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Ahstraet-011 irradiation, dimethylaniline 1 reacted with methyl chloroacetate 2 in both acidic and basic solutions 
to yield methyl o- and pdimethylaminophenylacetates (3a. 3h). Kinetic treatments on the basis of quantum yields 
for fluorescence quenching and disappearance of 1 revealed the mechanism, which involves the exciplex in a broad 
sense under acidic conditions and both the exciplex and the charge-transfer complex under basic conditions. 

Although the physicochemical acid-base properties of After 45 min. the mixture was filtered, and the filtrate was 
excited molecules are well documented by many resear- evaporated to leave an oil, which was dissolved in ether. The 

chers’ since the initial studies by Fiirste8 and Weller: ether layer was washed with 10% NaHCO,, dried over Na2S0,, 

few photochemical reactions reflecting pK. values of and evaporated to leave a pale yellow oil (3.52g), b.p. 9tP/O.S 

excited states and none of their kinetical treatments are Torr; v,,,, (neat) 1735 cm-‘: A,,,.,, (EtOH) (e,.,,.,.) 248 nm (50~~); 8 

known.’ Recently, we reported the pH dependent pho- 
(CD&) 2.58 (6H, s), 3.60 (3H, s), 3.70 (2H, s), 6.85-7.25 (4H, m); 

tochemical reactions of N-chloroacetyl derivatives of 3- 
m/e (46) 193 (M+, 86), 162 (27), 146 (23). 138 (loo), 118 (52). 

and ddimethylaminophenethylamines. and suggested the 
Picrate, m.p. 1J2-l53n (MeOH). (Found: C. 48.13; H, 4.n; N, 

participation of the pK. in the excited singlet state of the 
13.10. c,,H,~N& requires: c, 48.34; H, 4.30; N, 13.27%). 

dimethylaniline chromophore? 
Photoreaction of dimethylaniline 1 and methyl chloroacetate 2. 

A 50% aqueous MeCN soln (500 ml) of dimethylaniline (1.0.6 g) 

and basic soins 

In order to clarify the mechanism of these photoreac- 
tions the intermolecular photoreaction between 
dimethylaniline 1 and methyl chloroacetate 2 has now 
been examined kinetically on the basis of quantum 
efficiencies of both fluorescence quenching and reaction 
yield. 

-AL 
Methyl 2.dimethylaminophenylacetate %. A MeOH (70 ml) 

soln of methyl Znitrophenylacetate (4.15 g) and 37% HCHO aq 
in the presence of 10% Pd-C (2.1 g) was hydrogenated (72 lb). 

and methyl chloroacetate (2. 5.4g) in the presence of NaHC& 
(4.2g) was irradiated under N2 with a 100 W hi pressure 
mercury lamp (Eikosha, Osaka) for 4 h. The reaction mixture was 
extracted with C&Cl,, and the extract was washed with sat. 
NaCl aq. dried over Na#O& and evaporated to leave a pale 
brown oil (404mg), which was applied to silica gel preparative 
TLC developing with benzene-CfiCl, (4: I) to give two f&ions. 
The upper fraction was 1 IO mg of 3a, and the lower fraction was 
70mg of methyl 4dimethylaminophenylafetate 3h as a pale 
yellow oil: b.p. lW/O.S Torr; v,,,,~ (neat) 1735cm-‘; Amu 
(EtOH) (e,,,,) 258 nm (16,000); 8 (CDQ) 2.92 (6H. s). 3.53 (ZH, 





Photoreaction of dimethylaniline and methyl chloroacetate 

Table I. Relative fluorescence intensities (P) and relative quantum yields (@&) of 1 in the presence of 2 [Q1 at 
pH 8.0 and 1.65 

at pH 8.0 at pH 1.65 

rq1 WI F ‘Df ,“Df PJIWI F 6f J@f 

0 100 1.00 0 100 1.000 

10 74.0 1.34 1 96.6 1.035 

20 60.0 1.67 2 93.9 .065 

30 49.5 2.02 3 91.5 .093 

40 42.0 2.38 4 88.5 ..130 

50 36.7 2.72 5 86.2 1.161 

60 32.1 3.12 6 83.3 1.201 

70 28.8 3.47 7 81.5 1.227 

80 25.7 3.89 8 79.1 1.264 

90 23.2 4.31 9 77.1 1.297 

100 21.2 4.72 10 75.5 1.325 
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Table 2. Quantum yields for disappearance of 1 in the presence 
of various amounts of 2 [Q] at pH 7.9 and 1.5 

at pli 7.9 at pH 1.5 

[Ql (W *r [Ql MI @r 

10 0.086 10 0.047 

15 0.118 15 0.062 

35 0.207 25 0.083 

50 0.239 35 0.105 

75 0.263 so 0.121 

100 0.274 7s 0.146 

150 0.305 100 0.163 

200 0.319 150 0.179 

200 0.189 

2537 A light) in both acidic and basic solutions to give a 
mixture of methyl o- and pdimethyl- 
aminophenylacetates (3a, 3h). 

Me, N 

+ 

Me,N 

3b 

Quantum yields for the disappearance of 1 and the 
formation of 3 at various pH were measured relative to 
the 13dimethyluracil actinomete?b and plotted as a 
function of pH in Fii. 1: This photoreaction proceeded 
even at pH lower than the ground state pK. value (5.21)* 
of 1. Since these types of photoreactions usually proceed 

via an exciplex in a broad sense between an electron-rich 
aromatic ring and an electron-deficient chloroacetyl 
group? the exciplex in acidic solutions must be formed 
after the deprotonation of the singlet excited anilinium 
cation. The greater efticiency in basic solutions may be 
interpreted by the additive effect of a charge-transfer 
complex between the ground state 1 and 2, rather than by 
the slow deprotonation of the an&urn cation in its 
excited state.5b”0 In fact, UV spectra (Fig. 2) of 1 in 
cyclohexane in the presence of various amounts of 2 
are quite simii to those of the charge-transfer complex 
between 1 and dichloromethane reported by Davis.‘* The 
whole scheme of principal processes in this photoreac- 
tion, therefore, can be described as follows and its 
validity has now been proved by the following kinetical 
treatment. 

(AH+)*._.- A* + Q 2L-w *. (AQ)* - &Product 
IIs h. 

H_ AH’-A+Q 
H = AQ 

where A, Q, AQ and (AQ)* are 1.2. the charge-transfer 
complex, and the exciplex, respectively. Further, kt, kd, 
t, Ir, and k, are the specific rate constants for fluores- 
cence, thermal deactivation, deprotonation, exciplex 
formation, and reaction, respectively, and I is the rate of 
light absorption. 

Fluorescence quenching. The fluorescence spectrum of 
1 in both acidic and basic solutions has a single maxi- 
mum at 352 nm, which was quenched by 2 without new 
emission, and this fluorescence quenching is attributable 
to the exciplex formation.‘” A Stern-Volmer plot in the 
basic solution (pH 8.0) displays slightly upward curva- 
ture (Fii. 3a), suggesting a static quenching by the 
charge-transfer interaction, while in the acidic solution 
(pH 1.65) a linear plot (correlation coefficient r = 0.99) is 
obtained (Fig. 4). Steady-state treatments of the scheme 
in acidic and basic solutions lead to respective Stern- 
Volmer equations (Eqns 1 and 2). 
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& l+(l-+)kGrQl 

@+ l_(l_?)(XL) (i” basic so’n) 

(1) 

?!LJ = 
er 

1 + (‘-““IQ1 
1 + kJH+](l -a)7 

(in acidic soln) (2) 

where 

K_ [AQI 
-m 

and 

t 
a=k,+k,,,+kt,’ 

If J&+/L and (1 -a) can be neglected because they are 
expected to be far from unity, both equations are 
simpliied to 

2 = (1 + K[Ql)(l + k&J) (from eqn 1) (3) 
f 

that is, 

@f 9-l 
@r 
IQI=K+~T+&T[~ (4) 

and to 

$=l+b[Ql (from eqn 2) (5) 
f 

The data in Fii. 3(a) were replotted in Fig. 3(b) ac- 
cording to eqn (4), and a linear plot was obtained (r = 
O.%). The intercept (K + hi) and the slope (K~,,T) were 
determined to be 32.8 and 41.2, respectively. Since the 
fluorescence life-time (T) of 1 measured by the single 
photon counting method using a time-to-amplitude con- 
verter is 3.0 2 0.4 nsec,” the dissociation constant (K) of 
the chargetransfer compiex (AQ) and the rate constant 
(kJ for the exciplex formation were calculated to b 
1.31 M-’ and 1.05 X 10’OM-’ see-‘, respectively. The 
later value is close to the diffusion-controlled rate.” In 
the acidic solution (Fe. 4), &T is 32.8, then 16 calculated 
from eqn (5) is 1.09 x 10” M-’ set-’ in good agreement 
with the value in the basic solution. 

&a&n quantum yidd. The rate constant for the 
exciplex formation (kJ can be also determined on the 
basis of reaction quantum yields. Again, steady-state 
treatments lead to two Stern-Volmer equations for the 
disappearance quantum yield (&) of 1 given by 

1 -= @r rMl(K + kF + KlhT[a) 

and 

1 1 -=- 
@, iv 

If yk_,&, (1 -a) and [Q]’ can be neglected, the equa- 
tions are simplified to 

&$1+ 
( (K + &Ql 

(from eqn 6) (8) 

&=:(1+$&J (fromeqn7). (9) 

The reciprocal plots of 9, and [Q] in basic (pH 7.9) 
and acidic (PH 1.5) solutions are shown in Fig. 5, and 
found to be linear (both r = 0.99). In the basic solution, 
the intercept (l/y) was 2.55 and the slope {l/y(K + kp~)} 

was 0.089, hence y and k,, were calculated to be 0.39 and 
9.2 x lo9 M-’ set-‘, respectively, when K = 1.31 is 
substituted in eqn (8). In the acidic solution, y is 0.22, 
and kg is 9.1 x lo9 M-’ see-‘. Both the kq values are 
identical within the experimental error to those cal- 
culated from the fluorescence quenching experiments, 
indicating that the whole scheme indeed expresses the 
main processes of the photoreaction of 1 with 2. The 
difference in e5ciency between the two reactions in 
acidic and basic solutions is attributable to the difference 
of y (efficiency from the exciplex to the product) and to 
the presence of the charge-transfer complex -in the basic 
solution. 
AcRno&&cmm~s-The authors are indebted to Drs. I. 
Yamszaki and K. Ucbida, tbe Institute of Applied Electricity at 
this university, for the fluorescence life-time measurements. 
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