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SUMMARY 

p-Aminobenzoic acid and its derivatives are often topically applied to 
prevent damage to the skin by actinic radiation. It has recently been sug- 
gested that reaction of these compounds with photochemically generated 
singlet oxygen may contribute to the protective effect. The total rate 
constants for interaction (reaction plus quenching) of several p-aminobenzoic 
acid derivatives with singlet oxygen have been determined in chloro~, T ° r  . he 
low rate constants for interaction, ethyl p-ami~obe]~zo~te, 8 x 10-M-n~s -~ 
ethyl p-N, N-dimethylaminob~nz~ate, 5.-5 x 10-M--s- , and p-N, N-dimethyl - 
aminobenzaldehyde, i. 1 x 10-M--s -I, indicate that interaction with singlet 
oxygen is not an important mode of protection for these compounds. 

When topically applied, p_-aminobenzoic acid and its derivatives 

provide protection against ultraviolet light-induced damage to the skin. 

Although these compounds are known to act as "sunscreens" because of their 

strong absorption in the ultraviolet region of the spectrum, it has recently 

been suggested that they may have an additional mode of action: reaction with 

actinically generated singlet oxygen, a highly reactive excited state of the 

oxygen molecule (i). p_-Aminobenzoic acid, p_-dimethylaminobenzoic acid, 

and ethyl p_-dimethylaminobenzoate were destroyed when irradiated with hema- 

toporphyrin sensitizer in non-degassed D20 solution. The reactions were 

competitively inhibited by methionine, and their rates were decreased when 

H20 was used in place of D20 suggesting that singlet oxygen was responsible 

for destruction of the amines. 

While the evidence is suggestive of the proposed mode of action, it is 

not conclusive since it has been shown that dye-sensitized amine oxidation 

can result from interaction of the amine with the sensitizer excited states as 

well as with singlet oxygen (2-6). A better measure of the efficiency with 
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w h i c h  p - a m i n o b e n z o i c  ac id  and  i t s  d e r i v a t i v e s  des t roy  s i n g l e t  oxygen  i s  the  

to t a l  ra te  c o n s t a n t  for i n t e r a c t i o n  b e t w e e n  the amine  and  s i n g l e t  oxyge n .  Rate 

c o n s t a n t s  for the  r e a c t i o n  of s i n g l e t  o x y g e n  wi th  a number  of a m i n e s  have  b e e n  

repor ted  ( 2 , 3 , 7 ) .  Al though no m e a s u r e m e n t s  have  b e e n  repor ted  for p - a m i n o -  

b e n z o i c  a c i d  and  i t s  d e r i v a t i v e s ,  the  v a l u e s  repor ted  for a s e r i e s  s u b s t i t u t e d  

N , N - d i m e t h y l a n i l i n e s  (3) s u g g e s t  tha t  t h e s e  v a l u e s  shou ld  be s e v e r a l  orders  

of magn i tude  l e s s  t h a n  the  d i f f u s i o n  r a t e .  By the t e c h n i q u e  w h i c h  has  p re -  

v i o u s l y  b e e n  u s e d  to measu re  the ra te  c o n s t a n t s  for the  i n t e r a c t i o n  of s i n g l e t  

oxygen  wi th  a m i n e s  (7), o l e f i n s  (8), s u l f i d e s  (9), and  n i c k e l  c o m p l e x e s  (10), 

the ra te  c o n s t a n t s  for i n t e r a c t i o n  of s i n g l e t  oxygen  wi th  s e v e r a l  d e r i v a t i v e s  of 

p - a m i n o b e n z o i c  ac id  have  b e e n  m e a s u r e d .  

MATERIALS AND METHODS 

Rubrene ,  e thy l  p - a m i n o b e n z o a t e ,  e thy l  p - d i m e t h y l a m i n o b e n z o a t e ,  and  
p - d i m e t h y l a m i n o b e n z a l d e h y d e  were o b t a i n e d  from the Aldr ich  C h e m i c a l  
C o m p a n y ,  Chloroform was  o b t a i n e d  from F i s c h e r  S c i e n t i f i c .  

I r r a d i a t i o n s  were  ca r r i ed  ou t  b e h i n d  a b l a c k  c l o t h  to p reven t  exposu re  
to UV l igh t .  Three ml s a m p l e s  of rub rene  in  ch loroform,  wi th  and  wi thou t  
added  amine  and  a l l  c o n t a i n i n g  the same i n i t i a l  c o n c e n t r a t i o n  of rubrene  (0 .8  
mM, o p t i c a l  d e n s i t y  a t  546.1 nm ~4) ,  were  p ipe t t ed  in to  1-cm square  Pyrex 
UV a b s o r p t i o n  c e l l s .  The s a m p l e s  were  i r r ad i a t ed  s i m u l t a n e o u s l y  on a mer ry -  
g o - r o u n d  (11) modif ied  so tha t  the  t u r n t a b l e  c o n t a i n e d  s ix  1-cm squa re  h o l e s .  
The 546.1 nm l i ne  of a H a n o v i a  679A36 450 wa t t  medium p r e s s u r e  mercury 
vapor  lamp was  i s o l a t e d  by a c o m b i n a t i o n  of C o m i n g  C . S .  1-60,  3 - 6 8 ,  and  
4-72 f i l t e r s .  Six s a m p l e s ,  two wi thou t  a m i n e  and  two each  of two d i f fe ren t  
a m i n e  c o n c e n t r a t i o n s ,  were  i r r ad i a t ed  a t  the same t i me .  The s a m p l e s  were  
open  to the a i r  dur ing  i r r a d i a t i o n  to permi t  oxygen  to d i f fuse  in  dur ing  r e a c t i o n .  
I n i t i a l  and  f i na l  rubrene  c o n c e n t r a t i o n s  were  m e a s u r e d  s p e c t r o p h o t o m e t r i c a l l y  
a t  440 nm on  a Cary  14 s p e c t r o p h o t o m e t e r .  

(12) : 

I n t e r a c t i o n  rate  c o n s t a n t s  were  c a l c u l a t e d  from the fo l lowing  e q u a t i o n  

k = 

k R ([R] A _ [R] O A O f f) +kd in (JR] f/[R] f) 

[A] In ( [R] /[R] A 
f) 

1 
w h e n  k i s  the  rate  c o n s t a n t  for the r e a c t i o n  of O^ wi th  r u b r e n e ,  ka the  ra te  

1 z con_stan~ for ~)^ d e c a y  in  ch loroform,  [R] the  i n i t i a l  rubrene  c o n c e n t r a t i o n ,  
A [ P,] f and  [ R] f ~ne f i na l  rub rene  c o n c e n t r a t i o n s  in  the s o l u t i o n s  wi th  and  w i t h -  

k 9  
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out added amine,  r e spec t i ve ly ,  and [A] the amine concen t ra t ion .  ~reviously 
determined va lues  for k_ (5.3 x 107M-Isec -1) and k d (1.7 x 10 s e c -  ) were 
used (7). This method ~as been desc r ibed  in deta i l  e l sewhere  (7). 

RESULTS AND DISCUSSION 

presence  of an amine, s inglet  oxygen (102) may e i ther  be In the 

oxygen (302) or reac t  with the amine to y ie ld  oxida-  quenched to ground s ta te  

tion products. As has been previously discussed (7), the technique used in 

~Q/~30 + amine (quenching) 
102 + amine ~ .  2 

-m oxidation products (reaction) 

this study measures the total rate constant for removal of singlet oxygen 

by added amine, not how it removes it. The relative importance of the pro~- 

cesses cannot be determined by this procedure. The measured rate constant 

is the sum of kQ and k R and represents the total rate constant for interaction 

of the amine with singlet oxygen. Since both processes destroy singlet 

oxygen, it is this overall rate constant which indicates if reaction of the 

amine with singlet oxygen might play a role in the protective effect. A low 

value for this overall rate constant would indicate that little if any of the 

protective effect arises from singlet oxygen destruction; a high value would 

indicate that singlet oxygen destruction is a possible additional mode of 

action. 

The total rate constants for interaction with singlet oxygen were 

measured for three derivatives of p-aminobenzoic acid: ethyl p-dimethyl- 

aminobenzoate, __p-dimethylaminobenzaldehyde, and ethyl p-aminobenzoate 

(Table i). Although it was necessary to carry out these determinations in 

chloroform because rubrene is not soluble in methanol or water, the rate 

constant measured for p-dimethylaminobenzaldehyde is the same as the re- 

ported rate constant in methanol (3). 

The overall rate constants for the two analogs of p-aminobenzoic acid, 

ethyl p-dimethylaminobenzoate, 5.5 x 106M-Is -I, and ethyl p-aminobenzoate, 

8 x 104M-Is-l, are orders of magnitude below the rate for diffusion controlled 

, 1010M-Is -I reactions in chloroform ~i.I x . In contrast, diamagnetic nickel 
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Table I. Total rate constant for interaction of amines with singlet oxygen in 

chloroform. 

Amine 

Ethyl I~-N, N-dimethylaminobenzoate 

_P-N, N-Dimethylaminobenzaldehyde 

Ethyl p-aminobenzoate 

Rate Constant  (M-lsec-½ 

(5.5 + I.I) x 10 6 
-- a 

(I. i+ 0.2) x 10 6 

(8+2) x 10 4 

a Literature: (1.2 + 0.6) x 10 6 in methanol (Reference 2). 

c o m p l e x e s ,  p h o t o s t a b i l i z e r s  w h o s e  mode of a c t i o n  may i n c l u d e  q u e n c h i n g  of 

s i n g l e t  o x y g e n ,  have q u e n c h i n g  r a t e s  w i t h i n  a fac to r  of t e n  of the  d i f f u s i o n  

ra te  (10). p - C a r o t e n e ,  wh ich  may f u n c t i o n  a s  a s i n g l e t  o x y g e n  q u e n c h e r  in  

b i o l o g i c a l  s y s t e m s ,  q u e n c h e s  a t  the d i f f u s i o n  c o n t r o l l e d  ra te  (13). This  

means  tha t  every  c o l l i s i o n  of s i n g l e t  o x y g e n  wi th  ~ - c a r o t e n e  d e s t r o y s  s i n g l e t  

oxygen  wh i l e  on ly  abou t  s e v e n  c o l l i s i o n s  out  of a m i l l i o n  of s i n g l e t  oxygen  

wi th  e thy l  p - a m i n o b e n z o a t e  de s t roy  s i n g l e t  o x y g e n .  

W h i l e  no m e c h a n i s m  for s i n g l e t  o x y g e n  med ia t ed  sk in  damage  was  

p roposed  (1), i t  i s  known tha t  s i n g l e t  oxygen  r e a c t s  w i th  doub le  b o n d s ,  s u c h  

a s  t hose  found in  u n s a t u r a t e d  fa t ty  a c i d s ,  and  wi th  c e r t a i n  of the amino  a c i d s  

in  p r o t e i n s .  The ra te  c o n s t a n t s  for r e a c t i o n  of t h e s e  s u b s t r a t e s  w i th  s i n g l e t  

o x y g e n ,  d i s u b s t i t u t e d  o l e f i n s , - 8  x 104M- l s  -1 (14), h i s t i d i n e ,  ~1 x 108M- l s  -1 

(15), t y p t o p h a n e ,  ~3 x 107M- l s  -1 (15), and  m e t h i o n i n e ,  ~3 x 107M- l s  -1 

(9 ,15 ,16) ,  are  abou t  the  same as  or o rders  of magn i tude  la rger  than  t h o s e  

m e a s u r e d  for the  p - a m i n o b e n z o i c  ac id  d e r i v a t i v e s .  I t  i s  u n l i k e l y  tha t  

p - a m i n o b e n z o i c  ac id  cou ld  compe te  for s i n g l e t  o x y g e n  wi th  t h e s e  much more 

r e a u t i v e  s u b s t r a t e s .  

S ince  p_- a m i n o b e n z o i c  a c i d  and  i t s  N , N - d i m e t h y l  d e r i v a t i v e  are no t  

s o l u b l e  in  ch loroform,  the  m e a s u r e m e n t s  were  ca r r i ed  out  on the i r  e thy l  e s t e r s .  

W h i l e  i t  is  p o s s i b l e  tha t  the ra te  c o n s t a n t s  for the a c i d s  are c o n s i d e r a b l y  

g rea t e r  than  t hose  for the e s t e r s ,  the ra te  c o n s t a n t s  for s i n g l e t  oxygen  q u e n c h -  

ing for a s e r i e s  of s u b s t i t u t e d  N , N - d i m e t h y l a n i l i n e s  have  b e e n  repor ted  to 

fo l low the Hammet t  e q u a t i o n  (2,3). S ince  the s u b s t i t u e n t  c o n s t a n t  for the 
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ethyl carboxy group (0.45) is the same as that for the carboxy group (0.45) (17) , 

it is unlikely that there is any large rate difference between the acids and their 

ethyl esters. 
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