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'Not poppy, nor mandragora, 

Nor all the drowsy syrups of the world, 

Shall ever medicine thee to that sweet sleep 

wnich thou owedst yesterday.' 

William Shakespeare Othello, The Moor of Venice. 

Act Ill, Scene Ill. 



SUMNARY 

Approaches to the synthesis of partially hydrogenated 

8-ketoisoquinolines have been made via 5,6,7,8-tetrahydro­

isoquinoline and also via attempted Bischler-Napieralski 

cyclodehydration of a series of 3-oxygenated cyclohexenyl­

phenylacetamide derivatives. This latter ring .closure has 

been found not to take, place and the former route also did 

not prove satisfactory. 

The synthesis of ring-A bridged isoquinolines has 

been studied. Although thermal isomerisatio~ of 

2,5-dihydrophenylacetamides to give conjugated dienes' 

fol~owed by Diels-Alder reaction met vIi th limited success I 

the Diels-Alder reaction of 1,2,3,4,7,8-hexahydro-6-rnethoxy­

-2-methylisoquinoline has been achieved with methyl vinyl 

ketone, phenyl vinyl ketone and 2-chloroacrylonitrile. The 

, exo and' ehdo cycloadducts have been separated b~ column 

and thin-layer chromatography and their stereochemistry 

assigned on the basis of n.m.r. studies. 

, Exo and' 'endo ketone adducts have also been obtained 

from methyl vinyl ketone and 1,2,3,4,7,8-hexahydro-6-rnethoxy-

2-forrnyl isoquinoline utilising potassium t-pentoxide in 

dimethylsulphoxide to effect conjugation. 

The cycloadducts obtained from 1,2,3,4,7,8-hexahydro-

6-methoxy-2-methylisoquinoline and 2-chloroacrylonitrile 

have been converted by base hydrolysis into 7-keto-l,2,3,4,-

6,7,8,8a-octahydro-6-rnethoxy-2-methyl-6,8a-ethanoisoquinoline 

and this sequence effectively affords a method for the 

addition of the elements of ketene to the hexahydroiso­

quinoline system. 
The synthesis of l-benzyl-6-methoxy-l,2,3,4,5,8-

hexahydroisoquinoline derivatives has been shown not to occur 

satisfactorily via Stevens rearrangement of an isoquinoliniurn 

salt, mixtures being given. However, partial Birch reduction 

of l-benzylisoquinoline derivatives has been achieved. The 



base-catalysed isomerisation and subsequent Diels-Alder 

reaction of the 2-methyl and 2-formyl-l-(4'-methoxybenzyl) 

compounds has been investigated and shown to give a mixture 

of Diels-Aldar udducts and ena reaction products. 

The Grignard !e~ction of the methyl vinyl ketone 

adducts from 1,2,3,4,7,8-hexahydro-6-methoxy-2-methyliso­

quinoline has been effected using· ~-propylmagn~sium 

bromide and·benzylmagnesium bromide. The stereochemistry 

of the resulting carbinols has been assigned on the basis 

of spectroscopic data. An acid-catalysed rearrangement of 

the tertiary carbinols has been shown to provide a novel 

synthesis.of the [4,4,4]azapropellane system. 

The 2-chloroacrylonitrile adduct obtained from 

. 1,2,3,4,7,8-hexahydro-6-methoxy~2-methylisoquinoline and the 

benzyl carbinols derived from the M.V.K. Diels-Alder adducts 

have been found to have.analgesic activity equivalent to 

morphine in the rat-tail pressure test. 
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INTRODUCTION 

The aim of the work has been to synthesise certain 

novel compounds relating to the morphine analgesics. There 

are many reports in the literature, both of modifications 

of the relevant opium alkaloids themselyes and of the 

synthesis and study of selected portions of the morphine 

skeleton. Unfortunately none of these approaches has 

produced an ideal analgesic drug totally free from unwanted 

side-effects. 

In this introduction we attempt to review the 

main areas of previous work in this field. 

The Opium Alkaloids· 

The distressing and isolating effect of pain has 

maae its removal ·or alleviation one of the main objectives 

of medicine throughout the ages. Lack of knovlledge of the 

fundamental physiology of pain and the mechanism by which 

the analgesic drugs exert their effect has hampered progress 

in the field of analgesia. Opium, the most ancient pain­

relieving drug, still furnishes the most .... ,idely used potent 

analgesic agent, morphine (1) , isolated by Friedrich Serturner 

in the nineteenth century. Since the isolation of morphine 

(1) twenty four other alkaloids have been isolated from 

poppy latex, the more important constituents being morphine 

(1) [9%]; codeine (2) [0.3%] ; thebaine (3) [0.4%J i narcotine 

(4) [5.0%Ji papa7erine (5) [0.8%]; cryptopine (6) [0.01%] i 

laudanosine (7) [0.01%]; arid narceine (8) [0.2%1. T'-lO 

structural types can be discerned among the opium alkaloids: 

1) Those related to I-benzylisoquinolines 

exemplified by norlaudanosoline (9) and. 

2) those incorporating the partially hydrogenated 

phenanthrene system common to morphine (I), codeine (2) and 

thebaine (3). These latter alkaloids can be regarded as 

being derived from the benzylisoquinoline (9) if the 

structure is depicted as (10). 

Morphine 

Horphine (1) is clearly the most important opium 

1 
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HO"\ 

Morphine Codeine 

(3) 
Thebaine Narcotine 

OMe 

I 
OMe 

(5) 
Papaverine 



3 

(6) 
Cryptopine 

(7) 
Laudanosine 

(8) 
Narceine 

i 
. I 

(9) 
Norlaudanosoline (10 ) 



alkaloid because of its potent analgesic qualities. However 

its use is accompanied by several serious side-effects,1,2 

the most serious being its ability to produce physical and 

psychological dependence. The animal becomes dependent on 

the drug after repeated dosing. The observable symptom of 

physical dependence is the unpleasant vl;i. thdravlal syndrome 

which manifests itself when the regular dose of the drug is 

withdrawn. Closely associated with dependence or addiction, 

is tolerance; in that the effective dose of drug required to 

elicit analgesia has to be increased after only a relatively 

short period of administration. Other serious side-effects 

associated with morphine and other ar.algesic agents that 

exert their effect in the central nervous system, include 

respiratory and cardiovascular depression, constipation and 

nausea. With the introduction of certain chemically related 

antagonists {see later p.i~ it is now possible to counteract 

quickly the hazardous depressant reactions induced by morphine 

and morphine-like compounds. Removal of these side-effects, 

either by chemical modification of morphine or by the total 

° synthesis of related compounds, has been a major target of 

medicinal chemists since the turn of the century. A totally 

synthetic analgesic agent would also obviate the present 

dependence on quantities of crude poppy latex (opium) from 

sources in the far east. 

In 1925 the correct structure for morphine was 

proposed by Gulland and Robinson3 and was later confirmed by 

the classic synthesis of the alkaloid by Gates and Tschudi. 4 ,5 

Elucidation of the stereochemistry6,7,8 and absolute 

configuration9 have also been accomplished. It has been found 

that the hydrogens at carbons 5, 6 and 14 are cis orientated 

with respect to the iminoethano system likewise cis-fused to 

carbons 9 and 13 as depicted °in structure (11). 

Synthesis of the morphine system in which rings B 

and Care trans-fused has also been achieved. lO- 13 

Upon. completion of the structural picture, various 

biosynthetic studies directed at .the clarification of the 

pathways involved in the formation of morphine and its 

congeners were undertaken. Tracer experiments have shown 

that morphine (1) is biosynt~esised from salutaridine (13), 

4 
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fonned via phenolic oxidation of reticuline (12), through 

thebaine (3) and codeine (2) as shown in scheme 1.14 This 

biogenetic scheme has been 'duplicated in the laboratory by 

oxidising reticuline (12). The desired conversion was 

achieved by Barton15 using tritium-labelled reticuline and 

constitutes a total synthesis of morphine and congeners 

analogous to the biogenetic route. 

The natural alkaloid (1) clearly possesses complex 

molecular dimensions; it can be regarded as a derivative of 

phenanthrene, piperidine, dibenzofuran, isoquinoline, 

benzodihydrofuran, furan and other ring systems. Natural 

(-)-morphine is a laevorotatory T-shaped pentacyclic tertiary 

amine. Because of the 7,8 double bond, ring C assumes the 

half-chair conformation. Rings Band C form a cis-octalin 

system, rings C and D a trans-octahydroisoquinoline system. . . 
Structure (11) represents the absolute configuration and 

conformation of the natural alkaloid, which is 5(R), 6(S), 

9 (R), 13 (S), 14 (R) . 16 

The strong analgesics reported to d 9te can be 

classified as follows:-

a) morphine derivatives including ring-C bridged 

derivatives. 

b) 4-phenylpiperidines. 

c} 3,3-diphenylpropylamines. 

d) morphinans. 

e) benzomorphans.- -

f) miscellaneous. 

Classes a to f are related by the following common 
- 62-63 

structural features:- , 

.i a quaternary carbon atom Cx 

11 an aromatic nucleus linked to this carbon atom 

iii a tertiary nitrogen atom t\'lO saturated carbon 

atoms removed from the quaternary carbon atom. 

~. -. 

7 



ie. 

a) Morphine deri~atives 

Amongst the opium alkaloids only morphine (I), 

codeine (2), and papaverine (5) are of medicinal importance. 

Methylation of the phenolic hydroxyl group in morphine (1) 

produced codeine (2). Interestingly, alteration of this 

small nature within the parent alkaloid (1) gives rise to 

a significant lowering of both analgesic potency (one tenth 

that of morphine) and dependence liability.17 Dextrorotatory 

(+)-morphine, the mirror image of the natural alkaloid, is 

devoid of morphinomimetic activity. Practically all other 

morphine-like pentacyclic structures that have been 

pharmacologically investigated in some detail are semi­

synthetic alkaloids derived from (-)-morphine. The Corrmittee 

on Drug Addiction of the National Research Council (U.S.A) 

initiated the first methodical examination of the structure­

activity relationships in morphine-like compounds. This 

team, led by Small and Eddy, prepared in the region of 120 

compounds and reported their findings in 1938. 17 The 

chemical anatomy of potent morphine-like analgesics has been 

reviewed. 18 Dihydromorphinone (14), which can be derived 

from morphine (1), is a potent analgesic with 3-5 times the 

potency of the equivalent 6-hydroxyl compound, it does 

hOvlever possess higher addiction liability. 14-liydroxydi­

hydrocodeinone (15) of limited clinical utility, is of 

interest because on controlled demethy1ation it affords the 

8 

19 potent analgesic l4-hydroxydihydromorphinone (Nurnorphan,16). 



Although 6-8 times effective as morphine, Numorphan is more 

highly addicting and must be used with caution. 5-Methyl­

dihydromorphinone (Metopon, 17)20 is about three times as 

potent as morphine and shows lower addiction liability. 

Metopon; however, has not been promoted for general use -

quite possibly because of inherent manufacturing difficulties. 

(14 ) 

dihydromorphinone 

(16 ) 

14-hydroxydihydro 

morphinone. 

(15) 

14-hydroxydihydro 

codeinone. 

HO~ 
1\1 . # 

Me 

(17 ) 

i 
NMe 

5-methyldihydro 

morphinone. 

9 



(18 ) (19) 

Treatment of dihydromorphinone (14) with methyl 

lithium affords 6-methyldihydromorphinone .(18).21 Like 

me~opon, the latter deriv~tive showed useful analgesic 

properties, it also proved to be longer acting than morphine 

and elicited less intense abstinence phenomena following 

withdrawal.
21 

Dihydrodeoxymorphine-D (desomorphine, 19) is 

reputed to be three times as potent as morphine with little 

emetic or other untoward gastrointestinal effects. Rin,g-C 

bridged derivatives will be discussed later. 

b) 4-Phenylpiperidines 

In 1939 Eisleb and Schaumann22 synthesised the 

first potent analgesic which did not depend upon opium for 

its prime source, viz pethidine (20), l-methyl-4-carbethoxy-

4-phenylpiperidine. It contains the elements of rings A and 

D of morphine. 23 Pethidine possesses one eigth the potency 

of morphine in man.
24 Unfortun~tely it is addictive and 

apart from being synthetic shows little improvement on 

morphine. 

A structural alteration at the 4-position of the 

piperidine ring, giving the "reversed ester" series of 

pethidine
25 

combined with the incorporation of a methyl 

group at C-3 produced a diastereoisomeric pair of compounds 

10 

(±)-1,3-dimethyl-4-phenyl-4-propionoxypiperidine (alphaprodine, 

21) andS-racemate (betaprodine, 22).26 



(20) 

(1) 

-.::07 
NMe 

7 
NMe 

Alphaprodine is approximately equal to morphine 

in analgesic potency, and betaprodine is about 3 times 

more active than morphine~ Both compounds show addiction 

potential of the same order as pethidine. 

( 21) (22 ) 

alphaprodine betaprodine 

\ 

11 



c) .3,3-Diphenylpropylarnines 

In 1948 the first member of an important new group 

of synthetic analgesics based upon the 3,3-diphenylpropyl­

amine structure was introduced under the nili~e of methadone27 

(23). Although methadone does not contain a piperidine ring 
28 it has been suggested by Beckett that-there is an inter-

action between the lone-pair of electrons on the nitrogen 

atom and the electron-deficient carbon of the carbonyl group 

thus presenting some steric resemblance to pethidine as 

depicted in (23). 

",'II!I:NMe 12 o 

(23) 

methadone 

Methadone resembles morphine in its pharmacological 

properties including to a significant degree, its dependence 

liability.28a It is used in the stabilisation treatment of 

narcotic addicts. 29 

d) Morphinans 

The morphinans30 are bases representing the 

fundamental carbon skeleton of morphine without the 4,5-

oxygen bridge. Schnider and qrussner31 in 1949 and Grewe
32 

soon after, described racemorphan; (±)-3-hydroxy-N-methyl­

morphinan (24), as an analgesic more potent than morphine 

and obtained by a totally synthetic route. The initial 

synthesis of these compounds led to a mixture of enantiomers. 
33 - . h h . 1 In 1951 Schnider and Grussner acconpl1.s ed t e opt1.ca 

resolution of (24). The levo enantiomorph (levorphanol), 

which possesses the same absolute configuration as natural 

12 



HO 

(24) 

Racemorphan 

(±) -3-hydroxy-~-methylmorphinan 

morphine, was the form responsible for the 'analgesic activity. 

A review of the synthesis of morphinans has been published.
34 

Although the side-effects in these compounds are not as severe 

as those found in morphine, all of them do show the 

deficiencies of the parent alkaloid (I), ie. its dependence 

liability and respiratory-depressant properties. 

e) Benzomorphans 
In 1954 E.L .May and asscciates35 institu'ted their 

work on 6,7-benzomorphans (25);36 these compounds retain 

the A, Band D rings of the morphine structure (1). 

(25 ) 

6,7-benzomorphan 

(1 ) 

morphine 

13 



I 14 

The medicinally useful drugs in this series exhibi"t 

a clear separation of dependence liability "and analgesic 

activity. Pentazocine (26), N-(3,3-dimethylallyl)benzomorphan: 

has been claimed to be a non-addictive analgesic37 possessing 

weak antagonist activity. 

Me 

(26 ) 

pentazocine 

As mentioned above there are several structural 

features which seem to be frequently associated vli th the 

presence or absence of strong analgesic activity. These 

"have been critically reviewed by Mellet and Woods. 38 

Although there are exceptions, many strong analgesics 

contain an aromatic ring bonded to a saturated two- or 

three- carbon chain terminating with an runino nitrogen. 

Other restrictive generalisations have been made. 39 

In the case of morphine analogues the presence of an 

appro~riately positioned phenolic hydroxyl, tertiary ~lino 

functionality, and quaternary benzylic carbon (no bonds to 

hydrogen) all appear to enhance analgesic activity. Profound 

and consistent changes in activity ranging from narcotic 

agonist to antagonist, brought about merely by changing 

N-methyl to N-allyl in morphine and many of its sh~plified 

derivatives, provides startling evidence of the dramatic and 

structurally reproducible changes in activity which can 
40 

occur. 

6,7-Benzomorphans are one of the most extensively 

investigated morphine analogues. Useful synthetic routes 



15 

to this ring system have been developed, and chemical 

modifications have provided valuable nevl narcotic analgesics 

and narcotic antagonists of practical and theoretical 

importance. Phenazocine (27) was the first potent 
. 41 

benzomorphan to achieve widespread clinical use. Phenazocine 

is four to five times as potent as morphine in man but it 

produces respiratory depression to the same degree. 

HO 

= 

Me 

(27) 

phenazocine 

Me 

(28 ) 

cyclazocine 

Replacement of the N-methyl group with cyclopropyl 

methyl e.g. cyclazocine42 (28); 2-cyclopropylmethyl-2'­

hydroxyl-5,9-dimethyl-6,7-benzomorphan, produces compounds 

which are more powerful antagonists than nalorphine or 

levallorphan. The (-) isomer of cis-5,9-diethylbenzornorphan 

(29) is as potent as (-) morphine (natural) as an analgesic 

but even though the nitrogen atom is substituted with a 

methyl group it possesses nalorphine-like antagonism.
43 

This 

was the first example of an N-methyl compound possessing 

antagonist properties. There have been several short reviews 
. 44-47 of benzomorphan chemlstry and numerous reviews of 

analgesic structure-activity relationships \'lhich include 
38 40 44 48 

benzomorphans. ~ , , 



HO 

Et 

(29 ) 

f} Miscellaneous 

Various other potent analgesics have been 

described some of which have only limited similarity to: the 

morphine skeleton. We p+oduce below a selection. 

eYe, 
Et 

fentanyl 49 

(150 x morphine) 

t . t . 50 e onl aZlne 

(1000 x morphine) 

OEt 

16 



. 51 52 
ethoheptazlne ' 

(similar in activity to codeine) 

HO~ 

Ir ~I 

r? . 
~ I OH 

phenyramido153 

(codeine-like) 

m-(1-methyl-3-prOPYl-3-pyrrolidinyl)Phen01
54

,55 

(equipotent with pethidine) 

17 



Narcotic Antagonists 

Derivatives of morphine that induce some or all 

of the actions of morphine are known as opiate agonists, 

. and those that block (nullify) these actions are termed 

antagonists. The opiate antagonists have the remarkable 

property of specifically reversing the major pharmacodynamic 

actions of the narcotics. The more potent ones are capable 

of inducing an inunediate and intense wi thdravTal syndrome 

when administered to narcotic addicts. 56 . 

This group of compounds is produced by the 

replacement of the N-methyl group of the morphine, morphinan 

and the 6,7-benzomorphan series of analgesics with varying 

substituents. Since 1943 N-allylnormorphine (nalorphine) 
- , 57 

(30) has been known to antagonise the effects of morphlne. 

For this reason it is avaluable antidote in cases of 

narcotic overdosage when the effects are dramatically rapid. 

The mode of action of antagonists is not fully 

understood, possibly they compete successfully with morphine 

and similar drugs for occupation of the receptor surface. 

-The replacement of the N-methyl group in the morphinans; 

e.g. levallorphan (31) (the N-allyl analogue of 3-hydroxy-

'. !i-melhylmorphinan), in the benzomorphans and in bases 

represented by the series of bridged oripavines (32) and 

thebaines (33) also leads to morphine antagonists, some of 

which are more potent than nalorphine itself. Pentazocine 

(26) and diprenorphine (34) are representative. Nalorphine 

(30) and pentazocine (26) are examples of 'partial' agonists 
. . 

since they show both agonist and antagonist properties. It 

has been found that nalorphine is a potent analgesic in man 

devoid of addiction liability.58,59 However, nalorphine is 

not acceptable for clinical use as an analgesic because of 

a high incidence of undesirable, sometimes bizarre, psychotic 

ff d ' 't 57 e ects atten lng 1 use. 

Gates and Montzka introduced the cyclopropylmethyl 

group as an N-substituent which conferred morphine 

antagonism .i~ potent analgesics. 42 (-)-3-liydroxy-N-cyclo­

propylmethylmorphan (35) and N-cyclopropylmethylnormorphine 

(36) were found to be potent morphine antagonists capable of 

precipitating ~.vithdrawal symptoms of maximum intensity in 

addicted monkeys. It has been found since that in general 

18 



(30) 

nalorphine 

MeO 
-

HO-C-R 
A/ (32) 
R 

bridged oripavine 
derivatives 

HO 

Me 

(26) 

pentazocine 

HO 

(31) 

levallorphan 

HO-C-R 
A I (33) 
R 

biidged thebaine 
derivatives 

HO-Cllllllf\I1e 
6 (34) 

tv1e 
diprenorphine 
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the cyclopropylmethyl group gives the most potent 

antagonists in a particular series. 

In 1965 Blumberg et a160 described a compound \'lhich 

antagonised the analgesia produced by both morphine and 

nalorphine. No analgesic properties have been found ;or this 

HO 

(35 ) 

(37) 

naloxone 

compound in animals or in man. 

first reported as an antagonist 

(36 ) 

The compound (37), naloxone, 

in 1961,61 is termed a 'pure' 

antagonist, so completing the spectrQ~ of activity of 

morphine-like agonists and antagonists. It is nmT generally 

.accepted that to obtain a compound suitable for clinical use 

as a strong analgesic it needs to be a partial agonist;. an 

agonist component for analgesia and an antagonist component 

so that the compound lacks dependence liability. 

20 



The Ana1ges ic Receptor and Structure-Acti vi ty Relati'onships. 

Since analgesia is controlled by subtle 

stereochemical factors 62 ,63 it 't,V'as postulated that analgesia 

results from the interaction of the drug molecules with a 

special receptor located in the central nervous system. 
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These receptors must be a framework of biochemical substances, 

probably a portion of a macromolecule, found naturally in 

living organisms and especially the higher mammalian species. 

Since the isomers of many potent analgesics show remarkably 

different analgesic potency, the analgesic receptor can best 

be regarded as a three-dimensional structure composed of 

units of naturally occurring optically active substances 

providing for stereospecificity. The chemical configurati_on 

of atoms of the receptor must be complementary to the 
38 ,anCilgesic drug molecule.. ' 

Beckett and Casey in 1954 postulated the nature of 

the analgesic receptor based on the evidence available on the 

stereochemistry and structural features common to analgesics 

and their antagonists at thattime. 64 They envisaged a "three­

point" interaction betTlleen a drug molecule and the receptor 

surface. These three essential binding sites Were: 

(a) a flat surface which associates with the 

aromatic ring of the drug molecule through van 

der 'Waals forces; 

(b) an anionic site which interacts with the 

basic amine function, (which will be appreciably 

protonated at physiological pH), and 

(c) a cavity which accommodates the ethano portion 

of the piperidine ring containing the aromatic ring 

and the nitrogen atom [carbons 15 and 16 in 

structure (l)J. 

Although the Beckett and Casey hypothesis appeared 

to fit the facts quite vlell and was a useful hypothesis for 

a number of years certain anomalies exist which cannot be 

accommodated by it. The carbethoxy analogues of methadone 

depicted in structure (38) and diampromide (39) are both 

potent analgesics yet they do not possess the configurational 

relationships required to fit the Eeckett receptor, also the 



(1) 

(-)-morphine 
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o-~ N-~-Et 
- I Me 
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OH 

CH-CH- N/ 
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(39) 

Me OH 
Me, I I 

'N-CH-CH -C-C-Et 
/" 2. I 

Me H 

(40) 
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active isomers of the methadols (40) do not possess the 

required configurational relationships. k~other factor that 

was implicit in considering a proper receptor fit for the 

morphine molecule and its congeners vlas that the phenyl ring 

in the 4- position of the piperidine moeity should be in the 

axial orientation for maximum activity. The fact that 

structure (41) has only an equatorial phenyl group, yet is 

found to possess activity equal to that of morphine would 

. seem to cast doubt on the necessity for axial orientation ~s 

a receptor fit requirement. 65 

MeN 

~ 
(41) 

In view of the difficulty of accepting Beckett 

and Casy's hypotheSis as a complete picture of analgesic­

receptor interaction, Po~toghese in 196566 published his 

work 011 the mode of interaction of narcotic analgesics and 

receptors. The Portoghese hypothesis is based in part on 

the established ability of enzymes and other types of 

macromolecules to undergo conformational changes on 

interaction with small molecules. .The fact that 

configurationally unrelated analgesics can bind and exert 

activity is interpreted as meaning that more than one mode 
67 of binding may be possible at the same receptor. Recent 

work derived from studies on enzymes, has led to the idea 

that there can be mutual perturbation of rec~ptor and drug 

d ' th' 't t' 68 ur1ng e1r 1n erac 1on. 

The remarkable potencies of the 6,l4-endoetheno­

tetrahydrothebaine and oripayine series of analgesics 

(discussed later) cannot be explained purely on the basis 

of the Beckett and Casy hypothesiS discussed above. Only 

a few other analgesics have exhibited such high potencies, 
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notably etonitazine (42) .50 These remarkable potencies 

(42) 

could be partly due to the compounds ability to penetrate 

the,eNS rapidly and to concentrate on the receptor surface. 

This conclusion is based on data obtained from partition 

studies in polar/non-polar systems and peak effect times 

determined after the intravenous administration of these 

drugs. 69 Obviously, this cannot be the only explanation 

for such high potency differences, and it seems quite 

likely that the thebaine derivatives like etorphine are more 

acceptable to the analgesic receptor than morphine. Evidence 

for this inference is derived frrnl 

(a) the "receptor-activity" evaluations of Kutter 

et a170 , which take into consideration distribution factors; 

and 

(b) 'the significant influence of the s-1:ructure 
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and stereochemistry of the tertiary alcohol group at C-7 on 

the activity of these compounds; e.g. as the RI chain length 

in (43, R=Me) is increased potency reaches a maximum at n-Pr 

and then falls sharply,71 while the diastereoisomeric alcohols 

(43, R=Me, R'=n-Pr; configurations at C-19 are opposite) show 

a lOO-fold difference in activity.72 Neither of these 

alterations should lead to significant differences in physical 

properties. 

With a view to accommodating these novel structures 

Bentley and Lewis73 proposed the extension of the receptor to 

include a lipophilic site, -iJch as is required by the phene'thyl 



moeity of the 7-substituent of 6,14-endoe~henotetrahydro­

thebaine (44). The suC]gested orientation of the molecule 

. towards the modified receptor is shown in Fig .1. 

= I 
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Receptor site for 6,14-endo-ether.otetrahydrothebaine series. 

Fig. 1. 
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The existence of a lipophilic area on the analgesic 

receptor provides a reasonable explanation for the unusually 

large difference in activity between the secondary alcohol 

(45a) 40 x.morphine; and the related tertiary alcohol (45b) 

0.4 x morphine. 74 The alcohols belong to a different 

stereochemical series (45a = 19Ri 45b = 19S) and it has been 

suggested that only the secondary alcohol can achieve consid­

erable association of the side chain aromatic function with 

the proposed lipophilic area on the receptor surface. 

l 
NMe 

:1/.1 
/1., 

HO-..!'> . Me ,e ""IR 
R 

(45) 

a) R = Ph, R' = H 

b) R = Me, R' = Ph 

Within the brain it has been shown that stereo­

specific opiate receptor binding is localised to the 

synaptic mernbranes. 75 The midbrain periaqueductal gray 

matter (PAG) seems to be a major site of opiate analgesic 

action. It has been shown that sodium ions are important 
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in mediating the specific bincling. 76 Sodium ions considerably 

enhance the binding of antagonists such as naloxone whereas 

the binding of agonists such as morphine is markedly decreased. 

Mixed agonist-antagonist drugs, e.g. pentazocine, are affected 

by sodium ions in an intermediate fashion. The increase in 

antagonist binding found on the addition of sodium ions has 
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been shown to be caused not by change in the receptor affinity 

but by an increase in the number of receptor sites available. 

- .=! 'd 77 t' d' f ' t h iOaoacetaml e, a pro eln-mo _1 YLng reagen, as 

been shown -to markedly .reduce the receptor binding of a series 

of agonists, but does not affect the binding of antagonists. 

Proteolytic enzymes have also been shown to inhibit agonist 

binding more than antagonist binding,78 whereas bivalent 

~ cations, especially manganese ions, have been shown to hav,e 

the opposite effect. 79 It has therefore been suggested by 
80 Snyder that the opiate receptor can assume two different 

conformations, one favouring antagonists, the other· favouring 

. agonists ("mutual perturbation"). The two .conformations can 

be allosterically transformed by sodium ions and it \vould 

appear that the agonist conformation is the more _labile. 

Snyder has proposed a model of the opiate receptor81 

explaining the structure-activity relationship of opiates and 

suggesting molecular mechanisms for the interconversion of 

the receptor between the agonist binding state and the 

antagonist binding state. 

As the opiate analgesics have been shown to 

interact with ste~eospecific receptors in certain discrete 

regions of the brain, and it has been shown that none of the 

established neurotransmitter substances appeared to interact 

with the opiate receptors, it was suggested that the mode of 

action of the opiates might well involve an unknown 

mechanism in the brain. As many neurotransmitters are derived 

from amino-acids it was suggested ~hat the endogeneous ligand 

of the opiate receptor might be ~ peptide. This theory was 

substantiated in 1975. 82 Kosterlitz and co-workers isolated 

this peptide; named 'enkephalin,83 from pig brains. Enkephalin 

was found to be composed of the pentapeptides 

H-Tyr-Gly-Gly-Phe-Met-OH (methionine enkephalin) and 

H-Tyr-Gly-Gly-Phe-Ley-OH (leucine enkephalin) in the ratio of 

methionine enkephalin to leucine enkephalin of 3 or 4 to 1.
83 

Biological activity was foun?- to be very rapidl~T destroyed if 

the substance was exposed to proteolytic enzymes and a similar 

substance was shown to be present in extracts of cat, rabbit, 

guinea-pig and cow brains. An important similarit~l between 



morphine and enkephalin was that the effects of both 

substances in blocking electrically evoked contractions in 

either the guinea-pig ileum or mouse vas deferens could be 

reversed by low concentrations of specific morphine 

antagonists such as naloxone. 
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The discovery of the endogeneous opiate peptide 

'enkephalin' invoked an evaluation of a large nu~ber of synthetic 

peptides for opiate activity and some important structure­

activity relationships have been found. 84 It has also become 

apparent that there are other large peptides present in the 

brain which are also potent opiate agonists and the generic 

title 'endorphin' has been proposed for them. 85 

Ring -C;.., Bridged Morphine Derivatives. The °6,14°-Endo-

ethel1.otetrahydrothebaines and OrlpaVines. 

86 Bentley and Hardy considered that the compounds 

studied which were simpler than morphine, being more flexible, 

would probably be at least as acceptable as morphine itself at 

the presumably closely similar receptors associated with 

analgesia, respiratory depression and addiction liability etc. 

It seemed reasonable,therefore to make compounds more complex 

than morphine I \'lhich by virtue of their greater complexity, 

rigidity, and substantially different peripheral shape vlOuld 

be unacceptable at some of the receptor surfaces and thus give 

rise to a separation of the various effects. Such derivatives 

can be obtained by Diels-Alder addition to thebaine (3).86-92 

The intrcduction of a nevl two-:carbon bridge across ring C 

confers rigidity on the resultant adduct molecules. It has 

been claimed that addition of dienophiles to thebaine occurs 

readily only on the 'exposed face' of t~e diene system, see 

structure (46). This gives the 6,l4-endo-ethenotetrahydro­

thebaines in which the ethene bridge is disposed "inside" 

the tetrahydrothebaine skeleton, as in structure (47). On 

studying models of the thebaine molecule we consider there is 

little difference in steric interference with dienophile 

approach from either face. Indeed the axial C-l5 hydrogen in 

(46) would provide some interference; matched only on the 

"inside" face by the TI-electron cloud of ring A and lone pair 
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on ring E oxygen. However, a factor which may promote atta~k 

of dienophiles such as a,S-unsaturated ketones to the exposed 

face is charge transfer complex formation (or its equivalent) 

between the ring D nitrogen lone pair and the a-positive enone 

carbon S to the carbonyl. 

MeO 

"inside ~ 
face" / . 

of diene MeO 

(3 ) 

MeO 

R 

(47) 

,'-

H 

(46) 

ICo 

(47) 

"exposed 
face" 

of diene 



Thebaine methiodide does not undergo Diels-Alder 

condensation with methyl and phenyl vinyl ketones, ethyl 

acrylate, acrylonitrile, and maleic anhydride. 93 With 

p-ben-zqquin.one 94 and 1, 4-naphthoquinone 90 crystalline charge­

transfer complexes are formed vlhich are stabilised by 

resonance. 86 The larger effective size of the quaternary 

nitrogen system, compared with the tertiary nitrogen in 

thebaine, presumably prevents a sufficient close approach of 

the diene and dienophile systems to permit the establishment 

of new carbon-carbon bonds. Quaternisation of the nitrogen 

atom would also prevent nitrogen lone pair-dienophi~e 

interactions from occurring. No examples of adducts derived 

from the approach of the dienophile from the "i.nside" face of 

the diene system ie. giving ~-etheno-tetrahydrothebaine 

derivatives have been reported. 

The Diels-Alder reaction benefits in this case by 

the electronic releasing character of the 6-methoxy group 

such that with enones regiospecific cycloaddition is 

observed, the ketonic function appearing at C-7 in the adduc·c 

(and not C-8). Normally the substituent is found in the 

7a-configuration86 ; since this avoids the non-bonded 

interact·ions between a 7{3-substituent and the C-5 hydrogen 

and axial C-15 hydrogen •. 

The addition of alkyl vinyl ketones and alkyl 

acrylates to thebaine results in almost entirely the 7a­

epimers (47, R=COR; or 47, R=CO.OR). (This would also be 

expected from a consideration of the normal mode of addition 

in Diels-Alderreactions.95~100) . A mixture of 7a (47; R~CN) 
and 7{3 nitriles is obtained in approximately equal amounts 

when acrylonitrile adds to thebaine.
86 

It has been 

demonstrated that the Diels-Alder adducts are C-7 substituted 

rather than C-8 by base-catalysed rearrangement of both 

isomers 

R=COMe) 

undergo 

diketone 

(7a and 7(3) of the methyl vinyl ketone adduct {47i 

to give the same ketone (48, R==He)86 which may 

further rearrangement in the presence of acid to the 
101· 

(49; R=Me, R' =H) as shown in scheme 2. 

Chemical confirmation that the alkyl acrylate 

adducts have the keto-substituent at C-7 has also been 

achieved by conversion of both adducts (7a and 7S) to the 
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CN· 

(51) 

-

I 
(R = Me,Et) 

R'X 

Scheme 2 

-

MeO 

(48) 

d'C'R 
(49) 

Base catalysed rearrangement of thebaine adducts 
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HOt>C~R 

-R 

(52) 

tertiary carbinol (52; R=R'=Me) with methyl magnesium 

iodide.
86 

The 7a and 76 esters undergo base-catalysed 

re~rrang&~ent in the presence of an alkyl halide (R'X) to 

give the same product (50; R=OEt) which can also rearrange 

under acid catalysis to the keto-ester" (49; R=OEt) .101 

Similarly base-catalysed rearrangement in the presence of 

alkyl halide of the epimeric C~7 nitrile adducts affords 

the nitrile (51) which may further rearrange in acid to the 

keto nitrile (49; COR=CN) .101 Confirmation of the 

configuration at C-7 has been achieved for the epi~eric 7a 

and 76 nitriles and ketones (47; R = CN or COMe) by 

application of n.m.r. spectroscopy, using spin decoupling 

t h . 102 ec nJ.ques. 
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Other Diels-Alder adducts of thebaine have been 

reported in recent years ana various chemical transformations 

carried out on them. Adducts have been obtained with dimethyl 

acetylene dicarboxylate (53)103,104; diethylazodicarboxylate 

(54)105; and 4-phenyl-l,2,4-triazoline-3,5-dione (55)~06,l07 
With the latter three symmetrical dienophiles the possibility 

of isomeric products is precluded. 



I 
NMe 

7 
NMe 

(53) 

(55) 

The most extensively studied Diels-Alder adducts 

obtained from thebaine are those derived from alkyl vinyl 

ketones (47; R = COR) and alkyl acrylates (47; R = CO.OR): 

The Grignard reaction of the ketone adducts (56; R = Me) in 

this series showed a remarkably high degree of stereo-

1 t · . t 108 se ec lVl y. 

Normal Grignard reaction, which in most cases is 

accompanied by competing reduction of the ketone and base­

catalysed rearrangement, gave tertiary carbinols of structure 

(57) with uniform stereochemistry. 
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R'MgX 
-------'0> 

MeO 

(56) 

= I . HO>~-=::tR 

R 

(57) 

I 
NMe 

The asymmetric induction encountered in these 

Grignard reactions has been explained by regarding the 

Grignard complex as a six-membered intermediate in which 

the magnesium atom of the Grignard reagent is co-ordinated 

with the oxygen atoms of both the C-7 carbonyl group and 

the C-6 methoxyl group ·as depicted in Fig. 2. From Dreiding 

models of the transition state involved it can be seen that 

"top side" attack of the. group RI to the carbonyl carbon of 

(58) leading to (59) is much less hindered than attack from 

below; due to the 6,14-etheno-bridge. When the group RI 

contains a S-hydrogen atom, Grignard reduction can occur via 

a similar transition state (to give secondary carbinols 

e.g. (59; RI = H». 

The alcohols of structure (57) provided a series 

of bases of high analgesic potency, highest activity was 

found in the alcohols RI. = n-Pr, Ch2Ph and CH2CH2Ph, which 

were found to be 90, 150, and 500 times, respectively, as 

potent as morphine in the rat tail pressure test. 108 A 

series of substantially more potent analgesics were obtained 

bydemethylation of the C-3 methoxyl group of these alcohols. 

The resulting phenols (60), derivatives of oripavine, 

contained several bases whose activity was about 1000-80,000 

·times that of morphine in the animal test employed. The 

most potent being (60) (RI = n-Pr, n-Bu, n-Am, i-Am and 
109 CH2CH2Ph) • 
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---= I 
HOE>~IIIl'!.1R 

Me 
(60) 

Etorphine (60; RI, = n-Pr) has been used in the 

bnffiobilisation of wild g~e. 

Catalytic reduction of the 6,14-endo double bond 

in the tertiary alcohols (57) can only be effected at 

elevated temperature and "pressure. 108 Hydrogen bonding 

between the hydroxyl and 6-methoxyl groups gives rise to 

conformations where either R or RI hinders the approach of 

the etheno"double bond to the catalyst sur~ace. The ketone 

"adduct (56; R = Me) can be reduced under milder conditions 

and its 7S-epimer, in which there is no obstruction to the 

etheno-bridge, is readily hydrogenated at room temperature 

and pressure. The 6,14-ethano-ketones thus obtained can then 

be converted by Grignard reaction to carbinols (61) which are 

generally found to be more potent than their 6,14-etheno­

analogues. 

= I 
HOt>C...:::.lR 

R 

(61) 
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The 6,14-endo-ethenotetrahydrothebaines and 

oripavine derivatives discussed above may be regarded as 

derivatives of (-)-morphine in which the 6 and 14 carbon 

atoms of ring C are linked by an ethylene chain that carries 

a tertiary alcohol group. Furthermore, crystallographic 

study of etorphine (60; RI = n-Pr) has established that these 

derivatives bear a close resemblance both in structure and 

stereochemistry, to morphine. 110 

The high potency of the carbinols (60) and (61) 

and the influence of C-7 substituents on activity in the 

series led to the postulate that the analgesic receptor is 

more extensive than originally proposed (as discussed earlier) 

and contains an area capable of independently mediating 

analgesic effects through suitable C-7 groups. III Thus, 

destruction of the aromatic nucleus in certain derivatives 

might not lead to complete loss of analgesic activity. This 

prediction has been verified by fission of the aromatic 

nucleus between C-3 and C-4 in the alcohols (57i R = Me) by 

ozonolysis to give lactonic esters (62; RI. = n-Pr, n-Bu and 

) h ' t' 't' bl 'th th t f h' 112 . n-Am aVlng ac lVl les compara e Wl. a 0 morp lne. 
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Steric factors would prevent the unsaturated lactonic ester 

system from adopting an arrangement isosteric with the aromatic 

nucleus of the precursors in relation to the analgesic receptor. 

Isomeric mixtures of simpler fragments of the carbinols (57) 

ruld (62) (64; R = Me, n-Pr and Me2CH.CH2CH 2 ) have been 

synthesised by treating a mixture of the epimeric Diels·-Alder 

Adducts (63) with lithium alkyls, however, none of these 

pr·oducts showed analgesic· ~ctivi ty. 112 

- , 
HO~COClP3R 

Me 

(62) 



N-Me 
I 

Me' 
MeO 

(63 ) 

The Synthesis of Morphinans 

MeO 

HO-C-Me 
I 
R 

(64) 

Our studies of the synthesis of isoquinolines 

containing a reduced carbocyclic ring-A were designed in part 

to permit subsequent extension to L~e formation of the 

morphinan system. We summarise here previous routes to this 

system. As mentioned earlier (p.l2 ) the morphinans (65) 

contain the complete carbon-nitrogen skeleton of morphine(l). 

7 

(l) (65) 
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(65) 

""-""'-""""NH 

B/C eis, C/D trans 

113 In 1946 Grewe synthesised N-methylmorphinan 

and found it to have one-fifth the potency of morphine. 

This marked the era of research on "simplified morphines". 

The Grewe synthesis of N-methylmorphinan (70) is outlined 

in scheme 3. Thus l-benzyl-2-methyl-l,2,3,4,5,6,7,8-

octahydroisoquin'oline (69) [prepared by the reaction of 

benzylmagnesium chloride with 2-methyl-5,6,7,8-tetrahydro­

isoquinolinium iodide (67) and catalytic reduction of the 

resultant unstable hexahydro base (68)J could be cyclised 

with concentrated, phosphoric acid to the octahydrophenan­

threne,derivative, N-methylmorphinan in 50% yield. 
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A modif ica tion of this synthesis starting \vi th 

5-hydroxyisoquinoline (71) was described some years later by 

Koelsch and A1bertsonl14 who obtained N-methylmorphinan by 

the route outlined in scheme.4 , via the 5-hydroxydecahydro­

isoquinoline (72), the cyclisation step proceeded in 10% yield. 

OH 

MeX 
----~ 

(71 ) 

OH 

(70) 

Scheme 4 

OH 

OH 

(72) 

e X 
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Interest was main~y focused on 3-hydroxymorphinan 

derivatives in which the hydroxy group is in an analogous 

position to that in morphine since Eddy et.al. had already 

shown that 3-hydroxy-phenanthrene, unlike o·ther hydroxy-

h d 1 ' t' 't 17,115 
P enanthrene compoun s, possesses some ana ges1c ac 1V~ y. 



Sehnider et.al. 30 and independently, Sehlittler 

and Merianl16 prepare~ 5~,7,8-tetrahYdroisoquinoline (66) 

h . h 5' G 113 as sown 1n se erne ; an 1mprovernent on rewes route. 

autoclave 

O
~o NH 

, 'cHOH 3 

CL 

(66) 

Scheme 5 

OH 

31 Sehnider and Grussner synthesised 3-hydroxy-N-

methylmorphinan (24) utilising the Grewe method and p-methoxy-
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benzylmagnesium chloride in place of benzyJnagnesium chloride; 

the morphinan cyclisation proceeding in 60% yield. 

HO 

MeO 

(73 ) (24) 

Almost simultaneously (24) and tetrahydrodeoxy­

codeine (74), with 30% and 2.6% yields for the morphinan· 

cyclisations, respectively, were obtained by G~ewe32 by a 

different route, although (66) was used as starting material 
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(scheme 6 ). When 3, 4-dimethoxybenzalaehyde was used by Grewe 

in lieu of anisaldehyde, a small yield (2.6%) of (±)-3-methoxy-

4-hydroxy-N-methylmorphinan [tetrahydrodeoxycodeine (74)] was 

obtained, a resu·lt which established the stereochemical 

equivalence of the morphinans and morphine (1) at the B/C 

cis- ring junction and iminoethano system. 

Schnider and Hellerbach l17 using the cyclohexenyl-

ethylamine (75) as starting material synthesised morphinans by 

the method outlined in scheme 7, including 3-hydroxy-N­

methylmorphinan (24) which has superior analgesic action to 
. 118-120 

morphine and longer duration of actlon. The method 

h · 1 121 was put to tec nlca use. 
The amine (75) was used subsequently to obtain 

122 123 124 
several morphinans by Grewe, Henecka and Sasamoto. 

Several extensions and modifications of this useful synthesis 

have been made. 123.-126 All have in common the morphinan 

precursor, a l_benzyl-2-methyl-l,2,3,4,5,6,7,8-octahydroiso­

quinoline such as (73) and appear to offer no particular 

advantage over the original synthesis by schriider and 

Hellerbach.
117 
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,127 
In 1951 Ginsburg and Pappo synthesised morphinan 

derivatives by a novel route starting from the octahydro­

phenanthrene derivative (76) as depicted in scheme 8. 

Diketo-octahydrophenanthrene (76) \Alas converted to the 

monoketal (77) which yielded the 9-amino derivative (78) 

when treated with amyl nitrite followed by hydrogenation. 

The latter was reacted with acetoxyacetyl chloride to yield 
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(79). An attempt to make the diketal of this compound resulted 

in an unexpected cyclisation to a tetracyclic compound, which 

was assigned structure (80). Wolf-Kishner reduction of (80) 

followed by lithium aluminium hydride reduction and subsequent 

N-methylation of the tetracyclic amine "(81) afforded 

~-methylmorphinan (70). utilising this new method of 

cyclisation Ginsburg et.al. synthesised dihydrothebainone (82) 

fr.om the appropriate starting materials. This was subsequently 

transformed into morphine via l-bromocodeinone (83) by the 

method of Gates and Tschudi4 ,5 as shown in scheme 9. 128 

Another synthesis of the morphinan ring system was reported 

in 1952 by Barltrop and, Saxton129 starting from S-tetralone 

(84) by the reaction sequence shown in scheme 10. This 

synthesis gave, in small yield, a compound to which Barltrop 
8 14 assigned the structure of 7-oxo-N-ethyl-~' -dehydro-

morphinanbromoethylate (85). This assumption was based on 

the similarity of the synthesis to the series of reactions 

used for preparing benzomorphans also carried out by 

Barltrop.130 However, no rigorous structural conformation 

was reported. 

In 1971 Weisner and co~workers13l synthesised a 

4,5-deoxythebaine analogue (86), in which the nitrogen atom 

is trans-located from C-17 to the l6-position as outlined in 

scheme 11. It was subsequently converted into the' endoetheno­

adduct (87) by successive Diels-Alder and Grignard reactions, 
, 86 108 

a route dlscovered by K.W.Bentley ~.al. ' 
132 . 133 

In 1967 Grewe et.al. and Morrlson et.al. -- --
independently published the ,acid-catalysed cyclisation of 

1,2,3,4,5,8-hexahydro-l-(3-hydroxy-4-methoxybenzyl)-6-methoxy-

2-methylisoquinoline (88). Although they worked with different 

acids, viz. 85% phosphoric acid and 10% hydrochloric acid, 



(76) 

(79) 

(80) 

(70) 

CH
2

-OH 

I 
, CH2-OH 

~ 

TsOH, benzene 
reflux;3h. 

pyridine 

KOH 

,Scheme 8. 
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(77 ) 

(78 ) 

(81 ) 



MeO 

(82) 

(2) 

codeine 

\ 

(1) 

,morphine 

Scheme 9 

! 
! 

(83) 
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Et 
'" CICH2CH2N'Et 

-----{> 

(84 ) 

(85) 

Scheme 10 



MeO 

MeO 

MeO 

\I o "\x-Xi 

MeO 

---en-

vi-viii .. 

xvii-xviii 

xii, xiii 
=-

HO 

11 o 

! ii,.v 

---I--NMe 

o'b 
H 

(86) 

Reagents. i NaH,C6H6;MeC(OCH2CH20)CH2CH20TS; ii,S% NaOH; 

iii,Et3N, ClC0
2

Et,NaN3 ; iv, 80°C, C6HSMe; v, NaH, MeI, 

C
6

H
6

; vii, TsOH, MeCOMe; viii, TsOH, C6H6 ; ix, NaBH4 ; 

x, C
6

H
S

COCl, pyridine; xi, 200°C; xii, hV, 02' eosin; 

xiii, H
2

, Pt0
2

; xiv, Cr03 , HOAc; xv, SOC1 2 , pyridine; 

xvi. TsOH, HC(OMe)3' C6H6 ; x~ii,~, xylene; xviii, LiAlH4 · 

Scheme 11 
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respectively, both groups of workers obtained the 

4-hydroxymorphinan (89) in a 3% yield and the isomeric 

2-hydroxy compound (90) in a 37% yield. Both groups of 

r--;--- N M e 

-
HO t::>~ <JCHl. CH2Ph -

Me 

(87) 

C 
M /~ e 0 

workers were searching for a precursor for the synthesis of 

codeine and morphine. In order to close the oxygen bridge 

between the carbon atoms 4 and 5 a hydroxyl function in 

position 4 is necessary. The isomer (90) (37% yield) is 

unsuitable for this purpose. 
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MeO MeO 

Na/NH3 
--:------it> t BuOH 

(88) 

OH 

MeO 

+ 

(89) (90) 

3% 37% 

H.C.Beyerman and co_workersl34 ,135 reasoned that. 

a blocking group para to the hydroxyl group in (88) would 

prevent formation of (90) and lead to the formation of 

(89) as the major product. A patent of Merck. Inco l36 

reported the successful cyclisation of the 1-benzyl­

hexahydroisoquinoline (91) with a bromine substituent in 

position 2 of the benzyl group to give the morphinan (92). 
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MeO 

----> 

MeO 

(91) (92) 

However, the credibility of this cyclisation has 
134 135 

been strongly criticised since Beyerman ' , and De Graw 
137 . et.al. could not repeat the synthesis. The p-bromophenol 

53 

(93) and its N-methoxycarbonyl derivative failed to undergo 

acid-catalysed cyclisation to a morphinan.
137 

Also, although 

2-hydroxydihydronorthebainone (95) \vas readily obtained by 

cyclisation of (94), removal of the 2~hydroxyl group could 

t b h ' d 137 no e ac leve • 

It has been shown that l-benzyl,1,2,3,4,5,6,7,8-

octahydroisoquinolines can be cyclised more effectively 

when an electron-withdrawing group is present on the nitrogen 

atom, the formyl group particularly has been found to 

markedly effect the rate of acid-catalysed cyclisation of 
. ·138 

such compounds. H.C.Beyerman·~.al. eliminated the 

undesired isomer of type (90) by use of (96, RI = CHO r 

) '850 f (97 R = CHO, R2 = Me).134,135 R2 = Me , to glve ~ 0 ; 1 
It was conceivable that if a suitable blocking function at 

R2 could be introduced into (96), a synthesis of morphine 

paralleling the Gates approach would be possible. utilising 

a symmetrically substituted I-benzyl group in the 

1,2,3,4,5,8-hexahydroisoqui~oline (98; RI = R2 = OH) H.C. 

Beyerman and co-workers have achieved a convenient and total 

synthesis of codeine and morphine by the Grewe method as 

depicted in scheme 12. 



OH Meoosr I ' 
HO h- '" .--;---

MeO 

MeO 

(93 ) (94) 

OH 

(95) 

Acid-catalysed cyclisation of (98) gives the morphinan 

(99; Rl = R2 = OH). The phenolic hydroxyl group at C-2 

was selectively removed by reduction of the l-phenyl­

tetrazol-5-yl ether derivative (99; Rl = 0-CN4-C 6H5 ; 

R2 = OH) to afford (-)-N-formylnordihydrothebainone 

(100) ,139 removal of the hydroxyl group at C-4 in the· 

morphinan (101) was also accompli.shed by slightly 

different conditions. 140 Reduction of (-)-N-formylnor­

dihydrothebainone (100) to (-)-dihydrothebainone (102) 
140 

was possible with palladium on carbon as catalyst. 
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MeOrrR2 

HO· ~ 

MeO 

(96) (97) 

Bromination of (102) yielded successively I-bromo, 

l,7a-dibromo-, and l,5S,7a-tribromo-dihydrothebainone 

(103)~4l Closure of the oxygen bridge in (103) in 

boiling ethanol, yields an equilibri~~ mixture of 1,7a 

. and 1,7S-dibromodihydrothebainone (104): scheme 12. 
. 113 31 The original Grewe synthesis of morphlnans ' 

which involved the acid-catalysed cyclisation of l-benzyl­

octahydroisoquinolines, normally yields mostly morphinans 

(B/C cis) rather than isomorphinans (B/C .trahs). Fry and 

May have shown that by using aluminium halides as 

cyclisation catalysts substantial amounts oftrans-

benzomorphans were produced during the cyclisation of 

benzyltetrahydropyridines. 142 . Gates and co-workers l 4.3 

found that similar use of aluminium bromides in the 

morphinan cyclisation of l-benzyloctahydroisoquinolines (105) 

yields substantial quantities of isomorphinans (106). 

In 1973 Monkovic and Belleau and cO-vlOrkers 

developed a new synthesis of the morphinan ring system. The 

amine (106; R = H) is utilised as the key intermediate not 

only of 3,14-dihydroxymorphinans144 e.g. (110), (Scheme 13) 
145 and 9a-hydroxy-3-methoxyhasubanans (108) but also of the 

first 3,14-dihydroxYisomorphinans145 (109), via the 3-methoxy­

~8,14-morphinan (107; R = H) • 
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MeO 

MeO 

(98) 

(101) 

Br 

(103 ) 

Br 
(104 ) 

Scheme ~2 .l • 
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(99) 

1 

HO 

(100) 

1 H!Pd-C 

S(Y.l.N H Me 

" o? B 
7 

(102 ) 
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MeO~ 

1I / J 
/. 

MeO 

(107 ) (108) 

! iii-vi 
iii, ,v, iv, vii. 

HO 

(109 ) 

HO 

(110) 

MeO 

(106) 

~i' ~v, viii, 
/ v, Vl 

Reagents: i, Br
2

, CHC13 ; ii, NaHC0
3

, DMF, 130-13SoC; 

vi, BBr3 , CH2C12 ; vii, K
2

Co3 , aqoMeOH; 

viii, sodium t-pentyl oxideo 

Scheme 13. 



MeO 

AIBr3 

r/'I 
Meo~ 

(105) (106) 

I11 

ef: 

B/C trans 

NMe 

B/C eis 

Some of the 3,14-dihydroxyrnorphinans synthesised 

by this group have been found to possess valuable 

pharmacological properties as analgesics and narcotic 
antagonists. 144 ,146 

Douglas and Meunier147 in 1975 synthesised a 

series of morphinans vlith an additional aromatic or alicyclic 
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ring fused to the 5,6 positions e.g. (112) or an alicyclic 

ring fused to the 16,17 positions e.g. (114). The synthetic 

H -I-

(111) (112) 

HO 

or >>-_H_+ __ ~~ 

(114) 

(113) 

59 

sequence involved elaboration of the required benzyliso­

quinoline (Ill) or quinolizidine (113) for GreVle cyc1isation 



to the morphinans, and modification of the functional groups 

of the morphinan. These morphinans showed poor to moderate 

1 . d t- • t . t t" J.. 147 
ana geslc an narCO_1C an agonls - ac ;tVlo..:.Y. 

T.Kametani and co-workers148 have synthesised the 

azamorphinan (115) the (-)-form of which is reported to be 

five· times as active as pentazocine. 148. 

HO 

(115) 
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. DISCUSSION 

. PART 1 

. Synthetic Approaches to Certain Partially Hydrogenated 

8-Ketoisoquinolines. 



Preamble 

No compounds in the series of morphine-like 

analgesics possessing substituents at C-8 alone have been 

studied. How suitably substituted C-8 morphinans would 

interact with the analgesic receptor and the lipophilic 

site suggested by Bentley and Lewis is of evident interest. 

The Grewel13 and Schnider l17 syntheses of the 

morphinan ring system (117) involve an acid-catalysed 

cyclisation on to 'an unactivated double bond in l-benzyl­

octahydroisoquinolines of type (116). The incorporation 

of an 8-substituent in the starting octahydroisoqu~noline 

such as (118) would lead to an 8-functionalised morphinan 

(119) 

--> 

. (116) (117 ) 

----~ 

(118 ) (119 ) 
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The 8-keto-group in (118) should greatly facilitate 

electrophilic attack by C-4a on the aromatic ring, ready 

protonation of the carbonyl oxygen of. the enone providing the 

electrophil.e. 
If morphinans of type (119) could be elaborated by 

this route they would permit many modifications of ring-C to 

be examined utilising the carbonyl functionality as starting 

point. Grignard reaction of (119) would produce novel 

carbinols (120),and other carbanion or nitrogen condensations 

at C-8 could be effected, so to permit structure-activity 

relationships to be studied in detail. 

RO 

" RMgX 
---::!....-.-S> 

(119 ) (120) 

Reduction of (119) and dehydration could provide 

access to the [\-8, l4-system (121). A1lylic brornination and 

dehydrobromination could lead to dienes of type (122) and 

so permit Diels-Alder adducts of type (123) to be approached 

with suitable dienophiles. 
vie therefore studied the synthesis of certain 

8_keto_l,2,3,4,5,6,7,8-octahydroisoquinolines. If a 

reasonably high yield synthesis of 8-keto-5,6,7,8-tetra­

hydroisoquinoline (124) could be developed then scheme 14 

provides a possible route for its conversion into the 

8-ketomorphinan (119; R = Me, RI. = Me) utilising the classical 

Grewel13 cyclisation step. 

. .... 
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NeI 

TsOH 

(124) 

... .. 

OMe OMe 

MeO 

(119 ) 

Scheme 14 



(119) 

(121 ) 

RO (122) 

(123) 

A Approaches to 8-Keto-5, 6,7 ,8-tetrahydroisoquin'olines 

via 5,6,7,8-tetrahydroisoquinoline. 

8-Keto-5,6,7,8-isoquinoline (124) is reported 
149 

to be obtained from 5,6,7,8-isoquinoline (66) by chromi~m 

trioxide oxidation; it is formed together with the 

5-oxo-5, 6,7, 8-tetrahydroisoquinoline (125); (in a ratio of 
. . 

2: 1 respectively) in 10% yield of (124). It was hoped vle 

could improve this step by careful examination of the 

conditions. As discussed earlier (cf. Introduction p.39) 

5,6,7,8-tetrahydroisoquinoline(66) has been synthesised 

from ethyl cyclohexanone-2-carboxylate (126) by Grewe et. 
113 . al. and from a-amino-methylene cyclohexanone (126af by 

~hnider et.al. 30 and Schlittler and Merian .• 
116 
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.. + 

(66) (124 ) (125 ) 

Murakami and co-workers150 reported an improved 

synthesis of 3-substituted derivatives of N-methylmorphinan 

via 5,6,7,8-tetrahydroisoquinoline (66). The improved method 

(126 ) (l26a) 

~s shown in scheme 15. (66) was the most important intermediate 

at the time (1972) for the synthesis of morphinan derivatives. 

Of the several known methods of synthesis the Grewe method 

already discussed seems to be tpe most useful one. Murakami 

et.al. 150 found that (129) could be directly obtained from (127) 

without proceeding via the dicarboxylic acid (128) as Grewe's 

route l13 (cf. scheme 3, p.40 ) : (129) was obtained in 

quantitative yield when (127) was heated in concentrated 

sulphuric acid at 80-90oC for five hours. 

Follovving Hurakami' s synthesis we synthesised 

1,3-dihydroxyisoquinoline (129) from ethyl cyclohexanone-2-

carboxylate (126) in good yield. The next step in the 

synthesis involved the chlori.nation of the 1,3-dihydroxy 
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Scheme 15 

compound (129) with phosphorus oxychloride. Murakami et.al • 

. report that the chlorination proceeded smoothly by heating 

a mixture of the 1,3-dihydroxy compound, phosphorus 

oxychloride and pyridine in a sealed tube at 2000 C for 2h. 

We repeated the synthesis using sealed glass carius tubes 

but experienced difficulty with explosions occurring before·. 

the reaction time was completed. Only when the reaction was 

carried out on a very small scale could a reasonable yield 

of the 1,3-dichloro compound (130) be isolated. Even then 

the reaction would sometimes fail completely for no apparent 

reason. Substituting quinoline for pyridine prevented any 

further explosions but gave none of the desired product. In 

view of these difficulties we did not i~vestigate the route 

further. 

,Several months later two papers appeared regarding 

the synthesis of the required 5,6,7,8-tetrahydroisoquino1ine 

66 

(66). J.Z.Ginos151 reported the hydrogenation of isoquino1ine 

hydrochloride (131) in 4N-HC1-Me9H at atmospheric pressure and 

room temperature over Adams catalyst (Pt) to yield 5,6,7,8-

tetrahydroisoquino1ine in 92% yield. 



(131) '(66 ) 

Vierhapper and Eliel152 reported the hydrogenation of 

quinoline, isoquinoline and substituted quinolines in 

strong acid media at 50psi and room temperature with Pt 

catalyst. 5,6,7, 8~Tetrahydroisoquinoline vlas claimed in 95% 

yield when the hydrogenation was carried out in 12N 

hydrochlor ic and sulphur ic acid. FollovTing the procedure 

reported by Ginos1 51 we only 'obtained 1,2,3, 4-tetrahydro­

isoquinoline (132) as the sole product of the hydrogenation 

of isoquinoline hydrochloride (131) in 4N HCI-MeOH, 

characterised as its picrate salt. 

(132 ) 

When we repeated the reported vlOrk of Vierhapper 

and Eli el152 
T..'le obtained the required 5,6,7 f 8-tetrahydro':" 

isoquinoline (66) in·95% yield, again as its picrate salt. 

We did note however that sometimes the reaction did not 

proceed to completion and hydrogen uptake ceased before 

reduction was fully completed. In the~e cases the product 

consisted of a mixture of isoquinoline and 5,6,7,8-tetra­

hydroisoquinoline which proved difficult to separate. 

Furthermore, very substantial quantiti.es of platinum catalyst 

(O.7Sg for 6.45g isoquinoline) were required to ensure 

success and this vias clearly a ~erious drawback to a large 

scale synthesis. 

Since the introduction of the 8-keto-group by 
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chromium trioxide oxidation by the method of Sugimoto et. 
149 -

al. only reported yields of 10% of the 8-oxo-compound 

(124) we abandoned further study of this approach. 

B . Approaches to 8-Keto-l,2,3,4',S,'6,7,8'-octahydro'i'so­

quinolines via heterocyclic ring 'closure. 

(i) Syntheses starting from Cyclohex-2-enone. 

We turned our attention to the introduction of 

the keto-group (or its equivalent) prior to the formation 

of the heterocyclic ring of the isoquinoline. The Schnider 

and Hellerbach synthesis of N-methYlmorphinanl17 discussed 

earlier (p. 43) utilises the S-cyclohex-l-enylethylamine(75) 

as a key intermediate. 

(75) , 

We reasoned that the incorporation of an oxygenated 

functionality in the starting amine (137) would allow the 

synthesis of an 8-functionalised-l-benzylisoquinoline such 

as (142) which upon acid-catalysed ring closure could 

provide access'to an 8-ketomorphinan (119) as outlined in 

scheme 16. 

Knoevenagel condensation153-l56 of the epoxide 

(134); obtained by alkaline peroxidation of cyclohex-2-enone 

(133), \'li th cyanoacetic acid could afford the cyanocarboxylic 

acid (135) which upon subsequent decarboxylation could afford 

the a, S unsaturated nitrile (136). We anticipa'ted that 

lithitm aluminium, hydride reduction of this compound would 

produce the amine (137) by the following mechanistic 

rationale: 
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,A:0 2H C02H CH2 

0° H20 2 erO 'eN ctCN 
Cl!'"" n--

90H 
0 0 

(133) (134) (135) 

1-~O2 
~ O-protection 

g1H2 

LiAIH4 cr~CN 
NH2 -c.'J 

<41!11 

0 
OR (138) HO (137) (136) 

t MeO-(}-CH2 CO2 H 

W POCl3 
NH r:-

O~ 

RO 'LQ-oMe 
(139) (140) (141) Me 

Mea 

, (119) 

Scheme 16 

1 
oxidation 
(R = H) , 

(142) 



eN 

OH 

(136) (137 ) 

Epoxide ring opening being facilitated by attack 

of hydride anion on the a-carbon to the nitrile function; 

followed by normal hydride reduction of the nitrile group 

to afford the required amine (137). Subsequent protection 

of the alcoholic moeity to provide the O-protected analogue 

(138) followed by condens'ation vlith the phenylacetic acid 

could provide the amide (139). Bischler-Napieralski 

cyclisation could afford the 3,4-dihydro compound (140) 

which could be progressed to the morphinan (119) as shown. 

We treated cyclohex-2-enone (133) with hydrogen 

peroxide in alkaline media as reported by House and 

Wasson157 and obtained the epoxide (134) as a colourless 

liquid. Knoevenagel condensation of the epoxy-ketone (134) 

in benzene with cyanoacetic acid and ammonium acetate as 

catalyst gave 3 components, separated by chromatography on 

silica gel. The first component to be eluted was shown to 

be the starting epoxy-ketone (134). Further development of 

the chromatogra~m with the addition of increasing amounts of 

ether afforded a crystalline c~mpound m.pt. 87-88oC. This 

showed a broad hydroxyl peak in the infrared together vlith 
-1 

carbonyl absorption at 1705cm • Mass spectral analysis 

showed a molecular ion at role = 130. On the basis of the 

data we assigned the diol structure (143) to this compound 

and its melting point is in good agreement with that reported 

in the literature. 158 Presumably the glycol (143) arises 

either during the condensation itself or in the aqueous work­

up by hydrolytic cleavage of the epoxide. The facile 

1 f h 'd" 11 k 159 d R ' c eavage 0 t e epox1 e r1ng 1S ,<1e nown an USS1an 
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158 workers have reported that the epoxy-ketone (134). gives 

rise to the glycol (143) upon standing in the presence of 

water at room temperature. 

-f-

(143) 

C@ 

H 

The final component eluted from the column was 

obtained in extremely small quantity as an oil which 

proved difficult to crystallise. The infrared spectr.um 

contained an extremely high carbonyl absorption at 1785 
-1 . 160 cm tYPlca1 of a s,y-unsaturated lactone , a stronger 

peak at 1715cm-l , a nitrile function was evident at 2,200 

cm- l and a broad hydroxyl absorption centred at 3,500cm-
1 

together with a carbon-carbon double bond at 1660cm-
1

• On 

this basis the unknown was assigned the s,y-unsaturated 

lactone structure (144) which could arise from the expected 

condensation product (135) as outlined below. The compound 

(144) was not obtained analytically pure. 

We next examined variation of the reaction 

conditions to effect condensation. The use of weakly--basic 

ion-exchange resins as catalysts for the condensation of 

aldehydes with various active methylene compounds has been 

studied by Ast1e and co-workers161 and by Hastag1i et.a1.
162 

, 163 . 
It has also been reported by Hein, Ast1e and She1ton that 
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CN 

(135 ) 

C~O 
\ ----------~ 

~H>') 
'{)Ac 

eN 

HO 

(144) 

CN 

weakly basic ion-exchange resins and their organic salts 

are effective catalysts for the Knoevenagel condensation 

of unhindered ketones (A) with cyano active methylene 

compounds (B). 

RCOR' + 

(A) (B) 

(R and R'. = alkyl or aryl; Z = an electron-withdrawing 

group) • 

Condensation of cyclohexanone with cyanoacetic acid in the 

presence of the ion-exchange resin IR--4B aceta·te in benzene 

as a model reaction afforded us a good yield (70%) of the 

a-cyano-a,S-unsaturated acid (145). 
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IR-4B (OAc) 

benzene 
(145 ) 

The melting point and spectral data of the product 

confirmed its structure as (145). Repetition of the reaction 

with the epoxide (134) of cyc1ohexanone in benzene, toluene 

and xylene as solvents produced only unchanged starting 

ketone, together with its glycol cleavage product (143). 

The facile cleavage of the epoxide ring under the conditions 

of the condensation indicated the need for an alternative 

starting material to initiate our synthetic scheme. The 

mono-ethylene ketal (147) of cyc1ohexan-1,3-dione (146) was 

considered in this respect. Mono~ioxo1anation of 
. 164 

cyc1ohexan-1,3-dione (146) by the literature procedure 

with ethylene glycol and p-to1uenesu1phonic acid in benzene 

afforded (147) together with the diketa1 (148), easily 

separable by crystallisation of the latter and distillation 

of the monoketa1. 

yo > 
go + Q) 

. b a 0 o 0 LJ . LJ 

(146 ) (147) (148 ) 

Knoevenage1 condensation was investigated under 

the conditions previously discussed but none of the expected 

condensation product (149) was detected, only unchanged 

starting material (147) and cyc1ohexan-1,3-dione (146). 
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/C02H 

Q~o ___ C_H2 __ ~ 
"" CN ~ 

a 0 
'---I 
(147) (149) 

This lack of 'success with the Knoevenagel 

condensation was disappointing. However, the literature 

indicates that the Knoevenagel condensation with cyanoacetic 

acid is by no means a clear cut reaction with all carbonyl 

compounds, yields of condensation products varying from 

6_99%.153 The reaction seems to be sensitive to a wide 

variety of conditions. 

Since completing this section of our work a 

Japanese paper165 has reported a successful synthesis of the 

a,S-unsaturated ester (152) by Knoevenagel condensation of 

the ketal (150) with ethyl cyanoacetatein refluxing benzene 

in the presence of ammonium acetate. 

0.50) 

/C02Et 
CH

2 
"'eN 

(151 ) 
--------t> 

(152 ) 

Use of the ester (151) would probably minimise the 

oxygen ring opening which vIe experienced with cyanoacetic 

acid although the oxygen rings may present some steric 

interference, absent in (150). 

In view of the difficulty experienced with the 

Knoevenagel condensation we examined alternative routes. 

The Wittig olefin 5ynthesis166 involves the 

addition of an alkylidenephosphorane (153; R = alkyl, aryl) 

to a carbonyl compound, followed by elimination of phosphine 
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oxide from the intermediate betaine (154) to give the 

olefin (155). 

+ 

(153 ) 

R4 R3 " /' C 
JI 
C 

/ " 
R1 R2 

(155) 

/ 
(154 ) 

+ 

The reaction proceeds via a four-membered 

transition state in the betaine intermediate (154). The 

synthesis has found a widea~p1icabi1ity in many fields and 

comprehensive reviews are available in the 1iterature.
167 

The use of a-cyanomethy1enetripheny1phosphorane 

for the synthesis of a,S"'unsaturated nitri1es (157) from 

ketones is \ve11 documented. 167 , 168 

+ Ph ... P=CHCN 
..) 

(156) 

R1 

"---~) C=CHCN 
./ 

(157 ) 

We wished to apply this method of synthesis to 

the epoxy ketone (134) and the dioxo1an (147). 

Cyanomethy1tripheny1phosphonium chloride (158) 

75 

was synthesised from tripheny1phosphine and ch1oroacetonitri1e 

by the known procedure. 168 a-Cyanomethy1enetripheny1-

phosphorane (159) was obtained from the phosphonium salt (158) 

by treatment with ice-cold aqueous sodium hydroxide. 

+ NaOH + -
Ph

3
P-CH

2
CN Cl H

2
0 ~ Ph3P=CHCN ~ Ph3P-CHCN 

(158) (159 ) 



Reaction of the epoxide (134) of cyclohex-2-enone 

with the phosphorane (159) in refluxing xylene afforded a 

modest yield (39%) of the a,S-unsaturated nitrile (136) as 

a colourless liquid. 

---------'t> 
reflux, xylene 

(134 ) 

a~~ 
. /"' "'eN 

o 

/ 
(159 ) 

. (136) 

Although the nitrile (136) was not obtained 

analytically pure, its structure was supported by the 

infrared and n.m.r. data, suggesting the exocyclic 

stereochemistry of the carbon-carbon double bond. In the 
. -1 

infrared spectrum a sharp peak at 2220cm was assigned to 

the a I S-unsaturated nitrile function and contrasts vlith 

2250cm-1 for the non-conjugated nitrile (160) prepared as a 

model compounu,by decarboxylation of cyclohexenecyanoacetic 

acid (145). 

(145) (160) 

The vinyl proton resonance in the n.m.r. spectrum 

appeared as a broad singlet at 85.55 which exhibited fine 

structure due to allylic coupling with the protons of the 
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cyclohexane ring(J ~ 1.5Hz). The vinyl proton of (136) 

is slightly shielded (85.55) by the nitrile. group (Fig. 3 

as compared to 85.8 in the nitrile (160). 

~ 

\ 
\ 
\ 
\ 
\ 
\ 
\ 

\ 
SSo 

44'· \ 
SSo \ 

The edge of the 

44' C~ 
~,," ~N 

~ 

Fig.3 

shielding cone is 55 0 44' from the sp orbital axis169 and 

the vinyl proton falls well within this. Also shielding 

is inversely proportional to the cube of the distance away. 

It is of interest to note that it has been 

reported that phosphoranes can react with epoxides as well 

77 

as ketones. Denney and Boskin170 treated the epoxides of 

styrene and viny1cyclohexane with the phosphorane ester 

Ph
3

P=CHC02Et under vigorous conditions (200°C) and obtained 

cyclopropanes in moderate yields. We found no evidence of 

such a process with our epoxyketone (134). Lithium aluminium 

hydride reduction of the epoxynLtrile (136) proved 

disappointing, yielding a mixture of non-basic products only, 

at OOC I room temperature and ether reflux temperature (33°C). 



We had hoped, in addition t.O nitrile reduction
17l 

to the 

primary amine, that hydride would cause reductive ring­

opening of the epoxide by attack analogous to Michael 

fashion on the double bond as shown. 

i) LiA1H4 -
OH 

(l36 ) (137) 

This type of ring-opening reduction may have 

occurred, but probably accomp~nied by direct epoxide 

reduction and possibly allylic alcohol reduction to the 

saturated nitrile, since the mixture showed broad hydroxyl 

absorption (3300 - 3So.ocm-l) in the infrared. It is not 

understood why the nitrile failed to reduce. 

(ii) Syntheses starting from cyclohexan-l,3-dione. , 
The Wittig reaction of a-cyanomethylenetriphenyl-

phosphorane with the monodioxolan protected cyclohexan-l,3-

dione (147) was next examined but did not prove to be a 

viable method of synthesis of the a,S-unsaturated nitrile 

(161) even after extensive reflux times in xylene a large 

proportion of starting ketone remained unchanged. 

(147) (161) 
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The Wadsworth-Emmons-Horner modification of the 

Wittig reaction utilising phosphonate carbanions has found 
173 Horner et.al. 'd d '1 f' th' 172 Wl esprea use ln 0 e ln syn eS1S. 

have shown that systems of the type P(0}CH 2- give rise 

under basic conditions to conjugate bases (B) vlhich can add· 

to a carbonyl group to give a betaine like intermediate (r); 

this intermediate on heating breaks down in a Wittig fashion 

to form an olefin ie. 

+ 

(B) 

"­c=o 
/'" 

" I C 
11 
C 

/ \ 
+ 

o 
11,./ 

-C;!rp ...... 
I ~ _ 

-C -'- 0 
I 

I (r) 

o ,,11 
/p 

'0 

The phosphonate is most readily obtained in the 

Arbusov reactionl74 between alkyl halides and trialkyl 

phosphites. We required diethyl (or dimethyl)cyanomethyl­

phosphonate (162) which we synthesised from chloroaceto­

nitrile and trialkyl phosphite 

+' 
(RO) 2f-CH2CN 

0) ~_ 
R Cl 

R = Me or Et. 

+ RCl 

(162) 

The alkyl chloride is distilled from the reaction 

mixture at the reflux temperature of the reactants. The 

anion was generated from the phosphonate (162) ~y sodium 

hydride in l,2-diinethoxyethane at room temperature. 

Elevated temperatures are detrimental to the anion as it is 

susceptible to self-condensation. 172 (i) The ketone (147) 
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was then added to the anion solut-ion and reaction accomplished 

at room temperature. The product (161), which gave 

satisfactory analytical data, appeared to be a mixture of 

" geometric isomers Z and E. The infrared spectrum with a 

peak at 2220cm-l confirmed the conjugated nitrile175 (in 

contrast to cyclohex-l-eny1acetonitril~ at 2250cm- 1 ), as did 

the ultraviolet maximum at 222nm. 176 

(147) Z E 
(161) 

The n.m.r. spectrum showed two olefinic proton 

resonances (Z and E isomers) integrating in total for one 

proton at 05.1 and 05.2 ppm. The peak width at half height 

(5Hz) of each peak was consistent wi thr 'a11ylic coupling 

(J = I-2Hz) to four protons. 

Unfortunately nitrile reduction with lithium 

aluminium hydride again proved unsatisfactory. The ketals 

(161) did yield some basic material but the mixture could 

not satisfactorily be separated. Acid hydrolysis to give 

the enone (163) was attempted on the mixture, in the hope 

of characterising the product as amide (164) but intractable 

mixtures resulted. Spectroscopic evidence suggested both 

endo and exocyclic double-bond material" was present. In 

view of the difficulties this route was not further pursued. 

(161 ) (X) 
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(X) ... 

(163 ) 

·OMe 

(164) 



(iii) Syntheses st'ar'tin<;{ 'from:3-metho~ybenzaTdehyde. 

The metal in liquid ammonia (Birch)reduction of 

various substituted anisole derivatives has provided good 

synth~tic routes to cyclohexenone derivatives. Birch177 

observed that reduction of anisole with sodium and ethanol 

in liquid ammonia gave 2,5-dihydroanisole and that mild acid 

hydrolysis converted the product to cyclohex-3-en-l-one 

separable as the bisulphite addition compound, whereas 

vigorous acid hydrolysis converted it to the conjugated 

1 · 2 1 177 cyc onex- -en- -one. 

MeO~ o Na llq. NH~ I 1 , /. MeoD 
EtOH 

f d · k l79 a
f 11' h h d Rudol Grevle an co-wor ers 0 oWlng t e met 0 

of A.J.Birch178 reported the synthesis of 3-(B-methylamino)­

ethylcyclohex-2-enone (169) by the'route shown in scheme 17 

MeOaCHO 
. I 
~ 

"" MeN0 2 , AcOH 

(165 ) 

MeO 

(168 ) 

MeO 

N0z, 

(166 ) 

~iA1H4 
MeO 

(167 ) 
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MeO 
Na/NH3 (168) ~ 

EtOH 

. Scheme 17. 
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HBl: 

(169) 

. 180 
C.B.Clarke and A.R.Pinder reported the synthesis 

of the substituted cyclohexenone amines depicted below 

utilising a similar technique. 

In view of the wide application of the technique we 

set out to synthesise the amine (163) by this method. 

(163) 



Condensation of 3-methoxybenzaldehyde (165) vlith 

nitromethane in the manner of Grewe et.al. 179a afforded us 

the nitrostyrene (166). Lithium aluminium hydride reduction 

of the nit~ostyrene (166) in a Soxhlet apparatus179b afforded 

~-(3-methoxyphenyl)ethylamine (167) in extremely good yield 

(90.0%). l~e also obtained the same product (167) by diborane 
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reduction181 of 3-methoxyphenylacetamide (170). The amide 

(170) was prepared from the co~~rcially available 

3-methoxyphenylacetic acid via the acid chloride and ammonia. 

The overall yield of (167) from the acid was 93.0%, as compared 

with 84% from the aldehyde (165). 

MeO 

(170) (167 ) 

Birch reduction of S-(3-methoxyphenyl)ethylamine had not been 

reported in the literature, unlike the N-methyl derivative 

(168). vle found that the 1,4-cyclohexadienylamine (171) was 

obtained in good yield (91%) utilising sodium in liquid 

ammonia and ethanol. 

<0 (3 

MeO Na / NH ~ 

3 -EtOH 

3 

(167 (171) 

Birch177 ,182 observed that in general aa-addition 

of hydrogen takes place preferentially at positions carrying 

carboxyl groups and avoids positions substituted by methoxy, 

dimethylamino and alkyl groups in the order given. 



The infrared spectrum (liq. film) of the prepared 

amine (171) showed two characteristic bands at 3370 and 

3280cm-
l 

attributed to the NH2 group together with two peaks 

at 1696 and 1666an-l due to the two double bonds of the 

d 'h d '1 t l85,187,188a. I h h 1 Y roanlso e sys em. n t e nmr spectrum t e 

olefinic protons at C-4 and C-2 appear as two broad singlets 

at 04.5(~v!,:=6Hz) and 05.43 (W!,:=8Hz) respectively. The olefinic 
2 2 

protons show no clearly defined splitting pattern and this is 

found to be the case :in related compounds synthesised later. 

The width of the olefinic signals may be attributed to 

vicinal coupling with the two C-3· protons ·(J;"3Hz) and allylic 

coupling with, the C-6 and the C-(3 protons (J-l. 5Hz), assuming 

J values which are typical for cyciohexene ~ystems.183 
Olefinic protons have also been reported to occur as singlets 

in the nmr spectra of 3-al~YlCyclOhexa-1,4-dienes184, 2,5-

dihYdro-3-methylanisole185 and 1,2,3,4,5,8-hexahydroisoquino­

lines. 186 The protons of the carbons at C-3 and C-6 of·the 

dihydroanisole system appear as a broad singlet at 02.65, the 
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methylene group a to the amino function appears as a multiplet 

·(J,7Hz) at 02.75, coupled with the S-methylene of the side 

chain which appears as a triplet (J,7Hz) at 02.13. The 

.methoxy group appeared as a sharp singlet at 03.50 and the NH2 

as a broad singlet at 01.20. Subsequent to out findings the. 

amine (171) has been synthesised by H.C.Beyerman et.al. 188b by 

a direct Birch reduction of the ni t.rostyrene (166) with li thi UIn 

in liquid aTIL.'1lonia, t-butanol and tetrahydrofuran. Their 

spectroscopic data is in good agreement with our findings. 

Due to ·the unstable nature of the prepared amine 

(171) we condensed it directly with p-methoxyphenylacetyl 

chloride (172) in benzene in the presence of aqueous sodium 

bicarbonate solution and obtained the amide (173) in good 

yield (73%). The choice of (172) as acid chloride was made 

because if was envisaged ·the amide (173) could ultimately be 

progressed to the 8-ketoisoquinoline (142) which could then 

permit examination of cyclisation to the morphinan (119). 

The infrared spectrum of the prepared amide (m. pt. 

60-6loC) shO\oJed characteristic amide NH and C=O absorptions 
-1 ,189b 

at 3280 and 1640cm respectlvely together with the two 
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MeO 

COCJl. benzene 

3 (173) 
ag. NaHC0 3 

(171) + 
---------1.,. 

OMe 

Mea 

(172) 

Me 

.:3----

OMe 

(119 ) (142 ) 

peaks associated with the dihydroanisole system at 1698 and 

1666cm-l.188a The n.m.r. spectrum of (173) showed two sharp 

singlets for the methoxy group of the dihydroanisole system 

at 83.52 and the methoxy group of the aromatic ring at 83.80. 

The benzylic methylene appeared as a singlet at 03.46; the 

aromatic protons appeared as an A2B2 quartet centred at 06.83 

and 67.13 (J =9Hz) • A broad singlet at 64.56 (:v11,=6Hz) was o ~. 

assigned to the olefi~ic proton. at C-4 and the broad singlet 

at 85.27 (W
k

=8Hz) to the olefinic proton at C-2 which unlike 
2 . 

the proton at C-4 is allylically coupled to four protons. A 

triplet at 82.1(J, 7Hz) was assigned to the methylene S to 

the amide nitrogen, the protons on the carbon atom a to the 

amide NH appeared as a multiplet centred at 83.30 due to 

coupling with the S-methylene protons and the amide NB. 

Since the secondary amide NH exchange rate is slow coupling 
. 189a 

is observed with the protons on the adJacent carbon atom. 



The remaining protons of the dihydroanisole system ie. at 

C-3 and C-6 occurred as a broad signal. at 02.60. The 

amide NH appeared as a broad peak centred at 05.72 . 

(exchangeable VIi th D2 O/DCl) • 

Upon allowing the amide (173) to stand in 

tetrahydrofuran and 10% aqueous hydrochloric acid for 24hrs 

at room temperature quantitative conversion to the required 

amide (175) was achieved. The amide (175) was obtained as 

translucent leaflets m.pt. 62-630 C after recrystallisation 

from diethyl ether. The conversion of the methoxy-diene 

MeO 

OMe 

(173 ) 

2-
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Y L OMe 

'r ID NH 
5 O::::::C/ (174) 

I 

(175) 

\0 .. 
. ::::,... I OMe 

(173) into the conjugated enone (175)is presumed to proceed 

via the intermediate S,y-unsaturated compound (174) which 

under the acidic conditions is converted into the more stable 

S,y-unsaturated compound (17,5). In the n.m.r. spectrum the 

olefinic proton appeared as a singlet at 05. 76 (vl~ =4Hz) 
J. 

consistent with allylic. coupling (ca I-2Hz) with four protons 

and no vicinal coupling. Only one methoxyl absorption is 

_I 



present at 03.8. The amide NH appears as a broadened peak 

just discernable as a triplet at 06.16. The infrared 

spectrum shows characteristic peaks at 3250 and 1640cm-l 

due to amide NH and c=o absorptionsi189a the conjugated 
-1 . 

enone carbonyl appeared as a shoulder at 1660cm • The 

ultraviolet spectrum showed absorptions at 230(E, 17930)i 

277 (Et 1950) and 284nm(E,1600). The value of A for the 
max 

enone chromophore in (175) calculated by the Woodward-Fieser 

rules
190 

is 239nm. e.g. mesityl oxide Me2C=CHCO.r1e shows 

Amax 237 (E, 12600)~91 In contrast non-conjugated 

cyclohex-3-enone shows Amax 187(E, 7000), 217(2500), 277 

(107) being due to C=C rr + rr*, non-classical E.T. (electron 

t 't') b nd d d C 0 * t' 1 192 Th ranS110n a , an an = n + IT' respec 1ve y. e 

second band sometimes appears only as a shoulder in such 

compounds. The weak n + rr* of the c=o group.in conjugated 

enones is seldom recorded'but occurs 300-350nm(£=100).193 

However,the 230nm band in (175) is likely to contain i~ its 

envelope both the enone absorption and that of the aromatic 

ring. Anisole C6H50Me shows A 217(E, 6400), 269(E, 
194 max 

1480): a para -CH2- group would raise these values. 

Bischler-Napieralski cyclodehydration195 of the 

amide (175) was investigated utilising all the commonly 

employed reagents for the cyclodehydration ie. phosphoryl 

chloride 196 in·refluxing benzene, toluene and xylene, 

polyphosphoric acid197 at 100oC, phosphorus pentoxide196 in 
198 xylene at reflux and pclyphosphate ester in chloroform. 

In all these cases the only discernable product was shm·m 

by t.l.c. and infrared analysis of the crude products 

obtained to be the amide (175). No basic material could be 

obtained; in the case of phosphorus pentoxide in xylene some 

polymeric tar was obtained suggesting decomposition was 

occurring. None of the required 3,4-dihydroisoquinoline 

(176) could be isolated by this means~ 
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OMe 
Or 
~ OMe 

(176 ) 
(175) 

Since its discovery in 1893 195 , the cyclodehydration 

of s-arylethylamides under acidic conditions to form 3,4-

dihydroisoquinolines has been very extensively studied and 
. d 196 1 197,198 Al' t f . 1 reVlewe • arge varle y 0 experlmenta 

conditions and condensing agents have been u.sed over the years. 

The mechanism of the Bischler-Napieralski reaction involves an 

electrophilic attack by the side chain on to the aromatic ring 

(or olefinic double bond) to which ring closure is to occur. 199 

A recent development in an understanding of the mechanism of 

the Bischler-Napieralski reaction has been made by Fodor et. 
200 201 - 200 -

al. and Gal et .al. Fodor and cO-v1Orkers shovled that 

the intermediate preceding the cyclisation is a nitrilium ion, 

species (179) in scheme 18 -arising from the amide (177) with 

phosphorus pentachloride to give (178) which loses hydrogen 

chloride, especially in the presence of a Lewis acid. 

Furthermore, they proposed that the von Braun degradation of 

amides 202 also proceeds via a nitrilium ion (eq 1). Several 

groups have observed the formation of a nitrile (a von Braun 

product) in Bischler-Napeiralski reactions. 203 Gal and co-
201 workers reported the first instance of the characterisation 

of an alkyl halide among the products of a Bischler-Napieralski 

reaction. The intermediate nitrilium ion can cyclise, possibly 

in a synchronous process, to form the dihydroisoquinoline (180) 

or undergo the von Braun reaction (eq 1) to yield the halide 

(181) and the nitrile. The reason von Braun products are 



R 

(177) 

R = H or OMe 

(180) 

R 

R 

o 
11 

Ph 

R - C - NHR' 

~i-------

PX5 
---'> RC- ~R' 

Scheme 18 

R 

R 
N (178) 

11 
Ph~Ct 

ZnC1 2 
or 

R~'l (179) R~· III . 
CPh 

Cl 

+ PhCN 

(181) 

RCN + R'X (1) 
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formed may be because the temperature of the reaction is 

too high and because.. of the relatively vleak nucleophilicity 

of the aromatic ortho position. A realisation of this 

mechanism has enabled higher yields to be achieved where 
198 previously poor yields had been reported, by careful 

modification of .the reaction conditions employed and 

addition of Levlis acids as catalysts to generate the required 

intermediate (179) 'in situ'. 

In our case the amide (175) gave no detectable von 

Braun degradation products and the failure of the Bischler­

Napieralski cyclodehydration was attribu·ted to the electron-

(182) 
OMe 

(175) 
OMe 

OMe OMe 

(176 ) 

withdrawing influence of. the carbonyl group of the' cyclohex-

2-enone system. It had been anticipated that this would not 
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prevent the reaction from occurring since under the conditions 

of the ring-closure, an intermediate such as (182) could be 

involved. 

Perhaps the use of phosphorus pentachloride in the 

presence of a Lewis acid catalyst such as aluminium 

hI 'd 198.204.205 1"'''' f 1 1· . . c or~ e . . wou a ~eau co a success u cyc ~satlon; 

a reagent combination which we did not investigate. It is 

apparent that the conditions of the reaction (ie. temperature 

and duration of heating) can have a decisive influence on the 

result. 

Hexahydroisoquinolines of structure (184) have been 

(183) (184) 

successfully synthesised from cyclohexenylethylamides (183) 

by the Bischler-Napieralski cyclodehydration conditions. 

Schnider and Hellerbach first reported this 

2-

3('11 
pU (). ~~H Ph Y 

Ph 

(185) 

benzene 

PhCH~ 

Ph~ N 

(186) 

Ph9\J 
Ph~~ 
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modification in 1950. 117 Sugasawa and Ushioda206 utilised 

the Bischler-Napieralski cyclodehydration to synthesise 

pyrroline derivatives such as (186) from amides of type (185). 

Presumably involvement of a (favourable) benzylic carbonium 

ion intermediate results in the formation of the five­

membered ring rather than the six-membered in this case. 

Cyclisation occurs at the 3-position of (185). Fujisawa and 

sugasawa 207 cyclised acyl derivatives of 5-phenylpent-4-

enylamine (187) to give 2-substituted 3-benzal-3,4,5,6-tetra­

hydropyridines (188) in good yield. 

POC1 3 Q 
--b-en-z-e-n-e-t'> Ph CH 7-:? N 

R 

(187) (188 ) 

Tachikawa
208 

utilised the Bischler-Napieralski 

cyclisation condi.tions to synthesise 7-substituted 

isoquinolines (189) as outlined below. 

In their synthesis of pentazocine (26), Kametani 

and co-workers209a utilised the cyclodehydration of amides 

of type (190) to give 5,6-dihydropyridines (191) with 

phosphoryl chloride in refluxing benzene as outlined in 

scheme 19. The cyclisation of the l-benzyltetrahydro­

pyridine (192) to the benzomorphan (194) is analogous to the 

morphinan cyclisation and also demonstrates that an 

oxygenated function ortho to the position of ring-closure 

is not necessary. Presumably either the benzylic -CH2 -

provides sufficient activation or possibly the para phenolic 

hydroxy directs the cyclisa·tion via rearrangement of a 

spirodienone intermediate (193). The stereochemistry of the 



R 

R 

RI 

I 
NH 

O::::::~ 
I 

(CHZ)n 

R3 

(189 ) 

POC13 R !> 
benzene 

Pd-C 

ethyl cinnamate 
reflux 

1 
Pd-C 
xylene 
reflux 

R, 
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benzomorphans e.g. (194) is analogous to the cis Band C ring 

fusion of the morphinan(65) . This result is due totrans 

addition to the double bond of the tetrahydropyridine (192). 

This mode of reaction is quite general. When a variety of 

rela ted tetrahydropyr idines, (192a), were cyclised under 

acidic conditions 209b the major product was always that 

in which the substituents at the nevl ring junction are cis 

with respect to the B ring. Hay and Eddy45 have called 

this isomer CI.. Small quantities oftrans ( with respect 

to ring B) or S isomer can also be isolated in certain 



MeDH _ POCl
3 

Me o~ benzene 

(190) L. 11 
~OR 

Me 

(192) 

OH 

11 

(26) 

Me 

Scheme 19 
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(191 ) 

Me 

OR 

H (193 ) 

HO 
/ 

(194) 



. 113. h h l.nstances. Grewehas prevl.ous ly sown t e Band C rings of 

morphinans like (65) to be cis fused t and the C-6 and 

C-ll methyls in analogously prepared benzomorphans were also 

considered to be cis. If cyclisation can be viewed as a 

trans addition to a double bond, then this is not unexpected 

since protonation should occur from the less hindered S side 

as depicted in Fig 4.47 
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\ 
(f) cis,a major product, 

only one enantiomorph 

(192a) 

(±) only one 

enantiomorph Shovffi. 

Fig.4. 

shown. 

(+) trans, minor product, 

only one enantiomorph shown. 



210 
R.Wittekind and co-workers synthesised the 

hexahydroisoquinoline (196) by heating the.amide (195) 

with phosphoryl chloride in refluxing benzene. 

POC1 3 -----=-----'t> 
benzene 

(195) (196 ) 

Although a large number of cyclisations onto an 

unactivated double bond have been reported ,the cyclisation 

of arylethylamides are generally found to be more faciie. 

We decided to investigate protection of our enone carbonyl 

function in (175) in order to examine cyclodehydration on 

to the isolated C=C bond. 
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(1) Protection of the potential 8-substituent by k~talisation. 

The ketalisation of a,S unsaturated ketone systews 

has been employed extensively as a method of protection 

particularly in the steroid field. It has been reported that 

Bischler-Napieralski cyclodehydrations can be carried out on 

phenylethyl~lides containing acid sensitive groups. Sugasawa 

and I,toh21l successfully synthesised the isoquinolines (198) 

and (200) from the phenylethylamides (197) and (199) 

respectively utilising phosphorus pentoxide-pyridine (as a 

new combination for cyclodehydration) the ketal functions 

being preserved intact. Earlier
212 

they had f~und that upon 

subjecting the ethylene-ketal (201) to cyclodehydration with 

phosphoryl chloride in boiling benzene an isoxazoline 

derivative (202) . was obtained rather than the expected 

3,4-dihydro compound (203). The former was probably produced 

via the hydrolysis product (204) of (203) by the agency of 



(197) 

MeO 

I 
0yNi 
~Me 
o 0 
LJ 

(199 ) 

MeO 

pyr~dine 
MeO 

pyridine 

Ph 

(198) 

(200) 

Me 

the water formed during the acidic cyc1isation reaction. 

It was anticipated that utilisation of phosphorus 

pentoxide-pyridine would effect cyc1isation of the 

ethylene ketal derivative (205) of the amide (175) to 

give the hexahydro compound (206) which·cou1d be progressed 

to the 8-keto morphinan as discussed earlier. The amide 

(175) was ref1uxed for 24h with ethylene glycol in benzene 

in the presence of p-to1uenesu1phonic acid catalyst with 

simultaneous separation of the water formed. The ketal 

(205) was also prepared by exchange dioxo1anation with 

2_methYl-2-ethY1-1,3-dioxo1ane. 213 Each method afforded a 
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clear viscous syrup (b.pt.216-21SoC/0.lmm) which did not 

crystallise upon refrigeration or when treated with various 

MeO 

(201) 

POC1
3 

benzene 

reflux 

MeO 

MeO 

----0> oyH 

(203) 

X Me 

o 0 
LJ 

x Me 

o 0 
LJ 

MeO 

(202) 

MeO 

Me 

'-..,/Me 

11 o 

(204 ) 
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OH 

solvents. It is known in the steroid field that ketalisation 

of a,S unsaturated enones can be accompanied by a shift of the 

«1H ~~~ 
o 0 
LJ 

OMe OMe. 

(175) (205 ) 

OMe 
(206) 



double bond from the a,S to the e,a position,2l4 viz: 

Thus, we considered tvlO other possible isomeric 

. prcxlucts (207) and (208). A double bond ·exocyclic to a 

six-membered ring is slightly less.stable than endocyclic~15 
making (208) less likely. 

(205 ) 

OMe 

H 

WH 
o 0 
LJ 

100 

OMe OMe 

(207) (208) 

The infrared spectrum of the prepared ketal exhibited 



-1 peaks at 3300 (amide NH) and 1640 (amide C=O) and l6lScm 

(C=C). The n.m.r. spectrum of the ketal supported isomer 

(205). In particular the -CH2 -N protons at 03.28 appeared 

101 

as a tripl~t (J, 7Hz) so excludi?g isomer (208), and the 

olefinic proton signal at 85.3, was a broad singlet with 

W~=SHZ. This would be consistent with allylic coupling to 

four protons, as in (205), assuming a typical SPlitting183 ,2l6 

of 1.SHz for allylic coupling (4 x 1.5 = 6Hz). In isomer (207) 

the olefinic proton would experience vicinal coupling with two 

protons at C-S (typical value216 
J . =7Hz) in addition to that . v~c 

with four allylic protons hence giving Wk =2 x 7 + 4 x 1.S=20Hz. 
2 . 

This value may be reduced by unfavourable dihedral angles. 

The signal \'lidth at half height (W~) has been used particularly 

to determine the conformation of p:otons in cyclohexanes. 217 

The method assumes that the hump observed as a result of 

multiple coupling has a width at half-height approximately 

equal to the sum of the coupling constants involved. The 

protected amide (205) was treated with phosphoru s pentoxide in 

fl ' . -. 211. ~ t ff t 1 d h d t' t re ux~ng pyr~d~ne ~n oraer 0 e ec cyc 0 e y ra ~on 0 

the hexahydroisoquinoline (206). After '\'lork-up only an 

intractable tar was obtained. utilising phosphoryl chloride 

in refluxing benzene in the presence of pyridine, and 

phosphoryl chloride in refluxing toluene for periods of l-8h 

also produced only intractable basic tarry material. This 

lack of success of the Bischler-Napieralski cyclodehydration 

was disappointing in view of the removal of the deactivating 

influence of the carbonyl group in (175). It would appear 

that steric factors must play a part in affecting the 

cyclisation of (205). Examination of models of (205) 

indicated that the dioxolan function could exert some steric 

hindrance of approach of the amide carbonyl group to the 

double bond of the cyclohexene ring for carbon-carbon bond 

formation to occur. It was not anticipated this would be a 

major effect, since, for example, 8-substituted 3,4-dihydro­

isoquinolines can be formed by Bischler-Napieralski 

cyclisation [e.g. of (209) 218J. Nevertheless a steric effect 

has been noted in the formation of 8-substituted 1,2-dihydro­

isoquinolines of the Reissert type in some instances (e.g. with 

210) .219 
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MeO 

MeO 
I 

PhCH~O 

(209 ) 

PhC~O 

MeO OCHZPh 

'KCN 
------> 

PhCOCl 

N02 

(210) (9% ) 

(2) Other methods of Protection of the pote.ntial 8-substituent. 

To reduce the steric bulk at the potential 8-position 

we decided to reduce the carbonyl to hydroxyl and convert it to 

the acetate. Schneider and Bernauer
220 

showed the acetate' 

ester (211) would survive Bischler-Napieralski conditions, 

giving (212). 



MeO 

(211) 

MeO 

MeO 

(212) 

".!:~.~,13' toluene 

~eflux 

Mea 

Hence we sought to effect the following sequence:- -

NaBH
4 

------~ 

OMe 

(175) (213 ) 
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OMe 



AeO 

(214 ) 

(216) 

'"~13' toluene 
~ reflux 

OMe 

OMe 

(215) 

The amide (214) could then be investigated as a 

potential precursor for an 8-functionalised morphinan-via 

the octahydro-l-benzyl compound (216). Sodium borohydride 

reduction of the amide (175) proceeded smoothly to afford 

the allylic alcohol (213) as colourless crystals m.pt. 

65-67 oC. The infrared spectrum of the alcohol (213) 

showed characteristic absorptions at 3250 (amide NH) and 

l640cm -1 (amide C=O) together. vlith a bro"ad band centred at 

3350cm- l due to the alcoholic hydroxyl group. The n.m.r. 

included an absorption ascribed to the olefinic proton, 

which appeared as broad singlet at 85.4 (Wk=6Hz) • The 
2 

alcoholic hydroxyl appeared as a broad singlet (exchangeable 

with D20) at 82.23, and the adjacent methine proton at 84.1. 

Treatment of the allylic alcohol with an excess of acetic 

anhydride in pyridine for 24h at room temperature afforded 

104 

OMe 



the O-acetylated amide {214} as a viscous syrup. The infra­

red spectrum of the acetate (214) showed strong bands at 
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3250 (amide NH), 1725 (ester C=O), 1640 (amide C=O), and 

1610cm-l (C=C). The n.m.r. shovled the acetoxy methyl singlet 

at 02.02 and a shift of the adjacent methine proton, which 

resonated at 04.1 in (2l3), to lower field221 at 05.17 in 

(2l4) • 

Extensive attempts were carried out to effect 

Bischler-Napieralski cyclodehydration of the amide (2l4) to 

give the hexahydro-l-benzylisoquinoline (215). Phosphoryl 

chloride in refluxing benzene, toluene and acetoni~ile were 

employed as the dehydrating reagent. A.Brossi and co-workers 

found that acetonitrile was particularly effective as a 

solvent for the cyclodehydration of aromatic phenylacetamides 

to afford isoquinolines in excellent yields. 222 We did not 

at first investigate the isolation of the intermediate 

hexahydro-compound (2l5). The crude product from the 

cyclodehydration reactio.n was reduced directly with sodium 

borohydride in methanol so that the unstable 3,4-dihydroiso­

quinoline (215) could he converted into the octahydro 

compound (216). Spectroscopic analysis of the gum obtained 

by this method indicated absence of amide NH and c=o in the 

infrared spectrum, it was' also observed that the acetate 

carbonyl had disappeared. N.m.r. spectroscopy showed that 

the product was impure; the only discernable peaks being 

aromatic methoxyl and phenyl resonances. Thin layer 

chromatography indicated that the product was extremely polar 

suggesting that polymerisation of some kind had occurred. 

Isolation of the product from the cyclodehydration reaction 

prior to reduction also proved disappointing, again the 

acetate group was seen to be absent. The loss of the acetate 

group may be due to cyclic cis-elimination of acetic acid 

from the amide (2l4) by the mechanism shown. Such eliminations 

occur usually under pyrolysis223 : diene production could lead 

to polymerisation. 
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OMe OMe 

(214 ) 

The a11y1ic alcohol (213) was also converted into 

the 3,5-dinitrobenzoate ester (217) by treatment with . 

3,5-dinitrobenzoyl chloride in pyridine. The amide (217) 

was obtained as pale-yellow plates m.pt.135-l36
o

C after 

recrystallisation from ethanol. 

(217 ) 
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The infrared spectrum of the prepared amide showed amide 

(3320 and 1640) and ester (1730cm- l ) absorptions. 

Bischler-Napieralski cyclodehydration of this amide utilising 

phosphoryl chloride iri acetonitrile at varying temperatures 

and reaction times gave no cyclised 3, 4-dihydroisoquinolines. 

From the repeated lack of success with the cyclo­

dehydration of the series of phenylacetarnides examined it 

would seem evident that a synthesis of the required 

3,4-dihydroisoquinoline (176) needs to be approached along 

different lines to the route we chose and we did not pursue 

the investigation further. 
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Preamble 

In view of the remarkable analgesic potency of 

the series of tertiary carbinols (218) developed in the 

laborator~es of Reckitt and Colman from Diels-Alder adducts 

of thebaine (3)86,108,109 it was of interest to develop a 

synthetic route to related compounds. Buprenorphine (219) 

was introduced into clinical practive in April 1978 under 

the name r'remgesic I, as a partial agonist ~lhich has low 

dependence liability. The 4,5-deoxy analogues (220) are 

morphinan derivatives and so could possibly be produced by 

synthesis, i. e. without the dependence upon the na~ural 

alkaloid thebaine (3). We also considered that the synthesis 

of morphinans with other bridges may be possible, such as 

compounds (221). All these should provide interesting 

pharmacological profiles and might lead to a separation. of 

analgesic and respiratory depressant effects present in 

morphine. 

Me 
(218) 

(219) 



---
HO!>~ oecgR -

Me" 
(220) 

(3 ) 

MeO" 

--

Me 
(221) 
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Any "synthetic programme with ring-C bridged 

morphinans as ultimate goal \~ould first have to investigate 

the synthesis of ring-A bridged isoquinolines as precursors, 

unless the bridge is to be introduced after morphinan 

formation. We therefore studied routes to ring-A bridged 

isoquinolines. 

1,4-Dihydroaromatic compounds obtained by the 

metal in liquid ammonia reduction (Birch reduction) of a 

wide range of aromatic substrates have been employed as 

precursors of conjugated dienes suitable for Diels-Alder 
.. 224 225 226. 224 cycloaddltlons. ' I A.J.Blrch and P.Hextall 

isomerised the 1,4-dihydroanisole (223) obtained by Birch 



reduction of 3-methylanisole (222) with potassium amide in 

liquid ammonia to obtain the 2,3-dihydro-compound (224) 

which underwent Diels-Alder condensation with dimethyl­

acetylenedicarboxylate to afford the bridged adduct (225) 

as outlined below: 

~ Me~ 
(222) 

~02Me/ 
MeJL:)Jlc O,Me 

(225) 

(224) 

Birchet'.al. 225 also condensed the l-methoxy­

cyclohexa-l,3-dienes (226, R=H, or OMe) with p-benzo­

quinone in refluxing benzene to afford the adduct (227, 

R=H, or OMe) in 60% yield. 

OMe 

R 

(226) (227) 
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III 

Birch and Hil1227 condensed the diene (228) 

obtained in a similar manner, with methyl vinyl ketone 

andtrans-pent-3-en-2-one to give the corresponding adducts 

(229) and. (230) in 80% and 7% yield respectively. 

OMe 
0 
11 ("Me Me 

Me 
Of\t1e 

(229) 80% 

0 
11 

Me )Me 
(228) Me 

OMe 

Me 

(230) 7% 

Presumably the low yield of (230) can be . 

attributed to the steric hindrance to the formation of a 

transition state shown by thetrans- substituted dienophile. 

The yield of (230) was increased to 20% by heating the 

reactants at 180°C in a sealed Carius tube. Cis-trans 

isomerisation of the trans-pent-3-en-2-one can occur at 

higher temperatures and there will be more of the less 

stable cis isomer available for Diels-Alder condensation. 

The same workers also reported that the Diels-Alder 

addition of methyl acrylate to 2,3-dihydroanisole (231) 

proceeded regiospecifically to afford the ester (232) in 

75% yield. 



o 
(OMe 

OMe 

OMe 

reflux 20h. 

(231) (232) 

Previously the l,3-dienes were obtained by 

isomerisation of the lt4-dihydroanisoles with potassium 
. d . 1 . . d . 22 8 b t 1 lk . d . aml e In lqUl arrmonla or y me a a OXl es In 

t-butyl, or t-amyl alcohol. 229 ,230 N.A.J.Rogers and 

co_workers 230 ,23l observed that the diene isomerisations 

could be accomplished thermally by heating in a glass 

vessel. The conjugated "dienes could be produced in situ 

and condensed with suitable dienophiles. 

When 6-methm~y-l,2 ,3,4,5,8-hexahydronaphthalene 

(233) was heated in a sealed tube with ethyl acrylate, a 

high yield of the mixed esters (234 and 235, R=Et) was 

bt ' d 230 o alne • 

OMe 

(233) 

OMe 

(234) 

H 
I> 
;" IIICO;.R 

OMe 

+ 

(235) 
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The esters (234 and 235, R=Et) were found to be 

stable to the conditions of the Diels-Alder reaction, and 

were not interconverted, "even at much higher temperatures. 

(1) Diels-Alder" Rea"cti"ons with Dihydrophenylacetarn:ides. 

!2 priori ring-A bridged isoquinolines could 

either have the bridge introduced before or after 

construction of ring-B. We looked first at the former 

possibility. 
. 232 233 S.Sugasawa and R.Tachlkawa ' reported the 

synthesis of N-[2-(l,4-cyclohexadienyl)ethyl] acetamide 
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(236) ,232 N- [2- (1, 4-:-cyclohexaa.ie.l\:,rl) ethyl] phenyl acetamide 

(~37)232 and N-[2-(l,4-cyclohexadienyl)ethyl]-4-methoxy­

phenyl acetamide (238)233 which they utilised as substrates 

in Bischler-Napieralski syntheses of isoquinolines 

(236) 

(237) 

OMe 

(238) 

We wished to investigate the synthetic utility of 

these amides as precursors for ring-A bridged isoquinolines. 

A synthesis of ring-C bridged morphinans could be envisaged 

as in Scheme 20. 



~ 
VO,.~H , 

7) 

OMe 

III 

~ VCYH. 
~ 

1 
VOMe 

base (238) 
or 

heat 

or 

MeO 

(1) NaBH4 
(2) N-protection 
e.g. as amide 

;;.. 

OMe 

Scheme 20. 

~ 
VOMe 

c=O 
I 
OMe 
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p-Phenylethylamine (239) was reduced with lithium 

in liquid ammonia'and ethano1
232 

to afford S-(1,4-cyclohexa­

dienyl)ethylamine (240). 

(239) (240) 

The amine (240) was acetylated with acetyl chloride 

in the presence of sodium hydroxide solution to afford the 

amide (236) and also with 4-methoxyphenylacetyl chloride in 

the presence of sodium bicarbonate solution to afford the 

amide (238). The crystalline amides showed agreement with 

th d I , t It' 't 232,233 Th e reporte ltera ure me lng pOln s. e n.m.r. 

spectrum of amide (238) showed MeO at 03.8 and a singlet at 

03.5 due to the benzylic methylene. The olefinic proton at 

C-3 resonated as a broad singlet at 05.27 and the tvlO protons 

at C-S and C-6 as a broad singlet at 05.65. The infrared 

showed amide bands at 3250 (NB) and 1640cm-l (C=O). 

The amides were each heated in sealed glass Carius 

tubes with excess methyl acrylate in the presence of 

hydro quinone at lSOoC for 72h. After removal of excess 

dienophile and chromatography, the oily product obtained 

from the Diels-Alder reaction of the acetyl amide (236) 

showed an ester carbonyl at v 1730cm- l , together with 
max -1 

characteristic amide NH and c=o at'3290 and 16S0cm • The 

n.m.r'. spectrum was consistent with the formation of the 

epimeric Diels-Alder adducts (241) and (242). Unfortunately 

the epimers could not be separated nor obuained analytically 

pure. 

(241) (242) 



£.'lass spectral examination shovled a molecular ion 

corresponding to the assigned structures. 
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'l'he alternative isomers that could be formed from 

the in situ conjugation would arise from the diene (243) and 

possess the structure (244). However, the n.m.r. spectrum 

of the epimeric esters exhibited only one olefinic proton 

and not two as would be expected if (244) had been obtained. 

I 
Q, NH 

"r Me 

--~---~ glass 

(236) 
(243 ) 

~Me 
MeO 

o NH 

Y 
Me 

(244) 

~vhen the benzyl amide (238) was utilised in 

the sealed tube reaction with methyl acrylate at 1500 C 

for 72h. extensive polymerisation and aromatisation of 

the diene (238) was found to occur and ha evidence for 

the formation of the expected epimeric esters (245) 

was found. In view of the difficulties encountered this 

approach \<laS discontinued. 



O~ 

r 
MeO 

OMe 

(245 ) 

(2) Diels-Alder Syntheses with Hexahydroisoquinolines. 

During the course of the above studies T.A.Crabb 

and J.R.Wilkinson234 reported the synthesis of the 

hexahydroisoquinolines (250) and (251) containing a 

1,3 diene system, via the base-catalysed isomerisation 

of the 5,8 dihydro unconjugated compounds (248) and (249); 

MeO 

MeO 

(247) 

MeO 

(246) , ______ / (248) 

MeO 

(249) 

Scheme 21. 

(250) 

(251) 
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ootained by metal in liquid ammonia reduction of the 

l,2,3,4-tetrahydroisoquinolines (246) and (247) ai outlined 

in Scheme 21. These dienes (250 and 251) were exactly the 



type vie required if ring-A bridged isoquinolines were to 

be obtained by Diels-Alder addition to dienes in which 

ring-B of the isoquinoline was already formed. Furthermore 

(252) 

OR 

o 
" (/"R'-

I> 

e 
H 

(252) 

----11>0 

Scheme 22. 

(253 ) 

7' 
NMe 

(254) 
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incorporation of a I-benzyl group into the hexahydroiso­

quinoline moeity (250) or (251) \vould permit Diels-Alder 

condensation to afford. bridged ring-A I-benzylisoquinolines 

of type (252) or (253), of which (252) could possibly be 

progressed to the morphinan (254) scheme 22 • 

vie therefore set out to examine Diels-Alder 

cycloadditions to the conjugated 6-methoxydiene (250). 

Later we studied the synthesis of the I-benzyl analogues 

and their Diels-Alder behaviour. 

A likely course of the cycloaddition of (250) 

with a vinyl ketone is shown in scheme 23 and compared 

with the knovm reaction of thebaine. 86 The stereochemistry 

shown in (256) would probably be the favoured outcome since 

its formation \vould permit optimum orbital overlap in. the 

transition state - the so-called "secondary effect" in 

Diels-Alder reaction235 - not possible in that leading to 

(255). This assumes regioselectivity as observed for the 

thebaine case, i.e. th~ acyl ~unction results at position 

7 and not position 8 in (56/257). Diels-Alder adducts 

obtained in this fashion (255) and/or (256) could afford 

carbinols (258) structurally analogous to the 6,14-endo­

etheno-carbinols (57) mentioned earlier. 

MeO 

/c~ 
R 0 

(255) 

or 

(256) 

R'MgX 
-------11> 

- I 
HOt><;;-dR 

R 
(57) 

HO-C-R 
I 

I (258) 
R 
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" ("R 
-----:> 

° A 11 R 

-
H 

Scheme 23. 

MeO 

0:\ 
"c 

I 
R 

0" "" 'c' 
I 

(255) 

R (256) 

/c~ 
·R ° 

(257) 

-
/c::::. 

R 0 

(56) 
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(A) Synthesis of Hexahydroisoquinolines. 

Narchant and Pinder236 had previously carried 

out the Birch reduction of l,2,3,4-tetrahydro-6-methoxy-

2-n:ethylisoquinoline (246) with sodium and methanol in 

liquid arrmonia; they hydrolysed the crude product without 

isolating the pure hexahydroisoquinoline. We obtained 

l,2,3,4-tetrahydro-6-methoxy-2-me-thylisoquinoline as 

indicated in scheme 24 , based on Harchant and Pinder' s236 

approach. 

MeOOCHO MeO 
" MeN0

2 
~ NO, 

(165 ) (166) \~lH4 

MeO MeO 
CB

2
0 (20010 ) 

<: 

(167) 

20010 BCl 

MeO MeO 

(259) (246) 

Scheme 24. 

However, we found that the nitrostyrene (166) 
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could be more conveniently synthesised by the method of 

Grewe·et.·~1.179a (cf. earlier p. 82 ). Harchant and Pinder 

condensed 3-methoxybenzaldehyde with nitromethane in the 

t d b G 11 d d v , d 237, th manner repor e y u an an 1r en ln e presence of 

methylamine hydrochloride, anhydrous sodiurn carbonate and 

absolute ethanol for 48h at room temperature. Grewe 

. ·et·.al. 179a obtained the same ni trosty~ene (166) in 71% 

yield by condensation of 3-methoxybenzaldehyde with 

nitromethane in the presence of ammonium acetate and gla~ial 

acetic acid for 3h at l30oC. Lithium aluminium hydride 

reduction of (166) is best carried out with the nitrostyrene 

placed in a soxhlet thimble. 179b 

Birch reduction of the 6-methoxy compound (246) 

with Na/MeOH/liq. NH3 proceeded smoothly, according to the 

method of Crabb and Wilkinson,234 ~nd Marchant and Pinder
236 

and the unconjugated diene (248) was obtained as a colourless 

oil. It shows no u.v. absorption above 220nm and bands i.n 

the infrared spectrum at 1670cm-l and l705cm-l due to the 

d 'h d '1 l88a,24l Th ·t (F'-) 1 Y roan1so e system. e n.m.r. spec rum 19. ~ 
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exhibits O-methyl and N-methyl singlets at 03.50 and 2.24 

respectively, and a broad singlet at 04.52 corresponds to one 

olefinic proton. 

MeO MeOv~ 
Na,liq.NH3 11 11 I 
--M~e=O=H~~~~~NMe 

(246) (248) 

As mentioned earlier the absence of clearly split 

signals for the olefinic protons appears to be a not 

uncommon characteristic of such dihydroaromatic systems, 

only broad signals often being observed. This phenomenon 

has also been reported by Crabb·et.al. 234 The formation of 

the diene (248) is analogous to the Birch reduction of the 
'.., .. 

carbocyclic analogue 6-methoxytetralin vlhich yields 



Fig.5. 90 MHz n.m.r. spe~trum of the hexahydroiso­

guinoline (248). 

_. 
" 

........ 
," , . ,., ,,~ 
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1,2,3,4,5,8-hexahydro-6-methoxynaphtha1ene. 177 ,187,238 

Isomerisation of the diene (248) was carried out 
. th t .. t 1 . - .. t' 1 1 '1 1 229 ,230 b h WJ. po assJ.um -amy OXJ.ue J.n -amy a co 10 y t e 

method of Crabb-and Wilkinson. 234 The diene (248) being 

heated at 1000C over a 4h period. We found that when t.he 

isomerisation was carried out under a nitrogen atmosphere no 

aromatic material was observed in the isoffierisation mixture 

as shown by the n.m.r. spectrumi the conjugated diene 

olefinic proton appeared at 04.62 and that of the 

unconjugated compound at 04.52. The·infrared spectrum of 

the isomerisation mixture shmved strong bands at l675cm-l 

and l620cm -1 indicating the presence of the conjugat.ed 

1,3 diene (250) .188a The estimated composition of the 

isomerisation mixture from the n.m.r. integrals was ca 75% 

conjugated diene (.250) and 25% unconjugated diene (248). 

The progress of the isomerisation was monitored by u.v. 

spectroscopYi the conjugated diene (250) showed an 

absorption maxima at Amax 272nm. [A calculated for (250) 
. 190 max 

by Woodward-Peiser rules is 279nrn.]. 

(B) Diels-Alder Condensation of 1,2,3,4,7,8-Hexahydro~ 

2-methoxy-2-ffiethylisoguinoline (250). 

1) With methyl vinyl ketone. 

124 

The isomerisation mixture containing approximately 

75% of the rnethoxy diene (250) \vas heated under reflux vlith 

methyl vinyl ketone for a pericx1 of 4-6h at 1000C. After 

removal of excess dienophilein vacuo distillation of the 

residue afforded a forerun of unchanged hexahydroisoquinoline 

(248) together with aromatic material (246). Then the major 

fraction consisted of a mixture of epimeric adducts (260) 

and (261), it .was estimated from the n.m.r. spectr'um of the 

mixture that the two isomers (A and B) were present in the 

approximate ratio of 2:3. 
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O=c 
I 
Me 

(260) (261 ) 

A separation of the epimeric adducts (260) and 

(261) was achieved by column chromatography over neutral 

alumina using light petroleum and ether as eluents. The 

first component to be eluted, (A), was obtained as a liquid 

and the second component (B), as a crystalline solid (m.p. 

3SoC). The infrared spectrum of both isomers showed a 

strong band at l7l0cm- l (C=O). The n.m.r. spectra include 

singlets representing one olefinic proton, the N-methyl 

group, the O-methyl group and the acetyl methyl group. 

Components A and B were assigned theexo andendo 

stereochemistry (260) and (261) respectively (see discussion 

p. 131 ) . 

2) Wi th phenyl vinyl· ketone. 

A mixture of adducts was similarly obtained by 

heating the methoxy diene (250) with freshly distilled 

phenyl vinyl ketone in refluxing benzene for 6-8h. 

Distillation of the viscous oily product afforded a mixture 

of epimers (2ti2) and (263) in the ratio-.of ~. 2:3. 

MeO 

(262) (263) 



Separation of the mixture of adducts was achieved by 

preparative thick layer chromatography on alumina plates 

with petroleum ether, diethyl ether (50:50) as eluent 

solvent. The exo adduct (262) was the least polar 

component and theehdo adduct (263) was eluted as the more 

polar component of the mixture. The infrared spectra of 

the prepared adducts (262) and (263) show a strong band at 

1680cm-l (C=O stretching in an aromatic ketone). The u.v. 

spectra show absorptions at A 210( ,14000); 245(15,000) 
. max 239 

and 280nm (1,800) [A for acetophenone = 243nm J. The . max 
n.m.r. spectra include singlets representing one olefinic 

proton, the· O-methyl group and the· N-methyl group. The exo 

adduct (262) was characterised as its methiodide (m.p. 250-

251o C) and the ehdo adduct (263) as its picrate [m.p. 212°C 

(dec) J . 

3) With N-phenyl' In:aTe'imide. 

On heating the isomerisation mixture containing 

the conjugated methoxY,diene (250) with N-phenyl maleimide 

in refluxing toluene a mixture of isomeric adducts (264) 

and (265) was obtained after column chromatography over 

neutral alurnina. 

MeO 

+ 

(250) 

(264) 

o 
11 

eN-Ph 
..,/ 
I i o 

(265) 
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The mixture of adducts could not be separated 

into the analytically pure epimers by column chromatography 

nor by fractional recrystallisation of a mixed picrate salt. 

The infrared spectrum of the mixture of adducts showed a 
" -1 

strong "carbonyl absorption at 1710cm together \vith a 

weaker absorption at 1775cm-l indicative of the succinimide 
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structure 2. 40,241 h 
The nmr spectrum sowed N-methyl resonances 

together with singlets for the olefinic protons of both 

isomers. 

4 ) Wi thother di"en"ophile s • 

(a) Wi th p-benzoquinone "(A) • 

No expected Diels-Alder adduct was isolated when 

the conjugated methoxy diene (250) was heated under reflux 

with p-benzoquinone in benzene. Extensive aromatisation of 

the diene (250) occurred to afford aromatic material. 

Quinhydrone structure was also obtained suggesting that the 

p-benzoquinone was dehydrogenating the diene rather than 

undergoing Diels-Alder addition. 

(b) With Co"umarirt" (B) • 

Extensive periods of reflux of the conjugated 

diene (250) with coumarin in xylene yielded no isolatable 

Diels-Alder adduct; only aromatised diene and coumarin were 

obtained. 

(c) With anisylidene acetone (C ). 

Extensive reflux of the conjugated diene (250) 

'h 'I'd t 242, 1 d'd t 'Id Wlt anlsy J. ene ace one ln xy ene 1 no Yle any 

Diels-Alder cycloadduct; aromatised diene and anisylidene 

acetone being the only compounds isolated. 

(d) With tetracyanoethylene" " (T. C. N .E.)" " (D) • 

When the conjugated methoxy diene (250) was heated 

under reflux with T.C.N.E. in both tetrahydrofuran and 

benzene and the resultant dark oily product chromatographed 

on neutral alumina a bright pink band was seen to pass down 

the column and was eluted and obtained as a crimson oil. 



Infrared analysis indicated the presence of conjugated 

diene (250) and a weak nitrile absorption at 2200cm-l • 

The n.m.r. spectrum was identical with the starting 

isomerisation mixture. The mass spectrum confirmed that 

the diene (250) was indeed present and no molecular ion 

for the expected adduct was seen. It-is considered that 

some form of charge-transfer complex had been formed 

perhaps involving the tertiary amine lone-pair as donor 

and the dienophile as acceptor which could not be 

progressed to a Diels-Alder adduct. 

(e) With 4-phenyl-"tri"a"z"oTin"e'-)",S'-dio"ne" "(P.T.A.D'-) (E) • 
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Addition of P.T.A.D. (generated by oxidation of 

4-phenylurazole with t-butyl hypochlorite243 ) in methylene 

chloride to the conjugated methoxy diene (250) at -30oe 
resulted in rapid decolourisation of the deep-red triazoline 

dione solution. After work-up a tan-coloured amorphous 

solid was obtained. Spectroscopic analysis showed that no 

expected Diels-Alder adduct was present and polymerisation 

appeared to have occurred. 

(f) With dimethyla:cetylenedicarboxylate" (D.M.A.D.) (F). 

When the isomerisation mixture containing the 

conjugated diene (250) was heated with D.M.A.D. in toluene 

at 500 e for 24h a tan coloured oil was obtained which was 

shown by t.l.c. and spectroscopic analysis to be starting 

materials, no Diels-Alder adduct was obtained. 

o 
11 

o 
11 o 
(A) 

NC)(N 
NC CN 

(D) 

(B) 

o 
11 
N~ 
11 N-Ph 
N~ 

I1 o 
(E) 

MeO 

(c) 

(F) 

Me 



It ~'lou1d seem from the lack of react.ivi ty of the 

diene (250) with dienophi1es (A), (D), (E) and (F) that 

both the steric bulk of the dienophi1e and the presence of 
r 
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the tertiary amine function play a part in preventing the 

formation of a cyc1oaddition product. In general, the 

Die1s-A1der reaction is reversible, and in the case of steric 

hindrance to addition, as here equilibrium clearly lies on 

the side of dissociation. A.J.Birch and co-workers225 have 

reported that the Die1s-A1der addition of benzoquinone CA) 
to the hexahydronaphtha1ene (266) gave the adduct (267) in 

rather poor yield·· (ca. 6%), the adduct TtlaS not obtained 

analytically pure but was rearranged under acid conditions 

to the benzofuran (268). 

(266) 

o 
11 

Q g 

benzene, reD ux /. 
° 0/ 

(268 ) 

(267 ) 

5) Stereochemical and Spectroscopicaspects. 

The terms exo andoendo are used here and 

throughout this discussion to designate epimeric Die1s­

Alder adducts and have the' same stereochemical connotation 

as for theexo and endo-bicyc1o[2.2.2]-oct-2-enes (269) 

and (270) respectively. 



H exo 

H 'R 
endo endo 

(269) (270) 

In the' 'exo- and' endo-adducts, the substi tuent --.. 

(R) is respcctivelycis- and 'tr'ans- to the ethano bridge. 

The alternative symbols a and B are also employed to 

indicate endo- and ~- dispositions relative to the C=C 

double bond by analogy with the terminology used for the 

thebaine adducts (cf. Introduction p.28 ). 
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The n .m.r. spectra of the' ketones ('260) and (261) 
. ' 

show features analogous to those reported for the carbocyclic 

exo- and endo-adducts, (234) and (235).230 

RO H 

, If 
~ 

(234) (235) 

The ethyl esters, (234; R=Et) and (235; R=Et), 

showed olefinic proton resonances at 85.78 and 5.67. The 

corresponding methyl esters showed methyl signals at 03.64 

and 3.53. The high field signals (85.67 and 3.53) were 

assigned to the endo- isomers since shielding of the methyl 



protons by the double bond, and of the vinyl proton by the 

b 1 t · . t d 230 car ony group were an lClpa e • 

The stereochemistry of the cycloadducts with 

methyl vinyl ketone 'l,vas assigned on the basis of p.m.r. and 

a study of molecular models. In the 'ehdo- isomer (261) the 

acetyl methyl group is able to come closer to the C=C than 

when the acetyl is 'exo (260). During free rotation of the 

endo-acetyl the methyl group spends more of its time in the 

shielding zone of the C=C than in the deshielding zone. 

Hence we allocate 82.10 to the'endo-acetyi methyl and 82.23 

to the exo-acetyl methyl. 
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Similarly the C-5 olefinic proton is closer on 

average to the' endo carbonyl than the' exo carbonyl. During 

the free rotation of theendo-,acetyl carbonyl group, the 

olefinic proton vlill spend more of its time in the C=O 

shielding zone than in its deshielding zone. Hence we 

assign 85.86 to the olefinic proton of the endo-isomer (261) 

and 86.02 to that of the exo-isomer (260). These 

independent assignments tally with the spectra. 

Furthermore the chemical shift and splitting 

pattern of the C-7 protons was in agreement. In structure 

(~60) the C-7 acetyl group is 'exo and the C~7 proton i's 

endo. In this position the C-7 proton is more shielded by 

the c=c than when it isexo. We therefore allocate the C-7 

2.23 

(260) (261) 

exo isomer endo isomer 



·exo proton to the 63.02 signal and the C-7 endo proton 

the 62.91 signal. This effect has also been shown to be 

present in the spectra of biCyclO[2,2;2]octenesl02 ,244,245 

and bicyc-lo [2.2 .. 1] heptenes. 246 
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'l'he n.m.r. signal for the C-7H in each isomer 

appears as a quartet with further fine splitting (J~1.5Hz) 

evident in the case of C-7Ha in (26~. This fine splitting 

is likely to be due to long-range coupling, through bond? 

k ' 1 247 h ' ( ) ma lng a p anar-W, to t e C-lO Ha ln 26.0. No similar 

W is present in (261). 

The C-7 Ha quartet in (260) results from apparent 

coupling of J7a,8all.5HZ and J 7a ,86 4.5Hz, the larger values 

in accord with a dihedral angle about 0 0 (Karplus 

equation) .248 In (261) the C-7H6 quartet shows apparent 

coupling of J 76 ,86 9Hz, J 76 ,8a 6Hz. These may not be the 

true values of the coupling constants since the H7 8a HS 

system may be of the ABX type rather than AMX. Unfortunately 

the AB (or AM) region cannot be examined because the H8a 

and H86 proton signal~ are obscured by an envelope of other 

proton signals. 

The above figures are summarised in Table 1. 

In the phenyl vinyl ketone adducts (262) and (263) 

similar features are shown. Long range coupling of the 7aH 

was again observable for one isomer only, i.e. the exo­

isomer (262). Also the proton was more sl)ielded than the 

76H in (263), and so was the C-5 olefinic proton in the 

endo-isomer (263) compared with that in (262) (see Table 1). 

The n.m.r. spectrum of the maleimide adducts (26~) 

and (2"65) showed singlets attributable -to an· N-methyl group 

at 02.36 t\A10 Q.-methyl singlets at 03.54 and 3.51 and two 

broad olefinic singlets at 06.12 and 5.95. The signal at 

06.12 was assigned to the exo-adduct (~64) and that at 5.95 

to the endo-adduct (265) shielding of the C-5 olefinic 

proton in the endo-adduct (265) by the carbonyl group at 

C-7 being analogous to the ketone adducts previously 

discussed. In addition the C-7 Ha and C-8 Ha protons in 

the ~-adduct (264) appear as a pair of doublets (J 9Hz) 

at 02.85 and 03.15 and the C-7 H6 and C-8 HB protons 



TABLE 1 

IS0r.1ER No. 

7B(exo) 260 

7C1. (endo) 261 

7S(exo) 262 

7C1. (endo) 263 

-------~---~----

N.m.r. data for isomeric ketone adducts. 

7 B-epimer (exo) 

R I % H-7a H-76 H-S 

Me 38 02.91 - 06.02 

He 62 - 03 •02 1 oS086 

Ph 32 03.S6 - 06.03 

Ph 67 - 03.76 OS.83 

COR J.., 8 
I CI., Cl. 

02.23 110SHz 

02.10 -

01, P 0 
1200Hz 

7.2 8.08 

7.33 7.8S -

o 
11 

7C1.-epimer(endo} 

J 7B ,8S J 7C1.,8B J 7B,8C1. 

- 4.SHz -

9Hz - 6Hz 

- 4Hz -

90SHz - . 6Hz 

J 7C1.,10Cl. 

I.SHz 

-

I.SHz 

-
I-' 
W 
W 



in the endo-adduct (265) also as a pair of doublets 

(J 9Hz) at o~ .35 and 03.20. The higher field pair of 

doublets assigned to theoexo-adduct due to shielding of 
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the endo protons by the C=C double bond. In this case it 

was observed that the exo:endo product ration viaS 50:50. 

This is in contrast to the higher proportion of the endo­

adducts obtained from the ketones already discussed (i.e. 

62% endo from M.V.K. and 67%endo from phenyl vinyl keton~). 

This was attributed to the unfavourable 1,3 type interaction 

the maleimide carbonyl would experience, particularly with 

the heterocyclic ~1e or N lone-pair, when approaching to 

give the (normally preferred) endo stereochemistry: 

(264) (265) 

Following our successful syntheses of the Diels­

Alder adducts a paper appeared in the literature by 

T.A.Crabb and J.R.Wilkinson249 in which they reported 

carrying out one reaction identical with ours namely the 

Diels-Alder reaction of the 6-methoxy-diene (250) with 

methyl vinyl ketone. They obtained theexo andendo 

ketones (260) and (261). Spectroscopic data showed very 

close agreement with our data and their conclusions 

regarding stereochemical assignments also agreed with ours. 

They had not studied the cycloaddition of phenyl vinyl ketone 



nor the other dienophiles we have described above. However, 

in addition to using methyl vinyl ketone they also 

succeeded in cycloadding ethyl acrylate and acrylonitrile. 

They had also effected similar Diels-Alder reactions with 

the 7-methoxy diene (271) as depicted in scheme 25. 

o=c 
I 

Me 

MeO 

o 
11 

ri"OEt 

NMe~ 
(250) 

(271) 

Scheme 25. 

o==c 
I 

OEt 

An acid-catalysed ring opening of (261) to (272) 

reported by Crabb and Wilkinson
249 

confirmed the acetyl 

group was a C-7 and not at C-8. 

-------'~ 

(261 ) (272) 
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Acid-catalysed rearra!lgements of a similar type 
3\ 4-

have previously been observed \'li th some thebaine adducts . 

and with adducts of 1,3-dihydrcanisoles and methyl vinyl 

ketone. 227 Further acid treatment of (272) gave the two 

diastereoisomeric hydroxy compounds (273) and (274) 

arising via intramolecular aldol condensation. 

Me 

OH Me 

(273 ) (274) 

The axial alcohol (273) readily dehydrated to 

afford the dehydration product (275); the equatorial 

alcohol (274) proved resistant to similar dehydration 

conditions. 

(275) 
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(C) Addition of the elements of Ketene to the 

hexahydroisoquinoline sy~tem. 

Addition of the elements of ketene, CH
2

=C=O, 

to l,2,3,4.,7,8-hexahydro-6-methoxy-2-methylisoquinoline 

would, assuming the usual regiospecificity, provide a 

6,8a-ethano-bridged isoquinoline (276) with a ketone 

function at position 7. 

(276) 
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However, addition of ketene itself to conjugated 
250 dienes proceeds by l,2-cycloaddition and not the l,4-mode. 

H H 

o 1,2 

This problem has been overcome by using 2-chloro-

1 ' , 1 2 1 't '1 251 f 11 d b acry onltrl e or -acetoxyacry onl rl e, '0 owe y 

hydrolysis of the resultant adducts. Examples are shown 

below: 

o + 
AeO 

eN 

~ 
ref.252 



~--------------~------------------------~--------137a 

+ 

+ 

eN· 

NC Cl 

11 
---b- CL 

CN 

OAc 

+ Ne 

+ 

ref. 253 

KOH, H20 
----..::;-D- rb o 

(277) 

+ 

OH 

H02C (278) 

. Y" o 
(279) 

+ 

ref. 254 

H02C (280) 

ref. 254 



D.J • Brown and cO-\Alorkers
255 

synthesised a series 

of bicyclic ketones by hydrolysis of the corresponding 

chloronitrile adducts with DMSO-KOH. They also reported 

an alternative synthesis of the chloronitriles by 

chlorination of the corresponding acrylonitrile adducts 

with phosphorus pentachloride in pyridine e.g. 

PC1S 
---------.<t> 

pyridine Ne 
c~ 

/ KOH/DHSO 

cf" 
(279) 

It is interesting to ,compare the results of 

Paarsivirta and Krieger (ref. 254), equation above, with 

those of Brown'et'.al. 255 for the bicyclic ketones (277) 

and (279). The conditions employed by th~ former workers 

(aqueous potassium hydroxide) for the conversion of the 

a-chloroni tr ile to the ketone \'lould be expected to favour 

a larger SNljSN2 ratio than under those employed by Brown 

et. al. (DHSO-KOli), which should favour a bimolecular 

displacement of chloride by hydroxide. This argument is 

based on the known ability of DMSO to enhance the 

nucleophilicity of anions, relative to reactions in protic 
. 256 solvents, and is born out by the isolation of the 

138 

hydroxy acids (278) and (280) by Paar sivirta and Kr ieger 

and by the high yields obtained for ketones (277) and (279) 

obtained by Brown et. al. 
In their synthesis of,prostaglandins E.J.Corey 

and co-workers257 synthesised the key intermediate bicyclic 

ketone (283) via Diels-Alder condensation of the substituted 

cyclopentadiene (281) with 2-chloroacrylonitrile followed by 



subsequent hydrolysis of the chloronitrile adduct (282) 

with DMSO-KOH. 

CH~OMe 
ClyCN {) ~ 

CN 

(281) (282) 
C~ 
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H MeOCHz 
KOH/DNSO 

5
Me 

(284) (283) 

eorey et.al. "found that the Diels-Alder 

condensation was catalysed by dry cupric fluoroborate which 

allowed the reaction to proceed at ·ooe in >90% yield without 

appreciable concurrent isomer is.ation of the cyclopen tadiene 

(281) to the more stable isomer (284). 

It was of interest to us to explore the 1,4 

addition of a ketene equivalent to the conjugated methoxy 

diene (250) since the resultant bicyclo ~.2.2Joctenone 

derivative (?76) not only would be of interest itself 

pharmacologically but could give entry into novel 

7-substituted-6,8a-ethanobridged isoquinolines. Grignard 

reaction of the ketone (276) could afford carbinols (285) 

which could be evaluated for pharmacological activity. Also 

of interest would be the preparation of "the 7-amino compound 

(287) via the oxime {286} which bears some resemblance to 

the bridged aminotetralin agonist-antagonist series of 

analgesics developed recently by vlyeth laboratories
258 

and 

. typified by the general stl;ucture (288). 
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(288) 



_ Cl} Diels-Alder reaction of 1,2,3,4,7, 8-hexahydro-6-

methoxy-2-:Omethylisoquirioline with" KeteneequiValen"ts. 

Initially we investigated the Diels-Alder 

condensation of 2-acetoxyacrylonitrile to the conjugated 

diene (250). Since 2-acetoxyacrylonitrile was not 

cormnercially available 'v'le synthesised it from 

chloroacetaldehyde by the method of Nowak. 251 The freshly 

distilled 2-acetoxyacryloni trile viaS employed directly in 

the Diels-Alder condensation with the conjugated diene (250) 

in the absence of solvent at 1000C and in benzene under 

reflux. However, in both cases only a black viscous tar 

was obtained from which no pure products could be isolated 

and none of the expected Diels-Alder adduct (290) was seen 

to be present; extensive polymerisation of the reactants 

appeared to have occurred. 

AcO 

(290) 

The Diels-Alder condensation of the methoxy 

diene (250) with 2-chloroacrylonitrile was carried out by 

three methods. 
" 0 

The methoxy diene viaS heated at 100 C with excess 

2-chloroacrylonitrile together with a trace of phenothiazine 

for 6 hours. The inclusion of phenothiazine was recommended 

by D.A.Evanset.al. 259 and acts as a stabiliser. 

r7pS10 
~N~ 

H 

Phenothiazine 
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,-------------------------------------- -~-~ 

(2) The diene was heated under ,reflux in benzene with 

2-chloroacrylonitrile for periods of 6-24h. 

(3) The diene was stirred at room temperature with 

2-chloroacrylonitrile in anhydrous tetrahydrofuran in the 

presence of dry powdered cupric fluoroborate as catalyst 

for 12h. 

142 

Method (1) produced excessive amounts of intractable 

tarry material which made product purification difficult.­

Methods (2) and (3) produced satisfactory amounts of the 

required chloronitrile adduct. The most productive method 

of synthesis involved dropwise addition of the die'ne dissolved 

in anhydrous benzene to 2-chloroacrylonitrile (5H equiv.) in 

refluxing benzene together with a trace of phenothiazine and 

heating the resultant mixture under reflux in a nitrogen 

atmosphere for l8h. Removal of the benzene and excess' 

dienophilein' VaC'uo and column chromatography of the 

resultant dark oily mass over neutral alumina eluting with 

petroleum ether and diethyl ether afforded a high yield (80%) 

of the chloronitrile,apduct as a mixture of epimers ratio 2:1 

differing in exo-endo orientation of the cyano and chloro 

,groups. The epimers were assigned the structures (291) and 

( 292) • 

Meo~ 

Ct~~NMe 
.::: 

Cl CN 

(291 ) (292) 

Recrystallisation of the mixture of epimers from 

diethyl ether/light petroleum resulted in their 

co-crystallisation m.p. 98-l00oC. The co-existence of 

epimers within the same crystal structure has also been 

reported by S.W.Pelletier et.al. 260 Separation of the 

exo-nitrile(29l) and th~ endo-nitrile (292) could not be 



achieved by chromatography or by repeated crystallisation. 

However I a separation was accidentally achieved by virtue 

of the different rates of hydrolysis of the epimers, which 

is discussed below. The infrared spectrum of both the 

prepared adducts showed a sharp nitrile absorption at 

2250cm-l and C=C double bond at 16S0cm- l • 
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The 90MHz n.m.r.spectrum of the mixture of adducts 

(291) and (292) shows singlets at 03.5 and 2.3 assigned to 

the O-methyl and ,!i-methyl groups respectively. The olefinic 

region showed two signals at 6S. 9 and 6.06 in the ratio', of 

2:1. The olefinic signal at 6S.9 was assigned to the exo­

nitrile endo-chlorine adduct (291) and that at 66.06 to the 

endo-nitrile' exo-chlorine adduct (292). Unlike the endo­

ketone adducts discussed earlier (cf. p.131), the endo­

nitrile (292) gives a C-S olefinic signal at slightly lower 

field than theexo-isomer (291). The C=N group in the 

~-nitrile adduct (291) exerts a shielding effect on the 

olefinic proton (65.9) but has virtually no effect on the 

olefinic proton in the endo~nitrile (292). The shielding 

cone of the C=N triple,bond has its axis common with that of 

the C=N bond (ie. the converse of the situation with a double 

bond) • 

endo 
exo 

6.06 

(291 ) (292) 
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Similar shielding of olefinic protons byexo-nitrile 

groups in related 6,8a-ethano-bridged isoquinolines has been 

observed. 249 The effect of the 7a-chlorine atom in (291) and 

the 7S-chlorine atom in (292) is not clear since it has not 

been established in model compounds. J.VV.Lewis· e-t.a1. 26l 

have shown that the alkaloid thebaine reacts readily with 

2-chloroacrylonitrile to give a 4:1 mixture of epimeric 

adducts (293) and (294). The n.m.r. spectra of these adducts 

did not permit an assignment of stereochemistry at C-7 since 

in both there is an appreciable downfield shift of the signal 

due to H-5S. 

(293) 

I 
NMe 

(294) 

Structures of the epimeric adducts (293) and (294) 

were assigned from consideration of the spiroaziridines (295a) 

and (296a) formed by reduction of the chloronitriles with 

lithium alumini~m hydride.
262 

Cyclisation is stereospecific 

and results in inversion of configuration at the spiro-atorn~63 
The n .m.r. spectra of the aziridines were similar but those of 

the p-chlorobenzoyl derivatives (295b) and (296b) showed a 

number of differences, from which it was established that the 

az ir idineder ived from the more abundant chloroni trile epimer 

had structure (295). The 7a-chloro-7S-cyano-structure (293) 

was thus- assigned to this adduct; 



(295) (296) 

ai R = H bi R = P-CIC
6

H
4

oCO' 

As was found to be the case with thebaine,261 

we found that the most abundant epimer was the 7a-ch1oro-

7S-cyano adduct (291). It is known 264 ,265 that alkyl or 

halo groups adopt theendo position in preference to the 

carboxyl group. B.C.C.Cantello and J.M.Mellor 266 have 

also shown that halo groups adopt the 'endo position in 

preference to the carbomethoxy or cyano group. Although 

it may be argued that the important factor controlling the 

stereochemistry of addition of 2-alkylacrylic acids to 

d · 265. t .. ... t h b d h 1enes 1S s er1C 1n or1g1n 1 as een propose t at 

with halogen substituted olefins the stereochemical control 

is largely electronic. 266 In just the same way that 

multiple bonds stabilise the endo transition state relative 

to the exo by secondary orbital interaction,235 halogen 

atoms may more effectively stabilise the ehdo route by 

mixing of the non-bonded electrons. 
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(2) Base-catalysed hydrolysis of the prepared chloronitrile 

adducts". 

The hydrolysis of the chloronitrile adducts to the 

bicyclo[2.2.2]octenone derivative (276) was next investigated. 

\'illen the mixture of adducts vIas heated in DMSO-KOH for 

periods of up to 48h at lOO?C, t.l.c. indicated mainly 

starting material and ·two new compounds. They could not be 
-1 

obtained pure. Infrared analysis showed a peak at 2250cm 

(C=N) due to starting material and another weaker peak at 



-1 -1 
2210cm • A small peak at 1730cm was also apparent but 

was very weak. It was postulated on this evidence that 

the mixture contained unchanged starting chloronitrile 

together with a small trace of desired ketone and the a,S 
unsaturated nitrile (297) arising via elimination of HCl 

rather than nucleophilic substitution. 

(297) 

Gregson and Mirrington267 report that hydrolysis 

of chloronitrile adduct (298) with DMSO-KOH under the 

conditions quoted by Brown' et.al. 255 resulted in the 

recovery of the adduct (298) unchanged. However, upon 

heating to 60o C, the bicyclic ketone (299) was obtained in 

31% yield together \·lith the nitrile (300) in 60% yield. 

Cl 

(298) 

CN 

DMSO-KOH ------.;.._ ..... > 
600 C 

(299) 
31% 

CN 

(300 ) 
60"/0 

They considered that failure of the hydrolysis was due to 

the methyl group sterically hindering substitution at C-2. 

In our case a methoxy group is in the equivalent position. 
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Since in our case the hydrolysis of the 

chloronitrile adducts was not occurring in the polar aprotic 

solvent (DfvlS0), which would favour an SN2 substitution of ' 

chloride, steric requirements of the bicyclo-octene system 

restricting the formation of a suitable SN2 transition 

state, it was reasoned that use of a pro tic solventi which 

would favour an SNl displacement of chloride could lead to 

a successful hydrolysis. Gregson and Mirrington267 



hydrolysed the adduct (298) by treatment with sodium 

sulphide in refluxing ethanol, a reagent combination that 

had previously been employed by Evans' et·.·al'.259 We 
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refluxed the chloronitrile adducts (291) and (292) with 

sodium sulphide in refluxing ethanol for 24h. The product 

obtained after ~lork-up was shown to be a complex mixture of 

five compounds by t.l.c. analysis and could not be purified 

adequately. The infrared spectrum of the mixture indicated 

a ketone absorption at 1730cm-l together with C=N absorption 

at 2220cm- l • Preparative thick layer chromatography on 

alumina plates was attempted, but no ketone (276) could be 

isolated. The only material that could be isolated was a 

small quantity of crystalline material which was shown by 

t.l.c. and n.m.r. analysis to be theexo-nitrile (291). 

The epimeric chloronitrile adducts obtained from 

the Diels-Alder condensation of 2-chloroacrylonitrile with 

thebaine (293) and (294) discussed earlier have been 

progressed to the 7-ketone (301) by refluxing with aqueous 
.l-h 1" ;:J" l-. d '"d 268 e,- ruLO l.C sOu.l.urn uy roxl. e. 

(301 ) 

\'men the epimeric chloronitrile adducts (291) and 

(292) were heated under reflux with aqueous ethanolic sodium 

hydroxide only a small quantity of an oil was obtained; t.l.c. 

analysis indicated one compound and no starting material \V'as 

apparent. 

The infrared spectrum showed a strong carbonyl 

absorption at 1730cm-l • 

We found the most favourable hydrolysis conditions 



were those employed by Rogers~t'.'~~. 269 for the conversion 

of the 2-acetoxyacrylonitrile adducts (302) to the ketone 

( 303) • 

---~ 
AeO 

eN 
(302 ) (303 ) 

When the chloronitrile adducts (291) anq (292) 

were heated in tetrahydrofuran with methanolic KOH for 6h 

an oil was obtained which showed a strong ketone band in 

the infrared at l730cm-l together with a sharp nitrile at 

2250cm-l . T.l.c. analysis indicated the presence of 

starting material together with a new compound, which was 

isolated pure as a pale yellm-l liquid after column 

chromatography over neutxal alumina. It gave a single 

peak on g.l.c., showed a strong carbonyl at l730cm~1 and 

had Amax 29'4nm (£,271), characteristic of an unconjugated 
* ketone with a double bond suitably placed for n-~ 

269 270 enhancement. ' The n.m.r. spectrum of the bicyclo-
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[2.2.2Joctenone derivative (276) showed an olefinic proton 

at 05.82 and a sharp methoxy at 3.45 and an N-methyl singlet 

at 2.30. 

3.45 

2.30 (276) 



The initial eluents from the column were shown 

to be theexo-nitrile endo chlorine adduct (291). This - .. 
suggested tha·t the'endo nitrile' 'exo chlor ine epimer (2~ 2) 

was undergoing hydrolysis to the ketone (276) but that 

under these particular reaction. conditions the'exo-nitrile 

(291) remained unchanged. 

Ne 

(291) 
reflux 

MeO 

(276) 

(292) 
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Examination of Drieding models of the respective 

chloronitrile adducts s~ggested that if some SN2 displacement 

was occurring the 6,8a-ethano bridge could exert some steric 

hindrance for the displacement of theendo-chlorine atom in 

(291) by hydrox'ide anion. Attack from the double bond side 

is more favourable i.e. with theexo chlorine in (292) see 

Fig. 6. Also some assistance to the loss of the ~ chlorine 

atom may be given by the double bond through neighbouring group 

participation. 



(291) ; X = CN, Y = Cl. 

(292) ; X = Cl, Y = CN. 

Fig.6. 

o 
~llien dioxan (b.p.lOl ) was substituted for 

tetrahydrofuran (b.p.65-67o ) as reaction solvent it \>laS 

observed that both of the chloronitrile adducts (291) and 

(292) underwent hydrolysis to the ketone (276); the higher 

reaction temperature facilitating displacement of the 

endo-chlorine by hydroxide. 

(D) Synthesis and Die1s-Alder reaction of N-formyl­

hexahydroisoquino1ines. 
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Morphinan formation by acid-catalysed ring closure 

of l-benzyloctahydroisoquinoli~es occurs in best yields with 

~-formYliSOquinolines.138 Yields· are markedly improved over 

those using N-methylisoquinolines. 

As models for the study of ring-A bridged 

benzylisoquinolines via (304) and (305) we eXillnined synthesis 

of N-formylhexahydroisoquinolines [e.g. (306)J, unsubstituted 

at position 1. 
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MeO 

OMe OMe 

(304 ) (305 ) 

MeO 

(306) 

We synthesised the 6-reethoxy-N-formyl-l,2,3,4,5,8-

hexahydroisoquinoline (306) by the route outlined in scheme 

26. Pictet-Spengler271. cyclisation of S-(3-methoxyphenyl)-

ethylamine afforded 6-methoxy-l,2,3,4~tetrahydroisoquinoline 

(307). Birch reduction of (307) with sodium in liquid ammonia 

MeO()~ ~ I . I· ( ~ ~ HCHO 
~ NH (11) HCl z 

MeO 

(306) 

MeO 

(307) ~a~liq.NH3 
,\eOH 

Mea 

(308 ) 

benzene or toluene 
reflux 

Scheme 26 



and methanol l 8.0 afforded the hexahydro secondary base (308) 

in good yield (90%). Formylation of (308 )\,las accomplished 
. 132 135 

with ethyl formate ' and the formyl compound (306) was 
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isolated as a crystalline solid (m.p.57-59 0 ). The infrared 

spec·trum of (306) showed the amide carbonyl absorption at 

l660cm-l together with peaks at 1670 and 1705cm-l due to the 

double bonds at the dihydroanisole system. 188a ,24l The n.m.r 

spectrum showed an olefinic proton at 04.63, a sharp methoxy 

singlet at 3.56, the protons at C-5 and C-8 appeared as a 

broad signal at 02.65. The signal due to the proton of ±he 

formyl group appeared as two peaks in the ratio.5:4 at 08.07 

and 8.14. This may be explained by assuming two different 

conformations for the planar amide group (a) and (b). This 

phenomenon is quite common in N-substituted formamides. 272 

Similar observations in the n.m.r. hav.e also.been previously 

reported for esters of substituted formamides 273 and the 

~-formy1phenylethylamine derivative (309) .274 

(a) 

MeO COl-Me 

(309) 

rrhe N-formyl compound (306) was heated for 4h at 

1000C in t-pentyl ·alcohol with potassium t-pentoxide (the 

iso~erisation conditions employed for the-N-methYl analogue234 ). 

'l'he u. v. spectrum of ·the product shovled the presence of the 

conjugated diene chromophore at A 272nm. The infrared 
. max -1 

spectrum showed two strong bands at 1670 and l6l5cm 
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-1 
together with a peak at 3300cm • The n.m.r. clearly showed 

the absence of a formyl proton resonance, and a one proton 

singlet at 02.2 which was exchangeable with D20 indicated NE. 

Cleavage of the formyl group had occurred during the 

isomerisation conditions. The presence of the conjugated and 

unconjugated dienes (310) and (308) was. confirmed by the vinyl 

proton resonances at 04.72 and 4.62 in the ratio' 'ca. 2:1. 

MeO MeO MeO 

+ 
(306) (310 ) (308 ) 

2 1 

The isomerisation is similar to that of unconjugated 

dihydroanisoles to conjugated products by potassamide or 

sodamide in liquid ammonia. 275 The cleavage of the formyl 

was not expected due to the bulky nature of the t-amylate 

group 

anion, 

however it must be acting as a nucleophile in order to produce 

the secondary amines (308) and (310). 

lATe sought for alternative isomerisation conditions 

for the isomerisation of the unconjugated N-formylhexahydroiso­

quinoline. It has been reported
276 

that potassium !-butoxide 

shows strongest basicity in the polar aprotic solvent 

dimethylsulphoxide (DHSO). In fact this combination is so 

active in formingcarbanions that temperatures may be lowered 

100-1500 C to obtain rates comparable to those obtained with 

the oxide in t-butyl alcohol. The reason for the high basicity 

in DMSO is that in protic or non-polar solvents t-butoxide 

exists as an aggregate vlherea.s in DMSO it is near monomeric. 

Crown ethers are also effective, acting as ligands for the 

cation. vJhen the unconjugated hexahydroisoquinoline (306) 

was isomerised with a catalytic amount of potassium t-pentoxide 

(freshly prepared from potassium metal and t-pentyl alcohol and 

dried at BO-lOOoC and O.lmm) in dry DMSO the conjugateddEne(311) 

was obtained together with the unconjugated isomer (306, ~. 



20-25%) as seen by the n.m.r. spectrum of the isomerisation 

mixture. The isorrerisation mixture: showed A 272nm and 
max 

MeO MeO 

------il> 

(306) (311) 

a strong band in the infrared at l620cm- l indicated the 

presence of the conjugated diene (311). The product from 

the isomerisation was freed of any excess DMSO by successive 

partitioning between ether and water and thoroughly dried in 

vacuo. 

Another isorr.erisation medium we employed was 

potassium" t-butoxide in d'imethylformamide. Upon addition of 

the unconjugated" !,:!-f:ormyl diene (306) to this medium at room 

temperature a deep orang~-red solution formed indicating 

carbanion formation. After 2h at room temperature and 

heating for 30 minutes at 100°C the solution was quenched 

into water. U.v. spectral analysis showed absorption at 

Am 245nm (E:, 7000) indicating he:t.eroannular conjugation as ax 
in structure (312). (Calc. A 240nm). In the n.m.r. , max 
spectrum two siItglets at 04.65 (sharp) and 5.20 (broad), 

representing two olefinic protons, are respectively assigned 

to the C-5 and C-4 protons of structure (312). 

g 

(312 ) 
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Birch et.al. 277 have obtained exocyclic conjugated 

dienes with relatively low u.v. extinction coefficients 

(£ < 6000), by isomerising various unconjugated 3-alkyldihydro­

anisoles with sodamide in liquid ammonia. Crabb and 

Wilkinson234 have also observed that isomerisation of compound 

(248) with potassamide in liquid ammonia gave a complex mixture 



of products. The major product being the conjugated diene 

(250) and one of the minor compounds the heteroannular 

conjugated compound (313) which showed A 245nm (c, 7100). max 

MeO 
~I 

NMe 

(248) (250) (313 ) 
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The heteroannular diene (312) can arise by further 

isomerisation of the homoannular diene (311) as shown below. 

The isomerisation mixture containing Ca. 75-80% 

of the conjugate diene (311) obtained as described above 

with potassium' !:,-pentoxide in anhydrous DMSO was employed 

directly in Diels-Alder condensation with methyl vinyl 

ketone. The reactants \",ere heated at 1000C on the steam 

bath in the presence of hydroquinone as stabiliser. After 

removal of excess dienophilein VaCuo and column 

chromatography of the resultant residue over neutral alumina 

the epimeric Diels-Alder adducts (314) and (315) were 

obtained. 



o 
H~Me 

H"fiH(1Mj 
HOMe 

(314 ) 

H 

o 
It 

(315 ) 

The·exo-adduct (314) was eluted first from the 

column and crystallised : recrystallisation from diethyl 
o ether afforded colourless rhombs (m.p.116-llB C). The 

endo-adduct (315) also crystallised (m.p.125-l27 oC). The 

'endo-ketone was the most predominant product ina ratio 

endo : exo = 2.3:1. The infrared spectrum of the prepared 

adducts showed strong carbonyl peaks at l660(amide C=O) and 
-1 l7l0cm (acetyl C=O). The n.m.r. spectra of the N-formy1 

ketone adducts, Figs.7 and 8. display features in common 

with those discussed earlier for the ~-methyl compounds. 

In particular the acetyl methyl resonance for the endo-

ketone occurs at higher field (02.16) than that of the exo­

ketone (02.28). This observed shielding is attributed to 
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the anisotropy of the 4a,5 double bond. The C-5 olefinic 

proton in the ~-adduct (314) resonates at 06.12 and that of 

the endo-adduct (315) at 05.BB. Shielding of the C-5 

olefinic proton in the endo-adduct by the carbonyl group at 

C-7 occurred in a similar manner to that discussed earlier 

for the !!-methyl analogues. The C-7 Ha. in theexo-ketone 

resonated as a broadened quartet centred at 02.92 (J7a.,Ba. 

11Hz and J 7a., B 85HZ ). The C-7 HS ·in the· ·endo-ketone appeared 

as a triplet at 03.07 (J7S ,BS= J7S,Ba.7.5HZ) •. The quartet for 

the C-7 Ha. proton of the exo-ketone also showed fine splitting 



I 
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(314) 

I 11 

C-5H 
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~-------------------------------------------------------------------~~--------------------~-----------------------

TABLE 2 N.m.r. data for epimeric adducts of thebaine with methyl vinyl ketone and acrylonitrile 

compared with those for the adducts (314) and (315) from N-formy1-1,2,3,4,7,8-hexahydro-

6-methoxyisoquino1ine with methyl vinyl ketone. 

7 B -epimer (exo) 70:-epimer (endo) 76 (exo) 7a. (endo) 

from thebaine from thebaine (314) (315 ) 

'fhebaine 
R C-7ho: C-7HB C-18H J J 7S ,8B J J J 7B ,18 epirr,er 7a.,8a. . 7a.,8S 713,80: 

78 COMe 62.69 - 66.04 .13.9Hz - 6.5 .0Hz - -.. 

70: . CONe - 02.90 65.85 - .9.7Hz - 6.5Hz .<0.2Hz 

713 CN 62.79 - 65.90 11.2Hz - 3.6Hz - -
70: CN - 62.85 65.93 - 9.5Hz - 4.5Hz <1.0Hz 

Compound Ketone C-_~h J 7a.,10a. 
314 exo 62.92 - 06.12 1l.0Hz - 5.0Hz - 1.5Hz 

31:; endo - 63.07 05.88 - 7.5Hz - 7.5Hz -
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(J, 1.5Hz) due to long range coupling with the C-lO Het proton. 

The n.m.r. of the g-formyl adducts thus show the general 

features in common with the other adducts synthesised so far. 

The estimated vicinal coupling constant J also 

affords a useful indication of stereochemistry, although the 

assignment of an 'exo or' 'endo configurat;Lon on this basis must 

be undertaken with some reservation. For example, the claim 

that endo'-endo vicinal coupling constants are much smaller 

than exo-exo coupling constants in norbornene derivatives has 

has been brought into question. 278 In the adducts of thebaine 

with methyl vinyl ketone and acrylonitrile,86 \vhich contain 

the bicyclo[2.2.2]octene system, ehdo-endo coupling constants 
, t d t b 1 th·'" I" t t 102 are repor e 0 e arger an ~-exo coup l.ng cons an s 

(see'Table 2). This relationship has also been observed for 

Diels-Alder adducts prepared by our work and that of Crabb 

and Wilkinson. 249 e.g. J 7 ' '8" = 11Hz for (314) whereas a, et 
J

7f3
,8f3=7.5HZ for (315) (see Table 2 and Table 1,pp.159 and 133). 



· -PART 3 

Synthesis of and Diels-Alder studies with 

6-methoxy-2-substituted-l-benzyl-

1,2,3,4,7,8-hexahydroisoquinolines 
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Preamble 

Our successful synthesis of the 6-methoxy-6,8a­

ethanoisoquinolines of general structure (317) is summarised 

in scheme 27. 

5 4-

3 

IS 4-

8 - 3 

""-b 

(316) 

8 

(317) 

a) R=He, R =H 1 
R2=COMe 

b) R=Me, R1=COMe R =H 2 
c) R=Me, R =H 1 

R2=COPh 

d) R=He, R1=COPh R2=H 

e) R=Me, R =Cl 1 
R =CN .2 . 

f) R=He, R =CN 1 
R =Cl 2 

g) R=Me, RIR2 -- C=O 

h) R=CHO, R =H 1 
R2=COMe 

i) R=CHO, Rl=COMe .R2=H 

Scheme 27 

We wished to investigate extension of this 

synthetic scheme by incorporating a I-benzyl substituent into 

the starting hexahydroisoquinoline (316, R=Me or CHO) to 

produce I-benzylhexahydroisoquinolines (318). Base-catalysed 



isomerisation of such compounds could afford 1,3 dienes of 

type (319) and Diels-Alder reactions of these could be 

studied. If adducts of type (320) could be obtained it 

would allow investigation of Grewe type acid-catalysed 

cyclisation to afford the novel 4,5-deoxy-6,14-ethanotetra­

hydrothebaines (321) (which are morphinan derivatives) as 

outlined in scheme 28. 

MeO MeO 
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OMe OMe 

MeO 

(318) 

R' 
(320) 

Scheme 28 

(319) 

OMe 

(321) 
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No precedent for Grewe cyclisation of this type, 

i.ej onto a bridge~ ~~n~-~" I-benzylisoquinoline precursor 

has been reported "(vide" infra) • Also cyclisation on to a 

4a,5-double bond, as in (320), are less common than on to a 

4a,8a-double bond. Sometimes the 4a,5-double bond is formed 

in situ. 
114 Koelsch and Albertson have reported the Grewe 

cyclisation of the I-benzylisoquinoline (72), presumably the 

cyclisation proceeds via the ~4a,5 compound (322) to afford 

the rnorphinan (70) in 10% yield. 

OH 

(72) 

NMe 

(70) (322) 

H.Kugita279 has reported the synthesis of compounds 

in which the points of attachment of the hetero ring, its size 

and position of the nitrogen atom in the morphinan skeleton 



were modified. His synthetic scheme involved Grewe 

cyclisation of the compounds (323) ·arld (325) containing 

4a,5-type double bonds to afford the "modified" morphinans 

( 3 2 4 ) and (3 2 6) • 

Meo{ ~ CH2CH2 

(323) 

Meo-{ ~ CH2 CH2 

(325) 

HO 

(324) 

MeO 

(326) 
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Thus morphinan cyclisation on to~4a,5 isoquinolines 

. has been investigated, however I Grewe·~t. al. 122 have reported 

that the I-benzyl compound (327) can be isomerised by 

hydrochloric acid into the I-benzyl-2-methyloctahydroiso­

quinoline (328). 

(327) (328 ) 

280 
A recent abstract of a Japanese patent reports 

that compounds of formula (330) (where R1=lower alk(en)yl, 

cycloalkyl, or aryl, and R2 is lower alk(en)yl or alk~xy, 

cycloalkyl or aryl) are prepared by heating compounds of 

formula (329) [where R3 is H,carbamoy1, (esterified carboxy 

or cyano, one of A,B,C and D is OH and the other three are 

H, or two of them form a double bond and the other two are 

H, provided that R3 is not H ~tlhen B and D form a double bond] 

at 70-120oC in the presence of 100-120% phosphoric acid. 

Pure (330) is claimed to be obtained in yields >80%. 

Rz 
(329) 

(330) 



~----------------------------------------------------.-----------

As discussed earlier (see Introduction p.46 ) 

acid-catalysed ring closure of· 6-methoxy-l~benzylhexahydro­

isoquinolines of type (331) to 6-oxo-morphinans (333) has 

been effected and may proceed through the ~4a,5-enone 

intermediate (332) (or the S,y-unsaturated ketone)132-l37 

MeO 

(331) 

MeO 

+ H 
--------~ 

(333) 

MeO 

(332) 

Examin~tion of Drieding models of the bridged 

ring-A I-benzyl compounds (320) suggests that an ortho 

position of the aromatic ring of the benzyl moeity could 

approach the 4a-position in (320) for effective cyclisation 
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to be possible. 

We thus set out to synthesise the 1,2,3,4,5,8-

hexahydro-l-benzyl compounds (318) bearing in mind the 

possible further developments discussed above. 

167 

A Attempts to synthesise 6-methoxy-2-methYl-l-(4'-methoxy­

benzyl)-1,2,3,4,5,8-hexahydroisoquinoline via a Stevens 

rearrangement of an isoguinolinium salt. 

The base induced Stcvens rearrangement of quaternary 

ammonium salts has been p.sed \vi th a variety of substituted 

~-benzyltetrahydroisoquinolines to produce l-benzyltetrahydro­

isoquinolines. The yields may vary widely from 0 to 85% and 

in some cases a number of side products accompany the desired 

tetrahydrObenzYlisoquinoline. 281 

G.Grethe et.· al. 282 employed. the Stevens 

r~arrangement as the key step in the synthesis of the alkaloid 

petaline as depicted in. scheme 29. In this case the N + C 

rearrangement proceeded in 85% yield. 

T.Kametani·et.al. 283 also utilised the Stevens 

rearrangement in an alternative synthesis of petaline. They 

synthesised 8-benzyloxy-l,2,3,4-tetrahydro-7-methoxy-2-methyl-

2-(4'-methoxybenzyl)isoquinolinium chloride (334) and employed 

phenyl lithium in ether to obtain norpetalin.e (335) in 

relatively low yield (16%) 

MeO 

PhCHlO 

(334) 

PhLi 

ether 

.OMe 

MeO 

OMe 

(335) 



r---------------- -- - ------ --

MeO 

OMe' 

MeO 

MeO 

Meo{ }CH2Cl 

----------~ MeO 
benzene 

MeO 

OMe· 

resolution via 

0,0 dibenzoyl":'L-tartaric. acid 

MeO 

OMe 

Scheme 29 

OMe 

2 moles 

PhLi 

ether 

(-) ~ petaline iodide 
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85(1/0 

OMe 

OMe 
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The alkaloid petaline has also been synthesised 
. 284a 284b 

by different routes in th~s laboratory and elsewhere. 

Closer to our OvID interests an American patent 285 

describes the Stevens rearrangement of isoquinolinium sa}ts 

of type (336) to give l-benzyloctahydroisoquinolines of type 

(337) in yields ranging from 40-60% utilising various bases 

and solvent coniliinations. 

------lr:--

OMe 
OMe 

(336) (337 ) 

R.Maeda and E.Ohsugi286 in a synthesis of 

racemic-3-methoxy-6-oxb-N-methyl morphinan (340) utilised 

the Stevens rearrangement of the isoquinolinium salt (338) 

to obtain the desired precursor (339) (30%) for the 

morphinan closure as shown. 

OMe 

(338 ) (339) 

OMe 



I 

MeO 

+ 
H 

(339) (340) 

The Stevens rearrangement of tetrahydropyridinium 

salts (e.g. 341) is also known. In their synthesis of 

benzomorphans Fry and May287 utilised etheral phenyllithi~~ 
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to effect rearrangement of the tetrahydropyridinium salt (341) 

to give the tetrahydropyridine (342) which was subsequently 

cyclised with 48% HBr (Grewe cyclisation) to afford 

benzomorphans (344). It ,,,as noted that (342) is formed in the 

Stevens rearrangement rather than the isomeric (343) since the 

ylid intermediate leading to (342) is stabilised by resonance 

with the double bond. The acid-catalysed cyclisation of 

tetrahydropyridines to benzomorphans is discussed earlier 

(cf. p.93). Yokohamaet'''a1. 288 and Block'et.al. 289 have 

shown that powdered potassium hydroxide in toluene is a 

suitable environment for rearrangements of tetrahydropyridiniu111 

salts. 

The production of side ,products in the Stevens 

rearrangement is well documented. In the Stevens rearrangement 

one alkyl group migrates from the quaternary nitrogen atom to 

the a carbon atom of a second alkyl group. The major competing 
, 'h I 290 h' h' I reactlon 1S t e Somme et-Hauser rearrangement w lC 1nvo ves 

migration to the ortho position of a benzyl quaternary ammonium 

salt. When structurally feasible, both rearrangements may 

occur simultaneously although experimental conditions markedly 

affect the competing pathways. 



(342) 

(342) 

(341) 

(343) 

R2 

(344) 

171 

"'"", NMe 



e.g. 

G) 

a
CH~N(Meh 

1 
Base 

~. . 

"" 

Me 
I 

~CHN(Me)l. 

~) 
'" 

+ 

Base 

Somme1et-Hauser 

Stevens rearrangement 

In. general, Stevens rearrangements occur most 

favourably in those quaternary arrmonium salts that do not 

contain a S hydrogen atom and thus are not capable of 

undergoing the Hofmann elimination. 
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Maeda and Ohsugi 286 carried out the Stevens 

rearrangement of 2-methyl-2-benzyl-6-4a,8a-octahydroiso­

quinolinium chloride (345) by treatment with ethereal phenyl 

lithium. They found that the base induced reaction produced 

a mixture of four products as depicted in scheme 30. 

With a view to synthesising the required precursor 

(318) for the synthesis of the bridged ring-A I-benzyl 

compounds (320) as outlined earlier in scheme 28, .we.. 

investigated the synthesis and Stevens rearrangement of 

6-methoxy-2-methyl-2-(4 1 -methoxybenzyl)-1,2,3,4,5,8-hexahydro­

isoquinolinium chloride (346). It was anticipated that the 

product obtained from a Stevens "[1,2J process would be the 

hexahydro-l-benzyl compound (347). Stabilisation of the ylid 

intermediate leading to (347) being provided by resonance with 



(345) 

o.R=H 
b. R=OMe 

R 

1 Ph Li / ether 

a.19 % 

b.35% 

R 

+ 

Stevens G,~ process 

+ 

+ 

0.5% 

benzyl migration 

Scheme 30 
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Somrnelet type 

product from benzyl 
anion attack at C-4a 



the 4a,8a double bond. Compound (346) was synthesised from 

6-methoxy-2-methyl-I,2,3,4-tetrahydroisoquinoline (246) as 

shown. 

(246) 

(347) 

M" 
Na, 1iq oNH

3 
eO 

MeOH 
\> 

benzene 

3S-40oC 

ISh. 

(248) 

QCl 
OMe 

MeO~ 

fI 11 ) /Me e 
4;.'! 

Base ~~ Cl. 
Stevens 

[1,2] 

OMe 
OMe 

(346) 
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The isoquinolinium salt (346) viaS employed directly 

without prior purification in the Stevens rearrangement. 

We noted that the quaternary salt (346) tended to be 

hygroscopic. Previous workers have recommended the direct 

use of the quaternary salts without purification.
286 

When 

the quaternary salt (346) viaS heated under reflux in anhydrous 

dimethylformamide with dry powdered potassium bicarbonate
285 

in a nitrogen atmosphere a deep red-brown colour developed 
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after: 30 minutes in~:l.i~ati~g the formation of carbanions. 

After 5h reflux t.l.c. analysis indicated that the product 

\'laS a mixture of four products which could not be separated. 

Mass spect~al analysis of the ~ixture showed the highest 

molecular ion at mle 297 with a base peak at role 121 together 

with fragment ions at 271 and 176. The desired hexahydro-l­

benzylisoquinol.ine (347) has molecular weight of 299; the 

molecular ion at m/e 297 suggested that dehydrogenation of 

ring-A may have occurred. The base peak at mle 121 togetner 

with the fragment ion at mle 176 could be rationalised as 

arising from fragmentation of (a). The fragment at mle 271 

could arise from the Hofmann elimination product (b) by loss 

of the ethylene side-chain. i.e. 

MeO 

(a) 

Mt{m/e 297) 

(b) OMe 

----->-

(role 176) 

or 

OMe + 

~. ~CHii!. 
~I 

MeO 

MeO 

(m/e 121) 

Me 
./ 

N 
+ 

OMe 

(m/e 271) 



Purification of the mixture was attempted by 

vacuum distillation and column chromatography over neutral 

alumina, however, no pure characterisable products could be 

obtained. 
The reaction was repeated several times but from 

non'e of the reactions could a pure product be isolated, 

mixtures being given each time. The route was therefore 

abandoned : more success was obtained from the method 

described next. 

B Synthesis of 1~benzyl-l,2,3,4,5,8-hexahydro-6-methoxy­

isoquinolines via the partial Birch reduction of I-benzyl­

isoquinoline derivatives. 
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The synthesis of the I-benzyl-l,2,3,4,5,8-hexahydro-

6-methoxyisoquinolines of type (351) and (88) has been 

achieved by the partial Birch reduction of compounds of type 

(348), (349) or (350) as depicted in scheme 31 .291 

N-Methylation of the I_benzyl-l,2,3,4,5,8-hexahydro compounds 

was achieved via the N~methoxycarbonyl derivative (352). The 

benzylic aromatic ring is not reduced in the Birch reduction 

because of the presence of a phenolic group, produced' 'in' '~ 
by reductive cleavage of.thp. PhCH2 protecting group. 

Grewe and Fischer 292 synthesised the 3,4-dihydro-

compound (348) from 3-methoxyphenylethylamine (167) and 

3_benzyloxy-4-methoxyphenylacetic acid (353) as depicted below: 

MeO 

(167 ) 
COZH 

OCHz,Ph 

(353 ) 

MeO 

xylene 
------------~~ 

reflux 

H 

(354 ) 

OCH2Ph 

IpC1s"CHC13 

(348) 82% 



Mea 

OMe 

Na(U)/liq. NH3 

EtOH 

OMe 

HO 

(351) 

------~-~ ---

MeO 

Na (Li) /liq. NH3 

EtOH 

MeO 

(352) 

Scheme 31 

HO 

MeO 

----11> 

OMe 

MeO 

OMe 

PhCHp 

(350) 

HO 

(88) 

OMe 
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The Bischler-Napieralski cyclisation of the amide 

(354) was accomplished \'lith phosphorus pentachloride in 
292 

chloroform at room temperature. The partial Birch 

reduction qf l-benzylisoquinoline derivatives has also been 

employed by Grewe' 'et'.'~1.132 r G.C.Morrison' 'et.-al. l33 , De Graw 

et.al. 137 and H.C.Bey~man' '~t',-~1.134,135 i~the total 

synthesis of morphinan derivatives (see Introduction p.46 ). 

We set out to synthesise the previously unknown 

l-(4'-methoxybenzyl)-I,2,3,4,5,8-hexahydroisoquinolines (247) 

and (360) by the routes shown in schen:e 32 and scheme 33 • 

MeO MeO 

-------ll> 

, (167) 

(357) 

Scheme 32 

The 3,4-dihydroisoquino1inium compound (357) \S 

serving as common intermediate for both synthetic routes. 



Na or Li (357) 

liq. NH3 
EtOH 

MeO 

(358) OH 

MeO 

(359) OH 

ivieO 

(360) OMe 

Scheme 33 

MeO 

! 

(362) 

t
NQ or Li 
Iiq. NH3 
EtOH 

(363) 

OMe 

179 

OCH2Ph 
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(1) Synthesis of I-Benzyl-3,4-dihydroisoguinolines. 

4-Benzyloxyphenylacetic acid (355) vias synthesised 

by benzylation of comm.ercially available 4-hydroxyphenyl­

acetic acid \-lith benzyl chloride in ethanolic sodium 

hydroxide in 80% yield. 

(355) 

The amide (356) was prepared by a number of methods:-

(a) Direct condensation of 3-methoxyphenylethylamine (167) 

with 4-benzyloxyphenylacetic acid (355) in refluxing xylene 

with constant separation of the water produced during 

condensation in an atmosphere of nitrogen~lO,292 

(b) Condensation of 3-methoxyphenylethylamine hydrochloride 

with 4-benzyloxyphenylacetyl chloride (prepared from the acid. 

and thionyl chloride) in the presence of triethylamine in 

chloroform. 293 

(c) Condensation of the amine (167) with the phenylacetic 

acid (355) in the absence of solvent in a nitrogen atmosphere 

at.190-200oc. 294 

Procedures (a) and (c) proved to be the most convenient and 

the crystalline amide (356) (m.p. 96-96.5
0

C) was obtained in 

90% and 85% yield respectively. Method (b) gave 69%. 

We also synthesised the unprotected phenolic amide 

(364) (m.p. 125-126o C) by condensation of 3-methoxyphenyl­

ethylamine (167) with 4-hydroxyphenylacetic acid. Teitel and 

.Brossi had reported the Bischler-Napieralski cyclodehydration 

of the closely related unprotected phenolic amide (365) with 

phosphoryl chloride in refluxing acetonitrile to afford the 

3,4-dihydro-compound (366) which was progressed to 

(±)-coclaurine (367) in 61% overall yield.
222 



(167) 

HO 

xylene -=---t> 
reflux 

. POCl3 
---:> 

CH3CN 
reflux 

OH 

(367) 

(:!:)- Coclaurine 
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MeO 

(364) 

MeO 

OH 



However, Bischler-Napieralski cyclodehydration of 

(~64) with phosphoryl chloride. in refluxing acetonitrile 

. gave only poor yields of the 3,4-dihydroisoquinoline (368) 

which was characterised as its hydrochloride salt [m.p.156 
-:-158oC. 

MeO 

(364) 

(368) -

We found that protection of the phenolic hydroxyl 
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in (364) as a benzyl ether ie. amide (356) provided for high 

yield syntheses of the 3,4-dihydroisoquinolinium hydrochloride 

(357) as discussed below. 

Phosphorus pentachloride in chloroform was found to 

be the reagent of choice for the BischlerrNapieralski 

cyclisation196 of the benzyl protected amide (356). This 

reagent combination has been employed extensively in the. 
literature for the cyclisation of analogous compounds.294-297 

Of the literature analogues available, the work-up procedure 

differs. We tried a number of work-up methods to obtain the 

highest yield of the important intermediate 3,4-dihydro 

compound (357). 

I-Benzyl-3,4-dihydroisoquinoline formation 

a) Following the procedure of Grewe 

for cyclisation of the related amide (354) 

using PCl5/CHCl3~ 

d F · h 292 an losc er 

which utilised 

PCl5 in chloroform we obtained the required 3,4-dihydroiso­

quinolinium hydrochloride (357) in 80% yield (m.p.l8l-l830 C). 

The n.m.r. spectrum was consistent with structure (357). 



MeO 

(356) (357) 

If the reaction mixture was not taken to the 

hydrochloride but was basified and worked-up in an attempt 

to isolate the free base, the compound isolated (m.p.1090 C) 

showed a strong carbonyl absorption at l660em-l • The n.m.r. 

spectrum of the crystalline base was co~sistent with the 

l-benzoyl-3,4-dihydroisoquinoline structure (369). 

MeO 

(369) 

Compound (369) probably arises duri~g the work-up 

procedure. It is well known that the benzylic position of 
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aromatic and 3,4-dihydroisoquinolines is very susceptible to 

oxidation. 298 Kametani and co-workers299 worki~g on the 

selective demethylation of the imine (370) with 20% hydrochloric 

acid and subsequent basification obtained a product (371). This 

had a free phenolic group at C-7 and oxidation of the 

I 



I . 

a-methylene function had also occurred. The ketone {371) 

was transformed into a tetrahydrobenzylisoquinoline (372) 

· 1.84 

by Clemmensen reduction or by zinc in acetic acid. 

Alternatively, Bischler-Napieralski cyclisation of the amide 

(373) followed by hydrolysis of the benzyloxy group in (374) 

also gave the ketone (371) as shown in scheme. 34 • 

Me 

(370) 

M 

MeO 

Mea 

(373) 

Me 

H 

OMe 

(371) 

t POCL3 , reflux 

2.Work-up 
OMe 

Scheme 34. 

(372) 

·/zn/~~, Hel 

/Zn,ACOH 

Me 

• 
(374) aMe 
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Oxidation of the a-methylene was claLrned to probably 
.290 299 occur dur~~g work-up.' It has been shown that if a 

3,4-dihydroisoquino1ine is stirred for 1-3 weeks in air, an 

imino ketone is obtained which may be cleanly reduced to an 

imino alcohol with sodium borohydride. 3OO 

e.g: 

b) Other' pr'o'c'edures. 

Air 

MeOH 
stir 

OMe OMe 

In their synthesis of racemic coclaurine (367) 

K.Kratz1 and G.Bil1ek297 employed the synthetic route shown' 

below: 
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+ 
COCL 

PhCH~ 

Ph~O 

~ C~n:.HCL 
~H:!.pt 

HO 

(367) 
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The work-up of the Bischler-Napieralski cyclisation 

differed from that of ~rewe and Fischer292 in that after 

allowing the amide to stand for 24h with PClS/CHC13 the 

solution was poured into excess anhydrous ether and the 

resultant precipitated phosphorus complex collected by 

filtration and decomposed to the isoquinolium hydrochloride 

with ice-cold absolute methanol. Grewe and Fischer292 

decomposed the intermediate phosphorus complex by the addition 

of absolute methanol to the chloroform solution followed by 

removal of solvents 'in' V'acuo and subsequent addition of ethanol 

and 2N aqueous hydrochloric acid to obtain the crystalline 

hydrochloride product. 

Upon repeating the procedure of Kratzl and Billek 

we obtained the 3,4-dihydroisoquinolinium hydrochloride (357) 

in 81% yield. 

At this time a paper appeared in the literature by 

H.C.Beyerman et.al.135 in which the synthesis of the -- : 

3,4-dihydroisoquinolinium hydrochloride (376) was described by 

cyclodehydration of the amide (375) with phosphorus 

pentachloride in chloroform. 

MeO 

OMe 

(375) (376) 

Beyerman employed essentially the same method as 

Grewe and Fischer292 except that concentrated hydrochloric. 

acid was used in lieu of aqueous 2N Hel to induce 

crystallisation of the isoquinolinium hydrochloride salt 

(376) from the ethanolic product solution. Employi~g the 

OMe 
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procedure of Beyerman et.al. 135 for the related compound (375) 

we obtained the 3,4-dihydro compound (357) in 95% yield • 

. (2) Synthesis of l-Benzy1-l,2,3,4-tetrahydroisoquinolines! 

Observations· in the N .m. r. spectrum. 

Sodium borohydride reduction of the 3,4-dihydroiso­

quinolinium compound (357) proceeded smoothly and the racemic 

1,2,3,4-tetrahydro compound (361) was obtained in 94% yield. 

Compound (361) was also obtained in 52% yield from the 

previously synthesised imino-ketone (369) by treatment with 

zinc dust in refluxing acetic acid. 299 

(357) 

(369) 

<::COH A~~~C3h. OCH~Ph 

(361) . 

Treatment of the secondary base (361) (m.p.13l-l32oC) 

with formalin and sodium borohYdride301 afforded the N-methyl 



o compound (362) (m.p.69-71 C) presumably via the intermediacy 

of the quaternary Schiff base (X) 

~CHO . 

MeOH~ 
MeO 

189 

OCH"Ph 

OCHZPh 

(362) 

As a result of the work carried out on the n.m.r. 

spectra of l-benzyltetrahydroisoquinolines an interesting­
conformational effect has been described 302-308 which ~. 
indicates that although in the tertiary and quaternary bases 

the more stable conformation is the one shown in (I) and (II) 

where the benzyl group is below the benzene ring of the 

tetrahydroisoquinoline moeity, in the secondary bases 

conformation (Ill) with the benzyl group situated in the 

opposite direction is the most stable. 

(x) 
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(I) (II) (Ill) 

- . 
This situation is detected by the marked influence 

(upfield shift) of the ring current of the benzene nucleus C 

of the tertiary and quaternary bases on the aromatic proton 
at C-8 and on the protons of the methoxyl group (if any) 

I . 

located at C-7. Upfield shifts of about O.52ppm are found 

for the proton at C-8 when compared with the proton at.C-S, 

and of about O.32ppm for the methoxyl protons at C-7 if they 

are compared with those of a similar group placed at C-6. 
These shifts are not observed in the case of secondary bases 
(Ill) or when the benzyl group is absent.302-308 

e.g: 

3.82(5) 
MeO 

6.57(5) 
H 

MeO 
3.78(5") 

6.61(8) 
H 
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An X-ray study of the hydrobromide of D(+).-coclaurine 

has confirmed its structure to be (377) in the solid.
309 

-... 
~ ·~OH 

(377) 

Comparison of the n.m.r. spectra of our secondary 

base (3"6l) Fig.9 and the tertiary bas~· (362) Fig.ID showed 

agreement with these observations. The conformation of the 

benzyl group in (361) and (362) is as depicted below. 

·H 

6.56{m) 
H 

(361) 

1.64{br.s) 

OCH,Ph 

5.0(s) 

H 6.56 

6.56H ..... .. Me 
2.48(s) 

5.0(s) . 

(362) 

The secondary base (361) exhibits a complex pattern 

:for the aromatic pr.otons, the signal at 06.56 is assigned to 

the proton at C-5 of ring-A. The proton at C-7 appears as a 
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doublet (Jo 10Hz) centred ~t 06.65 further split by meta 

coupling (Jm 3Hz) with C-5. The signal due to the proton 

at C-8 is obscured by the other aromatic proton resonances • 
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. The aromatic region of the 'spectrum is simplified in the case 

of the N-methyl compound (362) and all three protons of ring-A 

appear as a broad signal at 06.56. Ring-C of the I-benzyl 

group producing a marked shielding effect on the protons at 

C-7 and C-8 in conformation (362). The A2B2 quartet for the 

aromatic protons of ring-C is clearly distinguishable at 06.88 

and protons of the benzyloxy protecting group as a broad signal 

at 07 .30 ppm~ 

(3) Birch reduction of 3,4-dihydro and 1,2,3,4-tetrahydro­

l-benzylisoguinolines. 

Compound (357) was subjected to a Birch reduction!82,310 

Upon repeating the procedure used by Grewe' et.al. 29l to obtain 

(35l) (cf. earlier p. l76) we found that together with the 

required'1,2,3,4,5,8-hexahydroisoquinoline (358) there was also 

formed the 1,2,3,4-tetrahydroisoquinoline (378) as a by product. 

The presence of (378) was suggested by the n.m.r. spectrum. 

Me 

(357) 

Li, 1iq.NH3 
EtOH 

(378) 

H 

(358) 
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Repeated recrystallisation from ethanol afforded the 

required compound (358) in a pure state. In the alkaline 

medium the benzyl ether is. cleaved during the Birch reduction 

yielding a phenolate anion, which prevents further reduction' 

of the I-benzyl group on the isoquinoline moeity. The 1,2 

double bond of the latter is also reduced. A mechanistic 

interpretation275 of the ,Birch reduction to the diene (358) is 

given in Fig. 11. Addition of an electron to the·aromatic 

nucleus produces the anion radical (A)311 in which the greatest 
... 312 

free charge density is ~- to the methoxyl group. 

Protonation gives the radical (B) and addition of a second 

electron forms the mesomeric anion (C). The conditions under 

which Birch reduction occurs favour kinetically controlled 

addition of the second proton to the position of greatest free 

h d i . th f th d' t . 313 t c arge ensty, ~e. e centre 0 e penta ~ena e an~on , 0 

give the unconjugated diene (D). 

Me 

(357) 

MeO 

(8) 

Ne or Li • 

ROH .. 

Mea 

(A) 
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(B) or Lie 

(C) 

~H 
Me 

• 

(358) 

- f) 
H 

Fig 11 

(D) 

In the Birch reduction, the proton donor is. an 

alcohol which is a much stronger acid than the conjugate acid 

(D) of the anion (C). When no alcohol is present, the more 

weakly -acidic ammonia molecule acts as proton donor and gives 

. the ther~OdynamicallY controlled addition product. l78 

Unconjugated dihydroanisoles, formed by Birch reducti.on, can 

be isomerised to conjugated products by potassamide or sodamide 
in liquid ammonia~78,228,3l5 The methoxyl group then becomes 

fully-rather than cross-conjugated with the diene system in 

th . 275 e r~ng. 
Wilds and Nelsonl87 have attributed the apparent 

superiority of lithium as the alkali metal in the Birch 

reduction to its greater reduction potential (-2.99v) in liquid 

ammonia compared to that of sodium (-2.59v) and potassium 

(-2.73v) • 
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Since the Birch reduction of our 3,4-dihydro­
compound (357) by the method of Grewe' ,~t'.'~1.29l did not give 

complete reduction we modified our conditions to those of 

H.L.Dryden ~ .. al. 316 "T~ey found that under the normal Birch 

reduction conditions Viz. liquid ammonia-ether and lithium or -- , 

sodium with ethanol as p~o~on donor, incomplete reduction of 

estradiol derivatives (e.g. 379) occurred due to the low 

solubility of the compounds in the reaction mixture. 

MeO 
(379) 

The typical Birch reduction mixture consists of a 

deep blue liquid phase covered by a layer of lithium-ammonia 

"bronze" and, in the hope of obtaining a more homogeneous 

mixture, Dryden et.al. 3l6 sought an additional cosolvent 

which might favour solution of the lithium as well as the 
steroid. They found that not only did lithium react e' 

relatively, slowly with an' 'aJ:ntn'olti'a'-THF-'t-bl.ltyl' 'al'c'ohoT mixture 

(2:1:1) but that such a mixture readily dissolved l7-ethyl­

estradiol-3-methyl ether (379). The mixture also appeared to 

retain more lithium in the lower phase than ammonia-THF'alone. 

In 1973 w.v.curran3l7 utilised the Dryden modifica-

MeO 

t-BuOH,THF 

OMe ,OMe 

(380) (381) 

..... : .. -' " 
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tion of the Birch reduction to obtain the enolether (381) 

from the dihydroisoquinolines (380) in 83% yield. Curran 

also obtained the enol ether (383) from the tetrahydroiso­

quino1ines (382) in 78% (n=l) and 60% (n=2) yield by the 
sane procedure. 

t-BuOH,THF 

OMe 

(382) 

MeO 

OMe 

(383) 
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We found that by use of lithium metal in liquid 

ammonia in the presence of THF and" t-butanol _as co-solvents 

that the 3,4-dihydroisoquino1inium hydrochloride (357) could 

be effectively and reproducib1y reduced to the hexahydro 

compound (358) in yields of 80-87%. Birch reduction of the 

l,2,3,4-tetrahydro compound (361), obtained as described 

earlier, by the Dryden procedure also afforded the hexahydro 

base (358) in 78% yield. Compound (358) (m.p. 199-20loC) 

showed a bathochromic shift to longer wavelength-in its 

ultraviolet absorption spectrum in the presence of alkali 

indicating that it was pheno1i~.318 The infrared spectrum 

of (358) showed bQnds at 1695 and 1665cm-1 assigned to the 

double bonds of the dihydroaniso1e system188a,291 and a 

sharp band at· 3290cm -1 due to the secondary amine NH. In 

the n.m.r. the signal for the C-7 olefinic proton appeared 

as a broad signal not fully resolved at 04.66. The C-1 

rnethine proton resonated as a broadened quartet at 03.25 

coupled to the adjacent a-methylene protons. The disting~ 

uishing features in the n.m.r. of the hexahydro compound 

(358) and the by product (378) obtained by the procedure of 



MeO 

(357) 

Li/1iq. NH3 

THF-t-BuOH 

(358) 

Grewe et.a1. 291 are the position of the methoxy1 resonances 

153.5 in (358) an~ 3.8 in (378), the C-1 methine proton at 

153.25 in (358) and at lower field 4.05 in (378) (due to the 

de shielding effect of the adjacent aryl ring). The 

aromatic region of the spectrum of (358) is a simple A2B2 
quartet but (378) shows a more complex pattern. 
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OH 

Birch reduction of the tertiary base (362 } with 

lithium in liquid ammonia with THF and t-butanol co-solvents, 

afforded the hexahydro'-N-methy1isoquinoline (363) in 81% yield. 
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MeO 

Li/liq. NB3 

t-BuOH, THF 

(362) (363) 

Selective formylation of the secondary amine function 

of the hexahydro compound (358) was next investigated. 

Treatment of (358) with formic acid ~Dd dicyclohexylcarbodiimide, 

a reagent combination employed in the peptide field for N-
o 1 -

blocking of amino acids, afforded the N-formyl derivative (359) 

in low yield. More satisfactorily the secondary base (358) was 

formylated smoothly with ethyl formate in refluxing toluene and 

the N-formylcompound (359) was isolated in 92% yield (m.p.204-

2050 C). 

MeO MeQ 

.. 
tOluene,reflux . 

OH 

(358) (359) 

The n.m.r. spectrum of (359) clearly shows the 

presence of two relatively stable rotational isomers in the· 

ratio 2:1. The n.m.r. spectrum of the unsubstituted 

N-formyl-6-methoxy-l,2,3,4,5,8-hexahydroisoquinoline (306) 



(cf. Discussion Pt.2p.152) shows the formyl rotamers as 

two signals at 08.07 and 8.14 in the ratio 5:4. In the 

case of the I-benzyl com~ound (3~9) the formyl protons of 

the rotamers occur at 07.4 and 7.9 in the ratio 2:1. 

MeO 

MeO 

(306) 

(359) 
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The results suggest that the I-benzyl ring is spending 

the majority of its time away from ring! A and shielding the 

formyl group. This is borne out by the move to higher field 

of both formyl rotamer signals, one shifting more than the 

other due to its closer proximity of the flat surface to the 

benzyl aromatic ring. 
Treatment of the N-formyl compound (359) with excess 

ethereal diazomethane (generated from p-tolysulphonylmethyl­

nitrosamide "Diazald") in absolute methanol afforded the 
O-methylated analogue (360) (m.p. 121-122oC) in 90% yield. 

Similarly the N-methyl compound (363) afforded the O-methylated 

tertiary base (347) (m.p. 84-8SoC) in 80% yield. The N-methyl 

compound (347). could also be obtained by lithium aluminium 

hydride reduction of the N-forrnyl compound (360). 



MeO MeO 

MeOH/ether 

(359 ) 

I 
MeOH/ether 

(363) (347) 

The preferred conformation of the I-benzyl group 

is as shown and is borne out by the observed shift to 

higher field of the vinyl protons at C-7 in the N-methyl 

compounds (363) and (347) as compared with the N-formyl 

compounds (359) and (360) and the secondary base (358), 

see Table 3. 

202 

OMe 
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5 4 

3 

RO 

, 

compound R R' C-7 ole~inic 
proton resonance 

. . . ......... 

358 H H 4.66 . 

359 CHO H 4.70 

360 CHO Me 4.70 

363 Me H 4.52 

347 Me Me 4.50 

Table 3. 

This completes the total synthesis of the I-benzyl 

analogues of the previously discussed N-formyl and li-methyl 

hexahydroisoquinolines (31G; R=Me and R=CHO)". 

MeO 

(316) 
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The compounds obtained were present as racemic (±) 

mixtures as no resolutions were carried out. We next 

investigated the base-catalysed isomerisation and Diels­

Alder condensation of the l-benzyl-hexahydroisoquinolines 

(347) and (360). 

C Base-catalysed isomerisation and Diels;""Alder studies 

of I-benzyl;....l·, 2',3,4,5, 8-hexahydroisoquinolines. 

As outlined earlier, (cf. Discussion p.117) the 

base-catalysed isomerisation of 1,2,3,4,5,8-hexahydro-6-

methoxy-2-methylisoquinoline has been reported by Crabb and 

Wilkinson. 234 We have isomerised the 2-methyl-6-methoxyiso­

quinoline (316, R=Me) in the same manner and subsequently. 

condensed the conjugated diene obtained with various 

dienophiles to afford 6,8a-ethano-bridged compounds. We have 

also studied the isomerisation and Diels-Alder condensation 

with et· 2-formY1-analogue (316, R=CHO) employing a different 

procedure for the isomerisation from that reported by Crabb 

et.al. 234 for the' N-methyl' compound,' viz. potassium ~-pentoxide 
in DMSO. 

It was anticipated that base-catalysed isomerisation 

of the novel hexahydro-l-benzyl compounds (347), (318, R=Me) 

MeO 

(316) 

MeO MeO 

MeO 

(318) .(319) 
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and (360), (318; R=CHO) would proceed in a similar manner to 

the hexahydroisoquinolines (316; R=Me and R=CHO) to afford 

conjugated dienes (319; R=CHO andR=Me). 

The isomerisation of the N-formyl-l-benzyl compound 

(360) was studied by use of the same conditions as those 

employed by us for thehexahydro-2-formylisoquinoline (306) (316; 

R=CHO) with potassium t-pentoxidein anhydrous DMSO. The 

production of the conjugated diene was monitored by extracting 

aliquots and quenching with water; the diene was extracted 

with chloroform, dried and evaporated and the n.m.r. spectrum 

and the infrared spectrum recorded. The u.v. spectrum was 

not a satisfactory method of determining the amount of 

conjugated diene present as its absorption was masked by the 

absorption of the aryl. group of the l-benzylisoquinoline 

moeity. The n.m.r. of the isomerisation mixture showed two 

peaks in the olefinic region at 04.70 and 4.75, the former 

broader peak being due to the C-7 proton·of the unconjugated 
I 

compound (318; R=CHO) and the latter sharper peak was 

assigned to the C-5 proton of the diene (319; R=CHO). The 

spectrum also showed two sharp methoxy absortionsat 03.62 

and 3.58, the former assigned to the conjugated diene 

methoxyl and the latter was in accord with the unconjugated 

diene methoxyl on the dihydroanisole system. From the n.m.r. 

integrals the relative proportions of dienes (3l8;R=CHO) : 

(319 ;R=CHO) was 36% : 74%. 
The isomerisation mixture containing the conjugated 

diene (319; R=CHO) was heated under reflux with methyl vinyl 

O~ 
C 

~e 

(384) 

'.;-- ~,-~. . . 

OMe 
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ketone in the presence of a trace of hydroquinone as 

stabiliser for periods of 3-24h. However, after exhaustive 

column chromatography and thin layer chromatographic 

separation no Diels-Alder adduct (384) could be isolated. 

Polymerisation of the dienophile appeared to occur 

together with arornatisation of the conjugated diene and no 

pure products were isolated. The Diels-Alder reaction was 

repeated in refluxing benzene and toluene for similar reaction 

times but again no Diels-Alder adduct was obtained. We thus 

investigated alternative conditions for the reaction. 

Literature reports of the equilibration of the 

various l-methoxy-l,4-dienes (obtained by metal-liquid ammonia 

reduction of anisole derivatives) with the more stable 1,3-

dienes include the use of potassamide in liquid ammonia 

through salt formation involving the 6-position of the 

dihydroanisole system. 182 It has also been shown that 

conjugation can be brought about by electron accepting 

substances such as dienophiles23l ; in particular dichlDro­

maleic anhydride (DCMA) is an effective catalyst. 3l9 The 

Lewis acid aluminium chloride and the Bronsted (protic) acid 

p-toluenesulphonic acid (PT SA) have also been observed to be 
320 . 320 active in the same manner. A.J.Birch and K.P.Dastur 

used the initial 1,4-diene directly with a dienophile and a 

catalyst, rather than the equilibrium mixture obtained via 

a base-catalysed isomerisation. For example, the Diels­

Alder reaction of l-methoxy-4,S-dimethylcyclohexa-I,4-diene 

(38S) with acrylonitrile and DCMA or aluminium chloride under 

reflux gave the adduct (386) in 74% yield. 

MeO~Me 

.~ 
. Me 

(385) 

(
eN 

__________ ~~~Me0:QXMe 
DCMA 
or Ne . Me 

Alel3 

(386) 



----------------- --- --

The reaction wa s found to be, generally 

applicable to dihydroan~scHes of type' (385) • However, 

it was observed that l7,17-ethylenedioxy-3-methoxyoestra-

2,5(lO)-diene (387) did not unde~go Diels-Alder 

condensation under similar conditions since it yielded 
predominantly the exocyclic 3,'5'(6) -diene (388) .320 

MeO 

(387) 

i .. ,A1C13 
1,2-dimethoxyethane 

, reflux 2h 

or 
DCMA fusion 

(388 ) 

We employed dichloromaleic anhydride (DCMA) 

wit~ the 2-formyl-hexahydroisoquinoline (306) and 

acrylonitrile under reflux as a model reaction. After 

15 hours refluxing the Diels-Alder adduct (389) was 

obtained asa mixture of epimers in the ratio exo :' endo 

ca. 5 : 3. 

(306) 

via 

(,
eN 

I ' 

DCMA 
reflux (389) 
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Although the adducts_were not obtained analytically 

pure the infrared spectrum of the viscous oil obtained, after 

column chromatography over neutral alumina, showed a strong 

nitrile absorption at 2240cm-1 together with the formyl group 

carbonyl at l660cm-I -. The n.m.r. spectrum showed a sharp 

methoxy singlet at 03.43, and olefinic proton resonances at 

5.93 (exo nitrile) and 614 -(e-ndo nitrile) shielding of the 

C-5 olefinic proton in the-exo-nitrile being analogous to 

that described earlier for the- -exo-nitrile:"-endo-chloro-

add uc t (291) (c f. p. 14 3 ) • 

- (291) 

Since the use of DCMA proved ~rom~s~ng we applied 

the sane technique to the l-benzyl-2-formyl compound (360), 

-however even after extensive reflux periods (6-48h) with 

acrylonitrile, spectral and t.l.c. analysis of the product 

showed it to be starting material and no Diels-Alder adduct 

could be isolated. 

The conjugated diene (360) was_also heated under 

reflux in 1,2-dirnethoxyethane with DCMA to see if 

conjugation could be effected, however, spectral examination 

of the product showed it to be starting material and 

conjugation had not occurred. 

It would appear that the I-benzyl group could be 

exerting some steric interference to approach of dienophile 

in the-conjugated diene (390). In the case of the DCMA 

catalysed reaction, the I-benzyl group could be preventing 

the_ dichloromaleic anhydride from approaching sufficiently 

close to permit a charge-transfer complex to form prior 

to isomerisation. 



i.e. 

MeO 

O~(Me 
~.~ , , , 

i1 I, NCHO 

(39.0) 

MeO 

OMe· 

(360) 

The DCMA 1n 'situ isomerisation and Diels-Alder 

reaction was also attempted with methyl acrylate as 

dienophile, however, spectral examination of the product 

indicated extensive aromatisation of ring-A had occurred 

and no Diels-Alder adduct '-laS formed. 
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The base-catalysed isomerisation of the N-methyl­

l-p-methoxybenzyl compound (347) was investigated employing 

potassium t-pentoxide in t-pentyl alcohol at 100oC, the 

condition~-employed by,Crabb and Wilkinson234 ·for the 

hexahydroisoquinoline (248). However, after 4h at this 

temperature n.m.r. spectral analysis indicated that a 50:50 

mixture of the conjugated diene (391) and the unconjugated 

diene (347) was present and no improvement utilising these 

isomerisation conditions could be obtained. We found that 

when the unconjugated diene (347) was heated with 

potassium t-pentoxide in. dry DMSO for lh at 60-6S
o

C the 

conjugated diene (391) was obtained in high yield .(~. 90%). 

(248) (250) 75% 
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(347) (391 ) 

The infrared spectrum of the isomerisation 
mixture showed strong bands at 1675 and 1620cm-1 .attributed 

to unconjugated and conjugated dienes respectively. The 

n.m.r. spectrum showed a sharp singlet at '4.58 due to the 

olefinic proton at C-5. The C-7 proton of the non­

conjugated diene (347) was still just visible at 04.5. This 

mixture containing the conjugated diene' (391) was employed 

directly in subsequent Die1s-Alder condensations. When the 

diene (391) was heated Uhder reflux with methyl vinyl ketone, 

N-phenyl maleiimide in refluxing toluene, or methyl acrylate, 

for periods of 6-24h spectral analysis of the products 

indicated unchanged starting materials and no cycloadducts 

could be isolated. However, when the diene (391) was heated 

under reflux with acrylonitrile for 36h and the dark viscous 

product chromatographed over neutral alumina a dark green 

viscous oil was obtained. T.l.c. indicated that the product 

was a miocture which could not be separated nor obtained 

analytically pure. 

Then.m.r. spectrum of the mixture showed three 

absorptions attributable to olefinic hydrogens in the ratio 

ca. 1 : 0.5 : 1, at 04.7, 5.2 and 5.45. The total integral 

for these was equivalent to one proton as summing the 

aromatic signal integral·; to be four protons. The olefinic 

signals at 04.7 and 5.2 were distinctly sharp (W~~4HZ) 

whereas the signal at 05.45 was a broadened triplet (J 7Hz). 

Also evident in the n.m.r. were sharp singlets assigned to 
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methoxy groups at 03.80, 3.S8 and 3.S6 together with singlets 

at 2.32 and 2.28 attributed to NMe groups. 

The infrared spectrum showed a sharp nitrile 

absorption at 2,2S0cm-l together with C=C stretching 
-1-

frequencies at 1640 and l610cm • 

The mass spectrum showed a molecular ion with 

accurate mass -40S-.2-407, which corresponds to C25H31N302 

(requires -405.2-416).A possible structure in agreement with 

these data is (392) 

(392) M.Wt. 405. 

This could arise by a Diels-Alder addition 

f 11 d b t · 321 h o owe y an ene reac ~on as s own:-

Diels-Alder NC 

(391) 

ene-:--reaction 

NC 

(392) 
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The structures of the other products remain more 

speculative. A peak in the mass spectrum of the mixed 

products occurs at role 352. An accurate mass measurement of 

this has not proved possible but the adjacent fragment ion 
at mle 351 shows an accurate mass of "351-.2077 corresponding 

to a molecular fonnula of C22H27N202 (requires" "35l".2072). 
If it can be assumed that this latter fragment is 

an [M-l]+ ion, i.e. the ion at role 352 represents a 

molecular ion, then two further structures can be advanced 

to correspond with such a value" "viz (393) and (394) • 

. MeO 

(393 ) (394) 

The former would be the precursor of (392), the 

latter (394) is available from an ene reaction of the 

starting conjugated diene as shown:-

(391) (394) 
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Altho~gh there ~s'no hard evidence that the ion 
- . 

at mle 352 represents a molecular ion it is not apparent 

how such a fragment could arise from (392). Other prinCipal 

fragments in the mass spectrum can be interpreted as follows: . 

N 

(392) 

(393) 
or N 

(394) 

Ne 

-[CaHso] . .. 

+ 

~-~ ~C8H90J 

MeO~ 

NC~~Me 
(mk 231) 

fragment ion 
from (393) 

(M -1t, ( mle 351~ 

("Ye 284) 

MeO 
or 

+ 

Ill. 

fragment ion 
from (394) 

i 
. 



PART 4 

Reactions of Ring-A Bridged Isoquinolin'es. 
, . 



Preamble 
The alkaloid thebaine (3) condenses readily with 

methyl vinyl ketone86 and phenyl vinyl ketone
314 

to afford 

the 7a- ketones (56, R=Me) and (56, R=Ph) respectively. 

In the case of the condensation with methyl vinyl ketone a 

small amount of the 7S- epimer is also obtained '('ca. 0.5% 

yield). Subsequent Grignard reactions of the 7a- ketones 

to give 7a- carbinols (57) have been studied by Bentley 

et.al. l08 Many of the derived carbinols are highly potent 
~algesics.l08,109 

(3 ) 

(57) 

o 
11 ('R 

.~ 
MeO 

(56) 

t-R 
/1 o 
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As described above we found the 6-methoxy diene (250) 
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reacts with methyl vinyl ketone to produce a mixture (ratio 

~. 3:2) of the endo-ketone (261) [stereochemically anal~gous 

to the modified ring C of the 7a- thebaine adduct] ,and the 

exo-ketone (260). With phenyl vinyl ketone the diene (250) -- , 

produces a mixture (ratio 'ca. 7:3) of the' 'e'n'do-ketone (263) 

and the' 'exo-ketone (262). 

We investigated two aspects of the chemistry of 

these bridged ring adducts; firstly the modification of 

substituents by Grignard reactions and, secondly, reactions 

of the derived carbinols which resulted in skeletal 

rearrangements i.e. a modification of the ring system itself. 



A Modification of Substituents. 

The reactions of the prepared methyl ketone 

adducts (260) and (261) with Gr~gnard re~gents was 

investigated. The Grignard reaction will introduce" a new 

asymmetric centre at C-ll ~nd thus could provide 

diastereoisomeric alcohols. 

1) Reactions with n-propylrnagnesium halides. 

The reaction of the M.V.K. derived ketones (260) 

and (261) with ~-propylmagnesium iodide was investigated 

since the" n-propyl carbinol, derived from the adduct of 
thebaine with methyl vinyl ketone is a potent analgesic. lOa 

Grignard reaction of the" endo-ketone (261) with" ~-propyl­

magnesium iodide in benzene and diethyl ether in a similar 

manner to that employed for the related thebaine ketone lOa 

afforded only low yields of a single tertiary carbinol (395) 

or (396) : starting ketone was recovered unchanged. However, 
I 

when the Grignard reaction was carried but with ~-propyl-

magnesium bromide in tetrahydrofuran higher yields of the 

same tertiary carb inol were obtained.""" 

MeO" 

HQ \\\\, .... 
Me\\\\' \ 

Prn 

(395) 

MeO 
HO 

'c,\\\'\ 
n \,\~" ~ 
"Pr Me 

(396) 

The pure tertiary carbinol formed colourless 
o "crystals (m.p. 87-88 C) after column chromat~graphy over 

neutral alumina and recrystallisation from light petroleum. 

Grignard reactionoof the" ~-ketone (260) with 

n-propylmagnesium bromide in refluxing tetrahydrofuran again 

afforded a single tertiary carbinol, together with starti~g 



rraterial. Chromatographic separation. over neutral alumina 

gave the carbinol as a viscous oil (b.p. l32-134oC/0.03mrn. 

Hg). The two alternative diastereoisomers that may be 

produced are (397) and (398) 

(397) 

Mea 

HO, 

Me\\\\\C\ n 
Pr 

2) Reaction with benzy1magnesium bromide. 

(398) 

Reaction of theendo-ketone (261) with excess 

benzylmagnesium bromide in refluxing tetrahydrofuran also 

produced only one of the two possible diastereoisomeric 

tertiary carbino1s, (399) or (400). 

Me 

HO 
\~\\\' 

\\\'\ \. 
Me\,; 1(;H2.Ph 

(399) 

Mea 

HO 
\\\\\\'\: 

~\~ 
PhCH\'\ \ 

:2. Me 

(400) 
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Bibenzyl (PhCH2CH2Ph) was isolated as a by-product. 

The benzyl carbinol was isolated by column chromatography 

over neutral alumina and was obtained as a viscous oil which 

formed a methiodide (m.p. 212-2l30 C). Reaction of the 
exo-ketone (260) with benzylmagnesium bromide in refluxing 

tetrahydrofuran again· afforded one tertiary carbinol only, 



obtained as a viscous oil after column chromat~graphy over 

neutral alumina.. The ~-benzyl carbinol also formed a 

methiodide (m.p. 233-234oC). 

3) Structural assignment of the C-Il carbinols. 

The four Grignard reactions described above had 

each yielded only one tert~ary carbinol.· 
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These results are in close analogy with the 

findings of Bentley et.al.108 in their studies of Grignard 

addition to the methyl vinyl ketone Diels-Aider adduct (401) 

of thebaine. They found a remarkably high degree of 

stereoselectivity, obtaining normally a high yield of an 

almost pure diastereoisomer of the tertiary carbinol.108 

For example, with £-propylmagnesium iodide the only tertiary 

carbinol obtained was the diastereoisomer (402), together 

with two minor products· viz a secondary carbinol (from 

Grignard reduction) and ~earrangement,product.l08 

MeO 

(401 ) 

~ 

C-Me 
// o 

MeO 

~rMgI 

(402) 

Carbinols with the conf~guration at C-7 and C-II 

shown in (402) each showed the presence of intramolecular 

hydrogen bonding with the C-6 methoxy oxygen. 102 ,108 In 

the infrared spectrum of (402) OH stretching appeared at 

3497 cm-l and in the n.m.r. the hydroxyl proton absorptilon 

was at 04.80. 102 ,108 This may be contrasted with the 

values of 3597cm-l and d2.20 for t~e equivalent absorptions 

by the ~-hydrogen bonded OH in the secondary alcohol 



corresponding to (402) where Prn is replaced by H.102,~08 
Bellamy322 lists free OH absorptions as appearing within 

the range 3650-3590cm-l and intramolecular H-bo~ded OH 

absorption 3570-3450cm-l (con~e~tration independent). It 

is well known that in the n.m.r. hydrogen bonding shifts 

OH proton absorption to lower field, e.g.' ca 05 (free OH 

~ 02).323 In structure (402) the hYdrOge~bOnding permits 

the more bulky Prn and less bulky Me groups to adopt 

positions reasonably free from non-bonded interactions. 
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The asymmetric induction process giving diastereo­

isomers of type (402) is explained by Bentley et.'al.
108 

as 

being a consequence of the formation of a 

six-membered intermediate in which the magnesium atom is 

co-ordinated with both the carbonyl and methoxy oxygens, as 

shown in (403). An inspection of models then shows that 

"top-side" apprdach of Prn to the carbonyl carbon" as shown 

in (403), to give (402), is less hindered than approach from 

below (the vicinity of the 6,14-etheno bridge).108 

(403 ) 

An examination of the spectra of our carbinols 

suggests an analogous situation obtains. Models indicate 

that the stereochemical constraints offered by the 

bicyclo[2,2,2]octene moeity in our compounds will be 

similar to those resulting from the bicyclo[2,2,2]octene 



220 

moeity in (401). 

The spectroscopic data obtained from our C-ll 

tertiary carbino1s is sunmlarised in Table 4.. (The 100MHz 

n.m.r. spectra of the: .!!:-,propyl.carbinol (395) and the benzyl 

carbino1s (399) and ,(405) are shown in .Fig.12, F~g.13 and Fig.14. 
It can be. seen that in each 'case the hydroxyl. group 

is clearly H-bonded, such bonding being intramolecular as it 

is concentration independent: (i~ CC14). I .• r. OH absorption 

is between 3480-3490 cm-1 and n.m.r. 04.70-04.93 for the 

four carbinols. 
Applying therefore the same principal as discussed 

above for the thebaine seriesl02 ,108 we propose the following 

structures for theendo-carbinols (395), and (399). 

7 H 
-,. n 
11~""""'Pr 

H /Q. I§ 
Me •• ",OM= H e 

(395) (39~) 

For the Grignard reactions with the exo-ketones 

asymmetric induction could develop through a magnesium 

complex as shown (404). In this case models reveal that 

the less hindered approach by the n-Pr group (or CH2Ph) is 

from beneath, see (404). Approach from the top-side would 

involve encounter with the C-lO methylene group of the 

6,8a-ethano bridge. 
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Spectral Data for the C-ll tertiary carbinols obtained by reaction of a Grignard reagent with 

the endo or ~-adducts of methyl vinyl ketone with 6-methoxy-2-methyl-1,2,3,4,7,8-hexahydro­

isoquinoline (250). 

~ 

Ketone Grignard Carbinol, % OH stretch OH C-5H C-llMe N-Me 'CH3CH2CH2 PhCH2 
reagent "max cm-l (CC14 > 0 0 0 

endo n-PrMgBr (395 ) 86 3480 4.76 5.85 0.90 2.30 0.85 -

endo PhCH2MgBr (399 ) 83 3490 4.93 5.84 0.95 2.25 - 2.50 

exo n-PrMgBr (397 ) 85 3480 4.76 6.10 1.30 2.35 0.86 -
exo PhCH2MgBr (405 ) 81 3490 4.90 5.96 1.30 2.32 - 2.62 



" /Me 
., C 

~~ 1/ 
I H ... 0 

. I ... 
··M . 

9", n 
:I, 

"Pr 

(404) 

We therefore propose structures (397) and (405) 
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for the 'exo-carbino1s from n-PrMgBr and PhCH2Br respectively. 

(397) (405) 

Support for the sU9gested configurationat.C-11 is 

provided by the chemical shift of the C-11 methyl. group of 

the ~-carbino1s (397) and. (405) (Table 4 ). In (397) the 

C-ll methyl. group appears at 01.30 and in (405) also at 01.30 

canpared with 00,.90 and 00.95 for the similar methyl. group in 

the endo-carbinols (395) and (399). The lower field resonance 

of the C-ll methyl group in (397) and (405) is probably due to , 

its lying almost exactly in an extension of the plane of the 

a-bonds of the 4a,5-double bond, i.e. in a de shielding r~gion. 

In contrast the C-ll methyl group in the endo-carbino1s (395) 
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and (399) lies almost underneath the 4a,5-doub1e bond a-bond 

plane, i.e. in its shielding region. 

Following our findings Crabb and Wilkinson324 

reported obtaining some analogous carbino1s by a similar 

method. In particular they made the 6-ethoxy analogues of 

(395) and (397). They too observed high stereoselectivity. 

Their conclusions regarding stereochemistry support ours 

although their reasoning, in one instance, does not. They 

postulate the relative deshielding of the C-ll Me in the 

ethoxy analogue of (397) is due to its proximity to the 

ethano-bridge and they ignore the effect of the 4a,5-double 
bond. 324 " 

B Modification of the ring system : formation of Azapropellanes 

The alcohols of the 6, 14-endoethenotetrahydrothebaine 

seriesl08 of general structure (406) are unstable in acid media, 

suffering dehydration and rearrangement" the speed, extent, and 

course of which depends on the nature of the alcoholic group 

d th d Ot" f th t" 325 K W"B tl .. t" " 1325-327 an e con ~ ~ons 0 e reac ~on. • • en ey ~.~. 

have extensively investigated the rearrangement of such 

carbinols. In all cases the first product appears to be an 

olefin. The transformations depicted in scheme 35 were found 

to be effected by heating the appropriate alcohols (406) in 98-

.100% formic acid. The olefins produced by simple dehydration, 

e.g. (407) are unstable under acid conditions, but ease of 

rearrangement appears to depend on the degree of substitution 

of the double bond. Thus, olefins (407: RI =R2=H, Me=Ph) and 

(407: Rl =R2=H), were completely rearranged to the l4-alkenyl­

codeinones (409; R=H, Me=Ph) and (409: R=H) after boiling in 

formic acid for 10 min. and 3H.,.respectively, whereas the 

trisubstituted olefins (407; Rl=H) are stable to boiling 

formic acid and required heating with mineral acid before 

rearrangement occurred. Presumably the ease of rearrangement 

is dependent on the ease of protonation of the double bond to 

give the carbonium ion (408), which can either revert to the 

olefin (407) with the loss of a proton, or can suffer ring 

fission to give the l4-alkenylcodeinone (409). 14-Alkenyl­

codeinones of structure (409; R=Me and Ph) have been isolated 



HO~C~R 

Me 

(406) 

c= 
=(9 
C 

R/ 'Me 

(408) 

Me 
(411) 

-----. 

(98% HC02H) .. 

Scheme 35 
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R1-.'~C, 
I Me 

R2 
(407) 

-
C9 

R/ 'Me 

(410) 
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MeO 

(412) 
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_ (:415) 

R' 
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Prototropic 11-equilibration ! HI) 
conc. Het 

Scheme 36 
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from alcoho1s (406; R=Me and Ph) in ref1uxi!lg formic .acid. 325 

In the presence of 6N hydrochloric acid, alcohol 

(406; R=Me) was converted via the 14-alkenylcodeinone (409; 

R=I>1e), followed by formation of the carbonium ion (410; 

R=Me), to the recyc1ised 6-hydroxY analogue (411; R=Me).325 

The l4-alkenylcodeinones (413), derived from the 

carbinols of general structure (412) can undergo further 
transformation by concentrated hydrochloric a~id326,328, as 

shown in scheme 36 • Prototropic equilibration of the 

14-a1kenylcodeinone (413). gives the isomeric enone (414). 

Then protonation of the enone system and Markownikoff· 

addition of the resultant carbonium ion to the double bond in 

the side chain. gives the carbonium ion (415), which can lose 

a proton in either of two ways to yield ~etone (416) or : 

(417).326 In the case where R is a hydrogen atom and R' is a 

methyl group in (412), the rearrangement proceeds only as far 

as the 14-a1keny1codeinone (413), in which the favoured 

position of the double bond in the alkeny1 side chain is as 

shown. Where R=R'=Me, however, hyperconjugation effects make 

the isomeric codeinone (414) the favoured form and cyclisation 

to the end product, e.g. (417) can be accomp1ished. 326 ,328 

In the 6,8a-ethano bridged isoquinoline series an 

example incorporating the first sequence described above (i.e. 

to the equivalent of the 14-a1keny1codeinone) has been reported 

by Crabb and Wi1kinson. 324 The dimethy1c~rbino1 (418Y(~ or 

endo at C-7) on treatment with 2N-hydrochloric· acid at 100°C 
-- 324 
underwent the sequence shown below. 

The equivalent of the 14-alkenylcodeinone (413) 

(see scheme 36) is (419). As expected a cyclisation did not 

ensue, although (419) was not isolated as such but as its 
hydration product (420).324 



(418) 

2N HCI 
1000 C 

... 

OH 

(420) 

230 

H + 

(419) 

The carbinols we have made, however, are analo~ou5 

to (412) where R'=Me and R=Et or Ph (i.e." riot H). Therefore 

acid catalysed ring opening to an 8a-alkeny1 enone similar 

to (419) could possibly be followed by cyclisation to the 

enone after prototropi~ equilibration, somewhat equivalent to 

(413) leading to (417). 
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The four tertiary carbinols prepared in the 

present work were each unstable to the presence of 

concentrated hydrochloric acid. Treatment of the" "e"ndb-methyl 

!!,-propyl carbinol (395) with concentrated hydrochloric acid 

for 2h. at lOOoC afforded a viscous oil. The infrared spectrum 

showed a strong carbonyl absorption at 1705cm-l suggesting a 

saturated ketone. No major absorption above 220nm. was seen in 

the ultraviolet spectrum suggesting the absence of a conjugated 

enone : (420) has Amax 235nm{e:, 11,000) .234 The n.m.r. 

spectrum of our product (Fig. 15 ) showed no vinyl proton 

absorption. The well defined triplet (J 7Hz)- centred at 01.0 

was assigned to a terminal methyl group adjacent to CH2 and the 

3-proton singlet at 01.65 to a methyl group probably attached 

to a carbon-carbon" double-bond. The sharp sing~et at 02.20 

was assigned to an N-methyl group. 

The'proposed course of the acid-catalysed reaction 

of the carbinol (395) is depicted in scheme 37. Ring opening 

to the 8a-a1keny1 enone (42l) occurs first. Prototropic 

equilibration of the intermediate enone{42l) proceeds to give 

the isomeric 8a-alkenylisoquinoline enone (422)[equally 

favoured as (42l) by hyperconjugation]. Protonation of the 

enone-system and Markownikoff addition of the resultant 

carbonium ion at C-4a to the double bond in the side chain will 

lead to the carbonium ion (423). This can lose a proton in any 

of three ways, the most likely being to give the tetrasubsti­

tuted double bond shown in (424). The above spectroscopic 

evidence indicates that the product of the rearrangement is 

indeed the ketone (424). The analytical data for the 

methiodide (m.p. 26l-264oC) and the hydrochloride [m.p.242-

2430 C(dec.)] was also consistent with the molecular formula of 

(424). Accurate mass measurement of the free base further 

confirmed the m~lecu1ar formula as Cl7H27NO. 
The tricyclic ketone (424) belongs to the class of 

compounds named "prope11anes" and the nomenclature of such 

systems329 has been adopted by us in naming (424) as 3-aza-

7-ethy1-3,8-dimethyl[4,4,4]prope1l-7-en-l3-one. 
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Ginsburg, Altm~n_and co-workers initiated in 1966 

an extensive study on_ [4,4,4], [4,4,3], [4,4,2] and [3,3-,3] 
carbocyclic heterocyclic propellanes.329-333 A book is 

also available on the synthesis, structure and reactions 

of propellanes. 334 

To date no propellanes possessi?g the aza[4,4,4] 

ring system have been reported, and the rearrangement of 

carbinol (395) provides a direct entry into this novel ring 

system. 
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In relation to the synthesis of heterocyclic 

propellanes, triaza[3,3,3]propellane (425) has been 
synthesised33l , the diaza[4,3,3]propellane (426)329 and the 

diaza[3,3,3]propellane (427)- together with the aza[4,4,3] -
propellane (428)329 a typical synthesis of (428), is shown.-

/'A~. 
MeN~/NMe 

(425 ) 

MeN/'A~NMe 
~J 

(427) 

r"A~ 
~/NMe 

(426) 

(428) 



o 

cO) 
11 o 

(428) 

~'1I40H 

o 

d;~ 
11 o 

Ring closure to a propellane involving addition 
. I 

to an enone is provided by the synthesis of the alkaloid 

(431) by Kametani ~t.·~1.335 Reticuline was employed as 

starting material for the synthesis by phenolic oxidation 

of the dienone (429). Treatment with base afforded after. 

further acidic isomerisatio~ of the resulting enone (430) 

the final product (431) having the hasubanan skeleton. 

OH 

(429) 

MeOH 
90% 

MeO 

(430) 
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OH 

(430) 
HCl, MeOH 

11% 

(431) 

The behaviour of propel1anes on electron impact 
haS been investigated by D.Ginsburg ~t.al.329,33l They 

report the fragmentation of the triaza[3,3,3]propellane(425). 

(425) 

The compound (425) exhibited the molecular ion M+ 

at m/e 195 and the following fragmentations : 
-CH3 -CH2NH'c~3 

M+ >- mle 180 ; M+ > m/e 151 

-NH Me 
2 ~ 

m* 

1'11-¥ 

m/e 108 (base peak) ; 

"-H 
m*> 163. 164 

We found that the" "exo-methyl ~-propyl carbinol 

(397) also underwent rearrangement upon treatment with 

concentrated hydrochloric acid at 100°C to afford the 

propellane ketone (424) in 96% yield, isolated as its 

hydrochloride salt. 



Me 
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cone. HCl 

(397) (424) 

Acid-catalysed rearra~gement of the related methyl 

benzyl carbinols (399) and (405) was next investigated. The 

rearrangement could proceed in a similar manner to that 

already described for the methyl ~-propyl carbinols (395) and 

(397) and depicted in Scheme 38. 

Treatment of either the ·exo-carbinol (405) or a ........ -
mixture of both the· exo and· elido carbinol (399) with 

concentrated hydrochloric acid at 1000C for 2.5~3h ~fforded a 

viscous oil. T.l.c. analysis showed 

to bea mixture of three components. 

the oil over netral alumina afforded 

th~ rearrangement produc~ 

Column chromatography of 

the propellane (433) as 

a viscous oil. The other two products are discussed below. 

The infrared spectrum of (433) showed a strong 

carbonyl absorption at 1705 cm-l and the n.m.r. spectrum 

showed singlets corresponding to a methyl group at 01.30, an 

N-methyl. group at 2.24 and phenyl absorption centred at 7.2, 

no vinyl proton absorption was present. Accurate mass 

measurement and elemental analysis confirmed the molecular 

formula as C2lH27NO. The u.v. spectrum of the propellane 

(433) showed A 2l7(E, 1580) and 258nm(420). The lack of . max 
appreciable absorption for the styrenoid chromophore is 

thought to be due to steric factors: styrene itself shows 
336 .u.v. bands at 244nm(E, 12000) and 282(450) • Examination 

of a model of (433) indicates that the phenyl group at C-7 

could not freely adopt a configuration planar with the 7,8 

double bond due to steric interference with the 7-substituent 

and the a-methyl group. 
The mass spectra of the propellane (433) and the 

ethyl analogue (424) showed similar fragmentation 

characteristics. In particular an important fragmentation 
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H 

Me 

(433) 

Scheme 38 



is envis~ged as a retro Diels-Alder-type c1eaV~ge'337, of 

tile piperidine ring in the parent molecular ions. givi!lg 

rise to the fragment ions as depicted : 

+ 

I ~ CH2. 
+ I 

239 

R ~NMe nVe 71 
Me HC + 

2: 

/ 
CH, 

R::Et nVe 190 ~ 
R::Ph nVe 238 ~NMe 

HC + nVe 70 2: 

The two other products from the acid-catalysed 

rearrangement of the benzyl carbinols could not be obtained 

in a sufficiently pure state for a satisfactory structural 

assignment to be made. The n.m.r. spectrum of by-product 

(A) showed vinyl ~roton absorption at 05.44 (w~ 10Hz), and 

singlets attributable to a benzylic methylene, group at 3.24 

an N-methyl group at 2.26 and a methyl, group at 1.26 

together with phenyl absorption at 7.2. The infrared 

spectrum showed hydroxyl, group absorption at 3400 cm-I and 



-I' 
a carbonyl, group at 1705 cm ,. By-product (B) also showed 

vinyl proton absorption at <55.12 (w~ 4Hz) in its n.m.r. 

spectrum together with ab~orp~ions a~tributable to a 

benzylic methylene group at 3.24 an' N-methyl, group at 2.18 

a methyl, group at 1.24 and phenyl absorption at 7.2. The 

infrared spectrum showed hydroxyl group absorption at: 3400 
cm-1 and carbonyl group absorption at 1665 cm-I. Both 

by-products showed a molecular ion at m/e 327 in the mass 

spectrum. On the basis of these data it is postulated that 

the by-products could be the carbino1s (434) and (435) 

arising from hydroxylation of the intermediate carbnium ions 

produced during the acid-catalysed rearrangment (see Scheme 38). 

OH 

(434) (435) 



------- - ----- -

PHARMACOLOGY 

·Some of the compounds synthesised as discussed in 

Part 2 and Part 4 of this work were submitted for 

pharmacological evaluation as potential ana~gesics by 

Reckitt and Colman, Pharmaceutical Division, Hull. 
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Analgesic activity was assessed by the phenylquinone­
writhing test (H & F test)339 and the Rat Tail Pressure 

test. 340 The former test relies on the ability of morphine­

like drugs to abolish the writhing or stretching response 

produced in mice by the intraperitoneal injection of 

phenyl-p-benzoquinone. 341 In the latter, analgesia is 

indicated by abolition of the squeaking response to tail 

pressure. The results are summarised in Table 5 compared 

with the values for morphine. 

The potency of an analgesic can be expressed as the 

ED50 , the dose in milligrams per kilogram of body weight 

that produces a significant effect in 50% of test ani~als. 

It is most interesting that the chloroacrylonitrile 

adducts (291) and (292) and the MVK-benzyl-carbinol adducts 

(399) and (405) are so active. The chloroacrylonitrile 

adducts (291) and (292) are slightly the more active, both 

the H & F and Rat Tail Pressure values being better than 

morphine. For the carbinols, the Rat Tail Pressure value is 

slightly better than for morphine and not so good as morphine 

in the H· & F test. 

The azapropellane (~24) is more active when 

administered i.v. in the H & F test, but not much use by 

the s.c. route. 



I 

COMPOUND NUMBER TEST 

(291) 

MeOOO and 

Cl NMe (292 ) 
CN 

(399) 

Me~ and 
HQ 

Me"'C, NMe (405) 
CH2,Ph 

Et,~, 
~ N~e 

(424 ) 

HO 

~\ I 
Q. (1) 
~ IMe ~ 

HO~" ~ 

morphine 

i.v. = intravenous 

s.c. = subcutaneous 

H" & F 

Rat Tail 

Pressure 

H" & F 

Rat Tail 

Pressure 

H" & F 

H" & F 

Rat Tail 

Pressure 

ROUTE 

s.c. 

s.c. 

s.c. 

s.c! 

s.c. 

I 

i.v. 

s.c. 

242 

0~35 

0.46 (0.30 - 0.72) 
-

5.1 

1.17 (0.56 - 2.46-) 

>30 

2.8 

0.65 

2 

(administered as 

sulphate) 

Table 5. Pharmacology of prepared compounds compared with 

morphine. 
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Unless otherwise stated the followi~g conditions 

apply. All mel ti~g points are uncorrected and weremeas'ured 

on a Kofler hot stage apparatus. Proton magnetic resonance 

spectra were recorded by a Varian EM360A spectrometer (60Mhz 

spectra) a Perkin-Elrner R32 spectrometer (90MHz spectra) and 
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a Jeol MH100 spectrometer (IOOMHz spectra) for solutions in 

deuterochloroforrn and/or DMSO-d6 with tetramethylsilane as 

internal reference. Ultraviolet spectra were obtained, using 

a Unicarn S.P.BOO spectrophotometer, for solutions in absolute 

ethanol. Infrared spectra were recorded as KBr discs, liquid 

films pr carbon tetrachloride solutions by meanS of a Perkin­

Elmer 177 grating ~pectrophotometer. Mass spectra were obtained 

on an A.E.I. MSl2 machine. " Accurate mass measurements were 

carried out on an A.E.I. MS902 machine. Elemental analyses 

were carried out at the University of Manchester, the 

University of Nottingham and by the Butterworth Microanalytical 

Consultancy Ltd. Column chromatography was carried out on 

neutralalumina, Brockrnann activity 3. Thin-layer 

chromatography (t.l.c.) used plates coated with alumina GF254 

(O.7mm layers). Commercial grade solvents and reagents were 

used except for the following which were dried by standard 

procedures before use : diethyl ether, tetrahydrofuran, 

pyr idine ,tert-butanol ,·t"e·rt-pentanol , benzene, dirnethyl­

formarnide and dimethylsulphoxide. 

The following abbreviations are used in the text : 

s = singlet, d = doublet, q = quartet, t = triplet, 
m = multiplet, w' = weak, sh = shoulder, br = broad. 

I would like to thank Mr.M.Harris (n.m.r. spectra), 

~~.A.Greenfield (mass spectra) and Mr.E.Marriott for their 

technical assistance. 



Part 1. Synthetic Approaches to Certain Partially Hydrogenated 

8-Ketoisoquinolines. 

A . Approaches to 8-Keto-5, 6,7, 8-tetrahydroisoquinolines 

via 5,6,7,8-tetrahydroisoquinoline. 
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Ethyl 2-EthoxycarbonYlcyclohexYlidinecyanoacetate(127)~13 
A mixture ofethy1 cyclohexanone-2-carboxylate (126) 

(112.5g); ethyl cyanoacetate (85g): ammonium acetate (11.5g) 

and glacial acetic acid (36g) were heated under reflux in 

benzene (15Oml) at l600C in an oil bath for 6-7h with 

simultaneous separation of the water formed (22.5ml). After 

heating for a further lh the mixture was cooled and ether 

(lOOml) was added. The ethereal layer was washed successively 

with NaHC03 solution and water, dried (MgS04),' filtered ahd 

evaporated. The residual liquid was distilled at reduced 

pressure to 'afford l32g (75%) of ethyl 2-ethoxycarbonylcyclo­

hexylidenecyanoacetate (127) as a colourless sweet smelling 

liquid b.p.132-l340C(0.15mm Hg) (Lit. 113 l550C/0.3mm). 
-1 vmax : 22l0cm (C=N) 

1,3-Dihydroxy-5,6,7,8-tetrahydroisoquinoline '(129)150 

To 85% aqueous sulphuric acid solution (40ml) 

compound (127) (35g; 0.132M) was slowly added dropwise at 

80-900C with stirring. The reaction mixture was stirred for 

a further five hours at this temperature. The mixture was 

cooled to room temperature and poured cautiously into ice­
water (300ml). The pH of the solution was carefully adjusted 

to 5 using ice-cold aqueous ammonia solution. After standing 

overnight at room temperature, the yellow crystals that had 

separated were collected by suction filtration and washed 

thoroughly with water to remove any ammonium sulphate. 

Recrystallisation from 70% aqueous acetic acid affonded 17.5g 

(80%) of yellow needles of 1,3-dihydroxy-5,6,7,8-tetrahydro-

isoquin01ine (129) m.p.204-205 0C (Lit. 150 202-2050C). 

1,3-Dichloro-5,6,7,8-tetrahydroisoquinoline (130)150 

A mixture of compound (129) (5g, 0.03M), phosphorus 

oxychloride (9.2ml, O.lM) and pyridine (1.6g, 0.02M) was 
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allowed to react for ?h at 2000 C in a sealed glass carius 

tube. After reaction., the dark coloured liquid was poured 

into ice-water (SOml). The aqueous solution was neutralised 

with ammonium hydroxide solution and the dark crystals that 

separated were collected by filtration, washed with water 

and. dried" "in vacuo. The dried crystals were purified by 
distillation b.p.13S-l37oC (o·.·2rran ~g) (~it.1SO 14S-147oC/ 

O.Smm). The distillate rap~d~y"solidified to afford needles 
2.Sg(48%) of l,3-dichloro-S,6,7,8-tetrahydroisoquinoline, 
m.p.84-8SoC (lit. ISO 84-8SoC). 

ol.84(4H, m, C-6 and C-7); 2.73(4H, rn, c-s and C-8); 6.95 

(IH, s, C-4). 

S,6,7,8-tetrahydroisoquinoline (66)152 

Isoquinoline (6.4Sg, O.OSM) was placed in a SOOrnl 

Parr bottle, and dissolved in ice-cold 12N hydrochloric acid 

(4Ornl) and platinum oxide (7S0mg) was added. The bottle was 
I 

connected to the hydrogenator and the air removed, hydr~gen 

at 50psi pressure was applied and the mixture was hydrogenated 

for 12-l8h. The catalyst was fil~ered from the solution 

through a glass fibre filter, the solution was diluted with 

water, chilled in ice and made basic with strong aqueous NaOH. 

The product was extracted with ether, dried over KOH pellets 

and the solvent evaporated. The residue was distilled at 

reduced pressure to afford a colourless liquid 6.3g (95%) 

b.P.79-80oC(1.Omm) (lit. ISO 77-81oC/lrran). A picrate was 

readily formed by reaction with an equimolar quantity of picric 

acid in warm ethanol, m.p. l43-l44oC (lit. lS2 l43-144oC). 

ol.80(4H, rn, C-6 and C-7); 2.73(4H, m, C-S and C-8); 6.9S(lH, 

d, J 7Hz, C-4); 8.26(lH, d, J 7Hz, C-3); 8.30(lH, s, C-l). 

B Approaches to 8-Keto-l,2,3,4,S,6,7,8-octahydroisoquinolines 

via heterocyclic ring ·cTds·u·re. 

(i) Syntheses starting from Cyclohex-2'-"e"n"dne. 

Epoxidation of CycTohe·x-2-·erione. 157 

In a 2 litre three necked round bottomed flask 

equipped with a dropping funnel, a mechanical stirrer and a 

thermometer was placed a solution of cyclohex-2-enone (133) 

i 
• I 
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(76.8g, 0.8M) and· 30% aqueous hydr~gen peroxide (230ml, 2.4M) 

in methanol (BOOml). The contents of the flask were cooled 

to lSoC by means of an ice-bath~ 6Naqueous sodium hydroxide 

(66ml, 0.4M) was added dropwise with stirri~g over a period 

of Ih. During the addition the temperature of the reaction 

was maintained at 15-20oC with an ice-bath. After addition 

was completed the mixture was stirred for 3h at 20-2S oC. 

The mixture was then poured into 1 litre of saturated sodium 

chloride solution and extracted with 3 x SOOml portions of· 

chloroform. The chloroform extracts were washed with water 

and dried over anhydrous MgSO 4. Excess chl.oroform was removed 

in vacuo and the residual liquid distilled thro~gh a vigreux 

column at reduced pressure. The epoxy-ketone (134) was 

collected as a colourless liquid 4S.4g (Sl%) b.p.lOS-l06 oC 

(3Smm); 6S-68oC (4mm). (Lit. lS7 7S-78oC/IOmm). 
-1 

"max: 1710cm (C=O), m/e 112. 

o3.2(lH, d, J 2 ,3 4Hz); 3.6(lH, m) epoxide protons. 

Knoevenagel condensation with the epoxide of cyclohex-2-

enone (l34}. 

The epoxide of cyclohex-2-enone (134) (Sg, 0.04M), 

cyanoacetic acid (3,4Sg, 0.04M) and ammonium acetate (O.Sg) 

were refluxed in benzerie (SOml) with simultaneous separation 

of the water liberated for 6h. Only a small quantity of 

water was collected. The mixture was cooled and diluted 

with benzene (SOml) and ether (lOOml). The ethereal __ l~yer 

~as washed with water (3 x SOml), dried (MgS04 ), and 

evaporated to afford a red liquid. T.l.c. analysis (silica 

gel, benzene/ether, SO:50) indicated the presence of starting 

ketone (Rf 0.6) together with two other spots (Rf 0.3 and 0.17). 

Column chromatography of a portion of the product (2.Sg)on 

silica gel (100-200 mesh) eluting with petroleum ether and 

benzene afforded first the starting epoxy-ketone (134) (1.8g); 

"max 
: 1710 cm-I (C=O), m/e 112. Further elution with benzene 

gave cyclohexanon-2,3-diol (143) (O.Sg), as colourless needles; 

m.p. 87-88oC (lit. lS8 87oC), "max 170Scm-l (C=O), 3300-3600 

(H bonded OH), m/e 130. Further elution with benzene/diethyl 

ether and diethyl ether. gave an oil (O.lg); "m~ : 2200 (C=N); 



1785 and 1715 (C=O x 2); 3300-3700(H-bondedOH)i 1660(C=C). 

This compound was assigned the S,y unsaturated lactone 

structure (144). 

247 

Cyanomethyltriphenylphosphonium chloride (158') .-168 

Chloroacetonitrile (8g, O.108M) and triphenylphosphine 

(20.8g, O.08M) were dissolved in nitromethane (12Oml) and the 

resultant solution refluxed for 5h and cooled to. give . 

cyanomethyltriphenylphosphonium chloride as colourless crystals 
20.5g (75%), m.p. 276-278oC (lit. 168 278-279 0 C). vmax 2220cm-l 

(C=N) • 

a-Cyanamethylenetriphenylphosphorane (159).168 

Cyanomethyltriphenylphosphonium chloride (158) (15g) 

was dissolved in ice-cold water and any undissolved solid 

was removed by filtration. Immediately excess ice-cold 

aqueous 2N sodium hydroxide was added and the resultant 

flocculent white precipitate filtered at the pump and washed 

wit~ a small quantity of ice-cold ethanol. After about lmin. 

the solid was quickly transferred to a vacuum oven previously 

heated to 120°C. The phosphorane was dried'in va'cUo for Ih 

and then stored in a vacuum dessicator. Recrystallisation of 

the phosphorane from ethyl acetate afforded a-cyanomethylene­

triphenylphosphorane (15~) (13.5g) as a colourless crystalline 

material m.p. 194-l96oC (lit. 168 195-l96oC) vmax : 2140cm-l 

(C=N) • 

Wittig reaction with the epoxide of cyclohex-2-enone (i34) 

Cyclohex-2-enone epoxide (134) (9.67g, O.086M) in 

dry xylene was added dropwise at room temperature with 

stirring to a-cyanomethylenetriphenylphosphorane (26g, O.086M) 

in dry xylene (200ml) in an atmosphere of nitrogen. The 

resultant solution was heated under reflux for 6hi excess 

xylene was removed by distillation in' 'V'a:cuo and petroleum 

ether added to the liquid remaining. The white precipitate 

of triphenylphosphine oxide was removed by filtration and 

washed with a small quantity of petroleum ether. The 

combined organic filtrate was concentrated at reduced pressure 

to afford agreenish-yellow liquid which was distilled at 
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reduced pressure whereupon it turned a deep or~ge. The 

first fractions to be collected consisted of xylene and 

starting epoxy-ketone (b.p. BooC/3mrn). 2 ",3-Epoxycyclo­

hexylideneacetonitrile (136) distilled at 106-10BoC(3mm) as a 

colourless liquid which was-fUrther purified by fractional 

distillation at reduced pressure b.p. 94-960 C/lmrn 4.5g (39%). 
-1 _ " " " 

vmax: 2220cm (C=~) 3.5(2H,~, epoxide protons}, 5.5(lH, 

br.s, olefinic proton), m/e 135. 

l-Cyclohexenylacetoni tr ile (160) .338 

Cyclohexanone (39.2g), cyanoacetic acid (34g) and 

ammonium acetate (156g) were refluxed in benzene (lOoml) for 

Sh with continuous removal of the water formed. The benzene 

solution was distilled with an additional 50ml of hot benzene 

and allowed to cool. Ether (lOoml) was added and the resultant 

solution washed with water (2 x SOml). The ether was removed 

on a rotary evaporator and the benzene solution concentrated 
" " 0 

in vacuo. The resultant solution was cooled to ~10 C in the 

refrigerator. The resultant crystals were collected by 

suction filtration and washed with cold benzene (2 x SOml) ~d 

dried in a vacuum dessicator to afford cyclohexylidenecyano­
acetic acid (36.Sg, 60%) m.p.llO-llloC (lit~3~ 110~110.SoC). 
This was heated slowly in an oil bath at l6S-17SoC while th~ 
system was evacuated with a water pump to a pressure of 35-

4Smrn. The acid melted, decarboxylation occurred and crude 

l-cyclQbexenylacetonitrile distilled as a colourless liquid 

h.p. 100-120oC (3S-4Smrn). The crude nitrile was distilled 

with ether (SOml) and washed with S% sodium carbonate 

solution (loml) and water (lOml), dried (MgS04) and the ether 

removed by distillation. Distillation of the residue at 

reduced pressure afforded 21.4g (BO%) of l-cyclohexenyl­

acetonitrile b.p. 99-1000 C (lSmm) (lit.
33B 

74-7S o/4mrn). 
A : 21Bnm. v : 2250cm -1 (C:::N) 01.66 (4H, m); 2 .OS (4H, " max max • 
m); 3.0(2H, br.s) a-CH2 ; S.B(lH, m, olefinic). m/e 121 

(ii) Syntheses starting from cyclohe"xa"n"--J: , "3"-d"i"o"ne • 

Preparation of monoethylene ketal (147")" of 

cyclohexan-l,3-dione. 
Cyclohexan-l,3-dione (12.BBg, O.llM), ethylene 



glycol (6.~g, O.~) and p-toluenesulphonic acid (lOOmg) 

in benzene (lOOml) was stirred and refluxed for 3h with 

simultaneous removal of the water formed. The cooled 

reaction mixture was washed. with aqueous sodium bic'arbonate 
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(2 x 25ml) and water (25ml), dried (~gS04) and excess solvent 

removed. The residual liquid was distilled at reduced pressure 

to afford the monoketal (147) as a colourless liquid b.p. 84-
aaoc (l.Omm) (Lit. 164 103-l0aoC/4.5nun) 

-1 -
vmax : l720cm (C=O). 

5l.64(2H, br.s, C-5)~ 1.9(2H"m, C-4)~ 2.35(2H, m, C-6); 

2.6(2H, s, C-2)~ 4.0(4H, s, ketal protons). m/e 156 (M+); 

99 (base peak). 

eyanomethylphosphoric acid dimethyl ester (162, R=Me) 

Chloroacetonitrile (15.2g, 0.204M) was added 

dropwise to trimethylphosphite (27.2g, 0.22M) under reflux. 

The resultant mixture was refluxed for ll~h and then 

fractionally distilled in: vacuo. The dimethyl cy an ome thy 1-
phosphonate (162, R=Me) distilled as a colourless liquid 

b.p. l2l-l23 0 C ( 3 IIml) (Lit.120-loC/3rnrn)342'll.Og (36%). 
-1 vmax :2300 ern (C:N). 

52.97(2H,d, J p_h 12Hz, 2'x MeO) 

Wadsworth-Ernmons-Homer modified Wittig reaction with the 

monoethylene ketal (147) of cyclohexan-l,3-dione. 

In an atmosphere of nitrogen sodium hydride 

(aO% dispersion in mineral oil) (1.99g, 0.066M) was washed 

with sodium dried ether (3 x 10ml), the ether being removed 

with a pipette. 1,2-Dimethoxyethane (previously dried by 

distillation from calcium hydride) (lOOml) was added 

followed by the phosphonate (162) (9.9g, 0.066M) dropwise 

with stirring at 20oC. After completion of the addition the 

reaction mixture was stirred for lh under a nitrogen 

atmosphere until gas evolution ceased. The ketal (147) 

(10.36g, 0.066M) was added dropwise at such a rate that the 

temperature of the reaction mixture was maintained below 300 e. 

After the addition the solution was stirred and a viscous 

semi-solid material separated~ after a further 30 min~tes at 



room temperature the mixture was taken up in a la~ge excess 

of water and the resultant aqueous solution extracted with 

diethyl ether (3 x 10Oml), dried (MgS04 ) and the ether 

removed. The residue distilled at 94-96oC(0.lmm) to give 

the ethylene ketal of 3-ketoc~clohexylideneacetonitrile(16l) 

(Z and E isomers), 8.0g (70%). Found: C, 66.65; H, 7.12; 

N, 7.55. ClOH13N02 requires: C, 67.02; H, 7.31; N, 7.82. 

A : 222nm(E 9432) max . 
v : 2220cm-l (C:N conj.-); 1640 (C=C conj.). max . 
&1.5-2.26(6H, m, -CH2CH2CH2-~; 2.45(2H, s, C-2); 3.95(4H, s, 

ketal protons; 5.l0(lH, br.s, olefinic, Z isomer); 5.20(lH, . . + 
br.s, olefinic, E isomer). mVe 179 (M ),99 (base peak). 

(iii) Syntheses starting from 3~methoxybenzaldehyde. 

. l79a 
3-Methoxy-a-n~trostyrene. (166) 

3-Methoxybenzaldehyde (144g), nitromethane (120g) 
. , 0 

and ammonium acetate (40g) were heated for 2h at 130 C on 
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an oil bath in glacial acetic acid (400ml). Upon cooling to 

room temperature and subsequent refrigeration the nitrostyrene 

crystallised. It was collected by suction filtration washed 

well with cold water and dried by air suction. Upon 

recrystallisation from ethanol or methanol 3-methoxy-a­

nitrostyrene was obtained as pale yellow needles 132g(78~) 

m.p. 9l-92oC (Lit. 237 91-920 C). 

A : 306nm (E 13,300). vm : 1640cm-l (C=C) and l350cm- l 
max ax . 

(N0 2 ). o3.85(3H, s, OMe) , 7.55 and 7.95(2H, ABq, olefinic, 

J 14Hz) and 6.90-7.45(4H, m, aromatic). 

6-(3-Methoxyphenyl)ethylamine (167). 
. . 

(i) By lithium alumini urn hydr ide reduct'i'o·n' of 3·-methoxy-

s-nitrostyrene.(166) 

To a well stirred solution of lithium aluminium 

hydride (25g) and anhydrous ether (1500ml) was added 

3-methoxY-S-nitrostyrene (36g) by the Soxhlet extraction 
. l79b 

techn~que under reflux for 36h. After cooli~g in ice, 

water (25ml) was cautiously added dropwise with stirring 

and then 2N NaOH (25ml) followed by water (75ml). After 

stirring for 30min. the ethereal solution was filtered and 



the precipitated lithium salts washed well with ether. 

The combined ethereal solution was concentrated on the 

rotary evaporator and the residual oil taken up in ether 
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and dried (K2C03 ). After removal of the ether the resultant 

oily amine distilled. at .. 92-.94oCilmm·Hg. (Lit. 179a b.p. 63-

650C/0.Olnnn Hg), ·(27.5g,. 90.5%). 

Arnax : 273I'lm (f.,. l79~) ~ v~m : .3370 and 3270 cm -1 (NH2 ) • 

ol.15(2H, s,NH2); ?56-3.10(4H, m, -CIi2CH2-}; 3.76(3H, s, 

OMe), 6.6-7.3(4H, m, aromatic). 

(ii) By diborane reduction of 3-methoxyphenylacetamide (170). 

a} Preparation of borane-T.H.F. complex. 

Boron trifluorideetherate was purified by 

distillation from calcium hydride under vacuum. The apparatus 

was thoroughly flushed with nitrogen and the purified BF3-

etherate (180g, 1.27M) was added dropwise to sodium boro­

hydride (38g, 1.OM) dissolved in diglyme (30Oml). The diborane 

evolved was bubbled through a solution of sodium borohydride in 

diglyme to further ensure removal of boron trifluoride gas and 

then passed through a dry ice condenser to remove any diethyl 

ether which might have been carried over in the nitrogen­

diborane stream. Finally the stream was passed into a sintered 

glass bubbler into freshly distilled tetrahydrofuran at -250C. 

Following completion of the addition of BF 3-etherate, the 

diglyme solution was stirred for lh and then heated at 1000C 

for lh as nitrogen was continually passed through. The 

rasulting borane-T.H.F. solution was standardised by removi~g 
an aliquot \,lith an analytical syringe and injecti~git into a 

1:1:1 water:-glycerl.ne-T.H.F. solution, with subsequent 

measurement of the hydrogen evolved in a. gas burette. The 

resulting borane-T.H.F. solution (Approx. 2M in BH3 ) was stored 

under nitrogen at OOC. 

b) Diborane reduction. 
3-Methoxyphenylacetamide (170) m.p. l28-1290C was 

prepared from 3-methoxyphenylace~ic acid via the acid chloride 

in 87% yield. The amide (20g, O.12M) was dissolved in freshly 
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distilled tetrahydrofuran (45OrrJ.) and added slowly with 

stirring u~der nitr~<jen at o°e:-. to the previously prepared 

borane-T.H.F. solution (20Oml, O.3M)i the temperature bei~g 

maintained at approximately OOC throughout the addition. The 

colourless solution was then brought to reflux and maintained 

there for 3h. The flask was permitted to cool to room 

temperature and 6M hydrochloric acid (75ml) was added slowly 

through a dropping funnel. The THF was removed by 

distillation at atmospheric pressure as hydrogen was evolved 

from the hydrolysis of the amine-borane complex. SodiUm 

hydroxide pellets were added to saturate the aqueous phase 

and the latter was extracted with diethyl ether. After 

drying (K2C03) distillation yielded a-(3-methoxyphenyl)­

ethylamine as a colourless oil b.p. 80-820 C/O.lmm Hg (18.~g, 
100%), identical in all respects with the compound synthesised 

by method (i) abpve. 

a-(5-Methoxy-l,4-cyclohexadienyl)ethylarr&ne. (171) 

Sodium metal (20g) was added in small pieces to 

a solution of a-(3-methoxyphenyl)ethylamine (167) (25g) in 

redistilled liquid ammonia (1 litre) and absolute ethanol 

(125ml) at -550 C in a solid CO2/acetone bath during lh. 

The resultant deep blue solution was stirred at ~~50oC. until 

decolouration occurred (approx. Ih). The ammonia was. 

evaporated in a slow stream of nitrogen overnight. Water 

(300ml) was added with s~irring to the residue and the 

resultant solution and oily base extracted thoroughly with 

diethyl ether; the ether extracts dried (K2C03), and 

evaporated. The residual oil was distilled at reduced 

pressure to afford the pure amine (171) as a clear colourless 

liquid (23g, 91%) b.p. 96-98 0 C(lmm). 
"film: 3370 and 3280 (NH2), 1696 and 1664cm-l (dihydroanisole) • . max . 
~1.20(2H, br.s, NH2)i 2.13(2H, t, J 7Hz, a-CHi)i 2.75(2H, m, 

J 7Hz, a-CH2-N)i 2.65{4H, br~s, CH2 at C-3 and C-6)i 3.50(3H, 

s, MeO)i 4.50(lH, rn, C-4); 5.43(lH, rn, C-2). 



N-[2-(5-Methoxy-l,4-cyclohexadienyl)ethyl]-4-methoxyphenyl­

acetamide. ("173) 

s- (5-:-Methoxy-l, ~-cyclohexadienYl)ethylamine (171) 

(2.08g) in benzene (4Oml), under a nitrogen atmosphere, and 

5% aqueous sodium bicarbonate solution (50ml} was treated 

dropwise with 4-methoxyphenylacetyl chloride (2.?g) in 

benzene (lOml), with stirring and ice-cooling. After 
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addition was completed the resultant mixture was stirred for 

1.5h. The benzene layer was separated and the aqueous 

solution extracted with benzene (5Oml) : the combined o~ganic 

extracts were washed with aqueous 2N sodium hydroxide and 

water and dried over potassium carbonate. Removal of the 

benzene' 'in 'V'a'cUo afforded an oil which was heated with diethyl 

ether and the resultant hot ethereal solution decanted from 

any insoluble material. Cooling in ice and triteration 

afforded fine needles which were collected by filtration 
I 

(3.0g, 73%); concentration of the mother liquors afforded 

a further 0.5g of slightly less pure material. The 

analytical sample of N-[2-(5-methoxy-l,4-cyclohexadienyl)­

ethyl]-4-methoxyphenylacetamide (173) m.p. 60~6loC was 

recrystallised from diethyl ether. Found: C, 71,.3; H, 7.6; 

N, 4.9. C18H23N03 requires C, 71.73; H, 7.69; N, 4.65. ~" 

,Amax : 230nm (11,320); 277(1773); 284(1509). 

\)~~ : 3280 (NH), 3060 (C=C-H) ,., 1698 and 1666 (dihydr0cu:J.isole 

system), 1640 (Amide C=O). 

52.l0(2H, t, J 7HZ; S-CH2); 2.60(4H, br.s, C-3 and C-6); 

3.30«2H, m, J 7Hz, a-CH2); 3.46(2H, s, benzyl CH2 ); 3.52{ 

3H, s, C-5 MeO); 3.80(3H, s, aromatic MeO); 4.56(lH, m, w~ 

6Hz, C-4); 5.27(lH, m, w~ 8Hz, C-2); 5.72(lH, br.m, NH); 

6.83 and 7.l3(4H, A2B2 q, J o 9Hz, J m 1.5Hz, aromatic). 

N- [2- (3-oxocyclohex-l-enyl) ethyl] -4-methbxy phe'ny"l­

acetamide. (175) 

The previously prepared amide (173) (25g, 83mM) 

in tetrahydrofuran (250ml) and 10% aqueous hydrochloric 

acid (5Oml) was stirred at room temperature for 24h. The 

reaction was followed by t.l.c. (alumina plates, ether/ 



CHC1 3 50:50 eluent). When no morestartingomaterial was 

evident tetrahydrofuran was removedo °in: vaOcuo and water 
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and excess 2N sodium hydroxide was added until the mixture 

was basic. The resultant mixture was extracted with 

chloroform (3 x 10Oml); dried (K2C03}and evaporated to afford 

a viscous oil which solidified to a pale yellow mass on 

standing. Recrystallisation fromdiethyl ether afforded 

translucent golden leaflets of N-[2~(3-oxocyclohex-l-enyl)­

ethyl]-4-methoxyphenylacetamide (175) (18.6g, 78%) m.p. 62-
o 63 C. Found.: C, 71.15; H, 7.24; N, 4.77. C17H2lN03 

requires 
AEtOH • max . 

: C, 71. 05 i H, 7. 36; N, 4 ~ 87 • 

230nm (E, 17.930); 277(1950}; 284(1600}. 
K& . ° 

vmax : 3250 (amide NH); 3050 (C=C-H); l6600(enone C=O); 

l640(amide C=O}; 1240 and 1030cm- l (C-O stretch). 

ol.96{2H, m,J 7Hz); 2.30(6H, rn, cyclohexene ring protons); 

3.40(2H, rn, J7Hz a.-CH2); 3.47(2H, s, ben
o
zYlCH2); 3.80(3H, 

s, OMe)i 5.76{lH, s, w~ 4.5Hz, olefinic); 6.16 lH, broadened 

triplet (J, 5Hz) NH ; 6.85 and 7.l5(4H, A2B2q, J o 9Hz, J m 1.5 

Hz, aromatic). 

N-[2- (3-oxocyclohex-l-enyl) ethyl] -04-meothoxyphenylacetamide 

ethylene ketoaol. (205) 

(1) Dioxolanation with ethylene glycol. 

The amide (175Xl.Og) in benzene (5Oml) and ethylene 

glycol (0.9g) with p-toluenesulphonic acid (50mg) was heated 

under reflux for 24h with simultaneous separation of the 

water formed (Dean~Stark trap). After cooling to room 

temperature; the benzene solution was washed with aqueous 

sodium bicarbonate solution and water; dried (K2C03) and the 

benzene removedoin vacuo to afford a viscous syrup (l.lg). 

Column chromatography over neutral alumina (Act 3, 50g) 

eluting with diethyl ether and chloroform afforded 

N-[2-(3-0:KOcyclOhe:X-1-enyl)ethyl]-4-methoxyphenylacetandde 

ethyleneo ketoal (205) as a viscous syrup (0.95g, 82%) b.p. 

216-2l8oC/0.lmm. Found: C, 68.52; H, 7.30; N, 3.95 

C19H2S04N requires: C, 68.84; H, 7.60; N, 4.23. 

AEtOH : 229nm (E, 6200);0277 (1333); 284 (1133). max 
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vfilrn : 3300cm-l (NH); 30BO(C=CH); 1640 (amide C=O). rnax .. - . 
ol.60(2H, rn, J 7Hz,. ~-CH2-); 2~10(6H, rn,. cyclohexene ri!lg 

protons); 3.2B(2H, m, J 7HZ, a-CHi); 3.50(2H,. s, benzyl CH2 ); 

3.BO(3H,s, OMe); 3.~5(4H, s,_ketal protons); 5.2B(lH, m, 

w~ = 5Hz, olefinic); 5. 4_B (lH!_ broad peak, NH); 6.86 and 7.16 

(4H, A2B2Q, J o 9Hz, Jm 1.5Hz, aromatic). 

_(2) By exchange dioxol'a'nat-ion-. 213 

The amide (175) (O.?g), 2-methyl-2-ethyl-l,3-

dioxolane (prepared by ethylene_ glycol dioxolanation of 

butanone) (2Oml) and p-toluenesulphonic acid (50rng) was 

heated in an oil bath and the liberated butanone, admixed 

with reactant dioxolane, distilled slowly ·~throtigh a small 

claisen-vigreux column at atmospheric pressure ~or a period 

of 5h. The cooled reaction mixture was diluted with benzene, 

washed successively with 5% sodium bicarbonate solution and 

water, dried (Mgs04 ) and excess solvent! removed at reduced 

pressure. Purification of the residue as described in (1) 

above afforded the ethylene ketal (205) (0.4g, 69%) as a 

viscous syrup identical in all respects with that prepared 

by method (1). 

N- [2- (3-hydroxycyclohex-l-enyl)e'thYl]'--4'-rnethoxyphenyl­

acetamide. (213) 

The enone amide (175) (5. 8g) in methanol (80ml) 

and water (0.5ml) was stirred and cooled to oOe in an ice­

bath. Sodium borohydride (2.1g) was added in small portions, 

and the resultant mixture then stirred for 2h at 0-50 C. 

Thin layer chromatographic -analysis on alumina plates with 

chloroform as developing solvent indicated loss of enone 

(175) (Rf 0.5) and the appearance of a new spot (Rf 0.3) • 

After evaporation of methanol- 'in vacuo the residue was 

partitioned between water and chloroform and the aqueous 

phase extracted with chloroform. The combined chloroform 

extracts were washed with brine, dried (MgS04) and 

evaporated to afford a colourless syrup. This solidified on 
standing and scratching to a white solid which crystalli.sed 

from ether/light petroleum (b.p.40-600 C) to afford colourless 

leaflets of N- [2- (3-hydr'oxycycl'ohex--1'-enYlle-thyl] '-'4--me'thoxy-



o phenylacetalll.ide (213) ,(5.~~, ~6%) m.p.65-67 C. 
- -

Found: C, 71.0; H, 8.30; N, 4.90. C17H23N03 requires: 
C, 70.56; H, 8.01; N, 4.84. _. 

Amax : 229nm (8210) i 277 (1474); 284 (1263). 
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,,:~ : 3350(OH)i 3250 (amide NH);- 3040(C=CH)i 1640 (amide C=O); 
1240 and 1030cm -1 (C-O stretch)·. 

ol.3-2.0(6H, m, cyclohexene ring protons); 2.1(2H, t, J 7Hz, 

S-CH2); 2.23(lH, broad s, OH); 3.27(2H,- m, J 7Hz, a-CH2N)i 

3.5(2H, s, benzylic CH2); 3.8(3H, s, OMe)i 4.1(lH, m, -OCH-); 

5.4(lH, s, w~ 6Hz, olefinic); 5.7(lH, broad t, -NHCO-); 

7.0(4H, A 2B2Q, aromatic). 

N-[2-(3-acetoxycyclohex-l-enyl)ethyl]-4-methoxyphenylacetamide. 

(214) 

The hydroxy-amide (213) (0.5g) in dry pyridine (20ml) 

was treated dropwise with acetic anhydride (5ml) the resulting 
I 

solution was stirred for 24h at room temperature. Excess 
solvent and acetic anhydride was removed- -in· vac-uo and the 

residue treated with iced water and extracted with methylene 

chloride. The combined extracts were washed successively with 

2N hydrochloric acid and water; dried (MgS04 ) and evaporated 

to afford N- [2- (3-acetoxycyclohex-l-eny-l) ethyl] -4-methoxy­

phenylacetamdde (2l4) as a pale yellow viscous syrup (0.15g, 

90%) b.p.194-l96oC (O.lnun). Found: C, 68.6; H, 7.45; N, 4.2. 

C19H24N04 requires: C, 68.84; H, 7.6; N, 4.23 • 

. Amax : 229nm (6267); 277 (1467); 284 (1267). 

"max : 3250cm-l (amide NH); 1725 (acetate C=O)i 1640 (amide 

C=O); 1610 (C=C). 

ol.4-2.0(6H, m, cyclohexene ring protons) i 2.02 (3H, s, CH3CO); 

2.l0(2H, t, J 7Hz, ~-CH2}; 3.26(2H, m, J 7Hz, a-CH2N); 3.46 

(2H, s, benzylic CH2 ); 3.80(3H, s, OMe)i 5.17 (lH, m, -OCH-); 

- 5.38(lH, m, w~ 6Hz, olefinic}; 5.8(lH, broad t, -NHCO-); 

7.0(4H, A2B2Q, aromatic). 



N- {2- [3- (3 r 5"':Dinitrobenzoyloxy) cyclohex-l-enyl]ethyi"}-4'­

methoxyphenylacetamide.(2l7) 

The allylic alcohol (213) (0.2?g) in dry pyridine 

(lOml) was treated w~th 3,5-dinitrobenzoyl chloride' (0.22g) 

at OOC with stirring. The resultant mixture was stirred at 

room temperature for 24h. The red solution thus produced 

was evaporated at reduced pressure and treated with iced 

water and extracted with methylene chloride. The combined 

methylene chloride extracts were washed with 2N hydrochloric 

acid and water and dried (MgS04). Evaporation of the 

methylene chloride afforded a yellow solid which was 

crystallised £rom ethanol to afford N~{2-[3-(3,5-Dinitro­

benzoyloxy)cyclohex-l-enyl]ethyl}-4-methoxYehenylacetamide 
o (217) as pale yellow plates (0.28g, 67%) m.p.135-l36 C. 

Found: C, 59.9: H, 5.3: Nr 8.6. C24H25N308 requires: 
C, 59.62; H, 5.21: N, 8.69. 

Amax : 225nm (38000); 277 (4000); 284 (3334). 

v!~ : 3320cm-l (amide NH): 1730 (ester C=O); 1642 (amide 

C=O) • 

cSl.s - 2.1(6H, m, cyclohexene ring/protons); 2.18(2H, t, 
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J 7Hz, a-CH2); 3.32 (2H, t, J 7Hz, a-CH2N): 3.5(2H,s, 

benzylicCH2); 3.8(3H, s, OMe): 5.5(lH, s, w~ 5Hz" olefinic); 

7.0(4H, A2B2Q, aromatic protons); 9.16(3H r m, 3,s-dinitro­

benzoate aromatic protons). 

Attempted Bischler-Napieralski cyclodehydration of 

.N-[2-(3-oxocyclohex-l-enyl)ethyl]-4-methoxyphenyl·acetamide(175) 

A solution of the acetamide (175)(1.Og; 3.5mM), 

freshly distilled phosphoryl chloride (1.5g; 9.8mM) and dry 

benzene (2Oml) was heated under reflux for 2.sh and allowed 

to stand overnight at room temperature. The reaction mixture 

was concentrated under reduced pressure and then treated with 

iced water. The solution was extracted with chloroform. The 

combined organic extracts were washed with 5% sodium 

carbonate solution until the washings were basic, water until' 

the washings were neutral, dried (MgS04 ) and evaporated to 

afford a syrup (0.9g) which was shown by t.l.c. ,and infrared 

spectroscopic analysis to be starting material. 



Repetition of the reaction utilisi~g toluene as 

reaction solvent also. gave uncha~gedstarting material. 

With phosphorus pentoxide and phosphoryl chloride in 

refluxing xylene only black intractable tarry material was 

obtained. 

Attempted Bischlet'-Nap·ie·raTski ·cy-cTod"ehyar·a:ti·on·of 

N- [2- (3-oxocyclohex-l-enyl ) ethyl] -4-methoxyphenylacetamide· 
ethylene· ke·t·a:l· . (205 ) • 
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The amide (205)(0.8g) in pure dry pyridine (30ml) 

was heated under gentle reflux, and to this solution was 

added an intimate mixture of phosphorus pentoxide (5g) and 

dry sand (50g) in four portions with stirring. Some time 

later, stirring became impossible due to caking of the 

dehydrating agent. After being refluxed for Gh., the dark­

coloured.pyridine layer was decanted and the residual 

extracted with 3 x lOrnl portions of hot pyridine. From the 

corobined pyridine solution the solvent was removed ·in vacuo, 

leaving a dark tarry residue from which no pure products 

could be obtained. 



Part 2. The Synthesis of Ring-A Brid'ged Isoquinolines. 

(1) Diels-Alder reactions with dihydrophenyla'cet'atrtid'es 

S-(l,4-Cyclohexadienyl)ethylarnine (240).232 

Lithium metal (7g) was added in small portions 

with stirring to a solution of S-phenylethylamine (12g) 

in liquid ammonia (300ml) and absolute ethanol (45.6g), 

while cooling in a solid carbon dioxide-acetone bath. 
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The added metal was rapidly consumed and the mixture 

developed a deep blue colour. After all the metal had been 

added the solution was stirred until decolourisation occurred 

(ca. 2h). After evaporation of the a~monia the residue was 

treated with water (300ml) and extracted with ether. After 

drying (MgS04 ) and removal of eX,cess solvent 'in' 'vacuo the 

residual oil was distilled at reduced pressure to afford the 

primary amine (240) as a colourless oil, b.p. 58-600C (3mrn) 

(lit. 232 6l-62 0C/4.5mrn) 9'.6g (78%). 

v!!~m: 3360, 3270 (NH2 ), 1645 (C=C), 3020 (=CH) , 670crn-l ,{=CH). 

ol.0(2H, br.s, NH2); 2.l0(2H, t, J 7Hz, a-CH2); 2.60(4H, br.s , 

CH2 at C-3 and C-6); 2.75(2H, t, J 7Hz, a-CH2~N); 5.46(lH, 

br.s, C-2H olefin); 5.68{2H, br.s, C-4H and C-5H olefins). 

N-[2-(1,4-Cyclohexadienyl)ethyl]acetamide (236)232 

a-(1,4-cyclohexadienyl)ethylamine (240) (3.5g) in 

benzene (3Oml) was acylated with acetyl chloride (2.4g) in 

the presence of sodium hydroxide solution with stirring and 

ice-cooling. After stirring lh atr60m temperature the 

benzene layer was separated and the aqueous solution 

extracted with diethyl ether : the combined organic extracts 

\'lere washed with aqueous sodium hydroxide and water and 
dried (K2C0

3
). RerrDval of solvents on the rotary evaporator 

afforded a pale yellow solid which was recrystallised from 
o petroleum ether (b.p.60-80 C) to afford colourless needles 

3.8g(80%).of N-[2-(1,4-cyclohexadienyl)ethyl]acetarnide (236) 
. '0 • 232 0 rn.p. 47 C (11t., 46.5-47.5 C). 

vmax : 3300(NH); 3080(=CH); l660cm- l {amide C=O). 

01.96 (3H, s, amide CH3 ) i 2.l0{2H, t,J 7Hz, f3-CH2 ); 2.55 

(4H, br.s, C-3 and C-6)i 2.80(2H, t, J 7Hz), a-CH2-N); 



5.46(lH, br.s, olefinic)j 5.65(2H, br.s, olefinics)i 

5.80(lH, br, NH). mle l65(M+), 43 (base). 
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N-[2-(l,4-Cyclohexadienyl)ethyl]-4-methoxyphenylacetamide(238) 

B-(1,4-Cyclohexadienyl)ethylarnine (240) (2.6g) in 

benzene (50ml) was treated with 4-methoxyphenylacetyl chloride 

(3.87g) in benzene (30ml) in the presence of sodium 

bicarbonate solution (5%, 100ml) with cooling and stirring. 

After lh a white crystalline solid separated. After stirring 

for a further lh at room temperature work-up in the usual 

manner afforded the amide (238) which was purified from a 

mixture of ~-hexane and benzene to give colourless scales of 

N-[2-(1,4-cyclohexadienyl)ethyl]-4-methoxyphenylacetamide 
. 0 . 233 0 (238), 5.3g(93%), m.p. 84-85 C (l~t. 86-86.5 C). 

A : 228nm (11,143); 277 (1744); 284 (1356). 
max -1 

vrrax : 3250 (NH), 3070 (=CH), 1640 (amide C=O), l620cm 

(C=C) • 

62.08(2H, t, J 7Hz, B-CH2 ); 2.53(4H, br.s, C-3 and C-6 CH2 ); 

3.28(2H, m, J 7Hz, a-CH2-N); 3.50(2H, s, benzyl CH2 )i 

3.80(3H, s, OMe); 5.27 (lH, br,s, ·C-2.olefinicrj.5.45(lH,. br, 

NH); 5.65(2H, br.s, C-4 and C-5 olefinics); 7.0(4H, A2B2q, 
+ aromatics). m/e 271 (H ), 121 (base). 

Diels-Alder reaction \'lith methylacrylate. 

N-[2-(1,4-cyclohexadienyl)ethyl]acetarnide (236) 

(5 .Og), methyl acrylate (25ml) and hydroquinone (0.5g) was 

heated in a sealed Carius tube (flushed with nitrogen and 

sealed at O.lmm Hg) at l500 C for 72h. After removal of 

excess dienophile in vacuo the resultant dark coloured 

viscous oil was chromatographed over neutral alumina 

(activity 11) eluting with petroleum ether/diethyl ether 

arid finally chloroform, column fractions were monitored by 

t.l.c. (alumina plates; ether/chloroform 50:50 eluent). 

The first fractions from the column consisted mainly of 

starting material. Further elution with diethyl ether 

afforded the mixture of epimeric esters (241) and (242) as 

a colourless viscous oil which formed a semi-solid mass on 

standing, 3.8g (50%), but which was not obtained analytically 

" .. ' 



pure. 

vmax : 3300(amide NH)i 1735 (ester C=O)i 1665cm-l (amide C=O). 

o2.0(3H, s, amide CH3 )i 2.16(2H, t, J 7Hz, B-CH2 )i 2.80(2H, 

t, J 7Hz, CL-CH2-N)i 3.70(3H, s, Or-le)i 5.48(0.47H, s, ~ 

olefinic)i 5.70(0.53H, s, endo ole£inic) ratio' 'exo:'endo = 

47 : 53. mle 251 (M+). 

(2) Diels-Alder syntheses with hexahydroisoquinolines. 

(A) Synthesis of hexahydroisoquinolines. 

1,2,3,4-Tetrahydro-6-methoxyisoquinoline. (307) 

20% Formaldehyde solution (25g) was added to B­
(s-methoxyphenyl)ethylamine(167) (24.5g) (cf.pg.250.) and the 

mixture heated for Ih on the water bath. Extraction with 

benzene gave the azomethine (27g) which was then dissolved 

in 20% hydrochloric acid (32g) and the solution evaporated 

to dryness (Pictet-Spengler synthesis). , The crystalline 

product was dissolved in. water and the amine was liberated 

by addition of 10% sodium hydroxide solution. After 

extraction with ether, drying over magnesium sulphate and 

evaporation of the ether, the residual oil was vacuum 

distilled to yield 1,2,3,4-tetrahydro-6-methoxyisoquinoline 

2l.5g (81%) b~p. 128-130oC{2~m) (lit. 236a l43-144 0 16rnrn). 

Am : 279nm(1700). 
ax -1 

vmax : 3270cm (NH) • 

ol.32(lH, S, NH)i 2.60(2H, t, J 7Hz, C-4 CH2 )i 2.95(2H, t, 

J 7Hz, C-3 CH2 )i 3.68(3H, s, OMe)i 3.78(2H, s, C-l CH2 );' 

6.4 - 6.9(3H, rn, aromatic). 

1,2,3,4-Tetrahydro-6-methoxy-2-methylisoquinoline (246) 

A mixture of 1,2,3,4-tetrahydro-6-rnethoxyiso­

quinoline (20.0g), 90% formic acid (31.3g) and 35% 

formaldehyde solution (23.0g) was refluxed for lh. after 

the evolution of carbon dioxide had ceased (2-3h in all), 

(Eschweiler-Clarke rnethYlation236b ). After cooling 

dilute hydrochloric acid was added until the solution was 

acid to Congo Red and neutral substances were removed by 

extraction with ether. The tertiary base was liberated 

\od th sodium hydroxide and extracted with ether. After 

261 
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After drying (MgS0 4 ), ether was evaporated and the residue 

distilled to afford 1,2,3,4-tetrahydro-6-methoxy-2-methyl­

isoquinoline (246), 2l.2g (98%) b.p. l08-ll0oC(lnun) (lit. 236b 

l38oC/13mm). 

_ Amax : 279nm (1700). 

o2.42(3H, s, NMe); 2.5 - 3.0(4H, m, ArCH2CH2N); 3.50(2H, 

s, ArCH2N); 3.75(3H, s, O11e); 6.4-6.9{3H, m, aromatic). 

1,2,3,4,5,8-Hexahydro-6-methoxy-2-methylisoquinoline(248)234,236 

Sodium (24g) was added during lh with stirring to 

1,2,3,4-tetrahydro-6-methoxy-2-methylisoquinoline (246) (20.0g) 

in methanol (lOOml) and liquid ammonia (500ml). After 

cautious addition of ether and water, ammonia was allowed to 

evaporate and the reduction product extracted with ether. 

The dried ether solution was evaporated and the residue was 

distilled to give J:,2 ,"3 ,"4,5 ,"8-he"xahydro-"6"-ntethoxy-2-tttethyl­

isoquinoline (248) 19.0g (94%) as a colourless oil, b.p. 84-

860 (O.lmrn) (lit. 234 ll4-ll60 /5mm). ~ 
-1. . l88a 241 

vmax: 1705 and l670cm (dlhydroanlsole C=C ' ). 

o2.0(2H, br.t, C-4 CH2 )i 2.24«3H, s, Nr-Ie); 2.43(2H,t, 

J 6.5Hz, C-3 CH 2 )i 2.54(4H, br.s, C-5 and C-8 CH2 ); 2.65(2H, 

br.s, C-l CH 2 )i 3.50(3H, s, OMe)i 4.52 [lH, s(w~ = 5Hz), 

olefinic] • 

Isomerisation of 1,2,3,4,5,8-hexahydro-6-methoxy-2-

methylisoquinoline (248) to 1,2,3,4,7,8-hexahydro-6-methoxy-

2-methylisoquinoline (250).234 

The unconjugated diene (248) (15.0g) was dissolved 

in a solution of potassium t-pentyl oxide (from 7.5g of 

potassium) in t-pentyl alcohol and the mixture was heated at 

1000C in a nitrogen atmosph~re for4h. t-Pentyl alcohol was 

removed in vacuo, water was added and the organic product 

was extracted with ether. The dried ethereal solution was 

evaporated and the residue distilled at 114-118° (3mm) (14.5g) 

(lit. 234 90-94 0 /2mm). This mixture contained the conjugated 

diene (250) (ca. 75%) and vias used vlithout further 

purification in subsequent Diels-Alder reactions. 

A : 272nm (4000). 
max -1 " 

v : 1675 and 1620cm (C=C) • " max 



04.52(0.25H, br.s, unconjugated diene olefin); 4.62(0.75H, 

br.s, conjugated diene olefin). 

(B) Diels-Alder condensations of 1,2,3,4,7,8-hexahydro-

6-methoxy-2-~sthylisoquinoline. 

1) With methyl vinyl ketone. 

7B-(260) and 7a-Acetyl-l,2,3,4,6,7,8,8a-octahydro-6-methoxy-

2-methyl-6,8a-ethanoisoquinoline(261) 

The isoITerisation ~ixture (lOg) containing 75% of 

1,2,3,4,7,8-hexahydro-6-methoxy-2-methylisoquinoline (250) 

was heated under reflux with methyl vinyl ketone (5Oml) in 

the presence of hydroquinone (O.lg) for 4h at 100oC. Excess 

dienophile was removed in va'cuo and the unconjugated diene 
o (248) b.p. 88-92 (0~3mm), 1.5g, was recovered by ¥acuum 

distillation. The rrixture of ketone adducts distilled over 

at 120-130oC (O.3mm) (lit. 249 110-1200 Cjo.,o3rnm) (8.0g). The 

mixture of ketone adducts (5.0g) was dissolved in light 

petroleum (lO.Oml) and applied to the surface of an alumina 

column (tvoelm neutral alumina activity Ill), (200g). 

Elution with light petroleum removed aroITatic impurities and 

unconjugated diene (248). Further elution with light 

262a, 

petroleum ether containing 5% diethyl ether afforded the 

exo-ketone (260). Further elution vlith petroleum etherjdiethyl 

ether 90:10 afforded a'mixture of (260) and (261); continued 

elution gave the endo-ketone (261) which was eluted completely 

with 100% ether. The exo-ketone (260) (1.6g), b.p. 124-

l26 0 CjO.02mm) formed a methiodide on treatment· with methyl 

iodide in dry ether, which crystallised as pale yellow rhombs 
, 0 . 249 0 

from methanol m.p. 208 C; 11t. .206 (decomp.). 

Found: C, 49.5 i H, 6.9 i N, 3.4. C16H26N021 requires: 

C, 49.1 : H, 6.7 ; N, 3.6%. The endo-ketone (261) (2.6g), 
o . 249 0 0 b.p. 128-130 C (0.3nun) (llt. 116-118 CjO.02mm) m.p. 35 C 

(lit. 249 350 C) formed a rnethibdide, m.p. 200-202 oC which 

crystallised as yellovT platelets from acetone. Found: 

C, 49.1 ; H, 6.7 i N, 3.5. C16H26N021 requires: C, 49.1 ; 

H, 6.7 ; N, 3.6. The exo-ketone (260) showed v : 1710cm-l 
max 

(C=O) • 
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o2.23(3H, s, COMe); 2.27(3H, s, NMe); 2.91(C-7 H~), J 
- - - - ° 70. , So. 

11 .. 5, J 7 - S~ 4.5, J 7 lrvv 1;5Hzi 3.36(3H, s,oOl-1e)i °6.02(IH, a, ~ 0_ a, v~ ° 

s, C-5 olefin). 

The- -end~o~k~to~o~~ (261) showed \) 1710 cm -1 (C=O) • 
_0 max 

o2.10o(3H,s,~0~e:)i 2.30(3H,~,~e:); 3.02.(C;....7 Hf:H,J7a,~So 9,J7S ,So. 

6liz,3.32~3H,s,OMe);5.S6(lH,s,C-5 olefin). mje 249(M'),43(Base peak} 

2) With phenyl vinyl ketone 

78-(262) and 7a-Benzoyl-l,2,3,4,6,7,S,Sa-octahydro-6-methoxy-

2-methyl-6-Sa-ethanoisoquinoline (263). 

The isomerisation ndxture (4g) containing 75% of 

1,2,3,4,7,S-hexahydro-6-methoxy-2-methylisoquinoline (250) 

in benzene (3Oml) was treated with freshly distilled phenyl 

vinyl ketone (3.0g) and the resulting mixture heated under 

reflux for Sh in the presence of a trace o~ hydroquinone as 

stabiliser. After re~oval of excess benzene the residue was 

distilled when excess phenyl vinyl ketone and unconjugated 

diene (24S) was recovered. The ndxture of phenyl ketone 

adducts distilled at lS4-192oC(0.lmm), (3.0g). The mixture 

of adducts (lOg) was subjected to preparative thin-layer 

chromatography on alurnina plates (0.75rr.m layers) with light 

petroleum/diethyl ether (1:1) as eluent solvent. The exo­

ketone (262) was eluted as the less polar component, the 

endo-ketone (263) being the more polar. The 'exo-keto 

(0.26g) formed a methiodide on treatment with MeI ° in dry 

acetone. The methiodide crystallised as yellow plates from 
- 0 

rrethanoljether m.p. 250-251 C. Found: C, 55.6 i H, 6.1 ; 

N, 3.2. C21H2SN021 requires: C, 55.6 i H, 6.2 : N, 3.1%. 

The endo-ketone (0.52g) formed a picrate vThen treated with 

an equimolar amount of picric acid in ethanol and was 

recrystallised from ethanol m.p. 2i2
o

(dec.}. Found: C, 57.6; 

H, 5.3 ; N, 10.15. C26H28N409 requires: C, 57.8 i H, 5.2 ; 

N,lO.4%. The exo-ketone (262) shmled A : 210(e: l3500}, max 
245(13800}, 2S0nrn(1400}. 

\) : 1680cm-l (C=O). 
max 

o2.20(3H, s, NMe)i 3.l0(3H, s, OMe}; 3.56 (C-7 Ha), J 7 8 12, a, a 
J 7a ,8S 4, J 7a ,1Oa. 1.5 Hz; 6.03(lH, s, C-5 olefin); 

and 8.08 (2H, m) (aromatic) . The endo-ketone (263) 

Amax : 210(£, 14000), 245(15000), 280nm(1800). 

7.2 (3H, rn) 

showed 



Vrnax :1680cm-l (C=0). 

62.20(3H, s, NHe)i 3.l3(3H, s, ONe)i 3.76(C-7 HS), J 7S ,8S 

9.5, J 7S ,8a 6 HZi 5.83(lH, s, C-5 olefin); 7.33(3H, m) and 

7 .85 (2H, m) (aromatic) • 

3} With N-phenylma"le'imide. 

The isomerisation mixture (1.5g) containing 75% of 

1,2,3,4,7,8-hexahydro-6-methoxy-2-methylisoquinoline (250) 

was heated under reflux with N-phenylmaleimide (l.lg) in 

toluene for 24h. The toluene was removed 'in vacuo and the 

oily residue (2.6g) was chromatographed over neutral alumina 

(Camag activity Ill) (120g) eluting with petroleum ether, 

petroleum ether/diethyl ether ,(95: 5) and (90: 10) and 100% 

diethyl ether. Initial eluents from the column proved to be 

starting unconjugated diene (248) and N-phenylmaleimide. 

Upon elution with die thy 1 ether the mixture of epimeric 

adducts (264) and (265) was obtained as 'a pale yellow oil 

(1.85g). The mixture of adducts showed vmax : 1710 and 

l775cm-l • 

62.36(3H, s, NMe)i 2.85 and 3.l5(lH, AB quartet, J 9Hz, 

C-7Ha and C-8 Ha in the exo' adduct)i 3.20 and 3.35(lH, AB 

quartet, J 9Hz, C-7 H~ and C-8 HS in the endo adduct); 

3.5l(1.5H, s, OMe}i 3.54(l.5H, s, OMe}i 5.95(0.5H, s,' endo 

C-5 olefin}; 6.l2(0.5H, s, exo C-5 olefin); 7.34(5H, m, 

aromatic). 

264 

Upon mixing equimolar amounts of the wixed adducts and picric 

acid in hot ethanol a picrate was formedm.p. l22-l28oC. The 

n.m.r. showed that a mixed picrate had been formed. 
+ -cS3.0(3H, s, -NMe); 3.52 (l.!:>H, s, OMe); 3.58(1.5H, s, Or-le); 

6.2(0.5H, s, exo olefin}; 6.4(0.5H, s, endo olefin); 8.85 

(2H, s, picrate protons). 

Repeated recrystallisation of the picrate from ethanol and 

ethanol/acetone gave the sa~e mixture, which did not prove 

analytically pure. 



(C) Addition of the elements of ketene' to ·the 

hexahydroisoguinoline system. 

Synthesis of 2-AcetoXyacrylonitrile. 251 

(i) 3-Chlorolactonitrile. 

Chloroacetaldehyde dimethyl acetal (50g, O.4M) 

was heated with water (50ml) and 85% phosphoric acid (3ml) 

for 3h on the steam bath. After cooling the resultant 

solution was neutralised to pH 7 with aqueous 2N sodium 

hydroxide. Glacial acetic acid (24.4g) was added and the 

solution cooled in an ice-salt bath •. Sodium cyanide (19.6g) 

265 

in water (67ml) was added slOTiTly with stirring while 

maintaining the temperature between -100 and +5 0C. Stirring. 

was continued for lh after addition was complete. The 

cyanohydrin was extracted with ether. The ether solution 

was dried (MgS04 ), concentrated, and fractionated through a 

l2-in. Vigreux column to yield 26.4g (62%) of 3-chloro­

lactonitrile as a colourless liquid b.p!.80-82 oC (1 mm) (lit. 25l 

88-900C/2 .5mm). 

Vrnax : 3400 (OH) and 2240cm-l (C=N). 

(ii) 2-Chloro-l-cyanomethyl Acetate. 

3-Chlorolactonitrile . (26g) was treated at OoC 

with excess acetic anhydride and 5 drops of pyridine and 

the resultant solution allowed to stand Ih at OOC and 

then stirred for 24h at room temperature. Excess acetic 

anhydride and pyridine were removed on the rotary evaporator 

and the residue was fractionally distilled at reduced pressure 

to give 2-chloro-l-cyanoethyl acetate as a colourless liquid 

30. ~g, (83%), b.p. 65-67 oC (lrnm) (lit. 251 650 C/lmrn). 

vrrax: 2250(w, C=N), 1755 (C=O) . 

62.2(3H, s, acetate Me); 3.80(2H, d, J 7Hz, -CH2-) i 5.52(lH, 

t, J 7Hz, -CH-). 

(iii) 2-Acetoxyacrylonitrile. 

Triethylamine (28.4g, 0.281,1) in ether (50ml) 

vIas added slowly to 2-chloro-l-cyanoethyl acetate (41.4g, 

O.28M) in ether (300ml) with stirring and cooling below 

30oC. After addition, the solution which nOvT contains a 



copious precipitate of amine hydrochloride was stirred for 

6h. To the solution was added excess dilute.:aqueous 

hydrochloric acid to both dissolve the amine hydrochloride 

and neutralise any unreacted amine. After separation of 

the ether layer it was washed with dilute hydrochloric acid 

and water and dried (MgS04). To the ether solution was 
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added a pinch of t-butylcatechol (or hydroquinone) as a 

polymerisation inhibitor. The ether solution was concentrated 

and the residue fractionally distilled to give 22g(71%) of 

2-acetoxyacrylonitrile as a clear colourless liquid, b.p.92-

94 0 (30nun) , (lit. 251 65 0 /12nnn)". 

"max : 2235(C=N), 1775(C=0), 1636cm-l (c=c). 

o2.2(3H, s, acetate Me); 5.65(2H, q, =CH2 ). 

7S-Cyano-7u-chloro (291) and 7u-cyano-7B-chloro-l,2,3,4,6,7-

8 I 8a-octahydro-6-methoxy-2-methyl-6 ,8a-ethan"oi"soquinoline (292) 

The isomerisation mixture (6g) containing 75% of 

l,2 , 3,4,7,8-hexahydro-6-methoxy-2-methylisoquinoline (250) 

was heated at 1000C with 2-chloroacrylonitrile (20ml) and 

benzene (20ml) for 12h. Removal of excess solvent and '.: 1 

dienophile in vacuo afforded a blac~ viscous product. This 

was dissolved in the minimum amount of chloroform and applied 

to the top of an alumina column (Woelm alumina activity Ill, 

150g) • Elution with light petroleurr. ether removed 

unconjugated diene (248) ; further increase of slovent 

polarity by addition of ether (5%) and (10%) afforded the 

chloronitrile adducts (291) and (292) which crystallised as 
o pale yellow rhombs m.p. 98-100 C; 6.0g(89%). (Rf 0.75, 

alumina plates, ether eluent). Ratio exo-nitrile adduct (291) 

: endo-nitrile adduct (292) = 2 : 1. Found: C, 62.9 ; 

H, 6.9 i N, 10.4. C14H190N2Cl requires: C, 63.0 i H, 7.2 i 

N, 10.5%. 

"KBr : 2250 (C=N) , 1650 (C=C) , 786cm- l (C-Cl). 
rnax 

o2.30(3H, s, NMe)i 3.50(3H,s, OMe)i 5.90(O.67H, S, C-5 olefin 

of exo-nitrile) i 6.06 (0.33H, s, C"':'S olefin of en do-nitrile) . 



7B-Cyano-7a.-chloro-l,2,3,4,6,7,B,Ba-octahydro-6-methoxy-

2-methyl-6,Ba-ethanoisoguinoline (291) 

Obtained after preferential hydrolysis of the 

~-chloro compound (292) from the rr~xture of adducts (6.09g) 

as discussed below. Pale yellow rho~hs m.p. 106-l0Bo C 

(2.5g). Found: C, 63.0 i H, 7.2 iN, 10.2. C14H190N2Cl 

requires C, 63.0 i H, 7.2 i N, 10.5%. 

vrnax : 2250 (C::N) , 1650 (C=C) , 786cm-l (C-Cl). 

o2.3(3H, s, NMe)i 3.5(3H, s, OMe)i 5.B(lH, s, C-5 olefin). 

7-0xo-l,2,3,4,6,7,B,Ba-octahydro-6-methoxy-2-methyl-6,Ba­

ethanoisoquinoline (276) 

The previously prepared chloronitrile adducts 

(291) and (292) (6.09g) in tetrahydrofuran (lOOml) were 

treated with 14% aqueous potassium hydroxide (50ml) and 

rrethanol was added until a clear solution was obtained. 

The resultant solution was boiled under reflux for l2hrs. 

with stirring. After removal of excess solvents· in vacuo 

the residue was partitioned between chloroform and water 

and the aqueous phase extracted with chloroform. The 

combined organic extracts were dried (MgS04 ) and evaporated 

to afford 5.5g of an oil. This was applied to a column of 

alumina (Carnag neutral alUIT~na, Act.3, 200g)and eluted 

successively with petroleum ether, and petroleum ether/ 

diethyl ether 95 : 5 and 90 : 10. First to be eluted from 

the column was the 7B-cyano-7a.-chloro adduct (291) (2.5g) 
o m.p. 106-108 C. Further elution with petroleum ether/ 

diethyl ether 90 : 10 and 100% diethyl ether afforded 

7-oxo-l,2, 3,4,6,7 ,B , Ba-octahydro-.6-methoxy-2-methyl-6 ,Ba­

ethanoisoquinoline (276) as a pale yello~l oil b.p.120-122oC 

(0.5mrn) 1.Bg(B7% based on recovered ~-nitrile). 

Found: C, 70.9 i H, 9.0 i N, 6.4. C13H1902N requires: 

C, 70.55 i H, B.65 i N, 6.3%. 

A : 294nm (E, 271). 
max -1 

v : 1730cm (C=O). max 
62.25(3H,s, NMe)i 3.45(3H,s, OMe)i 5.BO(lH, s, C-5 olefinic}. 
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wnen theexo-nitrile (291) (l.Og) was hydrolysed in a similar 
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manner with dioxan as solvent under reflux for 24h and 

worked-up in the same reanner as described above, the product 

obtained 0.53g(64%} showed the same t.l.c. and spectral 

characteristics as the bicyclo[2.2.2]octenone (276) obtained 

from the hydrolysis of the mixed adducts. 

(D) Synthesis and Diels-Alder'r'e'acti'onof N-fcrmyl­

hexahydroisoquinolines .• 

1,2 p 3,4,5,8-hexahydro-6-methoxyisoquinoline (308). 

Sodium metal (12g) was added with stirring, over 

Ih to a. solution of 1,2,3,4~tetrahydro-6-methoxyisoquinoline 

(307) (lO.Og) (preparation p.~~t) in liquid ammonia (500ml), 

dry ether (50ml) and methanol (5Oml). When the deep blue 

colour had disappeared the ammonia was evaporated overnight 

in a nitrogen atmosphere. Water (ca. 20Oml) was then 

cautiously added and the resulting solution extracted with 

ether. The ethereal solution was dr ied, (HgSO 4) and 

concentrated in vacuo. The residue was distilled to give 

1,2,3,4,5,8-hexahydro-6-rnethoxyisoquinoline (308) as a 

colourless oil, 9.2g(91%) b.p. 102-104o (0.5rnm), 110-112oC 

(O.lrnm) (lit. 180 138-1400 /l4mm). 

vmax: 3280 (NH), 3000 (=CH), 1705 and l670cm- l (dihydroanisole 

C=C) • 

ol.20(lH, s,NH); 1.90(2H, t, C-4 CH2 ); 2.50(4H, s, C-5 and 

C-8 CH2 ); 2.87(2H, t, J 7HZ, C-3 CH2 ); 3.06 (2H, s, C-l CH2 ); 

3.50(3H, s, OMe); 4.50(lH, s, C-7 olefin). 

1,2,3,4,5 ,8-Hexahydro-6-methoxy-N-formylisoquinoline' '(306) 

The 1,2,3,4,5,8-hexahydro-6-methoxyisoquinoline (308) 

(5.5g) in toluene (40ml) and ethyl£ormate (30ml) was 

refluxed for 6h in a nitrogen atmosphere. Toluene and excess 

ethyl formate were recovered by distillation and the residual 

oil dissolved in warm diethyl ether and refrigerated, the 

resultant crystalline mass was collected by filtration to 

afford l,2,3,4,5,8-hexahydro-6-methoxy~N-formylisoquinoline 

(306) (5.4g, 92%). The analytical sarr.ple vias recrystallised 
o from diethyl ether m.p. 57-59 C. Found: C, 68.5 ; H, 7.8 ; 

N, 7.5. CIlH1502N requires: C, 68.4; H, 7.8; N, 7.25%. 
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v : 3000. (=CH), 1705 and 1670 (sh) (dihydroanisole system), 
max -1 

l660cm (C=O). 

o2.l2(2H, br.t, C-4 CH2); 2.65(4H, br.s, C-5 and C-8 CH2 )i 

3.5(2H, t, J 7Hz, C-3 CH2); 3.56(3H, s, OMe); 3.86(2H, br.s, 

C-l CH2 ); 4.63(lH, s, C-7 olefinic); 8.07 and 8.l4(lH, 

2 singlets, formyl proton, two rotarners. Ratio 5:4). 

Isomerisation of 1,2,3,4,5,8-hexahydro-6-methoxy-N­

formy1isoquinoline (306) to 1,2,3,4,7,8-hexahydro-6-methoxy­

N-formylisoquinoline '(311) 

Potassium-t-pentoxide was prepare~ from potassium 

metal (O.lg) in dry t-pentyl alcohol (5rnl). t-Pentyl alcohol 

was removed under vacuum and the resultant white amorphous 

solid dried at 80-l00oC and O.lmrn for lh. After cooling to 

room temperature,dry nitrogen was introduced into the system 

and dry DMSO (20ml) was added. After stirring 30min at room 

temperature 1,2,3,4,5,8-hexahydro-6-methoxy-N-formyllso­

quinoline (306) (6g) in dry DMSO (30ml) vTas added slowly at 

room temperature. The resultant deep orange solution was 

stirred overnight under nitrogen at room temperature and then 

heated for 6h at 60-70oC. After cooling the mixture was 

poured into excess iced-water and extracted with chloroform. 

The combined chloroform extracts were thoroughly washed with 

water and dried (MgS04). Chloroform was removed on the 

rotary evaporator and last traces of solvent removed under. 

high vacuum (O.lrnm) to afford 1,2,3,4,7,8-hexahydro-6-rnethoxy­

N-forrnylisoquinoline (311) (ca. 75-80%) together with 

unchanged starting material (306) (~. 20-25%) (5.95g) • 

. Amax : 272nrn (E, 4230). 

vmax: l660(C=0); 1620(conj. C=C). 
o3.60(3H, s, OMe); 3.90(2H, s, C-1CH2); 4.63(0.25H, br.s, 

unconjugated diene olefin); 4.73(0.75H, s, comjugated diene 

olefin); 8.07 'and 8.14(lH, 2 singlets, rotamer formyl protons). 
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7 B- (314) and 7(l-Acetyl-l, 2,3,4,6,7,8, 8a'-oct°ahydro'-6°-rneothoxy­

N-formyl-6,8a-ethanoisoquinoline (315) 

The isomerisation mixture (3.0g), from the previous 

experiment, containing 75% of 1,2,3,4,7,8-hexahydro-6-methoxy­

N-formylisoquinoline (311) was heated under reflux with 

methyl vinyl ketone (2Sml) in the presence of hydroquinone 

(O.lg) for 6h on the steam bath. Excess dienophile was 

removed in vacuo and the residue (4.3g) was chromatographed 

on a1umina (Camag neutral alumina, Act.3, 200g). Elution with 

petroleum ether with successively increasing amounts of ether 

(5%, 10% and 100%) afforded the unconjugated diene (306) and 

aromatic material. Further elution with diethyl ether 

containing increasing amounts of chloroform (5%, 10% and 

100%) afforded first the exo-ketone (314) then a mixture of 

adducts and finally the endo-ketone (315). Theoexo-ketone 

(314) (0.7g) crystallised on prolonged refrigeration and was 

recrystallised from diethyl ether as colourless rhombs m.p. 
o 116-118 C. Found: C, 68.6 ; H, 8.2 ; N, 5.3. ClSH2103N 

requires : C, 68.4 ; H, 8.0 ; N, 5.3. 

v~:~ : 1710 (acetyl C=O) and 1660cm- l (amide C=O). 

o2.28(3H, s, acetyl Me)i 2.S0(2H, t, J 7Hz, C-4 CH2 )i 2.92 

(lH, C-7 H(l, J 7(l,8(l 11, J 7(l,8B 5, J 7(l,10(l 1.SHz)i 3,34(2H,s, 
C-l CH2 ); 3.40(3H, s, OMe)i 3.48(2H, t, J 7Hz; C-3 CH2 )i 

6.12(lH, s, C-S olefin); 8.04 and 8.l4(lH, 2 singlets, 

rotamer formyl protons). 

The endo-ketone (315) (1.6g) crystallised on 

standing and was recrystallised from diethyl ether as pale 
o fawn rhombs m.p. 125-127 C. Found: C, 68.8 ; H, 8.3 ; 

n, 5.2. C15H2103N requires: C, 68.4 ; H, 8.0 ; N, 5.3. 
KB . -1 
Vma~ : 1710 (acetyl C=O) and 1660cm (amide C=O). 
o2.16(3H, s, COMe); 2.54(2H, br.t, C-4 CH2); 3.07(lH, t, 

C-7 HB, J 7B ,8B = J 7B ,8(l 7.5Hz); 3.36(3H, s, OMe); 3.36(2H, 
s, C-l CH2) 3.52(2H, t, J 7Hz, C-3 CH 2); 5.88(lH, s, C-S 

olefin); 8.02 and 8.12(lH, 2 singlets, rotamer formyl 

protons) • 



PART 3 Synthesis of and Diels-Alder studies with 

6-methoxy-2-substi tuted-I-benzyl-l, 2,3,4,7 ,8-hexahydr'o­

isoquinolines. 

A Attempts to synthes'ise 6-methoxy-2-methyl-l- (4' -methoxy­

benzyl)-I,2,3,4,5,8-hexahydroisoguinoline via a Stevens 

rearrangement of an isoquino'linium salt. 

6-Methoxy-2-(4'-methoxybenzyl)-2-methyl-l,2,3,4,5,8-

hexahydroisoguinolinium chloride (346). 
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A solution of 6-methoxy-2-methyl-I,2,3,4,5,8-

hexahydroisoquinoline (246) (5g, O.028M) in dry benzene (50ml) 

and 4-methoxybenzyl chloride {4.5g, O.028M} was kept standing 

under nitrogen at 35-40oC for ISh. The crude product 

obtained by evaporation of the solvent was triturated with 

dry ether to give 8.45g (90%) of 6-methoxy-2-(4'-methoxybenzyl}-

2-methyl-I,2,3,4,5,8-hexahydroisoquinolinium chloride (346) as 

a pale yellow hygroscopic solid. The quaternary salt (346) 

was dried for two days over phosphorus pentoxide under reduced 

pressure. The crude (346) was used for the following 

rearrangement without further purification. 286 

vcm-~ 1705(w), 1670(dihydroanisole C=C}. 
max ..;. 

o3.35(3H,s, N-CH3); 3.80(6H, s, C-5 OMe and C-4' OMe}i 
+ . 

5.04 br (2H, s, ;:N-CH2-Ar). 

Stevens rearrangement of 6-methoxy-2-(4'-methoxybenzyl)-. 

2-methyl-I,2,3,4,5,8-hexahydroisoquinolinium chloride (346). 

A slurry of dry powdered potassium bicarbonate 

(4.5g) in dry dimethylformamide (IOOmI) was stirred and 

heated in a nitrogen atmosphere at 140oC. The isoquinolinium 

salt (346) (7. 6g) in dry DMF (5OmI) ',Tas added and the 

resulting deep red-brown mixture refluxed for 5h. After 

cooling to room temperature the solution was quenched with 

water and extracted with diethyl ether. The ether extracts 

were washed with water, dried (MgS04 ) and evaporated to 

afford an orange viscous syrup (6.5g). T.I.c. (alumina 

plates,ether/chloroform 50:50) indicated four components. 

Distillation of the oil at reduced pressure afforded a pale 



yellow viscous syrup, b.p. l20-l22oC (O.Smm) {5.0g). 

G.l.c. analysis of the distillate (3% SE 30 on BO-100 
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Gas Chrom Q at l750 C) indicated a mixture of at least four 

components. Column chromatography of a portion of the product 

on neutral alumina with diethyl ether and chloroform as 

eluants yielded no pure material. The infrared spectrum of 
-1 the mixture showed strong bands at 1675, 1610 and l5l0cm . 

and the mass spectrum showed mle (% base) : 297(2.5), 271(25), 

241 (1), 190(5), 176 (25), 150 (75), 121 (Base 100), 91 (32), 

77 (62), 51 (32) • 

B Synthesis of 1-benzy1-l,2,3,4,5,B-hexahydro~6-methoxy­

isoquinolines via the partial Birch reduction of l-benzyl­

isoguinoline derivatives. 

(1) Synthesis of 1-benzyl-3,4-dihydroisoquinolines. 

N- (3-Methoxyphenethyl )-4-benzyloxyphenylacetamide'( 356) • 

(a) By direct condensation of 4-benzyloxyphenylacetic acid 

with the amine inxylene. 

4-Benzyloxyphenylacetic acid (355) (Bg, 0.03M) and 

3-methoxyphenylethylamine (167) (5g, 0.03M) were heated 

under reflux in an atmosphere of nitrogen in xylene (SOml) 

with azeotropic removal of the water produced (Dean Stark 

trap) for Bh. Upon cooling the amide crystallised and was 

collected by suction filtration and recrystallised from ".C 

benzene/cyclohexane to afford N-(3-rnethoxyphenethyl)-4-

benzyloxyphenylacetamide (356) as transluceDt wispy needles 
o 11.25g(90%) m.p. 96-96.5 C. Found: C, 76.6; H, 6.B; 

N, 4.0%. C24H2503N requires: C,76.B; H, 6.7; N, 3.7%. 
"nm : 226(E, 15770), 273(2B7B), 279(262B). 

max 
vKBr : 3270(NH), l640crn- l (c=0). max 
02.7 (2H, t, J 7Hz, ArCH2CH2N) i 3.50 (2H, rn, CH2N); 3.47 

(2H, s, ArCH2CO); 3.7B(3H, s, OMe)i S.07(2H, s, -OCH2Ar); 

5.45 br(lH, NH)i 6.5 - 7.6(13H, rn, aromatics). 
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(b) By condensation of the acid chloride with theo °amine. 

3-Methoxyphenylethylamine hydrochloride, m.p. 

(prepared from the amine in anhydrous ether and dry HCI gas) 

(4.35g) in dry chloroform (5OmI) was stirred and treated 

dropwise owi th ice:-cooling with triethylamine! (3. 9ml) in 

chloroform (IOmI). After 30min a further sirnilarquantity 

of triethylamine in chloroform and 4-benzyloxyphenyacetyl 

chloride (6.05g), m.p. 77-78oC, (lit.297 77-78oC) (prepared 

from the acid and thionyl chloride and purified by 

recrystallisation from petroleum ether b.p. 60-80oe) in 

chloroform was added alternatively in portions with stirring 

and ice-cooling. The mixture was stirred for a further lh 

at room temperature then water was ° added. The chloroform 

layer was separated and washed with water, dried (MgS04 ) 

and evaporated. The crude amide obtained was purified by 

recrystallisation from benzene/cyclohexane to afford 6.0g 

(69%) of N;...:(3;"'methoxyphenethyl) -4-benzyloxyphenylacetamide 

(356) m.p. 95-96o C identical in all respects with the 

compound prepared by method (a) above. 

(c) By condensation of the acid and the amine in the 

absence of solvent. 

3-Methoxyphenylethylamine (167)(1.5Ig) and 

4-benzyloxyphenylacetic acid (355)(2.42g) was heated at 

180-190oC for 2h in a stream of nitrogen. After cooling, 

the residue was dissolved in hot benzene and washed 

successively with 2N hydrochloric acid, 2N sodium hydroxide 

and water. The benzene solution was dried (MgS04 ) 

concentrated and diluted with light petroleum, the crystals 

obtained were collected by filtration and recrystallised 

from benzene/cyclohexane yielding 3.2g(85%) of amide (356) 

identical in all respects with the material described in 

procedure (a) above. 

N- (3-Methoxyphenethyl) -4-hydroxyphenylacetamideo (364). 

3-Methoxyphenylethylamine (167)(5.0g, O.03M) 

and 4-hydroxyphenylacetic acid (5.0g. O.03M) was heated 

at 1900 C for 2h in a stream of nitrogen. After cooli~g, 



the solid residue was dissolved in hot ethyl acetate and 

washed successively with IN hydrochloric acid and 5% 
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aqueous sodium bicarbonate solution and water. After drying 

(MgS04 ) and evaporation of the solvent in" Va"cuo a tan 

coloured gum was obtained which crystallised on prolonged 

standing and was recrystal1ised from ethanol to afford 

N-(3-methoxyphenethy1)-4-hydroxypheny1acetamide (364) 8.0g, 

(g4%) as colourless rhornhs m.p.125-126o C. Found: C,71.3; 

H, 6:.5 ; N,4.6%. C17H1903N requires: C,71.6 ; H, 6.7 ; 

N, 4.9% • 

A : 224nm(14,860), 274(3286),280(3570). 
max -1 

v : 3420(OH), 3300(NH), 1645cm (amide C=O). max 
02.70(2H, t, J 7Hz, ArCH 2CH2N); 3.45(2H, s, ArCH2CO); 

3.42(2H, m," CH2N); 3.77(3H, s, OMe); 5.65 br(2H, NH and OH); 

6.6 - 7.3(8H,·m, aromatic). 

1-(4-Hydroxybenzy1)-3,4-dihydro-6-methoxyisoquino1ine (368) 

To stirred and refluxing solution of N-(3-methoxy­

phenethy1)-4-hydroxypheny1acetamide (364) (10.75g, 0.038M) 

in dry acetonitrile (10Om1) was added freshly distilled 

phosphorus oxychloride (38g, 0.247M) over i5min. The 

reaction mixture was ref1uxed for 1h and then evaporated 

under reduced pressure. The residual gum was treated with 

ice-cold absolute methanol, to decompose any excess 

phosphorus oxychloride. The methanol was removed" in" vacuo 

and the residue dissolved in ethanol and treated with a 

small quantity of 2N hydrochloric acid and allowed to 

refrigerate overnight. (If no crystals formed at this stage 

the solution was concentrated under reduced pressure and 

again refrigerated). The crystalline material obtained was 

collected by suction filtration and recrysta11ised from 

ethanol to give 1-(4-hydroxybenzy1}-3,4-dihydro-6-methoxy­

isoquino1ine hydrochloride (368) as colourless platelets 

m.p.156-158oC, 2.5g (22%). Found: C, 67.5; H, 6.1 ; 

N,4.8%.C17H17N02.HC1"requires:C, 67.2; H, 6.0 i N, 4.6%. 

Amax : 225nm(13,295), 243 (6353), 324 (14,588). 

v cm- 1 : 3480(OH), 1640(~C=NH). 
max + 

02.56(lH, s, =NH); 3.08(2H, t, J 7Hz, ArCH2CH2N); 3.88(2H, 



+ 
t, J 7Hz,' CH2N): 3.95 (3H, s, OMe); 4.48 {2H, s, ArCH

2
C=N): 

6.76 and 7.25(4H, A2B2 quartet, ring C aromatics): 7.0 

(2H, m, C-5H and C-7H); 8.10{lH, d, J 10Hz, C~8H). 
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I-Benzyl-3,4-dihydroisoquinoline formation using PC15/CHC1 3 • 

1-(4-Benzyloxybenzyl)-3,4-dihydro-6-methoxyisoquinoline 

hydrochloride (357). 

(a) N-(3-Methoxyphenethyl)-4-benzyloxyphenylacetamide 

(356) (4.7g, 12.5 mmol) was added portionwise with stirring 

and ice-cooling to a suspension of phosphorus pentachloride 

(4g, 19 mmol) in dry chloroform (30ml). The resulting 

solution was then allowed to stir for 24h at room temperature 

protected from atmospheric moisture. After cooling in a ,dry 

ice/acetone bath, absolute methanol (lOml) was added 

dropwise. Removal of solvents 'in vacuo below 500 C afforded 

a dark viscous oil: this was dissolved in ethanol (lOml) 

and treated with 2N hydrochloric acid (2ml) and the resultant 

solution refrigerated. After three days the crystalline 

material was collected by filtration and recrystallised from 

ethanol containing a trace of concentrated hydrochloric acid 

to give 3.97g (80%) ofl-{4-benzyloxybenzyU-'3,4-dihydro-

6-methoxyi'soquinoline hydrochl'oride (357) .m.p. 181-1830 C. 

Found: C, 73.5: H, 6.25; N, 3.35%. C24H2302N.HCl requires: 

C, 73.2; H, 6.1; N, 3.6%,. 

A : 226nm(22090), 245(6312), 280(8284), 325(7890). 
, max -1 + 

v : 1640cm (C=N) • 
max + 

02.2 br(lH, s, exchangeable with D20, NH); 3.02(2H, t, J 7Hz, 

C-4 CO2,); 3.90(3H, s, OMe)i 3.92{2H, t, J 7Hz, C-3 CH2 ); 

4.56(2H,s, CH2Ar); 5.0(2H, s, -OCH2-): 6.7 - 7.5(llH, m, 

aromatic protons); 7.9{lH, d, C-8H, J 8 ,7 8.5lIz). 

l-(4-Benzyloxybenzoyl)-3,4-dihydro-6-methoxyisoquinoline (369). 

N-(3-methoxyphenethyl)-4-benzyloxyphenylacetamide 

(356) (28g) in dry chloroform (20Oml) was cooled in a dry 

ice-acetone bath and phosphorus pentachloride (24g) was 

added portionwise with stirring. After 24h at room 

temperature absolute methanol {5Oml) was added cautiously 

while cooling in a dry ice-acetone bath. After the addition 



was complete the mixture was allowed to reach ambient 

temperature and the solvents were removed in: 'vacuo below 

50oC, last traces of solvent being removed with a vacuum 

pump. The residual oil was dissolved in absolute ethanol 

(75ml) and treated with 2N hydrochloric acid (lOOml). 

After 24h at room temperature ethanol was removed on the 

rotary evaporator and the resulting milky-white emulsion 

basified with excess concentrated potassium hydroxide 

solution with ice-cooling and extracted with chloroform 

(3 x 10Oml) ; the combined chloroform extracts were dried 

(K2C03 ) and the chloroform removed' 'in Vac'uo to afford 26g 

of a pale yellow solid. This was dissolved in the 
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minimum quantity of hot ethanol and diethyl ether was added 

until the solution just became cloudy. The resultant 

solution was stored in the fridge at OOC for 24h and the 

resultant crystalline solid collected and recrystallised 

from diethyl ether to gi vel--' (4-benzyl'oxyhenz'oyll-3 ,4- . 
, 0 

dihydro-6-rnethoxyi·so·quinoline. (16.0g, 58%) m.p. 109 c. 
Found: C, 77.5; H, 5.7; N, 3.9%. C24H2lN03 requires: 

C, 77.6; H, 5.7; N, 3.8%·. 

The base readily formed a methiOdi'de upon treatment with 

methyl iodide in anhydrous ether, which crystallised as 
o yellow needles from acetone, m.p. 199-200 C. Found: 

C, 58.4; H, 4.6; N, 2.6%. C25H24N031 requires: C, 58:5; 
H, 4.7; N, 2.7%. Concentration of the mother liquors 

afforded a further 6.4g of less pure material;recrystalli­

sation from diethyl ether afforded 3.0g of the free base 

(369). Total yield = 19.0g (68%). 

The free base showed : 

. Amax : 231nm(e:~ 30,851), 292(28,510). 
" : 1660cm-1 (C=O). -max 
o2.84(2H, t, J 7Hz, C-4 CH2 ); 3.84(3H, s, OMe)i 3.93(2H, 

t, J 7Hz, C-3 CH 2); 5.15 (2H, s, -OCH2-); 6.77(2H, s, 

aromatic protons); 7.02(2H, dd, J m = 2HZ, Jo = 9Hz, C-3' 

and C-5')i 8.02(2H, dd, J = 2HZ, J = 9Hz, C-2' and m 0 

C-6'); 7.20 - 7.60(6H, m, aromatic protons). 



(b) Other procedures. 

(i) N-(3-methoxyphenethyl)-4-benzyloxyphenylacetamide 

(356) (lOg, 26.6 mmo~) was dissolved in dry chloroform 

(75ml) and cooled in an ice-salt bath. Finely pulverised 

phosphorus pentachloride (13.9g, 66.2 mmol) was added 

slowly with stirring and the flask closed with a calcium 

chloride drying tube and stirred at room temperature for 

24h. The resultant solution ';vas then poured into 

anhydrous ether (50Ornl) and refrigerated for 24h. The 

resultant yellow solid phosphorus complex was collected by 

suction filtration and the complex decomposed by addition 

of ice-cold absolute methanol (50ml). After refrigerating 

overnight the resultant crystalline material was collected 

by filtration and recrystallised from ethanol containing 

a trace of concentrated hydrochloric acid to afford 8.3g 

(81%) of 1-(4-benzyloxybenzyl-3,4-dihydro-6-methoxyiso­

quinoline hydrochloride (357) identical in all respects 

with the compound previously described in procedure (a) 

above. 

(ii) N-(3-methoxyphenethyl)-4-benzyloxyphenylacetamide 

(356)(10g, 26.6mmol) was added at oOe in small portions 

to a suspension of phosphorus pentachloride (8.4g, 40 mmol) 

in dry chloroform (27ml). After 24h at room temperature, 

absolute methanol (20ml) was added at oOe ~lowly with 

stirring. The solvent was removed in vacuo below 50oe. 
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The residual oil was freed of last traces of solvent on a 

vacuum pump. The viscous residue was dissolved in absolute 

ethanol (l0. 6 ml) and concen tra ted hydrochloric acid (1.3ml) 

was added with stirring to ensure thorough dissolution. 

After standing for 5 - 7 days at room temperature the 

crystalline product was collected by filtration and 

recrystallised from absolute ethanol containing a trace of 

concentrated hydrochloric acid to yield the 3,4-dihydro­

isoquinoline hydrochloride (357); 109 (95%) identical in all 

respects with the compound prepared by method (a) above. 
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(2) Synthesis of l-Benzyl-l,2,3,4-tetrahydroisoquinolines. 

1-(4-Benzyloxybenzyl)-1,2,3,4-tetrahydro-6-methoxyisoquinoline 

(361) • 

(a) By sodium borohydride reduction of the 3,4-dihydroiso­

quinolinii.lI1i s"alt "(3S7) • 

1-(4-benzyloxybenzyl)-3,4-dihydro-6-methoxyiso-

quinoline hydrochloride (3S7) (13.6g, 34.S rnrnol) in ethanol 

(SOOrnl) was treated portiomvise with sodium borohydride (3g, 

78.7 mrnol) at 20oC. After addition was completed the 

resultant solution was stirred for a further 2h : 2N 

hydrochloric acid (44 ml) was then added to give pH 3, 

followed after lSmin. by 4N ammonia to give pH 7. The solvent 

was evaporated "in va"cuo and the residue dissolved in-" a mixture 

"of chloroform (30Ornl) and IN ammonia (40Ornl). After stirring 

lSmin. the mixture was poured into a separating funnel and the 

chloroform layer separated. The aqueous phase was extracted 

with chloroform (2 x SOml). The combined chloroform extracts 

were washed with IN ammonia, dried (MgS04 ), and the solvent 

removed in vaCuo. The residual syrup solidified to a 

crystalline mass and was recrystallised from ethanol. Fram 

the mother liquor a further quantity of crystals were 

collected to give a total of 11.7g (94%) of 1-(4-benzyloxy­

benzyl)-1,2,3,4-tetrahydro-6-methoxyisoguinoline (361) as 
o colourless needles m.p. 131-132 C. Found: C, 80.S; H, 7.1; 

N, 4.0%. C24H2S02N requires: C, 80.2; H, 7.0i N, 3.9%. 

A : 231nrn(2S000), 278 (3833), 286 (3333). " max 
01.64 br(lH,s, NH)i 2.60 - 3.30 (6H, m, C-3, C-4 and benzyl 

CH 2); 3.76(3H, s, OMe)i 4.04 (lH, rn, C-l H); S.0(2H, s, 

-OCH2Ar); 6.S6(lH, rn, C-SH); 6.75{lH, dd, J 7 ,8 10Hz, J 7 ,s 
3Hz, C-7H); 6.80 - 7.S0(10H, rn, aromatic). 

(b) By zinc in acetic acid reduction of 1-(4-benzyloxy­

benzoyl)3,4-dihydro-6-methoxyisoquinoline (369). 

The imino-ketone (369)(0.6g) in SO% acetic acid 

(2Ornl) was treated with zinc dust (3g) and the resultant 

mixture heated under reflux for 3h. After cooling the 

mixture was filtered and the filtrate basified with 10% 



ammonia solution and extracted with ether. The ethereal 

extracts were dried (MgS04 ) and evaporated in: vacuo to 

afford an oil which was dissolved in hot ethanol and 
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cooled in an ice-bath with scratching. The tetrahydroiso­

qUinoline (361) crystallised and was collected by filtration 

to afford 0.3g (52%) of material m.p. 130-1320~ identical in 

spectral and t.l.c. characteristics to the compound (361) 

synthesised by method Ca) above. 

1-(4-Benzyloxybenzyl)-1,2,3,4-tetrahydro-6-methoxy-2-methy 1-

isoquinoline (362). 

1-(4-Benzyloxybenzyl)-1,2,3,4-tetrahydro-6-

methoxyisoquinoline (361) (lOg, 27.8 mmol) in methanol (45Qml) 

was treated with 37% formaldehyde solution (30ml) and the 

resulting solution stirred for 2h at room temperature. Sodium 

borohydride (8.5g, 236 rnmol) was added in portions with 

stirring and the resultant solution sti~red for a further2h 

at room temperature. Solvents were removed in: vacuo and the 

residue treated with 2N ammonia until basic and extracted 

with chloroform, the combined chloroform extracts were 

washed with water, dried over magnesium sulphate and 

evaporated to afford a yellow oil. The oil was dissolved in 
o . 

hot·diethyl ether and cooled to 0 C when colourless crystals 

of 1-(4-benzyloxybenzyl)-1,2,3,4-tetrahydro-6-methoxy-2-

methylisoquinoline (362) were obtained, .10.2g (98%) m.p. 69-
o 71 C. Found: C, 79.95; H, 7.3; N, 3.85%. C25H2702N requires: 

C, 80.4; H, 7.3; N, 3.75%. 

A : 229nm (E, 18648),278(3243),286(2703) • . max 
o2.48(3H, s, NMe); 2.50 - 3.25 (6H, m, C-3, C-4and benzyl 

CH
2
); 3.68(lH, m, C-IH); 3.76(3H, s, OMe)i 5.0(2H, s, 

-OCH
2
Ar); 6.56 (3H, m, C-SH, C-7H and C-8H); 6.88(4H, A2B2 q, 

aromatic) i 7.30 (SH, rn, aroma tic) . 



(3) Birch reduction of 3 I 4-dihydro and 1 12 13 I 4-.tetrahydr·o-

I-benzylisoquinolines. 

The liquid ammonia employed in the following preparations 

was dried by distillation from sodium prior to use. 

(a) By use of Li/liq. NH3 with ether and ethanol. 

Liquid ammonia (15Oml) was added at -650 C to 

20ml of ether, then 2.2g(0.3H) of small pieces of lithium 

followed by finely powdered 1-(4-benzyloxybenzyl)-3,4-

dihydro-6-methoxyisoquinoline hydrochloride (357) (4.34g, 

O.OllM) were added with stirring. Stirring was maintained 

for 3~h at ~-60oC. A metallic copper bronze layer formed 

on the surface of the deep-blue ammonia solution and 

vigorous stirring was necessary to ensure that the mixture 

remained homogeneous. The temperature was raised to ~50o 
and during 30 minutes 50ml of absolute ethanol was added 

until the deep-blue colour was discharged. The arnmonia was 

evaporated and the remaining solvents removed under reduced 

pressure. Water (150ml) was added to the residue followed 

by 30g of ammonium chloride with stirring. After 15 min. 

the product was filtered off and "tvashed well with water 

and dried by air suction. Recrystallisation from ethanol 

afforded 2.2g (73.5%) of a crystalline material: t.l.c •. and 

n.m.r. data suggested that this was a mixture. of the 
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required hexahydro-compound (358) and the 1,2,3,4-tetrahydro­

compound (378). Two further recrystallisations from ethanol 

afforded 1.8g (60%) of 1 I 2 I 3 I 4,5, 8-hexahydro-l ... · ("4-hydroxy­

benzyl) -6-methoxyisoq'uiholine (358) as colourless hexagons 

(ethanol) m.p.199-201oC. Found: C, 75.2: H, 8.0; N, 5.2%. 

C17H21N02 requires: C, 75.2; H,7.8; N, 5.2%. 

A : 230nm(6237), 280 (1491) . . max . 
This showed a bathochromic shift in the presence of alkali 

to 247(11,695}, 298(2373) indicating that the compound was 

phenolic.3l8 

'J
KBr : 3290 (NH), 1695 and l665cm- l (dihydroanisole C=C). max 

o (DHSOd6/CDC1 3 , 90:10): 1.93 br (2H, t, C-4 CH2 ); 2.60 br 

(4H, s, C-5 and C;...8 CH
2
)i 2.40 - 3.10(4H··, rn, C-2 CH2 and 

benzyl CE2 )i 3.25 br(lH, 'i, C-IH); 3.50 {3H", s, OHe}i 



4.65(lH, rn, C-7 olef~n)i .6.70 and" 7.0 (A2B2 q, JAB 8.5Hz, 

aromatic)i 9.0 br(lH, OH). 

Concentration of the mother liquors from the 

recrystallisation afforded the by-product 1,2,3,4-tetra­

hydro-l-(4-hydroxybenzyl)~6-methoxyisoquinoline (378) 

m.p. 195-l970C characterised by its n.m.r. (DMSOd6 ). 
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o2.0(2H, rn, C-4 CH2 )i 3~80(3H, s, OMe)i 4.05(lH, q, C-IH)i 

6.70(4H, m) and 7.03(3H, m) aromatic protonsi 9.0 br(lH, OH). 

(b) By use of Li/liq.NH3 with THF/t-BuOH and Methan"ol. 

(i) From the 3, 4-dihydroisoquinoline hydrochloride "(357). 

1-(4-Benzyloxybenzyl)-3,4-dihydro-6-methoxyiso­

quinoline hydrochloride (357) (10.4g, 26.4 rnmol) was added 

to a solution "of liquid ammonia (200ml) containing dry 

tetrahydrofuran (lOOml) and dry t-butyl alcohol (IOOml) in 

a dry ice and acetone bath at -60oC. The mixture was 

stirred for 4h at ~-600C. After warming to approximately 

-500C absolute methanol (4Oml) was added slowly until 

decolourisation indicated that excess lithium had been 

destroyed. The ammonia was allowed to evaporate and excess 

solvents removed in Vacuo. Water (250ml) was added to the 

residue with stirring followed by ammonium chloride (45g). 

After 15min. stirring the product was filtered by suction 

filtration, washed well with water and dried by air suction 

to give 7g of crude pale yellow product : recrystallisation 

form ethanol gave 6.23g (87%) of l,2,3,4,5,8-hexahydro-l­

(4-hydroxybenzyl)-6-methoxyisoquinoline (358) identical in 

all respects with the compound prepared by method (a) above. 

A further 0.58g of slightly less pure material was obtained 

by concentration of the mother liquors. 

(ii) From the l,2,3,4-tetrahydroisoquinoli"n"e" "(free ha"se)" (361) • 

Birch reduction of 1-(4-benzyloxybenzyl)-1,2,3,4-

tetrahydro-6-methoxyisoquinoline (361) was carried out by 

adding a solution of (36l) (7.2g, 20 mmol) in tetrahydrofuran 

(lOOml) containing t-butyl alcohol (lOOml) to liquid 

ammonia (25Oml) in a dry ice/acetone bath at -600C over 

30 minutes. Lithium wire (2g, 0.285M) was added over 10min 



and the mixture stirred at ~-60oC for 3h. Absolute 
. . 0 

methanol (3Oml) was added slowly at ~-50 C until 

decolourisation occurred. The ammonia was evaporated and 

solvents removed ·in Va·cuo and water (15Oml) follo'Vled by 

ammonium chloride (30g) was added to the residue with 

stirring. After l5min the product was collected by 

filtration and recrystallised from ethanol to give 4.2g(78%) 

of 1,2,3,4,5,8-hexahydro-l-(4-hydroxybenzyl)-6-methoxyiso­

quinoline (358). 
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2-Methyl-l,2,3,4,5,8-hexahydro-l-(4-hydroxybenzyl)-6-

methoxyisoquinoline (363). 

1-(4-Benzyloxybenzyl)-1,2,3,4-tetrahydro-6-methoxy-

2-methylisoquinoline (362)(6.5g, 17.4 mmol) in t-butanol 

(25ml) and anhydrous tetrahydrofuran (25ml) was added sldwly 

with stirring to liquid ammonia (250ml) containing t-butanol 

(lOOml) and THF (lOOml) at -65 0C. Lithium wire (freshly 

pressed) C2.5g, 0.36M) was added and the resultant deep blue 

solution and copper-bronze surface layer was stirred under 

nitrogen at ~-60oC for 4h. The temperature was raised to 

~-50oC and absolute methanol (5Oml) was added slowly while 

decolourisation occurred. The ammonia was evaporated and 

remaining solvents removed in va:cuo. Water (200ml) was 

added to the residue followed by ammonium chloride (40g) 

while stirring constantly. The resultant suspension was 

extracted with chloroform and the combined chloroform 

extracts washed with saturated brine, dried (MgS04 ) and 

evaporated in vacuo. The resultant solid was recrystallised 

from methanol to afford 2-methyl-l,2,3,4,5,8-hexahydro-l­

(4-hydroxybenzyl)-6-methoxyisoquinoline (363) as colourless 

platelets; 4.0g (81%), m.p. l59-l60oC. 

Found: C, 75.5; H, 8.2; N, 4.9%. 

C18H2302N requires: C, 75.75; li, 8.1; N, 4.9%. 

A nm : 228 (8210), 281 (1526) 
max 

o (CDC1
3

/DMSOd
6

) : 1.85 br(2H, t, C-4 CE2); 2.32(3H, s, NMe); 

2.60 br(4H, s, C-S and C-8 CH2 ); 2.5 - 3.2(5H, rn, C-3 CE2 , 

C-l H and benzyl CH2 ); 3.50(3H, s, 0~1e)i 4.52(lH, rn, C-7 

olefin); 6.60 and 7.0 (A 2B2 q, J o 8.5Hz, Jrn 1.5Hz, aromatic); 



8 .75 br (lH, OH). 

2-Formyl-l, 2, 3,4,5, 8-hexahydro-l- (4-hydroxybenzyl')'-6-

methoxyisoguinoline (359). 

1,2,3,4,5,8-Hexahydro:-l-(4-hydroxybenzyl)-6-

methylisoquinoline (358) (5.4g, 19.9 rnrnol) was suspended 

under nitrogen in toluene (155ml) and freshly distilled 

ethyl formate (7Ornl). After boiling for 72h t.l.c. (Rf 

283 

0.65 ; silica gel, methylene chloride/methanol/2N ammonia 

85:15:2) showed that reaction was complete. The solvents 

were evaporated in' vacuo and the residue recrystallised from 

95% aqueQus ethanol (12Ornl) to afford 4.65g of crystals. 

A second crop pf crystals was obtained from the mother liquor, 

total yield 5.45g (92%) of 2-'fortnyl-l,2,3,4,S-,B-hexahydro'-1-

(4-hydroxybenzyl ) '-6'-me thoxyis'oclui'no line '(359) m. p. 204-2050 C. 

Found: C, 71.9; H, 7.05; N, 4.2%. 

C18H2l03N requires: C, 72.2; H, 7.1; N~ 4.7%. 
A : 227nm(9400), 279(1400) max 
vmax : 3240(OH), 1695, l660sh(dihydroanisole,C=C str.), 

l640cm-l (Amide' C=O). 

O(CDC13/DMSOd6 ) : 2.0 br(2H, C-4 CH2); 2.50 - 3.20{8H, rn, 

C-3, C-5, C-8 and benzyl CH 2); 3.56(3H, s, OMe)i 4.35(lH, 

q, C-l H)i 4.70(lH, rn, C-7 olefin); 6.8(4H, rn, aromatic 

protons); 7.4 and 7.9(lH, 2 singlets, ratio 2:1 rotarners 

of NCHO); 8.8 br (lH, OH). 

2-Formyl-l,2, 3, 4, 5, 8-hexahydro-l- (4-methoxybenzyl) '-6-

methoxyisoquinoline (360) 

2-Formyl-l,2,3,4,5,8-hexahydro-l-(4-hydroxybenzyl)-

6-methoxyisoquinoline (359) (2.5g, 8.36rnrnol) was dissolved 

in absolute methanol (25Ornl) and treated with excess ethereal 

diazomethane [generated from ~-tolylsulphonylmethylnitrosamide 

("Diazald") 30g, by the literature procedure 343] at OOC. The 

resulting deep yellow solution was allowed to stand at room 

temperature in the dark and protected from atmospheric 

moisture. After 48h t.l.c. (silica gel, methylene chloride: 

methanol:2N ammonia 85:15:2) showed that reaction was 

completed. The solution was concentrated to small volume on 

the rotary evaporator and cooled in an ice-bath with 



scratching to yield crystals, which were collected by 

filtration and recrystallised from methanol to afford 

2.35g (90%) of 2"-'forinY"l-l, 2,3','4,5 ,8-hexahy'dr'o-"l-' (4-

methoxybenzyl) '-'6'-metho'xyi'soquinolin'e (~60) m.p.12l-l22oC. 

Found: C, 73.1; H, 7.4; N, 4.9%. C19H23N03 requires: 

C, 72.8; H, 7.4; N, 4.5%. 

Amax: 229nm(10,285), 278(1714), 284(1486). 

KBr vmax : 

(Amide 

-1 1698, 1665 sh (dihydroanisole C=C str.), l660cm 

C=O) • 

62.0br(2H, m, C-4 CH2); 2.5-3.2(8H, m, C-3, C-5, C-8 and 

benzyl' eE2 ); 3.58(3H, s,' MeO-C=CH); 3.78(3H,s, MeO-Ar); 

4.42(lH, q, C-1H, JAX13.5 Hz, J BX 6.5 Hz); 4.70~lH, m, 

C-7 olefinic); 6.90(4H, A2B2 q, aromatics); 7.4 and 7.9 

(lH, 2 signals, ratio 2:1, rotamers of NCHO). 

2-Methyl'-1,2, 3, 4,5 ,8-hex'ahydr'o-1- (4-methoxybe'n'zyl)-'6-

methoxy:i:soquinolin'e' '('3'47) 

(1) By methylation of the phenolic base '(347)' with 

dia'z'om:ethane. 
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2-Methyl-1,2,3,4,5,8-hexahydro-1-(4-hydroxybenzy1)-

6-methoxyisoquinoline (363) (2.5g, 8.77 mmol) in absolute 

methanol (250m1) was treated at OOC with excess ethereal 

diazomethane [generated from "Diazald" (25g)] and allowed 

to stand at room temperature for 48h in the dark and 

protected from atmospheric moisture. The resulting solution 

was concentrated,to small volume' in vacuo. Cooling in ice 

and scratching induced crystallisation of the product which 

was recrysta11ised from methanol to afford 2.09g (80%) of 

2-methyl-1, 2,3,4,5,8 - hexahydro-1- (4-rnethoxybe'nzyl )-6-

methoxyisoquino1ine (347) m.p. 84-8S oC. Found: C, 76.1; 

H, 8.4; N, 4.6%. C19H25N02 :t:equires : C, 76.2; H, 8.4; 

N, 4.7%. 

Amax: 227nm(12,909), 279(2000), 285(1454). 

vKBr : 1695, l665cm-1 (dihydroanisole C=C str.). max 
01.85 (2H, t, J 7Hz, C-4 CH2); 2.32 (3H, s, NMe); 2.5 - 3.2 

(9Hi. m, C-1H, C-3, C-5 and C-8 CH2 's and benzyl CH2 ); 3.50 

(3H, s, MeO-C=CH)i 3.73(3H, s, MeO-Ar)i 4.5(lH, m, C-7 
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olefinic); 6.85 (4H, A2B2 q, aromatics). 

(2) By lithium aluminium hydride reduction of 2-formyl-

1,2,3,4,5,8-hexahydro-(4-methoxybenzyl)~6-methoxyisoguinoline 

(360) • 

To a suspension of lithium aluminium hydride (2.2g, 

mmol) in anhydrous tetrahydrofuran (lOOml) was added 

2-formyl-l,2,3,4,5,8-hexahydro-(4-methoxybenzyl)-6-methoxy­

isoquinoline (360) (lg, 3.2 rnmol) in anhydrous THF slowly with 

stirring at room teIq?erature. After addition was complete 

the solution was heated under reflux for 6h in an atmosphere 

of nitrogen. After cooling in an ice-bath, water (2.2ml) 

was cautiously added with stirring followed by 2N sodium 

hydroxide solution (2.2ml) and finally water (6.6ml). After 

stirring for a further 30min. the solution was filtered and 

the precipitated lithium salts washed well with THF. The 

filtrate was dried (K2C0 3) and evaporated 'in' Va·cuo. The 

residue crystallised on standing and was recrystallised from 

me thanol to a f ford 2 -me thy 1'-1',2",3,4 , 5,8-hex'ahYdro'-'1 :.... (4-

methoxybenzyll-6:...rnethoxti·soqui·n·oline (347), 0.9g (95%) m.p. 

84-850 C identical in all respects to the compound prepared 

by method (1) above. 

C Base-catalysed isomerisation and Diels-Alder 'studies' of 

l-benzyl-l, 2,3,'4,5, 8-hexahydroisoquinolines. 

Isomerisation' 'of 2'-forrnyl-l,2,3', 4,5, 8-hexahydro-l-' (4-

methoxybenzyl)-6-methoxyisoquinoline (360) to 2-formyl-

1,2,3,4,7, 8-hexahydro-l- (4-rnethoxybe'nzyl)-6-rnethoxyiso­

quinoline (390). 
Potassium-t-pentoxide was prepared from potassium 

metal (2Omg) in dry t-pentyl alcohol (lml) •. t-Pentyl 

alcohol was removed in vacuo and the resultant solid dried 

at 80-l00oC and O.~ for lh. After cooling to room 

tempera ture, dry nitrogen 'ilaS 

and dry DMSO (lOml) 'ilaS added. 

hexahydro-l-benzylisoquinoline 

introduced into the system 

The 2-formyl-l,2,3,4,5,8-

(360) (1.5g) in dry DMSO was 

added and the solution stirred overnight at room temperature 



and at 60-70oC for 6h. After cooling the pale-red solution 

was poured into excess ice-water and the resultant solution 

was saturated with ammonium chloride and extracted with 

chloroform. The combined chloroform extracts were washed 

. with water,. dried (K2C03 ) an~ solvents removed under high 

vacuum. The residual oil (1.48g) contained 2-formyl-

1,2,3,4,. 7, 8-hexahydro-l- (4-rnethoxybenzyl) -6-methoxyis·o­

qui no li·n·e (390)·(~. 64%) together with unconjugated diene 

(360) (ca. 36~). 

vmax : l67Ssh(C=C), 1660 (amide C=O), l620cm-l (conj. C=C). 

03.S8(1.08H, s, MeO unconjugated diene); 3.62(1.92H,. s, MeO. 

conj~gated diene); 4.42(lH, q, C-lH); 4.7~.36H,. rn,. 

unconj~gated diene olefin); 4.7S(0.648, s,conjugated diene 

olefin); 6.90 (4H,. rn, aromatic protons); 7.4S and 7.9S (lH, 

2 signals, ratio 2:1, rotamers of NCEO). 

Dichloromaleic anhydride catalysed isomerisation Diels'-Alder 

cycloaddi·tiono·f N-formyl-l,2, 3, 4,S ,8-hexahydro-6-methoxy­

isoquinoline (306) withacrylon·itrile • 
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. N-Formyl-l, 2,3,4, S, 8-hexahydro-6-methoxyisoquinoline 

(306) (O.Sg), acrylonitrile (lOml) and dichlorornaleic anhydride 

(Smg) were heated under reflux for ISh in an atmosphere of 

nitrogen. Excess acrylonitrile was removed in vacuo and the 

residue chromatographed on alumina (woelrn neutral alurnina, 

Act 3, 20g) eluting with petroleum ether, diethyl ether and 

chloroform. The mixed ~dducts (389) were obtained as a pale 

yellow viscous oil 0.6g (94%). The mixture showed 

v : 2240 (C=N) , l660cm- l (amide (:=0). 
max 

03.43(3H, s, MeO); S.93(0.62H, s, exo-nitrile C-S olefin); 

6.l4(0.38H, s, endo-nitrile C-S olefin); 8.l0br(lH, s, formyl 

proton) • 

Isomerisation: of 2-methyl-l i 2,3,4, S, 8-hexahydro-l- (4-inetho·xy­

benzyl)-6-methoxyisoquinoline(347) to 2-methyl-l,2,3,4,7,8-

hexahydro-l-(4-methoxybenzyl)-6-methoxyisoguinoline· ·(391) 

2-Methyl-l,2,3,4,S,8-hexahydro-l-(4-methoxybenzyl)-

6-methoxyisoquinoline (347) (lg) in dry'DHSO (lOrnl) was added 

dropwise to potassium !-pentoxide [freshly prepared from 
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potassium metal ~.5g) and t-pentyl alcohol and dried under 

high vacuum at 80-l00oC before use] in dry DMSO (2Oml) at 

'V60-650 C with stirring under nitrogen. After lh the solution 

was poured into excess iced-water and extracted with diethyl 

ether. The combined ether extract ",tl1as washed well with water, 

dried (MgS04 ) and solvents removed inva"cuo. The residual 

oily isomerisa~ion mixture (lg) contain~d the conjugated 

diene (391) ca. 90% together with the unconjugated diene 

(347 lca. 10%. 
-1 

vmax : 1675 and l620cm (C=C)." 

o2.32(3H, s, NMe)~ 3.50(3H, S," MeO-C=CH)~ 3.70(3H, s, MeO-Ar); 

4.5br('V0.lH, s, unconjugated diene olefinic); 4.58(0.9H, s, 

conjugated diene olefin); 6.85 (4H, A2B2 q, aromatics). 

Diels-Alder reaction of 2-methyl-l,2,3,4,7,8"-hexahydro-l­

(4-methoxybenzyl) -6-methoxtisoguinoline . (391) with 

acrylonitrile. 

The isomerisation mixture (l.Og) containing 

ca. 90% of 2-methyl-l,2,3,4,7,8-hexahydro-l-(4-methoxybenzyl)-

6-methoxyisoquinoline (391) was boiled under reflux with 

acrylonitrile (25ml) together with a trace of hydroquinone 

for 36h. Excess acrylonitrile was removed in vac"uo and the 

resultant dark viscous oil (1.5g) was chrornatographed on 

neutral alumina (Waelm, Act.3, 60g), eluting with 

petroleum ether and diethyl ether to afford a green viscous 

oil (1.2g). T.l.c. alumina plates, ether eluent, spots 

developed with Dragendorf£ts reagent) indicated 3 

components with similar Ri values: 0.43, 0.47, 0.53. A 

separation of the mixture into pure components could not be 

achieved by preparative thick~layer chromatography (alumina 

plates, ether/petroleum ether~ 50:50 eluent) or by further 

careful column chromatography, the same mixture being 

obtained in each case. 

A max 
v max 

The mixture showed: 

226nm, 278, 285. 
-1 

: 2250 (C~N), 1640 and l610cm (C=C). 



02.28 and 2.32(2 singlets NMe)i 3.56 and 3.58(2 singlets 
" -

MeO)i 3.80(s, Ar-OMe); 4.7(0.4H, s, w~ 4Hz, olefinic)~ 

5.2 (0.2H, s, w~ 4Hz, olefinic); 5.45(0.4H, br.t," J 7Hz, 

olefinic); 6.5-7.2 (4H,ro, aromatic). 

Accurate mass observed 405.2407 and 351".2077" correspond to 

C25H31N302 (requires" 405.2416) and C22H27N202 (requires 
351".2072) • 

Mass spectrum, role (relative intensity) : 405(18), 390(10), 

365(8),352(20),351(28),321(2), 298(5), 284(6),254(4), 

231(14), 178(6),176(6), 147(13),121(96),98(92), 97(base, 

100), 91(24), 78(16), 77(18), 57(41), 54(96),44(98). 
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Part· 4 Reactions of Ring-A Bridged Is·oqtlino·lines. 

A Modification of Substituents. 

1. Reaction of ketones (260) and (261) with n~propylmagnesium 

halides. 

Endo ketone . (26'1) 

(i) Grignard reaction in benzene/diethyl ether. 

Magnesium turnings (1.95g) were placed in a 

nitrogen flushed, dry: 3-neckedround-bottomed flask. 

diethyl ether (60ml) was introduced and 1-iodopropane 

Dry 

(13.5g) 

was slowly added dropwise to maintain a constant reflux. 

After the addition was completed the mixture was stirred for 

Ih. at room temperature. The ehdo-ketone (261) (4.5g) in dry 

benzene (3Ornl) was added slowly with stirring to the ethereal 

solution of the Grignard reagent. After heating under reflux 

for 6h the mixture was cooled in an ice~bath and excess 

ammonium chloride solution (saturated aqueous) was added. 

After stirring for 20min. the organic layer was separated and 

the aqueous layer separated with ether. The combined organic 

extracts were dried (MgS04 ) and evaporated to afford a pale 

yellow oil (5.3g). T.l.c. and infrared analysis showed the 

presence of starting ketone (" 1710 cm-I) together with a 
max -1 

less polar alcoholic component ("max 3500 cm ). Column 

chromatography of the oil (5.0g) over neutral alumina (Merck. 

Act. Ill) with light petroleum as eluent solvent afforded 

6-methoxy-l,2,3,4,6,7,8,8a-octahydro-7a-(1-hydroxy-l­

methylbutyl)-2-methyl-6,8a-et.l}anoisoquinoline (395) as 

colourless needles from light petroleum ether (b.p.40-60oC), 
o 1.3g (25%), m.p.87-88 C. Found: C, 73.5; H, 10.45; N, 4.9%. 

C18H3IN02 ,requires: C, 73.7; H, 10.65; N, 4.8%. Further 

elution with light petroleum and diethyl ether afforded the 

unchanged endo-ketone (261) (3.2g) [yield of carbinol (395) 

based on recovered ketone = 85%J .' The tertiary carbinol (395) 

readily formed a methiodide on treatment with methyl iodide 

in anhydrous ether which recrystallised as very pale yellow 
o rhombs from methanol, m.p.228-23l C. Found: C, 52.0; H, 7.8~ 

N,3.2%. C19H34N021 requires: C, 52.4; H, 7.9; N, 3.2%. 



The free base shows : 

V~!4 : 3480cm- l (OH~· concent:ration independent). 

00.85 (3H, t, J 7.5Hz, -CH2CH2CH3 ); 0.90(3H, s, C-ll Me)i 

2.l2(lH, t, J 8.5Hz, C-7HS); 2~30(3H, s, NMe); 4.75(lH, s, 

OH); 5.85(lH, s, C-5 olefinic). 

(ii) Grignard reaction in tetrahydrofuran. 

A solution of n-propylmagnesium bromide in dry 

ether (25ml) was prepared from l-bromopropane (1.3g) and 

magnesium turnings (0. 27g). Most of the ether was removed 

by distillation and dry tetrahydrofuran (25ml) was added. 

[freshly distilled from CaH2J. The methoxy ketone (261) 

(l.Og) in dry tetrahydrofuran (lO.Oml) was added dropwise 

with stirring at room temperature. The resultant solution 

was refluxed for 6h on a water bath. The mixture was 

cooled in ice and treated with stirring.with ammonium 

chloride solution (lO.Og in 25ml water). After stirring 

for 15 minutes at room temperature the solution was 

extracted thoroughly with ether; the ethereal extracts 

dried (MgS04 ) and evaporated to afford an oil (1.2g) which 

was chromatographed over neutral alumina (Camag Act Ill) 

and·eluted with light petroleum ether and diethyl ether as 

before to afford the tertiary carbinol (395) as colourless 

needles from petroleum ether (b.p.40-60oC) (l.Og, 86%), 
o m.p.87-88 C. The product was identical in all respects 

with the carbinol previously synthesised as described above. 

Exo-ketone (260) 

A solution of n-propylmagnesium bromide in dry 

ether (25ml) was prepared from l-bromopropane (3.25g) and 

magnesium turnings (0.68g). The ether was removed by 

distillation under nitrogen and anhydrous THF (50ml) 

added. The ~-ketone (260) (2.5g) in dry THF (lOml) was 

added and the mixture refluxed for 6h on the water bath. 

After cooling in ice, ammonium chloride (lO.Og) in 25ml of 

water was added with stirring, after stirring for an 

additional 15 minutes at room temperature the solution 

was extracted with diethyl ether, the ethereal extracts 
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were dried (MgS04 ) and evaporated to afford a pale yellow 

oil (3g). This was chromatographed over neutral alurnina 

(Camag Act Ill, l50g) eluting with petroleum ether and 

diethyl ether. The first component to be eluted was shown 

by t.l.c. and spectral analysis to be starting ~-ketone 

(260) (l.lg). Further elution afforded 6-methoxy-l,2,3,4,-

6,7,8, 8a-octahydro-7f3- (l-hydro'xy-l-methylbutyl)"-2-methyl-

6,8a-ethanoiso'qu'in'ol'ine (397) as a colourless viscous oil, 

1.4g(85%, based on recovered starting material), b.p.132-
o 134 C(0.03mm). Found: C, 73.3; H, 10.35; N, 4.6%. 

C18H3lN02 requires: C, 73.7; H, 10.65; N, 4.8%. 

v;;;4: 3480 cm-I (OH, concentration independent). 

60.86(3H, t, -CH2CH2CH3 ); 1.30(3H, s, C-ll Me); 2.35(3H, 

s, NMe); 4.70{lH, s, OH); 6.l0(lH, s, C-5 olefinic). 

Reaction of ketone adducts (260) and (261) with benzyl­

magnesiUIri bromide. 

Endo-ketone (261) 

A solution of benzylmagnesium bromide in dry 

ether (20ml) was prepared from benzyl bromide (1.8g) 

and magnesium turnings (0.26g). Ether was removed by 

distillation under nitrogen and anhydrous tetrahydrofuran 

(25ml) added. The endo-ketone (261) [l.lg] in anhydrous 

THF (20ml) was added slowly with stirring. After 

refluxing for 6h on a water bath and cooling, ammonium 

chloride (lOg) in 50ml of water was added and the mixture 

'extracted with diethyl ether, dried (MgS0
4

) and evaporated 

to afford a pale yellow oil (2.8g). This was 

chromatographed over neutral alumina (Woelm Act Ill). 

Elution with petroleum ether afforded an oil (1.2g) which 

formed needle crystals on standing m.p. 52-53°C. Spectral 

analysis showed this to be bibenzyl, lit}44 m.p.530 C 

(produced by coupling of the Grignard reagent with itself). 

Further elution vTith petroleum ether containing 5 % diethyl 

ether afforded 6-methoxy-l,2, 3,4,6,7,8, 8a-oc·tahydro-7a­

(l-hydroxy-l-benzylether) -2-methyl-6, 8a-'ethanoisoquinoline 
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(399) as a viscous oil, 1.25g{83%) which formed a methiodide 

on treatment with methyl iodide in dry ether as yellow­

orange platelets from methanol m.p. 212-2130 C. 

Found: C, 57.1: H, 7.0; N, 2.8%. C23H34N021 requires: 

C, 57.1: H, 7.1: N, 2.9%. The free base shows: 

Amax: 219nm (E, 3760); 258(380). 

292 

V~4: 3490 cm-l~H, concentration independent). 

oO.95(3H, s, C-ll Me); 2.02(lH, t, J 9.0Hz, C-7 HS): 

2.25 (3H, s, NMe); 2.50(2H, s, benzyl CH2): 3.32(3H, s, Gr-1e)i 

4.93(lH, s, OH); 5.84(lH, s, C-5 olefinic): 7.l6(5H, rn, 
aromatic protons). 

Exo-keto"ne (260) 

A solution of benzylmagnesium bromide was prepared 

in dry ether from benzyl bromide (3.7g) and magnesium 

turnings (0.53g). Ether was removed bY,distillation under 

nitrogen and anhydrous THF (5Oml) added. The exo-ketone 

(260) (1.8g) in anhydrous THF (lOml) was added slowly with 

stirring. After refluxing for 6h work up in the same 

manner as previously described for the ehdo-ketone (261) 

afforded an oil (3.5g) which was purified by column 

chromatography over neutral alumina (Woelm Act Ill) to yield 

6-methoxy;"'1,2,3,"4,6,7,8,8a-octahydro-7S-(T-hydroxy-l­

benzylethyl) -2-methyl-6 ,8a-ethanoisoquinoline (397) as a 

viscous oil, 2.0g(81%) which readily formed a methiodide as 

pale yellow plates m.p.233-234oC (methanol-ether). 

Found: C, 56.9: H, 7.05; N, 2.8%. C23H34N021 requires: 

C, 57.1: H, 7.1: N, 2.9%. 

The free base shows: 

A : 2l9nm (E, 3776); 258(387). max 

vCC1 4 : 3490cm-l (OH, concentration independent). max 
ol.30(3H, s, C-ll Me); 2.32(3H, s, NMe); 2.62(2H, s, benzyl 

CH 2 ); 3.28(3H, s, OMe); 4.90(lH, s, OH); 5.96(lH, s, C-5 

olefinic); 7.20(5H, m, aromatic protons). 



B M:>dification of the Ring System : formation of 

Azapro"p"elTa"nes. 

Acid-catalysedre"arrangment of n':"propyl carbinols(395) 

and (397). 

The" endo n-propyl carbinol (395) (l.5g) and 

concentrated hydrochloric acid (2Oml) was heated on the 

steam bath at lOOoC for 2h. After cooling the solution was 

basified with aqueous ammonia and extracted with ether, the 

combined ethereale~~~~ct~" ~e!e" dried (K2C03 ) and evaporated 
to afford 3-"ci"z"a:-7-"e"thyT-'J,B-d"irne"thyl-[4"."4"."4] pro}?eTl-7-en­

l3-one (424) as a viscous oil, 1.3g (97%). The base (424) 

formed a hydro"chl"orTde on treatment with ethereal HCl in 
o methanol; as colourless rhornbs from methanol, m.p.242-243 C 

(dec.). Found: C, 68.3; H, 9.4; N, 5.0; Cl, 12.3%. 

CI7H27NO.HCI requires: C, 68.5; H, 9.5; N, 4.7; Cl, 11.9%. 

The" me"thiCidide was prepared by treatment with methyl 

iodide in anhydrous ether and was obtained as pale yellow 

plates from methanol, m.p.26l-264oC. Found: C, 53.1; 

H, 7.4; N, 3.7%. C18H30NOI requires: C, 53.6; H, 7.5; 

N, 3.5%. 

The free base shows : 
-1 vmax : 1705 cm (C=O). 

ol.O(3H, t, J"7Hz," MeCH2-); 1.6"5(3H, s, C-8 Me); 2.2(3H, s, 

NMe); 1.3 - 2.7(18H, rn, unassigned). 
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Accurate mass observed: 261.2095, C17H27NO requires 261.2093. 

"Mass spectrum, role (relative intensity) : 261(4), 246(0.9), 

232(0.65),218(0.9),190(2), 162(4), 71(11),70(26),58(4), 

57(3), 44 (Base peak, lOO), 43(15). 
Acid-catalysed rearrangement of the exo" ~-propyl 

carbinol (397) (l.Og) with concentrated hydroch1oricacid (20ro1) 

for 3h at 1000 C afforded the propellane (424) 0.85g (96%) 

which formed a" hydr'ochloride m.p.242-2430 C (dec) identical in 

all respects with the compound obtained from the'endo-carbinol 

(395) • 



Acid-catalysed rearrangement of benzyl carbinols (399) 
and (405). . .... 

The· exo-benzylmethyl carbinol (405) (2.2g) and 

concentrated hydrochloric acid (40ml) was heated on the 

steam bath at 1000C for 2.S-3h. After cooling and 

subsequent basification with ·ice-cold queous ammonia the 

solution was extracted with chloroform. The combined 

chloroform extracts were dried (K2C03 ) and evaporated to 

afford a viscous oil (1.8g) b.p.188-194oC (3.Smm). T.l.c·. 

(alumina plates; petroleum ether/diethyl ether 50:50) 

indicated three components Rf's 0.5, 0.44 and 0.375. 
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Column chromatography of the rearrangement product (l.Og) 

over neutral alumina (Woelm activity 3, SOg) eluting with 

petroleum ether and diethyl ~:lli.~r af:E0~ded· 3-·a:z·a:-7-phehyl-

3,8-dimethyl· ·4·.·4.-4· prop·e·lT-7-eh· ... 13-·on·e (433) as a viscous oil 

(0.5g) Rf 0.44. The analytical sample was purified by short 

path distillation at O.lmm. Found.: C,81.4; H, 8.65; 

N, 4.5%. C21H27NO requires: C, 81.5; H, 8.8; N, 4.5%. 

A : 217nm(E, 1580), 258(420). 
max -1 

vrnax : l70Scm (C=O). 

ol.3(3H, s, C-8 Me); 2.24(3H, s, NMe); 1.4-2.6(16H, m, 

unassigned); 7.2(SH, m, aromatic). 

Mass spectrum, mle (relative intensity): 309(34), 294(2), 

252(1), 238(13), 218(40),203(5), 162(24), 71(64), 70(Base 

peak, 100), 58(12), 57(15), 44(41), 43(91). 

By-product (A) was obtained as a viscous oil ·Cca~O.lg) 

R
f 

0.5, before elution of the propellane (433) from the 

column and could not be obtained analytically pure, however, 

it showed the following spectral characteristics: 

v : 3,400 cm-l (OH), 1705 (C=O). 
rnax 

ol.26(3H, s, Me); 2.26(3H, s, NMe); 3.24(2H, s, CH2Ph); 

5.44(lH, s, w~ 10Hz, olefinic}; 7.2(5E, rn, aromatic). 

Mass spectral analysis gave a molecular ion at rn/e 327 and 

a base peak at mle 218. 

By-product (B) was obtained as a viscous oil(ca~O.l?g) 

R
f 

0.375, after the propellane (433) had been eluted from 

the column. It could not be obtained analytically pure but 
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showed the following spectral characteristics: 

\) : '3400 cm -1 (OH), 1665 (conjugated C=O). 
,~ " - ' 

ol.24(3H, s, Me); 2.18(3H, s, NM~); ~.24(2H, s" CH2Ph); 

5.21(lH r s, w~ 4Hz, olefinic)r 7.2(m, ar~:)lnatic). 

+ Mass spectrum: M at rnJe 327, 2l8(Base). 



REFERENCES 

, ..... :.,. 



REFERENCES 

1. D.Ginsnurg r 'The Opium Alkaloids', Interscience 
Publishers Inc. r New York and London, 1962. 

2. L.B.Mellett and L.A.~voods,-pro-gr. Drug" Res., 1963, 
- 5, 155. 

3. J .M.Gulland- and-R.Robinson,- Mem. Froc. Matlche-ster 
- Li-t-.- -PhiT.- -Soc., 1925,- -69, 79. 

296 

4. M.Gates and G.Tschudi,- -J.- AIrier. Chem. Soc., 1952,- 74, 
1109. 

5. M.Gates and G.Tschudi,- -J.- AIne-r.- Chem.- -Soc., 1956,78, 
1380. 

6. H.Rapoport and J .B.Lav:igne,"J.-Amer. Chem. So"c., 1953, 
-- 75, 5329. 

7. _ K.W.Bentley and H.M.E.Cardwell,-J. Chem. Soc., 1955, 
3252. 

8. G.Stork and F .H.Clarke,Jnr q · -J. AIrier.- Chern.- So-c., 
1956,- 78, 4619. 

9. 'Analgetics', ed. G.deStevens, Academic Press, New 
York and London, 1965. 

10. M.Gates and M.S.Shepard,- -J-" Arner. Chem. Soc., 1962, 
-84, 4125. 

11. M.Gates and G.H.K.Hughes, Chem. and Ind. (London) , _ 
1956, 1506. 

12. H.Kugita and M.Takeda,- Chem. and Ind.(London), 1964, 
2099. 

13. H.Kugita, M.Takeda and H.lnoui, Tetrahedron Letters, 
1967,-14, 1277. 

14. A.R.Battersby, E.Brochmann-Hanssen and J.A.Martin, 
Chem.- C-omm., 1967, 483. 

15. D .H.R.Barton, G. ~'l.Kirby, w. Steglich and G.H.Thomas, 
Froc-. Chem. So-c., 1963, 203i D.H.R.Barton, D.S. 
Bhakuri, R.Janes and G.W.Kirby, J. Chem.- Soc'-(C), 
1967, 128. 

16. R.S.Cahn, C.K.lngold and V.Prelog, Experientia, 1956, 
12, 81~ __ 



297 

17. For a report on the first methodical examination of 
the structure~activity relationships in morphine like 
compounds see L.F.S:mall r , N.B.Eddy" E..Mossetig and 
C. K. Himnelsbach, "Stu:d"ie's' 'on Drug Addict"ion', Supple 
No. 138 to the Public Health Repts. U.S. Govt. 
Printing Office, Washington D.C., 1938. 

18. P.A.J.Janssen and C.A.M. Van der Eycken, 'Chemical 
Anatomy of Morphine-like Analgesics', in 'Drugs 
Affecting the Central, Nervous System', ed. A.Burger, 
E.Arnold Ltd., London, 1968, Chap.2. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

28a. 

29. 

30. 

31. 

32. 

U. Weiss, J.' Aroer.' Chern.' Soc., 1955,' '77, 5891. 

L.F.Small, H.H.Fitch, and W.E.Smith,' 'J.' Arne'::r.' Chein. 
'Soc., 1936,' '58, 1457.,· cf., also M.Gates and M.S. 

Shepard,' 'J.' Aitie'r.' Chern.' Soc., 1962,"84, 4125. 

L.F.Small and H.Rapaport,' 'J.' Org",Che'm~, 1947,'12, 
284; H.Isbe11 and H.F.Fraser, Pharrrtac'oT." ReV., 1950, 

'~, 355. 

0.Eis1eb and O.Schaumann,' Deut'. Med.' Wos'chschr.,1939,' 
,65, 967. 

O. Schaumann,' Arch .. Exp'.Patho1'. Pharmakol., 1940, 
'196, 109. 

L.Lasagna and H.K.Beecher, J. Pharrna'coT.'Exp.- Ther'ap., 
1954,' 112, 306. 

K.A.Jensen, F.Lindquist, E.Rek1ing and C.G.Wolfbrandt, 
, Dansk. Tids'." Fa'rtn., 1943,17, 173;' Cheiri." Abs., 1945, 
, '39, 2506. 

A.Ziering and J.Lee, J. Org. Chem., 1947,' '12, 911. 

M.BockmUh1 and G.Erhart, Ann. Chem., 1948,' 561, 52 ~ 

A.M.Beckett, J. Ph arm. Pharmaco1., 1956,' 8, 848. 

H.Isbell and H.F.Fraser, Pharmac'oT." Re'v., 1950,'~, 

355. 

V. P • Dole and M. Nyswander, J. AIDer'.' Med. As's., 1965, 
'193,646. 

O.Schnider,' Swiss Patent 253710, 1946. 

O.Schnider and A.Grussner, He1v.- Chim:." A'c't'a., 1949, 
32, 821. 

R.Grewe, A.Mondon and E.No1te, Ann." Chern., 1949, 
564, 161. 



33. O.Schnider and A.Grussner, Helv. Chim." Acta., 1951, 
34, 2211. 

298 

34. J.He11erbach, O.Schnider, H.Besendorff and B.Pe1lmont, 
I Synthetic Analgesics "(Part IIA), Morphinans', 
Pergamon Press, Oxford, 1966. 

35. E.L.May and L.J.Sargent, 'Morphine and its 
Modifications', in 'Analgetics', ed. G.deStevens, 
Academic Press, New York and London, 1965, Chapt.4. 

36. E.L.May and J.G.Murphy," "J." Org." Chem., 1955, 20, 257. 

37. A. P • Lauchbury ," P"ro"gr"es"sin: Medicln"aT Che:m:i"stry., 1970, 
"1, Part 1. 

38. L.B.Mel1ett and L.A.Woods,"Progr"." Dru"g Res., 1963, 
5, 155. 

39. O.J . Braenden, N.B .Eddy" and H.Halbach," nulT. Wo"rld 
Hea"lth Or"g'a"n., 1955, "13, 937. 

40. S.Archer and L.S.Harris," Progr. Dr"ug" Re"s., 1965,!!., 
264. 

41." E.L.May and N.B.Eddy," "J." Org." Chem., 1959, 24, 1435. 

42. M.Gates and T.A.Montz~a," J. Med. Che"m., 1964, 7,127. 

43. E.L.May and N.B.Eddy,J. :M..ed. Chem., 1966,",2., 851. 

44. M.C.Braude, L.S.Harris, E.L.May, J.P.Smith and 
J.Villarreal Eds., 'Advances in Biochemical" 
Psychopharmacology', Raven Press, New York, 1973, 
Vol.8. " 

45. N.B.Eddy and E.L.May, 'Synthetic Analgesics', 
(Part lIB), 6,7-Benzornorphans', Pergamon Press, 
Oxford, 1966. 

46. G.deStevens, Pur"e" App1. Chem., 1965, "19, 89. 

47. D.C.Palmer and M.J.Strauss~ Chern. Rev., 1977, 77, 1. 

48. li.W.Koster1itz, H.O.J.Collier and J.E.Villarreal, 
'Agonist and Antagonist Actions of Narcotic Ana~gesic 
Drugs', Macmil1an Press, London, 1972. 

49. P.A.J.Janssen, C.J.E.Niemegeers, and J.G.H.Dony, 
Arzne:i.!nitteT-For"s"ch., 1963, 13, 502. 

50. G.deStevens, 'General Synthetics', in 'Analgetics', 
ed. G.deStevens, AcadernicPress, New York and London, 
1965, Chapt.8. 



51. F.F.B1icke and E-P.Tsao, J. Mer. Che.m. Soc., 1953, 
75, 3999. 

299 

52. J.Diarrond and,W.F .. Bruce, (to Amer. Home Products Corp.), 
U.S. Patent 2,666,050 (January 12th, 1954) i Chen(.' Ahs., 
1955,' 49, 403l. 

53. A.P.Gray, U.S. Patent 3,039,930 (1962). 

54. J.F.Cava11a,- R.Jones"M.Welford, J.Wax and C.V.Winder, 
J.' Med. Chern., 1964,- 7, 412. 

55. J.F.Cava1la, D.C.Bishop, R.A.Se1way, N.E.Webb, 
C.V.Winder and M.l'le1ford,'J. Med.' Chero., 1965,'!!., 316. 

56. S.Archer and L.S.Harris" ~Narcotic Antagonists' in 
Progr. Drug Res., 1965,'!!., 264. 

57. K.Unna,' 'J.' Pharma:c'or.' Exp.' Ther., 1943,' 79, 27. 

58. L.Lasagna and H.K.Beecher,' J'.' Ph'arma'co"1.' Exp'.' Ther., 
1954,1"12,,356. 

59. A.S.Keats and J .Te1ford,'J. Pharmac'ol.' EN). Th'er., 
1956,' 117, 190. J.Te1ford, C.N.Papadopoulos and 
A.S.Keats, ibid., 1961,' '133, 106. 

60. H.Blumberg, P.S.Wolf and D.B.Hyman,' Prec.' Soc.' Exp. 
Exp. BioI'" Me'd., 1965,118, 763. 

61. H.Blumberg, H.B.Dayton, M.George and D.N.Rapaport, 
Fed. Proc., 1961, 20, 31l. 

62. O.J.Braenden, N.B.Eddy and H.H.Halbach, Bull.' World 
Health Organ., 1955, 13, 937. 

63. N.B.Eddy, Chem. and Ind. (London), 1959, 1462. 

64. A.H.Beckett and A.F.Casy, J.' Pha'rrri. Pharrnac'o'l., 1954, 
, ~, 986. 

65. T.O.Soine and R.E.Wil1ette, 'Analgesic Agents' in 
'Textbook of Organic Medic~nal and Pharmaceutical 
Chemistry', eds. C.0.Wi1son, O.Gisvold and R.F. 
Doerge, Lippincott, 1971, 6th Edn., pp.699-753. 

66. . P. S .Portoghese, 'J. !.fed." Chem., 19 65, ~, 609. 

67. P. s. Portoghese, J. Pha'rTIi. ScL, 1966, 55, 865. 

68. B.Bel1eau,J. Med. Chero., 1964,1,776. 

69. A.L.A.Beure and A.E.Fitzgerald, Brit.J. Pharmaco1., 
1966, 26, 307. 



" 300 

70. E.Kutter, A.Herz, H-J. Teschemacher and R.Hess," "J" Med. 
Chem., 1970," "13, 801. 

71. K.W.Bentley, D.G.Hardy and B.Meek," "J. Anfe"r" Chem .. "So"c., 
1967, 89, 3273. 

72. R.E.Lister," "J" Pharrr.. Pha"rrracol., 1964, "16, 364. 

73 • K. W • Ben tley, J. W • Lewis and A. Cowan," Ann." Rev'." Phartn:a"co"l., 
1971," "11, 241. 

74. J. W.Lewis and M.J .Readhead," "J" .. Chem .. Soc"(C), 1971, 
2296. 

75. M.J.Kuhar, C.B.Pert and S.H.Snyder," NatUre, 1973," 245, 
447. 

76. C.B.Pert and S.H.Snyder," MoT"Pharrriacol., 1974, 10, 
868. C.B.Pert," G.W.Pasternak and S.H.Snyder," Science, 
1973," 1"82, 1359. 

77. li.A.Wilson, G.W.Pasternak and S.H.Snyder," Nature, 1975, 
"253, 448. 

78. G.W.Pasternak and S.H.Snyder," Mol". Phartnacol., 1975,. 
11, 478. 

79. G. W. Pasternak and S. H. Snyder," Mol. Pharrnacol., 1975, 
11, 735. 

80. C.B.Pert and S.H.SnyderT" MoT. Pharmacol., 1974, 10, 
868;" Ne"ur"o SeL .. Re"s" Pro"gr"" Bull., 1975, 73. 

81. A.P.Feinberg, I.Creese and S.H.Snyder, Proc". Nat. 
Ac"ad. Scl"" U.S.A., 1976," 73, 4215. 

82. J .Hughes," Br"ain Res., 1975," B8, 295; L".Terenius arid 
A.Wahlstrom," Act"a" PhysioT" EC'and., 1975, 2.!, 74. 

83. J.Hughes, T.W.Smith, H.W.Kosterlitz, L.A.Fothergil1, 
B.A.Morgan and H.R.Morris, Nature, 1975," 258, 577. 

84. N.J.M.Birdsall, A.F.Bradbury, A.S.V.Burgen, E.C.Hulme, 
D.G.Smyth and C.R.Snell, Brit.J." Pharmacol., 1976, 
58, 460P. 

85. J.F.Collins, 'Neurochemistry: Receptors for Drugs 
and Neurotransmi tters ' in An"nual Reports, The Chemical 
Society, Burlington House, London, 1976," "73, Section a 
Organic Chemistry, pp.417-422. 

86 • K • W • Ben tley and D. G. Hardy, J. Amer. Chem. So"c., 1967, 
89, 3267. 



301 

87. v:.Sandermann, Ber., 1938, 71, 648. 

88. 

89. 

90. 

91. 

92. 

93. 

94. 

95. 

96. 

97. 

98. 

99. 

100. 

101. 

102. 

103. 

104. 

105. 

C.Schopf,K.Von Gottberg and ~v.Petri,· A·nllaTen, 1938, 
· 536, 216. 

S.I.Kanewskaya· and·S.F.Mitryagina,· .J .. "Gen·" Chem. 
· U.S.S.R., 1947,· ·17, 1203. 

K.W.Bentley and A.F.Thomas,·J. Cheni .. So"c., 1956, 1863. 

J.W.Lewis, M-.J .• Readhead,· I.A.Se1by, A.C.B.Smith and 
C.A.Yo~g,· J; Chein·. Scic·.·.(C)., 1971, 1158. 

K.W.Bent1ey, J .W.Lewis and A.C.B.Smith,· ·J.C.S. Pe·rkin 
· .!, 1972, 870. 

K.W.Bent1ey, 'The Morphine Alkaloids', in 'The 
Alkaloids', Academic Press, Inc., New York and London, 
1971, Vol.13, p.80. 

K.W.Bent1ey, R.Robinson and A.E.Wain,· J; Chern:; Soc., 
1952, 958. 

K.A1der and G.Stein, Atlgev'; Chem., 1937,· 50, 510. 

J .G.Martin and R.K.Hi11, Chem. Rev., 1961,' '61, 537. 

A.Wassermann, 'Die1s-A1der Reactions', E1sevier, 1965. 

J.Sauer,· A·ngew. Chem .. Internat. Edn., 1967,' §., 16. 

R.B.Woodward and R.Hoffmann, Angew. Chern: .. Tnt·erna·t. 
Edn., 1969,·.!!, 781. 

T.L.Gi1christ and R.C.Storr, 'Organic Reactions and 
Orbital Symmetry', Cambridge University Press, 1972, 
Chaps. 4 and 5. 

K.W.Bent1ey, D.G.Hardy, H.P.Crocker, D.I.Haad1esey 
and P.A.Mayor,·J. Amer. Chem. Soc., 1967,' 89, 3312. 

W.Fulmor, J.E.Lancaster, G.O.Horton, J.J.Brown, 
C.H.Howe11, C.T.Nora and R.A.Hardy,· .J; Anie·r .. Chem . 

. So·c. I 1967,' !!.2., 3322. 

H.Rapaport and P.She1drick, J. AIrier .. Chern.· Soc., 
1963,' 85, 1636. 

R.Rubinstein, R. Giger and D. Ginsburg,' Te:tra"hedron, 
1973, 29, 2383. . . 

H.Merz and K.H.Pook, Tetrahedron, 1970,' 26, 1727. 



106. O.Hromatka and G.Sengstsclunid,' Mona:t'sh., 1971',T02, 
l022. 

107. R.Giger, R"Ruhinstein and D.Ginsburg,' Te'trahedron, 
1973, 29, 2387. 

·302 

108. K. W .Bent1ey, D. G. Hardy and B .Meek,' J . Arner'. Chern. Bo'c., 
1967, 89, 3273. 

109. K. W • Bentley and D. G.Hardy,' 'J.' Arner.' Chem'.' Soc., 1967, 
'89, 3281. 

110. J .H.Van der Hende and N.R.Nelson,'J. Arner.' Cheirl.' Soc., 
1967,'89, 2901. 

Ill. K. W. Ben tley and J. W. Lewis, reported to the Cornmi ttee 
on Problems of Drug Dependence, 1968. 

112. K.W.Bent1ey, D.G.Hardy and P.A.Hayor,' 'J; Chern.' Soc.'(C)., 
1969, 2385. 

113. R.Grewe and A.Mondon-,' Chern.' Ber. , 1948, '81, 279; 
R.Grewe,' Ah'g'ew. Chem., 1947,' 59, '194; R.Grewe, 

'Nat'urwi's'se'nsch'afen, 1946,' '33, 333. 

114. C.F.Koe1sch and N.F.Albertson,·J.- Arner'. Chern. Soc., 
1953,' 75, 2095. 

115. N.B. Eddy, J.- PharmacoT.- Exp.· The rap ~, 1933, '48, 183. 

116. E. Sch1itt1er and R.Merian, He1v; Chim; Ac't'a., 19~7, 
'30, 1339. 

117. O.Schnider and J • He11erbach,' Helv.- Chim. Acta., 1950, 
, '33, 1437. 

l18. W.W.Sawtelle and L.L.Zager,' Fed. Proc., 1949, ~, 297. 

ll9~ L.L.Zager, W.W.Sawtelle, E.B.Gross, S.F.Nagyfy and 
R.T.Tidrick,' J; Lab. Cl'i'n. Me'd., 1949, 34, 1530. 

120. L .0.Randall and G.Lehlt'.ann,J; Pharrnacol. Exp'- The'rap., 
1950, 22., 163. 

121. J.Hellerbach, Swiss Pat. 280674. 

122. R.Grewe, R.Harnann, G.Jacobsen, E.Nolte and K.Riecke, 
A'nn. Chernm., 1953, 85, 581. 

123. H.Henecka,· Ann'. Chem., 1953, 110, 583; H.Henecka and 
W.Wirth, Medizin und Chernie (Verlag Chewie GrnbH, 
"Bayer" Leverkusen), 1956, ~, 321, cited in ref.' 34. 



124. M.Sasamoto, Chem. Pharrn. Bull. (Tokyo), 1960,' 8, 
324 , 32 9, 9 80 . 

125. R.Grewe" R.,Hamann"G .. ,Jacobsen, E.Nolte and K.Riecke, 
'Ann. Chem., 1953,' '85, 581. 

126. S.Sugasawa and R.Tachikawa,'J. erg.' Chem., 1959, 24, 
2043. 

127. D.Ginsburg and R.Pappo,-J.', Chem:.- SO'c., 1951, 938; 
D.Ginsburg and R.Pappo,' J.Chem. S'o'c., 1953, 1524. 

128. D.Elad and D.Ginsburg,' J.' Ame'r',- Chem.' Soc., 1954,'76, 
312; D.E1ad and D.Ginsburg,'J.Chem:.- Soc., 1954, 3052. 

303 

129. J .A.Bar1trop and J .E.Saxton,'J.- Chem'. So'c., 1952, 1038. 

130. J.A.Barltrop,' J.- Chem.- So'c., 1947, 399. 

131. K.Weisner, J.G.McCluskey, J.K.Chang and V.Smula, 
, Canad.- J'. Chem., 1971, 49, 1092. 

132. R.Grewe and W.Friedrichsen,' Chem. Ber., 1967, 100, 1550. 

133. G.C.Horrison, R.O.~vaite and J.Shavel Jnr., Tetrahedron 
Letters, 1967, 4055. 

134. H.C.Beyerrnann, E.Buurrnan and L.Maat,' Chem. Cornrn., 1972, 
918. 

135. H.C.Beyerman, E.Buurman, L.¥aat and C.Oliemann, 
Re'c. Trav.- Chim., 1976,' 95, 184. 

136. Merck and Co. Inc., Netherlands Patent 7,107,921, 1971. 

137. J.I.DeGraw, J.C.Christensen, V.H.Brown and M.J.Cory, 
J. Heterocy'clic Chem., 1974, 11, 363. 

138. W.Leimgruber, E.Mohacsi, H.Baruth and L.O.Randall, 
'Levallorphan and Related Compounds' in 'Narcotic 
Antagonists', edited by M.C.Braude, L.S.Harris, 
E.L.Hay, J.P.Smith, and J.E.Villarreal, Advances in 

, BiOChemical Psychopharmacology, Raven Press, New 
York, 1974, Vo1.8, p.45, and U.S. Patent No. 3,634,429, 
January 11th, 1972. 

139. H.C.Beyerman, E.Buurman, T.S.Lie and L.Maat, Re'c. Trav. 
Chim., 1976, 95, 43. 

140. H.C.Beyerrnan, T.S.Lie, L.Maat, H.H.Bosman, E.Buurman, 
E.J .M.Bijsterveld and H.J .H. Sinnige,' Rec.' TraV.' Chim. I 

1976,'95, 24. 



141. C.01ieman, L.~..aat and H.C.Beyerman, Rec. Trav. Chim., 
1978 ," "9 7 , -31 ~ 

142. J .H.Ager,S.E.Fullerton, E.M.Fry andE.L.May," J." "O::r'g. 
" Che:rn"., 1963," 28, 2470. 

143. M.Gates," 'Cyc1orphan-"and" Related Compounds' in 
" Advart"ce"s" "in BiCich"e"niic"aT P"sychopharrnac"oTogy, Raven 

Press, New York, 1974, V?1.8, p.51. 

304 

144. I.Monkovic, T • T.Conway-, " H. Wong, Y. G. Perron, I.J .Pachter 
and B .Be11eau," "J." Ame"r"." Chem"."SJc., 1973, "95, 7910. 

145. B.Bel1eau, H.Wong, I.Monkovic and Y.G.Perron, Chem. 
CorrllU., 1974, 603; I.Monkovic, H.Wong, B.Bel1eau, 
I.J .Pachter and Y.G.Perron," Can"ad. J." Che:rn., 1975," 53, 
2515; I.Monkovic and H.Wong," Canad. "J." Chem., 1976-,-
54, 883. 

146. I.Monkovic, H.Wong, A.W.Pircio, Y.G.Perron, I.J.Pachter 
and B.Bel1eau," Canad," J." Chem., 1975," 53, 3094. 

147. J .L.Douglas and J .Meunier," Carta"d.-J; Chem., 1975, 53, 
3681. 

148. T.Kametani, K.Kigasawa, M.Hiitagi, N.Wagatsuma, 
O.Kusama and T.Uryut He"terocycles, 1976, ,1, 41. 

149. N. Sugimoto, H .Kugi ta and T. Tanaka," J .. Phar:rn; Soc". Japan., 
1956, 76, 1308. (Chem. Abs. 1957, 51, 5076e). 

150. M.Murakami, N. Inukai and Nagano, Chem. Pharm." Bull. 
(Tokyo), 1972, 20, 1699. 

151. J.Z.Ginos,J.- Org. Chero., 1975,40, 1191. 

152. F.W.Vierhapper and E.L.Eliel, J. Org. Chem., 1975, "40, 
2729. 

153. G.Jones, Org. Reactions, 1967, 15, 204; H.O.House, 
'Modern Synthetic Reactions', v-l.A.Benjamin Inc., 1972, 
pp.632-653. 

154. A.C.O.Hann and A.Lapworth, J. Chem. Soc., 1904,"85, 46. 

155. Knoevenagel, Chem." Ber., 1898, 31, 738, 2596. 

156. Knoevenage1, Chem.Ber., 1894, 27, 2346. 

157. H.O.House and R.L.Wasson,J. AIDer." Soc., 1957," 79, 1489. 

158. I.N .Nazarov and A.A.Akrem, Izvest. Akad." Na"uk." S .B'-S.R. 
Otdel." Khim. Nauk., 1956, 1383. (Chem. Abs. 1957," 51, 
8021d) • 



159. A. Ro s·owsky , 'Ethylene Oxides' in 'Heterocyc1ic 
Compounds with Three Four-Membered Rings', ed. 
A.Weissberger, Interscience Publishers, 1964, Part 1, 
p.273. 

160. L • J. Bel 1 amy , 'The Infra·-Red ·Spectra of Complex 
Molecules', Methuen, 1962, p.179 and 182. 

161. M.J .Aste1 and W.C .Gerge1,· .J •. org.· ·Chem., 1956,· 21, 

305 

493 i M.J .Aste1 and J .A. Zas1owsky, Tnd". ·and Eng.· Chem. , 
1952,· ·44, 2867. 

162. P.Mastag1i,· Comp·t.···ren·d.·, 1955,· 241, 1313; P.Mastag1i, 
. C·omp·t·.· rend., 1956, 242,· 1031; P.Mastag1i, P.Lambert 

and N.Andric, Bull.· ·SOC·.· Chim·.· F"r·a"rlce., 1956, 796; 
P.Mastag1i and N.Andric,· Bull.· Soc·.· Chim. Fra·n·c·e., 
1957, 792. 

163. R.W.Hein, M.J .Ast1e and J .R.She1ton,· .J. Or·g.· Chein., 
1961,· 26, 4874. 

164. M.P.Mertes,· .J •. ·org. Chem., 1961,- 26, 5236. 

165. I.Ito, N.Oda, T.Ueda; S.Nagai and S.Kume, Chem:.· Pha:rm. 
Bull •. (Tokyo) ., 1976,· 24, 1072. 

166. Wittig and SchB1lkopf,· ·Ch"em:.· Ber., 1954,·87, 1318. 

167. A .Maercker,· Org.· React·io·ns, 1965,· ·14, 270; S.Trippett, 
Quart.· Rev., 1963,·17, 406; H.O.House,'Modern 
~nthetic Reactions~ W.A.Benjamin Inc., 1972, p.682. 

168. S.Trippett and n.M.Wa1ker, J. Chem. Soc., 1959, 3874. 

169. J.M.Lambert, H.F.Shurve11, L.Verbit, R.G.Cooks and 
G.H.Stout, 'Organic Structural Analysis', MacMi11an, 
New York, 1976, p.38. 

170. D.B .Denney and M. J • Boskin, .J •. AIn:e·r.· Chem: .·Soc., 1959, 
81, 6330; D.B.Denney, J.J. ViII, and M.J .Boskin,· "ibid., 
1962, "84, 3944. 

171. N.G.Gay1ord, 'Reduction with Complex Metal Hydrides', 
Interscience Publishers, New York, London, 1956, 
pp. 742-747. 

172. (i) W.S.Wadsworth and W.D.Ermnons, .J. AIner.· Chem. SOc., 
1961, 83, 1733;· (ii) H.Takahashi, K.Fujiwara and M.Ohta, 

. Bu1T.· Ch·em.· ·SOc.· Japan.,. 1962,·35, 1498; (iii) A.K.Bose 
and R.T.Dahi11 Jnr., J .. Org.· Chero., 1965,· ·30,505; 
(iv) J.Boutagy and R.Thomas, Chem.· Rev., 1974, 74, 87. 



173. L.Homer, H.Hoffmann" and"-R.G. Wippel," Chem."" Her., 
1958,"91,61, 64;-ibid., 1959,"92, 2499;-ibid., 
1961,"94, 1317", 1323, 1987 iibie.," 1962," "95, 536 i 
L.Homer, W.Klink and H.Ertel, -ibid., 1963796, 3133. 

174. G.M.Koso1apoff, 'Organophosphorus Compounds', J. Wiley 
and Sons Inc., New York, 1950, 1st.Edn., Chapt.7. 

306 

175. L.J.Be11arny, 'The Infrared Spectra of Complex Molecules', 
2nd. Edn., 1958, p.264. 

176. A.I.Scott, 'The Ultraviolet Spectra of Natural 
Products', Pergamon, Oxford, 1964, p. 84. 

177. A.J .Birch, J.Che"rti." Soc., 1944, 430," -ibi-d., 1946, 593. 

178. A.J .Birch, J.- Chem. So"c., 1950, 1551. 

179. a) R.Grewe, E.Nolte and R.Heinz Rotzo11," Chern." Ber., 
1956," 89, 600. 
b) R.F.Nystrom and H.C.Brown,"J." Anie"r'."Che"rn."" "S"oc., 
1947,"69,1197, Ramirez and A.Burger ," J"." Artfer'." Chem. 
Soc., 1950,- 72, 2781. 

180. C.B.Clarke and A.R.Pinder, J. Cherri." Soc., 1958, 1967. 

181. H.C.Brown and P.Heim," J. Org". Chein., 1973," "38, 912. 

182. A.J .Birch and G.S.R.Subba Rao, Ad"'." Org"." Chem., 1972, 
8, 1; A.J .Birch," Quart." Rev., 1950,- 4, 69; A.J .Birch 
and H.Smith," Quart". Rev., 1958, "12, 17. 

183. S.Sternhel1, Quart. Rev., 1969, 23, 236; M.Barfield 
and B.Chakrabarti, Chem. Rev., 1969, 69, 757~ 

184. G.Briger and D.W.Anderson, Chem. Cornm., 1970, 1325. 

185. A.J.Birch and G.S.R.Subba Rao, Austral." J. Chem., 
1970, 23, 1641. 

186. T.A.Crabb and J.R.Wilkinson, J.C.S. Perkirt I, 1975, 58. 

187. A.L.Wilds and N.A.Nelson, J. Amer. Cherri. SO"c., 1953," 
" 75, 5360. 

188. a) G.S:tork," J".- AIrier. Chern. Soc., 1951," 73, 504. 
b) H.C.Beyerman, F.F.Van Leeuwen, T.S.Lie, L.Maat 
and C.Oliemann," Rev. Trav. Chim., 1976,- "95, 238. 

189. a) R.M.Silverstein, C.G.Bassler and T.C.Morrill, 
'Spectrometric Identification of Organic Compounds', 
John Wiley and Sons, Inc., 3rd. Edn., 1974, pp.l04-
107. 
b) ihid., pp. 1 77 -1 7 9. 



190. R.B.\'loodward," J. Amer." Chem. Soc., 1942,"64, 72; 
L.F.Feiser "and"M.Feiser, "Steroids", Reinhold, New 
York, 1959, pp.15-24; A.I.Scott, tInterpretation of 
the Ultraviolet Spectra of Natural Products', 
Pergamon, Oxford, 1964, p.50. 

191. A.I.Scott, ~Interpretation of the Ultraviolet Spectra 
of Natural Products', Pergamon, Oxford, 1964, p.62. 

192. A.I.Scott, 'Interpretation of the Ultraviolet Spectra 
of Natural Products', Pergamon, Oxford, 1964, p.75. 

193. A.I.Scott, 'Interpretation of the Ultraviolet Spectra 
of Natural Products',Pergamon, Oxford, 1964, p.74. 

194. A.I.Scott, tInterpretation of the Ultraviolet Spectra 
of Natural Products', Pergamon, Oxford, 1964, p.93. 

195. A.Bischler and B.Napieralski, Chern." Be"r., 1893," 26, 
1903. 

196. W.M.Wha1ey and T.oR.oGovindachari, Org. Reactions, 1951, 
" §., 74. 

307 

197. R.H.F.Manske," Ch"em." Rev., 1942, 30, 145; F.oW.oBergstrom, 
Chem. Rev., 1944, 35, 217; W.J.Gensler, in 
'Heterocyclic Compounds' ed. R.C.E1derfie1d, Wiley, 
New York, 1952, Vol. 4, Chapt. 2; L.R.C.Barclay 
in"'Friedel-Crafts and Related Reactions', ed. G~A. 
Olah, Interscien~e Publishers, New York, 1964, 
Vol • .;11, Pt .. 2, p.873. 

198. S.F.Dyke, 'Bicyclic Compounds Containing a Pyridine 
Ring; Isoquino1ine and its Derivatives', in 'Rodds 
Chemistry of Carbon Compounds', ed. S.Coffey, 
E1sevier, Vol.IV - Heterocyc1ic Compounds - Part F, 
2nd. Edn., 1976, pp.359-373. 

199. E.Ritchie," J"." Proc". Roy. Soc. New South Wa"les, 1945, 
78, 147. 

200. G.Foder, J.Ga1 and B.A.Phillips, AngeW'. Chern. "Iriternat. 
Edn., 1972," 11, 919. 

201. J .Ga1, R.J. Wienkam and N .Castagnoli Jnr., "J. Org. Chem., 
1974, 39, 418. 

202. J.F.Bieron and F.J.Dinan, in lThe Chemistry of Amides', 
ed. J.Zablicky., Wiley-Interscience, New York, 1970, 
p.277. 



203. 

204. 

205. 

206. 

207. 

208. 

209. 

210. 

211. 

212. 

213. 

214. 

215. 

216. 

217. 

218. 

219. 

A.McCoubrey and D.\'l.Mathieson, J. Chern. Soc., 1949, 
696; A.J .Hill ,and W.M.Ho11iday, .Abstracts· of Papers, 
118th National Meeting. of the American Chemical 
Society, Sept. 1950, p.58N. 

D.H.Hey and J.M.Wil1iams,· .J •. Chem. Soc., 1951, 1527. 

L.Cleaver r - S.Nimgirawath,.E.Ritchie and W.C.Taylor, 
Austral.· .J; Chetci., 1976,· 29, 2003. 

·308 

S.Sugasawa and S.Ushioda,· Te·tr·ah"edr·on, 1959,· ~.' 48. 

T.Fujisawa and S.Sugasawa,· Te·tr·ahedron, 1959,· 1, 185. 

R.Tachikawa,· Tetrahedron, 1959,· 7, 118. 

a) T.Kametani,K.Kigasawa,.M.Hiiragi, F.Satoh, H.Sugi 
and T.Uryu,· J; He·terocycTi·c·· Chem., 1972,· 2., 1065. 
b) J .H.Ager and E.L.May,· .J; Urg.· Che·m., 1962,· 27, 245; 
S.E.Fullerton, J.H.Ager and E.L.May,· ·ihid., p.2554; 
S.E.Fullerton, J.H.Ager and E.L.May,··J;Hedic·iIi. Chem., 
1963,· i, 322. . 

R.Wittekind, T.Capir-is and S.Lazarus,· .J .• Reterocyclic 
Chem., 1972,· 2., 14 41. 

N. Itoh and S. Sugas awa ,. Te·trahedron., 1959, i, 16. 

N. Itoh and S. Sugasawa,· T·etrahe·dron., 1957,· 1, 45. 

H.J.Dauben,· J. Amer. Cherrf.· Soc., 1954,· 76, 1359. 

J • F • ~v. Keana in 'Ste roid Reactions : An Out line for 
Organic Chemists', ed. C.Djerassi, Holden-Day, Inc., 
1963, p.2. 

H.C.Brown, J.H.Brewster and H.Shechter, J. ~er. Chem. 
Soc., 1954,76, 467; H.C.Brown, J; Org. Chem., 1957, 
22, 439; M.Hanack, 'Conformation Theory', Academic 
Press, New York, 1965, p.79. 

R.M.Silverstein andG.C.Bassler, 'Spectrometric 
Identification of Organic Compounds', Wiley, New York, 
2nd edn., 1967, p.145. . 

P.F.Coe, B.C.Uff and J .W.Lewis, J •. Chem. Soc. (C), 
1968, 2265; A. Hassner and C. Hea thcock,· J. or·g. Chem. , 
1964,· 29, 1350. 

M.Sharnrna, 'The Isoquinoline Alkaloids', Academic Press, 
1972, p.7. 

F.D.Popp and W.Blount, J. Org. Chem., 1962,· 27, 297. 



220. F • Schneider and K.Bernauer, He1v. Chim. Acta., .l970, 
. 53, 938; M.Shanuna, 'The Isoquino1ine A1ka1o.ids', 

Academic Press, 1972, p.474. 

221. C.C.J .Cu1venor,· Te.trahe·dron Letters, 1966, 1091; 
L.M.Jackman and S.Sternhe11, 'Applications of N.M.R. 
Spectroscopy in· Organic Cherristry', 2nd edn., 
Pergamon,Oxford, 1969, p.176. 

222. A.Brossi and S.Teite1, J.' Hetero·cYc1"i"c·Chern., 1968, 
'~, 825. 

·309 

223. J.March, 'Advanced Organic Chemistry: Reactions, 
Mechanisms and Structure', McGraw-Hi11 Kogakusha, Ltd., 
1968, Chap.17. 

224. A.J .Birch and P.Hextal1,- AustraT.· J.' Che·m., 1955,' 8, 
96. 

225. A.J .Birch, D.N.Butler and J .B.Siddall,· J.' Chem.· Soc., 
1964, 2932, 2941. 

226. K.L.Rabone and N.A.J.Rogers, Chem.- 'ahd' Tnd., 1965,1838. 

227. A.J.Birch and J.S.Hil1,· J.' Chem.- soc·.·(C), 1966, 419. 

228. A.J.Birch, E.M.A.Shoukry and F.Standsfield,· 'J.' Chem. 
Soc., 1961, 5376. 

229. R.B.Bates, R.H.Carrighan and C.E.Staples,· 'J; AIrier. 
Chern:.· Soc., 1963,85, 3030. 

230. A.A.Othman, M.A.Qasseem and N.A.J .Rogers,· Te·trahedron, 
1967, 23, 87. 

231. I.A1faro, W.Ashton, L.D.McManus, R.C.Newstead, 
K.L.Rabone, N.A.J.Rogers and (in part) W.Kernick, 
Tetrahedron, 1970, 26, 201. 

232. S.Sugasawa and R.Tachikawa, Tetrahedr'on, 1958,' i, 205. 

233. S.Sugasawa and R.Tachikawa, J. Org.· Che·m., 1959,' 24, 
2043. 

234. T.A.Crabb and J.R.Wilkinson, J.C.S; Perkin' '1, 1975, 
58. 

235. R.B.Woodward and R.Hoffmann, J; Arn:er·.· Chem.· Sdc·., 
1965,' 87, 4388; cf. also ref. 99, p.839. 

236. A.Marchant and A.R.Pinder, J. Chern:.· So·c., 1956, 327. 

237. J.M.Gul1and and C.J.Virden, J. Chem; "So·c., 1929,1791. 



238. A.J.Birch, A.R.Murray and H.Smith, "J.Chem. So"c., 
1951, 1945. 

239. A.I.Scott r 'The Ultraviolet Spectra of Natural 
Products', Pergamon Press, Oxford, 1964, 104. 

240. L.J.Bellamy, 'The Infrared Spectra of" Corrplex 
Molecules', Methuen, London, 2nd. Edn., 1958, p.221. 

241. D.H.Williams and I.Fleming, 'Spectroscopic Methods 
in Organic Chemistry', McGraw-Hill, 2nd. Edn., 1973, 
p.45 and p.59. 

: 310 

242. N.L.Drake and P.Allen Jnr.~" Or"g"." Sy-nth., ColI. Vol.l, 
1946, p.78. 

243. R.C.Cookson, S.S.Gupte, I.D.R.Stevens and C.T.Watts, 
Org." "SYhth., 1971, 51, 121. 

244. l'l.A.Ayer, C.E.McDonald and J.B.Stothers," Can"ad"." "J. 
Chem., 1963," "41, 1113. 

245. K.Tori, Y.Takano and K.Kitahonoki," Chem." He"r., 1964, 
97, 2798. 

246. R.R.Fraser," Canad.J. Chetn • .,""1962,"" "46," 78; F.A.L".Anet, 
h.H.Lee and J.L.Sudmeir,"J. AIrier"." Chem." So"c., 1967, 

"89, 4431. 

247. h.Booth, 'Applications of IH Nuclear Magnetic 
Resonance Spectroscopy to the Conformational Analysis 
of Cyclic Compounds', in Pr"o"gr.N. M. R." Sp"e"c"tr"os"c"o"py," 
1969, 5, 149; L.M.Jackman and S.Sternhell, 
'Applications of N.M.R. Spectroscopy in Organic 
Chemistry', 2nd Edn., Pergamon Press, Oxford, 1969, 
p.334; S.R.Chhabra, J.R.Kershaw and B.C.Uff, 
Tetrahedron" Letters, 1967, 3199; A.H.Beckett and R.E. 
Reid~ Tetrahedron, 1972, 28, 5555. 

248. R.M.Silverstein and G.C.Bassler, 'Spectrometric 
Identification of Organic Compounds', 3rd. Edn., 
Wiley, New York, p.190. 

249. T.A.Crabb and J.R.viilkinson, "J.C.S." "Pe"rki"ri I, 1976, 
644. 

250. J .D .Roberts and C .M. Sharts," Org"." Rea"c"tions, 1962," "12, 
2. 

251. R.M.Nowak, J." Org. Chem., 1963, 28, 1182. 

252. P.D .Bartlett and B.E .Ta te," J." AItier .. Chem." "So"c., 1956, 
78, 2473. 



311 

253. P.S.~'1harton and B.T.Aw, J.Org.· Chein., 1966,· ·31, 3787. 

254. J .Paarsivirta and H.Krieger,. Suomeh· Kern.,. 1965,· ·B38, 
182; J .Paarsivirta,· "Su"omenKern., 1966,· A39, 120;-­
H.Krieger and S.E.Masar,· ·ibid., 1966,· ·39, 119. 

255. P.K.Freeman, D·.M.Ba11s and D.J.Brown,· .J .. Org. Chero., 
1968,· 33, 2211. 

256. A.J .Parker,· A·dVan.· O"r·g.· Chem., 1965,· 1, 1. 

257. E.J .Corey, N.M·. Weinshenker, T.K. Schaaf and W.Huber, 
. J .•. Ainer·.· Chem.· -Soc., 1969,· ·91, 5675; E.J .Corey, 

U .Koe11iker and J • Neuffer, ibid., 1971,· ·93, 1489; 
E.J .Corey, T .Ravindranathan and S.Terashima,· ·ibid., 
1971,· ·93, 4326. 

258. M.E.Freed, J.R.Potoski, E.H.Freed, M.I.Gluckman and 
J.L.Matis, 'Bridg~d Amino Tetra1ins', in 'Narcotic 
Antagonists', eds. M.C.Braude, L.S.Harris, E.L.May, 
J .P. Smith and· J .E. Vi11arreal,· Adva·nc·e·s ·i·n: Bi·ochernical 
Psycho·ph~i"rmac·o·l0·gy, Raven Press, New York, 1974, !!.,137. 

259. D.A.Evans, W.L.Scott and L.K.Truesdale,· Tetrahedron 
Letters, 1972, 121. 

260. S.W.Pel1etier and W.H.DeCamp,· Science, 1977, 198, 726. 

261. J.W.Lewis, M.J.Readhead, I.A.Selby, A.C.B.Smith and 
C.A.Young,· .J •. Ch·em.· S·bc·. (C), 1971, 1158. 

262. H.Krieger,· -Su·omen: Kern., 1963, B36, 68. 

263. O.E.Paris and P .E.Fanta,·J. Amer·. Che"rri.Soc., 1952, 
74, 3007; F.H.Dickey, W.Fickett and H.J.Lucas, 
J:'" Amer. Chem.·Soc., 1952, 74, 944. 

264. K.Alder, R.Hartmann and W.Roth, Anna1en, 1958, 613, 6. 

265. K.A1der, W.Gllnzl and K.Wo1ff,· Chern. Ber., 1960, 93, 809. 

266. B.C.C.Cantel10 and J.M.Mellor, Tetrahedron Letters, 1968, 
5179. 

267. R.P .Gregson and R. N .Mirrington, Atistral.·J. Chem., 1976, 
. 29, 20"37. 

268. J. W.Lewis, M.J . Readhead and A. C. B. Smith, .J •. Me"di·cin. 
Che·m., 1973,16, 9. 

·269. N.A.J.Rogers, M.A.Qasseern and A.A.Othman, Tetrahedron, 
1968, 24,4535. 

270. A.I.Scott, 'The Ultraviolet Spectra of Natural Products', 
Pergarnon, Oxford, 1964, p.75 . 

.... 



312 

271. W.M.Wha1ey and T.R.Gouindachari,' erg'.' Re'actiO"ns, 1951, 
6, 151. 

272. L .A.P1anche, and M.T. Rogers,' J.' AIner'.' Chein.' Boc., 1963, 
'85, 3728;, W.E.Stewart and T.H.Sidda11, Chem.' Rev., , 

1970,' 70, 517. 

273. D.J .Abrahamr N.R.,Farnsworth, R.N.B1omster and 
A.G.Sharkey,Jnr., Te'trahe'dron'Le't'ters, 1965, 317. 

274. J.F.Siuda,' 'J.' erg.' Chein., 1975,'40, 3611. 

275. H.Smith, 'Organic Reactions, in Liquid Ammonia', 
Interscience Publishers Inc., New York and London, 
1963, p.253 and p.57. 

276. D.E.Pearson and C.A.Bueh1er,' Chem:. Rev., 1974,' 741' .45. 

277. A.J.Birch, E.M.A.Shoukry and F.Stansfie1d, J. Chem. 
Soc., 1961, 5376. 

278. F.A.L.Anet, H.H.Lee and J .L.Sudmeir,J. Ai'ner'. Chem. 
Soc., 1967, 89, 4431. 

279. H.Kugita,' Chem. PharrnBli11m(Tokyo), 1956,!, 189; 
~bid., 1956, 4, 29. 

280. Yamanouchi Pharm. KK, 'Antitussive morphinan derivs. 
prepn. from 1-benzy1isoquino1ine derivs. and 
phosphoric acid, Central Fatents Index Basic Abstracts 
Journal, B FAR..1\IDOC, 1976, J5 10'J4-175. 

281. M.Sharrma, 'The Isoquino1ine Alkaloids', Academic Press, 
New York,and London, 1972, p.57. 

282. G.Grethe, H.L.Lee and M.R.Uskokovic, Tetrahedron Letters, 
1969, 1937; G.Grethe, H.L.Lee, M.R.Uskokovic and 
A.Brossi, He1v. Chim. Acta., 1970, 53, 874. 

283. T.Karnetani, T.Kobari, K.Fukurc.oto and M.Fujihara, 
J. Chem.' Soc. (C), 1971, 1796. 

284. (a) B.C.Uff, J.R.Kershawand S.R.Chhabra, J.C.S. 
'Perkin I, 1972, 479. 

(b) G.Grethe, M.Uskokovic and A.Brossi,'J.' Org.' Chem., 
1968,' 33, 2500. 

285. B.B.Brown,R.Harmetz and D.Ruopp, U.S.P.- 3,840,545/1974. 

286. R.:r"Iaeda and E.Ohsugi, Cherri. Pharrn:.' Bli11.'(Tokyo), 1968, 
, '16, 897. 

287. E.M.Fry and E.L.May, J.' Org. Chern., 1961, 26, 2592. 



288. N. YokoYfu""Ila,F-.B-.'B1ock and F .H.Clarke,J • Medi'c-i"n. 
- Chem., ,19_70,' 13,488. 

289. F.B. Block and F.H .Clarke,- -J. Me"di'cTri'- Cb'em., 1969, 
'12, 845. 

290. S.H.Pine,- Org-.- Re-actions, 1970,- -18, 403. 

291. R.Grewe-,-H.Fischer and W.Friedrichsen, Chem.'Ber., 
1967,- 100, 1. 

292. R.Grewe and H.Fischer,- Chem. Ber., 1963,-96, 1520. 

293. D.A.Kidd and J.Wa1ker,' J.- Chem." SoC., 1954, 669. 

313 

294. I.Baxter, L.T.Al1an and G.A.Swan,-J.- Chem." So"c., 1965, 
3645; T • Kametani, T. Honda and M. Ihara, "J. 'Chem. 
SbC-.'(C), 1971, 3318; T.Kametani, T.Terui, H.Agui and 
K.Pukumoto,: J.- HeterocycTic- Ch-em., 1968,'~, 753; 
T.Kametani, K.Takahashi and K.Fukumoto, J.' Chem.'Soc. (C), 
1971, 3617. 

295. K.Kratzl and M.Nelb~ck-Hochsetter,' Mona:tsh., 1952," 83, 
1038. 

296. M.P.Cava and K.T.Buck,- Te-tr'ahe-dron, 1969,' 25, 2795. 

297. K.Kratzl and G.Bil1ek, Mona"tsh., 1952,' 83, 1045. 

298. M.Shamma, 'The Isoquino1ine Alkaloids', Academic 
Press, New York and London, 1972, p.63. 

299. T.Kametani, S.Kano and T.Kikuchi, J." Pharm:. Soc.' -Japan, 
1966,"86, 423. 

300. J.A.Weisbach, J.L.Kirkpatrick, E.Macko and B.Bouglas, 
J. Medi-cin-.- Chem., 1968, - -11, 752. " 

301. S.Kubota, T.Masui, E.Fujita and S.M.Kupchan, J.-Org. 
'Chem., 1966,-31, 516; T.Kametani, T.Nakano, 

K. Shishido and K.Fukumoto, J.- Chem.'Soc. (C) ., 1971, 
3350; T • Kametani, K.Takahashi and K.Fukumoto," -ibid., 
1971, 3617. " 

302. V.Deulofeu, J.Comin and M.J.Vernengo, in 'The 
Alkaloids', ed. R.H.F.Manoke, Academic Pressi New 
York and London, 1968, Vol. X, p.401. 

303. M.Shamma, 'The Isoquinoline Alkaloids', Academic Press, 
New York and London, 1972, p.81. 

304. D .R.Dalton, M.P .Cava and K.T. Buck, Tetrahedron Lett"ers, 
1965, 2687. 



305. M .. Tomita,T .. Shingur··K ... Fujitani. and H.Furukawa, 
· Chem.· 'artd' Pharm; BulT;("Japan), 1965,' '13, 921. 

306. H.. Furukawa , T.H. Yang and .. T.J·.Lin,· J; Ph·a·r.m; Bbc. 
· . ('Ja'p'an) , 1965,' "85, 472,' Chent. Abs., 1965,'63, 5692. 

307. M. Tornita, T. Shingu andH.Furuka"\-Ta, J. Pharrri; Soc. 
Jap'an, 1966,' "86, 373. 

308. D. R.Dalton, K .. ·C .. Ran",H.J .Gis1er Jnr., L.J • Lendvay 
and A.Abraham,· J'. Ame'r'; Cherri. Soc., 1969,' 91, 6367. 

309. J • Fridrichsons and A.McL.Mathieson, Tetrahedron, 
1968,' 24, 5785. 

310. E.M.Kaiser, 'SYnthesis, 1972,'.1, 391. 

·314 

311. A.J.Birch and D.Nasipuri,· Te·trahedron, 1959,''§', 148. 

312. A.M.Abu Nasr· and R.T.Holman,·J. AIrier. Oi'l Chemists' 
· ·So·c., 1955,' '32, 414. 

·313. M.J.S.Dewar, 'The Electronic Theory of Organic 
Chemistry', C1arendon Press, Oxford, 1949, p.103. 

, '-

314. K.W.Bent1ey and J .C.Ba11,· 'J. Org. Che:rr.., 1958, 23, 
1720. 

315. A.J.Birch, E.M.A.Shoukry and F.Stansfie1d, J.' Chem • 
. Soc. , 1961, 5376. 

316. H.L.Dryden Jnr., G.M.Webber, R.R.Burtner and 
J.A.Ce11a, 'J; Org. Chern., 1961, 26, 3237. 

317 • W. V .Curran, 'J; Heter'ocyclic Chem., 1973, 10, 307. 

318. -E. Ge11ert· and -R. E. Summons ,Austral. J. Chem., 1970, 23, 
2095. 

319. A.J.Birch and, K.P.Dastur,Tetrahedron Letters,1972, 
4195. 

320. A.J.Birch and K.P.Dastur, J.C.S. Perki'n I, 1973, 
1650. 

321. H.M.R.Hoffmann, Arigew.· Chetn. Internat. Edn., 1969, 
.§., 556. 

322. L.J.Be11amy, 'The Infrared Spectra of Complex 
Molecules', Metnuen, 2nd Edn., 195 , p.89. 

323. R.M.Si1verstein and C.G.Bass1er, 'Spectrometric 
Identification of Organic Compounds', Wi1ey, New 
York, 2nd Edn., 1967, p.122. 



324. 

325. 

326. 

327. 

328. 

329. 

330. 

331. 

332. 

333. 

334. 

335. 

336. 

337. 

338. 

T .A.Crabb and J .R. vli1kinson,- -J .c.s; Perkin I, 1977, 
953. 

K.W.Bentley",D.G.Hardy and B.Meek,' J.' AIner'.' Chem. 
, ~,' 1967,' -a9, 3293. 

K.vl.Bentley, D. G.Hardy, C.F .Howel1, W.Fulmor, 
J .E.Lancaster7",J.J~,Brown" G.O.Morton and R.A.Hardy, 

, J. AIrier.' Chem.' 'S6c., 1967,' '89, 3303. 

315 

K.W.Bentley, D.G.Hardy"B.Meek, J.B.Taylor, J.J.Brown 
and G.O.Morton, 'J; CheiTi.' 'Soc.'CC)., 1969, 2229. 

K.W.Bentley, U.S. Patent 3,329,682/1967. 

J.Altman, E.Babad, J.Itzchaki and D.Ginsburg, 
Te'trahedr'on, 1968, 24, Supplement 8, Part 1, 279. 

J.Altman, D.Becker, D.Ginsburg and H.J.E.Loewenthal, 
, Tet'rahedron' Letters, 1967, 757. 

J.A1tman, E.Babad, J.Pucknat, N.Rechef and 
D. Ginsburg,' Tetrahedron, 1968,' 24, 975. 

J .B.Petersen and D.Ginsburg, Tsr'a'eT J.' Chem., 1968, 
§.., 843. 

J.Altman, E.Cohen, T.Maymon, J.B.Petersen, N.Reshef 
and D.Ginsburg, Tetrahedron, 1969,' 25, 5115. 

D.Ginsburg, 'Propellanes : Structure and Reactions', 
Monographs in Modern Chemistry, VerlagChemie 
Weinheim, 1975, Vol.7. 

T.Kametani, T.Kobari, K.Shishido and K.Fukumoto, 
Tetrahedron, 1974, 30, 1059. 

R.M~Silverstein, C.G.Bassler and T.C.Morrill, 
'Spectrometric Identification of Organic Compounds', 
Wiley, New York, 3rd Edn., 1974, p.250. 

F.W.McLafferty, 'Interpretation of Mass Spectra', 
W.A.Benjamin, New York, 1967, p.141; H.Budzikiewicz, 
C.Djerassi and D.H.~'1illiams, 'Mass Spectrometry of 
Organic Compounds', Holden-Day, San Francisco, 
California, 1967, pp.304, 358. 

A.C.Cope, A.A.D'Addieco, D.E.Whyte and S.A.Glickman, 
Or'g'; S'ynth., 1963, ColI. Vol. 4, p.234. 



339. 

340. 

341. 

342. 

343. 

344. 

316 

L.C • Hendershot and J. For sai th, "J. Phannacol., 1959, 
· "1"25, 237. 

A.F.Greenand P.A.Young, Brit. J. Pharmacal. 
· Chemo"ther. c 1951," §., 572. 

R.E.Lister, J. Pharm. Pharmacol., 1964, ·16, 364. 

M.Kirilov and· I .Petrova·,·· CoItpt:rend. Acad .. Bulg. 
· "Sei., 1964,· "17, 45,: Chem. Abs., 1964, 61, 8335e. 

Th.J.De Boer and H.J.Backer, Org. "Synth., 1963, Call. 
Vol. 4, 250. 

J .S.Buck and S.S.Jenkins,· .J.- Atner .. CheIr." Soc., 1929, 
51, 2166. 






