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SUMMARY 

Carbanion rearrangement studies on seleoted N-acyl

isoquinoline and -quinoline Reissert compounds have shmm that 

alternative intramolecular rearrangements can compete successfully 

with the normal 1,2-acyl-migration. The observations have been 

rationalised mechan1stically and their potential value in 

synthesis demonstrated. In particular the formation of a 

l-benzoyl-8-hydroxyisoqu1noline derivative has been effected 

from carbanion rearrangement of the corresponding 8-benzoyloxy 

Reissert compound. N-Crotonoylisoquinoline Reissert compound 

carbanio.n and analogous structures have been shown to undergo 

a complex reaction in which Michael type attack competes with 

the normal migration, 

The syntheSiS of a new class of a compound, the cyclic 

N-acyl pseudo-base, has been examined and developed. Their 

formation as main products in the 5-nitroisoquinoline Reissert 

compound preparation has been shown to. be general for a 

variety of acid chlorides and the reaction has been effected 

with other derivatives of isoquinoline, quinoline and with 

quinazol1ne. The chemistry of the system has been investigated 

and compared with that of the analogous Reissert system. 

The proton magnetic resonance spectra of a large number 

of quinoline and isoquinoline Reissert compounds have been 

studied. The observation of long-range coupling of the hetero

ring protons in each system has perm! tted deductions regarding 

the stereochemistry of these structures. The apparently complex 

line structures given by the hetero-ring protons of certain 

of the quinoline Reissert compounds have been interpreted by 

use of Am spectra calculations. 
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INTRODUCTION 

The studies of pclrttallY reduoed nitrogen he'teMcyeles 

described in this thesis relate principally to 1.2-dihydro-

isoquinol1ne and 1.2-dihydroquinol1ne systems of the Reissert 

type. N-AcyldihydroquiIlaldoni trUes (1) and N-acyldibydro-

1soqui.nal.don1triles (2) are termed Re:f.sMrt aompol.lllds after 

the discoverer. Arnold Reissert. who in 1905. following 

repeated failures to introduce the benzoyl group into the 

benzothiazo1e ring, carried out a systematio study of the 

12 benzoylation of cyclio tert1ary aroines. ' 

(1) (2) 

The reaction of benzoyl chlor1de with quinoline in aqueous 

potassi~~ cyanide solution yielded the crystalline compound 

1 (1, R=Ph). Other nitrogen heterocyclio compounds have 

since been shown to give Reissert compounds including 

2 } 4 isoquinol1ne, phenanthridine, and phthalazine. 

The preparation of Reissert compounds from a variety 

of acid chlorides has been reported.5,6 The early 

preparations Were carried out either in an aqueous medium5 

or a non-aqueous medium (e.g. anhydrous hydrogen cyanide 

in benzene as sOlvent).7 A valuable development was the 

discovery by Popp and Blount in 1961 of the methylene-

1. 
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~hlor1de.water ~olyent system ~or Reiss&rt~ompound 

formation and this has sinoe been used in a wide variety 

6 of oases. The preparation of Reissert compounds in a 

one-phase system utilising aqueous dimethylfOrmam1de9 or 

10 benzoyl cyanide has also been examined but with limited 

sUocess. 

Although a wide variety of Reissert compounds have 

. ... . 6 been Prepared from quinoline and isoq~noline relatively 

little study has been carried out concerning the Reissert 

reaotion with diazaheterocyclio oompounds. The .literature11,12 

reoords the formation of a mono Reissert oompound from 

2,3'-biquinoline (3)11 and a di-Reissert compound from 

6,6'-biquinoline (4).12 Further ~-phenanthroline (5) 

does not give a Reissert oompound6,13 while m-phenanthroline 

gives a mono Reissert derivative (6).6 

(3) 

(4 ) 

, 
N~J 
I .. 
C=O 
I 

NC 

(5) 

2. Ph (6) 



Recently Popp and We fer 4 have ob"bained the mono Reissert 

compound (7) from phthalazine. In this thesis we report 

a study of the related diazaheterocyclic system quinazoline 

(8) • 

(8) 

One of the interesting properties of Reissert 

compounds is the acid-catalysed hydrolysis. The products 

isolated include an aldehyde corresponding to the original 

acid chloride employed, a heterocyclic carboxylic acid 

and their derivatives. It was this reaction that 

attracted much attention in the early work on Reissert 

compounds. because the method represented a general route 

for the preparation of aldehydes from acid chlorides.5,14 

A reasonable mechanism has been proposed for the hydrolySis,5,15 

which involves the cyclic intermediates (9), (11) and 

probably mesolonic structures such as (10, A,B,C and D). 

(See p. 4). 

3. 



Mechanism for the acid catalY3Ad hydrolysis of a 

Reissert compound 

N-COPh 

CN 

(2 ) 

I ~ <. -[H+j 

G N)-Ph 

RN 0 

(lOA) 

1 
( > 

N 
Ph 

(lOB) 

+ PhCHO 

4. 

/ -C-Ph 

1 
~ .('¥IJ! 

"NH 

'/'J 
"" ,~=,--_N)-~ 

(9) 

.IJ! 
~N 

)-Ph 

HN '""--'. __ 0 

(lOC) 

(IOD) 



16 The intermed1ate (9) has bC4n isolated as a salt and 

the tneeoionio intermediate (10) haa been oapimred via -
a l,3-dipolar oyoloaddition.17 In this reaotion, the 

fluoroborate salt (12) of (9) was first obtained and 

reaoted with dimethyl acetylene dicarboxylate to afford 

dimethyl 3-pheny1pyrro1o[2,l-a)isoquino1ine-1,2-

dicarboxylate (13). 

(12) 

7~ 
~ " Q N')!Ph 

!iN ,,--_& 

J 

(lOB) 

:leC02 .C;EC .C0Z'1e 

Ph+L+-'-'-"r°Z'1e 

..... L..;:{,....' ~C02Me 
( 

The reaction of Reissert compounds with base was 

first studied by Boekelheide and Weinstock,18 who, using 

phenylli thiUIll, generated the anion of the type (14) 

(from isoquinoline) by removal of the C-l proton. 

Sodium19,20 or sodium hYdride18 in hot xylene were'also 



( 
NO 

(14) 

N-CO-Ph 

The authors18 showed that the carbanion (14) cow.d be 

alkylated with alkylhalides (RX) to give the substituted 

Reissert structure (15), which on basic hydrolysis gives the 

l_substituted isoquinoline (16). l-Benzyl-,l-methyl- and 

l-butyl-isoquinoline were thus prepared from the isoquinoline 

18 Reissert compound. 

9'~ 
11 .)~ -4 

~. N-C-Ph 
. ~'tQ 
~ OH 

NC 
(15) 

OIJ ~jy 
R 

(16) 

A few years later McEwen and his co_workers21 ,22 

treated the Reissert anion with an aldehyde and obtained 

the carbinol benzoate (19), hydrolysis of which gave the 

corresponding carbinol (20). They showed the mechanism to 

involve initial nucleophilic attaok by the anion of the 

Reissert compound (14) on the aldehyde to form (17), '~hich 

then rearranges.!!! the cyclic derivative (18) with 

elimination of lithium cyanide to afford (19). 

6. 



(14) 

~ ~ 7' ~ .'/' 
I !<-- 11 I~ 

~ 
l. N ~ V " ~/ 

+ HCOH HC-R 

~ I I PhCOOH OCOPh R 
(20) (19) (18) 

l-Benzoyl-l,2-dihydroquinaldonitrile (l,R=Ph) can 

similarly be converted to its conjugate base, (21), which 

with methyl iodide and subsequent hydrolytic cleavage 

18 gives lepidine (23) rather than quinaldine (24). 

An analogous allylic type substitution in isoquinoline 

Reissert compound would not be possible without disturbing 

the aromaticity of the carbocyclio ring. 



~ 

Il~~· 
I CN 
C=O 
I 
Ph 

(1) 

(24) 

(26) 

.. 

(25) 

~"I CH) 

V~ 
C=O 
I 
Ph 

The intermediate alkylation product (22) is claimed to 

possess the l,2-dihydro structure rather than the l,4-dihydro 

structure.2) Further reaction of (22) with phenyll1th1um 

and then methyl iodide gives (25), which leads to 2,4-

dimethyl quinoline (26) on alkaline hydr01YSis.la The 

overall yields of (23) and (26) are much smaller than the 

8. 



Yields of' th& varioua l';'alkyl isoqUinolines (16).18 Howe'l'er. 

the reaction of (21) with aldehydes takes place in the 

2-position to give 

similar to the one 

carbinol benzoate (27) 

22 written for (19). 

(27) 

H 0 
I IJ 
C...Q-C-R 
I 
R 

by a mechanism 

Carbanion generation thus far described involves the 

use of pben:yllithi1llll in ether-dioxan at low temperatures 

(-10 to _200 )18,21.22 or the use of sodium or sodium hydride 

181920 in refluxing xylene. " Recent work. however, in this 

laboratory24 and America25 has shown that the anion can 

be generated and caused to react at room temperature by use 

of sodium hydride in dimethylformamide. This reagent permits 

the reaction to be more easily carried out. gives consistently 

better yields, and is less demanding in steric requirements. 

Furthermore the production of the intermediate Reissert 

carban10n can readily be followed by observation of 

hydrogen gas evolution, which is not possible in the pheny1-

lithium case. 

The use of sodium hydride in dimethylformamide at 

24 25 room temperature' has greatly increased the utility 

of Reissert compounds particularly for the synthesis of 

l-alkyl-2-beozoyl-l.2-dihydroisoquinaldonitriles (15)26 

and thus of 1- substituted isoquinoline derivatives.27 

9. 



By use of this. procedure, a. synthesis of the aporpbin& system 

(29) has been achieved,28 the key step of which involves 

the formation of l-(2-nitrobenzyl)isoquinollne (28). 

o~ 

I 
.~ 

?t 
N-C-Ph 

l..NaH/DMF 

2.0ft 
) 

(28) 

l..CH
3
I 

2.H!Pt 

3.Cu!HN02 

~l I~ 11 -CI:L. 
:; 

If 
(29) 

More recently the arylation of Re1ssert compounds has 

been reported.29 Treatment of the anion (30), derived 

from isoquinollne Reissert compound and sodium hydride in 

dimethylformamide. with 2,4-dinitrofluorobenzene gave (31). 

and hence (32). 

10. 



-COPh 

(30) 

(31) 

However, the reaction of (30) with p-fluorobenzaldehyde 

gives the ester (33).29 Extension of this arylation to 

the quinoline series through reaction of (21) with p

nitrofluorobenzene gives 2_cyanO-4_(p_nitrOph?1n ~qUinoline 
. ~ 2 
(34). ~ "= ~ 

~I 

I 
(33) ~ 

It has been recently reported30 

P CN 
, (34) 

that the anion of 

d1hydro Reissert compound (35) can also be alkylated readily. 

However, on hydrolysis loss of cyanide does not occur, the 

drive to aromatisation being absent. 

R 
-C-Ph 

Reissert compounds have been employed in the synthesis 

of a number of alkalOids. :ay use of the anion of 6,7-dimethoxy-

2-benzoyl-l,2-dihydroisoquinaldonitrile (36), papaverine (37)21 

has been synthesised by addition of 3,4-dimethoxybenzylchloride 

followed by hydrolysis. Similarly, armepavine (38) is 

ll. 



r---------------------------------------------------------------- - . 

obtained by I'eaotit.>n ."1' =.1..<>n ()f5) w1tn ()9) .. follol"led by 

formation of the methiodide, reduction and debenzylation.31 

C¥r 

-:7 
H)CO 

oas cm 

~Ph 13 -:?" 
I (39) ~co ~/ -C~ 

Further the alkaloid petal1ne (42) has been synthesised in 

this laboratory32 through a sequence utilising the anion of 

(40) and anisyl chloride to give (41). 

I 
C=O 

(40) 

o 
tI 

-c 

l)CO 

12. 

oc~ 

-:? 

(42) 



~ 

OCH
3 

(41) 

Anothel' intel'esting property of the Reissert anion 

(21 or 30) is the tendency to undergo intramoleoular 

rearrangement wtth elimination of the cyanide ion in the 

absence of competing electrophiles. Fbr example (30) 

gives l~benzoylisoquinoline (44), ~ the three·membered 

ring intermediate (43).18 

(44) 
13. 

c=O 
I 
Ph 



In the ~resence 01: electrophilea the ~.2-rearrangement 

is usually suppressed at lower temperatures (_200
) but a 

o competit1ve reaction can result at 0 or above. For 

example 1f the anion of 3-methylisoquinoline Reissert 

compound (45) is generated with sodium hydride in dimethyl

formamide at 0
0 and reacted w1th benzyl chloride. the 

product is 1-2-toluoyl-3-methyl isoquinoline (~6) and not 

the addition product (47).32.33 

.~ 

I 
N 

(47) 

11 
, 
C~ 

(46) 

However. if benzaldehyde is the added electrophile. then 

addition becomes competitive with rearrangement. The 

reerrangement product (46) and add1tion product (48) are 

isolated in the approximate ratios of 2 to 1 respectivel~2.33 

Competition of a different kind can arise if a bi-

functional electrophile is added. for example when an 

14. 



a.~-~aturatad oarbonyl oompound 1s used. ~~o sites are 

available for carbanion attack. either at the carbonyl grouP. 

or allylically. in l1ichael fashion. at the C=C double bond. 

Condensation of (30) with ethyl acrylate results in 

Michael addition to give (!f9) as intermediate. The anion 

(49) then attacks the amide carbonyl intramolecularly to 

yield (50) with expulsion of cyanide ioa.34 . 

(30) 

(49) 

Sublimation of the ester (50) causes an internal cyclisation 

resulting in 2-benzoyl-3-hydroxy-7.8-benzoindolizine (51) 

with loss of ethanol.34 



~ 
I 0° 
R... J . 
~~OEt 
I 

-ClI-COPh 

1 6 

'/" ~5 

t 4 

~ll 
. 1 2 COPh 

(51) 

A benzoindol1zine (benzopyrrocol1ne) structure (52) 

results directly if acrylonitrile replaces the ethyl acrylate 

in the COndensation.)4 

1 C~o.Hm 

(54) (53) 

16. 



Action 01' ooneent.~ted hydrochlorio aoid on (52) causes 

opening of the five-membered ring to produce phenyl-~-

(l-isoquinolyl)ethyl ketone (53). 

Analogous react.ions occur between acrylonitrile and 

N_acetyl_1,2_dihydroisoquinaldonitrile (giving 54), and 

between C~O) and 2-vinylpyridine giving (55). which can be 

cyclised dehydratively to (56).3
4 

I J 

Ph 

(56) 

Reaction of the quinoline Reissert anion (21) with 
34 . 

acrylonit.ri~e is reported to give a ~-(q~01y1)-

propionic acid (57). Whether the condensation afforded 

a 2-quinoly1 or 4-quino1yl derivative (58) was not established. 

CN 

f ~~~-CN 
O=C-Ph 

(21) 

(58) 

> 

",::8 

~. 
I CN 

VX ,2 
Ph-C=O QCH 

I 

\ 

eN 

NaOH/EtOH 

.' 



lt would, however, seem possible to us that the product 

may be the 4-substituted quinoline (58) in view of the 

apparent absence of any 5,6-benzoindolizine (59). 

Another interesting competitive reaction is the 

behaviour of the anion of N-cinnamoyl-l,2-dihydroisoquinaldo

nitrile (60).18 The anion (60) attacks lntermolecularly 

and in a non-Michael fashion to give the I-substituted 

Reissert structure (61).18 

/'y/~ 
l~. N-CO-CH=CH-Ph 

NCX 
(60) 

C=O 
I 
CH 
11 

-CO-CH=CH-Ph 

pr (61) 
Ph 

We here report examinations of some further 

competitive rearrangement reactions. 

Reissert compound chemistry has, in recent years 

been extended to include a study of groups on the nitrogen 

atom other than simple acyl functions. For example reaction 

of isoqulnollne, potassium cyanide and an N,N-disubstltuted 

( 35 carbamoyl chloride gave 62,R=Ph or Et). In oontrast 

to the behaviour of the classical Reissert compound (2) 

the derivatives (62) were shown to be inert to both acid 

and base under the same oonditions. 

18. 



'7 ~ 

NC H 

~ ~ y_c~oc~ 
./ H ""'><-CN 

(62,R=Ph,Et) (6.3) 

The N-alkyl analogue (63) is obtained by replacing the 

acyl chloride with chloromethyl methyl ether in the Reissert 

reaction.36 Furthermore, derivative (64) resulted from 

use of hydrogen cyanide (rather than potassium cyanide) 

and N-phenylbenzimidyl chloride • .37 

'7 I ~I t 
~L:-N-'" 

H CN 
(64 ) 

The phosphor us-containing Reissert compound analogues 

(65) were obtained by use of chloroPhosphates or 

chlorothiophospbates • .38 Similarly, the chloroformate 

and chlorothioformate analogues (66) Nere prepared • .39 

o 
11 

'+KCN+Cl-C-X-R ----} 

(66,X=O or s) 



Compounds (65} and (66) undergo the alkylation reaction in 

the presenoe of sodium hydride and alkyl halide but in 

the presence of sodium hydride alone, they give isoquinaldo-

nitrile and not the 1,2-rearrangement product. Similarly 

the aryl sulphonyl or alkyl sulphonyl analogues (67) give 

isoquinaldonitrile on treatment with a base such as 

sodium hyd:r1de, phenyllithium or 5% sodium hydroxide, even 

if in the presence of an alkyl halide or benzaldehyde, the 

alkylation or condensation not taking place, sodium benzene

sulphinate being liberated.40 

'/" 1 ~ 
~/'XN-S02R 

H CN 

NaB ) 

(67) 

+ PhSO NaC 

The reaction of isoquinoline with po~assium cyanide and 

sulphuryl chloride has been investigated in this laboratory 

41 and has been shown to give, depending upon the reaction 

conditions, 4-chloro-l-cyano-,1,~-dicyano-,1-amino carbonyl-

~-cyano-,~-cyano- and l-cyano-isoquinoline. These reactions 

are considered to proceed ~ intermediacy of a sulphonyl 

derivative of type (67) where R=Cl or CN. The route 

20. 



,-----------------------------------------------------------------------

provides for the direct introduction of ohloro· and cyano-

41 
substituents into the hetero ring of isoquinoline. 

Studies have been furthered to obtain Reissert analogues 
If2 15 

with groups other than cyano. These include (68), (69), 

(70). 43 and (71). 44 

(68) 

~~o 
LIt J.g.fll 
~~ 

- ~CONH2 
(70) 

The amides (69) and (70) were 

(69) 

I 
~/'-N 

J 
fll-C=O 

(71) 
prepared by action of 

H 

hydrogen peroxide on the appropriate Reissert compounds.15•43 

The acid (68) was obtained from (69) by selective hydrolysis 

If2 
on an ion exchange resin and the esters (71) were 

prepared from (68). 
44 

The structures (72) and (73), where the cyano group 

is replaced by the phenylacetylide function result from 

benzoyl chloride, silver phenyl acetylide and the 

appropriate heterocycle.45 

(72) 
f 
C=O 
I 
Ph 

21. 



CompOund (73) is of interest since a stable Reissert 

compound in the v,rrldine series has yet tc be reported. 

In 1968, J.R.Kershaw, in this laboratory, in an 

attempt to prepare the Reissert compound of 5-nitro-

isoquinoline, obtained a novel Reissert analogue containing 

the cyano function replaced by hydroxyl, i.e. the N-acyl 

pseudo-base. structure (74).33,46 Structurally (74) is 

analogous to the well known N-alkyl pseudo-bases (75). 
N02 

~I 
N-g-Ph 

OH 

I ~. 

X
N-~ 

OH 

(74 ) 

We have taken up this study and examined the 

formation and properties of this new type of system (74). 

A. number of reports have appeared on the spectroscopiC 

properties of Reissert compounds. Their ultraviolet 

absorption spectra47,48 have been compared with a number 

of other systems47 and shown to support the aSSigned 

structure.5 

The most striking feature of the infrared spectra of 

Reissert compounds is the weakness of the nitrile (in the 

-1) region 2200-2300 om. • In ketone cyanohydrins, the 

nitrile band is also weak and disappears completely when 

the cyanohydrin 1s aCYlated.5 Since Reissert compounds 

are nitrogen analogues of these acyl derivatives, as sholom 

22. 

-----



in the partial structures given halo", it IlI.ight be 

expected that the cyanide peak is very ~leak for the 

same reason. 

l~~en and Cobb5 have suggested that the possible 

reason for the weakness of the nitrile absorption 

could be a contribution of the type (76). 

.y' ~ 
) I ! 0 

~ ~~N=I - R 

~~ 
H R-O 

(76) U 

Very recently, an account of the mass spectra of 

Reissert compounds has appeared.49 It has been shown 

that a common feature in their fragmentation is the initial 

loss of the N-substituent and of either of the substituents 

attached to the adjacent sp3 carbon atom. 

We have examined in detail the proton magnetic 

resonance spectra of some isoquinoline and quinoline 

Reissert cOmpounds, and deduced some information 

regarding the stereochemistry of these systems. 

23 



DISCUSSION 

1. Rearrangement studies of Reissert Compounds 

(a) Attempted improvements of the Pomeranz-Fritsch 

isoquinoline synthesis 

As prelude to the preparation of substituted isoquinol1nes 

required for rearrangement studies we first briefly investigated 

the synthesis of the isoquinoline system itself, with a view 

to provid:i.ng some improvement on existing methods, in 

particular on the Pomeranz-Fritsch synthesis. 

We required, among others, 8~substituted isoquinolines 

for our subsequent studies and the Pomeranz_Fritsch50 

route (see 77) is the only method which can provide, 

unequivocally, 8-substituted derivatives since the Bischler

NaPieralSk15l route and Pictet-Spengler52 route can go ~ 

(78) or (79) (the 6-substituted product normally predominating). 

C 

~ t! "I 
~~C"".P 

dR (78) (77) 
The classical Pomeranz-Fritsch50 syntheSiS 

steps as shown: 

t +NH2 .CH2CH(OEt)2 benzene )
CHO amino aoetal 

24. 

I 
~/ 

(79) 
involves the 



In the past. yield .. for' the oyolisation stl!p haVe tended to 

be disappointingly low. 50 i.e. often 20% or less. More 

recently other cyclisation reagents have been used. e.g. 

polyphosphoric aCid,53 orthophosphoric aCid.54 polyphosphorio 
21· . 

acid/phosphorous oxyohloride, and trifluoroacetic anhydride/ 

boron trifluoride.55 

The first stage has also been varied. by Schlittler 

6 ' and Ml.Iller.5 I~ho used glyoxal hemiacetal to obtain Schiff 

base (81) isomeric (and possibly tautomeric) 11i th (80). 
CH(OEt)2 

: iI 'u 
~/ 
(81) 

1 cycl1sation 
acid catalyst 

7 I ~ 
~N 

A recent variation has been reported by Bobbitt et al.57 

according to the folla.1ing scheme ~ the reduced Schiff base(82). 

CH(OEt)2 

'D¥2" 
Im I 

~/ 



'!he method 18 reported to give good yields (80i~) of the 

tetl'ahydro-base (84) but the aromatisation step 1s less sat1s-

factory. 

We have made two attempts to improve the Pomeranz-Fritsoh 

reaction (i) by direct dehydrogenation of the dihydro free 

base of (83) in Bob01tt's route. using ohloranil and (11) by 

attempting to oyo11se the Schiff base (80) and some analogous 

oompounds. using ret:l~ing diphenyl ether. by 8ll/i110gy w1th the 

Conrad_L1mpao~8.59 quinoline synthesis. 

(i) Chloranil dehydrogenat:i.on route 

Bobbitt et. a.l;57 suggested the 1.2~droisoqldnol1ne 

system (86). (from 83) was not suffiCiently stable to isolate 

and aromatise to (85). but Braude. Hannah a.nd Linstead60 

have prepared simple N-alkyl-l.2-dihydroisoquinolines in 93% 

yield by the reduction of the corresponding isoquinoline 

alkiodides with lithium aluminium hydride. 

(86) 

Further. Jackman and paCkham61 have reported the preparation 

of the parent base. 1.2-dihydroisoquino11ne (from isoquino11ne) 

and its successful dehydrogenation with chloranil in 55% 

61 y1eld. In quoting some unpublished work, JaclQllan also 

62 claims that the corresponding dihydroderivatives of p,vr1d1ne. 

quinoline. acridine and phenanthridine oan all be dehydrogena ted 

by quinones. and in most cases the reactions arell1pid. We. 
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1;h9ret'or&. user;} the .. pJ)t'<>prlate aldehydes to give rise to 

dibydroisoquinolines (87). (88), (89) and (90) \1ben applied 

to Bobbi tt's scheme basifying and extraoting the product 

after acid treatment of the reduoed Schiff base corresponding 

to (82). 

~ ?' 

// 'Sco 
OH (87) (88) 

~ a, 7£ ~ I NH NH H§O 

(89) (90) 

However, immediate chloranil treatment of the free bases 

either in dioxan at room temperature (with 88, 89 and 90), or 

in refluxing xylene (with 87) gave only intractable material 

which could not be purified. 

The failure of these reactions was surprising Since it 

was anticipated that the electron donating substituents 

present would increase the sensitivity of the compounds towards 

the chloranil, as compared with 1,2-dihydroisoquinoline itself, 

which is known to undergo dehydrogenation by this route.61 

The results, therefore, suggest that the dihydroisoquinolines 

themselves, as formed in this procedure, were not adequately 

pure. '!hus, further studies with higher potential quinones, 

such as 2,,-dichloro-5,6-dicyano-l,4-benzoquinone, were not 

pursued. It is possible that some polymerisation of the 
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dihydroiSOquinOlines63 had occUrred during the long aoid 

treatment required in Boobitt's procedure for their 

formation. 

H 

(ii) Use of diphenyl ether as cyclising agent 

As already discussed on P.25 the Pomeranz-Fritsoh 

method of preparation of isoquinolines employs an acid 

catalyst for the cyclisation step. Though the combination 

of aromatic aldehyde and aminoacetal affords the intermediate 

Schiff base usually in almost quantitative yield. the yield 

of the isoquinoline after cyclisation has been generally 

poor.50 It was thus felt of interest to examine the 

cycl1sation of the intermediate Sohiff base using a high 

boiling inert solvent, by analogy with the conrad_Limpaoh58,59 

synthesis of quinollnes shown (which can give yields of over 

28. 
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We thus attempted to apply the thermal cyolisation method 

to isoquinolines using diphenyl ether. 

+H
2

N.CH
2

.CH(OEt)2 )10 

CHO H:;CO/ ~ 

OCR3 
(91) 

The Sohiff base (91) was added rapidly to reflUldng diphenyl 

ether (2590
) and the heating continued for a further period 

of twenty minutes until no more alcohol distilled over. 

Work-up of the oooled solution yielded some unchanged 

Schiff base and tars. 

We further attempted the cyclisation on the Schiff bases 

(92), (93) and (~I) prepared from the appropriate aromatic 

aldehyde and the amine. 

t 

(93) (94) 

Use of esters (92) and (94) allowed even oloser analogy with 

the Conrad-Limpaoh method (than using an acetal). In (93) 

and (94), the presence of three methoxy groups in the 

benzene nucleus was designed to provide maximum activation 

of the benzenoid ring, but in every case only starting 

materials and tars were isolated. 
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It is surprising that oorresponding oompounds 'for the 

synthesis of quinolines give satisfactory yields under the 

same conditions. The presence of tars could be due to loss 

of one mole of ethanol from the Schiff base to give a diene 

of type (95) which could then polymerise. 

(b) Rearrangement Studies of Reissert Compounds 

Our aims in studying the rearrangement reactions of the 

Reissert anion were two-fold. Firstly, we wished to investigate 

whether an alternative intramolecular acyl-rearrangement could 

compete successfully with the normal 1,2-acyl-rearrangement 

within the molecule, with a view to this providing new synthetio 

routes to substituted quinolines and isoqu1nolines of interest 

both intrinsically and potentially in alkaloid synthesis. 

Secondly, we wished to develop further the investigations 

18.34 involving Michael reactions carried out by previous workers, ' 

as discussed in the Introduction (P. 15 ), to examine the 

interesting situation in which an intramolecular Michael 

reaction can compete with a 1,2-acyl-rearrangement, as 

contrasted with the intermolecular ~tlchael reactions reported 

previously .18,.34 

(i) Competitive intramolecular acyl-rearrangements 

We examined three systems, (96), (97) and (g8). 
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·1 0 
NH.CO.M 

CJ-~ . -:?' ~ 
Jf 1 

t 
O-C-Ar 

-~ 
Q 

~ 
Q 

(96) ?=O 

CN r;r eN 
C=O 
I 

(97) Ar 0 Ar 
It 

N-C-Ar 

~;£ (98) 

In the first system (96) the two acyl groups are both 

amidio in oharaoter, the possible rearrangements proceeding 

~ either a three~membered or a four-membered ring inter-

mediate. In oases (97) and (98) the amidic acyl is 

oompeting with the more eleotrophilic ester aoyl function, 

whioh would rearrange ~ a four-membered (97) or five

membered (98) ring intermediate. 

study of Conditions 

To oonfirm the best experimental conditions, 

rearrangements of the Simple Reissert compounds (99), 

(100) and (101) ~Tere effeoted. Compounds (99). (100) 

8 and (101) were prepared by the method of Popp and Blount. 

This involves stirring one mole of 1soquinoline, two moles 

of acid chloride and three moles of potassium oyanide in 

a two phase system of methylene chloride and water. 

Treatment of the dimethyl formamide solution of these 

Reissert compounds with sodium hydride caused the immediate 

appearance of a red colour (the carbanion) aooompanied by 

evolution of hydrogen. After treatment with ioe the 

corresponding aroylisoquinolines (102) were isolated and 

charaoterised. The lowest yield was from the E-toluoyl oase 

(lOO), So1>. and highest for the £.-nitro case (101), 67% with 

the unsubstituted compound (99) giving 56% ketone. 
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(100) R
1

=H R2=C~ 
(101) 

1 2 
R =N02 R =H 

Rl 

> 

(102) ~ 
R2 

Rl 

This trend was supported by ~Iork published concurrently by 

26 
Popp and Wefer on the 1.2-acyl-rearrangement of a large 

number of quinoline and isoquinoline Reissert compounds. 

They obtained increased yields of the quinolyl and isoquinolyl 

ketones when the amidic phenyl ring carried electron withdrawing 

groups (such as Cl. Br and F). whereas the presence of electron 

releaSing substituents (such as OCH
3

) resulted in a decreased 

yield of rearranged products. These observations are easily 

derivable from the suggested intramoleCular mechantsm. 

the presence of olectron withdrawing groups on the amidic 

phenyl ring making the carbon of the C=O group more positive 

in character and thus more susceptible to attack by the adjacent 

carbanion. With the electron releasing groups the reverse is true. 
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'lhe mechanism Ms- unequivooally been shoVTn to be intra-

molecular rather than intermolecular by using mixed Reissert 

14 . 64 compounds startirtg materials and C labelling. 

In the work-up procedure we have observed that the 

aroylisoquinolines (102) are not adequately extracted from 

organic solvents using dilute (2N.4N) hydrochloric acid. 

Stronger acid (Le. ') 50% hydrochloric acid) is required. 

We confirmed t~s surprising observation 1Tf determining 

the pKa of l·benzoylisoquinoline (103) and related substances. 

Determinations were carried out by the spectroscopic methOd.65 

The results confirm the weak basicity of (103) 

o 
iI 

J.C.Ph 

C=O 
t 
Ph 

pKa=2.22 

(103) 

pK = ca •• 6.3 
a -

(99) 
Thus it would seem that the nitrogen lone pair in (103) is 

in some way involved in conjugation. This could be due to 

resonance structures such as (l03A) or (1038) which would 

make the nitrogen lone pair less available due to the positive 

charge on the ring. It is thought that such an effect has not 

been reported before. Isoquinol1ne (lO!~) itself has a pKa of 

5.4.65 
The Reissert compound (99) behaves as a typical amide 

with protonation probably occurring at the carbonyl oxygen (cf. 

66 N,N·dimethylbenzamide with pKa.l.62 and acetophenone, pKa-6.15). 
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(103) 

C=Q 
1~ 
Ph 

(103A) (103B) 

c-8 
I 
Ph 

Rearrangement studies on 3-benzoylamilP-1-p-toluoyl-1,2-

dihydroquinaldonitrile (105) 

~ NHCOPh 

(105) 

3 Compound (105) ~Ias chosen to permit examinatiqn of whether 

a second aroyl group could compete successfully (to give 109) 

with the normal 1,2-rearrangement (to give 107). Attack 

at the C-3 amide carbonyl will give a less sterically strained 

intermediate (108) than the alternative course ~ (106). 

Offsetting this. however, we have the favourable drive to 

aromatisation of the 1,2-rearrangement, not present in the 

1,3 alternative (see Scheme I. p. 35). 
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Scheme I Possible routes for rearrangement of carbanion of (105) 
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To assist following the reaction by n.m.r~, we "tagged" 

one of the rearranging acyl groups by using the N-E-toluoyl 

Reissert compound (105). Such tagging does, of course, make 

the l,2-rearrangement slightly less favourable, due to the 

inductive electron release of the E-methyl group. 

'Ibe compound (105) was prepared in 76% yield by the 

Reissert reaction of 3-benzoylaminoquinoline with 

E-toluoyl chloride. Generation of the carbanion of (105) 

with sodium hydride and dimethylformamide proved difficult, 

the red colour appearing after two hours on heating up to 

90°. 'Ibe colour did not fade appreciably even after several 

hours. The usual work-up procedure gave negligible material 

soluble in dilute acid and chromatography of the neutral 

fraction gave two produots, one yollOl1 crystalline material, 

m.p. 1630 in 26~ yield,and a second 1'1hich was shown to be 

the starting material (105) (50% recovery). 

'lbe n.m.r. spectrum of the yellow crystalline product 

showed an absorption at 0.31'1:' (lH, broad singlet) which 

disappeared on shaking with deuterium oxide, 1.70-2.801( 

(11tH, multiplet) and 7.57'"( (3H, singlet). 

'Ibis data suggested the compound to be (107). The 

amide NH chemical shift is slightly lower (~. 0.5't:' ) than 

in the starting material (NH in (105) absorbs at 0.97'C), 

presumably due to deshielding by the 2-carbonyl group in 

(107) and adjacent aromatic ring. The structure was further 

l' 
confirmed by the infrared spectrum (absorption at 1675 cm.-

(NHCO), 1650 cm.-l(_C=O at C-2,H-bonded to NH), 3320 cm.-l(NH», 
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and by elemental analysis. 

Again it 1s pertinent to note that this compound was 

not extracted with dilute acid and would appear to be a 

very weak base. The behaviour is analogous to that we 

observed with. 1.benzoylisoquinol1ne (p. 33 ). 

The isolation of the l,2-rearrangement product 

indicates the drive to aromatisation to be the dominating 

factor. Nevertheless, the recovery of 50% of starting 

material suggests relatively poor generation of carbanion 

(the red colour being developed only under elevated conditions). 

This Is likely to be due to the steric crat/ding faced by 

the hydride ion in reaching the C-2 methine proton. 

Rearrangement studies on 3-benzoyloxy-l-p-toluoyl-1,2-

dihydroquinaldonitrlle (110). 

(110) 

Compound (110) provides a better opportunity for cornpeti tion 

to result on generation of the Reissert carbanion (llOA) since 

now the more electrophillc ester is present at position 3. 

'lhe result of this latter course would be to give (112A 



------------------------------------------------------------------------------ -

or 112B) rather than (lU) (see Scheme .II, p. 39); 

Compcund (110) was prepared in 58~ yield from 

3-benzoyloxyquinoline by Reissert reaction with p-toluoyl 

chloride. Treatment of (110) with sodium hydride in di-" 

methylformamide resulted in the immediate appearance of 

a red colour which did not fade appreciably even after 

stirring for several hours. The work-up procedure prior 

to acid or base extraction gave a mixture, the n.m.r. of 

which included two methYl groups at 7.64 r( and 7.67"t 

respectively integrating almost in the same ratiO. The 

multiplet at.2!' 1.08'( due to the ortho hydrogens in the 

C3-benzoyl0xY group was also present (aromatic protons ortho 

to an ester group generally resonating at lower field than 

when ortho to an amide group).67 However the singlet at 

3.63 '( , attributable to the me thine C2-H in the n.m.r. 

spectrum of (110) was absent, 60 indicating absence of 

starting material. The two methyl groups present are 

therefore likely to be due to the products (lll) and (112). 

Sodium hydroxide extract of this crude product yielded, 

on acidification, a yellow amorphous po\~der, m.p. 185-2150
, 

which unfortunately could not be crystallised. The n.m.r. 

spectrum, however, gave support to the compound being the 

1,3-rearrangement product (112) in its (hydrogen bonded) 

enoUc form (1l2A). Resonances occurred at 1.70-2.90'(, 

complex multiplet, ISH, (aromatic, enol OH and C4-H) and 

at 7.60't', singlet, 3H, methyl. The infrared spectrum showed 

-1 4 -1 ) )140 cm. broad band, bonded OH, 22 0 cm. , weak, . rnax. 
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Scheme IT Possible routes for rearra=ement of carbanion of (liO) 
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C=N, 1705 cm.-l , amidic oarborJyl (out of plane) a.nd 1685 cm.-l , 

di/l.X'3"l katone (H-bOIlded). The higher absorption (1705 cm. -1) 

ot the amidic carbonyl could be due to the bulky benzoyl 

group at C-2 causing reduction of the p-lI overlap in the 

Although the n.m.r. spectrum of the crude product 

suggested the structure (lU) to be present in almost 

equal proportion, attempts to isolate (lll) in pure form. 

from the non-base soluble material, were unfortunately not 

successful. 

Thus the reaction was disappointing in that pure products 

could not be obtained, but the spectroscopic evidence 

obtained suggests that the ester carbonyl of the starting 

material (UO) is competing to an appreciable extent with 

the normal 1,2-amide rearrangement. The failure to obtain 

pure products may be due to the presence of small amounts of 

by-products possibly resulting from intermolecular reactions 

of the allylic anion (UDB), in resonance with (UOA). 

(UOA) 
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Rearrangement studies on 8-benzoylo;y-2-p-toluoyl-l,2-

dihydroisoquinaldonitrile (113) 

0 
11 

-c c~ 

0 , 
CO , 

(113) Ph 

Having obtained some evidence that C-3 ester group in 

the quinoline Reissert compcund (110) could oompete with the 

l,2-amide rearrangement, it was of interest finally to examine 

the rearrangement behaviour of (113). It was also attractive 

in view of its possible applioation to the synthesis of 

certain 1-benzylisoquinoline alkaloids. The C-1 oarbanion 

(114) generated from (113) can attack the c-8 ester carbonyl 

resulting in a little strained 1,4-rearrangement ~ the 

5-membered ring intermediate (115) to give the phenol (116). 

Alternatively, the less electrophilic amide carbonyl can be 

attacked giving l,2-rearrangement. This would inVOlve the 

more favourable entropy faotor and the added driving force 

of aromatisation, to give (118) via (117) (see Scheme III, 

p. 42). 

Apart from its mechanistic interest the valUe of the 

reaction synthetically is that if the route ~(115) is 

followed then the procedure could be used as key stage in 

the synthesis of 8-oxyaenated benzylisoquinolines, for 

example, the alkalOid petaline (119) containing the 
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Scheme III Possible routes for rearrangement of carbanion of (113) 
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7-methoxy-8-hydraxy groupings. 68 Furthermore the tetracyclic 

cularine alkaloids (e.g. 120) could be elaborated by oxidative 

coupling of suitable phenOls69 so produced. 

? ~ -/'" 
, ! I 
I tlffl -Me.} 

OH 

I !LCO 
00Hj'. (119) 

?" . 
I 

~/ 

OCH (120) 
3 

-C~ 

A rearrangement analogous to that with (113) has been 

attempted prev!ously70 on compound (121) as a model for the 

synthesis of cularine (120). The reaction, hcwever, was not 

successful. although evidence was obtained for the formation 

of intermediate (122) which precipitated from the (less-polar) 

tetrahydrofuran solut10n.70 

?" I~ ft ~~. 
.... I I! I / ~ 11 .N-CO-Ph ~ N-C-Ph ISCO 

( N CN 
? -8 Lt O=y I 
Ph Ph 

(121) (122) 

The base used70 was pheny111th1um, in tetrahydrofuran at _20°, 

and since that time the much improved reagent system. sodium 



hydride in d1meth¥lt'ormamide, has been developed in our 

24 25 laboratory and America. We considered it likely that the· 

dipolar solvent dimethylformam1d& would maintain any ionic 

intermediates in solution. 

The amide phenyl was again "tagged" with a methyl group 

to assist n.m.r. interpretation and to discourage carbanion 

attack at the amide carbonyl. The compound (113) was prepared 

in 50% yield by the Reissert reaction of 8-benzoyloxyisoquinoline 

(124) with ,E-toluoyl chloride. 8-BenzoyloxyisoquinoUne 

was prepared by benzoylating 8-hydroxyisoquinoline (123) 

under the usual Schotten-Baumann conditions. 8-Hydroxyiso-

quinoline (123), in turn was prepared from isoquinoline by 

the method of R.A.Robinson71 as shown:-
SOji 

01-;; ~:' )('(~\ ("i~ 
"'~. "",~N ~ 

35% SO~ 65%, 

OH 

V 

I separation··via 
~ calcium salt 

~ 

(123) 

NaOH 1 PhCOCl 

-;/¥I ~£-tolUOYl ~ 0 ~\Ij N' chloride/ Ilk ~ CH 
~ ~ KCN ~ -":-. / - 3 

H /' CN '\\ /1 
(( 
c=o • t=O 
Ph (ll3) 

, 
Ph (124) 
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When the dimethylformamide solution of (1.13) was 

treated. with sodium hydride at room temperature. the red 

carbanion colouration appeared only after 40 minutes. 

Presumably the steric crowding around the C-1 methine proton 

made approach of the hydride ion difficult. The red colour 

became intense within a further period of ten minutes. After 

six hours under nitrogen the colour had faded slightly and 

the mixture Nas worked-up. Two fractions. one acid soluble 

and the other non-basic were obtained. 

The acid soluble product (isolated in 3% yield) was 

o 
recrystallised from methanol. m.p. 218. From its mass spectrum 

(molecular ion pealt at 170) the product appeared possibly to 

be 8-hydroxyisoquinaldonitrile (125) and gave the following 

supporting evidence. The n.m.r. spectrum in deuterated acetic 

acid (CD
3

COOD) shol1ed absorption at 1.30 ,,' (doublet. IH. 

C3-H. J3,4= 6Hz). 1.97·~ (doublet. Di. C4-H. J4,3= 6Hz) and 

2.05-300'( (multiplet, 3H. aromatic). The infrared spectrum 

showed peaks at 3400 cm.-l (OH) and 2160 cm.-l (C~N). 

(125) 

The formation of small quantities of isoquinaldonitri1es during 

Reissert carbanion reactions is not ~Ii thout precedent having 

been reported for example by Rose and r·lcEl1en 72 and by Popp 



et al. 73 None of the authors gives allY explanation for the 

formation of nitrile. However, it has recently been shown 

in this laboratory74 that when such rearrangements are 

carried out in an atmosphere of oxygen, the isoquinaldonitrile 

is the chief product. The following mechanism involving the 

peroxy anion (126) is thought to occur.74 

(126) 

~l 
~ I N '( 

+Ph.CO.OO~ 
~ 

N-C-Ph 

~I 
\:40-0 

Thus the formation of the 3% of (125) is likely to be due to 

a small amount of oxygen present. The peroxy anion inter-

mediate formed (corresponding to (126» will attack one of 

the aroyl groups, the other being presumably hydrolysed in 

the basic conditions at the commencement of the work-up. 

The non-basic fraction was shown by thin layer chroma-

tography (t.l.c.) to contain four compounds, one of which 

corresponded to starting material. Of the remaining spots two 

were very weak and not further investigated. Preparative 

layer chromatography permitted separation and purif1cation 

of the fourth compound which was shown to be phenolic 

(positive ferric chloride test). The n.m.r. showed absorption 
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at 0.37"'C (lH, broad band) tlhich dlsapP"'al"ed on douter<lt1on, 

2.20-3.70 '"( (l;'H, mul tiplet, aromatic protons), 4.03 't" 

(lH, doublet, J=8Hz) and 7.60'7" (3H, singlet). This data 
the 

is in good accord with/l,4-rearrangement structure (116). 

The band at 0.;'7'L is attributable to OH, the doublet to the 

C4-H (compares wi +.h starting material) and the singlet at 

7.60 -'t to the CH
3 

group, The C;'-H is obscured in the aromatic 

envelope • 

=-\ 

CN 

1=0 
Ph (116) 

The infrared spectrum showed peaks at 1.630 cm. -1 (C;.-C4 double 

bond), 1665 cm.-l (N-C=O), 1.695 cm.-l (CO.Ph at C-1.), 2220 

-1 1 cm. ,very weak (C=N) and broad band at 3200 cm.- (bonded 

OH). The structure designation was further confirmed by 

elemental analysis. 

Thus the preferred route for the reaction was the 

l,4-rearrangement involving 8-ester group, the alternati.ve 

1,2-rearrangement not being observed to any detactab1.e extent. 

The produc'.; (116) was given in relatively 1011 yield (1.5%) 

and this would be a limitation to use of the method in 

alkaloid synthesis. It would seem in part to be due to 

incomplete carbanion generation, as evidenced by the presence 

of starting material at the end of the reaction. Clearly 

the C-1. position is heavily sterically cI'O~lded. 
------------



(ii) Competitive acYl-re~rr~lt~~nts versus Michael reactions 

As outlined in the Introduction (p, 15 ) a number of 

Reissert carbanion reactions have been carried out with 

a.~-unsaturated carbonyl oompounds and analogous structures, 

resulting in Michael attack followed by intramolecular attack 

by the intermediate (e,g, 127) on the N-aroyl carbonyl of the 

Reissert compound, the final product depending on the nature 

1834 of the a,~-unsaturated starting material, ' 

(127) 

t 
.,."./'--__ _ 

e c, '\ 

'VI 

(
"'-/~ 

?' 11 "'I~ 
~. /~<:N-C - Ph 

. / \ 
NC -CH-C-X 

H 
o 

Only one example has been reported of a Re1ssert carbanion 

reaction in which a competing intramolecular Michael reaction 

is possible, This was with the cinnamoyl isoquinoline 

Reissert compound (128),18 

(129) 



Here the- oarbanion has tile choice of ati:a.old.ng the carbonyl 

direct, or alternatively. M1chael-w!~e at the ~ -carbon. 

Models suggest the p-carbon can approach slightly closer to 

C-l (2.2 ~) than can the carbonyl carbon (2.3~) (see 129). 

18 However. neither rearrangement occurred but instead an 

1lltermoleaular reaction ensued in non-Michael fashion 

giving (130). 

~I 
N-C-CH=CH-Ph 
~g (130) 

C;CN 

fuus a number of alternative paths are available for 

reactions of this kind. 

Rearrangement studies on N-crotonoyl-l,2-dihydroisoquinaldonitrile 

(131) 

In view of the above discussion we considered it would 

be of interest to examine the more reactive starting material 

(131) i.e. the crotonoyl analogue of the cinnamoyl case (128). 

-------- -- --'--- ----

(131) 



'!be Reissert. compoUlld (131) was prepat'ed according to 

8 the staI1'lard procedure, lIsing Qrotonoyl chloride and 

potassi\llll cyanide. When the d1methylformamide solution 

of (131) WaS tr!!a,ted w~th l30dillm hydr~de at. room temperatl!re, 

the carbanion colour appeared immediatelY. After stirring the 

mixture for fOllr hours under nitrogen and usual work~up 

procedure followed by chromatography, a colourles$ crystalline 

material, m.p. 233~234°, was isolated as the major product. 

Elemental analysis gave the empirical formula as C2~3N302 

and this wa,s supported as the molecular fOrmula I:>Y an accurate 

mass measurement (measured mass, 421.1780, calculated mass 

for C2f23N?,o2' 421.1(90). 'Ihis correspond!; to double the 

molecular formula of the starting material less the elements 

of HCN. 

The infrared spectrum showed absorption i:l.t. 1628 cm, ~l, 

6 ~l -1 80 -1 1 50 Cll!. ,1695 cm, - . and a broaq band at )1. cm. . 

The n.m.r, spectrlJlll, run at 220 MHz, was well rel>olV<:lq and 

consisted of bal'\4s as shown in Table I, accounting for the 

23 protons. 

Table I N.m.r. spectrum details fOr prodllct from reaction 
of the anion· of (Dl) -

Chemical Integration Mu1.tip1.1city Notes 
shift '\ 

-0.65 lH broad S;l.nglet disappeareq 
on adding D20 

1.40 lH c;\ollblet J=5.6 Hz 

1.50 lH multiplet 
2.10-2.45 4H multi ple t 

2.60-2.90 ,--- --- -- 4H - ------- ·multiplet" - - - -- - _. -

3.04 lH doublet J=7.0 Hz 
3.83 lH doublet J=7.0 Hz 
4.75 lH quartet J=7.0 Hz 

7.50-8.15 3H multiplet 

8.35 3H doublet J=7.0 Hz 
9.72 3H doublet J=7.0 Hz 
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, ,MeOH 
The ultraviolet epeotrum showed tlmax 220 run. (t. 53371). 

263 (29560). 312 (6021) and 324 (6842). 

It was obViOUS from the moleoular formula that the 

product was neither the simple 1,2-rearrangement produot 

(132) nor an internal Miohael product such as (133). Further-

more it was not compound (134) - the analogous structure to 

that of the product from the cinnamoyl case (130). 

=0 

bt 
11 
CH 
I 

(132) crs 

The fact that the molecular formula corresponded to 

a combination of two molecules of starting material 

(C141i:J.2N202) with loss of the elements of HCN suggested that 

on linking together possibly one dihydroisoquinoline Reissert 

structure has been left intact, and the other undergone a 

1.2-type rearrangement liberating CN and leaving a fully 

aromatic isoquinoline moiety. This possibility is borne 

out by the n.m.r. spectrum. The doublet at 1.40~- with 

J=5.6 Hz has a chemical shift and coupling constant comparable 

to that of the C-3 proton 1n the n.m.r. spectrum of isoquinoline 

~ 75 itself (i.e. at ~ 1.48, J=5.8-6Hz). Furthermore no 

singlet is present at ~. O.74'f which suggests there is not 

51. 

J 
i 



8 vacant C-l position on the isoquinoline moiety. The two 

doublets at 3.04'1' and 3.83'( respeotively, lIith 

J=7Hz, are typical for C-3 and C-4 protons in Reissert 

type struotures (e.g. see Table IV p.llO) •. Also the ultra-
, 6 

violet s peotrum of isoquinol1ne, 7 ( 1\ rnax; 218 run (t., 79000 ) , 

266 ()900). 305 (2000), 318 (3000» and that of starting 

material (131) ( > 228 run (~ , 10525), 295 (11003) and /\max. 

. 310 (20332» addi ti ve ly bear oomparison with that 0 f the 

produot. On recording the ultraviolet spectrum in methenol 

" containing a drop of hydrochloric acid. 1\ 220 nm shifts . rnax. 

to 230 nm (as for isoquinoline).77 From these observations, 

a possible partial structure for the product can be written as 

~/~ 1 J' ~,,/~ 0 

I ' 11 I " 

/ (/ /X 
- . 

(135) 

Considering again the n.m.r. spectrum, there would appear 

to be two methyl groups at 8.35'( and 9.72 '1' each split into 

doublets with J=7.0 Hz. This suggests both CH) groups are 

next to a CH grouping. The possibility of a grouping of the 

type CH
3

-CH=CH-, which is present in the starting material, is 

unlikely beoause of the absence of a11ylic coupling in the 

- -methyl signal (a11yl1c couplinginstartingmaterial .. 105Hz).

The quartet at 4.75't'withJ=7.0 Hz integrates for one proton 

and oould be due to an olefinic proton (=CH) next to a methyl 

and spin-deooupling indeed showed it to be coupling with the 
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methyl signal at 8.35 '(. '!hi.<> sUglO""ted the grouping (136) 

to be present, the chemical shift of the methyl group being 

18 typical for a methyl adjacent to an olefin. 

C 
CH,,-CH=c' 

-' 'c 

(136) 

The multiplet between 7.50-8.15't'integrates for three protons 

and could be due to an AEOC system arising from a grouping such 

as C~-CH-. Furthermore the typical chemical shift of a C~ 

flanked by a -CONR2 and alkyl residue is 7.77 ,t .78 Also on 

irradiating the methyl signal at 9.72"(, the multiplet 

between 7.50-8;15 \" became simpler. 'lhis, therefore, suggests 

the grouping (137) to be present. 

R N-CO-CH -CH-CH 
2 2 , 3 

C 

(137) 

Summarising thus far, the groupings allocated leave the 

elements of -C-OH and CN remaining. The low field signal at , 
-0.65"( which disappears on deuteration is, therefore, likely 

to correspond to the OH group supported by the infrared 

absorption at 3180 cm.-l , a bonded OH. The structure can 



'lh9 ni t"ile absorption is not obaeI'"table in the inf'rared, but 

this is the usual case with Reissert compounds.5 

To account for all these observations, l1e suggest the 

product has the 

(139) 

The coupling of the C3-H with C4-H in the Reissert moiety was 

further confirmed by spin-de coupling. 

The product (139) when treated with sodium hydride in 

dimethylformamide follolied by methyl iodide gave a new compound 

m.p. 2210
, which crystallised from ethyl acetate. The mass 

spectrum showed the molecular ioJ
o

alge435, Le. an increase in 

molecular weight of 14. The n.m.r. spectrum included a sharp 

singlet at 6.911,', a value allocable to an aliphatic methoxyl.7
8 

There was no signal present at -0.65\ and the spectrum remained 

unchanged on shaking with deuterium OXide. The remainder of the 

spectrum corresponded with that of the.starting material (139). 

No absorption for an -OH group was present in the infrared 

spectrum. The ultraviolet spectrum was also Similar to that 

of the starting material except that it was unchanged on 

addition of alkali, whereas the starting material showed a 

bathochromlc shift (of the 263 nm band) under these conditions. 
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This inf'ormat;l.on is accounted for by atI'ttoture (140) in whioh 

the hydroxyl of (139) has been m"thylated. 

The exceptionally high chemical shift (9.72 rc) for the CH
3 

in the CH3-CH-CH2-CO- moiety can be explained ~ reference 

to models. From models it appears that a relatively unstrained 

conformation for the molecule is one in which the methyl group 

is under the isoquinoline ring, thus causing shielding by the 

aromatic ring. l\\trthermore, in this preferred conformation, 

the amide carbonyl is twisted out of plane and thus possesses 

more tru$ carbonyl character. This accounts for the carbonyl 

-1 
absorption (1695 cm. ) in the infrared spectrum of (139). 

-1 
The absorption at 1650 cm. can be attributed to the C=N 

in the isoquinoline ring. 

Further attempts to investigate the structure (139) met 

with only l:I.mited success. Hydrogenation over platinum in 

ethanol resulted in slow uptake of apprOXimately two mole 

eqUivalents of hydrogen but the product appeared to be a 

mixture and could not be characterised. Treatment of (139) with 

sodium borohydride gave no reaction, whereas lithium aluminium 

hydride in dry tetrahydrofuran gave a mixture which could 

not be resolved. 

We oonsidered it possible that in base the carbinol anion 
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{141} oould be in eQ1ilili<rium with the r1ng opened carbanion 

(142). We attempted to capture (142) bw rapid addition of 

deuterium oxide to a solution of (139) in dimethylformamide. 

(141) 

I 
~' 

(142) 

Lastly we endeavoured to cleave the amide C-N bond of 

(139). Use of strong acid conditions left only starting 

material, as also did use of sodium hydroxide in aqueous ethanol. 

However, on refluxing with strong potassium hydroxide solution 

in ethanol for several hours a yellow amorphous powder was given 

on work-up. The compound again could not be obtained 

analytically pure but the infrared spectrum of the powder showed 

-1 -1 absorption at 1730 cm. and 3220 cm. (broad) (saturated 

a1iphatic acid) and broad absorption at 3410 cm.-l (NH and/or 

OH). The n.m.r. spectrum of the powder could not be obtained 

because of its insolubility in the available sol vents. The 

product Could, therefore, be either (143) or (144). Attempts 

to esterifY the acid were unsuccessful. 
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(143) 

~ 
I , , 
~ 

It remains to discuss a likely mechanism for the formation 

of (139). We outline a possible route below. (Scheme IV, 

p. 58). 

The suggested first step is the normal 1,2-rearrangement 

of Reissert compound (131) to give a,~-unsaturated ketone 

(132) which is then attacked by the liberated cyanide ion 

Michael-wise to give (145). This intermediate (145) can 

then attack intermolecularly the second molecule of (131) 

again Michael-wise, to give intermediate (146). Under the 

basic conditions, HCN is eliminated to give the conjugated 

enone (147). Finally the C-l anion in (147) can attack 

the aryl carbonyl to give (139) with ring closure. 

These steps, therefore, are all of the types met 

previously (i,e. Michael or direct addition to carbonyl) 

with the exception of the cyanide elimination step. An 

analogy to this has, hOWever, been obtained in this laboratory79 

in that elimination of the elements of HeN occurs 

under baSic conditions on treatment of the 
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Scheme IV A possible mechanism for the formation of (139) 

~ I ~ ~ -[c~l 

~~ 
y[J-

(132) CCH 
11 

C~'"""»CH 
CH

3 

1 Michael attack by 
liberated cyanide 

-:? ~ 

~f8 . 7 

intramolecular 
1,2-acyl migration 

"::::: 
0 
11 7~ ~ N -c 8 

NC-CH intermolecular 7 " H 

(145) 
6H MichAel attack "' ,AY CN /CH-CH3 3 on sed~nd molecule Q n 

H-7' O=C of (131) T5rH
-

CH
3 

-:? ~ H 1 H 'CN 
7' ~~ '\.Q 

~ N-C -CH=CH-CH B 
t<::.:./ 3 ~ ~ 

H N (146) 

Jl base-catalysed 

a
~inatiO: of HCN 

. I ' "j R "- X~C intramole- "" " 
/ cular ring cl sure cl "8H 

1§y' carbanion ~~_~'" . /' 
attack on aryl ..u-Vj - \\ - m-CH) 

carbonyl . CH 

~ ~N I 'H3 

(131) 

NC I 
HO-c 

(139) (147) 
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1soohromene (148) with base (triethylamine or sodium 

hydroxide) at room temperature to give the iminoisochromene 

(148) (149) 

Rearrangement studies on N-acrrloyl-l,2-dihydroisoquinaldo-

nitrile (151) and derivatives (159) and (152) 

We briefly investigated the carbanion rearrangement of 

the analogous systems (150), (151) and (152), but the 

investigations did not, in the event, prove very fruitful. 

on '/" 
I ." 

~ &N-co-cg;:~ N-CO.CH~ ~. 

H/ eN N 

(150) (151) 

(152) 

All the three compounds (150), (151) and (152) \~ere prepared 

by the standard procedure using the appropriate isoquinoline 
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and acid chloride. in yields of 98%. 12$'& and 70% respectively:, 

Re~ment stuc11es on the 1l.~1methy1acl:71otl compound 

(150) repeatedly gave an inseparable mi.Xture. 1he only product 

which could be isolated from the acid extract was l-cyano-

isoquinoline. 

Compound (151). N-acryloyl-l.2-d1hYdroisoquinaldonitrile. 

on treatment with sodium hydride in dimethylformamide gave two 

products. one of which was 1-cyanoiaoquinoline (yield. 1%) 

which presumably arose from access of some oxygen. 1he other 

product. 5%. analysed for C25H19N302 i.e. twice the molecular 

formula of the starting material less HCN. Its ultraviolet 

and infrared spectrum were comparable with those of (139) but 

the n.m.r. spectrum differed. 'Ibe bands allocable to the 

!isoquinoline and Reissert type structural units were still , 

present. However. no low field absorption was present and no 

exchange occurred on deuterium oxide addition. Absorption in 

the 7 .30-B.&> 1':' region now integrated for four protons and 

was a complex multiplet (possibly ABCD type). The only other 

absorptions above the 13 protons in the aromatic region were 

two doublets centred at 5.42'i and 5.92'1! respectively each 

wi th a coupling constant of 15 Hz. 

Thus the reaction course is not entirely analogous with 

the crotonyl case (139) and we are not able to put forward 

with any confidence a structure for this compound. Our working 

hypothesis for the product was (153), the open chain analogue 

of (139). 



" 
~I 

(153) 

The structure (153) is in accord with most of the spectro-

scopic information and is supported by the infrared with 

two absorptions in the carbonyl region, 1694 cm.-l (aryl 

carbonyl) and 1660 cm. -1 (N-C=O). However, the feature 

that remains unsatisfactory is the very large coupling 

constant (15.0 Hz) for the doublets at 5.1f2'( and 5.92'(. 

These would have to be attributed to the methylene protons 

(HA and HB in (153», but J for such olefinic geminal protons 

80 would not be expected to have such a high value. 

We lastly reacted (152), the 3-methyl·crotonoyl-analogue of 

(151), with sodium hydride in dimethylformamide at room 

temperature and obtained two products. One analysed for 

3-methylisoquinaldonitrile (154) (yield 2%) and the other 

(though not obtained pure) had an n.m.r. spectrum revealing 

features similar to that obtained for (139). 
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Absorpticin at 3.04't' (for C)..H) in the Rel$sert moiety (of 139) 

was absent and C4-H appeared at 4.0 't' as quartet ~Iith allyl10 

ooupling constant JC4_H, C3-Me = 1.5 Hz. The doublet at 

1.40 1: (attributable to C3-H in isoquinoline moiety of 

(139» was also absent. The mass spectrum of the impure 

product showed a molecular ion peak at 449. demonstrating 

onoe again the combination of two moles of the starting 

material (152) minus the atoms of HeN; Unfortunately the 

compound could not be obtained in a pure state for further 

analysis, despite repeated chromatography. 

62. 



2. N-Acyl Pseudo-Base Studies 

(a) Reissert reaction with 5-Nitroisoquinoline 

Popp and Blount81 . have"repo~ted the preparation of 

5-ni troisoqu1nol1ne Re1ssert compound (155) using the normal 

procedure with potassium cyanide and benzoyl chloride, in 10% 

yield. However, when Kershaw82 attempted to prepare this 

compound in these laboratories by the same method, he obtained 

a yellow precipitate 1n almost quantitative yield, during the 

course of the reaction. 

(155) 

He Showed this not to be the expected Reissert compound but the 

analogous structure (156) in which cyanide is replaced by hydroxyl. 

'!he compound is formally comparable with the well-knoNn N-a1kyl 

pseudo-bases (e.g. 157) and it represents the first reported example 

of a cyclic N-acyl pseudo-base. 

N02 

I 
I~ I ~ 
~ ~ 

PhCOCl 

N-~ 

H OH 

(157) 

') 

N-CO-Ph 

OH 

(156) 



'l'ha allocation of structure (~56) was confirmed by 

f . ~ in rared, n.m.r. and mass spectrometry by Kershaw. He 

did not carry his studies on this topic any further and we 

have subsequently taken up this investigation. 
82 

Kershaw had been unable to isolate any of the 

authentic 5-nitro:l.soquinol1ne Reissert compound (155) in 

contrast to the American grOUp81 who claimed (155) to be the 

only produot from the reaction. We thus repeated the reaction 
. ~ 

under the same conditions as Kershaw and examined carefully 

the filtrate after removal of the precipitated pseudO-base. 

A small residue was obtained on work-up which was chroma-

tographed on alumina to give the authentio Reissert compound 
81 

(155), m.p. 149 in 1% yield, which orystallised from 

ethanoL and provided the calculated elemental analysis. 

Kershaw's deSignation of the structure as the carbinolamide 

(156) rather than the iOnic form (158) or open-chain aldehyde 

(159) rested prinCipally on the infrared spectrum which showed 

bands at 3385 cm.-l (broad, OH), 1663 cm.-l (amide carbonyl) 

and no C-H stretch bands attributable to aldehyde in the 

2700-2900 cm.-l region. 

(158) 
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Hadng obtain<>d ths autbontio Rtlissert compound (155) we 

were now able to compare its ultraviolet spectrum with that of 

(156). These showed close similarity (Figure 1) thus providing 

further support for the carbinolamide structure (156) designation, 

46 
and we have published these findings. 

As indicated above, system (156) appears to be the first 

example of 8 stable cyclic M-acyl pseudoMbase,although open 

chain analogues are known. 8) Acylated amino-alcohols (160) 

can be formed from amides and aldehydes in the presence of 

base or acid.8) 

o 
RCONH

2 
+ R I -~-H base" 

R' ___ NH.CO.R 
""'C"'- ~ .,..." ' 

H OH 

(160) 

NHCOR 
I J R -y-H 

NHCOR 

(161) 

The reaction, however, usually does not stop at the carbinolamide 

stage (160). but progresses further to the alkylidene - or 

arylidene - bisamide (161).8) 

It was thus clearly of interest to establish (i) the 

generality, or otherwise, of the behaviour of 5-ni troisoquinollne 

towards other acid chlorides under normal Reissert reaction 

conditions (ii) the chemistry of the M-acyl pesudo-bases 

formed and (iii) the possible formation of M-acyl pseudo-bases 

from other isoqulnolines and from related heterocyclic systems. 

We firstly, therefore, examined the Reissert reaction of 

5-nitroisoquinoline with acid chlorides other than benzoyl 

chloride. It was found that in each case the reaction proceeded 

in the same manner as for the benzoyl chloride case, the major 

product precipitating from solution and proving to have the 



. Figure I .. Ultraviolet spectra· of N-benz;Yl-l-lwdroXY':5.,.nitro
.' 1,2'-dihydroisoquinoline and N-IJenzoyl-5-ni tro-
1;2-dihydroisoquinaldonitrile 
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N-acyl pseudo-base structure. ':the corresponding Re1ssert <lolllpounds 

were isolated only with difficulty in small yields from the 

mother liquors of the reactions after removal of pseudo-base. 

The yields of pseudo-base and Reissert compound obtained from 

5'"ni troisoquinoline are summarised in Table II be 1011 • 

2 

+ 
N-COR 

'OH 

(162) 

"',I OR 

~~N 
(163) 

Table II. Products from treatment of 5-ni troisoquinol1ne 

with various acid chlorides and potassium cyanide. 

I Acid chloride 
, 

N-Acyl pseudo- Reissert compound 

RCOCl 
base (162) (163) 

yield % yield % 

Benzoyl 90 1 

Toluoyl 67 4 

p-Chlorobenzoyl 60 0.6 

Anisoyl 70 5 

Acetyl 74 2 

Normal reaction time was three hours but if the miXture was 

stirred for a longer time (up to 20 hours) the Reissert 

compounds could be obtained in slightly better yield (5-10%). 

66. 



JUt the N-ac:yl pe81ldO-bea"", obta:tmld were pale yellow in oolour 

(tail. end absorption in ultraviolet, Fig. I) and insoluble in 

water, ether, benzene and chloroform. Practically all could 

be crystallised from 95% ethanol. Their structures (162) 

were in acoord with their infrared (broad band ~. 3400 ~m. -1, 

OH and no C-H stretch bands attributable to aldehyde in the 

-1 
2700-2900 om. region), n.m.r. (absence of an aldehyde proton 

signal) spectra and elemental analyses. 

It thus appears that the reaction of 5-nitroisoquinoline 

with acid chlorides and potassium cyanide to give N-acyl 

pseudo-bases as the major product is a general reaction. 
1 

In 1905 Reissert claimed to have formed the analogous 

N-acyl pseudo-base (164) from unsubstituted quinoline b.Y 

treatment with benzoyl chloride and aqueous sodium hydroxide. 

However, it was subsequently Shown2,84,85 that the compound 

was the aminoaldehyde (165). 'Ihe equivalent reaction does 

2 not take place with isoquinoline. 

(l'1-CH=CH.CHO 
~/-NH.COPh 

(165) 

(164) 

.N-CN 

(166) 



Altholigh stable N-cyano pseUdo-bases (e.g. 166) have been 

reported (resulting from reaction of isoqu1nol1ne with aqueous 

cyanogen bromide), a nearer analogy to our findings is 

provided ~n a concurrent observation of HUll87 that treatment 

of isoqu1nollne with thiophosgene in alkali gives products 

including (167). ~s is assumed to be formed by dehydration 

of (168) (which was not isolated). 
S 

. ~ 
("r~ 'N~ 

/~~o -:?' 

III J a 
~. ~ 

""~ (167) 
r 

(168) 

However, in a private communication to us, subsequently, 

Hull88 has proposed an alternative mechanism using the open 

chain form of the pseudo-base (169), which he isolated when 

using sodium hydroxide (in the absence of potassium Cyanide).87 

(167) 

68. 



The evidence claimed td support the involvement of structure 

(169) was obtained by conducting the reaction in the presence 

of p-chloroaniline when p-chlorophenyl1soth!ocyanate (171) could 

be isolated.
88 

0/ l~ 'fY I ~ 
~ : I )=CcS ~ l ~ LN-C=S 

/'--..Y=O{ -== /' YOlo Ht!;= \ roH CN. Cl 
H'Jf-<'\~r Cl ~,~ A 

J 
(170)N=CcS 

, / \ 
I~y'~ (,~~ 
I L J + I1 
,~~ ~( 

Cl 
(171) 

However, it would appear to us that the result oould be 

explained by intervention of the p-ohloroanil1ne in the 

initially proposed sequenoe prior to (and in place of) the 

dehydration step. 
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OUr preference for the involvement of the pseudo-base (~68) 

rather than the open~chain aldehyde form (H59) finds some support 

in the results of Popp and Klinowski,89 published subsequent 

to our studies. They report that the Reissert reaction of 

isoquinoline with (p-chlorophenylthio)thiocarbonyl chloride 

(~72) gives the cyclic form of the N-thioacyl pseudo-base 

(173) and none of the corresponding open chaim form, and no 

Reissert compound analogue. 

+ KCN+Cl 

(172) 

H
2

O-CH2C1
2 

'JJ 
" 

~I ? 
~ 

~\ 
~ 

._g-s 
Cl 

~ ~ 
H OH 

(173) 
The possibility of (173) existing as an open-chain aldehyde 

tautomer was excluded by the 

of an aldehyde proton signal 

infrared spectrum and by the 

89 in the n.m.r. 

lack 

Possible reasons for the remarkable change in behaviour 

in the Reissert reaction using 5-nitroisoquinoline or thiocarbonyl 

chlorides are of interest. Possibly the increased positive 

character of C-l resulting from the electron withdrawing 

5-nitro group promotes solvation at the C-1 position in the 

quaternary intermediate (174), thus resulting in a reaction 

with solvent. 
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(174 ) 

There are examples in the 11 terature of cyanide in an 

alcohol resulting in solvent attack (giving, however, a 

subst1tution product rather than an addition product). For 

example pentachloropyridine on-treatment with sodium cyanide 

in methanol gives a methoxylated chloroPYrid1ne;90 further-

morE!, pentafluorobenzonitrile (175) when treated with excess of 

potassium cyanide in methanol gives (176) in 24% Yield.91 

F 

F 

F 

(175) 

CN 

Cyanide in methanol in these examples results in methoxyl 

substitution despite the fact that methllnol is a much weaker 

nucleophile than cyanide. 

An aliphatic analogy is provided by the reaction of 

p-(a-chloroethyl)anisole (177) with alcoholiC potassium cyanide 

giving a nearly quantitative yield of the ethyl ether (178) 

and none of the expected nitrile. 92 

~C- CH-OEt 
I 

--4~ +KCl+HCN 

71. (178) 



If a carhonium ion is involved as intermediate in this latter 

reaction then formation of the ether could result from solvation 

of the ion. In our Reissert reaction it can be argued that 

C-1 atom in (174) is at least an incipient carbonium ion (as 

179) and so might behave l1keNise. 

I ~I 
I N-COPh 

~ 
(179) 

Alternatively, the principle of soft and hard acids and 

bases93 may be invoked in that the effect of the 5-nitro 

group is to enhance the hardness of the C-l centre so favouring 

attack by the hard base, H20 (or O~),. rather than the soft 

base, C~. Hull87 employs this explanation for the thiocarbonyl 

case (p.68). His quaternary compound (180), obtained from 

isoquinoline and thiophosgene, has a relatively soft centre at 

the thiocarbonyl group to that at C-l. Consequently attack by 

hard O~ (rather than soft C~) takes place at C-l giving rise to 

(168). 

o ) ( 
2 

(180) 
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The effect of the 5-nitro group has also been noticeq with 

N~methylisoquinolinium salts. N-Methylisoqu1nolinium salts 

(181) on treatment with silver oxide give the strongly alkaline 

quaternary hydroxide (182), which slowly transforms to the 

pseudo-base (183).94 However, 5-nitroisoquinoline 

methiodide on treatment with silver OXide or ammonia leads 

directly to the pseudo-base (184).94,95 

(181) (182) 

(184 ) 

(b) Chemistry of the N-Acyl Pseudo-Base System 

Tb investigate further the chemistry of N-acyl pseudo

bases, the behaviour of the parent (N-benzoyl) pseudo-base 

(156) was examined. The pseudo-base structure shows three 

centres of interest for study (i) possible opening Of the 

hetero-ring at the CI-N bond, (ii) reactions of Cl-OH group 

and (iii) reactions of C3-C4 double bond. 



(1 ~ Potential ring-opening reactions 

We attempted to cleave reductively the Cl-N bond of 

the carbinolamide grouping in (156) using sodium borohydr;l.de in 

methanol but obtained instead only 5-nitroisoquinoline (185). 

Naffi4 
CH30H 

,N-COPh 

H H 

N0
2 

) 

(156) (185) 

The N.aryl pseudo.base (186) is reported to be converted 

to its aminoaldehyde tautomer (187) by heating in aqueous dioxan 

for t~IO hours. 96 Application of the same conditions to our 

system (156) resulted, however, in no reaction. Continued 

reflUX for a further period of twelve hours caused break dOI1n 

to 5-nitroisoquinoline and benzoic acid (confirmed by mixed 

melting pOints). 

Thus N-acyl pseudo-base formation would appear to be easily 

reversed under hydrolytic conditions, this reaction proceeding 

in preference to hetero-ring opening. 
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N02 N02 

~~l-.---> 
,p I~ ~ 

- C - Ph ~ N-C-Ph "-- . 
bLR WO'R 

OH 1":;-H 
(R=H or Me) 

1 
N02 N02 

I 
~~ ~ ~ .~ 

( 

~ ~ '-b-Ph 
-::? PI 6R 

+ PhCOOR H 40H 

(11) Reactions of the Cl-OH group 

Whilst crystallising the p~toluoy1 pseudo-base 

(188) from ethanol, we obtained a new compound, with a 

relatively low melting point (1190 as compared with 1840 

for the pseudo-base itself), which was soluble in chloroform. 

N02 

~ N -C ~ //-cH3 ~ 
H OH "--.!J R/ 

(188) (189) 

The infrared spectrum showed a strong peak at 1065 cm.-1 

attributable to an ether grouping which was absent in the 

infrared spectrum of the uncrysta1lised material. The n.m.r. 

spectrum included signals at 6.281:' (quartet, 2H,J=8 Hz), 
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8.841:' (triplet. 3H. J=8Hz) appropr:l.ate for an O-ethyl group. 

Thus spectroscopic evidence suggested the compound was the 

O-ethyl derivative (189) of (188) and this was supported by 

elemental analysis. To obtain (188) in pure form, the 

crystallisation was effected with acetone. 

Johnson86 has reported isolation of similar derivatives 

e.g. (190) from the N-cyano pseudo-base (166) by using (a) 

methanol/acetic acid, (b) methanol/triethylamine and (c) 

by converting (166) to its fluoroborate salt by condensing 

with boron trifluor1de (ethyl ether complex in tetrahydrofuran 

and then reacting the fluoroborate with methanol/triethylamine). 

I 

W H 

(166) 

.eN 

(190) 
Hhen we applied his conditions to our N-acyl system, in 

every case complete hydrolytic breakdown took place to yield 

5-nitroisoquino11ne and methyl benzoate. It seemed surprising 

that our pseudo-base was not stable even under so mild acidic 

or basic conditions. Even reflux of the parent pseudo-base 

(156) in methanol for half an hour gave 5-nitroisoquinoline 

and methyl benzoate. Stirring the reaction at room temperature 

gave only starting material. However. warming the pseudo

base (156) in methanol at 40_450 overnight gave quantitative 

conversion to the O-methyl derivative (191). The n.m.r. 

spectrum of (191) included a singlet at 6.62'l (3H, OMe). 
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(191) 
We repeated the reaction'~lith other N-acyl pseudo-bases 

and in every case, the O-methyl derivative wa:8 obtained in 

good yield and could-be satisfactorily crystallised. Similar 

experiments with ethanol yielded O-ethyl derivatives. These 

results are summarised in Table III below. - NO 
2 

Table III. 

11. 

H 

~ 

Cl 

OCH
3 

~ 

(192) 

..N --CO -C\\_~ 
'O~ -I 

I 

Fbrmation of N-acyl-1-alkoxy-S-nitro-l,2-dihydro

isoquinolines (192) 

R2 Yield % m.p. 

, 
Me 96 0 

llS-US.S 
Et 68 108_109° 

Me 96 128_128.So 

Et 99 U8_U9° 

Me 29 173-1740 

Et 30 lS0_151° 

Me 98 186_1870 

Et 83 137-138
0 

I , 

The infrared spectrum of all these derivatives showed 

-1 a strong peak attributable to the ether group at ~. 10Cocm. 

and no absorption in the region 3300-3500 cm.-l Further the 



amidic carbonyl abSorption appeared at ea. 1680 CI!!. -1, s1ishtlt 

higher than for the corresponding pseudo-bases (.£!.. 1660 cm. -1) ~ 

'!his higher frequency for the carbonyl group could be due to a 

steric effect of the relatively bulky C-l alkoxy group reducing 

the coplanarity and hence p-lf overlap of the amide system. 

The ether derivatives were further characterised by 

elemental analysis and by their n.m.r. spectra. The spectra 

showed the C-l methine proton at !:!!.. 3.40 ,"( as a singlet. finely 

split (J= 1.3 Hz) by long range coupling with the C-3 proton. 

The C-3 proton, therefore, appeared as a quartet (J
3

•4=8.0 Hz). 

contered at !:!!.. 3.0 'e' • The C-II proton doublet in Reissert 

Clompounds normally appeared at !:!!.. 3.9'1 but in the 5-nitroiso

quinoline derivatives is deshielded by the nitro group. resonating 

at !:!!.. 3;15'1". '!he significance of the long range C-l - C-3 

coupling with regard to stereochemistry is discussed subsequently 

(p. 114 ) in relation to similar observations we have made Nith 

Reis;ert compounds. 97 

Exchange of methoxyl or ethoxyl for hydroxyl under the 

conditions discussed is probably the result of an equilibrium 

effect involving the N-acyl isoquinolinium ion (174) as an 

intermediate • 

N02 002 

?' /~ -(O~] 

( I~. ~~}-co-~ ---' 
'+[off] _. ~ ~ 11 -CO-Ph 

. (174) 
H" 'OH 

(156) 0021 ~ ROH (R=Me or Et) 

?'" ~ 1 . 
~ N-CO-Ph 

78. (192) 
'OR 



Aleohols and water are classified as hard bases but one 

would anticipate water to be the harder.93 In our case. there. 

fore. it would appear that in the conversion of the pseudo-base 

(156) to the ether (192) the equilibrium is being forced the 

"wrong" way by the large excess of alcohol present. The process 

can. however. be readily reversed by stirring the ether with 

aqueous dioxan at room temperature. 

(11i) Reactions of the C3-C4 double bond 

Bromohydrin FOrmation 

It was anticipated that addition of the elements of 

HOBI' to the N-benzoyl pseudo-base (156) would proceed through 

the bromin1um ion intermediate (193) to give two possible products. 

!!! (194) and (195). 

(156) 

OH 

(195) 

H 
Br 

H 

N-CO-Ph 
+ 

79. 

H OH 

NO 12 Br 

-9' 

(193) 

H 
H 

OH 



• 

Addition of one equivalent of bromine in aqueous tetrahydro-

furan to the pseudo-base (156) resulted in immediate discharge 

ot the bromine colour. Work up and chromatography gave an oil 

which crystallised from methanol as colourless needles. The 

infrared spectrum of the compound Showed a strong broad 

absorption at 3340 cm.-l (OH) and 1630 cm.-l The n .. m.r • 

spectrum included a broad singlet at 4.5Q,['which integrated 

for two protons and which disappeared on shaking the sample 

with deuterium oxide, suggesting thereby the presence of tl'lO 

-OH groups in the molecule. The mass spectrum of the compound 

had molecular ion peaks at 392 and 394 in the ratio 1:1 

revealing the presence of one bromine atom. The ultraviolet 

spectrum showed A at 225nrn ,analogous to that observed max. 
for N-methyl-l,2.3,4-tetrahydrOisoquinoline.98 This eVidence 

was therefore in accord with a single bromohydrin having been 

formed. We considered the structure of the product to be (194) 

rather than (195) on account of fue low amide carbonyl absorption 

6 -1 (1 30 cm. ) which could result from hydrogen bonding ot the 

C3-0H, and also on account ot mechanistic considerations 

discussed below. 

On repeating the bromination but in methanol containing 

a trace of acetic aCid, the O-methylbromohydrin (196) was formed 

and the amide carbonyl absorption returned to its normal position, 

-1 1663 cm. This result also indicated that the hydrogen bonding 

in the former case was not due to the CJ.-OH. Amide absorption 

-1 was also at 1663 cm. in the analogous product (197) which we 

prepared from addition of bromine in methanol to N-acetYl-· 

1,2-dihydroisoquinaldonitrile. 
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OCH3 
-co.Ph 

Br 

The structure assignment (194) is further supported by other 

work carried out in this 1aboratory99 to determine the orientation 

of addition of the elements of hypochlorous acid to Reissert com-

pound (198). In this case it has been unequivocally sho~m by 

deuterium labelling at C-4 that the chlorine atom becomes attached 

at that position giving (199).99 

(D) 
H 

H 

(198) 

HOCl » 
N-COPh 

(D) 
H 

-:?' ! OH 

~~_,/ -COPh 

- H/""'CN 
(199) 

The absence of the isomer (195) suggests. for the mechanism. 

not normal addition with the C3-C4 double bond acting as an 

isolated alkene. but rather electrophilic halogenation at C-4 

utilising the enamine character of (156) to give intermediate 

(200) which is then intercepted by nucleophilic attack at C-3 by" 

water or methanol. 
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(156) 

Participation of the enamine character of a 1,2-dihydro-

100 101 102 isoquinoline in a reaction has been illustrated elsewhere, , • 

101 for example, in the synthesis of pavine (203), as shown in 

(201) ~ (202) ~(203), which involves initial electrophilic 

attack that is closely related to the known alkylation of 

enamines by a~l halides. 103 

11': 

~ 

~:NH 

(201) 

~CO_~ 
') 

OC~ 

8,.t. 

(202) 

1 

(203) 



Reaction with hypochlorous acid 

By analogy with the bromohydrin formation discussed above 

and the formation of chlorohydrin (199) from Re:l.ssert compounds99 

we expected that the reaction of our pseudo-base (lS6) with hypo-

chlorous acid would yield the chlol'Ohydrin 

N02 H 
I 

0x~: 
(204)OH 

(204) • 

However, on reaction under similar conditions, two products were 

obtained neither of which was tha expected compound (204). The 

major product ()6% yield) crystallised from methanoL and analysed 

for C16HuN20
S

C1. This was confirmed by mass spectrometry which 

showed molecular ion peaks at 346 and 348 in the intens! ty ratio 

3:1. The infrared spectrum included values for ,\ at 1665, Y'max. 
1682, 1710 and 3440 cm. -1 The n.m.r. spectrum consisted of a 

mul tiplet of 8 pr. tons (1.4'( - 2.6 'L) and three other protcns at 

3.90 t' (doublet, J=3.0 . Hz), 3.9 or: (broad Singlet, disappeared on 

deuteration) and 4.071:" (doublet, J=3.0 Hz ) respectively. In 

accord with these facts, we propose the structure (205) for the product. 

-COPh 

(205) (206) 
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-1 The absorption at 1710 cm. in the infrared spectrum could 

. .-1 
be due to the C~1 ketone. and at 3440 cm. to the C3-0H. The 

origin of the three carbonyl absorptions for (205) is not under-

stood but may be due to a combination effect of the imide carbonyl 

. 104 
stretching frequencies. However. the reported infrared spectrum 

of (206). with tJmax• 1660 (shoulder). 1680 and 1715 cm.-
l 

supports our allocation. The two doublets at 3.90 "( and 4.07'1: 

with J=3Hz in the n.m.r. spectrum are attributable to C3-H and 

C4-H respectively (or vice versa). A likely mechanism for the 

reaction is indicated, one step being the oxidation by the 

hypochlorous 

N0
2 

id 105 ac • 

C1~H 

) 

002 
Cl 

r)~!"o" -COPh 

(205) 

I 
'-

N02 Cl 

l '!.I 
H 

.. ~ 

~ 
-COPh 

(204 ) 

We also obtained compound (205) when (207) was employed 

as starting material. Presumably, under the conditions of the 

reaction (207) is in equilibrium with (156) (see p. 78 ) 
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r "" . ~ I N-COPh 

(207~OCH3 
The minor product from (156), isolated in 2% yield 

analysed. for C!fi51f2Cl (supported by mass spectrum) 1.e. a 

monochloromonon1troisoquinoline and crystallised from ethanol. 

We suggest the compound is 4-chloro-5-n1troisoquinol1ne (208) 

1n view of the following information. !he n.m.r. spectrum 

showed an absorption at 0.53 ~ , Singlet, lH. allocable to the 

Cl"H. Since this is normally at 1011 field 75 (0.7 'l in isoquinoline 75 

de shielded further in our case by the S-n1tro group). Further 

resonances occurred at l.26T. Singlet, lH. C3-H. two split 

doublets at 1.46'[' and 1.65't' with J=7.7Hz and 1.5Hz, C-6 and 

c.8 protons ortho and meta coupled; and an unsymmetr1cal tr1plet 

at 2.10 r( with J=7.7Hz. C7-H. 
N0

2 
Cl 

(208) 

It seems likely that the chlorine is attached to c.4 rather' 

than C-3 because the chemical shift of the band attributable to 

the C3-H at 1.26 T is comparable to those shown by the known 

4-chloroisoquinolines (209) and (210). The reported value for 

106 107 the C3-H 1n (209) is 1.3rt and in (210) 1.5"( which is 

close to our value considering the electron withdrawing effect 

of the C5-nitro group. 



Cl Cl 

(209) t (210) 

Furthermore the signal assigned to the C3~H is sharp. Had it 

been due to C4~H, it is likely it would have been broader due to 

homoallylic coupling with C8~H (as observed in isoQU1no11ne75). 

A possible mechanism £or the £ormation o£ (208) 1s shown. 

I 
f 
I 

\l.-

86. 

(211) 

1 

(208) 

o 
j&1 t 

~~~: 

Cl 

~ 
I 

N +PhOJOH 
,,0 



EleetroPht11c halogenation' at C-4 again utilises the enamine 

character of (156). Instead of hydroxyl attack then taking place 

at C-}, attack· proceeds at the c-4 proton perhaps giving 1,4-

elimination of water and (211) and hence (208). Alternatively a 

two stage elimination could give (208) .y!! (212). The 1,4-

elimination would be assisted by the driving force of aromatisation. 

It would appear that the attack of o~ at C-3 to give (204) is 

clearly preferred to C4-H attack since (208) is obtained only 

in 2% yield; 

4-Chloroisoquinoline (210) itself has been obtained in this 

108 laboratory from a reaction which affords interesting mechanistic 

comparison with the above. '!he product arises from treatment of 

isoquinoline with sulphuryl chloride and potassium cyanide, and 

the chloroisoquino11ne is again found only as a minor constituent 

(0.}%)108 (the major product being l-am1nocarbonyl-3-cyano1so-
108 

quinoline) • 

--~ f: '-So -x , 2 

(X=CN or Cl) 

Cl 

-:7 '.::: 

~~~. 
(210) 

-so -X 
f.I~ 

G,CN ~ 



~tion with mon~t~lic acid 

Olefins can be converted to epoxides with organic peracids.109 

and we thus proceeded to investigate such a reaction with our 

N-acyl pseudo-base (156) to see if the C3-C4 double bond could 

behave likewise to afford the epoxide (213). The attraction of 

this reaction was the possibility that the epoxide (21) if formed 

might then be converted to the novel isoqu1noline 3.4-epoxide 

(214) • 

-f/ I~ 
~)~~-COPh 

H~H 

r2

4
0 

(~); 
) I , 
~N-COPh 

H H 
(213) 

? 

(214 ) 

It is likely that conversion of (213) to (214) could be accomplished 

with some readiness because we have already demonstrated (P. 74 ) 

that the N-acyl pseudo-base system tends to break down under even 

mild acid or base conditions. 

'!he preparation of an epoxide such as (214) has not yet been 

repcrted in the literature although studies on the aromatic 

carbocyclic analogues have been advanced,llO-11) For example. 
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banz[d]oxepin (217). the Valence tautoiner of naphthalene 

2.3-epoxide (216) was obtained by a modified Witt1g reaction 

from phthalaldehyde and the bisphosphon1um salt (218);110 

also p.m.r. studies indicate a fast and reversible valence 

112 tautomerisation between benzene oxide (219) and oxepin (220). 

, 

(216) 

(219) 

(217) 

0(CH2 .P·Ph
3

)2 

(218) 

(220) 

114 U5 FUrthermore, isoqulnoline- and quinoline-N-oxides on 

ultraviolet irradiation give rise to benzoxazepines which are 

postulated as forming ~ the intermediacy of fused oXiran or 

114 azoltiran systems. for example as shown. 
Br 

OP(~ ~ V-a 
) 

eN 

( 

Br 

N 

J 
atropic shift 
y allowed) 

Br 



However, ~'ith 0= N-"cyl "..oUdo-base we have Imfortunately not 

succeeded in isolating any epoxide (214) or valence isomer (215), 

the reaction interestingly taking an alternative course. 

We selected monoperphthalic acid for the study since it has 

the advantage of reasonable stabilityU6 and the reactions can 

be conducted in chloroform, ether or dioxan, the insoluble phthalic 

acid formed readily being separated. 

'!he pSeudo-base (156) was dissolved in dioxan and monoperphthalic 

acid solution in ether added in slight excess. The reaction mixture 

was kept at room temperature and its progress followed by t.l.c. 

After five days, the solution was filtered to remove precipitated 

phthalic acid and the filtrate worked up to give, after chroma-

tography, two products. o The minor product, m.p. uo (yield 2%) 

appeared to be the mixed di~anhydride (221) from its spectral data: 

-1 the infrared spectrum showed V' 1790 and 1765 cm. and mass max. 
spectrum a molecular ion peak at 374. 

O
ce.O.ca.Ph 

:::::::.... Ico.o.co.Ph 

(221) 

~ CO.O.CO.Ph 

~c02H 

(222) 

We attempted to confirm this deSignation, but on repeating 

a synthesis reported in the literatureU7 to give (221) we 

o U7 . 
obtained a compound m.p. 132 (lit. 132°) which appeared 

to us to be the monoanhydride (222). It would thus appear 

the literature reportU7 is in error. 

o The major product (yield, 31%) melted at 250. AccuJ::'ate 
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mass measurement gave the composition CgH6N203 to the product. 

The mOlecular formula suggested the product might be the epoxide 

(214) or another structural isomer such as 5-nitroisoquinoline 

N-oxide (223) or a hydroXY-5-ni tro1Soquinol1ne. The infrared. 

spectrum included a peak at 1690 cm.-l indicating the presence of 

carbonyl in the molecule. The n.m.r. spectrum j ncluded a broad 

singlet at -1.8~ which disappeared on deuteration, thus revealing 

the presence of OH or NI{ in the compound; 

11 
002 

.~~ ~ ~I ~ lfu 

(223) (224 ) 

N02 OH 
I 

~ rr 0l~ ~ I N ~ ~ .-;:/ 
(225) (226) 

These facts appeared to rule out the epoxide (214) and 

benzoxazepine (215) and also the N-oxide (223). The isoquinolone 

form of a hydroxyisoquinoline remained, however, a possibility, 

the likely structures being (224) or (225) (structure 226 

necessarily being in the hydroxy rorm). Fortunately, 5-ni troiso

carbostyril (224) has been reported in the 11 tera ture U8 with 

a melting point close to that observed for our product. We thus 
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uS prepared 5-nitr1socarbostyr1l as shown, bY rearrangement 

of 5-nitroisoquino11ne N-oxide. 

'-':: I (CH3CO )2° < qlflux: 
8 hrs. 

The compound (223) was synthesised by nitration of 
. U9 

isoquinoline N-oxide using the method of Ochiai and lkehara. 

Comparison of infrared, ultraviolet and n.m.r. spectra 

demonstrated the product (224) to be identical with our 

compound and the mixed melting point was undepressed. 

The course of the reaction can be rationalised by two 

possible mechanisms, (A) and (B) as shown (Scheme V p. 93). 
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1 
2 

Scheme V 

(A) N02 

Possible mechanisms for the formation of 5-nitroisocarbostyril 
from pseudo-base (156) and monoperphthalic acid 

N-COPh 

OH 

'/' OH 

N-COPh 
-( 

~ 

(227) 

N02 N021 
-;:/'" -;:/"'J -;:/'" "-': 

~ 
> I 

~ N-COPh ~ 

(I 
H 

0 

~ {-O-O-~'C6H4'CO~ 
I -COPh 

(156) 

~~-
~N H-OH 
~\:1' 'OC02H r1 I + Q 

~ CO.O.CO.Ph 

t 

O--COOOOCOPh 

~ I_COoOoCOPh 
(221) 

+ 

7' 

H 
B:,-" 

93. 

°2 

1 

I~ 
Nil 

N-COPh 

o 
(224 ) 



The 1.4-el1mination in mechanism (A) to give an 

.2-quinonoid intennediate (227) has an analogy. although under 

basic conditions. in the base catalysed dehydrochlorination of 

(229). resulting in the rearranged compound (230). an iso-

chromene ,120 0"~::'Her_':B 

tot/ 
N 

(229) 

1 
H 

'/'" 
!Q.H 

nCOPh 

!@ 
:"COPh 

CN CN 

1 
~ -:? ICOQ 

-< 
tO

Ph 
~ ~ 

H-~ 
CN 'J-

CN 

\I 

.COPh 

(230) 
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In meohanism (B). assuming slow eetel'1f1oation cooure to g1ve 

the perester (228). 1t is Possible that this oould break down 

liS shown sinoe oarbonyl forming el1m1nations of peresters are 

known to proceed readily. e.g. with only weak base oatalysis. 

121 e.g. pyr1dine. It 1s possible, in view of our earlier 

disoussion (p. 74 ). that a little of the N-aoyl pseudo-base 

breaks down to provide 5-nitroisoquinoline as catalyst for 

this purpose. 

The intramoleoular nuoleophilio attaok of the perester 

oarbonyl oxygen on the N-aoyl oarbonyl oarbon ~ a seven 

membered transition state (228) is to some extent mechanistioally 

analogous to the behaviour of (232), an intermediate during 

the reaction of Reissert anion (231). with ~-bromopropiophenone. 

to give the enol ester (233) and henoe (2)4).122 Meohanism (B) 

also oould aooount for the formation of the dianhydride (221). 

NC 

(231) 

(233) 

~I 
-CO-Ph 
~ 

~H2-CH2-CO-Ph 

o 
I1 

2-CHi-O-C-Ph 
Ph 95. 

N-CO-Ph 

J NaH 

NC 

(234) 

~ 

3' 
- C - Ph 
~R 

CH -8~C-Ph 
(232) 2 



(e) Investigation of the Synthesis of other N-Acyl Pseudo-Base 

Systems 

(i) Reissert reaction with ;-methyl-5-ni troisoquinoline 

~Ie further set out to investigate the synthesis of 

some other potential N-acyl pseudo-base systems. Popp and 

Blount81 have reported the preparation of 3-methyl-5-nitro

isoquinoline Reissert compound (235) in 83% yield but in view 

of our results with 5-nitroisoquinoline we considered the 

reaction was worth repeating. 

N02 002 I 
-:? "'" CH

3 ?' ~-.CH3 

~ -COPh 
~ -COPh 

H CN ,/ 
H OH 

(235) (2}6) 
After work up and chromatography we obtained Reissert 

compound (235) in 57% yield and, pleasingly, some other material 

which analysed for the new pseudo-base (236), in 9% yield. 

The structure of (236) was established by infrared ( , i Ymax. 

3430 cm.-l (OH), 1650 cm.-l(N-C=O); n.m.r. (1.8 - 2.9't', 

multiplet, eH, aromatic; 3.111r, quartet, C4-H, JC4-H,C3-Me~ 

1.5Hz; 3.43 '(, doublet, Cl-H, JCl_H,CI_0H=6Hz; 5.3'"C', 

doublet, Cl-OH, JCl_OH,Cl_H=6Hz, 8.1~, 3H, doublet, 

JC3-Me,C4-H~ 1.5Hz); mass spectrum (molecular ion peak at 

310) and finally'by elemental analysis. 

The lO~fer frequency of the amidic carbonyl (1650 cm. -1) 

in the infrared spectrum is possibly due to the steric effect 

of C3-Me group, causing the C=O group to lie predominantly 

on the opposite side i.e. in close proximity to the Cl-OH and 



thus permit hydrogen-bonding. 

The N-acyl pseudo-base (236) also resulted from use of 

aqueous potassium hydroxide (40% yield) or even water alone (37% 

yield) in the Reissert reaction, i.e. with the excluSion of cyanide. 

However, it should be noted that in all the three reactions 

mentioned above, 50-60% of the starting material was recovered 

and the yields are based on the amount of isoquinoline recovered. 

It was interesting to note that the pseudo-base (236) is 

unstable specially in the presence of air and slowly decomposes 

to the starting material. The decomposition is catalysed if a 

small amount of the starting material (the isoquinoline) is present. 

The lONer yield of the pseudo-base (236) in the Re1ssert 

reaction could be due to the inductive effect of 3-methyl group 

militating against the electron withdrawing character of 5-nitro 

group so that the effective hardness of C-l centre in the 

quaternary intermediate (237) is reduced, thereby reducing the 

attack of hard base H20 (or BH). 

(237) 

(il) Reissert reaction with 4-nitro- and 7-nitro-isoquinoline 

and isoquinoline-5-su1phonic acid 

BY' analogy wi th 5-ni troisoquinoline one would expec t 

4-nitroisoquinoline (2)8), 7-nitroisoquinoline (239) and 

isoquinollne-5-sulphonic acid (240) to yield pseudo-bases 

because in tilese derivatives the electron withdrawing groups are 
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in the suitable positions to increase the positive character 

of C-1 atom as shown. 
OH 

O~~ 

00 
(240) 

HOl'lever, when subjected to the Reissert reaction none of these 

oompounds afforded any pseudo-base or Reissert compound. In 

all the experiments, the starting materials were recovered 

except in the case of 7-nitroisoqu1noline which also gave a small 

amount of what appeared to be the quaternary salt (241). 

(241) 

Treatment of (241) with potassium hydroxide resulted in the 

liberation of starting material. 

4-N1troisoquinoline was prepared acoording to the following 

scheme: 

(23/3) 

(i) BBI' 

(ii)Br2 

98. 

Br 
t 

~ 
~. 
(242) 

conc.NH40H/ 
cuprous sulphate 

NH2 

(243) 



4-Bromoisoquinol!ne (242) was prepared according to the method 

123 of Bergstrom and Rodda, by heating isoquinoline hydro bromide 

with bromine 170_1800
• The bromination at 0-4 constitutes one 

of the rare examples in the isoquinoline series of direct 

sUbstitution in the hetero-ring (as the usual positions for electro

philic substitutions are 5 and 8). 

Nucleophilic substitution by amide ion on (242) led to 

4-am1no-isoquinoline (243). This was performed by heating (242) 

with concentrated ammonium hydroxide and hydrated cuprous sulphate 

.124 (4) in a shaking autoclave. When 2 3 was subjected to the 

Sandmeyer conditions, it gave Jt_nitroiSOquinoline125 in the 

I II presence of cupro-cuproso sulphite, Cu2Cu2 (S03)3' 

7-Nitroisoquinoline was prepared by the following sequence: 

) 

(244 ) 

-:?' -....::: 12 -:?' 
I ' m 

( -
KOAc 

°2N ~ ~ 
N ::::..../~12 

°2N 

(239) (246) 

Nitration of the 1,2,3,4-tetrahydroisoquinoline (244) gave.the 

126 7-nitro derivative (246) presumably through substitution in 

the cation (245), which is more highly activated in the 

5- and 7-positions owing to the unfavourable induotive effect 
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of the -NH2- group. Compound (246) was dehydrogenated in 250$ 

yield using iodine and potassium acetate, by the method of Potter 

and Taylor,127 to give (239). 

The failure of 4-nitroisoquinoline to give pseudo-base or 

Reissert compound may be, in part, due to its weak basicity (pK = a 
125 1.35) so that the initial step, the formation of the quaternary 

salt, does not take place. In the case of the 5-sulphonic acid 

it appears that the isoquinoline is alread" present in the salt 

form such as (247) and does not react further. Attempts to make 

the ester were unsuccessful. 

-:?', 

o 
(247) 

7-Nitroisoquinoline does yield the quaternary salt (241) but 

why it does not proceed further is not understood. Possibly 

by careful variation of the conditions one might aChieve reaction. 

(iii) Reissert reaction with 6-Nitro- and 8-Nitroquinoline 

We considered that the presence of a nitro group at 

position 6 or 8 in quinoline (248 and 249) might increase the 

hardness of C2-position and thus the Reissert reaction with 

these compounds yield pseudo-bases. 

(248) 
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With 6-nitroqudnoline 

The Reissert reaction with 6-nitroquinoline has been 

128 
reported to give the normal Reissert compound (250) in 

29% yield. We repeated the experiment under similar conditions, 

stirring for eight hours and obtained only the Re1ssert compound 

(250). in practically the same yield. 

H 

I ON 
0=0 
I 
Ph 

(250) 

~ 
'j H 

, f,-f 

(251) 

0=0 OH 
I 
Ph 

We then repeated the reaction using potassium hydroxide 

1n place of cyanide and obtained a product (32% yield) which 

was sl0\1 mov1ng on t.l.c. and was shown subsequently to be the 

required pseudo-base, 1-benzoyl-2-hydroxy-5-n1tro-1,2-

dihydroqudnol1ne (251). About 90% unchanged quinoline was 

recovered. The structure of (251) was in accord with the spectral 

-1 data. The infrared spectrum showed absorption at 3320 cm. 

(OH) and 1643 cm.-l (N-C=O). The n.m.r. spectrum inClUded a 

broad singlet at 3.5 't' which disappeared on deuteration. The 

mass spectrum (molecular ion peak at 296) and. elemental 

analysis confirmed the molecular formula. The compound (251) 

therefore represents the first example of a oyclic N-acyl 

pseudo-base in the quinoline series. 

1 As mentioned earlier (p. 67 ) Reissert himself claimed to 
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have formed the N-acyl pseudo-base of unsubstituted quinoline but 

this was subsequently Shown2,84,85 to be the open chain form 

(253, R=H) and Some other examples have been demonstrated by 

Elliott
84 

(252 -? 253) with 6-substttuted quinalines, as ShOl'lIl :-

R 

(252, R=H,-CH
3

,-Cl 

-OCH3'-Br) 

R 
ArCQCl 

MaOH 

CH=CH-CHO 
> 

·CHCOAr 

(253) 

Elliott, however, failed to isolate any product when using 6-

84 nitroquinoline. That our product was the cyclic structure 

(251) and not the open chain aldehyde tautomer (253, R=N02 ,Ar=Ph) 

was eVidenced by the infrared spectrum and by the lack of an 

aldehyde proton signal in the n.m.r. 

After having obtained the authentic pseudo-base (251) in 

the absence of cyanide we again repeated the original Reissert 

reaction (cyanide present) and followed its progress by t.l.o. 

After the shorter time of three hours a spot corresponding in Rf 

value to the pseudo-base had clearly built up, and work up at 

that stage gave the pseudo-base (43% yield). identical to (251) by 
infra-red spectrum and mixed melting point. The yield is based on 
recovered starting material (90%): 

From this experiment we conclude that the pseudo-base (251) 

is in equilibrium in solution wi th the intermediate (255) and on 

stirring for a longer time is s10\'Ily transformed to the Reissert 

compound (250) via the ionio form (255). Thus, in this case, 

the Reissert compound (250) is the thermodynamically controlled 
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product (but this need not necessarily be the case in the other 

pseudo-base reactions). 

(254) 

1l 
'?'. ~ 

~N} 
t 'OH 
c=o 
I 
Ph 

(251) 

N"f 
I 
C=o CN 
I 

(250)Ph 

In view of the large amounts of starting material 

recovered, it appears that the C=O of the N-acyl group in (254) 

is a slightly harder centre than the C-2 so that the hard 

base ~O (oH) preferentially attacks the c=o group to reform 

quinoline and sodium benzoate. 

With 8-nitroquinoline 

The attempted Reissert reaction Idth 8-nitroquinoline 

(249) gave back the starting material in almost quantitative 

yield. In this case the steric hindrance of the nitro group 

in 8-position might explain the failure of the reaotion, since 

there are examples in the literature of the normal Reissert 

9 128 reaction being unsuccessful in 8-substituted cases. ' 
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(d) Reissert reaotion with Quinazoline 

5 4 
(256) (238) 

We investigated the use of quinazoline (256) as a 

potential N-aoyl pseudo-base precursor because it is considered 

129 that the N-l in (256) has electron withdrawing properties. 

comparable to those of the nitro group in 4-nitroisoquinoline 

(2:;8). As discussed on p. 100, 4-nitroisoquinol1ne, due to 

its low pKa value, failed to react in the Reissert reaction, 

but quinazoline with pKa = 3.51130 was thought more promising. 

The system was further of interest since, as already mentioned 

in the Introduction (p. 2), relatively little study has been 

carried out concerning the Reissert reaction with diazahetcro-

6 cyclic systems. It was thus of interest to see if 

quinazoline could yield the di-Reisser~ structure (257). 
4 A related heterocyclic system, phthalazine, has been reported 

to give mon~eissert compound (258) even when excess of bcnzoyl 

4 chloride and potassium cyanide are employed. 

II~ 
1x:-COPh 

H CN 

(257.R=CN or OH) (258) 
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We attempted the Reissert reaction of quinazoline Qy the 

8 standard procedure with benzoyl chloride (4 moles) and potassium 

cyanide (6 moles). After work-up and chromatography, we 

obtained as major product a low melting solid (m.p. 73°) in 

31% yield. Elemental analysis and accurate mass measurement 

gave the composition as C14HilN02 which indicated the product 

was neither the normal mono- or di-Reissert compound nor the 

mono- or di-N-acyl pseudo-base. The n.m.r. showed a split 

singlet (J=o.8Hz) at 0.041.' , that this was probably an aldehYde 

proton was indicated by its persistence on deuterium exchange. 

Further,a broad singlet at -2.1 --( could be attributed to an 

NH group as it disappeared with difficulty on shaking with 

deuterium oxide. The infrared spectrum gave a strong peak at 

6 -1 ( 660 -1 6 -1) 1 75 cm. 1'lith shoulders at 1 cm. and 1 95 cm. 

presumably due to the carbonyl absorption of the aldehYde 

(supported by the characteristic aldehyde C-H stretch bands 

at 2760 cm.-l and 2850 cm.-1 ) and of an amide (supported by the 

NH absorption at 3300 cm.-l ). A possible structure which would 

fit the analytical and speotroscopic data is ~-formylbenzanilide 

(259). 

G'-CHO 

"')-- NH.CO.Ph 

(259) 

The splitting in the proton Signal of the CHO, by interaction 

131 with a ring proton has also been observed in other ~-

substituted benzaldehYdes. The size of the splitting varies 
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from 0.31 Hz to O.80Hz depending on the nature of the £

Substituent.131 

The compound (259) is known132 and the reported melting 

o point, 73 , coincides with that shown by our product. HOl1ever, 

we sought to confirm the designation by preparing some authentic 

£-formy1benzanilide. £-Nitrobenzaldehyde was reduced with ferrous 

sulphate and ammonia according to the method of Smith and 

OPie133 to give (260) whioh on benzoylation in pyridine afforded 

£_formylbenzanilide (259), identical with our product (spectral 

oomparison and mixed melting point). 

(260) 

CHO 
PhCPCl 

pyridine 
,NH

2 

> 

0' 
I 

'CHO 

~NHCOPh 

(259) 

The mechanism for the above reaction must involve the 

opening of the quinazoline ring. We suggest the follol1ing 

steps (1).107): 
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6~ 

5 
(256) 

1 

~2 

I 
~N3 

4 

fh 
C=O 
• 

PhCOCl 
H2O 

~NH I-C=O 

l II~-fi-Ph ""'/ °O~ 
t)-H~ 

1 Sa 

~NHCOPh 
~CHO + OHC.NH.COPh 

(259) 

~ 
N~ 

l > 
~ -COPh 

H 
(2619

H 

PhCOCl 

(262) 

The N-) (isoquinoline type, pKa=5.42) is ccnsidered1)4 

slightly more basic than N-l (quinoline type, pKa=4.90) and thus 

would be quaterndsed first, and this could be followed by the 

attack of O~ or H-O-H) at C-4 to give the mono N-acyl pseudo

base (261). We postulate the attack of O~ (or fi:?O)rather than 

ca·due to the inductive electron withdrawing character of 

N at I-position. Another molecule of benzoyl chloride nO!'I 

adds to the Schiff base N-l to give the quaternary salt (not 

shown) which is again attacked, at C-2, by oH (or H20) due 

to electron withdrawal by -~= at I-position and by the N at 
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the 3-position. Such·addition across the double bond in a 

dihydro structure (such as 261) is not unreasonable since 

3,4-dihydroisoquinoline (263) has been shown135 to yield the 

dihydro Reissert compound (264). 

Ol~ ~)~) 
(263) 

PhCQCl 

KCN 
> 

-CO-Ph 

H 

(264 ) 
The carbinolamide structures in the tetrahydroquinazoline 

intermediate (262) can now undergo the ring opening to give 

(259), the 1,2 bond possibly breaking first by analogy with 

the ring opening in the case of quinoline (p.67 ) 2,84,85, 

followed by the 3,4-bond, the N-3 now carrying two (electron 

withdrawing) carbonyls to promote cleavage. 

The mechanism outlined above does not involve the cB 
nucleophile. If this hypothesis is correct then the use of 

potassium hydroxide or even water alone in the Reissert reaction 

should yield the same product viz (259). Indeed when the 

reaction was repeated in the absence of cyanide (i) w1 th 

potassium hydroxide and (H) with water only, in both cases the 

~-formylbenzanilide was formed in 73% and 83% yield respectively. 

Attempts to isolate any of the intermediates by 

using lesser amounts of reagents were unsuccessful, startine 

material being recovered along with the same product (259). 

108. 



3. Stereochemistry and N .m.r. Spectra of Re1sset't Systems 

N.m.r. spectroscop,r has been increasingly used over 

recent years to solve problems of stereochemistry of ot'ganic 

1-6 
compounds. J The n.m.t'. spectra of Reissert compounds has 

not been discussed in anY detail in the literature. We have, 

therefore, examined the n.m.r. spectra of a large 

number of known and new isoquinoline and quinoline Reissert 

compounds and used this information to comment on the stereo~ 

chemistry of these systems. 

(a) !soquinoline Reissert Compounds 

As indicated in Table IV (P.1l0 ) we have observed that 

the signal attributable to the C-1 proton occurs as a finely split 

singlet in all cases so far examined by us. Correspondingly 

the expected doublet for the C-3 proton is also finely split by 

the same J value. We thus considered that long-range coupling 

was occurring between the C-1 and C-3 protons. The observation 

016 this long-range coupling phenomenon .'ras made jointly with 

1-7 
J.R.Kershaw J in this laboratory and for the sake of completeness 

compounds examined by him (i.e. compounds 26Sk--;.. 26Sp) are 

included in the Table IV. We have jointly published some of 

these observations in a preliminary commun1cation.97 Dr.Kershaw 

did not subsequently examine the spectra of anr further 

1soquinoline Reissert compounds or quinoline Reissert compoundS. 

The long-range Cl-C3 coupling was confirmed by spin decoupling 

and by replacement of the C-1 proton by deuterium in (2C5a), 

Le. (265k) when the n.m.r. spectrum showed only a dOUblet 

for the C-3 proton in place of a Quartet.137 The n.m.r. spectrum 
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265 

a 

b 

() 

~ 
e 

f 

[g 
~ 
~ 
J 
** lIt 

~ 
~ 
n 

0 

p 

Table IV 
* N.m.r. spectra details of some 1soguino11ne 

Reissert compounds (265) 

R Il\h~ R4 I7 IR IC-l\C-3 IC-4 J1 - I J_ 4 I:; ./, 

I \ 

8 proton rrotonjproton 
I \'T' "T.' It. 

Hz 

I 

-C(}f5 H H H H H 3.42D\3.361l 3.94D 0.80 

J!:,CH3~C6H4 H H H H H 3.46D\3.33Q. 3.96D 0.80 

.2-N02';C6H4 H H H H H 3.19Db.7fQ 4.02D 0.85 

.E-CH3-C6H4 H H H [H OCOPh 3·33D 3.27Q '.95D 0.80 

-CH=CH-Ph H H H H H ).)lD 3.04Q 3.83D 0.90 

-CIj H H H H H 3.35D 3.28Q. 3.96D 0.80 

-CH=CH2 H H H H H 3.40D 3.1fQ 3.460 0.85 

-CH..cH-CH3 
H H H jH H 3.3BD 3.12Q 3.8BD 0.85 

~ -CH=CH-CH3 
H ca, H H 3.388 - 3.69Q -

-CH~3 H H H ~ H 3.430 3.21Q 4.030 0.80 
3 D IH 3.36D -C6Hs H H H - 3.950 -

.C6H5 H H Br ~ H 3.44D I3·OOD - 0.90 

-C6R:; H H H PCIS oca, 3.060 p.39Q 4.00D 0.90 

-ctfIs H ca, H H H 3.5OS 3.77Q -
H .E.-~-C6H4 H CH

3 
H H 3.5OS - 3.67Q -

.E-CISO-C6H4 H H H PCIS .E-CH, ::l:;.40I: 3.34Q 3.94D 0.80 c6H4~ 
CO-0-

1 

S = Singlet: D = DoUblet: Q = Quartet 
* Reoorded with CDC1

3 
as solvent at 60 MHz, except forn 

at 40 MHz 
** 265k - 265p speotra reported by J.R.Kershaw.97, 137 

t Values for JC4•H,C3-Me 

liO .. 

Hz 

B.o 
8.0 

8.0 
8.0 
8.0 
8.0 
B.o 
8.0 

+ 1.5+ 
8.0 
8.0 
. 

8.0 I 

l.st 
+ 1.5+ 

8.0 . 

_. 



of N-benzoyl-1,2-dihydroisoquinaldonitrile (265a) is reproduced 

in Figure II. 

Subsequent to publication of our results, long- range 

coupling between the C-1 and C-3 protons has been reported 

for some other Reissert analogues ~. the N-ethoxycarbonyl 

87 ~6 
derivative (266) and N-alkyl Reissert compound (267)~ 

I-l 

(266) 

o 
H 

N-C-OEt 

CN CN 

(267) 

Bramley and Johnson85 surprisingly report zero coupling 

betNeen the C-l and C-3 protons in l-methoxY-N-cyano-l,2-dihydro-

isoquinoline (268). TO re-examine their result, therefore, we 

synthesised (268)85 via the hydroxy-analogue (269)85 

whose n.m.r. they do not discuss. In each case, l~e found 

long-range coupling of J1 ,)= 1.0 Hz, clearly in evidence. 

H H 

(268) (269) 

Long-range coupling bet;'leen protons separated by four 

or more sigma bonds has been reported for a number of compounds 

138,139 and it appears that a near planar zig-zag arrangement of 

140141 the atoms concerned is required.' The value of the 

111. 



I I ~r-'- + __ 'r' ' .w-1·rT~1 ,-j ~" '-'~ _~~ ~ ,t ,t I-l" J' , ,"_ c i' ' -,"'~ r I 11 irr4~1 '[ ''I 
J: ,_ ~,~~' _1_'Tj"'-flttH-IIc-I~ICl 'f:~;Y-l'l'ff I-l' _ ~~ ~ _ _ ,- -I ~ " ' ,! I I Cl",,.: i~: -~~! , 

T _ ,i _ ~ f I ~ ".'~ n "" n,,;,", lr'jtLiI+ HT'::': I I1 I I ' 'I, ' '-oonw,'-' "f-oC~ 0' ! ,'~' T ' ~ I-j-
H-t+, : I : rfT _: ' , I" "0","'=,"0' ~ d~hYdro- ,~ ,,'I-'U~~:. -- +- --\. I 

__ , _L~_" i ' I 1.

1

, 60 Mllz. n~tr~le at ,I ij.: 1.1.1''-''-8'' " i-

1 

,I ," __ tl L 1 ,_ Ins t _. ,,' , t- 1 .. , .. I. 'L ' -r , j ~ ~ lie. Exoa I ·1l._1- ' I ~ I- i 

'".' I i I' i' _: 1 l' "-1
1

+ of ,-:, 1 . nsion (x2) , i-.. '. '---'. -l-.-t-- -I. --I 

--1---' I I I I /.c-l1"( , ,.' .' 
i l-!~ T:~" I ,_ ' rod'"n, '~~-+'-'-'- i TI' i~ T- - ~ . 

,I ,. ' ' 1 r __ I .' 1 ~-'- 'n' . " 
....,..-_ _ I I I j I ---'-.J~ , I ___ , I-- I-! I _ 1 ' ' ,,' ~ 'T' i' \' , i _ ,_ _ __ ' i ,! t' 1 ' - I -~- .. ,I-L rC" H" ,.f .'-, , ' ~ I' ", , ' , ~~"- "" 

i ' I _" ' ' " i 

,- _" I I I - ' - i I' ' ' __ ,llt'- 'I-t' ','1 I i -l I! '- 1_ ~ -I' , ,,-r--'--'--' , 'I I -,-.' I _ :' ,_ T -'_,: ' ,; "., ,,! ........ 1-.: . ...i 'I i ,- -

~ 
__ ' . ""' I TI ,! . .,.' ,-··1--·' I, ,-'" 

_'_rj_!_,' -:"l-' ,T :~~,~ ~,' ,-:' i'i" :., -.-L ,[ . ,i-I. "'-::-t+J-
q; I 

_:...Htr i : ,; I'" .-.:.1-J'l-" 'i,,' L ' I, ',' " c·... 'i __ i.j';.'·-.-:-'T.- '.:1 ._.1'" ". 
_I i ~_ j ~, 'T' , ,11, '_, ~,i... i ' , : I ,-n ·:-1. -' .. '~-.: . -,'-- i I 

, . ' " "I I " -.' -
_! I l- : __ ,I ------c- ~ __ i. ::" -, 1 • ,; ~; -' ,~, r'~'i , ~,' I ' " ' ~ ,'I ' - i t--'-L-:-

I ~j- ! 1-: ,_ ' ,;-1: ,j,rl : ' ,I i ';r"~-,-~_.]it_~.:::! 
1- -i- i -r ~'~ j" I ~ T' r TI-'1--ti I I L ,~ ; -,J~; L:' !~Tr!' -'- tt" _ _ ", .. __ "._'.I,·j, t·, ,_' . -'- .. - I" I' . ,:---i ... ' . '-C .. --' HL- I '~" 'I ' ,I -r'\ j ..-r-i "-H' I I . ,-, ;-.~ . ,'-,--1": i I -, .....:_1 I 
, I ll- T+" _.' T \-_ \ ! '-"--1 H--~ .:!' 1 1 --, ~-' -r-,+' r : :r

l
_, I ,. l' ,i ' , .... , .. "l-" i i' i 'm;' !' ;_ .. 

,__ r _. I' ' -[-- -t I -- -I . I "'- ," ',... '. . . + ~ , . ' .. ' 'l.,--i-.1' •. r _ , .. j - -- -t -- .c_ i : ; ! 11.' . r -:---•... -i,_C;'. .... ill. 1 .. ' \ 
, I ~ " "~ ~! ~ • I ' .,' ' ' 'I' I . f-." - 4-~ , I· ,_, ~ ;~;, ,I ,:"-1-'1 ',I ;"~I I ~ .;, J' i i i'·' , f '-!-;- ii " ;,' - , ~ I~' , ' " ,T" , . l' ;' I' .,_ _ " " ' t ~. " . : f \ ..... : ....l I, "" I ~, ~ , 1 , 1 , ' ""le ' , ' " ," : ' , ,- -' "~-, c'~ -

.-'-.' '1 I1 .•.. 1 1-1- .'.1 ,\ . i _ .. ' .' -T. ,i , ,I ',--," j' . I .'.' I-~.·· !i~. ' 'li 
__ i J ~. I'; _ '.f--' ,,' "" ~ "" " ! .,,-0-' " , ~_,~ r L_~' __ :': i _ r i' ,:';' I' i ' I ' r~-,; 4. I . I . i I I! ; 

,.,., , " ..... '.l ' 
... S' \ . r .J."j'c: .~.! 

6 "-'-- ; 
7 

~j -l-l--l-H-W·-l-
I 

I 



coupling oonstant in Reissert compounds suggests that the five 

atoms involved are adopting a conformation near planar, but not 

completely so. For a planar arrangement the coupling constant 

141 usually falls within the range 1-3 Hz. For an unstrained 

1112 system Barfield has calculated a maximum value of 1.2 Hz. 

The presence of coupling in Reissert compounds, therefore indicates 

that the hydrogen atom at C-l prefers to adopt a quasi-equatorial 

oonformation and the nitrile substituent a quasi-axial onc (as 
N 
III 
C in 270) 

O~O~-r:.O+--~-:-~=r_--" 
H ~N -C-Ph 

(270) r!! 
Ph 
I o =C 

CN I 

O~-hO~~0~~~~~ ~~--~ 
(271) 

Cl 

C 

(273) 

(272) 

N - CH-Ar 
I 

H O--GH-Ar 
ax 

(274 ) (275 ) 

112. 



This conformation with a quasi-equatorial C-l hydrogen is 

similar to that suggested recently for another 1,2-dihydro

isoquinoline, ~. 1,2-dihydro-N-methylpapaverine (272)143 

and it would also appear to be the case for (273) which shOl'/s 

144 similar long-range coupling (1.25 Hz). Models show in each 

case that non-bondea interactions are minimised by the C-l 

substituent occupying the quasi-axial positio.:l. If the C-l 

hydrogen were quasi-axial in Reissert compound (271) then steric 

interactions would result between the quasi-equatorial oyanide 

and the amidic phenyl ring. In the 1,2-dihydropapaverine (272) 

a quasi-equatorial l-benzyl group would present steric encumbrance 

with the c-8 proton and also the N-metbyl group. Likewise the 

quasi-axial C-l ethoxy group in (273) minimises non-bonded 

interactions between the ortho chlorines and the oxygen of the 

ethoxy group. 

It is interesting to note, hOl1ever, that the C-l hydrogen 

must be adopting the quasi-axial position when the carbon atom -1 

is part of the five membered ring, since here its signal is reported 
141~ 

to be unsplit. Although we could construct models of both 

stereoisomers (274) and (275) 1 t was evident that the quasi-

equatorial C-l hydrogen in (275) would cause the aromatic ring 

trans related to it (on the carbon a to N) to meet steric crowding 

with the isoquinoline C-3 hydrogen. Such an interaction is avoided 

with the C-l hydrogen quasi-axial (274). No details of the 

stereochemistry of (275) have been published. 

The n.m.r. spectra of Reissert compounds show only one 

(doublet) peak for the C-l proton. Therefore, the C-l hydrogen 
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is either completely in the quasi-equatorial conformation or, 

more likely, the hetero-ring is flipping rapidly between thc tl~O 

conformations (270 and 271) and the n.m.r. spectrometer is seeing 

an average position of the C-l hydrogen. We have investigated 

this point by use of variable temperature n.m.r. We observed the 

C-l proton signal moved about 0.2 p.p.m. downfield on cooling 

o 0 
from +100 to -70 (in acetone). The accOmpany4.ng small change in 

coupling constant (Jl ,3) could not be observed accurately due to 

the insufficient sensitivity of the instrument. 

An equatorial C-l proton is more deshielded by the aromatic 

ring than is an axial one.145,146 Also one would expect the aniso-

tropy Effect of the ". -bond system surrounding C-l to cause de shielding 

of an equatorial proton (relative to an axial one).147 Thus the 

movement of the C-l proton to a lower value as the temperature 

decreases suggests that the proton is spending more time in the 

preferred, quasi-equatorial conformation. Cooling was not sufficient 

to "freeze out" the equatorial isomer entirely (when the chemical 

shift would have reached a constant value). 

Related to the Reissert compounds \te have examined the n.m.r.spectra 

of the N-acyl pseudo-base alkoxy derivatives (276) (discussed earlier 

p.77 ) and again found Cl-C3 long-range coupling. The results 

are summarised in Table V p.115 • The size of the coupling constant 

(1.3 Hz) suggests the system (2'(6) would have the preferred confor-

mation l'lith the Cl-H quasi-equatorial and the alkoxy group quasi-

axial. Here the five atoms 

a conformation rather ··more 

involved would be expected to adopt 

80 
planar than in the case of Reissert 

compounds (265) where JC1_
C3

= 0.9 Hz. 
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Table V 

.. 
N.m.r. Spectra details of N-acyl-l-alkoxy-5-n1tro-1,2-

• 

d1hydroisoquinolines (276) 

R1 R2 '"(' 
J1,3 J_ If 

1 C3gH 
;;, 

CI-H C4j)H Hz Hz 
D I 

H Me ! 3.41 2.96 3.17 1.3 8.0 
! 

H Et 
1 3•31 2.91f I 3.14 1.3 8.0 

! I 8.0 CH3 IMe 3.42 2.93 3.19 1.3 , 
L • 

C1S lEt 3.33 1
2

•
96 3.17 1.3 8.0 

! 

13
•
43 I Cl IMe 2.96 3.15 1.3 8.0 , 

• I 
• 

13•01 Cl lEt 3.37 3.16 1.3 8.0 

o~IMe !3.
44 2.91 3.18 1.3 8.0 

, 

o~ Et 13.35 2.90 3.14 1.3 8.0 
• 
! I 

D = Doublet Q = Quartet 
.. Spectra recorded with CDCl .. as solvent at 60 }1Hz 

;; 
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(b) Quinoline Reissert Compounds 

We have prepared a number of quinoline Reissel,t compounds 

(277) and examined their n.m.r. spectra with a view again to 

obtain1ng some information regarding the stereochemistry of the 

system involved. The information obtained is summarised in 

Table VI, p .117. 

The analysis of the 60 ~1Hz n.m.r. spectra of the compounds 

othel' then (277 a, 1, n and p) was relatively straightforward 

i.e. in the cases where either C-3 or C.4 is substituted. Hhen 

position 3 was substituted as in (277 c. e. l' and g). the C-2 

proton appeared as a Singlet. Supporting evidence thet this 

singlet was due to the C-2 proton was provided by deuterium 

studies. Replacement of the C-2 proton (3.72 l' ) for deuterium 

in (277c) to give (277d) was effected by addition of deuterium 

oxide to the Reissert compound carbanion (generated by use of 

24 
sodium hydride in dimethylformamide). followed by neutralisation 

with carbon dloxide. 97,148 The deuterated compound (277d) showed 

no absorption at 3.72 't . 

Hhen position 4 was substituted as in (277J). C-2 and. C-3 

both appeared as doublets with J
2

•
3

", 7.3 Hz. In (277h), when 

C-4=C~, the C-3 proton appeared as a split doublet with 

J
3

•
2
= 6.4Hz and J

3
,Me (ally11c coupling)= 1.7 Hz, both J 

149 values being normal as expected. Once again the replace-

ment of the C-2 proton with deuterium in (277h) and (277j). to 

give (277i) and (277k) respectively, Simplified the spectrulll 

with the C-3 proton in (277k) appearing as a singlet and as 

an a11y11oa11y split.singlet (J=l.7Hz) in (277i). 

In all the cases listed in Table VI, the c-4 proton ls 

masked within the aromatiC multiplet and coUld not be located. 
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Table VI 
.. 

N.m.r. s ctra· details of some uino11ne Reissert corn ounds 
277 

11 

(277) 
R 

277 
I 

R4 R 'R R2 R3 6 <::-2 C-3 1 J2 ,3 J3,4 J2 ,4 
proton proton Hz Hz Hz 

l "1." 
I 

** ** ** ** ** a H H H H H 3.82 3.92 6.27 9.31 -1.01. 

b D H H H H - 3.870 - 9.00 -
e H Br H H H 3.76D - - - 0.4 

d D Br H H H I - - - - -
e H NHCOPh H H H ~.3l b.B - - - C.~.O 

f H O.COPh H H H P..60 b.s _ . - - aa.O 
g H O.COPh H H C~.63b'B - - - ca.O 
h H H CH

3 
H H .86D 4.1OQ 6.40 1.7+ -

If.10D ,t 
i D H CH

3 
H H - - 1.7+ -

J H H O.COPh H H 3·530 3.84D 7.3 - -
k D H O.COPh H H -. 3.84s - - -

3.84** 3, ** ** ** ** 1 H H H C~ H .95 6.25 9.21 -0.71 
m D H H CH

3 
H - ;;.870 - 9.00 -

** **~. ** ** 1 .** n H ~ H H CH~ 3.85 13.94 .00 7.13 +0. f7 

~ NO H./ .... **k ** ** ** p H H 
21 3.87 ~. 73 p.54 I 9.42 -0.52 

a = singlet, D = DoUblet, Q = Quartet, b.s. = broad singlet 

* Spectra were recorded in CDC1
3 

at 60 MHz, except for a,e,l,n and p 
at 100 MHz. 

** Valuesdarived from ABX spectra interpretation - see p.1l8ff. 

+ Values for JC 3-H,C4-Me 
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Analysis of the n.m.r. spectra of quinoline Re1ssert compounds 

(277a), (271 1), (277n) and (277p), unsubstituted at positions 

2, 3 and 4. 

vlhen none of the C2-H, C3-H or C4-H posi tlons in N-aroyl 

quinoline Reissert compounds (277) was substituted; the n~m.r. 

spectra were complex and the interpretation using first order 

principles difficult. In each of the four cases (277 a. 1, nand p). 

the type of spectrum obtained is shown in Figure III, the example 

illustrated being that for N-benzoyl-l,2-d1hydroquinaldonitrile 

(277a). 'rhe part of the spectrum between ).7 and 4.0 'r 

integrated for two protons, considered to be C-2 and C-3. 

First order approach to the analySis of the spectrum ~lOuld 

require the C-) proton to appear as a quartet (coupling with 

the C-2 and C-4 protons) and the C-2 proton as a doublet 

(coupling with the C-3 proton) or possibly as a split dOUblet 

(by further allylic coupling with the c-4 proton). Close 

examination of the 60 MHz spectrum revealed the presence of 

four unsymmetrical lines with a very intense singlet imposed 

over the quartet. Deuteration of the C-2 proton in (277 a and 1) 

simplified the spectra and the deuterated compounds (271b) and (277m) 

showed only a doublet (in the ).7 to 4.0 't' region) with a coupling 

constant of 9.0 Hz (presumably J),4) centred at ).871' • 

149 'rhe value of this coupling constant is typical for ~ olefins. 

Regarding the undeuterated spectra (277 a, 1. n and p), because 

the difference in the chemical shifts of C-2 and C-3 protons 

is less than their coupling constants (see Table VI p. il7) 

so it could be assumed that the C-2, C-) and c-4 protons form 
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an ABX system with the C-3 and C~2· protons constituting the 

AB part and the C-4 proton (I'/hich is chemically well Shifted 

from C-2 and C-3 protons) forming the X part, 

In order to analyse the ABX system, we obtained the spectra 

for the four compounds on a 100 MHz instrument. Even on this 

instrument, the AB region (due to C-3 and C-2 protons) in each 

case consisted of six lines (see the spectrum of 277a F1~e 

III p. 118) though theoretical considerations would require 

8 lines for the AB region. It was thought likely the other two 

lines are overlapping and for case (277a) we show in the 

schematic representation below the allocation of the eight 

lines. 

r 
I 

c:j 6.27Jt. 

g 

f 

I 
13.8 15.7 

* Hz values measured relative to R,b signal. 

h 

22.0 Hz* 



In order to get the required intensity (weak - strong -

strong - weak), A6- and AB+ quartets can be assigned as 

ace f 

135 7 

b d g h 

2 .4 6 8 

150 Using the method of Pople, Schneider and Bernstein, 

we have calculated the ABX spectra for the four cases 

(277 a, 1, nand p) (see Experimental Section p. 180 

for details). The results obtained are summarised in Table 

VII below: 
Table VII 

N .m.r. parameters calculated from ABlC spectra of (277 a,l,n and p) 

!Ix 

R6y"'A 
()L.J~ 

I CN 

n 
'Y 

R (277) 

I 
Ca Quia eil:mi: 

.. - . 
)" VB 277 R F6 JAB I J AX 1

7
BlC A 

T ry 

a IH I H 16.27 I 9.31 -1.01 3.92 13.82 

1 jH I CH3 1
6

•25 1 9.21 1-0•71 / 3.95 13•84 , 

n ICH3 1 H 16
•
00 I 7.13 I +0.47 i 3.94 3.85 

p IH N02 6.54 I 9.42 1-0 •52 3.73 13•87 
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In each of these spectra, the analysis of the X-region 

(due to the C-4 proton) could not be achieved as it was 

masked under the aromatic region. To overcome this we 

synthesised compound (278) which could be expected to have 

a simpler aromatic region. The spectrum of this compound was 

recorded on 100 MFlz instrument and the ABX part of the spectrum 

is shown in Figure IV 

(278) 

Comparison with Figure III (p.1l8 ) shows that this ABle system 

is markedly different from that obtained for compounds (277 

a, 1, nand p). The four lines of the X-region (one proton) 

are now at high field and the eight lines of the AB region 

(two protons) are at low field. Such an AEOC system (more 

correctly an AMX system) can be solved by a first order approach 

(see Experimental Section p. 190). The values of the coupling 

constants and chemical shifts obtained are as follows 

JAX= 9.3 Hz, JEOC= 6.3 Hz, JU3= 0·7 Hz, ~)A = 3.32 '( , 

))B = 3.54 T and )..Jx = 3.99 T. Comparison of these values 

with those in Table VII p.120reveals that in this case the 

X-region is due to C3-H and the c-4 proton resonates at 3.32 'l . 

The Stereochemistry 

As already mentioned on p.1l6, we studied all the spectra 
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in detail in order to get some information regarding the stereo-

chemistry of the system. In particular, we were interested to 

note the possible allylic coupling between C-2 and c-4 protons. 

The results obtained above show that the values of the allylic 

coupling constants vary between -1.01 to +0.47 Hz. Further 

evidence for this observable splitting between C-2 and c-4 

protons was gained by recording the spectrum ef compound (279) 

in which C-3 is substituted. As mentioned on p.1l6 , the spectrum 

of this compound on a 60 MHz instrument showed C2-H as singlet 

at 3.72 't although the width at the half-peak heig}:Jt was slightly 

more than that for the TMS peak. 

In,"" 
M· I 

(279) 

t CM 
C=O 
I 
Ph 

However, on recording the spectrum on 100 MHz instrument, the C2-H 

appeared as a doublet with splitting equal to 0.4Hz. The value 

is slightly less. than the valUes obtained for the compounds (277) 

and (278) but it is not surprising because it is knOWnl51 that 

the electronegative substituents (Br, Cl, OH for example) cause 

slight variations in the allylic coupling constants though it is 

difficult to deoide Whether the variation is due to changes in the 

electron densities or is a secondary effect due to slight changes 

in bond angles accompanying partial rebybridisation. From study 

152 153 154 of aliphatic, olefinic, and heterocycl1c compounds 

one wotitl expect that purely electronic factors Should be important. 
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Now this size of the allylic coupling constant in quinoline 

Re1sse~t compounds gives useful info~mation rega~ding the stsreo-

chemistry of the hetero-ring. In general, it is known that allylic 

coupling constantsl55 may be either positive or negative in Sign.ISO 

The effect is mainly transmi Ued through the "'" 155 I1 -electron system 

and the values of allylic co~plings fall in the range -3 to +2 HZ.
Bo 

From the experimental data80 , 1)8, 157, 158 and theoretical 

142 considerations, a correlation (Figure V ) between the allylic 

coupling constants and the angle ~ has been established.
Bo ,l57 

111e angle ~ 1s defined as in (280). 

Figure V Variation of 
allyl ic couDling constants ':d th 
.",_teI'_eochemi stry. 

- - - - J AX (cisoid) 

+2 
--lax (transoid) 

\ .. 

90 lao 270 360· 

-
ON 

(281 ). 

c 

123. 

(280) 

Ph 

I 
0"", c 

o 0 C' ~ '- 1-1\--"'- -
~ ---- H --"""---2--J ON 

ax 
(282) 



The values calculated above for J2 ,4 range between -1.01 

and +0.47 Hz. and correspond to values of ~ of between 217-

2320 according to the Figure V. If the ring was "frozen" 

in the conformation with the C-2 proton quasi-equatorial as 

o 
shown in (281) the value of ~ would be 242 , which would move 

o to 182 on flipping to the quasi-axial position (282). Thus 

the value of ~ observed is an average weightcl toward the C2-H 

occupying a quasi-equatorial environment. 

The values recorded for the (vicinal) J2 ,3 coupling 

(Table VII) show less variation than do the J2 ,4 values but 

are of the correct order to correspond with the C-2 proton 

being in an average position weighted toward the quaSi-equatorial 
¥ 

environment. Accurate angle correlation curves for ~O-O-H 

related protons are net available80 but approximate to thc Karplus 

relationship for vicinal protons on fully saturated carbons.80 

In an attempt to observe an axial 0-2 proton, to see ~Ihether 

a larger allylic coupling occurred, we prepared N-benzoyl-3-

bromo-1,2-dihydroquinoline (283) from 3-bromoquinoline by 

lithium aluminium hydride reduction159 and benzoylation. 

(283) 

The n.m.r. spectrum of (283) showed a split signal centred 

at 5.25 't' with splitting equal to 1.3 Hz. This signal integrated 
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for two protons and must be due to methylene protons. Further 

that this signal was not in fact two singlets (due to different 

chemical shifts of two protons on 0-2) was shown by saturating 

the c-4 signal, when C-2 methylene proton signal collapsed to 

a sharp singlet of increased intensity. 

Although numerically larger, the observed J value is of 

little consequence, however, showing the hetero-ring is flipping 

rapidly at room temperature and the n.m.r. spectrometer cannot 

distinguish the two protons on C-2. On cooling the sample to 
o . . 

-50 the spectrum showed no appreciable change. Further lO\~ering 

of the temperature could not be achieved due to limitations of 

solvent. 

The conformation with a quasi-equatorial C-2 hydrogen in 

quinoline Reissert compounds would also appear to be the case for 

some other l,2~dihydroquinolines viz (284), (285), (286) and 

(287), the reported85 J2,4 values falling within the same range 

as those observed by us. 

(284 ) 
J 4= -0.5 Hz 2, 

(~Inh 
~~¥1 

CH 
(286) 3 

J 2,4= + 0.5 Hz 

125. 
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Further. models of quinoline Reissert compound show 

that the non-bonded interactions are minimised by the C-2 

cyanide occupying the quasi-axial position. If the C-2 

cyanide were equatorial in these Reissert compounds then 

steric interaction would result between it and amidic phenyl 

ring, 

It thus appears that quinoline Reissert c~mpounds have a 

ste reochem1stry comparable to that of isoqu1no!1ne Reissert 

compounds, 
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EXPERIMENTAL 

Unless otheI'l~ise stated the following conditions apply. 

Infrared spectra were determined using potassium bromide 

discs for solids, or using thin films in the case of liquids, 

on Perkin-Elmer 237 or 257 grating spectrophotometers. 

Ultraviolet spectra were determined in methanolic or ethanolic 

solutions on a Unicarn S.P. 800 spectrophotometer. 

N.m.r. spectra were determined at 60 MHz for solutions 

in deuterochloroform (unless otherwise stated), using tetra

methylsilane as internal standard with a Perkin-Elmer RlO instrument. 

N.m.r. spectra at 100 MHz and 220 MHz were carried out by the 

Physico-Chernical Measurements Unit, Harwell. Mass spectra 

were obtained on an A.E.!. MS12 spectrometer. Accurate mass 

measurements were carried out on an A.E.!. MS902 spectrometer 

at the Physico-Chemical Measurements Unit, Aldermaston. 

Melting points were measured on a Kofler hot stage apparatus 

and are uncorrected. The majority of elemental analyses 

were carried out by Beller, Microanalytisches Laboratorium, 

G8ttingen. The remainder were analysed in the department 

(Mr.K.R.Scott) or by Mr.T.J.Spencer, Nottingham University. 

Column chromatography was carried out on neutral alum1na, 

Brockmann activity 3, unless otherwise stated. Preparative 

thin layer chromatography (p.l.c.) was performed on plates, 

lm. x 20 cm., or 20 cm. x 20 cm. (0.5 mm. layers), spread l~ith 

silica gel PF 254. Thin layer chromatography (t.l.c.) was 

carried out with aluminium oxide GF 254 or silica gel GF 251f 

(0.25 mm. layers). 

Diethyl ether and petroleum ethers were dried with sodium 

wire. Benzene and dimethylformamide were dried by distillation 
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and oollection of the middle fraction. 

Acid chlorides employed were prepared by heating the 

corresponding acid (1 mol.) with thionyl chloride (1.1 mol.) 

until evolution of hydrogen chloride and sulphur dioxide ceased. 

The product was then vacuum distilled. 

The following abbreviations are used in the text I

s = singlet 

d '" doublet 

t = triplet 

q = quartet 

m = multiplet 

b = broad 

w = weak 

sh: shoulder 

I 1"Iould like to thank Mrs. S. Ralkar (n.m.r. speo:bra). 

Mr.K.R.Scott (microanalyses) and Mr.J.L.Kumar (mass spectra) 

for their technical assistance. 
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1. Rearrangement Studies of Reissert Compounds 

(a) Attempted improvements of the Pomeranz-Fritsch 

isoquinoline synthesis 

(i) Chloranll dehydrogenation route 

Attempted preparation of 8-hydroxyisoquinoline: 

dehydrogenation uSing chloranil in xylene at 

reflux temperature 

A mixture of salicylaldehyde (3.05 g., 0.025 mol;) 

and aminoacetal (3.33 g., 0.025 mol.) in ethanol (66 ml.) was 

added to platinum oxide (0.25 g.) in ethanol (17 ml.) which had 

been pre-reduced; The mixture was shaken at room temperature 

and pressure until uptake of hydrogen ceased (~. 6 hours). 

The catalyst was f1l tered off and the solvent evaporated under 

vacuum. The residue was taken up in hydrochloric actd (6N, 125 ml.), 

l'lashed with ether (40 ml.) and allowed to stand overnight. The 

solution was basified with ammonium hydroxide to pH 8, and 

extracted with chloroform, dried (K2C0
3

) and the solvent evaporated 

to give free base as colourless crystalline solid (3 g.), m.p. 

o 170 , assumed to be 8-hydroxy-l,2-dihydroisoquinoline. 

The product (1.5 g., 0.01 mol.) from the abo'Te reaction 

was immediately heated under reflux with chloranil (2.5 g., 

0.01 mol.) and xylene (30 ml.) for five hours, cooled and 

60/80 pet.ether (30 ml.) added to precipitate the tetrachloro-

hydroquinone. No precipitation occurred but instead an 

intractable mass was obtained which could not be processed further. 

Attempted preparation of 8-hydroxy-7-methoxyisoquinoline: 

dehydrogenation uSing chloranil in dioxan at room temperature , 

Using ~-vanillin (6.0g., 0.04 mol.) and aminoacetsl 

(5.3g., 0.04 mol.), 8-hydroxy-7-methoxy-l,2-dihydroisoquinoline 
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was prepared in the same manner as described in the previous 

experiment. The crude product was converted to its hydrochloride 

by dissolving in ether and passing dry hydrogen chloride gas over 

the surface. The hydrochloride (0.7 g.) was filtered and dried. 

Basification of this hydrochloride gave the dihydro-base (0.5g., 

7%). 

An orange solution of chloranil (1 g., 4 m.mol.) in dioxan 

(30 ml.) was added rapidly to a solution of 8-hydroxy-7-

methoxy-l,2-dihydroisoquinoline (0.7 g., 4m.mol.)in dioxan 

(5 ml.) at room temperature. A dee p wine red colour VIas 

immediately produced and after twenty minutes the solvent 

\1aS evaporated at reduced pressure. The residue, a bro~m tar, 

was dissolved in benzene and extracted with hydrochloric acid 

(2N). Basification of the acid solution and subsequent work

up afforded a very small amount of basic material which could 

not be satisfactorily characterised. 

Attempted preparation of 7,8-dimethoxyisoguinoline, and of 

6,7-dimethoxyisoguinoline 

Use of the above procedures with 2,3-dimethcxybenzaldehyde 

and with 3,4-dimethoxybenzaldehyde gave only intractable material 

which could not be processed further. 

(ii) Use of diphenyl ether as cyclising agent 

Attempted cycl1sation of 2,3-dimethoxybenzalar.1inoacetal 

2,3-Dimethoxybenzaldehyde (8.3 g., 0.05 mol.) and 

aminoacetal (6.65 g., 0.05 mol.) were heated under reflux in 

dry benzene (200 m!.) for half an hour, and for a further two 

hours with the addition cf Dean-Stark trap. Removal of solvent 
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left the Schiff base, 2,3-dimethoxybenzalaminoacetal (14.0e., 

98%). The infrared spectrum showed no absorption at 1690 cm.-l 

(aromatic aldehyde). N.m.r, '( 1.46 (s,lH,Ar-CH=N), 2.8-3.3 

(m,3H, aromatic protons), 5.32 (t,lH,-O-CH-O-), 6.18 (s,6H, 

2X-0CH), 6.0-6.7 (m,6H,3X-CH2), 8.85 (t, 6H,2X-CH
3

). 

In a 250 cc three-necked flask equipped with a dropping fUnnel, 

a sealed mechanical stirrer and an air reflux condenser (6") 

was placed diphenyl ether (100 ml.). The diphenyl ether ViaS stirred 

and heated at reflux temperature, while 2,3-dimethoxybenzalaminoacetal 

(14.0 g.) was added rapidly through the dropping funnel. Stirring 

and refluxing were continued for ten minutes after the addition 

was complete. At the top of the air condenser a distillation 

head was attached to a water-cooled condenser to permit 

collection of ethanol formed in the condensation reaction. 

When no further ethanol distilled over (ten minutes), the 

reaction mixture was allowed to cool to room temperature and 

60/80 petroleum ether (ca. 200 ml.) added. The mixture l'las 

extracted with 2N hydrochloric acid. The acid extract was 

basified (pH=9) with ammonium hydroxide solution, extracted with 

chloroform, dried (K2C0
3

) and evaporation of the solvent afforded 

a brmm syrupy liquid (2.2 g.). Vacuum distillation of this 

gave a product (0.164 g.) at 100-130%.35 mm (lit.160107_ 

109%.15 mm., 120-30/0.01 mm). 

The product did not yield any picrate or methiodide. 

The infrared and n.m.r. spectra were Similar to those obtained 

for 2,3-dimethoxybenzalaminoacetal. 
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Attempted cycl1sation of ethyl(2,3-dimethoxybenzalamino)acetate 

Tb glycine ethyl ester hydrochloride (8;0 g.) was added 

0.88 ammonia dropnise until alkaline. Dry benzene (200 ml.) 

was added and the precipitated ammonium chloride filtered off. 

The solution was dried (Na2S04) and evaporation of the solvent 

gave glycine ethyl ester (4.0 g., 67%), 'lJ max • 1735 cm.-l 

-1 (ester carbonyl). 3;;80 cm; (NB). 

To glycine ethyl ester (!~.O g •• 0.04 mol.) was added 

2,3-dimethoxybenzaldehyde (6.6 g., 0.04 mol.) and the corresponding 

Schiff base (9.0 g., 90%) was obtained in the same manner as 

described in the previous experiment (P.l30 ). » 1735 max. 

(ester C=O) and no absorption at 3380 cm.-l (NB). 

-1 cm. 

Cyclisation was attempted in the same manner as described 

in the previous experiment (p.131 ) except that the Schiff base 

was added to refluxing diphenyl ether at such a rate which did not 

o allow the temperature to fall below 250. After work-up, the 

product obtained had infrared spectrum identical to that of 

Schiff base. 

Attempted cyclisation of 3,4.5-trimethoxybenzalaminoacetal and of 

ethyl (3,4 .5-trimethoxybenzalamino )acetate 

The above procedure (pJ.30ff) were again employed, starting 

with 3.!~·.5-trimethoxybenzaldehyde (2.0 g •• 0.01 mol.) and the 

appropriate amine but cyclisation yielded only starting materials 

and. tars. 

132. 



1. (b)· Rearrangement Studies of Reissert Compounds 

(i) Competitive intramolecular acyl re arrangements 

Preparation of Reissert Compounds 

General Procedure 

The acid chloride (32 m.mol.) was added over ~10 hours 

to a stirred mixture of the quinoline or isoquinoline (16 m.mol.) 

in methylene chloride (20 ml.) and potaSSium cyanide (48 m.mol.) 

in water (8 ml.); After additional stirring for two hours (in 

the case of isoquinolines) or 6 to 8 hours (in the case of quinolines), 

the layers were separated and the water layer washed with methylene 

chloride (10 ml.). The combined methylene chloride extracts were 

washed with water, 2N hydrochloric aCid, water, 2N sodium hydroxide 

and water. The dried (sodium sulphate) methylene chloride solution 

was slm1ly evaporated to give the Reissert compound. 

N-Eenzoyl-l,2-dihydroisoquinaldonitrile 

Use of isoquinoline (2.0 g., 16 m.mol.) and benzoyl chloride 

(3.6 ml., 32 rn.mol.) in the general procedure gave N-benzoyl-1,2-

dihydroisoquinaldonitrile (2.25 g., 56%). Recrystallisation from 

o G ethyl acetate gave colourless l'hombs, m.p. 128 (reported, 

o 
124-5 ). \ \ -1 -l.-r ..... 2250 cm. (N) (CN), 1665 cm. (CO); ~ 2.0-3.0 max. 

(m, 9H, aromatic protons), 3.36 (q, lH, C3-H, J3,1= 0.8 Hz., 

J3,4 = 8.0 HzL 3.42 (d, lH, Cl-H, Jl ,3 = 0.8 Hz), 3.94 (d, lH, 

c4-H, J4,3 = 8.0 Hz.). 

Rearrangement of N-benzoyl-l,2-dihydroisoguinaldonitrile 

A suspension of sodium hydride (50% in 011, washed with 

dry petrol, 0.12 g., 5 m.mol.) l>jas added slowly to the stirred 

solution of N-benzoyl-l,2-dihydroisoquinaldonitrile (1.3 g., 

o 5·m.mol.) in dry dimethylformamide (30 ml.) at 0 under nitrogen. 
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A red colour appeared immediately with the evolution of hydrogen. 

o Stirring was continued for thirty minutes at 0, and t~IO hours 

at room temperature, during ~Thich time the colour faded to 

pale pink. The reaction mixture was then poured on to ice 

(500 g.) and the product l-benzoylisoqu1n01ine isolated. 

Recrystallisation from hexane gave colourless needles, m.p. 

o 18 6 0 t:" 6d) 74-75 (lit. 7 -77 ) (O.v.) g •• 5 I' • 

Preparation and rearrangement of N-(g-toluoyl)-1,2-dihydro

isoquinaldonitrile 

Use of isoquinoline (2.0 g., 16 m.mol.) and E-toluoyl 

chloride (4.7 g~, 32 m.mol.) in the general procedure (p.l.33 ) 

gave N- (g-toluoyl )-l,2-dihydroisoquinaldoni trile D.lg., 7If~n, 

which \'Tas recrystallised from a mixture of ether and petroleum 

o 
ether (60/80), as buff coloured stout needles, m.p. 1)2-133 

(Found: C, 78.52; H, 5.11; N, 10.27. C18E14N20 requires 

f -1 () C, 78.81; H, 5.14; N, 10.21;',); \) 2220 cm. (w) CN, 
max. 

1670 cm.-1 (CO); "( 2.3 - 2.9 (m, 8H. aromatic proton), ).)3 

(q, lH, C3-H, J
3

,4 = 8.0 Hz, J).l = 0.8 Hz). 3,46 (d, lH, 

CI-H, J1 ,3 = 0.8 Hz), 3.96 (d, IH, Clf-H, J4,3 = 8.0 Hz), 

7.60 (s, 3H, -CH». 

Nhen N-(~-toluoyl)-1,2-dihydroisoquinaldonitrile (1.4 g., 

5 m.mol.) was treated with sodium hydride (0.12 g., 5 m.mol.) 

in the same manner as described on p. 133,1-(g-toluoyl)iso

quinoline (0.62 g., 50%) was obtained, which was re crystallised 

o 
from diethyl ether as colourless needles, m.p. 84.5-85 

(Found: C, 82.62; H, 5.11; N, 5.83. C1f13NO requires 

C, 82.57; H, 5.)0; N,5.66%); V 1672 cm. -1 (CO); max. 



"l1.1~4 (d, IH, C3-H, J
3

.4 '" 5.6 Hz), 1.6-3.0 (m, 9H, aromatic), 

7.70 (5, 3H, -CH). 

The picrate of l-(g-toluoyl)isoguinoline was prepared in absolute 

ethanol. Recrystallisation from the same solvent gave bright 

yello~l needles, m.p. 172-172.50 (Found: C, 57.99; H, ).)2; 

N, 11.85. C2)H16N408 requires C, 57.98; H, 3.39; N, 11.7~;). 

PrE-para tion and rearrangement of N- (g.-ni tro );.enzoyl-l,2-dibydro-

isoquinaldonitrile 

To o-ni trobenzoic acid (20 g.) taken in dry benzene 

(70 ml.) was added thionyl chloride (8.5 mL) and refluxcd 

at 1000 for one hour (when the evolution of hydrogen chloride 

and sulphur dioxide ceased). After cooling, the benzene was 

evaporated at room temperature. The acid chloride obtained 

was used without distillation. (due to possible explosion 

hazard .161 ) 

Use of isoquinoline (4.0 g., )2 m.mol.), ~-nitrobenzoyl 

chloride (11.5 g., 64 m.mol.) and potassium cyanide (6.2 g., 

96 m.moL) in the general procedure (p.l)) ) gave N-(o-nitro)-

benzoyl-l,2-dihydroisoquinaldonitrile (0.2 g., 2%), which 

crystallised from ethyl acetate as pale yellow needles, m.p. 

154-1550 (Found: C, 66.67; H, ).55; N, 1).89. C17H11N)0) 

requires C, 66.88; H, 3.63; N, 13.77%); V 1660 cm.-l 
max. 

. -1 1: (CO), 16)0 cm. (C3"c4); 1.5-).0 (m, 8H, aromatic), 

3.19 (d, IH, CI-H, J1 ,) '" 0.85 Hz), ).76 (q, lH, C3-H, 

J),4 '" 8.0 Hz, J),l '" 0.85 Hz), 4.02 (d, lH, C4-H, J4,) '" 8.0 

Hz). 

Treatment of N-(~-nitro)benzoYl-l,2-dihydroisoquinaldonitrile 
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(0.15 g., 0.5 m.mol.) with sodium hydride (0.012 g., 0;5 m.mol.) 

in dimethylformamide (10 ml.) in the same manner as described on 

p.133 gave 1-(0-nitro)benzoylisoquinoline(O.091 g., 67%). 
= 

Recrystallisation from ethyl acetate gave buff needles, m.p. 

206-208
0 

(Found: N, 10.16. Cl6HioN20
3 

requires N, 10~07%). 

The n.m.r. spectrum included 1(1.25 (d, lH, C3-H, J3,4 ~ 8.0 Hz). 

* 65 Determination of pKa values (spectroscopic method) 

1-Benzoylisoquinoline 

A stock solution of the compound was prepared in acetone. 

Aliquots (5 ml.) of this solution were pipetted into 50 ml. 

graduated flasks and acetone removed at the pump. 

Solutions were prepared by dissolving the compound in 

(a) dilute sodium hydroxide solution (b) 10% sulphuric acid 

solution (c) solutions of intermediate acid strengths. 

The spectra of solutions (a) and (b) were measured on a 

Unicam SP 600 spectrophotometer and the wavelength of maximum 

absorption of the protonated species noted. This was considered 

the "analytical" wavelength. The spectra were measured accurately 

at this I~avelength, in a thermostatted cell using a HUger V/att 

""nispek" spectrophotometer. 

The strengths of the SUlphuric acid solutions were measured 

by titrations with standard sodium hydroXide solution and the 

pH of the solutions calculated from the activity coefficient data 

162 
of Hamed and OWen. 

* The author thanks Dr.P.Tickle for technical guidance. 



The pKa of l-benzoylisoquinoline was then calculated 

(Table VIII) from the equation :-

pH=pK _ 
a 

since we have constant ooncentration (0) 

and cell path length (1 b and A.. (cl 

where tB = molar absorptivity of the unprotor,ated form at 

the analytical wavelength. 

fBHT = Molar absorptivity of the protonated form 

at the analytical wavelength. 

~ = Molar absorptivity of the so~ution containing 

both protonated and unprotonated species 

at the analytical wavelength. 

~, ~ +, A = corresponding absorbanoes (read from maohine) 

Table VIII: pK Determination of 1-Benzoylisoquinoline 
a 

analytioal wavelength = 232 nm. 

AB = 0.)14, ~+= 0.667 
, i i • • Solution l pH i A pKa 

I 
1 ! ! 1 
i , 

! 
I 

I I i 
! A \ 1.444 0.622 2.279 
! I 

, , 

\ 
11.665 

I I 
B i 0.588 2.205 

I , 

I I 

! 
, 

i I 

I 
c 11.879 0.549 2.178 I 

i i I 

Mean pK value of 1-benzoylisoquinoline = 2.22 
a 

Measurement of p~ of N-benzoy1-1,2-dihydroisoquinaldonitrile 

The above procedure was again followed. The spectra of 

the Reissert compound was measured in 30% and in concentrated 
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sulphuric acid (98%) on a Unicarn SP 800 spectrophotometer 

and wavelength of maximum absorption of the protonated speoies 

again noted as the analytical wavelength. The molar 

absorptivity of the oompound in various solutions of aqueous 

sulphuric acid were measured at this wavelength in a thermo-

. 'OU k" statted cell using a Hilger watt hiepe speotrophotometer. 

The aoidity functions (H ) of the sulphuric acid solutions 
o 

were oalculated frorn the data of Paul and Loni63 and the pKa 

of the compound oalculated from the equation 

Ho = pK
a 

_ log t - tB 

= pK -a 

~B1l .. f. 

log A-~ 
...--'~A_A 

BEt 

as before 

Table IX: pKa Determination of N-benzoyl-l,2-dihydro

isoquinaldonitrile 

Analytical wavelength = 400 nm. 

~ = 0.370, ~+ = 0.03 

j Solution H A pKa ; strength 0 

I (H~S~~ in wa er 

1~.54% -"fw -5.85 I 0.271 -6.23 
I 

-6.40 i 73.25% w/w -5.93 0.285 , , 

Mean pKa value = -6.3 

This value is only approximate as the acid solutions 

of the Reissert compound were fading rapidly. 
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Rearrangement studies on 3-benzoy1amino-l-p-to1uoy1-1,2-

dihydroguina1donitri1e 

3-Benzoy1aminoquino1ine 

164 The method used was similar to that reported by Hamer 

for the preparation of 3-cinnamoy1aminoquino1ine. 

3-Aminoquino1ine (4.3 g., 0.03 mol.) was dissolved in 

chloroform and while kept cool was treated with benzoyl chloride 

(7.0 m1., 0.03 mol;) also in chloroform solution; heat .~as 

evolved and a red solution resulted. The calculated quantity of 

IN.MaOH (1.2 g. in 30 ml. of water) was added and the mixture 

shaken until almost colourless. The benzoyl derivative was 

filtered off and recrysta11isation from 95% ethanol gave 

o 3-benzoy1aminoguino1ine as colourless needles, m.p. 199-199.5 

(4.6 g., 62%) (Found:G, 77.47; H, 5.06; 

requires C, 77.40; H, 4.87; N, 11.28%), 

(NIl), 1675 cm.-1 (co); '(DIISO-d6) 0.67 (d, IH, C2 or C4-H, 

J2,4 = 2.5Hz), 1.02 (d, lH, ClI or C2-H), J4,2 = 2.5 Hz), 1.6-

2.6 (m, 10H, aromatic and NIl). 

3-Benzoy1amino-l-p-to1uoy1-1,2-dihydroquina1donitri1e 

Use of 3-benzoy1aminoquinoline (2.0g., 8 m.mo1.) 

and E-toluoy1 chloride (2.5 g., 16 m.mol.) in the general 

procedure (p. 133) gave 3-benzoylamino-l-p-to1uoy1-1,2-

d1hydroquinaldonitri1e (2.4 g., 76%), which crystallised from 

95% ethanol as colourless plates, m.p. 170-1710 (Found: 

C, 76.54; H, 4.94; N, 10.55; C25H19N302 requires C, 76.32; 

H, 4.87; N, 10.68%); ~ 3320-3380 cm.-1 (NIl), 1688 cm.-1 
max. 

(NIlco),1670 cm.-1 (M-C=O);l 0.97 (b.s., IH, exchangeable, NIl), 

2.31 (s, IH, C2-H), 7.70 (s, 3H, CH
3

). 
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Rearrangement reaction on 3-benzoylamino-l-p-toluoyl-l,2-

dihYdroquinaldonitrile 

A suspension of sodium hydride (50% in 011, washed ~Iith 

dry petrol, 0.061 g., 2.5 m.mol.) in dimethylformamide \~as 

added slowly to the stirred solution of 3-benzoylamino-l-

p-toluoyl-l,2-dihydroqu1naldonitrile (1.0 g.j 2.5 m.mol.) in 

dimethylformamide (20 ml.) at 00 under nitrogen. No colour 

change took place, and the temperature was raised steadily 

o to 90 when after two hours a red colour appeared. Stirring 

was continued overnight, although no appreciable fading of 

the red colour resulted. The contents were poured on to ice, 

the precipitated product was filtered and washed several times 

with water. The product was dissolved in chloroform and 

extracted several times with 60% HC1. The acid extracts and 

the chloroform soluticn were worked-up separately. 

The acid extracts. The acid extract was basified with 

ammonium hydroxide and extracted with chloroform, dried 

(K2C0
3

) and evaporation of the solvent gave a brown oil (~. 

10 rug.) which was not further analysed. 

The chloroform solution was dried (Na2S04) and evaporated 

to obtain a solid product (0.8 g.). The chromatography 

on neutral alumina in 90% benzene and 10% ethyl acetate gave 

two fractions. 

The first fraction was 3-benzoylamino-2-E-toluoylquinoline 

(0.242 g., 26%, or 52% based on recovered starting material). 

Recrystallisat10n from ethyl acetate gave pale yellow stout 

needles, m.p. 162.5-1630 (Fbund: C, 78.98; H, 5.24; N,7.99. 
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requires C, 78.67; H, 4.95; N, 7.65%); \\ 
Y max• 

(NH), 1650 cm.-l (diaryl ketone), 1675 cm.-l 

(NHCO); ~0.31 (b.s., lH, exchangeable, NH), 1.7-2.8 (m, 

14H, aromatic protons), 7.57 (s, 3H, CH)' 
The second fraction was shown to be the starting material 

(0.5 g., 50% recovery) by identical n.m.r. and infrared spectra. 

Rearrangement studies on 3-benzoYloXY~1-g-toluoYl-1,2-

dihydroquinaldonitrile 

3-Hydroxyquinoline 

3~Aminoquinoline (4.3 g., 0.03 mol.) was converted to diazonium 

chloride by the method of Abramovitch165 which was then 

166 hydrolysed by the method of A1bert and Phillips to give 

3-hydroxyquinoline (3.2 g., 75%), m.p. 198-1990 (lit.166 

o m.p. 198 ). 

3-Benzoyloxyquinoline 

Using the method of Cavallito and Haskell,167 3-hydroxy

quinoline (2.9g., 0.03 mol.) was converted into 3-benzoyloxy

quinoline (3.2 g., 62%), m.p. 66_670 (reported167 670
). 

\ , 1740 cm. -1 (ester C=O); "(1.08 (d, lH, C2-H, vrnax. 

J2,4=2.4 Hz. (cf. reference 168», 1.4-2:8 (m, 10H, aromatic). 

2-Benzoyloxy-l-E-toluoYl-1,2-dihydroquinaldonitrile 

Use of 3-beraoyloxyquinoline (3.0 g., 12 m.mol.) and £-toluoyl 

chloride (3.72 g., 24 m.mol.) in the general procedure 

(P. 133) gave a brown syrup. Trituration with ethanol for 

several hours solidified the compound. Recrystallisation 

from 95% ethanol gave 3-benZoyloxy-l-R-tOluoyl-1,2-dihydro

o quinaldonitrile as colourless needles, m.p. 111-112 

(2.1g., 58%) (Found: C, 76.42; H, 4.79; N, 7.39. 



C2r]1.sN20
3 

requires c, 76.13; H, 

1740 cm.-l (ester C..o), 1660 cm.-l 

4.60; N, 7.10%hV max. 

(N-C=O); 'T ~. 1.8 (m, 

2H, orthohydrogens of benzoyloxy group),67 2.2-3.5 (m, 

lSH, aromatic and C~-H), 3.63 (s, lH, C2-H), 7.65 (s, 3H, CH
3

). 

Rearrangement reaction on 3-benzoYloxy~1~B-tOluotl-l,2-

dihydroquinaldonitrile 

A suspension of sodium hydride (0.061 g., 2.5 m.mol.) 

in dimethylformamide was added slo~lly to the stirred solution 

of 3-benzoyloxy-l-£-toluoyl-l,2-dihydroquinaldonitrile 
, . 0 

(1.0 g., 2~5 m.mol.) in dimethylformamide (20 ml.) at ° 
under nitrogen. A red colour appeared after five minutes. 

Stirring was continued overnight and the contents were poured 

on to ice. The reddish yellow solution was neutralised ~Ii th 

dilute HCl (pH =7) and the precipitated product filtered, 

washed with water and dried. This product appeared to be a 

mixture of 3-benzoyloxy-2-E-toluoylquinoline and 2-benzoyl-3-

hydroxy-l-£-toluoylquinaldonitrile, showing the following in the 

n.m.r; Tea. 1.9 (2H, orthohydrogens of the C3-benzoyloxy '-
group), 2.0-3.4 (m, 27H, aromatic protons), 7.64 (s, 3H, 

metbyl), 7.67 (s, 3H, metbyl). 

The product was dissolved in chloroform and extracted 

with 2N sodium hydroxide solution. The sodium hydroxide 

extract was acidified and extracted with chloroform, dried 

(Na2S04) and evaporation of the solvent gave a yellow amorphous 

o powder, m.p. 185-215 , which could not be crystallised. 

This product, considered to be 2-benzoyl-3-hydroxy-l-£-

toluoylquinaldonitrile showed absorptions in the n.m.r. at 
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1( 1.7-2.9 (m, 15H, aromatic, enol OH and C4-H), 7.60 

(s,3H,methyl) and by infrared with V 3140 cm.-l (bonded OH), max. 
2240 cm.-l (w) (eN). 1705 cm.-l (amidic carbonyl out of plane), 

1685 cm. -1 (diaryl ketone). The non-base soluble material proved 

intractable and could not be purified. 

Rearrangement studies on 8-benzoyloxy-2-g-toluoYl-1,2-

dihydroisoquinaldonitrile. 

Isoquinoline (64.5 g •• 0.5 mol.) was converted into its sulphate 

by treating with 9~ sulphuric acid (50 g;). Recrystallisation 

from 95% ethanol gave colourless needles m.p. 1980 (lit.71206°) 

(106 g •• 93%). Isoquinoline sulphate (78 g;. 0.34 mol.) was 

converted to 8-hydroxyisoquinol1ne hydrochloride (If.9 g., 8%) 

by the method of Robinson. 71 The base obtained from this salt 

was recrystallised from ethanol to give 8-hydroxyisoquinoline 

as buff needles, m.p. 215° (lit.71 213°) (FOund: C, 74.30; 

H, 4.94; N, 9.73. C9~0 requires C, 74.47; H, 4.86; N, 9.65%), 

'l 3440 cm.-l (OH); 'l(CD
3

COOD) 0.28 (s, lH, C1-1l), 1.50 
l. max. 

(d, 1H, C3-H, J
3 

4=6.0 Hz), 1.85 (d, 1H, c4-H, J4 7.= 6.0 HZ.), , '/ 

2.06 (t. lH, C6-H. J=8.0 Hz.), 2.46 (q, lH, C5 or C7-H. 

J
5

•
7 

= 2.5 Hz. J
5

,6 = J6,7 = 8.0 HZ.), 2.70 (q, lH, C7 or C5-H). 

8-Benzoyloxyisoquinoline. 

8-Hydroxyisoquinoline (2.0 g., 14 m.mol.) was converted 

into 8-benzoyloxyisoquinoline using the usual Schotten-Baumann 

169 conditions. The semi-solid obtained was chromatographed 

on neutral alumina in ether and methanol. Recrystallisation 

from ether/40-60 pet.ether gave pale pink needles, m.p.76-77° 

(2.0 g •• 59%) (Found: C, 76.92; H, 4.45; N, 5.62. 



C1&illN02 requires C, 77.09; H, 4.45; N, 5,62%); Vmax. 1740 cm.-l 

(ester C=O); 1( 0.47 (s, !H, C-IH), 1.36 (d, !H, C3-H, J
3

,4= 6.0 Hz), 

~. 1.64 (m; 2H, ortho hydrogens of C8-benzoyloxy BTOUp), 2.1-

2.6 (m, 7H, other aromatic protons). 

8-Benzoyloxy-2-p-toluoyl-1,2-dihydroisoquinaldonitrile 

Use of 8-benzoyloxy1soquinoline (1.65 g., 6.5 m.mol.), E

toluoyl chloride (2.04 g., 13 m.mol.) and potassium cyanide 

(1.3 g., 19.5 m.mol.) in the general procedure (p.133 ) gave 

8-benzoyloxy-2-p-toluoyl-l,2-dihydroisoquinaldonitrile 

(1.3 go, 50%). Recrystallisat10n from ethyl acetate gave 

o colourless needles, m.p. 207-207.5 (Found: C, 75.97; H, 4.59; 

N, 6.94. C25BlsN203 requires C, 76;13; H, 4.60; N, 7.10%); 

)J 2260 cm.-l (w) (CN), 1735 cm.-l (ester C=O), 1660 cm.-1 
max. 

(N-C=O); '"('ca. 1.72 (m, 2H, benzoy1oxy ortho hydrogens), 2.2-

3.1 (m,10R, aromatic protons), 3.27 (q, !H, C3-H, J_ 4= 8Hz, ;;, 

J1 ,3 = 0.8 H~), 3.33 (d, !H, Cl-H, Jl ,3 = O.S Hz), 3.95 

(d, IH, c4-H, J 4,3 = 8.0 Hz.), 7.62 (5, 3H, ca,). 
Rearrangement reaction on 8-benzoyloxy-2-p-toluoyl-l,2-

dihydroisoquinaldonitrile. 

A suspension of sodium hydride (0.03 g., 1.15 m.mol.) in 

dimethylformamide was added slowly to the stirred solution of 

S-benzoYloxy-2-E-tol~oyl-l,2-dihydroisoquinaldOnitrile 

(0.45 g., 1.15 m.mol.) in dimethylformamide (20 ml.). After 

40 minutes, a red colour started appearing with the evolution 

o of hydrogen. Stirring I'las continued for 30 minutes at 0 

and for the next 6 hours at room temperature, during which 

time the colour faded slightly. The reaction mixture was then 
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poured on to ice to give a yelloN solution which was neutralised 

with dilute hydrochloric acid. lhe solution was extracted with 

chloroform several times, dried (Na
2
S04 ) and evaporation of 

the solvents (chloroform and dimethylformamide) left a yellow 

oil. lhe yellow oil was taken in chloroform and extracted several 

times ~Iith ~. 50% hydrochloric acid. lhe chloroform layer and 

the acid extract were worked-up separately. 

lhe acid extract was basified Witl1 ammonium hydroxide and 

extracted with chloroform using a liquid-liquid continUOtlli 

extractor. 1he chloroform extract lras dried (K
2

C0
3

) and evaporated 

to give a light brown crystalline material (14 mg., 3%), r.l.p. 

o 214-218. Recrystallisation from meti1anol gave a compound 

, 0 
considered to be l-cyano-8-hydroxyisoquinoline, m.p. 216-218 • 

,) 3400 cm.-l (OH), 2160 cm.-l (CN); "(CD
3

COOD) 1.)0 Ymax. 

(d, lH, C3-H, J
3

,4= 6 Hz.), 1.97 (d, lH, C4-H, J4,3 = G HZ.), 

2.05-3.0 (m, 3H, other atomatic pr'tons); mle 170. 

1he chloroform layer was dricd (Na
2
S04 ) and evaporated to 

give a yellow syrup (0.2 g.) Hhich could not be induced to 

crystallisation. Purification by preparative layer chl'oma-

tography in 95% benzmc and 5% ethyl acetate gave fOUl' 

products. One had the R
f 

(=0.744) corresponding to tlmt of 

the starting compound. Two Here minor fractions (Rf,0.!~57 

and 0.628) and were not investigated further. 1he fourth 

was a light yellow amorphous solid (68 mg., 15%). Recrystallisation 

fror.l meti1anol gave l-benzoyl-S-hydroXY-2-p-toluoyl-l,2-

dihydroisoquinaldonitrl1e as pale brOl'1n rhombs, m.p. 231-2320 

(Found N, 6.70. C25H18N203 requires N, 7.10); j)max. ;;200 

(bonded OH), 2220 cm.-l(CN), 1695 cm.-l (diaryl ketone), 

cm. -1 



1665 cm.-l (N-C=O), 1630 cm.-l (o3~4); 1l (DMSO-d
G

)0.55 (b.s.,lH, 

exchangeable, OH), 2.2-3.8 (m, 13H, aromatic and C)-H), 4.02 

(d, lH, C4-H), J4 ,3 = 8.0 IIz), 7.60 (s, )H,CH). 

(ii) Competitive aoyl-rearrangements versus Michael reactions 

Rearrangement studies on N-crotonoyl-l,2-dihydroisoquinaldo-

nitrile 

N-Orotonoyl-l,2-dihydroisoquinaldonitrile 

Use of isoquinoline (11.0 g., 32 m.mol.) and crotonoyl 

chloride (6.5 g., 64 m.mol.) in the general procedure (P.l)) ) 

gave N-crotonoyl-l,2~dihydroisoquinaldonitrile ().80 g., 55%). 

Recrystalllsation from 95~ ethanol gave colourless stout needles, 

o 
m.p. 141-141.5 (Found: C, 75.08; H, 5.49; N, 12.)2. 

SA H:i.2N2 0 

cm.-l (w) 

requIres 0, 711.99; H, 5.)8; N, 12.!ISY,j); ,\ 2220 
J..1i1ax. 

(CN), 1675 cm. -1 (N-C=O), 1645 and l6:J0 cm. -1 (C=o 

double bonds)I~2.4-3.0 (m,SH, aromatic protons and p-proton 

in N-co-8u~-CH)' ).12 (q, IH, C)-HI J),4 = 8.0 Hz., J1,)=0.85Hz.), 

}.38 (d, lH. Cl-H. J1 ,)= 0.85 Hz.), ).72 (a proton in crotonoyl 

moiety I multiplet collapsed to dOUblet (J=l4.0 Hz.) on 

saturating the methyl resonance at 8.05), ).88 (d, lH, C!I-H, 

J4 ,)= 8.0 Hz.), 8.05 (split doublet, 3H, methyl, JCH_P_H=7.0 Hz., 
J, 

JCH H=l·5 Hz.), A 228 nm. ( ~ , 10525), 295 (ll003). 
7. a- max. 
J, 

)10 (20}32); mle 224. 

Rearrangement reaCti'?ll on N-cr'ltonoy1-1,2-dihydro_ 

isoqulnaldonitrile 

A suspension of sodium hydride (0.24 g., 0.01 mol.) in 

dimethylformamlde was added slovlly to the stirred solution 

of N-crotonoyl-l,2-dihydroisoquina1donitrile (2.2!1 [>., 0.01 mole.) 

in dir.lethylformamide (30 ml.) at 00 under nitrogen. The 
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usual work-up procedure gave a solid product. which uas 

chromatographed on alurnina in 90% benzene and 10% ethyl acetate 

to yield colourless syrup (0.67g •• 32%) as the major rearrange-

mel'lt product. Recrystallisation from ethyl acetate gave 

colourless shining plates. m.p. 233-2)4° (Fbund: C.76.6); 

H. 5.63; N. 9.97. G2~23N302 requires C. 76.94; H. 5.50; 

N. 9.97%); accurate mass measurement gave mpasured mass. 

421.1780. Calculated mass for C2~23N302' 421.1790. \) max. 

3180 cm.-l (bonded OH). 1695 cm.-l (~C=O out of plane). 

1650 cm.-l (C=N-), 1628 cm.-l (double bond). ~ : see Table I. 

p. 50; A 220 nm. (e 53371), 263 (29560). 312 (0021). max. 

324 (6842); m/e 421. 

Treatment of rearrangement product with NaH/CH~. 

A suspension of sodium hydride (6 mg.·, 0.25 m.mol.) 

in dimethylformamide (5 ml.) was added to the stirred solution 

of the rearrangement product (0.1 g •• 0.25 m.mol.) in di~cthyl

formamide (20 ml.). No red colour appeared. The mixture \'Ias 

heated up to 900 for one hour and methyl iodide (1 ml.) added; 

stirring continued for a further period of 30 minutes and 

then the reaction mixture "Ias poured on to ice. The prccipi tated 

product was filtered, washed ~Iith water and dried. Preparative 

laycr chromatography on silica in 80% benzene and 20~ ethyl 

acetate gave the O-methyl derivative of the rearrangement 

product (89.3 mg •• 89%). Recrystallisation from ethyl acetate 

gave colourless rhombs, m.p. 220_2210 (Fbund: C. 77.34; 

H, 5.84; N, 9.67. C2sH25N302 requires C. 71.22; H. 5.79; 

N. 9.65%); » 1690 cm.-l (N-C=O. out of plane), 1620 cm.-l 
max. 
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(double bond); '( 1.49 (d, lH, C3-H in isoquinoline mOiety), 

1.8-3.3 (m, 10H, aromatic including C3-H (Reissert moiety) 

at 2.93 as doublet), 3.77 (d, lH, C4-H of Reissert moiety, 

J4,3 = 7.0 Hz.), 4.63 (q, lH, =CH), 6.91 (s, 3H, OCR
3

), 7.1~-7.9 

(m,3H, CR-CH2 ), 8.13 (d, 3H, CH
3

), 9.46 (d, 3H, CHy J=7.0 Hz); 

"\ 218 nm.) 265.5. 308, 321.5; m/e 435. Ilmax. 
Hydrogenation of the rearrangement product 

Rearrangement product (0.1 g., 0.25 m.mol.) was dissolved in 

ethanol and platinum oxide (0.01 g.) 11as added. The product 

was reduced at room temperature and pressure until uptake 

of hydrogen ceased. The catalyst ~Ias filtered off and the 

solvent evaporated under vacuum. Preparative layer chroma-

tography on alumina in 80% benzene and 20% ethyl acetat~ gave 

the hydrogenated rearrangement product, corresponding to the 

uptake of two mol. of hydrogen, as the major product (52 mg •• 

52~). The product was recrystallised from ethanol, 

m.p. 295-297
0 

(Found: C, 77.117; H, 6.88; N, 9.96. C2T21J302 

requires C, 76.21; H, 6.40; N, 9.885'~);» 1660, 11f05, max. 
-1 rl' 1300 and 750 cm. ; l2.8-3.0 (m, SR, aromatic protonz), 

5.6-8.0 (m, 13H), 8.85 (d, 3H, CH
3

), 

"\. 210 I 240, 280 nm. 
'" max. 

Treatment of the rearrangement product with NaH/D2Q 

A suspension of sodium hydride (6 mg., 0.25 m.mol.) 

in dimethylformamide (5 ml.). was added to the stirred 

solution of the rearrangement product (0.1 g., 0.25 m.mol.) 

in dimethylformamide (20 ml.). The mixture was heated up 

o to 90 and excess of D20 added. The solvent was evapol'ated 



under high vacuum to dryness. 1he residue was recrystallised 

frcm ethyl acetate to give a crystalline product. 1he n.m.r. 

spectrum showed absence of lO\~ field signal (-0.65"() but was 

otherwise unohanged. 1he infrared spectrum was identical 

with that of the starting material. 

Attempted cleavage of the amide C-N bond in the rearran(5ement 

product by use of strong base 

1he rearrangement product (0.5 g., 1.25 m.mol.) ~las 

dissolved in ethanol (40 ml.) and to it was added potassium 

hydroxide (5 g.) dissolved in water (5 ml.). 1he mixture 

was refluxed for 25 hours, cooled and solvent evaporated. 

1he residue was dissolved in excess of water and neutralised. 

A yellow product precipitated out and was filtered. 

Recrystallisation from methanol gave a yellow amorphous pol'/der, 

m.p. 2000 (decomposition). )) 31~10 om.-l (NH and/or OH), max. 
-1 . 

3220 and 1730 cm. (saturated aUphatic acid). Attempts to 

esterify this acid using methanol saturated with hydrogen 

chloride gas were unsuccessful. 

Rearrangement studies on N-(@,@-dimethyl)acryloyl-l,2-

dihydroisoquinaldonitrilel 

N-(~,@-Dimethyl)acryloYl-l,2-dihydroisoquinaldonitrile 

Use of isoquinoline (8.0 g., 0.064 mol.) and 

~,~-dimethylacryloyl chloride (14.64 g., 0.128 mol.) in 

the general procedure (P.133 ) gave N-(@,@-dimethyl)acryloyl

l,2-dihydro1soqu1naldon1trile (14.5 g •• 98%). Recrystallisation 

o from ethyl acetate gave coloUl'less needles, m.p. 110-110.5 



(Found: C, 75.48; H, 5.93; N, 1l.83. C1SH14N20 requires 

c, 75.60; H, 5.92; N, 11.76%),)) 2225 cm.-l (w) max. 
(eN), 1665 cm.-l (N-C=O), 1620 cm.-l (C3=C4); ,..( 2.5-3.05 

(m, 4H. aromatic protons), 3.21 (q, lH, C3-H, J3,4= 8.0 Hz., 

J3,l ., 0.8 Hz),3l43 (d, lH, Cl-H, Jl ,3 = 0.8 Hz. )',4.03 

(d, lH. C4-H, J4,)= S.o HZ.~, 4.10 (m, lH, a-proton), 

7.96 Cd, 3R,~, J
CH3

•a_H=l.5 Hz.), 8.13 (d, 3R. CIr:?); 

m/e 238. 

Rearrangement re.action on N- (13,@-dimethyl)acryloyl-

1j2-dihydroisoquinaldonitrile 

N-(13,13-Dimethyl)acryloyl-l,2-dihydroisoquinaldonitrile 

(4.0 g;, 17 m.mol.) was treated with sodium hydride (O.l~ g., 

17 m.mol.) in the same manner as described on p.l46 •. 

The crude product was dissolved in chloroform and extracted 

wi th 60% hydrochloric acid. The acid extract and organic 

layers were worked-up separately. 

The acid extract was neutralised with amlJlonium hydroxide 

solution and extracted with chloroform; dried (K2C0
3

) 

and evaporation of the solvent yielded brown gum. Chroma-

tography on alumina in 80% benzene and 20% ethyl acetate 

gave l-cyanoisoquinoline (25 mg., 3%). Recrystallisation from 

40/60 pet. ether gave colourless needles, m.p. 75_760 (lit.1707So). 

'\ I 2233 cm. -1 (CN), 1627 cm. -1 (C=C); 1'1.33 (d, lH, 
J.I max. 

C-3 proton, J
3

,4= 6.0 Hz), 1.63 (m, lH, C8-H), 1.8-2.3 

(m, 4H, other aromatic protons); m/e 154. 

The'chloroform layer was dried (Na2S04 ) and the solvent 

evaporated to give dark brm~ material which was mixture of 

several compounds (t.l.c.) and could not be resolved. 
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Rearrangement studies on N-acryloyl-1,2-dihydroisoquina1donitrl1e 
N-Acryloyl-1,2-dihydroisoquinaldonitrile 

Use of isoquinoline (8 g., 0.064 mol.) and acryloyl 

chloride (11.2 g., 0.128 moL) in the general procedure 

(p; 133) gave N-acryloyl-1,2-dihydroisoquinaldonitrile (1.5 g •• 

12%). Recrystallisation from ethyl acetate gave pale yellow 

diamonds, m.p. 151-1520 (FOund: C, 74.50; H, 4.99; N, 13.37 • 

.." -1 C13H10N20 requires C, 74.27; H, 4.79; N, 13.33%); vmax.2245 cm. 
-1-1 ,.y . (CN), 1665 cm. (N-C=O), 1628 cm. (C=C); L 2.4-3.0 (m, 4H, 

aromatic protons), 3.16 (q, 1H, C3-H, J3,4= 8.0 Hz., 

J1 ,3= 0.85 Hz.), 3.38 (m, lH, ~-H), 3.40 (d, 1H, C1-H, 

J1 ,3= 0.85 Hz.), 3.46 (d, IH, C4-H, J4,3= 8.0 Hz.), 3.6-

4.2 (m, 2H, ~-2H); m/e 210. 

Rearrangement reaction on N-acryloyl-1,2-dihydroisoquinaldonitrile 

N-Acryloyl-l,2-dihydroisoquinaldonitrile (1.05 g., 5m.mol.) 

was treated with sodium hydride (0.12 g., 5 m.mol.) in 

dimethylformam1de (20 ml.) in the same manner as described 

in the previous experiment. The acid extract and chloroform layer 

were worked-up separately. 

The acid extract was basified with ammonium hydroxide and 

extracted with chloroform. Dried (K2C0
3

) and evaporation of 

the solvent gave brown solid.Chromatography on alumina in 90% 

benzene + 10% ethyl acetate gave l-cyanoisoquinO!ine (11 mg .• l~). 

Recrystallisation from 40/60 pet.ether gave colourless needles, 

o ( 170 0 m.p. 77 lit. 78). 

The chloroform layer was dried (Na2S04) and the solvent 

evaporated to afford dark brown gum. Chromatography on 

alumina gave the rearrangement product (56 mg., 5%). 
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RecrYstanisation from 95~ ethanoL gave colourless needles, m.p. 
o . 

226-227 (Found: C, 76.41; H, 4.83; N, 10.66. C25E19N302 requires 

C, 76.32; H, 4.87; N, 10.68%); accurate mass measurement gave 

measured mass, 393.1467; Calculated mass for C25H19N302' 

393.1478; )} 2275 cm. -1 (w) (CN), 1694 cm. -1 (aryl alkyl 
malt. 

ketone), 1660 cm.-l (N-C",O). 1621 cm.-l (C=O); 1" 1..52 (d,lH, 

C3-H isoquinoline type, J=5.75 Hz.), 1.56 (m,lH, C8-H isoquinoline 

type), 2.1-2.6 (m,4H, aromatic protons), 2.7-3.0 (m,SR, aromatic 

protons), 3.04 (d,lH, C3-H in Reissert compounds, J
3

,4= 7.0 Hz.), 

3.90 (d,lH, C4-H Reissert type, J4 ,3'" 7.0 Hz.), 5.42 (d, lH, 

J=l5.0 Hz.), 5.92 (d. 1H, J=15.0 Hz;). 7.3-8.6 (m, 4H. CH2-CH2 

Arm type); A .217.5 run (~36294), 262.5 (30245), 312(5523), 
malt. 

322.5 (6312); mle 393. 

Rearrangement studies on N-crotonoyl-3-methyl-1,2-

dihydroisoquinaldonitrile 

N-Crotonoyl-3-methyl-1,2-dihydroisoquinaldonitrile 

Use of 3-methylisoquinoline (10 g., 0.07 mol.) and crotonoy1 

chloride (14.6 g., 0.14 mol.) in the general procedure (P. 133) 

gave N-crotonoyl-3-methyl-1,2-dihydroisoquinaldonitrile (11.6 g., 

70%). Recrystallisation from ethyl acetate gave pale yellow 

rhombs, m.p. 117_1180 (FOund: C, 75.68; H, 5.80; N, 11.70. 

~5H14N20 requires C, 75.60; H, 5.92; N. 11.76%); V max. 22110 

(w) (ON), 1665 cm. -1 (N-C=O), 1'530 cm.-l (C=O);"( 2.6-3.35 

cm. -1 

(m, SR, aromatic and ~-H), 3.38 (s, lH, Cl-H), 3.69 (q, 1H, 

c4-H., JC1~_H, C3-Me= 1.5 Hz.), 3.96 (dq, lH, ex-H, Jex ,j3=l4.0 Hz., 

Ja-H,~-CH3= 1.5 Hz.), 7.73 (d, 3H, C3-Me, Jc3-Me ,C4-H'" 1.5 HZ.), 

8.13 (split doublet, 3H.~-CH3' JCH A H= 7·0 Hz., JCH H= 1.5Hz.), 
3''''- 3' ex-

mle 238. 
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Rearrangement reaction on N-crotonoyl-3-methyl-1,2-

dihydroisoquinaldonitrile 

N-Crotonoyl-3-methyl-1,2-dihydroisoquinaldonitrile (2.0 g., 

8.4 m.mol.) was treated with sodium hydride (0.2 g., 8.4 m.mo1.) 

in dimethylformamide (30 ml.) in a manner similar to that 

described in the previous experiment. The acid extract and 

chloroform layer were worked-up separately. 

Acid extract:- Usual work-up procedure and chromatography gave 

1-cyano-3-methylisoquinoline (30 mg., 2%). Recrystal1isation 

from 1\0/60 pet. ether gave colourless needles, m.p. 103-101\0 

(l1t.171 105_106°); \ \ 2233 cm.-l (CN); 11.8 (m, 1H, V max. 

CS-H), 2.25 (s, 1H, C4-H). 2.05-2.45 (m. 3H, other aromatic 

protons), 7.30 (s, 3H. CH); m/e 16S. 

The chloroform layer was dried (Na2S04 ) and evaporation of 

solvent gave a dark brown syrup. Chromatography on alumina 

in benzene and ethyl acetate gave a yellow oil which could not 

be crystallised. N.m.r. spectrum included T 1.55 (m. 1H), 

4.0 (q, 1H, C4-H in a Reissert mOiety, JC3_CH ,C4-H= 1.5 Hz.), 
3 

4.76 (q, 1H, J= 7.0 Hz.). 7.16 (s, 3H, C3-Me in an isoquino1ine 

moiety), 7.55 (d, 3H, C)-Me in a Reissert moiety, J C)-Me ,C!:'-R 

= 1.5 Hz.), S.40 (d, )H, CH),J=7.0 Hz.), 9.5) (d, )R, CH); 

m/e 449. 
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2. N-Acyl Pseudo-Base Studies 

(a) Reissert reaction with 5-nitroisoquinoline 

Preparation of 5-nitroisoquinoline 

Isoquinoline (41.0 g •• 0.32 mol.) was converted to 

1 
. 172 

5-nitroisoquino ine by the method of Dewar and Maitlis 

utilising fuming nitric acid and concentrated sulphuric acid. 

Recrystallisation from aqueous ethanol gave 5-nit.roisoquinalin~ 

as pale yellow fine needles. m.p. 108-1090 (reported172 110.5-

111.5°) (40.0g •• 73%); 't 0.61 (s.lH. Cl-H), 1.2-2.5 (m. 5H. 

aromatic protons). 

Reaction of 5-nitroisoquinoline with acid chlorides and 

potassium cyanide 

General procedure 

'llie acid chloride (0.032 mol.) was added over a period af 

two hours to a stirred mixture of 5-nitroisoquinoline (0.016 me!.) 

in methylene chloride (20 ml.) and potassium cyanide (0.048 mol.) 

in water (8 ml.). Immediately a yelloN precipitate appeared which 

increased with the continued addition of acid chloride. Tile 

stirring was continued for an additional two hours and the 

yellow precipitate of N-acyl pseudo-base, N-acyl-l-hydroxy-5-

nitro-1,2-dihydroisoquinol1ne was filtered at the pump, ~Iashed 

with water. dried and re crystallised from an appropriate solvent. 

From the filtrate, the organic layer was washed with water. 

2N hydrochlorio acid, water, 2N sodium hydroxide and finally ~Iith 

water again. 'llie solution was dried (NaiS04) and evaporation of 

the solvent gave residue which was chromatographed on alumina in 



benzene and ethyl acetate (80:20) to give the ReissM-t compound, 

N-acyl-5-ni tro-l,2-dihydroisoquinaldoni trUe. '!he y;f.elds 

obtained are recorded in Table II (p.66 ). 

'tse of benzoyl chloride in the above procedure gave 

N-benzoyl-l-hydroXY-5-nitro~1,2-dihydroisoquinoline which 

was recr,ystallised from ethanol and ethyl acetate to give 

o( 82 0 ...... yellow needles, m.p. 189-190 Ut. 187-188); .. (llMSO-d6 ) 

1.6-2.9 (m, 10H), 3.0-3.4 (m, 2H); 'Vmax • 3385cm.-l (b) 

(bonded OH), It)(;3 cm.-l (N-C=O), 1625 cm.-l (C=c). Also 

formed ~las N-benzoyl-5-n.i tro-l, 2-aihydroisoquinaldoni trUe 

which was recrystallised frOl'llethanol to give yellow Pla1;es, 

m.p. 11~8_l.49° (Ut.81 148°) (Found: C, :67.10; H, }.79; 

N, 13.96. Cl~1N}03 requ1res C, 66.88; H, ).6); 

N,l).77fa);)} 1665 cm.-l (N-C=O), 1620 cm.-l (C=C); 
malt. 

~1.6-2.7 (m,SR, aromatic protons), 3.06 (s,2H), 3.25 (s,lH); 

A 211 nm. «( 18950), 268 (6805), 303 (8750), 352 (4lf54) rrax. 

Use of p-toluoyl chlorlde 1n the general procedure (p. 154)

gave 1-hydroxy-5-nitro-N-p-toluoyl-l,2-dihydroisoquinoline 

which was recrystallised from acetone to give yellow needles, 

o 
m.p. 183-184 (Found: C, 65.86; H, 4.57; N, 9.13. 

C1f14N204 requ1res C, 65.80;H, 4.55; N, 9.03%); Vmax.3395 cm.-
l 

(b) (OH), 1668 cm.-1 (N-C=O), 1624 cm.-l (C=C); 1:' (DMSO-d6 ) 

1.8-,.6 (m, llH, aromatic and 0-1, 0-3, C-4, OH protons). 

7.71 (s, 3H. CH
3

); m/e 310. Also formed was 5-nitro-N-p

toluoyl-l,2-dihydroisoquinaldonitri1e Which was re crystallised 

from 95% ethanol to give fine yellow needles, m.p.198-200o 
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C, 67.70, H, 4.ll; N, 13.16%); )) 1688 cm.-l (N-C..Q), 
max. 

1.623 cm.-:L (C=C); "( :L.8-3.4 (m, 10H, aromatic, C-1.,C-3 

and C-4 protons), 7.60 (5, 3H, CH
3

); mle 319. 

Use of p-chlorobenzoyl chloride in the general procedure 

(P. 154) gave N-p:chlorobenzoyl-1-hydroxy-5-nitro-1,2-

dihydroisoquinoline which on recrystallisat10n from 95% 

ethanol gave yellow needles, m.p. 1.79_1800 (Found: C, 58.07; 

H, 3.60; N, 8.46. c16l1.1Nz04Cl requires C, 58.u; H, 3.35; 

N, 8,47%); Y 3415 cm.-l (b) (OH), 1665 cm.-l (N-C:U), max. 

1625 cm.-l (C=C); t (DMSO-d6 ) 1.85-3.60 (m, llH, aromatic 

and other protons). Also formed was N-p-chlorobenzoyl..:5-

n1tro-l,Z-dihydroisoquinaldOnitrile which on recrystallisation 
. 0 

from ethyl acetate gave deep yellow plates, m.p. 199-200 

(Found: C, 59.98; H, 3.16; N, 1.2.39. ClrH10N303Cl 

requires C, 60.09; H, 2.97; N, 12.37%); Vmax. 2245 clII.-l 

(w) (CN),l6p cm.-l (~T-C=O), 1620 cm.-l (C=C), 1520 cm.-l 

(N02);'t1.7-Z.8 (m, ?H, aromatic protons), 3.12 (s. 2H). 

3.36 (s,lH). 

Use of Misoyl chloride in the general procedure (p. 154 ) 

gave N-anisoyl-1-hydroxy-5-nitro-1.2-dihydroisoquinoline 

which on re crystallisation from 95% ethanol gave yellow 

needles, m.p. 167_1690 (Found: C, 62.93; H, 4.29; N, 8.58. 

C1~4N205 requires C, 62.57; H, 4.32; N. 8.59%); \lmax. 

3400 cm.-l (b) (OH), 1665 cm.-l (N-C=O), 1618 cm.-l (C=C); 

-( (DI.fl0-d6 ) 1.7-3.6 (m, llH, aromatic, C-1, C-3, c-4 and 

OH protons). Also formed was N-an1soYl-5-n1tro-l,2-dihydroiso

qu1naldonitrile which on recrystall1sation from ethyl acetate 

gave deep yellow plates, m.p. 209-2100 (Found: C, 64.32; 
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H. }.82; N, 12.63. C1n}N
3
04 requires C. 64.47; H,3.91; 

N, 12.53%); V. 2245 cm. -1 (w) (CN), 1663 cm. -1 (N-C=O), max. 

1630 cm.-l (C=c); "( 1.7-3.0 (m ?H, aromatic protons), 3.10 

(b.s., 2H), 3.40 (s,lH), 6.10 (s, 3H, OCH
3

). 

Use or acetyl chloride in the general procedure (P. 154) gave 

N-acet~1-1-hydroxY-5-nitro-1,2-dihydroiso9uinoline which on 

recrystallisation from 95% ethanol gave yellow plates, m.p. 

174-176° (Found: C, 56.71; H, 4.31; Ni 12.05. CU HJ..ON204 

requires C. 56.41; H. 4.301 N, 11.96%); \ I 3370 cm.-l ).,'max. 

(b) (OH), 1673 cm.-l (N-C=O), 1620 cm.-l (C=C); -r (DMSO-d6) 

1.8-2.8 (m, 4H, aromatic and OH protons), 2.15-2.5 (m, 3H, 

C-1, C-3 and C-4 protons), 7.61 (s, 3H, ~). Also formed 

was N-acetyl-5-nitro-l,2-dihydroisoquinaldonitrile which on 

recrystallisation from ethyl acetate gave yellow needles, 

m.p. 186_187° (Found: C, 59.32; H, 3.88; N, 17ho. 

C12~N303 'requires C, 59.26; H, 3.73; N, 17.28%); )}max. 

2250 cm.-1 (w) (CN), 1653 cm.-l (N-C=O), 1620 cm.-l (c=c); 

;(1.8-3.3 (m. 6H, aromatic, C-1, C-3 and C-4 protons), 7.69 

(s, 3H, CH,). 

2. (b )Chemistry of the M-Acyl Pseudo-Base System 

(i) Potential ring-opening reactions 

Attempted reductive cleavage of the Cl-N bond using 

sodium borohydride in methanol 

Tb a suspension of N-benzoyl-1-~droXY-5-nitro-1,2-

dihydroisoquinoline (1.0 g.) in methanol (50 ml.) was added 

sodium borohydride (1 g.) slowly with stirring. The solution 

became clear after stirring for a further period of 24 hours. 
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Solvent was evaporated and the residue was partitioned 

between chloroform and water. Chloroform layer was wa.shed 

wi th sodium hydroxide and water, dried (Na2S04 ) and evaporation 

of the solvent gave light brown material. Recrystallisation 

from 40/60 pet.ether gave needles, m.p. 107-1090 (lit.172 

m.p. of which showed no depression on admixture with 5-nitro

isoquinoUne prepared previously (p.1S4 ). 

(h) Reactions of the Cl-OH group 

Preparation of N-acyl-l-alkoxy-S-nitro-l t 2-dihydro

isoquinol1nes 

General procedure 

Preparation of O-methyl derivatives 

lhe N-acyl pseudo-base (0.5 g.) was taken in methanol 

(50 ml.) and stirred at 4S-50° for several hours (Table X 

pJ.60). After cooling, the solvent was evaporated to obtain 

a yellow solid. Chromatography on neutral alumina in benzene 

gave the N-acyl-l-methoxy-S-nitro-l,2-dihydroisoquinoline which 

was recrystallised from methanol. 

Preparation of O-ethyl derivatives 

The N-acyl pseudo-base (O.S g.) was taken in absolute 

ethanol (40 ml.) and refluxed for 1-4 hours (Table X p~60 ), 

the reaction being followed by t.l.c. After cooling, the 

solvent was evaporated and the residue chromatographed on 

alumina in benzene and ethyl acetate. 

The N-acyl-l-ethoxy-5-nitro-l.2-dihydroisoquinoline 

obtained was re crystallised from 95% ethanol. 

The results are summarised in Tables III (p.77 ). 
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x (p. 160 ) and XI (p. 161 ). 

Conversion of N-benzoyl-1-methoxy-5-nitro-1,2-dihydro-

isoquin01ine into N-benzoyl pseudo-base 

N-Benzoyl-l-methoxy-5-nitro-1,2-dihydroisoquino1ine 

(0.5 g.) was taken in aqueous dioxan (40 ml., ~. 25%) and 

stirred at room temperature. A yellow precipitate started 

appearing and was oomplete after 20 minutes ;by t.l.o" no 

starting material present). The preoipitated solid was filtered 

and dried. The solid had an identical infrared spectrum with 

that of authentic N-benzoyl-l-hydroxy-5-nitro-1,2-dihydroiso

quinoline prepared previously (p. 155)' 

(iii) Reactions of the C3-C4 double bond 

Bromohydrin formation 

To a solution of N-benzoyl-1-hydroxy-5-nitro-

l,2-dihydroisoquinoline (1.0 g., 3 m.mol.) in aqueous 

tetrahydrofuran (100 ml., 66%) was added bromine (0.5 g., 

3 m.mol.). The bromine colour disappeared immediately. 

The solution v/as poured into water (300 ml.) and 

extracted with ether; dried (Najl04) and evaporation of 

the solvent gave brown viscous oil (1.4 g.). Chromatography 

on silica in 95% ethyl acetate and 5;b methanol gave 

N-benzoyl-4-bromo-l,3-dihydroxy-5-n1tro-1,2,3,4-tetrahydro

isoquinoline as an oil (1.2 g., 92%). Recrystallisation 

from methanol gave colourless stout needles, m.p. 153-1540 

(Found: C, 49.04; H, 3.47; N, 7.22. Cl6H13N205Br requires 

C, 48.87; H, 3.33: N, 7.13%): )) ex 3340 cm.-l b (bH), m • 
1630 (N-C=O); 1C 1.8-2.8 (m, 8H, aromatic protons), 
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TABLE X: Preparation of N-acyl-1-alkoxy-5-nitro-1,2-dihydroisoquino1ines 

N-Acyl-l- r (~"'-
Crystals Molecular Found % Calculated % 

alkoxy rature tion Formula C H N C H N 
substituents Time 

hours 

N-benzoy1-1- 45-50
0 12 phispy yellow C1f14N204 65.63 4.66 8.91f 165

•
80 4.55 9.03 

me tb oxy- reedles 

iN-benzoyl-1- !Reflux 3 ~el1ow needles C18H16N204 66.64 5.03 8.62 

'

66

•

66 4.97 8.64 
Ie thcxy-

N-,2-toluoyl-l- 45-50
0 22 yellow needles C18l1.6N204 66.56 5.07 8.71f 

1
66

•
66 4.97 8.64 

metboxy-
I-' 

8-
• 

N-,E:.toluoyl-l- * * vellow plates I C19H18N204 67.39 5.48 8.38 167
•
44 5.36 8.28 

ethcxy-

N-p-chlorobenz 45_SOv 
20 long yellow I Clf13N204Cl 59.44 3.86 7.96 l59.21 3.80 8.13 

oYi'·l-methoxy- needles 

IN-p-chlorobenz. Reflux 4 fine yellow Cl aR15N204Cl 60.44 4.29 7.74 160 •26 4.21 7.81 
oyT-1-ethoxy- needles 
r-E.-anisoyl- 145-50

0 20 yellow needles C18H16N205 63.53 4.60 8.2l 163
•
52 4.74 8.23 

,.-I!l€ thoxy-

i'I-E,-anisoyl- 1'Ieflux 1 pale yellow I C19H18N205 64.54 4.95 7.80 64.40 5.12 7.91 
~-ethoxy needles 
II 
. Product obtained directly on attempted recrystallisation of 1-hydroxy-5-nitro-N-E.-toluoyl-1,2-

dihydroisoquino1ine from ethanol. 



TABLE XI: N.m.r. and infrared spectra details of N-acyl-l-alkoxy-2-nitro-l,2-dihydroisoquinolines 

N-Acyl-l- re' Other protons Infrared spectra 
a1koxy- Aromatio bC

-
l \,;-) \,;-'t Jl ,3 J3,4 -1 

substituents roton proton protons cm 
protons f (d) .. (q) (cl) Hz Hz T 

N-benzoy1-l- 1. 7-:2.8 (m,8H) t 3.41 2.96 3.17 t·3 8.0 6.62 (S,3H,OCH3) 1680 (N-C=<» 
mcthoxy- 1620 ~C=C) 

1057 ether) 
N-benzoy1-1- 1.8-2.8 (m,8H) 3.31 2.94 3.1!' 

f'3 
8.0 6.29 (q,2H,C~) 1681 1N-C=6T 

etboxy- 8.84 (t,3H,C .. ) 1623 (C=O) 
;) 1065 (ether) 

N-,E-to1uoy1-1- 1.8-2.8 (m, ']H) 3.42 2.93 3.19 1.3 8.0 6.53 (s,3H,OC~) .1682 (N-O=<» 
mfthoxy- 7.62 (s,3H,CIL.1 1623 (C=C) ;; 1060 (ether) 

N-,E-to1uoy1-1- 1.8-2.8 (m, ']H) 13.33 2.96 3.17 1.3 8.0 6.28 (q,2H,CH2) 1674 (N-C=<» 
ethoxy- 7.60 (s,3H,ar.C~) 1620 (C=C) 

8.83 (t.3H,CH.,) 1065 (ether) 
N-l?-ch1oro- I 

3.43 2.96 3.15 
1
1

•
3 8.0 6.61 (s.3H,OCH)} 11680 (N-C=<» 

benzoyl- 1.7-2.8 (m,']H) 1623 (C=C) 
1-methoxy 11050 (ether) 

1:"-~-9~±?ro- I 3.37 3.01 3.16 1.3 8.0 6.32 (Q,2H,CH2 ) 1683 (N-C=<» ):lE; z9Y - 1.7-2.8 (m,']H) l-ethoxy 8.83 (t,3H,CI5> 1624 (C=C) 
1055 (ether) 

~- l?-anisoyl- 1.7-2.8 (m,7H) 3.44 2.91 3.18 1.3 8.0 6.15 (s,3H,ar.oc!:3) 1678 (N-C=<» 
fI.-methoxy- 6.62 (s,3H,C1-0ca;) 1624 (C=c) 

1060 (ether) 

I PJ-l?-anisoyl- 1.7-2.8 (m,']HJ 3.35/ 2.90 3.14 1.3 8.0 f 6.15 \S,3H.O~~ 1675 \N-C=O) 
t-ethoxy- 6.28 (Q,2H.~ ) . 1620 (c=c) 

8.83 (t,3R, J) 1055 (ether) 



3.55 (b.s., IH, Cl-H), 4.23 (d, 2H, C3 and C4 protons), 4.50 

(b.s., 2H. exchangeable, 2 OH); .) 225 nm., m/e 392:394 max. 

(1:1). 

O-Methylbrom0hydrin formation 

N-Benzoyl-l-hydroxy-5-nitro-l,2-dihydroisoquinoline (0.5 g., 

1.5 m.mol.) was taken in methanol (40 ml.) containing acetic acid 

(1 ml.). The mixture was heated for fifteen minutes and cooled. 

Bromine (0.25 g., 1.5 m .mol.) was added. The bromine colour 

disappeared immediately. The solution was poured in water and 

extracted with ether, dried (Na2S04) and evaporation of the 

solvent gave N-benzoyl-4-bromo-l-hydroxy-3-methoxy-5-nitro-

1,2,3,4-tetrahydroisoquinoline (0.4 g., 59%). Recrystallisation 

from methanol gave colourless long fine needles, m.p. 148_1500 

(Found: C. 50.45; H, 3.95; N, 7.31. Cl~5N205Br requires 

C, 50.14; H, 3.71; N, 6.88%); 1), 3460 cm.-l b (OH), J.max. 

1663 cm.-1 (N-C..o), 1050 cm.-l (ether); 't 1.6-2.6 (m. 10H), 

3.85 (d, lH), 4.61 (b.s., lH, exchangeable, Cl-OH), 6.52 

(s, 3H, OCH
3

); roVe 406,408 (1:1). 

Preparation of N-acetyl-4-bromo-3-methoxy-l,2,3,4-tetrahydro-

1soquinaldonitrile 

N-Acety1-l,2-dihydr01soqu1naldonitr11e (1.0 g., 5 m.mol.) on 

treatment with bromine (0.8 g., 5 m.mol.) in methanol (80 ml.) 

by the same method as described for the last experiment gave 

thick bra.m syrup (1.2 g; 80%). Recrystallisation from 

methanol gave N-acetyl-4-bromo-3-methoxy-l,2,3,4-tetrahydro-

1soquinaldonitrile as colourless rhombs, m.p. 155-1560 (Fbund: 

C, 50.56; H, 4.29; N, 9.14. C13~3N202Br requires C, 50.50; 

162 • . 



V ~ 1 N, 9.06%); 2240 cm. w (CN), 1663 cm.-max. 

(N-C..Q), 1055 cm.-l (ether); "t" (DMSO-d6 ) 2.2-2.7 (m, 4H, 

aromatic protons), 3.95 (s,lH, Cl-H), 4.20 (d, lB, C3-H), 

J3 ,4= 3.0 Hz), 4.30 (d,lH,C4-H , J4 ,3= 3.0 Hz), 6.71 (s,3H. 

OCH
3

), 7,66 (s, )H, CH
3

); m/e 308 and 310 (1:1). 

Reaction of N-benzoyl-l-hydroxy-5-nitro-l,2-dihydroisoguinoline 

with h¥P2chlorous aoid 

Hypoohlorous acid was prepared from the addition of a 

solution of sodium hypochlorite (12% w/v available chlorine) 

(50 ml.) to 2,tl ni trio acid (50 ml.). The strength was 

determined as 0.57% hypoohlorous acid by titration with sodium 

thiosulphate, using potassium iodide-starch solution as indicator. 

A stirred solution of N-benzoyl-l-hydroXY-5-nitro-l,2-

dihydroisoquinoline (1.0 g., 3.0 m.mol.) in dioxan (50 ml.) 

was treated with the freshly prepared hypochlorous acid solution 

(30 ml., 3.2 m.mol.) dropwise at room temperature until a 

slight excess was present (tested by potassium iodide/starch 

paper). The solution was stirred for a further period of one 

hour and the solvent evaporated. The residue was washed with 

water and recrystallisation from methanol gave N-benzoyl-4-chloro-

3-hydroxy-5-nitro-l,2,3,4-tetrahydroisoquinolone (0.4 g., 36~) 
o 

as colourless rhombs, m.p. 226-227 (Found: C, 55.34; H, 3.51; 

N, 8.23. Ci6~N205Cl requires C, 55.42; H, 3.19; N, 8.08%); 

~ 34~~ cm.-l (OH), 1710, 1682, 1665 cm.-l (CO-M-CO); max. 

1l (DMSO-d6) 1.4-2.6 (m, 8H, aromatic protons), 3.90 (d, 

lH, C3 or C4-H, J3 ,4= 3.0 Hz), 3.9 (b.s., lH, exchangeable, 

C3-0H), 4.07 (d, lB, c4 or C3-H); m/e 346 and 348 (3:1). 

---------------------_.-



The 11I0ther liquor was ooncentrated and chromatographed 

on alumina in benzene and ethyl acetate to afford 4-chlorc-

5-nitroisoquinoline (15 mg., 2%). Recrystallisation frOm 

9596 ethanol gave pale yellow needles, m.p. 180-1820 (Fbund: 

C, 52.04; H, 2.52; N, 13.27. C9 H
5
N202Cl requires C, 51.81; 

H, 2.41; N, 13.43%); )), 1625 cm.-l (C=N), 1575 cm.-l 
. max. 

(002); 't 0.53 (s,lH,C1-H), 1.26 (s, lH, C3-H), 1.46 (split 

doublet, lH, c6-H, J6~7 ~ 7~7 Hz, J6.s= 2.5 Hz), 1.65 (split 

doublet, lH, C8-H, JS,7 = 7.7 Hz, JS,6 = 2.5 Hz), 2.10 

(unsymmetrical triplet, C7-H, J7,6 = J7,8 = 7.7 Hz); mVe 

208 and 210 (3:1). 

Reaction of N-benzoYl-l-methoxY-5-nitro-l,2-dihydroiso~inoline 

with hYpochlorcus acid 

N-Benzoyl-1-methoxy-5-nitro-1,2-dihydro1soqu1nol1ne 

(0.2 g.) was treated with freshly prepared hypochlorous acid 

(6 ml.) by the same method as described in the previous 

experiment and work-Up procedure followed. Recrystall1sat1on 

from methanol gave COlourless rhombs, m.p. 226-227°. The 

oompound, N-benzoyl-4-chloro-3-hydroxy-5-n1tro-l,2,3,4-tetra

hydro1soqu1nolone (95 mg., 42%), had the identical infrared 

and n.m.r. spectrum as that prepared on p. 163 , mixed 

m.p. undepressed. 

The mother liquor was concentrated and chromatographed 

on silica plates in 80% benzene and 20% ethyl aoetate to 

afford 5-nitroisoquinoline (65 mg., 58%). Recrystallisation 

from aqueous ethanol gave yellow needles, m.p. 109-1100 

(lit.,172 1100). 
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Reaction of N-benzoyl-l-hydroxx=5-nitro-l,2-dihydroisoquinoline 

with monoperphthalio acid 

An ether solution of monoperphthalic acid was prepared by 

the method of Royals and Harrell173 utilising phthalic anhydride 

and alkaline hydrogen peroxide and its strength determined as 

~. 0.5 molar by tikating with sodium thiosulphate. 

N-Benzoyl-l-hydroxy-5-nitro-l,2-dihydroisoquinoline (0.5 g., 

1.5 m.mol.) was dissolved in dry dioxan (40 mli) and to it was 

added monoperphthalic acid solution in ether (10 ml., 2.25 m.mol.). 

The reaction mixture was kept at room temperature and its 

progress followed by t.l.c. After five days, the solution was 

filtered to remove precipitated phthalic acid and 2N sodium 

hydroxide solution was added to the filtrate to destroy excesS 

of monoperphthal1c acid. The solvent was evaporated under 

vacuum and the residue was partitioned between water and 

chloroform. The chloroform layer was washed with water, dried 

(Na
2
S04) and evaporation of the solvent gave light brown solid. 

Chromatography on a silica column in chloroform gave two 

compounds. The first cempound, conSidered to be dibenzoie 

phthalic anhydride (20 mg., 2%), crystallised from benzene and 

60/80 pet. ether as colourless needles, m.p. 1100 (lit.117 

The infrared spectrum showed -1 )) 1790 cm. , max. 

1765 cm.-l (open chain anhydride); 1(1.9 (m, 6H, ortho hydrogens 
~ 

to C-O grouping), 2.1-2.B (m, BH, other aromatic protons).; 

m/e 374. The second compound was 5-nitroisocarbostyrll 

(0.1 g., 31%) which crystallised from ethyl acetate as yellow 

o 0) 118 0 needles, m.p. 250-251 (softening at 220 (lit. 251-252 
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with softening at 22i'}. Accurate mass measurement gave 

measured mass, 190.0375; calculated mass for c~6N203' 

190.0378.' I 3180 cm.-1 (NH), 1690 cm.-1 (C,.o), 1637 cm.-l 
Vrnax. 

(C=C), 1530 cm.-l (002 ); r( (DMSO-d6}-1.8 (b.s., lH, 

exchangeable, NH); 1.2-1.7 (m, 2H, C-6 and c-8 H), 2.34 

(t, lH, C7-H, J6,7'= J
7

,8 = 8.0 Hz), 2.53 (d, IH, C}-H, 

S3 4 =7.0 Hz), 3.01 (d, lH, C4-H, J4 3 .. 7.0 Hz); A , ,~. 

221 nm. (I.. 13694), 256 (8645),310 (5135), 322 (4536), 370 

(4108); m/e 190. 

Attempted preparatIon of dIbenzc~c phthalic anhydrIde 

The method reported by Zeavin and Fisher 117 was 

followed. A mixture of sodIum phthalate (10.5 g., 0.05mol.) 

o and benzoyl chlorIde (14.05 g., 0.1 mol.) was heated at 120 

for 12 hours. After cooling, the mixture was shaken with warm 

benzene and filtered hot. AddItIon of 60/80 pet. ether 

gave long white needles (9.50 g., 70%), m.p. 132° (lit.1l7 

132°). The compound was considered to be the monoanhydrlde 

and shol'led» 3200-2600 cm.-l (-COOH), 1860 cm.-l , 
. max. -

1780 cm.-1 (open chain anhydrIde), 1725 cm.-1 (aoid C,.o); 

m/e 270. 

Preparation of 5-nitroisocarbostyril 
104 Isoqu1nollne 2-oxide (2.5 g., 17 m.mol.) was 

converted into 5-nitroisoquin?1Ine 2-axide (2.0 g., 62%) by 

the method of OChiai and Ikehara.119 Recrystallisation from 

acetone gave yellow needles, m.p. 221_2220 (11t.1l9 220°): 

))max. 1530 cm.-
l (N02);~(DMSO-d6) 0.86 (s, !H, Cl-H), 

1.3-2.4 (m, 5H, other aromatic protons). 

166. 

- 1 



5-Nitroisooarbostyril was prepared by the method of 

liS Wenkert, Johnston and Dave. A solution of 5-nitroiso-

quinoline-ll-oxide (0.43 g.) in acetic anhydride (5 ml.) 

was heated on the steam bath for 8 hours and then evaporated 

under reduced. pressure. A miXture of the crystalline 

residue and 10% sodium carbonate was heated on the 

steam bath for )0 minutes and then filtered. Crystallisation 

of the product from methanol gave 5-nitroisocarbostyril 

(0.3 g., 70%) as buff needles. m.p. 249-251° (lit.118 

251-252°); infrared, n.m.r. and ultraviolet spectra were 

identical with that obtained for the sample described on 

p. 165 and mixed m.p. undepressed. 

2. (c) Investi&~tion of the Synthesis of other N-Acyl 

Pseudo-Base Systems 

(1) Reissert reaction with 3-methyl-5-nitroisoquino11ne 

Using the method of Elderfield et al.174, 3-methyl

isoquinoline (9.0 g.) was converted into 3-methyl-5-nitro-

isoquinoline (7.0 g., 60%). Recrystallisat10n from aqueous 

o 174 ethanol gave yellow needles, m.p. 106-108 (11t. 

105-10S.50); 1:' 0.78 Cs. lH. Cl-H). 1.53 (split doublet. 

IH. c6-H, J6 ,7 = 8.0 Hz., J6•8 = 2.5 Hz), 1.80 (s, IH, 

C4-H). 1.S0 (split doublet, lH, C8-H. J8,7 = S.O Hz.), 

2.44 (t, lH, C7-H; J
7

,6 = J
7

,8 = 8.0 Hz.). 

Benzoyl chloride (2.5 ml •• 2.2 m.mol.) was added 

over two hours to a stirred mixture of 3-me~1-5-nitro-

isoquinoline (2.0 g., 1.1 m.mol.) in methylene chloride 

(20 ml.) and potassium cyanide (2.0 g., 3.3 m.mol.) in water 



(5 ml.). After an additional two hours of s tirr1ng, the layers 

were separated. The methylene chloride solution was washed I~ith 

water, 2!:! hydrochloric acid, water, 2!:! sodium hydroxide and 

water, dried and evaporation of the solvent gave a deep yellow 

o~ Chromatography on alumlna in benzene and ethyl acetate 

(80:20) gave !:!-benzoyl-3-methyl-5-nitro-l,2-dihydroisoquinaldo

nitrile (0.8 g .. 57% based on recovered starting material) which 

on recrystallisation from 95% ethanol gave yellow needles, 

o Bl 0 m.p. 159~160 (lit. 159). Also obtained was N-benzoyl-

I-hydroxy-3-methyl-5-nitro-l,2-dihydroisoquinoline (0.12 g., 

9% based on recovered starting material) which on recrystallisation 

o from aqueous acetone gave yellow needles, m.p. 151-152 

(Fbund: C, 65.94; H, 4.56; N, 9~1. Cl~14N204 requires 

C, 65.80; H, 4.55; N, 9.03%); )J 3430 cm.-l (OH), max. 

1650 cm.-l (N-C=O); :c (DMSO-d6 ) 1.8-2.9 (m, SR, aromatic 

protons), 3.11 (q, lH, C4-H, JC4_H, C3-Me= 1.5 Hz.), 3.43 

Cd, IH, CI-H, JCl_H, CI-OH= 6.0 Hz.), 5.30 (d, IH, Cl-OH, 

exchangeable, JC1_OH, CI-H = 6.0 Hz.), 8.10 (d, 3H, 

C3-Me, JC3-Me , C4-H = 1.5 Hz.); m/e 310. 

The unreacted 3-methyl-5-nitroisoquinoline was recovered 

from the acidic washings (1.2 g., 60%). 

The above procedure was repeated twice (a) using potassium 

hydroxide (2.0 g.) l1hen the pseudo-base, !:!-benzoyl-l-hydroxy-3-

methyl-5-nitro-l,2-dihydroisoquinoline (0.45 g., 40% based on 

recovered starting material(l.O g., 5Oi5»)"las obtained (b) using 

water alone when the pesudo-base (0.72 g., 37% based on 

recovered starting material (1.1 g., 55%».was obtained. 
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(~) Reissert reaction with 4-nitro- and 7-nitroisoquinoline 

and lsoqulnoline-5-su1ph0nic acid 

Reissert reaction with 4-nitroisoquinoline 

(a) Preparation of 4-bromoisoquino11ne 

The compound was prepared according to the 

.method of Eergstrom and Rodda.123 The hydrobromide salt of 

isoquinoline (64.5 g., 0.5 mol.) \1aS heated with bromine 

(27;5 ml.) at 170-180°. The pure 4-bromoisoquinoline (42.0 g., 

40%) was collected by vacuum distillation (b.p. 1080 /0.8 mm.) 

o 12"'" and cl'Ystallised from pet.ether (40/60),m.p. 39 (ut. ;J 

o 
38-39 ). 

(b) . Preparation of 4-aminoisoquinoline 

The compound was prepared124 by heating 4-b1"omoiso-

quinOline (20.0 g.). concentrated ammonia (density, 0.88) 

(64 ml.) and hydrated copper sulphate (1.2 g.) at 165-1700 

in a shaking autoclave for 16 hours. The product was iSolated 

and cl'Ystallised from benzene (6.3 g •• 1~5%). m.p. 1060 

(11 t.124 1070
). 

(c) Preparation of 4-nltroisoquinoline 

4-Aminoisoqu1noline (3.0 g.) was converted to 

4-nitroisoquinol1ne (0.4 g •• 11%) according to the method of 

Bryson125 using sodium nitrite and cupro-cuproso sulphite.175 

Recrystallisation from aqueous ethanol gave yellow needles, 

o 125 6 0 m.p. 63-64 (lit. 4.5 ). 

Reissert reaction with 4-nitroisoquinoline 

Use of 4-nitroisoquinoline (0.32 g., 1.8 m.mol.), benzoyl 

chloride (0.5 ml., 3.6 m.mol.) and potassium cyanide (0.38g., 



5~4 m.mol.) in the procedure described on p. l67 gave only 

starting material (0.3 g., 94% recovery). 

Reissert reaction with 7-nitroisoquinoline 

7-Nitroisoquinoline was prepared according to the method 

reported in the literature.127 1,2,3,4-Tetrahydroisoquinoline 

(10.5 g.) was converted into the sulphate and ni trated using 

potassium nitrate (10.0 g.) in sulphuric acid (density 1.8If, 

126 50 ml.) according to the method of McCoubreYlnd Mathieson. 

The free base, 7-nitro-1,2,3,4.tetrahydroisoquinoline was 

unstable and was converted into the hydrochloride (4.4 g., 

25%). Dehydrogenation using iodine (ll.2 g.) and freshly fused 

potassium acetate (9.3 g.) by the method of Potter and Taylor127 

gave 7-nitroisoquinoline (0.8 g., 25%). Recrystallisation from 

light petroleum (b.p. 100_120°) gave buff coloured needles, 

m.p. 174-1760 (l1t.127 176-1770
); 1:" 0.53 Cs, lH, Cl-H), 

1.07 (d, lH, C8-H, J8,6 = 2.5 Hz.), 1.26 (d, lH, C3-H, 

J3,4 = 6.0 Hz.), 1.55 (split doublet, lH, C6-H, J6 ,5 = 9.0 

HZ.), 2.02 (d, lH, C5-H, J
S

,6 = 9.0 HZ.), 2.23 (d, lH, c4-H, 

J4,3 = 6.0 Hz.); .m/e 174. 

Using 7-nitroisoqu1noline (0.2 g., 1.12 m.mol.), benzoyl 

chloride (0.26 ml., 2.24 m.mol.) and potassium cyanide (0.22 g., 

3.36 m.mol.) in the procedure described on p.167 gave a brol'1n 

compound (0.1 g.) which was considered to be ~-benzoyl-7-

nitroisoqu1nolinium chloride. A small amount of this 

compound was dissolved in hot distilled water and silver 

nitrate solution added: a white precipitate soluble in 

ammonium hydroxide resulted. A Beilstein test for halogen 

was positive. 
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Unreacted 7-nit~oisoquinoline was recove~ed f~om the 

acidic i1ashings (0.1 g. SO%). 

li-Benzoyl-7-n1t~oisoquinolinium chlo~ide obtained above 

was taken in dichlo~omethane (10 ml.) and a solution of 

potassium hydroxide (O.S g.) in wate~ (l.S ml.) added. The 

two phase system was stirred for ~ee hours. After the 

usual wo~k-up p~ocedure,a tan coloured produc'~ was obtained. 

This was 7-nit~oisoquinoline, m.p. 173-1760 (lit.127 176_ 

1770 ). 

Reisse~t reaction wtth isoquinoline S-sulphonic acid 

The p~ocedure described on p.167 wee followed but no 

reaction took place. Isoquinoline S-sulphonic acid was 

recovered in quantitative yield. 

(iii) Reisse~t reaction with 6-Nit~0- and 8-Nitroquinoline 

Reissert ~eaction with 6-Nit~oguinoline 

Use of 6-nit~oQuinoline (2.0 g., 11.2 m.mol.), 

benzoyl chloride (2.6 ml., 22.4 m.mol.) and potassium cyanide 

(2.2 g., 33.6 m.mol.) in the general procedure (p. 133 ) 

i.e. sti~ring fo~ eight hours gave li-benzoyl-6-nit~0-1,2-

dihydroquinaldonitrile (0.78 g., 23%). Rec~stallisat1on 

~om ethyl acetate gave pale yellm1 needles, m.p. 204-20~ 

(reported128 201_2020 ); )) 221f5 cm.-l (w) (CN), 1664 cm.-l 
max. 

(N-C=<», 1614 cm. -1 (C=C), 1516 cm. -1 (N02 ); 1:'1.88 (d, 

lH, CS-H, J
S

,7 = 2.S Hz.), 2.20 (q, lH, C7-H, J
7

,S = 2.S Hz., 

J
7
,8 = 8.75 Hz.), 2.61 (s, 5H, phenyl group), 3.07 (d, !H, 

CS-H, JS,7 = 8.75 Hz.), 3.27 (d, lH, Clf-H, J 4,3 = 9.0 Hz.), 

3.65 - 3.91 (m, 2H, C2 and C3-H). 
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The above reaction was repeated using potassium hydroxide 

(2.2 g.). The usual work-up procedure and chromatography on 

alumina gave N-benzoyl-2-hydroxy-6-nitro-l,2-dihydroquinoline 

(0.11 g., 32% based on recovered starting material (1.8 g., 

90%». Recrystallisation from ethyl acetate gave COlourless 

rhombs. m.p. 189-1900 (Found: C, 65.04; H, 4.23; N, 9.62. 

requires C. 64.86; H. 4.08; N, 9.46%); ,\ V max• 

(OH), 1643 cm.-l (N-C=O); -C (DMSO-d6) 1.64 

(d, lH, C5-H.J5.7 '" 2.5 Hz;), 2.04 (split doublet, lH, C7-H, 

J
5
,7 = 2.5 Hz., J

7
,8 '" 8.8 Hz.), 2.47 (5, 5H. phenyl group). 

2.72 (d. lH. c8-H. JS,7 '" 8.8 Hz.). 2.93 (d, lH, C4-H. 

J4•
3

", 9.0 Hz.), 3.50 (b.s., lH, C2-0H. exchangeable), 3.53 

(q. lH, C)-H, J),4 = 9.0 Hz •• J),2 = 5.1 Hz.), 4.03 (q. 

lH. C2-H. J2,3'" 5.1 Hz., JH•OH = J..7 Hz.); m/e 296. 

The Rcissert reaction using potassium cyanide was again 

repeated and the progress of the reaction fOllowed by t.l.o. 

After three hours. the reaction was worked-up in the usual 

manner. Chromatography on alumina in benzene and ethyl acetate 

gave li-benzoyl-2-hydroxy-6-nitro-J..2-dihydroquinoline (0.15 g •• 

43% based on recovered starting material (1.8 g., 90%») 

Recrystallisation from ethyl acetate gave colourless rhombs, 

o m.p. 189-190. The compound had identical infrared spectrum 

with that obtained above and the mixed m.p. was undepressed. 

Reissert reaction with 8-nitroquinoline 

The General prooedure (P. 133 ) Nas followed but no 

reaction took place and the starting material was recovered 

in almost quantitative yield. 
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2. (d) Reissert reaction with Quinazoline 

Benzoyl chloride (1.8 ml., 8 m.mol.) was added 

over t..,o hours to a stirred mixture of quinazoline (0.52 g" 

4 m.mol.) in methylene chlorine (10 ml.) and potassium cyanide 

(1.6 g •• 12 m.mol.) in liater (4 ml.). After stirring for an 

additional period of two hours, the reaction was worked~up 

and an oily product obtained. Chromatography on alumina 

in benzene gave low melting solid (0.25 g., 31%), ~-formyl

benzanllide. Recrystal1isation from If 0/60 pet. ether gave 

cOlourless needles, m.p. 730 (lit.132 730
) (Found: C, 74.69; 

H, 4.98; N, 6.14. C14H1lN02 requires C, 74.65; H, 4.92; 

N, 6.22%);)J 3300 cm.-l (NH), 2850 and 2760 cm.-l (aldehyde max. 

C-H stretch), 1675 cm.-l (sh. 1660 and 1695 cm.-l)(CHO and 

NHCO); -"( -2.10 (o.s., lH, exchangeable, NH), 0.04 (d, lH, 

CHO, J=O.8 HZ.), 1.04 (split doublet, lH, ortho ring proton to 

CHO group), 1;6-3.0 (m, 8H, other aromatiC protons); m/e 225; 

accurate mass measurement gave measured mass, 225.0785; 

calculated mass for Ci4E!lN02, 225.0790. 

The above reaction was repeated (i) using potassium hydroXide 

when £-fol'mylbenzanilide was obtained in 73% yield (ii) usine 

water alone when £-formylbenzanilide was obtained in 83~ Yield. 

Preparation of o-formylbenzanilide 

Usine the method of Smi t,l and Opie ,133 ~-ni trobenzaldehyde 

(3.0 g.) was converted into ~aminobenzaldehyde, which was, 

without purification, dissolved in pyridine (20 ml.) and 

benzoyl chloride (2.5 m!.) added. The mixture was stirred for 

45 minutes and then poured into 2N hydrochloric acid (100 ml.). 
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''l'he acid solution was extraoted tit th chloroform and the chloroform 

extracts wl.shed with saturated sodium carbonate solution. dried 

(Na
2
S0Ij,) and evaporation of the solvent gave a dark brown syrup. 

~matography on alumina in benzene gave ~-formylbenzanilide 

(o.8 g •• 1.8%). Recrystallisation from 40/60 pet.ether gave 

oolourless needles. m.p. 73-740 (lit.l32 73°). The compound 

had identical R
f 

value (0.66) and infrared spectrum with that 
, 

obtained above and the mixed melting point was undepressed. 



3. Stereochemistry and N.m.r. Spectra of Reissert Systems 

(a) Isoquinoline Reissert Compounds 

Of the Reissert compounds examined (Table IV, 

p.110 ) the following have not yet been described elsel~here. 

N-Cinnamoyl-l,2-dihydroisoquinaldonitrile 

Use of isoquinoline (4.0 g., 0.032 mol.), cinnamoyl 

chloride (11.2 g., 0.064 mol.) and potassium cyanide (6.2 g., 

0.096 mol.) in the general procedure (p. 133) gave N

cinnamoyl-1,2-dihydroisoquinaldonitrile (6.4 g., 7310). 

Rec~stallisation from ethyl acetate gave colourless rhombs, 

m.p. 164~165° (lit.18 160_162°);.\ 2220 cm.~l (~I) Ymax. 

(CN), 1660 cm.-l (N-C=O), 1620 cm.-1 (C=c);'t'2.12 (d,"lH, 

<x-p~oton in -co-3H=cH-Ph, J ~= 14.0 Hz), 2.3-2.9 (m, 9H, 
<X,t-' 

aromatic protons), 3.04 (q, lH, C3-H, J3,4= 8.0 Hz, 

J Q = 14.0 Hz), 3.31 
t-',et 

(d, lH, 

Cl-H, J1 ,3= 0.9 Hz), 3.83 (d, lH, c4-H, J4,3= 8.0 HZ). 

N-Acetyl-l,2-dihydroisoguinaldoI11trlle 

Use of isoquinoline (if.O g., 0.032 moL), acetyl chloride 

(4.9 g., 0.064 mol.) and potassium cyanide (6.0 g., 0.096 mol.) 

in the general procedure (P. 133) gave N-acetYl-l,2-dihydro

isoquinaldon1trile (3.5 g., 58%). Rec~stallisation from 

95% ethanol gave colourless stout needles, m.p. 1180 

(l1t.176 119_120°); \ \ 2230 cm.-1 (w) (CN), 1680 cm.~l 
Vmax.. 

(N-CooO), 1630 cm.-l (C=c); 't 2.~-3.0 (m, 4H, aromatic protons), 

3.28 (q, lH, C3-H, J3,4= 8.0 Hz, J3,l= 0.8 Hz), 3.35 (d, lH, 

Cl-H, J l ,3= 0.8 Hz), 3.96 (d, lH, C4-H, J4,3= 8.0 Hz), 

7.80 (s, 3H, C~). 
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N-cyano-l-hydroxy-l,2-dihydroisoquinoline 

The title compound was prepared in 40% yield according to 

86 the method of Johnson from isoquinoline and cyanogen bromide. 

Recrystallisation from acetone gave colourless needles, m.p. 

112_1130 (decomposition) (lit.86 112_1130 (decomposition»; 

-1 ( ) -1 ( ) 6 -1 -\\ 3300 cm. OH , 2220 cm. CN , 1 50 cm. (C=C); Vmax. 

'l (DmO-d6 ) 2.3-3.0 (m, 5H, aromatic and OH protons), 3.33 

(q, lH, C3-H,J3,4= 8.0 Hz, J3,1= 1.0 Hz), 3.77 (d, lH, CI-H, 

Jl ,3= 1.0 Hz), 3.92 (d, lH, C4-H, J4,3= 8.0 Hz). 

N-cyano-l-methoxy-l,2-dihydroisoquinoline 

N-Cyano-l-hydroxy-l,2-dihydroisoquinoline (0.86 g.) was 

heated under reflux with methanol (6 ml.) in the presence of 

glacial acetic acid (0.05 ml.) for 15 minutes. The ~10rk-up 

86 procedure reported by Johnson ~las followed and N-cyano-l-

methoxy-l,2-dihydroisoquinol1ne (0.6 g., 64%) obtained \~as 

recrystallised from 40/60 pet. ether as colourless needles, 

60 ( 86 0) V -1 ( ) 64 -1 m.p. 5 lit. 52 ; 2230 cm. CN ,1 0 cm. max. 

(C=C), 1060 cm.-l (ether); 1r 2.4-3.0 (m, 4H, aromatiC protons), 

3.57 (q, lH, C3-H, J
3

,4= 8.0 Hz, J3,1= 1.0 Hz), 4.00 (d, IH, 

c4-H, J4,3= 8.0 Hz), 4.04 (d, IH, CI-H, J1 ,3= 1.0 Hz), 6.66 

(s, 3H, OCH
3

). 

Variable temperature n.m.r. of N-benzoyl-1,2-dihydroisoquinaldonitrile 

The variation with temper-ature of the C-1 proton signal 

of N-benzoyl-l,2-d1hydro1soqu1naldonitr11e 1s shown 1n Table 

XII, p.177. 
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Table XII 

Variable temperature n.m.r. of N-benzoyl-l,2-dihydro

isoquinaldonitrile 

Chemical shift of the C-l proton 
doublet with respect to the centre 

Temperature of the C-3 proton quartet*, in 
p.p.m. (at 60 MHz). 

in CDCl
3 I in acetone 

1000 + 0.08 + 0.07 

Boo + 0.07 + 0.05 

600 + 0.06 + 0.02 

400 - 0.00 

35
0 

+ 0.05 -
200 + 0.04 - 0.02 

00 + 0.01 - 0.05 

_200 - 0.03 -
_400 

- 0.05 -0.09 

_700 - -0.13 

* C-3 signal constant with respect to TMS. 

Positive sign indicates movement to higher field. 

The accompanying small change in coupling constant 

(J1 ,3) could not be observed accurately due to the insufficient 

sensitivity of the instrument. 
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3. (b) Quinoline Reissert:Compounds 

By use of the general prooedure (p.133 ) the 

following compounds which have not been described elsewhere in 

this thesis, were prepared. 

N-Benzoyl-1,2-dihydroquinaldonitrile (85%), as oolourless 

fine needles from 95% ethanol, m.p. 154-1550 (l1t.176 151~-1550); 

,\ 2215 cm.-l (w) (eN), 1665 cm.-l (N-C=O), 1605 cm.-l 
Y max. , 

(C=C)J't' 2.4-3.5 (m, 10H~ aromatic ~md C-4 protons), 3.6-1f.l 

(m, 2H, C-2 and C-3protons, see Table VI p. 117). 

N-Benzoyl-3-bromo-l.2-dihydroquinaldon1tr1le (5%),as colourless 

fine needles from 95% ethanol, m.p. 123-1240 (lit.128 1250
); 

\I 1668 cm.-l (N-C=O), 1610 cm.-l (C=C);"t' 2.2-3.6 (m,10H, ]/max:. 

aromatic and C-4 protons), 3.76 (d, lH, C2-H, J
2

,4= O.l~ Hz). 

N-Benzoyl-3-benzoyloxy-l,2-dihydroqu1naldonitrile (54%), from 

3-hydroxyquinol1ne (p. 141), as buff coloured needles from 95% 

ethanol, m.p. 181_1820 (11t.128 179-1800
) (Found: C, 75.59; 

H, 4.41; N,7.52. C24Hi6N203 requires C, 75.78; H, 4.24; 

N,7.37%); \1 1745 cm.-l (ester C=O), 1665 cm.-l (N-C=O), 
J..-'max. 

1600 cm.-l (C=C); 1( 1.6-1.9 (m, 2H, benzoyloxy ortho hydrogens), 

2.1-3.45 (m, 13H, aromatic and c-4 protons), 3.60 (b.s., 1H, 

C2-H). 

N-Benzoyl-4-methyl-l,2-dihydroquinaldonitrile (70%), as 

colourless fine needles from 95% ethanol, m.p. 167-168° 

(lit.128 173-175°) (Found: C, 78.65; H, 5.42; N, 10.11. 

C1SH14N20 requires C, 78.81; H, 5.14; N, 10.21%); ))max. 

2215 cm.-l (w) (eN), 1660 cm.-1 (N-C=O), 1605 cm.-1 (C=c); 

1L2.0-3.5 (m, 9H, aromatic protons), 3.86 (d, lH, C2-H, 
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J2,,~ 6.4 Hz), 4.10 (q, IH, C3-H, J2•3= 6.4 Hz, JC3-H,C4-Me= 

1.7 Hz), 7.78 (d, 3H. CE)' Jc4_Me , C3-H= 1.7 Hz). 

N-Benzoyl-4-benzoyl0xY-1,2-dihydroquinaldonitrile (98~), from 

4-hydroxyquinoline as colourless needles from glacial acetic 

acid. m.p. 155-157° (lit.128 157_158°); ~\ 2220 cm.-1 
,.., max. 

(w) (CN), i745 cm.-l (ester C=O). 1668 cm.-l (N-C=O), 1600 cm.-l 

(C=o),1r 1.6-1.9 (m. 2H, benzoyloxy ortho protons), 2.1-3.45 

(m. 12H. aromatic protons), 3.53 (d, lH, C2-H, J2,3= 7.3 Hz), 

3.83 (d, lE. C3-H, J3•2= 7.3 Hz). 

N-Benzoyl-6-methyl-1,2-dihydroquinaldonitrile (96%). as 
. . ° 128 

buff coloured needles from 95% ethanol, m.p. 142-144 (lit, 

144°);" 2240 cm.-l (w) (CN), 1665 cm.-l (N-C=O), 1610 cm.-1 
Ymax. 

(C=o),~2.4-3.7 (m, 9H, aromatic and C-4 protons), 3.7-4.2 

(m, 2H, C-2 and C-3 protons, see Table VI p. ll7), 7.78 

(s, 3}1, CH
3

). 

N-p-Tbluoyl-1,2-dihydroquinaldonitrile (74%), as colourless 
o 64 _ 0 

stout needles from 95% ethanol, m.p. 152 (lit. 149.5-150.2) 

(Found, c, 79.05: H, 5.40; N, 10.42. C1aH24N20 requires 
-1 c, 78.81; H, 5.14; N, 10.21%); ,! 2240 cm. (1'1) Y max • 

-1 ( ) 61 -1 ' (CN). 1650 cm. N-C=O, 1 5 cm. (C"C); 1: 2.4-3.5 

(m, 9H, aromatic and c-4 protons), 3.6-4.1 (m, 2H, C-2 and 

C-3 protons, see Table VI p.ll7), 7.64 (s, ;;H, CEJ)' 
N-Acetyl-6-methyl-1.2-dihydroquinaldonitrile (27%). as 

colourless rhombs from ether! 40-60,pet.ether, m.p. 80_81° 

(Found: C, 73.76; H, 5.80; N, 13.28. C1311.2N20 requires 

C, 73.56; H. 5.70; N, 13.20%); ~\ 2240 cm.-l (w) V max • 

(CN), 1660 cm.-l (N-C=O), 1620 cm.-l (C=O); ~ (see ~alYSiS 

p.l90) 2.8-3.0 (m, 3H, aromatic protons), 3.32 (q, lH, 
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C4-H, J4,3~ 9.3 Hz, J4,2~ 0.7 Hz), 3.54 (q, la, C2-H, 

J2•
3

= 6.3 Hz, J2,4= 0.7 Hz), 3.99 (q, la, C3-H, J3 ,2= 6.3 Hz, 

J
3

,4= 9.3 Hz), 7.64 (s, }H, COCH)' 7.78 (s, 3H, C6-CH3 ); 

m/e 2l2. 

Preparation of 2-deutero Reissert compounds 

General procedure 

The quinoline Reissert compound (0.3 g.) dissolved in 

dimethylformamide (5 ml.) was added to a stirred suspension 

of sodium hydride (0.2 g.) in dimethylformamide (10 ml.) at 

o -5 to 0 under nitrogen. After one minute, deuterium oxide 

(2 ml.) was added and after a further stirring of blo minutes, 

the mixture was neutralised with carbon dioxide.148 The 

solution was poured into ice and the precipitated solid filtered. 

The solid was dissolved in chloroform and the solution l'lashed 

with water, 2N hydrochloric acid and water, dried (Na;f304) 

and evaporation of the solvent gave the 2-deuteroquinaldonitrile. 

All the 2-deutero quinoline Reissert compounds listed 

in Table VI (P. 117) were prepared by this procedure and their 

n.m.r. spectra measured. A summary of the relevant "l values 

appears in Table VI (P. 117). 

* Analysis of the n.m.r. spectra of quinoline Reissert compounds, 

unsubstituted at positions 2, 3 and 4 

The analysis is based upon that given by Pople, Schneider 

and Bernstein.~50 

(i) N-Benzoyl-l,2-dihydroquinaldoni trUe 

Shown below is a schematic representation of the 

C-2, C-3 proton region (AB region) of the 100 MHz n.m.r. 

spectrum of N-benzoyl-l,2-dihydroquinaldonitrile. The arbitrary 

zero is at 3.78rwith respect to ~. 
* The author is grateful to.D~.B.Scanlon for helpfUl discussions. 
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c.d 

e 

g 

a.b h 

6. I " 22.0 H? 

f , 
13.8 15.7 7.4 

* Hz values measured relative to a,b signal. from 101"1 to high field. 

, In order to get the required intensity (weak-strong-strong-weak), 

AB- and AB+ quartets can be assigned as 

a c e 

1 5 

f 

7 

b 

2 

d 

4 

g 

6 

h 

8 

JAB = separation 1-3 = sep. 2-~ = sep;5_7 = se p ' 6_8 

= 6.2 = 6.2 = 6.4 = 6.3 Hz 

= 6.27 Hz. 

'!he separations bet~leen the oentres of the doublets forming 

the AB- and AB+ quartets are de~ignsted by 0+ and D- and are 

conveniently measured as half the spacing between lines 1 and 5 

(or 3 and 7) for one and between lines 2 and 6 (or 4 and 8) for 

the othert the higher value ablays assigned by 0+. 
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I 

2D+ '" separation 2-6 = sep. 4-8 

= 15.7 = 15.8 Hz 

'" 15.75 Hz 

20- =sep. 1-5 '" sep. 3-7 

= 7.4 '" 7.6 Hz 

'" 7.5 Hz .'. D~ = 3.75 Hz 

'Y AB is the mean of all eight lines in the AB region, or 

alternatively the mean of the mid points of the two AB quartets 

)JAB = t (mid pt. of ;; and 5 + mid pt, of 4 and 6) 

.. 
• • 

'" t (6.8 + 10.95) = 8.87 Hz 

t (JAX+ jBX) = separation between the mid points of the 

two quartets 

= 10.95 - 6.80 = 4.15 Hz 

JAX + JBX = 8.30 Hz 

D+ Sin 2%+= t JAB 

7.87 Sin 2%+ = t (6.27) 

• '. Sin 2 %+ = ~ '" 0.3984 
2X7.B7 

.'.2% = 230 29' or 1560 )1' + 
D_ Sin 2%_ = t (JAB) 

3.75 Sin 2%_ = t (6.27) 

Sin 2% = 6.27 = 0.836 
- 2x3·75 

2%_= 560 43' or 1230 17' 

It is generally possible to assess which combination of 

angles is correct from the X-part of the spectrum. In this 

case, the X-part is masked under the aromatic region which 

complicates the analysis. However, using all the four 

possible combination of angles, we have calculated J
AX 

and 
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J for ever7 oombinat.ion as shown below: 
l3X 

2fd+ 2fd_ cos 2fd+ cos <!fd -
230 29' 560 43' 0.9172 0.5488 -(1) 

230 29' 1230 17' 0.9172 -0.5488 -(2) 

1560 31' 560 43' -0.9172 0.5488 -(3) 

15~ 31' 1230 17' -0.9172 -0.5488 -(4) 

Using (1) set of angles 

D+ cos 2fd+ = ~ ().lA- VB) + k (JAX - JBX) 

7.87 x 0.9172 = ~ OJA - VB) + k (JAX - JBX)--(5) 

D_ cos 2fd_ 0: ~ O)A-lJ B) - k (JAX - JBX ) 

3.75 x 0.5488 = ~ OJA ~1'B) - k (JAX - JBX)-(6) 

substracting (6) from (5) 

7.87 x 0.9172 - 3.75 x 0.5488.= ~ (J
AX

- JBX ) 

5.161 = ~ (JAX - JBX ) 

• '. JAX - JBX = 10.32 Hz 

now JAX + JBX = 8.30 Hz (7) 

,'. JAX = 9.31 Hz ) 
) 
) 

JBX = -1.01 Hz ) 

Using (2) set of angles, 

JAX - JBX = 18.554 Hz 

Using JAX = 13.42 Hz ) 
(7), ) 

-(A) 

) 
JBX = -5.12 Hz ) --- (B) 

Using (3) set of angles, JAX - JBX = - 18,554 Hz 

Using (7) JAX = - 5.12 Hz ) 
) -(C) 

JBX = + 13.42 Hz ) 
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Using (4) set of angles, J
AX 

- J
BX 

.. - 10.322 Hz 

Using (7) JAX = - 1.01 ) 
) 
) (D) 

JBX " + 9.31 ) 

Now \~hen C-2 proton was replaced by deuterium in the compound, 

the speotrum simplified, C-3 appearing as doublet with 

J3,4 i.e. JAX • 9.0 Hz. This observed value suggests that 

only the CA) combination of values is possible. Adding (5) 

and (6), )lA - VB " 9.28 Hz 

Now bydefinit10n )J A = )JAB + l 0) A -)J B) 

= 8.87 + 4.64 

= 13.51 Hz from th~ arbitrary zero 

).lB =l'AB - ~ (lIA -})B) 

= 8.87 - 4.64 

= 4.23 Hz from the arbitrary zero 

Now the arbitrary zero is 3.78-( with respect to TMS 

.', Chemical shift of proton A = 3.78 + 13.51" 3.921r 
100 

Chemical shift of proton B .. 3.78 + 4.23 .. 3.82 't' 
100 

Hence all the required parameters are 

JAB = 6.27 Hz 

JAX '" 9.31 Hz 

JBX = -1.01 Hz 

2 JAB" 12.54 Hz 

JAX + JBX '" 8.30 Hz 

YAB '" 8.87 Hz 

D+ .. 7.87 Hz 

D_ .. 3.75 Hz 

Sin 2~+ • 0.3984 

Sin 2~_ " 0.836 

As a check, these figures were used to calculate the 

transition energies (frequencies) and relative intensities 

of the lines in the AB region as shown below: 

184. 



tine 1 

Frequency" 'VAB + -k (-2 JAB - JAX - JBJ( ) - D. 

s 8.87 + t (-12.54 - 8.30) • ).75 

= - 0.09 Hz :: ).78"( 

Intensity'" l..sin~. 

'" 1-0.836 '" 0,164 

L1he 2 

Frequenoy .. )JAB + -k (-2 JAB ... JAX + JBX ) • D+ 

'" 8.87 + -k (-12.54 + 8.30)-7.87 

= - 0.06 Hz = ).781r 

Intensity = 1 - Sin 2~+ 

= 1-0.)984 '" 0.0(>16 

Line 3 

Frequency", }.lAB + k ( + 2 JAB - Ji\x • JBX ) - D_ 

= 8.87 + t(12.54 • 8.30) - ).75 

= 6.18 Hz = 3.81~'t' 

Intensity", 1 + Sin ~ .-
'" 1 + 0.8)6 = 1.8)6 

Line 4 

Frequency", )JAB + k (+ 2 JAB + JAX + JBX ) - D+ 

= 8.87 + t (12.54 + 8.)0) - 7.87 

'" 6.21 Rz : ).84~ 

Intensity = 1 + Sin 2~+ 

'" 1 + 0.)984 = 1.)984 

185. 



Line 5 

Frequency ")JAB of. k ( .. 2 JAB - JAX, - JEX ) + D_ 

= 8.87 + t ( - 12.54 - 8.30) ,+ 3.75 

= 7.41 Ha :: ).85T 

Intensity = 1 of. Sin ~_ 

= 1 + 0.8:;;6 = 1.836 

Line 6 

Frequency = }JAB + t- ( - 2 JAB + JAX + JEX) + D+ 

= 8.87 + t ( .12.54 + 8.3) + 7.87 

= 15.68 =3.94'(' 

Intensity = 1 + Sin 2~+ 

= 1 + 0.3984 = 1.3984 

Line 7 

Frequency =)'AB + t- (2 JAB - J AX - JBX ) + D. 

= 8.87 + t- (12.54 - 8.30) of. 3.75 

= 13.68 Hz :::;;.93-( 

Intensity = 1 - Sin ~_ 

= 1 . 0.8)6 = 0.164 

Line 8 

Frequency = lJ AB + t- (2 .JAB of. J
AX 

+ J
BX 

) + D+ 

= 8.87 + t- (12.54 + 8.30) + 7.87 

= 21.95 Hz :If.OO1:'' 

Intensi ty = 1 • Sin ~+ 

= 1 • 0.3984 = 0.6016 

'!he calculated line spectrum (using the above values) and 

the observed spectrum are shown in Figure VI. 
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CALCULATED 

I 

Figure VI Calculated and Observed line speotrum 
of AB region of N-benzoyl-l,2-dihydro
quinaldonitrile, 3.'75-4.00"t' region 
on scale 2.5 Hz!unit 

OBSERVED 

,1 ..... 1 •• r.,.,~._:~,. ,~~,J_ ... _'~ ..... I ..... ,"' • • ,,~~-r~:. 

i' ,.~.~ -_.' .. L .... ,. J._r,t-~" ,_ ..... t --"'\.P-.'-.-~ ~ 
'';' 'I 31 'T' 40 



The calcUlated relative peak intensities anq the observed 

relative peak in~nsities are tabulated below fo~ comparison. 

Table XIII 

Line Calculated relative* Observed relative 
No. peak intensities (mm.) peak intensities {mm}. 

1+2 27.1 40.0 

3+4 117.2 148.0 

5 65.7 83.0 

6 50.0 50.0 

7 5.7 15.5 

8 21.4 23.7 

*Measured and calculated relative to line 6. 

Observed and calculated intensities are in only fair a~ement 

which suggests that the spectrum is not a true ABX spectrum 

but has some ABC character. Secondly, the Simple additive 

rule as used for lines 1 and 2, and, 3 and 4 is not strictly 

appropriate as the lines are separated by a finite width though 

very small (0.03 Hz). 

N-Benzoyl-6-methyl-l,2-dihydroquinaldonitrile 

Line assignment from the 100 MHz spectrum, were made as shown 

below, reading from low to high field. The arbitrary zero is 

at 3.80'1:' 

Relative position: 0 6.2 

Assignment: 1,2 3,'-1 

8.6 

5 

14.9 

7 

17.1 

6 

23.4 Hz 

8 

By the same procedure as given in the previous example, the 

following parameters were obtained : 



JAB - 6.25 Hz 

JAX = 9.21 Hz 

JBX = -0.71 Hz 

"AB = 9·52 Hz 

D+ = 8.57 Hz 

D_ = 4.32 Hz 

Sin 291 ... - O.?71~7 

Sin 21(= 0.7235 

))A = 3.95""( 

VB = 3.84"( 

Line frequenoies and relative intensitias obtained are 

tabulated below: 

Line No. Frequency ("() Relat~.vo intensity' 

1 3.80 0.2765 

2 3.80 0.6253 

3 3.86 1.7235 

4 3.86 1.3747 

5 ).88 1.7235 

6 3.97 1.3747 

7 3.95 0.2765 

8 4.03 0.6253 

N-p:Tb1uoy1-1,2-dihydroquina1donitrile 

Line assignmentsi from the 100 MHz spectrum, were made as shown 

below, reading from low to high field. The arbitrary zero is at 

3.82't' • 

Relative position: 0 5.7 6.0 

ASSignment: 1,2 3,4 5 

12.2 

7 

13.6 

6 

19.9 Hz 

8 

After calculations, the following parameters were obtained: 

JAB= 6.0 Hz 

JAX = 7.13 Hz 

JBJ{= 0.47 Hz 

)) AB"'7 • 75 Hz 

D+ .. 7.0 Hz 

D_'" 3.1 Hz 
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.. 

Line ~quenoies and relative intenaities obtained were 

as follows: 

Line No. Frequency ('t" ) Relative intensity 

1 3.82 0.0355 

2 3.82 0.57 

3 3.88 1.9645 

4 3.88 1.43 

5 3.88 1.9645 

6 3.96 1.43 

7 3.94 0.0355 

8 4.02 0.57 

N-Benzoyl-6-nitro-1,2-dihydroquinaldonitrile 

Line assignments, from the 100 MHz spectrum, made are ShOlffi 

below, reading from high to low field. The arbitrary zero is 

Relative position: 26.50 20.00 17.60 11.10 6.58 0 Hz 

ASSignment: 8 6 7 5 if,3 2,1 

The usual calculations gave the following parameters: 

JAB .. 6.54 Hz 

JfJ:l. = 9.42 Hz 

J
BX 

,. -0.52 Hz 

}IAB= 11.06 Hz 

D+ = 9.98 Hz 

D_ .. 5.53 Hz 

Sin 2fd+= 0.3276 

Sin 2fd_= 0.5913 

\)A '" 3.73 't' 
VB .. ).877' 

USing the above values, line frequenCies and relative 

intensities were calculated and are summarised below: 
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Line No •. 

1 

2 

3 

4 

5 

6 

1 

8 

Frequency 

3.91 

3.91 

3.84 

3.84 

3.80 

3.69 

3.13 

3.64 

(~ ) Relative Intensity 

0.4081 

0.6124 

1.5913 

1.3216 

1.5913 

1.3216 

0.4081 

0;6124 

Analysis of N.m.r. spectrum of N-acetyl-6-methyl-l,2-dihydro

quinaldonitrlle 

The ABX (more correctly the AMlC) part of the spectrum is 

shown in Figure IV (after p.l21). The high field quartet 

integrates for one proton and represents :!:he X-region. TiJO 

coupling constants can be derived from this quartet. Thus if we 

note the position of the individual peaks in 

have 

609.0 
I 

602.1 
I 

I 
601.2 

(3.991.') 
C3-H 

599.1 
I 

I 
596.55 

I 

593.4 
! 

Hz from '11\1S, we 

J=6.3 Hz 
(J3,2) 

J=9.3 Hz 
(J3,4 ) 

Ey comparison with the previous results (p.180 tt), the figures 

of 6.3 Hz and 9.:; Hz can only be J
3

,2 and J:;,4 respectively. 

Thus this quartet represents C3-H, its chemical shift being 

601.2 Hz from '!MS or 3.99 T. These figures of coupling constants 

are also seen in the two low field quartets (AB region) which 
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also show a splitting of 0.7 Hz (J2,4) thus: 

663.0 67).0 672.3 . , • 

672.65 
l ' ... , • I , 

668.0 
(3.32'(') 
C4-H 

649.~ 
I 

i 
648.85 

{ 

648.5 
:\ 

, f 

\ 
645.7 

(3.541:') 
C2-H 

663.7 
'a r r 

663.35 
I 

! 

642.9 642.2 
I~.-., "I _--,I 

642.55 
t 

J=O.7 Hz 
(J2 ,4) 

J .. 9.3Hz 
(J3,4) 

To summarise, therefore, the required parameters are as 

follOWS: 

Vc2-H= 3.54 t' 

).JC3-H= 3.99't' 

VC4-H= 3.32't' 

The Stereochemistry 

J2,3= 6.3 Hz 

J2,4" 0.7 Hz 

J3,4 = 9.3 Hz 

Preparation of N-benzoyl-)-bromo-l,2-dihydroquinoline 

A solution of 3-bromoquinoline (3.0 g., 15 m.mol.) in 

dry ether (30 ml.) was added dropwise in~. 20 minutes 

to a reflUld.ng solution of lithium aluminium hydride (1.1 g.) 

. in dry ether (90 ml.). The mixture was refluxed for five 

o hours and then chilled to O. The complex was decomposed 

by addition of a slight eXcess of water. The sludge was 

filtered off and washed with ether (40 ml.). Evaporation 

of the filtrates under reduced pressure yielded 3-bromo-1,2-

dihydroquinol1ne (2.8 g., 93%). 

The product was dried completely and dissolved in 

dry pyridine (25 ml.) and benzoyl chloride (2.5 ml.) added, 
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o and the mixture heated at 100 for 30 minutes. After cooling, 

water (100 ml.) was added and the solution extracted t/ith 

chloroform. The chloroform extract was washed with sodium 

bicarbonate solution and then with water, dried (Na2S04) and 

evaporation of the solvent gave a brown syrup (4.35 g.). 

Chromatography on neutral alumina in benzene gave N-benzoyl-

3-bromo-l,2-dihydroquinoline (3.0 g., 45% overall). 

Recrystallisation from ether/40-60 pet. ether gave colourless 

shining rhombs, m.p. 123_1240 (Fbund: C, 61,28; H, if.OO; 

N, 4.65. C16H12NOBr requires C, 61.16; H, 3.85; N, 4.46%); 

" 1650 cm.-l (N-C=O); ~ 2.2-3.6 (m, 10H, aromatic Vmax.. 

protons including C4-H at 1.05); 5.25 (d, 2H, C2-2H, J2,4= 

1.3 Hz). On saturating the signal at 5.25'1:' , the signal 

at 1.05"( became sharp and, therefore must be due to the 

Cl~-H. 
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