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Figure 2 - C o m p a r i s o n b e t w e e n t h e e x p e r i m e n t a l d a t a (•) 
- 1 

a n d a s i m u l a t e d v o l t a m m o g r a m w i t h = 1 . 5 s a n d k 2 a s 

i n f i n i t y . 

A l t h o u g h t h e g e n e r a l a g r e e m e n t b e t w e e n t h e e x p e r i m e n t a l 

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

s t i l l s o m e d i s c r e p a n c i e s , n a m e l y i n v o l v i n g t h e c a t h o d i c p e a k 

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

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

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

REFERENCES 

1 - M . A m é l i a N . D . A . L e m o s , A r m a n d o J . L . P o m b e i r o , J . 

O r g a n o m e t . C h e m . 3 3 2 ( 1 9 8 7 ) C 1 7 - C 2 0 

2 - R . S . N i c h o l s o n , I . S h a i n , A n a l . C h e m . 3 7 ( 2 ) ( 1 9 6 5 ) 1 7 8 

3 - D . B r i t z " D i g i t a l S i m u l a t i o n i n E l e c t r o c h e m i s t r y " 2 n d  

E d . , S p r i n g e r - V e r l a g , B e r l i n ( 1 9 8 8 ) . 

ACKNOWLEDGEMENTS 

T h i s w o r k h a s b e e n p a r t i a l l y s u p p o r t e d b y I N I C a n d J N I C T . 

T H E CATHODIC C L E A V A G E O F S O M E PROTECTING GROUPS F R O M 
AMINE AND THIOL DERIVATIVES 

M.D. Geraldo and M .J . Medeiros 
Centro de Química Pura e Aplicada, Universidade do Minho, Largo do 

Paço 

4719 Braga Codex, Portugal 

T h e la rge m o l e c u l e s y n t h e s i s i s t o t a l l y d e p e n d e n t o n the 

use a n d r e m o v a l o f p ro t e c t ing g r o u p s f r om a m i n e a n d c a r b o x y l i c a c i d 

g r oups a n d a lso some t imes f rom a l coho l s a n d th i o l s [1]. 

E l e c t r o c h e m i c a l m e t h o d s are k n o w n t oday to be c o n v e n i e n t 

a l t e r n a t i v e s to d e p r o t e c t m o l e c u l e s , b e c a u s e t h e c o n t r o l o f the 

p o t e n t i a l p e r m i t s the se l ec t i v i t y be tween di f ferent p r o t e c t i n g g r o u p s 

or even be tween the s a m e g r o u p at d i f ferent s i t es i n the m o l e c u l e . 

T h u s , we have b e e n c o n c e r n e d w i t h the s t u d y o f e l ec t roc l eavage o f 

some g r o u p s of in t e res t for p ro t e c t i on d u r i n g the s y n t h e s i s [2-5]. 

T h e b e n z y l o x y c a r b o n y l g r o u p is the m o s t w i d e l y u s e d g r o u p 

i n p e p t i d e s y n t h e s i s a n d i t i s k n o w n t h a t t h e r e d u c t i o n o f 

b e n z y l o x y c a r b o n y l de r i va t i v e s o f s i m p l e s a m i n e s , a m i n o a c i d s a n d 

p e p t i d e s a t v i t r e o u s c a r b o n e l e c t rodes i n N , N - d i m e t h y l f o r m a m i d e 

(DMF) o n l y o c c u r s a t ve ry negat ive po t en t i a l s , a p p r o x i m a t e l y - 2 .8 V 

vs S C E . 

T h i s e l e c t r o c h e m i c a l p r o c e d u r e , h o w e v e r , h a s s o m e 

e xpe r imen ta l d i f f i cu l t i es d u e to the ve ry negat ive po t en t i a l s . 

F o r t h i s r e a s o n , a t t e m p t s were m a d e to d e s i g n s u b s t i t u t e d 

b e n z y l o x y c a r b o n y l g r o u p s whe re the ro le of the s u b s t i t u e n t i s to sh i f t 

the r e d u c t i o n po t en t i a l to m u c h less negat ive va lues . 

In t h i s pape r we p resen t the r e s u l t s ob t a ined i n the s t u d y of 

t h e c a t h o d i c c l e a v a g e o f 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 -

d i c h l o r o b e n z y l o x y c a r b o n y l g r o u p s f r o m the u r e t h a n e de r i v a t i v e s of 

m o r p h o l i n e a n d of 4 - p i c o l y l g r o u p f r o m t h i o e t h e r s a t a v i t r e o u s 
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c a r b o n e lec t rode i n N , N - d i m e t h y l f o r m a m i d e (DMF ) . 

I -E c u r v e s w e r e r e c o r d e d a t a v i t r e o u s c a r b o n d i s c 

e l e c t r o d e i n D M F / B u 4 N B F 4 (0.1 m o l d m " 3 ) f o r 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 - d i c h l o r o b e n z y l o x y c a r b o n y T de r i v a t i v e s of 

m o r p h o l i n e . 

In the case o f c h l o r o b e n z y l o x y c a r b o n y l a m i d e , we observe 

two to ta l l y i r r eve rs ib l e r e d u c t i o n processes , as s h o w n i n f igure 1. 

Moreover , the c u r r e n t f u n c t i o n , for the f i r s t r e d u c t i o n peak , 

I p / v 1 / 2 c , i s i n d e p e n d e n t of the p o t e n t i a l s c a n ra te c o n f i r m i n g t h a t 

the r e d u c t i o n becomes m a s s t r a n s p o r t c on t r o l l ed b e y o n d the peak . 

F o r the d i c h l o r o b e n z y l o x y c a r b o n y l d e r i v a t i v e we obse r v e 

four t o ta l l y i r r eve rs ib l e r e d u c t i o n p e a k s (figure 2). 

A g a i n , i n t h i s case the c u r r e n t f u n c t i o n for the f i r s t p eak , 
I p / V i / 2 C > i S i n d e p e n d e n t of the p o t e n t i a l s c a n ra te , a n d t h u s , the 

r e a c t i o n i s d i f fus i on c on t r o l l ed . 

C o n t r o l l e d p o t e n t i a l c o u l o m e t r y w a s c a r r i e d w i t h e a c h of 

the two der ivat ives i n D M F / B u 4 N B F 4 ; the ca thode w a s a g a i n v i t r e ous 
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c a r b o n a n d the a p p l i e d po t en t i a l s were a b o u t 5 0 m V negat i ve to the 

f i rs t r e d u c t i o n p e a k s . 

Figure 2 - I -E cu r v es for a s o l u t i o n of 2 m m o l d m " 3 Z ( C l 2 ) N
w ° 

i n 0.1 m o l d m " 3 B u 4 N B F 4 / D M F a t sweep r a t e s o f 

0 .02 , 0 .05 , 0.1 a n d 0.2 V s " 1 . 

F o r e a c h u r e t h a n e der i va t i ve , a p l o t o f the c u r r e n t versus 

cha rg e p a s s e d s h o w s two l i n e a r p o r t i o n s w i t h d i f ferent s l opes . T h e 

f i r s t r e g i o n o f t h e c u r v e e x t r a p o l a t e d to i=0 c o r r e s p o n d s to th e 

n u m b e r of e l ec t rons invo l v ed pe r mo l e cu l e d u r i n g the i n i t i a l s tages of 

the e l e c t ro l ys i s , a n d the v a l u e f o u n d w a s two . In the l a t e r s tages of 

e l e c t r o l y s i s , h o w e v e r , the c u r r e n t d e c a y s m o r e r a p i d l y a n d the 

c u r r e n t fa l l s to ze ro at d i f ferent n for e a c h de r i va t i v e a s s h o w n i n 

tab le 1. 

T a b l e 1 a l so s h o w s the p r o d u c t y i e l d s o b t a i n e d b y G L C a n d 
H P L C . 

In b o t h cases , the l o w y i e l d i n free a m i n e m a y be e x p l a i n e d 

i n t e r m s o f C - C l c l eavage . O n the o t h e r h a n d , a t t h e e n d o f 

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

s o lu t i on . 

It i s l i k e l y t h a t t h e p r o d u c t s o f t h e e l e c t r o l y s i s h a v e 
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p a s s i v a t e d the s u r f a c e , p r e v e n t i n g the c o m p l e t i o n o f t h e r e a c t i o n 

b e c a u s e the c u r r e n t h a s d r o p p e d to v a lue s c lose to zero . T h i s fact i s , 

a lso , r e spons ib l e for the l ow va lue of n . 

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

improv e s the r e d u c t i o n po t en t i a l , the des i r ed r e a c t i o n o n l y o c c u r s i n 

mode ra t e y i e l d s . 

W e a l s o r e p o r t he r e th e c leavage of 4 - p i c o l y l g r o u p f r o m 

th ipe thers a t a v i t r e ous c a r b o n e lectrode i n D M F . 

F i g u r e 3 s h o w s a c y c l i c v o l t a m m o g r a m for 4 - p i c o l y l -
pheny l th i o e the r i n D M F / B u 4 N B F 4 . 

T h r e e i r r e v e r s i b l e r e d u c t i o n p e a k s are o b s e r v e d ; t h e f i r s t 

r e d u c t i o n p e a k appea r s at - 2 .19 V vs S C E a n d i t s c u r r e n t i n t e n s i t y i s 

p r o p o r t i o n a l to the s q u a r e root o f the po t en t i a l s c a n ra te , s u g g e s t i n g 

tha t the r eac t i on i s d i f fus i on con t ro l l ed . 

Figure 3 - C y c l i c v o l t a m m o g r a m for a 2x1 CP 3 m o l dm"* 5 s o l u t i o n 
o f 4 - p i c o l y l p h e n y l t h i o e t h e r i n D M F / B u 4 N B F 4 (0.1 

m o l d m " 3 ) at a v i t r eous c a r b o n e lec t rode a n d a t the 

s c a n rate 0,1 V s " 1 . 

F u r t h e r c y c l i c v o l t a m m o g r a m s were r e c o r d e d for 
4 - p i c o l y l p h e n y l t h i o e t h e r i n D M F w i t h N a C 1 0 4 o r N a B r a s the 
e lectro lyte a n d a l so w i t h N a C 1 0 4 + 5 % H 2 0 . In the po t en t i a l r ange of 
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the f i rs t r e d u c t i o n peak , the v o l t a m m o g r a m i s u n a l t e r e d . 

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 i s h a v e b e e n c a r r i e d o u t for 
the 4 -p i c o l y l pheny l th i o e the r i n D M F / B u 4 N B F 4 at j u s t 5 0 m V after the 

f i rs t r e d u c t i o n peak . 

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

e l e c t r o l y s i s w a s l i n e a r a n d the n u m b e r o f e l e c t r o n s i n v o l v e d pe r 

mo l e cu l e o f s t a r t i n g m a t e r i a l w a s equa l to 2. 

I n t h i s case , t h i o p h e n o l w a s iden t i f i ed a s a p r o d u c t w i t h a 

y i e l d o f the the o rde r o f 8 5 % . 
A l m o s t i d e n t i c a l d a t a w a s o b t a i n e d i n D M F / N a C 1 0 4 . H 2 0 . 

T h i s m e d i u m h a s the a d v a n t a g e s t h a t t h e w a t e r w i l l m e d i a t e the 

s t r ong l y b a s i c c o n d i t i o n s c rea ted d u r i n g the e l ec t ro l ys i s a n d t h a t the 

s o d i u m sa l t i s r ead i l y s epa ra t ed f r om p r o d u c t s b y wa t e r e x t r ac t i on . 

T h u s , t h e c l eavage b y c a t h o d i c r e d u c t i o n o f t h e p i c o l y l 

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

w h i c h m a y w e l l m a k e i t a ve ry s u i t a b l e p r o t e c t i n g g r o u p of the t h i o l 

f unc t i on . 
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T h e 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 u a l l y e m p l o y h i g h 

c o n c e n t r a t i o n s o f e l e c t r o l y t e b e c a u s e i) i t l o w e r s t h e s o l u t i o n 

r es i s tance , w h i c h is p a r t i c u l a r l y h i g h i n m a n y o rgan ic so l vents , ii) i t s 

p r e s e n c e s u p r e s s e s the m i g r a t i o n c u r r e n t . T h i s i s , howeve r , a 

d i sadvan tage of e l e c t r o chemis t r y w h e n c o m p a r e d w i t h spe c t r o s cop i c 

t e c h n i q u e s , s u c h as N M R , E S R , etc., w h o s e m e a s u r e m e n t s have n o 

equ iva l ent r e qu i r emen t for a d d i t i o n of e lectrolyte. In fact, the a d d i t i o n 

of a n e l ec t ro ly te l i m i t s the u s e f u l n e s s o f v o l t a m m e t r i c s t u d i e s i n 

t h e r m o d i n a m i c s , k i n e t i c s a n d a n a l y t i c a l i n v e s t i g a t i ons . There fore , i t 

w o u l d be h i g h l y des i rab le i f e l e c t r o chemica l s tud i e s c o u l d be c a r r i e d 

out i n the absence of electrolyte. 

Recen t deve l opments i n m ic roe l e c t rodes des i gn , i n s t r u m e n t a t i o n 

a n d t h e o r y have s h o w n t h a t m a n y n e w p o s s i b i l i t i e s a re o p e n for 

e l e c t r ochemica l sc i ence . In p a r t i c u l a r , t h i s h a s been d e m o n s t r a t e d b y 

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

e l e c t ro l y t e f l ] , i n the absence of e lectrolyte [2] , i n g lasses[3] a n d i n 

so lvents w i t h very l ow d ie lectr ic constant [4 ] . 

In t h i s w o r k we repor t p r e l i m i n a r y r e s u l t s of a n i nves t i ga t i on of 

t h e effect o f the e l e c t r o l y t e c o n c e n t r a t i o n o n the r e d u c t i o n o f 

n i t r o t o luene i n N ,N -d ime thy l f o rmamide at go ld m i c r o d i s c s . 
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