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Absbazct: The photoaminations of trans-I -arylpropenes and 7-methoxy-I .2-dihydronaphthalenes with ammonia in 

the presence of dicyanobenzene gave I-aryl-2-propylamines and 2-amino-6-methoxy-I 2,3,4-tetrahydronaphthalenes, 

respectively. The yielak of the amkted compounds were improved by the addition of I ,3J-trtj&enylbensene or m- 

terphenyl. 

Photoinduced nucleophilic additions have provided a useful synthetic tool to introduce a certain functional 
group to various electron-rich substrates .l We have been interested in the preparation of various aminated 
compounds by the photoamination of electron rich substrates .2-b Construction of phenethylamine moiety has 
been extensively studied owing to their biological activity .5 The photoamination of styrene derivatives may 
provide a useful synthetic tool for the preparation of phenethylamine derivatives. However, the nucleophilic 
addition of stymne derivatives by a photochemical electron transfer, in general. proceeds in poor yields.6 We 
wish to report here the effective method for photoamination of styrene derivatives (1) with ammonia by a 
photochemical electron transfer. 

hvl DCB 
MeCN-H20 w 

la-d 2a-d 

a: R’= Ott&; R*= R3= H; b: R’= R3= H; R*= OMe 
c: R’= R*= H; R3= Of&; d: RI.. R*= Me; R3= H 

e:R=H; f:R=Me 

Scheme 1. 
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Table 1. Photoamination of Styrene Derivatives (la-f)a 

Substrate (Etnox)b Additivec Ad Product Yield/9be Conv. of 1 / % 

la (0.93) TPB m-DCB 

la m-TP m-DC3 

la 1,2,4-TPB m-DCB 

la P-P m-DCB 

la BP m-DCB 

lb (1.18) TPB p-DCB 

lc (0.86) TPB p-DCB 

Id (0.82) TPB m-DCB 

le (0.81) TPB m-DCB 

lf (0.69) TPB m-DCB 

2a 91 (52) 98 

2a 85 98 

2a 67 87 

2a 66 97 

2a 58 100 

2b 46 (28) 93 

2c 75 (68) 92 

2d 65 (26) 100 

2e 29 (23) 100 

2f 48 (42) 89 

u Irradiation of ao ammonia-saturated acetoniuile-water (9:l; 75 ml) solution containing 1 (2 mmoi). DCB 

(3.75 mmol), end additive (0.75 mmol) for 4-24h. The additive arenes and DCB were recovered in more than 

60%. b The oxidation potentials vs Ag/AgNOg in acetonitrile. c Additive arenes. See text. * Electron 

acceptor. c Isolated yields based on consumed 1. The values in parenthesis are the yields for the 

photoamination in the presence of DCB without TPB. 

The photoaminations of 1 were performed by irradiating an ammonia-saturated acetonitrile-water solution 
containing 1 and dicyanobenzene (DCB) by a high-pressure mercury lamp through a Pyrex filter under cooling 
with water. ‘Ihe results am summarized in Table 1.7 The photoamination of rrun.r-anethole (la) with ammonia 
gave exclusively I-@-methoxyphenyl)-2-propylamine (2a) in 52% yield. Similarly the photoaminations of 
zrans-1-arylpropenes (lb-d) and ‘I-methoxyl-1,2_dihydronaphthalenes (le, f) gave selectively the 
corresponding 1-a@-2-propylamines (2b-d) and 2-amino-dmethoxy- 1,2,3,4-tetrahydronaphthalenes (2.e, f). 
respectively (Scheme 1). The yields of 2 were improved by the addition of 1,3,5-triphenylhenxene (TPB; 
Etnex= 1.52V) or m-terphenyl (m-W, E tnux= 1.52V), but other arenes such as 1,2,4-triphenylbenxene 
(1.2.4TPB; E&x= 1.54V). p-terphenyl @-Tp; Etnex= 1.5lV) and biphenyl (BP; Elnox= 1.54V) were not 
as effective as TPB or m-TB, as shown in Table 1. The amination of TPB itself did not occur at all to recover 
most of TPB after the photoreaction. The photoreaction in the absence of DCB did not give 2 at all. Under 
these reaction conditions incident light was almost absorbed by 1 even in the presence of TPB or m-W, while 
1,2.4-TPB, p-TP or BP absorbed appreciably incident light. In the cases of la,d-f, m-DCB was used as an 
electron acceptor, because the photoamination in the presence of p-DCB resulted in substantial consumption of 
p-DCB and the formation of p-cyanophenyl group-incorporated compound. The photoamination of la, for 
example, gave l-@-methoxyphenyl)-1-(p-cyanophenyl)-2-propyhunine (3a) in 29% yield along with the 
formation of P (18%) (Scheme 2). 

la + NH, 
hvlTPBlpDCB 

MeCN-H20 

30 
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As has been reported for the photoamination of arenes, 2 1 ,l -diphenylalkenes,3 and stilbenes.4 the 
photoaminations of 1 were initiated by a photochemical electmn transfer from 1 to DCB to give a cation radical 
of 1 (l+-) and an anion radical of DCB (DCB-0). because the oxidation potentials of 1 were relatively low and 
no photoamination occurred in the absence of DCB. Thus the resulting I+* undergo the nucleophilic addition 
of ammonia to form the aminated cation radical cl-NH2) which is reduced by DCBI- and followed by 
protonation to give 2 (Scheme 3). The incorporation of p-cyanophenyl group can be easily interpreted in terms 
of a radical coupling reaction between p-DCB’. and *l-NH2 to form L, as reported for other photoinduced 
nucleophilic additions.* 

In the presence of TPB or m-TP, the improvement of the yields was achieved by the stabilization of l+* 
due to x-complex formation with the arenes to suppress side reactions such as dimerixation. Similar effect due 

to x-complex formation was observed in the photoamination of stilbenes ln which the yields of the aminated 
products were improved by use of benzene as co-solvent. 4 BP has been used as a cosensitixer for 9.10- 
dicyanoanthracene @CA)-photosensitized oxygenation: the cation radicals of BP (BP+*) generated by a 
photochemical electron transfer from BP to DCA produce efficiently the cation radicals of substrates by a hole 
transfer from BP+- to substrates.~ However, the present additive effect of TPB or m-TP is different from that 
of the cosensitixer, because the yields of the aminated products were not improved by the addition of BP, 1,2,4- 
TPB, or p-TP, though the cation radicals of these arenes may be formed by a photochemical electron transfer 
from these arenas to DCB. Probably a hole transfer from these cation radicals to 1 occurs inefficiently because 
of reduction of these cation radicals by ammonia 

1 +* NH3 ) 

-H+ 
. 

*l-NH2 Dr2+ -l-NH2 H+ H-l-NH2 

1 +* -I- TPB _- [ 1 . . . . . TpBl+’ 

Scheme 3. 

The efficient photoinduced nucleophilic addition of styrene derivatives can be successfully achieved by 
the addition of atenes in some cases. Therefore, the present amination will be a useful tool for the preparation 
of phenethylamine and aminotetmlin derivatives.l” 
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