivatives were prepared by mixing the

amino acid (8) with acetic anhydride and heating the mixture

at 110-115°, however it was found, as expected from previous 
12 13evidence, * that the 1,3 -dipolar compound could not be 

isolated.

In view of the instability of the 1,3 -dipole it was decided 

to attempt a "one-pot" synthesis. The amino acid (8), acetic 

anhydride and an excess of a good dipolarophile, dimethyl 

acetylene - dicarboxylate (10) were mixed together and heated
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(9)
HCHO/HCl

V
COOH

H • HCI

neutralise

\/

o r r “"
(8)

Scheme III

at 110-115 for 45 minutes. The mixture was observed to 

release bubbles of carbon dioxide, and when this evolution 

of gas had ceased the mixture was cooled and the solvent 

removed/ at reduced pressure. The residual oil was recrystallised 

from ethanol to yield the hoped for p r o d u c t i n  moderate 

yield as a colourless solid. The reaction sequence is 

summarised in Scheme IV.
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OL Jh * 2°

tel
\k

C H 3  _ l

MeOgCCcCCOgMe
(10)

Vi'
OoMe

C H 3  _ j

-COo

COoMe

CH

(11)

Scheme IV
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The structure of the product (11) was proved by proton n m r  

and mass spectral data. The proton n m r  (see fig 2) exhibited 

a four proton multiplet centred at 7.32 ppm, due to the 

aromatic protons. The two methylene groups appeared at 4.96 

and 4.28 ppm. The two ester methyl groups occured as a singlet 

at 3.8 8 and the methyl goup as a singlet at 2,46 ppm.

The mass spectrum was very simple, exhibiting a strong molecular 

ion at ^/e 299, with the base peak at 267 [loss of the an» 

ester OCH^ group and a proton) , Further decay was observed 
the spectrum having ions at m/e 240, 141 and 132.

In view of the success of the above reaction a series of other 

dipolarophiles were employed in the reaction, utilising 
identical reaction conditions. The attempted reactions are 

summarised in Table 1.



c) C H 2 C 0 2 CH=CH 2

d) Y
e) CH 2 =CH-C 0 2 CH 2 CH 2

f)

g) PhCSCH

h) Et02CCH=CHC02Et

218 -

Table 1

Dipolarophile

a) Me 0 2 CCECC 0 2 Me

Product Yield
-02Me

Me

b) 37%

i) PhCsCPh
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The reason for the failure of the reaction with the large 

variety of other dipolarophiles could not be explained, 

especially in view of the success achieved by Hershenson 

with a similar series of dipolarophiles.

In each case the work-up procedure yielded a brown oil which 

could not be purified and exhibited no evidence for the pres

ence of the required products by ' H n m r  and infra-red spectro

scopy. Thin layer chromatography indicated the presence of 

a wide variety of components which could not be purified.

However the use of 1,4 - napthoquinone (12) yielded the penta- 

cyclic dione (13) as a green solid which was insoluble in 
most solvents and could only be recrystallised from dimethyl' 

formamide.

Me

(13)

The n m r  spectrum of the product (13) was recorded in trifluro 

acetic acid and was very simple (see fig 3).

Hershenson also used propionic anhydride, in place of acetic 

anhydride, to prepare the munchnone type derivative; when 

1,2,3,4 - tetrahydroisoquinoline - 3 - carboxylic acid (8), 

propionic anhydride and dimethylacetylene dicarboxylate were 

heated at 110° the product obtained was proved to have the 

structure (14).
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Et
(14)

The structure was again proved by proton n m r ,  which was very 

similar to that obtained for the tricyclic amine (11), apart 

from the expected difference due to the presence of the ethyl 

group.

It was also decided to attempt the 1,3 -dipolar cycloaddition 

reaction with the munchnone type derivative obtained from 
1,2 ,3,4 - tetrahydroisoquinoline-l-carboxylic acid (15).

Isoquinoline - 1- carboxylic acid (16) was reduced to the 

tetrahydroisoquinoline by hydrogen in the presence of A d a m ’s 

platinum catalyst at a pressure of 20 atmospheres. The 

resulting amino acid was identified from its ultra violet • 

spectrum, which was typical of a tetrahydroisoquinoline.

The 1,3 -dipolar cycloaddition was carried out as previously

described, with the amino acid, acetic anhydride and dimethyl

acetylenedicarboxylate being heated together at 110-115° until 
carbon dioxide evolution had ceased (about 1 hour).

The resulting product (17) was again identified from its 

proton n m r  spectrum and analytical data.
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OOH
(16)

\y
Hg/PtOg

COOH

(MeCO)gO/
MeOgCC-CCOgMe

COgMe COgMe 

(17)

The lack of success obtained with the wide range of dipolaro

philes and 1,2,3,4 - tetrahydroisoquinoline - 3 - carboxylic acid 

(Table 1) prevented any further work on these systems, however 

marked pharmacological activity has been exhibited by the 

pentacyclic dione (13).
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PART II

SIGMATROPIC REARRANGEMENTS 

INTRODUCTION

Uncatalysed thermal rearrangements occurring intramol^. 

ecularly, involving a six-membered transition state, 

are very common. The most well known examples of this 

type of reaction are the Claisen and Cope rearrangements.

The development of the theory of concerted reactions has 

led to the realisation that there are a large number 

of rearrangements that can be included in the same 
class. Some of these rearrangements are thermally, 

and some photochemically, induced, and can occur in 

anions, cations and neutral molecules. The common 
feature of this whole class of rearrangements is that 

they are concerted, uncatalysed and involve a bond 

migration through a cyclic transition state in which 

an atom or group is simultaneously joined to both 
termini of a tt electron system. The term "sigmatropic" 

indicates movement of a sigma bond in the rearrangement 

and the name was given to these rearrangements by 

Woodward and Hoffmann.

1. Nomenclature

The formal system of nomenclature for sigmatropic rearrange

ments is best illustrated by considering the rearrange-
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ment of 1,5 - hexadiene (18) shown in Scheme V.

2 2

(18) (19)

In the product (19) the termini of the a bonds have moved 

from their original position at carbons 1 and 1^ to carbons 

3 and 3^, thus the change is termed a sigmatropic rearrange^v 

ment of order > both termini having moved to the third

carbon atom along the ir system.

II. 2,3 Sigmatropic Rearrangements.

This class of rearrangements has only recently been recognised 
It involves a five-membered cyclic transition state and six 
electrons. A hypothetical example is illustrated in figure 4.

The transition state (20) for a suprafacial migration is of 

the Huckel type with six electrons participating, thus the 

reaction should be thermally allowed via this transition state
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Figure 4 .

o

(20)

III. History.

In a series of studies on ylide rearrangements, Baldwin and 
co-workers^^'^^ proposed two routes by which the ylide (B) 
could rearrange. The first (path A) via a concerted 0 , 3 1 ]  
sigmatropic process, or (path B) by a radical dissociation- 

recombination mechanism, figure 5,

Path A is usually of lower activation energy and is the main 
reaction path.

A  number of these types of rearrangement are known, some 

involving an all carbon system and others which involve 

heterocyclic transition states. In some cases the reaction 

path can be determined as being of a concerted nature by the 

observed inversion of the allyl group (Path A ) , but in other 

examples it is not possible to rule out the alternative 

mechanism (Path B ) .
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Figure 5

T
C21) 

B

©

/ R

r ©

A number of examples are listed below

1. All carbon system^^.

quaternary ammonium2. Sommelet-Hauser rearrangement of quaternary ammonium 

ylides^^.

CH

H
Me

C H g N R g
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3. Meisenheimer rearrangement of allylic quarternary
• j 18ammonium oxides

R'

Numerous other examples are known and the possible variations 

in the system are enormous.

The [3 > 3  sigmatropic rearrangement of 1 -  allyl - 1 , 2 -  
dihydroisoquinoline (22) to 3-allyl - 3,4 - dihydroisoquinoline 

(23) by heating with dilute mineral acid has been discussed 

in Chapter II (page 128).

19Baldwin ejt have shown that in the rearrangements of

sulphonium ylids (eg 24) both the aforementioned reaction

paths exist. This discovery led them to examine a great
number of related systems in an effort to discover whether
the dual mechanism was general. In the case of allylic 

20ether anions (25) variation in the temperature of the 

reaction led to a variation in the ratio of the two products 

(26) and (27), product (26) resulting from a concerted 

rearrangement with retention of orbital symmetry, and 

product (27) resulting from a non-concerted radical 

dissociation-recombination process. The yield of product 

(26), as expected, increased with reduction in temperature.
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)çy
(24)

PI
(26)

Ph(25) 

(27)

2 1This duality of mechanism has also been found in the case 

of the rearrangement of N-ainmonioamidates (28) . -

(28)
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DISCUSSION.

Consideration of the known examples of concerted [ 2 ,3 ]

sigmatropic rearrangements led to the possibility that

similar rearrangements could take place in suitable tetra-

hydroisoquinolines. To this end ethyl - 1 , 2 , 3 , 4 - tetrahydro-

isoquinoline - 3 - carboxylate (29) was prepared by J u l i a n ’s 
22method , by the reaction of d 1 - phenylalanine (9) with 

formaldehyde in the presence of hydrochloric acid, to yield 

the amino acid hydrochloride (30). Estérification under 

Fischer-Speier conditions yielded the required ester (29) 

in moderate yield, as a pale yellow oil after distillation. 

(Scheme V I ) .

A considerable quantity of a colourless crystalline solid 

was recovered from the residue of the distillation, after 

repeated recrystallisation from ethanol. The melting point 

of the solid was 155-157°, the ’Hnmr spectrum exhibited a 

very broad one proton peak at 6 ppm which was removed by 

D 2 O, and peaks at 9.44 (singlet), 8.66 (singlet), 8.26 

(quartet) and 7.90 (multiplet), integrating to 1;1;2;2 

protons respectively.

In conjunction with the mass spectrum, which gave a molecular 

ion at ^^e 173 with a base peak at ^^e 129, due to the loss 

of carbon dioxide from , the structure of the product was 

assigned as i s o q u i n o l i n e - 3 -carboxylic acid (31),

(31)
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SCHEME VI

O TT"
(9)

HCHO/HCl

• HCI

(30)

vt'

HCI gas/EtOH

O O T '
(29)
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The ethyl ester (29) was alkylated by treating it with allyl

bromide in dry benzene in the presence of solid potassium

carbonate. After "working-up" for bases the tertiary amine

(32) was obtained as a yellow oil. Treatment of amine (32)

with methyl iodide in acetone afforded the methiodide (33) 
as a red oil, which was eventually persuaded to crystallise

from acetone in poor yield. The difficulty encountered in

the crystallisation was believed to be due to there being a

mixture of stereoisomers (33a and 33b).

(29) allyl
bromide

(32)

Mel

Me
(33)

(33a) Me (33b)
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The methiodide (33) was initially deprotonated at C - 3  with
in

lithium di-isopropylamide 3^tetrahydrofuran. After working up 

the reaction mixture a very low yield of a basic component 

was obtained, which was identified as the tertiary amine 

(34).

The low yield was probably due to the diisopropylamine, , , , I 1 , , , t , T , . , , y , I t t < ' ' ' « ' f  , 1., /  , , I I I  t t «

anion reacting with the ester, to yield a product (35) due 

to the anhydrous conditions, however no products other than

( 3 4  ) were isolated.
u

Due to this difficulty it was decided to attempt the 
deprotonation with weaker bases. Sodium hydride in tetra- 

hydrofuran again gave (34) after stirring the reaction 

mixture for 1 hour, but the yield was only slightly improved 

(to 15%).

The best yield of (34) was achieved by dissolving the 

methiodide (33) in 10% aqueous sodium carbonate and stirring 

the mixture for 24 hours. Extraction of the mixture with 

dichloromethane followed by repeated washing with water 

yielded the base (34) in 70% yield as a colourless oil.

In order to determine the mechanism of the reaction (i.e. 

whether it proceeds by a concerted [2,3j -sigmatropic process 

or by a radical dissociation-recombination mechanism) the 

amino acid ester (29) was reacted with crotyl bromide



- 232 -

OoEt

Me
(33)

base

Me

ÇOoEt

(34)

followed by quaternisation with methyl iodide to yield the 

quaternary salt [36]. The rearrangement was carried out 

with sodium carbonate, at room temperature, as previously 

described, to yield the basic product as a yellow oil. Thin 
layer chromatography of the product showed it to contain 

only one component. The two possible products are [37] and 

[38).
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Me

Me
Me

C7)

base

I®

C 0 2 E t

Me

f38)

The ' H n m r  spectrum of the product showed it to be (38).

The olefinic protons appearing in two groups, a complex 

multiplet at 5.88 ppm integrating to 1 proton, and another 

multiplet at 5.0 ppm, integrating to 2 protons. The methyl 

group appeared as a doublet at 2.90 ppm with a coupling 

constant of 9 Hz. The ’H n m r  evidence was conclusive in 

determining the structure of the product.

There was no evidence for the presence of the other possible 

product (37) thus it appeared that the reaction proceeded 

entirely by the concerted mechanism, and not by the radical 

mechanism.

The positions of the olefinic protons compared very closely 

to those in the ’H n m r  spectrum of the rearrangement product 

(34).
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The scope of the reaction was further investigated by reacting 

the ester (29) with cinnamyl chloride to yield, after quater

nisation with methyl iodide, the salt (39) as an oil/ however 

the attempted rearrangement under basic conditions failed to 

yield the expected product (40), [Sch.eme VII),

The reason for this failure is %of undçrstood,, ,but, is,most, , , 

likely due to a large steric hind-rance caused by the presence 

of the phenyl group.

The two rearrangement products isolated (34) and (38) gave 

satisfactory analytical data. The ’H n m r  spectra of the 

free bases indicated, unequivocally, that the expected 
products were obtained.
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SCHEME VII

[29)
CHgCI

+ Mel

COgEt

V

Me
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Attempted cyclisation reaction of ethyl - 2 - acryloyl - 1,2,5, 

4 - tetrahydroisoquinoline - 3 - carboxylate.^ 2.).

Ethyl - 1,2,3,4 - tetrahydroisoquinoline - 3 - carboxylate 

(29) was reacted with acryloyl chloride (41) in dry benzene 

in the presence of anhydrous potassium carbonate to yield 

the amide (42).

COmEt

[29]

0
u+C1-C-CH=CH,

[41)

OoEt

(42)

It was hoped that deprotonation at C - 3  (in an analogous 

manner to that used in the previously described sigmatropic 

rearrangements) would effect a cyclisation reaction to yield
(43).
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ÇOgEt

(43)

2 5This ring closure reaction represents the disfavoured 

5 - endo trigonal ring closuTfe investigated by Baldwin e^ a l . 

Baldwin and his co-workers synthesised the three enones

(44), (45) and (46).

However, all attempts to cyclise the^enones (see next page), 

in a base catalysed reaction, failed, despite proof (by 
deuterium quenching experiments) that the énolisation 

reaction occured under the attempted conditions.
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OH
Ph

(4 4 ]

In the case of the amide (42), deprotonation was accomplished 

at C - 3 with lithium diisopropylamide. The reaction mixture 
was stirred at -78° for 1 hour then allowed to warm to room 
temperature. The mixture was quenched with water and then 
extracted. The product, obtained as a yellow oil was shown, 

by ’H n m r  and its mass spectrum, to be identical to starting 

material.

This result was expected in view of the rules for ring 

closure proposed by Baldwin. Indeed it seemed that the 

proposed reaction would be even more disfavoured than the 

reactions attempted by Baldwin, in which the ring closure 

would lead to the loss of an enone, leading to the loss of 

about 3 kcal mole ^ , whereas the amide bond possesses an 

energy of some 22 kcal mol"^, thus the proposed reaction 

would have a very high activation energy.

In view of the failure of the reaction, and the obvious 

inherent difficulties, no further reactions were attempted.



EXPERIMENTAL
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1,2,3,4 - Tetrahydroisoquinoline - 3 - carboxylic acid 

hydrochloride (30).

A suspension of d l -  phenylalanine (75g) in a mixture of c , 

hydrochloric acid (575 cm^) and 37% formaldehyde solution 

(170 cm^) was heated on a steam bath with vigorous stirring

for 30 minutes, then a further quantity of c. hydrochloric
3 3acid (150 cm ) and 37% formaldehyde solution (75 cm ) was

added. Stirring and heating were continued for a furth.er

3 hours whereupon the mixture was set aside overnight. The

resulting white precipitate was filtered and washed thoroughly

with methanol to yield the product as a colourless solid
(85%) mp 305 - 307° (lit^^ 308^309°).
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1.2.3.4 - Tetrahydroisoquinoline- 3 - carboxlic acid (8).

1.2.3.4 - Tetrahydroisoquinoline - 3 - carboxylic acid 

hydrochloride (10,Og) was dissolved in a minimum volume of 
ethanol/water (2:1) and neutralized to congo red with

2N ammonium hydroxide. The resulting solution was set 

aside, to,crystallise. , The resulting solid was filtered , , 
off, washed with water and dried to yield the free acid as 

colourless crystalline plates (100%) which was used without 

further identification.
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Ethyl - 1,2,5,4 " tetrahydroisoquinoline - 2 - carboxylate (29).

A suspension of 1 , 2 , 3 , 4 - tetrahydroisoquinoline - 3 - carboxylic 

acid hydrochloride (52g) in absolute ethanol (2 L) was 

vigorously stirred and heated to boiling. Dry hydrogen 
chloride was passed through the mixture until the ethanol 

was saturated. After 2 hours the solid had dissolved and the 

ethanol was saturated with hydrogen chloride after 6  hours.

The solution was then evaporated to dryness ^  vacuo. The 

colourless residue was dissolved in the minimum volume of 

water (+ 5% ethanol) and the resulting solution made just 

alkaline with potassium carbonate. The oil was separated 

and the aqueous layer was extracted with ether (3 x 100 cm^), 

the combined extracts were washed with water (50 cm ), dried 
(Na-SO^) and distilled at reduced pressure to yield a pale 

yellow oil (65%) b p  150-155°/1.3 mm. (lit^^ 120°/1 mm). 

■ H n m r  (CDCI 3 ) 7.04 m [4 ] (Ar-H's), 4.15 q J = 6 

(CO 2 - CH^ -), 4.00 s C 2 3  (Ar - CH^ - N ) , 3.62 t J =  5H, Cl] 

()CH - 00%-), 2.94 d J = 5 H 3  D 3  (Ar - CH^ - CH) , 2.46 s C l ]  
(NH) removed by DgO, 1.23 t J = 6 [ 3 ] (ÇH 3  - CHg).
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1,2,3,4 - Tetrahydroisoquinoline - 1 - carboxylic acid (15).

Isoquinoline - 1 - carboxylic acid (1.0g) was dissolved in 

acetic acid (100 cm^) and hydrogenated over A d a m ’s catalyst 

(10 mg), at 70° and 20 atmospheres pressure of hydrogen, for 

1 2  hours.

The solvent was removed in Vâcüo to yiéld a colourless solid

which was recrystallized from ethanol/water to yield a colour-
d %

less solid (90%). X max 235, 265, 272. ’H n m r  (D2 O/DMSO )

7.60 - 7.30 m M  (Ar - H's), 4.89 s [l] (Ar - C H C  ), 3.70 - 

3.20 m [2] (Ar - CH^) , 3.06 t J = 7 D U  (CH^ - N) .

Methyl-3-methyl"5,10~dihydro pyrrole p.,2-b] isoquinoline-

1 ,2-dicarboxylate (11) Q e e  spectrum ^  .

1,2,3,4 - Tetrahydroisoquinoline-3 -carboxylic acid (0.5g) 
was dissolved in acetic anhydride (50 cm ) and dimethyl-. :^

acetylenedicarboxylate (0.64 g) was added to the mixture,

which was stirred and heated to 115° for 45 minutes. During
this time carbon dioxide was evolved. The resulting solution 
was cooled and the excess solvent was removed at reduced

pressure to yield a yellow solid which was recrystallised

from ethanol to yield a colourless crystalline solid (75%) m p

128-129°. I r 1720, 1695, 1745, 1450 cm"^. ' H n m r  (CDCl?)

7.32 m [ 4 ] (Ar - H's), 4.96 t J = 7 Hj [ 2 ] (Ar - CH- - N) ,

4. 29 5 [ 2 ]  (Ar - CH 2  - 1), 3.88 s D>3  (2 x C O 2  CH^), 2.46 s
D ]  (CHj). Mass (m/e) 299 (M*) [soi], 267 Q-OOf] , 24o[l6%l

14l[Ï8%l , 132 IÏ4Ü . (Found: C, 68, 29; H, 5,91; N,4.69;

^17 ^17 ^^4 requires C, 68.22; H,5.72; N, 4.69%).
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5,14 - Dihydro - 7 - methylisoquinoQ ,5 - kl carbazole - 8,13- 

dione (13).

To a vigorously stirred suspension of 1,2,3,4 - tetrahydroiso

quinoline - 3 - carboxylic acid (l.Og; 5.6 m m o l e )  in acetic 

anhydride (50 cm^), was added freshly recrystallised 1,4- 

nspthoquiaone, (2,0g;, 12, % mole) , and the mfxtnre was ,heated, at, 

140° for 2 hours. During this time the evolution of C O 2  

was observed. The reaction mixture was cooled and a green 

solid filtered off which was recrystallised from dimethyls 

formamide to yield a yellow/green powder (37%) m p  218° (dec), 

X max 200, 245, 257 n m .

I.R. (nujol mull) 1660, 1670 ' H n m r  (T.F.A.) 8.1-7,8 m Cz]
(C, and Ar-H's), 7.7-7.1 m (remaining Ar-H's), 4,70
br.s [ 2] (CHg - N) , 4.04 br.s [ 2 ]  (Ar - CH^), 7.50 s [ 3 ] 

(CHg-). (Found: C, 80-23; H, 4.64; N*, 4.51; C 2 2  N O 2  

requires C, 80.49; H, 4.83; N, 4.47%).

Methyl-3-ethyl-5,lO-dihydropyrrolo [1,2-bj isoquinoline- 
1 f2-dicarboxylate (14).

1,2,3,4 -Tetrahydroisoquinoline- 3 - carboxylic acid (0.5g) 

was dissolved in propionic anhydride (25 cm^) and dimethyl- 

acetylenedicarboxylate (0.64g) was added to the mixture 
which was heated at 95-100° for 1.5h, whereupon all the acid 

had dissolved. The solvent was removed at reduced pressure 
to yield a brown solid which was recrystallised twice from 

ethanol to yield a yellow solid (27%) m p  135-137°. ^H n m r
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(CDCl,) 7.70 - 7.25 m [4] (Ar-H's), 5.93 t J = 2 Hj and 4.24 t 

J = 2H, [2] (Ar - CHg - N), 4.00 s [2] (Ar - C H g - C ) ,  3.80 s
[6 ] (2 X -COg CHg), 3.08 q J = 8 H 3  [2] (CH 2  - CH 3 ) , 1.24 t
J = 8 H 3  [ 3]  (CH 2 - C H 3 ). (Found: C, 68.73; H, 6.12; N. 4.41;

C 1 8  NO^ requires C , 69.01; H, 6.07; N, 4.47%).

Methyl-3-methyl-5,6-dihydropyrrolo [2,l-a]isoquinoline- , , , ,

1,2-dicarboxylate (17).

1, 2,3,4 - Tetrahydroisoquinoline - 1 - carboxylic acid (0.2g) and 

dimethylacetylenedicarboxylate (0 .2 g) were stirred in acetic 

anhydride (5 cm^) and the mixture was heated at 95-100° for 
1.5 h. The solvent was removed at reduced pressure to yield 

a colourless solid which was recrystallised from ethanol as
colourless crystals (70%) mp 133-134°. I r 1725 , 1695, 1450 cm'^^,

'H n m r  (CDClg) 7.56 m [l] (Ar - H) , 7.15 s [ 3  (Ar-H's), 1,85 t 

J = 7 H 3  [f| (Ar - C H 2  -), 3.84 s and 3.73 s [ Q  (2 x C O 2 CH 3 ) ,

2.96 t J = 7 H 3  [2] (N-CH 2 -), 2.69 s [3] (-CH 3 ). (Found;

0,68.21; H, 5.64; N, 4.58; NO^ requires C, 68.22;
H, 5. 72; N, 4.69%) .
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Ethyl - 2 - allyl - 1,2,3,4 - tetrahydroisoquinoline - 5 - 

carboxylate (32).

The above ester (2.0g; 0.01 mole) was dissolved in benzene 

(50 cm^). Potassium carbonate (0.8g) was added and the 

mixture stirred vigorously. Allyl bromide (1.22 g ; 0.01 mole) 

was added dropwise over 2h. The mixture was heated to reflux 

for 3h., stirred at room temperature overnight, washed with 

water (4 x 25 cm^), the benzene layer was dried (MgSO^) and 

the solvent removed ^  vacuo to yield an oil, distillation 

at reduced pressure afforded a pale yellow oil (1.7g; 70%) 

b.p. 118-120°/0.3 mm. X max 242 , 265, 273. ' H n m r  (CDCl^)

7.08 m Q Q  (Ar-h's), 5.90 m C l]  (CH 2  = CH-), 5.17 t J  = 8  

C 2J  (CH 2  = ), 2.06 q J  = 6  H 3  [23 (CH3  - Ç H 2  - CO-), 3.90 d d 
J = I 2H3 [ 2]  (Ar - C H 2  - N O ,  3.70 t J = 5 H 3  [l] (CH - C O 2  6  t) , 

3.34 d J = 8 H 3  12]  (>N -  C H 2  -  CH=) 3.08 d j  = 5H3 [ 2I

(Ar -  C H 2  -  CH) , 1.19 t  J  = 6 H 3  [ 3]  (CH3  -  C H 2 ).

N - Methiodide (33) prepared by adding excess methyl iodide to 

a solution of the above tetrahydroisoquinoline in acetone, to 

yield a pale yellow crystalline solid, (95%), m.p. 235° (dec). 

(Found: C, 48.98; H, 5.24; N, 3.64; H 2 2  ^ ^ 2  ̂ requires
C, 49.61; H, 5.68; N, 3.62%).
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Ethyl - 2 - crotyl - 1,2,3,4 - tetrahydroisoquinoline - 3 -
carboxylate (36).

The tertiary amine was prepared in an identical manner to 

that employed for the preparation of the 2-allyl homolog, (32), 

to yield yellow oil after removal of the solvent which was 

not, distilled, (63%,). , V H n m r  (CDCl^) 7.06 m [ 4 ] (Ar - H's),

5.60 m [ 2 ] (olefinic H's), 4.10 q J = TH^ [2] (CHg - CH 3 ) ,
4.00 t J = 4 H 3  [ 1] (CH - C O 2  et), 3.90 d d  J = 6 H 3  [2 ]

(Ar - CH 2  - N), 3.20 d J = 4 H 3  [2] (Ar - CH 2  - C), 3.10 d

J = 5 H 3  [2 ] (N - C H 2  - C=), 1.70 d J = 5 H 3  [3] (CH 3  - CH=),

1.19 t J = 7 H 3  [ 3] (CH 3  - CH 2 ).

N - Methiodide prepared by adding excess methyl iodide to a 

solution of the amine in acetone to yield a pale yellow solid 
(95%) m p  170-172°. 'H n m r  CCDCI 3 ) 7.28 m [4] (Ar-H»s) ,

5.36 m [ 2 I  (-CH = CH - CH 3 ), 4.30 q J = 6 H 3  [2] (CH^ - CH 3 ),
3.79 s [ 3 ] (N-CH 3 ), 3.49 s [ 3 ] (CH3  - CH= ) , 1.32 t J = 6 H 3  3

(CH 3  - CH 2 ) , 3.8 - 3.2 complex [ 7] (remaining protons).

(Found: C, 50.48; H, 5.17; N. 3.60;f^yH2^N02l requires 
C, 50.87; H, 5.98; N, 3.49%).
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Ethyl - 2 - cinnamyl - 1,2,5,4 - tetrahydroisoquinoline - 3 -
carboxylate (39).

Prepared as the 2 - allyl analog (32), to yield a red oil (49%) 

N-Methiodide prepared by adding excess methyl iodide to the 

amine (0.6g) dissolved in ether (10 cm^) to yield a yellow 

crystalline solid (80%) m p  178-180°. 'H n m r  (CDCl^)

7.20 m [ 9 ] (Ar-H's), 6.45 m [_2] (-CH = CH-) , 4.40 - 3.20

complex (remaining protons - CH^ - CH^), 1.24 t J = 8 H 3

[ 3 ]  (CHj - C H 2 ). Mass (m/e) 234 [2%] , 219 £4%1 . 156 (33^ , 

146 [Ï00%[ , 142 [ 3 3 3  , 127 [l5%| . (Found: C, 57.88;

H, 5.54; N, 3.10: 0 2 2 ^ 2 6 ^ 0 2 ! requires C, 57.02; H, 5.62;
N, 3.02%).
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Rearrangements of ethyl N-substituted 1,2,3,4 - tetrahydro

isoquinoline - 3 - carboxylate methiodides.

The appropriate ethyl N-substituted - 1,2,3,4 - tetrahydro

isoquinoline - 3 - carboxylate (0.01 mole) was dissolved in dry 

tetrahydrofuran (50 cm^). Anhydrous potassium carbonate 

(l.Og) was added to the stirred solution and the resulting 

mixture was stirred at room temperature for IBh. The mixture 

was diluted with water and extracted with ether (3 x 50 cm ^ ) . 

The combined extracts were washed with water [20 cm^), followed 

by extraction with dil. hydrochloric acid (2 x 50 crn^). The 

acid extracts were bascified (NH^OH), extracted with 

dichloromethane [3 x 50 cm^). The combined extracts were 
washed with water (50 cm^), dried [MgSO^) and evaporated to 

yield the product.
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a) Ethyl - 3 - allyl - 2 - methyl - 1,2,3,4 - 

tetrahydroisoquinoline - 3 - carboxylate (34).

Yellow oil (52%) X max 234, 280. ’H n m r  (CDCl^) 7.07 m [4 ] 

(Ar-H’s), 5.80 m [ Q  (CHg = CH-) , 5.10 m [ 2] (CHg = C) ,

4.08 q J = 7Hj [2] (CH 3  - CH^ - C) , 3.90 d J = 4 H 3  [2]

(C - CH^ - CH), 3.00 q J = I 6 H 3  D ]  (Ar - CHg - N) , 2.62 s

[ 2] (Ar - ai_ 2  - C) , 2.57 s [ 3] (N - Ç H 3 ) , 1.13 t J = 7Hj

[3] (ÇH3 - CH2).
(Found: C, 72.01; H,8.83; N, 5.85; C^^H^^jUO^ requires

C, 74.13; H 8.11; N, 5.79%).
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b) Ethyl - 3 - methallyl - 2 - methyl - 1,2,3,4 - tetrahydroiso- 

quinoline - 3 - carboxylate (58).

Yellow oil (48%). X max 232, 283 nm. *H n m r  (CDCl^) .

7.04 - 6.91 m Q Q  (Ar - H's), 6.16 - 5.64 m (-ÇH = CHg),

5.12 - 4.92 m [ 2] (-CH.,), 4.02q J = 6 H 3  £ 2]  (-CH^ - CHg),

4.00 d d  J = 7 H 3  [ 2] (Ar - CH^ - N) , 6.58 s [2% (Ar - CH^ - C) ,

2.90 d J  = 9 H 3  [ 3] (ÇH 3  - CH<), 2.56 s [ 3 ] (CH 3  - N) , 1.07 t

J = 7 H 3  [ 3 ] (CH3  - CHg -).

(Found: C, 74.01; H,9.82; N,5.11; requires

C, 73.64; H, 9.75; N,5.05%).
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Ethyl - 2 - aryloyl - 1,2,3,4 - tetrahydroisoquinoline - 3 -
carboxylate (42) .

Ethyl - 1,2,3,4 - tetrahydroisoquinoline - 3 - carboxylate 

(6.5g) and anhydrous potassium carbonate (6.5g) were stirred 

together in dry benzene (SO cm ) under an atmosphere of dry 

nitrogen. The mixture was brought to reflux and acryloyl 

chloride (2.5g) was added dropwise over 3h. The mixture 

was refluxed for a further 2h., cooled, filtered and the 

solvent was removed at reduced pressure to yield a pale 
yellow oil (78%). Ir 3000, 2945, 2900, 2870, 1740 cm"^. 

' H n m r  (CDClj) 7.19 m [ 4 ] (Ar-H’s), 5.86 - 6.24 m [2 ]

(CH = CHy) , 5.84 - 5.40 m [l] (-ÇH = CHy) , 4.78 s [ 2] (CHy - N) ,
4.08 q J = 7 Hj [ 2 ] (CHy - CH 3 ) , 3. 26 - 3.00 m [ 3 ]

(Ar - CHy - ça) , 1.10 t J = 7 Hj [ 3 ] (CH^ -). Mass (m/e)
259 (M+) [l4%], 222 [l8%], 204 [64%] , 186 [l8%], 146

[l8%], 132 [ 1 0 0 %]. 130 [ 3 6 %].
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Attempted cyclisation of Ethyl - 2 - acryloyl -1,2,3,4- 

tetrahydroisoquinoline - 3 - carboxylate.

The amide (O.Sg) was dissolved in dry tetrahydrofuran 

(20 cm^) and added dropwise to L D A  (7 m mole) in dry 

tetrahydrofuran (20 cm^) at -70°, under dry nitrogen.

The solution became turquoise, fading to pale brown. The 

solution was allowed to come to room temperature, poured 

onto ice and extracted with methylene chloride (3x 25 cm^). 

The combined extracts were washed with water (10 c m ^ ) , dried 
(Mg SO^) and evaporated to yield a pale yellow oil (6 8 %) 
which was shown to be starting material by its mass spectrum.
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