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NOMENCLATURE 

In this thesis the following nomenclature has been 

employed . 

Alkyl-(or aryl-)sulphonyl has been used in describing 

a compound of the type R-so 2-R 1
, ~ - ~ · 2-methylsulphonyl­

pyr ' d i ne, and in the discussion these compounds have 

frequently been referred to as sulphones . 

Alkyl-(or aryl-)sulphinyl has, similarly, been used 

in describing a compound of the general type R-SO-R', 

~ -~ · 2-methylsulphinylpyridine, and in this case the 

family name sulphoxide has been used when referring 

to these compounds generally. 

Alkyl-(or aryl-)thio and sulphide, similarly, 

referred to compounds of the type R-S-R', ~-~· 

2-methylthiopyridine. 

The heterocyclic ring systems discussed in this 

thesis are pyridine, pyrazine, pyridazine, pyrimidine, 

quinoline, i soquinoline, quinoxaline, phthalazine , 

cinnoline and quinazoline. The structures and 

numbering of these heterocycles are given below:-
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SUMMARY 

Methylsulphonyl and methylsulphinyl de rivatives of 

pyri dine , pyrazine, pyridazine, qu i noline , isoquinoline , 

quinoxaline, c i nnoline and phthalaz i ne were prepared 

by oxi dati on of the corresponding methylthio compounds . 

The sulphoxides were prepared by ox i dati on with 

1 equival ent o f ~-chloroperbenzoic ac i d or ca 1 . 2 

equivalents of sodium metaperiodate, whereas for the 

sulphones an excess of potassium permanganate was 

used . Also prepared were the corresponding deriv-

atives of quinoxaline in which the methyl group was 

replaced by either ethyl, isopropyl, or t-butyl . 

The kinetics of reaction of these methylsulphonyl, 

methylsulphinyl and methylthio heterocycles with 

methanol i c sodium methoxide were measured and the 

results are given and discussed. The sulphones and 

sulphoxides were found to have similar reactivities 

and to be considerably more reactive (35-120 times) 

than the corresponding chloro compounds . The 

methylthio compounds, though, were much less reacti ve 

(5 x 1 0 3 - 4 x 10 5 times) than the analogous 

sulphones and sulphoxides, and were also cons i derably 

less reactive than the chloro compounds . The 



effects of activation by ring nitrogen atoms and 

annelation were in qualitative agreement wi th results 

obtained by earlier workers in studies of t he 

reacti viti es of chloro compounds . 

Replacement of the methyl group by larger alkyl 

g r oups i n t he th r ee series led to r educe d r eac t i v i ty, 

and t his r eduction was largest for the sulphoxides 

and least for the sulphides . 

Physical properties, i-~- ionization constants, 

ultraviolet, infrared and n . m.r. spectra were 

recorded and are discussed . The ionizati on constants 

clearly showed the powerful electron withdrawal of the 

methylsulphonyl and methylsulphinyl groups especially 

in the a position . 

Potentially useful reactions of the methylsulphonyl 

heterocycles with various nucleophiles (viz . sodi um 

hydroxide, sodium hydrogen sulphide, sodium cyanide, 

ammonia , methylamine, n-propylamine, and hydrazine 

hydrate) were found generally to proceed smoothly 

and i n good yield . 
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CHAPTER 1 

INTRODUCTION 

A study of nitrogen heterocyclic sulphides, 

sulphoxides and sulphones involves simultaneously a 

study of the comparative reactivities of the various 

heterocycles concerned and of the chemistry and effects 

of the sulphur-containing substituents. This introd-

uctory chapter begins with an account of previous work 

on the preparation and reactions of some of these 

compounds. Then are discussed the results of previous 

kinetic studies on the displacement, with anionic 

nucleophiles, of the ·chloro substituent in relevant 

heterocyclic ring systems; and the main theories on 

the mechanism of this replacement. 

I Previous Work on the Preparation and Reactions of 

Nitrogen Heterocyclic Sulphides, Sulphoxides and 

Sul phones 

The following discussion is limited to derivatives 

of pyridine, pyrazine, pyrimidine and pyridazine and 

the ring systems formed by the annelation of these 

heterocycles with one benzene ring. 

1 
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a) Sulphides 

i Preparation 

The methods of preparation of alkyl- and aryl­

thio neterocycles are well known and have been widely 

reported in the literature so they will not be discus sed 

in detail here. 

Briefly these main methods are, alkylation of 

the corresponding merc~pto heterocycle, ~-~- methylation 

of lA with methyl iodide in aqueous sodium hydroxide to 

give lB, displacement of another substituent (usually 

halo) by the appropriate mercaptide ion, and ring 

closure incorporating the alkyl- or aryl-thio group 

into the molecule. 

ii Reactions 

The only quantitative work on the nucleophilic 

displacement of the alk¥1- or aryl-thio group from 

nitrogen heterocycle$ appears to be that by Brown and 

Foster (1966 a, b) on the butylaminolysis of various 

alkylthiopyrimidines (lC anq 1D). They reported that 

a methylthio group was replaced from 10 4 to 2 x 10
5 

times less readily than was the cnloro substituent , 

and that the reactivity of the alkylthi opyrimidines 

tended to decrease with increasing size of the alkyl 

group . 



Previous qualitative aminolyses of alkyl- or 

aryl-thio heterocycles have been r eported f a i rly wi de l y , 

usually i n the highly activated pyrimidines and 

quinazolines. Aminoly$es of alkylthiopyrimidi nes have 

been extensively used in the preparation of po t enti al 

antimalarials (Curd and Rose, 1946; Curd, Davis and 

Rose, 1946; Hull, Lovell, Openshaw, Payman and Todd, 

1946; Curd, Raison and Rose, 1946; Curd, Davis, Owen, 

Rose and Tuey, 1946a, b; Curd, Richardson and Rose, 

1946; Basford, Curd and Rose, 1947; Hull, Lovell, 

Openshaw and Todd, 1947). Cresswell and Strauss 

(1963) reported the facile disp~acement (10-20 mi n . ; 

refluxing in aqueous · solution) of the 2-methylth i o 

group from 4-amino-6-hydroxy(or amino)-2-methylthio-

5-nitrosopyrimidine by several ami nes; ammoni a, o n 

the other hand, gave a poor yield of amine wi th the 

6-hydroxy compoQnd and none at all with the 6-amino 

derivative. 

In the quinazoline series, Leonard and Curtin 

(1946) reported the replacement of a 4-methylthi o 

3 

group by various amines, and Curd, Hoggarth, Landquist 

and Rose (1948) reported displacement of the 

4-E-chlorophepylthio group from substituted quinazolines 

by amines. 



Cheeseman (1957) mentioned preliminary work on 

replacement of the methylthio group in 2-methylthi o­

quinoxaline by alcoholic methylamine and dimethylamine 

and claimed it went less re~dily than the chloro 

compound . 

Displacement of alkyl- or aryl-thio groups by 

other nucleophiles have been reported. Koppel, 

Springer, Robins and Cheng (1961) and Daves, Baiocchi, 

Robins and Cheng (1961) recorded displacements of the 

2-methylthio group from substituted pyrimidines 

<~ -~ - lE) by hydrosulphide anion, to give the mercapto 

compound <~ -~- lF) and Falco, Hitchings, and Russell 

(1949), Matsukawa and Ohta (1949,a,b) and Bretschneider 

and Egg (1967) have reported the acid hydrolyses of 

substituted 2-alkyl- and aryl-thiopyrimidines to give 

the corresponding hydroxy compounds. Reactions of 

4-arylthioquinazolines with hydroxide ions (Curd, 

et al . , 1948) and 4-alkylthioquinazolines with alkoxide 

ions (Legrand and Lozac'h, 1963) have been observed . 

The methylthio group in 4-hydroxy-2-methylthio­

pyrimidine and 5-ethoxycarbonyl-4-methyl-2-methylthio­

pyrimidine has been replaced by the hydrazino group on 

treatment of these compounds with hydrazine hydrate 

in ethanol (Chi and Wu, 1957). 

4 
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Replacements of the methylthio group in 

2-methylthioquinolinium compounds (lG) by diethyl­

malonate anion (Bunnett and Zahler, 1 951) and in 

3-methylthiopyridazinium compounds (lH) by the 

zwitterion of 2-methylbenzothiazolini um compounds 

(Duffin and Ken dall, 1959) also have b een recorded . 

b) Sulphoxi des 

i Preparation 

The few heterocyclic sulphoxides hitherto 

reported were made by oxidation, under controlled 

conditions, of the corresponding sulphides,~-~-

R - S - R ' 'O' R - SO - R' 

Hydrogen peroxide, usually in acetic acid, has been 

most widely used . Gregory, Overend and Wiggins 

6 

(1949) oxidised 6-methyl-3-p-nitrophenylthiopyridazine 

to the corresponding sulphoxide using this reagent or 

the calculated quantity of potassium permanganate . 

Oxidation of 6-methylthionicotinamide with hydrogen 

peroxide in acetone gave 6-methylsulphinylnicotinamide 

(Forrest and Walker, 1948) . Yanagi ta and Futaki (1952) 

prepared 2-amino-5-£-nitrophenylsulphinylpyrimidine by 

oxidation of the corresponding sulphide with hydrogen 

peroxide and Hill and Krause (1964) prepared 



3-chloro-6-methylsulphinylpyridazine similarly . 

Carpenter and Shaw (1965) prepared sev eral 5-alkyl­

sulphinyl-2,4-dihydroxypyrimidines by oxidation of 

the corresponding sulphides with hydrogen peroxide , 

or fuming nitric acid. These reagents were also used 

in the preparation of 2,4-dihydroxy-5-methylsulphinyl­

pyrimidine (Bretschneider and Egg, 1967) and various 

alkylsulphinylhalopyridines (Johnston, 1967) . 

Hydrogen peroxide also was used in the preparation of 

2-methylsulphinylpyridine (Courtot and Zwilling, 1938) 

but full details were not given . Shaw, Bernstein, 

Losee and Lott have reported the preparation of 

2-benzylsulphinylpyridine by the oxidation of 

2-benzylthiopyridine by 1 equivalent of perbenzoic 

acid in chloroform. Brown and Ford (1967) used 

1 equivalent of ~-chloroperbenzoic acid in chloroform 

to prepare methylsulphinyl- and phenylsulphinyl­

pyrimidines; but for 2-methylsulphinylpyrimidine, 

aqueous sodium metaperiodate was used. 

ii Reactions 

The only quantitative work on the nucleophilic 

displacement of the methyl- or phenyl-sulphinyl group 

appears to be recent work by Brown and Ford (1967) 

and Ford (1968) in the pyrimidine series . They 

7 



reported kinet i cs of replacement of the substi tuent in 

2- and 4-methylsulphinylpyrimi dine , (~ · ~ · lJ ) by 

n-pentylamine in dimethylsulphoxi de and found it to be 

a good leaving group; rather better than chlo r o and 

s i milar to methylsulphonyl . They also reported 

kine tics of r eac tion of some £-substituted 2-phenyl­

sulphinylpyri midines (lK) with aqueous sodium 

hydroxide . A few qualitative reactions such as the 

8 

reactions of 4-methylsulphinylpyrimidine , with sodium 

hydroxide to give 4-hydroxypyri midine, and with 

propanolic sodium propoxide to give 4-propoxypyrimidine; 

the oxidation of 2-methylsulphinylpyrimidine (~-chloro­

perbenzoic acid) to the sulphone and its reduction 

(hydriodic aci d) to the corresponding sulphide were 

also reported . 

c) Sulphones 

i Preparation 

Heterocyclic sulphones have been reported 

fairly wi del y in the literature . In several papers 

series of related sulphones have been prepared for 

biologi cal screening. The most common method of 

preparation was the oxidation of the corresponding 

sulphide,~-~ . : R - S - R' 'O' R - so 2 - R' and for 

this purpose several oxidising agents have been used . 



Sprague and Johnson (1935), and Johnson and 

Sprague (1938) used chlorine gas i n water to p repare 

various 2-ethylsulphonylpyrimidines from the corres-

ponding ethylthi o compounds . In some cases , 

especially at higher temperatures, they observ ed 

simultaneous formation of the corresponding chloro 

compound . Similarly Nyberg and Cheng (1964) oxidised 

3-chloro-6-methylthiopyridazine and 4-chloro-6-methyl­

thiopyrimidine to the corresponding methylsulphonyl 

compounds using chlorine in aqueous methanol . 

Hydrogen peroxide, usually in acetic acid 

<i ·~· peracetic acid) was widely used . By this means 

Cheeseman (1957) prepared 2-methylsulphonylquinoxaline, 

from the corresponding sulphide . Similarly various 

substituted ethylthio- and phenylthio-pyri midines were 

oxi dised to the sulphones (Klotzer, 1961; Hoffmann-

la Roche, 1963) . Kukolja and Cvetni~ (1962) prepared 

2,6-dimethoxy-4-methylsulphonyl- (or benzylsulphonyl-) 

pyrimidines using hydrogen peroxide in formic acid to 

oxidise the corresponding sulphides . 

Potassium permanganate, usually in aqueous 

acetic acid, has also been frequently used to perform 

the oxi dation of heterocyclic sulphides to sulphones . 

9 
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As early as 1900 Marckwald, Klemm, and Trabert used thi s 

reagent in the preparation of vari ous py i di ne sulphones . 

Takahashi and Ueda (1953) also used t his reagen t to 

prepare vari ous substituted 2- and 3-methylsulphonyl­

pyridines and similarly Bednyagina and Postov skii 

(1956 ) prepared several l-alkylsulphonyl-4-phenyl­

phthalazines . 

Various other oxidising agents have been used 

occasionally . Colonna (1941) used chromic oxide and 

sulphuric acid to oxidise 5-nitropyridine-2-thio­

salicyl i c aci d to the corresponding sulphone and 

Caldwell and Sayin (1952) oxidised 2-acetarnido-5-p­

nitrophenylthiopyridine to the sulphone using chromic 

acid in acetic acid . Johnston (1967) used potassium 

chromate i n sulphuric acid, and fuming nitric acid , 

to prepare several alkylsulphonylhalopyridines . 

Brown and Ford 1967) used ~-chloroperbenzoic acid in 

chloroform to convert 4- and 5-methylthiopyri midines 

to the sulphones . They also used this reagent to 

oxi d i se 2-methylsulphinylpyrimidine to 2-methyl­

sulphonylpyrimidine . 

Another preparative route to sulphones , most 

commonly used for arylsulphonyl heterocycles , is the 

replacement of the chloro substituent in a chloro 



h e t erocy cl e by t h e app r opriate sulphi nate ion , ~ · ~ · = 

R - Cl + R' - SO 2 ~ R - so
2 

- R ' 

Mo r r e n (1959a) prepared 3-chlo r o-6-p-tolylsul phonyl­

py ri dazine and 3,6-di -p-tol ylsulphonylpy ri daz i ne from 

3 , 6- d i chloropyri daz i ne and so di um-£ toluenesulphinate . 

2- Amino- 4-methyl - 6- £ -aminophenylsulphony l py r imidi ne 

a n d its 6- £ - a cetami dophenylsul phonyl a n alogue were 

p rep ared from 2-ami no-6-chlo r o - 4- rnethy l pyrirni di ne with 

po t assi um E-ami nobenzenesulphinate (or its acetylated 

deriva tive ) i n ethanol using traces of copper dust and 

iodine as catalysts (Semonsky and Cerny, 1951) . 

Occasionally h_eterocyclic sulphones have been 

made by r i ng closure incorporating a sulphonyl group 

i nto the mo l ecule . Substituted arylsulphonyl ­

pyrimi di nes (Atkinson, Shaw, and Sugowdz , 1957) and 

quinolines (Tr8ger and Menzel, 1921-1922) have been 

made i n this way . 

ii Reactions 

Ki netic studies of the replacement of the 

methylsulphonyl group in the 2- and 4-positions of 

pyri midine <~-~- lL) by n-pentylamine and cyclohexyl­

ami ne in dime t hylsulphoxide have been made by Brown 

and Fo r d (1967) . They found it to be a good leaving 

11 



group being somewhat more labile than chloro and of 

similar reactivity to the methylsulphinyl g r oup . The 

displacement of substituted 2-phenylsulphonyl groups 

in the 2-position of pyrimidine by n-pentylamine and 

hydroxi de i on (Ford, 1968) was also studied . 

Qual i ta ive reactions of pyrimidine sulphones wi th a 

range of nucleophiles (azide, cyanide, hydrazine , 

hydroxide, ethoxide and butoxide) to give the expected 

product were also recorded. 

12 

Though no quantitative work had been done prior 

to the above, several reports of nucleophilic dis­

placements in sulphonyl heterocycles had been described, 

and it had been recognized (Bunnett and Zahler, 1951, 

excepted) that the alkyl- or aryl-sulphonyl group was 

a comparable (or better) leaving group than a chlorine 

substituent. Sprague and Johnson (1936) first 

reported the displacement of an ethylsulphonyl group 

from the 2-position of substituted pyrimidines by 

ethoxide i on , hydroxide ion, aniline and ammonia; and 

acid hydr olysis to give the hydroxy compound was also 

recorded . They commented on the similari ty of these 

reactions wi th those of the corresponding chloro 

compounds, and they were unable to replace a 4-chloro 

substituent in 4-chloro-2-ethylsulphonyl pyrimidines 



by ethoxi de ion without simultaneously replacing the 

2-ethylsul phonyl group " Si milar reactions of 

substituted 2-ethylsulphonylpyrimidines with hydroxide 

ion , alkoxide i ons , ammonia and hydrochloric acid have 

been repo rted by Chi and Ling (1956 a,b; 1957 a , b ) o 

Reactions of 4 ,6-dichloro-2-methylsulphonyl­

py r imidi ne (lM) with hydroxide ion (Koppel , Springer , 

Robins and Cheng, 1961) and ethylenimine (Koppel, 

Springer, and Cheng , 1961) gave preferential displace­

ment of the 2-methylsulphonyl group and they commented 

that methylsulphonyl was a better leaving group than 

the chloro substituent . Displacement of the methyl-

sulphonyl group in substituted 2-methylsulphonyl­

pyrimidines by ammonia and amines has been reported 

(Nairn and Tieckelmann, 1960) . 

There have been several reports of the replace­

ment of alkyl- or aryl- sulphonyl groups from substituted 

pyrimidines by sulphanilamide anion . Shepherd , Taft, 

and Krazinski (1961) and Taft and Shepherd 1962) 

reported that the displacement of the methylsulphonyl 

group in pyrimi dines (~ - ~ o lN) with sulphanilamide 

anion went v ery much more readily than for the corres­

ponding chloro compounds and attributed this to a 

13 



speci ic hydrogen bond stabilization of the transition 

s t ate (1 0 ) . Othe r similar displacements have been 

recorded by Hofmann-la Roche (1963 ), Spofa (1 96 3 ), 

Kl otzer (1 961) and Kukol ja and Cvetnic (1 962 ) . 

Acid and alkaline hydrolyses of several 

l-alkylsulphonyl-4-phenylphthalazines have been 

repo rted (Bednyagina and Sokolov, 1959) and a l so 

hydrolysis of 4-phenyl-1-£-nitrophenylsulphonyl­

pht h alazine with sodium hydroxide (Bednyagi na and 

Postov skii, 1956) . Morren (1956 a,b,c) has reported 

the di splacement of the arylsulphonyl group from 

3-E-tolylsulphonylpyridazines by ammonia , sodium 

hydrogen sulphide, sodium alkyl mercaptides, sodium 

a l koxi des and sodium p-aminobenzenesulphonamide . 

Forrest and Walker (1948) observed the replacement 

of the met hylsulphonyl group from substituted 

pyri dines by methanol and ammonia to give methoxy­

and amino-pyridines; and Cheeseman (1957) observed 

the d · splacement of the substituent in 

2-methylsulphonylquinoxaline with sodi um hydr oxide . 

There have been reports of preferential 

di splacement of the chloro substituent in heterocycles 

substitu ed with chloro and methylsulphonyl groups . 

14 



Nyberg and Cheng (1964) observed that in 3-chlor o-6 -

methylsulphonylpyridazine (lP) and 4-chloro-6-methyl­

sulphonylpyrimidine (lQ), the chlorine substituent is 

displ aced by various amines . This was probably due 

to the activation effect of the methylsulphonyl group o 

An extreme c a se of this phenomenon occurred wi th 

3-methoxy-6-methylsulphonylpyridazine (lR) when the 

methoxy group was preferentially displaced by 

sulphanilamide anion (Shepherd and Fedrick , 1965 ) 0 

15 

II Previous Kinetic Studies on Nucleophil ic Di splace­

ments of the Chloro substituent from Substituted Azines 

Previous kinetic ·studies on nitrogen heterocycles 

have been mainly confined to displacement of halo 

substituents (chloro principally) and much of thi s work 

has been on displacement by amines o The followi ng 

discussion will be restricted to studies on the 

d i splacement by charged nucleophiles (because o i ts 

relevance to the present work) of chloro substituent s 

from the r i ng systems covered in this thesis o 

Kinetic studies of nucleophilic displacement by 

methanol ic methoxide ion of the chlorine substituent 

i n 2-, 3- , and 4-chloropyridines (Liveris and Miller , 

1963; Kato, Hayashi, and Anzai, 1967) , 3-chloro-



pyridazine Hill and Krause , 1964) , 2- and 4-chloro­

quinol "nes (Il luminati and Marino , 1958; Bell iK 

Illumi nati , and Mar i no, 1963) 2-chloroqui noxal i ne and 

4-chlorocinnoline (~lluminati , 1964) have been made e 

Chapman a n d Russell - Hill (1 956 ) studied the 

reactions o most of the above compounds and 1-chloro­

phthalazine with sodium ethoxide in ethanol and Chan 

and Mil l er (1967) studied the reactions of 3- and 

4-chloropyridazines and 2-chloropyrazine wi t h 

p-nitrophenoxide anion in methanol . 

The mai n points from the above work are 

discussed below . 

a) Activation by ring nitrogen atoms 

Insertion of an aza group into a chlorobenzene 

or a chloronaphthalene a or y to the substituent 

produced a substantial increase in the ease of 

repl aceab i lity . Thus, 2-chloroquinoline reacted 

6 . 9 x 1 09 times faster than S-chloronaphthalene with 

ethoxide i on Chapman and Russell-Hill , 1956) . This 

activati on by aza groups was of the same order as 

that produced by an exocycl i c nitro group in the 

Y pos ition but somewhat less in the a pos i t i on 

(Chapman and Russell-Hill, 1956) . 

16 



Insertion of a second aza group into pyridines 

o r qu i nolines also produced considerable activation " 

This effect was greatest when it was placed a or 

to t he leaving group, but was still considerable when 

placed S o 4-Chlorocinnoline with sodium ethoxide in 

ethanol reacted 7.3 x 10 3 fold faster than did 

4-chloroquinoline (Chapman and Russell-Hill, 1956 )0 

The appreciable activation by a 8 ring nitrogen was 

also observed by Chan and Miller (1967) in the mono­

cyclic series and has been attributed to the 

i nductive effect of the aza group (Illuminati , 1964) 0 

Thus in all cases the diazines were cons i derably 

more reactive than the corresponding monoazines o 

b) Alpha versus gamma activation by ring nitrogen 

atoms 

Liveris and Miller (1963) reported tha t at 

100° 4-chloropyridine reacted 12 times faster than 

2-chloropyridine with methanolic sodium methoxide , 

s i mi larly Chapman and Russell-Hill (1956) found the 

former to be more reactive with ethanolic sodi um 

e t hoxi de o 

Though somewhat variable, the majority of 

electron density calculations indicated that the 

17 



Insertion of a second aza group into pyri di nes 

o r quinolines also produced cons i derable activation o 

This effect was greatest when it was placed a or 

to t he leaving group, but was sti ll considerable when 

placed S o 4-Chlorocinnoline with sodium ethoxide in 

ethanol reacted 7 . 3 x 10 3 fold faster than did 

4-chloroquinoline (Chapman and Russell-Hill, 1956 ) . 

The appreciable activation by a 8 ring nitrogen was 

also observed by Chan and Miller (1967) in the mono­

cyclic series and has been attributed to the 

i nductive effect of the aza group (Illuminati , 1964) . 

Thus in all cases the diazines were considerably 

more reactive than th~ corresponding monoazines o 

b) Alpha versus gamma activation by ring nitrogen 

a t oms 

Liveris and Miller (1963) reported that at 

100° 4-chloropyridine reacted 12 times faster than 

2-chloropyridine with methanolic sodium methoxide , 

similarly Chapman and Russell-Hill (1956) found the 

former to be more reactive with ethanolic sodi um 

ethoxi de . 

Though somewhat variable, the majority of 

electron density calculations indicated that the 

17 



I 

. 

lN 

~Cl 

MeSOAN/~ 
2 

lP 

15 

lV 

18 

Q 
H-N • , - •N 

jo/1····-. OMe 

. . 
- I ++ :l 
O-s N~ 
-o/ \ 

lQ 

~ Cl 

~~A:Me 

1T 

~ OMe 

~~)(c1 
lW 

Me 

10 

~OMe 

Mes~AN.,.....~ 

lR 

b N 

lU 

lX 



a position of pyridine was more electron deficient than 

the y (Shepherd and Fedrick, 1965) and thus i t can be 

argued that this position should be mo r e react ive 

towards nucleophiles . However the ease b y wh i ch a 

reaction proceeds depends not so much on the electron 

dens i ty i n the ground state but on the s i tuati on 

prevail i ng in the transition state . It would seem, 

therefore, that the transition state for the reacti on 

of 4-chloropyridine is more favoured than that of the 

2- i somer . Several explanations for this effect have 

been offered . 

i The greater stability of the para-quinonoi d 

type transition state (lS) as opposed to its ortho­

quinono i d (lT) counterpart (Chapman and Rees, 1954) . 

ii Repulsion between the negatively charged 

nucleophi le and the lone pair(s) on the r i ng 

19 

n i trogen atoms when attack is at the a position 

(Shephe r d and Fedrick, 1965; Edwards and Pearson , 1962) . 

iii Localisation energy in producing (lU), or some 

form approaching it as the transition state i s 

reached , will be lower when the nitrogen atom i s in 

the c entre of the penta-dienoid system (Shepherd 

and Fedrick, 1965) . 



With the pyridazines, Chan and Miller (1967) 

observed slightly higher reactivity for 4-chloro­

pyridazine with E-nitrophenoxide anion i n methanol, 

than for the 3-isomer; and somewhat surpr i singly 

found that 2-chloropyrazine which was activated by 

a and S ring nitrogen atoms (like 3-chloropyri dazine) 

was more reactive than either. 

In the benzene annelated series,~-~ · 2- and 

4-chloroquinolines, the positional differences were 

less marked and variable. This is probably due to 

some loss of resonance energy in the transition state 

of the 4-compound (lV) relative to that of the 

2-isomer (lW). 

c) Effect of annelation with a benzene ring 

Annelation of a monocyclic heterocycle with 

a benzene ring usually produced a considerable 
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increase in the ease of replacement of the substituent . 

At 90° 4-chloroquinoline reacted 8-fold faster with 

ethanolic sodium ethoxide than did 4-chloropyridine 

(Chapman and Russell-Hill, 1956) . This was probably 

due to the greater area available for delocalisation 

of charge in the transition state (lV; lW) and was 

manifest in a reduction in the activation energy . 



An exception to this rule occurred when an az ine 

nitrogen and a leaving group were i n pos itions 2 and 

3 relati ve to each other,~-~ · 3-chloroisoquinol i ne 

(lX) which was less reactive than 2-chloropyridine . 

d) Theoretical calculations 

Two main methods have been used in attempts 

to calculate relative reactivities and both are 

summarised by Shepherd and Fedrick (1965) . The 

first, which has been mentioned earlier, involved 

calculations of electron densities of different 

positi ons in the ground state and usually fa i led to 

predict the greater reactivity of the 4-pos i tion of 

pyridine . The other involved estimation of theoret­

ical activation energies (6U -6U
0

) referring to the 

absolute zero (Longuet-Higgins, 1950 a,b) and 

although apparently unsuccessful in the azabenzene 

series, has been found to be qualitatively correct 

for the reactions of a limited range of chloroaza­

naphthalenes with piperidine (Chapman and Russell­

Hill , 1956) . However the theory assumed a constant 

entropy of activation and was therefore not 

applicable to reactions involving charged nucleo-

philes which do not meet this criterion . Evans and 
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Polanyi (1936) suggested that if 6St was not constant, 

then the heats of activation at absolute zero were 

better related to the logarithm of the rate at the 

reaction temperature than to the activation energy; 

accordingly Chapman and Russell-Hill (1956) plotted 

the logarithms of the reaction rates with ethanol ic 

ethoxide ion against calculated activation energies 

and found a semi-quantitative fit for only a 

limited range of compounds . Qualitatively however 

its conclusions were fairly well borne out by 

experi ments. 

In short, then, it appears that while 

theoretical calculations have been sometimes useful 

qualitatively~-~ · they predicted the poor reactivity 

o f 3-chloroisoquinoline (lX), they were unreliable 

quantitatively and will therefore be treated with 

caution in this thesis . 

III The Mechanisms of Nucleophilic Heteroaromatic 

Substitution 

Reactions between chloro substituted 

azabenzenes and azanaphthalenes with charged nucleo­

philes are invariably bimolecular and have not been 
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observed t o be catalysed appreciably by acid or base o 

Two principal mechani sms for this bimolecular process 

have been proposed . Bunnett and Zahler (1 951 ) 

po i nted out that due to stereochemi cal and quant um 

mechani cal considerations there was no accept able 

transiti on state model in which benzeno i d resonance 

was mai n tained . They therefore proposed a two-

stage mechani sm (Fig . 1) which involved an intermediate 

a complex of 'some' stability in wh i ch the carbon 

2 3 atom at the s ite of attack changes from sp to sp 

hybri d isation and in which, depending on the species 

involved, either stage may be rate determini ng . 

In the absence of "criti cal evi dence in its 

favour" Chapman (19 55) regarded this mechani sm as 

" an unne cessary and compl i cating postulate" and 

p r eferr ed to fo rmulate a s i mple one stage b i molecular 

me chanism (Fi g . 2) involving simultaneous bond maki ng 

and b reaking . Although the nature of the transition 

state was not clear he regarded that g iven in Fig o2 

as p r oviding a good guide to its structure, but 

po i nted out t hat this formulation is "not i ntended 

to i mply that t he C-X bond is necessarily unaltered 

or that the C-Y bond is fully formed . " 

23 
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The questi on of mechani sm has been mu c h d i scussed 

by revi ewers (Bunnett , 1958; Illumi n a t i, 1 964 ; Shepherd 

a n d Fedri ck, 1965; Ross, 1963; and Capon, Perkins and 

Rees, 1965 ) who tended to favour the two stage mechanism 

and have put forward evi dence in support o f it o Most of 

this e vidence has been accumulated in the aromati c 

series but i t seems likely that the same general prin­

c i ples may apply in displacements from heterocycles o 

Illuminati (1964) pointed out that the di f f erence 

between the two mechanisms was "actually (bu t not 

conceptually) immaterial" if the structure of the 

t r ans i t i on state i n the one stage mechanism resembled 

that of the a complex; Chapman (Chapman and Russell­

Hi ll, 1956) seemed prepared to concede this po i nt . 

The d i fferen c e between the mechani sms is usually 

k i n e t i cally no t detectable and this i s the case for 

t he k i neti cs described in this thes i s . However as 

the bul k of the evidence appears to support i t, t he 

reacti on parameters wi ll be discussed, where necessary , 

i n t erms of a two stage mechanism . Though not 

s trictly correct we will for simplicity (l i ke 

Il l umi nati, 1964) take the intermedi ate a complex 

a s b eing equi valent to the transition state . 



CHAPTER 2 

PREPARATION OF COMPOUNDS 

Vari ous methods used for the preparati on of the 

three compound types, alkylthio, alkylsulphi nyl and 

alkylsulphonyl heterocycles, are briefly mentioned . 

The methods which were used in this work are 

described and where appropriate, results are 

tabulated . At the end of the chapter some data are 

present ed which establish the products of oxidation 

of sulphides as sulphoxides and sulphones and not 

the isomeri c N-oxides . 

I Alkylthio Compounds 

Alkylthio heterocycles have most frequently 

been prepared by alkylation of the mercapto compound 

or by reaction of the chloro heterocycle wi th the 

appropriate mercaptide ion as outlined in the 

Int roduction . 

I n this work, the methylthio hete r ocycles 

(~ -~ - 2B ) were prepared by methylati on of the 

corresponding mercapto compound (~-~ - 2A) wi th methyl 

iodi de i n aqueous sodium hydroxide . These reactions 

proceeded readily at room temperature and were 
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summari sed by Albert and Barlin (1959, 1962 ) . Compounds 

for k in eti c studies were purified by column chromato­

g raphy (alumina/chloroform) and crystal lisation . 

2-Ethylthioquinoxaline (Cuiban, Ionesco , Bala 

a nd Steresco, 1963) and the previously unknown 

2-isopropylthioquinoxaline (2J) were similarly 

prepared from 2-mercaptoquinoxaline (21) with the 

appropriate alkyl iodide in sodium hydroxide but in 

these cases more severe conditions were required and 

the reactions were carried out under reflux . The 

compounds were purified by column chromatography 

(alumina/ chloroform), and recrystallisati on in the 

case of 2-ethylthioquinoxaline, and di stillation 

for the liquid 2-isopropylthioquinoxaline . 

This method was not successful for 2-t-butyl-

thioquinoxaline (2L) . It was, however, p r epare d in 

good yield by refluxing 2-chloroquinoxaline (2 K) with 

sodium t-butyl mercaptide in aqueous ethanol and 

purified by thin layer chromatography (s ili ca gel / 

benzene) and crystallisation. 
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II Alkylsulphinyl Compounds 

Vari ous oxidising agents (viz . hydrogen peroxi de , 

fumi ng ni t ric a cid, po t ass i um permang anate , peraci ds 

or sodi um metaperiodate) have been used i n t h e oxid­

a tion o f heterocyclic sulphi des to sulphoxi des and 

these have been di scussed i n the Introductio n . Of 

these sodium metaperiodate or 1 equivalent of 

~-chloroperbenzo i c acid was chosen as bei ng most 

sui tab l e fo r the compounds described i n th i s t hes i s . 

2- and 4-Methylsulphi nylpyridi nes (~ -~ - 2C) were 

prepared from the correspondi ng methylth i o compounds 

(~ -~ - 2B ) by oxidati on wi th sodi um metaperioda te i n 

wa t er . The reaction proceeded at room temperature 

but a small quantity of sulphone was formed and a 

l i ttle starti ng material remained; cf . Leonard and 

Johnson (1 962 ) who reported the absence of by-p r oducts 

with t h i s r eagent . 

The above reagent which was used i n aqueous 

so l uti on was less sui table as an oxidizi ng agent fo r 

t he less soluble alkylthi o compounds (~ . ~ - 2E ) . 

These we re oxi d i sed to the sulphoxi des (~ -~ - 2F us i ng 

1 equivalent of ~-chloroperbenzoic aci d in chl oroform . 

The solutions of the reactants were i ni t i ally mi x ed 

0 slowl y , generally at O , and then allowed t o stand 
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o verni ght at room temperature o This me t hod worked well 

and usually only traces of by-products we r e formed o 

Puri i cati on of these compounds posed some 

p rob lems at first as some were low melting and 

distillati on was undesirable because 4-met hy l sul phinyl­

pyri dine was found to decompose on vacuum di s tillation o 

Howev er puri fication was achieved by column (alumina/ 

chloroform ) and thin layer (alumina/ether and chloro­

form) chromatog raphy and recrystallisation from an 

appropriate solvent . The reagent used and y i e l d of 

sulphoxi de formed, in each case, are g iven in Table l o 

II I Alkylsulphonyl Compounds 

Several reagents {viz. chlorine, hydrogen 

peroxide , po t assium permanganate , peraci ds , chromic 

acid and fuming nitri c acid ) have been used by othe r 

worker s to oxidise alkylthio heterocycles t o t he 

corresponding sulphones and these have been d i scussed 

in the I nt r oduct i on . 

O t hese reagents hydrogen peroxide was no t trie d 

because of reported complications . 

Sometimes when the oxidation was expected to 

p r oceed to the sulphone the reaction stopped at the 



TABLE 1 

Pr epa r at i on of alkylsulph i nyl compounds by ox i da t i on of 

alkylthio compounds 

Pr odu c t Oxidis i ng agent i el d % 

2-MeSO py r i di ne NaI0 4 75 

4-MeSO pyrid i ne Na IO 4 31 

* 2-MeSO pyrazine peracid 37 

3-MeSO pyr i dazine peraci d 47 

4- MeSO PY ri dazi ne perac i d 32 

2-M eSO qu i nol i ne peracid 64 

4- MeSO qu i noline peraci d 64 

1-MeSO i soquinoline peracid 73 

4- MeSO ci nnol i ne peracid 48 

1- M eSO phthalazine perac i d 4 

2-MeSO qu i noxal i ne peraci d 46 

2-EtSO qu i no xali ne perac i d 67 

2- t - BuSO qu i noxa li ne peracid 53 

* ~- chl orope r benzo i c acid 
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formation of sulphoxide (Gregory, Overend and Wi ggins f 

1 949 ) 0 Chi and Chen (1957 a,b; 1958) us ing hydrogen 

peroxi de in ethanol above a certain con centrat on 

reported he o idation proceeding beyond t he sulphone 

to t he hydr oxy compound and Cheeseman 1957 ) when 

preparing 2-methylsulphonylquinoxaline reported 

simultaneous formation of 2-methylsulphonylquinoxaline-

4-oxide and 2,3-dihydroxyquinoxaline . 

Chromic acid and fuming nitric acid were 

avoided because of difficulties of usage c 

Chlorine gave variable results wi th 3- and 

4-methylthiopyridazine . In aqueous methanol with 

3-methylthiopyridazine (2G) at -20° a 70% y i eld of the 

sulphone 2H ) was obtained, but with 4-methylthio­

pyridazi ne under the same conditions the des ired 

p r oduct was not obtained . Other workers , Brown and 

Ford 1967), Sprague and Johnson (1935 ), also 

obtai ned variable results with this reagent . 

The oxidati on of 3- and 4-methylthiopyridazi ne 

to the sulphones using ~-chloroperbenzoi c aci d in 

chl o r oform was attempted but a mixture of products 

was obtained . 

A wi dely reported and apparently very successful 

reagent was po t ass i um permanganate in aqueous acetic 
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a ci d and th i s was found to be very successful fo r t he 

prepara t ion of the alkylsulphonyl compounds described 

in this thesis . The oxidation of the alkylth i o 

compound ~ o~ • 2B) was quickly and eas i ly performed 

and the product (~ o~ • 2D) was usually obtained i n a 

high degree of purity a n d i n good y i e l d . Purific­

ation was a chiev ed by recrystallisation or distill­

a tion except for 1-methylsulphonylphthalazine which 

had to be chromatographed over alumina in chloroform 

to remove traces of 1-hydroxyphthalazine . The 

yields obtained from the permanganate oxidati ons in 

al l cases are listed in Table 2 . 

Several alkylsulphonyl compounds (~ -~ - 2D) were 

a l so prepared by oxidation of the corresponding 

sulphoxi de (~ -~ - 2C) with potassium permanganate in 

a c etic aci d o The experimental procedure and purif-

icat i on of the product were similar to those used 

when the starti ng material was the corresponding 

sul phi de o 2-Methylsulphinylquinoxaline ( 2M ) was 

also oxi di sed t o 2-methylsulphonylqui noxal i ne (2N ) 

us i ng ~-ch l oroperbenzoic acid in chloroform; it was 

puri f i ed by recrystallisation from cyclohexane o 

Details of these oxidations of sulphoxides are given 

i n Tab e 3 . 
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TABLE 2 

Pr epa r at i on of alkylsulphonyl compounds by ox i dat i on of 

a l ky l th i o compounds with potass i um permanganate 

Pr o du c t Y1 e 1 d % 

2- MeS0z py ri din e 83 

4 - MeS 0 2 py ri di ne 88 

2- MeS0z PY razi ne 69 

3-MeS0z pyr i dazine 74 

4- MeS0 2 PY r i daz i ne 49 

2- MeS0z qu i nol i ne 68 

4- MeS0z qu i noline 68 

1-MeS0z i soquinoline 71 

4- MeS0z cinnol i ne 57 

1- MeS0 2 phthalazine 56 

2- MeS0z qu i noxaline 71 

2- EtS0 2 qu in oxal in e 69 

2-i PrS0z qu i noxal i ne 58 

2-t- BuS0z quinoxaline 66 

- , 
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TABLE 3 

Oxi dation of sul phox i des to sul ph on es 

Pr o du c t Oxidis i ng agent Yi e l d 

4- MeS0 2 pyr i di ne KMnO 4 67 

3-MeS0 2 PY ri daz i ne KMn0 4 63 

2-M eSO 2 qu i noline KMnO 4 81 

4- MeS0 2 qu i noline KMn0 4 43 

4- MeS0 2 c i nnoline KMnO 4 
36 

2 MeSO 2 qu 1 noxaline KMnO 4 
83 

* 2- M eSO 2 qu i no a l i ne peracid 69 

2- EtS0 2 qu i noxaline KM nO 4 
70 

* ~-chlo r ope r benzoic a ci d 



37 

Compounds prepared in thi s work (sul phones 1 

sul pµo xi des and sulphides ) except 1-methyl sulphonyl­

phth a az ' ne, wee stable to sto r age fo r peri ods o weeks 

(often m ch l onger) and no special p recautio ns wer e 

necessary 1-Methylsulphonylphthalazi ne howev er 

gr dually decomposed to give 1-hydroxyph t halaz i ne , 

p r obably due to absorption of water (it was extremely 

hyg roscopi c ), and subsequent hydrolysis . 

The oxidations of sulphides conceivab l y could 

hav e invo lved e ither oxidation on sulphur and/or on 

nitrogen . The evi dence av ailable from this work, vi z . 

p r oducts of reactions, and the infrared and n . m. r . 

spectra of t he products of oxidati on were consistent 

wi h their bei ng sulphoxides and sulphones and not 

i someric N-oxides . Thus reactions with met hanol i c 

sod um methoxi de y i elded the methoxy heterocycl es i n 

goo d y i eld and the infrared spectra showed char acter­

-1 st c peaks at 1040-1070 cm for the sulphoxides , and 

a t 112 5-117 0 and 1310-1325 cm-l for the sulphones 

cf . Bel l amy , 1958 . The n . m. r . signal of the methyl 

g roup s h ifted downfield by 0 . 3-0 . 4 T in each c ase in 

go i ng from t he methylthio to the methylsulphi nyl 

compound and a s i milar downfield shift was obse rved on 

further oxidation to the methylsulphonyl compound . 



CHAPTER 3 

KINETI CS OF REACTION OF METHYLSULPHONYL, 

METH LSULPHINYL AND METHYLTHIO HETEROCYCLES 

WITH SODIUM METHOXIDE 

The k ineti cs of reaction of methylsulphonyl, 

methylsulphinyl and methylthio heterocycles with 

methanolic sodium methoxide have been studied spectro­

pho tometrically . The ultraviolet wavelength used for 

anal ysis of the reaction mixture was chosen so as to 

~ive the maximum difference in absorpt i on between the 

starting material and the methoxy compound produced; 

sometimes the appearance of · a peak due to methoxy 

compound was followed and at other times the dis­

appearance of an absorption peak in the reactant was 

used . An example of the spectral changes observed 

(with 4-methylsulphonylquinoline and methanol ic 

sodium methoxide at 65°) is shown in Fig . 3 . In all 

cases (with the two exceptions discussed in Section II ) 

the reaction, as indicated by the ultraviolet spectra , 

proceeded smoothly to give the corresponding methoxy 

heterocycle as the only heterocyclic product (the 

ultraviolet spectrum of a reaction sample corresponding 
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FIG 3 

Ultraviolet spectra of 4-methylsulphonyl- (A) 

and 4-methoxy - quinoline (8) 
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tot was that of the methoxy compound ) , This complete 
00 

conversion t o methoxy compound indicated that the 

reactions we r e ' clean' (i-~- free f r om any significant 

q u ntities or by-products) and that the reactions were 

not a pp r e ciably reversible (Chapman, Parker, and 

Soanes . 1954) . Th e r eactan t s were also stable in 

me thanol alone , under the conditions of the kinetic 

runs . In every case halving (or doubling) the 

concentrations of both reactants produced a doubling 

(or halving ) of the half life and the rate coeff i c i ents 

remained unchanged . This was consistent with a 
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b imol ecular process, which is assumed throughout , and 

indi cated the absence of any signifi cant base catalysis . 

Acid catalysis was not expected in the highly alkaline 

reaction medium; nor was it observed in any of the 

reactions s tudi ed . 

I Order of Reactions 

a) Methylsulphonyl compounds with sodi um rnethoxide 

The reactions of methylsulphonyl compounds with 

met h anolic sodi um methoxi de to g ive the co rresponding 

me t hoxy compounds and sodium methanesulph i nate 

(i s olated , after reaction with benzyl chlori de , as 

benzyl methyl sulphone) were studi ed first, 



R-S02Me + NaOMe + ROMe + NaS0 2Me 

The re a ctions were bimolecular and obeyed second o r der 

kinetics and the rate constants we r e calculated using 

the usual second order expression: 

2. 303 b (a-x) 
k = t(a-b) log a (b-x) 

where k was the rate coefficient in l . mole-l sec . -l 

a the initial concentration of methoxide ion, 

b t hat of methylsulphonyl compound and 

x was the concentration of methoxy compoun d formed 

at time t (sec . ) . Where necessary corrections were 

made for the expansion of the solvent . 

b ) Methylthio compounds with sodium methoxide 

Unl i ke the reacti ons of the methylsul phonyl 

compounds, t he reactions of the methylth i o compounds 

with met hanolic sodium methoxi de to give met hoxy 

compounds were found not to be simple b i molecular 

r eplacement r eactions obeying second order k i netics . 

The rate coefficients calculated as for a second 

o r de r reac tion showed a large upward trend with time 

when t he molar ratio of methylthio compound to sodium 

methoxi de was 1:1 . 7 . This trend was reduced by 

increas ing the proportion of sodium me t hoxide used . 



Also complete conversion of the methylthio compound 

to methoxy compound was observed when only 30 % of 

the mo ar equi valent of sodi um methoxi de was employed o 

Howev er these reactions were found to be first 

order with r espect to methylthi o compound , and the 

rate vari ed directly with the initial sodi um methoxide 

concentration. 

calculations was: 

The equation employed in the 

k = 2 . 303 log ....E_ 
at b-x 

(The rate constants were corrected for solvent 

expansion o) This result was consistent with a 

bimol ecular process (as indicated by the doubling of 

times of 50 % reaction on halving concentrations of 

reactants ) in which the initial concentration o 

sodium methoxide was maintained throughout the 

r eaction o I t was postulated that the sodium methyl 

sul phide i nitially produced was oxidised to dimethyl 

disulph i de presumably by atmospheric oxygen ) and 

that s i mul taneously sodium methoxide was regenerated , 

2RSMe + 2MeO + 2ROMe + 2MeS 

2MeS ' O' 2CH 3OH + MeSSMe 
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Ev idence i n support of this i nterpre t a t i on wa s 

obta ine d b y i dentif i cation of d i me t hyl d i sul ph i de 

4 3 

i n t he reacti on mi xture . The t race o f wate r p ro d u ce d 

f r om t he l ow concentrations of reagents di d not 

produce any observable complicati ons . 

That such oxidations of simple a liphati c 

mercapti des to disulphides proceed readily in a l kal ine 

solut ion with atmospheric oxygen was supported by the 

work of Xan , Wi lson, Roberts, and Horton (1 94 1 ) . 

Acco r di ngl y we titrated with iodi ne samples o f e t hyl 

mercap t an (used i nstead of methyl mercaptan bec ause 

o f eas e of handl i ng) and sodium methoxi de wlnch had 

been heated i n a sealed tube under conditi o n s s i mi lar 

t o t ho s e of the kineti c studies . I t was found t ha t 

t he ethyl mercapti de ani on wa s readily c o nsume d . 

(Solutions f o r t i tration we r e acidi f i ed , and the n 

q uickly t itrat ed . ) 

c ) Me t hylsulphinyl compounds wi th sodi um me t hoxide 

The r eacti ons of methylsulph i ny l compounds 

wi th so di um met hoxide to give the methoxy compo un ds 

a n d pres umab ly ini t i ally sodi um methanesul phen a t e 

(Na SOMe , behav ed in a manner intermedi a t e bet ween 

t hose o f methy lsul phonyl and methyl t h i o compounds . 



_ I 

Whereas the reactions of methylsulphonyl compounds 

and sodium methoxide obeyed second order kinetics , 

and those of methylthio compounds apparent first 

order kinetics, the reactions of methylsulphinyl 

compounds and sodium methoxide were found t o fit 

best an order of 1. 5 . (Calculations of the second 

order rate coefficients gave an upward trend with 

time, and increase of methoxide ion concentration 

decreased this effect.) The reactions were 

b i molecular but the sodium methanesulphenate produced, 

like other compounds of this type (Kharasch, 1961; 

Kharasch and Bruice, 1951), was very unstable and 

presumably underwent a series of reactions leading 

to the formation of sodium methanesulphinate and 

dimethyl disulphide,~-~ · 

RSOMe + OMe + ROMe + SOMe 

SOMe + Meso 2 + MeSSMe 

The former was isolated after reaction with benzyl 

chloride, as benzyl methyl sulphone and the latter 

was identified in the reaction mixture . Although 

the ex ct nature of these changes was not known , t he 

rate studies indicated that only ca 0 . 5 molar 

equivalents of sodium methoxide per mole of methyl-

- -~ 
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sulphinyl compound were consumed, and t he overa 1 

reac i on had order approximately l o5 o I'he equation 

g i vi ng the best fit for calculation of the rate 

coe f i cients for the methylsulphinyl compounds i s 

g iven below: 

k -
b (a-~) 

2 0303 2 
b log a (b-x ) t (a-- ) 
2 

(Rate coefficients were corrected for solvent 

expansion or contraction where necessary ) 

Further experimental evidence in support of 

this interpretation was obtained by adding fractional 

equivalents only of sodium methoxi de to the reaction 

mixture and permitting the· reaction to proceed as 

far as possible . Thus with 0 . 00 , 0 . 15 , 0 . 30 , and 

0 o45 mo ar equivalents of sodi um methoxide , the 

production of 4-methoxyquinoline from 4-methyl­

o sulphonylquinoline at 90 proceeded to 7, 35 , 59 and 

85 % r espectively o 

II Anomalous Behaviour of 4-Methylsulphinyl-

cinnoline and 4-Methylsulphinylpyridazine 

As was menti oned earlier nearly all of the 

me t hylthio , methylsulphinyl and methylsulphonyl 

compounds with sodium methoxide reac t ed t o g ive the 

45 
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methoxy compounds as the only hetero cyclic p roduct o 

There were , however , two exceptions namely 4-methyl­

sulphinylcinnoline and 4-methylsulphinylpyridazine 

which u ' n addition to the methoxy compound also gav e 

t he corresponding methylthio compound (to the extent 

of 25 % and 6 % respectively) . This unusual change 

~ · ~ o t h a t for 4-methylsulphinylcinnol ine and sodium 

methox de is given in Fi g o4, was first detected on 

exami nati on of the ultraviolet spectra of t he reaction 

mixtures, t hen confirmed by n omor o (which showed 

peaks cl early due to the previously establi shed 

methoxy and methylthi o compounds) , thin layer 

chromatography and finally by separation and isolation 

of the p r oducts . The separation was ef ected by 

t h in l ayer chromatography us ing silica gel or alumina 

and ether Kinetics of nucleophilic displacement of 

the methylsulphinyl group by methoxide ion were 

calculated for the pyri daz i ne wh i ch ga e reasonabl e 

rate oefficients, but not for the cinnoline which , 

not unexpect edly , did not give constant rate 

coef 1.c ents . Preliminary work indicated t ha t the 

formation of methylthio compounds was independent 

of the sodium methoxide concentration . he mechanism 
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of this r e action was not clear, no r was its restriction 

t o these t wo compounds . Bunnett , Ga rbisch and Pruitt 

(19 5 7) fo und that 2, 4-di ni trodiphenyl sul phoxi de reacted 

wi th p i per idine to g ive 26 % 2,4-dinitrodi phenyl 

sulph i de and suggested that the benzenesulphenate 

anions produced may have g iven thiophenoxide ions 

which then acted as a nucleoph i le . Alternativ e ly the 

me t han esul phenate anion produced may have undergone 

oxi dation with simultaneous reduction of the methyl ­

sulphi nyl compound; o r a s i mple d i spr oportionation 

cou d have been involved . 

III Discussion of Kineti c Results 

Th e kinetics of reaction of methylthio , 

methylsulphinyl and methylsul phonyl derivatives of 

pyridine , pyrazine, pyri daz ine , quinoline , isoquin­

oline, quinoxaline, cinno line and phthalazine with 

s odium met hoxide i n me t hanol have been studied and 

t h e results are g i ven in Tables 4-6 of this Chapter . 

In Tab l e 4 a r e g ive n representative examples 

of k ' netic runs of methylthi o, methylsulph nyl and 

methylsulphonyl heterocycles with sodium methoxide 

wh ' ch showed that regular k inetics we r e observed 



usually from ca 10 % to ' ca 80 % reaction when t he rate 

c o efficie nts were calculat ed using the exp r ess ons 

g iven above o The s tandard deviation was in general 

3% or less and the rate coeffici ents we re corrected 

to a llow for e x pans i on or contraction of the solv ent 

me t h a no l o The results of al l the k inetic experimen t s 
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are g iven in Table 5, and in Table 6 are g iven 

reaction par ameters, v i z o : the energy of activati on , E ; 

t he Arrheni us factor, log A; and the transition state 

parame t e r s fl. Ht and fl. St, calculated for t he various 

r e actions o Also, for compari son , some calculated 

rate coefficients, standardi sed at chosen t emperat u r es, 

are included in Table 6 0 The results o f t hese 

k in e tic studi es are discussed below o 

a ) Comparative reactivities o f met hy lsulphonyl 

and methyls ulEhinyl compounds 

The data p r esented in Tables 5 and 6 s howed 

t hat t here was l ittle dif ference in r eacti i ty between 

co rresponding methylsulphonyl and methylsulphinyl 

compounds a nd th i s was consistent with find ngs by 

Br own and Fo r d (1 967 ) with pyri midine sul phones and 

sulphoxides o In most cases the reactivity o f the 

sul phoxi de aried from 0 o5 (in the 2-position of 

pyri d ine) t o l ol (i n the 2-position of pyrazine ) times 
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Reactions of methoxide ions 

4-Methylthio~yridazine at 110° 

Methoxide ion 0.01097N, methylthio compound 0.004M. 

Time (min.) 20.0 43.0 67.5 101. 4 135 . 0 178.8 218.0 266.0 340. 0 

Reaction ( % ) 8.3 17. 1 25.5 36.0 4 5. 1 54. 0 61. 7 69.0 77. 5 

103 ! 6.60 6. 64 6 . 64 6.71 6 . 76 6.61 6 .72 6.69 6 . 69 

Mean 103 ! : 6.67 ± 0.06; after correction for solvent ex;>ansion, 7. 3 7 . 

!-Methyl thiophthal azi ne at 100.95° 

Methoxide ion 0.00498 N, methylthio compound 0 . 003 M. 

Time (min . ) 90.0 190.0 300.0 420.0 550 700 878 llOS 14 25 

Reaction ( %) 12 .5 24. 8 35.8 46 . 8 56 . 7 64. 8 72.9 80.7 88.3 

10 3!, 4 . 95 5 .02 4 . 94 5.01 5.09 5.04 4.97 4 . 96 5.06 

Mean 103! : 5.00 ± 0.05; after correction for solvent expansion, 5. 4 8. 

4-Methylsulphinylguinoline at so 0 

Methoxide ion 0.00652 N, methylsulphinyl compound 0 . 0038 M. 

Time (min.) 86 1 73 278. 5 399 551 723 920 1180 1500 

Reaction ( %) 9 . 9 17.9 26.9 36.2 46. 1 54. 4 62.1 70.7 78. 1 

10 3 ! 3 . 12 3 . 05 3.01 3.05 3.10 3 .0 7 3.03 3.06 3.05 

Mean 103!, : 3.06 ± 0.03; after correction for solvent expansion, 3. 16. 

2-Methylsulphinylpyrazine at 40° 

Methoxide ion 0.00563 N, methylsulphinyl compound, 0.000792 M. 

Time (min.) 24. 0 so. 1 77. 9 109.9 145. 9 183 . 8 231. 9 288.0 358.0 445.0 

Reaction ( %) 8.4 1 7. 7 25.7 32 . 5 41. 4 49.4 57.4 64. 9 73. 2 80.2 

1 o2 ! 1.08 1. 15 1. 13 1. 07 1. 10 1. ll 1. 11 1. 11 1. 12 1. 12 

Mean 10 2! : 1. 11 ± 0.02; after correction for sol vent expansion. 1. 13 . 

2-Methyls ulph onylpyridine at 108.7° 

Methoxide ion 0.0123 N, methylsulphonyl compound, 0 . 0082 M. 

Time (min.) 107 189.3 299.6 368 4 54 622 720 926 1101 

Reaction (%) 13. 3 21. 2 29 . 4 34. 6 40 . 9 49. 4 54 . 7 61. 6 66.2 

103! 1.81 1. 80 1. 74 1. 76 1. 84 1. 84 1. 88 1. 86 1. 83 

Mean 103!, : 1. 82 ± 0 . 04; after correction for solvent expansion, 1. 9 7. 
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TABLE 4 continued 

2-Methylsulphonylpyrazine at 49.9° 

Methoxide ion 0.0023B N, methylsulphonyl compound, 0.00144 M. 

Time {min.) I 9. 2 44.9 7B.2 157 . 6 I 9 7. 5 24 3. 2 286 346 

Reaction {%) 6.6 14. 2 22 . 4 38. I 44 . 4 50.1 55.3 60 . 9 

102 l 2.45 2. 4 7 2.44 2.45 2 .46 2.45 2. 46 2 . 4B 

Mean 1021 = 2. 46 ± 0.02; after correction for solvent expansion, 2 . 55 . 

2-Methylsulphonylguinoline at 60.0° 

Methoxide ion 0.0104 N, methylsulphonyl compound, 0.00605 M. 

Time {min . ) 93.6 186.0 300.0 40B.0 505. 0 608 . 5 104 7. 7 1152 . 0 1277.0 

Reaction {%) I 3. 5 24. 2 35.3 42 . 9 48.8 55.l 72 . I 74 . 1 76 . 5 

10 31 2.68 2.59 2.63 2.57 2 . 55 2.60 2.68 2.62 2 . 58 

Mean 1031 = 2.61 ± 0 . 05; after correction for solvent expansion, 2. 72 . 
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TABLE 5 

Kinetic results for the reactions of methylthio, methyl sulphinyl and methylsulphonyl 

compounds with methoxide ions 

Temp .2. 103 [Me0-J 103 [Subst. J 10\ ~ 103l .£ t .£ ' e t / t' f.. An. ~( mµ)9. pH !!. 
( oc) 

ls tis/ tis - ls ls 
corr. ca 1 c. 

2-Meth.)'.l thioe~razine 

129.9 B. 77 3.49 2.50 2. 83 322 6.0 

139. 9 8. 77 3. 49 5. 15 5 . 90 322 6.0 

150 .0 8. 77 3.49 10.5 12 . l 122 322 6.0 

150.0 4 . 33 l. 70 10. 5 12 . l 246 2.03 2.02 322 6.0 

3-Meth.):l thi oel ri daz i ne 

12 9. 6 10.96 4 . 00 1. 69 1.92 250 6.0 

14 0. 0 10.96 4.00 3.96 4 . 54 265 250 6 . 0 

14 0. 0 5. 4 8 2.00 3.89 4.45 555 2.09 2.00 250 6.0 

150.0 10 . 96 4 .00 8 . 4 4 9 . 75 250 6.0 

4-Meth~l thi~elridazine 

90 . l 10.96 4.00 l. 29 1 . 40 270 6.0 

100.0 10.96 4 . 00 2.96 3. 24 270 6.0 

110 . 0 10 . 96 4.00 6 . 67 7.37 157 270 6.0 

110. 0 5. 48 2.00 6.62 7. 3 2 314 2.00 2.00 270 6 . 0 

2-Meth.):l thioguinoxaline 

90.0 7.26 4 . 41 3. 13 5 3 .3 9 360 6.0 

101.0 7.26 4 . 40 7.245 7.94 2 23 360 6.0 

101. 0 3.63 2. 21 7.24 7. 94 436 l. 96 2.00 360 6.0 

109.3 7.26 4 . 41 13. l 14. 5 360 6.0 

4-Meth.)'.l thioci nnol i ne 

80. l 2.96 l. 73 9.37 10.01 350 6.0 

90.2 2.96 I. 73 21.3 23. l 184 350 6.0 

90. 2 5.91 3. 4 5 21. 3 23. 1 94 l. 96 2.00 350 6.0 

99.95 2.96 l. 73 42.8 46.8 350 6.0 
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TABLE 5 continued 

1-Meth~l thioehthal azine 

90.0 10 .00 6.00 2.25 2. 44 300 6.0 

100.95 9.96 5 . 99 4.96 5.44 23 5 300 6.0 

100.95 4 . 98 3.00 5.00 5. 4 8 463 1. 97 2.00 300 6.0 

109.3 10.00 6.00 8 . 79 9. 71 300 6.0 

2-Methrlsulehinrlerridine 

100.0 1 7. 84 8.00 0.433 0.479 240 6.0 

110. 5 1 7. 84 8.00 1.075 1. 19 634 240 6.0 

110. 5 8. 92 4.00 1.04 1. 15 1320 2.08 2.00 240 6.0 

120. 1 1 7. 84 8.00 2. 64 5 2.96 240 6.0 

4 -Me thr 1 s u 1 eh i nr 1 el ri di n e 

80.0 11. 15 4 . 125 1. 75 1. 87 265 9.0 

90.0 11. 15 4.09 4. 12 4.46 262 265 9.0 

90.0 5. 5 7 5 2.05 4. 1 7 4.52 520 1. 98 2.00 265 9.0 

100.0 11. 15 4. 125 9 . 84 10.8 265 9.0 

2-Methrlsulehinrle~razine 

30.0 11. 26 1. 59 4 .30 4.32 295 6.0 

40.0 11. 26 1. 59 11. 3 11.5 91 295 6.0 

40 . 0 5.63 0. 792 11. 1 11. 3 188 2.06 2.00 295 6 .0 

so.a 11.26 1. 59 27.8 28 . 8 295 6.0 

3-Methrlsulehinrlerridazine 

30. 1 8 . 30 3. 53 6. 76 6 . 81 240 6 . 0 

40 .0 8. 30 3 . 52 15.8 16. 1 94 240 6.0 

40.0 4. 15 1. 76 16.05 16.3 189 2 . 01 2.00 240 6.0 

4 9. 9 8. 30 3 . 52 37.4 38. 7 24 0 6.0 

4-Methrlsuleh inrlerridazine 

10.0 2.82 0 . 883 13.4 13 .2 24 7 1.5 

19.8 2.82 0 . 884 36.6 36.4 118 2.03 2.00 24 7 1.5 

19. 8 5.63 1. 765 3 7. 1 36 .9 58 247 1.5 

30.0 2.82 0.882 96.2 96. 7 24 7 1.5 
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TABLE 5 continued 

2-Methxlsul2hinxlguinoline 

60.0 9. 4 2 5. 50 2. I B 2.28 288 6.0 

70 . 0 9 . 42 5 . 5 I 5.22 5 . 51 257 288 6 .0 

70.0 4 . 71 2. 76 4. 93 5.21 544 2. 11 2.00 288 6.0 

79 . 9 9 . 42 5 . 50 12.4 13 . 3 288 6.0 

4-Methxlsul2hinxlguinoline 

4 9. 7 6.52 3.80 3.06 3. 16 320 9.0 

59 . 7 6 . 52 3.80 7.58 7.93 320 9.0 

69.9 6 . 51 3.80 18. I I 9 . I 106 320 9.0 

69 . 9 3.255 J. 90 I 8. 4 19 . 4 206 I. 94 2.00 320 9 . 0 

I-Me th x ls u l 2 hi n,x l is og u i no l i ne 

30.0 22. 53 J. 313 I. 26 I. 2 7 330 6.0 

40.0 22.53 I. 312 3 . 33 3.39 330 6.0 

50.0 22.53 I. 3 I 2 8 .3 65 8.63 63 330 6.0 

50.0 11. 26 J. 3 JO 8. I I 8 .3 7 128 2 . 03 2.02 330 6.0 

2-Meth,xlsul2hin,xlguinoxaline 

5.0 0. 778 0.497 103 100 . 5 238 6.0 

14. 8 0. 778 0 . 496 240 23 7 68 . 5 238 6.0 

14. 8 I. 56 0. 992 23 6 233 35.5 I. 93 2.00 238 6 . 0 

24.9 0. 778 0. 4 9 5 54 8 54 8 238 6.0 

1-Meth,xl sul 2hi nxl ohthal azi ne 

-3 . 9 0. 796 0.500 130 125.5 227 6 . 0 

5.0 I. 59 1.00 296 289 2 7. 3 227 6.0 

5.0 0. 796 0 .500 309 301 52 I. 90 2.00 227 6.0 

14. 85 0. 795 0.500 740 731 227 6 .0 

2-Meth,xlsu12hon,xl2,xridine 

108. 7 I 2. 3 8 . I 9 I. 82 I. 9 7 2 72 6.0 

I I 7. 0 12 .3 8. I 9 3.97 4.33 2 72 6.0 

127 .9 I 2. 3 8. I 9 10.85 12 . 2 108 2 72 6.0 

127 .9 6. I 5 4 .095 10.4 I J. 8 230 2. 13 2.00 272 6.0 

4-Methxlsu12honx12,xridine 

90.4 11 .09 6. I 5 6. 9 I 7. 4 7 I 83 268 9.0 

90.4 6.55 3.62 6.94 7.52 310 I. 6 7 I. 6 7 268 9.0 

JOO . 1 5.24 2.99 1 5. 4 16 .8 268 9.0 

110. 5 3.92 2.82 36.3 40.2 268 9.0 
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TABLE 5 continued 

2-Methllsulehontlelrazine 

29.9 7. 13 4. 01 3 . 86 3 . 89 292 6.0 

39.9 4. 75 2.88 9. 74 9.97 292 6.0 

49.9 4. 75 2.88 24.3 25.2 120 292 6.0 

49.9 2.38 I. 44 24. 6 25.5 24 3 2.02 2.00 292 6.0 

3-Methrlsulehontletridazine 

30 .2 7. 15 3.95 9.65 9. 71 266 6.0 

40 . 1 4 . 11 2.38 23.2 23. 6 266 6.0 

50.6 4 . 52 2. 54 56 . 9 58.6 53 266 6.0 

50.6 2.26 I. 2 7 56. I 57.8 108 2. 04 2.00 266 6 .0 

4-Methrlsulehonllerridazine 

20.25 2.90 I. 90 50 .8 50.6 24 7 1.0 

30.3 2.32 I. 58 121 122 52.5 24 7 1.0 

30.3 I. 16 o. 791 120 121 104 I. 98 2.00 24 7 1.0 

39. 7 0.695 0.475 268 2 73 24 7 1.0 

2-Methrlsulehonilguinoline 

60.0 10 .39 6 . 05 2. 61 2.72 254 6 .0 

70. I 10 .39 6.05 6. 4 7 6 . 84 212 254 6.0 

70. 1 5. 19 3 . 096 6 . 11 6. 4 6 440 2.07 2. 01 254 6.0 

80.0 10.39 6.07 14 . 9 15 . 9 254 6.0 

4-Methrlsulehontlguinoline 

49.9 5. 23 3.05 2.68 2. 77 325 9.0 

60 . 3 10.46 6.05 7.01 7.33 190 325 9 . 0 

60 .3 5.23 3. 04 6.90 7.20 390 2.05 2.00 325 9.0 

69. 7 5.23 3.05 15 .0 15 . 8 5 
325 9.0 

1-Methllsul ehontl isoguinol ine 

59. I 10.39 6.08 5. I 9 5. 4 2 255 270 6.0 

59. 1 5. I 95 · 3.06 4.97 5. I 9 535 2. 10 2.00 270 6.0 

70 .2 5. 19 5 3.06 12.2 12 . 9 270 6.0 

80.25 5. I 95 3.06 28.5 30.4 270 6.0 
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TABLE 5 continued 

2-Methtlsul2hontlguinoxaline 

5. 2 0. 831 0. 4 80 88.3 86. 1 242 6.0 

14. 9 0. 831 0. 4 80 212 209 79 24 2 6.0 

14. 9 0.415 0. 241 216 213 155 1.97 2.00 24 2 6.0 

24. 8 0.831 0. 480 505 505 242 6.0 

4-Methtlsul2honllcinnoline 

5.0 I. 50 0.90 55 . 6 54. 3 286 6.0 

15. 1 2.99 I. 80 136 134 34 286 6.0 

15. I I. 50 0 . 90 139 137 66 I. 94 2 . 00 286 6.0 

24.9 I. 50 0.90 284 284 286 6.0 

1-Methllsul 2hontl 2hthal azi ne 

5.0 I. 70 0.99 49.2 48 . 0 256 6.0 

15. 1 1. 70 0.99 119 1175 33. 8 256 6.0 

I 5. 1 :; . 40 1.985 121 120 68 2.01 2. 00 256 6.0 

24. 8 I. 70 0.99 264 264 256 6.0 

~ ± 0.lo. le In l . mole- 1sec.- 1 ; the standard deviation was usually below 3%. Calculated on 

the basis of a bimolecular reaction, which is second order for methylsulphonyl ~ompounds, 

apparent first order for methylthio compounds, and has apparent order 1.5 for methylsulphinyl 

compounds. £ Corrected for solvent expansion or contraction. 1 Time for 50 % reaction, in min. 

~ The ratio oft½ for two experiments at different concentrations. f Calculated values from 

the concentrations of reactants employed . g_ Analytical wavelength for determination of 

percentage reaction . 

measurements . 

!!_ pH of buffer solutions used to stop the reactions and for spectroscopic 
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TA8L E 6 

Rate coefficients and Arrhenius parameters for react i ons with methoxide ions 

Compound Temp. 10 3 k E ~ l 09 A !!. !> H+ ~ - t> S+ £ 

(oC) (l . mole- 1sec- 1 ) (k c al .mole-I) (kcal .mole - 1 ) ( kcal . mole- 1 de9 . -l) 

2-Methylsulphinyl-
12.2 25 . 8 5 . 2 pyridine 110.5 1. 15 26 . 6 

2-Methylsulphonyl-
2.23.!! pyridine 110 . 0 28.7 13 . 7 2 7 . 9 -1. 7 

4-Methylsulphinyl-
pyridine 110 . 0 24 . 1.!! 22 . 9 11. 44 22 . 2 8.6 

4-Methylsulphonyl-
pyridine 110 . 5 40 . 2 23. 1 11. 7 22 . 4 7.5 

2-Methyl thio-
pyrazine 110. 0 0 . 566.!! 24. 6 10.76 23.8 11. 9 

2- Methylsulphinyl-
pyrazine 30.0 4 . 32 18. 5 10.98 17 . 9 10 . 3 

2-Methylsul phenyl-
pyrazine 29 . 9 3.86 18 . 3 10.8 17 . 7 11. 2 

3-Methyl thio-
0 . 335.!! 27 . 3 12.0 26 . 5 6 . 4 pyridazine 110.0 

3-Methyl sul phi nyl-
pyridazine 30 . 1 6 . 81 16.9 10 .o 16 . 3 14. 8 

3-Methylsulphonyl-
pyri dazi ne 30 . 2 9 . 71 1 7 . 1 10.3 16.5 13 . 5 

4-Methyl thio-
pyri dazi ne 110 . 0 7. 3 7 23.0 10 . 96 22.2 10 . 8 

4-Methylsulphinyl-
pyridazine 30.0 96 . 7 17.0 11. 25 16.4 8 . 5 

4-Methylsulphonyl-
pyridazine 30 . 3 121 15.7 10.4 15 . I 13 . 0 

2-Methylsulphinyl-
quinoline 60 . 0 2 . 28 20 . 9 11 . 05 20 . 2 10.2 

2-Methyl sul phenyl -
quinoline 60 . 0 2.72 20 . 7 11.0 20.0 10 . 4 

4-Methyl sulphi nyl-
quinoline 59 . 7 7 . 93 19. 7 10 . 8 19 . 1 11. 4 

4-Methylsulphonyl-
quinoline 60 . 3 7.20 19.4 10 . 6 18.8 12.3 

1-Methylsul phi nyl-
20 . 7.!! isoqui nol i ne 60 . 0 18.6 10 . 5 18.0 12 . 5 

1-Methylsulphonyl-
5 . 62.!! isoquinoline 60 . 0 19 . 5 5 10 . 55 18 . 9 12. 5 

2-Methyl thio-
15 . 3.!! quinoxaline 110.0 20 . 8 10 . 04 20.1 15.0 

2-Methylsulphinyl-
.!! quinoxaline 30 . 0 815 14 . 0 10 . 0 13 . 4 14 . 8 

2-Methylsulphonyl-
.!! qui noxal i ne 30.0 776 14. 8 10 . 6 14 . 3 12 . I 
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TABLE 6 continued 

4-Methy l thi o-
96 . 3& cinnoline 110. 0 20.4 10.6 19 . 7 12.2 

4-Methylsulphinyl-
cinnol ine 30 . 0 '1.1300 

4-Methyl sul phonyl-
418& cinnoline 30.0 13 . 6 9.43 13.0 17.2 

I-Methyl thio-
10 .2& phthal azi ne 110 . 0 I 9. 7 9.26 19 . 0 18. 6 

1-Methylsulphinyl-
2610& phthalazine 30.0 14.6 I 0. 9 14 . I IO. 3 

1-Methylsulphonyl-
395& phthalazine 30.0 14. 15 9.8 13.6 15.6 

! Accurate to ±0 . 4 kcal.mole-I. 

!c Accurate to ±0 . 3 unit. 

£ Accurate to ± I unit . 

& Calculated from the experimental results . 
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that of t he corresponding sulphone . Exceptions to 

th s were t he 1-positions of phthalazine and i soquinol i ne; 

the 4-pos i tion of cinnoline was not considered because 

the f gure quoted for 4-methylsulphi nyl cinnol i ne a t 30° 

in Tab le 6 was cons i dered unreliable for reasons g iven 

p r ev iously . In the 1-positions of ph t halazine and 

i soquinoline the sulphoxides ( 3A, 3B ) were appreciably 

more reacti e than the sulphones (6 . 5 and 3 . 7 times 

respectively) . Here the leaving group was between a 

ring n i trogen atom and the annelating benzene ring , and 

it well may hav e been that under these conditi ons 

s t eric factors were responsible for the r elatively 

eas i er di splacement of the rnethylsulphinyl group . 

Diffe rences in the energies of activation between 

t he sulphones and correspondi ng sulphoxi des were 

sall y small and displayed no distinct pattern , 

Both t he methylsulphonyl and methylsulphinyl groups 

were f ound t o be good leaving groups and this point 

will be further i llustrated later by reference t o 

t he corresponding chloro compounds . 

b ) Comparative reactivities of methyl thio 

compounds and their methylsulphonyl (and methyl­

sulph inyl) analogues 

Examination of the data presented in Tables 
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5 and 6 r e v ealed that qualitatively, the methyl t h i o 

compounds s t udied here were very much less reactive 

t owards sodium methoxi de than were the correspon di ng 

sulphones and sulphoxides, and that the methylth o 

g roup was , thus, a relatively poor leaving g roup . 

A deta led comparison of the reactivities of the 

methylsulphonyl and methylth i o compounds w th sodium 

methoxi de i s attempted in Table 7 (methylsulphinyl 

compounds are not included as they are very similar 

in r eactivity to the methylsulphonyl compounds ). 

These data include the relative rates at 30° 

(sometimes calculated) and the calculated t emperatures 

at wh ich the methylthio compounds would react at a 

60 

rate equal to that of the corresponding methylsulphonyl 

compounds at 30° . These figures showed clearly , f or 

the compounds examined , a difference in reactivity at 

30° of 5 x 10 3 to 3 . 7 x 10 5 times , and a tempe rature 

differential for reacti ons , under the conditions used, 

of 1 00-145° . Brown and Ford (196 7) found in the 

pyrimidi nes, a reactivity differential of . 1 05 • The 

data p r esented in Table 6 showed that this di fference 

in reactivity was attri butable mainly to the higher 

energy o ac t ivation, E, of the methylthio compounds . 
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TABLE 7 

Compa r i s on of r eact i vi ty of methylth i o and me th l s ul pho ny l 

hete rocyc l es wi th me t ho x1de i on 

Compou nd 

2- Methyl t hio­
py r az i ne 

3- Me t hy l t hi o­
py ri da z i ne 

4- Me t hy l t hi o­
py ri da zi ne 

2- Me t hy l t hi o­
qui no al i ne 

4- Met hy l t hi o­
ci nno l , ne 

I - Me t hy l t hi o­
ph t ha l az ' ne 

Rate 
coe f f i ci ent 
ca l cu l at ed 

at 30° 

1.14 X 10 - 7 

2 , 62 X 10- 8 

2 , 52 X 10- 6 

1, 13 X 10- 5 

8 . 18 X 10- 5 

1. 10 X 10 - 5 

Ra t i o of 
r ea c t i vi t y 

at 30° 

S0 2Me / SMe 

3. 41 X 104 

3 . 71xl0 5 

A. 76 x 104 

6 . 87 X 104 

3 . 60 X 10 4 

em pe r at ur e a 
r eq ui r e d f or 

kS Me == S0
2

Me 

a t 30° 

134 . 0° 

149 . 9 

149 . 0 

174 . 3 

132 . 2 

17 3 . 3 

a Th i s i s the ca l culated temperatu r e fo r r ea c t i ons of 

me t hy l t hi o compounds at which the reac t i on r at e i s 

t he same as shown by the methylsulphonyl ana l ogues 

a t 30° . 
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Thi s d i fference , from the methylsulphonyl compounds was 

foun d t o vary between 5 055 (for t he 1-position of 

phthal azine) and 10 . 2 (for the 3-position of pyridaz i ne ) 

-1 
kcalo mole 0 On the other hand variati ons in t he 

f r equenc y actor, log A, d i d not d i splay a d i s t inct 

pattern o 

c ) Comparative reactivities of chloro heter ocycles 

wi th their methylsulphonyl , methylsulphinyl and 

methylthio analogues 

It was of interest to compare the reactivities 

of het erocyclic methylthio, methylsulphinyl and 

methylsulphonyl compounds towards sodium me t hoxi de 

with those of the corresponding chloro compounds and 

ra t e constants and reaction parameters of methyl­

sul phony l compounds and corresponding chloro compounds 

are presented in Table 8; and a comparison of t he 

r eacti ities of methylthio compounds and their chloro 

analog es i s given in Table 9 . (Due to the great 

s i milari ty between the reactivities of the sulphones 

and sulphoxides, the former were taken as represent-

ative of both groups . ) The data in Table 8 revealed 

tha t t he methylsulphonyl compounds were more react i e 1 

and at the t emperatures given (of the same order as 

those used experimentally) this greater reactivity 
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Comparison of reactivity of methylsulphonyl and chloro heterocycles with methoxide ion 

Compound Temp . 

(°C) (1.mole- 1sec- 1 ) (kcal.mole- 1 ) (kcal.mole- 1deg. -l) 

2-Chloropyridine ~ 

2-Me thy 1 su 1 phonyl py ri dine 

4-Chloropyridine ~ 

4-Methylsulphonylpyridine 

3-Chloropyridazine ~ 

3-Methylsulphonylpyridazine 

2-Chl oroqui nol i ne £ 

2-Methylsulphonylquinol ine 

4-Chloroquinoline £ 

4-Methylsulphonylquinoline 

2-Chloroquinoxaline E. 

2-Methylsulphonylquinoxaline 

4-Chlorocinnol ine E. 

4-Methylsulphonylcinnoline 

~ Liveris and Mille r (1963). 

~ Hill and Krause (1964). 

110. 0 

110. 0 

I JO. 0 

110. 5 

30.0 

30.2 

60.0 

60.0 

60.0 

60.3 

30.0 

30 .0 

30.0 

30 . 0 

£ Belli , Illuminati, and Marino (1963). 

E_ Illuminati (1964) . 

0.0385f. 28 .9 5.33 

2. 23!. 28.7 -1. 7 

0.405f. 25.2 10 . 4 

40.2 23. I 7. 5 

0.0902f. 19.3 15. 4 

9. 71 I 7. I 13.5 

0. 04 51 f. 24. 2 7.0 

2. 7 2 20.7 10.4 

0.0610f. 21. 2 17.2 

7.20 19.4 12 .3 

16 . 4f. I 6. 7 13.6 

77 6f. 14 .8 12 . I 

10 . 1f. 15.8 I 7. 7 

4 l 8f. 13.6 17.2 

~ To enable direct comparison to be made some coefficients have been normalised 

at specific temperatures. 

f. This rate coefficient has been obtained by calculation. 



TABLE 9 

Compa riso n of r eac tivity of methy l th i o and 

chloro heterocycles with metho xid e i on 

Compound 

3-Chlo r o-. d . b PY r, az 1 ne-

2-Chloro -
qu i no al i n e.f. 

4-Ch lo r o-
c i nnol i ne C 

Rate 
coefficient 
calculated 

at 30° 

9 . 02x10 -5 

1.64xl0 - 2 

1.0lxl0- 2 

Rat i o of 
react ivity 

at 30° 

Cl/SMe 

3 . 44xl0 3 

1.45x10 3 

1 . 23xl0 2 

Tern pe ra tu re.! 
r equi r ed for 

ksMe -=- kc1 

at 30° 

96 , 6 

111.0 

80 , 2 

a This i s the calculated temperature for r ea ct i ons o 

methylth i o compounds at wh i ch the rate is the same 

as shown by the chloro analogues at 30° , 

b J . H. M, Hi ll and J , G, Krause (1964) , 

c G Ill uminati (1964) , 
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varied from 41 (in the case of the 4-positi on o f 

c i nnol i ne) to 118 times (for the 4-pos ition of 

quinol ine). Except in the case of the 2-pos ition of 

pyridi ne, where differences in the frequency factor 

were responsible, the greater reactivities of the 

methy l sulphonyl compounds, as opposed t o the chloro 

compounds, were reflected mainly in the lower 

energies of activation of the former (usually by 

-1 
1 . 8 to 3 . 5 kcal . mole ) . Various reports in the 

literature (~-~- Brown and Ford, 1967; Sprague and 

Johnson , 1936; Shepherd, Taft and Krazinski, 1961; 

see Introduction) claimed that the methylsulphonyl 

group was at least as good, or better, as a leaving 

group than was the chloro substituent, and these 

findi ngs were well borne out by our quantitative work . 

Unlike the sulphones the methylthi o compounds 

were less reactive than their chloro analogues . The 

data in Table 9 showed that the chloro derivatives 

were from 1 . 2 x 10 2 to 3.4 x 10 3 times more reactive 

than their methylthio analogues, and that for the 

methylthio compounds to have the same reactivities as 

the chloro compounds, at 30°, increases of between 

50 and 81° in temperatures of reactions were required . 
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Comparison of the data for the methylthio compounds 

presented in Table 6 with those for some of the chloro 

analogues given in Table 8 revealed that the greater 

reactiviti es of the latter were reflected in lower 

values of t he energies of activation while differences 

in the frequency factors were variable . Brown and 

Fos ter (1966 a,b ) also recorded large differences in 

t he rates of aminolyses of substituted 2-chloro- and 

2-methylthio-pyrimidines. 

d ) Positi onal effects in monocyclic systems 

Previous workers have shown that a subs tituent 

in the 4-position of pyridine is more readily replaced 

by nucleophiles than the same substituent in the 

2-position (see Introduction for summary) . This was 

als o true for 2- and 4-methylsulphinyl- and methyl­

sulphonyl-pyridines where the ratio of reactivity at 

t he 4-pos i tion to that at the 2-position was 1 8 for 

the sulphones and 21 for the sulphoxides (at 110°) . 

Similarly the 4-substituted pyridazines (30; where 

the substi tuent is y to one aza group) reacted more 

readily than did the 3-isomers (3C; where the 

substituent i s a to one aza group) in the sulphides , 

sulphoxides and sulphones . The largest value of 
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this rat i o was 22 o0 for the sulphides (at 11 0° ) and it 

was least, 12 . 4, for the sulphones (at 30°) 0 The 

greater r eactivities of the y substituted compounds, 

usually associated with lower energ i es of activation , 

have been attri buted (Shepherd and Fedri ck , 1965 ) to 

greater stabilisation of the transition states 

(~ -~ - 3F) relative to those of the a substituted 

isomers (~ -~ - 3G) . Apparent exceptions were the 

3- and 4-methylsulphinylpyridazines where the 

difference in reactivity was reflected mainly in the 

log A values . 

In the 3-position of pyridazine (3C) and the 

2-pos i tion of pyrazine (3E) the substi tuent was 

activated by a and S ring nitrogen atoms and thus 

these compounds might be expected to show similar 

reactivities . This was observed, and in the cases of 

the sulphones and sulphoxides the 3-pyri dazine 

compounds were a little more reactive, but in the 

sulphi des , 2-methylthiopyrazine, was slightly more 

reactive . 

These results were somewhat different from those 

reported by Chan and Miller (1967), who found that 

with sodium p-nitrophenoxide, 4-chloropyridazine was 
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only very slightly (1 . 5 times) more reactive than its 

3- i some r and 2-chloropyrazine was more reactive t han 

either o 

e ) Effects of annelation wi th a benzene r i ng 

Two general effects of annelation of a benzene 

ring to a heterocycle were ob?erved in thi s work " 

These were general increases in reactivi ty of the 

annelated species as compared with their non-annelated 

monocycl i c counterparts, and decreases in positional 

selectivity . 

Annelati ons of substituted azabenzenes previously 

have been observed (Chapman and Russell-Hi ll , 1956) to 

produce considerable increases in reactivity except 

when they gave the less reactive 3-substituted 2-aza­

naph t halenes (~ -~ · 3H) . In this work , howev er p no n e 

of t he c ompounds studied had this conf i guration and 

it was e x pec t ed that all systems would show increases 

i n react ivity on annelation . In fact , an i nc rease in 

r eactivity was observed in each case and these 

increases in reactivity are summarised in Table 10 . 

These i nc reased reactivities varied from 3 . 5 on 

annelation of 4-methylsulphonylpyridazine to g ive 

4-methylsulphonylcinnoline, to 3240 for annelation of 
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TABLE 10 

Annelatlon effect on reactivity 

Ratio of Reactivity of bicycle 

Reactivity of monocycl e 

Monocycle Position of Bicycle Position of Sulphide Sulphoxlde Sul phone 
subs ti tuent subs ti tuent 

Pyridine 2 Quinol ine 2 356 .! J 66 .! 

Pyridine lsoquinollne 3240 .! 760 .! 

Pyridine 4 Qui nol i ne 4 JO .! 18 .! 

Pyrazine 2 Quinoxaline 2 27 ~ 188 £ 201 £ 

Pyridazine J Phthalazine JO~ 383 £ 41 £ 

Pyridazine 4 Cinnoline 4 13 ~ 3.5 £ 

~ At 110° . £ At 30° . 
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2-methylsulphinylpyridine to give 1-methylsulphi nyliso­

quinoline o These increased reactivities were reflected 

i n lower energies of activation even though the 

frequency factors were also lower . These effects have 

been attributed (Chapman and Russell-Hill, 195 6 ) to the 

greate r area available for delocalisation of the charge 

i n the t ransition states of the annelated compound 

(~. 9. 0 31, 3J). 

Inspection of Table 10 showed that annelation had 

a greater activating effect on 2-substituted hetero­

cycles than their 4-isomers. This was probably due to 

loss of some resonance energy in the transition states 

of the 4-compounds (~-~ - 31) relative to those of the 

2-isomers (~ ·2 · 3J) . 

As a result of the aza-groups i nducing greater 

reacti vity at they positions, and annelati on greater 

reactivity at the a positions, positional e ffect s 

became variable in the benzene fused seri es o In the 

quinolines, 4-methylsulphinyl- and sulphonyl-qui nolines 

were slightly more reactive than their 2-substituted 

counterparts but this difference was much less than in 

the co rresponding pyridines . 1-Methylsulphinyliso­

quinoline was more reactive than 4-methylsulphi nyl-
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qui noline but the corresponding sulphone was less o 

With the diazines the picture was still mo re v a ri able 

and reactivities were in the order: 4-me t hylth ' o­

cinnoline > 2-methylthi oqui noxaline > 1-methylt hio­

phthalazine for the sulphides; 1-methylsulphinyl­

pht hal azine > 4-methylsulphinylcinnol ine ; 2-methyl­

sulphinylquinoxaline for the sulphoxi des; and 

2-methyls ulphonylquinoxaline > 4-methylsulphonyl­

cinnoline > 1-methylsulphonylphthalazine for the 

sulphones . The last order was the same as found by 

Chapman and Russell-Hill (1956) for reactions o f chloro 

compounds with ethoxide ion . (The high reactivities 

of 1-methylsulphinyl- isoquinoline and phthalazine have 

been discussed earlier . ) 

f) Activation due to ring nitrogen atoms 

Data on the displacements of the methylsulphonyl 

or me t hy l sulphi nyl groups (or indeed me t hylthi o groups) 

from monosubstituted benzenes or naphthalenes were not 

avai lable and hence it was not possible to g ive any 

v alue for the activation by the first ring nitrogen 

atom in the a and y monosubstituted pyri dines , 

quinolines and isoquinolines studied here . 

The e ffects of addition of a second ring nitrogen 
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atom placed S to the leaving group were measurable in 

the sulphones and sulphoxides (but not in the sulphides 

because of the absence of information in the monoaza 

systems) . This produced a considerable increase in 

reactivity and was of the order observed by earlier 

workers (~ · ~· Chapman and Russell-Hill, 1956) for 

displacements of chloro substituents. This increased 

activation has been attributed to inductive electron 

withdrawal by the ring nitrogen atom placed S to the 

leaving group (Illuminati, 1964). Thus 2-methyl-

sulphinylpyrazine reacted 9 times as fast with sodium 

methoxide at 30° as 2-methylsulphinylpyridine at 100°; 

and 4-methylsulphonylcinnoline at 15° reacted 19 times 

as fast as 4-methylsulphonylquinoline at 60° . This 

increas ed reactivity was reflected in a considerable 

reduction in energy of activation (between 11 . 6 and 

4 . 0 kcal . mole- 1 ) even though the frequency factor 

was also usually lower. 

g) Theoretical calculations 

Many attempts have been made to correlate 

reactivities of substituted nitrogen heterocyclic 

molecules toward nucleophiles with calculations of 

electron densities or localisation energies, and these 
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have been summarised by Albert (1959), Ridd (1963), and 

Shepherd and Fedrick (1965). In the past most of these 

studies have been on the reactivities of chloro 

heterocycles. 

In this work we sought to see if any correlation 

existed between these calculations and the reactivities 

of the compounds, studied in this thesis, with sodium 

methoxide in methanol. However, it should be pointed 

out that in such approaches calculations related to the 

ring system and no allowance was made for the effect of 

variations in the nature of the leaving group or 

nucleophile . Differences in the relative reactivities 

of sulphides, sulphoxides and sulphones were observed 

but these were usually small and the sulphone series, 

only, was taken for comparison. 

i Comparison of reactivities with calculated 

electron densities 

Attempted correlations of reactivities with 

calculated electron densities should be treated with 

extreme caution for the reasons that many calculations 

of electron densities of ring systems currently under 

investigation have been made, and in many of these 

widely varying and conflicting values were obtained; 



and that the nature of the transition s tates are 

probably a more accurate guide to reactivity t han the 

ground state electron densities. 

Black, Brown, and Heffernan (1967) used a 

"variable electronegativity self cons i stent fi eld 

(V . E . S . C . F . )" method to calculate electron dens ities 

(Table 11) for the range of heterocycles covered in 

this thesis and we have examined results given in this 

work for possible correlations. The two seri es of 

compounds in which the leaving group was activated by 

a and y ring nitrogen atoms were considered separately 

and some correlations were observed . Thus the 

reactivi t i es of 4-methylsulphonyl-pyridine, quinoline, 

pyridazi ne and cinnoline with sodium methoxi de were, 

qual ita tively, in the same order as decreases in t he 

calculated electron densities of these posi tions . 

The correlation was not so satisfactory in the a 

activated series but a general increase i n reactivity, 

as the electron density decreased, was observed . 

Correlation failed completely when the two series 

were compared because the calculations of Black et al 

(1967) showed that the positions a to the ring 
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TABLE 11 

Electron densit i es and potential energies of act iv at i on 

He t e r o cy cl e 

pyri dine 

pyri di ne 

pyrazine 

pyri dazine 

pyri dazi ne 

quinoli ne 

quinoline 

isoquinolin e 

phthalazine 

quinox al ine 

cinnoline 

Ring position 

2 

4 

2 

3 

4 

2 

4 

1 

1 

2 

4 

q ~ 

0 . 964 

0 . 984 

0 . 960 

0 . 951 

0 . 980 

0 . . 9 56 

0 . 981 

0 . 956 

0 . 953 

0 . 953 

0 . 978 

b 
q 

0 . 962 

0 . 955 

0 . 947 

0 . 943 

12 0 
-24 

12 0 
-33 

12 0 
-33 

200 
-33 

150 
-24 

200 
-33 

~ Obtained from figures given by Black, Brown, and 
Heffernan (1967) . b Coulson (1961) . 

.£ Chapman and Russell-Hi l l (1956) . 
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nitrogen had greater electron deficiencies than those 

y but the experimental results showed clearly that the 

y substituted heterocycles were more reactive . 

Coulson (1961) gave values for the electron 

densiti es of the 2- and 4-positions of pyridine and 

quinoline (Table 11) in which the reported electron 

densities, contrary to those usually quoted (Shepherd 

and Fedrick, 1965), were lower at the 4-positions and 

the electron deficiencies were in the same relative 

order as the reactivities of the relevant compounds 

with sodium methoxide . 

ii Correlation of reactivities with localisation 

energies 

An attempt has been made to correlate reactiv­

ities of various methylsulphonyl azanaphthalenes with 

potential energies of activation (Table 11 ) obtained 

by calculation from the localisation approach of 

Longuet-Higgins (1950 a,b), as applied by Chapman and 

Russell-Hill (1956) to the reactions of chloro 

azanaphthalenes. Because the entropies of activation 

for the reactions studied here were not cons tant 

(Chapman and Russell-Hill, 1956) the value of log k 

was taken as being a better reflection of the heat of 
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FIG 5 

Graph of AU - AU 0 against log k for reactions of methyl-

sulp-honyl compounds with sodium methoxide 

0 
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log k 
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activation at the absolute zero (Evans and Polanyi, 

1936) than tH+ . These results are given i n Fig . 5, 

in whi ch log k is plotted against the calculated 

potential energy of activation . While the t heory 

predicted the similar reactivities of 4-methyl­

sulphonylquinoline and 1-methylsulphonylisoquinol i ne 

and higher similar reactivities of the three diaza­

naphthalene derivatives, its prediction as to the 

reactivity of 2-methylsulphonylquinoline was too 

high . 

Thus it seems that, as in earlier work, while 

theoretical calculations may sometimes correctly 

predict qualitative (but not quantitative) 

reactivities, they should be treated with caution. 
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CHAPTER 4 

EFFECT OF VARIATION OF ALKYL GROUP ON THE REACTIVI TIES 

OF ALKYL-SULPHONYL-, SULPHINYL- and THIO-QUINOXAL INES 

In the p r evious chapter we presente d t he results 

of a study of the reactivi ties of vari ous methylthi o , 

methylsulphinyl and methylsulphonyl heterocycles 

wi th sodi um methoxide in methanol . 

In this chapter, the effects of change of the 

methyl group to ethyl, isopropyl and t-butyl i n the 

sulphones , sulphoxides and sulphides of 2-substituted 

quinoxalines (chosen because of their ease of 

synthes i s and high reactivi ties) are descri bed . 

79 

A few previous observations of the effects of 

variation of the alkyl group on the reactivi ties of 

s i milar compounds have been reported in the literature . 

Brown and Foster (1966a) reported small decreases 

in the rates of ami nolyses of 2- and 4-alkylth i o­

pyrimi dines when the alkyl group was vari ed from 

methyl to ethyl and isopropyl. Shepherd and Fedrick 

(1 965 stated that the reactivities of alkyl- or 

aryl-sulphonyl groups (R-so 2-) in heterocycles 

appeared to decrease with i ncreases in the s i ze of 
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the R- groups and Alekseeva and Postovski i (1954 ) found 

that the rates of hydrolysis of 2-alkylsulphonylbenzo­

t h ' azoles decreased as the s i ze of the alkyl g roup 

i ncreased o Brown and Ford (1967) also r eport ed that 

2-methylsulphonylpyrimidine was sli ghtly more reactive 

t owards amines than 2-phenylsulphonylpyri mi dine o 

I Order of Reactions 

The alkylthio-, alkylsulphinyl- and alkylsulphonyl­

qui noxalines reacted smoothly with methanolic sodi um 

methoxide to give 2-methoxyquinoxaline in high yield 

(as indicated by the ultraviolet spectra and by 

isolation of the product) . The kineti cs of these 

reactions were followed spectrophotometrically 

(Table 13 g i ves the relevant data) and rate coeffic­

i ents were calculated assuming apparent orders of 

1, 1 . 5 and 2 for the reactions of sulphi des , 

sulphoxi des and sulphones respecti vely o These 

reactions behaved exactly as for the methyl analogues 

and no additional complications were observed under 

the conditions of the kineti c runs . 



II Discussion of Kinetic Results 

The results of the kinetic experiments are g iven 

in Tables 12-14 . In Table 12 are given some typical 

runs for reactions with sodium methoxi de in methanol 

and these showed regular kinetics , The results of 

all k inetic experi ments are given in Table 13, and in 

Table 14 are given reaction parameters, viz . : the 

energy of activation, E; the Arrhenius factor, log A; 

+ + and the transition state parameters 6H and 6 S and 

rate constants, standardised where necessary at 

chosen temperatures. Also, for comparison, the 

values for the methyl analogues (from Chapter 3) are 

included in Table 14. 

Examination of the figures in Tables 13 and 14 

showed that the reactivities of the alkylthioquinox­

alines changed only to a small extent on variation 

of the alkyl group and they decreased slightly with 

increasing size of that group. Thus 2-methylthio-

quinoxaline was ca 1 . 8 times more reactive towards 

methoxide ion at 90°, than was 2-t-butylthio­

quinoxaline . 

In the sulphoxide and sulphone series the 

rates of reaction with sodium methoxide, were affected 
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TABLE 12 

Reactions of methoxide i o ns 

2-lsopropylthioguinoxaline at 100.2° 

Methoxide ion 0.01115 N, 2-isopropylthio compound 0 . 00394 M. 

Time (min . ) 32 68 106 150 200 262 330 410 5 29 

Reaction ( %) 9. 1 18 . 3 2 7. 9 36.3 4 5 .4 54 . 9 62.8 70 . 1 79 . 8 

10 3!. 4.44 4.45 4 . 60 4 . 49 4 . 52 4 . 55 4 . 4 7 4 . 41 4 . 50 

Mean 10 3!_ = 4 . 49 ± 0.06; after correction for solvent ex pans ion, 4 . 9 I. 

2- Ethylsulphinylguinoxaline at 30.0° 

Methoxide ion 0.002075 N • 2-ethylsulphinyl compound 0 . 000545 M. 

Time (min . ) 3. 2 10 . 1 14 . 0 18. 5 24. 0 30 . 6 3 7. 9 4 8. 1 62.9 

Reaction ( %) 8 . 1 23. 7 3 I. 4 39 . 1 48.4 56 . 7 64 . 0 72. 5 81. 8 

10 !. 2 . 15 2 . 18 2 . 22 2.21 2 . 29 2 . 29 2 . 28 2.31 2 . 33 

Mean 10 ! = 2 . 25 ± . 06; after correction for solvent expans i on, 2 . 26. 

2-t-Butylsulphonylguinoxaline at 4o.o
0 

Methoxide ion 0 . 00223 N, 2-t-butylsulphonyl compound 0 . 000900 M. 

Time (min.) 10 . 2 2 I. 1 32.9 48.1 64. 8 B4 . 0 110 . 1 139 . 1 174. 0 218.2 

Reaction ( %) 8 . 9 16 . 6 24. 6 33.2 4 I. 4 49 . 8 59 . 0 62.6 73.7 80 . 0 

10
2!. 6 . 9 5 6 . 65 6 . 74 6.78 6 . 79 6.93 7 . 04 7 . 0 7 7 . 09 7.00 

Mean 10 2! = 6 . 90 ± 0. 15; after correction for solvent ex pans ion, 7 . 01. 
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TA8L E 13 

Kinetic results.! for the reacti ans of alkyl th io- , a 1 ky 1 s u 1 phi ny 1 - , and 

alkylsulphonyl-quino xalines with methoxide ions 

Temp.!!. J0 3 [Me0-) 10 3 [substrate) 10 31 £ 1031 !!. t ~ t,/ t 's f. t.,/ t'i, !I. An. X(m~) b. ., 
(OC) corr. calc. 

2- Eth~ 1 th i og u i nox a 1 i ne 

90 .0 8.91 4 .04 2.50 2. 71 360 

100.2 8.91 4. 04 5 . 4 7 5.99 360 

110.4 8.91 4.04 11. 8 13. I 109 360 

110 . 4 4. 4 55 2.02 11. 6 12.8 219 2.01 2.00 360 

2-JsoeroHl thiogui noxal i ne 

90.0 11. 15 3.94 2. 10 2.28 360 

100 .2 I I. 15 3 . 94 4 . 49 4 . 91 360 

110 . 4 11 . 15 3.94 9 . 66 10 . 69 104 360 

110 . 4 5.575 I. 9 7 9. 46 10 . 48 210 2.02 2.00 360 

2-t-8ut_)'.1 thi ogui noxal i ne 

80.0 20.75 I. 85 . 760 .813 360 

90 . I 20. 75 1.85 I. 76 I. 90 360 

100. I 20.75 1.85 3.58 3.92 152 360 

100 . I 10 . 37 0 . 93 3.61 3. 95 315 2.07 2.00 360 

2-Ethtlsulehin~lguinoxaline 

10.0 4 . I 5 1.09 43 . 7 42 . 9 67 238 

10.0 2.075 0 . 54 7 44 .3 43 . 5 131 I. 96 2.00 238 

20.0 2.075 0 . 54 5 100 . I 99 . 5 238 

30.0 2.075 0. 54 5 225 226 238 

2-t-8ut_)'.lsulehin.)'.lguinoxaline 

30.0 10.37 0. 908 5. 64 5 .67 241 

40 .0 20. 75 0.910 12 . 5 12 . 8 44.5 241 

40 .0 10.37 0 .90 8 12 . 4 12.6 90 . 5 2.03 2.02 241 

so .a 10 . 3 7 0.908 26.4 27.2 241 



TABLE 13 continued 

2-Ethtlsu1Qhontlguinoxa11ne 

10.0 1. 99 5 1.001 74 . 0 72.6 91. 5 

10 . 0 0 . 998 0 . 500 74 . 7 73.4 185 2.02 2.00 

20 . 0 o. 998 0 . 500 175 174 

30.0 0.998 0 . 500 361 364 

2- Is o Q ro Ql ls u l Qho nil g u i nox al i ne 

20.0 0 . 998 0 . 501 71. 3 70 . 9 

30 . 0 0 . 998 0 . 500 160 161 85 1. 97 2.00 

30 . 0 1. 99 5 1.00 156 157 43 

39.9 0 . 998 0 . 500 323 329 

2-t-ButtlsulQhontlguinoxaline 

30.0 2 . 23 0.898 31. 7 31. 9 

40.0 2 . 23 0 . 900 69 . 0 70 . I 87 

40.0 1. 115 0 . 450 68.0 69 . 1 171 1. 9 7 2 . 00 

50 . 0 2 . 23 0.900 141 145 

! pH 6 buffer was used to stop the reaction and for spectroscopic measurements . 

~ ± 0 . 1° . £ In 1 .mole- 1sec- 1 ; the standard deviation was usually below 3%. 

~ Corrected for solvent expansion or contraction . ~ Time for 50 % reaction, in min. 

f The ratio of t i, for two experiments at different concentrations . 

g_ Calculated assuming a bimolecular reaction, which was apparent first order for 

alkylthio-quinoxalines, had order 1.5 for alkylsulphinyl-quinoxalines, and second 
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TABLE 14 

Rate coefficients and Arrheniu s parameters for react io ns with methoxi de io ns 

Compound 

2-MeS quinoxaline 

2- EtS quinoxaline 

2-i- PrS quinoxaline 

2-t- BuS quinoxaline 

2-MeS0 quinoxaline 

2- EtS0 quinoxal i ne 

2-t-8 uS0 quinoxaline 

2-MeS0 2 quinoxaline 

2- EtS0 2 qui noxal i ne 

2- i-PrS0 2 quinoxaline 

2-t -Bu S0 2 quinoxaline 

~ Ac curate to ± 0.3 

1031 Temp. 

(OC) (l .mo l e- 1s ec -l) 

£ ~ 

(kcal.mole- 1 ) 

90 .0 3.39 20.8 

90 . 0 2. 71 21. 2 

90 . 0 2 .28 20.9 

90 . 1 1. 90 20.5 

30 . 0 815 14 . 0 

30.0 226 14 . 15 

30.0 5 . 67 15 .25 

30 .0 776 14 . 8 

30.0 364 13 .9 

30.0 161 14 .0 

30.0 31. 9 14 . 7 

kcal . mol e- 1 . !1. Accurate t o ± 0.3 unit. 

log A!!_ 

(kcal .mole-l) (kc al .mol e- 1deg. -l) 

20.1 10 . 04 15 . 0 

20. 4 10 . 1 5 14 .6 

20. 1 9.98 15 . 3 

19 . 8 9.6 17.0 

13 . 4 10.0 14 . 8 

13.6 9 . 54 16 .8 

14. 6 8. 7 4 20.7 

14 . 3 10 . 6 12 . 1 

13.3 9.6 16 . 6 

13 . 4 9.3 18.0 

14 . 1 9. 1 18 .8 

.£ Accurate to ± 1 unit. 



to a greater extent on variation of the alkyl group; 

and agai n the rates decreased with i ncreas ing sizes o 

0 For example , at 30 2-methylsulphonylquinoxaline was 

ca 24 t i mes more reactive than 2-t-butylsulphonyl 

quinoxaline and 2-methylsulphinylquinoxaline was 

ca 140 times more reactive than its t-butyl analogue . 

These decreases in reactivity with increasing 

size of the alkyl group were reflected, in general, 

by a decrease in the log A term, with only minor 

fluctuations in energies of activation . An apparent 

exception was 2-t-butylsulphinylquinoxaline where , 

in addition to a substantially reduced log A term 

8 . 7 relative to 10.0 for the methyl analogue, the 

energy of activation was also somewhat higher . 

These observed effects most likely were due 

mai nly to steric factors but electronic effects may 

have contributed also. As the size of the leaving 

group is increased, nucleophilic attack would have 

become more difficult due to · steric hindrance , and 

it is probable that the less bulky sulphides would 

have been least affected. Support for this hypo-

thesis was provided by the fact that the decreased 

reactivities of the quinoxalines substituted by the 
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bigger groups were reflected, mainly, in decreased 

values of the frequency factors . 

Al ternatively the electron release (hyper­

conjugation) by the alkyl group would have also 

increased wi th the size of the group and this would 

have rende red nucleophilic replacement more di ff i cult . 

Evidence of this electron release was prov i ded by the 

acid strengths of the alkyl mercaptans (Kreevoy, 

Eichinger, Stary, Katz, and Sellstedt, 1964; Yabroff, 

1940)* which were found to decrease as the group size 

i ncreased . 

Hence from these studies it was obvious that, 

though the differences in reactivity were not great 

(small for sulphides), the methylthio, methylsulphinyl 

and methylsulphonyl heterocycles were more reactive 

t han their higher alkyl counterparts and thus would 

be bett er reaction intermediates . 

* The acid strength of isopropylmercaptan 
was c alculated using the method of 
Barl i n and Perrin (1966) . 
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CHAPTER 5 

PHYSICAL PROPERTIES 

This chapter begins with a discussion of the 

nature and bonding of the sulphone and sulphoxi de 

groups . Then the ionization constants, n . m. r o, 

ultraviolet and infrared spectra of the sulphones 

and sulphoxides studied in this work are recorded 

and discussed. N.m . r. spectra of the sulphides , 

for which other physical data were published 

earlier by Albert and Barlin (1959; 1962) are 

also given . 

I Nature of the Sulphone and Sulphoxide Groups 

There is some doubt about the electronic 

structure of the sulphones and sulphoxides concerning 

the participation of the 'd' orbitals in the sulphur 

oxygen bonds and the ability of these groups to 

participate in resonance interactions (Szmant , 19 61 ) . 

Cilento (196 0) regarded the sulphur oxygen bondings 

as being double covalent (SA, SB) to a marked extent 

(especially in the sulphones), due to 'd' orbital 

participation, rather than single coordinate bonds 
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(SC , SD ) and he summari sed evidence (quantum mechani cs , 

bond l engths , heats of formation, dipole moments c etc . ) 

f o r t he exi stence of this double bond character . 

Burg (1961) also discussed bondi ng i n sulphones and 

sul phoxides in terms of 'd ' o rbital partici pation and 

multiple bond character and Amstutz, Hunsberger , and 

Chess i ck (1 951 ) regarded the structure of the sulphones 

as being best described by a resonance hybrid of the 

type (SE) and the sulphoxides as having some double 

bond character . Therefore, it seems likely that 

double bond participation is important in both 

sulphones and sulphoxides and this suggests the 

poss i bility of mesomeric electron withdrawal by these 

groups, when substituted in an aromatic ring , as 

shown i n (SF) (Heppolette and Miller, 1956 ) . 

Evidence that methylsulphonyl groups do have 

indeed a mesomeric effect was provided by Heppolette 

and Mil l er 1956) and Kotch, Krol , Verkade , and 

Wepster (1 952) who studied its effect on reaction 

rates of benzene de rivatives . Shepherd and Fedrick 

(1965 ) also discussed the effect of methylsulphonyl 

groups on reactions of substituted azines in terms of 

resonance as well as induction . Fehnel and Carmack 

(1 950 ) studi ed the ultraviolet spectra of substituted 
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phenyl s l phones and interpreted the r resul t s in terms 

of con Jugative i nteracti on of t he sulphone g roup with 

t he aromati c nucleus and Roge rs , Barrow and Bordwell 

(1956 ) came to similar conclusions on t he basis of 

e l ectric moments and i nfrared spectra of mechyl phenyl 

sul phone derivatives when other g roups cap able of 

conJug ating with the sulphone group were p resent . 

However , Strating (1961) interpreted the meta 

directing influence of a sulphone group in elect ro­

phili c aromatic substituti on in terms of an 

i nductive effect only . 

Wi t h the sulphoxi des evidence for conJugation was 

less s trong . Szmant (1961 ) interpreted t he evi dence 

t hat the methylsulphinyl group was equally electron 

wi t hdrawi ng in para and meta pos itions , in t erms of 

the exc us ive operation of the i nductive ef ecL 

Koch (1950 ), on the basis of ult r aviolet spectra , 

proposed a small degree of conjugation in phenyl 

sulphoxides and Leandri, Mangi n i and Passerini 1957 ) 

sugges t ed that conjugation between the sulphoxi de and 

nitro g r oups in E-nitrophenyl phenyl sul phoxi des was 

only moderately strong . Ghersetti and Pal l ott · 

(1963 ) found, in the infrared spectra of phenyl 



sul phoxi des only small substituent i nfl u ences , a n d 

sugges t ed only slight con j ugation between the phe nyl 

and sulphoxi de groups. 

Thus it seems that the electron withdrawal by 

t he sul phone and sulphoxide groups when a t tached to 

aromati c systems is principally by the i nducti ve 

mechani sm but resonance may be signifi cant i n the 

sulphones and possibly also to a lesser extent in 

the sulphoxides . 

II Ioni zation Constants 

The ionization constants of the sulphones and 

sulphoxi des described in this thesis are g i ven 

(wher e a determination was possible) in Table 15 . 

Al so included for comparison are those of the 

par e n t heterocycles. 

a) Sulphones 

Exami nati on of the ionization constants clearly 

showed the powerful electron withdrawal of the 

methy l sulphonyl group. In the 2- and 4-pos itions of 

pyri dine i t lowered the pK values by 6 . 7 and 3 . 6 a 

units r espectively (6 . 5 and 3 . 4 for the correspondi ng 

2- and 4-positions of quinoline) and i n the pyrazi ne 
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and the 3-position of pyridazine, where protonation 

occurred on the nitrogen B to the rnethylsulphonyl group 

the lowering of pKa was 3 . 1 and 3 . 3 units respecti v e ly . 

(4-Methylsul phonylpyridazine is believ ed t o protonate 

o n N-1 or N-2 , see discussion of n . rn . r . spectra o) 

The base weakening by the rnethylsulphonyl group 

was i n the order a >> y > B, and this was consistent 

with electron withdrawal principally by the inductive 

effect but also with a contribution by a rnesorneric 

effect . (The inductive base weakening by the chloro 

substituent was in the order a > B > y . ) This was 

in accord with the nature of the sulphone group 

di scuss ed previously . 

b ) Sulphoxi des 

The ionization constants showed that t he 

rnethylsulphinyl group also effected cons i derable 

electron withdrawal, which was, however , less than 

tha t of the rnethylsulphonyl group . This electron 

withdr awal , as indicated by the decrease in pKa ' 

was parti cularly strong when the group was placed 

in t he a positi on to the basic centre and was much 

less when the group was placed in the y position . 

In the 2- and 4-pos itions of pyri dine , the 



decrease in pK was 5 . 4 and 2 . 3 units whereas in a 

qu noline it was 5 . 2 and 2 . 05 respectively . In 

pyrazine and t he 3-position o f pyri dazine, where 

protonat · on took place on the n itrogen S to the 

methylsulphi nyl g r oup, the l owering was 2 . 1 and 

2 . 9 5 respectiv ely . Unlike the sul phones , t herefore , 

the base weakeni ng effect was no longer co n s iste ntly 

a y ~ S but was best described (on the data 

available ) as a /> S ~ y . Th i s was co nsi s t ent wi th 

t h e elec tron wi thdrawal by the i nductive effect 

(Szmant, 1 961 ) but a small resonance contributio n 

col d not be r uled out . As for the sulphones the 

data from i oni zation constants were , thus , cons i s tent 

with earlier wo r k on the nature of the sulphoxi de 

g roup . 

I I Ultraviolet and I nfrared Spectra 

The u ltravio l et spectra of the methylsulphony l 
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and methylsul phi nyl heterocycles are g iven i n Table 15, 

and those of t he qu i noxal i ne de rivati ves in which t he 

methyl group has been replaced by other alkyl groups 

in Table 1 6 . In many cases there were some simil-

a rities be t ween t he ultraviolet spectra of t he 

sul phoxi des and correspondi ng sulphones o These 
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TABLE 15 

p Ka Va 1 ues and ultraviolet spectra ~ 

Ionization (water, 20°) Spectres copy in water i 

Compound Charged p Ka Spread Concn. A.w.1 .£ 'm ax (mµ) log C pH J. 
speciesb 

involved- (±) (M) (mµ) 

Pyridine 5.23.!! 

2-SOMe 0 ill, ill, 263, 268 Lil, h.il, 3.55, 1..:j_()_ 6.0 

-0. 16 0. 04 0.00012 281 280 3.75 -2.6 

2-S0 2Me 0 253, 258, 264 3. 4 6, 3.51, 3.36 9.0 

+ -1.50 0 .03 0.00003 262 259 3.86 -4 .0 

4-SOMe 0 ill, 25 7, 262, ill _hil, 3. 55, 3. 54, 1.:..ll 6.0 

+ 2.94 0.02 0.00012 285 m· ill, 263, ill, 3.26, 1:..§_§_, 3. 76, L.ll_, 0.0 
3.38 

4-S0 2Me 0 268 3.49 7.0 

+ I. 62 0.03 0.00003 270 269 3. 72 -0.8 

Pyrazine + 0.65~ 

2-SOMe 0 272, 308-9 3.76, 2.90 6.0 

+ - I. 4 8 0. 04 0.00005 296 ill, 269-71, ill Li.?., 3. 6 I, hi!! -4 .0 

2-S0 2Me 0 .ill, 264, ill, 310 ~- 3. 86, .LZ.i, 2.78 6.0 

+ - 2. 4 7 0.05 0.00008 280 2 73 3.90 -5 . 0 

Pyri dazi ne + 2.33.!! 

3-SOMe 0 24 0, ill 3.36, ~ 6 .0 

+ -0.62 0.06 0.0001 275 256 3 50 -2.8 

3-S0 2Me 0 244, 249, ill, 303-4 2.88, 2.88, ?_,_ll, 2. 4 9 9. 0 

+ -1. 01 0.07 0.0006 310 ill !:..Qi -3.4 

4-SOMe 0 258, 306-8 3. 51, 2.69 6 .0 

+ 0.22 0 . 03 0.0001 315 ill, 312-3 ~- 3.26 -2 .0 

4-S0 2Me 0 252, 256, ill, 324 1.:.11, 3.34, L_ll, 2. 4 6 7. 0 

+ -1. 06 0.06 0.00005 235 24 5- 7 3. 4 2 -3.2 
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TA8L E 15 continued 

guinoli ne + 4 . 9 3.f 

2-SO Me 0 231 , 300, 308, ill, 4. 5 7, 3.60, 3. 64 , 3.60, 6 . 0 
321 3.62 

+ -0.27 0.07 0 . 000015 330 244, 330 4 . 58 , 4.06 -2.8 

2-S0 2Me 0 23 5, 299 4 .75 , 3.61 6.0 

+ - 1. 53 0.08 0.00005 350 246, 306, 320, ill 4. 68, 3 . 76, 3. 95, 3 . 46 -4.0 

2- 0Me 0 232, 237, 259, ill,k 4 . 2 7, 4 . 18, 3.49, 3 .48, 
ill, 307, 313, 320 - 3 . 24, 3. 4 9, 3. 4 3, 3. 51 6.0 

+ 3. 17.f 218, 228, ill, 239, 4 . 12, 4.03, 4 . 2 5, 4 . 40, 
243, 307 4.44, 3 . 93 0.2 

4-SOMe 0 23 2, 234, 298, 306 , 4 . 38 , 4. 39, 3.69, 3 . 70, 
m 3. 64 6.0 

+ 2.88 0.02 0.000025 316 239, 323 4 . 52, 3 . 92 0 . 0 

4- S0 2Me 0 236, 239, ill, 314, 4 . 43, 4 . 4 2, 3.65, 3 . 74, 
324 3 . 73 6 . 0 

+ 1. 57 0.03 0.00003 332 243, 329 4 . 50, 3 . 89 -1. 6 

ls ogu i nol i ne + 5.46.f 

1-SOMe 0 222 ,. 267, 277, ill, 4. 63, 3 . 49, 3. 5 5, 3. 48, 
ill, m 3. 59, 3 . 65 6.0 

+ 0 . 90 0.02 0 . 00003 34 7 23 7, 279, ill, 34 5-6 4. 5 7, 3.58, 3. 3 2, 3.78 -2.0 

1-S0 2Me 0 227, 281, 3 24 4.58, 3. 4 5, 3 . 63 6.0 

+ -0 . 83 0.06 0.00003 320 243, ill, 293, 308, 4.63, 3 . 22, 3 . 2 7, 3. 13, 
352 3 . 61 -3.2 

1-0Me 0 ill, 2 70, 281, 298, 3 . 65, 3 . 78, 3 . 71, 3 . 32, 
309, 320 3.52, 3 . 50 6.0 

+ 3_05.f 220, 227, ill, 255, 4 . 60, 4.56, 4.36, 3. 59, 
264, 274, IB, 318, 3. 5 7, 3 . 4 3, 3.46, 3. 71, 
330 3.69 0.2 

Qui noxa 1 i ne + 0.56.f 

2- SOMe 0 239, 3 24 4 . 54, 3. 89 6 . 0 

+ -1.36 0.07 0.000025 350 250, 34 5 4 .52 , 3 . 91 -4.0 

2- S0 2Me 0 241, 321 4 . 60, 3. 84 6.0 

+ -1. 66 0. 04 0.00002 340 2 51, 34 3 4 . 62, 4 . 00 -4 . 2 
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TABLE 15 continued 

Cinnoline + 2. 299. 

4-SOMe 0 231, 304, 331 4. 55, 3.65, 3.5 6 6.0 

+ h 

4-SOzMe 0 235, 30B, 337 4. 55, 3 . 5 7, 3. 46 6.0 

+ h 

Ph thal azi ne + 3 . 4 7!1 

1-SOMe 0 225, 2 79 4. 56, 3.5B 6.0 

+ h 

1-SOzMe 0 228, 281 4. 58, 3. 4 9 6.0 

+ h 

_! Relevant data for the corresponding methylthio compounds are given in Albert and Barlin (1959) and 

Albert and Barlin (1962). .Q. o. Neutral species i +, cation. £Analytical wavelength for 

spec troscopic determinations of pKa . !l Albert, Golclacre, and Phillips (1948) . ~ Chia and 

Trimble (1961). f. Albert and Phillips (1956). g_ Osborn, Schofield, and Short (1956). 

h_ Instability of the compound in strong acid solutions prevented determination of the pKa value. 

j_S houlders and inflexions are underlined. l pH Values below O have been obtained in solutions 

of s ulphuric or hydrochloric acids to which Hammett acidity functions (s_ .f.. Paul and Long, 1957) 

have been assigned. ~ The spectrum differs slightly from that recorded at pH 6 . 8 by Mason (1957). 



Subst i tuted 

Qu i noxal i ne 

2-SMe b 

2- S Et 

2-S Pr t. 

2-S But 

2-S0Me 

2- S0Et 

2-S0 But. 

2-S0 2Me 

2- S0 2Et 

2-S0 2 
p/· 

2-S0 2 
But 

TABLE 

Ultraviolet 

>.. max . 

241, 265, 

24 2, 265, 

24 2, 266, 

243, 266, 

239, 324 

239, 325 

240, 327 

241, 321 

241, 321 

24 2, 321 

242, 321 

(mµ ) 

361 

358 

358 

3 3 2-3, 

16 

spectra a 

350 

log e: 

4 . 19, 4 . 16, 

4 . 16, 4 . 14, 

4 . 19, 4 . 10, 

4 . 4 3, 3 . 81, 

4 . 54, 3 . 89 

4 . 55, 3 . 90 

4 . 58, 3 . 91 

4 . 60, 3 . 84 

4 . 65, 3 , 85 

4 . 64, 3 . 87 

4 . 64, 3 . 86 

98 

3 . 91 

3 . 95 

3 . 94 

3 . 79 , 3 . 75 

a Fo r the neutral molecule in aqueous buffer at pH 6 . 0 . 

b Albert and Barlin (1962) . 



similarities were most striking in the benzene fused 

diazines (i-~- quinoxaline, cinnoline a n d phthalazine) 

but with some of the more complicated spectra peak 

correlations were not clear. Generally (but not 

invariably) the absorption maxima of the sulphones 

wer e at a sl i ghtly higher wavelength than those of 

the sulphoxide. Correlations of absorption maxima 

between cation and neutral molecules were not always 

clear but generally formation of the cations from 

the neutral molecules appeared to produce small 

bathochromic shifts. 

The sulphones and sulphoxides of the benzene 

fused heterocycles all showed characteristic intense 

absorption maxima at short wavelengths (220-240 mµ) 

which were missing in the monocyclic series. 

Replacement of the methyl group by other 

larger alkyl groups had only a slight effect ( 3 mµ ) 

on the ultraviolet spectra of the neutral molecules . 

2-t-Butylthioquinoxaline apparently was an exception 

as its spectrum showed a somewhat greater variation . 

The ultraviolet spectra of the methoxy 

compounds required for the kinetic studies but not in 
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Table 15 are given[for 2-methoxypyridine , 2-methoxy­

pyrazi ne , 3-methoxypyridazine and 4-methoxypyr1daz1ne 

(Mason, 1957; 1959); for 4-methoxypyridine (Spinner, 

1963 ) ; for 4-methoxyquinoline (Ewing and S te ck , 1 946; 

Tucker and Irvin, 1951; Hearn, Morton and Simpson, 

1951); for 2-methoxyquinoxal i ne (Cheeseman, 1958); 

and for 1-methoxyphthalazine and 4-methoxycinnoline 

(Albert and Barlin, 1962)], in the literature . 

b) Infrared spectra 

The infrared spectra of the sulphones showed 

characteristic peaks at 1125-1170 and 1310-1325 cm- 1 , 

-1 and those of sulphoxides at 1040-1070 cm (Bellamy , 

1958), attributed to the sulphur oxygen bond 

stretching modes. As mentioned in Chapter 2 these 

infrared data provided strong evidence for these 

compounds being sulphones and sulphoxides and not 

i someri c N-oxides . 

IV N. m. r . Spectra 

The n . m. r. spectra of the methylthio, methyl­

sulphinyl and methylsulphonyl heterocycles are given 

in Table 17 and those of the alkyl protons of 

vari ous alkylthio, alkylsulphinyl and alkylsulphonyl 

derivatives of quinoxaline in Table 18 . 
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TABLE 1 7 

Nuclear magnetic resonance spectra at 33.5° 

Chemical shifts!!. (T) of protons 

Compound Species ~ 4 6 .e. 8 CH 3 -

P;tridine s. 0 1. 50 3.015 2 . 64 3.015 1. 50 

2-SMe 0 s.2 . 75 2.4 2.9 1. 4 2 7.39 

+ 2.0 1.5 2.2 1. 4 7. 17 

2-SOMe 0 s.2.05 s.2. 05 2.67 1. 40 7.20 

+ "-l. 4 5 1. 1 1. 6 o. 80 6.67 

2-S0 2Me 0 1. 9 1.8 2.3 1. 13 6. 72 

+ 0.9 1. 1 1. 3 5 0. 7 6.30 

4 - SMe 0 1. 46 2.79 2. 79 1. 46 7. 4 9 

+ 1. 44 2. 10 2. 10 1. 44 7.27 

4-SOMe 0 1. 23 2. 4 2 2. 4 2 1. 23 7.23 

+ 0.90 1. 55 1. 55 0.90 6. 89 

4-S0 2Me 0 0.91 2.06 2.06 0 . 91 6. 86 

+ 0 . 57 1. 16 1. 16 0.57 6.40 

Ptrazine E. 0 1. 3 7 1.37 1. 3 7 1. 3 7 

2-S Me 0 1. 42 1. 71 1. 54 7. 3 9 

+ 0.97 1. 32 0 . 70 7. 19 

2-SOMe 0 0. 77 1. 29 1. 40 7. 10 

+ s.0.65.f 0.92 0.30 6.75 

2-S0 2Me 0 0 . 55 0.99 1. 16 6.69 

+ 0.39 0.68 0. 14 6 .43 

Prridazine E. 0 0.76 2. 46 2.46 0.76 

3-SMe 0 2.5 2.7 0.98 7.24 

+ 1. 4 1. 6 0.56 7. 22 

3-SOMe 0 1. 80 2.22 0.73 7.00 

+ 0.9 0.9 0.07 6. 70 

3-S0 2Me 0 1. 65 2 . 09 0.43 6.52 

+ 0.8 0.9 -0.05 6. 3 5 

4-SMe 0 0.9 2.7 1. 0 7.43 

+ 0.60 1. 69 0. 74 7. 15 

4 -SO Me 0 0.6 2. 12 0 . 6 7. 13 

+ 0.0 0.97 0. 1 6. 74 

4-S0 2Me 0 0.25 1. 93 0.3 6.83 

+ -0.30 0.67 -0 .2 6. 3 7 
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TABLE 17 continued 

Quinoline 9. _j_ 0 I. 19 2. 74 2.00 2.31 2. 5 7!!! I. 94 

2-SM e 0 '\,2. 75 '\,2. 05 2. 1- 2. 6 2. 1- 2. 6 '\, I, 9 5 7.2 7 

+ 2. 3 I. 3B 1.9-2 . 3 1.9-2 .3 1.9-2 .3 7. 06 

2-SOMe 0 '\, l, 65 I. 3 5 I. B- 2. 2 I. B-2 . 2 I. 7 6.97 

+ "'l . 55 0.60 1.5-2.0 1.5-2.0 1.5-2.0 6.65 

2-S02Me 0 
"' '. 75 I. 4 3 !.B5-2.25 1.85-2.25 '\, l, 65 6.58 

+ 1.9-2.6 0. 18 1.9-2 . 6 1.9-2.6 1.9-2.6 6. 13 

4-SMe 0 I. 12 2.78 1.75 '\,2 .15~ I. 75 7. 40 

+ I. 39 2. 55 2.05-2 .35 2.05-2.35 2.05-2.35 7.26 

4-SOMe 0 0.6B 1.8 1.5-2.1 2. I I. 6 7.05 

+ 0. 54 I. 40 1.6-1.9 I. 6-1 . 9 1.6-1.9 6. 80 

4-S02Me 0 0 . 68 I. 75 I. 15 '\,2. 05 I. 5 7 6. 71 

+ 0.27 I.I 0.85-1.65 1.5 0 . 85-1.65 6.32 

lso9uinol ine9. l O I. 55 2.50 2.29 2. 4 3.!! 2. 14 

1-SMe 0 I. 53 2.55 2.05-2.45 2.05-2.45 "' '. 65 7 . 25 

+ '\, I. 9 .s 2. 2 1.9-2.2 1.9-2 .2 1.9-2.2 7.07 

1-SOMe 0 '\,I. 3 5 '\,2. 25 2.2-2.5 2.2-2.5 I. 2 7.01 

+ 1.08 I. 21 1.45-1. 75 1.45-1.75 1.45-1. 75 6.67 

l-S02Me 0 I. 4 2 2. 1 2.0-2. 25 2.0-2.25 0.91 6. 4 5 

+ 0 . 9 0.9 I. 4 I. 4 0.8 6.08 

Quinoxal 1ne9. l 0 I. 27 I. 2 7 I. 94 2. 33 I. 94 

2-SMe 0 I. 23 1.8-2.0 2. 1-2. 3 I. B-2. 0 7.29 

+ 0.57 "''. 65 '\,l, 65 "-l. 65 6.92 

2-SOMe 0 0.30 1.6-2.0 1.6-2.0 1.6-2.0 6.90 

+ a. so 1.5 1.5 1.5 6 . 51 

2-S02Me 0 0 . 32 I. 55-1. 75 1. 8-2. 0 I. 55-1. 75 6.53 

+ 0. 1 f. 1.3 I. 3 I. 3 6. 30 

C1 nno11ne 9. l 0 0.78 '\,2. 25 '\,2. 25 '\,2 . 25 I. 52 

4-SMe + 0. 81 '\, l, 85 1.9-2.2 I. 40!1. 7.28 

+ 0 . 59 I. 55-1. 75 1.55-1.75 I. 55-1. 75 6. 91 

4-SOMe 0 0.02 "' '. 95 "' ' . 95 1 . 15!1. 6.96 

+h 

4-S02Me 0 0.04 I.I I. 8 I.I 6. 6 7 

+h 
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TABLE 17 continued 

Phthalazine g_ l 0 0.56 2.07 2. 15 2.07 

1- SM e 0 0 . 60 1. 9 1. 9 1. 75 

+ 0.02 1.45-1.7 1.45-1.7 1.45-1.7 

1-SOMe 0 0.23 l.7-l.B5 l.7-l.B5 0.66 

+!! 

l-S0 2Me 0 0. 19 "- l. 7 5 "- l . 7 5 0.96 

+i -0.81 0.85 "- l . 15 0. 7 

! Tetramethylsilane was used as internal reference except in acid solutions when 

sodium 3-trimethylsilylpropanesulphonate was employed. Where the signal was 

easily distinguishable and separate from other signals, the chemical shift was 

given to 2 decimal places; otherwise it was given to the nearest 0.05, (one 

decimal place or "' sign), or when assignment was not clear it was given over a 

range as indicated. 

7. 12 

7. 15 

6. 71 

6.2B 

6. 11 

~ 0 refers to neutral molecules in CDC1 3 ; + to the cation in DCl-D
2

0 or o
2
so

4
-o

2
o. 

£ Pople, Schneider, and Bernstein (1959); recorded as pure liquid. 

_Q_ Tori and Ogata (1964). 

~ Chemical shift of the 7-proton was 2.h. 

f Assumed to be beneath the water peak. 

~ Assigned to the 8-proton (rather than 5) as by Black and Heffernan (1965). 

_!! Instability in acid prevented determination of the n.m.r. spectrum. 

i Decomposition occurred in acid solution but was sufficiently slow to permit 

determination of the spectrum. 

i Black and Heffernan (1964). 

~ Black and Heffernan (1966). 

l Black and Heffernan (1965). 

!!! Chemical shift of the 7-proton was 2.39 , . 

.!! Chemical shift of the 7-proton was 2.51 ,. 

E This was also the chemical shift for the 7-proton in bicyclic systems except 

where otherwise stated. 

g_ Spectra recorded in carbon tetrachloride 
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TABLE 18 

Chemical shifts of alkyl group protons a 

in substituted qu i noxal i nes 

Chemical Shift (T ) c 

I 

n=O n=l n=2 
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I 

b Q u i no x al i n e comp o u n d- ( s u l p h i de ) ( s u l p ho x i de ) ( s u l phone ) 

2-SOnC.!:!_3 7. 29s 6 . 90s 6 . 53s 

2-S0nC_!i2CH 3 6 . 68q 6 . 780 6 . 4 2q 

2-SOnCH 2C_!i3 8 . 57t 8 . 70t 8 . 59t 

2-SOnC_!i(CH 3 ) 2 5. 80h 6 . 12h 

2-SOnCH(C.!:!_3 ) 2 8 . 50d 8 . 59d 

2- SO n C ( C .!:!_3 ) '.3 8 . 33s 8 . 6 7s 8 . 50s 

a The relevant protons are underlined in the Table . 

b Neut r al molecule in COC1 3• 

c Values are marked s, for singlet; d, doublet; 
t, triplet; q, quartet; h, heptet; and o, octet . 



I 

I 

a ) Norn or . spectra of alkyl protons 

The s i gnals due to t he p r otons o f the me t hyl 

g r oup in methylthio, rnethylsulphi nyl and methyl ­

sulphonyl groups were seen as sharp s inglets in the 

region T = 6 + 7 . 5 . In all cases progress i ve 

downf i eld shifts were observed on increase of the 

o xidation state of the sulphur atom, th i s was 
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p r obably due to electron withdrawal by the oxygen 

atoms and consequent deshielding of the methyl groups . 

Cationisation also usually produced downfield shifts 

of the s i gnals due to the protons of the methyl group 

but these were variable· and with 1-methyl thio­

phthalazine a slight upfield shif t was observed . 

When the methyl group was replaced by o t her 

alkyl groups i n substituted qu i noxal ines the expected 

signals were observed (i -~· a quartet and tri plet f or 

ethyl , a heptet and doublet for i sopropyl, and a 

singlet fort-butyl) except for 2-ethylsulphinyl­

quinoxaline (5G ) where the expected quartet appeared 

as an octet . This was presumably due to the 

a symmetry and anisotropy of the sulphoxi de group 

leading to non-equivalence of the methylene p r otons . 

Non-equivalence of methylene protons ad j acent t o a 
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sulphoxide group also has been reported by Nishio 

(1967) and Taddei (1965) . 

Unlike those of the methyl groups the proton 

signals of the higher alkyl groups did not show 

regular downfield shifts as the oxidation state of 

the sulphur increased but variable changes were 

observed . These signals were usually seen at 

106 

highest field in the sulphoxides. This was probably 

due to restricted rotation about the carbon sulphur 

bond and shielding in favoured steric configurations, 

due to the anisotropy of the sulphur containing groups . 

b) N. m. r. spectra of -the monocyclic ring protons 

These were analysable by inspection, J para 

being assumed to be greater than J meta for 

pyrazines (Tori and Ogata, 1964). 

Comparison of the spectra of the neutral 

molecules of the methylsulphonyl and methylsulphinyl 

compounds with those of the parent ring systems 

revealed downfield chemical shifts of all protons, 

due to electron withdrawal by the sulphone or 

sulphoxide groups. As hqs been observed in pyridines 

(Smith and Schneider, 1961), protonation shifts were 

least for hydrogen atoms adjacent to the cationic 

l 
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centre . Thus in the 2-substituted pyrazines, which 

protonated on N-4, shifts were least for 3-H and 5-H . 

in 4-methylsulphonylpyridazine , however , protonation 

shifts for 3-H and 6-H were 0 . 55 and 0 . 50 , in 

4-methylsulphinylpyridazine 0 . 6 and 0 . 5 , and i n 

4-methylthiopyridazine 0 . 3 and 0 . 26; this could 

indicate that protonation occurred on N-1 and N-2 o 

c) N. m. r . spectra of bicyclic ring protons 
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The complexity of the spectra made complete 

analysis by inspection impossible and in many cases it 

was only possible to assign a proton to a range of 

values o Hence it was difficult to draw any definite 

conclusions from these spectra . In general, though, 

it seemed that the methylsulphonyl and methylsulphinyl 

groups produced downfield shifts of protons as 

compared with the parent compounds . Protonati on 

shifts were variable and sometimes upf i eld movements 

were observed . 

In the quinoxaline series replacement of the 

methyl group by other alkyl groups had l ittle effect 

on the spectra of the ring protons (Taddei, 1965) . 

l 
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CHAPTER 6 

QUALITATIVE REACTIONS 

I Some Useful Preparative Reactions using 

Methylsulphonyl Compounds 

The great potential usefulness of alkyl (or aryl ) ­

sulphonyl compounds as intermediates, because of their 

ease of synthesis and high reactiviti es, has been 

recogni sed by Shepherd and Fedrick (1965) and Brown 

and Ford (1967), but previous studies of nucleophilic 

displacements of methylsulphonyl (or alkyl- or aryl­

sulphonyl) groups have been largely confi ned to the 

pyrimidine series and few reactions of the compounds 

in heterocyclic systems discussed in this thesis 

have been reported (see Introduction) . 

In this study, which clearly establ ished the 

usefulness of these compounds, the methylsulphonyl 

heterocycles were allowed to react with various 

nucleophiles, viz . , aqueous sodium hydroxi de , aqueous 

sodium hydrogen sulphide, sodium cyanide in 

di methylformamide, aqueous ammonia (sometimes wi th 

added ammonium chloride), aqueous methylamine , 
I 

l 
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n-p r opylamine, and hydrazine hydrate o The reactions 

were usually found to proceed well and giv e good 

yields of the expected products . Ful l de t a il s of 

this work are given in the Experimental chapter and 

certain aspects are discussed below . 

a) Reactions with aqueous sodium hydroxide 
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All of the methylsulphonyl compounds (~. ~ , 6A) 

when allowed to react with N sodium hydrox i de solution 

(see Table 19 of Chapter 7 for times and temperatures) , 

gave good yields of the hydroxy compounds (~ -~ - 6B) o 

These were isolated either as the picrate or free base 

by crystallisation or sublimation and identified by 

melting point and, where possible, mixed melt i ng 

point . 

b ) Reactions with aqueous sodium hydrogen sulphide 

Aqueous sodium hydrogen sulphide soluti on was 

made by bubbling hydrogen sulphide through N sodium 

hydroxide solution till neutral to phenolphthalein . 

Samples of chosen methylsulphonyl compounds 

(3-methylsulphonylpyridazine, 4-methylsulphonyl -

quinol i ne , and 2-methylsulphonylquinoxaline; 6G ) were 

heated with this sodium hydrogen sulphide solution to 

g ive the corresponding mercapto compounds (~ . ~ - 6H ) 
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OH 

6 
6B 

~oO'°' 
oe\· 

S02Me 

CN 6 NacN 

6 ..... in DMF 

6A 

6C 

6 
6D 

6E 

6F 



6G 

6J 

6M 

,.4. tlO~ 

~ 

. 

aq. HI 
, 

~NH~ 

~N/~ 

6K 

11% 

6N 

111 

6H 

61 

~OH 

~N/~ 

6L 

60% 
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i n good y i eld (81 to 86 %). These were isol a ted e ither 

by filtrati on or extracti on wi th ch l o roform p and t he 

p r oduct ' denti fied by compari son with authentic 

mat e ri a l " 

c) Reactions with sodi um cyani de i n 

dimethylforrnarnide 

4-Methylsulphonylpyridine (6A ) when t reat ed 

wi th sodi um cyanide in dimethylforrnami de by refluxing 

for 1 h r . gave 75 % 4-cyano~yridi ne (6C ) i so l ated and 

i denti f i ed as its picrate . 4-Methylsulphonyl ­

c i nnol i ne when treated with the same reagent 

(refl uxed for 5 min . ) g_ave the previ ously unknown 

4- cyanoci nnoline (68 %) which was isolated by e v apor­

ati on of the solvent and extracti on wi th benzene . 

d Reacti ons with aqueous ammoni a 

Reactions of methylsulphonyl compounds and 

aqueous ammonia, carri ed out by heati ng i n a sealed 

tube, g-ave variable results . 4-Methylsulphonyl­

pyri di ne (6A ) and cinnol i ne gave satisfactor y y i elds 

(69 and 63 % respectively) of the correspondi ng ami no 

compounds (~ . ~ - 6D), which were isolated as the free 

bases by f i ltration, or extraction with benzene , and 

their identi ty was confirmed by thei r melting points . 
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The previously unknown 4-aminocinnoline p i crate also 

was prepared o 
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However aqueous ammonia and 3-methylsul phonyl­

pyridazine (6J) or 2-methylsulphonylqui noline g ave 

only 11 and 22 % respectively of the ami no compounds 

<~ -~- 6K) (isolated as picrates); but the corresponding 

hydroxy compounds (~ -~- 6L) were isolated (as the free 

base) i n 60 and 63 % yields respectively . When these 

reactions were carried out with added ammonium 

chloride to suppress the concentration of hydroxide 

i on by the common ion effect, the yields of 3-amino­

pyri dazine and 2-aminoquinoline improved to 42 % and 

50 % respectively. 

e) Reactions with aqueous methylamine 

The reactions of most of the methylsulphonyl 

compounds with aqueous methylamine (heat; sealed tube) 

were s t udied o High yields of methylamino compounds 

(~ o~ o 6E) were usually obtained and isolation and 

identification were either as free bases or picrates o 

Someti mes amine salt was present (usually by adding 

cone . HCl) and in the case of 3-methylsulphonyl­

py ri daz i ne this increased the yield from 43 to 65 %. 

Full details are given in Table 20 in the Experi mental 
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chapter . New compounds were 3- and 4-methylarnino-

pyridazine , 1-methylarninoisoquinoline a nd the 

picrate of 4-methylaminocinnol i ne . 

f) Reactions with n-propylamine 
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The reactions of all 11 methylsulphonyl compounds 

with n-propylarnine (undiluted) to give the corres­

ponding n-propylamino compounds (~ . ~ - 6F) were carried 

out by heating in sealed tubes (full details are given 

in Table 21 in the Experimental chapter) . Generally 

good yields were obtained (63 to 93 %) except for 

1-methylsulphonylphthalazine which gave only 39 % of 

1-n-propylarninophthalazine . Isolation and identif -

ication were either as free bases (sublimation and/or 

crystallisation) or as the picrate depending on the 

nature of the n-propylamino compound . All these 

compounds were new except for 2-n-propylarnino­

pyridine and quinoline . 

g) Reactions with hydrazine hydrate 

Certain methylsulphonyl compounds (2-methyl­

sulphonylquinoline, 2-methylsulphonylquinoxaline (6G ) , 

and 4-methylsulphonylcinnoline) were refluxed with 

hydrazine hydrate . On cooling and dilution, the 

expected hydrazino compound (~ -~ · 61) crystallised 



and its identity was confirmed by melti ng point or 

elemental analysis . 

from 6 7 to 91 % , 

Yields were good , ranging 

II Reduction of Sulphoxides 

It has been recorded (Brown and Ford, 1967) 

that simple pyrimidine sulphoxides were reduced by 
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hydriodic acid to give the corresponding sulphi des . 

Accordingly several sulphoxides (2-methylsulphinyl­

quinoxaline, 2-methylsulphinylpyridine (6M) and 

4-methylsulphinylquinoline) were heated with hydriodic 

acid on a steam bath . · In all cases the corresponding 

methylthio compound (~ -~ - 6N) was isolated as the 

picrate (melting point and mixed melting point; 

yields ranged from 44 to 89 %) . 

Oxidation of the sulphoxides by potassium 

permanganate or ~-chloroperbenzoic acid to the 

corresponding sulphones has been discussed under 

the prepa·ration of alkylsulphonyl compounds 

(Chapter 2) • 
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CHAPTER 7 

EXPERIMENTAL 

Analyses were by Dr J . E . Fildes a nd he r s taff i n 

the Depar tment of Medical Chemistry, Aus tralian 

Nati onal University, Canberra . Sol i ds for analys i s 

were dri ed at 25°/1 mm . except for some higher 

mel t i ng-materials (m.p . >130°) which were dri ed 

at 100° . 

All melting points recorded below were taken in 

' Pyrex' glass capillaries and are uncorrected . 

Compounds were examined for impurities by paper 

chromatography on Whatrnan No . l paper wi th butan-2-

ol/5N-acetic acid (7:3) as solvent, and by thin 

l aye r chromatography on alumina (Me r ck P . F o 254 + 366) 

or s i l i ca gel (Merck P . F . 254 + 366) wi th e t her and 

chl o r oform . Solid compounds for kinet i c studi es 

were puri fied by chromatography and/or crystall i s­

ati on t o cons t ant m. p . , and liquids by d i stillation . 

Exceptions were the low melting 2- and 4-methyl­

sulphi nylpy r idines whi ch were purif~ed by chromat­

og r aphy to constant ultraviolet absorpti on spectra . 

I 
116 



I 

I 

I u._ 

4-Methylsulphinylpyridine was also purified through 

the picrate but the free base was uns table to 

distillation under reduced pressure . 

All new' compounds are underlined at their first 

mentio n in the body of the text . (As in the 

Journal of the Chemical Soci ety, names whi ch are 

paragraph headings are also underlined but this 

does not indicate that the compound is new . ) 

PYRIDINES 

2-Methylsulphinylpyridine.- 2-Methylthiopyridine 

(2 g . ; Renault, 1955) in water (30 ml.) was stirred 

at 25° while sodium metaperiodate (3.4 g .) in water 

(30 ml . ) was added slowly . The mixture was stirred 

overnight and extracted with chloroform . The 

chloroform extract was dried (Na 2so4 ) and evaporated 

to leave an oil, which was purified by thin layer 

chromatography (alumina/ether) and finally by column 

chromatography (alumina/chloroform) to give 2-methyl­

sulphinylpyridine (1.7 g . ) (Found: C, 51.1; H, 4 . 9; 

N, 9 . 9 . c 6H7NOS requires C, 51.0; H, 5 . 0; 

N, 9 . 9 %) . [Courtot and Zwilling (1938) reported the 

117 

preparation of 2-methylsulphinylpyridine but did not 

give full experimental details or an elemental analysis . ] 
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2-Methylsulphonylpyridine . - 2-Methylsulphonylpyridine 

was prepared from 2-methylthiopyridine by oxidation with 

potassium permanganate (Marckwald, Klemm , and Trabert, 

1900) . The reaction , mixture was decolourised with 

sulphur dioxide, adjusted to pH 7, and the product 

extracted with chloroform and distilled . It had 

0 b.p . 120 /0 . 7 mm. (Found: c, 45.7; H, 4 . 7; N, 9 . 3; 

s, 20 . 3 . 

N, 8 . 9; S, 20 . 35 %) . 

2-Methoxypyridine.-(a) 2-Methylsulphonylpyridine 

(0 . 100 g . ) and methanolic sodium methoxide (5 ml . ; 

0 . 43N) were heated at 150° for 6 hr. The reaction 

mixture was diluted with water, adjusted to pH 7, 

and extracted with chloroform. The extract was 

dried (Na 2so4 ) and the solvent distilled off leaving 

an oil which with ethanolic picric acid gave yellow 

crystals of 2-methoxypyridine picrate (0 . 09 g . ; 42 %) , 

m. p . and mixed m. p . 159-160° (from ethanol) . 

(b) 2-Methoxypyridine picrate, for comparison , was 

prepared from 2-bromopyridine and sodium methoxide 

by a method similar to that used (Grave, 1924) with 

2-chloropyridine (Found: C, 42.5; H, 3 . 1; N, 16 . 6 . 

c
12

H
10

N
4
o

8 
requires c, 42 . 6; H, 3 . 0; N, 16 . 6 %) . 
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(c) 2-Methylsulphinylpyridine (0 . 100 g . ) was heated 

wi th sodi um methoxide solution (3 ml . , 0 . 4N at 120° 

for 3 hr . The mixture was di luted with water and 

extracted wi th chloroform . The extract was dried 

(Na 2so4 ), the chloroform removed by fractiona t ion 

and ethanolic picric acid added to the res i due to 

give 2-methoxypyridine picrate (0 . 185 g . ; 77 %) , 

m. p . and mixed m. p. 160-161° (from ethanol ) . 

4-Methylsulphinylpyridine . - 4-Methylthiopyridine 
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(2 g . ; King and Ware, 1939) in water (30 ml . ) was 

stirred at 25° while a solution of sodium meta­

periodate (3 . 4 g . ) in ~ater (30 ml . ) was added slowly . 

The mixture was then stirred overnight and extracted 

with chloroform. The chloroform extract was dried 

(Na 2so4 ) and evaporated to leave an oil . Th i s was 

purified by th i n layer chromatography (alumi na/ ether) 

and with ethanolic picric acid gave 4-methyl-

o sulphinylpyridine picrate (3 . 5 g . ), m. p . 132 from 

ethanol ) (Found: C, 38 . 8; H, 2 . 7 ; N, 15 . 2 . 

c12H10N4o8s requires: C, 38 . 9; H, 2 . 7; N, 15 . 1 %) . 

The picrate was dissolved in sodium bicarbonate 

solution and extracted with chloroform . The extract 

was washed with sodium bicarbonate solution and 

water (2X) , dried (Na 2so 4 ) , concentrated and 



chromatographed over alumina in chloroform to give 

4-methylsulphinylpyridine (0 . 7 g . ) as a colourless 

oil which slowly solidified, m. p . 37-38° (Found: 

C, 50 . 6; H, 5.25; N, 10 . 0 %) . 

4-Methylsulphonylpyridine . - 4-Methylsulphonyl­

pyridine m. p . 82° (from benzene-hexane; lit o , 81° ) 

was prepared as described by King and Ware (1939) 0 

(b) 4-Methylsulphinylpyridine (0.200 g . ) in acetic 

acid (10 ml . , 6N) was shaken at 25° while potassium 

permanganate (0.3 g.) in water (20 ml . ) was added 

over 0 . 5 hr . The mixture was chilled in i ce, 

decolouri sed with sulphur dioxide, neutral i sed with 

ammonia and extracted with chloroform . The 

chloroform extract was dried (Na 2so4 ) and evaporated 

to give 4-methylsulphonylpyridine (0 . 150 g . ), m. p . 

and mixed m.p. 81° (from benzene-hexane) . 

4-Methoxypyridine.-(a) 4-Methylsulphinylpyridine 

(0 . 100 g . ) was heated in a sealed tube with sodium 

methoxide solution (10 ml., 0.2N) at 80° for 6 hr . 

The mixture was then diluted with water, the 

methanol removed by fractionation, and the product 

extracted with chloroform . The extract was dried 

(Na
2
so

4
), the solvent removed by fractionation, and 
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addition of ethanolic picric acid to the residue gave 

4-methoxypyridine picrate (0.205 g., 85 %), m. p o 

0 
170-171 (from ethanol) (Renshaw and Conn, 1937, g ive 

171-172°) . 
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(b) 4-Methylsulphonylpyridine (0 . 100 g . ) and methanolic 

sodium methoxide (5 ml.; 0.43N) were heated at 150° 

for 6 hr. The mixture was evaporated to dryness and 

extracted with chloroform; the product with aqueous 

picric acid gave 4-methoxypyridine picrate (0 . 075 g . , 

35 %), m. p. 170-171° (from water) (no depression of the 

m.p. was observed on admixture with the sample 

prepared above) (Found:· C, 42.9; H, 3 . 0; N, 16 . 7%) . 

PYRAZINES 

2-Methylthiopyrazine was prepared as described by 

Albert and Barlin (1962) . It had m.p . 45-46° (from 

light petroleum, b.p. 60-80°) (Cheeseman, 1960, gives 

0 45-47 . 5 ) . 

2-Methylsulphinylpyrazine.- A solution of m-chloro­

perbenzoic acid (3.58 g.; 77.7 %) in chloroform 

(100 ml . ) was added slowly to a stirred solution of 

2-methylthiopyrazine (2.1 g.) in chloroform (50 ml . ) 

at o0
, and then the mixture was allowed to stand 



overnight at 20°. The chlorofonn solution was washed 

with aqueous sodium bicarbonate and wate r, dried 

The oil obtained was 

puri fied by thin layer chromatography (alumina/ether) 

and by crystallisation from hexane-cyclohexane to 

give white cry stals of 2-methylsulphinylpyra zine 

( 0 . 9 g . ),m . p . 66-67° (Found: c, 42.3; H, 4 . 4; 

N, 19 . 85; s, 22.4. c5H6N2os requires c, 42 . 25; 

H, 4 . 3; N, 19. 7; s, 22.5 %). 

2-Methylsulphonylpyrazine.- 2-Methylthiopyrazine 

(0.500 g . ) was dissolved in acetic acid (14 ml.; SN) 

and a solution of potassium permanganate (1 g . ) in 

water (8 ml.) added with stirring at 25° during 

0.5 hr . This mixture was decolourised by passing 

in sulphur dioxide, neutralised with ammonia, and 

extracted with chlorofonn. The chlorofonn extract 

was dried (Na 2so4 ) and evaporated to give a colourless 

oil which solidified on cooling and was twice 

sublimed (150°/0.5 mm . ) to give 2-methylsulphonyl-

pyrazine 0 (0 . 42 g . ), m.p. 47-48 (Found: c, 38 . 4; 

H, 3 . 9; N, 17.7; S, 20 . 15. c 5H6N2o2s requires 

C, 38 . 0; H, 3.8; N, 17.7; S, 20.2 %). 

122 
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2-Methoxypyrazine . - Three experiments were carried 

out as follows: (a) 2-Methylthiopyrazine (0 o00 2 g . ) was 

heated with sodium methoxide solution (2 ml . ; 0 . 0lN ) at 

150° for 24 hr . (b) 2-Methylsulphi nylpyraz i ne 

(0 o009 g . ) was heated with sodium methoxide soluti on 

(40 ml . ; 0 . 0lN) at 50° for 24 hr . (c) 2-Methyl-

sulphonylpyrazine (0 . 005 g.) and methanolic sodi um 

methoxi de (3 ml . ; 0.02N) were heated at 87° for 3 hr . 

In each case complete conversion into 2-methoxypyrazine 

was apparent . [Appropriate dilution of the reacti on 

mixtures at pH 6.0 and -1 . 5 gave solutions with the 

ultravi olet absorption spectra of the neutral molecule 

(cf . Mason, 1957) and cation (cf . Mason, 1959) 

respectively . ] 

PYRIDAZINES 

3-Methylthiopyridazine . - This compound, prepared 

as described by Duffin and Kendall (1959) had mop o 

42° (from light petroleum, b . p . 40-60°) (lit . , 37-38°) 0 

3-Methylsulphinylpyridazine . - A solution of 

~-chloroperbenzoic acid (3 . 53 g . ; 77 . 7%) in chloroform 

(100 ml . ) was added slowly to a stirred solut i on of 

3-methylthiopyridazine (2 . 10 g.) in chloroform (50 ml . ), 
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and the mixture was then allowed to stand overnight at 

20°c . The chloroform solution was washed with sodium 

bicarbonate solution and water, dried, and evaporated . 

The o i l obtained was purified by thin layer chromato­

graphy in ether over alumina and then crystall i sed 

from benzene-cyclohexane to give colourless crystals 

0 of 3-methylsulphinylpyridazine (1 . 1 g.), m. p . 65 

(Found: C, 42.1; H, 4.3; N, 19.8; s, 22 . 6 %) . 

3-Methylsulphonylpyridazine . -(a) To 3-methylthio­

pyridazine (0 . 290 g . ) in acetic acid (6 ml . ; 16N), 

potassium permanganate (0.75 g.) in water (9 ml . ) was 

added slowly with stir~ing at 25° and stirring 

continued for 0.5 hr. The mixture was cooled in 

ice, decolourised by passing in sulphur dioxide, 

adjusted to pH 8 with ammonia, and extracted with 

chlo roform . The extract was dried (Na 2so4 ) and 

evaporated to yield 3-methylsulphonylpyridazine 

(0.270 g . ), m. p. 87° [from benzene-light petroleum 

(b . p . 60-80°)) (Found: C, 37.8; H, 3.7; N, 17 . 7; 

s, 20 . 4%) . 

(b) 3-Methylthiopyridazine (0.500 g . ) was dissolved 

in water (10 ml.) and methanol (3 ml . ) . The 

solution was cooled to -20° and chlorine passed in 

for 1 hr . The cold solution was adjusted to pH 7 



with aqueous potassium carbonate, and extracted with 

chloroform . The extract was dried (Na 2so4 ) , concen­

trated, and chromatographed over alumina (6 i n o) to 

give 3-methylsulphonylpyridazine (0 . 440 g . ) , mop o and 

mixed m. p . with the sample prepared above, 87° [from 

ben zene-l i ght petroleum (b . p . 60-80°)] . 

(c) 3-Methylsulphinylpyridazine (0 . 200 g . ) in acetic 

acid (5 ml.; 6N) was shaken at 20° while potassium 

permanganate solution (0.3 g.) in water (10 ml . ) was 

added over 0.5 hr . The mixture was chilled in ice, 

decolourised with sulphur dioxide, neutralised and 

extracted with chloroform . The chloroform extract 

was dried (Na 2so 4 ) and evaporated and the product 

crystallised from benzene-light petroleum (b . p . 
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60-80°) to give 3-methylsulphonylpyridazine (0 . 140 g . ), 

m.p. and mixed m. p . [with sample from (a)], 87-88° . 

3-Methoxypyridazine . -(a) 3-Methylthiopyridazine 

(0 ol00 g . ) and methanolic sodium methoxide (20 ml . ; 

0 0 . lN) were heated at 120 for 18 hr . The mixture 

was then diluted with water, fractionated to remove 

the methanol, and extracted with chloroform . The 

extract was dried (Na 2so4 ) and the solvent removed 

by fractionation. The oily residue, with ethanolic 
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picric acid, gave 3-methoxypyridazine picrate (0 . 140 g . ; 

52 %), m. p . 111-112° (from ethanol ) (Itai and I geta , 1954 

give 111°) . 

(b) 3-Methylsulphinylpyridazine (0 . 105 g . ) and sodium 

methoxide solution (5 ml.; 0.4N) were refluxed for 

0 . 5 hr . The mixture was diluted with water , neutral-

ised, and the methanol removed by fractionation . 

Ethanolic picric acid was added to the residue and 

3-methoxypyridazine picrate (0 . 235 g . ; 93 %) cryst­

allised, m. p . 110-111° (from ethanol) . 

(c) 3-Methylsulphonylpyridazine (0 . 100 g . ) and 

methanolic sodium methoxide (5 ml . ; 0 . 43N) were 

refluxed for 30 min. The reaction mixture was 

diluted with water, neutralised, and extracted with 

chloroform . The chloroform extract was dried 

(Na
2
so

4
) and the solvent evaporated to give an oily 

residue which with ethanolic picric acid gave 

yellow crystals of 3-methoxypyridazine picrate 

0 (0 . 080 g . ; 37 %), m.p. 111 (from ethanol) (Found: 

c , 39 . 1; H, 2 . 6; N, 20.3. Cale . for c11 H9N5o8 : 

C, 38 . 95; H, 2.7; N, 20 . 65 %) . 

4-Methylthiopyridazine.- 4-Methylthiopyridazine 

was prepared as described by Albert and Barlin (1962) 
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but was purified by column chromatography i n chloroform 

over alumi na and crystallised from l i gh t pe t ro l eum 

0 (b op o 40-60 } o It had mop o 44-45° (Foun d : C, 47 08; 

H, 4 • 9 ; N, 2 2, . 1 o 

H, 4o8; N, 22 . 2%). 

Cale . for c 5H6N2S: C, 4 7 06; 

The picrate had m. p o 155-157° 

(from ethanol) (Albert and Barlin, 1962, give 

0 149-150 05 ) (Found: C, 36.8; H, 2 . 7; N, 19 06 . 

Cale . for cllH9N5O7S: C, 37.2; H, 2 . 55; N, 19 . 7%) 0 

4-Methylsulphinylpyridazine . - ~-Chloroperbenzo i c 

acid (5 o99 g . ; 77.7 %) dissolved in chloroform (150 ml o) 

was added slowly with stirring to 4-methylthio­

pyri dazine (3 . 34 g.) in chloroform (80 ml . ) at 0° 0 

After standing overnight at o0 the chloroform solution 

was washed with sodium bicarbonate solution and water 

(the washings were repeatedly extracted with chloro­

form ) and evaporated to yield an oil which was 

sub j ected to thin layer chromatography in chloroform-

ether (6:4 ) over alumina . The product crystallised 

from benzene-cyclohexane to give 4-methylsulphinyl­

o pyridazine (1.2 g . ), m. p. 92-93 (Found: C, 42 . 0; 

H, 4 o4; N, 19 . 6; S, 22.5 %) 0 

4-Methylsulphonylpyridazine.- 4-Methylthio­

pyridazine (0 ol20 g.) in acetic acid (2 ml o; 16N) was 
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stirred at room temperature while potassium permanganate 

(0 o25 g . ) in water (2.5 ml . ) was added during 0 o5 hr . 

The mixture was cooled, decolourised by pass ing in 

sulphur dioxide and adjusted to pH 7 with ammonia . 

Extraction with chloroform gave 4-methylsulphonyl­

pyridazine (0.073 g .) , m.p. 144° (from ethanol ) 

(Found: C, 3 8 . 0; H, 3. 9; N, 18 . 0; S, 2 0 . 3 % ) • 

4-Methoxypyridazine.-(a) 4-Methylthiopyridazine 

(0 . 100 g . ) and methanolic sodium methoxide (20 ml . ; 

0 0 . lN ) were heated at 100 for 15 hr . The mixture 

was diluted with water, neutralised, and the produ~t 

extracted with chloroform . The extract, was dried 

(Na
2
so

4
) and the solvent removed by fractionation. 

Treatment of the oily residue with ethanolic picric 

ac i d gave 4-methoxypyridazine picrate (0 . 201 g . ; 

75 %), m. p . 143° (Itai and Kamiya, 1963, give 

143-144°) . 

(b) 4-Methylsulphonylpyridazine (0 . 100 g.) and 

methanolic sodium methoxide (5 ml . ; 0.43N) were 

refluxed for 0 . 5 hr . The reaction mixture was 

diluted with water, neutralised, and extracted with 

chloroform . The chloroform extract was dried 

(Na
2
so

4
) and the solvent evaporated to give an oily 
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residue which with ethanolic picric acid gav e yellow 

crystals of 4-methoxypyridazine picrate (0 ol50 g o; 70 %) , 

m. p . and mi xed m. p . with sample from (a), 143-144° 

(Found: C, 3 9 o 0; H, 2 . 4 ; N, 2 0 . 6 % ) • 

4-Methylsulphinylpyridazine wi th sodium methoxi de 

solution . - A mixture of 4-methylsulphinylpyridazine 

(0 . 500 g . ) and methanolic sodium methoxide (20 ml o; 

0 . 2N) was allowed to stand at 25°/15 min . , then 

diluted with water (25 ml . ) and neutralised with 

di lute hydrochloric acid. The methanol was evaporated 

on a steam bath and the aqueous solution extracted with 

chloroform . The extract was dried (Na 2so4 ), the 

solvent evaporated and the components were separated 

by thin layer chromatography in ether over alumina . 

The upper band, after extraction with chloroform, 

evaporation,and treatment with ethanolic picric 

acid , gave 4-methylthiopyridazine picrate (0 . 080 g . ; 

6 . 4 %) , mop . and mixed m.p. with an authentic 

specimen 155-156° (from ethanol). 

The lower band, after extraction with chloroform, 

evaporation, and treatment with ethanolic picric 

acid, gave 4-methoxypyridazine picrate (0.840 g . ; 

70 . 5%), m. p . and mixed m.p. with an authentic 

sample 143-144° (from ethanol). 



QUINOLINES 

2-Methylsulphinylquinoline . - 2-Methyl thioquinoline 

(0 . 500 g . ; Albert and Barlin, 1959) in chloroform 

(15 ml . ) was stirred at o0 while ~-chloroperbenzoic 

acid (0 . 635 g.) in chloroform (15 ml . ) was added 
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slowly . The mixture was then left to stand overni ght 

at 20° and washed with sodium bicarbonate soluti on 

and water, and extracted with chloroform . The 

chloroform extract was dried (Na 2so4 ) and evaporated 

to give the product which was purified by chromato­

graphy in chloroform over alumina, and crystallised 

from benzene-light petroleum (b . p . 40-60°) to give 

2-methylsulphinylquinoline (0.350 g . ), m. p . 52° 

(Found: C, 62.3; H, 4 . 7; N, 7.3. clOH9NOS 

requires c, 62.8; H, 4 . 75; N, 7.3; S, 16 . 7%) . 

2-Methylsulphonylquinoline.-(a) This was prepared 

as descri bed by Larive, Collet and Dennilauler (1956) 

f r om 2-methylthioquinoline with potassium permanganate 

i n acetic acid. It had m.p. 101-102° (lit . , 100°) 

(Found: c, 57 . 6; H, 4.5; N, 6 . 9; S, 15 . 4 . 

for clOH9NO2S: c, 58.0; H, 4 . 3; N, 6 . 8; 

s, 15 . 45 %) . 

Cale . 



(b) 2-Methylsulphinylquinoline (0 . 150 g . ) in acetic 

acid (5 ml.; 6N) was shaken at 20° while potass ium 

permanganate (0.2 g.) in water (10 ml . ) was added 

over 0 . 5 hr . The mixture was chilled in ice, 

decolourised with sulphur dioxide, to reveal a white 

precipitate, and filtered. The product was 

recrystallised from benzene-cyclohexane to give 

2-methylsulphonylquinoline (0 . 132 g.), m. p . and mixed 

m. p . with sample from (a), 102° . 

2-Methoxyquinoline.-(a) 2-Methylsulphinylquinoline 

(0 . 035 g . ) and sodium methoxide (1 ml.; 0 . 4N) were 

heated at 85° for 3 hr. The mixture was diluted with 

water, neutralised, the methanol evaporated and 

aqueous picric acid added to precipitate 2-methoxy­

quinoline picrate (0 . 064 g . ; 90 %), m. p . 182° (from 

ethanol) (Fuson, Jackson, and Grieshaber, 1951, g i ve 

179-180°) . 

(b ) 2-Methylsulphonylquinoline (0 . 12 g.) and 

methanol i c sodium methoxide (5 ml . ; 0.3N) were heated 

at 110° for l hr . The solvent was evaporated and 

the residue extracted with chloroform. The oily 

product with ethanolic picric acid gave 2-methoxy­

quinoline picrate (0 . 19 g.; 85 %), m.p . 182-183° 

(from ethanol) . No depression of the m·. p . was 
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observed on admixture with a sample from (a ) (Found: 

C, 49 . 7; H, 3.0; N, 14 . 35. 

C, 49 . 5; H, 3 . 1; N, 14.4 %). 

4-Methylsulphinylquinoline.- 4-Methylthioqui noline 

(1 . 00 g . ; Albert and Barlin, 1959) in chloroform 

132 

(30 ml . ) wa s stirred at o0 while ~-chloroperbenzo i c 

acid (1. 2 7 g.; 77.7 %) in chloroform (30 ml .) was added 

dropwise over 1 hr. The mixture was then left to 

stand overnight at 20° and washed with sodium bicarb-

onate solution and water. The chloroform extract 

was dried (Na 2so4 ) and evaporated, the oily residue 

with ethanolic picric acid gave 4-methylsulphinyl-

o quinoline picrate (2 . 1 g.), m.p. 212 (Found: 

C, 45 . 9; H, 3.05; N, 13.4. 

C, 45 . 7; H, 2.9; N, 13 . 3%) . 

This picrate was dissolved in aqueous sodium 

bicarbonate and the solution extracted with chloroform . 

The product obtained crystallised from cyclohexane to 

give white crystals of 4-methylsulphinylquinoline 

(0 . 70 g . ), m. p . 85-86° (Found: C, 62 . 7; H, 5 . 0; 

N, 7 . 25; S, 16 . 6%). 

4-Methylsulphonylquinoline.-(a) A solution of 

4-methylthioquinoline (1 . 2 g . ) in acetic acid 
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(30 ml . ; 6N) was stirred at room temperature while 

potassium permanganate (2.1 g.) in wate r (50 ml . ) 

was added dropwise during 0.5 hr . The mixture was 

filtered, the black solid extracted three times wi th 

boiling benzene, and the extract evaporated . The 

4-methylsu lpho ny lquinoline (0 . 96 g . ) c rysta l li s ed 

from benzene-hexane and had m.p. 147-148° (Found: 

C, 58 . 4; H, 4.4; N, 7.0; S, 15.2 %). 

(b) 4-Methylsulphinylquinoline (0.150 g.) in glacial 

acetic acid (2 ml.) was shaken at 25° while potassium 

permanganate (0 . 200 g.) in water (15 ml . ) was added 

over 0.5 hr . The mixture was chilled in ice and 

filtered; the black residue was extracted with 

boiling benzene and the product recrystallised from 

benzene-light petroleum (b.p. 60-80°) to give 

4-methylsulphonylquinoline (0.070 g . ), m. p. and mixed 

m. p . with a sample from (a), 147-148°. 

4-Methoxyquinoline.-(a) 4-Methylsulphinylquinoline 

(0 . 020 g . ) and methanolic sodium methoxide (28 ml . ; 

0 . 015N) were refluxed for 12 hr., the methanol was 

evaporated and the residue dissolved in ethanol and 

treated with ethanolic picric acid to give crystals 

of 4-methoxyquinoline picrate (0 . 037 g . ; 90 %), m. p . 

200-201° (from ethanol) (Backeberg, 1933, gives 203°) . 

l 
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(bl 4-Methylsulphonylquinoline (0 . 050 g . ) and methanolic 

sodium methoxide (2 ml . ; 0 . 4N) were heate d at 87° for 

2 hr . The mixture was evaporated to dryness and the 

product ext~acted into chloroform . The chloroform 

extract was evaporated and the oily residue with 

ethanolic p i cric acid gave crystals of 4-methoxyqui noline 

picrate (0 . 057 g. ; 61 %), m.p. and mixed m.p . with a 

sample from (a), 202°. 

ISOQUINOLINES 

1-Methylsulphinylisoquinoline.- To 1-rnethylthio­

isoquinoline (1.105 g.; . Albert and Barlin, 1959) in 

chloroform (30 ml.), ~-chloroperbenzoic acid (1 . 404 g . ; 

77.7 %) in chloroform (30 ml.) was added slowly with 

stirring at o0
• After standing overnight at 20° the 

chloroform solution was washed with aqueous sodium 

bicarbonate and water, dried (Na2so 4 ), concentrated 

and chromatographed over alumina to give an oil (0 . 88 g . ) 

which slowly solidified. It was recrystallised from 

benzene-light petroleum (b . p. 60-80°) to give 

1-methylsulphinylisoquinoline, m.p . 65-66° (Found: 

C, 62 . 45; H, 4.9; N, 7.1%) . 
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1-Methylsulphonylisoquinoline.- To a stirred soluti on 

of 1-methylthioisoquinoline (0.5 g.) i n a cetic acid 

(10 ml.; 6N), potassium permanganate (1 . 0 g.) in water 

(20 ml.) was added dropwise during 0.5 hr. After 

chilling, the mixture was decolourised by sulphur 

dioxide and the precipitate filtered off and recryst­

allised from b~nzene-hexane to give 1-methylsulphonyl­

isoquinoline (0.42 g.), rn.p. 153-154° (Found: 

C, 58.0; H, 4.5; N, 6.7; S, 15.7%). 

1-Methoxyisoquinoline.-(a). 1-Methylsulphinyl­

isoquinoline (0.100 g.) was heated with sodium methoxide 

solution (1 ml.; 0.4N) at 50° for 2 hr. The mixture 

was diluted with water, neutralised, and aqueous picric 

acid added to give 1-methoxyisoquinoline picrate 

(0.125 g . ; 62 %), m.p. 170-171° (from water) (Robison and 

Rob i son, 1958, give m.p. 163.5-165.5°). 

(b) 1-Methylsulphonylisoquinoline (0.12 g.) and 

methanolic sodium methoxide (5 ml.; 0.3N) were heated 

at 110° for 1 hr.; and the solvent was evaporated. 

The product, obtained by extraction with chloroform, 

gave, with ethanolic picric acid, 1-rnethoxyisoquinoline 

picrate (0.19 g.; 85 %), rn.p. 170-171° (from ethanol). 

No depression was observed when mixed with a sample 

from (a) (Found: C, 49.15; H, 3.1; N, 14.5 %). 
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{c) 1-Methoxyisoquinoline was also prepared from 

1-hydroxyisoquinoline, as described by Albert and 

Phillips (1956), through 1-chloroisoquinoline (Gabriel 

and Colman, 1900) with sodi um methoxide . It had 

b . p. 138-140°/ca 25 mm. (Albert and Phillips g ive 

135-136°/21 mm . ) . 

CINNOLINES 

4-Methylthiocinnoline.- This product, prepared as 

described by Castle, Ward, White, and Adachi (1960) 

had m.p . 97-98° (lit., 98°) . 

4-Methylsulphinylcinnoline.- A solution of 

4-methylthiocinnoline (3.00 g . ) in benzene (50 ml.) 

and light petroleum (20 ml.; b.p. 60-80°) was stirred 

at 20° while ~-chloroperbenzoic acid (3 . 785 g.; 77 . 7 %) 

in benzene (60 ml . ) and light petroleum (20 ml . ; 

b . p . 60-80°) was added slowly and stirring continued 

overnight . The product was filtered off, chromato-

graphed in chloroform over alumina and recrystallised 

from benzene-light petroleum (b.p. 60-80°) to give 
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yellow crystals of 4-methylsulphinylcinnoline (1 . 56 g.), 

m. p . 157° (Found: c, 56 . 1; H, 4.1; N, 14.8; S, 16 . 8 . 

c
9

H
8

N
2
so requires C, 56 . 25; H, 4.2; N, 14.6; S, 16 . 7%) . 
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4-Methylsulphonylcinnoline . -(a) 4-Methylthiocinnoline 

(1 . 00 g . ) in acetic acid (20 ml . ; 8N ) was sti rred at 

room temperature while potassium permanganate (1 . 5 g . ) 

in water (30 ml . ) was added during 0 . 5 hr . The 

mixture was chilled and decolourised by sulphur dioxide . 

The product was collected and recrystallised from 

benzene-cyclohexane to give yellow needles of 

4-methylsulphonylcinnoline (0 . 67 g . ), m. p . 183-184° 

(Found: C, 51.7; H, 3.8; N, 13.3; S, 15 . 35. 

c9H8N2o2s requires C, 51 . 9; H, 3 . 85; N, 13 . 5; 

s, 15.4 %) . 

(b) 4-Methylsulphinylcinnoline (0 . 200 g . ) was dissolved 

in glacial acetic acid (3 ml . ) and potassium perman­

ganate (0 . 25 g.) in water (10 ml.) added over 0.5 hr . 

with shaking at 25°. The mixture was chilled in ice, 

decolourised with sulphur dioxide and filtered . The 

product was recrystallised from benzene-cyclohexane 

to give 4-methylsulphonylcinnoline (0 . 077 g . ), 

m. p . and mixed m. p . with sample from (a), 183-184° . 

4-Methoxycinnoline . -(a) 4-Methylthiocinnoline 

(0 . 200 g . ) was refluxed with methanolic sodium 

methoxide (10 ml . ; 0 . 4N) for 3 hr . The mixture was 

diluted with water, neutralised and the methanol 

13 7 
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removed by fract i onation . The r es i due was extracted with 

chloroform and the e x tract dried (Na 2so4 ) and evaporated 

to leave a pale p i nk sol i d . Th i s wa s rec r ystall i sed from 

light-petroleum (b . p . 60-80°) to g i ve 4-methoxycinnoline 

(0 . 130 g . ; 71 %), m. p . 126° (Schofi eld and Si mpson, 1945, 

give 127-128°) . 

(b) 4-Methylsulphinylcinnol i ne (0 . 200 g . ) was refluxed 

with methanolic sodium methoxide (10 ml . ; 0 . 4N) for 2 hr . 

The mixture was then diluted with water, neutralised, and 

the methanol fractionated . The mi xture was then 

extracted wi th chloroform, and the chloroform extract 

dried (Na 2so4 ), chromatographed over alumina, and 

evaporated to g i ve 4-methoxycinnoline (0 . 135 g . ; 81 %), 

m. p . 127° (light petroleum, b . p . 60-80°) . 

(c) 4-Methylsul phonylcinnoline (0.20 g . ) and methanolic 

sodium methoxide were refluxed for 5 min . , and the 

solvent was evaporated . The residue was diluted with 

water and extracted wi th ether to yield 4-methoxy­

cinnoline (0 . 08 g . ; 52 %), m. p . 128-129° (from light-

petroleum, b . p . 60-80°) . No depression was observed 

on admi xture with samples from (a) and (b) . 

4-Methylsulphinylci nnol i ne with sodium methoxide 

under mild conditions . - 4-Methylsulphinylcinnoline 

(0 140 ) ~n methanolic sodium methoxide (40 ml.; 0 . 02N) . g . ..L 



... alllll!---...... - _ ... -----------------------------------------,.11!!!!!!1!-----

I,' 

139 

was allowed to stand at 25° for 15 min . Water was then 

added, the solution neutralised to pH 7, th e methanol 

evaporated, and the solution extracted with chloroform . 

This extract gave a sol i d wh i ch was shown by n . m. r . to 

be ca 75 % 4-methoxycinnoline and 25 % 4-methylthiocinnoline . 

The products were separated by thin layer chromatography 

(silica gel/ether) to g ive 4-methoxycinnoline (0 . 070 g . ; 

60 %), m. p . and mixed m. p . with authentic specimen, 126° 

(from hexane); and 4-methylthiocinnoline (0 . 025 g . ; 20 %), 

m. p . and mixed m. p . with authentic specimen, 96° (from 

hexane) . 

PHTHALAZINES 

1-Methylthiophthalazine was prepared as described by 

Albert and Barlin (1962) and had m. p . 76-77° (lit . , 

75-77°) 0 

1-Methylsulphinylphthalazine.- 1-Methylthiophthalazine 

(1 . 00 g . ) in chloroform (30 ml . ) was stirred at o0 

while ~-chloroperbenzoic acid (1 . 27 g . ) in chloroform 

(30 ml . ) was added slowly . The mixture was left t o 

stand overnight at 20° and washed with sodium bicarbonate 

solution and water . The chloroform extract was dried 

(Na
2
so

4
), concentrated, and chromatographed over alumina 
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in chloroform . The eluate was evaporated and t he product 

recrystall i sed from cyclohexane to g ive wh i te crystals of 

1-methylsulphi nylphthalazine (0 . 45 g . ), m. p . 105° 

(Found: C, 5 6 . 0; H, 4 . 0 5; N, 14 . 8 % ) . 

1-Met hylsulphonylphthalazine . - A solution of 

1-methylthiophthalazine (0 . 60 g . ) in 6N aceti c aci d 

(18 ml . ) was stirred at room temperature while potassium 

permanganate (1 . 2 g . ) in water (30 ml . ) was added during 

0 . 5 hr . The mixture was chilled, decolourised by 

passing sulphur dioxide, and neutralised wi th ammonia 

to pH 7 . Extraction with chloroform gave a mixture 

of 1-methylsulphonylphthalazine and 1-hydroxyphthalazine. 

This chloroform solution was chromatographed over alumina 

(8 in . ) and the first fraction gave after crystalli s ation 

f rom benzene-l i ght petroleum (b . p . 60-80° ) , 1-methyl­

sulphonylphthalazine (0 . 40 g . ), m. p . 156° (Found: 

C, 51 . 5 ; H, 3 . 6; N, 13 . 5; S, 15.1 %). (Thi s material 

is hygroscopi c and reacts with the water absorbed to 

give t he corresponding hydroxy compound . It is, 

howev er , sufficiently stable in solution to permit 

determi nation of the spectrum of the neutral molecule 

and also rate coefficients . ) 

1-Methoxyphthalazine . -(a) 1-Methylthiophthalazine 

(0 . 100 g . ) was heated in a sealed tube wi th sodium 
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methoxide solution (20 ml.; 0 . lN) at 115° for 3 hr . The 

mixture was then diluted with water, neutral i sed, and the 

methanol evaporated. Addition of aqueous picri c acid 

gave 1-methoxyphthalazine picrate (0 . 203 g . ; 92 %), m. p . 

161-162° (from ethanol) (Hayashi, Higashino, I iJ ima , 

Kono, and Doihara, 1962, give 139-140°) . 

(b) 1-Methylsulphinylphthalazine (0 . 100 g . ) was 

refluxed with sodium methoxide solution (4 ml.; 0 . 4N) 

for 5 min. Water was then added, the mixture 

neutral i sed and the methanol evaporated . Addition of 

aqueous picric acid gave 1-methoxyphthalazine picrate 

0 (0 . 183 g . ; 90 %), m. p. 160-161 (from water) . 

(c) A mixture of 1-methylsulphonylphthalazine (0 . 100 g . ) 

and methanolic sodium methoxide (4 ml.; 0 . 4N) was 

refluxed for 5 min . , and the solvent evaporated . The 

mixture was extracted in chloroform, and, after 

evaporation of the solvent, the product, with ethanolic 

picric acid, gave 1-methoxyphthalazine picrate (0 . 135 g . ; 

72 %) , m. p . 161-162° (from ethanol) (Found: C, 46 . 5; 

H, 3 . 0; N, 17 . 9 . 

H, 2 . 85; N, 18 . 0 %) . 

(d) An authentic specimen of the picrate prepared from 

1-methoxyphthalazine (von Rothenburg, 1895) also had 



0 m. p . 161-162 and gave no depression on admixture with 

samples from (a), (b), and (c) . 

QUINOXALINES 

2-Methylthioquinoxaline was prepared as descri bed 

by Cheeseman (1957) and had m.p . 45-46° (from light 

petroleum, b . p. 60-80°) (lit . , 46-47°) . 

2-Methylsulphinylquinoxaline.- 2-Methylthio­

quinoxaline (0 . 500 g . ) in chloroform (15 ml . ) was 

stirred at o0 while ~-chloroperbenzoic acid (0 . 632 g . ) 

in chloroform (15 ml.) was added slowly. The mixture 

was left to stand overnight at 20° and washed with 

sodium bicarbonate solution and water. The extract 

was dri ed (Na 2so4 ) and evaporated . The solid product 

was purified by chromatography (alumi na/chloroform) 

and recrystallised from cyclohexane to give 

2-methylsulphinylquinoxaline (0 . 250 g . ), m. p . 102-103° 

(Found: C, 56 . 15; H, 4.2; N, 14.9; S, 16 . 6%) . 

2-Methylsulphonylquinoxaline . -(a) A solution of 

2-methylthioquinoxaline (0 . 100 g . ) in acetic acid 

(2 ml . ; 8N) was stirred at room temperature, while 

potassium permanganate (0.150 g.) in water (5 ml . ) 

was added over 0 . 5 hr . , and then decolourised with 

142 
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sulphur d i oxi de . The white precipitate was filtered off 

and recrystallised from cyclohexane, to give 2-methyl­

sulphonylqui noxaline (0.084 g . ), m. p . 125-126° (Cheeseman, 

1957 , g i ves 126-127°) (Found: C, 51.5 ; H, 3 . 9; N, 13 . 6; 

S , l5 o4 % o 

(b) 2-Methylsulphinylquinoxaline (0.200 g . ) in acetic 

acid (5 ml . ; 9N) was shaken at 20° while potassium 

permanganate (0 . 3 g.) in water (15 ml . ) was added over 

0 . 5 hr . The mixture was chilled in ice, decolourised 

with sulphur dioxide and filtered. The product was 

recrystallised from cyclohexane to give 2-methyl­

sulphonylquinoxaline (0 ~180 g.), m.p . and mixed m. p . 

with a sample from (a), 126°. 

(c) 2-Methylsulphinylquinoxaline (0 . 140 g.) in chloroform 

(5 ml . ) was stirred at 25° while ~-chloroperbenzoic acid 

(0 . 170 g .) in chloroform (10 ml . ) was added slowly . 

The mixture was then left to stand overnight at 25°, 

washed with sodium bicarbonate solution and water . 

The extract was dried (Na 2so4 ), evaporated, and the 

product r ecrystallised from cyclohexane to give 

2-methylsulphonylquinoxaline (0 . 105 g . ), m. p . and 

mixed m. p . with a sample from (a), 125-126° . 

- --



2-Ethylthioquinoxaline was prepared as described by 

Cuiban , Ionesco, Bala, and Steresco (1963), and had 

m. p . 47-48°( lit . , 47°). 

2-Ethylsulphinylquinoxaline . - 2-Ethylthi oquinoxaline 

(0 . 5 g.) in chloroform (20 ml.) was treat ed wi th 

~-chloroperbenzoic acid (0 . 558 g.; 77 . 7%) , as descri bed 

for 2-methylsulphinylquinoxaline, to give 2-ethyl­

sulphinylquinoxaline (0 . 365 g.), m. p. 55° (from 

cyclohexane-light petroleum, b.p . 60-80°) (Found : 

C, 58 . 4; H, 5 . 05; N, 13.6; S, 15 . 5 . c10H10N2so 

requires C, 58 . 25; H, 4.9; N, 13 . 6; s, 15 . 5 %) . 
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2-Ethylsulphonylquinoxaline . -(a) 2-Ethylthio­

quinoxaline (0 . 300 g.) in acetic acid (4 ml . ) was 

treated with potassium permanganate (0.6 g . ) in water 

(30 ml . ) , as described for 2-methylsulphonylquinoxaline, 

to g i ve 2-ethylsulphonylquinoxaline (0 . 240 g . ), m. p . 

122-123° (from cyclohexane) (Found: C, 54 . 4; H, 4 . 5; 

N, 12 . 6; s, 14 . 4. c10H10N2so 2 requires c, 54.05; 

H, 4 . 5; N, 12 . 6; S, 14.4 %). 

(b) To 2-ethylsulphinylquinoxaline (0.080 g . ) in 

6N acetic acid (4 ml . ) was added potassium permanganate 

(0 . 160 g . ) in water (10 ml . ) with shaking at 20° over 

0 . 5 hr . The mixture was chilled in ice, decolourised 

with sulphur dioxide, and the precipitate recrystallised 



from cyclohexane to give 2-ethylsulphonylqui noxal i ne 

(0 o060 g o) , mop . and mixed m. p . with a sample from (a), 

122° . 

2-Isopropylthioquinoxaline . - 2-Mercaptoquinoxaline 

(8 g o; Wolf, Wilson, and Tishler, 1954) was refluxed 

with isopropyl iodide (6 ml . ) in sodium hydroxi de 

solution (100 ml.; lN) for 2 hr. The mixture was 

extracted with chloroform and the chloroform extract 

dried (Na 2so 4 ) and evaporated to leave a yellow oil . 

This was distilled under reduced pressure, chromato­

graphed over alumina in chloroform, and redistilled 

to give 2-isopropylthioquinoxaline 
0 (5 g.) (b . p . 140 / 

0 . 5 mm . ) (Found: C, 64.6; H, 5.9; N, 14 . 0; S, 15.6 . 

c
11

H
12

N
2
s requires C, 64 . 7; H, 5.9; N, 13 . 7; 

s, 15 . 7 %) . 

2-Isopropylsulphonylquinoxaline . - 2-Isopropyl­

thioquinoxaline (0 . 300 g.) was dissolved in glacial 

acetic acid (3 ml.) and treated with potassium 

permanganate (0.6 g.) in water (20 ml . ), as for 

2-methylsulphonylquinoxaline, to give 2-isopropyl­

sulphonylquinoxaline (0.200 g . ), m.p . 106° (from 

cyclohexane) (Found: C, 56 . 0; H, 5 . 25; N, 12 . 3; 

145 
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s, 13 . 5 . 

N, 11.9; S, 13.55 %). 

2-t-Butylthioquinoxaline . - To 2-chloroqui noxaline 

(6 . 1 g . ) (Gowenlock, Newbold, and Spring, 1945) in 

ethanol (10 ml.) was added a solution oft-butyl 

mercaptan (2.5 ml.) and sodium hydroxide (1 g . ) in 

water (20 ml.) under nitrogen. The mixture was 

then refluxed under nitrogen for 5 hr., cooled, 

neutralised, and extracted with chloroform . The 

extract was dried (Na 2so 4 ) and evaporated to leave 
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a brown oil . This was distilled (b . p . 120°/0 . 7 mm . ), 

chromatographed (thin layer; silica gel/benzene) 

and crystallised from light petroleum (b . p . 40-60°) 

to give 2-t-butylthioquinoxaline (6.6 g.), m. p . 

6 0- 61 ° (Found: C, 6 6. 0; H, 6 . 3; N, 12 . 7; S, 14 . 4 • 

c
12

H
14

N
2
s requires C, 66.0; H, 6.5; N, 12 . 8; 

s, 14 . 7 %) . 

2-t-Butylsulphinylquinoxaline.- 2-t-Butylthio­

quinoxaline (0.500 g.) in chloroform (20 ml . ) was 

treated with ~-chloroperbenzoic acid (0 . 512 g . ; 77 . 7%) 

i n chloroform (20 ml.), as described for 2-methyl­

sulphinylquinoxaline, to give 2-t-butylsulphinyl-

o 
quinoxaline (0.285 g.), m.p . 99-100 (from cyclohexane-
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l i ght petroleum; b . p . 60-80°) (Found: C , 61.6; H, 6 . 0; 

N, ll o9; S, 13 . 5 . 

H, 6 . 0; N, 12.0; S, 13 . 7 %). 

2-t-Butylsulphonylquinoxaline . - 2-t-Butylthio­

quinoxaline (1 . 00 g . ) in acetic acid (1 0 ml . ) was 

treated with potassium permanganate (2 g . ) in water 

(65 ml . ), as described for 2-methylsulphonyl-

quinoxaline, to give 2-t-butylsulphonylquinoxaline 

0 (0 . 75 g . ), m.p . 123 (from cyclohexane) (Found: 

C, 57 . 3; H, 5 . 55; N, 11.3; S, 12 . 5 . c12H14 N2so 2 

requires C, 57 . 6; H, 5.6; N, 11.2; s, 12 08%) . 

2-Methoxyquinoxaljne.-(a) 2-Methylthio­

quinoxaline (0.100 g.) was heated with methanolic 

sodium methoxide (20 ml.; 0.lN) at 115° for 3 hr . 

The mixture was then diluted with water , neutralised, 

and the methanol removed by evaporation . On 

addition of aqueous picric acid there separated 

2-methoxyquinoxaline picrate (0.176 g . ; 80 %), 

m. p . 142° (from ethanol) (Cheeseman, 1955, gives 

141-142°) . Similarly 2-ethylthio-, 2-isopropylthio-

and 2-t-butylthio-quinoxalines, with methanolic 

sodium methoxide, gave 2-methoxyquinoxaline p i crate 

in yields of 64 %. , 63 %. , and 73 % respectively . 
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(b) 2-Methylsulphinylquinoxaline (0 . 100 g . ) was 

refluxed with sodium methoxide solution (10 ml . ; 0 . lN) 

for 5 min . Water was then added, the mixture 

neutralised, and the methanol evaporated . Aqueous 

picric acid was added and 2-methoxyquinoxal i ne 

picrate precipitated (0 . 180 g . ; 89 %), m. p . 141° 

(from ethanol). Similarly 2-ethylsulphinyl- and 

2-t-butylsulphinyl-quinoxalines, with sodium 

methoxide solution, gave 2-methoxyquinoxaline picrate 

in yields of 95 % and 80 % respectively. 

(c) 2-Methylsulphonylquinoxaline (0.10 g . ) and 

methanolic sodium me·thoxide (6 ml . ; 0 . 3N) were 

refluxed for 15 min., and the methanol was evaporated. 

The oily product was extracted with chloroform; and, 

with ethanolic picric acid, gave 2-methoxyquinoline 

picrate (0 . 07 g.; 37 %), m.p. 142° (from ethanol) . 

Similarly 2-ethylsulphonyl-, 2-isopropylsulphonyl-

and 2-t-butylsulphonyl-quinoxalines with methanolic 

sodium methoxide, gave 2-methoxyquinoline picrate 

in yields of 75 %, 83 % and 82 % respectively . (No 

depression of the m.p . was observed on admixture 

of the sample prepared from 2-methylsulphonyl­

quinoxaline with the other samples . ) 
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Reactions of methylsulphonyl compounds with aqueous 

sodium hydroxide.- The methylsulphonyl compound 

(0 . 1 g.) and N-sodium hydroxide (3 ml.) were heated 

together. The conditions of reaction, the methods 

of isolation and the yields are summarised in Table 19 . 

Reactions of methylsulphonyl compounds with aqueous 

sodium hydrogen sulphide 

3-Mercaptopyridazine.- 3-Methylsulphonylpyridazine 

(0 . 100 g . ) and aqueous sodium hydrogen sulphide 

(2 ml . ; lN) were heated in a sealed tube at 100° for 

2 hr . The mixture was adjusted to pH 2 and extracted 

wi th chloroform to give 3-mercaptopyridazine (0.070 g.; 

85 %) which crystallised from water and had m.p. 

1 69-1 70° (Duffin and Kendall, 1959, give 170°). 

4- Mercaptoquinoline.- 4-Methylsulphonylquinoline 

(0 . 100 g.) and sodium hydrogen sulphi de (2 ml . ; lN) 

were heated in a sealed tube at 100° for 15 hr . The 

mixtur e was adjusted to pH 4, cooled, the solid 

filtered off and sublimed (160°/0.7 mm.) to give 

4-mercaptoquinoline (0.068 g.; 81 %), m.p. 158-160°. 

(Albert and Barlin, 1959, give 158-162°). 
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TABLE 19 

Reactions of methylsulphonyl compounds (0.lg.) with N-sodium hydro xi de (3 ml . ) 

Product 

Product Conditions Method Hydroxy-compound Picrateof 
hydroxy-compound 

of of Yield H. p . Yield H.p. 

reaction isolation.! ( g . ; %) (0) ( g . ; %) (0) 

2-Hydroxypyri dine 145° /12hr . A 0 . 145 70 173-174 
(pi crate) 

4-Hydroxypyri dine 
(pi crate) 

145112hr. A 0 .14B 72 240-241 

2-Hydroxypyrazine 90/2hr . B 0.030 50 186 

3-Hydroxypyri dazi ne 90/lhr. B 0 . 035 58 105 

4-Hydroxypyridazine 100/!0mi n . B 0 . 04 2 69 248-2491 

2-Hydroxyquinoline 100/2hr . C 0.059 85 195-1961 

4-Hydroxyquinoline 100/2hr. A 0 . l 75 95 183-1841. 
(pi crate) 

1-Hydroxyisoquinoline 100/2hr . C o.oss 79 207-2081 

2-Hydroxyquinoxaline 95/15mi n .t C 97 

4-Hydroxycinnoline 100/30min . C 0 . 060 86 233-2341 

1- Hydroxy ph tha 1 azi ne 100/30min . C 0 . 058 83 184 1 
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Lit. H . p. 

(0) 

170-172 ~ 

236-238 .£ 

187-188 !!_ 

103 ~ 

250-251 9. 

198-199 h 

208 ..i. 

261-264 t 

236 .!. 

182 !!!. 

.! Methods of isolation were as follows : A, the reaction mixture was adjusted to pH 7 and the addition 

of aqueous picric acid gave yellow crystals of the pi crate which were recrystallised from water; 

B, the reaction mixture was adjusted to pH.£.! 7, evaporated to dryness, and the hydroxy-compound 

vacuum-sublimed from the residue at 100-130°/.£.! 0 . 5 mm . , except for 4-hydroxypyridazine which was 

sublimed at 200°10.7 mm.; C, the reaction mixture was neutralised (pH 7) and on cooling there 

separated white crystals of the hydroxy-compound . ~ Shaw (1949) . .£ Wibaut and Broekman (1959). 

!!_ Erickson and Spoerri (1946) . ~ Homer, Gregory, 0verend, and Wiggins (1948). 1 No depression of 

the m. p. was observed on admixture with an authentic specimen . 9. Eichenberger, Rometsch, and 0ruey 

( 1956) . h Friedlander and 0stermaier (1881) . j_ Found : C, 48 . 1; H, 2 . 6; N, 14 . 7. 

When crystallised from absolute ethanol, a 

pi crate, m. p . 225° was obtained; this is probably 4-hydroxyguinoline 1 ; (picric acid)(Found : C, 55 . 0; 

H, 3.3; N, 13.4. C9H7N0,'sC 6H3 N3o7 requires C, 55 . 5; H, 3.3; N, 13 . 5%) . ,i_ Albert and Phillips 

(1956) . t Cheeseman (1957) . .!. Leonard and Boyd (1946) . !!!. Gabri el and Neumann (1893) . 
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2-Mercaptoquinoxaline . - 2-Methylsulphonylquinoxal i ne 

(0 . 100 g . ) and aqueous sodium hydrogen sulphide (2 ml . ; 

lN) were heated in a sealed tube at 100° for 1 hr . 

The reaction mixture was adjusted to pH 6 and chilled 

to g ive 2-mercaptoquinoxaline (0.072 g . ; 86 %), m. p. 

203-204° . (Wolf, Wilson, and Tishler, 1954, give 

204-205°) . 

Reactions of methylsulphonyl compounds with sodium 

cyanide in dimethylformamide 

4-Cyanopyridine . - 4-Methylsulphonylpyri dine 

(0.200 g . ) and sodium cyanide (0.100 g . ) in dimethyl­

formamide (5 ml . ) were refluxed for 1 hr . The 

dimethylformamide was distilled under reduced 

pressu~e and the residue treated with aqueous picric 

acid to g ive 4-cyanopyridine picrate (0 . 318 g . ; 75 %) . 

It was recrystallised from water and had m. p . 

197-199° (Ochiai and Suzuki, 1954, give 198-199°) . 

4-Cyanocinnoline . - 4-Methylsulphonylcinnoline 

(0.150 g . ) and sodium cyanide (0 . 050 g . ) in 

dime thylformamide (3 ml . ) were refluxed for 5 min . , 

and the dimethylformamide was distilled under 

reduced pressure. The residue was extracted three 

times with boiling benzene and the product obtained 
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crystallised from benzene-light petroleum (b . p . 60-80°) 

to give 4-cyanocinnoline (0.076 g.; 68 %) as an orange 

solid, m. p . 139-140° (Found: C, 70 . 0; H, 3 . 5; 

N, 27 . 0 . 

N, 27 . 1 %) . 

Reactions of methylsulphonyl compounds with 

(a) aqueous ammonia and (b) aqueous arnrnoniacal 

ammonium chloride 

4-Methylsulphonylpyridine with aqueous ammonia . -

4-Methyls~lphonylpyridine (0 . 200 g.) and ammonium 

hydroxide (3 ml.; i, 0.91) were heated at 185° for 

6 hr . The reaction mixture was boiled to remove 

most of the ammonia then adjusted to pH 4 and 

extracted with chloroform to remove any unchanged 

4-methylsulphonylpyridine. The solution was then 

made strongly alkaline by addition of SN-sodium 

hydroxide, evaporated to dryness, and the residue 

extracted with boiling benzene to give, after 

crystallisation from benzene-light petroleum 

(b . p . 60-80°), 4-aminopyridine (0 . 083 g . ; 69 %) . 

It was sublimed (100°/0.7 mm . ) and had m. p . 

155-157° (Emmert and Dorn, 1915, give 158°) . 

(The m. p . was not depressed on admixture with an 

authentic specimen.) 
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3-Methylsulphonylpyridazine with aqueous ammonia . -

3-Methylsulphonylpyridazine (0 . 200 g .) and ammonium 

hydroxide (6 ml . ; i, 0 . 91) were heated in a sealed 

tube at 100° for 15 hr . The reaction mixture was 

then boiled to remove ammonia, cooled and divided 

i nto two equal parts . To the first part aqueous 

picric acid was added to give 3-aminopyri dazine 

p i crate (0 . 024 g . ; 11 %), m.p. 250-251° (from water) 

(Steck, Brundage, and Fletcher, 1954, give 

249-250°). The second part was adjusted to pH 2, 

evaporated to dryness and the residue sublimed 

(100°/ 0 .7 mm.) to give 3~hydroxypyrl d~zine (0 . 036 g . ; 

60 %), m. p . 102° (Homer, Gregory, Overend, and 

Wi ggi ns, 1948, give 103°) . 

3-Methylsulphonylpyridazine wi th aqueous 

ammoniacal ammonium chloride . - 3-Methylsulphonyl­

pyri dazine (0 . 100 g .) , ammonium hydroxide (3 ml . ; 

~ , 0 . 91) and ammonium chloride (0 . 32 g . ) were 

heated at 100° for 12 hr. The mixture was then 

boiled to remove ammonia and addition of aqueous 

picric acid gave 3-aminopyridazine picrate 

0 (0 . 085 g . ; 42 %), m. p . 249-250 • 
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2-Methylsulphonylquinoline with aqueous ammonia . -

2-Methylsulphonylquinoline (0 . 100 g.) and ammonium 

hydroxide (2 ml.; i, 0 . 91) were heated at 140° for 

15 hr. The mixture was boiled to remove ammonia 

and on cooling there separated 2-hydroxyquinoline 

(0 . 043 g.; 63%), m.p. 197-198° (Friedlander and 

Ostermaier, 1881, give 198-199°). (The m . p . was 

not depressed on admixture with an authentic 

specimen.) Addition of aqueous picric acid to the 

filtrate gave 2-aminoquinoline picrate (0.039 g . ; 

22 %), m. p . 256-257° (from ethanol) (Chichibabin 

. 0 
and Sazepina, 1918, give 255-256 ) . 

2-Methylsulphonylquinoline with aqueous 

ammoniacal ammonium chloride .- 2-Methylsulphonyl­

quinoline (0.100 g.), ammonium hydroxide (3 ml . ; 

i, 0 . 91) and ammonium chloride (0 .16 g • ) were 

heated at 140° for 15 hr. The solution was boiled 

to remove ammonia and addition of aqueous picric 

acid gave 2-aminoquinoline picrate (0 . 090 g.; 50 %), 

m. p . 257-258°. 

4-Methylsulphonylcinnoline with aqueous ammonia . -

4-Methylsulphonylcinnoline (0.100 g.) and ammonium 

hydroxide (2 ml . ; i, 0 .91) were heated in a sealed 
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tube at 100° for 15 hr . and on cool ing there p r ecip­

itated 4-aminocinnoline (0 . 032 g . ; 46 %), m. p o 213-214° 

(from water) (Keneford, Schofield, and Simpson, 1948, 

g ive 212-213°) . The filtrate was boiled to remove 

excess ammonia and addition of aqueous p icr i c acid 

gave 4-aminocinnoline picrate (0 . 030 g . ; 17%), m. p . 

280° (Found: C, 45.3; H, 2.8; N, 22 . 3 . 

c14 H10N6o7 requires c, 44.9; H, 2 . 7; N, 22 . 5 %) . 

Reactions of methylsulphonyl compounds with 

n-propylamine and aqueous methylamine . -

The results and conditions of reaction of methyl­

sulphonyl compounds (0 . 1 g . each) with aqueous 

methylamine and liquid n-propylamine are l i sted in 

Tables 20 and 21 respectively . 

Reactions of methylsulphonyl compounds with 

hydraz ine hydrate 

2-Hydrazinoquinoline.- 2-Methylsulphonylquinoline 

(0 . 100 g o) and hydrazine hydrate (2 ml . ; 98 %) were 

refluxed for 1 hr . The mixture was concentrated 

and the residue diluted with water, boiled, and on 

cool ing there separated 2-hydrazinoquinoline 

(0 . 062 g . ; 81 %), m.p . 142-143° (Perkin and 

Rob i nson, 1913, give 142-143°) . 
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Reactions of methylsulphonyl compounds (0.lg.) with aqueous methylamine 

Product Analyses of product 

Product Amine Aqueous 
methyl amine 

Cond. of Method 
reaction of iso-

1 a ti on~ 

Amine 
pi crate Found Calculated 

(ml.; %so ln.) 0 /hr (g.; %)m .p. (g.; %) m.p . C H 

2-Methyl amino 1.5 25 190/24 
-pyridine 

(pi crate) 

A 0. 129 60 191 !!. 
- 20 

4-Methyl amino 1.0 25 180/6 8 0.058 84 126° f 
-pyridine 

3-Methllami no 3.0 30 110/6 A 0.092 43 209 38.8 3.0 24. 8 39. 1 3.0 24. 85 -zxri dazi ne 
pi crate) 

2.0.!l 25 100/18 A 0. 139 65 208 
-9 

4-Methll amino 2. o.!l 40 100/15 B~ 0.013 19 77-8 55 . 4 6 .5 38. 1 55.0 6 . 5 38.5 
-exri dazi ne 

4-Methyl amino 2. o.!l 40 100/15 A 0. 168 78 192 39 . 0 2.9 24. 6 39. 1 3.0 24 . 85 
-pyridazine -3 

(pi crate) 

4-Methyl amino 2.0 25 170/15 0.061 80 
2~;.f !I. 75.5 6.3 17. 5 75.9 6 .4 17 . 7 

-quinoline 

1-Me thl l amino 2. o.!l 40 140/15 A 0. 141 76 19 7 49 . 4 3. 4 18 . 2 4 9. 6 3.4 18. 1 
-i sogu1 no11 ne -8 
(~) 

4-Methyl amino 2.0 25 90/18 C 0.049 64 228h i 
-cinnoline -30- -

4-Methyl amino 2.0 25 90/18 A 0. 1 73 92 253. 4 6. 4 3.0 2 I. 5 4 6 . 4 3 . 1 21. 65 
- cinnoline _5J. 

(pi crate) 

.! Methods of isolation were as follows: A, the reaction mixture was boiled to remove excess of methylamine 

and aqveou s picric acid added to precipitate the pi c rate which was then recrys tallised from water; 

B, the reaction mixture was made strongly alkaline with SN-sodium hydroxide, evaporated to dryness, and 

the residue was extracted w·ith boiling benzene and the product recry s tallised from benzene-light 

petroleum (b.p. 60-80°); C, a white precipitate separated from the reaction mixture. 

_!!. Pentimalli (1964) gives m. p . 192-193° . f Wibaut and Broekman (1961) give m.p . 124 .5 -125° . 

.!! !ON-Hydrochloric acid (0.25 ml.) was a!so added to the reaction mixture. ~ Product not recrystall is ed 

but sublimed at 100°10 .5 mm. .f. Product re c rystal 1 ised from benzene . !I. Suzuki (1961) gives m.p. 224°. 

!!. It wa s recrystallised from water. 

4-hydroxy ci nnoline of m.p. 236°. 

recrystallised from ethanol. 

A depression of the m.p. was observed on admixture with 

! Atkinson and Taylor (1955) give m. p. 229°. .i. The product was 



Product.! 

2-n-Propyl amf no­
pyridine 
(pi crate) 

4-n-Propylamino-
~ 

2-n-Propylamino-

H . i 

3-n-Propyl amino­
pyri dazi ne 

4-n-Proe~lamino­
pyn az1ne 

2-n-Propylamino­
quinoline 
(pi crate) 

4-n-Propylamino­
guinoline 

1-n-Propylamino­
isoguinoline 
(pi crate) 

2-n-Propylamino-
1ui noxal i ne 
~) 

4- n- Pro py 1 amino­
ci nno l 1 ne 

1-n-Propl amino­
~ht alaz1ne 
~) 

Reactions of methylsulphonyl compounds (0.Jg.) with n-propylamfne (I ml.) 

Conditions 

of 

reaction 

0 /hr. 

I 6 5/ 80 

I 65/ 4 8 

150/18 

I 50/12 

111 /18 

145/12 

16 0/36 

160/36 

I 10/12 

110/12 

70/30min . 

Product Analyses of Product 

Amine Amine picrate Solvent Found 
0 0 

for 
(I) m.p.( ) (I) m.p.( ) recryst. 

67 73- 74 

93 85 

71 109 

78 I 73-
174 

74 169-
170 

76 

63 176-

76 

177 

I 96-
197.f. 

71 203-
204 

70 I 7 8-
1 79 

39 I 38-
139 

aq . 
ethanol 

46. I 4 .0 19.2 

benzene 70.6 9 .0 20.7 
-he xane 

ethanol 42.7 3 . 7 22.6 

benzene 61 . 4 8.0 30.2 
-hexane 

benzene 61 . 4 8.2 30.3 
-hexane 

ethanol 

hexane 77.3 7.5 JS . I 

aq. 52.05 4.2 16 . 9 
ethanol 

water 49. I 4 .0 20.3 

benzene 70.9 7.0 22.4 
-cyclo-
hexane 

water 49.0 3.6 20.0 

Calculated 

H N 

46 .0 4.1 19 .2 

70.55 8.9 20.6 

61.3 8.1 30.6 

61.3 8.J 30.6 

77 . 4 7.6 15 .0 

52.05 4 . 1 16 . 9 

49 .0 3.9 20.2 

70.6 7 .0 22.4 

49 .0 3.9 20.2 
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Molecular 

formula 

!. The method of isolation was as follows: the rea ction mixture was made strongly alka line with SN-sodium 

hydroxide . evaporated to dryness. the residue extracted with boiling benzene (3 X) and the benzene 

evaporated. The product was sublimed or distilled onto a cold-finger condenser at~ 100-120°/0.5 mm. 

It wa s then either recrystallised or the picrate prepared as indicated. _I!_ Katritzky and Waring (1962) 

give m.p. 149-150.5° but Slotta and Franke (1930) gfve m.p. 163° . 

9fve m.p. 196-196 .5°. 

f. Luthy, Bergstrom and Mosher (1949) 



2-Hydrazinoquinoxaline.- 2-Methylsulphonyl­

quinoxaline (0 . 100 g . ) and hydrazine hydr a te (2 ml o; 

98 %) were refluxed for 45 min. and the mixture 

diluted with hot water (5 ml . ). On cooling there 
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separated crystals of 2-hydrazinoquinoxal i ne (0 o051 g . ; 

6 7% ) , m. p . 166° (Asano, 1958, gives 167°) o 

4-Hydrazinocinnoline.- 4-Methylsulphonylcinnoline 

(0 . 100 g o) and hydrazine hydrate (2 ml . ; 98 %) were 

refluxed for 1 hr., the mixture diluted with water 

and on cooling 4-hydrazinocinnoline (0 . 070 g . ; 91 %) 

separated . It was recrystallised from aqueous 

0 ethanol as orange-red plates and had m.p o 285 

(decamp . ) (Alder and Niklas, 1954, give 229 and 

o* 301 ) (Found: C, 59.8; H, 4.9; N, 34 . 9 . Cale. 

* An orange-red form crystallised from the reaction 

mixture and had m.p. 301°, after boiling with 

ethanol and recrystallisation a yellow form, 

m. p . 229° , was obtained . 
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EVIDENCE FOR INTERPRETATION OF VARIABLE REACTION ORDERS 

Benzyl methyl sulphone from 4-methylsulphonyl-

quinoline o- A mixture of 4-methylsulphonylquinoline 

(0 o200 g o ) and sodium methoxide (3 ml . ; 0 . 4M ) was 

refluxed for 1 hr., diluted with water (6 ml o) , the 

meth a nol removed by fractionation and the 4-methoxy-

quinoline extracted into chloroform . The aqueous 

solution was refluxed with benzyl chloride (0 . 4 g o) 

for 1 hr . , and on cooling there precipitated benzyl 

methyl sulphone (0.080 g . ; 53 %), m.p . 126° (from 

benzene-cyclohexane) (Bradley, 1938, gives 126°) . 

Benzyl methyl sulphone from 4-methylsulphinyl­

quinoline.- Under an atmosphere of N2 , a mixture of 

4-methylsulphinylquinoline (0.400 g.) and sodium 

methoxide (4 ml . ; 0.4M) was refluxed for 1 hr . 

It was then diluted with water (10 ml . ) and the 

methanol removed by distillation . The aqueous 

layer was extracted with chloroform (to remove 

methoxy compound), and then refluxed with benzyl 

chloride (0 . 4 ml.) for 1 hr . Extraction of the 

reaction mixture with chloroform, followed by 

r ecrystallisation from benzene-cyclohexane gave 

benzyl methyl sulphone (0.050 g . ; 16 % of total 
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0 sulphur , mop . 125-126 , not depressed on admixture 

with the product isolated above . 

Identification of dimethyl d i sulphi de in reaction 

of 2-methylsulphinylquinoxaline with sodium methoxide o­

Two porti ons each of a mixture of 2-methylsulphinyl­

quinoxal ine (0 . 150 g.) and methanolic sodium methoxide 

(1 ml . ; 0.4N) were allowed to stand in stoppered 

flasks at 25° . After 5 min. one portion of the 

reaction mixture was found to require a negligible 

quantity of a 0 . 5 % solution of iodine in methanol to 

give a permanent colouration. 

2-methylsulphonylquinoxaline.) 

(Likewise with 

(This indicated the 

absence of methyl mercaptan in the reaction mixture 

under conditions which were known to produce 

significant replacement of the methylsulphinyl 

group . ) 

The other portion of the reaction mixture was 

allowed to stand for 3 hr . , then the liquid was 

di stilled from a steam bath. The distillate on 

examination with a Varian Aerograph Series 120 gas 

ch romatograph fitted with a flame ionization detector 

showed a significant peak due to dimethyl d i sulphide 

(and a large peak due to methanol) . The identity of 



dimethyl disulphide was established by adqition of 

a little authentic material . 

Identification of dimethyl disulphide in reaction 
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of 2-methylthioquinoxaline with sodium methoxide o-

2-Methylthioquinoxaline (0 . 100 g . ) and sodium methoxide 

solution (1 ml . ; 0.4N) were heated at 80° for 48 hr o 

The liquid was distilled from a steam bath and the 

distillate examined by vapour phase chromatography . 

Dimethyl disulphide was clearly identified as 

described above. 

Another sample of 2-methylthioquinoxaline 

(0 . 100 g.) and sodium methoxide (20 ml.; 0 . lN) was 

0 heated at 100 /15 hr. This mixture was quickly 

diluted with water, acidified and titrated against 

a 0 . 5 % iodine solution. Iodine uptake was 3 " 5 ml. 

(23 % of the calculated quantity for complete 

conversion to and retention of methyl mercaptan) . 

Ethyl mercaptan and sodium methoxide at 80° 0-

A stock solution of ethyl mercaptan (0 . 42 ml . ) in 

methanol (100 ml . ) was prepared . Portions (5 ml.) 

were heated with methanolic sodium methoxide 

solution (5 ml.; 0.lN) in a sealed tube at 80° for 

6 hr . , the tubes were opened and the contents quickly 

diluted with water, acidified and titrated with a 
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0 o5 % solution of iodine in methanol o Uptake of 

i odi ne solution was 0 . 46 ml . , whereas t i t ration of 

a stock solution (5 ml . ) directly required 7o0 ml o 

Reaction of 4-methylsulphinylquinoline with a 

deficiency of sodium methoxide in methanol o- A 

solution of 4-methylsulphinylquinoline (0 00291 g o) 

in methanol (20 ml.) was prepared and 4 portions 

(1 ml . ) placed in separate tubes. Methanolic 

sodium methoxide solution (4 . 64 x l0- 3N) corres­

ponding to 0.00, 0.15, 0 . 30, and 0.45 molar 

equivalents was added to separate tubes, which 

were sealed and heated at 90° for 9 hr. Appropriate 

dilution of the reaction mixtures with buffer and 

examination of the ultraviolet spectra revealed 

7, 35, 59 and 85 % conversion to 4-methoxyqui noline 

respectively . 

REDUCTIONS OF SULPHOXIDES WITH HYDROGEN IODIDE 

162 

Reduct i on of 2-methylsulphinylquinoxaline o-

2-Methylsulphinylquinoxaline (0.100 g . ) and hydriodic 

acid (5 ml . ; 15 %) were warmed at 50° for 15 min . 

The mixture was cooled, neutralised with potassium 

hydroxide solution and extracted with chloroform . 
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The chlorofonn extract was dried (Na 2so 4 ) and evaporated, 

and the residue with aqueous picric acid g ave 2-methyl­

thioqu i noxaline picrate (0 . 093 g . ; 44 %) , m. p o and mi xed 

m. p . with an authentic sample, 127-128° (Cheeseman , 

1957, gives 127-128°) . 

Reduction of 2-methylsulphinylpyridine . - 2-Methyl­

sulphinylpyridine (0 .0 85 g . ) and hydriodic acid 

(6 ml . ; 15 %) were heated on a steam bath for 0 o5 hr . 

The mixture was cooled in ice, neutralised wi th 

potassium hydroxide solution and extracted with 

chloroform . The extract was dried and the solvent 

fractionated and addition of aqueous picric acid to 

the residue gave 2-methylthiopyridine picrate 

(0 . 110 g . ; 52 %), m.p. 161-162° (Marckwald, Klemm, 

and Trabert, 1900, give 155°) . A sample prepared 

f r om 2-methylthiopyridine (Renault, 1955) also 

melted at 161-162° and showed no depression on 

admixture with the above sample . 

Reduction of 4-methylsulphinylquinoline . - 4-Methyl­

sulphinylquinoline (0.090 g . ) was heated wi th 

hydri odic acid (3 ml.; 64 %) on a steam bath at 95° 

for 30 min . The mixture was then cooled, made 

alkaline with aqueous potassium hydroxide and 

extracted with chlorofonn . Evaporation of the 



extract gave an oil which with aqueous picric acid 

gave 4-methylthioquinoline picrate (0.170 g . ; 89 %) , 

m. p . 211-212°, not depressed on admixture wi th a 

sample prepared from 4-methylthioquinoline (Albert 

and Barlin, 1959) (Found: C, 47 . 2; H, 2 . 9; N, 13 . 9 . 

c16H12N4o7s requires c, 47.5; H, 3.0; N, 13 , 9 %) . 

Methanol.- AnalaR methanol was dried by Lund and 

Bjerrum's (1931) method and fractionated through a 

column of glass helices; the first 10 % of the 

distillate was discarded . 

Sodium Methoxide Solution.- Clean sodium was 

dissolved in methanol, and the concentration 

determined by titration with standard acid . 

PHYSICAL MEASUREMENTS 

I onization constants . - These were determined 

spectrophotometrically as described by Albert and 

Serj eant (1962) . Solutions above pH 2 . 5 were made 

i n aqueous buffers (Perrin, 1963), standardi sed 

with a glass electrode, between pH 1 and 2 . 5 dilute 

solutions of hydrochloric acid of known pH were 

used, and, at greater acidity, standard solutions 

of sulphuric or hydrochloric acid to which Hammett 
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acidity functions had been assigned (Paul and Long , 

1957) . The pKa values were found by measuri ng the 

ultraviolet absorption {E) at constant concentrations 

of the compound at a chosen wavelength over a range 

of pH values (usually at intervals of 0 . 2 units ov er 

a range of approximately ±0.8 units from the 

estimated pKa value); extinction values in solutions , 

of such a pH as to give entirely neutral molecule 

(EM) and cation (EMH+) were also recorded and the 

pK calculated from the expression a 

pK' = pH - log 
a 

Values for the ionization constants given are the 

mean of about 9 such pK' terms . 
a Stability of the 

cati ons in solution was checked by neutralisation . 

Ul t raviolet spectra were recorded on a Perkin­

Elme r Spectracord model 4000 recording spectro­

photometer, or a Unicam S . P . 800 ultraviolet 

spectrophotometer, and the A and E values 
max . 

checked on an 'Optica' CF4 manual instrument . 

(The Optica was also used for measuring the ultra­

violet absorption of solutions used in determinations 

of i onization constants and rate coefficients . ) 
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Solutions were in aqueous buffers or standard acid 

soluti ons (as described for ionization cons t ants) and 

were at least 2 pH units from the measured pK v alue . 
a 

Infrared spectra of liquids were recorded as such 

and solids as Nujol mulls using a Unicam S . P . 200 

spectrophotometer. 

~.m . r . spectra were recorded at 60 Mc . /s ec . and 

33 . 5° on a Perkin-Elmer Rl0 spectrometer . Chemical 

shifts are given on the T scale; tetramethylsilane 

was used for internal reference except in acid 

solutions when sodium 3-trimethylsilylpropane-

sulphonate was employed. Where required porti ons 

of the spectra were expanded. 

Kinetic Procedure.- At temperatures greater than 

ca 50° methanol solutions which were 1 . 7 - 8 . 2 x 

lO~M i n reactant and 2 . 9 - 17 . 8 x l0- 3N in sodium 

methoxide were heated in sealed tubes in a thermostat . 

The tubes were chilled briefly, and the contents 

diluted with buffer to 50 ml. 

At temperatures less than ca 50° (for each 

compound the same method was used throughout) , a 

weighed quantity of reactant was dissolved quickly 

in a known volume of methanolic sodium methoxide 

(0 . 7 - 22 . 5 x l0- 3N) in the thermostat, and samples 
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(2 ml . ) were withdrawn at specified t i mes and quenched 

i n buffer solution . 

The ultravi olet absorption at the specif i ed wav e­

length was then determined for each sample and the 

rate coefficients calculated from the express i ons g i ven 

in Chapter 3 . Where necessary, corrections we r e made 

for expansion (or contraction) of the solv ent . 

For each run , about 9 samples covering at least 

10-60 % reaction (usually more) and those corresponding 

to 't ' and 't ' (ca 30 times the half-l i fe of the 
0 00 

reacti on and corresponding to 98-100 % reaction) were 

exami ned . 

Each reaction was studied at three temperatures 

covering a 20° range and a graph drawn of log~ 

agai nst 1/ T (T=temperature 0 A) . From the slope of 

t he resulting straight line the energy of activation 

(E) was calculated (E = -2 . 303R x slope) . The 

frequency factor (log A) and the transition state 

t t parameters, 6H and 6S were calculated from the 

f ollowi ng expressions: 

log A log~ + E 
( = log k - slope) = 2.303 RT T 

6H+ = E - RT 

6 S+ = 2 . 303R[log A - log T] - 49 . 2 

-1 -1 
(R, the universal gas constant,= 1 . 987 cal . deg . mole . ) 
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* TABLE OF NEW COMPOUNDS 

2-Methoxypyridine picrate 

4-Methylsulphinylpyridine and picrate 

4-n-Propylaminopyridine 

2-Methylsulphinylpyrazine 

2-Methylsulphonylpyrazine 

2-n-Propylaminopyrazine picrate 

3-Methylaminopyridazine picrate 

3-Methylsulphinylpyridazine 

3-Methylsulphonylpyridazine 

3-n-Propylaminopyridazine . 

4-Methylaminopyridazine and picrate 

4-Methylsulphinylpyridazine 

4-Methylsulphonylpyridazine 

4-n-Propylaminopyridazine 

2-Methylsulphinylquinoline 

4-Hydroxyquinoline picrate 

4-Methylsulphinylquinoline and picrate 

4-Methylsulphonylquinoline 

4-Methylthioquinoline Pi:_crate 

4-n-Propylaminoquinoline 

1-Methylaminoisoquinoline picrate 

1-Methylsulphinylisoquinoline 



1-Methylsulphonylisoquinoline 

1-n-Propylaminoisoquinoline picrate 

4-Aminocinnoline picrate 

4-Cyanocinnoline 

4-Methylaminocinnoline picrate 

4-Methylsulphinylcinnoline 

4-Methylsulphonylcinnoline 

4-n-Propylaminocinnoline 

1-Methylsulphinylphthalazine 

1-Methylsulphonylphthalazine 

1-n-Propylaminophthalazine picrate 

2-t-Butylsulphinylquinoxaline 

2-t-Butylsulphonylquinoxaline 

2-t-Butylthioquinoxaline 

2-Ethylsulphinylquinoxaline 

2-Ethylsulphonylquinoxaline 

2-Methylsulphinylquinoxaline 

2-n-Propylaminoquinoxaline picrate 

2-Isopropylsulphonylquinoxaline 

2-Isopropylthioquinoxaline 

* Underlining of 'picrate' indicates that 

only the picrate is a new compound. 
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Kinetics of Reactions in 
the Methylsulphonyl Group 
Pyrazine by Methoxide Ion 

J. Chem. Soc. (B), 1967 

Heterocycles. Part ll. 1 Replacement of 
in Substituted Pyridines, Pyridazines, and 

By G. B. Barlin and W. V. Brown, Department of Medical Chemistry, John Curtin School of Medical Research, 
Australian National University, Canberra, Australia 

Kinetic study of the reactions of methylsulphonylpyridines. pyridazines. and pyrazine w ith methoxide ion shows that 
the methylsulphonyl group is very readily replaced. Where direct comparison is possible. as in the 3-substituted 
pyridazines. it is found that the methylsulphonyl compound is ca. 90 times more reactive than the chloro-compound. 
at 40 ·2'. 

The preparation of new methylsulphonyl compounds is described. Ionisation constants and ultraviolet and 
nuclear magnetic resonance spectra are recorded and discussed. 

REPLACEMENT of the methylsulphonyl group in sub­
stituted nitrogen heterocycles has been little studied 
and the only quantitative work is that on the reactivity 
of methylsulphonylpyrimidines with n-pentylamine in 
dimethyl sulphoxide.2 

We have commenced a quantitative study of the 
displacement of the methylsulphonyl group from other 
heterocyclic derivatives with nucleophiles, and now 
report the results obtained with the monocyclic azines 
and methoxide ion. It is assumed that the main 
features of the reaction mechanism, which is almost 
certainly bimolecular, are common to all the compounds 
studied . In the absence of any experimental evidence 
to decide between a one-stage and a two-stage mechan­
ism, we will, for simplicity, discuss the reaction para­
meters from the viewpoint of the former. Table 1 
lists details of some typical kinetic experiments, Table 2 
summarises all kinetic results, and Table 3 lists para­
meters derived from the kinetic studies. Sample 
results (Table 1) show no significant trend, and indicate 
freedom from side reactions; values of ti (Table 2) 
strongly indicate second-order kinetics, consistent with 
the bimolecular mechanism . 

The values given in Table 3 show that the substituent 
in 4-methylsulphonylpyridine is more reactive than 
that in the 2-isomer, consistent with the considerably 
lower energy of activation, although the frequency 
factor, as given by log A, is also lower. These results 
agree with those obtained for ethoxydechlorination of 
pyridines,3 where at 90° they-position is five times more 
reactive than the ex-position. Similarly in 3- and 
4-methylsulphonylpyridazine, (I) and (II), where the 
leaving group is placed ~ to one ring nitrogen and ix or y 

S02Me 

0 
(I) (II ) (III ) (I\') 

to another, the 4-methylsulphonyl compound is found 
to be the more reactive, and as the frequency factors, 
log A, are almost the same, the greater reactivity is due 

1 G. B . Bartin , preceding Paper, is regarded as Part I. 
• D . J . Brown and P . W . Ford, ] . Chem. Soc. (C) . 1967, 568. 
• N. B. Chapman and D. Q. Russell-Hill,]. Chem. Soc., 1956, 

1563. 

to a lower energy of activation. 2-Methylsulphonyl­
pyrazine {III}, which is also activated by ~ and ex ring­
nitrogen atoms, shows considerable but lower reactivity, 
and the energy of activation is higher than that for 
similarly activated 3-methylsulphonylpyridazine. The 
reason for the greater reactivity of the latter is probably 
the electron withdrawal by the ~ ring nitrogen, which 
lowers the energy of formation of the transition state 
(IV) below that required for the pyrazine (III). The 
introduction of another doubly bound ring-nitrogen ~ 
to the leaving group in a methylsulphonylpyridine 
brings about a considerable increase in reactivity and 
a large decrease in energy of activation. 

Direct comparison of the displacements of the methyl­
sulphonyl and chloro-groups is at present possible only 
for the 3-position of pyridazine. From the figures 
given by Hill and Krause 4 for 3-chloropyridazine with 
methoxide ion at 40·2°, where k is 2·56 x 10-4 1. mole-1 

sec.-1, the energy of activation is 19·3 kcal. mole-1, 

and 6St is -15·4 units. Comparison of these results 
with those given in Tables 2 and 3 for the methyl­
sulphonyl compound reveals that the latter is ca. 90 
times more reactive than the chloro-compound, and this 
greater reactivity can be attributed mainly to a lower 
energy of activation. 

The greater reactivity of the methylsulphonyl com­
pared with the chloro-group is also indicated by com­
paring the results for 2- and 4-methylsulphonylpyridine 
(Table 3) with those for the reaction of 2- and 4-chloro­
pyridine 3 with ethoxide ion in etqanol (a reagent which 
with 2- and 4-chloroquinoline 3 does not differ greatly 
in nucleophilicity from methoxide ion in methanol 5) . 

Ionisation Constants and Ultraviolet Spectra (Table 4).­
The ionisation constants clearly show the powerful 

· electron withdrawal of the methylsulphonyl group. 
In the 2- and 4-positions of pyridine it reduces the 
pK0 values by 6·73 and 3·61 units respectively, and 
in pyrazine and the 3-position of pyridazine where 
protonation occurs on the nitrogen ~ to the methyl­
sulphonyl group, the reduction is 3· 12 and 3·34 units, 
respectively. 4-Methylsulphonylpyridazine is believed 
to protonate on N-1 or N-2 (see discussion of n .m.r. 
spectra). Thus the base-weakening by the methyl-

• J. H . M. Hill and J. G. Krause,]. Org. Chem., 1964. 29. 1642. 
• M. L. Belli, G. Illuminati, and G. Marino, Tetrahedron, 1963, 

19, 345. 
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TABLE 1 

Reactions of methoxide ions 

4-Methylsulphonylpyridine at 110·5° 
Methoxide ion 0·0039s, methylsulphonyl compound 0 ·0028M. 

Time (m in .) .. .. . . . .. .... . . 18·3 51 ·5 75·7 
Reaction(%) 13·9 32·3 41·2 

104·6 
50·2 

3·61 

136 
57·9 

3·62 

172 
65·0 

3·68 

208·2 
69·8 

3·65 
I O'k . . . . . . . . . . . . . . . . . . . . . . . . 3·61 3·69 3·60 

Mean IO'k = 3·63 ± 0·04 ; after correction for solvent expansion, 4·02. 

4-Methylsulphonylpyridazine at 30·3° 
Methoxide ion 0·00116 N, methylsulphonyl compound 0·00079M . 

Time (min.) . . . ......... . .. 15·4 34·6 56 
R eaction (%) 11 ·3 22 ·8 33·1 
!Ok .......... .. ............... 1· 19 1·17 1· 18 

84 
43·4 

1•17 

128·2 
56·4 

1·22 

170·7 
65·2 

1·24 

215 
71 ·7 
1-21 

Mean !Ok = 1·20 ± 0·03 ; after correction for solvent expansion , 1·21. 

2-Methylsulphonylpyrazinc at 49·9° 
Methoxide ion 0·00238~1. methylsulphonyl compound 0·00144M. 

T ime (min.) . ............. . 19·2 44·9 78·2 157·6 
R eaction (%) 6·6 14·2 22·4 38·1 
102k . .. . . . . .. .. . .. . ..... . ... 2·45 2·47 2·44 2·45 

197·5 
44·4 

2·46 

243·2 
50·1 

2·45 

286 
55·3 

2·46 

Mean 102k = 2·46 ± 0·02 ; after correction for solvent expansion, 2·55. 

TABLE 2 

262 
75·1 

3.57 

270·2 
78· l 
1·26 

346 
60·9 

2·48 

K inetic results for the reactions of methylsulphonyl compounds with methoxide ions 

Temp.• 

108·7° 
117·0 
127·9 
127·9 

90·4 
90·4 

100·1 
110·5 

30·2 
40·1 
50·6 
50·6 

20·25 
30·3 
30·3 
39·7 

l03[MeO-J 101[-SO,Me] 103k • 101k • corr. I} 4 t1 /l'l' 11 /l' l' calc. An. ). (mµ.)' 
2-Methylsulphonylpyridine 

12·3 
12·3 
12·3 

6·15 

11 ·09 
6·55 
5·24 
3·92 

7·15 
4·11 
4 ·52 
2·26 

2-90 
2·32 
1· 16 
0·695 

7·13 
4 ·75 
4·75 
2-38 

8· 19 
8·19 
8· 19 
4·095 

6·15 
3·62 
2·99 
2·82 

3·95 
2-38 
2·54 
1·27 

1·90 
1-58 
0·79 1 
0·475 

4·0 1 
2·88 
2·88 
1·44 

1·82 
3·97 

10·85 
10·4 

6·91 
6 ·94 

15·4 
36·3 

9·65 
23·2 
56·9 
56·1 

50·8 
12 1 
120 
268 

3·86 
9·74 

24·3 
24·6 

1·97 
4·33 

12·2 
11 ·8 

108 
230 

4-Methylsulphonylpyridine 

7·47 183 
7·52 310 

16·8 
40·2 

3-Methylsulphonylpyridazine 

9·71 
23·6 
58·6 53 
57 ·8 108 

4-Methylsulphonylpyridazine 

50·6 
122 52·5 
121 104 
273 

2-Methylsulphonylpyrazine 

3·89 
9.97 

25·2 120 
25·5 243 

2·13 

1·67 

2·04 

1-98 

2·02 

2·00 

1·67 

2·00 

2·00 

2·00 

272 
272 
272 
272 

268 
268 
268 
268 

266 
266 
266 
266 

247 
247 
247 
247 

292 
292 
292 
292 

649 

342·5 
83-5 
1-19 

6·0 
6 ·0 
6·0 
6·0 

9·0 
9·0 
9·0 
9·0 

6·0 
6·0 
6 ·0 
6·0 

l ·O 
l ·O 
l ·O 
l ·O 

6 ·0 
6 ·0 
6·0 
6·0 

29·9 
39·9 
49·9 
49·9 
• ± 0·1°. • In I. moJe-1 sec.-1 ; the s tandard deviation was usually below 3%. • Corrected for solvent expansion. 'Time for 

50% reaction , in min . • The ratio o f lj for t wo experiments at different concentrations. I Calculated by assuming a second order 
reaction. • Analyt ical wavelength for determination of percentage reaction. • pH of buffer solutions used to stop the reaction 
and for spectroscopic measurements. 

TABLE 3 

Rate coefficients and Arrhenius parameters for reactions with methoxide ions 

2-Methylsulphonylpyridine . . ... . . . ... . 
4-Methylsulphonylpyridine ...... . ... . . 
3-Methy lsulphonylpyridazine ........ . 
4-Methylsulphonylpyridazine .... .. .. . 
2-Methylsulphonylpyrazine 

T emp. 
108·7° 
110·5 

30·2 
30·3 
29·9 

101k £• t:.Ht • 
(I. moJe-1 sec .-1) (kcal. moJe-1) log A • (kcal. moJe-1

) 

1·97 28·7 13·7 27·9 
40·2 23· l 11 ·7 22·4 

9·71 17·1 10·3 16·5 
121 15·7 10·4 15·1 

3·86 18·3 10·8 17-7 

• Accurate to ± 0·4 kcal. mo\e-1• • Accurate to ±0·3 unit. • Accurate to ± l unit. 

t:.St • 
(cal. mo\e-1 deg.-1

) 

+1 ·7 
-7·5 

-13·5 
-13·0 
-11 ·2 
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TABLE 4 

Physical properties (PKa and spectra) 
Ionisation (water, 20°) 

Charged species Spread Concn. An.>.• 
Spectroscopy in water • 

Compound involved• pK. (±) (M) (mµ) Amu. (mµ) Jog C pH' 
Pyridine ... . .. 

+ 5·23' 
2-SO2Me ... 0 253, 258, 264 3·46 , 3·51, 3·36 9·0 

+ -1 ·50 0·03 0·00003 262 259 3·86 - 4·0 
4-SO,Me ... 0 268 3·49 7·0 

+ 1·62 0·03 0·00003 270 269 3·72 -0·8 
Pyridazine ... 0 

+ 2·33 • 
3-SO,Me .. . 0 244, 249, 255, 303-304 2·88, 2·88, 2·67, 2·49 9·0 

+ -1·01 0·07 0·0006 310 244 3·09 -3·4 
4-SO,Me . .. 0 252, 256, 262, 324 3·33, 3·34, 3· 16, 2·46 7·0 

+ -1 ·06 0·06 0·00005 235 245-247 3·42 -3·2 
Pyrazine ... 0 

+ 0·65 • 
2-SO1Me ... 0 259, 264, 270, 310 3 ·80, 3·86, 3·74, 2-78 6·0 

+ -2·47 0·05 0·00008 280 273 3·90 - 5·0 
• 0 Refers to the neutral species, + to the cation. • Analytical wavelength for spectroscopic determinations of pK.. • A. Albert, 

R. Goldacre, and J. N. Phillips,]. Chem . Soc., 1948, 2240. ' A. Chia and R. Trimble,]. Phys. Chem ., 1961, 65,863. • Shoulders 
and inflexions in italics. I pH Values below 0 have been obtained in solutions of sulphuric acid to which Hammett acidity functions 
(cf. M. A. Paul and F. A. Long, Chem . Rev. , 1957, 57, I) have been assigned. 

TABLE 5 

N.m.r. spectra 
Chemical shifts (-r) of protons 

Compound Species t Solvent 2 3 4 5 6 CH, 
Pyr1dine 

2-SO,Me .. . .... . ... .... 0 CDC!, 1·9m 1·8m 2·3m 1·13m 6·72 
+ ION-DC! 0·9m ! · Im 1·35m 0·7m 6·30 

4-SO,Me ........ ..... .. 0 CDCl1 0·9lq 2·06q 2·06q 0·9lq 6·86 
+ 2N-HCI 0·57q 1·16q 1·16q 0·57q 6·40 

2-SMe ................. . 0 CDC11 2·75m 2·4m 2·9m 1·42m 7·39 
+ N-DCl 2·0m 1·5m 2·2m 1·4m 7·17 

4-SMe .................. 0 CDC!, 1·46q 2·79q 2·79q l-46q 7·49 
+ N-DCl 1·44q 2·10q 2·10q 1·44q 7·27 

Pyridazine 

3-SO,Me ..... . ......... 0 CDCl, 1·65q 2·09q 0·43q 6·52 
+ 5N-DCI 0·8m 0·9m -0·05m 6·35 

4-SO1Me ... . ... ........ 0 CDC!, 0·25m 1·93q 0·3m 6·83 
+ 5N-DCI -0·30m 0·67m -0·2m 6·37 

3-SMe ............. .. ... 0 CDC!, 2·5m 2·7m 0·98q 7·24 
+ N-DCl 1·4m 1·6m 0·56m 7·22 

4-SMe .... ... ........... 0 CDCl, 0·9m Mq l ·0m 7·43 
+ N-DCl 0·60d 1·69q 0·74d 7·15 

Pyrazine 

2-SO1Me . .. ... . ... . .... 0 CDCl, 0 ·55d 0·99d 1·16d 6·69 
+ 9M-D1SO, 0·39 0·68d 0·14q 6·43 

2-SMe .......... . ... . ... 0 CDCI, 1·42d 1·7 ld 1·54q 7.39 

+ 5N-DC1 0·97 1·32d 0·70q 7·19 

• -r Values are for singlets except where otherwise indicated; d doublet, q quartet, and m multiplet. t 0 Refers to the neutral 
molecule, + to the cation. 

sulphonyl group is in the order a > y > ~ and is believed 
to operate by the inductive and mesomeric mechanisms ; 
a principal contributor would have structure (V), in 
which the use of a d-orbital of the sulphur atom would 
permit the operation of the mesomeric effect. The in­
ductive base-weakening by the chloro-group in pyridine 
is less than that shown by the methylsulphonyl group 
and is in the order a> ~ > y. 

0 

II+ 
-S-Me 

I o-
(V) 

Nuclear Magnetic Resonance Spectra.-The n.m.r. 
spectra of neutral molecules and cations are given in Table 
5. The spectra were analysable by inspection, ] ,,a,a being 
assumed to be greater than J =14 for pyrazines. 6 

Comparison of the spectra of the neutral molecules of 
the methylsulphonyl compounds with those of the 
parent ring systems 6, 7 reveals down field chemical shifts 
of all protons, due to electron withdrawal by the methyl-

• K. Tori and M. Ogata, Chem. Pharm. Bull. (Tokyo), 1964, 
12, 272. 

' J. A. Pople, W . G. Schneider, and H . J. Bernstein, " High 
Resolution Nuclear Magnetic Resonance, " McGraw-Hill, New 
York, 1959. 
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sulphonyl group. As has been observed in pyri~ines,
8 

protonation shifts are least for hy?rogen atoms ad1acent 
to the cationic centre. Thus, m 2-methylsulphonyl­
and 2-methylthio-pyrazine, which protonate on N-4, 
shifts are least for 3-H and 5-H. In 4-methylsulphonyl­
pyridazine, however, protonation shifts f~r 3-!f a_nd 
6-H are 0·55 and 0·50, and in 4-methylthiopyndazme 
0·30 and 0·26; this could indicate that protonation 
occurs on N-1 and N-2. 

EXPERIMENTAL 

All compounds were examined for impurities by paper 
chromatography on Whatman No. 1 paper with (a) 3°(o 
aqueous ammonium chloride, and (b) butan-l-ol-5N-acebc 
acid (7: 3). Analyses were by Dr. J. E. Fildes and her 
staff. Solids for analysis were dried at 20°/20 mm. unless 
otherwise stated. 

Ionisation constants were determined spectroscopically 
using the method of Albert and Serjeant • and the stability 
of the cations in strong acid was checked by careful neutral-

isation. 
Ultraviolet spectra were recorded on a Perkin-Elmer 

Spectracord model 4000 recording spectrophotometer, and 
A,,,.,. and c values were checked on an Optica CF4 manual 
instrument. N .m .r. spectra were recorded at 60 Mc./sec. 
and 33.5° on a Perkin-Elmer RIO spectrometer. Chemical 
shifts are given on the -r scale; tetramethylsilane was used 
for internal reference except in acid solutions when sodium 
3-trimethylsilylpropanesulphonate was employed . Where 
required, portions of the spectra were expanded. 

Preparation of Compounds .-Methylsulphonyl compounds 
were prepared from the methylthio-compounds by oxidation 
with potassium permanganate in dilute acetic acid. Oxid­
ations with chlorine or m-chloroperbenzoic acid were, in 
general, found to be less satisfactory. 

2- and 4-M ethylsulphonylpyridines.-2-Methy1su1phony1-
pyridine was prepared from 2-methylthiopyridine 10 by 
oxidation with potassium permanganate.U The reaction 
mixture was decolourised with sulphur d ioxide, adjusted 
to pH 7, and the product extracted with chloroform and 
distilled (Found : C, 45·7 ; H, 4·7 ; N, 9·3 ; S, 20·3. Cale. 
for C,H,N0

2
S : C, 45·7; H, 4·5 ; N, 8·9 ; S, 20·35o/o) . 

4-Methylsulphonylpyridine, m. p . 82° (lit ., 81 °) (Found : 
C, 46· l; H, 4·5 ; N, 9·2; S, 20· l %) was prepared as de­
scribed by King and Ware.12 

2-M ethoxypyridine .-2-Methylsulphonylpyridine (0· 100 
g.) and methanolic sodium methoxide (5 ml., 0·43N) were 
heated at 150° for 6 hr. The reaction mixture was diluted 
with water, neutralised to pH 7, and extracted with chloro­
form . The extract was dried (Na2SO,) and the solvent 
distilled off leaving an oil, which with ethanolic picric acid 
gave yellow crystals of 2-methoxypyridine picrate (0·09 g.), 
m . p. and mixed m . p . 159-160° (ethanol). 2-Methoxy­
pyridine picrate for comparison was prepared from 2-bromo­
pyridine and sodium methoxide by a method similar to 
that used 13 with 2-chloropyridine (Found: C, 42·5; H, 
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3·0 ; N, 16·6. C
12

H 10N,08 requires C, 42·6; H, 3·0; N, 

16·6%) - .. 
4-M ethoxypyridine.-4-Methylsulphonylpyndine (0· 100 

g.) and methanolic sodium methoxide (5 ml.; 0·43N) were 
heated at 150° for 6 hr. The mixture was evaporated to 
dryness and extracted with chloroform'. ~he ~roduct with 
aqueous picric acid gave 4-methoxypyndine p1crate (0·075 
g.), m . p . 170--171° (water) (lit . .1' 172-173°) (Found : C, 
42·9; H , 3·0; N, 16·7%) . 

2-Methylsulphonylpyrazine.- 2-Methylthiopyrazine 16 

(0·500 g.) was dissolved in acetic acid (14 ml: ; SN) and 
a solution of potassium permanganate (1 g.) in water (8 
ml.) added with stirring at 25° during½ hr._ T~is mixture 
was cooled in ice, decolourised by passing m sulphur 
dioxide, adjusted to pH 7 with ammonia, an_d extracted 
with chloroform. The chloroform extract was dned (Na,SO,) 
and evaporated to a colourless oil, which solidified on cool­
ing and was twice sublimed (150°/0·5 mm.) to give 2-methyl­
sulphonylpyrazine (0·42 g.), m . p . 47-48° (Fou~d : C, 38·4 ; 
H, 3·9; N, 17·7 ; S, 20·15. C5H 8NP2S requires C, 38·0; 
H, 3·8; N, 17·7; S, 20·2%) . 

2-Methoxypyrazine.-2-Methylsulphonylpyrazine (0·005 
g .) and methanolic sodium methoxide (3 ml.; 0·02N) were 
heated at 87° for 3 hr. Complete conversion into 2-methoxy­
pyrazine was apparent (appropriate dilutions o_f the r~action 
mixture at pH 6·0 and pH -1 ·5 gave solutions with the 
ultraviolet spectra of the neutral molecule 18 and the 
cation 17 respectively) . . . 

3-Methy lsulphonylpyridazine.-(a) To 3-methylth1opy~1d­
azine 18 (0·029 g.) in acetic acid (6 ml.; 16N). potassrnm 
permanganate (0·75 g .) in water (9 ml.) was added slowly 
with stirring at 25° and stirring was continued for ~-5 h_r. 
The mixture was cooled in ice, decolourised by passing m 
sulphur dioxide, adjusted to pH 8 with a~monia, and 
extracted with chloroform. The extract was dned (Na,SO,) 
and evaporated to yield 3-methylsulphonylpyridazine 
(0·027 g.), m . p . 87° [benzene-light petroleum (b. p . 60--
800)) (Found: C, 37·8 ; H, 3·7; N, 17·7; S, 20·4'Yo)- . 

(b) 3-Methylthiopyridazine (0·500 g.) was dissolved m 
a mixture of methanol (3 ml.) and water (10 ml.), cooled to 
-20°, and chlorine passed for 1 hr. The cold solution ~as 
adjusted to pH 7 by careful addition of aqueous potassrnm 
carbonate extracted with chloroform, and the extract 
dried (N~

2
SO,) and evaporated to give a yellow solid. 

This in a small volume of chloroform, was chromatographed 
over' alumina (6 in.) to give 3-methylsulphonylpyridazine 
(0·440 g.) , m . p . and mixed m . p . with product of (~) 8~

0
-

4-Methylsulphonylpyridazine .- 4-Methylthiopyndazine 
15 

(0· 120 g.) in acetic acid (2 ml.; 16N) was stirred at roo'.11 
temperature while potassium permanganate (0·25 g.) m 
water (2·5 ml.) was added during 0·5 hr. The mixture was 
cooled, decolourised by passing in sulphur dioxide, and 
adjusted to pH 7 with ammonia. Extraction with chloro­
form gave 4-methy lsulphonylpyridazine (0·073 g.), m . P· 
144° (ethanol) (Found : C, 38·0; H, 3·9; N, 18·0; :,, 

20·3%) - . . 
3-Methoxypyridazine.- 3-Methylsulphonylpyndazme 

• I. C. Smith and W. G. Schneider, Canad. ]. Chem., 1961, 39, 
1158. 

• A. Albert and E. P . Serjeant, " Ionization Constants," 

(0·100 g .) and inethanolic sodium methoxide (5 ml.; 0·43N) 
were refluxed for 30 min. The reaction mixture was 

u T. B. Grave, J. Amer. Chem. Soc., 1924, 46. 1460. 7 u R.R. Renshaw and R. C. Conn, J. Amer. Chem. Soc., 193 • 

Methuen, London, 1963. 
1• M. A. Phillips and H . Shapiro, J. Chem. Soc., 1942, 584. 
11 W. Markwald, W. Klemm, and H. Trabert, Ber., 1900, 33, 

1656. 
u H. King and L. L. Ware, J. Chem. Soc., 1939, 873. 

59, 297. 9 
u A. Albert and G. B. Bartin, J. Chem. Soc., 1962, 312 · 
11 S. F . Mason, J. Chem. Soc., 1957, 5010. 
11 S. F . Mason, J. Chem. Soc., 1959, 1253. 
11 G. F . Duffin and J. D. Kendall, J. Chem. Soc., 1959, 3789. 
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diluted with water, neutralised to pH 7, and extracted 
with chloroform. The chloroform extract was dried 
(Na2S0,) and the solvent evaporated to give an oily residue 
which with ethanolic picric acid gave yellow crystals of 
3-methoxypyridazine picrate (0·080 g.), m . p . 111° (ethanol) 
(lit.,1 9 111°) (Found: C, 39·1; H, 2·6; N, 20·3. Cale. for 
C11H 9N 60 8 : C, 38·95; H, 2·7; N, 20·65%) . 

4-Methoxypyridazine.- 4-Methylsulphonylpyridazine 
(0·100 g.) with sodium methoxide as described above for 
the 3-isomer gave 4-methoxypyridazine "picrate (0·150 g.), 
m . p . 143-144° (lit.,20 143-144°) (Found : C, 39·0; H, 
2·4; N, 20·6%) . 

Methanol.-AnalaR methanol was dried by Lund and 
Bjerrum's 21 method and fractionated through a column 
packed with glass helices; the first 10% of the distillate 
was discarded. 

Sodium Methoxide Solution .-Clean sodium was dissolved 
in methanol, and the concentration determined by titration 
with standard acid. 

Kinetic Procedure.-At temperatures greater than 90°, 
methanol solutions (2 ml.) which were 2·8-8·2 x 10-3M 

in methylsulphonyl compound and 4·0-12·0 x 10-3N in 
sodium methoxide were heated in sealed tubes in a thermo­
stat. The tubes were chilled briefly, and the contents 
diluted with buffer to 50 ml. 

At temperatures less than 51 °, a weighed quantity of 
methylsulphonyl compound was dissolved quickly in a 
known volume of methanolic sodium methoxide (0·7-

u T. Itai and H. Igeta, ] . Pharm. Soc. Japan, 1954, 74. 1195. 
•• T. Itai and S. I<amiya, Chem. Phann . Bull . (Tokyo), 1963, 

11, 1059. 
11 H . Lund and J. Bjerrum, Ber., 1934, 64, 210. 
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7·0 X 10-3N) in the thermostat, and samples (2 ml.) were 
removed at specified times and quenched in buffer solution . 

Ultraviolet absorption at the specified wavelength was 
then determined for each sample and the second-order rate 
coefficient calculated from the expression: 

k = 2·303 Joa b (a - x) 
t(a - b) 0 a (b - x) 

where a is the initial concentration of methoxide ion, b 
that of methylsulphonyl compound, x is the concentration 
of methoxy-compound formed at time t (sec.), and k the 
second-order rate coefficient in I. moJe-1 sec.-1. Where 
necessary, corrections were made for expansion of the 
solvent. 

The methylsulphonyl compounds in methanol were 
stable at the temperatures of the kinetic runs, and with 
sodium methoxide at ta, the spectrum obtained was that 
of the pure methoxy-compound . 

For each run, 9 samples covering at least 10-60% re­
action, and also those corresponding to 10 and ta, (at least 
30 times the half-life of the reaction and corresponding to 
98-100% reaction) were examined. Times for 50% re­
action were determined in selected cases. Each reaction 
was studied at three temperatures, covering a 20° range. 

We thank Professor A. Albert and Dr. D . J. Brown for 
helpful discussion, Dr. T . J. Batterham for assistance in 
n .m .r . interpretation, and S. Brown for the n .m.r. spectra. 
One of us (W. V . B .) thanks this University for support 
as a scholar. 

(6/1420 Received, November 11th , 1966] 
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Kinetics of Reactions in Heterocycles. Part 111. 1 Replacement of the 
Methylsulphonyl Group from Quinoline, lsoquinoline, Quinoxaline, Cin­
noline, and Phthalazine by Methoxide Ion 

By G. B. Barlin and W. V. Brown, Department of Medical Chemistry, John Curtin School of Medical Research, 
Australian National University, Canberra, Australia 

A kinetic study of the reactions of methylsulphonyl quinolines. isoquinoline. quinoxaline, cinnoline, and phthalazine 
with methoxide ion reveals a high reactivity. Direct comparisons w ith four of the corresponding chloro-compounds 
under similar conditions show that the methylsulphonyl compounds are from ca. 40 to 100 t imes more reactive. 
and th is has been traced to the lower energy of activation of the latter compounds. Annelation effects which 
lead to enhanced reactivity but reduced selectivity are also discussed. The preparation of the methylsulphonyl 
compounds is described. Ionisation constants and ultraviolet and n.m.r. spectra are recorded. 

IN Part II 1 we discussed replacement of the methyl­
sulphonyl by the methoxy-group in monocyclic azines. 
This work is now extended to quinolines, isoquinoline, 
quinoxaline, cinnoline, and phthalazine, in which the 
methylsulphonyl group is attached to the heterocyclic 
ring. Table 1 gives details of a typical kinetic experi­
ment , Table 2 gives all the kinetic results, and Table 3 
lists parameters derived from the kinetic studies. 

Inspection of Tables 2 and 3 reveals that, at the 
temperatures employed, 4-methylsulphonylquinoline is 
more reactive than the 2-isomer, and this is manifest 
in a lower energy of activation, E (19·4 compared to 
20·7 kcal. mole-1); but the frequency factor, log A, 
is also lower. This greater reactivity of the 4-position 
is also in qualitative agreement with the results found 
for pyridines.1 1-Methylsulphonylisoquinoline is inter­
mediate in reactivity between these two methylsul­
phonylquinolines. 

The three diazines show less than a two-fold difference 
in their reactivities, at 15°. 2-Methylsulphonylquinox­
allne (which has the highest energy of activation, 
14·8 kcal. mole-1) is the most reactive because of the 
significantly larger value of log A. The greater reac­
tivity of 4-methylsulphonylcinnoline over 1-methyl­
sulphonylphthalazine is, on the other hand, due to 
the lower energy of activation (13·6 compared to 14· 15 

1 Part II, G. B. Barlin and W. V. Brown, ] . Chem. Soc. (B), 
1967, 648. 

kcal. mole-1) despite a lower value of log A (9·4 and 9·8, 
respectively) . 

The effects of annelating a benzene ring are seen, by 
comparison of the results in Tables 2 and 3 with those 
for the monocyclicazines,1 to lead to a significant in­
crease in reactivity. Thus, 4-methylsulphonylpyridine 
with methoxide ion at 90·4° has a rate coefficient of 
7·52 x 10-a whereas that for 4-methylsulphonylqumol­
ine at 69·7° is 15·8 x 10-3 I. mole-1 sec.-1• Similar 
results have been observed in other heterocycles, and 
are attributed to the expanded region available for 
delocalisation of the charge in the transition state.2 

This enhanced reactivity is reflected in considerably 
lower values of the energy of activation of the annelated 
compounds despite lower values of the frequency 
factors . For 4-chloro-pyridine and -quinoline the values 
of E are 23·1 and 19·4 kcal. mole-1 and of log A are 
11 ·7 and 10·6, respectively. 

Annelation in the compounds studied is also seen to 
reduce differences in reactivity due to positional effects. 
Thus, in the pyridines 1 at 110° the ratio of reactivity 
of the 4-methylsulphonyl compound to the 2-isomer is 
ca. 20 whereas in the quinolines at 60° it is ca. 2·6. 
This diminution is probably due to loss of some resonance 
energy in the transition state of the 4-compound, e.g., 
(I), relative to that in the 2-isomer (II) . The relative 

1 N. B. Chapman and D. Q. Russell-Hill, ] . Chem. Soc., l 956, 
1563. 
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TABLE l 

Reactions of methoxide ions 
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1-MethylsulphonyJjsoquinoline at 59· l O ; 
methoxide ion 0·0104N, methylsulphonyl compound 0·00608M 

Time (min.).. .......... 44·2 84·5 133·0 
Reaction (%) .. . . ..... 12·7 22·7 32·2 

180·2 241 ·7 308·1 394·3 495·3 
40· l 48·7 55·5 64·0 70·4 

680·7 
79·5 

5·25 101k (I. moJe-• sec.-•) 5·17 5·18 5·18 5·15 5·20 5·16 5·25 5·20 

Mean 101k = 5·19•± 0·04; 5·42 after correction for solvent expansion. 

TABLE 2 

Kinetic results for the reactions of mcthylsulphonyl compounds with methoxide ions 

Standard 
Temp.• 101[MeO-J 101(RSO1Me) deviation (11/11') A.w.1.• 

101k • (±) l0'k.0 ,.,. . 
0 11 d 11/11'' (calc.) I (m1-1) pH • Compound c·c) (N) (M) 

2-Methylsulphonyl- 60·0 10·39 6·05 2·61 0·05 2·72 254 6·0 
quinoline 70·1 10·39 6·05 6·47 0·07 6·84 212 254 6·0 

70·1 5·19 3·096 6·11 0·07 6·46 440 2·07 2·01 254 6·0 
80·0 10·39 6·07 14·9 0·03 15·9 254 6·0 

4-Methylsulphonyl- 49·9 5·23 3·05 2·68 0·07 2·77 325 9·0 
quinoline 60·3 10·46 6·05 7·01 0·15 7.33 190 325 9·0 

60·3 5·23 3·04 6·90 0·11 7·20 390 2·05 2·00 325 9·0 
69·7 5·23 3·05 15·0 0·3 15·8, 325 9·0 

1-Methylsulphonyl- 59·1 10·39 6·08 5·19 0·04 5·42 255 270 6·0 
isoquinoline 59·1 5·195 3·06 4·97 0·09 5·19 535 2·10 2·00 270 6·0 

70·2 5·195 3·06 12·2 0·2 12·9 270 6·0 
80·25 5·195 3·06 28·5 0·6 30·4 270 6·0 

2-Methylsulphonyl- 5·2 0·831 0·480 88·3 1·2 86·1 242 6·0 
quinoxaline 14·9 0·831 0·480 212 4 209 79 242 6·0 

14·9 0·415 0·241 216 6 213 155 1·97 2·00 242 6·0 
24·8 0·831 0·480 505 7 505 242 6·0 

4-Methylsulphonyl- 5·0 1·50 0·90 55·6 0·9 54·3 286 6·0 
cinnoline 15·1 2·99 1-80 136 2 134 34 286 6·0 

15· l 1·50 0·90 139 2 137 66 1·94 2·0 286 6·0 
24·9 1·50 0·90 284 2 284 286 6·0 

1-Methylsulphonyl- 5·0 1-70 0·99 49·2 0·7 48·0 256 6·0 
phthalazine 15·1 1-70 0·99 119 3 117, 33·8 256 6·0 

15·1 3-40 1·985 121 2 120 68 2·01 2·0 256 6·0 
24·8 1·70 0·99 264 4 264 256 6·0 

• ± 0·1°. • In I. mole-• sec.-•. 0 Corrected for solvent expansion. • Time (minutes) for 50% reaction. • The ratio of 11 for 
two experiments at different concentrations. I Calculated by assuming second-order reaction. ' Analytical wavelength for 

• pH of buffer solutions used to stop the reaction and for spectroscopic measurements. determination of percentage reaction. 

TABLE 3 

Rate coefficients and Arrhenius parameters for reactions with methoxide ions 

Methylsulphonyl compound 
Temp. 101k E • ti.HI• 

( 0c) (I. mole-• sec.-•) (kcal. moJe-1) log A • (kcal . moJe-1) 

60·0 2·72 20·7 11·0 20·0 
60·3 7·20 19·4 10·6 18·8 

2-Methylsulphonylqu inoline ..... . 
4-Methylsulphonylquinoline ..... . 
1-Methylsulphonylisoquinoline .. . 59·1 5·19 19·5, 10·5, 18·9 
2-Methylsulphonylquinoxaline . . . 14·9 209 14·8 10·6 14·3 
4-Methylsulphonylcinnoline .. ... . 15·1 137 13·6 9·4 13·0 
1-Methylsulphonylphthalazine . . . 15· l 117, 14· l, 9·8 13·6 

-ti.s:. 
(kcal. mole-• deg.-•) 

10·4 
12·3 
12·5 
12· l 
17·2 
15·6 

• Accurate to ±0·3 kcal. mole-•. • Accurate to ±0·3 unit. • Accurate to ± 1 unit. 

reactivity in the 4- and the 3-position of pyridazine at 
30° is 12, but on annelation to 4-methylsulphonylcinno­
line and 1-methylsulphonylphthalazine, at 15· l O the ratio 
has dropped to I ·2. 

Mes·o 2 OMe 

0 VN3 (I) 

2-Methylsulphonylpyrazine is the least reactive of the 
diazines discussed in Part II but 2-methylsulphonyl-

quinoxaline is the most reactive of the diazines listed 
here. Differences in conjugation in the transition stale 
are probably important here too. 

Data concerning the reactivity of methylsulphonyl 
and chloro-heterocycles with methoxide ion are in Table 
4. Comparison of these results reveals that the methyl­
!mlphonyl compounds are very much more reactive. 
The superior reactivity of the methylsulphonyl com­
pounds, calculated from the figures in Table 4, varies 
from 43 to 98 times (compare with the value of 90 ob­
tained previously for the 3-position of pyridazine 1) . 

This higher reactivity is due primarily to the lower 
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TABLE 4 
Rate coefficients and Arrhenius parameters for reactions 

with methoxide ions 
104k • E -~SI 

Temp. (I. moJe-1 (kcal. (kcal. moJe-1 

Compound (•c) sec.-1) moJe-1) deg.-1) 

2-Chloroquinoline • .. . 80·0 3·66' 24·2 7·0 
2-Methylsulphonyl-

quinoline ............ 80·0 159 20·7 10·4 
4-Chloroquinoline • ... 80·0 3·7 • 21 ·2 17·2 
4-Methylsulphonyl-

quinoline . ... .. .. ... . 80·0 364' 19·4 12·3 
2-Chloroquinoxaline • 5·0 13·6 16·7 13·6 
2-Methylsulphonyl-

qumoxaline .. .. .... . 6 ·2 861 14·8 12· l 
4-Chlorocinnoline • . . . 5·0 9.55• 15·8 17·7 
4-Methylsulphonyl-

cinnoltne .. . .. ... ... . 5·0 543 13·6 17·2 
• M. L. Belli, G. Illuminati, and G. Marino, Tetrahedron, 

1963, 19, 345. • G. Illuminati, Adv. Heterocyclic Chem., 1964, 
3, 285. • To enable direct comparison, some rate coefficients 
have been normalised at specific temperatures. • Obtained 
by calculation. 
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pounds with those for the chloro-compounds and ethox­
ide ion 2 shows similar values. 

Ionisation Constants and Ultraviolet and N .m.r. 
Spectra (Tables 5 and 6) .-The powerful electron with­
drawal by the methylsulphonyl group is exemplified by 
2-methylsulphonylquinoline and 1-methylsulphonyliso­
quinoline where the lowering of the pK0 by the methyl­
sulphonyl group a to the basic centre is 6·5 and 6·3 
units, respectively, and by the methylsulphonyl group y 
to the centre in 4-methylsulphonylquinoline is 3·4 
units. (Similarly, in pyridine the effects of the a and y 
methylsulphonyl group are 6·7 and 3·6 units .1) The 
2-methylsulphonyl group in pyrazine 1 was previously 
found to lower the pKa value by 3· l units, but the 
lowering in quinoxaline is now found to be 2·2. 

The ultraviolet spectra of methoxy-compounds re­
quired for the kinetic studies, but not in Table 5, are 
given for 4-methoxyquinoline in ref. 3, for 2-methoxy-

TABLE 5 

pK0 Values and ultraviolet spectra 

Ionisation (water, 20°) 

Charged 
Spectroscopy in water • 

species Spread Concn. A.w.1. 6 Aaax. 
Compound involved• pK. (±) (M) (mf') (mf') loge pH A 

Quinoline ... + 4.93 , 
2-SO1Me ... 0 235, 299 4·75, 3·61 6·0 

+ - 1·53 0·08 0·00005 350 246, 306, 320, 347 4·68, 3·76, 3·95, 3·46 -4·0 
2-OMe ... 0 232 , 237, 259, 265, 294, 4·27, 4·18, 3·49, 3·48, 3·24, 6·0 

307, 313, 320 1 3·49, 3·43, 3·51 
+ 3· 17 • 218,228,235,239,243, 4-12, 4·03, 4·25, 4·40, 4·44, 0·2 

307 3·93 
4-SO1Me ... 0 236, 239, 302, 314, 324 4·43, 4·42, 3·65, 3·74, 3·73 6·0 

+ 1·57 0·03 0·00003 332 243, 329 4·50, 3·89 -1 ·6 
I soquinoline + 5·46• 

l-SO1Me . . . 0 227, 281, 324 4·58, 3·45, 3·63 6·0 
+ - 0·83 0·06 0·00003 320 243, 283, 293, 308, 352 4·63, 3·22, 3·27, 3·13, 3·61 -3·2 

1-OMe 0 262, 270, 281, 298, 309, 3·65, 3·78, 3·71, 3·32, 3·52, 6·0 
320 3·50 

+ 3·05• 220, 227, 234, 255, 264, 4·60, 4·56, 4·36, 3·59, 3·57, 0·2 
274, 304, 318, 330 3·43, 3·46, 3·71, 3-69 

Quinoxaline + 0·56• 
2-SO1Me .. . 0 241, 321 4·60, 3·84 6·0 

+ - 1·66 0·04 0·00002 340 251 , 343 4·62, 4·00 -4·2 
Cinnoline ... + 2·29• 

4-SO1Me .. . 0 235, 308, 337 4·55, 3·57, 3·46 6·0 
+ e 

Phthalatine . .. + 3.47/ 
l -SO1Me . . . 0 228, 281 4·58, 3-49 6·0 

+ e 

• 0 Neutral species, + cation. • Analytical wavelength for spectroscopic determinations of pK.. • A. Albert and J. N . 
Phillips, J. Chem. Soc., 1956, 1294. • A. R. Osborn, K. Schofield, and L. N. Short, ] . Chem. Soc., 1956, 4191. • Instability of 
the compound in strong acid solutions prevented determination of the pK. value. I A. Albed, R. Goldacre, and J. Phillips, ]. 
Chem. Soc., 1948, 2240. • Shoulders and inflexions in italics. A pH values below O have been obtained in solutions of sulphuric 
acid to which Hammett acidity functions have been assigned. 1 The spectrum differs from that recorded at pH 6·8 by S. F . Mason, 
] . Chem . Soc., 1957, 5010. 

energy of activation of the methylsulphonyl compounds. 
Although figures are not available for 1-chloroiso­
quinoline and 1-chlorophthalazine with methoxide ion, 
comparison of the results for the methylsulphonyl com-

• G. W . Ewing and E . A. Steck, ] . Amer. Chem. Soc., 1946, 
68, 2181; G. F . Tucker and J. L. Irvin, ibid., 1951, 73, 1923 ; 
] . M. Hearn, R. A. Morton, and J. C. E . Simpson, ] . Chem. S oc., 
1951, 3318. 

quinoxaline in ref. 4, and for 4-methoxycinnoline and 
1-methoxyphthalazine in ref. 5. 

EXPERIMENT AL 

Compounds were examined for impurities b y paper 
chromatography on Whatman No. 1 paper with (A) 3% 

• G. W. H . Cheeseman, J. Chem. Soc., 1958, 108. 
• A. Albert and G. B. Barlin, ]. Chem . Soc. , 1962, 3129. 
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aqueous ammonium chloride, and (B) butan-l-ol-5N-acetic 
acid (7 : 3) as solvent, and also by thin-layer chromatography 
in chloroform over alum1na. 

Analyses were by Dr. J. E . Fildes and her staff. Solids 
for analysis were dried at 20°/20 mm. unless otherwise 
stated. Ionisation constants and ultraviolet and n .m.r. 
spectra were determined by methods described in Part Il .1 

2-Methylsulphonylquinoline.-This was prepared by oxid­
ation of 2-methylthioquinoline 8 with potassium perman­
ganate in acetic acid; 1 it had m. p . 101-102° (lit .,7 
100°) (Found : C, 57·6; H, 4·5; N, 6·9 ; S, 15·4. Cale. 
for C10H 8N02S : C, 58·0; H, 4·3; N, 6·8; S, 15·45%). 

739 

was evaporated and the residue extracted with chloroform. 
The oily product with ethanolic picric acid gave 2-methoxy­
quinoline picrate (0·19 g.). m . p . 182-183° (from ethanol) 
(lit.,1 179-180°) (Found : C, 49·7; H, 3·0; N, 14·35. 
Cale. for CuHuN,08 : C, 49·5 ; H, 3·1; N, 14·4%) . 

Authentic 2-methoxyquinoline, prepared from 2-chloro­
quinoline and sodium methoxide, 9 had b . p. 78-80° /0·7 mm. 
(lit.,• 246-247°) (Found : C, 75·5; H, 5·8; N , 8·8. Cale. 
for C10H,NO: C, 75·45; H, 5·7 ; N, 8 ·8%). 

4-Methoxyquinoline.-4-Methylsulphonylquinoline (0·050 
g.) and methanolic sodium methoxide (2 ml.; 0·4N) were 
heated at 87° for 2 hr. The mixture was evaporated to 

TABLE 6 

Nuclear magnetic resonance spectra 

Chemical shifts (-r) of protons 

Compound Species• 2 3 4 6 6 7 8 CH, 
Quinoline 

2-SO1Me ......... 0 1-77 1-43 b 2·1 2·1 1·66 6·58 
+ b 0·18 b b b b 6·13 

4-SO1Me ......... 0 0·68 1·76 1·15 2·05 2·06 1·57 6·71 
+ 0·27 l · 12 b 1·5 1-5 b 6·32 

2-SMe ... ... ... . .. 0 2·76 2·05 b b b 1·95 7·27 
+ 2·3 1·38 2·05 2·05 2·05 b 7·06 

4-SMe ... ......... 0 1·12 2·78 1-76 2·15 2·3 1·76 7·40 
+ 1·39 2·65 2·2 2·2 2·2 2·2 7·26 

isoQuinoline 
l -SO1Me ......... 0 1·42 2·08 2·05 2·05 2·05 0·91 6·45 

+ 0·9 0·9 1·4 1·4 1·4 0·8 6·08 
1-SMe ............ 0 1-53 2·56 2·25 2·26 2·26 1·66 7·25 

+ 1·95 2·22 2 2 2 2 7·07 

Qitinoxaline 
2-SO1Me ......... 0 0·32 1·65 1·9 1·9 1·66 6·63 

+ 0·l' 1·3 1·3 1·3 1·3 6·30 
2-SMe ............ 0 1·23 1·9 2·2 2·2 1·9 7·29 

+ 0·57 1-66 1·66 1·65 1·65 6·92 
Cinnoline 

4-SO1Me ......... 0 0·04 1-1 1·8 1·8 1-1 6·67 
+' 

4-SMe ............ 0 0·81 1·85 2·05 2·05 1-40 7-28 
+ 0·59 1·66 1·65 1·65 1·05 0·91 

PhthaJazine 
l -SO1Me ......... 0 0·19 1-76 1-75 1-75 0·96 0·28 

+· -0·81 0·85 1·15 1·15 0·7 6·11 
1-SMe . ........... 0 0·60 1·9 1·9 1·9 1-75 7·12 

+ 0·02 1·6 1·6 1·6 1·6 7·15 

• 0 refers to the neutral molecule in CDC11, + to the cation in DCI-D1O except for 2-methylsulphonylquinoxaline which was in 
D1SO,-D1O. 6 Assignment of peak not possible. • Assumed to be beneath the water peak. ' Instability in acid prevented 
detem1ination of the n.m.r. spectrum. • Decomposition occurred in acid solution but was sufficiently slow to permit determination 
of the spectrum. 

4-Methylsulphonylquinoline.-A solution of 4-methyl­
thioquinoline • (1 ·2 g.) in acetic acid (30 ml.; 6N) was 
stirred at room temperature while potassium permanganate 
(2·1 g.) in water (50 ml.) was added dropwise during 0·5 hr. 
The mixture was filtered , the black r !:sidue extracted three 
times with boiling benzene and the extract evaporated; 
the product crystallised from benzene- hexane (0·96 g.), 
m. p . 147-148° (Found : C, 68·4; H , 4·4 ; N, 7·0 ; S, 
15·2%) . 

2-M ethoxyquinoline.-2-Methylsulphonylquinoline (0· 12 
g .) and methanolic sodium methoxide (6 ml. ; 0·3N) were 
heated in a sealed tube at 110° for 1 hr. The solvent 

• A. Albert and G. B. Barlin, ] . Chem. Soc., 1959, 2384. 
7 H. Larivt!, P . Collet, and R. Dennilauler, Bull. Soc. chim. 

France , 1956, 1443. 

dryness and the product extracted into chloroform. The 
liquid product gave, on addition of ethanolic picric acid, 
crystals of 4-methoxyquinoline picrate (0·057 g.), m . p. 
202° (from ethanol) (lit ., 10 203°). 

1-Methylsulphonylisoquinoline.-To a stirred solution 
of 1-methylthioisoquinoline • (0·4 g .) in acetic acid (10 ml.; 
6N). potassium permanganate (0·7 g.) in water (20 ml.) 
was added dropwise during 0·5 hr. After chilling, the 
mixture was decolourised by sulphur dioxide and the 
product filtered off, m . p. 163-154° (from benzene- hexane) 
(0·27 g.) (Found : C, 58·0; H, 4·5; N, 6·7; S, 15·7%) . 

• R. C. Fuson, H . L. Jackson, and E . W. Grieshaber,]. Org. 
Chem., 1951, 16, 1529. 

• P. Friedlacnder and H . Ostermaier, Ber., 1882, 16. 332. 
10 0 . G. Backeberg, ] . yhem. Soc., 1933, 619. 
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1-Methoxyisoquinoline.- 1-Methylsulphonylisoquinoline 
(0· 12 g.) and methanolic sodium methoxide (5 ml.; 0·3N) 
were heated at 110° for l hr., and the solvent was evapor­
ated . The product, obtained by extraction with chloro­
form, gave with ethanolic picric acid, 1-methoxyiso­
quinoline picrate (0·19 g.), m . p . 170-171° (from ethanol) 
[lit.,11 163·5-165·5° (decomp.)] (Found : C, 49·15; H, 
3·1; N, 14-5%). 

1-Methoxyisoquinoline 12 was also prepared from 1-hydr­
oxyisoquinoline 12 through 1-chloroisoquinoline 13 with 
sodium methoxide. It had b . p . 138-140°/ca. 25 mm. 
(lit., 12 135- 136°/21 mm.). 

2-Methylsulphonylquinoxaline.-2-Hydroxyquinoxaline 14 

(8 g.) and phosphorus pentasulphide (16 g.) were refluxed 
in pyridine (250 ml.) for 40 min . The excess of phosphorus 
pentasulphide was decomposed by addition of water (150 
ml.), and the mixture evaporated to dryness under reduced 
pressure . The residue was extracted with hot chloroform 
and the extract chromatographed over alumina in chloro­
form-ethanol (9: 1). The eluate on evaporation gave 
quinoxaline-2-thiol (5 g.). m . p . 200-202° (lit., 16 204-
2050). This product, on methylation 1• with methyl iodide 
and sodium hydroxide, gave 2-methylthioquinoxaline, 
m . p . 45-46° (lit .,1• 46-47°). 

A solution of 2-methylthioquinoxaline (0·100 g.) in 
acetic acid (2 ml.; 8N) was stirred at room temperature 
while potassium permanganate (0·150 g .) in water (5 ml.) 
was added during 0·5 hr., and then decolourised with sulphur 
dioxide . The white precipitate was filtered off and recrystal­
lised from cyclohexane, to give 2-methylsulphonylquinox­
aline (0·084 g .), m . p . 125-126° (lit .,16 126-127°) (Found: 
C, 51 ·5; H , 3·9 ; N, 13·6 ; S, 15·4. Cale. for C9H 8NP2S : 
C, 51 ·9; H , 3·85; N, 13·5 ; S, 15·4%) . 

2-M ethoxyquinoxaline .- 2-Meth y lsulphony lq uinoxaline 
(0· l 0 g .) and methanolic sodium methoxide (6 ml.; 0·3N) 
were refluxed for 15 min ., and the methanol was evaporated. 
The oily product was extracted with chloroform; with 
ethanolic picric acid it gave 2-methoxyquinoxaline picrate 
(0·07 g.), m . p . 142° (from ethanol) (lit., 17 141-142°). 

4-M etliylsulphonylcinnoline.- 4-Methylthiocinnoline 18 

(l ·00 g.) in acetic acid (20 ml. ; 8N) was stirred at room 
temperature while potassium permanganate (1·5 g .) in 
water (30 ml.) was added during 0·5 hr. The mixture was 
chilled and decolourised by sulphur dioxide. The product 
was collect ed and recrystallised from benzene-cyclohexane, 
to give yellow needles of 4-methylsulphonylcinnoline (0·67 
g.), m. p . 183-184° (Found : C, 51-7; H, 3·8; N, 13·3; 
S, 15·35%). 

4-M ethoxyci nnoline .-4-Meth y lsul phony leinnoline ( 0· 20 g.) 

11 M. M. Robison and B . L . Robison, ]. A mer. Chem. Soc., 
1958, 80, 3443. 

" A. Albert and J. N . Phillips,]. Chem. Soc., 1956, 1294. 
11 S. Gabriel and J. Colman, Ber., 1900, 33, 980. 
u A. H . Gowenlock, G. T. Newbold, and F. S. Spring,]. Chem. 

Soc., 1945, 622. 
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and methanolic sodium methoxide (5 ml.; 0·4N) were 
refluxed for 5 min., and the solvent was evaporated. The 
residue was diluted with water (l ml.) and extracted with 
ether, to yield 4-methoxycinnoline (0·08 g.), m. p. 128-129° 
[from light petroleum (b. p . 60-80°)] (lit., 19 127-128°.) 

1-Methylsulphonylphthalazine.-A solution of 1-methyl­
thiophthalazine 6 (0·60 g.) in 6N-acetic acid (18 ml.) was 
stirred at room temperature while potassium permanganate 
(1·2 g .) in water (30 ml.) was added during 0·5 hr. The 
mixture was chilled, decolourised by sulphur dioxide, and 
neutralised with ammonia to pH 7. Extraction with 
chloroform gave a mixture of 1-methylsulphonyl and 
1-hydroxyphthalazine. This chloroform solution was 
chromatographed over alumina (8 in .), and the first fraction 
gave, after crystallisation from benzene-light petroleum 
(b. p . 60-80°), the product (0·40 g.), m. p . 156° (Found: 
C, 51·5 ; H , 3·6 ; N, 13·5; S, 15·1 %), (This material is 
hygroscopic and reacts with the water absorbed to give 
the corresponding hydroxy-compound. It is, however, 
sufficiently stable in solution to permit determination of 
the spectrum of the neutral molecule and also rate co­
efficients.) 

1-Metlioxyphthalazine.-A mixture of 1-methylsulphonyl­
phthalazine (0·100 g.) and methanolic sodium methoxide 
(4 ml.; 0·4N) was refluxed for 5 min ., and the solvent 
evaporated. The mixture was extracted in chloroform, 
and, after evaporation of the solvent, the product, with 
ethanolic picric acid, gave 1-methoxyphthalazine picrate 
(0·135 g.), m . p. 161-162° (lit., 20 139-140°) (Found: C, 
46·5 ; H , 3·0 ; N, 17·9. Cale. for C15H 11N 60 8 : C, 46·3 ; 
H, 2·85 ; N, 18·0%) , An authentic specimen of the picrate, 
prepared from l -methoxyphthalazine,21 had m . p . 161-
1620 and gave no depression on admixture with the above 
picrate. 

Reagents and Kinetic Procedure.-These were essentially 
as described previously, 1 except that, for kinetic runs in 
the range 49-90°, the reagents were chilled thoroughly 
before mixing. The sealed tubes were then heated in the 
thermostat for the times specified. 

We thank Dr. D. J . Brown for valuable discussion, 
Dr. T . J. Batterham for assistance in interpreting the 
n .m .r. spectra, Mr. S. Brown for the n.m.r. spectra, and 
this University for supporting W . V. B. as a Scholar. 

(6/1561 Received, December I 2th, 1966] 

u F . J. Wolf, R. M. Wilson, and M. Tishler,]. Amer. Chem. 
Soc., 1954, 76, 2266. 

11 G. W . H . Cheeseman,]. Chem. Soc., 1957, 3236. 
17 G. W. H. Cheeseman,]. Chem. Soc., 1955, 1804. 
11 R. N . Castle, H . Ward, N . White, and K. Adachi , ]. Org. 

Chem., 1960, 25, 570. 
19 K. Schofield and J.C. E . Simpson,]. Chem. Soc., 1945, 512. 
•• E. Hayashi, T . Higashino, C. Iijima, Y. Kono, and T. 

Doihara, ]. Pharm. Soc. Japan, 1962, 82, 584. 
11 R. von Rothenburg, ] . prakl. Chem., 1895, 51, 140. 
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Useful Reactions of Nucleophiles with Some Methylsulphonyl Derivatives 
of Nitrogen Heterocycles 

By G. B. Barlin and W . V. Brown. Department of Medical Chemistry, John Curtin School of Medical Research, 
Austral ian National University, Canberra 

Methods are described for the preparation of hydroxy-, mercapto-. cyano-. am ino-, methylamino-. n-propylamino-. 
and hydrazino -derivat1ves of pyridine. pyrazine. pyridaz1ne. qu inoline. isoquinol ine. quinoxaline. cinnoh ne. and 
phthalazine by reaction of the corresponding methylsulphonyl compound w ith the appropriate nucleophile. 

RECENT work 1,2 has shown that the methylsulphonyl 
derivatives of pyridine, pyrazine, pyridazine, quinoline, 
isoquinoline, quinoxaline, cinnoline, and phthalazine are 
about 40--100 times more reactive towards methoxide 
ions than are the corresponding chloro-compounds. 
These results suggested that other derivatives of these 
heterocycles could readily be prepared by the reaction 
of the methylsulphonyl compound with the appropriate 
nucleophile and an examination of these reactions was 
commenced. 

The great potential usefulness of alkyl (or aryl) sul­
phonyl compounds as intermediates, because of their 
ease of synthesis and high reactivity, has been recog­
nised by Shepherd and Fedrick,3 and Brown and Ford,4 

but previous studies of nucleophilic displacements of 
methylsulphonyl (or alkyl- or aryl-sulphonyl) groups 
from derivatives of the ring systems discussed here have 
been restricted to a few isolated examples 3 and no 
systematic work has been undertaken. Forrest and 
Walker 5 observed the replacement of the methylsul­
phonyl group from substituted pyridines by methanol 
and ammonia to give methoxy- or amino-pyridines; the 
reactions of certain 3-methoxy-6-methylsulphon.Y.l­
pyridazines with sulphanilamide anions 6 have been 
examined; and replacement of the arylsulphonyl group 
from 3-arylsulphonylpyridazines by alkoxides,7 by 
sodium hydrogen sulphide, and by alkyl mercaptides 8 

has been observed. 
In this study, the methylsulphonyl heterocycles were 

allowed to react with aqueous sodium hydroxide, 
aqueous sodium hydrogen sulphide, sodium cyanide in 
dimethylformamide, aqueous ammonia, aqueous ammo­
niacal ammonium chloride, aqueous methylamine, n­
propylamine, and hydrazine hydrate. 

With aqueous sodium hydroxide and aqueous sodium 
hydrogen sulphide, the methylsulphonyl compounds gave 
good yields of the hydroxy- (see Table 1) and mercapto­
compounds, respectively; with sodium cyanide in boiling 
dimethylformamide, 4-methylsulphonylpyridine and 4-

1 G. B. Barlin and W. V. Brown, ] . Chem. Soc. (B) , 1967, 648. 
• G. B. Bartin and W. V. Brown, ] . Chem. Soc. (B), 1967, 736. 
• R. G. Shepherd and J. L. Fedrick, Adv. Hclerocyclic Chem., 

1965, 4, 145. 
• D. J . Brown and P . W. Ford, ]. Chem. Soc . (C), 1967, 568. 

methylsulphonylcinnoline gave good yields of the 
cyano-com pounds. 

However, with ammonium hydroxide, variable results 
were obtained : 4-methylsulphonylpyridine with ammo­
nium hydroxide at 185° gave a 69% yield of 4-amino­
pyridine but 3-methylsulphonylpyridazine with ammo­
nium hydroxide at 100° gave 3-aminopyridazine (11 % ) 
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(I) Pyridazine; (2) Pyrazine; (3) Cinnoline; (4) Phthalazine; 
(5) Quinoxal ine 

and 3-hydroxypyridazine (60%). Addition of 
ammonium chloride to the aqueous ammoniacal mixture 
reduced the proportion of hydroxy-compound obtained, 
and increased that of the amino-compound. 

The reactions of the methylsulphonyl compounds with 
aqueous methylamine (sometimes with added amine 
salt) and n-propylamine proceeded readily and in good 
yield (Tables 2 and 3) . With hydrazine hydrate three 
selected methylsulphonyl compounds gave good yields 
of the hydrazino-compounds. 

EXPERIMENTAL 

Analyses were by Dr. J. E . Fildes and her staff. Solids 
for analysis were dried at 100° unless otherwise stated . 
Compounds were examined for the presence of impurities 
by paper chromatography on Whatman No. 1 paper with 
(a) 3% aqueous ammonium chloride and (b) butan-2-ol-
5N-acetic acid (7 : 3) as solvent. Melting points were taken 
in ' Pyrex ' glass capillaries. 

• H . S. Forrest and J. Walker, J. Chem. Soc., 1948, 1939. 
• Reference 3, p . 199. 
' H . G. Morren, Belg. Pat. 577,515/1959 (Chem. Abs. , 1960, 

54,5715) . 
8 H . G. Morren, Belg. Pat . 579,29 1/1959 (Chem. Abs., 

1960, 54, 9968). 
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TABLE l 

Reactions of methylsulphonyl compounds (0· l g.) with N-sodium hydroxide (3 ml.) 
Product 

Conditions 
of 

Method 
of 

Hydroxy-compound 

Yield 

Product reaction isolation• (g.; %) M. p . 
2-Hydroxypyridine (picrate) ...... ... 145°/12 hr. A 
4-Hydroxypyridine (picrate). ........ 145/ 12 hr. A 
2-Hydroxypyrazine . . . ............... 90/2 hr. B 0·030 50 186° 
3-Hydroxypyridazine ........ . ... ... 90/1 hr. B 0·035 58 105 
4-Hydroxypyridazine .... .......... . 100/ 10 min. B 0·042 69 248--249/ 
2-Hydroxyquinoline .. .......... .. .... 100/2 hr. C 0·059 85 195-196/ 

Picrate of hydroxy­
compound 

Yield 

(g.; %) 
0·145 70 
0·148 72 

M.p. 
173-174° 
240---241 

Lit., m . p. 
170---172° . 
236-238 • 
187-188 • 

103 • 
250---251 • 
198--199 • 

4-Hydroxyquinoline (picrale} 100/2 hr. A 0·175 95 183- 184 
1-Hydroxyisoquinoline ........ .... ... 100/2 hr. C 0·055 79 207-208 1 208 I 
2-Hydroxyquinoxaline ....... .. ...... 95/ 15 min. • C 97 261-264 • 
4-Hydroxycinnoline . . . .. . . . . . . . . . . . . . 100/30 min. C 0·060 86 233-234 I 236 1 

1-Hydroxyphthalazine . . . . . . . . . . . . . . . 100/30 min. C 0·058 83 184 I 182'" 
• Methods of isolation were as follows : A, The reaction mixture was adjusted to pH 7 and the addition of aqueous picric 

acid gave yellow crystals of the picrate which were recrystallised from water ; B, the reaction mixture was adjusted to pH ca. 
7, evaporated to dryness, and the hydroxy-compound vacuum-sublimed from the residue at 1~0---130°/ca. 0·5 mm., e~cept for 
4-hydroxypyridazine which was sublimed at 200°/0·7 mm. ; C, the reaction mixture was neutralised to pH 7 and on coohng there 
separated white crystals of the hydroxy-compound. • E . Shaw, J. Amer. Chem . Soc., 1949, 71, 67. • J. P. Wibaut and F . W . 
Broekman, Rec. Trav. chim., 1959, 78, 593. • A. E. Erickson and P. E . Spoerri, ] . Amer. Chem. Soc., 1946, 68, 400. • Ref. 15. 
I No depression of the m . p. was observed on admixture with an authentic specimen. • K . Eichenberger, R . Rometsch, and J. 
Druey, H elv. Chim. A eta, 1956, 39, 1755. A Ref. 16. 1 Found: C, 48· l ; H, 2·6; N, 14·7. C,H,NO:C1 H 0N 00, requires C, 48·2 ; 
H, 2·7 ; N, 15·0%. When crystallised from absolute ethanol, a picrate, m . p . 225°, was obtained ; this is probably 4-hydroxy­
quinoline,t(picric acid) (Found : C, 55·0 ; H , 3·3 ; N, 13·4. C,H7NO,iC,H3N30 7 requires C, 55·5 ; H, 3·3 ; N, 13·5%). I A. Albert 
and J. N . Phillips,]. Chem . Soc., 1956, 1294. • G. W. H . Cheeseman,]. Chem . Soc., 1957, 3236. 1 N . J. Leonard and S. N . Boyd, 
]. Org. Chem ., 1946, 11, 419. '"S. Gabriel and A. Neumann, Ber., 1893, 28, 521. 

TABLE 2 

Reactions of methylsulphonyl compounds (0·l g.) with aqueous methylamine 
Aqueous 

Product Analyses of product (%) methyl- Cond. amine of re- Method Amine Amine picrate Found Calculated 
(% action of isol- ,....__..._ ____ Lit. ,.... Molecular 

Product (ml.) solo.) (hr.) ation • (g.) (%) M. p. (g.) (%) M. p. m. p. C H N C H N formula 
2-Methylaminopyridine 1·6 25 190°/24 A 0·129 60 191- 192--

(picrate) 192 ° 193° • 
4-Methylaminopyridine l ·O 25 180/6 B 0·068 84 126° 124·6--

126' 
3-M ethylaminopyrid-

a:ine (p icrate) 
3·0 30 110/6 A 0·092 43 209 38·8 3·0 24 ·8 30·1 3·0 24·85 C11H 10N,O, 

2·0• 25 100/ 18 A 0·139 66 20S--
209 

4-.lf elhylam i11op yrid-
aziu .. e 

2·0 • 40 100/ 16 B• 0·013 19 77- 66·4 6·6 38·1 
78 

66·0 6·5 38·5 C,H,N, 

4- .IH ethylamiuopyrid-
azine (picrale) 

2·0 • 40 100/ 16 A 0·108 78 192-- 39·0 2·9 24·6 
193 

39·1 3·0 24·86 C11 H10N,O, 

4-)lethylaminoquinoline 2·0 25 170/ 16 C 0·061 80 22S--
229/ 

224 • 76·6 6·3 17-ll 75·9 6·4 17·7 C10H10N, 

1-M ethylaminoiso- 2·0 • 40 140/ 16 A 0·141 76 197- 49·4 3·4 18·2 49·6 3·4 18·1 C11H 11N60, 
qui1r.oli11e (picrate) 198 

4-)lethylaminocinnoline 2·0 25 90/ 18 C 0·049 64 22S-- 220 I 
230 • 

4-M elhylami1r.ocin11oli>1e 2·0 25 90/ 18 A 0·173 92 263- 46·4 3·0 21-11 46·4 3·1 21 ·66 c11H 11r-,o, 
(picrate) 266 I 

• Methods of isolation were as follows : A, the reaction mixture was boiled to remove excess of methylamine and aqueous picric acid added 
to precipitate the picrate which was then recrystallised from water. B, The reaction mixture was made strongly alkaline with 6N-sodium 
hydroxide, evaporated to dryness, and the residue was extracted with boiling benzene and the product recrystallised from benzene- light 
petroleum (b. p. 60-80°). C, A white precipitate separated from the reaction mixture. • L. Pentimalli, Ga:zella, 1964, 94, 468. 'J. P. 
W1baut and F. W. Brockman, Rec. Trav . chim., 1961, 80, 309. • ION-Hydrochloric acid (0·26 ml.) was also added to the reaction mixture. 
'Product not recrystallised but sublimed at 100°/0·6 mm. I Product recrystallised from benzene. , Y. Suzuki, J . Pharm. Soc. Japan, 1061, 
81, 1146. • It was recrystallised from water. A depression of the m. p. was observed on admixture with 4-hydroxycinnoline of m. p. 236°. 
1 C. M. Atkinson and A. Taylor, J. Chem. Soc., 1966, 4236. I The product was recrystallised from ethanol. 

Reactions of Methylsulpltonyl Compounds with Aqueous 
Sodium Hydroxide .-The methylsulphonyl compound (0· l 
g.) and N-sodium hydroxide (3 ml.) were heated together. 
The conditions of reaction, methods of isolation, and yields 
are summarised in Table l. 

Reactions of Methylsulphonyl Compounds with Aqueous 
Sodium Hydrogen Sulphide.-3-Mercaptopyridazine. 3-
Methylsulphonylpyridazine (0·100 g.) and aqueous sodium 

hydrogen sulphide (2 ml.; lN) were heated in a sealed tube 
at 100° for 2 hr. The mixture was adjusted to pH 2 and 
extracted with chloroform to give 3-mercaptopyridazine 
(0·070 g.; 85%) which crystallised from water and had m. p. 
169-170° (lit.,. 170°) . 

4-Mercaptoquinoline. 4-Methylsulphonylquinoline (0· 100 
g.) and sodium hydrogen sulphide (2 ml.; l N} were heated 

• G . F. Duffin and J. D . Kendall, J. Chem. Soc., 1959, 3780. 

Org. 

in a 
adj uste 
sublim 
g. ; 81° 

2-Me 
(0· 100 
N} wer 
mixtur 
mercap 
(lit.,11 

React 
Cyani 
Met hyl 
(0·100 
hr. T 
pressur 

were re 
dist ille 
tracted 
crystall 
to give 
m. p. 
C9H 5N3 

Reac 
Ammo 
- 4-Me 
Methyl 

10 A. 
" F. 

Soc., 19 
u E. 
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Org. 

in a sealed tube at 100° for 15 hr. The mixture was 
adjusted to pH 4, cooled, and the solid filtered off and 
sublimed (160°/0·7 mm.) to give 4-mercaptoquinoline (0·068 
g.; 81%), m . p. 158-160° (lit.,10 158-162°). 

2-Mel'captoquinoxaline. 2-Methylsulphonylquinoxaline 
(0· 100 g.) and aqueous sodium hydrogen sulphide (2 ml.; 
N) were heated in a sealed tube at 100° for 1 hr. The 
mixture was adjusted to pH 6 and chilled to give 2-
mercaptoquinoxaline (0·072 g . ; 86% ), m. p . 203-204° 
(lit., 11 204-205°). 

Reactions of l\tfethylsulphonyl Compounds with Sodium 
Cyanide in Dimethy lfol'mamide.-4-Cyanopy,-idine. 4-
Methylsulphonylpyridine (0·200 g.) and sodium cyanide 
(0· 100 g .) in dimethylformamide (5 ml.) were refluxed for 1 
hr. The dimethylformamide was distilled under reduced 
pressure and the residue treated with aqueous picric acid to 
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hydroxide (3 ml. ; d, 0·91) were heated at 185° for 6 hr. The 
mixture was boiled to remove most of the ammonia then 
adjusted to pH 4 and extracted with chloroform to remove 
any unchanged 4-methylsulphonylpyridine. The solution 
was then made strongly alkaline by addition of 5N-sodium 
hydroxide, evaporated to dryness, and the residue ex­
tracted with boiling benzene to give, after crystallisation 
from benzene-light petroleum (b. p . 60-80°), 4-amino­
pyridine (0·083 g .; 69%). It was sublimed (100°/0·7 mm.) 
and had m. p . 155--157° (lit.,13 158°) not depressed on ad­
mixture with an authentic specimen. 

3-Methylsulphonylpy,-idazine with aqueous ammonia.-3-
Methylsulphonylpyridazine (0·200 g.) and ammonium 
hydroxide (6 ml. ; d, 0·91) were heated in a sealed tube at 
100° for 15 hr. The mixture was then boiled to remove 
ammonia, cooled, and divided into two equal parts. To the 

TABLE 3 

Reactions of methy lsulphony l compounds (O·l g .) with n -propylamine (1 ml.) 

Condi-
tions Product Analyses of product• (% ) 
of re-

Amine Amine picrate 
Solvent 

action for Found Calculated Molecular 
Product• (hr.) (% ) 1\1. p. (% ) 1\1. p. recryst . C H N C H N formula 

2-n-Propylaminopyridine 165°/80 76 150- 152° . 1 46·1 4·0 19·2 46·0 4·1 19·2 CuHuN.o , 
(picrate) 

4-n-Propylaminopyridine 165/48 67 73-74° 2 70·6 9·0 20·7 70·55 8·9 20·6 C8H 11N, 
2-11-Propylaminopyrazine (picra le) 150/18 63 176-177 3 42·7 3·7 22·6 42·6 3·85 22·95 C13HuN,O, 
3-n-Propylaminopyridazi,,e 150/ 12 93 85 2 61 ·4 8·0 30·2 61 ·3 8·1 30·6 C,H 11N3 
4-n-Propylaminopyridazine 111 /18 71 109 2 01 ·4 8·2 30·3 61 ·3 8·1 30·6 
2-n-Propylaminoquinoline 145/12 76 

C,H11N3 
196- 197 d 3 

(picrate) 
4-n-Propylami11oquinoline 160/36 78 li3- 174 4 77·3 7·5 15·1 77·4 7·6 15·0 C11H,.N2 
1-n-Propylaminoisoqufooline 160/36 71 203-204 l 52·05 4·2 16·9 52·05 4·1 16·9 C18H,,N.o, 

(picrale) 
2-n-Propylaminoquinoxali11e 110/12 70 178-179 5 40·1 4·0 20·3 49·0 3.9 20·2 C17H 11N,O, 

(picrale) 
4-n-Propylaminoci11noti11e 110/12 74 109- 170 6 70·9 7·0 22·4 70·6 7·0 22·4 C11H 13N3 
1-n-Propylamitiophthalazine 70/30 39 138-139 5 49·0 3·6 20·0 49·0 3·9 20·2 C17H,.N,O, 

(picrate) min . 

• The method of isolation was as follows: the reaction mixture was made strongly alkaline with 5N-sodium hydroxide, evaporated 
to dryness, the residue extracted with boiling benzene (3 x ) and the benzene evaporated. The product was sublimed or distilled 
on to a cold-finger condenser at ca. 100- 120°/0·5 mm. It was then either recrystallised or the picrate prepared as indicated ; 
solvents for recrystallisation were ( l ) aqueous ethanol, (2) benzene-hexane, (3) ethanol, (4) hexane, (5) water, (6) benzene-cyclo­
hexane. • Compounds melting below 130° were dried for analysis at 20°/0·5 mm . • A. R. Katritzky and A. J. Waring,]. Chem. 
Soc., 1962. 1544 give m. p . 149--150·5° but K. H . Slotta and W . Franke, Ber., 1930, 63, 678 give m. p . 103°. J N. G. Luthy, F. W. 
Bergstrom, and H . S. Mosher,]. Amer. Chem. Soc., 1949, 71, 1109 give m. p. 196-196·5°. 

give 4-cyanopyridine picrate (0·318 g.; 75%). It was 
recrystallised from water and had m . p . 197- 199° (lit.,12 

198-199°). 
4-Cyanocinnoline. 4-Methylsulphonylcinnoline (0· 160 g.) 

and sodium cyanide (0·060 g .) in dimethylformamide (3 ml.) 
were refluxed for 6 min., and the dimethylformamide was 
distilled under reduced pressure. The residue was ex­
t racted three times with boiling benzene and the product 
crystallised from benzene-light petroleum (b. p . 60-80°) 
to give 4-cyanocinnoline (0·076 g.; 68 % ) as an orange solid, 
m . p . 139-140° (Found : C, 70·0 ; H, 3·6 ; N , 27 ·0. 
C9H 6N 3 requires C, 69·7 ; H , 3·25; N, 27 ·1% ). 

Reactions of Methylsulphonyl Compounds with (a) Aqueous 
Ammonia and (b) Aqueous Ammoniacal Ammonium Chloride. 
- 4-Methylsulplwnylpyridine with aqueous ammonia. 4-
Methylsulphonylpyridine (0·200 g .) and ammonium 

10 A. Albert and G. B. Bartin, ]. Chem. Soc., 1959, 2384. 
11 F . J. Wolf, R. M. Wilson, and l\L Tishler.]. Amer. Chem. 

Soc., 1954; 76, 2266. 
11 E. Ochiai and Y. Suzuki, Pl,arm. Bull. (Tokyo), 1954, 2. 
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first part aqueous picric acid was added to g ive 3-amino­
pyridazine picrate (0·024 g. ; 11 %), m . p . 250-251 ° 
(from water) (lit .," 249-250°). The second part was 
adjusted to pH 2 evaporated to dryness and the residue 
sublimed (100°/0·7 mm.) to give 3-hydroxypyridazine 
(0·036 g . ; 60%), m . p . 102° (lit.,,. 103°). 

3-Methylsulphonylpyridazine with aqueous ammoniacal 
ammonium chloride. 3-Methylsulphonylpyridazine (0· 100 
g.)., ammonium hydroxide (3 ml. ; d, 0·91 ). and ammonium 
chloride (0·32 g.) were heated at 110° for 12 hr. The mix­
ture was then boiled to remove ammonia and addition of 
aqueous picric acid gave 3-aminopyridazine picrate (0·085 
g. ; 42%), m . p . 249-250°. 

2-Methylsulphony lquinoline with aqueous ammonia. 2-
Methylsulphony lquinoline (0· 100 g .) a nd ammonium 
hydroxide (2 ml.; d, 0·91) were heat ed at 140° for 15 hr. 

13 B. Emmert and W. Dorn , B er., 1915, 48, 687. 
" E . A. Steck, R. P . Brundage, and L. T. Fletcher, ]. rl mer. 

Chun. Soc., 1954, 76, 3225. 
u R. F. Homer, H. Gregory, W . G. Overend, and L. F . Wiggins, 

] . Chem. Soc., 1948, 2195. 
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The mixture was boiled to remove ammonia and on cooling 
there separated 2-hydroxyquinoline (0·043 g . ; 63 %), m . p. 
197-198° (lit.; u 198--199) not depressed on admixture 
with an authentic specimen. Addition of aqueous picric 
acid to the filtrate gave 2-aminoquinoline picrate (0·039 g. ; 
22%), m . p . 256--257 (from ethanol) (lit., 17 255-256°). 

2-M ethylsulphonylquinoline with aqueous ammoniacal 
ammonium chloride. 2-Methylsulphonylquinoline (0· 100 g .), 
ammonium hydroxide (3 ml.; d, 0·91), and ammonium 
chloride (0·16 g .) were heated at 140° for 15 hr. The 
solution was boiled to remove ammonia and addition of 
aqueous picric acid gave 2-aminoquinoline picrate (0·090 g. ; 
50%), m . p . 257-258°. 

4-Methylsulphonylcinnoline with aqueous ammonia. 4-
Methylsulphonylcinnoline (0·100 g .) and ammonium 
hydroxide (2 ml. ; d, 0·91 ) were heated in a sealed tube at 
100° for 15 hr. and on cooling there precipitated 4-amino­
cinnoline (0·032 g .; 46%) , m . p . 213-214° (from water), 
(lit., 18 212-213°). The filtrate was boiled to remove excess 
of ammonia and addition of aqueous picric acid gave 4-
aminocinnoline picrate (0·030 g . ; 17%), m . p . 280° (Found : 
C, 45·3 ; H , 2·8 ; N, 22·3. CuH,0N,O, requires C, 44·9 ; H , 
2-7; N,22-5%). 

Reactions of Methy lsulphonyl Compounds with n-Propyl­
amine and Aqueous Methylamine .-The results and condi­
tions of reaction of methylsulphonyl compounds (O·l g . 

11 P . Friedlander and H. Ostermaier, Ber., 1881, 14, 1916. 
17 A. E. Chichibabin and E . W . Sazepina, J . Russ . Phys. Chem. 

Soc. , 1918, 50, 553 (Chem. Zentr., 1923, Ill, 1023). 
11 J. R. Keneford, K. Schofield, and J . C. E . Simpson, ]. 

Chem. Soc ., 1948, 358. 
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each) with aqueous methylamine and liquid n-propylamine 
are listed in Tables 2 and 3, respectively. 

Reactions of Methylsulphonyl Compounds with Hydrazine 
Hy drate .-2-Hydrazinoquinoline. 2-Methylsulphonylquinol­
ine (0· 100 g .) and hydrazine hydrate (2 ml.; 98%) were re­
fluxed for l hr. The mixture was concentrated and the 
residue diluted with water, boiled, and on cooling there 
separated 2-hydrazinoquinoline (0·062 g . ; 81 %), m . p. 
142-143° (lit.,19 142-143°) . 

2-Hydrazinoquinoxaline. 2-Methylsulphonylquinoxaline 
(0· 100 g .) and hydrazine hydrate (2 ml.; 98%) were refluxed 
for 45 min. and the mixture diluted with hot water (5 ml.) . 
On cooling there separated crystals of 2-hydrazinoquinoxal­
ine (0·051 g . ; 67 %), m . p . 166° (lit.,20 167°). 

4-Hydrazinocinnoline. 4-Methylsulphonylcinnoline 
(0· 100 g.) and hydrazine hydrate (2 ml.; 98%) were refluxed 
for l hr., the mixture was diluted with water, and on cooling 
4-hydrazinocinnoline (0·070 g .; 91 %) separated . It was 
recrystallised from aqueous ethanol as orange red plates and 
had m. p . 285° (decomp.) (lit ., 21 229 and 301°) (Found : C, 
59·8 ; H , 4·9; N, 34·9. Cale. for C8H 8N 4 : C, 60·0 ; H , 5·0; 
N, 35·0%). 

We thank Professor A. Albert and Dr. D . J . Brown for 
discussion . One of us (W. V. B .) thanks this University for 
support as a scholar. 
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" W . H . Perkin and R. Robinson , ]. Chem. Soc., 1913, 1973. 
• 0 K. Asano, J. Pharm. Soc . Japan , 1968, 78, 729. 
11 K. Alder and H. Niklas, Annalen , 1964, 585, 97. 
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