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SPECTROSCOPY LETTERS, 9(3), 157-166 (1976) 

N.M.R. SPECTRAL STUDIES OF SOME QUINOLONE m A T I V E S .  

Par t  11. ' FURTHEiR STUDIES OF THE EFFJET OF SUBSTITUTION 
ON THE DECREE OF HYDROGEN BONDING. 

KJ3Y WORDS : NMR, chemical shift, quinolone, hydrogen bonling 

Paul A. C l a r e t  and Alan G. Osborna 
Department of Chemistry 

The City University 
London EClV @B., Ehgland 

Abstract I The chemical shift of the E proton for  a series of 
4-quinolone derivatives has been studied. It is 
proposed that the inhibition ofr-hydrogen bonding 
is a dominant factor which contributes to  the 
observed NH_ chemical shift. Details of the 'B n.m.r. 
spectra of some 2- and 4- quinolone derivatives a m  
presented. 

We reported i n  Par t  1 ' that the substitution of a methyl group at 

position 8 in the 2- or 4- quinolone ring resulted i n  a characteristic 

upfield chemical sh i f t  of the NR_ proton compared with that of the unsub- 

st i tuted quinolone. Tltls w a s  attributed to s ter ic  inhibition of hydrogen 

bonding and was supported by a corresponding loss of the broad nature of 

the N-H stretching region in the infracred spectrum. 

The generally accepted doubly hyxlrogwi bonded dimeric structure (I) 

for  2-quinolone was considered' to be inconsistent with theee observations 

which were more in accordance with the helical structure proposed by 

M o l d  for  the structure of 2-pyridone in the crystalline state. 

Further consideration of the corresponding structure (11) for  4-q~i1~1lOne 

showed, however, that both 5- and 0- substituents would be expected to 

2 

157 

Copyright 0 1976 by Marcel Dekker, Inc. All Rights Reserved. Neither this work nor any part may be reproduced 
or  transmitted in any form o r  by any means, electronic or  mechanical, including photocopying, microfilming, 
and recording, or  by any information storage and retrieval system, without permission in writing from the publisher. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
2
5
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



158 CLARET AND OSBORNE 

have ~ i m i l a r  space requirements, which did not appear to be consistent 

with the limited evidence available. 
I 
I 
0 

@ 
CH3 I I (11) 

We have now undertaken h t h e r  measurements with a ser ies  of mbst- 

i tu tad  2-methyl-4-quinolone derivativee and the resu l t s  axe shown in 

Table 1. These resu l t s  together with a more detailed study of our previous 

data fo r  the 4-methyl-2-quinclone seriee’ shows that p x d u c t i o n  of a 

.ethyl substituent a t  various positions of the quinolone ring induce the 

following approximate upfield chemical shifts f o r  the Na_ proton (p.p.m.), 

both individually or in combination. 

Ring position 2 4 5 6 I 8 

2-quinolone - 0.2 0.7 0.2 0.1 2.5 

4-quinolone 0.05 - 0.4 0.1 0.2 1.4 

The above f igmes  (the mean of the s h i f t s  from Table 1, and from 

Table 1 of reference l ) ,  although not precise, are sufficient t o  show the 

particular significance of the 8-substituent compared u i th  all other 
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SOME QUINOLONE DERLVATIVES. XI 159 

Table 1 

Properties and chemical ahifts of Ng protons for 

a series of 4-quInolone derivatives 

m.D. m.u. (lit,J, NE chemical shift ( 6 ) ( s )  

11.70 

11.65 

11.54 

11-47 

11.36 

11-36 

11.21 

11.14 

10.36 

10.32 

10.24 

9.92 

9.w 

(a) 

(b) Commercial sample. 

( 0 )  

(d) 

(e) 

NMR - 100 mz, 5% v/v solution in  m 6 .  

In admixture with 2,5- isomer. 

Mixture of 2,5,6- and 2,6,7- isomers. 

Satisfaotory elemental analyses (C,H,N) were obtained 
for a l l  new conpounds reported in this paper. 
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CLARET AND OSBORNE 160 

positions, and also that a methyl substituent at position 5 does have a 

slightly gmater effect then when at position 6 or 7. 
These experimental observations are consistent with the proposal of 

6 Petersen 

diners formed byI-hydrogen bonds as well as those with carbonyl-hydrogen 

bonds. Petersen's etructure (111) may be represented in diagrammatic form 

by (IV) which ehowe the particular significance of the bsubstituent. The 

corresponding 4-quinolone is represented by (V), 

that the structure of quinolones I n  solution involves cyclic 

0 

0 

(IV) (V) 

- H - H bonded byr-bond. 
X - Esubstituent. 

Other arrangements, which also involve twoT-hydrogen bonds such as 

(VI) and (VII) are possible which would again be sensitive to a substituent 

at position 8. 
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SOME QUINOLONE DERIVATIVES. I1 161 

In addition, a series of l e s s  favourable structures involving only one 

n-hydrogen bond may be postulated viz. (VIII), (IX) and (X) for  the 

P-quinolones and ( X I ) ,  (XII) and (XIII) fo r  the 4-quinolones. Of these, 

( I X )  and (XII) would be subject to  s t e r i c  interference by an &substituent, 

(X) and (XIII) by a Fsubs t i tuent  and (VIII) and ( X I )  by both 5- and 8- 

substituents. In all cases the e f fec ts  at other positions would be l e s s  

significant. 

It should be emphasised that although the intermediate effect  of a 

5-substituent i s  consistent with the above structures, only the upfield 

shift of the IQ proton cawed by the presence of an 8-substituent m y  be 

considered sufficiently significant to  be o f  d i m o s t i c  d u o .  
1 Since reports of the 

derivatives appear to  be 

compounds in Tables 2 and 3. Previous workers7-’ e i ther  employed trifluoro- 

acetic acid as solvent, or did not report data fo r  the NH_ signal. 

some previous assignmenta’l’10 require correction. 

H n.m.r. spectra of 2- and 4- quinolone 

we have included some data f o r  these 

11,12 

The spectra have also fac i l i t a ted  confirmation of the identity of the 

4-quinolone derivatives prepaxed by the Conrad-Limpach synthesis5 commencing 

with e t o l u i d i n e  and with ~+climethylaniline. 

The presence of the @-methoxy substituent i n  the alkaloid 

preakimu~ianinel~ nay a l s o  be deduced from the reported chemical s h i f t  

(9.15b) f o r  the g proton. 
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162 CLARET AND OSBORNE 

Y 0 Y 

0 @o N H X 

QX&o X - H 

Y 

c& N O  

I H 
X 

Y - 5 aubetituent 

EmEumNTfi 

N.m.r. epectra were m e a d  at 100 Iffis wing tetrsmethylsilane as an 

internal etandard, 2-Quinolone derivativee were 55 w/v eolutions in CDC13, 
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SOME QUINOLONE DERIVATIVES. I1 

Table 2 - 
a 

'H N.rn.r. speotra of some 2-quinolone derivatives 

163 

Substituents 

w 
6.72 

6.59 

6.53 

6.45 

6.46 

6.52 

6.50 

6.46 

Notes - (i) - Jj4 9.5 Hz, (ii) - J56 8.1 Hz, 568 1.6 HZS 

(iii) - J 
(V) - J56 8.3 HZ, (2.39, 2-40). 

7.5 Hz, (iv) - (2.32, 2-35), 67 

Determined on 5% w/v solution in CDC13, all spectra 
analyeed by first order treatment. 

Values in parentheses axe for the appropriate 
substituted methyl group. 
For chemical shifts of NR_ protons see reference 1. 

For coupling constants and chemical shifts of 
unassiaed methyl groups see notes. 

Detelmined on s. 1% w/v solution. 

4-quinolone derivatives were 596 w/v solutions in DMSO-d6. All spectra were 

determined on a Varian JU-100D spectrometer. 

"he substituted 4-methyl-2-quinolone derivatives were synthesised by 

the Conrad-Limpach pro~edure,~ d l  products were recrystallised from water. 
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Substitusnts 

CLARET AND OSBORNE 

Table 1 
'H N.m.r. spectra of som lGquinolone derivativesa 

(i) - J 7.4 Hz, (ii) - J 8.2 Hz, 

(iii) - J78 8.1 HZ, (iv) - J67 7.2 Hz, 

(V) - J56 8.3 HZ, (2.37, 2-40. 2.40). 

23 56 

Determined on 574 w/v solution i n  m6, a1.1 spectra 
aualysed by f i r s t  order treatment. 

Values i n  pamnthe8.s are fo r  the appropriate 
substituted methyl p u p .  

W r  chemioal shifts of NH_ protons see Table 1. 

For coupling constants and chemical e N f t s  of 
unaesigned methyl ~ T O U ~ E  see notee. 

A s s i w e n t  of methyl p u p s  uncertain, f o r  respective 
isomers. 

The sample from F to lu id ine  a f t e r  orystallimation from watar was a 

*tUre of 2,5- and 2.7- dimethyl-+qujnolone i n  the proportion 57843 
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SOME QUINOLONE DERIVATIVES. I1 165 

(as determined from the areas of the respective H-3 peaks), m.p. 2-75', 

lit.4 m.p. 255-70°. Spivey and Curd14 reported an isomer proportion of 

44x56. Carem recrystallisation from dilute ethsnol gave pure 2,5&thyl- 

4-quinolone as colourless needles, m.p. 274-6', Ute4 m.p. 273'. lit. 

m.p. 278'. The chemical shift of the proton of 2,5-dimethy1-4-q~olone 

showed only slight variation (0.02b) as a pure sample or in admixture with 

the 2,7- isomer, each in DHSO-d6 solution. 

14 

The sample from 3,44imethylaniline after crystallisation from water 

was a mixture of 2,5,6- and 2,6,7- trimethyl-4-quinolone in the proportion 

24x76, m.p. 271-3'. Attempts to separate the isomers were unsuccessful. 

It is considered that the variation between isomer proportions may be 

aacounted for by varying degrees of separation which were effected in the 

crystallieations. Thus it waa found possible to effect a partial separation 

of 2,5- and 2,7- dimethyl-4-quinolones by fractional crystallisation from 

water. 
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