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Abstract  - The a c i d i t y  constants of a  ser ies  of subs t i t u ted  5-phenyl- 

2-mercapto-1.3.4-oxadiazoles were determined by potent iomet r ic  and 

spectrophotometr ic methods i n  80% ("01.) ethanol-water a t  25-C. The data 

obtained by the two methods are i n  good agreement. The p& values co r re -  

l a t e  w i t h  the o* constants of the subst i tu ted phenyl group 
XC6H4 

(p = -0.985, = 0.936). however, a  b e t t e r  co r re la t i on  of the p_la data 

w i t h  the  Hammett subst i tuent  constants ox (p = -0.983, r = 0.959) was - 
obtained. These l i n e a r  co r re la t i ons  exclude the p o s s i b i l i t y  o f  the pre-  

sence of the  t h i o l  tautomer i n  equ i l i b r i um wi th  the  thioamide tautomer ,? 
and i n d i c a t e  t ha t  the i o n i z a t i o n  of the  compounds takes place i n  the  form 

of t h e  th ioam~de tautomer According t o  the r e s u l t s  o f  the HMO ca l cu la -  

t i o n s ,  the  thioamide form 2 i s  more s tab le  than the t h i o l  tautomer 1. 
A sa t i s fac to ry  co r re la t i on  between the observed p_la values and the d i f -  

ference between the n -e lec t ron i c  energies (Ah) of the thioamide 

tautomer and o f  the  common resonance-stabil ized anion was obtained, thus 

suppor t ing  the  assigned tautomeric s t ruc tu re  2 fo r  the  ser ies  under study. 
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INTRODUCTION 

Although several  s tud ies  concermng t h e  t ransmiss ion  o f  subs t i t uen t  e f f ec t s  by he te ro -  

c y c l ~ c  r i n g s  have been reported,'-"he 1,3,4-oxadiazole r i n g ,  t o  our knowledge, has no t  been 

i nves t i ga ted  f rom t h i s  p o i n t  o f  view so f a r .  

I n  the present  con t r i bu t i on ,  t h e  a n d  d i s s o c i a t i o n  constants o f  a  se r i es  of 5-aryl-2-mercapto- 

1,3,4-oxadiazales l a - l j  (R = X C ~ H ~ )  have been determined i n  80% ( vo l .  ) ethanol  -water a t  2 5 Y  
C rr 

and the  r e s u l t s  have been c o r r e l a t e d  by us ing  t h e  H a m e t t  equation. The p b  values f o r  on ly  t h r e e  

compounds, (R = Ph). 1k (R = H), and lJ (R = Me) have been repor ted  i n  t h e  l i t e r a t u r e . * "  * 

The t e s t  of the  a p p l i c a b i l i t y  of t h e  Hammett equat ion t o  t h e  e f f e c t i v e  l o n i x t i o n  constants 

of  ,l, i s  a l s o  of i n t e r e s t  because i t  w i l l  he lp  t o  ob ta i n  f u r t h e r  i n s i g h t  i n t o  t h e  poss i b l e  t a u t o -  

merism between ; and 2. On t h e  basis of t h e  spec t ra l  data,  these compounds were r epo r t ed  t o  e x i s t  

i n  t h e i r  th ioamide form 2 i n  s o ~ u t i o n . " ~  

Furthermore, i t  seemed worthwhi le t o  study t h e  a c i d i t y  o f  a  systemat ic se r i es  of compounds o f  

type 1 from a  quantum-chemical v iewpoint .  I n  t h e  present  work, the  HMO n -e l ec t r on i c  energies o f  
P 

t h e  two tautomers 1 and 2 and of t h e i r  common anion 2, h(lJ, b(;), and &(3), r espec t i ve l y ,  have 

been ca l cu l a ted6  and c o r r e l a t i o n s  between t h e  p b  data and each o f  t h e  energy d i f fe rences  [&(;) - 
s(;) and h(:) - L(;)] were examined. 

RESULTS AND DISCUSSlON 

The reac t i on  sequence fo l lowed i n  t h e  syn thes is  of t h e  compounds 2-2 i s  shown i n  Scheme 1.' F i ve  

of  the 1,3,4-oxadiazoles prepared a re  new compounds and t h e i r  s t r uc tu res  have been conf i rmed on 

the  basis of t h e i r  elemental and spec t ra l  analyses (see Exper imental ) .  

The compounds l a  - j behave as weak ac ids  i n  80% (vol . )  ethanol-water  a t  25-C. If t h e  p r o t o t r o p i c  
C 

tautomerism i s  taken i n t o  account, t h e  i o n i z a t i o n  o f  E - j  can be represented by Scheme 2. The 

e f f ec t i ve  i o n i z a t i o n  constants,  p b ,  o f  these compounds were determined bo th  by spec t roscop ic  and 

by po ten t i ome t r i c  t i t r a t i o n  methods. The uv spec t ra  o f  ?, i n  each case, vary w i t h  i nc reas ing  pH o f  

the medium (Fig. 1). For a l l  t h e  compounds under study, t h e  dependence of t h e  absorbance on t h e  pH 

value g ives  s igmoid curves. S i m i l a r l y ,  t h e  po ten t i ome t r i c  t i t r a t i o n  curves were sigmoid as we l l .  

Typical p l o t s  are shown i n  Fig. 2. 
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Scheme 1 

Scheme 2 



Fig.1.  U l t r a v i o l e t  absorpt ion spect ra  o f  5-(e-nitropheny1)-2-mercapto- 

l , 3 .4 -oxad iaro le  l j  a t  d i f f e r e n t  pH va lues ;  5 = 5.0 x  1 0 - ' ~ ,  i n  80% ("01.) 
w 

ethano l -water  a t  25'C and u = 0.10. 
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F ig .  2. T y p i c a l  s p e c t r o p h o t o m e t r i c  t i t r a t i o n  curve of  l j  @) a t  A = 345 nrn and 
m 

p o t e n t i o m e t r i c  t i t r a t i o n  c u r v e s  of  2 E) and 2 (CJ. 

The P b  v a l u e s  were c a l c u l a t e d  f rom t h e  absorbance-pH data by eq. C11. 



!b - &  
P& = pHi + l og  

3 -5  
where Ai i s  the absorbance o f  the  t e s t  so lu t i on  a t  PHI, and & and & are the absorbance values o f  

the s t rong l y  a l k a l i n e  and s t rong ly  ac id  so lu t ions ,  respect ively.  I n  the  potent iomet r ic  method, 

the p& values were ca lcu la ted by using eq. [2]. 

w h e r e a i s  the molar r a t i o  of the  base added t o  the  compound, a n d 3  i s  the  t o t a l  ac id  con- 

centrat ion.  It should be noted t h a t  the  p b  values from potent lomet r ic  t i t r a t i o n s  agree wel l  w i t h  

the data obtained spectrophotometr ical ly.  The p& values o f  the  compounds s tud ied are sumnarized 

i n  Table 1. 

Table 1. Experimental and Calculated Quan t i t i es  fo r  Subst i tuted 

5-Aryl -2-mercapto-l,3,4-oxadiazoles, l a - l j  ". - 
L" ( 6 1  

Compound Subst i tuent & ( a )  ox 0iCbH4 
torm 

L 2 2 

l a  
,- 

None 5.25 0.00 0.58 20.813 21.672 23.976 

l b  - e-Me0 5.29 -0.27 0.36 23.995 25.875 28.127 

$ - p -Me 5.49 -0.17 0.47 23.516 25.393 27.673 

(a )  Standard dev ia t i on  2 = t0.02-0.04. 

The resu l t s  show tha t ,  t o  some ex tent ,  the  a c i d i t y  o f  ; i s  inf luenced by the  subst i tuent  i n  

the  5-phenyl r ing.  Two co r re la t i ons  of the  p& data w i t h  the  simple Hammett equationa were 

attempted. I n  t h e  f i r s t  case, t h e  p& values were p l o t t e d  against  the  Hamnett subst i tuent  

constants ox  (Fig. 3), whereas i n  the  second p l o t  the  phenyl group i s  inc luded w t h  the  subst i tuent  

and the p b  values are co r re la ted  w i t h  the  po la r  subst i tuent  constants o* fo r  the  
9 XC6H4 

subst i tu ted phenyl groups. 



HETEROCYCLES, Vol 20, No 11, 1983 

Fig. 3. Cor re la t i on  of p b  of 5-aryl-2-mercapto-1,3,4-oxadiaroles w i t h  

t h e  Hame t t  subs t i tuent  constants. 

The corresponding regression l i n e s  expressing such cor re la t ions  are given by eqs. [31  and [41, 

respect ive ly .  

p b  = 5.29 - 0.9830~ - r = 0.959, s = t0.055 131 

From the  values o f  t he  c o r r e l a t i o n  c o e f f ~ c i e n t ,  c, and the standard dev ia t ion ,  Z, it i s  obvious 

t h a t  t he  p b  values of 1 are c o r r e l a t e d  b e t t e r  by t he  Hamnett subs t i t uen t  constants ox than by ,- 



the i nduc t i ve  constants o;C of the  subs t i t u ted  phenyl group. This l i n e a r  c o r r e l a t i o n  
6 4 

between p s  and O X  i nd i ca tes  f u r the r  t ha t  the  compounds-in quest ion e x i s t  predominantly i n  one 

tautomeric form regardless o f  the  nature of the  subs t i t uen t  on the 5-phenyl group. If the two 

forms L a n d  2 coexisted i n  equ i l ib r ium,  a  good c o r r e l a t i o n  would not be o b ~ e r v e d . ' ~ ' "  This i s  

because f o r  such an equ i l i b r i um (Scheme 2), the  ove ra l l  ac id  d i ssoc ia t i on  constant b i s  re la ted  

t o  the d i ssoc ia t i on  constants 3 and b of the  t h i o l  and o f  the  thioamide forms, respect ive ly ,  and 

the tautomeric equ i l i b r i um constant KT by eqs. [51 and C61. According t o  these equations, 

a  l inear  c o r r e l a t i o n  between p& and ox should be observed only i f  3 = k. I n  general, because 

of the i o n i z a t i o n  of the  SH and NH groups, respect ive ly ,  the  values o f  and K i  are d i f fe rent .  

The data from the c o r r e l a t i o n  ana lys is  make i t  poss ib le  t o  decide which o f  the  poss ib le  t au to -  

meric forms o f  mercaptooxadiazoles should be given preference. The react ion  constant (p  = 0.983) 

agrees b e t t e r  w i t h  the  existence of the thioamide form 2. The absolute value o f  the  react ion  
m 

constant f o r  the  t h i o l  t a u t o m e r ~ s h o u l d  be c l e a r l y  much lower, because the length  o f  the  br idge 

between t h e  subst i tuent  and the react ion  s i t e  i n  $ i s  shor ter  than i n  the  tautomer 1. 
The assignment of t h e  tautomeric s t ruc tu re  ; i s  compatible w i t h  the  spect ra l  data of the  com- 

pounds studied. Thus, the  i n f r a r e d  spectra o f  the  compounds reveal  no band i n  the  2550-2600 cm-1 

region t h a t  could be assigned t o  the  t h i o l  tautomer 1.' The spectra possess, however, i n  a l l  * 

cases, an absorpt ion band close t o  3100 cm-1 which can be assigned t o  an NH s t re tch ,  and a  

s t re tch ing frequency a t  1152-1160 cm-1 a t t r i b u t a b l e  t o  the  C=S bond. The NMR spectra do not 

possess a  s igna l  which would be due t o  a  proton of an SH group; they conta in  s igna ls  i n  the  7.0-8.2 

ppm range (aromatic pro tons)  and, a f t e r  exchange w i th  020, a s igna l  appears a t  4.65 ppm due t o  HDO 

and r e s u l t i n g  from the NH + ND exchange. Furthermore, the  e l e c t r o n i c  absorpt ion pa t te rn  of 2 i s  

ident ica l  t o  t h a t  of 5-phenyl -3-methyl -1,3,4-oxadiazole-2-thione 4 (Scheme I).' 
C 

TO assess fu r the r  the  r e l a t i v e  s t a b i l i t i e s  of the  two tautomeric forms ,I- and 2 and o f  t h e i r  

comnon resonance-stabi l ized anion 2 ,  t h e i r  n -e lec t ron ic  energies, &, were ca lcu la ted us ing the 

HMO m e t h o d h h e  Parameters used i n  the ca l cu la t i ons  are l i s t e d  i n  Tables 2  and 3 and the r e s u l t s  

of the ca l cu la t i ons  are sunmarired i n  Table 1. I n  a l l  cases it has been found t h a t  the  thioamide 

form 2 has a  higher n-e lec t ron ic  energy than the t h i o l  tautomer 1. The value o f  0.8598 f o r  the 

term&(;)-L(9 found f o r  compound ,la+ i s  s i m i l a r  t o  t h a t  (0.9086) reported4 for  the  same compound. 
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Tab le  2. HMO Heteroatom Parameters Used i n  t h e  C a l c u l a t ~ o n s  

O X  = o + ~ X B  ( a )  

SH form ( 1 )  NH fo rm (2 )  

h ~ ( 3 )  = 0.5 h ~ ( 3 )  = 1.5 

h ~ ( 4 )  = 0.5 h ~ ( 4 )  = 0.5 

BXY = ~ X Y B  ( a )  

Anion (3) 

h ~ ( 3 )  = 1.75 

hN(4)  = 1.75 

( a )  o l ~  i s  t h e  Coulomb i n t e g r a l  of t h e  & atomic o r b i t a l  o f  atom X; o i s  t h e  

same q u a n t i t y  f o r  2k a tomic  o r b i t a l  of carbon;  6y.y i s  the resonance i n t e g r a l  o f  

t h e  XY bond and 0 i s  t h e  same q u a n t i t y  f o r  t h e  CC bond i n  p l a n a r  c o n j u g a t e d  

hydrocarbons.  

Tab le  3. HMO Parameters f o r  S u b s t i t u e n t s  i n  t h e  Phenyl Group 

S u b s t i t u e n t ,  Coulomb i n t e g r a l ,  Resonance i n t e g r a l .  
X UX BCX 

( a )  Heteroatom model, see r e f . ' '  



These f i nd i ngs  seem t o  subs tan t i a t e  t h e  above conc lus ion  t h a t  t h e  compounds s tud ied  e x i s t  predomi- 

nant ly  i n  t h e  th ioamide form 2. Furthermore, t h e  d i f f e rences  [A&( i )  = h ( 3 )  - h ( i ) ]  between t h e  

X -e l ec t r omc  energy o f  t h e  anion 2 and t h a t  of t h e  each o f  t h e  two tautomers i n d i c a t e  t h a t  t h e  

a c i d i t y  of ? i s  h i ghe r  than t h a t  of ?, Because i n  acid-base e q u i l i b r i a  of  various 

tautomers t h e  tautomer w i t h  h igher  a c i d i t y  i s  considered t o  be l ess  stable,13 i t  i s  not  unreaso- 

nable t o  conclude t h a t  t h e  NH tautomer 2 i s  more s t ab le  than t h e  SH form & In a l l  cases which we 

have s tud ied ,  the  s t r u c t u r e  of t h e  anion 2 1s in te rmed ia te  between t h e  t h i o l  2 and t h e  th ioamide 2 
forms as it can be seen from the  molecular  dlagrams (Table 4). Also, i f  i t  i s  assumed t h a t  t h e  

changes i n  f ree energy due t o  entropy,  AS, and energy o f  s o l v a t i o n  o f  t h e  anion 3 and i t s  conJugate 

Table 4. Molecular  Diagram f o r  5-(e-Toly1)-2-mercapto-1,3,4-oxadiazole (a) 

Pos i t ion ,  E l ec t r on  dens i t i e s ,  qi- Bond, Bond orders,  p i j  
i 1 i J L. 2 

m 
3 
n A. # 

3 * 

12 
( a )  Heteroatom model o f  t h e  methyl group; see ref .  

2 2 2 0 -  
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a c i d  a r e  n e g l i g i b l e  i n  compar ison w i t h  changes i n  t h e  n - e l e c t r o n i c  energy due t o  

d i s s o c i a t i o n ,  A h ( i  ) can be approx imated as 

where a and b a r e  nurnenca l  cons tan ts .  The c o r r e l a t i o n  between t h e  e x p e r i m e n t a l l y  determined p b  

va lues  and A5(3,2) Ci.e., E,(2)  - E,(2)1 appears (Fig. 4 )  t o  be q u i t e  accep tab le ,  p a r t i c u l a r l y  

i f  t h e  h e t e r o g e n e i t y  o f  t h e  s u b s t i t u e n t s  as a  group i s  taken i n t o  account .  The e q u a t ~ o n  of t h e  

regression l i n e  shown i n  F ig .  4  i s  

However, t h e  va lues  of A L ( 2 . L )  (i.e., L ( 3 )  - L(?)) for  t h e  t h i o l  t au tomers  A d o  n o t  c o r r e -  

l a t e  w i t h  t h e  p b  data.  T h i s  r e s u l t  p r o v i d e s  an a d d i t i o n a l  suppor t  f o r  t h e  c o n c l u s i o n  t h a t  t h e  

compounds examined i n  t h i s  s tudy e x i s t  p redominan t l y  i n  t h e  t h i o a m i d e  f o r m  2  r e g a r d l e s s  of t h e  
,v 

n a t u r e  of t h e  s u b s t i t u e n t  i n  t h e  5-phenyl group. 

EXPERIMENTAL 

The m e l t i n g  p o i n t s  were de te rm ined  on a Gallenkamp e l e c t r o t h e r m a l  m e l t i n g  p o i n t  apparatus and 

a r e  uncor rec ted .  E lementa l  analyses were c a r r i e d  o u t  by t h e  M i c r o a n a l y t i c a l  Labora to ry  of t h e  

U n i v e r s i t y  of Ca i ro ,  Giza, Egypt. I n f r a r e d  s p e c t r a  were recorded  w i t h  a  Beckman 200 i n f r a r e d  

spectrophotometer ,  and t h e  NMR s p e c t r a  were taken  on a  Varian T60-A ins t rument .  The 6 va lues were 

o b t a i n e d  i n  CDC13 a t  room tempera tu re ,  w i t h  TMS as t h e  i n t e r n a l  re fe rence .  The u l t r a v i o l e t  

s p e c t r a  of 2-3 were measured i n  e thano l  on Pye-Unicam AR55 and Cary 118 spectrophotometers.  

5-Aryl-1,3,4-oxadiazole-2-thiones, 2-3 
They were p repared  by a  p r e v i o u s l y  d e s c r i b e d  m e t h ~ d . " ' ~  The p h y s i c a l  c o n s t a n t s  o f  t h e  known 

compounds (2 ,  ?i, l$,, k )  were i n  agreement w i t h  t h e  data p u b l i s h e d  i n  t h e  l i t e r a t u r e .  The 

remaining compounds were new. They were p u r i f i e d  by c r y s t a l l i z a t i o n  f r o m  e thano l  u n t i l  a  c o n s t a n t  

m e l t i n g  p o i n t  was ob ta ined .  

The c h a r a c t e r i s t i c s  of t h e  s y n t h e s i z e d  compounds were as f o l l o w s  [compound no., s u b s t i t u e n t  i n  

t h e  5-phenyl r i n g ,  m.p. [m.p. l it. ( re f . ) ] ,  u v  spectrum, AE~OH ( l o g  c ) ,  m o l e c u l a r  formula,  anal .  XS, 

found ( c a l c . ) :  $, H. 218•‹C C219-220•‹C (15)1, 250 nrn (4.05). 295 nm (4.32), C&,N~OS, - (-); ~b ".' 
p-MeO, 2 0 3 Y  C204-206•‹C (7 )1 ,  245 nm (3.901, 296 nrn (3.981, CgHsN202S, - ( - ) ;  I c ,  e-Me, 223'CC-1, - rn 



2.2 2.3 2.4 2.5 2.6 2.7 
AE,.fJ 

F ig .  4. C o r r e l a t i o n  of p s ' s  of 5-aryl-2-mercapto-l,3,4-oxadiazoles 

w i t h  AE,. 

240 om (4.26), 300 (4.27), C~H~NZOS, 16.59 (16.66); 2, ?-Me, 16O0C[158-160DC (16)1, 247 nm (4.17), 

295 nm (4.46), CgHgN208, - (-); lk, e-Cl ;  174•‹C [176-178'C (7)], 248 nm (4.50), 340 nm (4.16), 

C8HgClN20S. - (-);  ?f, p C 1 ,  179-C [-I, 257 nm (4.11). 310 nm (4.17), C8H5ClN208, 14.95 (15.06); 

l g ,  p B r ,  189'C [-I, 240 nm (4.13). 305 nm (4.18). C8H5BrN20S, 12.35 (12.45); l h ,  w - m-Br, 2 1 2 T  [-I, 
+-. 

255 nm (4.12), 305 nm (4.17). C8H@rN2OS, 12.37 (12.45); .- li, - m-NO?, 150•‹C [-I, 224 nm (4.40). 330 

nm (4.10), CgHgN3035, 14.25 (14.35); 5, e-N02,20O0C [-I, 257 nm (4.35). 340 nm (4.16). C8H5N3035, 

14.29 (14.35). 

A l l  compounds e x h i b i t  'jNH (3031-3175 cm-1) and ';CS (1152-1160 cm-1) bands i n  t h e i r  i r  spec t ra ,  and 

there  i s  no  CSH a b s o r p t i o n  a t  2550-2600 cm-1. The NMR spec t ra  do n o t  possess a s i g n a l  due t o  an SH 

proton; t h e y  c o n t a i n  s i g n a l s  a t  7.0-8.2 ppm (a romat i c  p ro tons) .  A f t e r  exchange w i t h  D20, a s i g n a l  

appears a t  4.65 ppm (HDO; NH * ND exchange). 
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Determination of pKp 

The ac id  d i ssoc ia t i on  constants o f  2-Q were determined by both the  potent iomet r ic  and the 

spectrophotometr ic methods i n  80% (vo l . )  ethanol-water at 25•‹C. An Extech d i g i t a l  pH-meter type 

671 f i t t e d  w i t h  an Orion comb~nat lon glass e lec t rode type 91-06 was used t o  measure the pH values. 

The instrument was c a l i b r a t e d  by two standard Beckman buffer so lu t ions  w i t h  pH 4.01 and 10.00, 

respect ive ly .  The pH-meter readlngs B w e r e  converted to  hydrogen ion  concentrat ion,  [HI], by 

means o f  eq. ~ 9 1 . ' ~  

-log[Ht] = t log 3 [91 

where l o g  4 = -0.4 i s  the  co r rec t i on  f a c t o r  f o r  t h e  solvent composit ion and i o n i c  s t rength  f o r  

which & i s  read o f f  a t  25T.  

The procedures fo l lowed i n  the  determinat ion of the  p s  constants and t h e i r  ca l cu la t i on  from 

t h e  spectrophotornetric and potent iomet r ic  data have already been d e ~ c r i b e d . " " ~  The p s  values 

obtained by the  two methods were i n  good agreement and were reproducible t o  w i t h i n  k0.03 p s  un i t .  

The r e s u l t s  are summarized i n  Table 1. 

HMO Calcu la t ions  

The HMO ca l cu la t i ons  were c a r r i e d  out  i n  the  usual way on an I B M  360165 computer: The values 

o f  the  semiempirical parameters adopted i n  t h i s  work are given i n  Tables 2 and 3 along w i th  those 

used f o r  the  corresponding anions. 
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