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Preced ing  papers  have presen ted  r e su l t s  of a s tudy of the kinet ics  of a lkal ine  hydro lys i s  of m-  and p- 
subst i tuted 2 ,4 -d in i t ropheny l th iobenzoa tes  [11 and 2 ,4 -d in i t ronaph thy l th iobenzoa tes  [2]. This paper  d i s c u s s e s  
data  on the a lka l ine  hyd ro lys i s  kinet ics  of o - subs t i tu ted  2,4-dinitrophenylthiobenzoates with the genera l  f o r -  
muIa 2,4-(NO2)2C6HaSCOC6H4-2'-X , where  X = H, CH3, F,  C1, Br ,  I, CH30, NO 2 (Table 1). We made a p a r a l -  
le l  s tudy of IR-  and UV-absorp t ion  s p e c t r a  of these  compounds and of molecules  with CH 3 and CHaO groups in 
the 4' posi t ion,  and of some 2 ,4 -d in i t ronaph thy l th iobenzoa tes  and phenyl thiof luorobenzoates  (2'). 

I l l  s p e c t r a  of t h i o e s t e r s  were  studied in [3]. It was found that. benzene r ings ,  the C = O  group,  and the S 
atom form a conjugated s y s t e m  in phenyl thiobenzoate  moIecules .  The p re sence  of bulky o-subs t i tuen ts  on the 
C6H 5 group takes it out of the carbony[  group plane; at the same  t ime ,  if t he re  is a F atom or  OCH a group in the 
o -pos i t ion ,  conjugation is p r e s e r v e d  but the poss ib i l i t y  of conformat iona l  i s o m e r i s m  a r i s e s  [3]. 

F igu re  1 is a model of the 2 , 4 - d i n i t r o p h e n y l - 2 ' - f l u o r o t h i o b e n z o a t e  molecule  (III), which was cons t ruc ted  
by taking the van de r  Waals  r ad i i  of the a toms into account.  Under these  condi t ions,  the NO 2 (2) plane,  the plane 
of the benzene r ing  A, and the SC = O plane a r e  mutuaUy pe rpend icu la r .  It is a l so  a s sumed  that,  other  things 

TABLE 1. Stretching Vibra t ion  Frequenc ies  of the Carbonyl  Group 
in IR Spect ra  of 2 ,4 -Din i t ropheny l th iobenzoa tes  (I)-(IX) and 2,4- 
Dini t r  onaphthy [thiob enzoates  (X) -(XIII) 

vC=o* am -fin 

Compound S ubstituent X CCh I C~H6 I CH3CN i KBrpel le t  s 

(I) 
(II) 

(III) 

(IV) 

(V) 

(vI) 

(vi i)  
(v i i i )  

(Ix) 

(x) 

(xi) 
(Xli) 

(Xlii) 

2,4- (NO2) 2C6H3SCOC6H~X 

H 1692 
2-CH~ 1706 
2-F t674 

t688sh 
t712 

2-CI t707 

2-Br t698 

2-CH30 1669 
17tl 

2-NQ 1710 
4-CH3 t670 

1690 
4-CH30 t665 

1677 
1691 

3-I 

3-NQ 
4-CH30 

4-N02 

169i 
t700 
1672 
1684 
1713 
t675 sh 

t706 

17~4 
t662 
t709 
t705 
t675 
1695 
t674 
t694 

2,4-(NOa)2Ci0HsSCOC6H~X 

1700 1695 
1715 sh 
t685 1685 
1665 1690 
1685 
17t0 1705 

1690 
1705 
1677 
t687 
t716 
t675 sh 
t705 
1695 
t725 
t661 
t707 
t698 
t678 
1693 
t672 
t692 

1673 
1690 sh 
1685 
t668 

, t687 
t698 

t683 
1695 
t664 
1720 

t699 

t700 

1666 
t700 sh 
t650 
t665 
t675 
1668 
t684 

1678 

t685 
1645 

1650 

sh denotes a shoulder on the absorption curve. 
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Fig.  1. T h r e e - d i m e n s i o n a l  model  of the 2 , 4 - d i n i t r o -  
pheny1-2 - f luoro th iobenzoate  molecu le .  

be ing  equa l ,  the  m o l e c u l e ' s  c o n f o r m a t i o n  should s a t i s f y  m a x i m u m  o v e r l a p  of  the  p(Tr)-function of the ind iv idua l  
f r a g m e n t s .  Ring  B can  occupy  fou r  nonequ iva l en t  p o s i t i o n s .  If  the  F a t o m  is r o t a t e d  in the  d i r e c t i o n  of the  S 
a t o m ,  the  d i h e d r a l  a n g l e  be tween  the  p l a n e s  of the  b e n z e n e  r i n g  and SC = O should be  ~ 70 ~ ; if  the  F a tom is in 
the  c i s - p o s i t i o n  to the  C = O  g r o u p ,  t h i s  ang le  should  not be g r e a t e r  than 140 to 150 ~ F u r t h e r m o r e ,  the  NO 2 
(2) g r o u p  and the  F a t o m  m a y  be found in the  s a m e  p lane  as  the  SC -- O g roup  o r  on d i f f e r e n t  s i d e s  of it. Con -  
f o r m a t i o n s  wi th  70 ~ d i h e d r a l  a n g l e s  a r e  a p p a r e n t l y  l e s s  s t a b l e  and t h e i r  f r e q u e n c y  should i n c r e a s e  a s  the t e m -  
p e r a t u r e  r i s e s .  

We took  IR s p e c t r a  in o r d e r  to  s tudy  the  s t e r e o - s t r u c t u r e s  of t h e s e  m o l e c u l e s .  The  mos t  c h a r a c t e r i s t i c  
bands  a r e  the  s t r e t c h i n g  v i b r a t i o n s  , (C  = O ) ,  vs(NO2), and Vas(NO2). The  l a s t  two a p p e a r  as  b r o a d  bands  in 
the  1530 and 1350 c m  -~ r e g i o n s .  The  s t r u c t u r e  which  both of t h e s e  bands  have  is p r o b a b l y  exp[a ined  by  the  
fac t  tha t  the  NO 2 g r o u p s  a r e  not equ iva l en t  in p o s i t i o n s  2 and 4. 

The  C = O g r o u p  a p p e a r s  a s  one ,  two,  o r  t h r e e  a b s o r p t i o n  bands  in the  IR s p e c t r a  of 2 , 4 - d i n i t r o p h e n y l -  
and 2 , 4 - d i n i t r o n a p h t h y l t h i o b e n z o a t e s  in the  1640-1720 c m  -1 r e g i o n  ( see  T a b l e  1). The  r e l a t i v e l y  low va lue  of 
v(C = O) is  due to the  low e l e c t r o n e g a t i v i t y  of the  S a tom.  The  va lue  of v(C --O) fo r  benzo ic  ac id  e s t e r s  r e a c h e s  
1750-1760 c m  -1 and fo r  the  p h e n y l t h i o b e n z o a t e  i t  is  equal  to 1685 c m  -1 [4]. R e p l a c e m e n t  of the  benzene  r i ng  
at  the  C = O  g roup  by  a CH~ g r o u p  l e a d s  to an i n c r e a s e  in ~(C =O)  to  1711 crn -I [4]. The d i f f e r e n c e  is due 
p r i m a r i l y  to c o n j u g a t i o n  of the  C = O and C~H5 g r o u p s .  The  p r e s e n c e  of two NO 2 g roups  on r i n g  A ( see  F ig .  i )  
h a r d l y  a f fec t s  t he  va lue  of  v(C = O). In a l l  p r o b a b i l i t y ,  th i s  is  due to  the  fac t  tha t  r i ng  A and the SC = O g roup  
a r e  not c o p l a n a r ,  p r e v e n t i n g  p,  ~ - e o n j u g a t i o n  be tween  them.  

T h e  p r e s e n c e  of  an o - s u b s t i t u e n t  on r i n g  B is r e p r e s e n t e d  in (HI), (IV), and (VI) by  the  c o m p l e x  a b s o r p -  
t ion  p a t t e r n  in the  1660-1720 c m  -1 r e g i o n .  S i m i l a r  to what  was  found in [3] fo r  o - s u b s t i t u t e d  p h e n y l t h i o b e n z o -  
a t e s ,  we o b s e r v e d  a t r i p l e t  in (III) wi th  a b s o r p t i o n  p e a k s  a t  1674, 1688, and 1712 c m  -1 (in CC14). In the  e a s e  
of (VI), we o b s e r v e d  a c l e a r l y  p ronounced  doub le t  (1669 and 1711 e r a - l ) ,  and fo r  (IV) in benzene  and CH3CN 
the band with a m a x i m u m  at  1705 c m  -1 has  a s h o u l d e r  in the  1675 c m  -1 r e g i o n  ( see  T a b l e  1), The  p r e s e a e e  of 
such  r e l a t i v e l y  bu lky  s u b s t i t u e n t s  in the  2' p o s i t i o n  as  B r  and the  CH3 group  is  r e p r e s e n t e d  by  one a b s o r p t i o n  
band v(C = O) and i t s  m a x i m u m  is d i s p l a c e d  t o w a r d  the h i g h - f r e q u e n c y  r e g i o n  by 10-15  c m  -1 r e l a t i v e  to the  
ana logous  l ine in the  s p e c t r u m  of  (I). The  p o s i t i o n  of th is  m a x i m u m  c o r r e s p o n d s  to the  f r e q u e n c y  of the  s h o r t -  
wave  c o m p o n e n t  of  the  doub le t s  of compounds  (IV) and (VI) and the t r i p l e t  of (III). Add i t iona l  s t u d i e s  of  the  
l a t t e r  t h r e e  c o m p o u n d s  have  shown tha t  i n c r e a s i n g  the  t e m p e r a t u r e  f r o m - 6 0  to + 60~ r a i s e s  the  r e l a t i v e  
"weight"  of the  band w h o s e  m a x i m u m  is  1710 c m  -1. The  weight  of the  h i g h - f r e q u e n c y  componen t  a l so  i n c r e a s e s  
when the  d i e l e c t r i c  c o n s t a n t  of  the  s o l v e n t  is  r a i s e d .  

It i s  n a t u r a l  to  a t t r i b u t e  the  bands  in the  1660-1690 c m  -1 r e g i o n  to  c o n f o r m a t i o n s  with a d i h e d r a l  ang le  
q) (SCOC6H~X) of 140-150  ~ T h e  h i g h - f r e q u e n c y  band a p p a r e n t l y  c o r r e s p o n d s  to "nonp lana r "  c o n f o r m a t i o n s  
wi th  va lues  of ~ c l o s e  to  90 ~ It  would be l o g i c a l  to a s s u m e  tha t  the  doub le t  in the  1660-1720 e m  -I r e g i o n  in 
(III) a r i s e s  f r o m  nonequ iva l en t  p o s i t i o n s  of the  F a t o m  with  r e s p e c t  to the  NO2 (2- )  g roups .  H o w e v e r ,  the  
p r e s e n c e  of t h r e e  bands  in the  s p e c t r u m  of p h e n y l t h i o f l u o r o b e n z o a t e  (2') (1666, 1690, and 1716 e m  -1) c o n t r a d i c t s  
t h i s  h y p o t h e s i s .  We m u s t  p r o b a b l y  a g r e e  wi th  t he  h y p o t h e s i s  tha t  F e r m i  r e s o n a n c e  i s  p r e s e n t  in th i s  c a s e  [3]. 
Th i s  r e a s o n  f o r  the  doub le t  i s  m o s t  p r o b a b l e  fo r  compounds  (VIII), (IX), (X), and (XII). We shou!d a l s o  b e a r  
in mind the  p o s s i b i l i t y  of i n t e r m o l e c u l a r  d o n o r - a c c e p t o r  i n t e r a c t i o n  be tw e e n  the  m o l e c u l e s  of  the  2 , 4 - d i n i t r o -  
p h e n y l t h i o b e n z o a t e s .  H o w e v e r ,  an a t t e m p t  to ob ta in  c o m p l e x e s  wi th  c h a r g e  t r a n s f e r  be tween  t h e s e  m o l e c u l e s  
and t e t r a c y a n o e t h y l e n e  was  not  s u c c e s s f u l .  A s tudy  of IR s p e c t r a  of  (IX) in d i f f e r e n t  c o n c e n t r a t i o n s  in CGH 6 
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TABLE 2. U V Absorption Spectra of 2,4-Dinitrophenylthiobenzoates 

(I)-(IX) and 2,4-Dinitronaphthylthiobenzoates (X)-(NIV) 

C o r n  - 

pound 
Solvent* Kma x , nm (s. l 0 -') 

(l) 

(II) 

(III) 

(IV) 

(v) 

(vl) 

(VII) 

(VIII) 

(tX) 

(x) 

( x o  

(Xll) 

(Xlii)  

(XIV) 

a 
d 
Cd 

a 

d 
wd 

a 

d 
wd 

8 

d 
wd 

8 

d 
W( 

a 

d 
wd 

a 

8 

a 

a 

a 

a 

a 

a 

207(20,70), 249(23,30), 301(iO,70)sh 
253(24,16), 302(1i,83)sh 
256(2i,68), 314(9,35) sh 

206(43,60), 252(21,i0), 294(1i,90) sh 
253(22,25), 296(i3,33)sh 
254(i5,94), 300(8,59) sh 

205(22,90),, 244(26,50), 293(t2,50)sh 
248(22,68), 294(1t,16) sh 
251 (22,35), 296 (i0,45) sh 

211 (31,60), 244(24,20), 292(13,10) sh 
249(18,52), 296(10,74) sh 
250(15,5i), 298(8,02) sh 

209(32,80), 246(19,00), 296(i0,30)sh 
249(18,i2), 294(10,47) sh 
250(i8,03), 296(9,76) sh 

211(30,00), 253(23,20), 314(13,00) 
2t2(35,74), 256(21,29), 318(12,04) 
212(34,50), 259(20,67), 322(10,93) 

206(30,00), 220(27,50)sh, 252(i7,10)sh, 296(8,70)sh 

202 (40,60), 2i5(24,50) sk, 263(24,30), 3i8(9,50) sh 

200(34,50), 2i8(22,95), 290(23,50), 333(10,90)sh 
221 (23,62,) sh~ 288 (22,07) , 333(12,76) sh 
221 (13,30), 29i (12,33), 342(5,58) sh 

228 (47,90), 257 (23,20) sh, 307 (4,80) sh, 357 (1,80) sh 

216 (47,80), 253 (36,40), 370 (6,40) 

206 (52,30), 215 (46,90) sh, 259 (23,10) sh, 288 (29,60), 352 (%00) sh 

204 (55,00), 260 (35,70), 35i (7,80) sh 

200(46,30), 235(18,00), 270(7,00) 
236 (i8,93), 274 (7,38) 
237(18,90), 275(8,38) 

a denotes acetonitrile; d denotes dioxane; wd denotes 50% (dioxane + 

H20); sh denotes a shoulder on the absorption curve; (XIV) is phenyl- 

thtofluorobenzoate (2'). 

revealed that the u(C = O) absorption band intensities are not concentration dependent. An attempt to detect 

H-bonds between the C = O group of the compounds studied and phenol molecules through the IR spectra also 

gave no results. We studied mixtures with phenol to 2,4-dinitrophenylthiobenzoate ratios of i:i0 to i0:I. No 

displacement of the p(OH) absorption band was found in the first instance, and in the second case, none in 

u(C = O). We think the probable reason for the absence of interaction is the poor stereo access to the C = O 

group. 

We obtained further data on the effect of substituents on the chromophore centers of 2,4-dinitrophenyl- 

thiobenzoates by measuring their UV spectra (Table 2). We can assume from the structure of these molecules 

that the A ring n-electron system substituted by two NO 2 groups is an independent isolated chromophore frag- 

ment and the NO2(2) group is not conjugated with the benzene ring. Consequently, this grouping within the 

molecule should absorb in the 220-300 nm region in the manner of nitrobenzene (Xma x ~ 260-270 nm, amax 

6000-7000). The isolated SC = O groups and the B ring should be represented in the 220-300 nm region by the 

bands XBax ~ 260 (amax ~500-i000) and X SCO ~ 230-240 nm (r ~ 6000) [5]. The spectra of (II) and (V) 
max I 

are characterized by the bands X I ~ 295, 8ma x N 10.103 and Xmax II ~ 250 nm, JmIax ~ 20-103. The sec- 
man 

ond one of these is absolutely complex and probably corresponds to two electron transitions, one of which is 
localized on the nitroaromatic part of the molecule, while the second is susceptible to substitution of ring B 

and is shifted to the low-energy region as the electron-donor properties of the substituent in positions 2 and 4 
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T A B L E  3. A lka l ine  Hydro lys i s  Reac t ion  P a r a m e t e r s  for  C o m -  
pounds (I)-(VII) 

Compound 

(I) 
(H) 

(m) 
OV) 
(V) 

(W) 
(VII) 

20 ~ 

1,497 
0.947 
21369 
1,934 
1,802 
01810 
21330 

lg /12 

30 ~ 

2,078 
1,528 
2,588 
2.2t7 
21003 
1,t43 
2;5ot 

40 ~ 

2,300 
1,948 
2.905 
21615 
21415 
L863 
21830 

lg/~'o 

(20 o} 

t 
0,57 

0.78 
0172 
0,54 
0.66 

E a  A H  ~-  

kcaI/mole 

' 22,9+-0,t 22,3 
2t,i-+0.3 20.5 
1t,2-+0,t 1017 
14,4-+0,t i3,7 
i3.0+-0,I 12,4 
2210-+0,5 21,4 
i0,4-+0,1 9,9 

As~. entropy 
units 

-27,0-+0,1 
-t5,7 
-it,3 
-3,0 
-8,0 

-i8,4 
-14,2 

i n c r e a s e .  The  band in  the  290-300 nm reg ion  a p p a r e n t l y  be longs  to a t r a n s i t i o n  involv ing  i n t r a n o l e c u l a r  
cha rge  t r a n s f e r  f r o m  b e n z e n e  r i n g  B and i ts  o r t h o -  and p a r a - s u b s t i t u e n t s  to the C = O group.  The  r e t en t i on  
of this  band in  (II) and (V) is ev idence  that  the d ihed ra l  angle  be tween r i n g  B and the SC = O group does not 
r e ach  90 ~ However ,  a c o m p a r i s o n  of the data  for  compounds  (II) and (VIII), for  i n s t a n c e ,  ind ica tes  that  in 
the f i r s t  e a s e  the  con juga t ion  be tween  the C = O group and the a r o m a t i c  por t ion  of the mo lecu l e  is s ign i f i can t ly  
d i s rup ted .  The  NO2 g roups  on r i n g  A have an obvious effect  on the pos i t ion  of bands XI and xlI. Since i n t e r -  
m o l e c u l a r  i n t e r a c t i o n  as  wel l  as conjuga t ion  of r i n g  A with the S a tom is not v e r y  p r oba b l e ,  we can a s s u m e  
that  the r e a s o n  for  the  effect  is a s t r o n g  i n t r a m o l e c u l a r  d i p o l e - d i p o l e  i n t e r a c t i o n  that  lowers  the e n e r g y  of 
t r a n s i t i o n s  that  a r e  a c c o m p a n i e d  by  t r a n s f e r  of a s ign i f i can t  e l e c t r o n  charge  to the C = O group.  

We a l so  ob ta ined  s p e c t r a  of four  naphthyl  d e r i v a t i v e s ,  (X)-(XIII), and obse rved  the effect of the s u b s t i t u -  
ents  in r i n g  B on the  pos i t ion  of the long-wave  e l e c t r o n  t r a n s i t i o n s .  

We may  t h e r e f o r e  expect  that  the r e a c t i v i t y  of the compounds  s tudied depends  on the conjuga t ion  of the 
C = O group  with the b e n z e n e  r i ng ,  and then the cha rge  t r a n s f e r  should be the r e s u l t  of both the mutual  s t e r e o  
o r i e n t a t i o n  of t h e s e  ~coups and the e l e c t r o n - d o n o r  and a c e e p t o r  p r o p e r t i e s  of the subs t i t ue n t s .  We s tudied the 
a lka l i ne  h y d r o l y s i s  r e a c t i o n  that  takes  p lace  as  follows: 

x  orQ;2y  O_ x X 

I ~'NX NO.. ~ $9~, C O O a _ ~ - %  oH.~ N o ~ _ ~ - - % _ s _ c _ ~  __, + 

This is a second-order reaction. Table 3 shows the results of kinetic measurements and the thermo- 

dynamic parameters. The logarithms of the rate constants of the alkaline hydrolysis of o-substituted 2,4- 

dinitrophenylthiobenzoates are lower than those of the p-derivatives by a factor of 1.5-2. 

We calculated a two-parameter correlation between log K 25~ and the induction (o ~) and resonance (aR~ 

constants. The regression equation follows: 

ig K ~~176 = t , 3 0 ( ~  0,3) =-0,26(~- 0 09)0* + t.29(--+- 0,95)oR ~ 
R = 0,85; s = 0,40 

The correlation is poor and the relationship with the resonance constant is indefinite. The point for compound 

(VII) deviates most from a linear relationship; it has an NO 2 group in position 2 and since it is a strong dipole, 

the effective value of its inductive effect can vary significantly depending on its orientation to the reaction cen- 

ter. We calculated the regression equation without taking the data for this compound into account: 

!g K 2~176 = t , 3 6 ( !  0,22) + 0 , 4 3 ( ~  0,t0)o* + 2 , 8 5 ( ~  0,98)aR ~ 
R --- 0.93; s ~ 0,29 

The equation's parameters are greatly improved, but on the whole the correlation is still weak, as before. 

The link with the induction constant is more definite. The point calculated for compound (Ill) (-0.37) deviates 
most from the experimental point; this compound had the greatest degree of conformationa[ nonuniformity. Of 
significant importance for this molecule is apparently the effect of the field induced by the F atom and the 

change in the character of the intramolecular dipole-dipole interactions. 
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' fABLE 4. P h y s i c o c h e m i c a l  P r o p e r t i e s  of o -Subs t i tu ted  2 , 4 - D i n i -  
t ropheny l th iobenzoa tes  (II) -(VII) 

Corn- [ ~o 
pound Yield 

(ll) ] 83 
(HI) 98 
(IV) 96 
(V) 97 

(VI) 8t 
(VII) 66 

Found, % 
rap, ~ C 

C H 

93-100 52,79 3,36 
99-t0t 148,62 2,39 

t22-t23 146,20 2.15 
127-t29] 60,87 t199 
t30-t32 150.13 5108 

- 1 ~ < 3 6  t,75 

N 

8,25 
8,52 
8,55 
7,57 
8.56 

12m 

Empirical formula 

C~H,0N.2OsS 
C,~HTNzOsS 
C~3HTN2OsS 
Ct3HTN~O3S 
C~H,0N206S 
CtaH~NaOTS 

Calculated -1o 

C II N 

52,83 3.14 8,50 
~8,4~ 2:15 8,~9 

] 46,08 2106 8,29 
/ 40,73 L82 7,3t 
[ 50,30 2199 8,38 
/44,70 2100 12,03 

The  r e g r e s s i o n  equat ion  ind ica te s  that  the a lka l ine  h y d r o l y s i s  r e a c t i o n  r a t e  r i s e s  as  cons t an t  o* and 
the e l e c t r o n - a c c e p t o r  p r o p e r t i e s  of the subs t i t ue n t  i n c r e a s e .  The  s a m e  c o n c l u s i o n  can  be r eached  by  o p e r -  
a t lng  on the ca lcu la ted  ac t iva t ion  ene rgy  va lues  for  the r e a c t i o n  and the en tha lpy  change .  

We a l so  ca lcu la ted  the funct ions  log K = f(log K2~176 which have the fo rm:  

lg K 3~176 = 0.66(~_0.16) + 0 .8 i ( !0 .04)  lg K 2~176 
r = 0.97; s = 0.t4 

lg K ~~176 = t ,32(~0.05)§  lg K 20~ 
r = 0.99; s = 0.05 

When the t e m p e r a t u r e  is i n c r e a s e d ,  the r e a c t i o n  ra te  b e c o m e s  l e s s  dependen t  on the n a t u r e  of s u b s t i -  
tuen t  X in o - subs t i t u t ed  2 , 4 - d i n i t r o p h e n y l t h i o b e n z o a t e s .  The  r e v e r s e  is t r u e  of the p - s u b s t i t u t e d  compounds .  
In our  opin ion ,  this  effect  is due to an i n c r e a s e  in the r e l a t i v e  f r a c t i o n  of "nonp lana r "  e o a f o r m a t i o n s  as  the 
t e m p e r a t u r e  of the r e a c t i o n  is  i n c r e a s e d .  

E X P E R I M E N T A  L 

or tho-Subs t i tu t ed  2 , 4 - D i n i t r o p h e n y l t h i o b e n z o a t e s .  We boiled 1 mole  of o - s u b s t i t u t e d  benzo ic  acid and 
2-4  moles  of SOC12 for  3-4  h. The excess  SOC12 was d i s t i l l ed  off. The  c o r r e s p o n d i n g  c h l o r o a n h y d r i d e s  were  
s epa ra t ed  by vacuum f rac t iona t ion .  The  s e p a r a t e d  c h l o r o a n h y d r i d e s  were  r eac ted  with KOH in 99% C2HsOH at 
10-15~ for  1 ' 2  h to obta in  the p o t a s s i u m  sa l t s  of the o - s u b s t i t u t e d  th iobenzo ic  ac id ,  whieh w e r e  t r ea t ed  with 
d i lu te  HC1 (pH 3-4) to conve r t  them to o - s u b s t i t u t e d  th iobenzo ic  ac ids  in the f o r m  of oi ly  l iqu ids .  T r e a t i n g  
the ac ids  with a lcohol ic  KOH so lu t ion  fo rmed  t he i r  K sa l t s .  The o - s u b s t i t u t e d  2 , 4 - d i n i t r o p h e n y l t h i o b e n z o a t e s  
we re  p r e p a r e d  by r e a c t i n g  1 mole of 2 , 4 - d i n i t r o c h l o r o b e n z e n e  with 1.2 mole  of the K sa l t  of the o - s u b s t i t u t e d  
th iobenzotc  ac ids  in 99% C2HsOH at ~ 20~ for  1-2 h. T a b l e  4 shows the r e s u l t s  of the s y n t h e s i s  of the o - s u b -  
s t i tu ted  2 , 4 - d i n i t r o p h e n y l t h i o b e n z o a t e s .  

F r e s h l y  d i s t i l l ed  and c a r e f u l l y  pur i f ied  d ioxane  was used in a l l  the  k ine t ie  m e a s u r e m e n t s .  A s t anda rd  
pH 9.22 buf fe r  so lu t ion  was used .  Ana ly t i c a l l y  pure  o - s u b s t i t u t e d  2 , 4 - d i n i t r o p h e n y l t h i o b e n z o a t e s  w e r e  d i s -  
solved in d ioxane.  The  so lu t ion  c o n c e n t r a t i o n  was 4 to 5 .10 -a m o l e / l i t e r .  The  k ine t ic  m e a s u r e m e n t s  were  
made on a U n i c a m  SP-800 s p e c t r o p h o t o m e t e r  with the work ing  so lu t ions  p r e v i o u s l y  t h e r m o s t a t e d  for  1-2 h in 
covered  cuve t tes  (50% dioxane  + buf fe r  so lu t ion) .  The  so lu t ion  c o n c e n t r a t i o n  was 1 to 5 .10 .5 m o l e / l i t e r .  The  

pho tome t ry  was pe r fo rmed  at X = 320 nm.  

The  IR s p e c t r a  of the molecu les  unde r  s tudy  were  obtained on a Speeord I P - 7 5  s p e e t r o p h o t o m e t e r  (in 

KBr  p e l l e t s ,  and in so lu t ion  in  CH3CN, C6I~, CCI4). The  UV s p e c t r a  we re  m e a s u r e d  in CH3CN (C = 0.002 to 
0.004 m o l e / l i t e r ;  d = 0.006, 0.0107, and 0.0502 era),  d ioxane ,  and 50% aqueous  d ioxane  (C = 0.003-0.0035 

m o l e / l i t e r ;  d = 0.0107 cm).  

C O N C  LU S I O N S  

1. The  s t e r e o  s t r u c t u r e  of the o - subs t i t u t e d  2 , 4 - d i n i t r o p h e n y l t h i o b e n z o a t e s  depends  on the n a t u r e  of the 
subs t i t uen t .  F l u o r i n e ,  c h l o r i n e ,  and methoxy d e r i v a t i v e s  ex is t  in s e v e r a l  none qu i va l e n t  c o n f o r m a t i o n s .  

Conjuga t ion  be tween  the ca rbony l  group and the a r o m a t i c  r i n g  is  c o n s e r v e d  for  a l l  the compounds  2 .  

stud led. 

3. 

4. 

The a lka l ine  hyd ro ly s i s  r e a c t i o n  r a t e  r i s e s  as the cons t an t  a* of the s u b s t i t u e n t  i n c r e a s e s .  

The  a lka l ine  h y d r o l y s i s  r e a c t i o n  r a t e  b e c o m e s  l e s s  dependen t  on the  n a t u r e  of the subs t i t uen t  as the 

r e a c t i o n  t e m p e r a t u r e  fa l l s .  
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PHOTOCHEMICAL REACTION OF ZINC AND MAGNESIUM 

PORPHYRINS IN VITREOUS MATRICES CONTAINING 

DONOR AND ACCEPTOR PARTICLES 

R. F. Khairutdinov, E. Kh. Brikenshtein, 
and L. N. Strekova 

UDC 541.14:543.422.27: 
541.49:547.979.733:546.47 

In [i, 2] we carried out a detailed study of the kinetics and mechanism of the low-temperature oxidation- 
reduction electron-transfer reactions involving metal porphyrins. It was found that when vitreous alcoholic 

Solutions of zinc porphyrins (ZnP) were irradiated in the Sorer band in the presence of an electron, aeceptor, 
charge separation occurred and ZnP cation-radicals were formed together with the reduced form of the accep- 
tot. Subsequent irradiation of the solutions in the absorption bands of ZnP +" led to the regeneration of the ini- 
tial porphyrin. 

The photoionization of metal porphyrins in the presence of acceptor particles is one of the most important 
pathways in photosynthesis, but it is not the only pathway involved in the oxidation-reduction reactions of these 
compounds. It is known that metal porphyrins can also be good electron acceptors [3, 4]. In this connection 
there is great interest in investigating the photoreactions of metal porphyrins in systems containing efficient 
electron donors. The study of the mechanism of the photochemical reactions of metal porphyrins in the pres- 

ence of donor and acceptor species is also of great significance in understanding the processes occurring in 
natural photosynthetic systems as well as in the desig31ing of artificial systems capable of utilizing solar energy. 

The use of actual photosensitizers for the creation of systems which efficiently utilize solar energy is only 
advisable if the photosensitizer is stable when subjected to a long period of irradiation, i.e., it is capable of 
repeating the oxidation-reduction cycle many times. The study of the photoreactions of metal porphyrins when 
they are subjected to a long period of irradiation is therefore of contemporary h~terest. 

In the present work we have studied the photochemical reactions of vitreous solutions of zinc and magne- 
sium porphyrins in the presence of donor and acceptor particles under conditions of long period optica[ irradia- 
tion using ESR and optical spectroscopy. 

EXPERIMENTA L 

The zinc porphyrins (ZnP): rneso-~, fi, 7,5-tetraphenyl (ZnT PP), etio-I (ZnEtio-l), the dirnethy[ ester 
of hemato-IX (ZnHemato-IX DME), and the tetramethyl ester of hemato-LX (ZnHernato-IX TME) were kindly 
supplied by G. V. Ponornarev. The magnesium meso-tetraphenylporphin (MgTPP) was synthesized using the 
technique described in [5] and the zinc meso-tetra-(~,o~,c~,~-O-pivalamidophenyl)porphin (ZnTpivPP) was 
prepared in the Colman laboratory (J. P. Colman, MIT, USA). 

Alcoholic solutions of the complexes (C - 10 -5 M) were poured out into thin-walled glass ampuls and fro- 
zen into vitreous matrices by loading them into liquid nitrogen. The ampuls were clamped in a fixed position 
in a Dewar flask with a finger-like side arm, where they remained until the experiments had been terminated. 
In the experiments concerned with the recording of the optical spectra, quartz ampuls with an ellipsoidai cross- 
section were used such that the walls of the ampul were practically parallel to one another in the region where 
the spectrophotometer light beam passed through them. The optical path length was 1-2 turn. 

Institute of Chemical Physics, Academy of Sciences of the USSR, Moscow. 
Akadernii Nauk SSSR, Seriya Khirnicheskaya, No. 7, pp. 1504-1508, July, 1982. 
October 12, 1981. 

Translated from Izvestiya 
Original article submitted 

0568-5230/82/3107-!341 $ 0 7 . 5 0 0  1983 Plenum Publishing Corpora t ion  !341 


