
15. 9. 1971 SpeciMia 1003 

A sa t i s fac tory  exp lana t ion  of th is  ep i t axy  can  be given 
on the  assumpt ion  t h a t  the  PBLG crysta ls  are  associated 
w i t h  t he  surface of t he  subs t ra te  by  t h e  same con tac t  
p lane  as in t he  epi tac t ic  ove rg rowth  on the  a lkal i  halides.  

Fig. 1. a) Light micro- 
graph (×1000) and b) 
scanning electron micro- 
graph (×5000) of the 
oriented overgrowth of 
the polyamide model bio- 
polymer poly-~-benzyl-L- 
glutamate on the poly- 
amide Nylon 6. 

a) 

This  p rob lem will  be discussed when  the  results  of an  
e lec t ron microscopy and di f f rac t ion inves t iga t ion  are  
avai lable .  

The  resul ts  of  cursory  a t t e m p t s  w i th  P B L G  as a depos i t  
on o the r  N y l o n  types  such as Ny lon  6,6, N y l o n  6,10, Ny lon  8 
and Ny lon  11 under  the  same exper imen ta l  condit ions,  
po in t  to a p ronounced  specific charac te r  of th is  ep i taxy .  

The  a r r angemen t  of the  macromolecules  of the  over-  
g rowth  wi th  respect  to the  known a r r angemen t  of the  
macromolecules  of t he  surface of the  subs t ra te  can  be 
found by  e lec t ron diffract ion.  F rom this  a r r a n g e m e n t  
can be  inferred t h e  molecu la r  detai ls  of t he  associat ion,  
such as correspondence  of charge d is t r ibut ion  in sub-  
s t ra te  and depos i t  molecules  in the  contac t  p lane  as well  
as the  kind of in te rmolecu la r  forces be tween the  asso- 
c ia ted molecules.  

Thus  ep i t axy  be tween  non-ident ical  po lyamides  opens 
a new line of  s t u d y  a t  t he  molecular  level of the  law of 
associat ion of such polyamides ,  especial ly of b iopolymers  
of th is  type .  

Zusammen/assung. Die or ient ier te  Verwachsung zwi- 
schen zwei n icht  ident ischen Po lyamiden  wird als neu- 
a r t iger  T y p  der  Ep i t ax i e  am Beispiel  der  Aufwachsung 
des b iopo lymeren  Po lyamids  Poly-L-GlutaminsAure-7- 
benzyles te r  auf  Po ty-e -capro lac tam beschrieben. Der  
Verwachsungs typ  b ie te t  e inen neuen W e g  zur  Unter -  
suchung  der  Vorausse tzungen  fiir die Assoziation nicht  
ident ischer  hochmoleku la re r  Polyamide .  
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Leverkusen, for the scanning electron micrograph. 

A New Reagent for the Cleavage of the Tertiary 

The  t e r t i a ry  b u t y l o x y c a r b o n y l  (BOC) pro tec t ing  group x 
is now wide ly  used in pep t ide  chemis t ry ,  especial ly  in t he  
solid phase  pep t ide  synthes is  ~. Mostly,  t he  spl i t t ing off  is 
effected w i t h  1 N HC1/acetic acid, 4 N  HC1/dioxane or  tr i-  
f luoracet ic  ac id /me thy lene  chloride (1:1). 

The  use of mercap toe thano l  in con junc t ion  wi th  tr i-  
f luoracet ic  ac id /me thy lene  chloride has  been proposed  by  
WESTALL and ROBINSON 3, b u t  in a foo tnote  to  the i r  
paper ,  the  au thors  advised  ano the r  more  s table  reducing  
agent .  

Th is  is t he  reason w h y  we decided to  publ ish  our  results  
ob ta ined  w i t h  mercap to  e thane  sulfonic acid (Mesna ®) 4. 
This  reagent ,  dissolved in glacial  acet ic  acid, spli ts  off 
ve ry  rap id ly  and se lec t ively  the  BOC group w i thou t  
damag ing  the  benzyl  ester  (O Bzl) bonds,  or  t he  benzyl-  
oxyca rbony l  (Z) group. 

A 50% solut ion of  Mesna (3.45M) was used in our  first  
expe r imen t s :  t he  BOC amino  acid  (3 ttmoles) was dis- 
solved in 0.1 ml  of t he  reagen t  and  lef t  for  2-5 or  30 min.  
Af ter  these  periods, concen t ra ted  N a O H  was added  to  
s top  the  react ion.  

Butyloxycarbonyl Protecting Group 

High  vo l tage  electrophoresis  was then  effected in a 
pyr id ine /ace t i c  ac id /wa te r  buffer  (pH 6.2). This  experi-  
m e n t  was m a d e  w i t h  BOC Gly, BOC Ala, BOC Val,  

BOC e Z Lys,  x BOC V O Bzl  Glu and BOC Trp.  
Af te r  2 rain, none of the  BOC amino acid could be 

detected.  The  only products  were Gly, Ala, Val, e Z Lys,  
7 Bzl  Glu and Trp.  

E v e n  af ter  1 h of reaction,  we did not  de tec t  any  
c o m p o u n d  migra t ing  a t  t he  same posit ion as free lysine 

I F.C. McKAY and N.F. ALBERTSON, J. Am. chem. Soc. 79, 686 
(1957). 

z R.B. MERRIFIELD, J. Am. chem. Soc. 85, 2149 (1963); Bioche- 
mistry 3, 1385 (1964). 

z F.C. WESTALL and A. B. ROBINSON, J.  org. Chem. 35, 2842 (1970). 
4 Mesna ® is the trade mark of the sodium salt of the mercapto ethane 

sulfonic acid marketed by UCB as a mucolytic agent; it is stable 
and non-toxic. In this paper, we used Mesna® as mercapto ethane 
sulfonic acid. The free acid is obtained from the sodium salt by ion 
exchange with a Dowex 50H + resin and lyophilisation of the 
aqueous solution. 
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or free g l u t a m i c  acid.  T h e  T r p  r ecovered  a f t e r  depro tec -  
t ion  a n d  e l i m i n a t i o n  of t h e  M e s n a  ® h a s  e x a c t l y  t h e  s a m e  
s p e c t r u m  as  free Trp .  

A s  t h e  c l eavage  r a t e s  were  v e r y  h igh ,  we t r i ed  a n  
e x p e r i m e n t  u s i n g  m o r e  d i lu t e  s o l u t i o n s  a n d  a lower  
m o l a r  excess  of M e s n a  ®. B O C A l a  d i s so lved  in  glacia l  
acet ic  ac id  w a s  c l eaved  w i t h  a 7 or  3.5 m o l a r  exces s  of  
M e s n a  ®. 

I n  t h e  f i r s t  case,  s p l i t t i n g  off  of  t h e  B O C  g r o u p  w a s  
a l m o s t  c o m p l e t e  a f t e r  a r e a c t i o n  t i m e  of  2 r a in  a n d  w a s  
ful ly  a c h i e v e d  a f t e r  5 rain.  I n  t h e  s econd  t r ia l ,  t h e  
c l eavage  w a s  n o t  c o m p l e t e  a f t e r  5 m i n  b u t  w a s  e f fec ted  
a f t e r  10 rain.  

T h i s  r e a g e n t  be ing  v e r y  e f fec t ive  w h e n  b o t h  p r o d u c t s  
are in so lu t ion ,  we dec ided  to  t r y  i t  in t h e  solid p h a s e  
p e p t i d e  s y n t h e s i s .  

A f i r s t  t r ia l  was  m a d e  w i t h  a p o l y m e r  b e a r i n g  0.4 
m m o l e s  of B O C  Gly /g ;  we used  a 7-fold m o l a r  excess  
of Mesna® (20% so lu t ion  in glacial  ace t ic  acid) a n d  a 
r eac t ion  t i m e  of 30 min .  

T h e  free a m i n o  g r o u p s  were d e t e c t e d  b y  a modi f i ca -  
t ion  of t h e  p r o c e d u r e  of DORMAN 5,6. T h e  c l eavage  of 
t h e  D e c  g r o u p  w a s  q u a n t i t a t i v e ,  u s i n g  t h e s e  condi t ions .  
As th i s  r e a g e n t  is safe,  e a s y  to  h a n d l e  a n d  does  n o t  

d e s t r o y  Trp ,  t h i s  p r o c e d u r e  is r o u t i n e l y  u s e d  in our  
l a b o r a t o r y  in  t h e  solid p h a s e  s y n t h e s i s  of p e p t i d e s  u p  
to  25 a m i n o - a c i d s L  

Rdsum& L ' a c i d e  m e r c a p t o  6 t h a n e  s u l f o n i q u e  es t  u t i -  
lis6 p o u r  d6pro t~ger  la  fonc t ion  a m i n e  des  t - b u t y l o x y -  
c a r b o n y l  ac ides  a m i n e s .  L a  r~act ibn ,  e x t r S m e m e n t  r ap ide  
en p h a s e  h o mo g ~ n e ,  a 6t6 app l iqu6e  ~ la  s y n t h ~ s e  de  
p e p t i d e s  en  p h a s e  solide.  
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eMoride; the amount of free NH 2 groups is deternfined by eolori- 
metric analysis of the iodine liberated by oxydation of the hydroio- 
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Application of a Shift Reagent in Nuclear Magnetic  Resonance Spectroscopy of Esters.  An Approach 
for Simple  Identification and Simultaneous  Determination of Tocopherols  

T h e  use  of t r i s ( d i p i v a l o m e t h a n a t o ) e u r o p i u m  as  a d ra -  
m a t i c  sh i f t  r e a g e n t  in  N M R  w a s  r e p o r t e d  b y  HINCKLEY I 
a n d  SANDERS e t  al. 2 a n d  severa l  a p p l i c a t i o n s  of t h i s  re-  
a g e n t  in  o rgan ic  c h e m i s t r y  h a v e  been  desc r ibed  in sue-  
cess ion  8. T h e  u s e f u l n e s s  of  t h i s  r e a g e n t  in t h e  60 M H z  
a p p a r a t u s  for  s t r u c t u r a l  d e t e r m i n a t i o n  of  p o l y e n e  es te r s  
( and  e ther)  w a s  also ver i f ied  b y  t h e  p r e s e n t  a u t h o r s  for  
n o r m a l -  a n d  r e t r o - v i t a m i n  A d e r i v a t i v e s  ~. I n  o u r  case,  
o n l y  e x t r e m e l y  w e a k  or no c o - 0 r d i n a t i o n  b e t w e e n  t h i s  
r e a g e n t  a n d  c o n j u g a t e d  c a r b o n - c a r b o n  doub le  b o n d  w a s  
obse rved .  W e  n o w  r e p o r t  a f u r t h e r  e x a m p l e  in w h i c h  
m e t h y l  g r o u p s  a t t a c h e d  on  t h e  b e n z e n e  m o i e t y  of toco-  
p h e r y l  a c e t a t e s  c a n  be a s s igned  c o n f i d e n t l y  b y  u s i n g  t h i s  
r eagen t ,  a n d  we p ropose  s i m u l t a n e o u s  d e t e r m i n a t i o n  of 
t ocophe ro l s  t o g e t h e r  w i t h  t h e i r  i den t i f i ca t i on  b y  r ecord ing  
a N M R - s p e c t r u m  of t h e  a c e t a t e s  m i x t u r e .  

Table I. Chemical shifts (v) ~ and relative paramagnetic shifts (Av) ~ 
of tocopheryl acetates 

H ~ 7 6 

v (eps) A~, v Av v Av 

6-OAc 132.8 100.0 130.6 100.0 128.9 100.0 
5-Me 114.9 58.2 
7-Me 117.7 57.6 118.2 53.8 
8-Me 123.4 13.1 124.7 11,6 127.5 5.2 

A s  a r y l  m e t h y l s  in  t o c o p h e r o l s  h a v e  b e e n  k n o w n  to  
h a v e  s i m i l a r  c h e m i c a l  s h i f t  v a l u e s  a n d  p r a c t i c a l l y  o n l y  a 
s ing le  p e a k  w a s  o b s e r v e d  o n  a c o n v e n t i o n a l  N M R  r u n -  
n i n g  5, i t  is for  t h i s  r e a s o n  t h a t  a n o t h e r  a p p r o a c h  for a 
de f in i t e  c h a r a c t e r i z i n g  of t ocophero l s  in  v a r i o u s  b i n a r y  
s y s t e m s  w a s  d i s c u s s e d  s. O u r  o w n  f i n d i n g  n o w  i n d i c a t e s  
t h a t  t h e  d i f fe ren t ia l ly  recogn izab le  p e a k s  of t h e s e  a r y l  
m e t h y l s  do a p p e a r  s i m p l y  b y  c o n v e r t i n g  t h e  p a r e n t  phe -  

Table II. Relative paramagnctie shifts (Zlv) a of hydrogens and 
methyls on the phenol acetate moiety 

H Av 

o-H 70 ~: 8 
o-Me 56 ~: 3 
m-H 27 4- 5 
m-Me 5-13 
p-Me ca. 5 

Surveyed from the results on cresyl and tocopheryl acetates using 
a shift reagent Eu(DPM)3. Shift value of the acetyl group = 100.0. 

Measured from running of the carbon tetrachloride solution of the 
acetate on the Varian A 60-D (60 MHz) instrument, tetramethyl- 
silane being used as an internal standard. The second oxygen on 
the dihydropyran ring has little indication of co-ordination to the 
shift reagent under the experimental conditions (molar ratio of the 
reagent to the acetate = 1- -2 :3 .8) .  b Shift value of the acetyl 
group = 100.0. 
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