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At&r&e-A new method of homolytic alkylation of heteroaromatic bases is described, in which the 
silveratalysed oxidative decarboxylation of acids by peroxydisulphate is used as a source of alkyl 
radicals. The method is particularly noteworthy because of the good yields and the high selectivity 
obtained, due to the nucleophilic character of the alkyl radicals; for synthetic interest it is comparable to 
electrophilic alkylation in the homocyclic series. 

THE nucleophilic character of alkyl radicals permits the ready and selective alkylation 
of protonated heteroaromatic bases. ’ Previously we have used a variety of radical 
sources : oxaziranes2 hydroperoxides,‘* ’ a-hydroxy-hydroperoxides.’ acylperoxides? 
carboxylic acids and lead tetracetate. 3 All of these reagents attack selectively the 
positions of high nucleophilic reactivity. 

In this paper we describe a new homolytic alkylation process, which is particularly 
useful from a synthetic point of view in that it permits the introduction of a large 
variety of primary, secondary and tertiary alkyl radicals with good yield and high 
selectivity under very simple experimental conditions. 

RESULTS AND DISCUSSION 

The alkyl radicals were generated from the silver catalysed oxidative decarboxyla- 
tion of acids with peroxydisulphate according to a reaction which was recently well 
explained by Kochi and co-workers.4 The catalytic action of the silver salt takes place 
according to the following redox radical chain : 

2Ag+ + S,Oi - -, 2Ag+ + + 2SO; - 

R-COOH + Ag+ + +R*+CO,+H++Ag+ 

This radical source offered interesting prospects of synthetic success for the homolytic 
alkylation of heteroaromatic bases, in that the reaction medium (Ag+ +, $0; - and 
SO; ‘) has no specific oxidative action towards the alkyl radicals. In fact the main 
interaction of the alkyl radical R* is not so much its oxidation, but a hydrogen 
abstraction from the alkanoic acid with the formation of the compound R-H in 
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high yield.4 Therefore, in the presence of a protonated heteroaromatic base competi- 
tion would be between addition of the alkyl radical to the base or hydrogen abstrac- 
tion. Our previous results2* 3 indicated that the first reaction was considerably 
favoured and that, therefore. this redox system could be particularly suitable for 
homolytic alkylation. 

In Tables l-4 are reported the results obtained from a number of alkyd radicals 
with quinoline, 2-methylquinoline, isoquinoline, pyridine, 4cyano-pyridine and 
a&dine. 

When the heteroaromatic bases have more than one reactive position (a or y to 
the heterocyclic nitrogen) it is possible to obtain the monoalkylation products, 
limiting the conversion because the first alkyl group reduces only slightly the 
reactivity of the substrate.’ frable 4). 

T,utste 1. ALKYWTION OF QU~N~L~N~ 

R-COOH 
Base: Converted Yield on 

R= 
persulphate Base converted Products (“%,) 

Ratio % Base% 

CHs- 1:3 97 100 2-Me-(23); 4-Me-(255); 2&diMc(51*5> 
CH3-CH,- I:2 975 loo Z-Et-(21*4)p; 4-EQ24.6)‘; 24diEt-(54fh- 

CH,-_(CH,),- 1:2 87 100 2-Pr-(28fo ; CPr-(36r ; 2.4diPr436k 
CH&CH,),-- 1:2 99 100 2-Bu(26.8r; 4-Bt1-(36.2~; 24diBu-(36)_ 

(CH&CH- 1:2 99 100 2-isoPr-(l2.9p ; 4-isoPr-(259y ; 
2&iiisoPr-(61~2~- 

(CH&CH- I:2 100 loo 2-cydoC,-(24)’ ; 4-cycloCb-(352); 
2,4-dicycloCr._(408)_ 

(CH&C- 1:l 59 96 2-t-Bu-’ 

(CHa)&- 1:2 98 95 2-t-B+ 
Ph-OCH,- 1:2 100 loo 2-PhOCH,_(7*7P; 4-PhOCH,-(21.6); 

2&diPhOCH,-(7@7) 

l G. P. Gardini and F. Minisci, Ann. Chim. (Rome) 60,746 (1970) 
* E. J. Zobian, W. S. Kelley and H. C Dunathan, J. Org. Chem. 29,584 (1964) 
c H. Gilman and S. M. Spat% J. Am Chem. Sot. 63, 1553 (1941) 
’ J. Kenner and F. S. Statharn, Ber. D&h. Chem. Ges. 698, 16 (1936) 
’ H. Nozaki. M. Kato, R. Noyori and M. Kawanisi. Tetruhedroa Letters 4259 (1967) 
1 A. Skita and C. Wulff, Ber. Dtsch. Chem. Ges. 59.2683 (1926) 
* N. Okuda. J. Pharm. Sot. Japan ft. 1275 (1951) 

TABLE 2. ALKYLA~ONOF~-~Y~UINOUNE 

R-COOH 
Base: converted Yield on 

R= 
persulphate Base converted Products 

Ratio % Base% 

CH,- 1:2 71.5 90 2,4diMequinoline- 
CH,-CH,- 1:2 98 100 2Me,4Etquinoline-” 

CH&CHz)r- 1:2 985 9@5 2M~4nPrquinoline- 

(CH,),CH- 1: 1.5 100 93.2 2Me,4isoPrquinoline- 

(CH,),CH- 1:1.5 30 100 2Me4cycloPrquinoline- 

e E. Knovenagei and H. BHhr. Ber. Dtsch. Cfiem Ges. 56.1912 (1922) 
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TABLE 3. ALKYUTION OF ISOQO~NOL~N~ 

RZOOH 
Base: Converted Yield on 

R= 
persulphate Base converted Products 

Ratio % Base% 

CH,XH,- 

(CH,),CH- 

1 :I.5 

I:2 

33 100 I-Et-isoquinoline’ 

99 84 I-cycloC,-isoquinoline 

‘ E. SpUh. F. Berger and W. Kuntara Ber. Dtsch. Chem. Ger 638 I34 (1930) 

TABLE 4. ALKI I.ATION OI IWUDIV 

R-COOH 
Base: Converted 

R= 
persulphate Base 

Yield 

Ratio % 
% 

Products (%) 

--- 
CH3<H,- 

CH,ZH,- 
(CH,),CH- 
(CHU- 

I:3 

3:l 
3:1 
3:1 

--- 
100 98‘ 2-Et-(1.5); 4-Et-(215); 2,6-diEt-(41~5)‘; 

2.4-diEt-(26.5)“: 2.4.CtriEtd9)‘- 
- 36’ 2-Et+) ; 4-Et-(56) 
- 42b 2-cycloC,-(37); 4-cycloC,-(63)- 
- 526 2-t-Bu-(32)*; 4-t-Bu-(68)‘- 

’ Yield on converted base 
b Yield on pcrsulphate used. The yield on converted base is quantitative 
’ H. L. Lochte and T. H. Cheavcns. J. Am. Chem. Sot. 79.1667 (1957) 
’ S. Goldschmidt and M. Minsinger. Chem. Ber. 81,956 (1954) 
’ P. F. G. Rail1 and A. L. Whitear. Proc. Chem. Sot. 312 (1959) 
’ H. C. Brown and W. A. Murphy. .I. Am. Chem. Sot. 73.3308 (1951) 

TABLE 5. ALKYUTION OF QCYANOPYRIDM 

R-COOH 
Base : Converted Yield on 

R= 
persulphate Base Converted Products (%) 

Ratio % Base% 

CH,- I:1 41.4 82 2-Me-(85)‘; ZCdiMe-(lSb 
CH+ZH,- 1:l 77 81 2-Et_(78r; 2.6-diEt-(22)- 
(CH,),CH- 1:l 86 88 2-isoPrj67p; 26diisoPr-(33)- 
(CH,),C- 1:I 95 98 2-t-Bu-(87)‘; 2,6di-t-Bu-(13b 

’ D. Liberman, N. Rist. F. Grumbach. S. Cals. M. Moyeux and A. Rouaix. Bull. Sot. Chim. 
France 687 (1958) 

TABLE 6. ALKYLATION OF ACP~DWE 

R--COOH 
Base: Converted Yield on 

R= 
persulphate Base converted Products 

Ratio % % 
- -- 

CH,- I:2 11 100 9-Me-acridi&- 
CH,XHt-- I:1 24 100 9-Et-acridincb- 
CH,+CHz),- 1:2 36.5 100 9-Bu-acridine’- 
(CH,),CH- 1:2 655 loo PisoPr-acridin&- 

a E. Hayashi, S. Ohsumi and T. Maeda Y&I&U Zawhi f9.967 (1959) 
b W. Kc-en@, Bet. Dtsch. Chem. Ges. 32.3599 (1899) 
c Buu-Ho1 and J. Lecoq, Rec. Trtao. Chim 64,254 (1945) 
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These results show that the homolytic aikylations of heteroaro~ti~ bases have a 
synthetic interest comparable to the electrophilic alkylation in the homocyclic series; 
they indicate a sharp difference between homolytic alkylations and arylations (the 
protonated quinoiine, for example, forms all seven possible isomers in the homolytic 
phenylation6). 

Synthetic interest arises from the following characteristics : 

(a) The source of alkyl radicals is cheap. readily available and very versatile. A 
large number of alkyl radicals can be obtained from the corresponding carboxylic 
acids. 

(b) Yields are good and the experimental conditions are particularly simple: the 
reactions are carried out in aqueous solution at moderate temperatures. 

(c) The electrophilic alkylation which is impo~ant in the homoeyclic series, is not 
applicable with the heteroaromatic bases and in any case would cause a completely 
different orientation. Also nucleophilic alkylations with organo-metal reagents 
(lithium-alkyls, Grignard reagents) give good results only in a few eases. 

(d) The su~titution occurs without r~rrangement even in the case of the neo- 
pentyl’ and cyclopropyl radicals, and without isomerization of reaction products, 
which takes place frequently in electrophilic alkylation. 

(e) The selectivity of the attack is complete in the positions having high reactivity 
towards nucleophilic reagents because of the nucleophilic character of the alkyl 
radicals This last aspect also allows the introduction of t-alkyl groups, that could 
not be introduced by homolytic substitution in homocyclic systems.’ Also, under 
comparable conditions, higher conversions are obtained with tertiary and secondary 
than with primary or Me radicals, due to greater nucleophihc character, notwith- 
standing the fact that the reaction is certainly not favoured for steric reasons. CCyano- 
pyridine is alkylated more readily than pyridine, again because of the nucleophilic 
character of the alkyl radicals.’ 

This polar influence of the alkyl radicals also fully agrees with the results obtained 
from the study of the relative reaction rates of the homolytic methylation of 4- 
substituted-pyridines in which t-Bu-OOH was used as source of Me radical.5 This 
behaviour indicates that the strong el~tron-de~~ient nature of the protonated 
heteroaromatic bases causes an enhanced contribution of polar forms in the transition 
state : and it well emphasizes the intrinsic nucleophilic character of the alkyl radicals. 
which is difftcult to observe to the same extent in other reactions of these radicals. 

0 
R- 

cl 

+ ;..i R 
. .._.. 
rd.’ 

4 H 

The very poor reactivity of strong electron-&h substrata, such as 1,3dimethoxy- 
benzene, towards the alkyl radio& indicates that the reactivity can not be explained 
on the basis of a dipolar character of the alkyl radicals, which would react as nucleo- 
philic or electrophilic species depending on electron-deficient or electron-rich nature 
of the substrate, 

In the next paper a quantitative study will be publish& of the influen~ of the 
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2-t-JJu.4-cyonowridiue. (Table S)P NMR (CDCls): 1.38 (s 9H, -CHs); 7*3O-7.45 (tn. ZH, H-3 and H-5); 
8.75 (m. 1H. H-6). MS: M+ at m/e 160; major peaks at m/e 145,129,118, I@$. 77. 

26-diifo-Pr.~cyaMppidinp. NMR (CDCt,): 1.34 (6 12H, CH,); 3.20 (septet. 2H. CH<); 7.30-7-45 

(s. 2H. H-3 and H-S) MS: M’ at m/e 188; major peaks at m/e 187,173, 160.145. 118. 
2.6-Di-Et,~yMopyridine. NMR (CDCI,): 1.32 (t,6H. CH,); 287 (q. 4H, CH,); 7.22 (s. 2H. H-3 and H-5). 

9-iso-Pr-o&fine NMR (DMSG Db): 1.70 (d 6H. CH,); 450 (q, HI. CH<); 7.30-8-70 (a 8H, aromatic 
Protons). MS: M’ at m/e 221; major Peaks at m/e 206.179.1~1.102. 
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