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A study has been made of the e l e c t r o chemical cleavage 

of the benzyloxycarbonyl group (Z) in a series of amino-acids and 

peptides in DMF/Bu^NBF ^ solutions. For most of these compounds3 

the c y c l i c voltammograms show two well-defined reduction peaks 

and3 when controlled potential e l e c t r o l y s e s were carried out at 

a potential just after the f i r s t peak3 toluene was i d e n t i f i e d as 

a product in a y i e l d above 90%. Hence3 the f i r s t reduction 

process i s associated with the cleavage of the Z group. Several 

p o s s i b i l i t i e s are suggested for the o r i g i n of the second peak 

and the importance of c o n t r o l l i n g the a c i d i t y of the medium 

throughout the e l e c t r o l y s i s i s also shown. 

I n t r o d u c t i o n 

P e p t i d e s y n t h e s i s i s c a r r i e d out by a m i n o - a c i d 

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

have t o be c o n s i d e r e d . The s u c c e s s o f c o u p l i n g r e a c t i o n s 

depends on the a c t i v a t i o n o f c e r t a i n groups i n the m o l e c u l e s 

w h i c h a r e o f t e n u n r e a c t i v e ; on the o t h e r hand, some o t h e r 

groups i n t h e m o l e c u l e may be too r e a c t i v e and c o u l d p a r t i c i p a t e 

i n unwanted r e a c t i o n s . I t i s , t h e n , o b v i o u s t h a t t h r o u g h o u t 
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the s y n t h e s i s o f l a r g e m o l e c u l e s , a c t i v a t i o n and p r o t e c t i o n 

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

d e p r o t e c t i o n o f groups e i t h e r s e l e c t i v e l y d u r i n g t h e sequence 

o r s i m u l t a n e o u s l y a t the end o f t h e s y n t h e s i s . 

F i g u r e 1 shows some examples o f f u l l y p r o t e c t e d 

p e p t i d e s t o g e t h e r w i t h t h e i r a b r e v i a t e d f o rms. I n p r i n c i p l e 

a l l t h e p r o t e c t i n g g r o ups e x e m p l i f i e d can be c l e a v e d s e l e c t i v e l y 

o r s i m u l t a n e o u s l y by e l e c t r o c h e m i c a l methods; t h e same methods 

can be a p p l i e d t o t h e f o r m a t i o n o f p e p t i d e bonds o r the S-S 

l i n k s i n c y s t i n e t y p e systems ( f i g u r e 1 c ) ) . 

I t i s i n t e n d e d t o i n v e s t i g a t e some o f t h e s e 

p r o c e d u r e s o f p e p t i d e s y n t h e s i s and the work d e s c r i b e d h ere 

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

The e l e c t r o c h e m i c a l r e m o v a l o f p r o t e c t i n g groups 

i s c o n s i d e r e d t o be adv a n t a g e o u s but i t has not y e t been 

t h o r o u g h l y s t u d i e d o r d e v e l o p e d i n t o c o n v e n i e n t l a b o r a t o r y 

p r o c e d u r e s a l t h o u g h some v a l u a b l e c o n t r i b u t i o n s can be fo u n d 

i n t h e l i t e r a t u r e 2 - 5 The adva n t a g e s o f the e l e c t r o c h e m i c a l 

methods can be summarized a s : a) m i l d c o n d i t i o n s f o r c l e a v a g e ; 

t h i s i s n o t al w a y s a c h i e v e d m i t h c o n v e n t i o n a l methods where 

d e g r a d a t i o n o f t h e m o l e c u l e s competes w i t h t h e d e s i r e d c l e a v a g e ; 

b) h i g h d e g r e e o f s e l e c t i v i t y w h i c h can be promoted by 

a p p r o p r i a t e s u b s t i t u t i o n w i t h i n t h e p r o t e c t i n g g r o u p s ; c ) 

u n i f o r m e x p e r i m e n t a l t e c h n i q u e ; t h e c e l l s and equipment a r e t h e 

same f o r the r e m o v a l o f t h e d i f f e r e n t p r o t e c t i n g g r o u p s ; d) 

by c o r r e c t c h o i c e o f t h e p o t e n t i a l , i n s t e a d o f s e l e c t i v e 

c l e a v a g e , t h e s i m u l t a n e o u s r e m o v a l o f a l l groups a t the end 

of t h e s y n t h e s i s i s p o s s i b l e , i n a s i n g l e s t e p . 

T a b l e 1 shows examples o f p r o t e c t i n g g r o ups used 
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FIGURE 1 - a) F u l l y p r o t e c t e d , t e t r a p e p t i d e ; b) F u l l y 
p r o t e c t e d d i p e p t i d e ; c ) U n p r o t e c t e d c y c l i c t e t r a p e p t i d e . The 
p r o t e c t i n g groups a r e framed and the a b r e v i a t e d forms o f the 
p e p t i d e s a r e i n b r a c k e t s . 
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i n s y n t h e s i s and t h e i r a v e r a g e c l e a v a g e p o t e n t i a l s . They 

w i l l o b v i o u s l y v a r y s l i g h t l y a c c o r d i n g t o the t y p e o f f u n c t i o n 

(-0H, -NH ? ) -SH, e t c ) t h o s e g r oups a r e p r o t e c t i n g . 

TABLE 1 - C l e a v a g e p o t e n t i a l s o f some common p r o t e c t i n g g r o u p s 

PROTECTING GROUPS R e a c t i o n 
t y p e CLEAVAGE POTENTIALS(V v s . SCE) 

CH 3-(^~^)-S0 2- r e d -2.2 

<^""^CH2OC-
0 

r e d -2.7 

NO; ^ ~ ^ - C H 2 - r e d -1 .0 

0 

r e d -1 .3 

Ph 

MeO-^~~^-CH 2- ox + 1 .6 

O ox +0.8 

CH 3 SCH 2 CH 2- ox +2.3 

These a r e o n l y a few examples t h a t show t h e wide 

r e g i o n o f p o s s i b l e c l e a v a g e p o t e n t i a l s , from v e r y p o s i t i v e 

t o v e r y n e g a t i v e v a l u e s . 

I t i s t h e o b j e c t i v e o f t h i s programme o f work 

t o make a s y s t e m a t i c and d e t a i l e d s t u d y o f the e l e c t r o c h e m i c a l 

c l e a v a g e o f the groups most commonly used i n s y n t h e s i s . So 

f a r , a k i n e t i c and m e c h a n i s t i c s t u d y o f t h e r e m o v a l o f the 
7 8 

t o s y l g r oup i n e s t e r s , amides and p h e n o l s has been r e p o r t e d ' . 

The p r e s e n t p a p e r r e p o r t s some r e s u l t s o b t a i n e d 

w i t h t h e b e n z y l o x y c a r b o n y l g roup ( Z ) w h i c h i s c o n s i d e r e d t o 

be o f g r e a t i m p o r t a n c e i n p e p t i d e s y n t h e s i s . I t i s i n t e n d e d 

t o g e t a b e t t e r u n d e r s t a n d i n g o f t h e r e a c t i o n mechanism and 

to d e f i n e t h e c o n d i t i o n s f o r h i g h y i e l d e l e c t r o l y s i s . F o r 

t h i s i n v e s t i g a t i o n n i n e d i f f e r e n t a m i n o - a c i d s and p e p t i d e s 

were p r e p a r e d , e a c h one o f them w i t h an amine g r o u p p r o t e c t e d 

by t h e Z group and t h e c a r b o x y l f u n c t i o n i n t h e e s t e r form. 

The o v e r a l l e l e c t r o d e r e a c t i o n s h o u l d be, u s i n g compound I 

i n t a b l e 2 as t h e example, 

H+ 

C 6H 5CH 2OCNHCH 2C0 2CH 2C 6H 5 + 2e ^ * - C 6 H 5 C H 3 + C0 2 + NH 2 CH 2 C0 2 CH 2 C 6 H 5  

0 (1) 

E x p e r i m e n t a l 

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

v o l t a m m e t r y and c o u l o m e t r y . The equipment c o n s i s t e d o f a 

Hi-T e k model DT 2102 p o t e n t i o s t a t , a Hi-Tek model PPR1 wave 

f o r m g e n e r a t o r , a Houston 2000 X-Y r e c o r d e r and a l a b o r a t o r y 

b u i l t i n t e g r a t o r . The c y c l i c v o l t a m m e t r i c e x p e r i m e n t s were 

c a r r i e d o u t i n a t h r e e e l e c t r o d e c e l l , where t h e w o r k i n g 

e l e c t r o d e was a v i t r e o u s c a r b o n d i s c , t h e s e c o n d a r y e l e c t r o d e 

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

c a l o m e l e l e c t r o d e (SCE) w h i c h was i n a s e p a r a t e 

compartment l i n k e d t o t h e w o r k i n g e l e c t r o d e compartment by 
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a L u g g i n c a p i l l a r y . The c a r b o n d i s c used as t h e w o r k i n g 

e l e c t r o d e was p o l i s h e d w i t h a l u m i n a , washed and d r i e d f o r 

each c y c l i c voltammogram. C o u l o m e t r y e x p e r i m e n t s and p r e p a r a t i v e 

e l e c t r o l y s e s were c a r r i e d out i n a t h r e e compartment c e l l , 

The c a t h o d e compartment was s e p a r a t e d f r o m the anode one 

by a g l a s s f r i t . The r e f e r e n c e e l e c t r o d e was t h e SCE p l a c e d 

i n a n o t h e r compartment and was l i n k e d t o the w o r k i n g e l e c t r o d e 

by a L u g g i n c a p i l l a r y . The s e c o n d a r y e l e c t r o d e was a l a r g e 

p l a t i n u m g r i d and t h e w o r k i n g e l e c t r o d e was e i t h e r a l a r g e 

m e r c u r y p o o l o r an amalgamated c o p p e r g r i d . T y p i c a l examples 

o f the c e l l s used a r e s k e t c h e d i n f i g u r e 2. 

S o l u t i o n s were a l w a y s d e - a e r a t e d f o r s e v e r a l m i n u t e s 

b e f o r e r e c o r d i n g c y c l i c voltammograms and a l s o d u r i n g 

e l e c t r o l y s i s . The s o l v e n t used i n a l l c a s e s was d i m e t h y l -

formamide w h i c h was p u r i f i e d by vacuum d i s t i l l a t i o n f r o m c a l c i u m 

h y d r i d e . The s u p p o r t i n g e l e c t r o l y t e was B u 4 N B F ^ p r e p a r e d 

by m i x i n g aqueous s o l u t i o n s o f Bu NHSO. and NaBF,, f o l l o w e d 

by r e c r y s t a l l i z a t i o n o f t h e p r o d u c t from w a t e r . The amino-

a c i d s and p e p t i d e s were p r e p a r e d u s i n g r e p o r t e d p r o c e d u r e s . 

P r o d u c t a n a l y s i s was c a r r i e d out e i t h e r d i r e c t l y 

from the c a t h o l y t e s o l u t i o n by GLC o r by e x t r a c t i o n p r o c e d u r e s . 

R e s u l t s and d i s c u s s i o n 

T a b l e 2 shows a l i s t o f t h e compounds s t u d i e d 

h a v i n g t h e i r amine group p r o t e c t e d by the Z group and t h e 

c a r b o x y l f u n c t i o n i n t h e e s t e r f o r m . I n two o f t h e s e compounds 

( I I I and V) the amine f u n c t i o n p r o t e c t e d by t h e Z g roup i s 

s e c o n d a r y . F i g u r e 3 a) shows a c y c l i c voltammogram t y p i c a l 

f o r most o f t h e compounds s t u d i e d . There a r e two w e l l - f o r m e d , 

- 7 -

FIGURE 2 - S k e t c h o f the c e l l s used a) f o r c y c l i c 
v o l t a m m e t r y and b) f o r p r e p a r a t i v e e l e c t r o l y s e s . 
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FIGURE 3 - a) C y c l i c voltammogram f o r a s o l u t i o n o f 
0.005M Z-Leu 2-0Me i n 0.1 M TBAB/DMF at a sweep r a t e o f 

— 1 2 
0.1Vs a t a v i t r e o u s c a r b o n e l e c t r o d e o f 0.05 cm o f 
a r e a ; b) C y c l i c voltammogram f o r a s o l u t i o n o f 0.005M 
Z-Pro-OBu 1' a t the same c o n d i t i o n s as i n a ) . 
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t o t a l l y i r r e v e r s i b l e r e d u c t i o n peaks o f a p p r o x i m a t e l y e q u a l 

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

s o l v e n t . O n l y compounds I I I and V show a s i n g l e peak as shown 

i n f i g u r e 3 b ) . The c y c l i c v o l t a m m e t r i c d a t a o b t a i n e d w i t h 

t h e s e n i n e compounds i s p r e s e n t e d i n t a b l e 2. I / c . v 2 i s 

i n d e p e n d e n t o f v, t h a t i s , t h e r e a c t i o n c o r r e s p o n d i n g t o the 

f i r s t peak i s d i f f u s i o n c o n t r o l l e d . F o r compounds I I I and 

V t h i s p a r a m e t e r i s c o n s i d e r a b l y h i g h e r but t h i s does not 

n e c e s s a r i l y i n d i c a t e a m a j o r change i n the mechanism. I t i s 

more r e a s o n a b l e t o c o n s i d e r t h a t t h e a d d i t i o n o f an e l e c t r o n 

i s more d i f f i c u l t when t h e amine f u n c t i o n p r o t e c t e d by the 

Z group i s s e c o n d a r y and t h i s c a u s e s the two peaks t o c o a l e s c e . 

I t i s common p r a c t i c e t o c a r r y o u t the c h e m i c a l 

c l e a v a g e o f the Z g roup i n the p r e s e n c e o f a t l e a s t 1 mole 

o f a c i d / m o l e o f p e p t i d e t o p r o t o n a t e the amine group w h i c h 

i s formed. T h i s i s t o p r e v e n t t h e unwanted r e a c t i o n ( i n t r a -

o r i n t e r - m o l e c u l a r , d e p e n d i n g on s i z e ) of t h e t y p e 

ZNHCH2 C0 2 CH 2 C6 H5 NH 2 CH 2 C0 2 CH 2 C 6 H 5 + C 6 H 5 CH 3 + C0 2 

+ 2e 
2e 

+ 

NH3 CH 2 C0 2 CH 2 C6 H5 

+ 
C6 H5 CH3 

+ 

C0 2 

NH2 CH 2 C0 2 CH 2 C 6 H 5 

NH 2CH 2C0NHCH 2C0 2C 6H 5 + C 6H 5CH 2OH 

NHCH 2v 

0=C 0=0 + C GH 5CH 20H 

\ / 
CH 2 NH 

(2) 
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M o r e o v e r , i t can be seen t h a t the c a t h o d i c c l e a v a g e 

o f t h e Z g r o u p , as shown i n e q u a t i o n (1 ) consumes 2 H + / m o l e c u l e 

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

c a r r i e d o u t i n the p r e s e n c e o f 3 H + / m o l e c u l e o f p e p t i d e t o 

e n s u r e t h e f o r m a t i o n o f the p r o t o n a t e d amine. I n the absence 

o f added p r o t o n , i t i s a l s o t o be e x p e c t e d t h a t the c a t h o l y t e 

w i l l become b a s i c d u r i n g t h e e l e c t r o l y s i s and t h i s l e a d s t o 

t h e danger o f r a c e m i z a t i o n o f the p e p t i d e . On t h e o t h e r hand, 

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

t h e e l e c t r o d e s u r f a c e and t o c o n s e q u e n t h y d r o g e n e v o l u t i o n . 

T h e r e f o r e , i t was a l s o c o n s i d e r e d e s s e n t i a l t o i n v e s t i g a t e 

t h e c y c l i c v o l t a m m e t r y o f t h e p r o t e c t e d compounds i n t h e p r e s e n c e 

o f added a c i d . 

W i t h e q u i m o l a r c o n c e n t r a t i o n o f added HC1, compounds 

V I I and V I I I gave c y c l i c voltammograms where t h e f i r s t r e d u c t i o n 

peak was l i t t l e a f f e c t e d by t h e p r e s e n c e o f t h e p r o t o n a o n o r , 

but t h e s e c o n d r e d u c t i o n peak was d i m i n i s h e d i n h e i g h t ( t y p i c a l l y 
—1 * 

by 70% a t v=0.05 V s ). Compound I I I a g a i n showed o n l y a 

s i n g l e peak but i n t h e p r e s e n c e o f e q u i m o l a r HC1, t h e peak 

c u r r e n t was a l m o s t h a l v e d . I t i s , t h e n , c l e a r t h a t even t h i s 

s m a l l amount o f p r o t o n i s s u f f i c i e n t t o d i m i n i s h c o n s i d e r a b l y 

the i m p o r t a n c e o f t h e second r e d u c t i o n p r o c e s s . U n f o r t u n a t e l y , 

c y c l i c voltammograms f o r s o l u t i o n s c o n t a i n i n g h i g h e r HC1 

c o n c e n t r a t i o n s were complex and a l r e a d y showed e v i d e n c e f o r 

h y drogen e v o l u t i o n a t l e s s n e g a t i v e p o t e n t i a l s t h a n t h o s e 

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

C o n t r o l l e d p o t e n t i a l e l e c t r o l y s e s have been c a r r i e d 

o u t f o r compounds I I I , V I I and IX i n DMF/Bu^NBF^ ( w i t h o u t 
+ 

added H ) a t p o t e n t i a l s j u s t n e g a t i v e t o t h e f i r s t r e d u c t i o n 
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p e a k s . I n a l l c a s e s , t o l u e n e was i n d e n t i f i e d as a p r o d u c t 

w i t h a y i e l d above 90% and hence i t i s c e r t a i n t h a t t h e f i r s t 

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

gr o u p . The a n a l y s i s o f the p e p t i d e r e s i d u e i s more complex 

and has n o t y e t been c o m p l e t e d ; from the c l e a v a g e o f compound 

I I I , however, i t i s c l e a r t h a t a s u b s t a n t i a l y i e l d (< 40%) 

o f the e x p e c t e d amine i s i s o l a t e d , a l t h o u g h i n t h e s e c o n d i t i o n s , 

t - b u t a n o l i s a l s o i d e n t i f i e d i n t h e c a t h o l y t e . The mechanism 

f o r i t s f o r m a t i o n i s t h e s u b j e c t o f f u r t h e r s t u d i e s . 

S e v e r a l p o s s i b i l i t i e s f o r the o r i g i n o f t h e s e c o n d 

peak have been c o n s i d e r e d . 

( i ) That t h e second peak i s due t o t h e cathodic 

c l e a v a g e o f the e s t e r f u n c t i o n t o g i v e f r e e a m i n o - a c i d and 

a l c o h o l . T h i s e x p l a n a t i o n does not seem t o be c o r r e c t s i n c e 

( a ) e l e c t r o l y s e s o f compound V I I a t the p o t e n t i a l s o f t h e 

f i r s t and second peaks l e a d t o s i m i l a r y i e l d o f a l c o h o l ( b ) 

a c y c l i c voltammogram f o r NH-CHC0 2 C(CH 3) 3 d i d n o t show a peak 

at t h i s p o t e n t i a l o r i n d e e d u n t i l beyond -3.0 V; ( c ) t h e r e 

seems no r e a s o n why t h e a d d i t i o n o f p r o t o n s h o u l d i n h i b i t 

t h i s r e a c t i o n and t h e a d d i t i o n o f HC1 t o t h e s o l u t i o n o f 

NH-CHC00C(CH 3) 3 d i d n o t change t h e r e d u c t i o n b e h a v i o u r . 

( i i ) I f t h e i n t e r m e d i a t e u r e t h a n e a n i o n , X i s 

s t a b l e i n t h e absence o f p r o t o n but r a p i d l y d e c a r b o x y l a t e d 

by a c i d , t h e f o l l o w i n g mechanism w o u l d e x p l a i n t h e e x p e r i m e n t a l 

o b s e r v a t i o n s . 
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C6 H 5CH 2-0-C0-NHR + 2e p e a k 1 + C 6H 5CH 3 + RNH-C^ ( 3 ) 
N 0 

RNH-cf" + 2e p e a k 2 » unknown p r o d u c t s ( 4 ) 
^ 0 

R N H - C ^ ° _ + H + H + added on ^ ^ + R N H j ( 5 ) 

"^0 work up o r 
d u r i n g ( e l e c t r o i n a c t i v e ) 
e l e c t r o l y s i s 

( i i i ) A t h i r d p o s s i b i l i t y w o u l d i n v o l v e an eecee 

mechanism where t h e c h e m i c a l s t e p i s p r e v e n t e d by p r o t o n , 

e.g. 

CH 2 C0 2 CH 3 

C 6H 5CH 2-0-C0NHCH 2 C0 2 CH 3 + 2e p e a k 1 C 6H 5CH 3 + HN, 
/ 

£H2 C00CH: HN 
n e u t r a l 

CH 2-CO 

HNS 

^ C 0 — 0 + CH 30 

NH 2CH 2C00CH 3 + C0 2 

( 7 ) 

( 8 ) 

^ ' C H 2 - ( r 0 oeak 2 HN^T + 2 e *" unknown p r o d u c t s , 
^ - C 0 — 0 

(9 

where s t e p s ( 6 ) and ( 8 ) a r e e s s e n t i a l l y t h e same as ( 3 ) and 

( 5 ) above but w r i t t e n i n d i f f e r e n t ways. 

A l l t h e s e p o s s i b i l i t i e s a r e t h e s u b j e c t s o f f u r t h e r 

s t u d i e s . The c o n t r o l o f the a c i d i t y o f the medium t h r o u g h o u t 

the e l e c t r o l y s i s i s c o n s i d e r e d t o be o f dominant i m p o r t a n c e 

and s e v e r a l t e c h n i q u e s t o a c h i e v e t h i s g o a l a r e a l s o under 

i n v e s t i g a t i o n . 
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0 E F E I T O DE T Ú N E L NA J U N Ç Ã O S E M I C O N D U T O R - E L E C T R O L I T O 

Abílio M. da Si Iva 

Departamento de Química 

Faculdade de Ciências e Tecnologia 

Universidade de Coimbra 

A model -is presented of the space charge layer formed 

•in semiconductors deposited as a thin layer on an insula 

tor substrate. 

The variations in charge transfer coefficients is stu 

died for tin oxide electrodes. 

The anodic current density arising from a tunnel ef

fect is calculated by a simplified expression, which 

considers the variation in barrier width with applied 

potential. 

I Introdução 

A junção semicondutor-electrõlito tem sido extensivamente estuda_ 

da 0~6),mas nada tem sido referido quando o semicondutor é formado por 

uma película f i n a depositada sobre um substrato isolador como o vidro ou 

plástico, e o contacto eléctrico é obtido do mesmo lado da interface a c i 

ma da zona de separação ar-1íquido-semicondutor, em vez de ter lugar na 

face oposta, como normalmente é referido. 

Em semicondutores "altamente dopados" as camadas espaciais de car 

ga,desenvolvidas quando o eléctrodo é mergulhado no electrõlito e submetj_ 

do a potenciais de polarização, podem ser suficientemente delgadas de mo

do a que alguma barreira de potencial, eventualmente formada, possa ser 

facilmente vencida pelos transportadores de carga,por e f e i t o de túnel. 

Memming e Mollers (7), com algumas aproximações, calcularam o va

lor da espessura da barreira x(E), a p a r t i r da equação de Poisson e, por 

um processo mais ou menos moroso,obtiveram, por aplicação da teoria de e-

Portugaliae Electrochimica Acta, 2 (1984) 15-22 


