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On the basis of fluorescence quenching and disappearance quan- 

tum yield measurements, the efficiency of exciplex formation and 

photochemical reaction of N-chloroacetyl-(3,4-dimethoxypheny1)- 

alkylamines (1) was clarified to be dependent on the length of 
w 

alkyl chain. The apparent unreactivity of henzylamine derivatives 

(z, $1 for photocyclization, therefore, is attributable to the 

trans form of the amide groups. Since introduction of N-alkyl - 
groups increases the stability of the isomers, on irradiation 

N-alkylbenzylamine derivatives (L, $, 9) gave the corresponding 
w 

isoquinolin-3-ones (2, 2, 12). This photocyclization was fur- ..." 
ther extended to the synthesis of oxindoles (16, 17, M-1 from - 
N-alkylaniline derivatives (5, 5, 2). 

On irradiation, N-chloroacetyl derivatives of phenethylamines with elec- 

tron-donating substituents readily cyclize to many heterocycles including 

mainly 7 membered lactams, benzazepinones.' Homologous compounds, that is, 



i (exciplex) 
d 

phenylpropylamine, phenylbutylamine, and phenylpentylamine derivatives also 

afford the corresponding photocyclization products, mainly 8 ,  9, and 10 mem- 

bered lactams (2, n = 3, 4, 5). '  On the other hand, benzylamine and aniline 

derivatives strangely give no 6 and 5 membered lactams, except for the pho- 

tocyclizations of phenolic benzylamine  derivative^.^ Since this type of 

photocyclizations usually proceeds via an intramolecular exciplex between an 

4 
electron-rich aromatic ring and an electron-deficient chloroacetamide group, 

no cyclization of benzylamine and aniline derivatives has been assumed to he 

caused by the inefficient formation of exciplex, whose preferred geometry 

requires a perfectly overlapping sandwich conformation. In order to confirm 

this assumption, we have now examined intramolecular fluorescence quenching 

and disappearance quantwn yields of various amine derivatives (A, n = 1-51, 

and the assumption has been found to be incorrect. 

Fluorescence Quenching and Disappearance Quantum Yield 

A 50% aqueous MeCN solution of the N-acetylbenzylamine (2, n = 1) emits 

a fluorescence spectrum with a maximum at 310 nm (excitation at 286 nm), and 

the corresponding N-chloroacetyl derivative (la) also has the same spectrum, 
w 

hut its intensity is quite low (less than 1/20). This intramolecular 
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Fig 1. a) The ratio (%) of fluores- 
cence intensities of 1 (n = 1-5) to 
those of the corresponding 3 vs. n 

20 : L_ of ( o k v s .  o ); b) n The ( 0  ratio . ).  (%) of quantum 
yields for disappearance of to that 

0 

1 2 3 4 5 
n 

quenching is clearly attributable to the exciplex f~rmation.~" The homolo- 

gous derivatives (1, n = 2-.5) exhibit similar behavior. The ratios of the 
w 

fluorescence intensities of ;relative to those of the corresponding Lare 

plotted against n in Fig la, indicating that the efficiency of exciplex for- 

mation depends apparently on the distance between the aromatic ring and the 

chloroacetamide, and not on their geometrical restriction. 6 

This conclusion has been supported on the basis of quantum yield measure- 

ments for disappearance of 1. Aqueous MeCN (50%) solutions of ; (n = 1-5; 

10 mM) and the 1,3-dimethyluracil actinometer7 in quartz test tubes were 

placed on a merry-go-round apparatus and irradiated with a 60 W low pressure 

mercury lamp. The percentage disappearance of Awas determined gas chroma- 

tographically and the ratios of the disappearance quantum yields of ;rela- 

tive to that of are also plotted in Fig lb, indicating again that 12 is 

the most reactive, though no cyclization product has been isolated. Actual- 

ly, when $in aqueous EtOH was irradiated, only %was an isolable product. 

Similarly, $gave 5 a dimer [mp >320°; v 3260, 1650 cm-l; m/e 414 (M+) 

207, 164 (base)], and a polymeric product. 



+ Polymer (70%) 

Synthesis of 1,2,3,4-Tetrahydroisoquinolin-3-ones 

Since N-monosubstituted amides in solution are present predominantly in 

8 .  . 
their trans forms, it 1s almost impossible that the chloromethyl groups in 

th'e benzylamine derivatives (la, 4) come close to the aromatic ring, though 
w 

possible in the homologous compounds (1, n = 2-5). 9 
w 

The introduction of a bulky substituent at the N atom, therefore, may 

lead to fixation of the amide group in its isomer, and then to photo- 

cyclization to an isoquinoline. In fact, when a 50% aqueous MeCN solution 

of the benzhydryl derivative (7) was irradiated with a 100 W high pressure 
"4 

lamp for 1 hr, the expected cyclization occurred to give the isoquinolin-3- 

one (10) [ mp 77-78'; v 1660 cm-l; m/e 373 (M'), 208, 206, 182, 165 (base); 
"A" 

6 (CDC13) 3.62 (2H, s), 3.74 (3H, s), 3.81 (3H, s), 4.12 (2H, s), 6.17 (lH, 

d, J = 2 Hz), 6.38 (lH, d, J = 2 Hz), 7.0-7.6 (lOH, m)], though in less 

satisfactory yield. Under similar conditions, the N-methyl compound (8), 
W 

which might be present in both the g! and forms, gave also the cycli- 

zation product (11) [mp 100-101'; v 1660 cm-l; m/e 221 (M+), 164 (base); 6 
..Aw 

(CDC13) 3.10 (3H, s), 3.48 (2H, s), 3.80 (6H, s), 4.46 (ZH, s), 6.26 (lH, d, 



J = 2 HZ), 6.35 (lH, d, J = 2 HZ)]. N-Phenethyl compound (9) cyclized more 
w 

smoothly to the expected product (12) [mp 115-116"; v 1650 cm-l; mje 311 
"A- 

m'), 192 (base); 6 (CDC13) 2.94 (ZH, t, J = 8 Hz), 3.30 (ZH, s), 3.72 (2H, 

t, J = 8  H z ) ,  3.76 (3H, s), 3 . 7 8  (3H, s), 4.27 (2H, s), 6.16 (lH, d, J = 2 

Hz), 6.34 (lH, d, J = 2 Hz), 7.25 (SH, s)] in a fair yield. 

Synthesis of Oxindoles 

Further, these photocyclizations have been extended to the synthesis of 

oxindoles. In analogy with 2 and 4, aniline derivatives gave only substi- 
4 

tution products of side chains, not cyclization products. Recently Kumar 

isolated rearrangement products, also not cyclization products.10 However, 

N-alkyl derivatives of anisidines were expected to cyclize to oxindoles. 

When a 30% aqueous MeCN solution of the N-methyl compound 13 was irradiated 
with the 100 W lamp for 45 min, the photocyclization proceeded quite smooth- 

ly and the oxindole (16) was isolated in 74% yield.'' The photocyclization 
w 

of the p-anisidine derivative (14) also proceeded, though somewhat slowly, 
",a 



at the =position with reference to the methoxy group to afford only the 
+ 

expected product (2) [v 1710 cm-l; m/e 253 (M ), 162, 91 (base); 6 (CDC13) 

3.44 (ZH, s), 3.60 (3H, s), 4.74 (2H, s), 6.44 (lH, d, J = 8 Hz), 6.54 (lH, 

dd, J = 8, 2.5 Hz), 6.73 (lH, broad)]. Catalytic hydrogenation of Z w i t h  

Pd-C gave 5-metho~yoxindole.~~ Finally, even the aniline derivative (2) 
bearing no methoxy group gave N-methyloxindole (51, though in poor yield. 
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