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SUMMARY 

Disulphide, bands of lysozyme were reduced on diiie and hue 

electrodes. The heterogeneous kinetic process yielded apparent 

activation energies that involves adsorption contributions. However, 

Vlcek plots show a only one mechanism of reduction at the 5-50 °C 

interval. The chemisorption of this protein was made evident by the 

evolution of the recorder at a selected phase angle of / - n/2 rad. At 

50 'C two electroactive disulphide bonds of lysozyme were reduced 

simultaneously. 

I INTRODUCTION 

Few p r o t e i n s a r e as well iuiuwn as lysozyme. S h o r t l y a l t e r i t s 

p r i m a r y s t r u c t u r e was d e t e r m i n e d ' '•• ', i t became t h e f i r s t enzyme i o r 

which the t h r e e - d i m e n s i o n a l s t r u c t u r e was e l u c i d a t e d ' On t h e b a s i s of 

s t r u c t u r a l c o n s i d e r a t i o n s , p r o t e i n c h e m i s t s have d i v i d e d lysozyme i n t o 

four 'segments. A deep c r e v i c e c o n t a i n i n g t h e a c t i v e s i t e d i v i d e s the 

molecule i n t o two h a l v e s . On one s i d e of t h e c r e v i c e i s t h e B - s t r u c t u r e d 

second segment, and on the o t h e r s i d e a r e t h e two c h a i n - t e r m i n a l a-

h e l i c a l segments. The t h i r d segment, w i t h a r e g u l a r a - h e l i c a l element, 

j o i n s t h e s e two h a l v e s . A l l t h e c y s t i n e r e s i d u e s a r e i n a - h e l i c a l 

Portugaliae Electrochimica Acta, 8 (1990) 83-96 



- 84 -

segments'-''. Lysozyme has f o u r d i s u l p h i d e b r i d g e s , but o n l y t h e two Heal­

t h s s u r f a c e , s o l v e n t a c c e s i b l e b r i d g e s ( 6 - 1 2 7 and 30-115 r e s i d u e s ) are 

r e d u c e d by s o dium s u l p h i t e i n urea'" 1*. A l s o , f r o m c a t a l y t i c 

p o l a r o g r a p h i c waves of lysozyme i n Co<II)-ammonia b u f f e r s o l u t i o n s , o n l y 

f o u r h a l f - c y s t i n e r e s i d u e s a r e a c c e s i b l e t o t h e mercury e l e c t r o d e I S > . 

The r e d u c t i o n o f t h e d i s u l p h i d e bonds depends on 

p r o t o n a t i o n , a d s o r p t i o n and s t r u c t u r a l r e a r r a n g e m e n t s t e p s <•&•••<*>•>. The 

a d s o r b e d p r o t e i n s on mercury i n t e r f a c e s a r e d e n a t u r a l i z e d d u r i n g a 

l o n g p o t e n t i o s t a t i c r e d u c t i o n . The a d s o r p t i o n of g l o b u l a r p r o t e i n s at 

mercury s o l u t i o n i n t e r f a c e s p r o v i d e s e v i d e n c e of u n f o l d e d m o l e c u l a r 

c o n f o r m a t i o n . Lysozyme has a h i g h p o l a r c h a r a c t e r and many a u t h o r s 

s u g g e s t t h a t s t r u c t u r a l changes o c c u r s e v e r a l s e c o n d s a f t e r 

i n c o r p o r a t i o n i n t o t h e interfaces''° 5. Lysozyme shows s t r o n g 

c o n f o r m a t i o n a l changes w i t h t h e pH and c o n c e n t r a t i o n c n , i a j t i n t h e 

p r e s e n t work the e f f e c t o f t e m p e r a t u r e on -the f i r s t h armonic 

a l t e r n a t i n g p o l a r o g r a m s of lysozyme i s ' s t u d i e d . The s t u d y i s made i n 

b u f f e r e d moderated a c i d media as i n t h e s e c i r c u m s t a n c e s t h e p r o f a n a t i o n 

of d i s u l p h i d e bonds i s r e l a t i v e l y r a p i d < , ; 3 ' . The a b j e c t i v e i s t o o b t a i n 

s t r u c t u r a l and e l e c t r o c h e m i c a l i n f o r m a t i o n o f l y s o z y m e i n t h e 

medium/mercury i n t e r f a c e s f r o m ac, p o l a r o g r a m s . 

EXPERIMENTAL 

The p o l a r o g r a m s were r e c o r d e d by Metrohm E-506 p o l a r o g r a p h 

w i t h a t h r e e e l e c t r o d e system, u s i n g a t h e r m o s t a t e d c e l l . P o t e n t i a l s 

were r e f e r r e d t o t h e Ag/Ag C l / K CI*,*, e l e c t r o d e . The c a p i l l a r y used had 

a mercury f l o w r a t e ' of m = 2.61 ± 0.01 mg. s'"1 a t -1.0' V., when i t was 

i nmersed i n 0.1 M K CI s o l u t i o n . The drop ti m e was m e c h a n i c a l l y f i x e d a t 
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a v a l u e o f 0.6 s. The pH was measured w i t h a PHM 62 Radiometer 

pHmeter.Temperature was m a i n t a i n e d c o n s t a n u s i n g a c r y o s t a t - t h e r m o s t a t 

Heto w i t h a p r e c i s i o n o f ± 0.1 °K p r e c i s i o n s u s i n g a c r y o s t a t - t h e r m o s t a t 

Heto. B r i t o n - R o b i n s o n b u f f e r s o l u t i o n s were used. The i o n i c s t r e n g t h was 

c o n t r o l l e d by a d d i t i o n of p o t a s i u m c h l o r i d e ': "* ''. T r i c r i s t a l l y z e d , 

d i a l l y z e d and l i o p h i l l y z e d l ysozyme was s u p p l i e d by Sigma S.A. 

R E S U L T S 

The lysozyme i s r e d u c e d and r e o x i d i z e d on t h e hme by means of 

a h e t e r o g e n e o u s p r o c e s s where t h e p r o f a n a t i o n s s t e p s a r e c o u p l e d w i t h 

m o n o e l e c t r o n i c t r a n s f e r s . 

The h e i g h t o f t h e aci peaks i n c r e a s e s w i t h t h e t e m p e r a t u r e 

( F i g . 1). From A r r h e n i u s l n i P vs 1/TŒ) p l o t s , an a p p a r e n t a c t i v a t i o n 

e nergy o f 7 K c a l . m o l " 1 i s o b t a i n e d a t t h e p o t e n t i a l o f t h e peak. 

From t h e c u r r e n t v a l u e s a t d i f f e r e n t t e m p e r a t u r e s , m a n t a i n i n g 

t h e p o t e n t i a l c o n s t a n t , we c a n draw A r r h e n i u s p l o t s . The a p p a r e n t 

a c t i v a t i o n e n e r g i e s , Q, o b t a i n e d by t h e s e m e t h o d s ( F i g . 2 ) , obeys the 

e q u a t i o n : 

Q = Q* - noua F E ( i ) 

as some a u t h o r s p o s t u l a t e f o r o t h e r e l e c t r o c h e m i c a l p r o c e s s e s ' - 1 " 0 . The 

notq v a l u e s o b t a i n e d f r o m t h i s e q u a t i o n a r e n e a r t o 2 . T h i s number 

c o i n c i d e s w i t h t h e number of e l e c t r o n s needed i n e a c h e l e c t r o n i c 

t r a n s f e r s t e p of t h e réduction o f two d i s u l p h i d e b r i d g e s , so w i t h t h e 

o v e r a l l number o f e l e c t r o n s needed i n t h e r e d u c t i o n o f each 
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Fig.l.- ••' aci ' Polarographyc waves of lysozyme at 

5, 10, 15, 20, 25, 30, 35, 40, 45, 50 SC. 

pH = 5.0; I = '0.5;t = 0.6 s; m = 2.61 mg s " 1 j AE = 10 mV; 0.2% o f 

lysozyme. 

a) Phase s e n s i t i v e a n g l e , 0 = 0 r a d . 

b) Phase s e n s i t i v e a n g l e , ^ = t i/2 r a d . 
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Fig.2.- Apparent activation energies at different potentials. 

pH = 5.0; I = 0.5; t = 0.6 s; m = 2.61 mg s ~ 1 ; A = 10 mV; 0.27. of 

lysozyme. 

a) aci P o l a r o g r a p h y a t f - 0 r a d . 

b) aci P o l a r o g r a p h y a t fl = rt/2 r a d . 
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e l e c t r o a c t i v e d i s u l p h i d e b r i d g e , but d i f f e r s on t h e na v a l u e s o b t a i n e d 

from the p o l a r o g r a p h i c c u r v e s ( T a b l e I ) . 

The c o n t r i b u t i o n ' a i the a d s o r p t i o n phenomena i s v e r y 

i m p o r t a n t . When t he t e m p e r a t u r e i n c r e a s e s , t h e f a r a d a i c p r o c e s s i s 

fa v o u r e d s i c e t h e p r o t e i n i s c h e m i c a l l y a d s o r b e d on dme by t h e -S-S-

d i s u l p h i d e bonds ( 7 ) . Then the- ac, (0 = it/2 rad) ( F i g . l b ) peak 

i n c r e a s e s . A l s o a t more c a t h o d i c p o t e n t i a l s a p p e a r s a l i t l e new 

f a r a d a y c p r o c e s s (T > 298 K) t h a t c o i n c i d e s w i t h t h e d e n a t u r a t i o n o f t h e 

lysozyme and w i t h t h e change i n t h e s l o p e of t h e s e m i l o g a r i t h m i c p l o t s 

of f i g u r e 3. 

200 300 400 500 

-E(mV) 

Fig. 3.- Smith plots of ac, waves at different temperatures 

In t h e same e x p e r i m e n t a l c o n d i t i o n s t h a t F i g . 2 a ) . 
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T h i s s t r o n g t e m p e r a t u r e e f f e c t on t h e waves i s shown i n t h e S m i t h 

s e m i l o g a r t h m i c s p l o t s ' 1 ' ' ' . When t h e t e m p e r a t u r e i s v a r i e d f r o m 5 t o 50 

"C, t h e i n i t i a l two s l o p e s e v o l v e t o o n l y one v a l u e ( F i g . 3 ) . The na 

e x p e r i m e n t a l p a rameter changes i n t h i s i n t e r v a l e of t e m p e r a t u r e s from 

0.5 t o na '- 0.8. Then, i n a l l t e m p e r a t u r e i n t e r v a l s t h e f i r s t 

m o n o e l e c t r o n i c t r a n s f e r a f t e r the f i r s t p r o t o n a t i o n o c c u r s a t the same 

p o t e n t i a l s a s t h e se c o n d m o n o e l e c t r o n i c t r a n s f e r . Ve can e x p l a i n t h e 

e v o l u t i o n o f na - v a l u e s f r o m 0.5 t o 0.8 by t h e c o n f o r m a t i o n a l changes 

and d e s o r p t i o n of t h e p r o t e i n w i t h t h e t e m p e r a t u r e . T h i s means t h a t when 

t h e t e m p e r a t u r a i n c r e a s e s , t h e s t e r i c d i f f i c u l t i e s d i s a p p e a r and the 

two e l e c t r o a c t i v e d i s u l p h i d e bonds a r e e q u i v a l e n t on t h e dme. 

The v a r i a t i o n o f i p and E P w i t h t e m p e r a t u r e ( t a b l e I) i n t h e 

d i s u l p h i d e r e d u c t i o n waves i s a c h a r a c t e r i s t i c o f t h e s t r u c t u r e and 

a g r e g a t i o n a l s t a t e changes o f the p r o t e i n . G e n e r a l l y , a s i n t h e c a s e of 

the c o m m e r c i a l i n s u l i n s and a n o t h e r g l o b u l a r p r o t e i n s , t h e A r r h e n i u s 

t r e a t m e n t g i v e s nan- l i n e a r p l o t s , because t h e a d s o r p t i o n and s t r u c t u r a l 

changes a f f e c t t o t h e e l e c t r o d i c p r o c e s s ' '"• '. I n t h e ca s e of lysozyme, 

V l c e k p l o t s < : 1 7 : > y i e l d o n l y one s t r a i g h t l i n e f o r each p o t e n t i a l t e s t e d 

( F i g . 4 ) . The s e m i l o g a r i t h m i c p l o t s of I n { < i P / i ) ' * ± ( i p - i / i ) " } vs 1 0 3 T~' 

ar e v a l i d because t h e s u p e r i m p o s e d p o t e n t i a l a p p l i e d i s s m a l l (AE = 10 

mv), and the a c i waves a d q u i e r e s t h e f o r m o f t h e f i r s t d e r i v a t e of 

s i g m o i d a l p o l a r o g r a m s . 

C h e m i c a l A r r h e n i u s p l o t s of lysozyme have been s t u d i e d a t 

d i f f e r e n t pH's < : i e ;': a s h a r p b r e a k was no t e d a t p h y s i o l o g i c a l pH and 

t e m p e r a t u r e , r e f l e c t i n g t h e t e m p e r a t u r e - s e n s i t i v e m o l e c u l a r 

r e a r r a n g e m e n t . The t h e r m a l c o n f o r m a t i o n a l t r a n s i t i o n of lysozyme, w i t h 
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Table I.- Effect of temperature oM peak potentials and not parameters. 

pH = 5.0; I o n i c s t r e n g t h , I = 0.5; d r o p t i m e , t = 0.6 s; mercury f l o w , 

m = 2.61 mg s " 1 ; a m p l i t u d e , o f s u p e r i m p o s e d a l t e r n a t i n g p o t e n t i a l , AE = 

10 mV; Phase s e n s i t i v e a n g l e s , )S = 0 r a d and i = 7t/2 r a d . The na 

parameter was c a l c u l a t e d f r o m s e m i l o g a r y t r a i c S m i t h p l o t s . 

T(2C) Ep(mV) n« 

*=o *=re/2 r a d *=0 1=k/2 

6.0. 344 352 0.57 0. 52 

10.8 347 349 0.53 0.48 

15.6 345 346 0.54 0. 56 

21.0 342 351 0.63 0. 54 

• 25.4 341 345 0.63 0.56 

31. 0 337 342 0.65 0.65 

35.4 337 345 0.68 0.59 

40.8 336 333 0.70 0.67 

44.6 336 336 0.74 0. 72 

49.4 333 331 0.82 0.76 

t h e t e m p e r a t u r e i s c l e a r l y d e m o s t r a t e d a t pH=5 by 1 3CNMB 

s p e c t r o s c o p y . The o b s e r v e d pH dependence o f t h e t e m p e r a t u r e - i n d u c e d 

r e a r r a n g e m e n t s , : i o> t h u s s u g g e s t s a p o s s i b l e i n v o l v e m e n t o f some 

c a r b o x i l y c g r o u p s i n t h e t r a n s i t i o n . The h e t e r o g e n e o u s r e d u c t i o n o f t h e 

- 91 -

d i s u l p h i d e b r i d g e s of lysozyme on mercury e l e c t r o d e s do not c l e a r l y 

show t h e t h e r m a l c o n f o r m a t i o n a l t r a n s i t i o n s i n c e t h e y a r e c h e m i c a l l y 

adsorbed. Only t h e i r r e g u l a r e v o l u t i o n of t h e e l e c t r o c h e m i c a l not 

p a r a m e t e r s w i t h t h e t e m p e r a t u r e d e n o t e s s t r u c t u r a l r e a r r a n g e m e n t s . 

•S: 

A - 4 2 8 mV A - 4 4 0 mV 

• -404 mV • -416 mV 

3,! 3,2 3,3 
1000 n 

Fig. 4.- Adapted Vlecek plots to aci waves at different potentials. 

I n .the same e x p e r i m e t a l c o n d i t i o n s . a s F i g . 2 a) and F i g . 3 a ) . 
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DISCUSSION 

For an i r r e v e r s i b l e e l e c t r o d e p r o c e s s , t h e V l e c e k ' ' 

recommendation f o r t a s t p e l a r o g r a p h i c waves c o n s i s t i n d e t e r m i n i n g an 

a c t i v a t i o n energy, Q ", r e f e r r e d t o as an a r b i t r a r y c o n s t a n t p o t e n t i a l , 

E' , and t h e t h e o r e t i c a l e q u a t i o n : 

I n i i / d i - i ) } - I n (A') - <Q'-l/2 QD > / R T - n a Q . F ( E, - E* ) /KT, (2) 

i s u s e f u l . Whichever of t h e q u a n t i t i e s A' and Q' a r e d e t e r m i n e d i t i s 

s t i l l n e c e s s a r y t o know Qo. T h i s q u a n t i t y may be r e a d i l y d e t e r m i n a t e d 

from the t e m p e r a t u r e dependence o f I n i 3 . . -n-,«• j s l o p e o f I n i i v e r s u s 1/T 

graph b e i n g 1/2 ( Qd / R) i f t h e e l e c t r o d e p r o c e s s i s c o n t r o l l e d by 

d i f f u s i o n . T h i s s l o p e i s u s e f u l f o r m e c h a n i s t i c a s s u m p t i o n s i n f i r s t 

o r d e r p r o c e s s e s . O b v i o u s l y , t h e r e f o r e , no a b s o l u t e p h y s i c a l meaning must 

be a t t a c h e d t o Q' v a l u e s . A n o n - l i n e a r dependence i s an i n d i c a t i o n t h a t 

the r e a c t i o n mechanism changes w i t h t e m p e r a t u r e and t h e p r o c e s s might 

ta k e p l a c e . b y means of more t h a n one pat h . 

On t h e o t h e r hand, t h e t h e r m " t r a n s f e r c o e f f i c i e n t s " s u g g e s t 

t h a t a f r a c t i o n of t h e e n e r g y i s changed by t h e s p e c i e s i n v o l v e d i n 

e l e c t r o n t r a n s f e r p r o c e s s e s . But i s d i f f i c u l t t o see why p a r t o f t h e 

energy i s t r a n s f e r r e d d u r i n g a m o n o e l e c t r o n i c t r a n s f e r e n c e i n t h e 

e l e c t r o c h e m i c a l r e a c t i o n . A l l t h e c a s e s t h a t we have t e s t e d a r e 

e x p l a i n e d by an ex t e n d e d Devanathan m o d e l * 2 0 « a i * . Independent of t h e 

n a t u r e of t h e p r o c e s s , we c a n c o n s i d e r t h e e l e c t r o n t r a n s f e r v e r y r a p i d . 

The c h e m i c a l o r p h y s i c a l c o u p l e d p r o c e s s e s cause r e t a r d a t i o n i n t h e r a t e 

o f . t h e p r o c e s s . 
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From t h i s a s s u m p t i o n t h e t r a n s f e r c o e f f i c i e n t a c o i n c i d e s 

w i t h t h e simmetry f a c t o r J3 = 1/2 f o r a m o n o e l e c t r o n i c t r a n s f e r e n c e , 

a c q u i r i n g a p r o b a b i l i s t i c s i g n i f i c a n c e . The t r a n s f e r r e d e l e c t r o n c annot 

be d i s t i n g u i s h e d between t h e o x i d i z e d and r e d u c t e d forms. So, t h e r e a r e 

two e q u a l l y p r o b a b l e p o s s i b i l i t i e s f o r e a c h e l e c t r o n t r a n s f e r r e d . 

From a phenomenalogycal e x p e r i m e n t we can d e t e r m i n e t h e not 

parameter. T h i s e x p e r i m e n t a l v a l u e i s r e l a t e d t o j$=l/2 by s i m p l e 

e q u a t i o n s t h a t i n c l u d e t h e c o n t r i b u t i o n s of s t r u c t u r a l r e a r r a n g e m e n t s on 

th e i n t e r f a c e , u' , 

na = (j-D+p+u' ?• 

and other p a r a m e t e r j , t h a t depend on the n a t u r e Of the r e a c t i o n 

mechanism (21) i s the m o n o e l e c t r o n i c t r a n s f e r e n c e e n e r g e t i c a l l y 

deter miniof the wnve p o s i t i o n i n t h e p o t e n t i a l a x e s ) . From 

semi l o g a r i t h m i c t r e a t m e n t o f s i g m p i d a l c u r v e s ( i . e . dc p o l a r o g r a p h y , 

normal p u l s e p o l a r o g r a p h y , K-i and K:;S K a l a u s e k p o l a r o g r a p h i c methods), we 

can d e t e r m i n e t h e na parameter. And i n r e c o r d e r s h a v i n g a peak shape 

( a d and dp p o l a r o g r a p h y , ) , we c a n e x t e n d t h i s t r e a t m e n t c o n s i d e r i n g 

the peak shape as the d e r i v a t i v e o f a s i g r a o i d a l c u r v e . O n l y two 

c o n d i t i o n s a r e needed: a) The e l e c t r o c h e m i c a l p r o c e s s a r e o f f i r s t o r d e r 

w i t h r e s p e c t t o e l e c t r o a c t i v e s p e c i e s and b) The p e r t u r b a t i o n t o t h e 

a p p l i e d p o t e n t i a l s l o p e a r e s m a l l , i . e . , a m p l i t u d e p u l s e i n dp 

p o l a r o g r a p h y AE^ 10 mV o r t h e a m p l i t u d e o f s u p e r p o s e d ac p o t e n t i a l AE ( 

10 mV. So, i n b o t h c a s e s , E P = Ei / a , and t h e na d i f f e r s o r c o i n c i d e s t o 

t h a t o b t a i n e d f r o m dc p o l a r o g r a p h y d e p e n d i n g on i n t e r f a c i a l b e h a v i o u r o f 

the s u s t a n c i e s f r o m t h e i r r e s p e c t i v e p e r t u r b a t i o n s . T h e r e f o r e , i n t h e s e 
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c i r c u m s t a n c e s , S m i t h p l o t s f o r aci waves (and dp) a r e e q u i v a l e n t t o 

semi l o g a r i t h m i c Tomes p l o t s . When t h e g r a p h y c a l p l o t s do n o t g i v e one 

s i n g l e s t r a i g h t l i n e we can i n f e r t h a t t h e r e a r e s u p e r i m p o s e d 

e l e c t r o c h e m i c a l p r o c e s s e s o r changes i n t h e mechanism, o r o t h e r 

c o n t r i b u t i o n s a s a d s o r p t i o n w h i c h a r e not c o n s i d e r e d i n t h e e q u a t i o n s . 

In a l l t h e c a s e s , Tomes, Sm i t h , V l c e k and A r r h e n i u s p l o t s , and t h e i r 

m o d i f i c a t i o n s a r e o f u s e f u l e s s i n u n d e r s t a n d i n g t h e k y n e t i c n a t u r e of 

i n v o l v e d e l e c t r o c h e m i c a l p r o c e s s e s . 

Weaver has d i s c u s s e d t h e t e m p e r a t u r e dependence of t h e 

a p p a r e n t t r a n s f e r c o e f f i c i e n t s i n terms o f b o t h e n t h a l p i c and e n t r o p i e 

c o n t r i b u t i o n s t o G i b b s e n e r g y o f a c t i v a t i o n ' 2 2 * . The a c t u a l b e h a v i o u r 

of t e m p e r a t u r e dependence o f T a f e l s l o p e s f o r any i r r e v e r s i b l e 

e l e c t r o c h e m i c a l r e a c t i o n i s b = 2 . 3 R T / [ ( 0 H + flsDIF < 1 B : > 

Then, we can w r i t e a g e n e r a l e q u a t i o n : 

na = nan + nos T (4) 

w h e r e i n na i s t h e e x p e r i m e n t a l measured v a l u e , nan t h e h e n t a l p i c 

c o n t r i b u t i o n and nos t h e e n t r o p i e c o n t r i b u t i o n . The f i r s t c o n t r i b u t i o n 

i s i n d e p e n d e n t o f t h e t e m p e r a t u r e . The second c o n t r i b u t i o n i m p l i e s 

s t r u c t u r a l changes i n t h e i n t e r f a c e . T h e r e f o r e , f r o m e q u a t i o n s (3) and 

( 4 ) : 

nan = <j-l> + p (5) 

and 

nos T « a' . (6) 

When o n l y one wave i s d e t e c t e d i n a c i d madia f o r t h e 

r e d u c t i o n o f d i s u l p h i d e bonds , 

-S-S- + 2H*+2e~ « 2<-SH> , 
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t h e f i r s t m o n o e l e c t r o u t r a n s f e r ( j = l ) c o n t r o l s the p o t e n t i a l needed 

f o r r e d u c i n g the d i s u l p h i d e bonds, s i n c e t h e p r e c e e d i n g c h e m i c a l s t e p s 

a r e k y n e t i c a l l y r a t e d e t e r m i n i n g . So, from e q u a t i o n ' ' , nan = 0.5 i s 

o b t a i n e d , and u' - na - 0.5. The e n t r o p i c c o n t r i b u t i o n depends on two 

phenomena: t h e s e l f s t r u c t u r a l changes of t h e p r o t e i n and the 

d e s o r p t i o n of the p r o t e i n on t h e mercury e l e c t r o d e when t h e t e m p e r a t u r e 

i n c r e a s e s . The v a l u e of t h e cj' p arameter i s r e l a t e d t o t h e number of 

m o l e c u l e s of water d i s p l a c e d on dme by e a c h e l e c t r o a c t i v e d i s u l p h i d e 

bond'1'-'1 •'. However the e q u a t i o n s (5) and (6) a r e o n l y o f c u a l i t a t i v e 

u s e f u n l e s s s i n c e t h e c a l c u l a t e d u' parameter i n c l u d e s a l s o 

e l e c t r o s t a t i c , e n t h a l p i c and v e r y i m p o r t a n t e x p e r i m e n t a l e r r o r . 
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ELECTROCHEMICAL CLEAVAGE OF CHLORO DERIVATIVES OF THE 
BENZYLOXYCARBONYL GROUP 
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Centro de Química Pura e Aplicada, Universidade do Minho, 

4719 Braga, Portugal 

ABSTRACT 

T h e c a t h o d i c c l e a v a g e of 4 - c h l o r o b e n z y l o x y c a r b o n y l a n d 2,4-
dich l o r o b e n z y l o x y c a r b o n y l groups from the urethane derivatives of morpholine, at a 
vitr e o u s c a r b o n cathode i n N,N-dimethylformamide i s reported. 

It i s s h o w n by cycli c voltarnrnetry that the derivatives are reduced i n the region 
- 2.4 to - 2.6 V vs S C E ; f u r t h e r r e d u c t i o n p e a k s are observed at more negative 
p o t e n t i a l s . 

C o n t r o l l e d p o t e n t i a l electrolyses were c a r r i e d out at a po t e n t i a l j u s t after the 
f i r s t r e d u c t i o n peak a n d free amine was id e n t i f i e d i n moderated yi e l d s . Hence, the 
fi r s t process i s associated w i t h the cleavage of the modified Z groups, b u t u n d e s i r e d 
reactions also occur leading to cleavage i n other sites of the molecule. 

INTRODUCTION 

I n p e p t i d e s y n t h e s i s i s c o m m o n to i n t r o d u c e m o d i f i c a t i o n s i n t h e 

ami n o a c i d / p e p t i d e m olecules i n the f o r m of pr o t e c t i n g groups, i n order to prevent 

unwanted reactions away from the site where the change is desired. 

* To whom correspondence s h o u l d be addressed. 
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