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PREFACE 

2hia thesis is written in four distinct parts, being 

necessary because of the apparent independence of the subjects 

studied. 

The Initial object of the project was to study the 

formation and chemistry of N-amino aziries and the N-lmines obtained 

from these compounds by basifloation. 	This met with little success 

but led accidentally to the discovery of a new hydrcxmethylatlon 

reaction. 

Unambiguous synthesis of a hydroxymethyiquinoline used the 

Pfltzinor synthesis led to a detailod study of this reaction with 

unsymmetrical ketonec as described in Part Two, 

The Fischer indole synthesis was used to prepare o-amino-

acetophenones for conversion to cinnolirea for Use in the inothylation 

reactions described in Part Tbre, a detailed study of the 

literature on this reaction revealed a confused situation on the 

products obtained from unsymmetrical ketones so that an analogous 

study to the Pfitzinger work was carried out with interesting 

results. 	This is also contained in Part Two. 

Part Four contains a study of the methylat ion of some 

indazolea analogous to that of cinnolines reported in Part Three. 



SUMMARY 

An attempt was made to study the chemistry and spectral 

properties of the azine-N-iminea. 	Pyridine-N-imine was known 

in solution before the start of this work but all attompte to 

characterise it more fully failed, decomposition occurring rapidly. 

Attempts were made to prepare electronically stabilised imines by 

the introduction of nitro or N-oxide groupings in the ring. 	In the 

quinolins series this gave highly coloured amorphous materials 

thought on spectral evidence to be N-imine dimers. 

As a result of this work a new hydroxymethylation reaction 

of azinas was found, the reagents being hydroxylamine-O-sulphonio 

acid and metbaaol. Orignal1.y found for quiriolinea the reaction 

has been extended to pyridines, isoquinolines, phthalazines etc. 

A discussion of possible mechanisms for this reaction is given. 

The most plausible mechanism consistent with all the 

experimental observations is attack by hydroxymethyl radicals on 

the N-aminoquinolinium radical, or conpsrable azirLe species, formed 

by reaction of qulnoline with amino radicals from the decomposition 

of hydroxylamine-O-aulphonic acid. 

A debailed study of the Fischer indole synthesis and the 

Pfitzinger reaction using unsyrtmietrial ketones is then given, 

analysis of the product mixtures being easily accomplished using 

'I! n.m.r. spectroscopy. 	The product ratio obtained in the Fischer 

indole synthesis was found to be a function of the acid strength 

of the cyo].ising medium, an explanation being sought in a duality 



of mechanism. The ratio obtained from the Pfitzinger reaction 

was primarily found to be a function of steno bulk of 

substituents in the transition state. 

Finally a study of the product ratios obtained from the 

methylation of some indazoles and cinnolinea is presented. By 

the choice of suitably substituted derivatives, it is shown that 

the ratio of products obtained (methylation on both N-i and N-2 

occurring) is dependent on the a-electron density on N-i and N-2, 

as calculated using the C.N.D.O. procedure. 
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PART ONE 

A flew Hydroxymethylation Reaction of Azines 
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SECTION ONE 

INTRODUCTIOli  
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1.1 General Object of Investigation 

Three main classes of N-substituted azines are known, those 

containing N-C, N-O and N-N bonds. 	Of these the beat characterised 

are the quaternary salts and the N-oxides, the N-amino compounds 

e.g. (1) having been little studied. 

r"N ) — 	 2 
(I) 
	

(Z) 

Treatment of N- amino- pyridiniurn iodide [(1) X=I] with base 

should give pyridine-N-imine (2) but all attempts to prepare this 

or related molecules have failed, the imine, decomposing to the 

parent base and ammonia. 1  

An attempt was therefore made to prepare stabilised mole-

cules containing the N -N
- 
 H grouping with the intention of studying 

their reactivity and spectral characteristics. 

The only method of preparation available involved heating 

the azine with aqueous bydroxylamine-O-sulphonic acid. Preliminary 

studies in this solvent lea to solubility problems with the nitro-

quinolinea being used. 	Changing the solvent to methanol surpris- 

ingly led to a novel reaction, hydroxymethylation, in positions a. 

and y  to the ring nitrogen atom. 

reaction has been studied. 

The scope and mechanism of this 
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1.2 Historical background 

Of the three types of compound mentioned above (3), (Li.) 

and (5), examples of each type have 	been prepared. 	The 

stability of each class should depend upon the ease with which the 

negative charge can be carried an the exocycilo atom, the stability 

should therefore follow the order (3) > (Li.) > (5). 

rp 
I 	 1.. 

NR. 

(3) 	 (l.f..) 	 () 

a) i-oxide2 

N-oxides have now been synthesised from a great number of 

differently substituted nitrogen containing h eteroaroma tios . 2 3 

These compounds are only mildly basic (pyridine-N-oxide has 

pX = 0'79) but many do form well characterised hydrochlorides. 

They are found to be more stable and less reactive than 

aliphatic and aromatic anine oxides, this can be explained by 

resonance stabilisation of the negative charge on oxygen with the 

ring. 

Linton measured and compared the dipole moment of pyridine-

N-oxide, tritnethylamine oxide and dimethylaniline oxide. The 

moment of pyridine-N-oxide was much smaller then expected and led to 

him proposing back donation of electrons from the exooyclic oxygen 
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to the ring, leading to increased electron density at positions 2 

and L. [(6a) and (6b)] 

L 	ci 
(oL 	 (,6) 

'his has now been supported by L.C.A.O. calculations by Barnes 5  who 

estimated 0 NO'  the N-O bond resonance integral by comparison of 

calculated and experimental values of the dipole moment. The 

electron densities he found were as in (7). 

+0-00-j- 

+0.013 

- 0.003 

o.55 

o 

?No
(1) 

	= 0 .4 5 
k1c 

However, small changes In 0 have a xiiarked effect on the electron 

distribution (8a - c) and this makes the values above somewhat un-

reliable so that the support claimed for back donation is doubtful, 

also these calculations refer to -TT electron distribution only no 

account being taken of p 	bond polarisation. 



O.O-3 

1-0.012. 

—o.o3 

+0.015 

o 	 O-o.o 

(I,) 

0.5 	 (.0 

'.4 .  

+ 

0 -o.z 

(? C) 

(.5 

More reliable evidence based on ground state properties 

has been obtained by icatritzky and co-workers 6  who measured a) the 

dipole moments of a series or 4-subatituted pyridine oxides and 

b) the stretching frequency V 0  of a further series of carbonyl 

containing 14-substituted pyridine-N-oxides. 	The latter results, 

when compared with the corresponding pyridines and benzenes proved 

that the N-oxide group can donate or withdraw electrons from the 

ring depending on the aubstituent. 

These properties must be distinguished from excited state 

properties, e.g. substitution reactions, which in this case are 

better explained in terms of localisation energies. This is so 

because both eleotrophi].ic and nucleophilic reactions occur at the 

4-position in pyridine oxides so that the N-oxide group acts both as 

an electron donor and acceptor and a single ground etateT- electron 

density cannot account for suoh reactivity. 	It is therefore seen 

that the lowered polarity of the nigrogen-oxygen bond has a profound 
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effect on the stability and chemical behaviour of the N-oxides, 

and is of considerable theoretical importance in understanding the 

varied and sometimes odd reactions of these compounds. 

b. N-amino salts and N-imines. 

As a complete contrast to the N-oxides no stable N-thins 

unsubstituted on nitrogen has been isolated, (except a few special 

cases which will be discussed below), the known examples being 

characterised as stable crystalline salts. 

The first preparation of l-eminopyridinium iodide was carried 

out by Ashley, Buchanan and Eassoi? in 1917  by the route shown below. 

So2 N13  

r) 
rn4A 

(cj 1 
	soz 

'V 

tJH2 Cio) 

Reaction of p-acetaxnidobonzenesulphonylazide w1ri pyridine was 

thought to give 2-suiphonylamido-pyridins but gave instead a compound 

(9) which when hydrolysed gave a hydrochloride (10) different from 

all known aminopyridine hydrochlorides, it was therefore assumed, 



and later proved, that reaction had occurred on nitrogen. 

An unusual ring contraction reaction of a seven membered 

ring has been described by Moore. 7  The pyrazoline (11) obtained 

from -methylcinnamoy1 chloride and diazomethane rearranged on 

heating to a red compound (IZ) which in dilute hydrochloric acid 

formed the corresponding 1-aminopyridinium salt (13). 

7i. 	CH3 	 (H3 

1 t
C0cH1 

OH 

COH 
0 

(H 

H 

C  

0 10 
	

(3) 

Reaction of aryl hydrazines with pyryliuni salts also gives I.;- 

arylamino pyridinium salts 8 (li4.) 

Q'L 	 C1r43 

- YO H 	i-1, 

L 	
IH 

 

 

(it) 

However a satisfactory method for the preparation of heteroaromatio 

N-amino salts was not obtained until 1959 when Gas]. and 14euwøn9  

published a lengthy paper on the reaction of amines with aqueous 

hydroxylamine-O-aulphonio acid. Primary amines were found to give 



kiydrazines, secondary amities to give 1,1 diaubstituted hyth"azines 

and tertiary amines to give amino salts, this being successful for 

pyridine, quinoline, etc. 

As was pointed out above basifloation of these quaternary 

salts unaubstituted on nitrogen leads to the N-imines which have not 

	

been isolated. 	Ashley, 1  who first carried out this experiment 

isolated only pyridine, as its picrate, ammonia being evolved. 

	

7) 
	

+ NiH 3  
NJ 

	

L) 	H2O 

NiH 

It seems reasonable to suppose tkia hydroxylaino is bne priuiary 

decomposition product which then itself decomposes to auzTIonia in 

the alkaline medium. 

uinoline and isoquinoline-N-imine behave differently 

forming stable dirnera [(15) and (16)1, the pyridine 

14 

ij 

14 

(t) 	 () 
analogue has not been isolaed, instability probably resulting from 

its totally non-aromatlo structure. 
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However N-iminea substituted on nitrogen with strongly 

electron withdrawing groups have been isolated. As was mentioned 

above reaction of aryl suiphonylazidos with pyridines gives N-aryl-

sulphonyliminopyridines (17)9 the possibility of charge spreading 

through resonance structures such as (18) being responsible for 

their stability, similar arguments pertaining to the stability of 

the corresponding N-aryl compound. 

+ Iv  
0 
II 

rJ - 	
- 

Another group of stable N-iznines are substituted in the ct-position 

by methyl, hydroxyl or amino groups. The structures of these com-

pounds can also be written as in (19), (20), and (21). 

L 
	

co 
I 	 I 

r'3f4 

(c) 	(2..o' 



II 

The first group were studied by Schneider  10  and later by Dimrothil  

and co-workers. 	Dizaroth synthesised a series of N-anulino 2,4, 

the a-position (22). 

REt 

R = i-Pr 

R=t-Bn 

RPb 

diphenyl couipounda having a series of pToups ir 

Z nt' 

el  

(22) 

The electronic spectra of these five compounds were compared and 

found to be almost identical, having absorptions in the regions 

300-14.00 nm. and 590 rim, 	It therefore seems that the structures 

are best represented by (22) and not (19) as Schneider suggested. 

These compounds did however react similarly to the anhytho bases 

of, for example, 	1,2 dimethyl-quinolinium iodide, characteristic 

reactions occurring with carbon disulphide and phenyl isooyanate 

(1.1) and (1.2). 

r 

k 	Pi  CH  
Nt') 

k 

cs2_ 
 

CH C 

ilk 

'~- nhj 

S 

Gk 

I-11\JP 
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Alkylation however takes place on nitrogen. The situation is 

therefore confused, the accepted structure depending on U.V. evidence 

only. 	1 H n.m.r. spectroscopy could be used to clarify the 

situation. Accepting the evidence at hand the anionic charge 

in molecules such as (22) can be stabilised by resonance forms 

such 58 (23) and (24). 

?V4 ' 
1 
W 

IL 	H 

Ffl1 

(z3 
	

(2i) 	 (zs) 

The structures of the other two systems above ((20) and (21)J have 

been proved 12913  by I.R. and lH n.m.r. spectroscopy* 

Treatment of Moore's7  1-amino- 3-hydroxypyridinium salts 

with base also gave stable N-iminea. 1 	Their structure was confirmed 

as (25)9 the compounds having almost ideritifal pKa and U.V. spectra 

as the awitteriona obtained on basification of 3-hydrozy-N-methyl-

pyridinlum iodide. 

After completion of this work a report claiming the first 

true N-imine appeared. 15  On heating 14-keto-5-methy1-lH,,5-dihydro-1, 
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2,5-benzotxazepine (27) with acid a product was obtained which 

was assigned the structure (28), the ring contraction presumably 

having similarities in mechanism to the reaction of Moore. 

	

CH3  
0 
	 CH 

	

r'J 	, 

rH 

(Vi) 

The suggested mechanism involves the protonated benzotriazepine 

(29a and b) which rearranges to the diaziridine (30a and b) which 

then gives the imine by fission of the 3-membered ring and deproto-

nat ion. 

C 

1-1 
H H 

(2OL) 

	

(2k) 

- 

	 Y o  

H 

	

(o 
	

(ô 

(Z) 
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The physical properties of the compound (high m.p., insolubility 

in common organic solvents) do not correspond with a structure 

such as (28), but rather with a dipolar structure. This could be 

000und for by (3O which would also explain its stability. This 

structure cannot be confirmed since no spectral measurements are 

reported. 

C HS  

(3o 

It therefore appears that the stability of N-imines, in 

all oases so far studied, depends on electron withdrawing groups 

on nitrogen, or alectro negative groups on the heteroaromatic ring. 

The dipole moment of pyridine-N-imine has not been studied but it 

seems that no stabilisation of the negative charge occurs by back 

donation to the ring as in the N-oxides. 

iui8gen16  has illustrated this point by forming adducts 

between pyridine-N-imine and related compounds and a series of 

dipolarophiles. Pyridine-N-imine is therefore seen to react as 

the 1,3 dipole (31b). 	Typical reactions are with methyl 

propiolate (15) and carbon disulphide (1.6). 
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-) 	

IV 

(3Ic.) 
	

( -616) 
	

1 

ON+ 
 

C07  M& 	
Co1 	 co,-m4 

i.ffl.E 
 

III 	
ZO° 

I ON+ 
H 

S 
U 	 -ZH 

4- 	C- 
U 

S 

+ 
(7s\  

(L) 

The dlmerl8ation of qulnoline and isoquinoline-i.-lrnine can now be 

rationalised as self-oo-idenaation of two 1,3 dipoles. 	Quinoline 
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and isoquinoline-N-oxides have been reported to react with dipo].ar-

ophiles analogously17  but no details of the structure of the 

products have been published. 

On beating l-aminopyridinium iodide with potassium cyanide 

in aqueous solution 2-(4-pyridyl)-a-triazo1o[1,5a)pyrid1ne (32) 

is obtained. 18 

CW  
r%JHz  

(32) 

rl- is can be rationalised as a 1,3 addition reaction of L.-cyano-

pyridine to pyridine-N-imine. The L-cyanopyridine being a product 

of nuoleophilic substitution by cyanide ion on either the N-imine 

or N-amino salt under the neutral conditions used but is more 

likely to be through the latter. 	Similarly 2-methyl-a-triazolo 

[1,5ajpyridine can be prepared from acetonitrile, benzonitrile 

reacting analogously. 

a. 	- C systems. 

Analogous compounds exist in this series, e.g. (33), (31), 

(35), to the substituted iznines mentioned above. 	These compounds 

are resonance stabilised in the same mariner. They tend to be 

rather unstable if no other heteroatom is present in the molecule. 
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ar3 

CMC IH 	

it 

3 
	 C 

R 

(33) 	 (34) 	 3;) 

Krotnke 19 classified enol-betaines into two classes, depending on 

relative charge density at carbon and oxygen. The former were 

unstable having principle absorptions at I40-460 nm. while the 

0-betaines were stable crystalline solids absorbing at 320 nm. 

)lo work has been done on substitution reactions of these molecules. 

The stability of these betaines is therefore seen to depend 

to a large extent an the axtraarmular atom, carbon being less able 

to accommodate a negative charge than nitrogen or oxygen. 

1.3. Structure of Hydroxylarnine-O-sulphonic Acid. 

The amination reagent used in this work was sulphoperamidio 

or hydroxylamine-O-eulphonic said (M.B.A.) (36). 	In view of 

mechanistic arguments to be discussed below a review of the structure 

and reactivity of this compound Will now be given. 



H.S.A. is easily prepared by dissolving hydroxylamine 

sulphate in 30 Oleum, and precipitating the product by the addition 

of ether, or from chloroaulphonio acid and hydrorylamine sulphate. 

The broad-line n,m.r. spectrum of the solid 
20 is consistent with 

the zwitterionio structure (36). 	Solution spectra (D.M.F.) are 

'NH3 - 0_303  

(36) 

consistent with this structure. 	In water the predominant species 

is the anion while in methanol this ionisation will be somewhat 

depressed. 

l•L,. Reactivity of Hydroxylamine-O-sulpl'iOniO Acid. 

H.S.A. and ohloramine react analogously in nearly all 

respects, as was noted by Sommer in 1914- 21 Both substances are 

excellent aminating agents and both undergo hydrolysis and decom-

position to give nitrogen and ammonia. 	H.S.A. is however stabler 

and more easily handled than chioramine. 

In acid solution H.S.A. decomposes unimolecularly to hydroxy-

amznonium and bisulphate ions (1.8) 22  by 0-S bond cleavage. 

NH30303 slow, NH30H + 30 3  

303  + H20 fast)  F123% 

In neutral and basic solutions the acid decomposes by N-0 bond 

cleavage so that the aminating agent in a typical reaction (see 

below) is probably NH 2 . 	H.S.A. is an oxidising agent, a convenient 
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method of purity determination being its reaction with iodide to 

liberate iodine which can be titrated with standard thiosuiphate. 

However its aminating properties have been most studied, 

Sommer 23  effected the conversion of ammonia to hydrazine 

and showed that the conditions necessary were essentially those 

of the Rasohig synthesis from ammonia and ohioramine. They also 

discovered that H.S.A. reacted with typical primary, secondary and 

tertiary amines to give the corresponding hydi'azines. These 

reactions were not reinvestigated until 1959 when Goal and Meuwaen 9  

extended the range of amines to azines. 

Berger 24  extended the aminatirig properties by his preparation 

of hydrazlno-aelds from amino acids, (1.9) 
NH 030 H 

C6 H5  CH CO2 1! 	 ) C 6  H 
5 

 CH CO2H
Ti  0 

NHNH2  

the mechanism probably being as outlined below (1.10) 

H 

R N 	Ni2-0SO,0 	RNH2NH + S0 	(1.10) 

H.8.A, also reacts with ketonea, 25  the product depending on the ketone 

used. 	Aliphatic ketones give the oxirne, aryl alkyl ketones give 

the N-aryl aliphatic amides while diaryl ketones do not react. The 

oxime-0-sulphonate Is probably formed by reaction of the ketone 

withH.S.A. in the acid medium, conditions being too mild for the 

aterically hindered diarylketones to react, the aryl alkyl oximes 

then zndergo a Beckmann rearrangement to the amide (37). The mild 

conditions also explain the formation of oxime only from the dialkyl 
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ketones. 

c'43  

ir:::IIIiiJ' 
	

iiIIII1  

N4(OC43  

(37) 

Aromatic aldehydes form the corresponding nitrile in quantitative 

yield by dehydration or the oxime. 

Benzene and other aromatic compounds have been aminated 

using a mixture of aluminium chloride and H.S.A., yields being as 

high as 50. These reactions were explained on the basis of 

electrophilic attack by either NH 2  or NH. 

Minlaci, Gall and Ceoere2?a  have studied a similar aminating 

system using H.S.A. and ferrous salts in methanol. These results 

are more consistent with an eleotrophilic radical species and have 

been explained by assuming the species to be .NH 	generated by 

the following mechanism. 

NH3OSO3  + Fe2 	.N{3  + p3 + so 4 

The same system is a good aminating agent for olefins 28  giving the 

1-amino-2-cbloro derivatives. 	A recent report by Kovaclo and co- 
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workers 27b has further confused the Issue by obtaining good 

evidence for nueleophilie attack in the system tricblorosmine/ 

aluminium chloride. The reaction results in amination of alkyl 

benzenes in the =-position the reactive intermediate being thought 

to be NiL2A1..C1 3 ] on the ohioraflonium 	 H 	. ion (Cl C65R] 

1.5. Structure of the Hydroxymethyl  radical. 

The hydroxymetbyl radical will be postulated as an inter-

mediate in the detailed discussion of the possible mechanisms for 

the hydroxymethylation reaction found between H.S.A. and asines in 

methanol solution. It is therefore appropriate at this point to 

outline this species structure and reactivity as it is seen in terms 

of modern pIn-sical techniques. 

Hydroxymethyl radicals have been generated by irradiation 

of methanol, both ultraviolet and v-rays having been used. They 

are also formed from titanous ion/peroxide/uiethanol20  and 

reagent /methanol 3°  mixtures, the primary radical formed being 

hydroxyl which then abstracts a hydrogen atom from methanol. The 

e.s.re spectrum of hydroxymethyl has been closely studied, being 

found to be a triplet of nearly resolved doublets. This indicates 

high spin density on carbon and low spin density on oxygen. i.e. (38) 

not (39) is the better representation, the coupling constants being 

CH2 OH 

(38) 	 (39) 

and less 	.han 1 Decoupling could occur by an 

acid oatalysed exchange riechar.tara but at liquidtitrogen teraturea 

In glasses no finite coupling is seen. 

The most important property in the discussion below will 
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be the nuoleophillo character or this radical, this has been 

illustrated by the willingness of this species to part with an 

electron, 31  since the corresponding carbonium ion (the conjugate 

acid of formaldehyde) is relatively stable. Addition of electron 

deficient species (tetranitromethane, nitrobenzene) to solutions 

containing hydroxyrnethyl radicals generates the corresponding 

radical anion (1.11). 

CH201i + R NO2 	r CH2OH + H NO2 . 	(1.11) 

1.6. Reactivity of the hydroymethy1 radical. 

Since this work was started four papers have appeared 

which involve radical attack on azinea, resulting in similar 

compounds to the ones studied. The mechanisms of these reactions 

are obscure but those so far put forward lend some precedent to 

the mechanisms to be discussed below, an outline of these recent 

phot..oheniical studies will therefore be given here. 

As with most photochemical reactions the yields are not 

high and are not important synthetically, usually being below 20% 

after 80-100 hrs. 

Ogato and Kano found that on irradiation of methanolic 

solutions of pyr idazine-N-oxide 1-hydroxymethy1pyridazinea were 

obtained (1.). 

CH 2O -1 

(1. 1 z) 

R' 	N' 

- o 



23 

This was explained mechanistically as radical attack (by Ho then 

CH20H) on the excited species (40)  to give (L.l), which then 

dehydrated to give the products. 

H 

RI 	 R' 	
N fV 

I  
0 	 •0 	 c 4  

(o)  

CH 2 0H 

R I 	 N 

'the net result i8 therefore substitution pars- to the -oxide 

group. 	Stermitz 33  has prepared 2- and L.-alkylquinolinea, 1-alkyl- 

isoquinolines and 6-alkylphenantbr 1dines by irradiation of the 

parent compounds in acidic alkanola, methanol giving the methyl 

derivative, ethanol ethyl derivatives, etc. 	The possible mechanism 

put forward is shown below. 

Ht 
Col  H 

 
CNOH C(: H + c .4 , ow 

Z/ 

Hz 

rii~ 

NC( aC H2. R 
H 	 14 
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Photolysis of the alkanol gives hydrogen radicals-which attack 

nitrogen, followed by attack in the 2- and 4-Positions (similar 

mechanism to above) by the hydroxyalkyl radical, dehydration 

giving the product. This time hydroxyzl2etbyl radicals are 

attacking 2- and !.- to a protona;ed nitrogen. 	Photolysis of 

pyrirnidinea in acidic methanol leads to 2-znethylpyrimidinea, the 

mechanism given being similar to the above. 

Japanese workers 35  have also found a reaction similar to 

those above but employing fatty acids instead of alcohols. Photo-

lysis or quinoline and acetic acid in benzene solution gives a 

mixture of 2-methyl, Lê.-methyl  and 2,4-dimethylquinoline, propionic 

acid giving the ethyl derivatives. 	Iaoquinoline again reacts 

analogously In the 1-position, acridine reacting 9-. 

A mechanism similar to the one above is probably operative, 

photolysis of the acid, attack by H on nitrogen followed by attack 

at the 2-. and 4-positions by CH2CO2  gives (14)9 decarboxylation 

r.111ic1) 	> 	 H 

H 	 HZ  

4- 
- wz 	iiIjr111Ii 

CH 	 N CH 

C 
2ç)I 

Coz  

cc, 1 
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followed by aromatiaation giving the quinoline (1 0 2 dihydroquinolines 

are known to aroniatise in acid solution). 

A common weakness of all these mechanisms is the requirement 

of radical attack on a radical. lnder these conditions dimerisation 

would be expected to occur although no report of diquinolyla has 

been published. These mechanisms are however helpful in that 

resonance theory would predict attack at 2- and !- only, which 

is the observed result no 3-substitution taking place as would be 

expected for direct radical attack. 
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SECTION TWO 

RESULTS AD DISCUSSION 

Arm 
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1.1 Preparation of Azines and Azoles. 

A brief account of preliminary attempts to isolate and 

study the spectral and chemical properties of a series of N-amino 

salts and the N-iminea resulting from their basification will now 

be given. 

The simple pyridines, quinolines and isoquinolinea used in 

this study were commercial samples used without further purification 

once this had been checked by 1H n.m.r. apeotroscopy. The method 

used for preparing the substituted quinaldines from anilines, 

orotonaldehyde and hydrochloric acid deserves comment. Use of 

hydrochloric in preference to sulphuric acid gives vastly improved 

yields in this reaction, tar formation being out to a minimum. 

Yields of up to 80% being obtained using o-nitr'ophenol as oxidising 

agent. 

3-nitroquinoline was prepared by the method of Morley and 

Simpson37  as outlined below (40)—,(14). 

CO CO'z 
Brz 

 4 

3r 	CHO 
C 
It 
C 

3r 	Co)4 

c HO + 
t'J01 	C-ro2  

c4O 

(4 0) 

 

/ 

 

CkIOH 
_•.c' NO 	

C. H 

CHO 	I)0 

f 
C VA 

(1+2) 	 (L1.15) 



The action of bromine on 2-furoic acid gave muoobromio 

acid which on reaction with sodium nitrite gave sodium nitro- 

	

malondialdehyde. 	Reaction of this compound with aniline in the 

	

presance of sold 	gave the ant]. (14). 	Cyclisation of the anti 

was attempted using zinc chloride; 38  this method gave exceedingly 

poor yields. A 20 yield of purified product was obtained using 

aniline hydrochloride in refluxing acetic acid as condensing agent. 

The lH n.ni.r. spectrum of the pure situ (14) contained three 

peaks at T -OiLs., -021 and -026 in the aldehyde region, inter-

pretable as a mixture of the two tautomers (14a)  and (14b). 

Difficulties were encountered in the preparation of 

phthalazine. The first method attempted was the reaction of 

phthalic hydrazide with phosphorus pentachioride followed by 

treatment of l,4 diohlorophthalazine with tosyl hydrazine then 

sodium carbonate (43)— .(45). 

	

o 	 c.'. 
I' 

r3 H 

NH 

?a 	

\j 

	

o 	 C.L_ 

ezc 0 

LJJ 

(i,..c) 



(144) could not be easily prepared l-ohloro-L.-phthalazinone being 

obtained. 	The n.m.r. spectrum of this compound was misleading 

since it seemed to be a typical A2B2  spectrum, the aromatic region 

having a plane of symmetry. The physical properties of the com-

pound, xnp 1140°  and gross insolubility in onmon solvents suggested 

a phthalazone structure confirmed by infra-red spectroscopy and 

melting point. 

Phthalazine was prepared by the direct condensation of 

hydrazine and o-phthalaldehyde, prepared from acicLIc * ite trabromo  

o-xylene. This proved to be a very good preparation giving 

phthalazine in 80% yield. 

The azoles tried in the reaction were made by well documented 

procedures, only the preparation of thiazole requiring comment. 2-.Arnino 

thiazo].e was easily made by the condensation of thiourea and bromo-. 

acetal, the deamination of this compound to thiazole proved 

troublesome. Diazotisation of the amino compound in hydrochloric 

acid followed by treatment with hypophoaphorous acid unexpectedly 

gave 2-ohlorothiazole. Thiazole was successfully prepared by 
oic.iè 

using hypophoaphorous ai4 as the diazotising medium In place of 

hydrochloric acid. 

1.2. Attempts to prepare stable N-imines. 

ay1or39  recently reported that anthranil reacted with 

active methylene compounds to give quinoline-l-oxides, malono-

nitrile giving 2-amino-3-oyanoquinoline, dimethyl inalonate giving 

1-hydroxy-3-carbomethoxy-2(lH)-uinolinone, as not out below. 
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x 
7,CH =C. '  

iIIII'iIZ° 	CHXY> / 

OH 

/ 

0 
	

y - cz 

Abstraction of the acidic methylene proton (If b)  by the basic 

catalyst with consequent cleavage of the oxygen-carbon bond 

followed by recyclisation to the six-membered ring leads to the 

qu inoline- oxide. 

N-xnethylindazoles were readily available from another 

section of this work (see Part 111) and since a similar reaction 

to the above would give quinoline-N-imlnes methylated on nitrogen, 

an attempt was made to synthesise the compounds in this manner. 

2-methylindazole was dissolved in sodium ethoxide and 

dimethyl inalonate added, the resulting solution being refluxed for 

3 hours. 	Work-up give only starting material, no ring cleavage 

taking place. This method was therefore also abandoned. 

In anticipation that electron withdrawing groups in the 

aromatic nucleus would stabilise an N-imine once formed a series of 
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diszinea, diazine oxides and nitro quinolinea and isoquinoliries 

were prepared and aminated. 

Treatment of -methyloinno1ine with aqueous hydroxylamine-

o-sulphonic acid (H.SA.) followed by hydriodio acid gave a brown 

solid shown by 1H n.in.r. spectroscopy to contain two N-amino 

compounds in the ratio 2:1 (on the basis of the 31! and 4-CH,, 

signals). The 3-H signals were at I 068 and 1 l'12, by analogy 

with the quaternisation of cinnoline with methyl iodide these are 

probably the 311 of the 2- and 1-Isomer respectively. Resonance 

stabilisation of the N-iminea formed on basification was expected 

in view of the electron withdrawing effect of the ortho nitrogen 

atom as shown pictorially below. Treatment of a methanol solution 

'0: 

	

—> IZiiiiIIj - 
It 

of the aminocirinolinium mixture with an anionic ion exchange ream, 

IRA LO , gave on evaporation of the methanol, at room temperature, 

a green oil, which was investigated by 111  n.m.r. spectroscopy. 

This revealed a spectrum very similar to 4-methyl  cirinoline. No 

trace of an N-H peac could be found suggesting decomposition had 

taken place. A similar result was obtained on basification of 

N-aminoquinoxalinIum iodide. 

Quinoxalins-N-oxide was another molecule that could, once 
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aminated on the u-nitrogen, be stabilised by resonance. Quinox-

a].ine-N-oxide was therefore converted to i-azninoquinoxalinium-l-

oxide iodide (46) treatment of which with IRA-400 gave an unstable 

yellow solid, which was thought to be (47). 

-o 	 - 	 - 0 

tw cc) L
HSA 4 0::3 lRcxX 

t i  

f.z 	 - 

This structure will be resonance stabilised as outlined below:- 

The copoui obtained was freely soluble In organic solvents, had 

mp 114-116'C. The 1  H n.m.r. spectrum had signals at i 134 (1 

proton, doublet J = 36 c/a, 2- (or 3-)H), 1' 148 (1 proton, 

doublet, 3 = 36 c/s 3-  (or 2-)!!) and r 2-10 (4 protons, multiplet, 
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6-, 7-, 3-, NH protons). 	It is now however felt that an impure 

sample of quinoxalina-N-oxide was obtained. 6,7 Dixnethylquinoxal-

the-N-oxide was treated similarly to the above and the product 

obtained on baaitication of the fl-amino ,  compound examined by n.m.r. 

at2d mass spectroscopy. 	In this case no evidence could be obtained 

for a stable N-imtne, the oxide being obtained. The physical 

properties of these compounds are in table 1.1. 

Clearly if the N-imines above were some-what more stable 

than unsubatituted molecules other -E, -M groups should have the 

same effect and it was endeavoured to extend the work to nitro-

quinolines and isoquinolinea. 	The N-imirie from 5-nitroquinoline 

could be stabilised, (48), in the same way as that for the anhydro-

base of 5-hyth'oxyquinoline methiodide. 

Il 

 

®ri 
It 
Fs3W 

0 

C43  

I I 

Treatment; of 5-nitroquinoline with aqueous d.S.A. at 70 0 -500 
0 

followed by basificat ion of the reaction mixture gave a crimson 

solid. 	Similar products were obtained from 5-nitroisoquinoline 

and 6-nitroquinoline. These products were all highly coloured 

and slowly decomposed at temperatures above 1500.  Treatment of 

the 5-nitroquinoline product with hydriodic acid gave a red 
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crystalline solid, soluble in water with a 1  H n.m.r. spectrum 

like that expected from 1-amino-5-nitroquinoliniuxn iodide. 

Structure determination was difficult due to gross insolubility 

in common solvents and xnioroanalytical data proved unreliable. 

r4aea spectra were however obtained; these showed peaks at mass 

numbers corresponding to the N-iminee but the base peaks in the 

spectra were those of the parent quinoline or Isoquinoline. 	It 

is however reasonable to suppose that the N-imine would not be 

thermally stable at the operating temperature of the ionisation 

chamber (2000)  and would decompose to the parent azine. 	It has 

been reported 17  that quinoline-N-imine exists with a dimer with 

structure ()49). 	This compound was synthesised, the mass spectrum 

revealing close similarities to those above. 

HOH  

flf 

No peaks in the mass spectra could be attributed to dimers such 

as the above but since a spectrum was not obtainable at temperatures 

below their decomposition temperature, this is hardly surprising. 

The structures of these compounds remains in some doubt therefore 

but since N-amino compounds can be obtained from them they are 

certainly r-imines, probably existing as the dimerlo structures, 

all the physical properties suggesting this. 



TABLE 1. 1. 

Physical Properties of N-Amino-Iodidea ('i) 

Compound 	 H n.m.r. spectrum 	 p. 
H-2 	11-3 	H- 4 !- 5 	11-6 	1-711 -8 

4-au1inoquinoxaliniuin- 	 _______________________________ 
1-oxide iodide 	 1,22d 	

- 	 130 - 240 	 180-2 

6,7-Dimethy]. homologue 	1•05d 125 
	- 	- 	20(7H) 21(611) 	- 	 155-60 

2-aminocijo1in1um 	- 	067 	- 	 160 	220 	
153_60 

1 -arninooinnolinium 
iodide 	 - 	113 	 160 - 2LJ 	

91 

1-aminoquinoxalinluni 	 d 	 - 	85 	- 	 18-9°  iodide 	 118 	 1  - 	23 

1-anino-5-nitro- 
quinolinium iodide 3 	065 288 180 	- 	135 	184 	1'45 	174-50  

a. In D2 0. 	 b. n.m.r. in D20/rFA. 	o* n.m.r. in DMSO. 	d. J23 = 



n 

IIIIflII!!IHIIINI 9 I 
I I 

I all IIhu.I!uII. ilhIUUIIIOIU8hI on in uIIIIIIIIh NHflNIIHUIIUNU 
IflhuIIlIuIIIIfluIUUhhl..IIrnfluunuIu.upIuuuu..!1!in, 

LUIIIUUflflUhIUhIIIWIUuUMm.nu 
IfiIllflhIIU gu moll HE - I IIIO flhIUIIIIUhINfl.uUUhIUNflUflflhIIflLIUIIUI.:...0 

! 

vI!Pu I ulunrnrn. 

: 

.puurn 
iI:::

!
: 111 IH blIIi!  

i 

!

H

!!

all  i

iL
ii

II 

 
hi

l

iiIrnIgi 
U

P

iI
I

I

I

!

I
U

I 

J 

uI 

 
• 	S-rn io 

OmHz 

	

I 	 I 

	

ii 	I 	I 	 •__A_..i.A:...0 	 t 

D 

r'— 	

vi1'1 	
I 

III 
I 	

- 	H 
-- 	 I- 	 - 

a 	1 	6 	7 6 	 5 	 - 	 5 	5 	5401 

?rèt- 4r 	 1IOttQ!l\ 49tuno(nQ 



36 

1.3 The Hyd.roxym.thylation Reaction; use of methanol as solvent. 

The compounds mentioned above were synthesised by reaction 

of an azine, and aqueous H.S.A. 	It was found that some of the 

nitro compounds being used were not particularly soluble in this 

medium and methanol was substituted for water as solvent giving 

very different results. 

The azine, the first used being 7-cbloroquinaldlne, was 

dissolved in methanol, a saturated solution (' 15 w/w) of H.S.A. 

in methanol added (molar ratio of quino].ine: H.S.A. was approx-

imately 1 :3) and the mixture refluxed for 3-4 hra. Extensive 

darkening of the reaction mixture occurred, inorganic salts 

(NH Hs%) being precipitated. The methanol was removed and 

baaiticatjon of the residue (iC2 c03 ) gave a crude product, the 

extent of reaction being monitored by 1  H n.m.r. spectroscopy. On 

separation from starting material by recryatallisation from 

ethanol this gave a white solid m.p. 185-6 ° . 	The n.m.r. spectrum 

(TFA) had signals at tr l 	0 proton multiplet), 'r 21 (1 proton 
quartet) 43 -r (2 proton singlet, CH  and 685 1' (3 proton singlet, 
CH3 ). 	The mass spectrum showed parent peaks at i/e 207 and 209 

in the ratio 3:1. 	Peak matching studies gave a molecular formula 

C11H10N0C1. 	Thus C1130 had been substituted on the parent azine. 

From the data available four possibilities presented themselves 

for the structure of the product (50), (51), (52) and (53). 
Although the singlet in the 1  H n.m.r. spectrum at 13 

integrated for two protons the integral was not accurate enough to 

be certain of ruling out structures (52) and (53) so it was decided 
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to unambiguously synthesis. (52). 

CH LOH 

CL 	 C N 3  

(So)  

cDC.H3  

(52.)  

C VA 213H 

CLJ1 IjIIIi 1II 
C43  

(Si) 

CL,IIZIIIIIIr T C 

N 	Cr\ 3  

(53) 

This was easily achieved by reaction of 7-chloro-2-rnethyl-

quinoline-4-.one (54) with phosphorous pentachloride followed by 

treatment of the ohioro compound with sodium inethoxide, (54) 

being prepared by cyclisation of the anil obtained from ethyl 

CL 	 0 

r'Irii ? C 	iii __o rn4 
CL 	 C H3 	CL 	 CL 

(-) 
	

(s3) 

acetoacetate and rn-chloro-aniline by tte Conrad-Li npach inetiod. 

7-Chloro-4-methoxyquinaldthe had a singlet in its n.m,r. spectrum 



at 'r 56 (3 protons - OCH3)(PFA) and is therefore different from 

ttie product obtained above. 

7- Chloro-L.--hydroxymethylquinaldine was then synthesised 

by the route outlined below. 

0 	 COZH 	 co 

C> KOH 

CL 
	 (C 3

)c CL 

CII ON 

CL 	,LJCH 

7-Cn1oroiation (55) was prepared in the presence of the 4-ch1oro-

isomer from m-chloroaniline, chloral hydrate and hydroxylaxnine by 

the Sandmayer synthesis. 	Separation of the mixture and reaction 

of the 7-chloroiaozner with acetone in strong alkali (Pfitzlnger 

reaction) gave 7-chloro-2-methylcnohoninio acid, which was ester-

ified and reduced with lithium aluminium hydride to the substituted 

methanol (50).  This last reaction was carried out at -200C higher 

temperatures giving a gunny product containing 1,2 and 1,4 dihydro- 

quinolines. 	The product obtained from these reactions was found 

to have identical 1  H n.m.r,, mass and I.R. spectra to the product 

obtained from  7-chloroquinaldine and methanolio H.S.A. The 
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reaction can therefore be formulated as follows:- 

C 4zOH 

CL 
	 CI-130H 

	rIr'i 

(so) 
It appeared that a new reaction of quinolinea 1d been 

discovered giving an easy synthesis of t-quinoline znethanola. 

1.4. Scope of the Reaction. 

The reaction has been found to be a general one, pyridines, 

quinolines, Isoquinolines, phtkialazines reacting. 	Quino].ines 

give substitution a and y to the ring nitrogen atom, quinaldinea 

giving 1-quinolina methanols, lepidinea giving 2-quinoline methanola 

while quinolines unsubatituted in both positions 2- and Li.- gave a 

mixture of 2- and 4-quino1ine methanols in the ratio 2:1. Quinolinea 

substituted in both 2- and 4-Positions gave no reaction. 	Iso- 

quinoline reacted in the 1-position. 	There was a hint of another 

product present, two peaks appearing in the -CH 20 region of the 

n.m.r. spectrum in the crude product, this presumably being due 

to 3-substitution. 	Pyridines react again at positions a and y to 

the ring nitrogen, as expected even more substitution taking place 

at the a-carbons the ratio being 33:1 for substitution t and v 

respectively (ratio determined from integration over the -CH 2  peaks 
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in the region r- 'i' 50). 	Phtha].azine also reacted normally 

giving l-hydroxymethylphthalazine. 	Quinoxaline tailed to react 

while quinezoline gave a complex mixture of products by nuelco-

phillo ring opening. Where mixtures of products were obtained 

these were separated by chromatography on alumina the 2-hydroxy-

methyl compounds being eluted preferentially. This may be due 

to a hydrogen bonded species like (56) shielding the polar group 

from the alumina, no such structure being possible for the !. sub- 

stituted molecules. 	The yields m.p.a. and spectra of the products 

obtained from a selection of azines are in Table 1.2. 

C.H 
I ,'.  

(Si0) 

,6-Lutidthe, acridine and 7,6-benzoquinoline all failed to react 

under the standard conditions outlined above, this being beat 

ascribed to steno hindrance at the ring nitrogen atom (see e.g. 

(57)) (see below). 

(s1 
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Among the other unsuccessful reactions with azinea are those with 

195 naphthyridine, 3 nitroquinoline, pyrazine, 3-methylpyridazine 

and 4-methylpyr1idine. 	In the absence of steno effects these 

would appear to result from unfavourable electronic effects; the 

successful reaction with phthalazine, contrasting with that with 

pyridazine, may reflect the high reactivity of the 1-position in 

the former, which no doubt arises in part from the more uneven bond 

orders in bicyclic than inonocyollo heterocycles, and particularly 

favourable looslisation energies for a substitution in the former. 

The reactions with the azoles pyrazole, 2,5-dimethylpyrazole, 

thiazole and isothiazole and ruran, pyrrole and N-riiethylpyrrole 

all gave the unchanged heterocycle. The reaction with benzimidazole 

showed an absorption at 'r 51 consistent with the presence of the 

2-hydroxymethyl derivative (< 5%). 

In a series of experiments to determine the effect of 

water upon the hydroxymethylation reaction, 4-methy1-quinoline was 

treated with H.S.A. in methanol containing various mole fractions 

of water, the maximum yield of hydroxymethyllepidine being obtained 

at a methanol mole fraction of 075. 

The interpretation of these effects is not clear. 	It has 

also been found that 1-amino lapidinium iodide (on basificat ion) 

undergoes the reaction, deaxninat ion taking place before, during or 

after the mein reaction. 	194 Dimethylqulnoliniuxn methosuiphate 

however does not undergo the reaction the anhydro base (58) being 

obtained from the reaction mixture on basification. 	r.epidine-N- 

oxide u.idor identical conditions gave a mixture which could not be 
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CH3  

(5z) 

separated but whose 	n.n.re spectrum showed two 
112 

absorptions near r5'O. 	One of these was probably due to the 

2 hydroxymethyllepidine while the other is consistent with the 

corresponding N-oxide. 

Addition of formaldehyde to the reaction mixture stopped 

all reaction, this probably being due to a reaction between H.S.A. 

and the carbonyl compound as discussed in the introduction (q.v.). 

This reaction of formaldehyde has been recently studied and found 

to give a quantitative yield of hydrogen cyanide:- 1  

CH2O+NH2OSO3H 	30 CE12  N-O3O3 1 -, HCN+F128%. 

Thus formaldehyde or a protonated derivative is not a likely 

intermediate. 

Reaction of a quinoline with hydroxylamina hydrochloride 

and titanous or ferrous ions in methanol gave the reaction although 

in poorer yield than using H.S.A. Replacement of hydroxylamine 

with 30 (w/w) hydrogen peroxide also resulted in hydroxymethyl-

quinolinea in poor yield. 



120 - 26 
120 - 28 
120-40 280-30 
1'.90 
l'35 
160 
1.90 
2- 40  
195 
170 
1'OO 
1 0 
130 

- 275 
- 260 
- 190 
- 2'80 
- 290 
- 260 
- 210 
- 2'60 
- 260 
- 280 

TABLE 1. 2. 

Products from the Reaction of methanolic H.S.A. with Azinea. 

Azine 	 Product 	 Yield (%) 	m.p. or 
1  H n.m.r. absorptions 

b.p. 	CH 	(r) aromatic 

Hvdroxvme thvl 

Pyridine 

4 pleoline 
uino1ines 

unsubatituted 
2-methyl 
4-methyl 
2,8 Dimethyl 
6-bromo-2-methyl 
7-chloro-2-methyl 
3-bromo 
Isoquinoline 
5,6 benzoquinoline 

position 

2- 

2- 

2- 

14 
2- 

2- 
1- 
2- 

20 112-30/6mm. 
6 57-8°  

12 100-30/4m. 
30 62-3 
14 96-7 
LO 85-6°  
74 76-7°  
50 102-3°  
42  16L.-5°  
60 185-6 °  

50 	65°  
30 	123°  

5'20 
500 
518 
5 . 58 

4* 80 
L27 
5 - 15 a 

 
Lr88 
14.'30 

4 83a  508a 

Phthalazine 	 1- 	 25 	190-1°  

a In CDC13  

b In CF3COOR 
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The reaction gave some indication of being successful 

with ethanol, higher alcohols e.g. benzyl being totally unsuccess- 

ful. 	Ref].uxing lepidine in a 50% (v/v) aqueous ethanollo solution 

of M.B.A. gave an oily produce which contained as indicated by 

n.zn.r. spectroscopy 5% of a product presumably (59). 	This 

CH3  

OH 

(5c) 

compound which could not be separated, tad a doublet at 1 8 - 35 

and quartet at 	(3 = 7 c/a) in the 63kIZ  spectrum assigned 

to the methyl and xnethine protons of (59). The main difficulty in 

extending the scope of the reaction to other alcohols was the 

insolubility of U.S.A. in any alcohol except methanol. The water 

added in this case gave a homogeneous reaction mixture but no 

doubt suppressed the reaction as in the case of the methanol 

reactions mentioned above. 

1.5. Proposed Mechanisms for the Reaction. 

The evidence which has been obtained for the mechanism of 

this reaction is of a synthetic nature and for that reason is not 

as satisfactory as kinetic of physicochemical evidence (e.s.r. 

spectroscopy). An attempt will be made to discuss the possible 
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mechanisms in the light of the evidence at hand some of which 

can be easily dismissed on this evidence alone. 

All reactions must belong to one of three main types, they 

must either proceed by an eleotrophilic, a nuoleophillo or a 

radical mechanism, this can be no exception. The attacking 

species must be formed from methanol by attack of H.S.A. Three 

possibilities exist 	20H, 	and cH2OL As already men- 

tioned both NH2  cations and N11  are known to be formed from H. S. A. 

in aqueous solution, these could in turn give rise to hydroxymethyl 

cations or radicals by abstraction of a hydride ion or hydrogen atom 

from methanol. There is no evidence for amide anions being formed 

In the decomposition of H.S.A., even if this is so the most acidic 

hydrogen in methanol is on the oxygen so that methoxyl anions would 

be formed giving methoxy quinolines. Thus It is difficult to imagine 

how a nucleophilio species could be formed in the reaction mixture 

that could give rise to hydroxymethylquinollnes. This was proved 

by two experiments, it was found that 3-nitroquinoline did not 

undergo the reaction while quinoline and 3-bromoquinoline did. 

Since qulnoline is susceptible to nucleophilic substitution, 3-nitro-

quinoline should be more active at the 2- and 4-positions, neglecting 

steno effects. A bromine atom has a radius not much lest than a 

free spinning nitro group and 3-bromoquinoline gives the 2-hydroxy-

methyl qulnoline thus the steno effect was shown to be of little 

importance, but shows its presence in the fact that no reaction 

took place at the 4-position, being blocked now, both by the 3-

substituent and the pen-hydrogen. Thus it is seen that the reaction 
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is susceptible to electronic effects in a way which rules out 

nueleophilic substitution. 1-Methyiqulnolinium methosuiphate 

also gave no reaction showing that the reaction did not involve 

nucleophilic attack on the protonated base. 

This therefore leaves electrophilic and radical attack. 

Since the reaction falls with molecules where the ring nitrogen 

atom is starically hindered e.g. 7,8-benzoquinoline,2,6 lutidine 

it seems reasonable to assume that a group is attached to nitrogen, 

which during the course of the reaction is removed again. The 

most likely candidate is an amino group. Further evidence is the 

non-reactivity of nitrobenzenes. 

The N-amlnation process in aqueous solution is best 

represented as eleotrophilic attack by NH 2  on the ring nitrogen 

atom. 	This could again occur in methanol to give the species (60). 

It is however difficult to imagine eleotrophilic attack occurring 

OQ 
	

OPO 

1\) 

6) 
	

() 

through a positively charged molecule such as (60), much more 

probable 1. the N-imine (61). 	The orientation of attack is 

however inconsistent with this znechanlsm, reaction occurring at 

the 2-position preferentially. 	(2:1 for positions 2:4 in quino- 
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lines). 	One might expect the N-iminea to react eleotrophili- 

cally at position four analogous to the N-oxides. Even this 

hypothesis, reaction through the N-imine, means reaction through 

a species which can have only a very low concentration at best in 

the strongly acid medium (a saturated solution of H.S.A. in 

methanol has pH < 3) and most likely would be protonatod to a very 

large extent, since the N-lmine would be expected to be a stronger 

base than the parent azine which has pic 3. Thus the equilibrium 

(60) ==k (61) will lie to the left. 	Addition of u1no11ne-N-imjne 

diner ;o a methanolic solutiori of J.'.A. gives the hydroxriettiyl-

ation reaction but this is not necessarily proof of the intermediate 

properties of (60) or (61) since the N-irnine is not stable under 

these conditions giving the quinoline which could then undergo the 

reaction as usual. 

Thus it is seen one can rule out nuoleophillo attack on 

the 141 -.amino or quinolinium ions and electrophilic attack on the 

free base or i4-imine, leaving radical attack. 

Radical attack is possible on a variety of N-substituted 

derivatives by C1120R. The N-aminoquinolinium salt can be ruled 

out, because the reaction fails with -methy1quinolinium salts 

and since it is difficult to write a plausible reaction mechanism. 

After the sequence uutlined below the intermediate (62) is obtained 

which is one a electron short in the C2-CH20H bond, it being 

difficult to visualise any mechanism from (62) to the hydroxymethyl 

quinoline. 	This therefore leaves either quinoline-N-iznine, which 

can be dismissed for reasons outlined above or the N-aminoquinolinium 
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(c3) 

radical (03) or it protonatod for:i (L.) formed by attack on 

quinolirie of the amino radioal cation which is known to be formed 

L,LJ 	
rj) 

	

+ 	 r) H3  

(-) 

	

during the decoriposition of i.S.A. 	Two general schemes A and B 

can therefore be visualised, they are outlined in figure 11. 

a 
C_ H.3  

(13  

CH3  

(,$) 	
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The same schemes can be visualised but with the protonatod form 

(64), losing an aum*oniurn ion instead of ammonia as the final 

stage. Evidence for either of these reaction-mechanisms has 

been gained from studies using titanous (P1 3 ) and ferrous (Fe2 ) 

salts in admixture with methanol and hydroxylamine or water. 

Titanous ions are known to react with hydroxylamine to 

give the amino radical Nfi2  or its protonated form. 	Similarly 

the well known ?entcxms reagent (Fe2  and hydrogen peroxide) is a good 

source of hydroxyl radicals. 

Experiments were carried out using T1 3 /CM3OH/ii/ll20H/ 

quinoline and Fe'/CJOH/ '?/I2O2/uinoline and also 
Pe  ;/C-"3 

NM2OH/quinoline, in all cases hydroxymethylation was found, 

although the conversion was low (5-15). These reactions can be 

rationalised in terms of an amino or hydroxyl radical attacking the 

quinoline nitrogen as in figure 1.1., another radical reacting with 

methanol to give the species C1 20H, 29 ' 30  the reaction then being 

completed as envisaged in figure 1.1. (scheme B). 

It not evidence for the exact mechanism put forward these 

reactions give a good indication that the reaction is of a radical 

nature. 	It is known that electrolytic reduction of N-methyl 

pyridiniurn salts proceeds through the radical intermediates (65) 

to give bipiperidyls (66). 	If scheme A is correct electrolysis of 

methanol solutions of N-aminopyridinium or quinolinium salts 

should give hydroxymethylated products by the mechanism below; 

assuming that the N-eminoquinolinium radical (63)  can abstract a 
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Scheme A. 

NH2 OSO 3H 	NH + RS%. 

Figure 1.].. 

Ii 	• 	I 4— - cl  nr~ 
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Figure 1.1. (contd.) 

Scheme B. 

NrI2 OSO 3H 	' NH 
20 

+ H8%. 

HS%. + CU3OH 	 0 CH20H + 1123% 

NH  + C113OH* 	) NH  +*CH 2 OH 

I 	ii 	14- 
	 iZIIItIIIi 
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r\l H t  

ZIIIiiIIi: 
N 	 CWOH 
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r'ri -c-> nm 30 H 
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(3) 

proton from methanol. Solutions of N-aminoquinoltnium iodides 

and later chlorides (prepared by passage through a column of 

IRA-1400 (chloride form) of the iodide were eleotrolysed under varying 

CH3 
	 CH 

e 

104 	IN. 

c3 

tot 

conditions and on no occasion was any hydroxymothylation found. 

Typical conditions used in the electrolysis experiments were 100 mA 

at 1 v. overnight using platinum electrodes. 2,4 Dimethylquinolinium 

iodide when exposed to the above conditions in methanol interestingly 

gave some (lO) of the parent base, no further reduction occurring. 
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This experiment was found difficult to repeat, no success being 

obtained with other methiodidea tried. 

The failure of any hydroxymethylation to occur is unfor-

tunately negative evidenoe so that 80b.me A cannot be completely 

ruled out but on the basis of the above results seems unlikely. 

It would therefore seem that the only possibility left is Scheme B 

which involves radical coupling, an unusual reaction since 

concentrations of both radicals usually never become high enough 

to give fast reaction. 	An objection to this scheme is that no 

biuinolyls or ethylene glycol have ever been recovered, this can 

be explained in terms of the concentration of the species. A high 

concentration of hydroxymethyl radicals is possible, compared to 

that of the N-aminoquinollne and since the reaction is carried out 

at reasonably high dilution no coupling of the aminoquinoline 

radicals would be expected, ethylene glycol would be lost during 

the work-up. There is also the point that most coupling reactions 

between radicals are through intermediates with the odd electron 

localised in a orbitals, e.g. in the oaao of phenyl radicals 

coupling to diphenyl. Here by virtue of their mode of formation 

the odd electron is by necessity in a iT-orbital, being delooalised 

over seven atoms. 	No mention can be found in the literature of 

genuine ii  -orbital radicals coupling with each other or for that 

matter abstracting protons from the solvent. (PhNO2  and 

are typical cases). 	Thus in this case it would 9180 be reasonable 

to assume an unwillingness to undergo coupling or abstraction 

reactions. 	This does however leave the puzzle of the specificity 
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of the reaction for positions a and y to the ring nitrogen, as 

was observed in all the systems studied. These must be due to 

electronic considerations and will be dealt with below. 

1.6. Electronic Factors Influencing Specificity of Reaction Site. 

The hydroxyinethyl radical, -CH  2OH, can be formally looked 

upon as formaldehyde, CH2 = 0, plus a hydrogen atom. 	It thus 

contains 3 -  electrons and will therefore be nucleophilic. 

Electron spin resonance studies have shown that the spin density 

Is high on carbon and low on oxygen 80 that reaction with this 

species would be expected to give hyth'oxymethylation, not methoxyl-

ation. 

The intermediates derived from the azine and considered 

above will be examined again here. These are the N-amino radical, 

the N-amino quaternary compound, the N-imine and the N-ammonium 

compound (64) (65) (66) and (67), pyridines being considered here 

for simplicity. 

, " nt~ 
(p 
t) 

rJt4  

L) 
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All four are possible intermediates which could be formed during 

the decomposition of H.S.A. by attack of the species •NH2  and 

NH3  or +N112  the two most likely possibilities being (64) and (67) 

are explained above. 

A good index of reaotiviby is the electron density at the 

carbon atoms undergoing attack, although a ground state property 

this index has had remarkable success in predicting the site of 

electrophilic attack in carbo- and heterocycles. HUokel molec lar 

Orbital calculations were performed on the species above using the 

programme CHUC (kindly supplied by C.W. Haigh) on IBM 360/67 and 

360/50 machines. Full details of the method and detailed results 

are contained in Appendix I. The main features of these results 

will be discussed below. 

The species (64), the N-aminopyridinium radical has 9 -ii 

electrons, two being donated to the molecular orbital by the 

exocyclie nitrogen atom. The Coulomb and resonance integrals 

were given their usual values and the co-etfioienta of the molecular 

orbitals at each atom computed. Charge densities and bond orders 

were obtained from these values in the usual way as outlined in 

the Appendix. Five orbitals are needed to acooninodate the nine 

electrons having the shapes outlined below (p.  56). The odd 

electron therefore occupies the first anti-bonding orbital which 

has an energy a - P. where aand 0 have their usual significance. 

The electron densities from this calculation are in (68). 
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It is seen that the calculation predicts substitution 

predominantly at the v-position f or a nucleophilic species. The 

Parameters used in the calculation can never alter this because 

of the shape of the first aritibonding orbital, it having a node 

through position 5 i.e. y to the ring nitrogen atom. These figures 

do of course rule out eleotrophilic substitution since this is 

predicted at the 3-position. 

10 
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A similar calculation on the N-aminopyridinium ion (65) 

gave the electron densities in (69). 	These figures predict 

fl t.oto 0 - -4'z'%q 

(33O 

r\N 	ILO 

substitution at the 2- and 4-positiona reaction being predominant 

a- to the nitrogen. This fite with experiment but can be ruled 

out because of the proof for a radical mechanism, and the difficulty 

in mechanism for loss of the dihydro groups. This can only be 

rationalised by assuming loss of a hydrogen atom followed by the 

- H • - 	 t  

N 	 L0 CI4zOH 

rH 

normal decomposition through the N-lmine although the pli is against 

this. 

Another possibility is the N-imine, which however is also 
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unlikely for the reasons discussed in section 1.5, nevertheless 

calculations were performed. 	The initial set of parameters (70) 

were refined by putting 

	

+ lL. (1 - q(n_l)t. 	 (1) 

	

,' 	......•....•• 

and 
= 

to take some account of electron Interactions the calculations 

being repeated until 0 
(n) = (n-1) + 001, here ct', the new 

ou1omb integral is calculated in terms of the electron density, 

obtained from using the Coulomb integral an-1  similarly the 
new resonance integral Oijis calculated in terms of the bond 

order Pjj 1  obtained from O ij
(n_l) . The calculations being taken 

to consistency (see Appendix I). 	Great difficulty was experienced 

In obtaining this consistent set however and the method was abandoned, 

Ori

OC)90 

I. S S3Lf 

r)H I.LSZ 

(io) 

similar difficulty being found with a C.N.D0. calculation (see 

Appendix I). 

The -ammonium compound (67)  was also considered this time 

as a real possibility. 	11cre the exocyclic nitrogen cannot enter 

into conjugation with the ring, therefore this compound will 

behave like the pyridinlum radical, the results are in (72). 
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2.1 oS 
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1-j4 

(iz) 

These predict reaction at the 2- and 3-positions the first 

antibonding orbital again having a shape which precludes reaction 

Y- to the nitrogen atom (see Appendix I for shape of orbitals). 

Electron density calculations have here been unsuccessful 

and some other index of reactivity must be sought, the obvious one 

being localisation energy- calculations on the species (73), (74), 

and (75). Here we have 8 -rr electrons spread over six atoms. 

4 Co4 

	

II 	
i. 

p'(4z 

3) 	 (is) 
The localisation energies obtained were bc + 1W96823 for (73), &i + 

10 '5030 for  (74)  and Ba + 103678 for (75), favouring attack at 

the order a>v>3 in agreement with experiment. An idea of the 

relative rates can be got from the equation below:- 



AE- 

-1e RT 
K2  

and K2  being the rate constants for the reaction at the a- and 

Y- positions AE-ff  being the difference in total TF electron 

energy of the system (putting B = 20 Kcal/mole). This gives the 

ratio of rate constants to be 106 at 60 00. The coupling 

reaction will be second order however which precludes any simple 

calculation of the relative amounts of 2- and Li.- substitution in 

terms of the above rate constant ratio. 

Localisation energy calculations even using this crude 

Hic1cel treatment do predict the correct site and in the correct 

ratio i.e. 2>4)3. 	It is seen that some rationalisation of the 

mechanisms discussed above is possible in terms of these 

calculations. 
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PART TWO 

THE FISCHER INDOLE AND PFITZINGER REACTIONS 

USING UNSYMMETRICAL KETONES 
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SECTION ONE 

INTRODUCTION 
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21 General Object of Investigation 

As was mentioned above the Pfitzinger reaction was used 

in the unambiguous preparation of 7-chloro-4-hydroxymethylquin-

aldine. 	On looking into the scope of the reaction it was noted 

that the nature and ratio of products obtained with unsymmetrical 

ketones (1), where oyclisation can occur through a methyl or 

methylene group to give 2-substituted (2) 0  or 2 ,3-disubatituted (3), 

quinolinea respectively, was in doubt, most of the available da 

being unreliable and confused. The problem can be easily solved 

using 111 n.m.r. spectroacopy. 	Direct integration of the methylene 

group in (2) (variable position) against the methyl group in (3) 

COzH 	 COZH 

CH3COCH2R 	 c TIIIITLIIIIl  
IJ 	cHR CO C43  

(1) 	 () 	 () 

(near 70r) in the crude reaction product giving the ratio directly. 

It was found that reaction occurred through both groupings, both 

steno and electronic effects playing a part in the relative amount 

of (2) and (3) formed with a series of ketones. 

An obvious extension of this work was to the Fischer indole 

synthesis using the same series of ketones. 	The literature position 

here was that only one product (L) was formed, no 3-unsubstituted 

products being formed. 3oth products were again obtained but 



614  

interestingly the ratio was dependent on the acid strength of 

the oyolising medium. 

2.2 Unsymmetrical ketones in the Pfitzinger Reaction 

Reaction of isatina with k etones containing a methyl or 

methylene group in strong alkaline solution was found by Pfitzinger44  

to give substituted quinoline-14-carboxylic aoida. 	The reaction 

proceeds by base catalysed cleavage of the isatin ring to the isatinic 

acid anion, condensation then occurring between the ketonic 

carbonyl and the amino group (see below). Base catalysed removal 

of a proton from the Schiff base followed by nueleophilia attack 

on the carbony]. in (6) and dehydration gives the produce on acidi-

fication of the reaction medium. 

IlZIIIiijiiiiR 
C 	

I 
C W R 

4-) 

co 

cR 

0z 

C 

0 	 coz 
40 oi°  / 

CO 	 a (Os. I z 
R 	

— - ~J'_ 
C>  



65 

Bun-1-Ioi and co-workers following earlier work have in-

vestigated the scope and particularly the steno factors involved 

in the Pfitzinger reaction. 

When the ketone reactant had large groups near both the 

methyl and methylene group it was claimed that no reaction occurred. 

This Is true for 1sopu1egone 5  and camphor. 46  When either the 

methyl or methylene group was hindered reaction was found to occur 

through the other grouping. 	With 3-methylcyclopentanone only (7) 

Is formed. 	This effect is also seen in the dialkyl series. Methyl 

COH 

iiZIIIiiIIiiIIIIi- H3 

NNJ 

ethyl ketone has been said to give pure 2,3-dlmethylquino line- j1. carb-

oxylic acid 7 ' 8  and a mixture containing both possible isomera. 9  

In higher homologues only the product formed by reaction through 

the methyl group is formed, methyl n-propyl and methyl iao-butyl16  

giving the 3-unsubstituted quinolinea only. 	If these results 

are to be accepted then clearly there Is a steno factor at work, 

the difference In the electronic nature of the methylene group 

not being significantly different in methyl ethyl and methyl n-

propyl ketone to cause a complete reversal of site of reaction 

as claimed by Bun-Hol. 
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With symmetrical dialkyl ketones steno hindrance inhibits 

cyclisation, no reaction occurring with dileobutyl ketone while 

di-ri-propyl ketone gives the expected cirAchoninlo acid. 50 

In ketones of the type PbCO(Cft2) ri CH3 only those where n < 2 

undergo the reaction. 	Substitution of the phenyl group (e.g. 2, 

4 9 6 trimethyl) does not impede the reaction. 	In the corresponding 

naphthyl ketones reaction is normal with 1-acetyl-2-methy].naphth-

alerie but fails completely with the ethyl derivative. 

The steno nature of the isatin has been shown to have an 

influence on the course of the reaction also. 	ci and 0-naphth- 

isatins do not react while 5,7-dirnethyl and 5,7-diohloroisatin react 

normally with cyolohexanone. 	This is ariomolous when one considers 

the steno environment of the reacting groups in the corresponding 

isatinlo acids (8)(9)(10) and (11). 	It is seen that a-isatinio 

(8) acid is aterioa].ly similar to (10) and (11). 
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While in the reacting conformation or 0-isatinic (9) acid even 

the steno effect of the pen-hydrogen is absent. This acid is 

also said to react anomolously with methyl ethyl ketone giving 

only 2-ethyl-1-aza-phenanthrene-4-carboxylic acid in unreported 

yield. 145 

A variety of aryloxy ketones have been condensed with 

isatinic acid by Calaway8  and co-workers only products of the type 

(12) being isolated. 	Henze-52  performed similar reactions with 

Co N 

O1r 

I
CH 

(ia) 

alkoxy ketones with similar results. Surprisingly no steno effect 

seems to be operative here, even when the aryl group was replaced 

by naphthyl. Comparing these results with the results from 

the atenically sensitive methyl alkyl ketones used in the experiments 

of Buu-Hoi the picture becomes more confused and illogical. 

Some of the above results are plainly seen to be in error 

and it was decided to repeat some of the above experiments using 

modern analytical techniques. 
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2.3 Unay-mrnetrioal  ketones in the Fischer Indole Synthesis 

Fischer53  in 1883 heated pyruvic acid and 1-methyl phenyl-

hydrazone with alcoholic hydrogen chloride and obtained a product 

which he subsequently identified as 1-methylindole-2-oarboxylic 

acid (13). 	Since this discovery the reaction has been found 

- cc!, 1i 

t4 CA 

ri 
I - 

EoH ZIIIitII> C Oz  1-4 

C-13 	 C4 

(13) 

to be a very general one and is now the most frequently used 

preparation of substituted indolea. 

Four mechanisms have been proposed for this synthesis, one 

only has stood the test of time and modern physical techniques. 

This was proposed in 1918 by Robinson and Robinson, 55  extended by 

Allen and Wilson56  and Interpreted in terms of modern theory by 

Carlin and Fischer-57  in 1948. 

The mechanism is outlined above and will be discussed in 

detail below, but essentially proceeds by an 	 re- 

arrangement, closure of the N-C bond and elimination of ammonia 

giving the product. 

It is seen that it an unsymmetrical ketone is used, say 

methyl ethyl ketone, two products are possible, 2-3-diznethyliridole 
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and 9 -ethylindole. 	Robinson5  has stated "in the case of methyl 

ketone phenyihydrazones [(lL.) R' = 	= H, R = alkyl, aralkyll it 

/ 
*\ / 

Hc 

is well established that indolisation gives exclusively the corres-

ponding 3-substituted 2-methylindolee". This has proved to be 

the case with a variety of catalysts. 	Schofield-59  oyolised methyl 

ethyl ketone p-tolyl hydrazone using boron trifluoride-etherate as 
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the catalyst the only product being 2,3,5-trimethylindole, 

oxidation giving only 2-acetylaznino-5-rnethylacetophenone. 

Buu_Ho160 following his work on the Pfitzinger synthesis tried 

to extend his steno "rules" to the Fischer synthesis, however 

cyolisat ions of methyl n-hexyl and methyl n-.nonyl ketones gave 

only one product, the methyl indole, using anhydrous zine chloride 

as the oyc].ising agent. Methyl ethyl ketone p-nitrophenyl-

hydrazone has also been cyeliaed61  using 20% concentrated sulphuric 

acid in acetic acid. 	The only product isolated was again the 

2, 3-dimethylindole. 	In contrast to these findings Fischer 62  and 

Korozynsici et al. 63  using zinc chloride on methyl ethyl ketone 

phenyihydrazone have claimed "a little" and 20% 2-othylindole 

respectively. 

A recent report by Buu-Bo16  on the cyolisation of benzyl 

methyl ketone (15) with poly-phosphoric acid further confused the 

situation. 

CH  
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1) 

He found that oyolisation of this kiydrazone with zinc chloride or 

boron trifluorido-etherate gave only 2-methyl-3-phenylindole (17) 

while heating with polyphoephorio acid (85%) gave a mixture of 16) 
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and (17)  In the ratio of 5:1. He further showed that (16) was 

stable under the other two cy-olieation conditions, 80 that this 

was a genuine effect of the catalyst. His method for analysis 

of the mixture Is not stated and Is assumed to be the relative 

weights of piorates obtained after distillation (his method of 

separation). No explanation of this extraordinary result nor 

application to any other hydrazone has since appeared. 

Branched ketones have been stated to give exclusively 

3 9 3-disubatituted 3H-tndoles, 6  for example methyl Isopropyl ketone 

gives exclusively 2 930- trimethyl-3H-indole (18) no 2-isopropyl-

indole (19) being formed. 
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TILIG presence of the other isomer could easily have beon. over1ooed 

In the methods of separation and analysis used above. These were 

usually reorystallisation or distillation followed by piorate 

formation and further recrystallisatlon, a more soluble Isomer could 
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be easily "lost" using such a procedure. 

Methods of structure determination have been largely purely 

chemical. 	These have involved acetylation, a 3-unsubatituted indole 

would be expected to give a 1,3-diaoetyl derivative easily while a 

2,3-disubstituted derivative would give a 1-substituted product. 

Al1ylat ion with methyl Iodide has also been used, 3-methylindo].e 

isomers giving a non-basic 2-alkyl-3-methylindole  while a 2,3-di- 

substituted indole would give a basic Indolenine. 	Other methods 

which have been used are oxidative scission to a benzene derivative 

and unambiguous synthesis of one product. Again the same arguments 

apply, as outlined above, after a long experimental procedure 

Involving cry stallisations, minor, more soluble, products are liable 

to be lost. 

While Involved in an unrelated piece of work 2,3,7-trimethyl-

indole was prepared for subsequent oxidation to 2-amino-3-methylaceto-

phenone. 	This involved oycliaation of the o-tolyl hydrazone of 

methyl ethyl ketone. The hydrazone was cyolised in P.P.A. and 

was found to give a 50:50  mixture of 2 ,3,7- trimethylindole and 

2-ethyl -- 7-methylindole. 

We 66  have since published an expansion of this one Isolated 

result using different catalyst systems and have found that the 

ratio of products obtained depends on the acid strength of the 

medium. Analysis was done on the crude reaction mixtures using 

111 n.m.r. spectroscopy,, this being easily achieved by direct 

Integration of 3ff of the 2-substituted products against the 2-methyl 

of the 2,3-disubatituted  indole. 	An acceptable rationalisation 
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of the mechanisms involved has also been put forward and this will 

be discussed below. 

Two publications 67968 appeared after the manuscript of the 

above paper was accepted for publication. One by American authors 67 

studied the ratios of indoles obtained from methyl leopropyl ketone 

with phenylhydrazine in polyphoaphoric acid mixtures of varying 

strength. The conclusions reached and the mechanistic explanation 

of their results are in good agreement with those obtained here. 

The second paper by Japanese 68 authors studied the ratio of 

indo].es obtained from methyl ethyl ketone and methyl benzyl ketone 

with N-benzoyl N-phenyl hydrazinee, obtaining similar effects to 

those obtained below but giving no mechanistic interpreation of 

their results. 

2.4 stability of the indoles under cyclisation conditions. 

Obviously if one or other of the products from the 

cyolisation was unstable under conditions of oycliaation then it 

would be diffioult to interpret the results obtained. 

Migrations of subatituents from C-2 to 0- 3 and C-3 to c-2 

are well known in indolea, a brief review or these reactions will 

now be given. 

On heating phenylaoetaldehyde phenylhydrazone with zinc 

chloride, 2-phenylindole and not the expected 3-phenyl isomer is 

obtained. 69  This involves migration of a phenyl group from C-3 

to 0-2 and can be rationalised at the stage in the normal Fischer 

mechanism where ammonia is lost, thus:- 
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H 

1IIIuI:II;( 	) 	) 

70 Isobutyraldehyde phery-lhydrazone behaves similarly, the product 

being 2,3-dimethylindole owing to methyl migration. This has 

been shown to occur with 30-dimethylindoisnirie  on treatment with 

dilute acid:- 71  

c3 	 ZH 

iZIIIIIiiII- (H3  

2- ietliyl - 3-phenylindole when heated with aluminium chloride by 

a double Wagner-Meerw.th type rearrangement gives 3-znethyl-2-

phenylindole. 72  To affect our ratios however migration would 

have to occur from 0-3 to the 2-methyl group, this seems highly 

unlikely in view of the above results. The compounds were proved 

to be non- in taro onvertabls by heating them in the oycltaing mixture 

and on subjecting them to the usual work-up procedure no inter 

conversion was seen to occur. 
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SECTION TWO 

RE$1JLTS AND DISCUSSION 
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2.5 Pfitzinger Reaction, Origin of Starting Materials. 

Tan ketones were used in this work, three dialkyl, one 

alkyl alkyloxy, three alkyl aryl and three alkyl aryloxy being 

employed (See Table I.). 	Methyl ethyl, methyl n-propyl, methyl 

isobutyl and methyl bensyl ketones were commercial samples used 

without purification. The remaining ketones were synthesised by 

standard methods and purified by distillation or recrystallisation 

where appropriate. 

p-Methoxy phenoxy acetone and p-nitrophenoxy acetone were 

synthesised from the sodium salts of the corresponding phenols 

and browoacetone. p-m.thoxyphenylaoetone and p-nitrophenyl-

acetone were made by an adapted acetophenone synthesis. 73  The 

acylatlon of the maiesiwa ethoxy derivative of diethylnzalonate 

with p-nitrophenylacetyl and p-methoxyphenylaoetyl chlorides 

((20) R = -NO2 ,-oae) gives (21). 	This product can be hydrolysed 

and decarboxylated easily to the methyl ketone (22). 

0z 
C,45O r1cI4OJ4z I 

CI42CoCt 	 D- ~' C 14 

(zo) 	 (zi) 

C- H, 

(2.z) 
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This was found to be an extremely clean reaction which proceeded 

in excellent yield and was used to prepare acetophenonea for 

use in the synthesis of a series of cinbolines (see Part III). 

2.6 Typical Experimental Procedure. 

The ketone (2 mola), isatin (1 mol.) and 33% potassium 

hydroxide (3 mol.) were refluxed for 15 hours. The reaction 

mixture with some of the ketone, was heterogeneous at the start 

of reaction but was always homogeneous after refluxing overnight. 

The reaction mixture was acidified with acetic acid and the 

product filtered and dried. The mixture of products was then 

analysed by 1  H n.m.r. spectroscopy at 60 MHz . Yields were in 

the range 60-85%,  based on the isatin. 	In early experiments 

the aqueous phase was examined but was found to contain no 

cinohoninlo acids. 	Thus an accurate measure of the relative 

reactivity of the methylene and methyl groups in the series of 

ketones was obtained. 	The results obtained are set out In 

Table 2.1. 

In the reaction with L-nitrophenoxyacetone ((1), R = 

-02C6iI0)-  only 4-nitropheno1 and isatin was isolated. 	This is 

easily explained in terms of nuoleophille attack by hydroxyl ion 

on the substituted acetone being more rapid than Schiff base 

formation and cyclisatton. No indication of the fate of the ketone 

grouping was obtained but if the cause of failure of the reaction 

was as indicated the anion 0-0H200CH 3  would be formed which would 

be unstable and polymerise in the strongly basic medium so that no 
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TABLE 2.1 

Pfitzirtger Reaction Product Ratios (%)8 

R in 2,3-disubstituted 2-substituted 
cH3COCII2R 	(1) Quinoline 	(3) iuino1ine 	(2) 

CH   50 50 

C2H5  5 95 

a) 	cH(CH 3 ) 2  0 100 

d) 	C6H5 . 62 38 

6) 	4CH30.C6H4 E0 40 

r) 	4-NO2 .C6 fi 1  100 0 

OH 100 0 

c61'50 62 38 

1) 	4 MeO.C6H11 0 71 29 

J) 	4 NO2C6H0 0b Ob 

Determined by 1H ri.in.r. spectroscopy In CF3000.d as 

solvent. All results + 3; except where only one 

isomer detected. 

Only 4-nitrophenyl  and isatin Isolated. 
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indication would be expected. Comparison of the ratios in 

Table I with earlier investigations shows that the major products 

were usually correctly identified but that the alternative product 

is usually formed to a greater or lesser extent, except in the 

case of the dialkyl ketones [(1), ft = Et, Pr 1 , OH]. 	A detailed 

account of the accepted mechanism of the Ptltzinger reaction will 

now be given and the above effects discussed in the light of 

present results. 

2.7. Mechanism of the Pfitzinger Reaction. 

Isatin easily dissolves in strong bases to give a deep 

red solution which quickly becomes yellow exothermally. On 

evaporating the solution to dryness a yellow solid is obtained 

which, if the base used was sodium hydroxide, can be shown to be 

the ring-opened sodium Isatate or leatinate (23). 	The free acid 

Is not stable, ring closing to the isatin. 

0 	 0 

0H \ 	
Iz 

(13) 

This fact was not well understood for many years and let to 

early misunderstanding. Gysao74  condensed isatin with phenyl-

acetic acid in the presence of sodium acetate and isolated a 
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product to which he assigned the structure (24). This substance 

was later shown to be identical with a product obtained earlier 

by llubner75  from iaatin and pheriylacetic anhydride (25). 

(2J-) 

ccD N 

H 

Borche and Jacobs 76  condensed malonlo acid with isatin and 

analogously formulated the reaction as follows: 

i::IIIIii 
CO2 14  

- -0a. 

C::®rj 0 
H 

Their detailed mechanism was set out as illustrated below. 

Acetodinitrile on reaction with isatic acid yielded 2-methy].-3-

cyanocmhoninio acid 77  which superficially substantiated the 

above mechanism, however on reaction with isatin a pyridine (27) 

rather than a qutnoline derivative results. 	In this case 

condensation on the "ketonic" carbonyl of isatin had occurred. 
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cH(cj1) 	 C0?  

()r,~AzL t  CCCD 	

I 	OH 	
- 

COH 11i111111111>- (2.6) 

/ 
C0H 

 COZ 

Licidwale and Maolennat10  have shown that condensation of isatin 

with ketones such as acetophenone under mildly basic conditions 

(diethylamine or piperidine) leads to oxindoles, e.g. (28) which 

N 

2 	 Cr 

7L 
H 

(17) 

are readily dehydrated to the phenacylidene compounds (2) under 

acidic conditions, this compound is reported to give isatin and 

aoetoph.none under strongly basic conditions which then further 

react to give the substituted cinchoninic acid. Mineral acids 
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014 	 //CHCO?LN  

(ZO = 0 	 -> 	IIIiiiIi1II> 
(z) 
	

(z?) 

however convert (29) smoothly to the cinchoninic acid. 

Thus it is obvious that the Pfitzinger reaction cannot 

proceed through species such as (28) or (29). 	It is therefore 

assumed that reaction occurs through the ring-opened isatic acid. 

Two possibilities still however remain, either condensation can 

occur between the amino group of the isatic acid and the carbonyl 

group of the ketone or condensation can first occur between the 

methylene group of the ketone and the carbonyl group of the acid. 

This point is only of academic interest with acetophenon., where 

only one product is formed but with an unsymmetrical ketone as in 

this work it becomes of paramount importance since it the reaction 

proceeds through an Intermediate such as (30) then the step which 

co 

I 	II 

(3o) 

F°z 

C 
IN 

1 	
C" 

44. 0 	CHR 

(3i) 
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determines the product is the ionisation of the Schiff base (30) 

followed by nucleophilic attack on the keto group and dehydration 

to the cinchoninic acid. 	It however the reaction proceeds through 

(31) the product ratio is already determined and this may be 

different from the one above. 

Schiff base formation is usually a fast reaction while the 

Pfitzinger procedure is a slow one, the typical reaction period 

being 15-20  hours, most of this time being necessary. The Clatsen 

condensation between the carbonyl and methylene, or methyl, group, 

is open to steno hindrance and is likely to be a3oh slower since 

the ketone group participating in the reaction is not likely to be 

polarised to any great extent owing to the carboxy anion attached 

to the same carbon. These facts point to cyclisation occurring 

through species (30). 	This is consistent with views of earlier 

workers. 79 In support of this llalberkann8°  showed that on basifi- 

cation of 6-rnethoxy-N-aoetyliaation, -carboxy-6-methoxy-2-quino1inone 

results so that the above reaction is known to occur. 

oz 	 coL 1-' 

oTIjIIIII 	0 H> 

	 C= 0 
C 3 O 7y 

r) 



A very similar reaction is the Stoll-Becker cinnoline synthesis 

from N-benzylideneamino isatina (32)  which on treatment with base 

gives 3-phenyl-4-carboxycinnol1ne (33). 

0 	 a02  

( 0 
Hcc' E1ZIIIILII 

Vk 

tj

= c 	- 	c:::1IIIjii r) 
r_) - 

" cIWk 

There cyolleatlon probably occurs through a similar type of 

intermediate. 

A further complication arises as to the stereo-chemistry 

of (30). If (30a) and (30b) were not interconvertible under the 

conditions of the reaction then the product ratio would depend solely 

c-oz  

rY 0 

CHI  I 	II 
C_ HZR 

CO $::HzR  

. 

(3o) 



co2 	 o c 

cl~ - rY 

(TL&) 

c.c2 

 CH 

-c 

on the ratio of (30a) and (30b) formed which doubtless depends 

almost entirely on steno factors. 	Our results (see Table I) 

are not consistent with this explanation so that interconversion 

of the above isomers must be possible by the following mechanism. 

Ii -. 

	
cIz- 	 C14 R  ri 	

CIAZ - 

k'~ 

CHJZ 

A normal Claisen condensation can now occur to give (34), dehydration 

of this compound then gives the cinchoninic acid. 



The ratio of products can be rationalised in terms of the above 

reaction sequence. Both steno and electronic interactions are 

operative and it will be easier to treat their respective effects 

on the reaction product ratios separately. 

2.3 Steric Effects. 

A study of molecular models shows that cyclisation can most 

readily occur when both the carbonyl and oarbanionoid centres are 

out of plane with respect to the aromatic ring. 

co a  
C7 

i' 

 CH 3 

(35) 

It is also important in the transition state of cyolisation tiat 

the two carbanionoid centres, the carboxylate anion and the negat-

ively charged carbon, are as far apart as possible, these restric-

tions are best satisfied by the conformation (35). 

Since the two substituenta are out of plane with the ring 

there is little through conjugation between the two systenmnd it is 

therefore justifiable to separate steno from electronic effects. 

The ratios of products from the three dialkyl ketonM are 

grossly different. 	Methyl ethyl ketone gave a 50/5 mixture, methyl 



n-propyl ketone gave 95% of the product by cyolisation through 

the methyl group, higher homologues reacted entirely on the methyl 

group. 	This gross difference is indicative of steno controi,' 8  

since the difference in electronic effects of the groups CH 
3P 

 CH2CH3 

and CH2CH(CH3 ) 2  is not great. 

The reaction (35a) — (2) [see figure 2.1) will proceed at 

a similar rate for all B, for the reaction (35) —+ (3) however, the 

rates will differ depending on the bulk of R. 

C \  

( 

c 3  

Even when R = CJI 2C11 3  (see (37)) the i-CH3  group interferes strongly 

with both the rt 1-0H3  group and the carboxylate anion during rotation 

about the r-3 bond. 	This is obvious in molecular models, thus the 

population of molecules in the correct conformation for reaction to 

occur will be small and accordingly the rate will be slow. This is 

seen to be the case from the experimental ratio obtained. This 

effect will of course become more and more dominant the larger the 

group R. 	Two other factors can influence the cyoliaation ratio, 

these are the statistical feature that a methyl cyolisation is 

312 times more likely, all other things being equal, than cyolisation 

through the methylene, also the step by which the carbanion (36) is 
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formed from (30) 18 unlikely to be unimolecular and thus steno 

features could here affect the acidity of the methyl or more 

particularly the methylene group. Thus if the cyclisation is a 

reasonably fast step steno control of the reaction products could be 

doubly important. 

As an illustration or the above steno effects it was decided 

to carry out a Friedlander reaction Involving methyl ethyl ketone 

as the reactant. The Friedlander sequence is illustrated below 

(38) - (39a,b). 	It can be seen that in the Schiff base (LEO) there 

cJ: 
CHO 

C(li 

CHI 

+ I 
c iiIII I) (143  

(s) 	(Q) 	 (i.) 

is little stenic hindrance to cyclisation, there being no carboxylate 

anion to interfere and slow the reaction, On the assumption that 

a ateric effect is operative one would expect more cyclisation 

through the ethyl group giving a higher proportion of 2,3-dimethyl-

quinoline. 	Previous report s8  claimed this compound exclusively, 

analysis of the crude reaction mixture by 1 H n.m.r. spectroscopy 

gave 85% 2,3-dIznethy and 15% 2-ethylguinolino. 	It was Intended to 

extend this procedure as a test of steno control with the other 

ketones but the difficulty of preparing o-amino-benz7aldehyde and 

its instability prevented this, the material polymerising in a natter 



of a few hours to a yellow anxrphoua solid. 

The Pritzinger reaction with bydroxyacetone (1 g) where 

only 2-methyl-3-hydroxyoinchoninio acid was obtained can be explained 

in terms of the stability of the longest conjugated anion. This 

of course is only true if the cyclisation step (35) -* (3I) is  the 

slow rate determining step, since time is needed for a thermodynam-

ically equilibrated mixture of carbanions (35), (35a) to be set up. 

(The result of this experiment lends weight to this assumption which 

will be discussed under electronic factors below). 	Steno effects 

in this molecule are small (a freely rotating hydroxyl group being 

roughly the same size as a methyl group) and cannot be involved. 

Hydrogen bonding in the transition state (41)  may assist by "locking" 

the reacting groups in close proximity of each other. This is unlikely 

FA 

V 	
-, 

¶rC 

Ek- 

(1D) 
	

(L,i) 

however since neither the nitrogen nor the carboxyl group have 

orbitals suitably directed for efficient overlap. 

The steno hindrance to cyolisation in the ar'ylaoetones 

Schiff bases is similar to that in the compounds from n-propyl 

methyl ketone, and this may explain the reasonably high proportion 



of product formed by cyclisation through the unconjugaed anion 

(35a) . 	A similar steno interaction occurs in the aryloxy compounds 

where steno hindrance can occur between the phenyl group and both 

the earboxylate anion and a 1  methyl group. 	It should be noted that 

the ratio is in favour of the 3-phenyl or 3-phenoxycinohoninic acid 

which is in contrast to the corresponding aterically equivalent alkyl 

compound. These effects cannot be explained in terms of steno 

effects and we must therefore seek an explanation elsewhere. 

2.9 Electronic Effects. 

In the following discussion the unrefined HUokel molecular 

orbital approach with overlap neglected has been used. 82 Calcu-

lations were performed using the computer programme CHUC (for which 

I am indebted to C.W. Haigh) on IBM 360/67 and 360/50 machines. 

(full details of the calculations are given in Appendix I). 	By 

this method a comparison of the total Th -electron energy of the 

reacting anions (35) and (35a) was made. 	It was considered that 

the change was localised in the (-N-CMe-CHR) or (-N-C(CH2R)-CH 2 ) 

parts of the molecule [this is justified since a consideration of 

molecular models (see above) shows that these parts cannot become 

co-planar with the rest of the molecule during cyolisation]. A 

calculation of the electron density at the reacting carbon (C-3 

of the resulting quinoline) and the polanisability if this carbon 

atom were also made. The Coulomb and resonance integrals used 

were those generally recommended. 	For oxygen (), nitrogen (as ), 

the C-O bond () and the C-N bond 	those used were 
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=C + 230 N = 	+ 050 cc ) where O CC  is the resonance 

integral of a C-C bond. 	co = 07' 	and 0 = 	These 

parameters lead to the calculated values for E,. , the total 

electron energy, -q, the charge density at the reacting carbon 

and 'I the atom polarisability shown In Table 2.2. 

TABLE 2.2 

Total -IT -electron energy for the cyclization of the 

anions (35) and (35a) 

R = 	H OMe(or OH) -C6 H5  -C6
H0

0CH 3  

V8  3(2e 11(20 15713 

VI 
1-1 

3626 7680 12].O0 16'269 

- 1 138 1* 32 130 130 

1tvi 0.510 0504 0399 0. 400  

R -0 COT 5  -OC6 H11 OCd3  

4 15718 19928 

HVI 15879 20025 rr 

vi 132 l32 

TTvi 0500 0494 

in units of 0 cc 

In units of 0 cc- 
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ft is immediately noted that Eg for the longest conjugated 8yBtelfl 

is always higher than Eq  for (35a) the methylene containing system. 

This indicates the greater stability or this system, thus assuming 

that the slow stage is the cyclisation stage the anion (35) will 

have the highest concentration. 

On comparison of the systems (42) and (43), one would 

 

oC H3  

a02  

I I  

C- 
(o 

 CH 
 

_ CO2 

(42) 

 

predict that the electron density at the reacting methylene group 

in (42) would be higher, therefore less acidic than that in (43) 

giving lees cyolisation through this group and more through the 

methyl group. This however was found not to be true, there being 

little difference In the ratio. However these calculations show 

that the electron density at the methylene is not significantly 

different. 

A significant electronic effect is seen with p-nitro-

b.nzylacetone in which the only product formed is by reaction 

through the methylene group. This is a result of electron with-

drawal by the nitro group, stabilising the anion (35) once formed. 
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2.10 Conclusions 

It seems probable that under basic conditions, as in the 

present work, the Schiff base rapidly forms an anion (35) since 

attempts to isolate ketone Schiff bases have always failed, 

quinolinee being formed Instead. 	This can be rationalised by 

assuming rapid formation of a Schiff base, reaction with another 

molecule of ketone and cyclisatlon as outlined below for acetone, 

(43) - (I4) 

1 	4(CH32(D 
c 3  h 

Cis  > CI;ft  P 

'

iz 

,CJ13 	 . 

C 
- 	

, 

rJ 1 	H 

(4L.) 

The overall rate equation, based on stationary-state concentrations 

of the anions (35) and  (35a) which are high with respect to the Schiff 

base is given by equation (2.1). 	This equation can be simplified in 

two extreme cases, a) it the rate controlling step is ionisation 

of the Schiff base, followed by rapid cyclisation before reprotonation 

can occur then the product ratio 	is given by equation (2.2). 

Although this is possible due to the proximity of the reacting groups 
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this is not very likely since the alkyl ketones would be expected 

to give roughly a 50/50 mixture. 	It is noteworthy that only the 

total TI- electron energy E fl. Is relevant to such a mechanism since 

the rates of reaction, K5  and K6, (figure I) are given by equation 

(2.3) where tsE TT  is the difference in total iT-electron density. 

In all phenyl substituted acetones used the longest conjugated anion 

Is the stabler. 

R2 	K2  K3 +K_6  

R 3  K6 ç K2 	+ K_5 	 (2.1) 

(2.2) 
K6  

-\E = RTlog K6 K 	
(2.3) 

iT 	 a 

= 	. 	= 	 (2.4) 

A more probable explanation Is b) that the rate determining stage 

is cyclisatlon to the quinolines (34) and (34a), here equation (211) 

reduces to equation (2.4) where K is the ratio of the equilibrium 

constants for the Schiff base ionlsations. For benzyl methyl ketone 

the equilibrium concentrations of the anions (45) and (16), a = Ph, 

ct-I3  

c-c 
- 	N 

H 

((j5) 

\ 

c-c 
- - 

(L) 
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at equilibrium are > 98% and < 2% respectively. 	The ratio for 

the enamine anions (35), (35a) R = Ph., -C6HOCH3  could well be 

similar since [N-c-CF and jo-c-cF systems are isoelectronic. 

The concentrations of (45) where R = -C6H5 NO2  would be expected to 

be higher due to the electronic effect, this will have the effect 

of reducing the rate of reprotonation (K 6 <K 5 ) as well as 

cyolisation. 	The observed ratios of quinolines (2) and (3), 

favouring reaction through the anion (35); (R = Ph, -C6H1
0 

and 

-CO NO2 ) can therefore be interpreted in terms of a favourable 

equilibrium constant (1) partly offset by low reactivity and steno 

retardation reducing K 3 • 

There is no available data for the equilibrium concentrations 

of the anions of phenoxyacetone, but the calculated IT - electron 

energies and polanisabilities suggest that the long conjugated anions 

will predominate but with lower proportions than the phenyl compounds 

discussed above. The difference in behaviour of phenoxyacetone 

and L.-methoxyphenoxyaoetone (Table I) is bewildering and no 

explanation of this difference in reactivity is offered. 

The proportions of terminal enolata anion for the ketones 

[(l);R = But' and Pr) are 58% and 62% r.spectiveiy8  as determined 

by deuterium quenching. The figure for R = Et 18 probably similar 

to the former. The observed ratio of quinolines formed from the 

enaznine anions are higher than these figures would wuggeat they 

should be, this is again an indication of steno retardation of 

the cyclisation reaction for (35a). 



2.11 Effect of Varying Base Concentration 

In view of the work on the Fischer Indole eynthesia8 (see 

below) and the effect of varying acid concentration on the ratio 

of products obtained from unaynanetrical ketones, it was decided 

for completeness to study the Pfitzinger reaction with varying 

base concentration. 

The reaction was studied over the range 15-50% (w/v) 

potassium hydroxide concentration, the reaction time, work up and 

analysis being the same as above. No significant change in product 

ratio was obtained, none being expected. To change the ratio either 

the oyolisation stage would have to be much faster, the ratio then  

being determined by the initial Schiff base concentrations, or the 

equilibrium concentrations of the anions would have to be changed 

drastically. 

C.R. Hau3er8  has found that dianions e.g. (47) react 

abnormally through the methylene group not the methine group as in 

0 	0 
- it 	- 	 II 

CH2-C CH-C-CH3  

(L7) 

the monnanion. An attempt was made to influence the reaction course 

by performing the dianion of pentane-2. L.-dione and reacting it With 

sodium lastinate. This was performed in liquid ammonia using 

sodamide as base. 	No reaction occurred, isatin only being recovered, 

this probably being due to the insolubility of the teatinate In 

liquid ammonia. The normal product in potassium hydroxide was 

confirmed to be (of. ref. til) 3-acetyl-2-methyl chohoninic acid 

[(3) R = Ad. 
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2.12 Separation of the Cinohoninic Acids 

Fractional crystallisation was successful for separation 

of 2,3-dimethy]. and 2-ethyriohninic acids but was found inadequate 

for the acid mixtures obtained from the aryl and aryloxy methyl 

ketones. However consideration of the steno environment of the 

carboxyl group In the two types of compounds say, (2) and (3) R = Ph, 

suggested that esterificat ion of the 3-unaubstituted acids would be 

much faster than esterificatton of the stenioally crowded 2,3-disub-

atituted acids, this proved to be the case. 	Refluxirig the mixture of 

acids in othano].ic sulphuric acid for 30 inins gave on pouring into 

water a solid which after one recrystallisation proved to be pure 

2,3-disubstituted acid. Neutralisation with sodium hydroxide and 

extraction gave the ethyl ester of the sterically uncrowded 3-un-

substituted acid which was then easily hydrolysed with potassium 

hydroxide giving a complete separation of the isomers. 

2.13 Spectra of the Cinchoninic Acids and Eaters 

The n.rn.r. spectra at 60 MZ of the acids and eaters are 

shown in Tables 2.3 and 2.4, representative examples are also re-

produced (see opposite). 	Features of these spectra again illustrate 

the stereDchemiatry of the acids and esters. 

The 11i n.m.r. spectra of the 3-unaubatituted acids in rFA 

shows absorption at approximately 09 1 integrating for one proton, 

which from its general form and multiplicity is 1k€ X part of an 

ABCX spectrum, 86  and is thus due to either 5-H or q 11 of the acid. 

The corresponding ethyl esters of (2) (Table IV) show two downfield 



TABLE 2.3 

n.m.r. spectra of the cinchoninic acids 	(2) and 	(3) (i 	)8 

R in (2) 2-Substltuent 611, 	711, 	811 

CH 3- 830H3 ) 65(cH) 147 090 16 - 20 

CH CH 65(aCH2 ) 785(CH2) 	877(0H3 ) 15 090 196 - 20 

C11Me2 - 671(d2), 758(CIi), 	88(C113 ) 156 093 16 - 20 

C6 115  522(C112 ) 25(C6 115 ) 143 0-80 16 - 20 

40I4eC6H5- 520(CH2  ) L. 2'-28(C6H) 160 090 16 - 180 

C6 115 0- 413(CH2 ) 2-4-270(C6115 ) 1'30 0080 1-40 - 2-00 

L4.OMeC6H0 L18(CH2 ) 280-300(C6H1) 598(0CF1 3 ) 135 083 160 - 200 

R in 	(3) 3-Substituent 511, 	611, 711, 	8i1 

CH  667 726 	(CH 3 ) 16 - 2U 

C6 115  706 220 - 2-70 	(C6F15 ) 16 - 20 

1NO2C 6 H1  700 230 - 2-60 00) 1-6 - 19 
40Me36H 740 240 - 280 (C6 H4 ) 593 (ONO) 16 - 170 

Oq 687 08(511) 	160 - 200 

C 6  H 
5 

 0 700 2-30 - 2-90 	(C6 115 ) 1-6 - 20 

40MeC6H50 7-00 280 - 300 	(c6 114 ) 1'6 - 2'0 

600 (0c113 ) 

a) In T.F.A. 

a' 



TABLE 2.L. 

r,n.r. (T) spectra of the ethyl esters of (2)8 

2-Subetituent 3H 5i 61f, 	711 ii.-  Sub  etituent 
C6 H5  568 (CH2 ) 2•3 1•35 2•45 185 555 (Cii2 ) 

278 (Ph) 865 (CH 3 ) 

4-CH3006H4 572 (CE2) 2'28 130 2'43 185 553 (CE2 ) 
275 ) 
36 ) (C6 4 ) 

863 (CE 
3  

633 (OCI 3 ) 

06 1150  467 	( 0112) 555 (Ci 2 ) 
265 - 32 185 123 238 1-86 860 (CE 3 ) 
(06115 ) 

L.dU3Oc6ao 168 	( 0112) 1-86 l28 236 1 - 93 552 (0112) 
285 - 33 8-58 (CE 3 ) 
(C6H) 

a) in CDC1 3  

P. 
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protons, typically at 13 and 18 r, which are clearly the X 

and Y or an kBXY syatem. 8 	These results are consistent with 5H 

absorbing at 1 31  and O'9 r in neutral and acidic media respec-

tively (the ester spectra were determined in CDC1 3  and the acids 

in TAF), and 8-H at 18'7' and above in the same media. 	This is 

consistent with protonation and therefore removal of the anisotropic 

effect of the ring nitrogen in trifluoroacetlo acid. 	Final con- 

firmation of these assignments cornea om the n.m.r, spectrum of the 

products from methyl ethyl ketone and 5-ohloro-isatin neither of 

which shows a proton which Is shielded. 

The spectra of the 2 ,3-disubatituted acids, with one exception 

which will be discussed below, show no absorption at such low 

fields, the 5H being at least 07 p.p.m. further upfield in these 

compounds. 	This effect shows that in the 3-unsubstituted compounds 

even when protonated the carboxyl group is in plane thus shielding 

the 5-H while in the 2,3-disubstituted compounds the carboxyl 

group is out of plane. The sole exception Is the 3-hydroxy compound 

(48) and this can be ascribed to hydrogen bonding between the 

carboxyl and hydroxyl group enforcing conplanarity of the carboxyl 

group and thus shielding of the 5-H. 

i- 

c_43 
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The u. v. spectra (Table V) of [(2) R = Me) and [(3) H = Me] show 

a reduction in intensity (20%)  in the latter case as expected for 

out of plane twisting of the carboxyl group. A further feature 

Is the smaller difference in wavelength between the p- and n-banda88  

U.V. Spectraof 2-Ethyl and 2 ,3-Dimethyloinohoninic Acids 

((2) H = OH 3 ] 10) H = OH 3 ] 

A(nm) 	209 231 	294 	315 214 230 	286 	316 

log 	486 4v82 	4'66 	161 4'88 472 	455 	451 

in the unhindered compound, as similar feature appearing for 

quinolIne- 3-carboxylic acid when compared with Its 4-methyl homologue, 89 

2.34 Fischer Indole Synthesis:- General Procedure. 

Fischer indole syntheses were performed using four un-

symmetrical ketores, (49) as listed below using various condensing 

CH3COCHR1R2  

(14.9) 

H' 	 R2  

H 	 CH  
CH 	

CH  
Ph 

11 	 4.NO2c6H 

agents. 	These acids and Lewis acids were boron trifluoride-ether 

in acetic ada, various concentrations of sulphuric acid in aqueous 

ethanol, 90 (v/w) orthophoephorlo acid and polyphosphoric acid 

mixtures obtained by the addition of phosphoric oxide to ortho- 
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phosphoric acid. 

The ketones used were unpurified oomeroial samples except 

L.-nitropheriy1aeetone, the preparation of which has already been 

described (section 2.5). 	The phenylhydrazonea were prepared in 

the usial way, the solids (from (490)  and (49d) being reor7stalliaed 

prior to cyclisation. 	They were heated with the catalyst at 

100-1150  for 3 bra (BF, reactions) or 05 hr. (for other reactions), 

poured into water and extracted with chloroform. The crude products 

were then analysed by 1H n.m.r. apeotroaoopy. The ratio of products 

obtained was again easily determined by direct integration of the 

spectrum by using in particular, the 3-H of the 2-substituted lndoles, 

(which is observed at 38 + 011') which is well separated from the 

rest of the ararnatic protons, and the 2-methyl groups of the indole 

(53) or indolenine (5Z)• 

I
?: 

2. 
4n 1 

 

J4 	 14 

tz I  

(s. C) 
	 (Si) 

z. 

Crr 	 C14 3  

(3) 	 1< -- 
The yields were all 80% and over for (lb-d) and near 60 

for methyl ethyl ketone (la). 

Cyclisations were first performed using aqueous sulphuric 

acid of varying strength, this being satisfactory for the aliphatic 

ketones but for the aryl acetones this method proved unsatisfactory, 
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the hydrazones being insoluble in 60% (w/w) sulphuric acid, no 

reaction occurring, while in stronger acid 	w/w) extensive 

suiphonation appeared to occur, water soluble products only being 

obtained. 	Sulphuric acid in 1:1 molar aqueous ethanol was then 

used and found to be satisfactory, the water being necessary to 

suppress diethyl sulphate formation. 

The results of cyolisation of benzyl, Lp-nitrobenzyl, ethyl 

and isopropyl methyl ketones phenylhydra zone s in polyphosphoric acid 

and aqueous ethano].ic sulphuric acid showed an increase in the 

proportion of the 2-substituted indole (51) formed as the acid 

strength of the medium increased. 	The ratios of products obtained 

in P.P.A. and sulphuric acid from the ketones are listed in Tables 

2.6 and 2.7. 

mAory 9 f, 

Products 5  from the cyolisation reactions in phosphoric acids 

Ketone (49a) 
P20 5 ooncentrat ion  b 

; w/ 
66 
732 
79* 8 
63 - 0 
86 - 4 

(52) R = CH  
100 

92 
60 
49 
50 

(51) R1 = CH 3 R2  = H 

40  
51 
50 

Ketone (49b) 

(53) R' = a2  = OH 3  
66'L 	 100 
732 	 74 
798 	 45 
830 	 21 
864 	 17 

(51) a1 	Gil H2  = OH 3  

26 
55 
79 
83 

(Contd.) 
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Table 2.6 (contd.) 

P o concentration  

w/w 
66 L1.°  
69 - 5 
730 
783 
830 

ketone (490) 

(52) R2 = Ph 
100 
98 
91 
71 
44 

(51) R1  = Ph H2 = H 

0 
2 
9 

29 
56 

Ketone (49d) 

	

66 - 40 
	

100 
	

0 

	

83'O 
	

66 
	

314. 

Errors not greater than 5% 

Percentage (w/w) P205  content in P205 + 1120  system 

90% (w/w) orthophosphoric acid. 

TABLE 2.7 
Products from cyclisatioris in aqueous ethanolic 

(51) 	(52) 	(53) 

Ketone (49a) 	 14.0 	 0 	100 
70% 	 51 	49 

Ketone (49b) 	 40% 	 0 	 100 
55 	 140 	 60 
70% 	 100 	 0 

Enehydrazine (55) 	40% 	 0 	100 
70% 	 25 	75 

a) Acid to total In aqueous ethanol (1:1 molar). 

A plot of the percentage 2-isomer (51)  against H for the 

polyphosphoric acid (determined 90  at 250 , there being no data for 

higher temperatures) showed typical Sigmoid-type curves, in which 

the characteristic feature appeared to be a near linear correlation 

between the two variables over the range -46 < 1I < -64. 
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It should also be noted that the proportion of 2-substituted 

iridole is lower for the L.-nitrobenzyl compound, under identical 

oyclisation conditions, than in the mixture obtained from the un-

substituted compound. This can be rationalised by enhanced acidity 

of the methylene group in the phenyihydrazone due to the electron 

withdrawing effect of the p-nitropheny, group. An attempt to show 

that the opposite effect prevailed in the case of the L-methoxy 

compound failed, tars only being obtained, being due to extensive 

dame thylat ion. 

The cyclisation of benzyl methyl ketone phenylhyth'azone was 

also studied using boron trifluoride-ether in acetic acid 91  and 

32 (w/w) ethanol-sulphuric acid; 92 in both oases only 2-methyl-

3-phenylindole was obtained. 	In 80% w/w water-sulphuric acid the 

product contained 21% 2-benzylindole. 

Thus it is seen that earlier generalisations were wrong but 

under the conditions used no other product would have been 

expected, the normal condensing agent used in the older literature 

being the Lewis acid zinc chloride which is not a strong enough 

acid to swing the ratio of products towards the 3-unaubstituted 

indol a. 

In agreement with earlier conciusion9 9  we observed that 

the acetylation and isomerisation of methyl ethyl ketone phonyl-

hydrazone which occurs in the presence of p- toluene aulphonio acid 

leads exclusively (> 9%) to the enehydrazine (5) none of the 

but-1-ene(55) derivative being detected in the product by 1  H n.zn.r. 

spectroscopy. 	Cyclisation of this diacetylenehydrazine in 40% (w/w) 
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C 

O 	'- 
I 	II 

r 

Ac 

(SLf) 
	

(as) 

aqueous ethanolic sulphuric acid gave only 2,3-dimethylindole; in 

70 (w/w) aqueous ethanolic sulphuric acid some conversion of the 

enehydrazine (54) into  (55) occurs since the indole mixture 

obtained contained 25% 2-ethylindole. 

2.15. Mechanism of the Fischer Indole synthesis. 

The mechanism of the Fischer indole synthesia 9  up to the 

product determining stage is set out in Figure 2.2. 

The first stage is protonation or co-ordination (when the 

condensing agent is a Lewis acid) of the 0 nitrogen atom to (57) 

followed by removal of a proton by base to give the enehydrazine 

(59) or (60). Reprotonation followed by a Claisen or o-benzidirie 

type rearrangement fixes the orientation of the indole. 	Formation 

of a new N-C bond (64) to (65), followed by aromatisation with 

expulsion of ammonia gives the indole. 
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Subsequent to its first proposal in 1918 every stage of 

the mechanism has been supported by experiment. First support 

came from the observation that the ease of enolisability of 

aldehydes and ketones bore a relationship to their ease of 

indolisation. 95  This was interpreted in terms of the hydrazone- 

iehydrazine equilibrium lying further over to the left in some 

systems than in others. 	Physical methods were used (o.V.) to show 

that the azo tautomer (66) existed in equilibrium with the 

hydrazone under neutral conditions. 	Polarographic studies suggested 

that in alcoholic solution phenylhydrazones of aliphatic and alt-

cyclic ketones exist mainly in the enehydrazone tautomer, whereas 

aliphatic aromatic ketones and aldehydes exist in the hydrazona 

tautomer. 96 	However using 1  H n.m.r. spectroscopy no evidence 

for either tautomer was observed, the spectrum of the hydrazone only 

being apparent. 97 Exchange studies in methan-(H)-o1 8  have also 

proved the erronlousnesa of the Russian work. This work does not 

however rule out the enehydrazine intermediate under the strongly 
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acidic conditions of the Fischer reaction. 

All the mechanistic formulations or the Fischer indole 

synthesis have assumed monoprotonatlon or co-ordination of the 

nitrogen atoms in the enehydrazine intermediate. The electronic 

structure and charge distribution in this molecule will be all-

important in determining the ratio of products from the reaction 

using an unsymmetrical ketone. 

The analogy between the Fischer reaction and the benzidine 

rearrangement was first pointed out by Brunner 99  and later by the 

Robinaona. 100001  The o-Claisen rearrangement analogy was pointed 

out by Carlin. 02  

The benzidine rearrangement is a rearrangement reaction thich 

occurs 

aqueous 

benzene 

(67). 

absence 

treated 

,iith aromatic 

hydrochl oric  

Itself gives 

The reaction 

of 

with acid.  

hydrazo compounds in the presence of acid, 

being the most employed reagent. 	Hydrazo- 

a 70/30 mixture of benzldine (66) and o-benzidine 

has been shown to be intramolecular due to the 

products when mixtures of hydrazo benzenes are 

r,) 

 -Q'--------\_ 
P3142 	 rJ 

 tt. 

(h') 
	

(&r) 
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Attempts to discover the mechanism at the reaction by 

study of the various products got by blocking the two para-positions 

etc. failed, an insight into the mechanism eventually being 

gained by kinetic experiments. Hammond and Shi 10  showed that 

the rate of rearrangement was first order in hydrazo-benzene and 

second order in acid in ethanolic hydrochloric acid. Thus the 

driving force for the reaction was put down to the easy bond 

scission in (68). 

& H 
2- 

H 2--0 

Carlin and Odiosos 101  then reported that for o-hydrazotoluene 

the sole product was 3,31-dimethyl benzidine but the kinetics were 

described by equation (2.1). 

-d(H2 ) 

dt 

where [R} is the hydrazotolueno concentration. 	This at first 

very odd equation was explained by Hinshelwood105  by assuming that 

in the case of hydrazotoluene, instead of following second order 

kinetics in hydrogen ion concentration two mechanisms applied, the 

rearrangement occurring through both a di- and mono-protonated 

species. 	This simple suggestion took a long time to be accepted 
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but has been fully proved experimentally. The position is that 

a hydrazo compound may show first order acid catalysis at low 

acidities and second order acid catalysis at high acidities, and 

could thus be expressed as equation 2.2. 

-d(H2 ) 

dt 	 + 1c2[H5)[H)2 .......... 2.2 

The validity of this equation has now been demonstrated for a 

whole series of hydrazobenzenea. 	2- or 2 0 2 1 -diaubstituted 

hydrazobenzenes tending to have first order kinetics even at high 

acidities while 2-unsubatituted compounds tend to react through a 

diprotonated species even at low acidities, plainly a steno factor. 

The other rearrangement which the Fischer indole synthesis 

was compared to above was the Claisen rearrangement. 

This reaction is that in which an al].yl aryl ether (69) is 

converted into an aliyi substituted phenol. The allyl group 

enters the ortho-position of the ring as in (70) or where particular 

structural features exist the pars-position as in (71). 

0 

J 
Oow 

C tAL 14 C> 

It 	0 ,C.4 

(9) 
	

('-to) 
	

(1L) 

The reaction is intramolecular and proceeds through dienone inter- 

mediates such as (72)  and (73), which then tautomenise to the phenols. 
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This reaction in contrast to the Fischer synthesis is usually 

thermally induced. However an acid catalysed counterpart is 

known, just as a thermal counterpart of the indole synthesis is 

known. 

Anomoloua reactions occur in the acid catalysed rearrangements 

of some aflyl aryl ethers similar to those observed with the Fischer 

reaction. 	Rearrangeiuieut of allyl 2,6-dioh].orophenyl ether when 

heated in solution gave the expected L.-allyl phenol. However when 

heated at 1300  with zinc chloride 2-allyl-4,6-dichlorophenol was 

obtained in high yield (74)) 06  This can be attributed to 

ohlorinium ion migration in the protonated ether but this does not 

seam to be the case since the substitution of zinc bromide for 

zinc chloride in this reaction gave a mixture of the 4-ohloro and 

4-bromo compounds (74) and (75). 	The same halogen exchange 

reaction is seen in the Fischer synthesis and is beat represented 

as ocouring through the diene-imine intermediate (76) in this case 

exchange probably occurs in the dienone (77). 
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If the analogy between the benzidine rearrangement and the 

Fischer reaction is carried through then there is no reason to 

suppose that the phenyihydrazine or enehydrazine intermediate 

cannot be diprotonated in very strong acid, all the earlier 

formulations being easily written with diprotonated species (78) 

to (79). 

R 

Hz 

(¼7c1) 
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2.16 Conclusions and explanation of results. 

Steno considerations are not a major factor in this study 

since the atenicaily hindered product Is always formed, as the 

only product, in weak acid and It 13 difficult to explain why 

addition of a proton (the only possible additional reaction In 

strong acid) could add considerably to any steno factor already 

present. Thus we must look to electronic or electronically 

controlled kinetic factors to explain the awing in product ratio 

as the acid strength increases. 

The critical stage is the formation of the one-hydrazines 

[(59) and (60), figure II] since with the ene-hydrazine studied 

(55), only one indole was obtained In weak acid, and this was still 

predominant In the product of the strong acid reaction [75 of the 

mixture in contrast to 49%  of the mixture from ketone (la) under 

these conditions]. 	Thus in the ene-hydrazine system where a- 

protonatlon can lead to equilibration of the Isomers and N-proto-

nation to indole form$tion, the latter product ratio caTriot be 

controlled by thermodynamically equilibrated mixture of one- 

hydraziries, although some C-protonation seems to occur in the diacetyl 

system studied. However this is more probable due to the lower 

basicity of amides relative to hydrazines. 

Consideration of various rate ratios for reactions involving 

the neutral species and monocations in Figure II does not lead to 

nn indyzstation of the results, since equivalent stages In each 

sequence are similarly dependent upon acid or base concentration. 

Thus these changes nvst occur from competing mechanisms, for 
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formation of the enehydrazines by base catalysis on either a) the 

free hydrazone, or b) the monoprotonated species (57) or a) di-

protonated species (58). [the alternative (76) being much less 

probable]. 

14 

p 

('1 

Rapid exchange of the H-CR = proton in aldehydephenylhydrazones 

is well established as explained above but no data for exchange 

rates at the i groups of the corresponding ketones. 	It was found 

that in 23 molar sodium methoxide in deuteriomethanol there is no 

exchange of the -CH2  or CH  groups [(56) R1  = H R2  = CH 3 )after 

20 hrs. at 300,  while even at 700  for 14 hrs the distribution (by 

integration of the 1H n.m.ro spectrum) is not significantly different. 

(45% on CH  and 55% on CH 3 ) from that expected for equal reactivity 

at both groups (40/60). Thus in the acid solutions used in the 

Fischer reaction base-oatalyaed attack on the neutral phenylhydrazone 

can be discounted. Phenylhydrazones of the type Ar2 ON-NH2  have 

pKa 40 + 0,7, 107 but no data is available for aliphatic phenyl-

hydxezones. 	The compound [(56), R1  H R2 = Ph) in ethanol was 

found to have 4 	 = 207 rim (log E = 4 . 3) and  276  nm (log E.max 
whereas in 5% (w/w) to 20% ethariolio sulphuric acid it has X max 
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206 rim (log £ = 23), 226 urn (log E. = 4 -  4) and 295 rim (log E. 

40), the spectrum changing little with concentration. 	In 40% 

(w/w) ethanollo sulphuric the spectrum of 2-methy].- 3-phenylindole 

only was obtained (Xmax  228 rim (log E. = 15) and 282 urn (log 

42)). These results show that monoprotonation is extensive 

even in 5% ethanolic sulphuric acid so that diprotonation is 

very possible in stronger acid, the spectrum not being run above 

because of the velocity of the reaction in the strong acid used. 

In the weak acid solutions used, the formation of the ene-

hydrazinea from the protonatod phenyihydrazone is the slow step of 

the sequence (56) -b (57) -, (59) or (60). This can be compared 

to an El mechanism (77) to (78). 	In the strong acid solutions 

the additional inductive electron-withdrawal from the alkyl groups 

of the diprotonated species enhanced the liklihood of near 

concerted attack by bisulphate giving an E 2  type mechanism 

(77) -p  (73) 

CHR2CR2X 	 CHR2 CR2  + x_ 

(77) 

CI1R2 CR2 	CR2 :CR2  

(78) 
- 	+ 

- CR2  - CR9  - X 	) CR: CR2  + X + BR 	E2  

The enehydx'azine mechanisms are set out below for comparison 

with those above. 
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Hofmann found that ethylene was almost exclusively formed 

on the basic decomposition of ammonium salts in the second half 

of last century. This was later generalised 108  to the effect 

that the least highly substituted olefin is always formed. This 

rule applies under strongly basic conditions where an E2  mechanism 

is usual. 

Some years after Hofmann'a generalisations Saytzeff found 

that the isomer formed in major yield from the base oatalyaed de-

composition of secondary and tertiary alkyl halides was the more 

highly substituted olefin. Kinetic studies 1090110 have shown 

that tia rule applies to all El  reactions in which proton lose 

occurs i'n a carbonium ion. 

14 

It is thus seen that a duality of mechanism for the elimination 
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reaction to form the enehydrazinea will give a different product 

depending on the acid strength, and will also explain the 

sigmoid nature of the curve obtained from a plot of H.  against 

percentage of one or other product, an E2 mechanism at low acid 

strength giving the 20-disubatituted olefin, an El mechanism at 

high acid strength giving the 2-substituted product, both mechanisms 

being operative at intermediate strengths. 
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PART THREE 

Synthesis mad Metriylation of some 

3,4- and 3,4 0 8-Subatituted Cinnolines 
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SECTION ONE 

Introduc to ion 
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31 General Object of Investigation 

If the nitrogen atom in a heterocyclic ring possesses a 

pair of electrons not being utilised in a orlr bonding they may 

be used to fora i new bond. This can be achieved with a nitrogen 

atom (to give N-amino compounds) an oxygen atom (to give the N- 

oxide) or a carbon atom (to give a quaternary salt). The attacking 

molecule must split off an anion during the reaction so that alkyl 

halides are the obvious reagent for the preparation of N-alkyl salts. 

The reaction can be looked upon as a nuo].eophilio displace-

merit of halogen by the lone pair of the base as in equation 3.1. by 

N: R - X 0 	N 	- R + X 	 (3.1)1p  
typical SN2  mechanism. Thus the availability of the lone pair 

should affect the rate of quaternisation. The compounds studied 

had the general formulae (1) and (2). The indozoles being brought 

into reaction as the anion for consistency between the two systems 

(see Part Four). 

R 

rQ 

Pz 
(I) 
	

(L) 

The availability of the lone pair on the nitrogens will be 

	

influenced by electronic and steno factors. 	In the past many 

workers have cntused these effects or alternatively ignored the 
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steno factors operating. 	In the systems used here the steno 

effects were balanced at N1  and N2  to give an indication or the 

electronic effects operating an attempt being made to correlate 

calculated electron densities on the nitrogens with the N 11142 
quaternisation ratio. 

Interesting effects were noted during the synthesis of 

these compounds and a review of the methods of synthesis of the two 

ring systems will be given here. 

3.2. Preparation of Cinnolinea 

Cinnoline has been the least studied of the benzodiazinea, 

mainly due to the difficulty of preparation of the system. 

a) von Richter Synthesis 

Cinnolino was first prepared in an impure state by this 

method in 1883. 	The diazonium chloride (3) obtained from o- 

axr]inophenylpropolic Qid was heated in aqueous solution. 	Cooling 

gave 3-oarbozyoinnoline-4(lH)one (Lv) which was easily deoarboxylated 

to (5), distillation of this compound with zinc dust giving the 

'myi )eee'i.u. 	"ie last stage of this reaction has been 

vastly improved by Alford and Schofield 112  who converted cinnoline-

L(lH)one to L-oblorooinnoline reaction of which with tosyl 

hydrazine gave (7), which on treatment with sodium carbonate gave 

the parent heterocycle in good yield. 

This method using propiolic acids has been little used 

because of the difficulty of preparation of the startine material 

being accessible only from a Icnoevenagel reaction on o-nitro- 
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() 

benzaldeh7de, oromination of the cinnamic acid, dehydrobrornination 

and reduction of the nitrofunotion. The whole sequence becomes 

time consuming. 

0 	 CL 	 p4t314Ts 

ro 

7c5 r'ri 
rJ 

CO 
3 

 

((a ) 

b) The Widman-Stoermer Reaction 

This general method is the only known synthesis which does 

not involve olnnolinones or cinriolirie oarboxy].io acids. 	It was 
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first shown by Widman 113  that by allowing the diazonium salt of 

3- amino- L-1aoproponylbenzoio acid (8) to stand at room temperature 

	

C-H 3 	 CH3  

0jZI11 	HCL 

 z 	 CO?  Ia4 

	

it gave 7-earboxy-4-methylc1nnol1ne (9). 	gtoermer 11  later 

extended the reaction to the preparation of Lj.-phenyl-cinnolines 

and more recently Simpson and co-workers have Investigated the 

scope of the reaction more thoroughly. 115  The oycliaaticri Is 

slower when R (in (10)) is methyl than when it 18 phenyl; 'hen 

pyridyl or quinolyl groups are present the yield 18 pH dependent 

H / 

	

(i o) 
	

( (I) 

since low pH will favour protonation of these nuclei leading to 

deactivation of the double bond to eleotrophllio attack. Limited 

observations indicate that the stereochemistry around the double 

bond is of little consequence both cis- and tran8-a-(o-aniinophenyl)- 
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a,-dipheny1ethylenee giving cinnolinee in high yield and quali-

tatively at the same rate. 15  

The oyolieation reaction is always in compe; ition with riuoleo-

pkiilic replacement of the diazo grouping with hydroxyl to give 

phenols while when R3 (in (10)) is phenyl phenanthrene formation by 

a Psohorr reaction may occur (12) -+ (13). 

N 
C 

I 	I 
H 

(12) 
	

cI. 

The parent compound has resisted all attempts to be prepared in 

this manner, phenols only being obtained. 

o) From o-aminoecetophenonea 

The synthesis of oinno1in-4(lFL)ones from diazotised o-amino-

acetophenones was discovered fairly recently by B:raohe and 

Herbert 6  and expanded by Simpson and co-workers. 117  The 

reaction is beat carried out by allowing the o-diazonium compound 

(15) to stand In strong acid at room temperature or below for 

several days. 	The reaction is believed to occur through the 

enol of the ketone (see below) and thus will be facilitated by 

electron withdrawing groups in the ring. This is found to be the 

case nitro substituted o-aminoaoetophenonea giving near quantitative 
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yield while with less negatively substituted compounds the 

yields are often very low. 

d) Mechanism of the Above Reactions 

No quantitative kinetic work has be en done on these three 

reactions but reasonable formulations have been put 

which agree with the influence of substituents mentioned above. 

All the reactions are thought to proceed by electrophilic attack 

of the diazonium ion on a centre of unsaturation either as 

indicated below. 

L 7L. 
	 > 	I 	ii 
	C. 

~ 
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In the v. Richter cinnoline synthesis, (17) —+ (18) i was 

suggested 1 16  that cyclisatiori and oo-ordination of water at 

occurred simultaneously, this has not been proved but & mechanism 

El 

rZ

'.0  
-'-
OH 

LU 

through (19), the obvious alternative is not greatly different. 

± 

(L) 

The Widman-Stoermer reaction has been formulated as shown 

below. 	It has been pointed out 119 that on studying models the 

LsA 
~ 

	
fIj 



o-diazonium group forces the 3-oarbon out of plane of the ring 

and that this may explain the equal ease of reaction of both cis-

end trans-olefins. The difficulty of obtaining good yields from 

ooipounda where the group R(20) is electron withdrawing is 

explained in terms of lower polarisation of the CC bond. The 

oyoliaation of o-diazoaminoaoetophenonea can be rationalised, in 

terms of similar intermediates if one assumes the enolised ketone 

is the reactive species. 	This is indicated by the increased rats 

of cyolisation In very strong acid where protonation of the 

carbonyl group in likely (21) the reaction then proceeding as 

outlined below. 

+ 
0 
	 OH 
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e) Stoll e-Backer Synthesis 

In 1924 Stolle'and Beaker 120 reported that treatment of 

N-benzylideneaminoisatiOrl (22) with aqueous base gave a good 

yield of 3-pheny1cinnoline-4-eaX"bOXY1iO acid (23). This synthesis 

has been questioned since no experimental conditions or proof of 

structure of the product were given other than a nitrogen analysis. 

Baumgarten and Furnas reinvestigated the reaction recently and 

verified the earlier authors conclusions. 121 

Co 4  

ri 

ON 

r) 	'k 

(2- Z) 
	

(23) 

The N-substituted iaatlns are made by reacting benzaldehyde phanyl-

hydrazones with oxalyl chloride and cyclising the unstable N-benzyli-

deneamino-N-phenyloxamyl chloride with aluminium chloride in 

chloroform. 	Deoarboxylaton of (23) is easily accomplished in 

reluxing benzophenone to give the 3-substituted oinnolines. The 

synthesis does not however appear to be a general one, p-chloro-

phenyl-p-aniayl or 1-naphthylhydrazonea giving the complete reaction 

sequence. 	In this study difficulty was found in the synthesis of 

3-phenyl-8-methyloinrAoline by this route. (see below). 
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3.3.jnthesjs of Olefins for use In the Widman-Stoerner Reaction 

For the preparation of cInnoline8 of type (1) [fi = Me, Et, Pr  

CH  R2  = H, CE3 ) olefins of type (25)  were required. These 

are g.ivra11y prepared from tertiary alcohols (24) by dehydration 

c42j 

I 	•z C- H 	S 

>k  
I 	Ii 

r4 2 

( 2- 

(2Lf) 
	

(2.t) 

 using phosphorous pentoxide in benzene. 	In all cases two olefins 

could have resulted from the dehydration (25)  or (26). 	Only one 

oinnoline had been prepared where this difficulty was encountered. 122 

This was in the preparation of 3,4-die3ethyl cinnoline via the 

olefin (25) 	(R = CE 3 , R = H). 	No mention was made of the 

isomeric olefin (26) or the olnnoline resulting from its cyolisation, 

4-ethyl cinnoline. 	Contrary to these findings, for all R tried 

two cinnolines resulted in varying amount depending on R. It was 

found that a pure olefin gave a pure cinnoline under the conditions 

of cyolisation used so that the dehydration of the alcohol was the 

product determining stage. A brief review of the data available 

on this type of elimination reaction will now be given. 
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3.4 Mechanism of Elimination Reaction leading to Olefins 

The factors involved in the formation of the olefins are 

similar to those discussed in Part Two for the formation of the 

intermediate enaznines in the Ptitzinger synthesis and the enehydr-

azines in the Fischer indole synthesis. 

Two general 'rules' for prediction of the isomer formed in 

elimination reactions have been recognised since the aid of last 

century. Hofmann 123 found that ethylene was almost exclusively 

formed when a quaternary ammonium hydroxide containing ethyl 

and other groups was decomposed, eqn. (3.2) 

OH3CH2NCH2CH2CH3 OH;  dH2 CH2 (98) + CH 3CH=CH2 (2%) 	(3.2) 

/ 
CH 	CH  

This was later generalised to the effect that, the olefin predomin-

ately formed from such compounds contains the smallest number of 

alkyl groups situated about the double bond. 

Saytzeff12  later found that the base catalysed elimination 

reactions of secondary and tertiary alkyl halides gave the most 

h1i1y substituted olefin possible, eqn. (3.3). 

Gil 3CH2CHBI'CH 3 	w cH3CHCHCH3 (8l) + CH3OH2CIiCH2  (19) 	(33) 

The former rule has been found to apply to E2 decompositions of 

aulphonea, ammonium and aulphonium salts and the latter to those 

of halides and sulphonate esters, to El processes in general and 

to the dehydration of alcohols. 

In this study phosphoric oxide was used as the dehydrating 

agent, giving a mixture of olefins from each alcohol studied. No 
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systematic study of this dehydrating agent or its mechanism of 

action has been carried out, nor has the effect of specific agents 

on the ratio of olefins obtained received any attention. Inter-

mediates of type (27) are probable. These will be strong acids 

dissociating as shown, thus weakening the R-O bond leading to a 

oI 
I 	ij 	 I

Ir 
R-0-P-0P02 	

-H 	
R-0-P-0P02 

It 	 H 
o 	 0 

(27) 	 (28) 

typical El mechanism or a mixture of El and E2 which is the more 

likely in the light of the olefin mixtures obtained experimentally. 

3.5 uatern1sation of Cinnolines. 

Cinuoline8 are or considerable theoretical interest since 

they contain nitrogen atoms corresponding to those of both 

quinoline and isoquinoline. The question as to which nitrogen is 

the more reactive remained unsolved until quite recently despite 

a large amount of work by J.C.E. Simpson and co-workers. 

Early calculations of electron density in the system 

suggested that N-i would be the more reactive 125 and some chemical 

evidence was obtained to substantiate this prediction. The methio-

dide of L.-methyloinrioline contains a methyl group which condenses 

with aldehydes 126  and even with ethyl orthoformate to give poly-

rnethine derivatives. 	This suggests l-quaternisation but Li -methyl- 

oinnoline itself condenses with benzaldehyde, although much less 
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slowly. The methiodide of 3-methylethnoline also condenses with 

benzaldehyde. This at first glance sugeata 2-quaternisation 

but the large steno effect presnnt on this molecule should give 

n appreciable amount of) the 1-quaternary salt. This has to be 

balanced against the inductive effect of the 3-methyl group which 

will make N-2 more basic than in cinnoline itself. Similarly the 

inductive effect in Li-methyl  cinnoline will be more strongly felt 

at N-1 than at N-2, and therefore the position of quaterniaation 

may be different with other cinnoline derivatives. The position 

was therefore very much confused until recently when studies by 

D.E. Ames and co-workers threw some light on the subject. 

 Work of Schofield and Simpson 1260 127    on the mettiy1atii of 

3-  and 4-cinno1inones gave the structure or the products obtained 

as (29) and (30) respectively. 	Ames had found earlier 128 that 

reduction of 3 -  and 1-cinnolinonea with lithium aluminium hydride 

gave 1,2, 3,L.-tetrahydrooinno1ine. 

10,  I'ro '), T "C H3  

C43  

(2) 
	

(-so) 
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Extension of this work to the N-methyl derivatives surprisingly 

gave the same tetrahydro-N-inethyl cinnoline as an unstable oil. 

This amine was shown to be the 2-methyl derivative by the following 

reactions. 	Reduction of the N-benzoyl derivative (31) with zinc 

and acetic acid gave an amino-amide assigned structure (32) because 

it did not couple with diazotised aulphanilio sold and gave only 

1IIZIIICL :o H iZIIi NC 14.3  
J#  

coPL 

(3') 
	

(3a) 
	

/ ( 
CNCO rHme 

4 34-) 
	

(3S) 

a--pals blue colour with nitrous acid. 	This was confirmed by 

conversion into the dlbanzoyl derivative (33), this compound being 

independently prepared from N-methyl-o-nitrophenylacetamide (34) 

by catalytic hydrogenation followed by lithium aluminium hydride 

to give the diamine (35) and thence (33). 	The formation of the 

same compound from both N-methyl derivatives can be attributed to 

wrong assignment of structure or to methyl migration during the 

reduction. On methylation of L.-cinnolinone with diazomethane 

two compounds were obtained the new one of which on reduction gave 
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1,2,3,4-tetrahydro-1-methylcinnoline whose structure was proved 

in a similar manner to that outlined above for the 2-isomer. 	It 

now becomes clear that the major product from both inethylations 

is the 2-methyl compound which in the case of the 4-oinno1inone 

has the switterionic structure (36). 

0 

f 

 Q 

 

Ames then extended these results to the parent heterocycle. 129 

He found that on warming the above 2-alkyl-1,2,3,4-tetrahydrocinnol-

lnes with picric acid solution they were converted into 2-alkyl-

oinnolinium picratee. The same salts were obtained by quaternis-

ation of olnno].ine with methyl, ethyl and bensyl halides, followed 

by treatment with picric acid. 	It was thus proved that the basic 

centre of the parent heterocycle was at N-2 in dissagreement with 

earlier work. Ames has published a series or papers130  mostly 

on the methylation of oinnoline-L.-ones since then, a resume of the 

relevant results will now be given. 

3-methylcinnoline gave two products in yields of 46% and 

37% assigned the structures 2- and l-methiodides respectively. 

8-methylcinnoline gave one product only assigned as the 2-methiodide. 

3-Phenyloinnoline gave two products 78% l-methiodide and 22% 2- 
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rnethiodide while 3-phenyl-8-zuethyloinrio].ine gave no detectable 

amount of the 1-methiodide 

The bulk of Ames' work is concerned with cinnolinonea and 

aminocinnolines which need not concern us hero. 

Only in his most recent paper130  (published since the 

completion of this work) does he discuss the influence of steno 

and electronic effects in these quaternisation reactions. 	He 

explains the difference in reactivity of 3-phenyl and 3-phenyl-8- 

methylolnnoline in terms of steno effects. 	On a model the 

steno hindrance towards reaction at !Jl and N-2 is about equal 

and since the electronic effect of the 8-methyl group should be 

negligible on the basicity of N-i one would expect a higher 

proportion of methylation at N-2. The fact that no 1-methylation 

was observed is explained in terms of the 3-phenyl, group being 

out of plane. 

All of Ames' work can be criticised because of his method 

of analysis of the methylat ion ratio since he bases his theoretical 

arguments on ratios of pure products crystallised from the methyl-

ation mixtures which may or may not reflect the true ratio. 

An attempt was therefore made to study a systematic series 

of compounds having balanced and unbalanced steno environments 

around N-1 and N-2 and to correlate the methylation ratios obtained 

with H.M.O. calculations of electron density. 
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3.6 Methods for Distinguishing between N-i and N-2 Substitution 

in Cinnolines 

As was outlined above the classical method for determining 

the site of quaternisation in diazinea or compounds containing 

more than two nitrogena has been based on the enhanced nucleophilic 

reactivity of methyl groups placed or'tho- and para- to the quaternary 

site. 	It was shown how this went sadly wrong in the oinno].ine 

series. Another example of this is reported as late as 1959 when 

Duf tin and Kendall 131  reported the results of quaternisation of a 

series of pyridazinea. They assigned structures to their products 

by their readiness to form cyanine dyes which could be unambiguously 

prepared by other methods. The yields from these cyanine dye 

synthesis are usually low and since purification of the dyes is not 

easy recrystalliaation is usually employed repeatedly. Thus 

a minor product can easily be separated and mistaken for the 

major or only one. As an example they stated that 3-methyl- 

pyridazine gave the 2-methlodide (38) since it formed a cyanino dye 

with 3-methyl-2-methylthiobenZOthiaZOliUZlI iodide which could be 

prepared by another route. 	In view of recent evidenoe' 133  the 

mixture obtained from this reaction contains 72 (37) and 28% (38). 

1 7's1c2H 
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C143  
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Both authors u;ed 1H n.m.re spectroscopy to analyse the mixture 

obtained. 	H.S. Bale at al. used the chemical shifts of the 

6-proton to analyse the mixture H-6 of (37) being 0'2 downfield 

of u-6 in (38). This is a very email effect and care has to be 

taken in the interpretation of the spectra however, solvent effects 

often causing larger shifts than this. 	In the N-oxides of cinnol- 

ines many anomalous effects are seen, e.g. in the 1-oxide the 

3-proton is moved upfield on oxidation. The reasons for this is 

not immediately obvious so that odd effects have to be looked for 

in the spectra of the quaternary salts, relying on electronic con-

siderations only132 ' 133  being perhaps two naive an approach. 

This method was not practicable for the compounds studied here 

since the 3-position was always substituted. The method used by 

Lund and Lunde was used with success. 

In compounds having a methyl group adjacent to a quaternary 

nitrogen atom this group will always absorb downfield of a methyl 

group adjacent to a tertiary nitrogen atom because of the do-

shielding influence of the positive charge, partly offset by removal 

of the N:dipole. Thus the C-methyl group in (39) should absorb 

dowifield of the C-methyl group in (J.j.0). 

1 I  

C 

I z.  
(c) 

1 I  

C 

1a 	C.43 

(4-0) 
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These observations can be substantiated by adding a trace of 

potassium carbonate to the solution (in D 20) in the n.m.r. tube 

and rerunning the spectrum. 	It is then found that the C-3 methyl 

group in (39) exchanges with 1)20  while the C-3 methyl group of (L.0) 

does not. The mechanism of the reaction can be written as in 

equation (3.0. 

C. O W 	 C H2  lot  C K2  

EIZIIrIII1L 
The other two protons can then exchange by a similar rnectrtisi. 

A similar mechanism can be envisaged for the ability of a C-4 

methyl group to exchange in a 1-methiodide. 

3.7 Molecular Orbital Calculations on the Cinnoline system. 

An early calculation by Coulson and Longuet-Higgins 125  gave 

the 1T  -electron densities for cinnoline as in (14). 	This calcu- 

lation predicts N-i as the more basic centre in disagreement with 

the site of protonation l34  and methylation. These r -electron 
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only claculationa were of necessity crude and more sophisticated 

calculations have been published since. Gower and Dailey135  

published self-consistent field calculations on the common hetero-

cycles and attempted to correlate chemical shifts with electron 

densities in these systems without much success, many other 

effects being operative. Their calculated electron distribution for 

cinnoline is given in (42). 	This gives electron densities of 112 

and 111 on nitrogens 1- and 2- respectively making N-1 only 

slightly more basic. 

The most reactive centre in cinnoline is known to be N-2 

but study of models indicates a large steno hindrance at N-i 

by the pen-hydrogen so that the distribution could be reliable. 

+0.021 +O.Il 	 -0.00) +0.02.cI 

+o.cr 	 0.0 

i-0.04I 	 -c.zo4 	
-o.iio 

1-c,017 _0.2,.c1 	 +O3-0120 

(L4..I) 

Black, Brown and Heft erman have recentiyi36  published an 

estimation of electron densities using the chemical shifts of protons 

in a series of azines and azolea. This method obviously cannot 

give a good value for the electron density on nitrogen but VESCF 

oalouiations 3' were performed and the distributions compared. The 

electron densities in (43)  were calculated. 	The details of this 

method have been reported17 '18  but it differs from the usual 
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'O.c,O —c 

SC? treatment in that valence state ionisatioci potentials and 

coulomb repulsion integrals of each atom p are calculated as 

frctiors of the effective nuclear charge Zi which itself depends 

upon the iT -electron density at atom 4. These Z4 values are 

iterated to self-consistency along with the orbital energies and 

co-efficiants. 	It would therefore appear that modern calculations 

agree that oinnoline has nitrogen atoms carrying a similar 

11 -electron density and in the absence of steno effects should 

be equally basic. 
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SECTION TWO 

Rs1te and Discussion 
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3.1 Preparation of Citinolines 

Correlations between electron density and site of proto-

nation in diazinea have been remarkably Ansuccessfal. 	The failure 

to take steno effects ito account may well explain this 

ambiguity. 	A series of oir.tolines have therefore been synthesised 

such that steno effects at N-1 and i-2 are nearly balanced. 	Ths, 

for example the peri(b-) -hydrogen in cinnoline is approximately 

sterically equivalent to a 3-methyl group; similarly an 8-methyl 

aubatituent is nearly balanced by a 3-tertiary butyl group, or an 

ethyl isopropyl or phenyl group in their least ateniosily favorable 

conformation. 	Since the 3-alkyl groups are o-, p-directing to 

attack by eleotrophiles, it is necessary to balance their activating 

effect at N-2 by a 4-methyl group, which will have a similar 

inductive effect at 1-1 [(44) and  (45)}, since the ortho- and para- 

I-' 

tj coo",  
I.' 

- 
I-i 

(44) 	 (4-s) 
Inductive effects of these groups is probably similar. 

In order to cyclise to the cinnoline by the 4dman-2toermen 

reaction, a series of o-amino ketones were required. The parent 

compound is easily synthesised from o-nitrobenzoyl chloride and 

diethyl malonete followed by acid hydrolysis and decarboxylation 
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crOCHR1R  

= 	= H o. R1  = CE 3  R2  =CH 

R1  = CH 	R2  = If d. R1  = Ph R2  = 11 

then reduction with tin and hydrochloric acid. 139  

Nitration of 3-to].4e acid at -30  -L1.0 °  with fuming nitric 

acid gave a mixture of 80% 3-methyl-2-nitrobenzoto acid and only 

20% of the 5-methyl isomer, in contrast to reactions at higher 

temperatures where the latter appears to predominate. 	Con- 

version or the 3-methyl-2-nitrotoluio acid to the acetophenone 

was accomplished as above. 	The higher ketones (Lhb,o,d) were 

prepared by periodato oleavage 1  of the itdoles 2  and hydrolysis 

of the .-aoety1 cocnpouds, (Eqn. 3.4) obtained. 	The physical 

cocf4?z w 
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constants and H n.m.re spectra of these compounds are in Table 

3.1. 	The spectra were generally first order, the prtone ortho- 

and para- to the carbonyl function being deahielded by the 

electron withdrawing effect of this group, protons ortho- and 

para- to the amino group being moved upfield because of the 

opposite effect of the amino group. 

One effect of these spectra is worth comment. The chemical 

shift of 6-H is at T'23b where H1 = H1112  = 11i and H1  = H2  = H 

R3  = Me, at r 231 In the ethyl compound and Tj 227 for the iso-

propyl compound all other chemical shifts are independent of R1  

and R2 . 	Chemical shifts are affected by many factors but in this 

case all are equal except for the steno bulk of the aubatituent 

on the carbonyl group, these effects must therefore be due to a 

pure Van den Waala effect since they are more downfield as the 

bu14 of the aubatituent increases. 

The tertiary alcohols (47)  were synthesised by a Gniiard 

reaction on the above ketones which requires no further comment 

but certain features of their n.m.r. spectra are of interest 

(see Appendix It). 

Dehydration of the alcohols can lead to the formation of 

Isomeric olefins ( 48) and (4); both are formed when phosphoric 

oxide in benzene is used as the dehydrating agent (In contrast to 

an earlier report 122  where iodine In toluene was used). Further-

more, the ratio of olefins obtained by decantation and ammonia 

hydrolysis of the benzene layer is different from that obtained by 



TABLE 3.1 

Physical Properties and 1 H n.m.r. spectra of o-amino ketones (61) 

(61) 1H n.m.r. spectruma ( ) 

H1  H2 	H3  mp 	(b.p) 3I 	4H 	5H 6H(R 3=r1) NH2  CXIR1  H2  

b 
 H H 	H 200 3045 	2'80 	3'50 238 350 753 (CH ) 

CH 	H 	H 145-6 3'40 	278 	350 231 380 g 
Cli CH 	H 	(141-2 120 mm) 3'40 	277 	3 9 48  227 360 750li), 8 0 8(Me) 
Ph H 	H 105 340 	h 	350 i3 400 h 

H H 	CH  514_55e 78(CH280 	342 238 3'60 752 (CH 3 ) 

 In CDC1 3  (5-10% w/v) 

 N.J. Leonard and S.N. Boyd. J. Org. 	Chem. 	(1914.6), 	11,  405. gave ap 200. 

 B.L. Zenitz and W.H. Hartung, J. Org. Chem. 	(19146), 11, 4144 gave mp 47 (600_800 

petroleum). 

 H.J. Schiefell and D.P. Detar, Org. Syn. 	(1952), 32 , 8 gave mp 105-60  (ethanol) 

 J.R. Keneford, J.S. Morley and J.C.E. Simpson gave mp 560  (petroleum ether b.p. 
14.0-60° ). 

 Required C 736 H 8'0 	N 85'3; 	Pound C 730 	H 79 IN 	854. 
 r (Cl!2 ), 7'5, r (CH 3 ), 88, 3 = 7c/s. 
 - Ph degenerate with H-Lj. and 11-6. 
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similar treatment of the benzene insoluble, phosphoric oxide complex. 

For the ethyl methyl compound [(47) R1  = CH.3  H2  = H R3  = H) the 

ratio of (1.4.8):(L. ) were: benzene solution 52:48 (25%), phosphate 

complex 6'1:19 (75) respectively. 	The mixture or olefins obtained 

were analysed by 1 H n.m.r. spectroscopy, the ratios being set out 

in Table  3.2. 	The olefin ratios obtained are consistent with an 

TABLE 3.2 

Olefin Mix turesa obtained by phosphoric oxide dehydration 

R3 =H R3 =0H3  

H1 , H2 	H, CH 	H, Pr1  OH3 OI13 	H, Ph 	K, CH  

76 66 7.1 59 	75 

24 32 21 41 	25 

a. 	Analysed by LH  n.m.r. spectroscopy by integration 

of the olefinio to oliphatic resonances. 

mechanism since as the inductive affect of the group H Increases 

from CH  < Et < Pr  < Ph more and more Ct the exo-olef In is formed 
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(the phenyl group no doubt also exerts c + E effect), since the 

hydrogen atoms on carbon X will be rendered less acidic than those 

on carbon-y by this a-electron polarisation (50). 

(5&) 

Cyclisation of the olefin mixtures in 7N-hydrochloric acid gave 

mixtures of oinnolines (51)  and (52) in the same proportion as 

the olefin precursor, thus showing that no protonaton of the 

olefins taes place under the conditions used. The olefin mixture 

CHrZ 
	

CH 	 i4 	CH 
C. H3  

I 	II 

(si) 
	 (c2) 

	
(S3' 

from the ethyl methyl compound was stirred in hydrochloric acid 

(36 w/w) for 5 hra, this gave bao the olefin mixture in the same 

proportion on basitication. These mixtures are therefore already 

thermodynamically stable or cannot be attaced by acid at this pH. 

The former hypothesis was shown to be untrue because of the results 
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with the two concentrations of the olefins from the ethyl methyl 

ketone outlined above, thus the double bond in these olefins is 

remarkably resistant to eleotrophilic attack. 	One explanation 

for this is the ortho-ammonium group which will deactivate the 

olefinic bond considerably. 

The cinnolines obtained, which were separated by chromato-

graphy on alumina, are discussed below. Their physical properties 

and 1H n.zn.r. spectra are in Table 3.3. below. 

No olefins of type (54) have over been used in the Widman-

Stoermer reaction. 	The structure (55) is consistent with the mass 

CH3 	 HO CH3  

) Ct3 

	 ZIIIiitIIi rO 
(.11 3  

(sib) 
	

() 

and n.m.r. spectral characteristics. 	The parent peak in the 

mass spectrum is at m/e l) losing 42 with a large mete stable 

at m/e 113 2 . This is probably CH 3N2  to give (56) which then 

loses 18 (H20) to give (57). 	The breakdown of this molecule is 

then confused. 	The lH n.m.re spectrum had aromatic multiplets 

at r210 (1 proton, 8-h), 1' 24-2'6 (3 protons, 5,6, 7-H), 

singlet at 'r 718 (1 proton, exchangeable with D20,-OH), 3 singlets 

at 'r 857, 868, &76 (3 protons each, methyl groups). 	The ultra 
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4-. 

Ho C313  
C K3  

LJL 3  - 

OH 

rri 
C 

1• 

Cw 3  cnc 
violet absorption 58 nm) is however at longer wavelength than 

would be expected with a comparison with trans.-phenylazomathafle 

(395 nm) (no data being available for the cis-isomer). 	The other 

possibility which cannot be completely ruled out is 3-hydroxy-3, 

4,4_trimathyl - 3,4 -dih7drOCiflfloline (58). 	The Widman-Stoermer 

reaction is known to proceed through intermediates like (5), and 

a Wagner-Meerwein shift of a methyl group cannot strictly be 

neglected. 	This however seems doubtful since a pure product 

was obtained which would be unlikely from such a reaction, a mixture 

of both compounds almost certainly resulting. 
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Cu 3 	 Ci4 3  
C&3 H3 

CH 
 

2JL> 014 

S) 

Two other ciflrxOlifle8, 3-phenyl and 8-methyl - 3-phenyl were 

also synthesised to ascertain the steno and electronic effect, 

if any, of the 4-methy1 group. These could not be obtained by 

the procedure mentioned above and were synthesised by the Stolle'- 

Becker synthesis. 	This was fully discussed in the introduction 

and will not be gone into further here. 	The difference in re- 

activity of the two intermediates (bOa and b) is however of interest. 

R111e 

4? 	COCQCL 

((0o) 
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These oxalyl derivatives were cyclised to the corresponding 

isatins in chloroform. 	tatheri (60a) was used no difficulty was 

experienced, the isatin being readily obtained using chloroform 

ich had been stirred over alumina for Li, hrs. (to remove ethanol 

stabiliser). 	However on attempting to cyolise (60b) by the same 

method a compound was obtained having none of the physical 

properties expected (white crystalline solid m.p. 130_10 s ) 	The 

n.m.r. spectrum showed the presence of a methyl group and a 

hydrazone-type proton. 	After mass spectral study the compound 

was shown to be (61), formed from the acid chloride by reaction 

HC Pk 

CH 	COc() E4 
3 

. 

with residual ethanol. 	This shows the reluctance of this compound 

to cyclise under identical conditions to the unaubstituted compound, 

the esterifioation becoming the faster reaction. 	This problem 

was solved and the isatin obtained by cyclisation of (60b) in 

methylene chloride using aluminium chloride. These N-substituted 

isatins gave, on treatment with strong base 3-pheny1-cinnol1ne-4-

carboxylic acids (62 a and b). 	The 1 R n.m.r. spectra of these 

two acids are in Table 3.1i, where they are compared to the spectrum 

of cinnoline-4-carboxylic acid. 
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TABLE 3.3 

Physical Properties and Spectrum of Cinnolinaa 8  

Type 66 mp 	(b.p) 3H 1!i n.m.r. spectra 
5,6,7-H bH CH2 R 

R ft1  

OH H b 0'85 20 - 24 158 62 8'61 

Et H b 0'92 20 - 2'4 1'56 690 823C 90 
Pr F! b 0'?2 2'0 - 24  1 513. 717  652°  902 
Ph H 102-3°  095 20 - 26 152 5-72 287 
Et CH   b 086 21 - 253 - 6690 8250 900d 

Type 67 	 xnp (b.p) 	5,6,7-H 	SR 	CH 	R 

R 	H' 

OH 	H 	 119-120 	20-2140 	1-60 	746 	711 
St 	H 	 51-520 	20-2'14 8 	1-62 	745 676 8 60 
Pr 	H 	 98-9°

4 
 20-240 154 7L2  6•40° 557 

Ph 	H 	 126-127 	2'0-240 1145 735 22-26 
St 	CH 	74-750 	2'13-253 - 	7140 6730  850 
OH 	H(14_5) 	77-780 	2'0-240 	160 	- 	710 
CR, 

	
N O2(4- Et) 	102-1030 	1 .7(5H) 	- 	- 	700 
-) 	 17(7li) 

2-20(6H) 

Mope 	 14H 	511 ,6H, 711 	811 	OH 	Ph 
3-phenyl 	 118-11 	200 210-240 153 - 1'80 02140j270 
8-methyl,3-phenyl 	57-580  210 240-260 	- 	705 1-80 9 2-140-2-60 

znp 	311 	5H 9 6H 9 7H 	811 	CR 	Me 
4-isopropy1 	b 	0'70 180-230 1'50 62e 8 . 55t 

a) in ODd 3
0 

	 b) oils which were not obtained In sufficient 

quantity to purify further. 	c) -0112-  resonance. 	d) -CH3  
resonance 	G!2 CH = 7c/a). 	e) -CH resonance. 	t) Ma 

resonance (3 = 7c/). 	g) OH2  resonance at 712!r, 	0113  
resonance at 8'75'r (J = 7o/s). 	h) CR2  resonance at 6'85r, 

CH  resonance at 870'r (J = 7 c/a). 	i) Required:- C 767L 
(Contd.) 
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Table 3. 3. (Footnote coritd.) 

H 67% n 162; Found C 761.67%  H 70$ N 1611%. 	j) Required:- 

C 77142%  H 7 . 53% N 15'05%; 	Found C 7725% H 7*0%  N  15'014%. 
k) Required C 8181% H 545 N 1272%; Found C 8170% H 5142% 
N 1269%. 	1) Required C 7741% H  752% N 15'05%; 	Found 

c 7730%  H  7*6%  N 1501%. 

COL  H 

RZ 

LtL 

a) R1  = H2  = H b) R1  =Ph 	p 2 = H a) R1  = Ph 	, = Me. 

TABLE 3.L. 

n.m.r. apectra of cinnoline-L 1 -oarbcxyiic Acid 8 ( 'f') 

(76) H 3 A .5  H6 	H7  H8  

 033 115 1'8 	- 	21 

 - 1'75 20 13 

a) - 119 24 - 

In Dimethyleulphoxide. 

H-5 could be H-8 and vioe-verea. 
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Cinno1ine-4-oarboxy1io acid shows two downfield multiplets which 

can be ascribed to H-5 and H-8, while the substitution of a 3-

phenyl group moves one of these protons upfield, this is shown to 

be H-5 by the fact that no downfield protons remain In the 

oectrum of the 8-methyl-compound. 	Thus the carboxyl group is 

out of the plane of the hetero-ring since the anisotropic effect 

of this group has disappeared. 	The phenyl group seems to be in- 

plane in these molecules since three upfield protons are visible 

In the spectra of bobri (62b and c). 	These can be assigned to the 

3' 14.' and 5' protons of the phenyl groups. 	This effect, in fact 

the resonance at lower field of the 2' and 6' protons, would not 

be apparent if the phenyl groups were out of plane. 

3.2 Alkylation of Cinnolines 

The cinrioline was dissolved in methanol containing excess 

methyl Iodide and ref luxedr 4-5 hrs., except in the case of 

8-methyl-3-phenylarinoline which required a much longer time 

(> 24 hrs.). 	The methanol was removed in vacuo and a represent- 

ative sample of the quaternary salt mixture investigated by 

n.m.r. spectroscopy. 	The relative intensities of the N-methyl 

signals gave the data In Table 3.5, the assignments of isomers 

being determined by deuterium exchange of the alkyl substituents 

In the presence of a trace of potassium carbonate. 	In the 2- 

quaternary salts the a-substituents of the 3-substituent exchange 

readily, as do the a-protons of the L.-aubstituent In the 1-quater- 
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nary series at temperatures near 35
0 At  low concentrations of 

potassium carbonate no evidence of exchange in the other alkyl 

group in the salts was seen. 	Although not used as a basis for 

asagriment, deuterium exchange occurred in the 1-methyl group but 

not in the 2-. 	This is unlikely to be a steno interaction with 

the peni-proton since the system is approximately stenioally 

balanced at N-i and N-2. This effect must therefore be 

electronic in nature suggesting that the ring is more electron 

attracting from the 1-position than the 2-. 	This is indicative of 

the 1-quaternary salts being stronger bases than the 2-quaternary 

compounds. 

3.3 Discussion of Results 

The protonation and methylation of cinnolinas have been 

controversial subjects for some time. 	These reactions are likely 

to take place on the same nitrogen atom, at least in the stenloally 

balanced case, although this is not necessarily true of the parent 

or 3-unaubstitutad compounds, a higher proportion of the 1-1somer 

being likely to be formed in protonation for steno reasons. The 

reactions are not strictly analogous however since protonation is 

reversible and therefore open to thermodynamic control whereas 

methylation is irreversible and kinetically controlled. 

N-oxidation and quaternisation ratios can however be compared 

and these bear out the arguments above, i.e. the smaller the 

attackingecies the more attack at N-i. The species involved in 

N-oxidation is most probably OH which is smaller than CH 3I. The 



TABLE 3.5 

Methiodides formed from the Cinnolinesa (dj 

(1) 3,4 Dimethyl (2) 3-ethy1-4-methy1 	(3) 3-isopropy1-4-methy1 
1-methiodide 	 50 	 57 	 > 95 
2-methiodide 	 50 	 43 	 < 5 

(Li.) 3  Pheny1-4-inetby1 	(5) 4-ethyl- 3-methyl 
1-methiodide 	 55 	 50 
2-nrnthiodide 	 45 	 50 

(6) 4-ethy1-3-methy1-8-nitro 	(7) 4,8-dimethy1-3-ethy1 
1-znethiodida 	 0 	 < 5 
2-methiodide 	 100 	 > 95 

(8) 3-phenyl 	(9) 8-methyl - 3-phenyl 	(10) 4-methylcinnoline 
Ui 

1-methiodide 	 84 	 < 5 	 10 b 	 - 
2-mothiodide 	16 	 >95 	 90 

In D20 or T.F.A. 

H. Lund (Ref. 143) gave 1:2 equal to 10:90 also 
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ratios obtained with cinnoline are 66% 2-oxide 33% 1-oxide (a 

trace of dioxide also being formedW) while for methylatlon the 

ratio is 90% 2- and 10% 1_. 1 3 These effects can be extrapolated 

to predict that alkylation in sterically unbalanced systems will 

favour the less hindered nitrogen atom (electronic effects being 

equal) and that alkylation will predominate to a greater and greater 

extent at this site the larger the steric bulk of the attacking 

species. 

Electron density calculations (see Introduction) by ourselves 

(see Appendix I) and other workers predicted that N-]. and N-2 in 

cinnoline were equally basic, so that steno factors being balanced 

a 50:50 methylation ratio should be obtained. 	This is true in the 

molecule 3,14-dimethyl-oinnolifle as was shown by quaternisation by 

methyl, ethyl and isopropyl iodides, in all oases a 50:50  mixture 

of N-i and N-2 quaternary salts being obtained, showing the steno 

and electronic balance in the system. 

As was explained above a 4-methyl group was present to 

balance at N-i the electronic effect of the 3-alkyl group at N-2 0  

the ortho- and para-inductive effects of these groups probably 

being almost equal. 

Thus the results obtained from the reactions of 3,4-dixraethyl 

and 3-methyl 94-ethyl oinnolines show that when the steno factors 

are approximately balanced, the reaotivitiea of N-i and N-2 are 

equal to within our experimental error. 	As expected the 3-ethyl, 

3-isopropyl and 3-phenyl--mothy1 oinnolines all gave a higher 
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proportion of 1-methylation than the above, and that the combined 

electronic and steno effects of the 3-phenyl group are the same 

as for the 3-ethyl group. 	The large difference between these 

and the isopropyl group is readily explained from a study of 

distances and conformations between the 3-subatituent and the 2- 

and L.-methyl groups in the transition state. 	Then as the methyl 

group of the iodide approaches N-2, as the partial N-C bond is 

formed and the geometry of the reacting methyl group undergoes 

an SN2  inversion, the 3-substituent 'sees' nearly identical 

steno environments on each 81d8. An ethyl group which in the 

CH 	, 

••%%% cm 16 

(3) 

l UG 

C C 

Xf-j ~ 11~ I 

jH 

(C0Lf) 

unreacting molecule is largely free rotating, but will spend a 

higher proportion of its time in conformation (63) will adopt 

conformation (64) in the transition state, with the methyl group 

now out of plane. 	A similar situation will pertain in the ground 

state of the 3-isopropyl compound except here H is replaced with 

a methyl group, in the reacting state the most probable conformation 

is again (64) with HB  equal to methyl. 	The lxicreace in steno 
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hindrance which results and cannot be circumvented as with the 

ethyl isomer is therefore the reason for the marked increase in 

methylation on N-i. 

The methylation ratio from the 3-phenyl isomer is, within 

experimental error, the same as that obtained above from the 

ethyl compound. The steno interactions in the transition state 

must therefore be of the same order, the phenyl group cannot there-

fore be in-plane since this would be etenically equivalent to an 

ethyl group in its worst conformation. The overall overlap of the 

2p orbitals of the C-i' in phenyl group with C-3 in the cinnoline 

ring decreases with the cosine of the angle so that a considerable 

twist (Bay 300) of the two orbitals relative to each other can be 

tolerated without great loss of conjugation. The attacking electron 

deficient methyl group must also 'see' a high electron density in 

the neighbourhood of N-2 so that in this way the phenyl group with 

its large 1T orbitals could guide substitution at this site. 

For large groups in the 4-Position  the phenyl group could 

well be perpendicular to the cinnoline ring and it can therefore 

be predicted that the larger the group in the 4-poltion the more 

substitution will be obtained at the 2-position. This is exempli-

fied by the ratio obtained from 3-phenyloinnolina where one would 

expect more l-quaterniaation, the phenyl group lying in-plane. 

The 8-methyi-3-phenyl isomer behaved oddly in that it was very Un-

reactive under the conditions normally used having to be refluxed 

for 24 hi's, a pure product still not being obtained after this 

time. 	quaternisation occurred only at the 2-position, as was the 
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case with the 3-ethy1-4,8-dirnethy1 isomer and the 1-ethyl-3-

methyl-8-nitro compound. As can be seen from (65) the 8-methyl 

' C, '  

14 
	

(s) 
group is equivalent to a 3-tertiary butyl group sterically, a 

nitro group being even larger so that the slow reaction time and 

solely 2-quaternisation is not surprising in these compounds. 

Only with one mixture was any success achieved with separation of 

the quaternary salt mixture, the 	of the two methiodides and 

the spectral characteristics of the others are given in Table 3.6. 

Melting points are not given for the mixtures since they decom-

posed over a range, 1800 - 220 0  depending on the rate of heating 

as was true for all the quaternary salts. The melting points of 

the pure compounds given may be low since they were taken over tan 

minutes on a ICofler hot stage apparatus and are not any indication 

of purity. 



1-methiodide 
2-me thiodide 

1 -Zn eth io d ide °  

2-inethiodide 

6 

2-methiodide' 

1. 
2_niethiodidod 

115, H6, 117, 118 

1 1 20 - 180 
120 - 180 

115, H6 0  117, 118 

120 - 190 

- 190 

m.p. 	H5, 117, 116 

169-170' 
	

090 	132 

M.P. 
	115, 116, 117 

173- 1714 ° 
	

163 - 195 

TABLE 3.6 

111 n.m.r. spectra of Cinnoline Methiodides 

COZnPOUflda 

:1. 
1-me thiodideb 

2-inethiodide 

2 
1_methiodideb 

2_me thi odid eb 

1-inethiodi deb 

115 9  116, 117, 118 

1'35 - 195 
135 - 195 

mop H59 	p16 1  117, 	118 

212-213°  140 - 190 
159_600 135 - 185 

m.p. 115 9 116, 1117P 	118 

1 714 - 50  130 - 190 

NCEi3 	 3C11 3  

507 	 6'85 

195 	 685 

N-CH 3  3_CH2 ,CH 3 
492 658 845 
500 640 843 

N-CH 3  3011 ( 0113)2 

4 - 90 6'lO 814.0 

14 - 0 11 3 
696 
696 

14.-CH3 
687 
692 

011 3  

680 
f', 

11-CR3  3-Ph 4-CH 3  

530 2'OO - 2950 720 

485 200 - 250 685 

4CH20 CH   3-0113  

505 646 852 692 

193 649 8'54 680 

N-CH3  14 -01120 CR 3  3-CH 3  

490  645 850 665 

N-CH3  4- 0  H2 , 0113  8cd 3 	30113  
510 653 864 720 	7'03 

(Contd.) 



TABLE 3.6 (Contd.) 

Compound  

8 	 11 3 	115, 116, 117,  118 	 N-C113 	 Ph 

1-methiodide 0'6 	lLO - 1'80 	 I80 	170  22 - 2'4 

2-methiodide 06 	140 - 180 	 520 	1e7 22 - 24  

9 	 m.p. 	H 	 115 0  116, H7 	N-CH3 	Ph 	8-CH 3  

2-inethiodide 	173-1740 	062 	16 - 1'73 	530 	1 - 90 - 250 710 

For numbering see Table 3.5. 
	 ON 

In P.P.A. 

a) In 1)20 

d) In DM30. 

o) 2t and 6' protons 

t) 3 1 4' and  5' protons. 
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PART FOUR 

Synthesis and ?4ethylatlon of some 3- and  3,7-
Substituted Indazoles. 
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SECTION ONE 

Introduction 
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4.1 General Object of Investigation. 

A parallel study to that carried out on the oinno].ines was 

attempted with the corresponding benzodiazole. A series of 

compounds were synthesised having similar steno environments 

around the nitrogen atcziis, methylated and an attempt made to 

correlate the methylation ratio obtained with molecular orbital 

calculations of electron density at the nitrogens undergoing the 

reaction. 

4.2 Preparation of Indazolea. 

Indazole has attracted even less attention than cinnoline, 

little or no recent investigations having been carried out. Thus 

many ambiguous observations still rain to be d1300unted or 

explained. 	Nclethylation of this Wstem was thoroughly studied by 

V. Auwers and co-workers at the and of last century, however no 

techniques capable of determining the isomer ratio accurately 

existed at the time. Tae German workers relied on fractional 

crystallisation for separation of the isomers and based the ratio 

on the amount of each isomer obtained. This is highly unlikely 

to give the correct rates due to solubility differences between 

the compounds. Only a technique which can analyse the crude 

mixture is of use, gas liquid chromatography or 1  H n.m.r. apeotro-

scopy could be used, the latter being used in this study. 

A great variety of reactions lead to indazoles, the oonmonest 

preparations starting from o-disubatituted benzenes. They can be 
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classified into three types A t  B and C on the basis of the point 

of ring closure which can be between N-2 and C-3,  N-i and N-2 or N-i 

and an aromatic ring (1), (2) and (3). 

/ 
	

hN 

(I) 
	

() 

(a) Type A. Syntheses. 

This is the couxoiest and most widely used synthesis in 

this study. 	Diazotisation of c-amino alkyl benzenes gives 

indazoles by the mechanism shown below, (4) - (5). 

N H 

>1 	I 	 >1 	J 

c + 
<4-) 
	

(S) 

The reaction is illustrated for indazole itself. 	It was thought 

that this reaction was unsuitable for the preparation of the 



parent compound but recent work 5  has shown that good yields 

of indazole can be obtained in chloroform in the presence of 

tetram.thylaznmonium acetate. 

Two by-products are always obtained in this synthesis. 

These are the phenol and an azo-compound which results from 

eleotrophilie attack of the diazonium salt at the 3-position of 

the indazole (6). 

rs) - IF k  

3-substituted indazoles can also be prepared by this method, 

o-azninophenylaoetonitrile giving 3-cyanoindazole, isatic acid 

giving indazo].e-3-oarboxylic  acid. 

Diazotisation of o-amino ketones, followed reduction of 

the diazonium compound gives the o-hydrazino ketone which cyclises 

spontaneously giving the indazole 6  by the mechanism outlined 

below. 

#!h.n the ketone is diaryl ((7) R = Ph), the initial product 

is reported to be 2-hydroxy-3-phenyl  indazole which rearranges to 

2-pbenyl-3-bydroxy indazole. 	3-amino indazolea can be prepared 

in a similar way from diazotised o-aminobenzonitriles, by 

reduction. 



WE 

H 
C =0 	 - 

U 	 U 

/ 
1? 

N 

On heating N-nitroso--o-toluidinea indazolea result 

(eqn. L.l). 	Yields from this synthesis are also very variable, 

but recent investigations 7  indicate that the reaction is very 

i-i 	 14 
IR H ( 

r 
=0 QHC 

a03 
COcW 	 coc4• 

I4 .O  

AcOH 
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solvent dependent, tetrahydrofuran benzene and chloroform giving 

good results. 

b) Type B Syntheses 

2-Arylindazolea can be prepared by the reductive cyolisation 

of o-nitrobenzy1ani1inea. 8  The general reaction may be repre-

sented as in eqn. 4.2. 	Tin and hydrochloric acid (or acetic acid) 

gave the beet results. 

- 	 I 	I 
	

(L..z) 

o) Type C =thesis 

Syntheses of indazoles from ortho-substituted aldehydes 

49 and ketones have long been knowJ 	The ivaetion occurs by 

displacement of the ortho aubstituent as In eqn. L..3. The 

displaced group in generally halogen but can be methoxyl- or nitro-. 

0 1% 

coc'I 	
coG' 

	
(L~ .3) 
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This was the classic test used by I4eisaenheimer to distinguish 

syn- from anti-hydrazones. 

L..3 Netthylation of Indazolea. 

Two reviews have appeared on indazole chemistry which 

include discussions of the alkylation of these compounds, 150 ' 151  

both authors remarking on the confusion in the literature, no 

correlation of reactivity in these compounds having been made in 

modern times. 

Contusion reigned until very recently as to which nitrogen 

in indazole carried the hydrogen atom, two different compounds 

indazole (8) and isoindazole (9) being theoretically possible. 

Assuming the hydrogen resident on one nitrogen one would expect 

methylat ion on the other. Myths seemed to have built up around 

r3 H 

() 
	

() 

the indazole-ieoindazole system. 	In one experiment carried out 

by heating indazole and benzyl chloride at 100 0  only 2-benzylindazole 

resulted, while in the case at 1400  only 1-benaylindazole was 

obtained. 	2-Benzylindazole could not be converted to 1-beny].- 
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indazole under any circumstances so the result was queried and 

the experiment repeated. 	On all occasions only the 2-berl was 
ft 

obtained. This was put down to using Indazole in one experiment 

and iaoindazole in the other, when in tact the method of purifi-

cation may have favoured the isolation of one compound in one 

case and the other in the second, since the ratio of products 

(almost certainly a mixture would be obtained, (see below)) 

would be expected to vary slightly due to the temperature variation. 

V. Auwere and co-workers after much work put forward a 

series of 'rules' to enable the relative amount of 1- and 2-alkyl 

indazolos to be predicted. 	In alkaline solution where reaction 

takes place on the indazole anion the halide and the temperature 

were found to influence the ratio. 

In alkaline solution both isomers result and in about equal 

amounts, however isopropyl, aUyl and benzyl halides gave only the 

1-isomer. 	In neutral solution only the 2-isomer was formed. 

On consideration of the steno effects involved in indazole the 

above observations are at beat dubious. The pen-hydrogen, H7  

exerts a larger stenic effect at N-i than does the hydrogen at the 

H3  

(io) 
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3-position H3  (10), It can therefore be reasonably hypothesised 

that as the alkylatlng agent becomes more bulky e.g. Isopropyl, 

benzyl, reaction at N-i would become lens likely. 

Dangerous trule3t were also used to ascribe structures to 

the 1- and 2-methyl derivatives once separated. 	It was found 

that the 2-substituted compounds gave higher melting pioratea, 

were higher boiling than the 1-alkyl derivatives and were stronger 

bases, dissolving easier in acids. 	The last point is perhaps 

dependable, sine the lone pair on N-1 in the 2-substituted com-

pounds is not as available as the lone pair on N-2 of I-substituted 

compounds for the steno reasons discussed above. 

i4.Li. Methods for Distinguishing the Site of Metbylation in Indazolos 

The classical method of differentiating between 1—and 2- 

alkyl indazoles resorted to unambiguous synthesis of one or other 

of the isomers followed by comparison of melting points etc. The 

i-substituted compounds can be made from o-alkylauiino ketones which 

on treatment with nitrous acid followed by reduction cyclise 

readily e'n. 	 Thus the structures of 1- and 2-methyl 

co (Z 
KSO 000R ' Sc 

"Jo 

rz 

-' -pv 
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indazolee were proved. This was later used to prove that in 

indazole the hydrogen is at position one. Rousseau and Lindwall' 9  

compared the U.V. spectra of indazole, l-methyllndazole and 2-methy-

indazole, finding the first two compounds named to have very similar 

spectra while the 2-methyl isomer absorbed at longer wavelengths as 

would be expected from its quinoid structure. This method can 

therefore be used to assign structures to these compounds and was 

used in this study as a check once the mixtures had been separated. 

No n.m.r. studies on mixtures of indazoles had been reported in 

the literature but it was found that the mixtures were easily 

analysed by this technique. 	It was found that compounds of 

structure (11) had a broadened 1-CH3  group compared to compounds 

of structure (12). This was resolvable where a 7-substituent was 

(It-) 

2V 
C- H3  

<1 2.) 

present, showing the 3-H in (11) as a quartet J 	05 c/a. 	Thus 

a coupling constant exists between the N-CH 3  and the  3-il in 2-methyl 

compounds but not in 1-methyl derivatives giving an easy method 

of analysis by direct integration of the crude mixtures. 

Indazole has not received as much attention only two calcu-

lations having been made an this molecule. No calculations on the 



175 

indazole anion can be found in the literature. 

Using Coulomb integrals for 41= equal to a + 0'1 and 4-
equal to '1 + 1-Op and resonance integrals -C=g- equal to 0 andcc 
C -N- equal to where ° and 0 have their usual significancecc  

(see Appendix I), Po1anaky 52  calculated the electron distribution 

in indazole and isoiudazole by the simple tCA0 molecular orbital 

method. He obtained the following distributions [(13) and 

(iL'.)]. These predict correctly the centre of electx'ophilic 

- 

- 

-0. 

-o.02 

i1) 

substitution as the 3-position. 

4O.O2 
-o.03 

They also give T-e1eotron 

densities of -0'125 on N-2 of (13) and -0226 on N-i of (lL. ). 

In view of the statement above that 2-substituted compounds were 

stronger bases this data fits very well predicting this also, the 

difference in i-r- -eleodron density probably being large enough to 

outsway the steno influence of the 7-11. (extrapolating this data 

to the 14-alkyl compounds where little difference would be expected). 

Black, Brown and Heff.rmar 153  have recently publishea. SCF 

calculations on these two systems, the calculations being carried 

out as in their publication on azinea (q.v.). The electron 

densities are sot out below [(15) 	and (16)]. These results show 
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the same characteristics as the simpler calculations above, the 

- o eq 

-o.co 6 
-o.' 

- 

-o.o3  

 -.00'I -0
.o47 

_ 001 H + O3Z9 

-O.V7S 

(I') 

electron densities being 'smoothed out' as is typical of SCF 

calculations. 
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SECTION TWO 

Discussion 
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4.1 Preparation of Indazoles. 

The lndazolea, as a class, have if anything been less 

studied than the cinnolines and are worthy of systematic 

investigation. No discussion or steno or electronic factors 

has ever appeared in publications on the alkylation of indzo1es, 

these mainly concerning themselves with the adoption of empirical 

based on little else than experimental evidence, no 

attempt being made to rationalise the sometimes ambiguous results 

obtained. 
fir1 

An attempt is here made to oo'Eteate electronic and steno 

factors to the reactivity of indazole and its homologues towards 

methyl iodide. The reactions were carried out in strong base 

(methanolto potassium hydroxide) where the predominant species 

will be the indazolium anion since the P1 5  for indazole is —lLi., 

(the value being somexthat uncertain) thus avoiding any difficulty 

about the position of the NH. There are also two competing 

riltrogena both having lone pairs to enter into the 8.2 reaction 

with methyl iodide. 

A series of 3- and 7-substituted Indazoles were therefore 

required, very few of these compounds were known but most were 

easily synthesised by standard literature techniques. These were 

made by diazotiaation and reductive cyolisation of the corresponding 

o-amino ketone or by acetylation and nitrosation of a suitable 

o-alkyl aniline. Attempts to prepare 3-isopropyl indazole by these 

two methods tailed, both at the final cyclisation stage after a many 

stage synthesis. Complex mixtures containing at least six non- 
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equivalent isopropyl groups, chromatography failing to achieve any 

worthwhile separation. 3-Carboxymethyl indaao1e 15  reacted 

normally with methyl magnesium iodide, and this was dehydrated as 

detailed above for the preparation of cinnolines with phosphorous 

pentoxide. Attempted hydrogenation of this oanpound with platinum 

and hydrogen in ethanol (one atmosphere, 200)  gave complex mixtures 

of reduced Indazolee which again could not be separated by alumina 

chromatography (eqn. 4.5). 

(H3  

c02 rfle 

1ZIiII1iIII 
 

Me mr 11ZIJ11III rsj go 

L2k ' - 2.(P 

ci-4rfle 

(q..S) 

Success has recently been obtained in this laboratory with 

the Introduction of an iaobutyx'io acid group into the 3-position 

of indole155  by the use of acetone, chloroform and potassium 

hydroxide (eqn. 4.6). 	A similar reaction has been found to take 

place on phenoxide ions to give 2-aryloxyisobutyrlo acids pre-

sumable by a similar mechanism. 
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Two mechanisms are possible and differ only in the nature 

C mcc 

CHCI 	 WH 
	(L4-.) 

of the formation of the epoxide (17) 

a) Dehythotialogenation of chloroform gives diohiorocarbene which 

can than attack acetone to give the epoxide (17).  bimolecular 

nuol.ophilio attack can then cleave the ring and the diohioro-

oarbinol formed is then easily hydrolysed to the acid (18). 

CLç . CL 
/ 

cHcc 3 	 :CcL z 	 rThc - 

14 
rfl,CC tJ c 

H 

J4 
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b) In this case the trich].oroinethyl anion is formed which attacks 

the ketone to give 2-triohloromethylpropan-2-ol and in turn the 

epoxide, the reaction then proceeding by nucleophilic attack as 

before. 

An alternative route to 3-leopropyl indazole therefore 

presented itself. Reaction of indazole or a homologue with 

chloroform, acetone and base should give the 3-isobutyric acid 

which should then be relatively easily decarboxylatod to the iso-

propylindazole. 

Reaction of 7-methylindazole with the mixture above gave 

only 7-niethylindazole-2-isobutyrio acid (19) identifiable from 

its 11!  n.m.r. spectrum. 	This had a singlet at 	0'65 which can 

C+4 

only be attributed o the  3-proton. 	This reaction is therefore 

explicable in terms of the above mechanism assuming the most 

electrophllic centre in the indazole anion is one or other of 

the nitrogen atoms, this being determined in this instance by steric 

effects. 	Attempts to prepare 3-isopropylindazole by this method 

were therefore abandoned. The indazoles (1 mole) in methanolic 

potassium hydroxide (2 moles) and methyl Iodide (3 moles) were 
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refluxed together for tour hours, diluted with water and the N-

methyl compounds extracted into chloroform. 	The crude mixture 

obtained after removing the solvent was analysed by 1H n.m.r. 

spectroscopy using the N-methyl signals in all oases. 	Separation 

or the N-methyl isomers was resdily achieved by alumina ehrxnato-

graphy. A comparison of some of these products with authentic 

compounds made earlier allowed an assignment to be made but gross 

differences were seen in the n.m.r. spectra of these compounds (see 

Appendix II) and thus allowed a rapid structural determination which 

was subsequently checked by U.V. spectroscopy (q.v.). 	In all of the 

reactions the 1-methyl compound was preferentially eluted during 

alumina chromatography giving another confirmation of structure. 

The physical properties of the indazoles and their methylation 

ratios are given in Table 4.1. 

Lj.2 Discussion of Results 

The geometry of the five membered ring system is such 

that the steno arguments applied to the cinxioline ring (Part Three) 

cannot be directly applied to this system. A 3-methyl group does 

not sterically hinder the 2-nitrogen to the same degree the pen 

hydrogen because of the larger external angle in the 5-membered ring. 

The angle between the methyl group and the lone pair In the 

indazole anion is 72, being 600  in the cinnoline. The indazole 

anion is therefore 12 0  more topen t than the cinnoline and more 

2-alkylation would be expected. The nitrogen atom at the 2-position 

is also favoured by the electronic nature of the 3-alkyl group, 



183 

TABLE !.1 

Indazolee and their Methylat Ion ratios 

R-3 H Me Et Ph <140 2 0H 
H-? H H H H H 
ni.p. 147-449 113°  - e  107-8°  1670  
1-methy]. 8 (%) 50 65 70 74 66 
m.p.(b.p.) 60..61G 350 

 146-8/35mm. 1  80 o 
2_Zfl.thYla(%) 50 35 30 26 34 
m.p. 560  79_800 130/2 3mm. o c 

R-3 CMeCH2 F. H Me H 
R-7 H Me CMeCH2  Me 1  NO 
M.P. 81-85° 13670  _d 1740  190 
1-methyl(%) 82 169 (50)b 

57 29 
m.p. o 520  51°  1040  
2-znethyl(%) 18 5L' ( 50) b k 71 
M.P. o 273-5/760mm. o 91 1490  

R-3 H H 
R-7 R5=NO2  R6=NO2  
Too p. 2080  160 0  
1-methyl 47 50 
M.P. 1540  126°  
2-methyl 53 50 
m.p. 130 157-8°  

Estimated accuracy + 31, . 
Carried out on the unpurified olefin, the ratio determined by 
peak height measurements and is thus likely to be highly 
inaccurate. 

o) Mixtui'e not separated due to small amount of material used. 
not obtained pure. 
oil - not further purified. 
Required C 7272% 	H 606% 	N 21'21% 

	

Found C 72•50% 	H 601% 	N 2112% 

(Contd.) 
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Required C 73 9 97% H 684% N 1917% 
Found C 7393% H 6'69% N 1923% 

) Required C 7397% H 601% N 21'12% 
Found C 7389% H 603% N 21 10% 

i) Required C 7397% H 6'01% N 2112 
Pound C 73'82% H 592% N 2001% 

J) Required C 7500% H 7'50% N 1750% 
Found C 75113% H 71% N 17'31% 

k) Required C 75'00% H 7'50% N 1750% 
Found C 75' 30% H 7L0% N 1730% 

1) Required C 75'00% H 750% N 17'50% 
Found C 75 0 03% H 7'48% N 17'35% 

c t4.3  

fv 

'-4 
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balancing effect being possible in this system as was possible 

in the oinno].ine series by suitable substitution of alky]. groups. 

However in the case of the 7-alkyl-compounds the electronic 

factors, small as they are, are more nearly balanced. This 

effect is seen in the relative basieities 157  of i-piooline and 

pyridine (pKe are equal to 59 and 52 respectively, even in the 

presence of the steno factor). 

To clarity and separate electronic from eteric affects 

molecular orbital calculations were performed using CHUC as above, 

in the cinno].ine series. No prior calculations on the anion could 

be found in the literature. All Coulomb integrals were set to 

the standard carbon a value except the two nitrogen atoms which 

were given the value a + 05 (sea Appendix I). All resonance 

integrals were given the standard value except the N-N bond 

which was given the value 0084. The charge densities obtained 

were as in (20). These figures using the generally accepted 

I.o 

•Cos 

co 19 cc  
I.0L4.4 

l.tf3 

(2.o) 
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technique. 	The Coulomb and resonance integrals for the 1 1,2 bond 

were changed, many calculations being done. The following 

eralisatione were noted. The electron density at N-i was 

1:a3 rreater than that at N-2 for all 	but 	l (where q. is 
lr 	 1 

2 
iri. eased as a. in- 

A1. 

creased (cN oLM ). 	The charge at N-i and N-2 was not greatly 
1 	2 

changed by changes in 0 12 	The charge densities can be tested by 

the fact that they correctly predict the electrophilic substitution 

sites as 0-3 > 05 > others. 	Thus by this technique N-i is shown 

to be the favoured site of methylation, steno factors being equal. 

It was found experimentally that in the parent compound, not 

as in the cinnoline series, a aterically balanced molecule, gave 

equal reactivity on each nitrogen atom. 	In this compound the pen 

hydrogen exerts a large steno effect at N-i balancing the increased 

nucleophilic character of this nitrogen over N-2. 

As wxa seen in the oinnoiine system as the size of the 3-

aubatituent Increases so does the relative reactivity of the 1-

nitrogen, the opposite being true at the 7-position. The small 

difference between the steno effect or a 3-methyl and 3-ethyl 

group is indicative of the out-of-plane conformation of the methyl 

group of the latter in the transition state, being caused on this 

occasion by the approach of the methyl group of the iodide on one 

side and the 4-H on the other, instead of the 4-methyl  group in the 

cinnoline series (a 4-methyl  group and a pen-hydrogen will have a 
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very similar steno effect on a 3-sub3tituent). 	Similar arguments 

can and must be applied to the 3-phønyl compound which gives an 

almost identical methylation ratio to that or the ethyl compound. 

Comparison of the methylation ratios of 3- and 7-methyl and 

3,7-dlmethylindazole reveals that a 7-methyl group does not exert 

Such a large steno effect as a 3-methyl group. This can also be 

rationalised in terms of a larger inductive effect being operative 

at N-2 from the 3-methyl group than there is from the 7-methyl group 

at N-i, or a ooLlbinabion of these two effects. 

No detailed X-ray crystallographic study has been carried 

out on the iridazoie system but an X-ray analysia 46  of indole-3- 

aoetio acid gives the following angles in the rings (21) assuming the 

b07 

I C) 

lot 
I i5 

(2i) 

parameters for indasole to be similar at the ring junctions the 

angle between the lone pair on N-i and a 7-aubstituent is more 
opent than In the cinnoline case and to a greater extent (150) 

than the effect discussed above between N-2 and 3-subatituonta. 

The fact that the difference in electron density between N-i and 

N-2 is so great may also have an effect, the inherent reactivity 

at N-i being more difficult to overcome than in the electronically 
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balanced cinnoline system; thus taking all effects into account 

it is hardly surprising that 3,7-dimethylindazole uwthyiated to 

a greater extent on N-i than N-2. 	Indazole- 3-isopropanoi gave 

on methylation 66% 1-methyl and 34 2-methyl compounds. These 

were not charaoteriaed due to the very email amount of material 

methylated, the alcohol being required in the attempted preparation 

of the 3-isopropy1 compound. This ratio is not significantly 

different from that obtained from 3-methylindazole (65:35). The 

steno effect of the 3-isopropanol group ahould have been similar 

to that exerted by a 3-iaopropy1 group (the reason for methjlating 

this compound) or even a t-butyl group since the -OH group cannot 

be much smaller than a methyl group wnen free rotating. The 

explanation must lie In a hydrogen bonded Intermediate anion such 

as (65), the electron deficient hydrogen atom inducing a larger 

share of the negative charge on N-2, cancelling the ateniosily 

rY€ 	rfl. 
'- 

£ + 

(2) 

unfavoured effect on N-2. Alkylation of the 3-isopropenyl com-

pound gave an alkylation ratio more expected of the steno bulk 

of the subatituent. 



Attempted alkylation of the 7-leopropanol compound gave a 

mixture of 0- and N-mothyiated products as evidenced by the many 

peaks in the 6 1 region, no ratio of N-methylat ion was therefore  

obtainable for this compound. Aiky].at ion was attempted on an 

impure sample of the 7-isoproponyl compound, no real success being 

obtained since an approximate ratio based on peak heights only, was 

possible, this procedure being known to be Inaccurate because of 

the coupling constant between the methyl on N-2 and the 3-proton. 

Two nitro-substituted indasoles were m.tylated to test 

the possibility of a long range electronic effect between the rings 

affecting the electron density on the nitrogen atoms. The two 

compounds used were 5- and 6-nitroindazole. 5-Nitroindazole should 

have an effect on the electron density at C-8, the ring junction c. 

to N-i. This would be expected to have an effect on the basicity 

of this nitrogen atom. 	Similarly the 6-nitro group should affect 

the electron density at 0-9 the ring junction closer to N-2 lowering 

the electron density at this atom. 

The methylation ratios obtained show these effects to be 

absent no a1iificant difference in the ratios being obtained. 

The large steno effect of a 7-nitro group, perhaps helped 

by its electron withdrawing nature is seen in the methylation ratio 

obtained from 7-nitroindazole, the reaction occurring to a large 

extent on N-2. 

L 	Conclusions. 

A combination of steno and electronic effects are seen to be 
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present in the alkylation reactions on the two ring systems studied. 

This is undoubtedly the case in all other azinea and azolea to 

which this work could be easily extended. Many results in the 

literature now appear ambiguous. 

Separation of electronic and steno effects is the key to the 

methylations disoussed above. Sterloally balanced cinnolinee and 

indazoles have been found to methylate on the most electron-rich 

centre as predicted by Hüokel molecular orbital theory. Interesting 

steno effects between 3- and 14-substttuents on the cinnoline 

and 3- aubstituenta and the pen-hydrogen at the 4-Position  in 

indazolea. 	Finally no inter-ring long-range electronic effects 

of nitrogroups could be detected in the indazole system. 
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Experimental Section 

General Notes 

Melting points were taken on JiU- a Gallenkamp melting point 

apparatus and are uncorrected. 

Microanalysis were by Weiller and Strauss, Oxford or A.H. Baird, 

Edinburgh. 

39 	n.m.r, spectra were recorded on a Perkin-Elmer R.10 

or a Varian RA-lOc' (100 M'), using tctraxuethylailanü or tertiary 

butane]. (for aqueous solutions) as an internal standard. 

Lj.. Infrared spectra were taken using a lfnicam SP 200 spectro-

photometer and U.V. spectra were recorded on either a unlearn 700 or 

800-A. 

Mass spectra were recorded using an AEI-GEC MS 902 double-

focussing instrument. 

Chromatography was carried out on alumina (Type H, supplied by 

P. Spence and Sons Ltd., Widnes). 

7. Boiling points are uncorrected. 
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Hydroxjme thy].a t ion Reaction 

Preparation of azines. 

The pyridines and benzoquinollne3 used were commercial 

samples used without further purification. 

1.1 Preparation of guinolines. 

The quinolines unaubstituted on the nitrogen containing 

ring were prepared by a Skraup reaction on the corresponding 

aniline, an example is given below. 

6-nitroguinoline. 

p-Nitroaniline (45 g), arsenic acid (75%) (1875 g), 

sulphuric acid (70% w/w), 525 g and glycerol,(75 g), were refluxed 

together for 25 hrs. 	The solution was diluted to 3 1. with 

water and filtered from tarry material. The yellow solution 

was basified with ammonia (d. 088), and the precipitate filtered. 

Recrystallisation from ethanol (charcoal) gave white needles, 

40% m.p. 152 - 30 . 

The substituted quinaldines were made by a modified Skraup 

reaction with orotonaldehyde using hydrochloric acid as solvent 

and o-nitrophenol as oxidising agent, an example is given below. 

8-me thoxyquinaldine. 

o-Anisidine (615 g), o-nitrophenol 7 g) and conc. hydro-

chloric acid (100 ml) were heated to reflux temperature and 

crotonaldeh7de (50  mis) added over 20 mins with stirring. 	The 

black solution was then refluxed a further two hours, cooled and 
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neutralised with sodium hydroxide (40 g) in water (100 ml). 

The 8-methoxyquinaldine solidified on stirring. This was 

filtered, taken up in chloroform, dried, charcoaled, the 

chloroform removed in vaouo and the solid recrystallised from 

petroleum ether (b.p. 60-800 ) to give 8-methoxyquinaldine 60 g 

(80%) m.p. 124-125 0 . 

3-n itroguinol in?60 

A freshly prepared solution of sodium nitromalondialdehyde 

(96 g) in water (60 ml) was added to aniline hydrochloride (10 g) 

in 2N hydrochloric acid (30 ml). The 2-nitro-2-formylethylidene- 

aniline was filtered off. 	Yield 82% m.p. 145- 70  (ethanol). 

The anil above was cyclised by two methods using zinc 

chloride and acetic acid and aniline, the latter being the more 

successful. 

Aniline hydrochloride (67 g) and 2-nitro-2-formylethyl-

ideneaniline (10 g) in acetic acid (100 ml) were refluxed 17 hrs. 

On dilution with water a gummy solid was obtained from which 

3-nitroquinoline was obtained by extraction with warm 2N hydro-

chloric acid followed by basification. 	The mother liquor gave 

a second crop on basification. 	Total yield 3 g, 3. m.p. 

127-8° . 

n.m.r. spectrum (Acetone) had doublets at '1' 0L4 and 

r 075 (2 and L protons respectively) J = 2 c/s and degenerate24 
multiplet centred at 1 20 (5,6,7 9 8 protons), 
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1.2  Phthalazine 161  

o-Phthaiaidehyde 162  (26 g) in ethanol (20 ml) was added 

to ice cold hydrazine hydrate (3 g) in ethanol (20 ml) under 

nitrogen. 	Stirring was continued at 00  for 1 hr, then at room 

temperature for a further 2 hrs. Removal of the ethanol in vacuo 

gave a yellow oil which solidified on standing. This was taken 

up in ether, charcoaled and the ether removed to give pure 

phthalazine m.p. 90-910  

n.m.r. spectrum (ODd 3 ) had broad singlets at 	04 

(2 protons 1H and 4B)  and 	1 05 (4 protons 5H, 6H, 7H and 8H). 

1.3 1) Attempted preparation of Thiazole 

2-amlnothiazole (30  g) in 6N hydrochloric acid (120 mis) 

was diazotised with a solution of sodium nitrite (24 g) in water 

(100 ml). Aqueciio hypophosphorous acid (50  w/w)  (150  mis) was 

than added and the solution allowed to come to room temperature. 

After evolution of nitrogen had ceased the solution was basif led 

and extracted with ether. The organic layer was dried (!.9sO1 ) 

and the solvent removed to give a mobile oil (10 g) b.p. 1144-8/ 

765 mm. n.m.r. spectrum had doublets at 2'L4.0 and 'f 273 

J = 1 c/a. 	A mass spectrum showed the presence of chlorine, so 

that 2-ohiorothiazole had been formed. 

ii) Thlazole. 

Thiazole was prepared as above but hypophosphorous acid was 

used in the diazotisation instead of hydrochloric acid. 
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1.4 Preparation of Quinoxalinee. 

1) 67-Dimethyiguinoxa1ine. 

3,4-xylidine (10 g) in acetic acid (25 ml) and acetic 

anhydride (25 ml) was cooled to 0 °C when it solidified. 	A mixture 

of nitric acid (d lLl) and acetic anhydride (30  ml) was then added 

with stirring over 15 nUns. 	The solution was stirred for a further 

hour then poured onto ice and basified with ammonia (d 088). 

The yellow product, 4-acetamldo- 5 -nitro-o-xylene was filtered and 

dried. 	Recrystallisation from ethanol gave 10 g (70%)  m.p. 105-60 . 

The above compound (8 g) and aqueous sodium hydroxide (20% 

w/w) (40 ml) in ethanol (67 ml) were heated to reflux and zinc 

dust (12 g) added slowly. 	The solution was refluxed a further 

hour, cooled, the excess zinc filtered off, sodium bisulphate 

(15 g) added and the solution concentrated to 40  mis in vaouo when 

4,5-dimothyl-o-phenylenediamine (5 g) crystallised. This was used 

in the next stage. 

The above product (4  g) was dissolved in 50/50  aqueous 

ethanol (50 mis) and glyoxal bisulphite (13 molar equivalents) added. 

The solution was heated at 80 0  for 15 mins and sodium carbonate (5 g) 

added. 	The solution was extracted with chloroform, dried (MgS%) 

and the solvent removed to give a red oil which solidified on 

standing. 	Reorystallisation from petroleum ether (b.p. 60-800 ) 

gave yellow prisms m.p. 96-97°,  L. g (90%) 

The 'H 	spectrum (CDC1 3 ) had singlets at D  13 (2H and 

3H), 7 223 (511 and 8H) and 1 76 (CH 3). 
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Required 0 77•3% 

Found 	C 770% 

H 4 -  V- 	N 178% 

H 4 -  8% 	N 174% 

(ii) uinoxa1ine and 2,3-dimethyiquinoxaline were made from o-phenyl-

enediamine and glyoxal bisuiphite or diacetyl as outlined above. 

1.5 N-oxidation of guinoxa].ines. 

The same method was followed for the N-oxidation of all 

quinoxaliries, an outline will be given of the general method. 

1) 6,7-Dimethyiquinoxaline mono- and di-N-oxides. 

6,7-Dimathyiquinoxaline (359)  in glacial acetic acid (20 ml) 

and hydrogen peroxide (30% w/v)(3 ml) added. 	The resulting solution 

was warmed at 600  overnight. 	The acetic acid was removed in vacuo 

and the residue basified with sodium carbonate. 	The basic 

solution was extracted with chloroform, dried (!.5%) and the 

chloroform removed to give a yellow solid (36 g). 	'H n.m.r. 

spectroscopy revealed this to be a mixture of mono- and di-i.. -oxides. 

Chromatography on alumina gave the mono-N-oxide on elution with 

50/50 benzene/chloroform and the di-N-oxide on elution with methanol. 

Both solids were recrystallised from cyclohexane to give 

the mono-N-oxide, 21 g and di-N-oxide, 1g. 

Mono-N-oxide m.p. 136 - 7 
0 

Required C 690% 	H 58% 	N 161% 

Found 	C 691% 	H 57% 	N 158% 

This had 'H n.m.r. spectrum as follows:- Doublets at i 145 and 

	

172 (3H and 2H respectively) J 	 = L. c/s. 	Singlets at '', 19023 
and ? 235 (8H and 5H respectively) and 'r 764 (CH3). 
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Dioxide m.p. 203-5 

Required C 631% H 53% N 14 -  7% 

Found C 630% H 52% N 14 -  3% 

This had 'H n.m.r. spectrum as follows:- singlets at 	173 (5H and 

8H), 1  1'79 (211 and 311) and '' 750 (CH 3 ). 

1.6 Preparation of l,5-Naphthyridine163  

3-Amiriopyridine (15 g), sodium m-nitrobenzene suiphonate 

(70 g), water 90 mis., sulphuric acid (d 184),  164 g and glycerol 

(50 nil) were mixed and refluxed for L hrs. 	The solution was poured 

into water (100 ml), neutralised with aqueous sodium hydroxide and 

steam distilled. 	The distillate was made alkaline with sodium 

hydroxide and continuously extracted overnight with ether. 	This 

was dried (MgS%) and the ether removed to give 1,5-naphthyridine, 

8 g m.p. 75 0 (petroleum ether b.p. 60-80 0 ). 

'II n.m.r. spectrum had quartet at ' 10 (211), quarte at 	155 (Li) 

and quartet at 1' 235 (311 ). 	Coupling constants were as follows:- 

= 3 . 9 o/s, J2  = 15 c/s, J3  = 63 c/s. 

1.7 Oxidation of i,5-Naphthyridine. 

1,5-Naphthyridlne in acetic acid (100 nil) was heated with 

30% (w/v) hydrogen peroxide (one molecular equivalent, 42 g) at 

600  overnight. The work up was the same as that outlined above 

for quinoxalines. This gave only 05 g of pure product but if more 

than one equivalent of peroxide was used mainly dioxide was obtained. 
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Naphthyridine-1-oxide had in.p. 126 0  (cyclohexane). 

'H n.m.r. spectrum had quartets at 	094 (2 protons LH and 6H), 

'r- 	(211), -r 20 (811), r 232 (711)  and  2 43 (311). 	Coupling 

constants are as follows:- J = 6 c/s, J 34 = 6 c/s, J2  = 1 o/e,2 3  
= 35 c/s, J68  = 1 5 c/s, J78  = 82 c/a. 

1.8 Preparation of Hydroxylamine-0-aulphonic acid. 

This compound has been made by two methods, from hydroxyl-

amino sulphate and oleurn and from ohioro-suiphonic acid and hydrox-

amine hydrochloride. 	The first method was found to give a purer 

product and an outline will be given here. 

20> oleum (225 g) was placed in a flask and hydroxylamirie 

sulphate (62 g) added over 20 mins. 	The solution was stirred for 

an hour and cooled to 0. 	Anhydrous ether (150 ml) was en 

carefully added keeping the temperature below 50° . The white solid 

was then filtered and repeatedly washed with anhydrous ether (7 x 

100 ml). 	The solid was then allowed to drain for 5  inins and 

stored over concentrated sulphuric acid. 

1.9 Taical amination Procedure. 

All the N-amino compounds were made by the same procedure, 

an outline of which is given below for quinoxaline. 

N-Aminoguinoxaliniwn Iodide 

uinoxa1ino (5 g) was suspended in waer (20 mis) and hydroxyl-

amine-0--sulphonio acid (5 g) in water (26 mis) added. 	The solution 

the solution was neutralised with was heated at 600  for L hours,  

sodium carbonate and the water evaporated at a temperature not 

exceeding 350, 	The residue was shaken with 95% ethanol and one 
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molecular equivalent of 57% hydriodio acid added. 	The solution 

was chilled in an ice bath when the N-aminoquinoxaliniuln iodide 

crystallised. 	Yield = 2 g (35%) m.p. 255 - 258 (d). (ethanol). 

'H n.m.r. spectrum (D20) gave doublets at 1l17 and 'r 1'38 (2u 

and 3H) J 23 = L. c/s. mu].tiplet at 'c' 185 (511) mu].tiplet from 

'2•0 to 'r 2L. (611, 7H, 8u). 

1.10 Attempts to prepare N-iminea. 

Passage of the N-amino iodide in methanol down a column of 

IRA-400 ion exchange resin removed hydriodic acid but in no case 

was a stable imine prepared by this method. 	The methanol was 

removed from the n-imine at room temperature under reduced pressure 

and • tfl n.m.r. spectroscopy used to follow the basificat ion. 	The 

starting azine was always obtained. 	In the case of 1-aminoquinoxal- 

inium-4-oxide iodide the initial product obtained was an oily solid 

which appeared to be a mixture of quinoxaline-1--oxide and the 

corresponding mime but this readily decomposed to the oxide on 

standing. 

1.11 Typical Hydroxymethylation Procedure. 

uinoline (5 g) in methanol (5 ml) was added to hydroxylamirie-

0-suiphonic acid (10 g) in methanol (120 ml). 	The resulting 

solution was refluxed for L, hrs. and the methanol removed to leave 

a dark coloured oil which was basified with aqueous potassium 

carbonate. 	This was extracted with chloroform, dried (MgSO) and 

the chloroform removed to leave a black oil (5 g). 	'H n.m.r. 
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iethylquinoline plus 8ta rting material. 	Chromatography on alumina 

ave a clean separation. Quinoline was eluted with benzene, the 

? -hydroxyme thyl compound with chloroform and the L.-hydroxymetbyl 

sioal properties can be found in the 

N-aminoquinolinium iodide (1 g) in methanol (50 ml) was  

electrolysed under varying conditions from 100 mA and at 1 V to 

500 mA at 10 V with platinum electrodes for periods ranging from 

3 hours to 24 hours. 	Highly coloured solutions were produced but 

after preliminary signs of success no hydroxymethylation could be got. 

1.13 Hydroxymethylation using ferrous ions. 

Lepldine (5 g) in methanol (20 mis) was added to a saturated 

solution of ferrous sulphate (2 g) in water. 	Hydroxylamine hydro- 

chloride was added (4 g) and the solution refluxed for 30 mins. 

Insoluble inorganics were filtered off, the solution baeified and 

extracted with chloroform. The chloroform was dried (Mgs%) and 

the solvent removed to leave the product (5 g) which was shown 

to contain 15%  of  2-hydroxymethyl-4-methylquino1jne by 'H n.m.r. 

spectroscopy. 	A similar procedure was used replacing the ferrous 

salt by titanous chloride (15 w/v in water). 

Under the same conditions but replacing the hydroxylamine 
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with 30% hydrogen peroxide gave a 5% conversion to the hydroxy-

methyl compound. 

1.14 Unambiguous synthesis of 2-methy1-4-methOxyguiflaldifle,. 

7chloro2_methylqUiflO1ifle-4-0fle (2 g) was dissolved in 

phosphorous oxychioride (10 ml) and refluxed for 5 hours. The 

solution was filtered and poured on ice. 	The solution was 

neutralised (sodium hydroxide), extracted with chloroform, the 

chloroform dried (MgsO) and the solvent removed to give 4,7-di - 

ohioroqulnaldine 1 g (45%) m.p. 10 3-40 . 	 ' H n.in.r. spectrum 

(CDC1 3 ) had singlets at T 267 (3ff)  and 	73 (CH 3 ), the remaining 

aromatic protons being degenerate centred on 191'. 

4,7-dichloroquinaldine (1 g) in methanol (10 ml) containing 

sodium methoxid (02 g) was refluxed 24 hours when water was added 

and the solution extracted with chloroform. 	This gave 0'1 g 7- 

chloro-4-mebhoxyquina1dine. 	'H n.m.r. spectrum (T.F.A.) contained 

singlets at 	282 (3ff) r 36 (OCH3 ) and 1' 70 (CH 3 ). 	This was 

therefore different from the compound obtained from 7-ohioroquinaldine, 

hydroxy].axnine-0-aulphOflic acid and methanol. 

1.15 Unambiguous synthesis of 7-chloro-4-hydroxymethylgUiflaldifle. 

1) Li.- and 6-Chloroisation (of. Organic Synthesis (1925), 5,  71) 

Chloral hydrate (90 g) was dissolved in water (1200 ml). To 

this was added sodium sulphate (1300  g) then m-chloroaniline (638  g) 

in water (300 ml) and hydrochloric acid (43 ml) and finally a 

solution of hydroxylarnlne hydrochloride (110 g) in water (500 ml). 
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The solution was brought to reflux over 45 mins, refluxed 2 mins. 

and cooled overnight. 	The in-ohloroiaonitroaoacetanilide was 

filtered and dried. 	Yield 90 g (90%). 	This product was not 

purified further but was cyclised to the isatin. 

Sulphuric acid (d 184) (600 g) was warmed to 50°  and 

in-chioroisonitrosoacetanilide (90 g) added slowly with stirring 

keeping the temperature below 70 0 . 	The solution was then heated 

at 800  for 10 mine, and poured on cracked ice (3000 g). 	The isatin 

mixture was filtered and dried. Yield 55 g 	(70%). 	'H n.m.r. 

spectroscopy revealed a 2:1 ratio in favour of L-oh1oroisatin. 

The mixture was separated by dissolution in sodium hydroxide 

(15 molar equivalents) and neutra1isaior with glacial acetic acid 

when L-ohloroisatin crystallised. This was reorystallised from 

glacial acetic acid to give 30 g. m.p. 2540 . 	Addition of hydrochloric 

acid gave 6-chioroisatin, recrystallised from acetic acid, 15 g 

rn.p. 258_90. 	'H n.m.r. spectra were as follows:- 

6-ohioroisatin (Di480) had a doublet at 1  243 (LJi'and 	03 (711) 

and a quartet at 	288 (511). 	= 85 c/a, J57  = 1'5 c/s. 

L-chloroisatin (DM30) had a triplet at i2.i4 (6H) and 	% c/s 

quartets at 	' 297 (511)  and 	'f 310 (711). 	J56  J 7  = 8 c/a, 

1 57 =  09. 

ii) 7-Chloro-2-methylcinchoninio Acid. 

6-Chioroisatiri (15 g) in potassium hydroxide (615 g) (30% 

w/v) was added to acetone (6 ml) and refluxed 15 hours. 	The 

solution was poured on ice and neutralised with acetic acid. 	The 



rysta1lised from ethanol, 15 g (90%)  m.p. 285-6 0 (d). 

..:.r. spectrum (TFA) had singlets at i"l5 (811), 1 158 (311) 

70 (CH 3 ). 	Doublets at 	09 (5H) and D 195 (611). 

=9 a/a, J68  was indiscernible. 

4-Carboxyeth!1-7-chloroQuinaldine. 

Sulphuric acid (6 ml) (d 184) was added to a solution of 

7-ch1oro--methy1cinchoninio acid (5 g) in ethanol (10 mis) and 

the mixture refluxed 10 mins. The dark red solution was poured 

on ice (10 g) and nutralised (aqueous sodium hydroxide). 	The 

aqueous suspension was extracted with chloroform, the chloroform  

dried (Mg S%) and the solvent evaporated to give an oil which 

quickly solidified. 	On recrystallisation from petroleum ether 

(b.p. 60-800 ) this gave the product in.p. 6L-5°.  Yield 27 g (50%). 

'H n.m.r. spectrum (ODd 3 ) had ain1ets at 	225 (311) and 

'? 725 (0113 ), doublets at 1' 135 (511) and ? 198 (811), triplet 

at T 854 (Cu 3  of Et) and quartets at D 25 (611) and T 55 (OH2  

of Et). J56 	9 c/a, J68  = 2 c/s, 30H011 = 7 c/s. 

Required C 62 40% 	H 480% 	N 560% 	Cl 11r20% 

Found 	C 6225% 	H 172; 	N 5.25% 	Cl ltriO%. 

7-ohloro-4--hydroxymethy1quinaldine. 

L-Carboxyethyl-7-chloroquinaldine (1 g) in dry ether (10 ml) 

was added to lithium aluminium hydride (025 g) in ether (10 mis) at 

_200. 	The solution was stirred at this temperature for 10 mins 

and decomposed with sodium hydroxide (aqueous). The solution was 



204  

extracted with chloroform, the chloroform dried (gs%) and 

evaporated to give a white solid. m.p. 185-6 0  (ethanol) identical 

in all respects to the product from reaction of 7-chioroquinaldine 

with hydroxylainine-O-sulphonio acid and methanol. 

Spectral parameters are in the text. 
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Pfizinger kieacon 

2.1 Preparation of Ketones 

Phenoxyacetone (of. J. Amer. Chem. Soc. (1939), 61,  13:5) 

Phenol (47  g) was added to a solution of sodium methoxide 

(from 11 g of sodium and 100 ml methanol), the methanol was then 

removed under reduced pressure to give the sodium phenolate. 

This was dissolved in benzene (300 ml) and 685 g bromoacetone 

slowly added with stirring. 	The mixture was refluxed 10 mine, 

the sodium bromide filtered and the benzene removed under reduced 

pressure to give a dark oil. 	On distillation this gave phenoxy- 

acetone (25 g) 30% as a yellow oil, b.p. 115-120/12 mm. 

L-methoxyphenoxyacetone. 

The ketone was made as outlined above using hydroquinone 

monomethyl ether in place of phenol. 

Yield 38%. m.p. 47-80C (40-600  petroleum ether). 

The 111  n.m.r. (CDC1 3 ) spectra (60 MI) had aromatic singlet 

3'2 (11. protons) and singlets at 'D 558 (cH.), r- 63 (O-cH3 ) and 

'1'7'8 (CH 3 ). 

L.-nitrophenoxyaoetorie. 

This ketone was prepared by the method outlined above. 

Yield 30% rn.p. 80-81 0c. 

The lH n.m.r. (CDC1 3 ) spectrum had aromatic doublets 

centred at '1' 2'85 and T3'OO 3 = 9 c/s (typical AA'BB' spectrum), 

5'25 (cH2 ) and D7'70  (CH 3). 
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(iv) Li.-methoxyphenylaoet one 

Magnesium (5'O g) was added to ethanol (51 ml) and carbon 

tetrachloride (0'5 ml). 	The reaction started immediately and was 

allowed to proceed for 2-3 mins. 	Sodium dried ether (71  ml) 

was added followed by redistilled diethyl malonate (335 g) in 

dry ether (238 ml) and absolute ethanol (19 ml). The mixture 

was stirred for 3 hrs. after which time the magnesium had dissolved. 

4-methoxypheny1acety1 chloride (from 33'2 g 4-mothoxypheny1 acetic 

acid and excess thionyl chloride, refluxed 30 mins.) was then added 

with atirririg over 10 mina. and the resulting solution rafluxed 30 

mins. The mixture was cooled and shaken with dilute sulphuric 

acid (25 g cone. in 200 ml water). 	The ether layer was separated 

and the aqueous layer extracted with the same solvent. 	The 

combined organic layers were dried and the ether removed to give 

2- (L-tnethoxyphenylacotyl)diethyl inalonate. 

The crude product was dissolved in glacial acetic acid (60 ml) 

water (40 ml) and cone. sulphuric acid (8 ml) and refluxed 5 hrs. 

The chilled reaction mixture was basified (20% sodium hydroxide) and 

extracted with ether. 	The ether layer was dried and the ether 

removed to give a product which was distilled. 

Yield 70%.  b.p. 139-43/12 mm. 

The 3 n.m.r. spectrum (CC1) had absorptions at 290 and 

326, &A'BB' doublets J = 9 o/s, singlets at '7 636 (0-OH3 ), 

T 6'50 (OH2 ) and T 8'00 (CH 3). 



(r) 	-rc.prienylace ton e. 

..tration experiments using phenylacetone proved unsatis- 

actory and the method above was followed with success using p-

nitrophenylacetic acid. Yield 65%. m.p. = 62-63°C, 1H n.m.r. 

spectrum had absorptions at D l'81 and 2'66 0  AA ,  BB ,  doublets 

J 9 o/s, singlets at 6'17 (OH2 ) and 'c' 7'80 (CH 
3 ). 

2.2 Typical Pfitzinger Reaction Procedure. 

The ketone (052 mole) was added to a solution of Isatin 

(5g, 035 m) in 33% (w/v) aqueous potassium hydroxide (30 g) and 

the mixture refluxed 16 hrs. 	After treatment with ice (100 g), 

extraction of non alkali soluble material, and acidification to 

pH 6-7 (acetic acid), the product was filtered off, dried and 

analysed by 1  H n.m.r. spectroscopy by use of the -OH 2- and -CH3  

resonances. 	1H n.m.ro spectra are in the text. (Tables 2.3 and 

2.4, section. 

Similar examination of the aqueous phase showed that no 

product remained therein. Yields were in the range 60-85 based 

on the isatin. 	Physical constants of the separated acids are 

in Table 1. 

2.3 Partial Eaterification of the Mixtures - General Procedure. 

The cinchoninic acid mixture (4 g) was boiled with ethanol 

(20 ml) and cone. sulphuric acid ( 1'84, 10 ml) for 05 hr. 	After 

treatment with ice (100 g) and basification with sodium hydroxide, 

the basic material was extracted with ether. Evaporation of the 
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ids as shown by the absence of the-OH 3  absorption 

.ear r70 and the presence of a singlet near r 150. 	The esters 

rere hydrolysed with boiling 20% (w/v) aqueous potassium hydroxide 

o give the pure 2 substituted cinchoninic acid. 	Pure 2,3-di-- 

ted acid was obtained during the basification procedure 

y basification and recrystallisation from ethanol. 	nm.r. 

ccti'a ).ie i. ui-ie text, Tables 2.3 and 2.4., other physical 

i3aLts Of t,', aida in Table 2. 

2 	Reactions In differing base strength. 

The reactions were carried out as outlined above using 

0032 moles of isatin with excess methyl ethyl ketone in potassium 

hydroxide solution varying in concentration from 15-50% (w/v) in 

water, 	working up in the usual way gave a 50/50 mixture of 2-ethyl 

and 2,3-diznethylquinolirie in varying yield. 

2.5 Attempted Reaction of Pentane-2,4-dione Diarilon with sodium 

Isat mate. 

Sodium isatinate (01 mole), prepared by evaporation to 

dryness of a solution of isatin in aqueous sodium hydroxide, was 

added to the disodiuin salt159  of pentane-2,14-diore (Cl mole) in 

liquid ammonia containing sodamide (03 mole). 	After vigorous 

stirring for 3 hrt., evaporation and neutralisation, a product was 

obtained whose spectra indicated a complex mixture, in which the 

main component was isatin. 
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TABLE 2 

Cinchoninic Acids 

(A) 

R in 	(A) m.p. 

CH  171-1720(d)9 

C2H5 155_1560(d)b 

CliMe2  182 193° (d) °  

Ft 	- 

IUJ 

4-MeO.C6 H 207-208° (d) reqd. 	C. 737; H, 51; N o  47. 
found 	0, 	73'7; H, 	51; N o 	47. 

C6H50 196 ° (d) °  

LMeOC HO 16L-].65° (d) reqd. 	C, 699; II, 	46; N o  45 
found 	C, 69 7; H, 	4 - 9; N o  4 - 5- 

(4 

ya 

(B) 



Table 2 (Contd. 

R in (B) 	 in.p. 

CH 	 309.3100(d)f 

C6H5  

4-NO2C6H 	222-2230 (d) 

4-Me0.C6H4 	289-29f(d) 

OH 

C6H50 	 259_2600 (d) 

4-MeO06H0 	213-2140  (d) ' 

210 

reqd. C, 662; H, 39; N o  91. 
found C, 661; H, 38; N o  90. 

reqd. C, 737; H, 51; No 47. 
found C, 736; H, 51; N o  48. 

Footnotes 

C. floebner (Annalen (1887), 242p 265)  gives rn.p. 1730
. 

Ref. 5 gives m.p. 156 0
. 

C) Ref. 5 gives m.p. 192°  

W. Borsoe and 0. Vorbach (Anrialen, (1938 ), 537 0  22) give 
m.p. 220 

N. Okuda (J. Pharm. Soc. Japan, (1951), fl, 1275) gives ni.p. 196 0 . 

Ref. 5 gives m.p. 3100. 

W. Borsce and 0. Vorbach (Annalen, (1938) 537# 22) gives 
m.p. 312 

L.B. Cross and H.. Henza (J. Amer. Chern. Soc., (1939)9 61, 2730 ) 
give m.p. 242-244 C. 

N. Okud (J. Phartn. Soc. Japan, (1957), fl ,  1275) gives m.p. 
259-260 

R.L. Sublett and P 6 
 K. Calaway (3. Amer. Chem. Soc., (1948), 1Q 

674) give m.p. 215 



ci'Lauder ieactiQu witti ety1 i iiyi. etore 

-Aminobenzaldehyde (001 mole) was dissolved in 5% w/v 

e;Llanolic sodium hydroxide and methyl ethyl ketone (003 mole) 

'• 

- 	
( 

ener removed to give the quinolines. 	H n.m.r. spectroscopy 

cvealed a mixture containing 85% 2 ,3 - dimethylquinoline and  15% 

2-ethyiquinoline. 

Fischer Indole Synthesis. 

2.7 Preparation of Indoles 

m.pa and spectral data are collected in Table 2. 

With Boron-trifluoride-di-ethyl Etherate. 

Benzyl methyl ketone phenyihydrazone (5 g)(m.p.  86-87° ), 

acetic acid (50 ml), and boron trifluoride-di-ethy]. etherate (36  g) 

were heated under reflux for 3 hrs. The boron trifluoride-ammonia 

complex was filtered off and the acetic acid removed in vaouo to 

yield a product (80%)  which was shownto be solely 2-methyl-3- 

pheny].indole, m•p. 59-600  (light petroleum (b.p. 4060 0 )). 

with Sulphuric acid-ethanol. 

Benzyl methyl ketone phenylhydrazone (5 g), ethanol (100 ml) 

and concentrated sulphuric acid (20 ml) were heated under reflux 

for 3 hrs and then poured onto ice (100 g). 	The oily solution was 



teu Wii.i cu:.i 1Cr':, r.e eXfC 	iie. 	 &VãJ1'6L 
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o give a product (80%) which was exclusively 2-methyl-3--phenyl- 

indole. 

series of reactions in aqueous ethanol sulphuric acid 

d out as outlined above heating at reflux temperature 

for 	r:ir1;E 	(b1 e 

c) witii Puosporic oxide-water. 

The freshly prepared phosphoric acid mixtures were made by 

dissolving phosphoric oxide in 90% (w/v) ortho-phosphoric acid. 

(1) Reactions with methyl ethyl ketone, buizyl and p-nitr'obenzyl 

methyl ketones. 

The pheny].hydrazones (1 g) and the polyphosphoric acid 

(15 g) were heated together for 30 mins at 100 0 , poured onto ice 

(30 g), and extracted with chloroform; the organic layer was 

dried (MgS%) and evaporated to give the indole mixtures (Table 2.6). 

(ii) Reactioriswith methyl isopropyl ketone. 

The scheme above was followed but after extraction with 

chloroform the mother liquor was basifled and reextracted; the 

organic layers were combined, dried (MgS%), and investigated by 

n.m.r. spectroscopy. 

2.8 Separation of Isomers. 

2-isopropyl indole and 2,3,3-trimethyl-3H-indole were 

separated by extracting the basic 3H-indole into 2N-hydrochloric 

acid. 



42-43 om 7600 7•60e 8'90 365 	255 	20-330 
72-73 710g 870h 8 -  70h 3.751 	250 mu1tp1et 2L.0-33O 

814.0  620 60 2-90 3-55 	255 	240-310 

2 M 3,3DjI4ea 4H 5H 6H 	7H 

7 . 75 	8 - 75 
	

multiplet 240-310 

Rin 

(51) 

2E ta 
2Pr 18  

2 CH2RPha 

(53) 

RR2  =CH 3  

TABLE 2 

n.zn.r. Spectra (1') 

m.p. 21jCa  3R 	LH 	5H 6H 7H 	N-H 
107-108 80? 785 	255 multiplet 27 - 33 
59-60° 7•75a 2.60b multiplet 230-300 

21L4-2150  7L3 °  173 	228 multiplet 220-3'00 

Rin 

(52) 

Me 

Ph 

L1I O2 

Footnotes. 

a) In CDC1 3 . 	b) In acetone. 	c) Broad singlet d AA'BB' spectrum 3ortho + para 
9 a/s. 	e) Quartet J = 7 c/s. 	f) Triplet T = 7 a/a. 	g) Septet J = 7 c/s 

h) Doublet J = 7 a/s. 	1) 11u1t1p1et with main coupling = 2 c/a; convers1 - n or NI-I to ND 
by D20 gives a multiplet showing further coupling to 2-Pr 1 , 2H and N-D. 	j) H.R. Snyder 
and C.W. Smith, J. Amer. Cem. Soc., (1943),  65,  2452  give m.p. 1000. 	k) B. Trinkler, 
Annalen, (1888), 248, 106 gives mp. 5J 0 , 	1) A. Da Settimo and M.F. Saettone, 
Tetrahedron, (1965),  21, 823. gives m.p. 59 . 	ui) A. Verley and J. Bedurve, Bull Soc. 
chim. prance, (1925), 	, 190, gives m.p. 2140 . 	n) V.F. Martynov and G. O]iman, Zhur. 
obschei Khim. (1955), 	1561. give m.p. L2- L4.3° . 	o) E. Wenkart, B.S. Bernstein and 

g  J.H. Iidelhofen, J. Amer. Chem. Soc., (1958), 80, 4899, give m.p. 73. 
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In all 

iasea m.s were in agreement with reported values. 	Although 

2ure 2-methyl-3-(4-nitrophenyl)indole was readily obtained by 

fractional crystallisation of the mixture from L.-nitrobenzyl 

ethyl ketone all attempts to obtain a pure sample of the minor 

isomer, 2-(4-nitrobenzyl)indole failed a 70/30 mixture in favour 

er 	the best obtained. 	Chromatography or alumina 

i10 	e ,irate these two isomers under all solvent 

systems tried. 



epacion of carbonyl compounds for use in the Widman-Stoer!ner 
action. 

- main methods were used, one for o-amino acetophenones 

Out or the higher ketones, both methods are outlined below. 

ethod A. 

1) 3-Methy].-2-nitrobenzoic acid. 

m-Toluic acid (200 g) was slowly added to fuming nitric acid 

(800 ml) t.thioh was kept below _200  by the addition of solid carbon 

dioxide to the reaction mixture. 	After addition was complete the 

reaction mixture was stirred for 30 mins. 	The solid which had 

crystallised was filtered and recrystallised from ethanol. 	This was 

found to be pure 3-methyl-2-nitrobenzoic acid, 103 g, in.p. 222-30
. 

On dilution of the reaction mixture a yellow solid crystallised, 

after filtration and recrystallisation from water, this was found 

to be pure 2-nitro-5-methylbenzoic acid, 54 g. rn.p. 133-4. 

n.m.r. spectra 

a) 3-methyl-2-nitrobenzoio acid (NaOD) had '7' 23-26 aromatic 

multiplet 'T 78 (CH 
3 ). 

b) 2-nitro-5-methylbenzolc acid (DMSO) had aromatic multiplet at 

T 22-28 (4 protons) and singlet at r78 (CH 
3 ). 

ii) 2-Nltro-3--m ethyl acetophone. 

Magnesium (18 g) was added to a mixture of ethanol (17 ml) 

and carbon tetrachloride (15 ml). 	The reaction started almost 
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immediately and was allowed to proceed for 2-3 mine. 	Ether 

(250 ml) was then added followed by diethyl malonate (117 g) in 

ethanol ( 7 ml) and ether (85 ml). 	The mixture was stirred under 

reflu.x for 3 hrs. when most of the maesiuzn had dissolved. 	To 

the grey solution was added the acid chloride from 2-nitro-3-methyl-

benzoic acid (120 g), phosphorous pentachioride (153 g) and benzene 

(167 ml) in 50/50  ether/benzene (670 ml). 	The solution was then 

stirred under reflux for 30 mine. The mixture was cooled and 

shaken with dilute sulphuric acid (85 g in 700 ml water) and 

extracted with ether, the organic layer dried (MgS0 ) ) and the ether 

removed to give 2-(2-nitro-3-methylbenzoyl)diethyi malonate. 

The crude product was dissolved in glacial acetic acid (200 

ml), water (120 ml) and sulphuric acid (d 1'8L)(25 ml) and refluxed 

5 hrs. 	The chilled reaction mixture was basified (20% w/v 

sodium hydroxide) and extracted with ether. The ether layer was 

dried (Mg3O) and evaporated to give an oil which solidified on 

standing. 	Recrystallisation from petroleum ether (b.p. 60_800) 

gave a white solidm.p. 85-6 0  (70 g)  ( 6 3%). 

'H n.m.r. spectrum had aromatic inultiplet at 1 23-26 (L protons) 

and singlet at 'D 74 (CH 3). 

iii) 2-Amino - 3-methyiacetophenone. 

2-Nitro-3-rnethylaoetophenone (70 g) was dissolved in glacial 

acetic acid (360 ml) and iron powder (140  g) added over 80 mine. 

at 950 . 	90 mis. of water was added at 0, 20, 40, 60 mIne, while 

the iron was added. 	The solution was cooled and diluted With water, 
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then extracted with ether. The other was dried (MgS%) and the 

ether evaporated to give 53 g of an oil which quickly solidified. 

ç rn.p. L7-. c O  (petroleum ether b.p. L0-60 0 
). 

'II n.m.r. (CDC1 3 ) spectrum had singlets at 'f 752 (COCH3 ) and 

-r 79 (CH 3 ). 	The aromatic region had quartets at 	2'4 (611) and 

28 (H) and a triplet at 'D 3 L.2 (511). 	The NH  absorbed at 

'i 36. 

Method B. 

2_Methyl - 3 - isopro2ylindOle. 

Methyl isobutyl ketone (150  g) and phenyihydrazine (108 g) 

were heated together at 950 for 30 rnins. 	The excess ketone was 

removed in vacuo, chloroform added and the remaining water removed 

using MgSO. 	The Ch10rOfoxEfl was removed and ethanolic sulphuric 

acid (20) w/w) (1000 ml) added. 	The mixture was refluxed for 

3 hrs., poured on ice and the oily suspension extracted with 

chloroform. 	The chloroform was dried and the solvent removed to 

give the indole (b.p. 182-5/20  mm) yield 90g (52%). 

IH n.m.r. spectrum had degenerate aromatic 	' 23-31, singlet 

at '1 777 (CH 3 ) doublet at 	860 (CHMe2  3 = 70/s) and 

septet at D 685 (CHMe2  J = 7 c/a). 

o-AcetylarninOisobUtyrOpheflOfl!. 

Sodium metaperiodate (200 g) in water (600 ml) was added to 

2-methyl-3-isopropyllndolo (88 g) in methanol (600 ml). 	The 

temperature rose to L5°  and sodium iodate quickly precipitated. 



:he solution was allowed to stand for l hrs. when tLe metriariol 

1 	 -,-- 	 - 

removed to give a crude product. 

	

n.m.r. spectrum (aDd 3 ) had absorptions at 	130 (ÔH), 

21 (311),  i25 (511)  and i19 (4H). 	A septet at i  638 

(C1114e2 ) doublet at 	r 8'80 (ClIMe2 ) and a singlet at 	' 78 (00CR3 ). 

34 	45 = j 56 = 8 c/a, 	J35  = J1 6 = 2 c/8. 

iii) o-Aznthoisobutyrophenone. 

The crude N-acetyl derivative was dissolved in hydrochloric 

acid (250 ml), water (250 ml) and ethanol (250 ml) and refiuxed 

L. hrs. 	The ethanol was removed in vacuo and the solution neutralised 

(NaHCO3 ) and extracted (did 3 ). 	After drying and evaporation of 

solvent this gave the ketone (48 g) b.p. 114-2/20 nwis. 

'H n.m.r. spectrum (aDd 3 ) had absorptions at i 228 (311), 

280 (511), 1" 311. (4H, 611). 	The amino group absorbed it 

'1 38. 	The rnethine proton absorbed at '1 645 and the methyl 

at 	880. 

Required C 	736% H 	80% N 	85 . 8% 

Found C 	730% H 	79% N 	851 

3.2 Preparation of Tertiuialcohols. 

The tertiary alcohols were all made from an o-amino 

carbonyl compound and a Grignard reagent as outlined below. 

To magnesium (25 g) and ether (20 mis) was added one crystal 

of iodine followed by benzyl chloride (128 g) in ether (250 ml). 



xed for 30 wins tiien o-aiuoaceo-

oienone (135 g) in ether added. 	The mixture was ref].uxed for 

further 30 mine and poured on iced arioniacal ammonium chloride 

:olution. 	The organic layer was separated and the aqueous layer 

xtracted With ether. The organic layer were combined, dried 

(tgs%) and the solvent removed to give a red oil. Chromatography 

:iibenzyl (m.p. 520  (ethanol)) yield quantita- 

;1s were never fully oharacterised but used in 

;.e next stage. 

n.rn.r. spectrum (O0i) tiaU aegeflerate aroQnatic region 

'1 3-38 -NH2  and -01 at 1' 56. 	The -CH2- was non equivalent 

•)x'otone absorbing at 	680 and ' 7 . 10 3 = l4 c/s, and a 

r:lot at 1'  87 (CF). 

3.3 Preparation of olefins. 

The olefins were prepared by the standard procedure out-

lined below. 	Where two compounds were possible the mixture was 

analysed by 'H n.m.r. spectroscopy before cyclisation. 	The product 

from above was dissolved in benzene (200 ml) and phosphorous 

pentoxide (30 g) added. 	The mixture was refluxed 3 hrs., cooled 

and the complex hydrolysed with dilute ammonia. The organic layer 

was separated, the aqueous extracted with chloroform, added to 

the benzene layer, the whole dried and the solvent removed to give 

the olefin in quantitative yield. 

'H n.m.r. spectroscopy revealed a mixture of olefins con- 
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cf'Lns although many were 

raew compounds were not characterised but immediately used for the 

'ray1-L-tnethy1 and L-benzy-1 cinnolines. 

:9 :xre 	T].efina from above (64 g) were dissolved 

ira 	 z,  i, 	 mis) and water (10 n]). 	This was 

cooled to _100  when the hydrochloride crystallised. 	Sodium 

nitrite (2L1. g) in water (10 mis) was added slowly with stirring. 

After addition the diazotised amine was stirred at _100  for 30 mins, 

thiheated at 60 0  for 5 rnins, cooled and phenolic products extracted 

with ether. 	The aqueous layer was neutralised with sodium 

carbonate and extracted with ether. 	The ether was dried (Mg304) 

and the ether evaporated to give the cinnoline mixture (4 g) (6 0%). 

his was shown by 'H n.m.r. spectroscopy to be 60% 3-phenyl-4-

methylcinnoline and 40%  1-benzy1cinnoline. 

The material was ohromatographed on alumina 't.*tioh gave on 

elution with benzene 3-phenyl-4-methyl cinnoline which after re-

crystallisation from petroleum ether b.p. 60-50 0  had m.p. 126-7 0 
. 

On elution with 50/50 benzene/chloroform L-benzyicirinoline was 

obtained which had after reorys tell isation from petroleum ether 

m.p. 102-3 0 
. 

'H n.m.r. specra were as follows:- 

L 3-phenyi-4-methy1cinnoline had multiplet (X of ABCX) at T l5 (BH), 



( 	 1 protons) at 	9-2 7, 

:iglet at -r 735  (CH 3 ). 

-benzylcinno1ine had singlet at '? 087 (3H), multip].et at 

146, degenerate aromatic multiplet at 	18-26 0 protons) 

1- 	 -- 

-Phenyl- and 3-phenyl-8-methylcinnoline were made by 

ightly different methods as outlined below. 

N-Benzyl1dineamino-N-2 1ionyioxamy1_chloride. 

Oxalyl chloride (29 g) was added dropwise with stirring to 

benzyaidehyds phenyihydrazone (225 g) in dry ether (700  ml). 

The yellow solution was refluxed for 3 hra and the ether evaporated 

to give the product (15 g) (90%)  as a bright yellow solid, m.p. 

100-50
. 	This was not purified further but used Immediately for 

the next stage. 

N-Benzylidineaminoisatin. 

N-J3enzylidineamino-N-phenyloxamyl chloride (15 g) in ethanol 

free chloroform (stirred with alumina for 2 hrs) (400 ml) was 

added slowly to aluminium chloride (50  g) in chloroform (ethanol 

free) (300 ml), the temperature being kept below 10° . 	The bright 

red solution was stirred for a further 15 mnins, refluxed for 30 mins 

and allowed to stand at room temperature overnight. 	Iced water 

(300 g) was added and the grey solid which formed filtered. The 

chloroform layer was removed and the aqueous solution and grey 

solid extracted with chloroform. After drying (MS%) and 



vent re-z-,ioved uo give -jJeryiixirAo1e wiicii was x'ecrysta1lied 

*:)m petroleum ether (o.p. 600_600)  m.p. 1190 . 

n.m.r. spectrum (CDC1 3 ) had multiplets at 'r 153 (8H), 

1'78 (2 protons, 2' and 6' of 3-phenyl group), doublet at 

'1 1'88 (L.ii j14 8 = 1 c/a) the remaining 6 protons being degenerate, 

a..sorbing between 7 22 and '126. 

N-Benzylidineainino-N-- (o-tolyl)oxamyl chloride. 

This was synthesised exactly- as outlined above for N-

benzylidineaniino-N-phenyloxamyl chloride using benzyaldehyde o-tolyl 

hydrazone in place of benzyaldehyda phenyihydrazone. 

Attempted preparation of N-Benzylideatnirio-7-methy-lisatirt. 

The preparation was carried out as outlined above for the 

lower homologue. However the 'H n.m.r. spectrum of the product 

showed no benzylidene proton but showed the presence of an ethyl 

group. m.p. 130-10 . 

The n.m.r. spectrum (cDc1 3 ) was as follows:- 

Degenerate aromatic region ' 235-2'8 (10 protons), quartet at 

5950' (2 protons, j 
3- CH2 

7 c/a) singlet at i 782 (OH 3 ) 

and triplet at 875 (OH -j  3 30H -OH2 = 7 c/a). A mass spectrum 

gave a molecular ion at m/e 310. 

The compound (1. g) in ethanolic potassium hydroxide (10 in]. 

10% w/v) was refluxed 30 inins. Neutralisation with hydrochloric 

acid and extraction with chloroform gave a product which after 

recrystallisation from ethanol had m.p. 100_1 0 ,  molecular ion 

at in/s 210 and 'H n.m.r. spectrum as follows (ODd 3 ). Degenerate 
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aromat5o protons from 	23-33 and singlet (CH3 ) at 	7 ,  85, a 

tall singlet being dicornable in the aromatic region at 	237. 

The compound had m.p. 100 0  identical to an authentic sample of 

benzyaldehyde o-tolylhydrazyl, the infrared spectrum also being 

superimposable on that of the latter compound. The product from 

the attempted cyclisation wa therefore ethyl N-benzylidineamino-

N-(o-tolyl)oxamate, the acid chloride reacting with residual 

ethanol in the chloroform ratiierthan cyolicing to the isatin. 

Preparation of N-benzylidineamino-7-methylisatin. 

Substitution of methylene chloride as solvent for 

chloroform in the reaction outlined above gave the desired product, 

yield 70%. m.p. 162-3 0  (ethanol). 'H n.m.r. spectrum had singlet 

at Ti 058, degenerate aromatic region from 7'  220 to 1' 310 

and singlet at 1 7'45 (0113 ). 

3-Phenyl-8-methylcinnoline-4-oarboxylio Acid. 

This acid was proposed exactly as described above for the 

lower homologue. m.p. 240-2 0 (d) (ethanol). 

'H n.m.r. spectrum (TFA) had degenerate multipleta at T'  2'62 (3 

protons, 511, 2 9 H and 6 1H), ' 22 (5 protons, 6:, 711, 3 1 H.- 5 2 H), 

singlet at 	6 ,  9 (CH 3 ). 

3-Phenyl-8--methylcinnoline. 

The decarboxylation was carried out.ia benzophenone under 

nitrogen as outlined above (iv). This gave 3-phenyl-8-methyl-

cinnoline m.p. 57-580  (petroleum ether b.p. L.0-60°). 



n.m.r. spectrum was as follows:- 

ultiplet at '1 282 (2 1 H and 6 1 H), singlet at 	' 21 (4H) 

degenerate multiplet at "7  2'4-2'7 (6 protons 511, 611, 7H, 3 1 u4'Ii5'H), 

singlet at I 703. 

3 	Methylation of Cinnolines. 

Al]. cinnolines were quaternised under standard conditions 

as outlined below for 3-phenyl-4-methyl cinnoline. The time of 

reflux was the only variable since some cinnolines e.g. 3-phenyl-

8-methyl reacted very slowly under these conditions. 

3-phenyl-4-niethylcinnoline (06 g, 0003M) in methanol 

(15 ml) was refluxed with methyliodide (42 g 00311) for 5 bra, 

the methanol and excess methyl iodide were removed in vaouo, to 

give a red solid which was shown by IH n.ni.r. spectroscopy to 

contain 38% 2-methiodide and 62% 1-methiodide. 

3.7 Separation of Isomers. 

Only in one case was complete separation achieved. Various 

solvent systems were tried with little success, the gross insolub-

ility of the compounds being a disadvantage. 

Success was achieved with the methiodide mixture from 3-

ethyl-4-methylcinnoline. This was done by dissolving the mixture 

in methanol and adding ether slowly, the ].-rnethiodide precipitating 

first followed by the 2-methiodide. Both compounds were further 

purified by recrystallisation from ethanol 3-ethyl-1,4-dimethyl-

cinnolinluin Iodide had m.p. 213-150 (d) while the 2-methiodide had 

m.p. 179-810 (d). n.in.r. spectra are in the text. 



The indazoles were synthesised by two main methods, 

H.sed o-aminoalkyl benzene or cyclisation  

ketone. 	An example of both types will 

e given below. 

1) 3- Ethyl indazole. 

To hydrochloric acid (36% w/w)(25 ml) cooled to 50  was added 

ice (12 g) followed by o-aminopropiophenone (lLl g) and a further 

12 g of ice. 	Sodium nitrite (7 g) in water (15 ml) was then added 

at 0°C over 20 mina. 	The dlazonium solution was stirred for 

15 mina at 00  then rapidly added to a solution of sodium sulphite. 

(This was prepared as follows:- sodium hydroxide (10 g) was 

dissolved In water (100 ml) and sodium rnetabisulphIte (223 g) added. 

The solution was cooled to 25 0  and phenolphthalein solution (2 drops) 

added. 	Sodium metabisuiphite was then added until the pink colour 

disappeared, followed by 24 g more at 50)• The mixture was slowly 

heated to 750  and allowed to stand at this temperature for 30 mine. 

Hydrochloric acid (36% w/w) was added to pH 3 and the solution 

heated in a boiling water bath for 2 hrs, when a red oil separated. 

Basification, cooling and extraction with chloroform gave after 

drying etc. 3-ethy].indazole 101 g 73%. 	After steam distillation 

and reorystallisation from petroleum ether (b-P. 40-60 0) it had 

m.p. 74-750 
 

'H n.m.r. (100 MHz)(CDC1 3 ) was analysed by LAMS and had the 

following chemical shifts and coupling constants:- 	2'31 (Liii), 
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i c/a, J56 	696 c/a, 357 	087 c/a, 

T. 

	

	8'36 c/a, quartet at T' 696 (CH 3 = 7 c/a), triplet at 

J7c/s). 

•-indazole -ef. Organic Synthesis, (1962) ), 691. 

-thyleniline (100 g) was added to acetic acid (90 ml) in 

cctL3 anhydride (180 ml), cooled in an ice bath, and nitroaated 

:y rapid bubbling of diffitrogen trioxide (from sodium nitrite a1 

iitric acid (d 147),  got by diluting fuming nitric acid (200 ml) 

with concentrated nitric acid (70  ml)). 	When the solution re- 

mained dark green (- 5 lira),, the mixture was poured into ice water, 

allowed to stand then extracted with benzene (500  ml). 	The 

benzene layer was washed with ice water then methanol (30  ml) and 

allowed to stand at 50  overnight. 	The solution was heated to 350 

for 1 hr, when an exothermic reaction occurred, then refluxed 1 hr. 

The benzene solution was then extracted with hydrochloric acid 

(2N) which on basification (ammonia) gave a reddish solid, 34 g, 

34%. 	Recrystallisation from water gave long needles m.p. 112-13 0 . 

'H n.m.r. (100 MH20  ODd 3 ) spectrum was degenerate but on analysis 

by LAMS had the following parameters. 'T  237 (LEI), T 261 (7H), 

269 (611) ' 2'92 (5H). 	1 	 = 8 11 o/s,  J46 = 1'03 c/s,45  
0- 85 c/a, J 56 = 6 - 84 c/a, 357  = 0-92 c/a, J

67  = 
	- c/a, 

singlet at 	I743 (0113 ), broad singlet centred at "r 00 (N-H). 



i) From o-Aininoisobutyrophenone 

o-Aininoisobutyrophenone (5 g) was diazottsed as outlined 

above and reduced with sodium sulphite solution. 	The product 

obtained was a red oil. 	'H n.m.r. spectroscopy showed this to 

be a mixture of 4t 1eest six compounds containing an isopropyl 

group. 	Chromatography on alumina gave no pure identifiable 

products and the experirnt  was abandoned. 

El 
	

ii)From o-aminoisobutylbenzene. 

o_Alninoisobutyrlbenzene (from Wolff-Kishner reduction of 

o-wninoisobutyrophenone) (16 g) was acetylated by dissolution in 

acetic anhydride-acetic acid and dinitrogen trioxide bubbled as 

before. 	The method outlined above was followed to give a red oil 

as a product. 	This was shown by 'H n.rn.ro spectroscopy to again 

be a complex mixture inseparable by the usual methods. 

iii) From 3-isopro2nylindazole) 67  

a) Preparation of 3-oarboxyindazole 

Sulphuric acid (955 g) (d 16L.) in water (1 1) was cooled 

to 00 by addition of ice. 	A cold solution of isatin (73 , 5 g) 

and sodium hydroxide (205) in water (325 ml) was added to a 

solution (also at 00 ) of sodium nitrite (35 g) in water (125 ml). 

The combined solutions were then added to the stirred sulphuric 

acid as rapidly as possible keeping the temperature below 40 - 

The solution was stirred 15 mins, then a cold solution of stannous 

chloride dihydrate (270 g) in hydrochloric acid (36 w/w)(425 ml) 
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was added. 	The mixture was stirred for a further hour then 

the product, a brown solid, filtered. 	Two recrystallisationa 

from water gave a yellow solid m.p. 265-60 ; 27 g. 

3-Carboxymethylindazole. 

Indazole-3-carboxylic acid (20 g) in methanol (100 ml) and 

sulphuric acid (30 g, d 14) was refluxed 2 hrs, poured into 

water and basified with sodium hydroxide. The solution was 

extracted with chloroform, the chloroform dried (Mgs%) and removed 

in vacuo to give the methyl ester (10 g), 46%. 	This was not 

characterised but used immediately in the next stage. 

'H n.m.r. spectrum had multipleta at 1' 18 (LH), 	217 (711) 

'D 255 (511, 611) singlet at 	'7 595 (CH 3). 

41 
3-Inazolyl diiethyl carbinol. 

This was made in the usual way from the ester above and an 

excess of methyl magnesium iodide as outlined above fr the 

preparation of cirinolines. 	This gave the required carbiriol 

m.p. 167°,  yield qualitative. 

'11 n.m.r. (Acetone-d6) spectrum had multip].ets at ' 193 (1H), 

i' 2•40-2•60 (6u, 711) 'r 297 (511), singlets at 	' 58 (OH or NH), 

V 7'05 (NH or OH) and 	6- 32  (CMe2 0H) 

Required 	C 682 	H 68% 	N 151% 

Found 	C 685% 	H 67 	N 151% 

3-Isopropen7lindazolo. 

This was synthesised in the usual way as outlined above 

under the preparation of cinnolines using phosphorous pentoxide 
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in benzene. 	This gave the product as white plates (petroleum 

. ether bO-300 
 ) M.P. 84-50 

 

'H n.m.r. (aDd 3 ) had multiplets at T 210 (LH) and 	' 	55-305 
H 

(5119 611, 7fl, rnultip].eta at 1 	25 (CH 3-c=c) and '' 46O 
H 

(CHH3 	
,H) and 'r 868 (CH, 	. H) singlet at 	-04 (N-H). 

H 

Required C 75'4 H 63% N 177% 

Found C 757 H 62 N l75 

e) Attempted preparation of 3-i8opropyliPdazole. 

3-Isopropenylindazole (5 g) in ethanol (50  ml) was 

hydragenated at room temperature and atmospheric pressure using 

Adam's catalyst. 	This again gave a complex mixture containing 

ring-reduced compounds. 	Again no isopropylindazole could be 

separated. 

iv) From Indazole 

It is known that indolea 168  react with acetone, chloroform 

and base to give thdole- 3-isobutyric acids, a parallel reaction 

was tried with indazoles in the hope that a 3-isobutyric acid could 

be obtained which could be deoarboxylated to 3-isopropenylindazole. 

a) with 7-Methylindazole. 

Potassium hydroxide (flake) (5 g) was dissolved in acetone 

(30 ml) keeping the temperature below 100. 	7-Mothylindazole (2 g) 

was then added, followed by chloroform (4 g), keeping the 

temperature below 150. 	The solution was then refluxed 15 mins and 
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the excess acetone removed in vacio. 	The solid was dissolved 

in water (100 ml), exti'aced with ether to remove unreacted 

indazole, and acidified (hydrochloric acid) to give a product 

zn.p. 156-90  (ethanol). 

The 'H n.m.r. spectrum (Acetone d6) (100 MHz) had singlets 

at '' 165 (3H), i' 450 (broad, COOH), '  7'44 (CH 3 ), 	803 

(CMe2000H), multiplets at 	250 (L.H), 	2 ,  93- 	320 (5H, 6H). 

This can therefore be identified as indazole-2-isobutyie acid. 

Required C 63L.% 
	

H 6L 
	

N 136% 

Found 
	

C 63O 
	

H 64% 
	

N 133% 

b) With 3-methylindazole. 

A similar reaction to the one above replacing 7-methylindazole 

with the 3-methyl analogue gave a mixture of the 1- and 2-isobutyrio 

acid which was not separated. 

This method of preparing 7-isopropylindazole was therefore 

also abandoned. 

14.3 Attempted preparation of 7-isopropylindazole. 

1) Ethyl 2-nitro-3-methylbenzoate. 

2-Nitro-3-tnethylbenzoic acid (20 g) (q.v.) in ethanol 

(150 ml) and sulphuric acid (50  g) was refluxed li.0 mina, poured 

into water and brought to pH with sodium hydroxide. Extraction 

with ether gave the ethyl ester pure enough for the next stage, 

16 g, 60%. 

'H n.m.r. spectrum (CDC1 3 ) had niultipleta at 	218 (X part of 
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ABX spectrum) (611), T 214-27 (14H, 511), quartet at 	5'63 (OH2  

J = 7 c/a), triplet at 	66 (0113  J = 7 c/a), singlet at 

T 766 (011 3 ). 

Ethyl-2-amino-3-methylbenzoate. 

Ethyl-2-amino-3-rnethylbenzOate (16 g) was dissolved in 

glacial acetic acid (100 ml) and iron powder (20 g) slowly added 

with stirring over 30 mins at 900. 	The reaction mixture was 

stirred a further hour then poured into water, baslfiad (p11 8) and 

extracted with ether. 	The ether was dried (MgS0) and the solvent 

removed to give the product which on recrystalllaation from petroleum 

ether (b.p. 68-80 0 ) had m.p. 61-62° . 	Yield 8 g 

'H n.m.r. spectrum (cD01 3 ) had quartets at i  22 (OH) and 

1 2-86 (Lfl), triplet at 	1 3 - 46 (811). J 	 =J 56 = 7 . 5 c/a,45  

1 
46

= 15 c/s. The methyl group absorbed at 'r  790, the ethyl 

group at '1' 57 (CL-, J = 76 c/a) and 	1 865 (011 3  J = 70 c/a). 

7-Carboxy&lindzo1e [Cr. Organic Synthesis (1962), 	, 69]. 

Ethyl 2-amino - 3 -methylbenzoate (6 g) was added to acetic 

acid (10 ml) in acetic anhydride (20 ml), cooled to 00  and nitro-

sated as outlined above for 3-methylindazole. 	After 2 hrs the 

mixture was poured Into water, allowed to stand 30 mina and 

extracted into benzene (50  ml). 	This solution was well washed with 

water then methanol (2 ml.), then allowed to stand in a refrigerator 

overnight. 	The solution was then heated 	O for 1 hr, then 

refluxed 2 hrs. The benzene solution was extracted with h7dro-

ohioric acid (3 x 10 ml) which on baification gave a red oil. 
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Chromatography gave the desired product 2 g, 35/as 
	

107-8'  

(benzene). 

'H n.m.r. spectrum had multipleta at "Tn 
 
180-21 0 pro tons, 311, 

411, 611) triplet at '1  280 (511). 	
45 - 56 	c/o. Quartet 

at 1' 550 (OH2  J = 7 c/a) triplet at 
	

8•55 (011 3  J = 7 c/a). 

Required 	C 632% 	H 53% 
	

N 1L17% 

Found 	C 63'4% 	H 53% 
	

N 1145% 

iv) 7-Indazolyl dimethyl carbinol 

The above ester was reacted in the normal way with an excess 

of methyl magnesium iodide to give the carbinol in .antitative 

yield. 	After recrystallisation from ethanol it had m.p. 1 39-400 . 

'H n.m.r. spectrum had broad singlets at 	' - 1'5 (N-H) and 

T 62 (0-H), singlets at 	208 (311) and 'D  8'33 (CMe2 OH), 

mu].tiplets at 	D 24 (LH) and 	2 8-3'1 (511, 611). 

Required 	C 697% 	H 70% 	N 165% 

Found 	C 695% 	H 71% 	N 16'4% 

The preparation was abandoned at this stage because of the con-

current failure to prepare 3-isopropylindazole by this method. 

4.4  Methylation of Indazoles. 

All indazoles were methylated as outlined below. 

Indazole 0 g), potassium hydroxide (3 g) and methyl iodide 

(9 g) in methanol (25 ml) were refluxed L hra, cooled and poured 

into water (100 ml). 	The oily mixture was extracted with chloro- 

form, the organic layer dried (Mgs%) and the solvent removed in 



vacua to give the N-inethylindazolea quantitatively. 	'H n.m.r. 

spectroscopy was used to analyse using the N-methyl resonances, 

In this case the ratio was 50% 1-methyl and 50% 2-methyl. 

Chromatography on alumina gave using petroleum ether (60-80) 

benzene 50/50 as eluant first the 1-methyl isc,ner then the 

2-methyl isomer. Reorystallisation from petroleum ether gave 

1-methyl- m.p. 60-61 0  and 2-methyl- m.p. 55 -56° . 

Spectra can be found in the text. 



APPENDIX I 

ückel Molecular Orbital Theory 

Use of Programme CHUC 
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The ideal of quantum mechanics is the finding of wave 

functions 	wriioh are solutions to the Sohrodinger equation 

H 	= E 	in which the 'Hamiltonian,, H, contains terms to correct 

for all interactions between n atoms and i,,i electrons. 	This ideal 

cannot be easily reached and instead valid approximations are 

used to give wave functions 	which, depending on the number 

and type of approximations used are good descriptions of the 

physical properties of the systems studied. The wave functions 

for unsaturated molecules are assumed to factories into two sets 

of non-interacting 	, one set to represent the rT electrons, the 

other the i—o-electron system, i.e. 

= 	 ................ (1) 

G is assumed to be representable in terms of two-centre molecular 

orbitals whereas a similar treatment of the Ti-  - electrons appears 

to be a too gross assumption. 	The 17- electron system is 

approximately described as a product of molecular orbitals, each 

of which is built up as a Linear Combinatior of Atomic (2p2 ) 

Orbitals, i.e. 

C j 	............. (2) 

where 	Is the jth molecular orbital, 	r is the atonic 

orbital for the rth atom and a is the co-efficient of the 0th atomic 

orbital in the jth molecular orbital. The problem now is to find 



	

:c 	 OEi 	TI.L 

	

nergy of the molecular orbital. 	Since any function other than 

rect one will yield a value for the energy of the molecular 

HL reter than the true value:- 

2 	
' 	•••••••(3)

der 
the problem is reduced to finding co-efficients that give the 

lowest energy when put in (3). 	This can be done by minimising (3) 

with respect to each co-efficient, 

C 	
- Li 	 • (4.) 

putting (2) into (3) and omitting the molecular orbital indices 

at present:- 

	

_ r _ 0 r a 0 	4ra'4s 
• (5) 

0 	 44 5 dr r S ra 

	

putting H 
i's 

= 	r S + FT 	d'r 	......................(6) 

	

S8 = 	~ ~ r is4r ........................... (7) 

(5) becomes:- 

0 '1r8 

	

E = 	r 	S 	r a 	
...........••••• () 

r a 	ra  Sr s 

by differentiating with respect to a particular coefficient 

It can be shown that 

(Ht - 	 ESrt) = ') ............. ('9) 
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and since the minimumisation has to be carried out with each co-

efficient we get n equations:- 

	

- s11 ) + c2 (H12  - 	 ....+ o(H1 - s1 E) = 0 

°121 	621 	+ e2(H22 
- 	

•..•+ o(H2 	2n 	= 0 

- 	 + 02("p 
- 	

....+ c(H 	-  Shn 	= 0nn 

The terms H are called coulomb integrals which from its definition 

(6) represents the energy of an electron in a 2p orbital. 	Since 

at this point the T -lattice consists entirely of carbon stoma all 

rr are equal and in the Hückel approximation are replaced by .. 

Hra where r N a are called resonance integrals and from their 

definition represent the energy of interaction of two atomic 

orbitals. 	It is now assumed where atoms r and a are not bonded 

Hrs is set to zero. 	If r and a are bonded H will be finite andrs 

equal for every two carbons in the lattice and we replace them 

by the symbol P . 	The integrals 5rs  are the overlap integrals 

and are set to zero In this approximation if r a, using normalised 

orbitats when r = a, S = 1. 	This is a gross approximationrs  

3ra being equal to 025 for a 2p 
- 

2p interaction. 	Introducing 

these approximations the equations above become:- 

c 1 ((-% -) + 02 8 12 + •...On plin = 0 

O121 + 2( 1 	E) + ••• 0n'2n = 

al f~nl + a 2n2 
+ .... an  (( - 	 = 0 
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Such a set of simultaneous equations is known to have a 

non-trivia], solution only if the secular determinant vanishes, 

thus a polynomial equation results in ( -i - €.), therefore n roots 

can be got then n values for Zj the molecular orbitals. With 

n values for the energies of the orbitals of the systems these 

can now be substituted back to yield all the coefficients ij of  

the system. 	The electron density at each atom in the system can 

now be computed from the equation:- 

2 
a__ nAici r 	 (10) 

.3 
where q is the electron density at atom r, c 	 is the coefficientjr  

of atom r in the jth M.O. which is occupied by 
n 
 electrons. 

Similarly the bond order between any two ato-ms r and a can be 

computed from (11). 

ra 	r4 jco 5 	................ (11) 

j 

The account of lIMO theory given above has no mention of hetero-

atoms but the molecules studied in this work can be looked upon as 

perturbed carbocycles by putting 

rf 	
fl, + hXP 	and 

K 	 or ox 	CX'O 

0 icy = 

where a and 	are the standard benzene coulomb and resonance 

integrals. 	The values given to h7  and K07  or K7 , in this case kiN 

and KN  and  KNN  are in the text and are generally recommended in the 



239 

literature. 

The atom polarisability can also be calculated from the co-

efficients and energies of the MO's. 

r  -97 
 13 

ra = 

Sq 
La 	sr r a 	r 

n 
° jr° js°kr°ks 

, + Ek  Km+ 1 

where I I 	 is the atom-atom polarisability; the other symbolsPs  
having their usual significance. 

The computer programme CHUG sets up the secular determinant 

from the data given it solves for the energies and then evaluates 

the co-efficients, the equations above are then used to calculate 

electron density and bond order. 

The calculations were performed using the Hücksl proceduro 

outlined above. 	As has been pointed out many gross assumptions 

have been made. This theory had many successes with in particular 

alternate hydrocarbons, but with its extrapolation first to non-

alternate hydrocarbons then to heteroaromatios it became less and 

less useful. 	Although still widely used by organic chemists in 

particular, it has its limitations and the results outlined below 

cannot be relied on other than to a first order approximation. 

New self-consistent calculations are now much more successful in 

particular those 'which take into account polarisation in a as well 

as 1T-orbitals. 	Ideally these calculations should have been 

performed, but with the time and programmes available at the time 



-i6 L;ri L6 was 	Ot pUSSiL1e. 

Calculations were done on the indazole anion and cinno].ine 

molecule, both anions obtained in the Pfitzinger reaction from 

the unaymrietrioal ketones and on selected intermediates in the 

hyciroxymethylation reaction. The charge densities and bond orders 

for the parameters selected in each calculation will be given below, 

with the energy, and shape of the occupied orbitals. 

1. Indazole Anion 

= 0 . 5, K 	J8 (for N-N bond) 

Energy Levels 

5 + 0 , 4599 

+ 08639 

3 + 12547 

2 + 16333 

1 + 23885 

Total l5-electron energy 

ba + 132011 

,Shapes of Occupied Orbitals (from 

1.5 	 19 \ 

± 
- 

- 	
rj 

 
- 

4, 	 43 



£ 

- 	

-'' 	 - - 

+ 

- 	

- 

I - 

4- 	rol 

~ 
- 

+4 	 ~ S 

Charge Densities Bond Orders 

1 1 6 4385 1 2 05076 
2 12793 2 3 07250 
3 10589 3 9 0 5533 
L. 1'0037 L. 5 0'7231 
5 1 0517 L 9 05569 
6 160191 5 6 06004 
7 10441 6 7 07263 
8 10186 7 8 0'5487 
9 10862 8 9 05071 

1 8 	O'5739 

2. Ciniio1ine 

Occupied Energy Levels 

5 O70 36 

07252 

3 16.21 

2 176C6 

1 21776 

= 1'O 

Total 71- electron energy 

ba + 14'0187 
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Shapes of occupied orbitals 

-.f- 

+ 

	

\. ---- 
	 rj 

± 

	

12 
	

+-I. 	 ~ 31 

d 

rjl 
— - — 

-•1-- 

~tt, 

ri 
~ ± 

Charge Densities Bond Orders 

1 11509 1 2 06114 
2 1'1509 2 3 06535 
3 0 ' 91'374 3 L 0'6382 
L. 09790 L. 10 0 6533 
5 09692 5 6 06525 
6 09692 5 10  06397 
7 09633 6 7 06397 
8 09790 7 8 06533 
9 09374 8 9 06382 
10 09633 9 1 06535 

Pfitzirger Calculation s  

a) Acetone. 	Calculation on system N — C = C 

05. 



6 01095 

5 08897 

1'OOOO 

3 lL1865 

2 19005 

1 2 , 5534 

Total TT- electron energy 

= 12a. + 158795 

= 13233 /electron 

21.3 

Occupied Energy Levels 

2 	02 424 	 Total -n - electron energy 

1 	J 15707 	 4a + 362620 

= 0,9070/electr on. 

Shapes of occupied orbitals. 

2 
~. (.1 	- 	 C 	- 	Ci 

1'l 

Charge Densities 

1 	16771 

2 	09385 

3 	l38L4 

- C 
-- 

Bond Orders 

1 2 0585L 

2 3 	0'8084 

b) Phenoxyacetone. Calculation on system Ph-O-C=C-N 
32 1 

hn  = 05 h0  = 20 K3  = 07 
	

K 45 = O7. 

Occupied Energy Levels 



Bond Orders 

1 2 O-5I29 

2 3 08206 

3 L 01513 
L 	5 0-2262 

5 6 06L.72 

6 7 0 - 6707 

7 8 06638 
8 9 0 6638 
9 10 06707 

5 10 0-6472 

Calculation on system N--C--CO- Q -OMe 
K3 =K 5 -O7 

O 	 t3d OfOA. 

- 

- -- - -' - - 	 - - - 

/ 	 - - -S / \ \ . 	 - - - -  -C- c -o -( ), 	N - C - C - 0±(,), N-C--c-0  
1 	2 	3 	Lj. - .. 	

—:. - ____ - ' - - 	 -  
- 	 •1- 

*1 	 +1-1 	 ~ ? 

~ 

- C - C - U 
- 	

•:- 

+4 
	

+5 	 16 

Charge Densities 

1 17065 
2 0'99Li.1 

3 13225 
1-9216 

5 09681 
6 10325 

7 09986 

8 1O21.9 

9 0'9966 
10 10325 

c) Methoxyphenoxyaoetone. 

hi  = 05 h 	 = h 11 = 2-0 

Occupied Enerv Levels. 

7 01073 
6 0 - 7773 

5 10000 

L. 1L.650 
3 17392 
2 2-3580 
1 2-5656 

Total —P- electron energy 

= 

 

14 a + 200254 

= 1 4300  /electron. 



0_ 	0_—_ 	p 

1'2 

cj54 
1- 	 + 

Charge Densities Bond Orders 

1 17069 
2 099L1,6 

3 13225 

Lj. 19236 

5 09891 

6 10305 

7 1'0292 

8 09879 

9 1'0292 

10 10305 
11 19556 

1 2 0'5424 
2 3 O'8209 

3 L 0'1508 
L 5 02193 

5 6 0'6473 

5 10 06473 
6 7 06715 

7 8 
8 9 06L.96 

8 11 02098 

9 10 0'6715 

- - - 	 -S  

-1- 	- 	 - 	
- 

0  
+1 

+ 	 ~ 

+3 
-f 

N - C - C - 0 - (J —o 

4i  

+5 

: 

- 
-01  

~ ---- + 

+7 
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d) Methoxyacetone. 	Calculation on system N--00--O 

1232 
h1 O5 	h14 =20 K314 =07. 

Occupied Energy Levels. 

3 	01121 
	

Total ii-electron density 

2 	114615 
	

6a. + 7'7212 

1 	2'2869 
	

= 128/e1eotron. 

Shapes of occupied orbitals. 

c— C - 

12 	314 	 + 

11 	 '4'2 

+ 

Charge Densities 

1 17105 

2 0•9979 

3 13210 

14 19705 

Bond Orders 

1 2 	0'5385 

2 3 	O82148 

3 4 	0'114114 

e) Benzyl Methyl Ketone. 	Calculathu on system 	N - C = C - Ph 

1 =0 - 5 all = 	:.$ 



Chare Densities. Bond Orders 
1 15977 
2 O91L47 

3 ib2998 

09908 

5 1•0673 

6 09992 

7 10638 
8 09992 
9 106714. 

1 2 0'6489 

2 3 06988 

3 L OL7h7 

14. 	5 05830 

4 9 0'5830 
5 6 06868 
6 7 065)4 
7 8 065)4 
8 9 O'6868 

1.Died Energy Levels. 

5 	Ql7Li.O 

10000 

11113 

].62142 

1 	21514.9 

Total—T— electron energy 

= iOn. + 1212930 

= 12129I/e1ectron 

apes of occupied orbitals. 

4- 

\ + 
N - C - C 	- 

+3 

+ 	- 

+5 



i') p-ethoxybiizy1 methyl ietie. 	Calu1ation or system 

= 05 h10 = 200 K710  07. 	N - C - C 
- 0 - 0 

0ccu1ed Molecular Orbitals. 

6 	? 01J84 Total iT- electron energy 

5 	I 100000 = 12 	+ 162689 
L. 	I 10019 
3 	I 1'5437 

= 1355p/eleotron. 

2 	I 20330 

1 	I 2t.073 

Shapes of occupied orbitals. 

i2 	TT 

+1 
	

42 

:i_c_JK 
- 	 + 

+3 
	

+4 

N—C—C- 	 -d  

{i 5  

ChageDensities 

1 	1'6060 

2 	0921L1. 

3 	13020 

L. 	1'0066 

Bond Orders 

1 2 	06Ll0 

2 3 	07052  
3 L. 	04654 
L. 5 	0'5860 

(Contd.) 



10640 4 9 05860 

10280 5 6 06846 

10218 6 7 0 6405 

140280 7 8 06405 

9 	10640  7 10 02015 

Hydroxymethylat ion Reaction 

a) N-aninopyridiniuxn Ion 

h1 =].5 h2 =20 K12 08. 

0ccuied Molecular Orbitals 

4 l000C 

3 1llLJ 

2 l6664 

3. 3 	It' 72 

Shapes of Occupied Orbitals 

Calculation on 

system: 	 (g, 

3 

L.f 

6Q 14 

Total ii— electron energy, 

= 8i + 138160 

I 

+ 
) 

#%j14 

+ 1  

- 
I \_ 

- -I 



b) N-arninopyr1dir1Um Redical Protonted on Nitron. 

= 05 Calculation on the system— 

Occupied molecular Orbitals 

14 	-0 ' 81410  
3 	1 , 0000 

2 	l'1671 
	

Total ff- electron energy 

1 	21075 
	 = 7ct + 7'7 0 8140 

-1-- 

] 
- I - 

37 )  

Charge Densities 

1 	l'91428  
2 	15731 

3 	07939 

14 	l'0106 

5 	086148 

Bond Orders 

1 2 	01542 

2 3 	0 * 5345 

3 14 	0692S 

14 5 	06500  

Shapes of Occupied Orbitals 

	

- - 	 -- 

	

C' 	
+ 

	

_ 	 r.j 	' - 

	

-3 	 3 

	

'p1 	 42 
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+ 
c Ij 

NW 

Charge Densities 

1 	].L932 

2 	I'0569 

3 	10612 

L. 	12706 

Bond Orders  Orders 

1 2 	OL538 

2 3 	07565 

3 L. 	05300 

c) Localisation Energy Calculations 

1) At 2-position 	 Calculation on system: 

1'5 h2  =  15 K12  = 0'8 

Occupied Molecular Orbitals 

02795 

3 	10335 

2 	1'5983 

1 	2'5728 

~ f-j"j- 
2

1  

Total -7 - electron energy 

= 8m + 109682 



- 

-- 	_•.,_•_% 

± 

\ 

~ 

D—IN  
- - 

r 	-4- 

- 

'- I- 

- 

-' 

*. 

H 

+3 

Charge Densities 

1 	).9761 

2 	1 . 7798 

3 	0 ' 8779 

L. 	12112 

5 	098L3 

6 	1].705 

ii) At 3-position 

Bond Orders 

1 2 	00720 

2 3 	oL.899 

3 L 	07614 

I 5 	049110 

5 6 	086lL. 

Calculation on system:- 

 

h1 =h2 =]5 K12 08 

Occupied Molecular Orbitals. 

L. 	O'OOOO 

3 	10323 
2 	1'L4OL. 
1 	2'7813 

Total iT-  electron energy 
8a + 105080 

S.  

2- I  

I 	
Z- 



.10 

+- ,

CM29W 

i 	t 

\ 

Ono 

-, 
I - 	C H 

- 

\ 	I 

-. 

¼ 

Charge Densities Bond Orders 

1 19348 1 2 01894 
2 14407 2 3 0'6911 

3 10824 2 	14 05050 

4 12385 L 	5 05943 
5 10133 5 6 07804 

6 129o]. 

Calculation on system:- 	N 

3 

I rM-I 
Total 17- electron energy 

= 8m + 10'8678i 

iii) At 14-position 

h1 h2 -1, 

Oocutied Molecular Orbitals 

L ¶ 	O'301b 

3 	10000 

2 	1'3258 
1 	28063 



2 54 

Shapes of Occupied Orbitals 

14 	(4C)14 
2- 	

44 

/ - 

I-' 

-I-- 

- 

Charge Densities Bond Orders 

1 19773 1 2 00832 
2 16949 2 3 0 L.143 

3 09375 2 	L. O4143 

09375 L. 6 08923 

5 1'2264 3 5 08923 

6 1226L1. 

- 

d) N-aminopyridinium Radical. 

h1 ]5 h2 05 K12 -0c3 

Oooui,ied Molecular Orbitals 

5 	-09227 

O8L.69 

3 	10000 

2 	161495 

1 	23811  

Calculation on system: 

3LjJ) 

Total 11- electron energy 

= 9. -I- 1O•8233 
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Shapes of Occupied Orbitals 

+ 

1 

 

- 

Qc -, 

'H - 
'SL1\J 	

J) 

 

+N 93 

- 

+ H 	+ 

+ r tow 
s  

Charge Densities Bond Orders 

1 19532  1 2 01590 

2 1•1j451 2 3 04577 
3 110802 3 4 017557 

10688 LI. 	5 05178 

5 13038 5 6 07557 

6 10688 6 7 04577 
7 1'0802 



e) Pyridine-:-aiine 

b1 00 	h2 20 

Occupied Molecular Orbitals 

4 	' 00000 

3 10000 

2 l5672 
1 3 . 0759 

12 = 1'C 	Calculation on system:- s 

C1,  1 3 
Total T1- electron energy 

= Bct + 1128614. 

g2apes of I4oleoular Orbitals. 

- 

'I 	I, 
~ 

S 

Ii 	i1' 
\ 

1-3 
Charge Densities 

1 ].3i62 
2 l5238 

3 1-0209 

14. l'0077 

5 10726 

6 l'0077 

7 l0209 

- 

) I 

- 

1 tUI4) 

Bond Orders 

1 2 O•5393 

2 3 
3 Ll 0'7185 

Ii. 5 o'6272 

5 6 0'6272 

6 7 0'7185 

7 2 4442  



ee this anuscripi as gone to type a copy of a prograiI1tie 

Differential Overlap) method or Pople and Segal. 169 A description 

f the method will not be gone into here, excellent accounts being 

In the original literature and in a recent book,170  it being 

sufficient to say that a as well as i7 electron density Is considered, 

no crude assumptions being made on the non-interaction of a and TV 

electrons as in the Hiickel theory outlined above. 

The electron densities obtained for cinxioline and 3-methyl-

cinnoline are given in (1) and (2) 

14 If  1001 

' -4 s 1005 (,O7 	t.OZcD 

W1. i0o6 

l' 001-004 
' S .91i  ccTC )-4 l'998 i.oS 

(i000  

3 O 987 

10987 

- 0 , 999 

-- 1002 
cTh7 / 	 14 6  1006 

qL 1006 

s.i 	 ? 1' 004 
C.. OCR 	7.e90 	 PV 0'999 

6.d123 

The electron density in cinnoline was 1'0418 on N-i and 

10228 on N-2, CT  electron density on N-i was 60482 and on N-2, 

60532. 	The figures for the 3-methyl homologue were 1T , 1'0170, 

09828, a s  690590, 6102. 

It is immediately seen that the methyl group has an effect 

on the electron density at N-2 by an inductive effect lending 

weight to the argument given for using 3,4-dialkyl compounds in 



. 	3r; 

:ibert'71  has pointed out that no correlation can be 

oura between -electron density and pK values, this would be 

nlikely in any case, the reaction being with the 0 electrons in 

the 2P7  orbitals on nitrogen. 	It 18 however reasonable to 

etc.) 	The calculations above lend weight to this argument, some 

correlation being expected between mothylatlon ratio and c electron 

density,, the computed electron densities on nitrogen in cinnoline 

being almost equal, steno factors also being balanced. 	As was 

seen in Part Three, this is Indeed the case, the experimental ratio 

agreeing well with the electron density calculations. 

It is interesting to note the effect of T1 -electron density 

on o-electron density on nitrogen, where the former is high, the 

latter Is low and vice versa, an illustration of the short-comings 

of the simple Hückel theory. 



APPENDIX II 

Nuclear Magnetic Resonance 

Use of Programme LAME 



The programme LAME (supplied by C.W.. Haigh) is a modified 

L.AOCOON-programme taking account of magnetic equivalence and 

thereby saving computer storage space. 

The method is basically one of trial and error, the programme 

calculates a theoretical spectrum from a supplied set of coupling 

constants and chemical shifts, readjustment of these parameters 

is made until a near fit to the experimentally determined spectrum 

is produced. 	The computer is then supplied with the positions of 

every line in the experimental spectrum and the parameters for the 

best fit, the two spectra are now crpared and 	interaction is 

performed to give a fit with the experimentally determined line 

positions. 	The chemical shifts and coupling constants of this 

'fitted' spectrum is then printed with an error analysis. 

A complete mathematical treatment of the steps required in 

the calculations above can be found in the standard texts, i7 ,l73 

but basically consist of the calculation of the matrix elements of 

the Hamiltonian submatrices, and the subsequent diagonalisation of 

these matrices to obtain the aigonvalues and eigenveotors eventually 

leading to the complete set of energy levels. 	By use of the 

selection rules the frequency of the transitions can be calculated 

In terms of the eigenfunotlons of the two energy levels. 

Two main sections of the work have been collected in this 

appendix, the magnetic non equivalence of the tertiary alcohols 

prepared for use in the idman-Stoermer reaction of type (1) and 

the 'H n.m.r. spectra of the indazoles and methylthdazoles vibich 



) and (3), one quinoid, to the detailed coupling 

ts and chemical shifts. 

3 

J 	 H3  

C H 

(a) 

].. 14agnetic Non-Equivalence. 

No comprehensive review of this vast subject is possible 

but an outline of the reasons for and types of magnetic non-

equivalence will be given. 

Pople17  has described the magnetic system having not more 

than two magnetic nuclei now the expected spectra have been worked 

out for ethanes having as many as six magnetic nuclei. 	In pre- 

dicting the type of spectrum to be expected account has to be taken 

of steric hindrance to rotation which can give a summation of up 

to three spectra or whether the rotation is fast enough to average 

the spectrum (the time scale being set by the liatrument). 

Five different (a - e) exist for substituted ethanes, these 

will be examined in turn below. 

a) The three rotational isomers are equivalent the spectrum obtained 



boinr 11niLua arid. terpera cure irtdep 	Ctii; • 	ToriiO examples are 

given below where a, b, c etc. are magnetic nuclei and i, t3, V non 

magnetic nuclei. 

OL  OF  

•%_.. -- 

16 C 

b) The three rotational isomers are again equivalent but the 

spectra of rapid and slowly rotating molecules are different. 

Examples are given below, where the primes indicate nuclei of the 

MR 
II 	 ft 

L_- 	( 
' 

	

0' 	t 
	'I 

P 
	

0' 

same species which may become magnetically non-equivalent. A 

typical example of the type on the far right is the ethyl group, 

where if rapid interconversion between rotamers is possible only 

one coupling constant W., 
it + j a'a" will appear but if rotation 

is restricted the spectrum will be characterised by six coupling 

gauche trans constants, 

 

,gaucho 
 ' 3aa" ' a"a'' aa' 	a"a" and  3aa'  that is 

a change from A2B3  to AA'BB'C. 



o 	he 	en'c91 (gauche) while the 

ther is unique (trans). 	The spectrum obtained in a rapidly inter- 

or'resr Ln 	y'e:Y is of' the trans 	rpe rd .s temrerture den ondent. 

p 

	

'I 	 I 

ror  

An example is given above. 

ci) This is the type found in the alcohols to be discussed below. 

Here the rotational isomers are non-equivalent and the states are 

not necessarily equally populated, thus the rapidly spinning 

molecule has a spectrum of the same type as the rotarners and is 

temperature dependent. 	Types of compound giving this effect are 

given below for the general case. 	The three rotamers will each 

0 

1 -- - 

give APX or ABC spectra where the ci and 1 forma are Indietinguis 	1e. 

This can be easily seen In the example below from this work (X and 

Y are o-aminophariyl and phenyl groups respectively). 	It is seen 

I - 
P 

C 
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CH3 	 14  
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H 	 x 
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14 
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xTbo 

y 
	 y 

become equivalent even in the free rotating case, while restricted 

rotation would give rise to a much more complex spectrum. 

e) The three rotamers can be equivalent, the only difference 

between slowly rotating and quickly rotating systems being in the 

number of ooupling constants which aharacterise the system, only 

one type is possible:- 



non-equivalence. 

175 has given an algebraic analysis of the d) behaviour 

1 

As was mentioned in Part Three tertiary alcohols of the type 

(1) were prepared for use in the Widman-Stoermer reaction. The 

roup R varied from methyl to isopropyl through ethyl and phenyl for 

synthesis of the corresponding 3-R-L-methylciflf101ifleS. 	According to 

the outline of non-equivalence given above the OH 2  should be non- 

equivalent In all oases, this was not the case. 	it Is also true 

tt any group attached to the -OH2- having more than one hydrogen, 

for example another -OH2  or -CliMe2  the hydrogens and the methyls 

should be non-equivalent. The behaviour found is collected in 

Table 1. 

It is seen that no non-equivalence occurs in the case of 

the ethyl methyl phenyl carbinol or the methyl n-propyl phenyl 

carbinol, however, both the methylene group and the methyl groups 

at the end of the chain in the corresponding isobutyl compound are 

non equivalent as are the hydrogens of the methylene in the benzyl 

compound. 

It should be stressed that the conditions outlined above 

are necessary for magnetic non-equivalence but the effect does not 

always follow. The condition which controls the size of the 

effect seen is the dissimilarity in the average environments of 

the protons concerned, if this is small ttien the effect may not be 



fl. 	 e 	foCt I ±cin 	OLLL CO 1iL1 appearC o u 

The number of bonds between the asymmetric 

H. 	 LtO Of magnetic asymmetry has been found not to 

., he centres sometimes being quits far apart. 	Steric 

nt 	 ia1 centre has been found to be significant, in 

ompounds of type (Li.) the chemical shift difference becomes larger 

as the bulk of E lucreases. 	Roberts and co-workers 176 '177  have 

OH.. 	H 

- - 0 - C - Ph 

H 

(Li) 

rationalised the jnform9tion available and concluded that two 

effects are operating, these are electronic differences in the two 

C-H bonds concerned and differences In shielding by more distant 

parts of the molecule and solvent. 

This solvent effect was demonstrated with compound (5)9 he 

chemical shift difference between the methyl groups varying from 

O \3 
c.w 2 cI4 fl•e2  

(5) 

7 c/o in deuterioohlorofOrm through 8 c/o in carbon disulphide, 

9 c/s in carbon tetrachlorides, 10 c/s in benzene to 11 c/o in 



shift difference is therefore probably due to 

	

eding of the vioinal hydrogens by the aromatic ring. 	In 

methyl ethyl carbinol the bulk of group R is small and no 

restriction on rotation or conformation of the side chain is 

	

ipparent from models 	Vhis also applies to the n-propyl compound. 

however in the isobutyl and benzyl compounds the steno bulk of 

group R (isopropyl and phenyl) forces conformation (6) on the 

	

clecule. 	In this conformation both the m.thyleno protons and 

C: cNrYlQ 

Cu,3  Ok 

( 

the isopropyl methyl groups will pass through the magnetic field 

	

associated with the 	-electrons of the benzene ring. 	This 

effect probably explains the difference in behaviour or the four 

alcohols. 

TABLE 1 

Nanetio Non-equivalence of Tertiary A100hO1Sa 

Compound (1) 	 Groii'1 

	

R 	 CH, 	 R 

HH 

	

CH 	- 	 - 	 - 

CH2CH 3 	- 	 - 	 - 

CH(C 3 	32 	 14 	 12 

	

Ph 	17 	 12 	 - 

a) In cDc1 3 	 b) A = chemical shift difference in c/s. 
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e two -metbassically t 	 l  indazoles have very different 

- rdc [(2) and (3)), one being quinoid in nature, the other 

enzenoid. 	There was great debate in the early literature over 

he structure of the 2-methyl brivative (7) being put forward as 

ossibility by v. Auwers, since he found 2-methyl Indazole to be 

ILourle, 	ishe cunoid structure. 	Campbell178  argued 

/ 

that if the quinoid structure was correct 3-bromo-5-nitroindazole 

should have an 'active' bromine atom. 	This 'activity' referred 

to was nuoleophillo in character the 3-position being deactivated 

through the 'olefinic' system. 	Indeed this was found, piperidine 

displacing bromine from this compound. The 2-methyl derivatives 

of indazoles are therefore looked upon as quinoid. 

The 2-methyl compound was later found to absorb at slightly 

longer wavelengths than the 1-methyl derivative adding to bhe 

evidence for this structure (q.v.). 	This evidence is also the 

sole evidence for placing the hydrogen of indazolo on N-i. 

A correlation between bond-order and coupling constant in 



I •- r\ 

these compounds by Dailey 	and although not strictll applicable 

be expected that as the bond order rose the 

:1d also. 	This has been applied to a variety 

..-r8tem518  including non-alternate hydrocarbons, and found to hold, 

eaat empirically. This can be seen, for example, in naphthalene 

(8) and furazan (9)p 181 naphthalene exhibiting a higher coupling 

'7. oc.tf 

- ' 

I.'cfrr 	 '0 

9. 
- I 

cis 

(i.) 

constant between . and hydrogens than between and , furaza 

showing even greater bond fixation. 

the 100MRz spectra of the indazoles synthesised in the 

methylation study were analysed using LAME to give the parameters 

listed in Table 2 (Chemical 	ift) and Table 3 (coupling constants). 

It is seen that on comparison of the magnitude of the 

coupling constants round the aromatic ring in 3.-methylindazole and 

its 1- and 2-methyl derivatives that J Li., 5 in the parent is similar 

to that in the 1-methyl derivative but 0'5 c/s smaller than the 

same coupling in the 2-methyl isomer. 	The 5,6 coupling constants 

agree favourably in all three isomers however J6 7  is smaller in the 

'quinoid' compound than in the parent heterocycle or its 1-methylated 



:yatems except J 	which is apparently significantly larger 

- thyl isomer. 	A large difference is seen in the bond 

he 4,5 and 6,7 bonds as compared with the 5,6 link in 

..1 	 LI 	 ., bond in the 

.: !-iyi derivative 

:Ls indicative of the higher bond order in the latter and fits with 

the classical structure. 	The 6,7 coupling constants are at first 

sight anomolous, the coupling being smaller in the quirioid compound. 

It should however be remembered that the nitrogen at N-i in the 

parent and 1-methyl compounds is sp 3  hybidised while that in the 

2-methyl derivative is sp2  hybidised leading to a marked difference 

in o1ectronegativty at that site in the two classes of compound. 

Systematic Investigations of substituted berAzenes82  have 

found that there is a pronounced increase in J 23  with increase of 

electronegativity, the effect being quite substantial, (J23  80 c/s 

in quinoline and 8'14. 0/8 in fluorobenzene). 	This effect could 

explain the anoinolous coupling constants reported above. 

Other interesting results were obtained on running the 

spectra of the benzene ring substituted homologues. Here large 

couplings between the 7-methyl group and the o:cbtho_, meta- and 

para-hydrogens were demonstrated by decoupling experiments, a 

coupling constant being shown between H-3 and the 7-CH 3  by 

irradiation of the 3-H and demonstrating a change in shape of the 

complex methyl signal. The coupling constants obtained from the 

spectra after analysis by LAME are set out in Table Li.. 	The 



robe for bond tixation18318h185  in aromatics and the 

'nitude has been found to vary, though not necessarily linearly186  

7 1 h bond-order. 	From the values listed in Table L. It Is clearly 

ounds. 

As was mentioned in Part Four an easy way to differentiate 

-- 

 

arid 2-methyl isomer unaubstituted in the 3-position lies In the 

:oupling constant between the 2-methyl and the 3-proton of the order 

of 0'5 o/s, no such coupling existing between ttie n-i methyl and 

11- 3. 	Another long range constant was uncovered in the spectra 

of 1,3-dimothyl compounds, a coupling being resolvable between the 

two methyl groups, again of the order of 05 c/a, no constant being 

presant in the 2,3-dlrnethy]. isomer. 	Both of these couplings are 

through an even number of bonds, four and six respectively. Long 

range couplings constants are usually transmitted through an 

extended W path, 137  e.g. the inter-ring constants In quinolinea, 

indazoles etc., one of these can (10) but the other cannot (11) be 

through this type of pathway. 



'Table 3) both 2 9 3 to the group and across it as discussed above, 

:icai differenea being of the order of 1 c/se 

e chemical shifts of the protons in these compounds were 

iiajs iiund to follow the order 3 < 4 < 7 < 6 < 5. The absorption 

)f the 3-H at low field cannot be due to low a or 	electron 

tensity in 0-30  both being high, as evidence by electrophilic 

1. watitut ion at this site, but will most likely be due to the 

•isotropy of the nitrogen atom. 	The effects of the lone pairs are 

:i:• 	een n t esec:a 	 iethy1ated derivatives. 	On com- 

the protons of the methylated 

ndazoles with those of the parent compound it is immediately 

bvioua that the spectra are consistent with the hydrogen being 

placed exclusively on n-i even in sterically hindered compounds 

(e.g. 7-methyl1ndazole). 	Apart from differences in coupling 

constants the spectra differ mainly only in the effect of the 

anisotropy of the ap2  hybidised nitrogen. 	in the 2-methyl 

derivatives 11-3 absorbs at higher field than in the unmethylated 

compound or the 1-methyl isomer, similarly the 7-H absorbs a 

higher field in the 1-methyl derivative than in the other homologue 

or the parent compound. Compari3on of two N-methyl isomer spectra 

can therefore lead to an immediate assignment of structure without 

resort to u.v. spectroscopy* 	It should also be noted that at 

1-methyl group absorbs at lower field than a 2-methyl group, a 

7-substituent enhancing this differerce, a 3-substituent (ethyl) 



EversIng he efiec as the group iecones ire. 	 , as  

ffects can be attributed to Van der Waal's interactions between 

;he groups on N-i and 0-7 or N-2 and 0-3 respectively. 	The 

:fl of the difference in chemical shift may well lie in a Van 

aal's effect between the N-i me bhyl and 0-7 in the first 

lace since it is usually small. 	A large effect is seen in the 

l shift of both methyl groups in 1, 3,7-trimethylindazole. 

Large differences In chemical shift are caused by 

substitution of a nitro group in the benzenoid ring (- lO) or 

protons ortho and para to the electron withdrawing group as expected. 



of the Ifld9ZO1.S.a) 

"Impound -Ci3 H_3b H-Li. 115 H6 11170  

:...methyld - 737 233 287 265 258 

i,3-dim.thyl 6.10 747 2144 298 277 272 
,3-dLnethy1 615 767 243 307 282 2'59 

7-methyl - 189 247 300 2'95 744 
1,7-dimethyl 582 215 245 305 300 738 

2 0 7-di:rethy1 590 230 260 306 290 738 

3,7-dixnethy]. - 746 2'55 301 290 753 
1,3,7-trimethyl 555 745 250 03 292 727 

2,3,7-trimethyl 6' 04 755 270 314 3 04 742 

3-eyl - 
695 231 291 2'68 260 

8 

1-methyl-3-ethyl 605 
7•02e 234 288 2'75 26€ 
e . 6of 

2-methyl-3-ethyl 601 7'09 240 307 280 248 

870 
- 163 119 - 174 2'23 

1-methyl-5-nitro 585 180 132 - 175 260 

2-methyl-5-nitro 574 180 130 - 193 229 
7_jto - 075 068 171 0•81 - 

1-methyl-7-nitro 582 1914 199 186 2'06 - 

2-methyl-7-nitro 5'86 178 168 192 284 - 
-riitro - O80 200 1'04 - 073 

1-methyl-6-nitro 582 193 220 201 - 164 

2-methyl-6-nitro 570 196 229 213 - 137 

a) In CDC1 3  b) or chemical shift of 3-aubatituent 
a) or chemical shift of 7-aubstituant. 

extrapolated to infinite dilution. 

-OH2  of ethyl group J = 7 0/8. 

-0113  of ethyl group 3 = 7 c/s.  In acetone solution. 



( 

1ig Jli saics of a few indazolea (ole) 

ompound J-56 	67 	1 46 	j 57 	1  47 	1 37 - - 

-methyl 811 684 884 103 092 085 - 

,3_di.me thy]. B 800 682 876 101 094 033 - 

,3-dimethyl 862 681 845 108 092 094 - 

k-ethyl 817 695 836 107 087 081 - 

7-methyl 811 701 - 100 - - - 

-nitro - - 91 22 - _b 

1-methyl-5-nitro - - 92 20 - 06 C) . 8 

''-methyl-5-nitro °  - - 90 22 - 06 08 

7-nitro 8'1 81 - 11 - - - 

1-methyl-7-nitro 82 6-2 - 12 - - - 

2-methyl-7 -nitro°  82 83 - 10 - - - 

6-nitro 87 - - - 19 08 10 

1-tnethyl-6-nitro 88 - - - 19 08 10 

2-znethyl-6-nitro°  9 2 - - - 19 08 10 

a coupling exists between the N-CH 3  and C-CH3  of 0-5 c/s. 

Resolution on this sample poor, no para- constant obvious. 

o) a coupling constant of 05 c/s exists between the 2-CH 3  and 

the 3-H. 



. 

35,CH 3  36,cH 3  

hyl -OL. 02 -08 

- 	 imethy1 -05 —02 -O'6 

:,7-dlmethyl -09 

3,7-dimethyl -OL. -08 

1,3,7rimethy]. -OL. O2 -08 

2,3,7-trimethy]. -O6 

In CDC1 3  

In c/s 

These are very small and at the limit of resolution of the 

spectrometer. 
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QUINOLINES - A NEW HYDROXYTAHTHYLPTION 1ACTION 

M. H. Palmer end P. S. McIntyre 

Department of Chemistry, University of Edinburgh 

(Received in UK 29 December 1967) 

The interaction of hydroxylcmine-O-oulphonic acid H1) with azines such 

as pyridines, cuinolines and isoquinolines in mrueous soluticri leas to the 

N-amino-ouaternary salt (1 ) as is well knovn. 1  

(0) 	 11-1,2 

+ 

In the present work, difficulty was experienced in the N-amination of 

some quinolines owin to their insolubility in the a'ueous acid medium, so 

that similar experiments were conducted using methanol as solvent. 	This was 

first aternpted with 7-chloro-2-methylquinoline, unexpectedly the product 

obtained was 7-chloro--hydroxymethyl-2-methylwuino1ine 2) and the unchanped 

quinoline, v;hich was seaarated by chromatograwby on alumina deactivated by 

CFaorT  

	

C 	 C _ _3f  Cl
._t 	

CT13 
2 C20H 	 t 

	

jot  H 	 0 

The structure of 2 	 by p.a.r. anc! mass sectrometry, and by 

unambiguous synthesis from 6-chloroi satin via :.-carboxy-7-chloro-2 -me thy 1- 

	

-quinoline and its ethyl ester. 	The p.m.r. bpectrum of 2 in trifluororcetic 

	

acid) had signals at 1.9r (3-proton multiplet, 3-11, 5-1 11, C-H), 2.1 	(1-proton 

quartet, 6-H), 4.3 Z' (2- -proton sinTlet, CH2) and 6.85 C(3-proton  sin - let, CT:3). 

The reaction has been found Henrral (Table i) for quinolines substituted 

acetic acid. 

Cl ' TCH 

R 	

CH2OH 

2147 
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in the carbocyclic ring and having either a 2- or Li.- position vacant. For 

quinoline, and its 7-methyl derivative, a mixture of the 2- and Li.-hydroxymethyl 

compounds was formed (ratio 2:1 respectively in each case), which were again 

separated by chromatography. The 2-hydroxymethyl compounds (3) were eluted 

with chloroform, whereas the 14 required methanol, and this probably reflects 

the intramolecular hydrogen-bonded character of the former. 

TABLE I 

Products from the Reaction of Some Substituted Quinolines with HSA in 

a 
Methanol. 

teactant 	Yield  Conversion P.m.r. 	Absorptions 	()C 
m.pt. 

(Suistituente) (>0) (>) iromatic 0112 OH 

None 	(3) 55 1414 1.90 - 2.75 5.05 14.70 62-3°  
(14) 25 1.35 - 2.60 14.80 14.70 96-7°  

2-Methyl- 85 140 1 .6o - 1.90d 1427d 
85-6° 

14-Methyl- 68 76 1.90 - 2.80 5.15 14.87 76-7°  

2 9 8-Dimethyl 92 50 2.140 - 2.90 5.10 5.86 102-30  

7-Chioro- 95 60 1.70 - 210d 1430d d 
185-60 

2-methyl 

6-Bromo-2-methyl 93 142 1.95 - 2.60 14.88 14.88 1614-5 0  

Molar Ratios:- 	cuinoline:HSA = 1:3, in about 10 W1 	
in methanol. 

Yields based upon unrecovered quinoline. 

C. 	In CDC13. 

d. 	In CP3002H. 

Under conditions similar to those of Table 1, the reaction with 

3-bromouinoline gives a 2- or Li.-hydroxymethyl derivative whose orientation 

has yet to he determined; the reaction with 3-nitroquinoline fails, so that 

this is probably an electronic effect. 

Li.-Methylquinoline--N-oxiae under identical conditions gve a mixture 

which could not be separated but whose p.m.r. spectrum showed two -OH2-

absorptions near 5'r; one of these was probably due to 3 (R=4-CH3) while the 

other was consistent with the corresponding N-oxide. 	(hen the solid N-amino 

quaternary salt of 14-inethylquinoline was preformed by reaction with aqueous 
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HSA, basified and heated with a solution of HSA in methanol, 3 (R=4-CH3) was 

obtained. 1,4-Dimethy1auinoliriium methosulrhnte was recovered unchanged 

after reaction with methanolic HSA. 

The N-arnination process in acueous solution is best inter'jreted as 
+ 

electrophilic attack by NH2 on the ring nitrogen atom, but in the presence of 

ferrous ions there is also evidence of homolytic fission of the N-C bond of 
+ 

HSA leading to NH3. The hydroxymethylation reaction is unaifected by the 

presence or absence of ferrous ions, but the conversion is much lower when 

HS.A is replaced by hydroxylamine sulphate and ferrous sulphate. The failure 

of the hydroxymethylation reaction with 3-nitroquinoline and the quaternary 

salt is a clear indication that the reaction is not nucleophilie, and this is 

supported by the difficulty in defining a suitable nucleophilic species for 

such a reaction. 	The observed orientation in the quinoline ring is 

inconsistent with electrophilic attack on either the free quinoline, or Its 

protonated or N-aminted derivatives, but could indicate substitution on the 

N-mine, by analogy with the corresDonding I-oxide. 	If the latter is the + 
case, then attack by CH20H formed by removal of a hydride ion from methanol 

+ 	
CH rOM 0 C'72 = OH + NH3 

is conceivable; we have found however that the reaction fail-- vi' en the 

followin reagents are heated with methanolie quinoline or quinoljne-N-imine 

dimer a) NSA + CN20, b) C1120+ Nd. 	The dimeric h-lame is nox-.-n to react as 

the monomer is solution. 3  We consider that the substitution reaction is most 

probably a radical reaction, the reagent being 'C112-011. 	The same intermediate 

has recently postulated for the conversion of pyrioazinc-1J-oxides to 

4-hydroxymethylpyridazines in 0.02 to 7.O>o yields. 

H 	CT_ 20H 	 Ch20H 

a OQ 
C1120H 	 - H 

_ + NH3 . 	H - CH2 - OH 	- NH 	+ CH20H 
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HSA, basified and heated with a solution of HSA in methanol, 3 (R=4-CH3) was 

obtained. 1,4-Dimethylquino1inium inethosuiphate was recovered unchanged 

after reaction with methanoljc HSA. 

The N-axnination process in aqueous solution is best interoreted as 
+ 

electrophilic attack by NH2 on the ring nitrogen atom, but in the presence of 

ferrous ions there is &lso evidence of homolytic fission of the N-O bond of 
+ 

HSA leading to NH3. The hydroxymethylation reaction is unaffected by the 

presence or absence of ferrous ions, but the conversion is much lower when 

HSA is replaced by hydroxylamine sulphate and ferrous sulphate. The failure 

of the hydroxymethylation reaction with 3-nitroawinoline and the çjuaternary 

salt is a clear indication that the reaction is not nucleophilic, and this is 

supported by the difficulty in defining a suitable nucleophilic species for 

such a reaction. The observed orientation in the quinoline ring is 

inconsistent with electrophilic attack on either the free quinoline, or its 

protonated or N-aminated derivatives, but could indicate substitution on the 

y-imine, by analogy with the corresponding IT-oxide. 	If the latter is the 
+ 

case, then attack by C1120H formed by removal of a hydride ion from methanol 

1ffl2 + 	 CT2 rOR 	P 2 = OH + NH3 

is conceivable; we have found however that the reaction faii_ v:'en the 

following reagents are heated with methanolic (juinoline or quinoline-IT-imine 

dimer a) HSA + CT20, b) CH20+ HC1. 	The dimeric T-imine is cnown to react as 

the monomer is solution. 3 	,ie consider that the substitution reaction is most 

probably a radical reaction, the reagent being •C112-OH. 	The same intermediate 

has recently postu1ated for the conversion of pyriaEoinc-!-oxides to 

4-hydroxymethy1pyridazjnes in 0.02 to 7.0>6 yields. 

H 	C-7 20H 	 c:i2OF, 
CH 20H 	 - H 

Ong 
NH3 	

_ + 
NH4 • 	H - C11 2 - OH - 	 + •CH20H 
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Fischer Indole Synthesis on Unsymmetrical Ketones. The Effect of the 
Acid Catalyst 

By M. H. Palmer and P. S. McIntyre, Department of Chemistry. University of Edinburgh, West Mains Road, 
Edinburgh 9 

The products of the Fischer indole synthesis on the unsymmetrical ketones MeCOCHR'R'(R' = H or Me; R' = 
Me or Ar) have been found to vary with the acid catalyst, and particularly with the concentration of phosphoric 
oxide dissolved in orthophosphoric acid. Ethyl, phenethyl. and p.nitrophenethyl methyl ketones give mixtures 
of substituted 1H-indoles [(II) and (III)] while isopropyl methyl ketone gives a mixture of substituted 1H- (Ill) 
and 3H-indoles (IV). In all of the reactions the proportion of the 2-substituted indole (111) increases from 0% in 
acid mixtures such as 90% (w/w) orthophosphoric acid or 30% (w/w) sulphuric acid, to become the major com-
ponent in the mixtures near 83% (w/w) phosphoric oxide in water or 70% (w/w) sulphuric acid. A mechanistic 
interpretation of these results is presented. 

IT is claimed' that unbranched alkyl or aralkyl methyl 
ketone phenyihydrazones, with the exception of ethyl 
methyl ketone, give only the 3-substituted 2-methyl-
indoles, while 3,3-disubstituted 3H-indoles are exclusively 
formed from the branched ketones (I; R' = 
alkyl). Since we have recently found 2  that ketones of 
the above types react at both positions adjacent to the 
carbonyl group in the Pfitzinger reaction, we re-investi-
gated the behaviour of these compounds in the Fischer 
indole synthesis. 

RESULTS 

The acid catalysts used were boron trifluoride-ether in 
acetic acid, various sulphuric acid mixtures in aqueous 
ethanol (1: 1 molar), 90% (w/w) orthophosphoric acid, and 
various polyphosphoric acids obtained by the addition of 
phosphoric oxide to the latter. The phenyihydrazones 
of the ketones (la—d) were heated with the catalyst at 
100-115° for 3 hr. (boron trifluoride reactions) or 0'5 hr. 
(other reactions). The crude neutral (and basic) products 
were analysed by 'H n.m.r. spectroscopy; in no case were 
there lines attributable to the phenyihydrazone or products 
other than the indoles. The ratio of the products obtained 
was readily determined by integration of the spectrum by 
using, in particular, the 3-H of the 2-substituted indole 
(which is observed at 3'8 ± 0•1, well above the remainder 
of the aromatic protons) and the 2-methyl groups of the 
indoles (II) and (IV). The yields were all 80% or above 
for (Ib—d) and near 60% for ethyl methyl ketone (Ia). 
The isomer ratios obtained from the phosphoric acid and 
aqueous ethanolic sulphuric acid reactions are recorded in 
Tables 1 and 2, and the 'H n.rn.r. spectra of the separated 
products in Table 3. 

The cyclization of benzyl methyl ketone (Ic) phenyl-
hydrazone was also studied by using boron trifluoride-
ether in acetic acid 3  and 32% (w/w) ethanol-sulphuric 
acid; 4  in both cases only the 2-methyl 3-phenylindole 

R 2  = Ph) was obtained. In 80% (w/w) water-
sulphuric acid the product contained 21% of 2-benzylindole 

R' = H, R' = Ph). Attempted cychizations of this 
hydrazone in 95% (wJw) sulphuric acid at 90° gave only 
water-soluble products which could not be extracted into 

B. Robinson, Chem. Rev., 1963, 63, 373. 
M. H. Palmer and P. S. Mcintyre, J. Chem. Soc. (B). 1969, 

in the press. 
D. W. Ockenden and K. Schofield, J. Chem. Soc., 1953, 612, 

3440. 
S. W. Fox and M. W. Bullock, J. Amer. Chem. Soc., 1951, 

73, 2756.  

organic solvents, and it appears that sulphonation had 
occurred. In 60 0//0  (w/w) sulphuric acid the extent of 
reaction was negligible after 3 hr., probably a result of hetero-
geneity, so that aqueous ethanolic sulphuric acid mixtures 
were then used. In this way, diethyl sulphate formation 
was suppressed. The results of cyclization of benzyl, 
ethyl, isopropyl, and 4-nitrobenzyl methyl ketone phenyl-
hydrazones in polyphosphoric acid and aqueous ethanolic 
sulphuric acid showed an increase in the proportion of the 
2-substituted indole (111) formed as the acid strength in-
creased. A plot of percentage of 2-isomer (III) against H0  
for the polyphosphoric acid (determined' at 25°, there 
being no data for higher temperatures) showed typical 
sigmoid-type curves, in which the characteristic feature 
appeared to be a near linear correlation of the two variables 
over the range —4'6 <H < —6'4. Under similar con-
ditions, the proportion of 2-substituted indole (Ill) is 
lower for the 4-nitrobenzyl compound (Id) than for the 
benzyl compound (Ic). 

In agreement with earlier conclusions 6  we observe that 
the toluene-p-sulphonic acid- and acetic anhydride-catalyzed 
isomerism and acetylation of the phenylhydrazone from 
ethyl methyl ketone leads exclusively (>98%) to the 

McCO'CHR
1

R 2  
PhNHNN 2 	.- 

(I) H 	L,LN 

R R2 
H 

ill) 	R'=l-I 

a; H Me R 	2 

b ; Mc Mc 
(l1CHRIR2 

+ 	
:.Me 

C; H Ph 

d 	; H 
H 

4NO2 C6 H 4 	 IV) 

PhNAc-NAc-CMeCHMe 	PhNAc-NAc-CEtCH 
(V) 	 (VI) 

enehydrazine (V), none of the but-1-ene (VI) derivative 
being detectable by n.m.r. spectroscopy. In 40% (w/w) 
aqueous ethanol-sulphuric acid only the 2.3-dimethyl-
indole (11; R 2  = Me) was obtained from (V); in 70 
(w/w) acid the indole mixture contained 2-ethylindole (25%) 
however, thus showing that some conversion of the ene-
hydrazine (V) into (VI) occurs under the latter conditions. 

' R. G. Downing and D. G. Pearson, J. Amer. Chem. Soc., 
1961, 83, 1718; A. 1. Gel'bshtcin, It. I'. Airapetrova, G. G 
Shchcglova, and M. I. Temkin, Zhur. neorg. Khim., 1964, 9, 
1502. 

N. N. Suvorov, N. 1. Sorokina, and Tu. N. Shcinkcr, J. 
Gen. Chem. U.S.S.R., 1958, 28, 1058. 
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Migrations of substituents from both C-2 and C-3 in 
indoles to C-3 and C-2 are well-known 7  but in the present 
work, if stability of the indoles was important to the product 
ratio, then migration of the substituent at C-3 to the 2-
methyl group would have to occur. We have demonstrated 
that both (II; R 2  = Ph) and (IV; R' = R2  = Me) are 
stable under conditions where the hydrazones of (la—d) 
give the 2-substitued indole (III). Migration of the 3-sub-
stituent to the 2-methyl during the loss of ammonia from 
the amino-indoline (VII) seems improbable (although C-3 to 

2 

0:'N> 	CE~N~ 
H 	

(VII) 	 (VIII) 

C-2 shifts are known under these conditions for the related 
hydroxyindolinc 8);  the cation (VIII) formed is the same 
as that formed by protonation of the indolcs (II; RI = 

H; IV). 

DISCUSSION 

The present results show that the generalizations cited 
above concerning the indole obtained from unsymmetri-
cal ketones are incorrect, as is the isomer ratio reported  

44' 

[to (X)], followed by migration of the olefinic linkage wit: 
loss of a proton [(XI) or (XIII)]. Re-protonatioi 
[(XIV) or (XVI)] followed by a Claisen-type rearrange 
ment fixes the orientation of the indole (II) or (III) o 
indolenine (IV). The critical stage is formation of th 
enehydrazines [(XI) and (XIII)], since with the ene 
hydrazine studied (V) only one indole was obtaine 
from the reaction in weak acid, and this was still pre 
dominant in the product of the strong acid reactioi 
[75% of the mixture in contrast to 49% of the mixtur 
from (Ia) under these conditions]. Thus in the ambiden 
enehydrazine system, where C-protonation can lead ti 

equilibration of the isomers [(XI) and (XIII)] and N 
protonation leads to the indoles, the latter product rati 
is not controlled by an equilibrium (XI) (X) 
(XIII); for the diacetyl compound (V), C-protonation i 
even more probable than in (XIII) (owing to the lowe 
basicity of amides relative to hydrazines). Consider 
ation of various rate ratios for reactions involving th 
neutral species and monocations in Scheme 1 does no 
lead to an interpretation of the change in product rati 
(II) and (III) with acid strength, since equivalent stage 
in each sequence are similarly dependent upon acid o, 

CH 

PhNH—N=C—CHR 1 R2  (IX) 

H 
it 

 Basc 

CH, 

PhNH—N H—C—CHR'R 2  

	

Bas 	 H''Buse 	Ba 

C112
+ 
	- _-L - ,CH3 
	

CH, 
II 	 PhNH 2—NH —C 

	

PhNH—Nl I—C--CHR'R 2 	 'CHR'R 2 	PhNH_NH_C=CRCR! 
(XT) 	 (XII) 	 (XIII) 

or 
C11 ,  

PhNH—Nfl.--C—CI-110R 5  
+ 	+ 

CIl 	 (XV) 	 CH, 
II 	 I 

	

PhNl-I—NI I 5—C—CHR'R 	 PhNH—NH,—C=CR'R 
(XIV) 	 (XVI) 

Scvcral stages 	 Several stages 

(III) 	 (II) or (IV) 
SCHEME I 

for the tetraphosphoric acid-catalyzed cyclization of the 
benzyl compound (Ic). 9  

The mechanism of the Fischer indole synthesis 1  up 
to the product structure determining stage consists of 
protonation (or co-ordination) of the 13-nitrogen atom 

E. Fischer and T. Schmitt, Bey., 1888, 21, 1071, 1811; K. 
Brunner, Monatsh., 1895, 16, 849; D. J. Grgin, Monalsh., 1906, 
27, 731; R. Robinson and H. Suginome, J. Chem. Soc.. 1932, 298; 
Al. Nakazaki, Bull. Chem. Sor. Japan, 1960, 33, 461, 472; M. 
Nakazaki, K. Yamamota, and K. Yamazami, ibid., 1960, 33, 
466.  

base concentration. Thus we consider that these change 
arise from competing mechanisms for formation of tli 
enehydrazines by base catalysis on either (a) the fre 
hydrazone (IX) or (b) the mono-protonated species (X) 
or (c) the diprotonated species (XII) [the alternativ 
(XV) being much less probable]. Rapid exchange of tlu 
H-CR=proton in aldehydephenylhydrazones is wel 

8 K. Brunner, Monatsh., 1900, 21, 156. 
N. P. Buu-Hoi, P. Jacquignon, and 0. Perin-Roussel, Bull 

Soc. chim. France. 1965. 2849. 
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established,10  but there is no data for the exchange rates 
at the a-groups of the corresponding ketones; earlier 
claims 11  that a substantial amount of the enehydrazine 
is present in neutral solutions of ketone phenylhydrazones 
are incorrect. 12"3  In 23M-sodium methoxide in 
deuteriomethanol we have found that there is no ex-
change of the a-CH, or -CH3  groups of (IX; R' = H, 
R2  = Me) after 20 hr. at 30° while even at 70° for 14 hr. 
the distribution (by integration of the 'H n.m.r. spect-
rum) is not significantly different (45% in CH 2  and 55% 
in CH.) from that expected for equal reactivity in the 
two groups. Thus in the acid solutions of the Fischer 
indole synthesis, base-catalyzed attack on the neutral 
phenylhydrazone (IX) can be ignored. 

Phenyihydrazones of the type Ar 2C=NNH2  have pK5  
40 0-7. 14  but no data is available for aliphatic phenyl-
hydrazones. The compound (IX; R' = H, R2  = Ph) 
in ethanol has = 207 m (log e 4.3) and 276 m (log 
c 44), whereas in 5% (w/w) to 20% (w/w) ethanolic 
sulphuric acid it has X 206 mt (log e 4.3), 226 n& 
(log e 4.4) and 295 m (log e 4'0), the spectrum changing 
little with concentration. In 40% (w/w) acid the spect-
rum of the indole (II; R 2  = Ph) was obtained from (IX). 
The indole in 5% (w/w) to 20% (w/w) ethanolic sul-
phuric acid has ArnaL  228 mi (log e 4.5) and 282 mtL  
(log e 4.2). These results, and also those for the diaryl-
hydrazones, show that monoprotonation is extensive 
in the 5% (w/w) acid, and clearly in more strongly acid 
solution diprotonation is possible. 

In the weak acid solutions used, the formation of 
the enehydrazines, (XI) or (XIII), from the cation (X) 
is the slow step of the sequence (IX) —+- (X) — 
(XI) or (XII); this is analogous to an El elimination 
reaction, except that the relative rates of acid and base 
attack are reversed. In the very strong acid solutions, 

+ 
HCpCa X 	[H-C s c-X-H] 

	

(XVII) 	
fast 	

(XVIII) 

	

4, El 	 E14,slow 

HCCa  
fast 	

(XIX) 

the additional inductive electron-withdrawal from the 
alkyl groups of the diprotonated species (XII) enhance 
the likelihood of near concerted attack by the solvent 
on the C-H bonds. This is an E2 type mechanism. 

For El elimination reactions, the Saytzeff olefin 
product is normally predominant, while Hofmann elimin-
ation occurs by an E2 mechanism. 14' 15  These generalis-
ations account for the indoles formed in the present 
work. A fuller discussion of the factors controlling 
Hofmann and Saytzeff elimination will be given in later 
papers, where we will describe similar investigations in 

10  H. Simon and W. Moldenhauer, Chem. Bey., 1967, 100, 
1949. 

11 A. E. Arbuzov and Yu. P. Kitaev, Doklady A had. Nauk 
S.S.S.R., 1957, 113, 577; Izvest. Akad. Nauk S.S.S.R. O:del. 
khim. Nauk, 1960, 1405. 

the olefin-formation stage of the \Vidman Stoermer 
reaction. 

EXPERIMENTAL 

Preparation of Indoles.—(a) With boron trifluoride-di-
ethyl etherate. Benzyl methyl ketone phenylhydrazone (5g.) 
(m.p. 86-87 °), acetic acid (50 ml.), and boron trifluoride-
diethyl ether (3-6g.) were heated under rcflux for 3 hr. The 
boron trifluoride-ammonia complex was filtered off and the 
acetic acid was evaporated to yield the product (80%), 
which was shown to be solely 2-methyl-3-phenylindole, 
imp. 59-60°  [light petroleum (b.p. 40-60°)]. 

TABLE 1 

Product ratios a from the cyclization reactions in 
phosphoric acids 

Ketone (Ia) 
Phosphoric oxide 
concentration b (III; H' = H, 

(% w/w) (II; RI = Me) 	R2  = Me) (IV) 
664 100 0 
73.2 92 8 
798 60 40 
830 49 51 
864 50 50 

Ketone (Ib) 
66.4e 0 100 
73.9 26 74 
798 55 45 
830 79 21 
86'4 83 17 

Ketone (Ic) 
Phosphoric acid 
concentration 

664 100 0 
695 98 2 
73O 91 9 
783 71 29 
830 44 56 

Ketone (Id) 
664 	 100 	 0 
830 	 66 	 34 

Errors not greater than 5%. 6,  Percentage (w/w) P.O.  
content in P205  + H2O system. c 90% (w/w) Orthophos-
phoric acid. 

TABLE 2 

Product ratios from cyclization reactions in aqueous 
ethanolic sulphuric acid 

H 1SO4  

	

%, (w/w) • 	(II) 	(111) 	(IV) 
Ketone (Ia) .........40% 	100 	0 

70 	49 	51 
Ketone (Ib) 	 40 	 0 	100 

55 	 40 	60 
70 	 100 	0 

Enehydrazinc (V) 	40 	100 	0 
70 	75 	25 

Acid to total in aqueous ethanol (1: 1 molar). 

(b) With sulphuric acid-ethanol. Bcnzyl methyl ketone 
phenylhydrazone (5 g.), ethanol (100 ml.), and concentrated 

Is  G. Karabatsos and R. A. Taller, J. Amer. Chem. Soc., 1963, 
85, 3624. 

13 Yu. P. Kitaev and T. V. Trocpol'skaya, I.-vest. A had. Nauk 
S.S.S.R.,Ser. Khim., 1967. 1903. 

14  H. H. Snyder and C. W. Smith, J. Amer. Chem. Soc., 1943, 
65, 2452. 

16 B. Trcnklcr, Annalen, 1888, 248, 106. 
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TABLE 3 

Properties of IH- and 3H-indoles 

'H N.m.r. spectra () 

(II) 	 M.P. 	2Me 	 3R 4H 	5H 	6H 	7H 	N-H 

Me 	 107-108' * 	8-05 	 785 2-55 	 in, 27-33 

Ph 	 59-60 f 	7.75, 2-60 b m, 2-30-3-00 
4-NO 3C6H 4 	214-215 	7.43 	173,d 2-28 d in, 2-20-300 

(Ill) 	 M.P. 	2C-H 	2R 1 	2R2  311 	411 	511 	OH 	711 	NH 

2Et 	 42-43 § 	760' 	760' 	8901 3-85 	2-55 	 in. 240-330 
2Pr' 	 72-7311 	7.10 9 870 	870 3.751 	250 	 in, 240-330 
2CH,Ph 	8411 	620 	6-20 	290 385 	2-55 	 m, 2-40-3-10 

(IV) 
2-Me 	 3,3-Me2 a 	4-H 	5-H 6-11 	7-H 	N-H 

775 	 8-75 m, 2-46- 	3-10 

CDCI3. 	b  Me,CO. 	I Broad singlet. 	d  AA'BB' spectrum J°'U°,  + Jpr 	9 c./sec. 	I Quartet J 7 c./sec. 	f  Triplet J 7 c./sec. 
Septet Jcn-cn,  7c./sec. 	h  Doublet J 7 c./sec. 	£ Multiplet with main coupling J1 ,, = 21 c./sec.; conversion of N-H to N-D 

by D 20 gives a multiplet showing further coupling to 2-Pr 1 , 2-H and N-D. 
* Ref. 14. 	t Ref. 15. 	A. Da Settimo and M. F. Saettonc, Tetrahedron, 1965, 21. 823. 	§ A. Verley and J. Bedurve, Bull. 

Soc. chini. France, 1925, 37, 190. 	¶ V. F. Martynov and G. OI'man, Zhur. obschehei K/tim., 1955, 25, 1561. 	11 E. Wenkert, B. S. 
Bernstein, and J. H. Udelhofcn, J. Amer. Chem. Soc., 1958, 80, 4899. 

sulphuric acid (20 ml.), were heated under reflux for 3 hr. but after extraction with chloroform the mother-liquor was 

and then poured onto ice (100 g.). 	The oily solution was basified and re-extracted; the organic layers were combined, 

extracted with chloroform, the extract dried 	(MgSO4), dried, and investigated by 'H n.m.r. spectroscopy. 

and then evaporated to yield the product (80%) which was Separation of Isomers.-2-Isopropylindole and 2,3,3-tn- 

exclusively 2-methyl-3-phenylindole. methyl-3H-indole were separated by extracting the 3H- 

The series of reactions in aqueous ethanolic sulphuric indole into 2N-hydrochloric acid. 

acid were carried out as above, heating at 100 °  for 30 mm. The other pairs of isomers were separated by fractional 

(c) With phosphoric oxide-water. 	The freshly prepared crystallization from light petroleum 	(b.p. 	40-60° ). 	In 

phosphoric acid mixtures were made by dissolving phos- all cases m.p.s were in agreement with reported values. 

phone oxide in 90% (w/w) orthophosphoric acid. Although (II; 	R2  = 4-NO 2C6H4 ) was readily separated 

Reactions 	with 	(Ia), 	(Ic), 	and 	(Id). 	The 	phenyl- from the mixture with (Ill; 	R' = H, R2  = 4-NO2C6H3 ) 

hydrazones (1 g.) and the polyphosphoric acid (15 g.) were all attempts to separate the latter by chromatography, etc., 

heated together for 30 mm. at 100° , poured onto ice (30 failed; a sample containing 70% of the latter was obtained, 

g.), and extracted with chloroform; the organic layer was however. 

dried (MgSO 4 ) and evaporated to give the indole mixtures The 1 H n.m.r. spectra of the products are shown in 

(Table 1). Table 3. 

Reactions with (Ib). 	The scheme above was followed 8/117O 	Received, August 121h, 19681 
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The Pfitzinger Reaction with Unsymmetrical Ketones 

By M. H. Palmer • and P. S. McIntyre, Department of Chemistry The University, Edinburgh 9 

The ratios of the products obtained from the Pfitzinger reaction with a series of dialkyl, alkyl arylalkyl. and alkyl 
aryloxymethyl ketones have been determined. These results, and the Friedlander reaction on ethyl methyl ketone, 
show that steric effects have a marked influence on the product ratio from dialkyl ketones. but that with compounds 
of similar steric requirements in the aromatic series electronic effects are also important. Anal'sis of the u.v. and 
n.m.r. spectra of the cinchoninic acids shows that in the 3-unsubstituted compounds the carboxy-group is co-
planar with the aromatic rings even when the ring is protonated, but that the carboxy-group of the 3-substituted 
compounds is very much out of plane except where the substituent is a hydroxy-group. Hückel molecular 
orbital calculations of ,r-electron energy and other quantities in the intermediate anions have been carried Out. 

IN the Pfitzinger reaction of isatin and the ketones (I) 
condensation can occur through either the methyl or the 
methylene group, leading to the 2-substituted (II) and 
2,3-disubstituted (III) cinchoninic acids respectively. 
With ethyl methyl ketone, solely (III; R = Me) 1,2 

CO2H 	 CO1H 

CH3COCH1R 	
iJCH2R Cn- N

CH3  

(I) 	 (II) 	 (111) 

and a mixture of (II; R = Me) and (III; R = Me) 
have been claimed to be formed, 3  while with higher 
homologues only (II) is reported. 4  With aryloxy-
ketones (I; R = 0-aryl),5  alkoxy-ketones (1; R = OEt 
e1c.),6  and ethyl acetoacetate 7  only condensation through 
the methylene group is reported. 

1 w Pfitzinger, J. prakt. Chem., 1897 [2]. 56, 283. 
2 Ng. Ph. Buu-Hoi, J. Chem. Soc., 1946, 795. 

J. von Braun, W. GmeIin, and A. Schuitheiss, Be,., 1923, 
58, 1338. 

Ng. Ph. Buu-Hoi and R. Royer, J. Chem. Soc., 1948, 106. 
P. K. Calaway and H. R. Henze, J. Amer. Chem. Soc., 1939, 

61, 1355; A. M. Dowell, H. S. McCullough, and P. K. Calaway, 
ibid., 1948, 70, 226; J. A. Knight, H. K. Porter, and P. K. 
Calaway, ibid., 1944, 66, 1893. 

Recently we used the Pfitzinger reaction during the 
unambiguous synthesis of 2- and 4-hydroxymethyl-
quinolines, 8  and it became apparent that the above 
information was unreliable (cf. ref. 9) and the reaction 
was therefore reinvestigated (a) to determine more 
accurately the ratio of isomers (II) and (III) formed 
from unsymmetrical ketones and (b) to see whether 
Huckel molecular orbital theory provides an explanation 
of the difference in behaviour of the various systems. 

After being heated for 15 hr. at 100°, mixtures of the 
ketone (I) (2 mol.), isatin (1 mol.), and 33% (w/v) 
aqueous potassium hydroxide (3 mol.) were neutralised, 
and the product was separated and investigated by 
'H n.m.r. spectroscopy (Table 1). Since the quinolines 
(II) and (III) (in trifluoroacetic acid) contain either a 
methylene group (variable 'r value) or a methyl group 
(signal near r 7•0) estimation of the mixtures by direct 
integration was possible. 

(a) L. B. Cross and H. R. Henze, j. Amer. Chen:. Soc., 1939, 
61, 2730; (b) S. D. Lesesnc and H. J. Henze, ibid.. 1942, 64, 
1897. 

W. Pfitzinger, J. praki. Chem., 1897 [2], 58, 316. 

2147. 
M. H. Palmer and P. S. McIntyre, Tetrahedron Letters, 1968, 

' R. C. Elderficid, ' Heterocyclic Compounds,' Wiley, New 
York, 1952, vol. 4, PP. 49, 54. 
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TABLE 1 

Pfttzinger reaction product ratios 

Me 	Et 	Pr' C 6 H 5  4-Me0CH 4  4-N'C 02 6H4  
• in (I) (a) 	(b) 	(c) (d) 	(c) 	 (f) 

(Ii) 50 	95 	100 38 	40 	 0 
(III) 50 	5 	0 62 	60 	100 

HO 	C5H 60 4-MeOC,H 40 	4-NO2 CH 40 
• in (I) (g) 	(h) (i) 	 U) 

 0 	38 29 
 100 	62 71 	 0 t * Determined by 'H n.m.r. spectroscopy in CF3 CO2H as 

solvent. All 	results 	3 0 ,,. except where only one isomer 
detected. t Only 4-nitrophenol and isatin isolated. 

The physical constants and spectra of the products are 
given in Table 2. 

3-Hvdroxy-2-methylcinchoninic acid (III; R = OH) 
was readily isolated from the reaction with hdroxy-
acetone. In the reaction with 4-nitrophenoxyacetone 

J. Chem. Soc. (B), 1969 

In view of our recent work on the Fischer indole 
synthesis with unsymmetrical ketones,'° where the 
product ratio varies with the acid strength, the Pfitzinger 
reaction with ethyl methyl ketone was studied over the 
range 15-5V,  (w/v) potassium hydroxide concentration. 
No significant change in product ratio (II : III) was 
observed, and it seems unlikely that any should be 
expected unless, for example, dianion formation occurs 
in the enamine side-chain. With this in mind, attempts 
were made to condense the dianion 11 of pentane-2,4-
dione with the sodium salt of isatinic acid in liquid 
ammonia containing 3 mol. of sodamide. After a 
reaction for 3 hr. most of the isatin was recovered, and 
the remaining product was a complex mixture (1H n.m.r. 
spectrum etc.). It was concluded that condensation of 
the terminal position of the dianion with the carbonyl 
group of the sodium isatinate had not occurred sub- 

TABLE 2 

Cinchoninic acids 
'H N.m.r. spectrum (-) 

R in (II) M.p.5  2-Substnt. 3-H 5-H 6-H, 7-H, 8-H 

Mc 	........................... 171-172°  (d) 650 (CH,) 147 0-90 160-2-00 
8-30 (CH,) 

Et 	........................... 155-156 (d) a 650 (a-CH,) 1'45 0-90 160-200 
785 (-CH,) 
8-77 (CH,) 

CH\Ie, 	..................... 192-193 (d) 6-71 (CH,) 1-56 003 160-200 
758 (CH) 
880 (CH,) 

CH . 	........................ 220 (d) f 522 (CH,) 143 0-80 160-2'00 
250 (C,H 5) 

4-Me0'C6H4  * 207-208 (d) 520 (CH,) 1.60 090 160-180 
240-280 (C4H 4) 

590 (CH,O) 
C6H 50 	..................... 196 (d)" 413 (CH,) 130 0-80 140-200 

2-40-2-70 (C SH b ) 

4-MeOC6H 40 * 164-165 (d) 4•18 (CH,) 1-35 083 160-200 
2•80-3-00 (CH,) 

598 (CH,O) 

H in (111) 1. P. 2-Me 3-Substnt. (H) 5-H, 6-H, 7-H, 8-H 

Me 	........................... 309-310° (d)i 6-87 7-26 (CH,) 160-200 
CH ........................ . 312 (d) 5  706 220-2-70 (C6H5) 160-20 
4-N0,•C6H 4 	 ...............* 222-223 (d)' 700 2-30-2•60 (CH,) 1-60--190 
4-Mc0C6H 4  * 	............ 289-290 (d) 740 	240-280 (C,H 1), 5.93 (CH 3O) 160-170 
OH 	........................... 242 (d) 6-87 - 0-8 (5-H) 160-200 
C6H 50 	..................... 259-260 (d) ° 7'00 230290 (CeH) 160-200 
4-MeOC 6H4 O 	............ 213-214 (d)' 700 280-3-00 (C,H 4) 160-2'00 

600 (CH,O) 
* New compound; analysis given in footnote. 

In CF,CO,H containing Si(CH,) 4. b Uncorrected. 1  0. Doebncr (Annalen, 1887, 242, 265) gives m.p. 173°. a  Ref. 4 gives 
imp. 156°. 1  Ref. 4 gives m.p. 192°. 1  W. Borsche and 0. Vorbach (Annalen, 1938, 537, 22) give m.p. 220°. ' Found: C, 737; 
H. 5-1; N, 47. C IKH,,NO, requires C, 73-7; H, 5-1: N. 4.7%. h  N. Okuda (J. Pharm. Soc., Japan, 1951, 71. 1275) gives m.p. 
196°. Found: C, 697; H. 4-9; N, 45. C,H,,NO4  requires C, 69-9: H, 4.8; N, 4-5%. Ref. 4 gives rn.p. 310°. W. 
Borschc and 0. Vorbach (Annalen, 1938, 537, 22) give imp. 312°. 1  Found: C. 66-1; H, 3-8; N, 90. C, 7 H,,N204  requires C. 

.2; H, 3.9; N, 9-1%. '° Found: C, 73-6: H, 51; N, 48. C,H, 5NO, requires C, 73-7; H, 51; N. 4-7%. Ref. 6a gives 
m.p. 242-244°. 0  N. Okuda (J. Pharm. Soc. Japan, 1957, 71, 1275) gives m.p. 259-2600. P  R. L. Sublctt and P. K. Calaway 
(J. .duu-r. CJ,c,n. Soc., 1948, 70, 674) give m.p. 215°. 

(Ij) only 4-nitrophienol and isatin were isolated; thus 
nucleophihic displacement of the substituent group in the 
substituted acetone is more rapid than the cyclization 
sequence; there was no indication of the fate of the 
ketone in this reaction. 

10
(B),  H. Palmer and P. S. McIntyre, J. Chem. Soc. (B), 1069, 

448.  

stantially, if at all. Under the normal Pfitzinger 
reaction conditions the sole product from pentane-2,4-
dione was confirmed (cf. ref. 12) to be 3-acetyl-2-methyl-
cinchoninic acid (III; R = Ac). 

11 C. R. Hauser and T. M. Harris, J. Anzer. Chem. Soc., 1958, 
80, 6360. 

12 Gj. Stevanovic, M. Pavicic-Woss, Lj. Lorene, and M. Lj. 
Mihailovic, Tetrahedron, 1959, 6, 97. 
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DISCUSSION 

Comparison of our results with those of earlier in-
vestigations 16 shows that the major product was 
correctly identified, but that substantial amounts of the 
second isomer were formed in most cases except those of 
the dialkyl ketones (Ib, Ic, Ig). It is probable 13  that 
the Pfitzinger reaction occurs by the following stages: 
(a) base-catalysed cleavage of the isatin to the isatinic 
acid anion, (b) condensation between the amino-group 
and the ketonic carbonyl group, (c) base-catalysed 
removal of a proton from the a-position of the Schiff 

CH4 (C0CO2 )NH CMe:CHR 	C4H 4 (C000NH'CCH 2  

(VIE!) (VII) 	CH 2 R 

C6H 4 (C0CO2 )N CMe CHR C6 H 1  COCO2 )N CCH 

k3 J,,,  (VI)  (V) 	CH 2 R 

C6H 4 (C0C0)NCMeCH 3 R 	4' 
0 CO (IV) 	 - O 	CO 2  

2 N )C3  
(XV) 

1 
(XIV) 

'If 
(III) 11) 

base (IV), and (d) cyclization of the anions (V) or (VI) by 
carbonyl condensation. A study of molecular models 
shows that cyclization can most readily occur if both the 
carbonyl and carbanionoid centres are out of plane with 
respect to the aromatic ring, and further that steric 
repulsion of the carboxylate and carbanionoid centres is 
less in the conformation (IX). Under these conditions 

CO2  - 
R 	 Mc 	RCH 3 	H 

._r.yC0 FHR. 

N ,C,_ CH3 H 	
'0 	0' 	H 

(IX) 	 i. x 	 Nil  

there is little through-conjugation between the two 
systems (see below). In the following discussion it is 
convenient to separate steric from electronic effects in 
the first instance. 

Steric Effects.—In the Pfitzinger reactions of the 
dialkyl ketones (Ia, Ib, li) the gross difference in 
product ratio from the methyl and ethyl and isopropyl 
compounds is indicative of steric control; * 2,4 thus the 

• The (N-C--C] -  and [O-C-C systems are isocicctronic; the 
equilibrium concentrations of the cnolate anions (X) and (XI) 
for R being an unbranched alkyl group arc approximately equal, 
while for R being a branched alkyl group the less highly sub-
stituted anion (XI) predominates. These are clearly electronic 
effects (H. 0. House and V. Kramar, J. Org. Chem., 1963, 28, 
3362).  

reaction rates for (V) - (II) will not be substantially 
different for R = Me from N = Et; but for the reaction 
(VI) —k- (III), models show that during rotation about 
the açs-bund (XII), the y-methvl group strongly inter-
feres with both the a'-inetiivl group and the carboxylate 
anion; thus the reaction (VI) — o (III) should be much 
slower for R = Mc, as appears to be the case from the 
isomer ratio (II and III) obtained in these reactions 
(Table 3). 

TABLE 3 

Ethyl esters of (II) 
'Fl N.,n.r. spectrum () 

6-H, 
1 = 	2-Suhstnt. 3-I1 3-I1 	7-I-I' 8-1-1 4SubStnt.6 

'S (('l1) 2:1 	133 	22 .45 	1'85 5.55 (CH,) 
2•7S (C5 H 5 ) 	 865 (CH,) 

	

4-le0CH....5.72(CFL) 	13 	240 185 5'58(CH 5) 

	

(Cl! 4) 	 8'63 (CH,) 

633 (OCH 3 ) 

C41l0 ......... 4'67 (CTL) 
2•65-..---3" 185 	1-23 2-38 	1'88 5.55 (CH,) 
(C,il:) 	 860 (CH,) 

4-Mc0CG}l,0 4.65 (CIT.) 1'8S I-2S 236 1'93 5'52 (CH,) 
2'85-33 	 858 (CH,) 
(CR H 4 ) 

hi CDCI. " R' of CO2111. r  In ABXY spectra of the 
dsubs1itutcd benzene-ring type, a Common feature is elements 
of symmetry in the- spectrum, i.e., X and 'V lines are mirror 
images, and the AB part has it plane of symmetry. This 
occurs when the c()uphilig constants J1,1 = JAy etc. We have 
not applied it complete analysis of these spectra, so that the 
figures for 641 and 7-I1 represent their mean position. 

In the Friedlander reaction with ethyl methyl ketone 
and o-aminobenzaiclehivde, the ratio of 2,3-dimethyl- to 
2-ethyl-quinohines was 85 11  , : 15 11,;   i.e., higher than in 
time corresponding Pfitzingc'r reaction (only the former 
compound has been claimed 1 4 previously). This is 
probably a steric effect of the above type, but further 
investigation with o-amino-ketones failed owing to the 
instability of these compounds to base. The result of 
the Pfitzinger reaction on hydroxyacetone (Ig) is 
explicable in terms of formation of the longest conju-
gated anion (see molecular orbital interpretation below), 
since the steric effects of the reacting molecule (VI; 
N = OH) are small (and similar to that in the reaction 
with butan-2-one). Although hydrogen bonding may 
also assist the product orientation, neither the nitrogen 
nor the carboxy-group (e.g., XIII) have orbitals lying 
in directions suitable for efficient overlap. 

—* H 
CH 	I 

H. 
H 	 0 

C,, CH 3 011  
I (Xl1h) (XII) 

N 	 ' CH 3 	 N C. CH, 
a' 

The steric hindrance to cyclization of the aryl com-
pounds (VI; R = C6H5, 4-C6H4 NO2 , and 4-C6H4'0CH3) 
is similar to that in the propenyl compound (VI; 

13 H. G. Lindwall and J. S. MacLennan, J. Amer. Chem. Soc., 
1932, 54, 4739. 

14 J. Eliasberg and P. Friedlander, Be,-., 1892, 25, 1752. 

T 
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R = Et), and this is no doubt responsible for the rela-
tively high proportion of the product from the un-
conjugated anion (V; R = C6H5 , 4-C6H4 NO2, and 
4-C8H4 OMe). A similar situation applies with the 
arvloxy-ketones (Ili, Ii) where steric interaction between 
the aryl group and the '-methyl group (cf. XII) or 
carboxylate anion occurs if the 2p electrons of the 
oxygen atom are fully conjugated with both the aryl 
and enamine anions (VI) (see below also). 

Electronic Effects.—In the following discussion we have 
used the unrefined HUckel molecular orbital approach, 15  
with overlap neglected to determine (a) the total 
—electron energy of the reacting anions in which 
the charge is considered to be localised in the 
(-N-CMe-CHR) -  or [-N-C(CH 2R)-CH 2] parts of the 
molecule [this is justified since a consideration of 
molecular models (see above) shows that these parts 
cannot become coplanar with the rest of the molecule 
when cycization is occurring]; (b) ir-electron densities 

J. Chem. Soc. (B), 1969 

(R n : Rm)  is given by equation (2). Whilst the second 
proviso is possible, owing to the juxtaposition of the two 
reacting groups, the results obtained with the alkyl 

R11k5k2k3+k 
 

R1 k6  k3  k2+k 5  

R 11  -  
Rm 	k6  

E=RTlog  

Rk5kk2Kk2 
 

compounds [where the ratio of ionisation rates of (IV) to 
(V) and (VI) is likely to be near unity] do not support 
such a mechanism. It is noteworthy that only the total 
1-electron energy is relevant to such a mechanism since 
the rates of reaction (k5  and k6) are given by equation 

• Excluding the contrib 	 -. 	 -. - 

TABLE 4 

Total it-electron energy for the cyclization of the anions (V) and (VI) 
= 	H 	OMe (or OH) 	-C6H 5 	CRHI OCHI 	-006H 5  

	

3-628 	 3-628 	11-62 	 15-718 	15-718 

	

3-628 	 7-680 	12-1 	 16-269 	15879 

	

1-38 	 1-32 	 1-30 	 130 	 1-32 

	

0-510 	0-504 	 0-399 	0-400 	0-500 

utions from the LH,(COCO,) system. 6  In units of floe.  I Charge density. 

—qv 
17111 

of 

at the carbon atom which undergoes cyclization [and 
which becomes C(3) of the quinoline]; and (c) polaris-
ability of this carbon atom. Calculations were per -
formed with the computer programme CHUC (for which 
we are indebted to C. W. Haigh) on an IBM 360/67 
computer. The Coulomb and resonance integrals, 
similar to those generally recommended, for oxygen 
( o), nitrogen (), the C-O bond (l3co)  and the C-N 
bond (pc,;) are given by o = + 2, N = + 

05c3cc, Pco = 0 7 cc and I3CN = l3 , 
where is the 

resonance integral for the C-C bonds. These para-
meters lead to the total 7r-electron energies, charge 
densities, and polarisabilities shown in Table 4. 

Conclusions.—It seems probable that under basic 
conditions, as in the present work, the Schiff base (IV) 
rapidly forms an anion (V) or (VI), since attempts to 
isolate Schiff bases of ketones from direct reaction of 
amines with ketones generally lead to a quinoline 
directly (presumably by further condensation of the 
Schiff-base anion with more ketone and then cyclization). 

The overall rate equation for quinoline formation, 
based upon stationary-state concentrations of the anions 
(V) and (VI) which are high with respect to that of the 
Schiff base, is given by equation (1). This equation can 
be simplified considerably in two extreme cases: (a) if 
the rate-controlling step is ionisation of the Schiff base 
to give (V) and (VI), and if cyclization is much faster 
than re-protonation of the anion, then the product ratio 

15 A. Streitwieser. 'Molecular Orbital Theory for Organic 
Chemists.' Wiley, New York, 1962, pp. 15, 117 ci seq.  

-0C6H 4 'OCH3  
19-928 
20-025 

132 
0-494 

' Polarisability in units 

(3) where 1E,, is the difference in ir-electron energies for 
(V) and (VI). In all the reactions with aromatic sub-
stituents (R) the it-electron energy is higher for the long 
conjugated anion (VI). 

A more probable explanation is (b), that the rate-
determining step is cyclization to the quinolines (XIV) 
and (XV); here equation (1) simplifies to equation (4), 
where K is the ratio of the equilibrium constants for the 
Schiff base ionisations. For the ketone (I; R = Ph) 
the equilibrium concentrations of the anions (X; 
R = Ph) and (XI; R = Ph) are >98% and <2% 
respectively; the ratio for the enamine anions [(V) and 
(VII) where R = Ph and C 6H4'OMe] could be similar 
and that for the 4-nitrophenyl compound relatively 
higher, since the It-electron energies are favourable to 
the anions (VI) and their polarisabilities are lower than 
that of the unconjugated species (V); this will have the 
effect of reducing their rates of reprotonation (k < k5) 

as well as cyclization. The observed ratios of quinolines 
(II) and (III), favouring the reaction through the anion 
(VI; R = Ph, C6H4 OMe, and C6H4'NO2) is thus 
interpreted in terms of a favourable equilibrium constant 
(K) partly offset by low reactivity and steric retardation 
reducing /i3. 

There are no data for equilibrium concentrations of 
the anions of phenoxyacetone, but the calculated 
It-electron energies and polarisabilities suggest that the 
long conjugated anions (X and VI; R = OPh and 
OC6H4 OMe) will predominate but with lower pro-
portions than the phenyl compounds above. We have 
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no explanation of the difference in behaviour of the 
phenoxy- and 4-methoxyphenoxy-compounds (I). 

For the ketones (I; R = Bun and Pr') the proportions 
of terminal enolate anion (XI), as determined by 
deuterium quenching, are 58% and 82% respectively; 
the figure for (I; R = Et) is probably similar to the 
former. The observed proportions of the quinolines (II) 
(R = Et and Pr') are higher than these figures showing 
the steric retardation of the reaction (VI) —p- (III) 
(above). 

Spectra of the Cinchoninic Acids and Esters.—The 'H 
n.m.r. spectra of the 3-unsubstituted acids (II) in 
trifluoroacetic acid show absorption near 'r 09, which 
from its multiplicity and general form is the X part of an 
ABCX spectrum, 16  and is thus due to either the 5- or 
the 8-proton. The corresponding ethyl esters of (II) 
show multiplets near - 1'3 and 1-8 which are clearly the 
X and Y parts of an ABXY spectrum; 17  these results 
are consistent with the 5-11 lying at about 13 and 09 
in neutral and acidic media respectively, and with the 
8-11 at r 1.8 and above in the same solutions; the 
magnetic anisotropy which is largely responsible 18  for 
the downfield position of the 8-H is removed on proton-
ation. Final confirmation of these assignments comes 
from the Pfitzinger reaction products with ethyl methyl 
ketone and 5-chloroisatin; neither of the products (cf. 

II and III) showed an absorption near 09. The 
observation that the 5-11 signal is at least 0.7 p.p.m. 
upfield in the spectra of the 3-substituted acids (III) 
shows that the carboxy-group must be coplanar in the 
3-unsubstituted compound even when protonated, and 
out of plane in the 3-substituted compounds. The sole 
exception is the 3-hydroxy-acid (III; R = OH) and this 
can be ascribed to hydrogen bonding between the 
substituents enforcing coplanarity; a similar effect on 
the chemical shift of peri-protons has been observed 

TABLE 5 

Ultraviolet spectrum of 2-ethyl- and 2,3-dirnethyl- 
cinchoninic acids 

(II; R = Me) 	(III; R = Me) 
209 231 294 315 	214 230 286 316 

log ..  ...... ... 4-86 482 4-66 4-61 	4-88 472 4.55 451 

with 2.-hydroxynaphthoic acid derivatives and related 
ring systems,19  and polycyclic ketones. 20  

The u.v. spectra (Table 5) of (II; R = Me) and (III; 

26 J W. Emsley, J. Feeney, and L. H. Sutcliffe, 'High 
Resolution Nuclear Magnetic Resonance Spectroscopy,' Per-
gamon Press, Oxford, 1965, p.  423. 

27 N. V. Riggs, Austral. J. Chess., 1963, 16, 521. 
' C. W. Haigh, M. H. Palmer, B. Semple, J. Chem. Soc., 1965, 

6004. 

R = Me) show a reduction in intensity (20%) in the 
latter case as expected for out-of-plane twisting of the 
carboxy-group. A further feature is the smaller 
difference in wavelength between the p- and e-bands 2' 
in the unhindered compound; a similar feature appears 
for quinoline-3-carboxylic acid when compared with its 
4-methyl homologue. 22  

EXPERIMENTAL 

'H N.m.r. spectra were obtained with a Perkin-Elmer 
Rio instrument at 60 Mc./sec. The ketones were either 
commercial samples, purified where necessary, or prepared 
by published methods. 

Typical Pfiizinger Reaction Procedure—The ketone (0-52 

mole) was added to a solution of isatin (5 g., 0-035 mole) in 
33% (w/v) aqueous potassium hydroxide (30 g.) and the 
mixture boiled for 16 hr. After treatment with ice (100 g.), 
extraction of non-alkali-soluble material, and acidification 
to pH 6-7 (with acetic acid), the product was filtered off, 
dried, and analysed by 'H n.m.r. spectroscopy, by use 
particularly of the -CH,-  and -CH, resonances [(II) and 
(III) respectively]. Similar examination of the aqueous 
phase showed that no product remained therein; yields 
were in the range 60-85% based on the isatin. 

Partial Esterification of the .i'vIixlures.—General procedure. 
The cinchoninic acid mixture [(II) + (III), 4 g.] was boiled 
with ethanol (20 ml.) and sulphuric acid (d 184, 10 ml.) for 
0-5 hr. After treatment with ice (100 g.) and basification 
with sodium hydroxide, the basic material was extracted 
with ether. Evaporation of the dried (MgSO 4) extracts 
gave the ethyl ester of the 2-substituted cinchoninic acids, 
as shown by the absence of CH, absorption (III) near 7 
and the presence of a singlet near -r 15 [3-H of (II)]. 

The esters were hydrolysed with boiling 20% (w/v) 
aqueous potassium hydroxide to give the pure 2-substituted 
cinchoninic acids (II), whose physical constants are given in 
Table 2. 

Attempted Reaction of Pentane-2,4-dione Dianion with 
Sodium Isatinate.—Sodium isatinate (0.1 mole), prepared 
by evaporation to dryness of a solution of isatin in aqueous 
sodium hydroxide, was added to the disodium salt" of 
pentane-2,4-dione (0-1 mole) in liquid ammonia containing 
sodamide (0.3 mole). After vigorous stirring for 3 hr., 
evaporation and neutralisation gave a product whose 
spectra indicated a complex mixture, in which the main 
component was isatin. 

[8/1550 Received, October 291h, 1968] 

19 M. H. Palmer and N. M. Scollick, J. Chess. Soc. (B), 1968, 
1353. 

20 R. H. Martin, N. Dcfay, and F. Gccrts-Evrard, Tetrahedron, 
1964, 20, 1505. 

21 E. Clar, ' Aromatischc Kohienwasserstoffe.' Springer, 
Berlin, 1952. 

22 E. A. Fchncl, J. A. Deyrup, and M. B. Davidson, J. Org. 
Chem., 1958, 23, 1996. 



ABSTRACT OF THESIS 

Name of candidate 	 aq M.0.10tyro 

Address ................36.,.Bar1nw,.,..Mo.or....RQad.,..Janohe8.te.r.,.. 	.................................................................................... 

Degree Ph.D 	............................ ............. ................................. .................................................. .......Date ............... Q. t.pb.e.r,. 	.1 96.9. 

Title of Thesis ...St61i.0 ....and....El...t.on .1.0 ona,i.der.aton S ir.th.e....Synthe .sifand 

.............. ... ......Reativ.ity .... o.f....Nitrogen.. ..Containing ....He.t.arQ.ar.Oma.t.i.08.. ...............................................  

An attempt was made to study the chemistry and spectral 

properties of the azine-N-imines. Pyridine-N-iznine was known in 

solution before the start of this work but all attempts to characterise 

it more fully failed, decomposition occurring rapidly. Attempts were 

made to prepare electronically stabilised imines by the introduction 

of nitro or N-oxide groupings in the ring. 	In the quinoline series 

this gave highly coloured amorphous materials thought on spectral 

evidence to be N-imlrie dimera. 

As a result of this work a new hydroxyinethylation reaction of 

azinea was found, the reagents being hydroxylamine-O-aulphonic acid 

and methanol. Originally found for quinolinea the reaction has been 

extended to pyridines, isoquinolinos, phthalazines etc. 	A discussion 

of possible mechanisms for this reaction is given. 

The most plausible mechanism consistent with all the experimental 

observations is attack by hydroxyrnethyl radicals on the N-axninoquinol-

iniuzn radical, or comparable azino species, formed by reaction of 

quinolirie with amino radicals from the decomposition of hydroxylamine-

0-suiphonic acid. 
A detailed study of the Fischer indolo synthesis and the Pfitzinger 

reaction using unsymmetrical ketones is then given, analysis of the 

product mixtures being easily accomplished using 'H n.zn.r. spectroscopy. 

The product ratio obtained in the Fischer indole synthesis was found= 

to be a function of the acid strength of the oyolising medium, an 

explanation being sought in a duality of mechanism. 	The ratio obtained 

from the Pfitzinger reaction was primarily found to be a function of 

steno bulk of substituents in the transition state. 
Finally a study of the product ratios obtained from the methylation 

of some indazoles and cinnolines is presented. By the choice of 

suitably substituted derivatives, it is shown that the ratio of products 

obtained (methylation on both N-i and N-2 occurring) is dependent on the 

a-electron density on N-i and N-2 9  as calculated using the C.N.D.O. 

procedure. 

Use other side if necessary. 


