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Abs t r ac t  

N-Tosylated phenylalanine derivatives in benzene in the presence of sulfuric acid afforded 2-arylnaphthalene 
derivatives in moderate yields. The reaction might proceed via the corresponding decarbonylated N-tosylimine 
derivatives. Aldol type reaction of N-tosylimines followed by intramolecular Friedel-Craffs reaction and 
elimination of p-toluenesulfonamide gave 2-arylnaphthalenes. © 1998 Elsevier Science Ltd. All rights reserved. 
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Much attention has recently been focused on the regioselective synthesis of substituted 
naphthalene derivatives [1] .  Since these compounds have the basic skeleton of many 
biologically important natural products and pharmaceuticals [2], synthetic methods for the 
naphthalene moiety are highly desired. 

In the course of our recent studies on the Friedel-Crafts reaction we have found that the 
reaction of N-tosylated a-amino acids and arenes afforded the corresponding decarbonylative 
diarylated derivatives [3]. However, we could not obtain the corresponding diarylated 
compound from the reaction of N-p-tosyl-L-phenylalanine (la) and benzene in the presence 
of sulfuric acid. Instead, there was obtained nonpolar hydrocarbon derivative, which was 
identified as 2-phenylnaphthalene (2a) by its 1H NMR, laC NMR, mass, and melting point [4]. 
The reaction of l a  in chlorobenzene or p-xylene gave the same 2-phenylnaphthalene (2a) in 
good yields. In other words, in the formation of 2a arenes did not incorporated in any way. 
Thus, we prepared some N-tosylated phenylalanine derivatives 1 and examine the unusual 
formation of this naphthalene skeleton. As shown in Scheme 1, the reactions of N-tosylated 
phenylalanine derivatives 1 in the presence of sulfuric acid (2.2 equiv) in appropriate arene 
solvents gave the corresponding 2-arylnaphthalene derivatives 2 in moderate yields. In certain 
cases, diarylated derivatives 3 were also obtained as in our previous paper [3] (vide infra), 
and the representative results were summarized in Table 1. 

The reaction mechanism for the formation of 2-arylnaphthalenes 2 could be proposed as 
depicted in Scheme 2. As proposed in our previous report [3] the formation N-tosyliminium 
salt A is crucial. A is a protonated form of N-tosylimine and can act as an electrophilic 
component in the formation of 2. Loss of proton from A and isomerization [5] generates the 
actual nucleophilic part of this reaction viz N-tosylenamine B. It is important to note that 
the presence of the phenyl group is crucial for the formation of resonance stabilized 
N-tosylenamine B. Aldol type reaction between A and B gives tosylimminium salt C. 
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Table 1. The Reactions o f / ~ T o s y l a t e d  PhenylAlanine Derivatives. 

entry 1 arene 2 (% yield) 3 (% yield) 

,,~COOH 
benzene nd 

1 ~ NHTs 
la 2a (79) 

2 la chlorobenzene 2a (86) nd 

3 la 

4 la 

~ ~ N H  COOEt 
Ts 

lb 

p-xylene 2a (72) trace# 

mesitylene 2a (7) 

3a (59) 

benzene 2a (38) nd 

F 

~ COOH 
6 ~ NHTs benzene 

lc 

F ' , ~ ~  COOH 
7 ~ NHTs benzene 

ld 

F 3c (25) 

F ~ trace# 

2d (62) 

8  coo. "F 
benzene nd 

F,. ~ NHTs 
l e  2e (53) 

~.,~COO 
H C I ~ ~ j ~  Cl 

9 benzene trace # 
CI,,~,~ NHTs 

i f  2f (55) 

#In 1H NMR spectrum of 2, the characteristic peaks (triplet and doublet) of 1,1,2-diarylethane 

derivatives3 were observed (<5%). 
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Intramolecular  Fr iede l -Cra f t s  type reaction of C and subsequent  loss of two molecules of 
tosylamide affords 2 -a ry lnaphtha lenes  2. Al though we could not detect  phenylaceta ldehyde in 
the reaction mixtures ,  we could not exclude entirely the mechanism involving 
phenylaceta ldehyde as  a key intermediate.  Actually,  the formation of 2-phenylnaphthalene  in 
less  than 5% yield from the self condensat ion reaction of phenylaceta ldehyde in acidic 
conditions was  reported [6]. Repeated reaction of phenylaceta ldehyde under  the same reaction 
conditions in benzene or chlorobenzene afforded 2-phenylnaphtha lene  (2a) in low yields 
(17-20 % at best)  in our hands. Thus,  the react ion mechanism involving phenylaceta ldehyde 
might  contribute as  a minor  pathway,  if possible. In the cases  where  the nucleophilicity of 
arenes  is good enough to compete with that  of the N - t o s y l e n a m i n e  B as p - x y l e n e  or 
mesitylene,  there were  also obtained decarbonyla ted  diarylat ion products  3 in variable 
amounts  (entries 3-4). The  reaction of halogen subst i tu ted phenylalanine der ivat ives  ( l c - l f )  
in benzene gave  the corresponding 2-ary lnaphtha lenes  in moderate  yields. In the case  of 
N - p - t o s y l - D L - 2 - f l u o r o p h e n y l a l a n i n e  ( lc ) ,  there were  obtained appreciable amounts  of 
diarylated derivat ive 3c (25%) uia decarbonyla t ive  diarylation. The  formation of 3c was  
presumably  due to the fact that  the corresponding nucleophilic component  B in this case  
might  be generated in small amounts  par t ly  because  of the intramolecular  hydrogen bonding 
be tween or tho-f luor ine  a tom and the hydrogen a tom of protonated tosylamide  group in the 
electrophilic component  A in Scheme 2. 

The  reaction of l a  in anisole or 1 -methylpyr ro le  ins tead of benzene gave  neither  
2-phenylnaphthalene  nor the corresponding diaryla ted derivat ives.  A s  shown in entry  5, ethyl  
es te r  l b  gave the same product  2a in low yield. The  use of aluminium chloride instead of 
sulfuric acid was  not effective to our surprise.  The  use of t r i f luoromethanesulfonic acid or 
polyphosphoric acid resul ted somewhat  different react ion pa thway  as shown in Scheme 3. 
Diarylsulfone der ivat ive 4 was  obtained as a major  product,  which might  be formed uia the 
diprotonated intermediate  [7-8]. Besides of 4, 2 -phenylnaphtha lene  (2a) and stilbene derivat ive 
5 were obtained by  using polyphosphoric acid. 

In summary,  we have prepared some 2-a ry lnaphtha lenes  from N - t o s y l a t e d  phenylalanine 
derivat ives.  Fur ther  s tudies  on the formation of a lkoxy - subs t i t u t ed  2-ary lnaphtha lenes  from 
tyros ine  or L - D O P A  are current ly  undergoing.  
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