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SPECTROSCOPY LETTERS, 8 ( 6 ) ,  385-390 (1975) 

cm1m-13 IUGWIEIC RESOWCE SPEZTUL STUDIES OF ~ ~ ~ ~ O L I X E  
m V A T I V E S .  ASSI-S OF CARBONS 

XEX WORDS 1 Cna, ohemioal shifte, quinoline, shielding effecte 

Pail A. C l a r e t  and Alan C. Oeborne 
Department of C b & 3 t r y  

The C i t y  Univereib 
London E l V  P B . ,  &@and 

Wdenoe l a  preeented to oonflrm the esei@mentr of 
the bridgehead oarbon atow of quinoline. The 
chemlaal shifts of 0 9  and 0 1 0  in a eeriee of 
wfhjlquinolins derivative. were detezmlned end their 
reepeotive o s e i m t s  deduood from a ooneideration 
of rhielakrg effeots. The releotion of mitable 
nfemnoe oompoundr i e  dieousaed. 

!be Cubon-13 -tic r e r ~ ~ . . ~ e  epeotrum of quholine (I) haa been 

d.tezrin.d end d y n d  et  ~ l , l  b e i m t a  of the 

bridgehead oarbonr C-9 and 0 1 0  were made by oompariron with the 

nmpective p+ridlne ehielblngr. There voll a 20.3 p.p.m. differenoe 

between these caxbonne aad the lower f i e l d  el& waa eeeigned to C-9, 

minoe it wan a to the nitr0g.n. No other cnidenoe wan presented to 

oonfizm the eseilplrente. Subsequent ~orkenr*'~ have referred to theae 

u r i ~ t a  but have not premonted any experimental evidenoe to support 
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CLARET AND OSBORNE 386 

them. We now w i s h  to report suoh expe rh ta l  ovidenoe whioh ocmfimn 

the respeotiva a a s i m t s  fo r  the bridgehead carbons C-9 and D l 0  aa 

originally reported by Pu@m e t  al; 

Quaternary carbone mey readily be hiatinguiehed f r o m  ring oarbone by 

the use of off-resonance teohniquee,@ however, dietinction betwen 

quaternarg oarbone, except on the basir of intensity (e.8. C-g/C-lO 

from 0 1 1  and f r o m  C-12 in wenaphthylene (II))* ir more diff icul t .  

&oh dietinotion between m e t l o a l l y  non-equident  carbons of 

rimilar inteneity ha9 been aohieved through w e  of the relative amplitude 

of the Ehrolear Overhauser E f f e ~ t , ~ ' ~  and oleo f r o m  theoretioal calculation 

of t he i r  ohemical Reoently the uBe of deuterium ieotope upfield 

sh i f t e  and deuterium-oarbon coupling h a  been introduoed.'l Althou& ewh 

of these teohniquee haa been applied to  the Beeignment of quaternary 

oarbone In h y d r ~ o e r b o n e ~ ~  98 far aa re are aware none of theee teohetquee 

have yet been applied to t h  quinoline npoleue. 

It i e  well that introduotian of a methyl m u p  into an aryl  

ring oauees vuriatione in the rw oarbon ehieldinge. F r o m  the ohemioal 

ehif te  obtalned it i e  poeeible to  ooapile a table of additivity psxa- 

wtere f o r  w e  in predioting the ohamioal ehifte of multiply substituted 

methyl derivativer. 

The name data also be wed  in an alternate manner to  aaeign 

bridgehead oarbon oheppioetl ehif t r ,  by oaneideration of ehielding effects. 

Shoe  the 

poeitiane the latter two effeote mey be ignored in the omeideration of 

bridgehead carbon serignmente. 

effeot i e  mwh larger then those f o r  the end 
8 
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13C SPECTRUM OF QUINOLINE DERIVATIVES 387 

We have determined the 13C chemical s h i f t s  f o r  the b r i m h e a d  carbon 

atoms of a series of methylquinoline derivatives and the results are 

ahown In Table 1. 

It is  seen that substitution of a methyl group at the para positions 

to  C-9 (i.e. at positions 3 and 6) causes an upfield shift of that carbon. 

The extent of the 

obtained with toluene but i s  nevertheless very oharacteristic ; the 

extent of the effect  produced at the quaternary carbon is also similar 

when substitution occurs in ei ther  ring. Siailar effects are obtained f o r  

eubstitution at the 

These results therefore confirm the respective aseignments of C-9 and 0 1 0  

shielding effect  i s  smaller than tho 3.1 p.p.m. 
8 

positions t o  0 1 0  (i.e. at positions 2 and 7). 

aa originally proposed by pugmtre e t  al: 

In addition t o  the shieldiag effects; disubstitution (aa in 

2.3- and 3,4-a.imethyl- and 2,3,&trimethylquinoline) cawed a sl ight ly  

smaller effect  than monomethyl eubetitution (see note b i n  Table 1). 

2,3,4-Trieubetitution also caused a greater effect thm would be expected 

f o r  the central singly eubstituted position (see note c i n  Table 1). 

Parallel  effects f o r  

methylbenzene derivatives have been resported previously. 4b98 Hence, for 

unequivocal assignments of bridgehead carbon atom, monomethyl substituted 

derivatives should ideally be wed. 

dieubstituted and fo r  1,2,>trisubatituted 

In o d o r  to assess the respective upfield ahifts it w a s  found expedient 

not to  use qulnoline itself aa the standard but t o  use instead, Wthyl- 

quinoline aud 6-methylquinoline as the reference compounds f o r  the hetero- 

cyclic and oarbocyclic ringe respectively. In each of these compounds the 

overall effect  of W s t i t u t i o n  of a methyl group on the shielding of the 

bridgehead carbonr is  present, but there i s  no a d d i t i d  oarr, ahielding 

effect. That these oompounds serve as reasonable S ~ C ~ T ~ E  is shown by 

t he i r  respective chemical shifts fo r  C-9 and 0 1 0  which are very similar: 
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388 CLARET AND OSBORNE 

Table 1 
13C Chemhal &Ifto f o r  C-9 end C-10 in ronm 

wtliylquinoline derlvatlrrr 

' 9 N  

Subrtltukd Chembal Shift (a) Shielding Effect (p.p.m.)(a) 
quinoline 0 9  c-10 c-9 0 1 0  

quinollae (ref. 1) 149.1 128.9 

quinoljne (ref. 2) 149.3 128.9 
147.8 126.3" 40.1 -1 *7 
146.5" 128.0 -1.2 0.0 

147.7 128.0 - - 
14604+ 127.3" -1.3 -0.7 (b) 
147.5 126.3" -0.2 -1.7 
146.7" 128.2 -1.0 (b) 4 . 2  

145.7" 126.9" -2.0 ( 0 )  -1.1 (b) 

147.3 128.1 - - 
146.0" 128.3 -1 a 3  40.2 

147.3 126.5* 0.0 -1 .6 - 
Starred reoulte repreeent a- llhielding effeot 

Compared to 4-wthylquinoline for heterooyollo ring 
eubetltutlon end to e-WthylqUinoline for oarbo~ol lo  
ring mabrtltutlon 
&miller effeot duo to dlaubetltutlon 
Wger effeot due to oanntril atom of dim 
trloubrtltution 
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13C SPECTRUM OF QUINOLINE DERIVATIVES 

them shifts are also similar to  the chrsical shifts of e i ther  C-9 or C-10 

in other methyl substituted compounds in w h i c h  there 18 no 

f o r  one particular bridgehead carbon atom. (e.g. 0 9  in 2-aethylquinoline 

or C-10 in >methylquinoline) It is also of interest  to note that the 

chemlcal ahlfts of the bridgehead carbons in the tuo referenoe colDpounde 

show a greater deviation from quinoline f o r  C-9 which is the atom closest 

389 

effect 

to  the nitrogen. 

The technique described above n m ~  also be used to sssi@ bridgehead 

carbon atom in other six-membered polyayollo molsculer. Thus the data 

reported by Parker .nd Roberts9 for the chemical shifts of rmthylindoles 

could be employed to confirm the assignment of the brldghead carbons in 

the indole molecule. 

- 
Spectra wre determined, f o r  sample8 dissolved in CDCl in the presence 

of TMS, on a Bruker n9OE spectrometer operated in the Fouler  Transform 

mode at 22.63 HK5, vlth broad bond proton decoupling. Speotra were 

determined by the physlco Chemlcal Weaauremtmts Unit, Earwell  to whom 

ve are indebted. 
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