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Summary: The photostimulated reactions of p-iodoanisole (2) and 1-iodonaphthalene (L) with 

2-naphthoxide ions in liquid ammonia gave the corresponding l-aryl-2-naphthols as the only 

substitution product. These reactions are proposed to proceed via the SRNl mechanism for - 

nucleophilic aromatic substitution. 

Since the discovery of the reaction of unactivated aryl halides with nucleophiles 

by the SRN 1 mechanism,' various nucleophiles have been reported to react with aryl radicals. 

Among these are carbanions, and also nucleophiles derived from N, P, As, Sb, S, Se, Te, 

etc.‘On the other hand, alkoxide ions have shown to be unable to couple with aryl radicals. 

Alkoxide anions derived from primary or secondary alkyl alcohols do not react as nucleo 

philes with aryl radicals. Instead it has been shown that methoxide3 and isopropoxide4 

anions promote hydrogen atom abstration. (eq. 1). 

Ar' + HCR2 0- - ArH + (CR20)' 1 

R = H, Me 

Although t-butoxide is widely used as a base in SRNl reactions, it has never been 

found to react with aryl radicals. t-Butoxide is also a poor hydrogen atom donor since it 

has only hydrogens bonded to primary carbon atoms. 

Phenoxide anions and other aromatic alkoxide anions were found to be unreactive 

towards aryl radicals under various conditions. The lack of reactivity of p-cresolate anions 

toward iodobenzene was observed even under unusually intense irradiation in liquid ammonia; 

and in this case only the dehalogenation of iodobenzene was observed. 
5 

Similarly, phenoxide 

did not react with aryl radicals formed from the reaction of aryl halides with sodium 

amalgam in t-BuOH/water, 
6 

or from aryl radicals generated in DMSO/t-BuO 
- 7 . 

Recently, it was reported that the reaction of o-, m- and p-chlorobenzonitriles 

with phenoxide anion catalyzed with electrons from a cathode (electrochemical system) gave 

arylation ir. positions 2- and 4- of the phenoxide. When one of these positions has a 

t-butyl group substituent only one product is formed. 
8 

The solvated electron stimulated reaction of iodobenzene with phenylamide ions in 

liquid ammonia gave diphenylamine (N-arylation) and 2- and 4- aminobiphenyls (C-arylation).' 

3429 



3430 

We reported that the Z-naphthylamide anion reacted under photostimulation with aryl halides 

in liquid ammonia by the SHNl mechanism, and the main substitution product was formed by the 

attack of aryl radicals at the one position on the naphthalene ring to give good yields of 

1-aryl-2-naphthylamines with small amounts of N-aryl-2-naphthylamines. 
9 

We found that the 

Z-naphthylamide anion is much more reactive than the phenylamide anion under the same 

experimental conditions. 

Since the 2-naphthylamide anion is much more reactive than the phenylamide anion, 

we thought it of interest to see if the 2-naphthoxide ion shows an enhanced reactivity, 

compared with phenoxide toward aryl iodides under photostimulation. 

In the photostimulated reaction (180 min.) of 2-naphthoxide ion & with p-iodoanisole 

,$ in liquid ammonia we found a 61% yield of iodide ions, the reduction product anisole 3 

(14% yield) and the substitution product l-p-anisyl-2-naphthol f: lo (48% yield) 

N 

as the only 

reaction products (eq. 2). 

a3 0 0 O- + An1 

OH 

h3 > AnH + 

1 2 3 4 
nJ &, N 

An= p-anisyl 

This reaction does not occur in the dark (iodide ion less than 3% in i80 min), and 

the photostimulated reaction (180 min) was inhibited by p-dinitrobenzene, a well known 

inhibitor in SHNl reactions2 (iodide ion 17%, 2: 2% and 5 with 12% yield). The reaction with 

p-bromoanisole is much slower than with J, (bromide ions 13% yield). From all these results 

we suggest that & reacts with 2 by the SkN 1 mechanism for nucleophilic substitution (Scheme 

I)?,2 
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In the photostimulated reaction of ,l_ with 1-iodonaphthalene L (180 min) we found 

iodide ion (76% yield), naphthalene 3 (20% yield) and the substitution product 1-naphthyl-2- 

naphthol 9 '1 in 53% yield (eq. 8). 
Iv 

1+ Naph-I h3 Naph-H + 8 

7 8 9 
W 

Naph = 1-naphthyl 

The photostimulated reaction of phenoxide ion with 2 (180 min) gave 27% yield of 

iodide ion, and 3_ was the only product detected (23% yield). No substitution products were 

found in this reaction. Phenoxide ion also was unreactive toward 2-chloroquinoline under 

electrochemical stimulation. 
13 

The fact that cyanophenyl radicals are able to couple with 

phenoxide ion under the same conditions, may be due to the more electrophilic character of 

this radical compared with the phenyl radical. 

The fact that 2-naphthoxide ion h reacts under photostimulation with aryl iodides 

2 and !, by the SRN 1 mechanism with enhanced reactivity compared with phenoxide ion to give 

C-substitution products in position one of the naphthalene ring opens an interesting 

synthetic route to the arylation of aromatic alkoxide ions. Theoretical work is under way 

together with a study of the synthetic application of this novel reaction. 
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TABLE: Photostimulated Reaction of Aryl Iodides with 2-Naphthoxide Ions L in Liquid Ammonia.a 

Run Substrate MxlO 
-3 

I- b 

Yields, % 

ArHC SubstitutionC 

Product 

2 

2: 

5g 
6 
7 
8 
ge 

54 14 53 32 

61 13 i, 42 
3 _- ------ 

17 2 
27. 

5, 13 
23 --__-- 

13i j 
76 2; 9 ,.,I 
78 35 
3 

,9, 53d 44 
-_ --_--- 

aReactions were carried out in ca. 200 ml of distilled liquid ammonia with 0.015 M of 1 
under nitrogen with 180 minutes of reaction times. 
lamps (Philips HPT) emitting maximally at 350 nm. 

bIrradiation was performed with gour UV- 
Potentiometricallyddetermined. DetermA 

ned by GLC by the internal standard method, unless otherwise stated. 
chromatography. 
h 

eDark reaction: f - 
Isolated by column 

p Dinitrobenzene was added (20 mole %). gphenoxide ions. 

Bromobenzene. iBromide ions. JNot quantified. 
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