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Abstract

1-(0- and m-Ohlorobenzoyl)isoquinolines have been synthesized by

two routes involving Reissert compounds. One route involves condensa

tion of 2-benzoyl-l,2-dihydroisoquinaldonitrile with the appropriate

chlorobenzaldehyde and the second involves rearrangement of the

appropriate Z-(chlorobenzoyl)-l,Z-dihydroisoquinaldonitrile under

basic conditions. The action of potassamide in anhydrous liquid ammonia

on both ketones gave unexpectedly N-(l-isoquinolyl)benzamide (67)

as the major product and the use of dibenzo-18-crown-6-ether 98%

substantially improved the yd..e.ld in the case of l-chloroketone. This

amide (67) exhibits unusual hydrogen bonding.

1-(o-chlorobenzoyl)-6,7-dimethoxyisoquinoline (79) was prepared in

very s,amll quantities by the route involving condensation of 2-benzoyl

l,Z-dihydro-6,7-dimethoxyisoquinaldonitrile with o-chlorobenzaldehyde.

The poor yields are due to the instability of the anion of 2-benzoyl

1,Z-dihydro-6,7-dimethoxyisoquinaldonitrile. Attempted preparation of

the ketone (79) by rearrangement of 2-(o-chlorobenzoyl)-l,2-dihydro

6,7-dimethoxyisoquinaldonitrile under basic conditions yielded the

start~ng material (Reissert compound) and 6,7-dimethoxyisoquinoline.

The action of potassamide in anhydrous liquid ammonia on

l-(o-bromo-4,5-dimethoxybenzoyl)isoquinoline (85), which was prepared

by the route involving the condensation of 2-benzoyl-l,4-dihydroisoquin

aldonitrile with o-bromo-4,5-dimethoxybenzaldehyde, gave two products,

which have not yet been identified. The ketone (85) and its precursors

are interest~ng in that their 20 eV and 70 eV mass spectra do not show

molecular ions.
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INTRODUCTION

Historical Introduction

I-Acyl-l, 2-dihydroqn±~aldoni..&rile (1) and 2-acyl-l,2-dihydro-

isoquinaldonitriles (2a), substances frequently -designated as "Reissert

compounds", are readily prepared and serve as valuable intermediates

in the synthesis of certain classes of both heterocyclic and non-

heterocyclic compounds 1,2.

~~N
COR

-COR

( I ) (2a) R~ OH3

(2b) R~ ph

In 1905, systematic investigations began with Arnold Reissert's study

of the benzoylation of cyclic tertiary amines. Upon treatment of a

mixture of quinoline and benzoyl chloride with an aqueous solution of

sodium hydroxide, the reaction conditions being patterned on the

SchotTi'en-Baumann procedure, there was obtained a crystalline product,

C16H13N02- The compound was cleaved to quinoline and benzoic acid on

treatment with mineral acid or glacial acetic acid. Furthermore, it

was converted to N-benzoylanthranilic acid (3) by oxidation with

potassium permanganate. On the basis of these facts, and on the basis
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of analogy with the structures of the pseudo-bases formed by the action

'of alkali metal hydroxides on l-alkyl-quinolinium halides, Structure 4

was originally assigned to the compound C16H13N02- Because i~vestigation

showed that the compound gave characteristic aldehyde tests, however, it

was subsequently concluded that the structure corresponded to

o-benzoylaminocinnamaldehyde (5). Actually, it appears likely that

substances 4 and 5 are in equilibrium

f.3 ) (4)

cH=CH.CHO

(5)

No analogous compound was obtained when isoquinol~ne was subjected to

Schotten-Baumann reaction conditions with benzoyl chloride.

The reaction of benzoyl chloride with quinoline in aqueous

potassium cyanide solution was tried next and yielded a crystalline

compound, C17H12N20. This compound was found to undergo a remarkable

acid-catalysed cleavage to benzaldehyde, quinaldic acid, and in much

smaller amounts, derivatives of the latter. On the basis of these

facts it was proposed that the compound possessed the structure of

1-benzoy1-1,2-dihydroquina1domitri1e [1: R = C6HS].

Other nit~ogen heterocyclic compounds, such as isoquino1ine,

phenanthridine, have since been shown to give products analogous to
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1 on reaction with an acid chloride and potassium cyanide or hydrogen

cyanide. Furthermore, the preparation of these compounds and their

subsequent acid catalysed hydrolysis to aldehydes has become a general

method for the preparation of aldehydes from acid chlorides.

Preparation of Reissert Compounds

While a number of methods exists for the preparation of isoquinoline

Reissert compounds1,z, the most general method, involves the use of the

Dichloromethane-water' solveRt '; system. Typically, the acid chloride, neat

or in dichloromethane, is added to a mixture of the heterocyclic base in

dichloromethane and potassium cyanide in a minimum of water3 • Although

the dichloromethane-water system is heterogeneous, it has the advantage

over the aqueous system that all the reactants and products are soluble

in one phase or the other. Also water is slightly soluble in

dichloromethane. The amount of water normally present is not sufficient

to prevent the use of even reactive acid chlorides 4 and this system

appears to be the method of choice for Reissert compound formation.

Previously, reactive acid chlorides 'had required the anhydrous hydrogen

cyanide method l • This latter method is still sometimes used5 and in

fact has been used with quinoline and the 2- and 3-carboxylic acid

chlorides of methylcyclopentadienyl manganese tricarbonyl.

Thedichloromethane~wa.te:r:,;method3has wid.e.. utili.t.y .and aromatic,

aliphatic, cyclic and diacid chlorides have been used to give the

appropriate Reissert compound4 •

The acid bromide or acid anhydride may be used in place of the

acid chloride, but the yields of Reissert compounds are generally not

as satisfactory with these reagents 4 •
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Prope!ties of'ReissertCompounds

The chemistry of N-acyldihydroquinaldonitrile (1) and N-acy1-

dihydroquina1donitri1e (2) [Reissert compounds] has been the subject of

two comprehensive reviews 1 ,2.

Having a variety of functional groups, Reissert compounds may

undergo many diverse reactions. Here we discuss three important

reactions which are relevant to the work reported in this thesis.

Reactions 'involvingtheformatibrt'of'art'artibn'bf'th~'R¢issert'cb1Ilpounds

Reactive anions can be formed by the treatment of Reissert compounds

with a variety of bases, inasmuch as the hydrogen bonded to the carbon

alpha to the cyano group is distinctly acidic. A number of alkylation

reactions, Michael-type additions and base-catalyzed rearrangements

appear to proceed through the conjugate bases 6 and 7

,
C=O
I

R

CN

eN

o
II

-C-R

G

(7)

The reactions of this type appear to be the method of choice for the

synthesis of ¥arious quinoline and isoquino1ine derivatives, particularly

the isoquino1ine alkaloids.
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The anion 6 or 7 has most generally been prepared by the removal

of the above-mentioned proton by a base such as a phenyl lithium in

ether-dioxan at -10 to -20°, or (b) sodium hydride in either refluxing

benzene or dimethylformamide at room temperature6- 8

Reaction of Reissert anions with ~lkyl halides

The anion of Reissert compound (7) reacts with a number of alkyl

halides to give 8, which can then be hydrolysed to l-alkylisoquinolines

9.

(8 )

R

(9 )

The use of sodium hydride in dimethylformamide at· room temperature6 has

greatly increased the utility of this reaction and it now appears to be

the method of choice for the synthesis of l-alkylisoquinolines 7,8.

Thus, the alkaloids papaverine5 (10) armepavine9 (11) and

D-methyldauracine10 (12) have been synthesized by making use of the

reaction of the anion of 6,7-dimethoxy-2-benzoyl-1,2dihydroisoquina1·,do-

nitrile (13) with the appropriate alkyl halide as the key step.



OCH3

( lO)

CH3 ~O

OH30

7

OH

( I I )

'OCH 3

) ( 12)

( 13)

(14) ,
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Further examples include alkaloids such as escholamine+~~28(14)"

petaline iodide12 (15)~ cularine13 ,27 (16), p1atycerine14 (17),

amurenane15 (18), and different types of aporphine alkaloids such as

aporphine 17 ,18 (19), N-methylocugerine19 (20), oconocine20 (21),

CHg

CHgO

( 16)

OH

<:
( 17) ( 18)
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( 19)

-CH
3

<:
°

(20)

a'th'eroline21 (22), imenine22 (23), 7-hydroxyaporphine29 (24) and

OCH3

110

CH3

CH30.

CH30'

(~ I )
(22)

lanuginosine 36 (25) which have all been synthesized with the alkylation

of a Reissert anion by an appropriate alkyl halide as a key step in the

sequence.
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MeO

~o
o

MeG

OCH3

(25)

R

( >

--
°

R

I

'CH 2

(26)

R

(27) R=MeO

(28) RR=OCH20

Alkylation of the isoquinoline Reissert compound (2) with

o-iGdobenzyl chloride gave (26) which has also been converted to

aporphine 18 through a final step involving photochemical cyclization.
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O~y
fHOCOPh

Ph

(29) (30)

An amorphous, green base nandazuri~e (28) has the same zwitterionic

mesomeric structure as the hitherto unique alkaloid corunnine (27).

Both alkaloids have been synthesized37 by a route which employs a

photo-cyclization to complete the aporphine system.

CHOH

(31 ) OCHg
OCH3

Reaction 'of 'Reissert 'Anions 'with aldehydes and keton~s

The anion of Reissert compound (7) reacts with aldehydes to form

esters of secondary alcohols containing the l-isoquinolyl group bonded

to the carbinol atom23 • Thus benzaldehyde, 2-benzoyl, l,2-dihydro-

isoquinaldonitrile (2) and base gave 29.
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The condensation of the anion of 13 with the appropriate aldehyde

has played an important part in the convenient synthesis of a number of

alkaloids and alkaloid-related materials such as ca1ycotomine24 (30),

papaverino14- (31) armepavine9 (1.1), thalicarpine 16 (32) and o-methyl

dauri.cine 10 (12) as well as in approaches to the synthesis of emitine.

(32)

In the case of the synthesis of 11 and 12 it might be noted that the use

of the aldehyde sequence gave better yields than the use of the alkyl

halide sequence noted aboveS,lO. This advantage is noted despite the

need of additional synthetic steps to convert the carbinol ester to a

methylene group26.

Although the data are limited, there is sufficient evidence

available to show that the condensation of ketones with Reissert anions

is a relatively unsatisfactory reaction23 •
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Rearrangements o~ Reisse~t Anions

The conjugate bases derived from Reissert compounds have a tendency

to undergo rearrangement with elimination of cyanide ion. Advantage may

be taken of this fact to prepare a variety of potentially useful

2-subst'i,tuted quinolines and I-substituted isoquinolines. There have

also been observations of rearrangements of Reissert compounds occurring

during catalytic hydrogenation.

Base catalyzed rearrangements

Tertiary alcohols are obtained upon treatment of Reissert compounds

with Grignard reagents in dioxane or benzene solution. For example,

the reaction of Jl ....benzoyl-l, 2....dihydroisoquinaldonitrile2 with methyl

magnesium bromide gives methylphenyl-l-isoquinolyl carbinol (33), in

addition t~ a trace of I-benzoylisoquinoline (34).

CH 3--e-OH
I
Ph

(33)

c=o
1
Ph

(34)

Similar reactions have be'en observed with other Reissert compounds and

other Grignard reagents.

A similar rearr~ngement occurs upon treatment of a Reissert

compound with sodium hydride in boiling xylene or in dimethylformamide

at room temperature6', 8 • l-Benzoylisoquinoline (34) may be obtained in
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70% yield ~ogether with sodium cyanide and hydrogen upon treatment of

2-benzoyl-l,2-dihydroisoquinalnonitri1e (2) with sodium hydride under

these conditions 30 • 1-Acety1isoquino1ine is obtained in 30% yield from

2-acety1-1,2-dihydroisoquinaldonitrile.

Rearrangement oc.curring during 'Reduction

Rearranged products are obtained upon catalytic hydrogenation of

Reissert compounds, particularly when the hydrogenation is carried out

at a relatively high temperature and pressure 31 ,32. Hydrogenation of

1-benzoyl-l,2-dihydroquinaldonitri1e (1) over a nickel catalyst at

80-90° and a hydrogen pressure of 100 atm., for example gives

2-benzamido-l,2,3,4~tetrahydroquinaldine.

H

~ CH2NHCOPh
H

(35)

Effect 'of 'Structure 'oli 'the ,'reactivity 'of heterocyclic 'amine

Although quinoline, isoquinoline and certain substituted derivatives

of these bases readily form Reissert compounds, pyridine and acridine

fail to, give analogous products 1 ,2 ..



15

Although the number and variety of isoquinolines invest,igated does

not approach that of the quinoline series, it would appear that the

synthesis of isoquinoline Reissert compounds is general wh~en the". 1,;;

dichloromethane-water solvent system is used 33 • A possible exception is

l ....substituted isoquinoline where a steric effect similar to that in the

quinoline ring, may exist. Thus, I-methyl isoquinoline failed to give

a Reissert compound although 2....azafluoranthene (36), benzoyl chloride

gave a material which had the correct elemental analysis for the

expected Reissert compound33 , It should be noted, however, that the

compound derived from 36 did not give benzaldehyde on acid catalysed

hydrolysis. Such a reaction is generally typical of a Reissert compound.

(36)

It can be seen from the above survey that a wide variety of

isoquinoline alkaloids have been prepared making use of a route

involv~ng Reissert compounds. The route through Reissert compounds has

generally been shown to give the alkaloids in good yield. In fact, the

overall yield through the Reissert compound route has in general been

higher than the overall yield using the more classical methods of

alkaloid systhesis. Another important use of the route through Reissert
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compounds is in the synthesis of analogues of ~ given alkaloid. Thus,

by using the Reissert compound from a single isoquinoline one can react

its anion with a variety of substituted benzyl halides or benzaldehydes,

or by using a single benzyl halide or benzaldehyde one can react it

with the anions of a series of substituted isoquinoline Reissert

compounds.

Structural considerations

Although there seems to be no reasonable doubt that 1 and 2

represent the correct gross structure of Reissert compounds, there is

still some confusion as to the fine structures. These complications

arise mainly from examination of the absorption spectra of Reissert

compounds. 1

Infrared'absorptiou·spectra

The most striking feature about the infrared spectra of Reissert

compounds is the complete lack of absorption in the range 2200-2400 cm- I ,

the frequency, range in which absorption due to a cyano group is

observed. It has been found that the intensity of absorption due to

the presence of a cyano group is dependent on the structure of the rest

of the molecule. In a simple nitrile, the band is usual~y intense, but

its intensity decreases as the molecular weight of the compound increases.

Furthermore, the intensity decreases when the cyano group is conjugated

with other unsaturated groups or when oxygen containing function groups

are also present in the molecule. In ketone cyanohydrin for example,

the nitrile bond is very weak, but when the cyanohydrin is acylated,
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the nitrile absorption peak disappears. Since Reissert compounds are

nitrogen analogues of acyl derivatives of ketone cyanohydrins, as shown

in the partial structure given below, it might have been anticipated

that nitrile absorption peaks would also be absent in the infrared

spectra of Reissert compounds.

""'e/
/ "'-eN

N
I
C=O
I
R

~/
c
/~eN

\
c==o
I
R

There is some possibility that Reissert compounds may receive a

relatively large contribution from resonance structures such as 37.

Examination of a Fischer-Hirshfelder model of a Reissert compound

reveals that the carbonyl oxygen atom may practically touch the carbon

atom of the cyano group. The existence of such an interaction might be

the basis for the lack of an absorption peak for the cyano group in the

infrared spectra of Reissert compounds 1 •

~
,IN

~C-R
___---~ (37)
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Relevance toPresertt'Work

The above reactions of Reissert compounds provide the basis for

the present work which has been directed towards the synthesis of

liriodenine and related alkaloids of the system (38).

(38)

Previous workers 34 ,35 have prepared appropriately substituted

l-o;...nitrobenzoylisoquinolines and prqceded where possible by reduction

and Pschorr cyclization to the alkaloid. In the present work, an

alternative approach via aryne intermediates has been examined.



DIS C U S S ION
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Discussion

Section I

A new subdivision of aporphine alkaloids was discovered in 1960 by

Buchanan and Dickey 38 during the investigation of yellow pigments in

the heartwood of the yellow poplar, Lirioder()n tulipifera. Two

alkaloids were isolated; the major one was liriodenene. A structure

for liriodenene was also suggested by the same scientists but was later

shown to be wrong by Taylor39 who proposed structure (39) for

liriodenene and structure (40) for the other alkaloid. These structures

were finally proved by the synthesis 39 ,40.

CH!,O

CH 30

(39)
OCH3

(40)

In the present investigation the synthesis of the liriodenine

structure type through an aIYne intermediate was attempted.

1 (Chlorobenzoyl) isoquinolines ,(41) were 'first 'selected and it: was hoped

that an aryne intermediate (42) would be formea.on'reactionwith

,. potassamide in anhydrous liquid ammonia.



20

This is similar to intermediate (44) propo.sedby Bunnett and Hrutfiord41

during the reaction of potassamide in anhydrous liquid ammonia on

m-chlorobenzophenone (43).

(41 ) (42)

As a substituent group, 5-C-NH2 should have an electron releasing

inductive effect and should, therefore. according to Robert'srule42

favour the addition of NH'2 ion to the nearer of the two "triple bond"

positions to give the corresponding a-amino derivative (46)

f6 H5 ~6H5 C6HS

C=O H2 N-'-o- 6=0
J H2Nt@

CI

(43) (44) (45)

Another mechanism proposed by Bunnett and Hrutfiord41 involved the

intramolecular shift of -NH2 to the 2-position of the aryne giving the

same product as shown below.
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(43) (45)

The expected 1-(2-aminobenzoyl)isoquinoline (46) can not further

be transformed into the liriodenine ring system by Pschorr ring closure

reaction although some substituted derivatives can 39 ,40. Thus Neumeyer

recently synthesized l(o-aminobenzoyl)isoquinoline by a different route

and unsuccessfully tried the Pschorr ring closure reaction. In view of

the Neumeyer's experi~nce it was recognized that Pschor~ring closure

would probably have to be examined in the l(o-chlorobenzoyl)-6.7

dimethoxyisoquinoline series.

The complete prototype synthesis is shown below using 2-benzoyl

l,2-dihydroisoquinaldonitrile (Reissert compound) as the sta.r,ting

material; the Pschorr step would be applicable to various alkoxy

derivatives 39 ,40.

CHO

(2b) +
CI NaH

Cl
CHOCOPh

KOH



CI,©

Pschorr
Reaction

(0)

(47)

(41 )
liquid NH 3

(46)

22

However, in the case of l-(o-chlorobenzoyl)isoquinolines there is

the possibility of sci,ssion similar,te<that observed during the reaction

of potassamide in anhydrous liquid ammonia on o-chlorobenzophenone41

(48). A rational mechanism for cleavage of o-ch1orobenzophenone

involves addition of NH2 to the carbonyl group to form adduct (49),

proton ,loss to form (50), separation into an o-halopheny1 anion and

benzamide anion (51) and further transformation of 1-halopheny1 anion.
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~ 0-

C--Ar + NH2
~ I

'\ C-Ar
I

CI CI NH2
(49)

NH2Ji
9-ArCONH- + e ~

#. C--Ar
(51 ) ~H-

~
CI CI

(50)NH2

©r:, @ NHi, NH3

NH2

Another problem is that there is the possibility of competitive

formation of Chanda's43 type of compound in the reaction of potassamide

in anhydrous liquid ammonia with l-(m-chlorobenzoyl)isoquinolines.

When Chanda treated l-(m-chlorobenzoyl)-6,7-methylenedioxyisoquinoline

(52) with potassamide in anhydrous liquid ammonia, one of the products

was a yellow· compound, .m.p. 224-225° (decomp) which showed the

following characteristics:
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<
CIJQJ

(52)

(a) The strong peak at -1670 em-I, due to the keto group in

1-(3-ch1orobenzoy1)-6,7-methy1enedioxyisoquino1ine, was absent from the

i •. r. spectrum; a peak was present at 1590 em-I.

(b) The n.m.r. spectrum in CDC13 at 50° showed: sing1~t at 0 6.27

(2 protons of methy1ene-dioxy), mu~tip1et between 0 7-7.58 (ca. 4

aromatic protons), and multiplet between 0 8.3-8.6 (~. 4 aromatic

protons) ppm.

(c) Microanalysis gave C, 74.47; H, 3.81; N, 10.52%. This corresponds

to Cl 7HI ON202 •

(d) The mass spectrum showed mle 274 (W).

(e) Analysis (Zerewitinoff determination) showed the absence of active

hyd~ogen.

(f) The compound apparently formed a hydrochloride (reddish brown)

when hyd~ogen chloride gas was passed through:r;.its solution in dichloro

methane. The salt did not melt but started turning dark at 250° •

.(g) When refluxed 'with aqueous hydrochloric acid for one hour, the

compound. gave a product, not purified, whose mass spectrum showed
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m/e 262 (W). The', change was thought to correspond to hydrolysis of

the methylene-dioxy group.

On the above information, the following structure (53) was assigned

tentatively to this compound.

(53)

A mechanism which leads to this formula and which involves no rearrange-

ment is indicated below.

(52) CI

<

~o
o (53)
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Thus, there is also the possibility of Chanda's type of compound (54)

being formed in the action of potassamide in anhydrous liquid ammonia

on (41).

(54)

The fol1ow~ng ketones were examined with the above possibilities in mind.

Synthesis of l(o~chlorobertzoyl)isoqtiirtoline

The complete synthesis of 1(o-ch1orobenzoyl)isoquinoline using

Reissert compound (2b) as starting. m.aterial,is ,given below

C,HO

C
(2b) + NaH

KOH <
~

[0]
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2-Benzoyl-l,2-dihydroisoquinaldonitrile was prepared by stirring

a mixture of isoquinoline, potassium cyanide and freshly distilled

benzoyl chloride in dichloromethane under nitrogen at room temperature

and was obtained from the dichloromethane extracts, after crystallis'ation

in 65% yield. It was identified by its mass and N.M.R. spectra and by

comparing its melting point with that reported in the literatur~. A

reasonable mechanism for the formation of 2-benzoyl-l, 2-dihydro-

isoquinaldonitrile involves the formation of 2-benzoylisoquinolinium

chloride as an intermediate. Addition of cyanide ion to the I-position

of the ring completes the reaction.

CI

+'
The anion of 2-benzoyl-l,2-dihydroisoquinaldonitrile (7) produced

by the action of sodium hydride in refluxing benzene on the Reissert

compound was con.densed with o-chlorobenza,ldehyde to give l-chloro-

phenyl-l-isoquinolylmethyl benzoate in 50% yield. Identification of

this compound was done by N~M.R., I.R. and mass spectra and micro

analysis.

There can be little doubt that the mechanism of formation of the

benzoate (55), involves an initial nucleophilic addition of the anion

of the Reissert compound (2b) to the carbonyl c,arbon atom of the

aldehyde to form (58), which then gives (59), which in turn can

undergo elimination and rearrangement to the product. In common with

other similar reactions of Reissert compounds 1 ,45,46 the gain in

resonance energy accompanying the elimination-rearrangement step

provides an important driving force for the reaction.



28

"c o-
/ ' Ph -+ (55)

HC-o,
Ph

~o-'I II
N-C-Ph

(58) (59 )

Hydrolysis of the above benzoate (55) with ethanolic potassium

hydroxide gave o-chloropheny1isoquinoly1methanol as an oil which was

obtained· crystalline in 95% yield. Identification of this compound was

done by N.M.R., I.R., and mass-spectra and micro analysis.

Oxidation of the above alcohol (56) with sodium dichromate in

glacial acetic acid gave 1-(o-chlorobenzoy1)isoquinoline (57) in 91%

yield and' again the stru~.1{ure was confirmed by micro analysis, I.R.,

N.M.R. and mass spectra.

1-(o-Chlorobenzoyl)isoquino1ine was also prepared by the thermal

rearrangement of the Reiss.ert anion of (60).. The complete sequence is

given below.

(57)

(60)

2-(o-Chlorobenzoyl)-1,2-dihydroisoquina1donitrile (6Q) wB.sprepared by

stirring a mixture of isoquinoline, potassium cyanide and freshly

distilled o-chlorobenzoyl chloride (prepared from the acid and thionyl

chloride) under nitrogen at room temperature and was obtained in 28%

yield. Th.e structure was confirmed by N.M.R., I.R. and mass spectra

and by comparing its melting point with that reported in the literature48 •
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2-(o-Chlorobenzoyl)isoquinaldonitrile in the presence of sodium hydride

(washed free of oil) in dry dimethylformamide at room temperature gave

a white solid after removal of solvent in vacuo. This was crystallized

from cyc1ohexane, giving the ketone (57) in 16% yield. The structure

was confirmed by mixed melting point with the previous sample and by

comparison of l.R., N.M.R. and mass spectra.

It has been proposed that ketone (57) arises from the anion (61)

by way of the ethy1enimine intermediate (62), by an intramolecular

process.

(62)(61 )

~" ~ (57)............------C-o
NCfJ J

@
A convinc~ng proof that this type of rearrB:ngement is intramolecular has

been provided55 • Reaction of methylmagnesium bromide with a mixture of

1.....benzoyl.....6.....methoxy-l,2-dihydroquinaldonitrile (63)l'qd{64) gave radioactive

methylphenyl-2-quinolyl carbino.l (65) and unlabelled methylphenyl.....

2-(6-methoxyquinolyl} carbinol (66).

(63)

H

N
+

CH30

(64)

H

N



CH 3MgBr
>

(65)

?H
*C-Ph+

1
CH3

(66)
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When two compet~ng reactions do not, give mixed products the result is

not highly significant, unless it is known that the rates of the two

reactions are of the same order of magnitude. This condition has been

satisfied in the competition reaction under consideration here, since

it has been determined that 'both (63) and (64) undergo the rearrangement-

condensation reaction with methylmagnesium bromide at nearly identical

rates.
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(a) The action of potassamide in anhydrous 1iqmidammonia upon

1-(o-ch1orobenzoy1)isoquino1ine (57) produced after five hrs, a dark

brown solid which contained at least three components, It was separated

by chromatography on silica gel and elution with benzene/acetone (8:2).

The first eluate gave a 1igh't brown compound. This was crystallized

from cyclohexane to, give the product as a white powder in 17% yield,

m.p. 105-106°. This was not the expected 1-(2-aminobenzoy1)isoquino1ine4;

a sample of which was supplied by Professor Neumeyer. The reaction

product showed the following characteristics:

(a) The N.M.R. spectrum in CDC13 gave a broad peak at 0 15.54

(1 proton) which was D20 exchangeable.

(b) Micro analysis gave C, 77.42; H, 4.84; N, 11.29%. This corresponds

( From the above data, the following structure (67) was assigned to

the compound and was confirmed at a later stage by comparing its melting

point, N.M.R., mass spectra and mixed melting point with the authentic

sample provided by Professor Tamura.

rH

C=O
I© (67)
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The sample from Professor Tamura had been prepared by the photo'\-

chemical reaction of N-acylimino-isoquinolinium betaine56 (68).

(68)

hv a
- )

~ (67)

The formation of this compound (67) from (57) and potassamide in

ammonia is of considerable interest. A mechanism which leads to this

formula and which inv~l.es rearrangement is indicated below.

NH2

NHg

(67)
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The I •. R. and N.M.R. spectra of (67) raise further points of interest.

The I.R. spectrum shows two broad peaks, one at 3425, another at

2480 em- I and a strong peak at 1685 em-I, The N.M.R. spectrum shows a

broad peak at 0 15.54 p.p.m. ~hich was D20 exchangeable. These data

strongly suggest that €67) exists in the enol form (69) and that there

is strong hydrogen bonding.

(69)

The final eluates from chromat,ography of the reaction of (57) with

potassamid~ gave unidentified polymeric material.

(b) The quantities and conditions were the same as before except that

potassium metal was taken in larger quantities (18 g) and dibenzo-18-

arown-6- ether 98% (0.1 g) was added to the reaction mixture. The

yield of compound (67) was increased to as high as 77%.

Crown Ether

(70) (7'.1 )
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The synthetic ability of crown ether57 (70) is derived from its

ability to solvate cations in non-polar environment. Crown ethers are

multi-dimensional flexible molecules with a number of polar sites.

When crown ether interacts with the crystal lattice of a salt, it may

assume the approximate geometry of the complex on the crystal surface

and the subsequent transfer of the cation from its lattice site to the

crown cavity is energetically favourable. The anion simply accompanies

the cation complex. Thus when a.sma'll amount of crown ether (70) is

used in the potassamide reaction, the crown complexedpotassamide (71)

acts as a powerful base.

l(m-Chlorobenzoyl)isoquinoline

This was prepared by the same two methods as in the case of

l(o-chlorobenzoyl)isoquinoline, i.e., condensation and rearrangement.

The yields were similar to the l(o-chlorobenzoyl)isoquinoline. The

complete synthesis is given below.

Method I

(2b)- +
Cl

[0]

NaH

c=O

CI

HOCOPh

(72)

KOH HOH

I

c,,@ (73)

CI
(74)



KCN_ ..............----+-

CIJ6;CI NC

a
U

~C'"

H

(75)

NaH
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(74)

The action of potassamide in anhydrous liquid ammonia on

l(m-chlorobenzoyl)isoquinoline(74) provided a dark brown solid.

Thin layer chroma~ography showed at least th~ee components were

present. The firs t eluates, obtained us~ng benzen.e/acetone (8: 2) ,

gave a light brown compound. This was crystallized from cyclohexane

to. give the product as a white powder in 21% yield, m.p. 105 106 0
•

This compound was found to be the same (67) as the product.of the

reaction of potassamide in anhydrous liquid ammonia on l(o-chlorobenzoyl)-

isoquinoline (identity established by l.R., N.M.R. and mass spectra,

and mixed melt~ng point) and a similar mechanism of formation is

considered likely.

Further elution gave unidentified polymeric material.
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Section II and III

1-(o-Chlorobenzoyl)-6,7-dimethoxyisoquinoline

The experiments with the above chloro-ketones (57) and (74) showed

that these ketones were behaving similarly at least as far as formation

of the amide (67) is concerned. This is in marked contrast to the

experience of Bunnett and Hrutfiord41 with 0- and m-chlorobenzophenones.

It was decided therefore to proceed with o-halogenated compounds in

subsequent experiments. The above named dimethoxy compound was the next

objective because this would enable us to determine whether the product

of potassamide in anhydrous liquid ammonia on l-(o-chlorobenzoyl)-

6,7-dimethoxyisoquinoline will give a Chanda-type compound (53) or an

amide like (67) or an o-amino compound suitable for Pschorr ring closure.

In the present work, attempts to prepare l-(o-chlorobepzoyl)-

6,7-dimethoxyisoquinoline were made by th.ree methods: (a) sodium hydride

method for condensation of. 2-benzoyl-6,7--dimethoxy-l,2-dihydroisoquinaldo-

nitrile with o-chlorobenzaldehyde, (b) reaction of the lithium salt of

2-benzoyl-6,7-dimethoxy-l,2-dihydroisoquinaldonftrile with o-chloro-

benzaldehyde, and (c) thermal rearrangement of 2-o-chlorobenzoyl-

6,7-dimethoxy-I,2-dihydroisoquinaldonitrile.

The complete projected synthesis is given below.

(76) ( 3)

HOCOPh
ICI@

(77)



CH30'
..

(78)

CH3

CHg
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(79)

CH 30

CH 30 -'

(81.)
H ,eN

o
n

~C

C1

~ (79)

The required start~ng material, 6,7-dimethoxytsoquinoline was

prepared by ,the method. of Birch and Ja~kson51 in 30% overall yield

and by the method of Popp and McEwen52 in 43% overall yield. This was
. .

.converted to 2-benzoyl-6,7-dimethoxy-1,2-dihydroisoquinaldonitrile (13)

by'" st1rr~ng with potassium cyanide in water and freshly distilled

benzoyl chloride in dichloromethane. The normal isolation procedure

gave (13). in 54% yield. It was identified by mass, No.M.'R. and I.R.

spectr~ and by comparing its melting point with that reported in the

literature53 •

(a) The 'anion of 2-benzoyl-6,,]'-dimethoxy-l,2-dihydroisoquinaldonitrile

(80), produced by the action oi sodium hydride in "refluxing benzene,
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was condensed with o~ch1orobenza1dehyde. Evaporation of the dried

solvent extract gave a light red solid. It contained at least three

components (separated by T.L.C.). It was separated by chromatography

on alumina using chloroform/acetone (85:15) as eluant. The first

colourless eluates contained a small amount of a colourless solid which.

on crystallization from benzene/light petroleum afforded an amorphous

solid (20 .mg), m.p. 165-167°, but 1a.ter eluates gave unidentified

materials. The mass spectrum of the solid, m. p. 165-,167°, showed

m/e 433 and the compound was thought to be o-chloropheny1-1-(6,7-

dimethoxyisoquino1y1)methy1 benzoate (77). Hydrolysis with ethanolic

potassium hydroxide gave an oily product (78) which was oxidized by

sodium dichromate in ac'etic acid to give a colourless amorphous solid

(2 ~g) m.p. 159-162°. Ths mass spectrum showed nle 327. These data

are consistent with formulating. the final: product as 1-o-ch1orobenzoyl
\

6,7-dimethoxyisoquino1ine (79).

The reason for the very poor yield of condensation product (74) is

not known. According to .;Popp and McEwen52 , 6,7-dimethoxy-l,2-dihydro-

isoquinaldonitri1e is thermally unstable. That even gentle heating

br~ngs about its decomposition was claimed when it was found that

6,7-dimethoxyisoquinoline picrate could be obtained in high yield by

warmi·ng the pure Reissert compound (13) in an alcoholic solution

contain~ng picric acid. The thermal instability of (13) must be due

in large measure to the presence of the methoxyl groups because neither

2-benzoy1-1,2-dihydroisoquinaldonitrile nor 1-benzoy1-1,2-dihydro-

quinaldonitrile gave the picrate of the heterocyclic base upon being

warmed in an alcoholic solution of picric acid.
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No attempt was made to react potassamide in anhydrous liquid

ammonia with(79) , since it was available in such very small quantities.

1-(2-bromo~4,5~dimethoXY"benz9yl)~soquinoline

This ketone was the last to be examined, to determine whether

methoxy, groups in the halogenated ring would interfere with the formation

of an amide similar to (67). The ketone was prepared by a slight

modification of the original procedure. The complete synthesis is given

below:

CHO

B~

OCH 3

(20) +

(82)

(83)

OCH 3

)
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2-Bromo-4,5-dimethoxyphenyl-l-isoquinolylmethyl benzoate (81) was

prepared by condensing 2--bromo-4,5-dimethoxybenzaldehyde56 (82)wi,th

2-benzoy1-l,2-dihydroisoquina1donitrile in dimethy1formamide as solvent

and sodium hydride as base. The benz.oate was obtained in 75.5% yield

and was identified by I .R., N.M.R. and mass spectra and by micro

analysis. The melting point was identical with that reported in the

1iterature59 • The mass spectrum showed m/e398 (W-Br).

Hydrolysis of the above 'benzoate (83) in ethanolic potassium'

hydroxid~ gave l-bromo-4,5--dimethoxyisoquinolylmethanol (84) as prisms

(from cyclohexane) in 78.6% yield. This was identified by I .R., N.M.R.

and mass spectra. The melting point was identical with that reported

in the literature60 •

Oxidation of the alcohol (84) with sodium dichromate in glacial

acetic acid gave l-(2--bromo-4,5-dimethoxybenzoyl)isoquinoline (85) as

prisms in 84% yield. This was identified by comparing its melting point

with that reported in the literature~Q

The mass spectra of compounds (83), (84) and (85) did not show the

peaks due to the molecular ions. This can be compared with the

0- and m-chloro compounds (86)54 where peaks at mle 232/230 (M+)

(chlorine isotopes) were detectable--(ca. l%)()at 24 eV, and with the

ch.lora-ketones prepared in the present work. However, the presence of

bromine was confirmed by micro analysis of compound (83).

o

CI
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EXPERIMENTAL
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Instrumentation and Techniques

1. Melting,Points

These were measured on an ItElectrothermal" m.p. apparatus.

2. Thin, Lay~r, Chromat9graphy

This was carried, out using Silica Gel IB2-F sheets supplied by

J. T. Baker Chemical Company, Phillipsburg, New Jersey, U.S.A. 08865.

The slides were examined under u.v. light and when necessary developed

by exposure to iodine vapour.

3. Infrared Spectra

The spectra were obta.ined on a "Perkin-Elmer" (Model 273B) grating

spectrophotometer. The solvents used are given in the text.

4. Nuclear Magnetic Resonance

The solvents used are given in the text. T.M.S. was used as an

internal reference in all cases. The spectra were obtained on a

Bruker wp-60 FT NMR IH at 60 :MHz.

5. Mass Spectra

The machine used to obtain these spectra was an A.E.I. MS30, double

beam, double focusing mass spectrometer.

6. Yields

These were calculated in terms of the products obtained.
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7. Purif~cat~on of Solvents

Solvents were purified and dried by the standard methods 61 •

8. Micro Analysis

These were carried out by Dr. F. Pascher, Microanalytisches

Laboratorium, Buschstr, 54, 5300 Bonn, Germany.

9. Preparation ofPotassa~ideinDry Liquid Ammonia,

Commercial liquid ammonia was introduced into a flask containing

a few small chips of potassium. The resultant deep blue solution was

heated gently • The vapour was passed through a dryi,ng t'ower packed

wi~h silica gel and condensed into the reaction vessel containing the

requisite amount of potassium together with a few crystals of ferric

nitrate. The solution was stirred until a dark grey colouration was

produced.

The reaction vessel, in all cases, consisted of a 3-necked flask

fitted with a cold finger condenser, dropping funnel, and source of dry

nitrogen; stirring was provided by a glass-coated magnetic stirrer.
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Method I

Preparat~on of· 2~BertZoyl~1,2-d;ihydroiSo(tuinaldortitrile. (2p)

Isoquinoline (2.6 g) was dissolved in dichloromethane (lZ0 ml) and

potassium cyanide (12 g) in water (60 ml) was added. The mixture was

stirred at room temperature under nitrogen and benzoyl chloride (9.8 g)

was added dropwise during 1 hr. More potassium cyanide (6 g) in water

(30 ml) was added. After an additional 6-8 hrs of stirring, the layers

were separated and the aqueous layer was washed with dichloromethane

(40 ml). The combined dichloromethanelayers were washed in turn with

water (2 x 40 ml), 5% hydrochloric acid (2 x 40 ml), water (2 x 40 ml),

5% sodium hydroxide (2 x 40 ml) and water (2 x 40 ml). The dried

(magnesium sulphate) dichloromethane::' s-,olut::ion was, slowly evapor"atedin

vacuo to give 2-benzoy1-1,2-dihydroisoquinaldonitrile as a brown solid.

This was crystallized from ethanol to give colourless cubes (3.4 g,

65%), m.p. 128 0 (lit. 44 m.p. 128°)

I.R.

vmax(CHC13) 3000 (m), 1670, 1625 (m), 1600 (w), 1570 (m), 1485 (w)

1450 (m), 1445 (w), 1405, 1380 (w), 1340, 1270 (m), 1210 (s), 1175,

1145 (w), 1100 (m), 1170, 1020, 930, 900 (w), 810 (m), 750 (s), 690,

660 ·(m) ..

N~M.R. (CDC1a)

6.11 0 doublet

6.56 0 doublet

7.33 to 7.61 0 multiplet 9 aromatic protons
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Mass spectrum

The mass spectrum showed the fol10win.g fragment ions

mle Relative mle Relative mle Relative mle Relative
abundance abundance abundance abundance

261 2 131 7.8 106 7.4 78 4.1

260 5 130 3.5 105 100 77 21.2

232 1.5 129 24.8 103 3.5 76 4.8

155 1.7 128 5.7 102 7.2 75 4.4

154 1.5 122 1.7 101 2.8 74 3.7

63 2.6

Note: Only those fragment ions of 1.5% or higher relative abundance

above mle 60 are listed.

Sodium Hydride H~thod fO:r Condensation,o~ 2-Bep.zoyl~1;2~dihydroiso~

quinaldonitri~e~itho-Chl()robenzaldehyde

To a solution of 2-benzoyl-1,2-dihydroisoquinaldonitri1e (1.3 g)

in dry benzene (25 m1) heated under reflux was added sodium hydride

(0.54~'g, 50% in mineral oil).. After 3 min. l-ch1orobenzaldehyde (0.6 ml)

was added. Heating under reflux was continued for 2 hrs and then the

mixture was filtered, washed with water (25 m1), 0.5 M HCl (25 ml) and

water (25 m1). The benzene solution was dried and evaporated.

Trituration of the residue with cold ether gave 1-chlorop~eny1-

l-isoquinolylmethylbenzoate (55) which was crystallized from ethyl

alcohol as colourless needles (0.93g, 50%), m.p. 104-105°.

Micro ··Analy~is

Found: C, 73.90; h, 4.42; n, 3.75. C23H16N02C1 requires C, 73.90;

H, 4.28, N, 3.75%.)



47

I.R.

vmax(CHCI3) 3025 (w), 2930 (s), 2875 (w), 1730 (s), 1625, 1610 (w),

1590,1505 (w), 1450 (m), 1380, 1360 (w), 1320 (m), 1260 (s), 1250, 1180,

1110, 1108, 1070, 1030 (m), 915, 870 (w), 800 (s) cm- I •

N.M.R•. (CDC13)

7.85 to 8.55

1.25

complex multiplet 15 aromatic protons

singlet 1 proton

Mass spectrum

m/e Relative m/e Relative m/e Relative m/e Relative
abunda.nce abundance abundance abundance

373 8 233 15 189 5 85 21

339 21 232 23 128 26 83 23

338 54 218 23 111 15 81 15

270 23 217 49 109 10 77 59

269 13 216 15 106 10 75 15

268 51 211 10· 105 100 71 31

251 18: 205 8 97 23 70 15

234 13 204 18 95 13 69 28

Note: Only those fragment ions of 5.1 It, or higher r.e1ative ahundance

above m/e 69 are listed.

o-Ch.loropheny1isoquino1y1methano1 . (56)

A solution of the above benzoate (0 .5 .. g) , potassium hydroxide (3 g),

water (25 ml) and ethanol (50 m1) was heated under reflux for 24 hrs.

Most of the ethanol was removed in vacuo, and the mixture was then

diluted with water. Ether extraction gave the alcohol as an oil which
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solidified on trituration with cold ether. Crystallization from cyc1o-

hexane gave o-ch1orophenylisoquinolylmethano1 as needles (.O.-34g.-, 95%),

m.p. 115-117 P
•

Micro. Analysis

Found: C, 71.20; H, 4.44; N, 5.27. ClSH12NOC1 requires C, 71.13;

H, 4.50; N, 5.20%.

l.R.

Vmax (CHC1 3) 3660 (w), 3000 (s), 2400 (w), 1690 (m), 1600, 1580,

1555, 1500, 1450, 1410, 1375, 1310 (w), 1275 (m), 1210 (s), 1060, 920,

880 (w), 750, 660 (s) cm- 1

8.4 to 8.5 0 doublet

6.7 to 7.9 0 multiplet

6.3 0 s~ng1et

Mass Spectrum

1 proton

10 protons

1 proton (D20 exchangeable)

The mass spectrum showed the following fragment~ions:

m/eRelative
abundance

271 3.7

270 3.3

269 10. 7

268 2.8

252 1.8

251 1.7

250 1.5

m/e Relative
abundance

236 2.3

235 18.3

234 100

218 5

217 11.7

216 5

204 2.7

m/e Relative
abundance

189 1.3

159 1.2

158 8.7

141 1.7

139 2.2

130 9

129 20.7

m/e Relative
abundance

l2~ 28

111 1.8

103 3.3

102 4.8

101 3

77 10.3

76 2.57

75 4

Note: Only those f~agment ions of relative abundance of 1.2% or

higher and above m/e 75 are listed.
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1-o-chlorQbenzoylisoquino1ine (57)

To a solution of the above alcohol (0.54 g) in glacial acetic acid

(10 ml) was added sodium dichromate (0.66 g) in glacial acetic acid

(5 ml). The mixture was heated on a steam bath for a few minutes and then

diluted with an equal volume of water and basified with ammonium hydroxide.

The desired ketone was filtered off, dried, and crystallized from cyclo-

hexane as light blue needles (0.48 g; 91%), m.p. 100-103°.

Micro Analysis

Found: C, 71.5, H, 3.80; N, 5.28. C16HIONOCl requires C, 72.• 00;

H, 3.70; N, 5.20%.

I.R.

vmax(CHCI3) 3005 (m), 2480, 2315 (w), 1670 (m), 1620, 1580, 1575,

1560, 1515, 1505, 1490, 1460 (w), 1425 (m),' 1375 (w), 1350, 1320, 1300

(w), 1280 (m), 1230 (w), 1215 (s), 1155, 1130, 1090 (w),1060 (m),

1030 (w), 920 (m), 875 (w), 835, 825 {w), 750 (s), 660 (m).

N.M.R. (CDC1
3

)

p~m 7.3-8.6 0 complex multiplet All aromatic protons.

Mass Spectr:um

m/e Relative m/e Relative m/e Relative m/e Relative
abundance abundance abundance abundance

269 4.35 233 21.74 176 5.43 111 25

267 7.61 232 100 141 11.96 102 8.70

241 5.43 205 6.52 139 26.09 101 13.04

240 10.87 2.04 16.30 128 11.96 77 8.70

239 10.87 203 8.70 116 6.52 76 7.61

238 20.65 202 6.52 113 16.30 75 18.48

74 6.52

Note: Only those f~agment ions of 4% or higher relative abundance

above m/e 69 are listed.
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Method II

l-Chiorobenzoyl Chloride

l-Chlorobenzoyl chloride was prepared by the action of thionyl

chloride on l-ch1orobenzoic acid47 •

2-o-Ch1orobenzoyl~1, 2-dihydtoisoquina~donitri~e.· (60)

Isoquinoline (0.63 g) was dissolved in dichloromethane (30 ml) and

potassium cyanide (3 g) in water (15 ml) was added. The mixture was

stirred at room temperature under nitrogen and o-chlorobenzoyl chloride

(3.5 g) was addeddropwise during 1 hr. More potassium cyanide (1.5 g)

in water (8 m1) was added. After an additional 6 to 8 hra. of stirring,

. the layers were separated and the aqueous layer was washed with

dich1oromethane (10 m1). The combined dich1oromethane layers were

washed in turn with water (2 x 10 ml), 5% hydrochloric acid (2 x 10 ml),

water (2 x 10 m1), 5% sodium hydroxide (2 x 10 ml) and water (2 x 10 ml).

The dried (magnesium sulphate) dichloromethane solution was evaporated

in vacuo to give 2-o-chlorobenzoyl-l,2-dihydroisoquina1donitri1e as a

yellow solid. This was crystallized from benzene to give. colour1es"s

prisms (0·4 g,Z8%), m.p. 176° (lit.48 , m.p. 175-177°).

I.R.

Vmax (GRC1 3) 3000 (s) , 2400 (m) , 1675 (s) , 1630 (s) , 1595, 1570,

1480, 1470, 1450, 1430, 1410 (w) , 1350 (s) , 1210 (s) , 1110 (w) , 750

(s) cm- I .

N.M.R. (CDC131

6-6.6 <5 quartet

6.93 <5 singlet

7.1-7.9 0 multiplet

2 protons

1 proton

8 protons
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Mass Spectrum

The mass spectrum showed the following fragment ions:

mle Relative mle Relative mle Relative mle Relative
abundance abundance abundance abundance

296 6.6 142 47 129 30 102 7.5

295 3.3 141 31.7 128 6.7 77 5.7

294 18.3 140 15 113 10 76 5.8

165 7 139 100 112 3.3 75 9.0

154 4.2 130 3.5 103 3 51 5.7

50 5.3

Note: Only those fragment ions of 3% or higher relative abundance

above m/e 50 are listed.

Preparation.of'l-o~Chlorobenzoylisoquinolineby'ThermaJ-'Rearrangement

of 'the Reiisert 'Anion of (60)

Sodium hydride (50% oil dispersion, 48 mg) was washed free of oil

with light petroleum (b.p. 30-60°) and suspended in dry dimethylform-

amide (10 ml). The suspension was stirred under dry nitrogen at 18°

and the above Reis'sert compound (0.97 g) in dimethylformamide (15 ml)

was added dropwise over 10 min. The mixture was then allowed to warm

to room temperature over 1 hr and stirred for a further 1 hr. Any

unchanged hydride was destroyed with ethanol (1 ml) and the solvent was

removed in vacuo. The resulting solid was crystallized from cyclohexane

to givel~o~chlorobenzoy1isoquinoline(57) as light blue needles (0.1 g,

16%). The structure was confirmed by comparing its melting point,

N.M.R., mass spectrum and. mixed melting point with the compound 57

prepared by method I.
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\

Action of Potassamide in Anhydrous 'L'iquidAmmortia .ort 'l~o~Chldrdbetizbyl--

isoquinoline

(a) ,A solution of l"":,,o--chlorobenzoylisoquiuocline (1 g) in dry tetra-

hydrofuran (10 ml) was added portion wise to a stirred solution of

potassamide, prepared fr'om potassium metal '(10 g)an'd a 'few crystals o'f

ferric nitrate, and potassium-t-butoxide (1 g) in redistilled liquid

ammonia (150 ml). A dark'"1?rown colour was produced. The resulting

mixture was stirred in refluxing liquid ammonia for .5 hrs and then

ammonium chlori.de (28 g) was added' in small por~.ions. The ammonia was

a:llowed to evapo~ate overnight under nitrogen. The residue was treated

with ice cold water (60 ml) and then extracted with dichloromethane

(3 x 225 ml). The extract was washed with water (3 x,lOO ml), dried

(k2 C0 3 ), and evaporated under reduced pressure to provide a dark

brown solid. This was dissolved in benzene/acetone (8:2) and chromato-

graphed ons,ilicalgel. .I.he ", firs.t.. eluates gave a .ligh.tb,rown compound.

This was crystallized from cyclohexane to give the product as a white

powder (160 .mg, 17.3%) m.p. 105~106°. [Found: C, 77.42; H, 4.84;

N, 11.29. C16H12N20 requires C, 77.45; H, 4.69, N,11.43%].

Further elution gave unidentified polymeric material.

(b) The quantities and conditions were the same as before except that

potassium metal was taken in large quantities (18 g) and dibenzo--18--

crown--6 ether 98% (0.1 g) was added to the reaction mixture. The yield

was increased to as high as 77%.
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I.R.

max(KBr) 3425 (broad peak), 3050 (s) 2480 (broad peak) 1950 (w),

1685 (s), 1638 (m), 1610 (s), 1590 (m), 1560, 1530 (m), 1490 (s),

14~0 (m), 1430, 1390 (m), 1350 (s), 1310 (m), 1260 (s), 1210, 1200 (w),

1170, 1155, 1145 (m), 1110 (m), 1075 (w), 1060 (m), 1026, 1015, 1000,

975, 965, 950, 900, 890 (w), 870 (m), 825, 795 (s), 750 (m), 710,

695 (m), 680, 645 (m) cm- I .

15.4 0 broad peak

(D
2
0 exchangeable)

8-10 0 complex multiplet

1 proton

Aromatic protons

Mass Spectrum

The mass spectrum showed the following fragment ions:

m/e Relative m/e Relative m/e Relative m/e Relative
abundance abundance abundance abundance

249 9.8 231 4.5 205 .3.5 128 7.1

248 50 221 4.5 204 4.5 116 4.5

247 38.4 220 20.5 172 8 106 9.8

233 3.54 219 62.5 171 61.6 105 100

232 7.1 206 3.6 143 4.5 77 16
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Method I

m-Ch1oropheny1-1-is9Q:uino1y1 Methyl B~nzoate ·(72)

'Sodium Hydride Method for Condensation of 2-Bertzoyl~1~2~dihydroiso

quina1donitri1e with m-Ch1orobenza1dehyde

To a solution of 2-benzoy1-1,2-dihydroisoquina1donitri1e (1.3 g)

in dry benzene (25 m1), heated under reflux, was added sodium hydride

(0.54 g) (50% in mineral oil). After 3 min, m-ch1orobenza1dehyde (0.5 g)

was added. Heating under reflux was continued for 2 hrsanm.then c the

mixture was filtered, washed with water, 0.5 M HC1 and water. The

benzene solution was dried and evaporated. Trituration of the residue

with cold ether gave ni~~hlorophertyl-l-isoquirtolylmethyl·benzoate.This

was crystallized from benzene/1igroin to give white needles (1.27 g,

67%), m.p. 156-158°.

Micro Analysis

Found: C, 74.05; H, 4.22; N, 3.72. C23HI6N02C1 requires

C, 73.90, H, 4.28,N, 3.75%.

I.R.

Vmax (CRC1 3) 3010 (m), 2390 (w), 1710 (m), 1620 (w), 1595, 1580,

1573, 1560, 1500, 1475 (w), 1450 (m), 1425, 1380, 1350, 1315 (w),

1260 (m), 1210 (s), 1175 (m), 1130 (w), 1105, 1095, 1070, 1025 (m),

975, 930 (w), 860, 825 (m), 780 (s), 710, 660 (m) em-I.

N.M. R. (CDC13l

7.16-8. 6.. 0 complex multiplet
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Mass spectrum

The mass spectrum showed the following fragment ions:

m/e Relative m/e Relative m/e Relative m/e Relative
abundance abundance abundance abundance

373 6 252 51 205 10 101 11

272 10 251 4 189 10 .94 15

271 25 232 10 129 21 93 33

270 18 218 10 128 33 78 23

,269 72 217 46 122 12 77 100

255 9 216 18 109 23 76 13

254 21 215 8 106 14 75 13

253 26 214 7 105 '96

Note: only those fragment ions of 5% or higher, relative abundance

above mle 69 are listed.

m....Chlbrbphenyl~2~isdqtiirtolyl 'MethaIiol (7,3)

A solution of the above benzoate (0.5 g), potassium hydroxide

(3 g), water (25 m1), and ethanol (50 m1) was heated under reflux for

24 hrs. Most of the ethanol was removed in vacuo and the mixture was

then diluted with water. Ether extraction gave the alcohol as an oil

(0.3 g, '3% which could not be solidified by trituration with cold

ether.

I.R.

Vmax (CHC1 3) 3300 (broad weak peak) 3005 (m), 2920 (m), 2840 (w),

1620, 1560, 1500, 1465, 1375, 1330 (w), 1210 (s), 1060, 1000, 820 (w),

770 (s), 660 (s).



7.8-8.61 0 multiplet

6.1 0 singlet

11 protons

1 proton (D20 exchangeable)
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Mass Spectrum

The mass spectrum showed the following fragment ions:

m/e Relative m/e Relative m/e Relative m/e Relative
abundance abundance abundance abundance

271 11.1 217 6.9 139 5.6 125 11.1

270 9~7 216 5.6 130 19.44 103 8.3

269 30.6 159 6.9 129 100 102 13.9

254 8.3 158 27.8 128 22 •. 2 101 9.72

Note: Only those fragment ions of 5% or higher relative abundance

above m/e 69 are listed.

1~m-Chlorobenzoylisoquinolirte'(74)

To a solution of the above alcohol (0.54 g) in glacial acetic acid

(10 ml) was added. sodium dichromate (0.66 g) in glacial acetic acid (5 ml).

The mi~ture was heated on a steam bath for a few minutes and then

diluted with an equal volume of water and basified with ammonium

hydroxide. The desired ketone was filtered off, dried, and crystallized

from cyclohexane as white needles (0.48 g, 89% , m.p •. 104-105°.

'Micro Analysis

Found: C, 71.71; H, 3.64; N, 5.24. C16HIONOCl requires

C, 72.00; H, 3.70; N, 5.20%.
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I.R.

Vmax (CRC13) 3010 (m), 2390 (w), 1670 (m), 1620, 1580, 1570, 1415,

1385, 1270 (w), 1240 (m), 1210 (s), 1180, 1155, 930 (w), 825 (w), 750 (s),

660 (m) em-I.

7.2-8.65 0 complex multiplet

Mass Spectrum

The mass spectrum showed the following fragment ions:

m/e Re,lative m/e Relative m/e Relative m/e Relative
abundance abundance abundance abundance

269 27.8 240 44.4 141 33.3 105 27.8

268 50 239 66.7 139 77.8 102 27.8

267 66.7 238 94.4 128 44.4 101 44.4

266 100 232 55.6 113 33.3 77 61.1

241 33.3 204 66.7 111 94.4 76 33.3

75 66.7

Note: Only those fragment ions of 10% or higher relative abundance

above m/e 69 are listed.

Method 'II

2-m-Chlorobenzoyl~1,2~dihydroisoquinaldonit:rile.'(75)

Isoquino1ine (0.63 g) was dissolved in dich1oromethane (30 m1)

and potassium cyanide (3 g) in water (15 m1) was added. The mixture

was stirred at room temperature under nitrogen and m-ch1orobenzoyl

chloride (3.5 g) was added dropwise during 1 hr. More potassium

cyanide (1.5, g) in water (8 ml) was added. After an additional 6 to

8 hrs of stirr~ng, the layers were separated and the aqueous layer
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was washed with· dichloromethane (10 ml).. The combin.ed dichloromethane

layers were washed in turn with water (2 x 10 ml), 5% hydroch1ori.c acid

(2 x 10 ml), water (2 x 10 m1), 5% sodium hydroxide (2 x 10 ml) and

water (2 x 10 ml). The dried (magnesium sulphate) dich1oromethane

solution was evaporated'in'vacuo to give 2-m-chlorobenzoy1-l,2-

dihydroisoquinaldonitrile (75) as a yellow solid. This was crystallized

from ethanol to give yellow cubes (0.44 g, 30%), m.p •. 187°- (lit. 4 185-

I.R.

Vm (CRCI3) 300 (s), 1670, 1625, 1570 (m), 1475, 1455, 1420,ax

1375 (w), 1350 (m), 1220, 750 (s) em-I.

N.M.R. (CDC1 3l

5.78 0 doublet 1 proton

6.14-6.27 0 triplet 2 protons

6.9-7.6 cS multiplet 8 protons

Mass Spectrum

The mass spectrum showed the following fragment ions:

m/e Relative m/e Relative m/e Relative m/e Relative
abundance abundance abundance abundance

296 2.3 154 2.3 129 15.0 76 4.3

295 1.5 141 25.0 113 8.7 75 8.3

294 7.3 140 6.0 111 26.7 51 2.8

165 3.5 139 100 77 2.7 50 2.8

Note: Only those fragment ions of 1.5% or ~igher relative abundance

above role 50 are listed.
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Preparation of .·l,,:,m":'Chlorobertzoylisoquinoline 'bY 'Thermal 'Rearrangement

of the 'Reisseltt. 'Art.ion '6f ' (74)

Sodium hydride (50%' oil dispersion, 24 mg) was washed free of oil

with light petroleum (b.p. 30°-60°) and suspended in dry dimethy1form

amide (10 m1). The suspension was stirred under dry nitrogen at 18 0

and the above Reissert compound (0.44 g) in dimethy1formamide (10 m1)

was added dropwise over 10 min. The mixture was then allowed to warm

to room temperature over 1 hr and stirred for a further 1 hr. Any

uncha:nged hydride was destroyed with ethanol (1 ml) and the solvent was

removed in vacuo. Crystallization from cyc10hexane gave l~m-c:.h10ro

benzoylisoquiIioline, (74) as white needles (,O.052g~3%), m.p. 104-105 0
•

The structure was confirmed by comparing its melting point, NMR.,

mass spectrum and mixed melting point with the compound 74 prepared by

method I.

Action of'Potassamide'iIi'Arthydrbu~Liquid Ammonia on'l..:.m":'Chlorobenzoyl

isoq,u:,lnoline ( 74)

A solution of 1--m-chlorobenzoy1isoquino1ine (lg) in dry tetra

hydrofuran (10 m1) was added portionwise to a stirred solution of

potassamide, prepared from potassium metal (10 g) and a few crystals

of ferric nitrate, and ,potassium-t-butoxide (1 g) in redistilled

liquid ammonia (150 m1). A dark brown colour was produced. The

result~ng mixture was stirred in ref1uxing liquid ammonia for 5 hours

and. then annnonium chloride (28 g) was added in sma11p\(!.~t~ons: The

ammonia was allowed to evaporate overnight under nit~ogen. The

res~due was treated with ice-coldwater (60 ml) and then extracted

with dichloromethane (3 x 225 m1). The extract was washed with water
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(3 x 100 m1), dried (K2e03), an.d evaporated under reduced pressure to

provide a dark brown solid. This was dissolved in benzene/acetone

(8:2) and chromatographed on silica gel. Th.e first eluates gave a

light brown compound. This was crystallized from cyclohexane to give

the product as white powder (200 mg, 21%), m.p. 105-106°. This

compound was found to be the same as the product of reaction of

potassamide in anhydrous liquid ammonia on l-(o-chlorobenzoyl)isoquinoline

(identity established by I.R., N.M.R. and mass spectra and mixed

melting point), and a similar mechanism of formation is considered

likely.

Further elution gave unidentified polymeric material.
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Section II

6 z7-Di111ethoxyisoquinoline

6,7-Dimethoxyisoquinoline was prepared by the method of Birch

and JacksonS1 in 30% overall yield and by the method of Popp and

McEwen52 in 43% overall yield.

2-Benzoy1-6,7-dimethoxy-l,7-¢iihydroisoquina1donitri1e'(13)

6,7-dimethoxyisoquinoline (1 g) was dissolved in dich1oromethane

(50·.ml) and potassium cyanide (4 g) in water (20 ml) was added. The

mixture was stirred at room temperatur.e under nitrogen and benzoyl

chloride (5 g) was addeddr~pw,ise during 1 hr. More potassium cyanide

(2 g) in water (10 ml) was added. After an additional 8 hrs of stirring,

the layers were separated and the aqueous layer was washed with dichloro

methane (15 ml). The combined dich1oromethane layers were washed in

turn with water (2 x 15 ml), 5% hydrochloric acid (2 x 15 ml), water

(2 x 15 ml), 5% sodium hydroxide (2 x15 m1) and water (2 x 15 ml). The

dried (~agnesium sulphate) dichloromethane solution was evaporated in

vacuo to give 2~Benzoyl-6,7-dimethoxy-l,2-dihydroisoquinaldonitri1e(13)

as a brown solid. This was crystallized from ethanol to give colourless

needles (0.92 g, 54%), m.p. 161 (lit. 53 , m.p. l64~).

I.R.

'Jmax(CHGl3) 3690, 3000, 2400, 1660, 1627 (s), 1600,1572 (m),

1510 (s), 1465, 1420, 1380 (m), 1340, 1280, 1265 (m), 1210 (s), 1140,

1100 (m), 855 (m), 750 (s) cm- I .



62

NeM.R. (CDC131

3.91 Q singlet

5.9-6.1 0 doublet

6.56-6.61 0 doublet

6.72-6.86 0 doublet

7.54 0 si.nglet

6 protons

1 proton

2 protons

2 protons

5 protons

Mass Spectrum

The mass spectrum showed the followi,ng fragment ions:

m/e Relative m/e Relative mle Relative m/e Relative
abund'ance abundance ..abundance abundance

320 5.5 159 8.7 128 6 •. 4 102 5.3

215 3.3 '247 5.0 118 4 101 4.7

190 21.3 146 46.7 117 20 95 5.7

189 93.3 144 6.4 116 28 91 14.7

176 2.1 132 7.7 115 3.5 89 8.9

175 21.3 131 86.7 106 17.3 88 4.8

174 14.7 130 3.8 105 84 78 7.3

173 3.0 129 5.3 103 29.3 77 100

Note: Only those fragment ions of 2.1% or higher relative abundance

above mle 7.7 are listed.

SodiumHyd~i'de MeEhod,:for Condensation, of 2-Benzoyl...;.6; 7...;.dimethoXy-

1,2-dihydroisoqu~naldonitrilewi:th 'o-Chlprob~rtzaldehyde

To a solution of 2-benzoyl-6,7-dimethoxy-l,2-dihydroisoquinaldo-

nitrile (2 g) in dry benzene heated under reflux was added sodium

hydride (1.25, g) (50% in mineral oil). After 5 min, o-chlorob,enza1dehyde

(2.8 g) was added. Heating under reflux was continued for 3hrs and Ehen
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Reaction of Lithiu~ Salt of 2..;.Benzoyl-6, "7~dimethdxy";'1.Q";'di~ydro

isoquinaldbnitrilewit4 o~Chlbrobenzaldehyde

To a solution of 2-benzoyl-6,7dimethoxy-1,2-dihydroisoquinaldo

nitrile (1 g) in anhydrous ether (25 ml) and dry dioxane (20m!) .at

-30 0 was added a solution of phenyl-lithium (4 m1, 0.005 mole) in ether

under dry nitrogen. To the resultant deep red mixture was added a

solution of o-chlorobenza1dehyde (0.44 g) in ether (10 ml). The

mixture was stirred under nitrogen at -30 0 for 1 hour, then allowed to

warm slowly to room temperature and stirred for an additional 12 hours.

Some more ether was added (150 ml) to increase the total volume to
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200 mI. The mixture was washed with water (2 x 100 ml), 0.5 M

hydrochloric acid (2 x 100 ml), and water (2 x 100 ml). The dried

(calcium chloride) solution was evaporated in vacuo to give a dark

brown solid. It contained at least three components (T.L.C.). It

was separated by chromatography on silica gel using chloroformlacetone

(85:15) as eluant. The first colourless eluates contained a very small

amount of a colourless solid, m.p. 169°. The'mass spectrum showed

m/e 340. It was not identified. The second eluate provided colourless

material (95 mg) which was identified as starting material (Reissert

compound). Further eluates gave unidentified polymeric material.

2-o-Chl()robenzoyl-6,7-d~methoxy~1,2-dihydroisoquinaldonit~ile'(8l)

6,7-Dimethoxyisoquinoline (3.5 g) was dissolved in dichloromethane

(120 ml) and potassium cyanide (12 g) in water (60 ml) was added. The

mixture was stirred at room temperature under nitrogen and o-chloro

benzoyl chloride (14 g) wasaddedd1.1opw,ise during 1 hr. More potassium

cyanide (7 g) in water (30 ml) was added. After an, additional 6 to 8

hrs of stirr~ng, the layers were separated and the aqueous layer was

washed with dichloromethane (50 ml). The combined dichlorome.thane

layers were washed in turn with water (2 x 100 ml)~ 5% hydrochloric

acid (2 x 100 ml), water ( 2x 100 ml), 5% sodium hydroxide (2 x·'lOO ml)

and water (2 x 100 ml). The dried (magnesium sulphate) dichloromethane

solution was evaporated, in vacuo to, give' 2~o-ehlorobenzoyl-6,7-dimetho?o/

1,2~dihtdroisoquinaldonitrileas a dark brown solid. This was

crystallized from benzen.e t~ give colourless cubes (4 g, 61%}'

m.p. 174-176°.
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Micro. Analysis

C, 64.00; H, 4.20; N, 7.90%.

I.R.

vmax (CHC1 3) 3680 (w), 3000 (s), 2400 (w), 1675, 1630 (m), 1610

(w), 1515 (s), 1465, 1425 (m), 1380 (w), 1350 (m), 1285, 1260 (w),

1210 (s), 1150 (w), 1110 (m), 1000, 925, 860, 840 (w), 750 (s), and

665 (m) cm- I •

7.27-7.29 0 quartet

6.9 0 singlet,

6.68-6.72 0 doublet

5.8-6.1 0 quartet

3.85-4.9 0 doublet

4 protons

1 proton

2 protons

2 protons

6 protons

Mass Spectrum

The mass spec'trum showed the following fragment ions:

m/e Relative m/e Relative m/e Relative m/e Relative
abundance abundance abundance abundance

356 9.2 190 7.6 140 7.2 89 3.2

355 4.8 189 64 139 100 77 36

354 25.2 175 4.8 117 5.2 76 36

318 5.2 174 4.8 116 6.8 75 16.8

294 2.4 267 4 113 6.8 74 4.8

290 5.2 165 12 111 21.6 51 7.6

215 8.4 146 14.4 103 5.6 50 13.6

214 3.7 141 36 91 4.4

Note: Only those f:r;agment ions of 2.4% or higher relative abundance

above m/e 50 are listed.



66

Attempted. Preparation of 1-0-Chlb~obenzoyl~6,7-dimeth0?o/isoqtiinoline

By Thermal Rearrangement of, the Reissert Anion 'of '(81)

Sodium hydride (50% oil dispersion, 0.22 g) wasw€1shQd· free of oil

with light petroleum (b.p. 30°-60°) and suspended in dry dimethyl-

formamide (15 ml). The suspension was stirred under dry nitrogen at

18° and the above Reissert compound (I g) in dimethylformamide (15 ml)

was added dropwise over 10 min. The mixture was then allowed to warm

to room temperature over 1 hr and stirred for a further 1 hr. Any

unchanged hydride was destroyed with ethanol (5 ml) and the removal of

solvent in vacuo afforded a light brown solid. It contained three

components (T.L.C.). It was separated by chromatography on alumina

using chloroform/acetone (85:15) as eluant. The first colourless

eluates contained a white solid which was identified as start~ng

material (220 mg) (Reissert compound). The second colourless eluates

contained a white solid which was identified as 6,7-dimethoxyisoquinoline

(4.5 .mg). The third eluates provided a very small amount of colourless

material, which was not identified.

Mass Spectrum

The mass spectrum. of (77) showed the .following fragment ions:

m/e Rel~t'ive ro/e Relative m/e Relative m/e Relative
abundanice abundance abundance abundance

435 331 6.4 311 6.6 278 22.7

434 2.0 330 25.5 300 2.7 277 30.9

433 2.2 329 14.6 299 4.6 261 7.3

432 54.6 328 74.6 298 6.7 260 6.2

399 4.3 314 4.6 296 4.2 248 5.0

398 18.3 313 6.0 293 7.9 234 10.0

397 66 312 10 292 17.3 233 13.6
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mle Relative m/e Relative mle Relative m/e Relative
abundance abundance abundance abundance

220 3.4 192 4.0 123 6.4 99 5.5

219 4.7 191 11.8 122 9 97 18.2

217 3.0 190 8.9 117 6.6 96 8.2

216 4.0 189 15.5 116 7 95 14.6

2.15 3.2 153 6.7 111 11.8 89 6.2

206 3.4 152 8.0 109 10.9 85 10

205 5.6 146 7.9 106 10 84 6.3

204 17.3 139 9.6 105 100 83 22.7

203 4.7 131 7.6 103 8.2 82 7.8

2Ol2 3.2 125 6 •. 4 102 10 81 14.6

77 98.2

Note: Only those fragment ions of 2.0% or higher relative abundance

above m/e 77 are listed.

Mass Spec.trum.· of .1-(o-Ch~orobetiZbyl)-6,7-dimethoxyisoquirtoline .(79)

mle Rel,ative mle Relative mle Relative m/e Relative
abundance abundance abundance abundance

329 1.1 284 8.1 232 4 139 15.2

327 3 277 5.6 231 3.3 130 4

301 5.9 276 15.2 219 3.7 129 3

300 5.9 269 11.9 218 4.0 128 3.3

299 27.4 268 6.3 206 5.2 117 4.4

294 4 264 8.5 146 8.5 114 6 •. 7

293 37.8 249 4.4 144 3 112 17.4

292 100 248 9.6 143 3 77 7.4

286 5.9 234 4.8 141 4.4 16 7.8

Note: Only those fragment ions of 3% or ~igher relative abundaDce
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Section III

2-Bromo--4,5-~imethoxyphenYl~J.";'isoqui1;lol11liletl;iyl'~enz(jate'(83)

2-Benzoy1--1,2-dihydroisoquina1donitrile (2) (5.2 g) was dissolved

in dry dimethy1formamide (80 ml) and 2"'br~mo-4,5-dimethoxybenza1dehyde5a

(4.88 g) was added to the stirred solution followed by the addition of

sodium hydride (50% in oil) (0.48 g). Stirring was continued for two

hours and the reaction mixture was poured into cracked ice. The

desired benzoate was filtered off,.dried and crystallized from ethanol

as white needles (7.2 g, 75.5%), m.p. 154-155° (lit. 59 , 153-155°).

Micro Analysis

Found: Br, 16.63%, C25H20~04Br requires Br 16.80%.

I.R.

,vmax(CHC13) 3000 (8), 2960, 2940, 2845 (w), 2400 (m), 1725 (s),

1630 (m), 1610 (s), 1585, 1570 (m), 1510 (s), 1470, 1460, 1445, 1380

(m), 1355 (w), 1320 (m), 1260, 1210 1170, 1105 (8), 1075 (m), 1030 (m),

980, 970, 930 (w), 870, 830 (m), 750 (s) cm-1 •

NeM.R. (CDC131

3.7 0 singlet 3 protons

3.85 0 s~nglet 3 protons

7.1--8.5 0 complex multiplet
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Mass Spectrum

The mass spectrum showed the following fragment ions:

mle Relative mle Relative mle Relative mle Relative
abundance abundance abundance abundance

400 5 264 3.4 219 10 106 7

399 28 263 9 205 3 105 99

398 100 262 36 204 7 101 5

375 3.8 248 4 192 4 102 5

373 3.6 247 7 191 16 95 9

292 4.8 234 8 190 6 78 7

279 13 233 8 129 4 77 59

278 54 232 7 128 17 76 7

277 37 220 7 123 4 75 5

122 26 74 3

Note: Only those fragment ions of 3% or higher relative abundance

above mle 73 are listed.

1~Brom9~4;5-dimetho?o/~1~isogtiinblylDiethaIibl'(84)

A solution of the above benzoate (4 g), potassium hydroxide (24 g)

water (200 rol) and ethanol (400 rol) was heated under reflux for 24 hz-s.

Most of the ethanol was removed in 'vacuo and the mixture was diluted with

water. Filtration gave I-bromo-4,5-dimethoxy-l-isoquinolylmethanol as

'a da.rk brown solid, crystallization from cyclohexane gave l-bromo-

4,5-dime ...... l-isoquinolylmethanol (2.46 g, 78.6%) as prisms, m.p.
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I.R.

Vmax(CHC13) 3670 (w), 3300 (broad peak), 3000 (s), 2830 (w),

2400 (m), 1620, 1598,1580, 1560 (w), 1500 (s), 1460, 143'0, 1375 (m),

1350, 1330 (w), 1250 (m), 1200 (s), 1150 (s), 1060 (m), 1025, 1000,

960, 925, 875 (w), 855 (m), 820 (m), 750 (s), 660 (s) cm- I •

N.M.R. (CDC131

3.5 0 singlet

3.8 0 singlet

6.4 0 broad peak

(D20 exchangeable)

6.44 0 singlet

6.72 0 singlet

7.06 0 singlet

7.2-8.5 0 complex multiplet

3 protons

3 protons

1 proton'

1 proton

1 proton

1 proton

Mass Spectrum

The mass spectrum showed the following fragment ions:

m/e Relative m/e Relative m/e Relative m/e Relative
abundance abundance abundance abundance

295 22.9 264 3.3 233 2.5 158 5.6

294 100 263 9.6 220 2.7 138 5.4

292 4.4 262 14.1 219 3.5 130 5.2

279 2.3 248 2.3 2,04 2.7 129 16.7

278 8.8 236 2,.5 191 4.8 128 54.1

277 3.8 234 3.54 190 2 .. 9 102 2.5

77 2.9

Note: Only those fragment ions of 2.3% or higher relative abundance

above m/e 76 are listed.
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1- (2-Br()mo-4, 5~dimethoxybenzoyl)isoquinoline.· (85)

To a solution of the above alcohol (2 g) in glacial acetic acid

(40 ml) was added sodium dichromate (2.4 g) in glacial acetic acid

(40 m1). The mix-ture was heated on a steam b·.ath 30 min and then

diluted with an equal vo·lume of water and basified with ammonium

hydroxide. The desired ketone was filtered off, dried and crystallized

from- ethanol/hexane as prisms (1.68 g, 84%), m.p. 98 0 (lit.60 ,

I.R.

vmax(CHC13) 3670 (w), 3000 (8), 2825 (w). 2390 (m), 1670, 1620~

1595 (m)" 1555 (w) J 1500 (m), 1460 (w), 1435 (m). 1390 (w), 1374 (m),

1325 (w), 1275, 1260, 1200 (m), 1170, 1150 (m), 1080, 1025, 970, 925,

880, 870, 825 (w), 750(s), 670 (m) em-I.

3.9 0 singlet

7-8.5 0 complex multiplet

6 protons

8 aromatic protons

Mass Spectrum

The mass spectrum. showed the following fragment ions:

m/e Relative mle Relative mle Relative m/e Relative
abundance abundance abundance abundance

294 4.5 248 10.6 231 7.4 102 2'.19

293 21 247 4.3 220 2.2 101 4.9

292 100 245 4.7 219 2 .• 7 93 3.7

278 3 243 5.3 206 3.7 78 2.5

271 7.1 235 2.5 159 3.3 77 3.3

276 16.3 234 8 157 3.3 75 2.2

249 2.2 232 2.7 130 8.4
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Note: Only those fragment ions of 2.2% or above relative abundance

above m/e 74 are listed.

Action ot l?ota~samide in Anhydrous Liquid Amnionia 'OIi'1-(o~br9mo

4,5-~imethoxybenzoy1)isoquino1ine (85)

A solution of 1-(o-bromo-4,5-dimethoxybenzoyl)isoquinoline (0.5 g)

in dry tetrahydrofuran (10 ml) was added portion-wise to a stirred

solution of potassamide, prepared from potassium metal (10 g) and a few'

crystals of ferric nitrate, potassium-t-butoxide (1 g) and dibenzo-18

crowu-6,,"'ether 98% (0.1 g) in redistilled liquid ammonia. A dark brown

colour was produced. The resulting.mixture was stirred in refluxing

liquid annnonia for 8 hrs and then ammonium chloride (28 g) was added in

small portions. The ammonia was allowed to evaporate overmight under

nit~ogen. The residue was treated with ice-cold water (60 m1) and then

extracted with extracted with dichloromethane (3 x 150 ml). The

extract was washed with water (3 x 75 m1), dried (potassium carbonate),

and evaporated under reduced pressure to provide a dark brown solid

which contained at least two components. The mixture was chromatographed

on silicB: gel.

The first eluates obtained with ch1oroform/a,cetone (85 :15)

provided a light brown solid. This was crystallized from methanol to

give a light yellow powder (19 mg), m.p. 240-244°, which was not

identified. The mass spectrum showed m/e 306 • The second eluates,

obtained using the same solvent system, afforded a very small amount of

a dark brown solid. It did not melt, but started turning black at 340°.

This material was not identified.

This problem was not examined further because so little material

was available.
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Summary

The action of potassamide on 1(0- and m-chlorobenzoyl)isoquinolines

did not produce the desired l-(o-aminobenzoyl)isoquinoline nor Chanda's

type of compound; but gave N-(l-isoquino1yl)-benzamide. The factors

which lead to Chanda's type of compound or to the N-(1-isoquino1y1)

benzamide observed in this work are not clear.

It would seem at present,hc:>wever, that extension of th,e aryne

route to the synthesis of 1iriodenine-type alkaloids' is doubtful but

reactions should be examined further to determine the structure of the

product of potassamide reaction on .l-(o-chloro-3,4-dimethoxybenzoy1)

isoquinoline.
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