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ABSTRACT

A s e r i e s  o f  p ro t e c t e d  c o - o l ig o p e p t id e s  c o n s i s t i n g  o f  t f-methyl-L- 

glu tamate  and one g lyc ine  were s y n th es iz ed  from the  d i -  through hepta-  

p e p t id e s .  Glycine was p laced  a t  each p o s i t i o n  o f  the  o l i g o p e p t id e  

backbone except  the carboxyl te rminus .  Determinat ion o f  the  e f f e c t  

o f  such a s u b s t i t u t i o n  on the  conformation o f  the  g lu tamate  backbone 

was achieved via c i r c u l a r  d ichro ism in both t r i f 1uoroethanol  and 

h e x a f1uo ro isop ropano l .

Synthes is  was achieved v ia  the mixed c a rb o n ic - c a rb o x y l i c  anhydride 

coupling procedure .  P u r i t y  fo r  a l l  p ep t ides  was equal to  o r  g r e a t e r  

than 97% as determined by normal phase HPLC.

Glycine i n s e r t i o n  a t  the  amine terminus o f  the  hep tapep t ide  

r e s u l t e d  in C.D. s p e c t r a  i n d i c a t i v e  o f  a s l i g h t  d ec rease  of  h e l i c i t y  

as compared to  the homo-heptamer in t r i f l u o r o e t h a n o l . P rogress ive  

movement of  g lyc ine  to  the  i n t e r i o r  p o s i t i o n s  o f  the  hep tapep t ide  

r e s u l t e d  in a gradual  loss  o f  C.D. p a t t e r n s  a s s o c i a t e d  with  pept ides  

in an«K-hel ical  a r r a y .  Glycine p o s i t i o n e d  a t  the  fo u r th  p o s i t i o n  

r e s u l t e d  in a complete loss  o f  h e l i c i t y .  F u r th e r  movement pas t  t h i s  

i n t e r n a l  p o s i t i o n  toward the  carboxyl terminus  marked the  r e tu rn  of  

C.D. p a t t e r n s  t h a t  i n d i c a te d  some h e l i c a l  c h a r a c t e r .  V i r t u a l l y  a l l  

o l i g o p e p t id e s  were d i s o rd e re d  in t r i f l u o r o e t h a n o l  and hexaf luoro-  

i sopropanol .  P o la r i m e t r i c  a n a l y s i s  in t r i f l u o r o e t h a n o l  and hexa- 

f luo ro i sopropano l  suppor ts  the conc lus ions  of  the  C.D. s t u d i e s .

HPLC on normal phase s i l i c a  sugges ts  a dependence of  mob i l i ty  

o f  the compounds on t h e i r  ind iv idua l  conformational  d i s t r i b u t i o n .

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



ACKNOWLEDGEMENTS

• I  w ould l i k e  to  th an k  ray m en to r D r. F re d  N a id e r  who w orked so  

a rd u o u s ly  w ith  me in  th e  c o n s t r u c t io n  and c o m p le tio n  o f t h i s  t h e s i s .  

He i s  a g r e a t  s c i e n t i s t  and a  good f r i e n d .

To my p a r e n t s  f o r  t h e i r  lo v e  and c o n s ta n t  s u p p o r t .

To my b r o th e r ,  Dave, and  my s i s t e r - i n - l a w ,  M arsh , who p ro v id e d  

me w ith  sound  a d v ic e  and many good m ea ls .

To th e  B a f f i  Fam ily who c a re d  f o r  me as  one o f  t h e i r  own s o n s .

To S h a b ir  Khan who ta u g h t  me p e p t id e  c h e m is tr y .

To Jimmy and C la re  who to o k  c a re  o f  me w h e th e r  I  was i n ju r e d  o r

n o t .

To R o b e rt A ngelo B a f f i  who ta u g h t  me a l o t .

And, f i n a l l y ,  to  Mary who ty p ed  my t h e s i s .

- i v -

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



TABLE OF CONTENTS

APPROVAL i i .

ABSTRACT i i i

ACKNOWLEDGEMENTS iv

TABLE OF CONTENTS v

LIST OF FIGURES AND SCEEMES v i

LIST OF TABLES v i i i

INTRODUCTION 1

HISTORICAL 4

S y n th e t i c  S t r a te g y  18

EXPERIMENTAL 24

S y n th e t i c  24

High P e rfo rm a n c e  L iq u id  C hrom atography  45

P o la r im e try  63

C i r c u l a r  D ic h ro ism  74

MATERIALS AND METHODS 95

CONCLUSIONS 96

BIBLIOGRAPHY 100

- v -

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



LIST OF TABLES

T a b le  1 . M o b i l i ty  o f  G ly c in e -y -M e th y l G lu tam a te  

C o - o l ig o p e p t id e s  a n d y -M e th y l  G lu tam a te  

H o m o -o lig o p e p tid e s  on N orm al P h ase  HPLC 

T ab le  2 . P o la r im e t r y  R e s u l ts

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



LIST OF FIGURES AND SCHEMES

F ig u re  1 . E l l i p t i c i t y  i n  C i r c u l a r  D ich ro ism 1 3

Scheme 1 , P e p t id e  R a c e ra iz a tio n  23

HPLC C hrom atogram s on  S i l i c a  (F ig u r e s  2 -2 7 )

F ig u re  2 . y -M e th y l G lu ta m a te  H o m o -o lig o p e p tid e s  50

F ig u re  3 . B oc- [Glu(OMe) ] 20Me 50

F ig u re  4 . B oc-[G lu(0M e) 51

F ig u re  5 . B oc-G ly [G lu (O M e)]2 0Me 51

F ig u re  6 . B oc-G lu(0M e)-G ly-G lu(0M e)0M e 52

F ig u re  7. Boc-[G lu(0M e)j^O M e 52

F ig u re  8 . Boc-Gly-[G lu(O M e)J^O M e. 53

F ig u re  9 . B oc-G lu (0M e)-G ly [G lu (O M e)]2 0Me 53

F ig tire  10 . B o c -[G lu (0 M e )]2 -G ly-G lu(0M e)0M e 54

F i g u r e . 1 1 . B oc-[G lu(0M e)

F ig u re  12. B oc-G lu (0M e)-G ly [G lu (O M e)]30Me 55

F ig u re  1 3 . B o c -[G lu (0 M e )]2 -G ly -[G lu (0 M e )]2 0Me 55

F ig u re  14 . B o c -[G lu (0 M e )]2- G ly -G lu (0Me)0Me 56

F ig u re  1 5 . B oc-G ly-[G lu(O M e)]^0M e 56

F ig u re  1 6 . Boc-[G lu(0M e)JgOM e 57

F ig u re  1 7 . B oc-G ly-[G lu(O M e)J^O H e 57

F ig u re  18 . Boc-G lu(O M e)-G ly-[G lu(O M e)]^0M e 58

F ig u re  1 9 . B o c -[G lu (0 M e)J2-G ly -[G lu (0 M e )]30Me 58

F ig u re  20 . B o c -[G lu (0 M e )]3-G ly -[G lu (0 M e )]20Me 59

F ig u re  2 1 . B oc-fG lu (O M e)]4-G ly-G lu(0M e)0M e 59

F ig u re  2 2 . B o c -[G lu (0 M e )]?0Me . 60

F ig u re  23 . B oc-G lu(0M e)-G ly-[G lu(0M e)]^0M e 60

F ig u re  2 4 . B o c -[G lu (0 M e )]2 -G ly-[G lu(0M e)J^O M e 61

- v i i -

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



LIST OF FIGURES AND SCHEMES ( C o n t 'd . )  Page

F ig u re  25 . B o c -[G lu ()M e )] 3~ G ly-[G lu (O M e)]3OMe 61

F ig u re  26 . B oc-[G lu (O M e)]4 -G ly -[G lu (O M e)]2OMe 62

F ig u re  2 7 . B oc-[G lu (O M e)]5 -G ly -[G lu (O M e)] jOMe 62

P o l a r i m e t r i c  G ra p h ic  A n a ly s is  i n  TFE and HFIP

F ig u re 28. B oc-[G lu(O M e)]n~0Me 69

F ig u re 29 . B oc-G ly -[G lu (O M e)]n~0Me 70

F ig u re 30. B oc-fG lu (O M e)]-G ly -[G lu (0 M e)n-OMe 71

F ig u re 31. B oc-[G lu (O M e)] 2~ G ly-[G lu(O M e)]n~0Me 72

F ig u re
C.D.

F ig u re

32. B o c -[G lu (0 M e )]3-G ly -[G lu (0 M e )]n-0Me 
S p e c tr a
33. B o c -[G lu (0 M e )]n -0Me i n  TFE

73

81

F ig u re 34. B o c -[G lu (0 M e)]n-0Me i n  HFIP 82

F ig u re 35 . B o c -G ly -[G lu (0 M e )]n-0Me i n  TFE 83

F ig u re 36. B o c-G ly -[G lu (0 M e)n ]-0Me i n  HFIP 84

F ig u re 37. B oc-[G lu (0M e)]^ -G ly -[G lu (O M e) -OMen i n TFE 85

F ig u re 38. B oc-[G lu(0M e) J^G ly-lG luC O M e) -OMen i n HFIP 86

F ig u re 39. Bo c - [Glu(OMe) ] 2" G ly - [G lu ( OMe) -OMen i n TFE 87

F ig u re 40. B oc-[G lu(O M e)] 2~G ly-[G lu(O M e) -OMen i n HFIP 8 8

F ig u re 41. B o c -[G lu (0 M e )]3-G ly-[G lu(O M e) -OMen i n TFE 89

F ig u re 42. B oc-[G lu(O M e)] .j-G ly-[G lu(O M e) -OMen i n HFIP 90

F ig u re 43. B oc-[G lu(O M e)] ^-G ly-[G lu(O M e) -OMen i n TFE 91

F ig u re 44. B oc-[G lu (O M e)]4~G ly-[G lu(0M e) n -OMe i n HFIP 92

F ig u re 45. B o c -[G lu (0 M e )]5-G ly-[G lu(O M e) .j-OMe i n HFIP and TFE 93

F ig u re 46. C o -h ep tam ers  i n  TFE 94

- v i i i -

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



INTRODUCTION

P r o te i n s  a r e  a m o n g 'th e  m ost p r e v a l e n t  and im p o r ta n t  m o le c u le s  

i n  a l l  o rg a n is m s . Composed o f  lo n g  c h a in s  o f  am ino a c id s  (p o ly ­

p e p t id e s )  th e y  f u n c t io n  a s  enzym es c a ta ly z in g  th e  a n a b o l i c  and 

ca f h o l i c  r e a c t i o n s  in  l i v i n g  t i s s u e .  Enzymes a l s o  c a r r y  o u t th e  

com plex r e a c t i o n s  n e c e s s a ry  f o r  e x p r e s s io n  o f  th e  g e n e t i c  code and  th e  

r e p l i c a t i o n  o f  b o th  DNA and RNA. In  a d d i t i o n  p r o t e i n s  in  c o n ju n c t io n  

w ith  l i p i d s  m a in ta in  th e  s t r u c t u r a l  i n t e g r i t y  o f  a l l  c e l l  m em branes.

Many horm ones a r e  s m a ll  p r o t e i n s  o r  p e p t i d e s ,  and some o f  th e  m o le c u le s  

in v o lv e d  i n  n e rv e  im p u lse  t r a n s m is s io n  and immune re s p o n s e  r e a c t i o n s  

a r e  a l s o  p e p t i d e s .  The t h r e e  d im e n s io n a l  s t r u c t u r e  o f  p r o t e i n s  and 

p e p t id e s  i s  r e l a t e d  to  t h e i r  b i o l o g i c a l  a c t i v i t y ,  and  i s  d ep e n d en t 

upon t h e i r  p r im a ry  s t r u c t u r e ,  t h e i r  c o n c e n t r a t io n ,  th e  s o lv e n t  e n v iro n ­

m en t, and th e  te m p e ra tu re .

I n  o r d e r  to  e l u c i d a t e  c o n fo rm a t io n a l  c h a r a c t e r i s t i c s  o f  p r o te i n s  

w ith  r e s p e c t  to  th e  above v a r i a b l e s  many o l ig o p e p t i d e s  h a v e  b een

s y n th e s iz e d ^ - and s tu d i e d  a s  m odel com pounds. The a p p l i c a t i o n  o f  

2
x - ra y  d i f f r a c t i o n  ( i n  th e  c a se  o f  s im p le  am ides o n ly )  and  i n f r a r e d  

sp e c tro sc o p y "* ’ ^ in  s o l i d  s t a t e  s t u d i e s ,  and  I . R . ? ’^ ’ "* o p t i c a l

r o t a t i o n , o p t i c a l  r o t a t o r y 'd i s p e r s i o n , ^  c i r c u l a r

, ,  . . 1 1 ,1 2 ,1 3 ,1 4 ,1 5 ,1 6 ,1 7 ,1 8 ,1 9  . , 1 2 ,d ic h ro is m , and  n u c le a r  m a g n e tic  r e s o n a n c e ,

20 22 23 24* ’ ’ in  s o lu t i o n  s tu d i e s  h a s  s u c c e s s f u l l y  d e te rm in e d  th e

s e c o n d a ry  s t r u c t u r e  o f  many h o m o -o lig o p e p tid e s  and  some c o - o l ig o p e p t id e s .  

Such s t u d i e s  hav e  r e v e a le d  th e  depen d en ce  o f  s e c o n d a ry  s t r u c t u r e  on 

c h a in  l e n g th ,  s o lv e n t - c h a in  i n t e r a c t i o n s ,  c o n c e n t r a t io n  and te m p e ra tu re .

Of th e  many m odel compounds s tu d i e d ,  among th e  f i r s t  w ere homo-

25 26 **
p o ly m ers  and o lig o m e rs  o f  y - m e th y l-L -g lu ta m a te .  A g r e a t  d e a l  o f

-  1 -
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p h y s ic o -c h e m ic a l  d a ta  on th e s e  compounds was made a v a i l a b l e .  L a t e r

s t u d i e s  in v o lv e d  th e  a n a ly s i s  o f  c o - o l ig o p e p t id e s  in  l i g h t  o f  th e

f a c t  t h a t  e v e ry  b i o l o g i c a l l y  a c t i v e  p e p t id e  i s  composed o f  m ore th an

one ty p e  o f  amino a c id .  C o -o lig o m ers  com posed o f  m e th io n in e  and one

18v a l i n e  o r  m e th io n in e  and one g ly c in e  w ere e x te n s iv e ly  a n a ly z e d  v ia

C.D. and  o p t i c a l  r o t a t i o n ,  and y ie ld e d  much in f o r m a t io n  r e g a r d in g

s e c o n d a ry  s t r u c t u r e  i n  co m p ariso n  to  m e th io n in e  h o m o -o lig o m e rs .’ To

g a in  a  b e t t e r  u n d e rs ta n d in g  o f  p r o t e i n  s e c o n d a ry  s t r u c t u r e  i t  w ould  now

be u s e f u l  to  a n a ly z e  a  s e r i e s  o f  c o -o lig o m e rs  c o n ta in in g  one g ly c in e

as  a  " g u e s t"  am ino a c id ,  and th e  w e l l  c h a r a c t e r i z e d  y -m e th y l-L -

g lu ta m a te  a s  th e  " h o s t "  o r  backbone r e s id u e .  The g o a l  o f  t h i s  r e s e a r c h

i s  th e  i n v e s t i g a t i o n  o f  th e  e f f e c t s  on se c o n d a ry  s t r u c t u r e  o f  g ly c in e

i n s e r t i o n  i n  p r o t e c t e d  y -m e th y l-L -g lu ta m a te  o l ig o m e rs . Tow ards t h i s

end we w i l l  s y n th e s i z e  a  s e r i e s  o f  compounds composed o f  y -m e th y l-L -

g lu ta m a te  and  g ly c in e .  A l l  p e p t i d e s ,  from  d im er th ro u g h  h e p ta m e r w i l l

c o n ta in  o n ly  one g ly c in e  a t  v a r io u s  p o s i t i o n s  i n  th e  c h a in  w i th  th e

re m a in in g  r e s id u e s  b e in g  y -m e th y l-L -g lu ta m a te . S y n th e s is  w i l l  be

p e rfo rm e d  i n  a  s te p w is e  m anner (b a c k in g  o f f  p r o c e d u r e ) , v i a  a  m ixed

27c a r b o n ic - c a r b o x y l ic  a n h y d r id e  c o u p lin g . A l l  p e p t id e s  m u st b e  re a s o n a b ly  

p u re  f o r  m e a n in g fu l s p e c t r a l  a n a ly s i s  (> 97%). P u r i t y  o f  p e p t id e s  w i l l  

be d e te rm in e d  by n o rm a l p h ase  h ig h  p r e s s u r e  l i q u i d  c h ro m a to g rap h y  and 

t h i n  l a y e r  ch ro m ato g rap h y  on s i l i c a .  I n  th e  p r e s e n t a t i o n  o f  c h ro m a to ­

g r a p h ic  d a ta  a s  e v id e n c e  o f  p u r i t y  a  d i s c u s s io n  o f  th e  e f f e c t s  o f  

p o s i t i o n a l  iso m e rism  w ith  r e s p e c t  to  HPLC m o b i l i ty  and r e s o l v a b i l i t y  

w i l l  be o f f e r e d .

C o n fo rm a tio n a l a n a ly s i s  w i l l  be p e rfo rm e d  u s in g  C.D . P e p t id e s  w i l l  

be exam ined  in  a  s t r u c t u r e  s u p p o r t in g  s o lv e n t  ( t r i f l u o r o e t h a n o l )  and in

-  2 -
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a  n o n - s t r u c t u r e  s u p p o r t in g  s o lv e n t  ( h e x a f lu o r o is o p r o p a n o l ) . Conform a­

t i o n a l  s t u d i e s  o f  c o - o l ig o p e p t id e s  w i l l  be com pared  to  c o n fo rm a t io n a l  

d a ta  o b ta in e d  f o r  th e  y r a e th y l- L - g lu ta m a te  h o m o -o lig o m e rs . The 

r e s u l t s  w i l l  s e rv e  to  e lu c i d a t e  th e  e f f e c t s  on se c o n d a ry  s t r u c t u r e  o f 

g ly c in e  i n s e r t i o n  in  a  w e l l  s tu d ie d .m o d e l  o l ig o p e p t i d e .

-  3 -
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HISTORICAL

One o f  th e  f i r s t  i n v e s t i g a t i o n s  in v o lv in g  p r o t e i n s  d a te s  back  to

29
th e  e x p e r im e n ts  o f  P a y e r  and  P e rso y  in  1833. T hese i n v e s t i g a t o r s

d e m o n s tra te d  t h a t  an  a lc o h o l  p r e c i p i t a t e  o f  m a l t  e x t r a c t  c o n ta in e d  a

th e r m o la b i le  s u b s ta n c e  w hich  c o n v e r te d  s t a r c h  i n t o  s u g a r  ( a m y la s e ) .

L a te r  i n  t h a t  c e n tu ry  E m il F i s c h e r  d e m o n s tra te d  th e  c lo s e  s t e r i c

r e l a t i o n s h i p  betw een  enzyme and  s u b s t r a t e  w h ich  le d  to  th e  lo c k  and  key 

30h y p o th e s i s .  I t  h as  b een  c l e a r l y  p ro v e d  i n  r e c e n t  y e a r s  t h a t  th e

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

d im e n s io n a l c o n fo rm a tio n , w h ich  i n  t u r n  i s  d e te rm in e d  by th e  amino

31a c id  seq u en ce  o f  th e  m o le c u le . A lth o u g h  a  p r o t e i n  can  be v i s u a l i z e d  

a s  e x i s t i n g  i n  an  i n f i n i t e  num ber o f  t h r e e  d im e n s io n a l s t r u c t u r e s

t h e r e  a r e  d i s c r e t e  th e rm o d y n a m ic a lly  s t a b l e  s t a t e s  w hich

. . . 3 2 ,3 3 ,3 4p re d o m in a te .

One o f  th e  f i r s t  c o n fo rm a t io n a l  s t u d i e s  p e rfo rm e d  on p o ly p e p t id e s

35was th e  x - r a y  d i f f r a c t i o n  a n a ly s i s  o f  f ib r o u s  p r o t e i n s .  The r e s u l t s  

s u g g e s te d  a  r e g u l a r  f o ld in g  o f  th e  p e p t id e  b a c k b o n e . S u b seq u en t-

s t u d i e s  o f  a and  8 k e r a t i n  r e i n f o r c e d  th e  p re s e n c e  o f  a  p e r i o d i c i t y  o r

36 37 38 39r e g u l a r i t y  o f  f o ld in g .  ’ A ided  by th e  w ork  o f  H uggins ’ w hich

in v o lv e d  an  a tte m p t  to  d e te rm in e  th e  p r i n c i p l e  o f  p r o t e i n  f o ld in g ,

P a u lin g  and cow orkers made t h e o r e t i c a l  p r e d i c t i o n s  a s  to  th e  se c o n d a ry
2

s t r u c t u r e  o f  p r o t e i n s .  In  c o n ju n c t io n  w ith  x - r a y  s tu d i e s  o f  c r y s t a l s  

o f  s im p le  am ide c o n ta in in g  compounds ( d i  and t r i p e p t i d e s ) , th e  p e p t id e  

bond was d e te rm in e d  t o  have a  p l a n a r  g eo m etry . T h is  geom etry  r e s u l t s  

from  th e  p a r t i a l  d o u b le  bond c h a r a c t e r  o f  th e  am ide bond w hich  r e s t r i c t s  

r o t a t i o n  and  s h o r te n s  th e  C-N bond l e n g t h .
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X -ray  a n a l y s i s  o f  a - k e r a t i ’n  d i s p la y e d  a m a jo r  p e r i o d i c i t y  o f
O O

~ 5 .4  A and a  m in o r p e r i o d i c i t y  o f  1 .5  A in  th e  d i f f r a c t i o n  p a t t e r n s .  

P a u l in g  and  Corey fo u n d  t h a t  th e  s im p le s t  a rra n g e m e n t f o r  th e  p o ly ­

p e p t id e  w hich  e x p la in e d  th e  above p e r i o d i c i t y  was a h e l i c a l  

40 41s t r u c t u r e .  ’ T h is  s e c o n d a ry  s t r u c t u r e  was te rm ed  th e  a - h e l i x  and 

c o n ta in e d  a  n o n - i n t e g r a l  num ber o f  r e s id u e s  p e r  h e l i x  tu r n  (3 .6 )  and  

t h i r t e e n  atom s in  a  r in g  c lo s e d  by  a  h y d ro g en  bond . One co m p le te
O

tu r n  o f  th e  h e l i x  was r e s p o n s ib le  f o r  t h e  p e r i o d i c i t y  o f  5 .4  A and an
O

a x i a l  t r a n s l a t i o n  o f  1 .5  A p e r  r e s id u e  i n  th e  c h a in  was r e s p o n s i b l e . f o r

th e  m in o r p e r i o d i c i t y .  M o le c u la r  m odels r e v e a le d  an a lm o s t l i n e a r

d i s p o s i t i o n  o f  h y d ro g en  bonds b e tw een  th e  am ide p r o to n  and  th e  c a rb o n y l

oxygen in  th e  p e p t id e  b ack b o n e . T h is  H -bond h a s  been  im p l ic a te d  in

41s t a b i l i z a t i o n  o f  th e  h e l i x .

The e x i s t e n c e  o f  a n o th e r  s e c o n d a ry  s t r u c t u r e ,  th e  e x te n d e d  o r  6

35form , was f i r s t  r e c o g n iz e d  by M eyer e t  a l .  i n  s i l k  and A stb u ry  and 

37Woods in  ( 3 -k e r a t in .  T hese  i n v e s t i g a t o r s  p ro p o se d  th e  e x is t e n c e  o f  

i n t e r c h a i n  h y d ro g en  bonds s t a b i l i z i n g  th e  e x te n d e d  s t r u c t u r e .  A lthough  

th e  c l e a r e s t  e v id e n c e  f o r  th e  e x is t e n c e  o f  th e  3- s t r u c t u r e  was from  a

s tu d y  o f  p o ly a m id e s  ( K in o s h i ta  ) ,  many i n v e s t i g a t o r s  ex am in in g  such

43 44polyam ino  a c id s  a s  p o ly g ly c in e ,  p o ly - L - a la n in e , p o ly  3 - n - p r o p y l-

45 46L - a s p a r t a t e ,  and  p o ly -S - c a rb o b e n z o x y -L - c y s te in e ,  gave e v id e n c e

47f o r  th e  a n t i p a r a l l e l  c ro s s  3 - s t r u c t u r e  s u g g e s te d  by P a u l in g  and C orey .

The e x is t e n c e  o f  s t i l l  a n o th e r  s e c o n d a ry  s t r u c t u r e ,  th e  c o -h e lix  (a

s t r a i n e d  a - h e l i x )  h a s  a l s o  b een  d e m o n s tra te d  in  f i lm s  o f  p o ly  3 -b e n z y l

48a s p a r t a t e  b u t  i s  n o t  common to  m ost o th e r  p o lyam ino  a c id s .

As s t a t e d  p r e v io u s ly  th e  fo rm a tio n  o f  i n t r a -  and in te r m o le c u la r  

hy d ro g en  bonds i s  an  i n t e g r a l  com ponent o f  s e c o n d a ry  s t r u c tu r e d  H ow ever,
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e a r l y  s tu d i e s  w ere p e rfo rm e d  i n  th e  s o l i d  s t a t e ,  w h ile  b i o l o g i c a l l y  

a c t i v e  p o ly p e p t id e s  f u n c t io n  in  s o l u t i o n .  P h y s ic o c h e m ic a l  f a c t o r s  

a f f e c t i n g  se c o n d a ry  s t r u c t u r e  in  th e  s o l i d  s t a t e  su c h  a s  van  d e r  W aals 

f o rc e s  and  e l e c t r o s t a t i c  i n t e r a c t i o n s  may be  s i g n i f i c a n t l y  p e r tu r b e d  

in  s o lu t i o n .  F u r th e rm o re , s t r u c t u r e  s t a b i l i z i n g  h y d ro g en  bonds a r e  

c e r t a i n l y  a f f e c t e d  by th e  d i e l e c t r i c  c o n s ta n t  o f  th e  s o l u t i o n  medium. 

H ydrophob ic  i n t e r a c t i o n s  w h ich  can  o c c u r  upon s o l u b i l i z a t i o n  o f  

p e p t id e s  a l s o  g r e a t l y  a f f e c t  s e c o n d a ry  s t r u c t u r e .

S t r u c t u r a l  a n a l y s i s  by  x - r a y  d i f f r a c t i o n  c a n n o t be c a r r i e d  o u t  in  

s o lu t i o n ,  h o w ev er, i n f r a r e d  s p e c t r o s c o p y  i s  c a p a b le  o f  s t r u c t u r a l  

a n a ly s i s  o f  b o th  p o ly p e p t id e  and p e p t id e  f i lm s  and  some d i l u t e  p o ly ­

p e p t id e  and  p e p t id e  s o l u t i o n s .  T h is  was an  im p o r ta n t  in s t r u m e n ta t io n a l  

t r a n s i t i o n  i n  t h a t  p o ly p e p t id e s  and  p e p t i d e s  p r e v io u s ly  c h a r a c te r i z e d  

by x - r a y  c r y s t a l l o g r a p h y  c o u ld  now be s tu d i e d  u n d e r  b i o l o g i c a l l y  

r e l e v a n t  c o n d i t io n s .

49I n  1950 Ambrose an d  E l l i o t  i n v e s t i g a t e d  th e  se c o n d a ry  s t r u c t u r e  

o f  p o ly p e p t id e  f i lm s  and  d i l u t e  p o ly p e p t id e  o r g a n ic  s o l u t i o n s  u s in g  

i n f r a r e d  a b s o r p t io n  t e c h n iq u e s .  The r e s u l t s  o f  th e s e  s tu d i e s  i n d ic a te d  

t h a t  o r i e n t e d  f i lm s  o f  p o ly  y -m e th y l-L -g lu ta m a te  and  p o ly  y - b e n z y l -L -  

g l u ta m a t e .e x h i b i t  p a r a l l e l  d ic h ro is m  f o r  th e  NH and  C=0 s t r e t c h i n g  mode 

when c a s t  from  c h lo ro fo rm  o r  m - c r e s o l .  T hese  f i lm s  e x h ib i t e d  

c h a r a c t e r i s t i c  a b s o r p t io n  f r e q u e n c ie s  f o r  th e  N-H s t r e t c h i n g  mode o f  

3305 cm ^ and 3070 cm \  and a f re q u e n c y  band  o f  1660 cm ^ f o r  th e  C=0 

o r  Amide I  s t r e t c h i n g  m ode. P e r p e n d ic u la r  d ic h ro is m  was a l s o  o b se rv e d  

f o r  th e  N-H d e fo rm a tio n  mode a t  1560 cm 1 , th e  Amide I I  b a n d . T hese 

r e s u l t s  w ere i n d i c a t i v e  o f  th e  a - h e l i x  o r  w h a t was te rm ed  " a - s t r u c t u r e " . 

When f i lm s  o f  th e  above p o ly m e rs  w ere  c a s t  from  fo rm ic  a c id  (a  s t r o n g
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h y d ro g en  b o n d in g  s o lv e n t )  f re q u e n c y  s h i f t s  w ere o b s e rv e d  f o r  th e  

c a r b o n y l ,  Amide I  s t r e t c h i n g  m odes, from  1660 cm 1  t o  1640 cm 1 , and 

f o r  th e  N-H i n  p la n e  d e fo rm a tio n  mode from  1560 cm ^ to  1530 'em \  

P e r p e n d ic u la r  d ic h ro is m  was now o b s e rv e d  f o r  th e  s t r e t c h i n g  modes and 

p a r a l l e l  d ic h ro is m  was o b s e rv e d  f o r  th e  N-H d e fo rm a t io n . T hese  

p o l a r i z a t i o n s  w ere  o p p o s i te  to  th o s e  o b se rv e d  i n  a - s t r u c t u r e  and t h i s  

s t r u c t u r e  was te rm ed  g. W ith  know ledge o f  th e  abo v e  d a ta  th e  same 

i n v e s t i g a t o r s  c a r r i e d  o u t  d i l u t e  s o lu t io n ,  s t u d i e s  on p o ly  y - b e n z y l -L -  

g lu ta m a te  in  c h lo ro fo rm . The i n f r a r e d  s p e c t r a  i n d i c a t e d  t h a t  th e  N-H 

s t r e t c h i n g  f re q u e n c y  a p p e a re d  a t  3305 cm th e  i d e n t i c a l  f re q u e n c y  

f o r  th e  N-H s t r e t c h i n g  mode o b s e rv e d  in  th e  o r i e n t e d  f i lm  o f  th e  same 

p o ly m e r. T hese  r e s u l t s  i n d i c a t e d  t h a t  a l l  am ide p r o to n s  w ere  h y d ro g en  

bonded , and  t h a t  th e  c h a r a c t e r i s t i c  a b s o r p t io n  f r e q u e n c ie s  f o r  th e  

a - s t r u c t u r e  a s  a  f i lm  e x i s t  f o r  p o ly  y - b e n z y l -L - g lu ta m a te  i n  th e  non­

h y d ro g en  b o n d in g  s o lv e n t  c h lo ro fo rm . I t  was a l s o  r e c o g n iz e d  t h a t  

p o ly p e p t id e  s t r u c t u r a l  t r a n s i t i o n s  o c c u r r e d  a s  a  f u n c t io n  o f  s o lv e n t .

S u b se q u e n t s t u d i e s  o f  f i lm s  c o n firm e d  t h a t  a - h e l i x ,  a n t i - p a r a l l e l  

e x te n d e d , and p a r a l l e l  c h a in  e x te n d e d  c o n fo rm a tio n  d i s p la y e d  e i t h e r  

p a r a l l e l  o r  p e r p e n d ic u l a r  d ic h ro is m  i n  t h e i r  Amide I  and  Amide I I  

p o l a r i z e d  i n f r a r e d  a b s o r p t io n  b a n d s . ^  T hese  c h a r a c t e r i s t i c  b ands 

w ere e x p l i c a b l e  in  te rm s  o f  i n t r a  and i n t e r c h a i n  v i b r a t i o n a l  i n t e r -  

a c t i o n s .

IR  s t u d i e s  o f  lo w e r  m o le c u la r  w e ig h t m odel o l ig o p e p t id e  f i lm s  and

s o l u t i o n s  hav e  p ro v id e d  a  g r e a t  d e a l  o f  in f o r m a t io n  on se c o n d a ry

s t r u c t u r e  w i th  r e s p e c t  to  c r i t i c a l  c h a in  s i z e ,  p r o t e c t i n g  g ro u p s ,  s id e

4 5 51c h a in ,  s o lv e n t s  an d  te m p e ra tu re  c h a n g e s . ’ ’ T o n io lo  and cow o rk ers  

p e rfo rm e d  a  s e r i e s  o f  e x p e r im e n ts  on p r o te c te d  ‘o lig o m e rs  w i th  u n b ran c h e d
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g -b ra n c h e d , y -b ra n c h e d  and  s u l f u r  c o n ta in in g  h y d ro p h o b ic  s id e  
4

c h a in s .  S p e c i f i c a l l y  th e  p r o t e c t e d  o l ig o m e rs  o f  L - a la n in e ,  L - v a l in e ,  

L - le u c in e ,  L - i s o l e u c i n e ,  L - n o r v a l in e ,  L - p h e n y la la n in e , L -m e th io n in e  

and L -m e th y lc y s te in e  w ere s y n th e s iz e d  f o r  IR  c o n fo rm a t io n a l  a n a ly s i s .

I t  was found  t h a t  a l l  o f  th e s e  p e p t id e s  in  th e  s o l i d  s t a t e  e x h ib i te d  

one o f. two ty p e s  o f  g - s t r u c t u r e ,  and  h ad  a  c r i t i c a l  c h a in  s i z e  o f  

be tw een  f i v e  and se v e n  r e s i d u e s .  H ig h e r  o lig o m e rs  o f  th e s e  amino a c id  

r e s id u e s  m a in ta in e d  th e  e x te n d e d  s t r u c t u r e ,  how ever, i n c r e a s e  i n  tem p er­

a tu r e  o r  d i l u t i o n s  o f  p e p t i d e  s o l u t i o n s  r e s u l t e d  i n  l o s s  o f  any 

g - s t r u c t u r e  a t  any c h a in  l e n g th .

When th e  s o l u b i l i z i n g  p o ly m e r p o l y ( o x y e th y le n e )  was a t t a c h e d  to  

L -A la , L -M et, and L -V al o l ig o m e r s ,  IR  a n a ly s i s  i n  s o l u t i o n  d e m o n s tra te d  

th e  p re s e n c e  o f  s u b s t a n t i a l  h e l i c a l  s t r u c t u r e  f o r  th e  POE bound

L -m e th io n in e  decam er th ro u g h  t r id e c a m e r ,  and  h e l i c a l  c o n te n t  to  a

16l e s s e r  e x t e n t  i n  POE bound L - a la n in e  and  L - v a l in e  t r id e c a m e r s .

I n f r a r e d  s p e c t r a  s t u d i e s  o f  a n o th e r  ty p e  o f  o l ig o p e p t id e ,  p r o te c te d
3

y - e t h y l  g lu ta m a te ,  w ere  p e rfo rm e d  by Goodman e t  a l .  I t  was found 

t h a t  th e  s o lv e n t  t r im e th y lp h o s p h a te  s u p p o r te d  f o ld e d  s t r u c t u r e s  above 

th e  h e p ta m e r , w h ile  i n  c h lo ro fo rm  th e  o l ig o p e p t id e s  assum ed g - s t r u c t u r e s  

above th e  p e n ta m e r .

I n  summary i n f r a r e d  s p e c t ro s c o p y  was th e  f i r s t  in s t r u m e n ta l  m ethod 

to  s u c c e s s f u l l y  d i s t i n g u i s h  th e  p r e s e n c e  o f  a and g s t r u c t u r e s  in  

p o ly p e p t id e s  and  o l ig o p e p t id e s  i n  s o l u t i o n  and  p ro v ed  to  be  an 

in v a lu a b le  a n a l y t i c a l  t o o l .  S o lu t io n  s t u d i e s  how ever w ere l i m i t e d  to  

th e  u se  o f  s o lv e n t s  w h ich  w ere  c a p a b le  o f  d i s s o lv in g  p o ly p e p t id e s  and 

p e p t id e s  and  a t  th e  same tim e  m a in ta in in g  t r a n s p a re n c y  to  IR  r a d i a t i o n .  

In  a d d i t io n  d e t a i l e d  a n a l y s i s  o f  g lo b u la r  p r o t e i n s  v i a  IR  was h in d e re d
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by o v e r la p  o f  c r i t i c a l  a b s o r p t io n  bands m aking r e s o l u t i o n  and

q u a n t i f i c a t i o n  o f  s p e c i f i c  2 ° s t r u c t u r e s  a t .  b e s t . d i f f i c u l t .

U l t r a v i o l e t  a b s o r p t io n  s p e c tro p h o to m e try  i s  b e t t e r  s u i t e d  f o r

th e  e l u c i d a t i o n  o f  p e p t id e  and p r o t e i n  s e c o n d a ry  s t r u c t u r e  (a s  com pared

to  IR) b e c a u s e  e l e c t r o n i c  t r a n s i t i o n s  o f  th e  am ide chrom ophore

o c c u r - in  th e  f a r  U .V ., a r e  d i s c r e t e ,  a r e  h ig h ly  s e n s i t i v e  to  changes

i n  2° s t r u c t u r e  and a r e  r e a d i l y  q u a n t i f i e d .  U.V. a b s o r p t io n  te c h n iq u e s

a ls o  p e rm i t  th e  u se  o f  aqueous s o lv e n t  and a  v a r i e t y  o f  o r g a n ic  s o l v e n t s .

P o la r i z e d  U.V. s p e c t r a  o f  a - h e l i c a l  p o ly - L - ly s in e  and p o ly -L -  

52g lu ta m ic  a c id  r e v e a le d  an  unam biguous s h o u ld e r  on th e  a b s o r p t io n

b a n d s  i n  th e  190-220 nm r e g io n .  O th e r  i n v e s t i g a t o r s  d e m o n s tra te d  th e

same e f f e c t  i n  p o ly  y - m e th y l-L -g lu ta m a te  o r i e n t e d  f i lm s  and i n  t r i -

53f lu o r o e th a n o l  s o lu t i o n s  o f  th e  same p o ly p e p t id e .  T hese  s h o u ld e r s

w ere a  r e s u l t  o f  e x c i to n  s p l i t t i n g  o f  TH-rr* t r a n s i t i o n s  i n  th e

a - h e l i c a l  s t r u c t u r e .  O th e r  U.V. s p e c t r a l  phenom ena' a r e  h e l p f u l  in  th e

a n a ly s i s  o f  p r o t e i n  s t r u c t u r e .  U.V. a b s o r p t io n  s p e c t r a  o f  a - h e l i c a l

52
p o ly - L - ly s in e  i n  aqueous s o lu t i o n  r e v e a le d  a  hypoch rom ic  e f f e c t  f o r

th e  Tr-»-n-* a b s o r p t io n  when com pared to  th e  s p e c t r a l  b an d s  o f  th e  same

p o ly p e p t id e  i n  a  random  c o i l  o r  g - s t r u c t u r e .  T h is  phenomenon i s  due to

an  i n t e r a c t i o n  o f  th e  t r a n s i t i o n  moment o f  th e  lo w e s t  e n e rg y  band  ( th e

band  o f  i n t e r e s t )  w i th  th e  t r a n s i t i o n  moment from  a d jo in in g  r e s id u e  h ig h

e n e rg y  b a n d s . T h is  phenom ena i s  s t r i c t l y  a s s o c i a te d  w ith  th e  a - h e l i x ,

w h ile  a h y p e rc h ro m ic  e f f e c t  i s  s e e n  a t  194 nm i n  th e  U.V. a b s o r p t io n

52s p e c t r a  o f  p o ly - L - ly s in e  i n  th e  g - s t r u c t u r e .

U.V. a b s o r p t io n  s p e c t r a  e x h ib i t e d  o b s e rv a b le  d i f f e r e n c e s  be tw een  

random c o i l ,  a - h e l i x  and  e x te n d e d  fo rm s , how ever p a r t i a l  o v e r la p  o f  

p e a k s  made i t  d i f f i c u l t  to  d e f i n i t i v e l y  a s s ig n  th e  d i f f e r e n t  s e c o n d a ry

-  9 -

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



s t r u c t u r e s .  L a te r  i n s t r u m e n ta l  a d v an ces  made a v a i l a b l e  s p e c t r a l  

m ethods c a p a b le  o f  d i s t i n g u i s h in g  be tw een  th e  th r e e  m a jo r  ty p e s  o f  

se c o n d a ry  s t r u c t u r e .  One m ethod w as b a s e d  on th e  o p t i c a l  a c t i v i t y  o f  

th e  am ide chrom ophore i n  d i f f e r e n t  s e c o n d a ry  s t r u c t u r e s .  The p rim a ry  

s o u rc e  o f  p r o t e i n  o p t i c a l  a c t i v i t y  i s  th e  c h i r a l  a -c a r b o n .  T h is  c h i r a l  

c e n te r  does n o t  i t s e l f  p ro v id e  any t r a n s i t i o n s  i n  a c c e s s ib l e  s p e c t r a l  

ra n g e s  b u t  i t s  i n h e r e n t  asym m etry  p e r tu r b s  th e  am ide g roup  i n  p r o t e i n s  

r e s u l t i n g  in  o p t i c a l  a c t i v i t y .  The p r o t e i n  b ack b o n e  upon ta k in g  on a 

r e g u l a r  f o ld e d ,  o r  e x te n d e d  s t r u c t u r e  i t s e l f  becom es n o n -su p e r im p o s a b le  

on i t s  m i r r o r  im age. T h is  form  o f  asym m etry a l s o  p e r t u r b s  th e  am ide 

chom ophore. One o f  th e  f i r s t  s p e c t r a l  m ethods u t i l i z e d  f o r  m easurem ent 

o f  th e  o p t i c a l  a c t i v i t y  o f  p e p t id e s  was p o la r im e t r y .  A lth o u g h  t h i s  

m ethod does n o t  u s u a l ly  u se  r a d i a t i o n  i n  th e  f a r  U.V. i t  can  be  r e a d i ly  

a p p l i e d  to  c o n fo rm a tio n a l  a n a ly s i s  o f  o l i g o p e p t i d e s .
4

P o la r im e t r y  a t  th e  sodium  D l i n e  i s  a  te c h n iq u e  w hich  h a s  been

em ployed a s  a  s e n s i t i v e  c r i t e r i o n  f o r  th e  d e te r m in a t io n  o f  th e  c r i t i c a l

54c h a in  s i z e  f o r  o n s e t  o f  s e c o n d a ry  s t r u c t u r e .  Goodman e t  a l .  

p e rfo rm e d  o p t i c a l  r o t a t i o n  m easu rem en ts  o f  p r o t e c t e d  o lig o m e rs  o f  

y -m e th y l-L -g lu ta m a te  i n  v a r io u s  s o lv e n t s .  P l o t s  o f  s p e c i f i c  r o t a t i o n  

v e r s u s  r e s id u e  num ber o f  o lig o m e rs  d i s s o lv e d  i n  d i c h l o r o a c e t i c  a c id  

y i e ld e d  c u rv e s  c o n s i s t e n t  w i th  an  i n c r e a s e  i n  th e  num ber o f  c h i r a l  

c e n t e r s .  D is s o lu t io n  o f  o lig o m e rs  in  d io x a n e , a  n o n -h y d ro g e n  b o n d in g  

s o lv e n t ,  p ro d u ce d  s i m i l a r  g ra p h s  o f  s p e c i f i c  r o t a t i o n  v s .  r e s id u e  

num ber up to  and  in c lu d in g  th e  t e t r a m e r .  From th e  p e n ta m e r  th ro u g h  

th e  undecam er a  r a t h e r  l a r g e  d e v ia t io n  o c c u r r e d  f o r  th e  d io x a n e - p e p t id e  

s o l u t i o n s  a s  com pared to  s o lu t i o n s  i n  d i c h l o r o a c e t i c  a c id .  T h is
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d e v ia t io n  h a s  been  shown to  be a  r e s u l t  o f  th e  c o n t r i b u t i o n  o f  th e

55—61se c o n d a ry  s t r u c t u r e  to  th e  r o t a t i o n  o f  p o l a r i z e d  l i g h t .  More

r e c e n t  s t u d i e s  o f  o l ig o p e p t id e  c o n fo rm a tio n  hav e  u se d  m o la r  r o t a t i o n  

v a lu e s ,  i n s t e a d  o f  s p e c i f i c  r o t a t i o n ,  t o  g e n e r a te  n e a r ly  l i n e a r  p l o t s  

w ith  r e s p e c t  t o  t h e  num ber o f  r e s id u e s  when se c o n d a ry  s t r u c t u r e  i s  

a b s e n t ."*■

The a p p l i c a t i o n  o f . p o la r im e t r y  a s  an  i n d i c a t i o n  o f  o p t i c a l  p u r i t y  

d u r in g  s y n th e s i s  o f  L -h o m o -o lig o p e p tid e s '* ' h a s  a l s o  b een  p o s s ib l e  when 

p e p t id e s  a r e  d i s s o lv e d  i n  s o lu t i o n s  o f  s t r o n g  h y d ro g en  bond ing  

s o lv e n t ,  such  a s  h e x a f lu 'o ro a c e to n e  and  h e x a f lu o r o is o p r o p a n o l .

However i n  o p t i c a l  r o t a t i o n  s t u d i e s  o f  c o -o l ig o m e rs  p o s i t i o n a l  

iso m e rs , v a lu e s  o f  m o la r  r o t a t i o n s  v a r i e d  f o r  a s e r i e s  o f  s i x  

hexam ers c o n ta in in g  one g ly c in e  and  f i v e  L -m e th io n in e s . ^  T hese 

d e v ia t io n s  s u g g e s te d  t h a t  e i t h e r  th e r e  a r e  i n t e r n a l  i n t e r a c t i o n s  

be tw een  a d ja c e n t  c h i r a l  c e n te r s  i n  th e  m o le c u le  o r  t h a t  th e r e  a r e  

c o n fo rm a tio n a l  d i f f e r e n c e s  b e tw een  th e  hexam ers even  i n  h e x a f lu o r o -  

a c e to n e .

As a  r e s u l t  o f  a  num ber o f  p o la r im e t r y  s tu d i e s  o f  L - a s p a r t a t e ,  

L -m e th io n in e , y - e t h y l - L - g lu t a m a t e , L - a la n in e ,  and  y -m e th y l-L -  

g lu ta m a te  o l ig o m e rs ,  Goodman'*' d e v e lo p e d  an  e q u a t io n  d e s c r ib in g  th e  

v a r io u s  e le m e n ts  t h a t  c o n t r i b u t e  to  th e  t o t a l  m o la r  r o t a t i o n  o f  a 

p e p t id e :

^ e n d  + n  ^ i n t e r n a l  +  ^ c o n f o r m a t i o n  

w here [ ] .̂ i s  th e  t o t a l  m o la r  r o t a t i o n  o f  th e  p e p t id e ,  [<f>]en(j i s  th e  

c o n t r i b u t i o n  from  C and  N t e r m in a l  r e s i d u e s ,  w h ich  a r e  c h e m ic a l ly  

d i s t i n c t  from  i n t e r n a l  r e s i d u e s .  i n t e r n a l  r e Pr e s e n t s  th e

o p t i c a l  a c t i v i t y  from  th e  i n t e r n a l  r e s id u e s  and n ' i s  th e  num ber o f
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i n t e r n a l  r e s i d u e s .  [d>] i s  th e  c o n t r i b u t i o n  from  s e c o n d a ryc o n fo rm a tio n

s t r u c t u r e .  The form  o f  th e  e q u a t io n  was shown to  be  l i n e a r  f o r  p l o t s

o f  v s .  n* i n  th e  a b se n c e  o f  s e c o n d a ry  s t r u c t u r e .  U sing  t h i s

e q u a t io n  t h i s  i n v e s t i g a t o r  was a b le  to  p r e d i c t  th e  m o la r  r o t a t i o n

o f  h i g h e r  o lig o m e rs  o f  a  p e p t id e  s e r i e s  i n  v a r i o u s  s o lv e n t s  b a s e d  upon

r o t a t i o n s  o f  lo w e r m o le c u la r  w e ig h t  m odel compounds o f  th e  same s e r i e s . ^

A n o th e r  p h y s ic a l  m ethod t h a t  to o k  a d v a n ta g e  o f  th e  o p t i c a l

a c t i v i t y  o f  p e p t id e s  i s  o p t i c a l  r o t a t o r y  d i s p e r s i o n ,  d e f in e d  as  th e

change i n  th e  m ag n itu d e  o f  th e  r o t a t i o n  w i th  w a v e le n g th . O .R .D . h a s

b een  a p p l i e d  w i th  l i m i t e d  s u c c e s s  in  th e  c o n fo r m a t io n a l  a n a l y s i s  o f

p r o t e i n s .  U n f o r tu n a te ly  c o n t r i b u t i o n s  from  c h ro m o p h o ric  t r a n s i t i o n s

many wave num bers away from  th e  t r a n s i t i o n  o f  i n t e r e s t  can  d i s t o r t  o r

c a u se  o v e r la p  o f  p e ak s  i n  c r i t i c a l  r e g io n s  o f  th e  d i s p e r s io n  sp e c tru m .

I n  s p e c t r a l  r e g io n s  w here  th e  p r o t e i n  o r  p e p t id e  m o le c u le s  a b so rb

l i g h t  th e  r e l a t e d  phenom enon o f  c i r c u l a r  d ic h r o is m  o c c u r s .  C i r c u l a r

d ic h ro is m  h a s  p ro v e n  to  be v e ry  s e n s i t i v e  to  p e p t i d e  s e c o n d a ry  s t r u c t u r e

and  p ro v id e s  c h a r a c t e r i s t i c  s p e c t r a l  p a t t e r n s  w h ich  can  be a s s ig n e d  to

62a - h e l i c a l ,  3 - s h e e t  and random  c o i l  s t r u c t u r e s .  Due to  th e  n a rro w n e ss  o f  

th e  C.D. band  i t  i s  s u p e r i o r  to  O .R .D . f o r  c o n fo r m a t io n a l  a n a ly s i s  o f  

p e p t id e s  and  p r o t e i n s .  C i r c u l a r  d ic h ro is m  was th e  e x p e r im e n ta l  m ethod 

u se d  i n  t h i s  t h e s i s  f o r  a n a ly s i s  o f  s y n t h e t i c  o l ig o p e p t i d e s .  C .D . 'c a n  be 

e x p la in e d  as  a  d i f f e r e n c e  i n  a b s o r p t io n  o f  th e  l e f t  and  r i g h t  h anded  

c i r c u l a r l y  p o l a r i z e d  com ponents o f  i n c i d e n t  r a d i a t i o n  by an  o p t i c a l l y  

a c t i v e  sam p le  (p la n e  p o l a r i z e d  l i g h t  can  be  v i s u a l i z e d  as  th e  v e c to r  

sum o f  two c i r c u l a r l y  p o l a r i z e d  co m p o n e n ts ). T h is  p r e f e r e n t i a l  a b s o rp ­

t i o n  r e s u l t s  i n  th e  two v e c to r s  b e in g  o f  u n e q u a l  s i z e  s o  t h a t  t h e i r  

v e c to r  sum t r a c e s  o u t  an  e l l i p s e .  T h is  e l l i p s e  i s  t i l t e d  r e l a t i v e  to
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th e  o r i g i n a l  p la n e  o f  p o l a r i z a t i o n .  C.D. i s  d i r e c t l y  r e c o rd e d  i n  te rm s 

o f  e l l i p t i c i t y ,  0 , ( F ig .  1 ) .  C.D. i s  a l s o  r e p o r t e d  in  te rm s o f  th e  

d i f f e r e n c e  i n  th e  m o la r  e x t i n c t i o n  c o e f f i c i e n t s  f o r  l e f t  and  r i g h t  

handed  com ponen ts: Ae = -  eR d e f in e d  a s  th e  c i r c u l a r  d ic h ro is m .

[0 ]  =• 3300 (e L -  eR)

0 e tan.”’( fe/a)

j F ig u re  1

f

H ie  c h a r a c t e r i s t i c  d i f f e r e n c e s  in  CD p a t t e r n s  f o r  v a r io u s  s e c o n d a ry  

s t r u c t u r e s  can  b e  u se d  i n  c o n fo rm a t io n a l  a n a l y s i s  o f  o l i g o -  and  p o ly ­

p e p t id e s ,  F ig .  l a .  H o lz w a rth  and  D oty i n  1965 p e rfo rm e d  e x te n s iv e  s t u d i e s

w hich  c o r r e l a t e d  U.V. a b s o r b t io n  d a ta  from  p o ly  y -m e th y l-L -g lu ta m a te  w i th

63C.D. s p e c t r a  o b ta in e d  from  th e  same compound. T h ree  d i s t i n c t  C o tto n
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e f f e c t s  l o c a t e d  be tw een  185 nm and 245 nm w ere  fo und  to  c o rre s p o n d  to

th e  U.V. a b s o r b t io n  b a n d s . The th r e e  r o t a t o r y  bands w ere  a s s ig n e d  to  th e

n -*■ it* t r a n s i t i o n  a t  222  nm, th e  p a r a l l e l  p o l a r i z e d  it -> ir* e x c i to n

t r a n s i t i o n  a t  206 nm and  th e  p e r p e n d ic u l a r ly  p o l a r i z e d  tt -* ir* e x c i to n

t r a n s i t i o n  a t  190 nm. In  th e  same s tu d y  C.D. s p e c t r a  o b ta in e d  from

p o ly p e p t id e s  i n  random o r  d i s o r d e r e d  s t r u c t u r e  r e v e a le d  a  r e g io n  o f

weak p o s i t i v e  c i r c u l a r  d ic h ro is m  from  210 nm to  235 nm, and  a  s t r o n g

12n e g a t iv e  d ic h ro is m  c e n te r e d  n e a r  200 nm. Goodman e t  a l .  u s in g  C.D.

a n a ly s i s  r e p o r te d  th e  a p p e a ra n c e  o f  a - h e l i c a l  s t r u c t u r e s  b e g in n in g  in

th e  h e p ta p e p t id e  o f  p r o t e c t e d  y - e th y l - L - g lu ta m a te  o l ig o p e p t i d e s .

E x te n s iv e  C.D. a n a ly s i s  o f  hom ooligom ers c o n ta in in g  a l i p h a t i c  s id e

9 64 65c h a in s  was p e rfo rm e d  by T o n io lo  e t  a l .  ’ ’ P r o t e c t e d  h o m o o lig o ­

p e p t id e s  o f  th e  3 -b ra n c h e d  am ino a c id s  L - v a l in e  and  L - i s o l e u c in e  

b eh av ed  s i m i l a r l y ,  b o th  assum ing  6 s t r u c t u r e  a t  th e  h e p ta m e r  i n  TFE 

( t r i f l u o r o e t h a n o l ) . A n a ly s is  o f  th e  y -b ra n c h e d  o l ig o m e rs  o f  L - le u c in e  

e x h ib i t e d  a  c r i t i c a l  c h a in  s i z e  f o r  8 s t r u c t u r e  o f  s e v e n  r e s i d u e s ,  

o c c u r r in g  how ever in  TFEiI^O m ix tu r e s .  I n  c o n ju n c t io n  w i th  th e  above 

s tu d i e s  Goodman an d  N a id e r  fo u n d  t h a t  p r o t e c t e d  a la n i n e  o lig o m e rs  a ls o  

form ed 8 s t r u c t u r e s  i n  TFE a t  th e  h e p ta m er b u t  w h i le  th e  above y and 8 

b ra n c h e d  a l i p h a t i c  o lig o m e rs  becam e s t r u c t u r e l e s s  upon d i l u t i o n  a t  th e  

h e p ta m e r o r  l a r g e r  p e p t i d e s ,  a la n in e  o l ig o m e rs  form ed a h e l i f c a l  

s t r u c t u r e s  be tw een  th e  h e p ta m er and  nonam er w i th  a  d e c re a s e  i n  con­

c e n tr a t io n ? "  T hese r e s u l t s  i n d i c a t e  t h a t  fo rm a tio n  o f  s e c o n d a ry  

s t r u c t u r e  i s  a  f u n c t io n  o f  h y d ro p h o b ic i ty  and  c h a in  b ra n c h in g  o r  s t e r i c  

i n t e r a c t i o n s .

I n  1974 N a id e r  and  B eck e r p e rfo rm e d  C.D . a n a l y s i s  o f  L -m e th io n in e  

69
o l ig o p e p t id e s .  P r o te c te d  hom ooligom ers o f  L -m e th io n in e ,  td t r a m e r
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th ro u g h  nonam er w ere s y n th e s iz e d  and  c o n fo r m a t io n a l ly  c h a r a c t e r i z e d .

F or th e  t e t r a m e r ,  p e n ta m e r  and  hexam er i n  TFE th e y  r e p o r te d  a  long  

w a v e le n g th , weak p o s i t i v e  band  a t  220  rim, apd  a  s h o r t  w a v e le n g th  

n e g a t iv e  maxima a t  ~ 197 . T hese  bands w ere a s s ig n e d  to  th e  n ->■ tt* 

and  ir -+■ ir* am ide chrom ophore t r a n s i t i o n s ,  r e s p e c t i v e l y .  T hese

a s s ig n m e n ts  w ere b a s e d  upon co m p ariso n s  w ith  p r e v io u s  C.D. ex am in a-

12 6 3t i o n s  o f  o l ig o p e p t id e s  and p o ly p e p t id e s .  F o r  th e  h e p ta m er i n  TFE

a  4 nm re d  s h i f t  was r e p o r t e d  f o r  th e  tt -»■ it* t r a n s i t i o n  and a 

s i g n i f i c a n t  d ev e lo p m en t o f  a  n e g a t iv e  e l l i p t i c i t y  a t  2 2 2 .5  nm f o r  th e  

n ->■ ir* t r a n s i t i o n .  T hese  s p e c t r a l  changes w ere  m a g n if ie d  f o r  th e  

nonam er i n  th e  same s o lv e n t .  The s i m i l a r i t y  be tw een  th e  C.D. p a t t e r n s  

o f  Boc(Met)yOMe i n  h e x a f lu o ro a c e to n e  an d  th o s e  o f  th e  t e t r a m e r ,  p e n ta m e r , 

and hexam er i n  TFE s u p p o r te d  th e  c o n te n t io n  t h a t  th e  lo w er o lig o m e rs  a r e  

d i s o r d e r e d  in  th e  l a t t e r  s o lv e n t  and  t h a t  L -m e th io n in e  p r o te c te d  o l ig o ­

p e p t id e s  b e g in  fo rm in g  h e l i c e s  a t  th e  h e p ta m e r .

I n  l i g h t  o f  th e  above and  o th e r  p re v io u s  s t u d i e s  r e g a r d in g  C.D. 

a n a ly s i s  o f  m odel h o m o -o lig o p e p tid e s  th e  n e x t  s te p  was to  i n s e r t  a  g u e s t  

am ino a c id  r e s id u e  i n t o  v a r io u s  p o s i t i o n s  o f  a  h o m o o lig o p e p tid e  b ack b o n e . 

D e te rm in a tio n  o f  th e  e f f e c t  o f  am ino a c id  re p la c e m e n t on s e c o n d a ry  

s t r u c t u r e  o f  a  w e l l  c h a r a c t e r i z e d  hom ooligom er w ould  y i e l d  b i o l o g i c a l l y

r e l e v a n t  in fo r m a t io n  b e c a u s e  p r o t e i n s  a r e  com posed o f  more th a n  one ty p e

18o f  amino a c id .  N a id e r  e t  a l .  h av e  d e te rm in e d  th e  e f f e c t s  o f  hom ologous 

amino a c id  s u b s t i t u t i o n  on th e  c o n fo rm a tio n  o f  o l ig o p e p t id e s  com posed o f  

L -m e th io n in e  and  L - v a l i n e ,  and  L -m e th io n in e  and g ly c in e .  T hese 

e x p e r im e n ts  found  t h a t  s u b s t i t u t i o n  o f  one L - v a l in e  a t  an i n t e r n a l  

p o s i t i o n  o r  a t  th e  N - te r m in a l  p o s i t i o n  i n  th e  L -m e th io n in e  backbone o f  

th e  h e p ta m er d id  n o t  a f f e c t  th e  c r i t i c a l  c h a in  le n g th  com pared to  th e
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h o m o-m eth ion ine  o l ig o m e rs .  In  c o n t r a s t  to  th o s e  r e s u l t s  s u b s t i t u t i o n

o f  g ly c in e  i n  an  i n t e r n a l  p o s i t i o n  o f  th e  m e th io n in e  h e p ta m e r  backbone

d id  p r e v e n t  o r  d e s t a b i l i z e  th e  fo rm a tio n  o f  th e  a - h e l i x .

The p r e v io u s ly  m en tio n e d  L -m e th io n in e -g ly c in e  c o - o l ig o p e p t id e s

h ave a l s o  b e e n  u t i l i z e d  i n  e l u c i d a t i o n  o f  se c o n d a ry  s t r u c t u r e  by ^H-NMR

te c h n iq u e s  on CDCl^. T h is  p ro c e d u re  i s  known a s  th e  " h o s t - g u e s t "

te c h n iq u e  and  i s  u se d  f o r  a s s ig n m e n t o f  th e  am ide p ro to n  and  a-CH

20r e s o n a n c e s  o f  each  r e s id u e  i n  th e  c h a in .  A ssignm en ts  c o u ld  be  made

p ro v id e d  t h a t  t h e r e  was no change in- se c o n d a ry  s t r u c t u r e  w i th  th e

i n s e r t i o n  o f  th e  g u e s t  am ino a c id  r e s id u e .  T h a t t h i s  was th e  c a s e  was
2

c o n firm e d  by th e  s y n th e s i s  o f  a  co m p le te  s e r i e s  o f  a -  H m e th io n in e  

23o l ig o p e p t id e s .  The a s s ig n m e n ts  o b ta in e d  f o r  th e  s e l e c t i v e l y  d e u te r a te d

s e r i e s  w ere i n  c o m p le te  ag reem en t w ith  th o s e  o b ta in e d  f o r  th e  h o s t -

g u e s t  s e r i e s .  Once a s s ig n m e n ts  w ere made f o r  th e  am ide p r o to n  and

a-CH re s o n a n c e s  in  th e  homo—o lig o m e r , c h e m ic a l s h i f t s  o f  s p e c i f i c

re s o n a n c e s  a c te d  a s  s e n s i t i v e  p ro b e s  re s p o n d in g  to  changes i n  s e c o n d a ry

s t r u c t u r e .  ^H-NMR p roved , to  be s u c c e s s f u l  i n  s t r u c t u r a l  a n a ly s i s  o f

h o m o -o lig o p e p tid e s  o f  L -m e th io n in e  and  a l s o  o f  y - e th y l - L - g lu ta m a te  homo- 
12 23

o lig o m e rs . ’ I n  b o th  c a s e s  i t  was p o s s ib l e  to  s u g g e s t  m odel s t r u c t u r e s

f o r  th e  h e p ta m e rs . Thus i t  was s u g g e s te d  t h a t  th e  h e p ta m e rs  o f  b o th

s e r i e s  f a v o r  a  s t r u c t u r e  w ith  sev en  membered i n t r a m o le c u la r  H -bonded

23r in g s  i n  CDCl^ and a - h e l i c e s  i n  TFE.

O ver th e  p a s t  y e a r s  a  v a r i e t y  o f  p h y s ic a l  m ethods have  b e e n  made 

a v a i l a b l e  f o r  d e t a i l e d  c o n fo rm a tio n a l  a n a ly s i s  o f  v a r io u s  m odel o l i g o ­

p e p t id e s  w ith  em phasis  on hom ooligom ers. Up to  t h i s  p o in t  no  d e t a i l e d  

s tu d y  o f  se c o n d a ry  s t r u c t u r a l  e f f e c t s  o f  g ly c in e  i n s e r t i o n  on th e  w e l l  

s tu d i e d  y -m e th y l-L -g lu ta m a te  o lig 'om ers have  b e e n  p e rfo rm e d  v i a  C.D. o r
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any o t h e r  p h y s ic a l  m ethod . I n  l i g h t  o f  s c 'a n t  s t r u c t u r a l  know ledge on 

c o - o l ig o p e p t id e s  t h i s  t h e s i s  was d e s ig n e d  to  e l u c i d a t e  some o f  th e  

s t r u c t u r a l  a s p e c t s  o f  g ly c in e - y - m e th y l- L - g lu ta m a te  c o - o l ig o p e p t id e s  

i n  th e  hope o f  p ro v id in g  m ore in f o r m a t io n  r e l e v a n t  to  b i o l o g i c a l  

m a c ro m o le c u le s .

C i r c u l a r  d ic h ro is m  d a ta  from  y -m e th y l-L -g lu ta m a te  hom o-o ligom ers 

and y - m e th y l- L -g lu ta m a te - g ly c in e  c o -o l ig o m e rs  was o b ta in e d  in  h e x a f lu o ro  

i s o p r o p a n o l  and t r i f l u o r o e t h a n o l .  The d a ta  w ere  i n t e r p r e t e d  and a n a ly z e d  

by com p ariso n  o f  th e  d a ta  t o  c h a r a c t e r i s t i c  C .D . 'p a t t e r n s  from  th e  

l i t e r a t u r e .

A l l  compounds w ere  s y n th e s iz e d  by th e  a u th o r  and  d e te rm in e d  to  be 

>97%  p u re  v i a  n o rm al p h a se  HPLC.
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S y n th e t i c  S t r a t e g y

S y n th e s i s  o f  p r o t e c t e d  y -m e th y l-L -g lu ta m a te  h o m o -o lig o p e p tid e s

and p r o t e c t e d  y - m e th y l- L -g lu ta m a te - g ly c in e  c o - o l ig o p e p t id e s  was

a c h ie v e d  v i a  th e  m ixed  c a r b o n ic - c a r b o x y l ic  a n h y d r id e  c o u p lin g  r e a c t i o n

27o f  A nderson  e t  a l .  The s y n t h e t i c  s t r a t e g y  c a l l e d  f o r  th e  s te p w is e  

a d d i t io n  o f  an am ino a c id  r e s id u e  (#1) N - p r o te c te d  w ith  th e  t e r t i a r y -  

b u to x y c a rb o n y l  g roup  (B o c ) , to  a  se c o n d  am ino a c id  p r o t e c t e d  w ith  a 

m e th y l e s t e r  on i t s  c a rb o x y l  te rm in u s  (# 3 ) .  T h is  form ed th e  c o m p le te ly  

p r o t e c t e d  d i p e p t id e .  . The f r e e  c a rb o x y l  o f  th e  BocGlu(yOMe)OH was 

a c t i v a t e d  w ith  i s o b u ty lc h lo r o f o r r a a te  to  form  compound (# 2 ) ,  w hich  

g r e a t l y  e n h a n ce d  th e  r e a c t i v i t y  t o  th e  n u c le o p h i le  (# 3 ) .  The 

y - c a r b o x y l  g ro u p s  w ere  p r o t e c t e d  from  r e a c t i o n  a s  th e  m e th y l e s t e r .

#1

#2

0
II

Boc-NH-<p-C-OH +  C l-C -0-C H 2-CH(CH3 ) 2

(CH0)
I
c=o
I
OCH,

CH,0 -0 = 0  
3 I
H0C

2 |

2 '  2

EtOAc
-15°C

CH,

S 0  - 
l i

Boc-NH-CH-C-0-C-CH2 -CH(CH3 ) 2

a c t i v a t e d  in te r m e d ia t e
m ixed  c a r b o n ic - c a r b o x y l ic  a n h y d rid e

# 3 0
+  HCH3 C03-  HNH2 -p -C -O C H

(ch2 ) 2

DMF
3  - I 5 * C

p=o
OCH,

oN'
I
CH,

-  18 -

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



p r o t e c t e d  d ip e p t id e

Boc

0
tt

t e r t i a r y b u to x y c a r b o n y l  = (CH3 ) 3C -0-C -

DMF d im e th y l  form am ide

N -m eth y l m o rp h o lin e
N

CH3

T h is  c o u p lin g  m ethod  m a in ta in s  o p t i c a l  p u r i t y  o f  th e  L -am ino  a c i d s ,

and u s u a l l y  r e s u l t s  i n  r e a s o n a b le  c h e m ic a l p u r i t y  and concom m itan t h ig h

y i e l d s  (> 60%). The u se  o f  th e  Boc p r o t e c t i n g  g roup  a f f o r d s  good

s o l u b i l i t y  i n  th e  o r g a n ic  s o lv e n t s  u t i l i z e d  d u r in g  s y n th e s i s  and  i n

h e l i x  s u p p o r t in g  s o lv e n t s  em ployed f o r  c o n fo rm a t io n a l  a n a l y s i s .  Once*

th e  p r o t e c t e d  d ip e p t id e  p r o d u c t  #4 i s  i s o l a t e d  th e  Boc g roup  i s  r a p i d l y

and  s e l e c t i v e l y  rem oved v i a  a c i d o l y s i s  u s in g  m e th a n e s u l fo n ic  a c id

72u n d e r  an h y d ro u s c o n d i t io n s .  T h is  r e a c t i o n  i s  c o m p le te  w i t h i n  a  few  

m in u te s  an d  a c c o m p lish e d  w i th o u t  c le a v a g e  o f  any o f  th e  m e th y l e s t e r  

p r o t e c t i n g  g ro u p s . S p e c i f i c a l l y ,  th e  p r o t e c t e d  p e p t id e  was d i s s o lv e d  

in  e q u iv a l e n t  vo lum es o f' anhy d ro u s fo rm ic  a c id  and  m e th y le n e  c h lo r i d e ,  

w i th  th e  a d d i t io n  o f  one e q u iv a l e n t  o f  m ethane s u l f o n i c  a c id :
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0
II

0
it

+ GH3S03H HC00H
ch 2 c i 2

c=o c=o
I I
0CH3 o c h 3

p r o t e c t e d  d ip e p t id e
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#5 0 0
- +  y 11 ,CH„S0o HNH„-CH-G-NH-CH-C-0CHq + C0„ + (CH~)„C=CH03 3  2 \ i 3 L 3 2 2

(CH2)2 ^2^2
C=0 C=0
I I
o c h 3 o c h 3

Rem oval o f  th e  Boc g roup  f r e e s  th e  N -te rm in u s  o f  th e  d ip e p t id e  

f o r  r e a c t i o n  w i th  th e  c a rb o x y l  a c t i v a t e d  N -b lo ck e d  am ino a c id  (# 2 ) .

in 0 0
/I l>

Boc-NH-CH-C-0-C-0-CH0 C H (C H J0 I z j  z

^ 2^2
C=0

o ch 3

a c t i v a t e d  i n  s i t u

0  0
- +  " '' DMF -15°C  iCH„S0o HNH0-CH-C-NH-CH-C-OCH„ ■ > u A3 3 2 i \ 3 y 0y

^ E2)2 ^ 2^2
oC=0 C=0 'N

I I I
o ch 3 o c h 3 c h 3

#6 0
II

Boc-(NH-CH-C) OCH„I n  3
( ch2 ) 2
c=o
I
OCH3

Y ie ld s  from  Boc c le a v a g e s  w ere q u a n t i t a t i v e .  The r e a c t i o n  was 

fo llo w e d  to  c o m p le tio n  by t h i n  l a y e r  ch ro m ato g rap h y  on s i l i c a  p l a t e s .

The r e s u l t i n g  m e th a n e s u lfo n a te  p e p t id e  s a l t ,  # 5 , was e a s i l y  

p r e c i p i t a t e d  from  anhy d ro u s d i e t h y l  e t h e r  a f t e r  th e  rem o v a l o f  r e a c t i o n ,  

s o lv e n t  by r o to - e v a p o r a t io n  u n d e r  re d u c e d  p r e s s u r e .
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A ll  p r o te c te d  o l ig o p e p t i d e s  w ere r e q u i r e d  to  be; a t  l e a s t  97% p u re  

a s  d e te rm in e d  by h ig h  p r e s s u r e  l i q u i d  ch ro m a to g rap h y  on n o rm a l p h a se  

s i l i c a .  H ig h e r  m o le c u la r  w e ig h t  p r o te c te d  o l ig o m e rs  (n  > 5) w ere 

r a r e l y  t h i s  p u re  a f t e r  r o u t in e  s y n t h e t i c  workup as  d e s c r ib e d  in  th e  

e x p e r im e n ta l  s e c t i o n .  S ta n d a rd  c h e m ic a l p u r i f i c a t i o n  o f  o l ig o p e p t id e s  

u s u a l ly  r e q u i r e s  colum n c h ro m a to g ra p h ic  te c h n iq u e s  to  o b ta in  h ig h ly  

p u r e •com pounds. B ecause  o f  s u b s t a n t i a l  l o s s e s  t h a t  can  be in c u r r e d  

d u r in g  colum n p u r i f i c a t i o n ,  and  d e c re a s e d  q u a n t i t i e s  o f  h ig h e r  p e p t i d e s ,  

I  em ployed a  p u r i f i c a t i o n  p r o c e s s  w hich  l im i t e d  l o s s  o f  p ro d u c t  to  l e s s  

th a n  10% d u r in g  p u r i f i c a t i o n .  The p r o c e s s  in v o lv e d  th e  s u s p e n s io n  o f  

c o n ta m in a te d  p ro d u c t  i n  5% NaHCO^ w ith  o v e rn ig h t  s t i r r i n g .  The 

p ro d u c t  was f i l t e r e d ,  r in s e d  w i th  d i s t i l l e d  w a te r  and  r in s e d  w ith  

an h y d ro u s e t h e r  a  num ber o f  t im e s .  I n  th e  c a s e s  w here  th e  above 

p ro c e d u re  was n o t  e n t i r e l y  s u c c e s s f u l ,  th e  p r o t e c t e d  o l ig o p e p t id e  was 

su sp en d e d  i n  5% c i t r a t e  s o l u t i o n  and  s t i r r e d  o v e r n ig h t .  The p ro d u c t  

was f i l t e r e d ,  r i n s e d  w i th  d i s t i l l e d  w a te r ,  and  r i n s e d  s e v e r a l  tim es 

w ith  an h y d ro u s e t h e r .  T h is  o v e r a l l  p r o c e s s ,  w h ich  was s u c c e s s f u l  in  a l l  

i n s t a n c e s ,  p ro b a b ly  rem oves th e  l e s s  s o lu b le  (w ith  r e s p e c t  to  aqueous 

w ash ing  s o lu t i o n s )  a c i d i c ,  a n d /o r  b a s i c  im p u r i t i e s  v i a  s lo w  c o n v e rs io n  

to  s a l t s  d u r in g  o v e rn ig h t  s t i r r i n g .

Y ie ld s  f o r  m ost o f  th e  lo w e r  p e p t id e s  (d im e rs  th ro u g h  p e n ta m e rs )

w ere be tw een  60% and 90%, e x c lu d in g  th e  s e r i e s  w h ich  c o n ta in e d  g ly c in e

as  th e  n e x t  to  l a s t  r e s i d u e .  The c o m p a ra t iv e ly  low  y i e l d s  o b ta in e d  f o r

th e  B oc(G lu )nGlyGluOMe s e r i e s  (n  = 0 ,1 ,2 )  w ere a  r e s u l t  o f  th e  i n c r e a s e d  

OMe
s o l u b i l i t y  o f  th e  p e p t id e s  i n  th e  aqueous w ash s o l u t i o n .  T h is  was su b ­

s t a n t i a t e d  v i a  t h in  l a y e r  ch ro m ato g rap h y  on s i l i c a  p l a t e s .

As' c h a in  le n g th  in c r e a s e d  to  th e  h e x a -  and  h e p ta p e p t id e s  y i e l d s  in  

g e n e r a l  w ere  s u b s t a n t i a l l y  r e d u c e d . T h is  c o u ld  h av e  b e e n  due to  th e
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re d u c e d  n u c l e o p h i l i c i t y  o f  th e  n u c le o p h i le  and c e r t a i n l y  was due to  

th e  fo rm a tio n  o f  e m u ls io n s  d u r in g  w orkup , a s  a  r e s u l t  o f  d e c re a s e d  

s o l u b i l i t y  o f  th e  h ig h e r  m o le c u la r  w e ig h t o lig o m e rs  i n  th e  o r g a n ic  

p h a s e . B ecause  th e  e n t i r e  s e r i e s  o f  compounds w ere  s y n th e s iz e d  i n  a 

s te p w is e  m anner, th e  fo rm a tio n  o f  e m u ls io n s  and th e  r e s u l t i n g  lo s s  o f  

p ro d u c t  d u r in g  workup a t  th e  hexam er l e v e l  and a b o v e , p r e s e n te d  a 

p rob lem  when a t te m p t in g  to  s e c u r e  r e a s o n a b le  am ounts o f  th e  fo llo w in g  

h e p ta m er o f  th e  s e r i e s .  T h is  p ro b le m  c o u ld  be  c irc u m v e n te d  in  

s o lu t i o n  p h a se  p e p t id e  s y n th e s i s  v i a  an  a l t e r n a t i v e  c o u p lin g  p ro c e d u re .  

The fra g m e n t c o u p lin g  m ethod r e a c t s  two s m a l l  f ra g m e n ts ;  B oc(A .A .) 3OH + 

^N tA .A .)^O M e, y i e l d i n g  i n  one s t e p  th e  h e p ta m e r  and  e l im in a t in g  th e  

lo s s  o f  th e  p r e c u r s o r s  from  p r e v io u s  s te p w is e  a d d i t i o n  r e a c t i o n s .

T here  i s  how ever th e  p o s s i b i l i t y  o f  r a c e m iz a t io n  o f  th e  Boc(A.A . 

c a rb o x y l t e r m in a l  A.A. v i a  o x a z o lo n e  f o rm a tio n  (Scheme 1 ) .  L oss o f  

th e  p r o to n  a t  th e  a -c a r b o n  atom  and s u b s e q u e n t  r e c a p tu r e  can  r e s u l t  

i n  i n v e r s io n  o f  c o n f ig u r a t io n  and  th u s  c o n v e rs io n  o f  th e  c a rb o x y l  

t e r m in a l  am ino a c id  from  th e  L - iso m e r  t o  th e  c o r re s p o n d in g  D -iso m e r.

In  C.D. and p o l a r i m e t r i c  a n a ly s i s  o f  o l ig o p e p t id e  c o n fo rm a tio n  o p t i c a l  

p u r i t y  m ust be. m a in ta in e d  f o r  r e s u l t s  to  b e  m e a n in g fu l .  W ith  r e s p e c t  

to  th e  s e r i e s  o f  compounds s y n th e s iz e d  f o r  t h i s  s tu d y  th e  above p ro b lem  

c o u ld  be a v o id e d  by u s in g  g ly c in e  a s  th e  c a rb o x y l  t e r m in a l  f ra g m e n t and 

v a ry in g  th e  num ber o f g lu ta m a te  r e s id u e s  i n  e i t h e r  o r  b o th  f ra g m e n ts  to  

o b ta in  th e  d e s i r e d  g ly c in e  i n s e r t i o n .  The above m ethod was a t te m p te d , 

b u t  th e  g r e a t l y  re d u c e d  s o l u b i l i t y  o f  Boc(GluyOMe)nGlyOH fra g m e n ts  in  

o r g a n ic  s o l u t i o n  made c o u p lin g  v i a  th e  m ixed a n h y d r id e  p ro c e d u re  

im p o s s ib le .  An aqueous fra g m e n t c o u p lin g  p ro c e d u re  was a t te m p te d  u s in g  

a  w a te r  s o lu b le  c a rb o d im id e  c o u p lin g  p ro c e d u re  b u t  th e  same f ra g m e n ts  

p ro v e d  to  be a l s o  i n s o l u b l e  i n  w a te r ,  even  w ith  th e  a d d i t i o n  o f  DMF.
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V  9  sc
G "  " G "  *q *

Scheme 1

D e s p i te  th e  low y i e l d s  o f  c e r t a i n  p e p t id e s  th e  s te p w is e  m ixed 

a n h y d rid e  p ro c e d u re  was u se d  e x c lu s iv e ly  f o r  th e  s y n th e s i s  o f  a l l  

compounds due to  th e  h ig h  s o l u b i l i t y  o f  th e  M SA *nucleophile  i n  th e  DMF 

r e a c t i o n  m ix tu re  r e g a r d le s s  o f  c h a in  l e n g t h .  T h is  p ro c e d u re  a l s o  

y ie ld e d  c ru d e  p ro d u c ts  r a r e l y  more im pure th a n  15%.
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EXPERIMENTAL

S y n th e t i c

Y -M ethy l-L -G lu tam ate«H C l ( I )

T h io n y l  c h lo r id e  (280 mmol; 20 m l) was added  d ro p w ise , o v e r  15 

m in u te s , t o  a b s o lu te  m e th a n o l (140 m l) p r e v io u s ly  c o o le d  to  -1 5 °C . 

L -G lu ta m ic  a c id  (200 mmol; 2 9 .4  g) was added  to  th e  above s o l u t i o n  

and th e  e n t i r e  r e a c t i o n  m ix tu re  sh a k e n  v ig o r o u s ly  u n t i l  m ost o f  th e  

s o l i d  d i s s o lv e d .  The m ix tu re  was th e n  a llo w e d  to  s ta n d  a t  room 

te m p e ra tu re  f o r  25 m in u te s .  The p ro d u c t  was p r e c i p i t a t e d  by th e  

a d d i t io n  o f  400 ml o f  an h y d ro u s  e t h e r .  The c r y s t a l s  w ere  c o l l e c t e d  by 

f i l t r a t i o n  and  w ashed  s e v e r a l  tim es  w i th  a n h y d ro u s  e t h e r .  The p ro d u c t  

was s t o r e d  u n d e r  vacuum o v e r n ig h t .  Y ie ld  60%, 2 3 .5  g , m .p . 161°C,

[ a ] p 5 = + 2 5 .2  (c  = 0 .2 2 ,  CH30 H ), ( l i t . ■m .p . 1 6 6 ° C ) .73

L -G lu ta m ic  A cid  D im eth y l E s te r^ H C l ( I I )

T h io n y lc h lo r id e  (400 mmol; 28 m l) was added  d ro p w ise , w i th  

c o n s ta n t  s t i r r i n g ,  o v e r  20  m in u te s ,  to  a b s o lu t e  m e th a n o l ( 1 0 0  m l) 

p r e v io u s ly  c o o le d  to  -1 5 °C . L -G lu ta m ic  a c id  (200 mmol; 2 9 .4  g) was 

added  to  th e  above s o l u t i o n  o v e r  a  p e r io d  o f  45 m in u te s  w h ile  th e  

te m p e ra tu re  o f  th e  r e a c t i o n  m ix tu re  was m a in ta in e d  a t  - 1 5 ° C. When th e  

a d d i t io n  was c o m p le te  th e  r e a c t i o n  m ix tu re  was a llo w e d  to  come to  room 

te m p e ra tu re  and a f t e r  2 h o u rs  th e  s o l u t i o n  becam e c l e a r  and y e llo w .

The r e a c t i o n  m ix tu re  was s t i r r e d  o v e r n ig h t  and  th e n  r e f lu x e d  f o r  

3 h o u r s .  The c l e a r  y e llo w  l i q u i d  was c o n c e n t r a te d  on a  r o to - e v a p o r a to r  

u n d e r re d u c e d  p r e s s u r e .  The r e s u l t i n g  c l e a r  y e llo w  sy ru p  was 

c r y s t a l l i z e d  by s t i r r i n g  o v e rn ig h t  i n  th e  p r e s e n c e  o f  1 l i t e r  o f  

anh y d ro u s e t h e r .  The p r o d u c t ,  a  w h i te  pow der, was c o l l e c t e d  by 

f i l t r a t i o n  and w ashed s e v e r a l  t im e s  w ith  a n h y d ro u s  e t h e r .  The p ro d u c t
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was s to r e d  in  a  d e s i c c a t o r  u n d e r  vacuum o v e r n ig h t .  Y ie ld  95%, 3 9 .9  g , 

m .p . 197°C, [ a ] £ 5 = + 1 5 .3 , (c  = 0 .1 7 ,  H2 0)-.

N - t-B u to x y c a rb o n y l-y -M e th y l-L -G lu ta m ic  A cid  ( I I I )

T r ie th y la m in e  (250 mmol; 3 4 .8  m l) was added  to  y -m e th y l-L -  

g lu tam a te* H C l (100 mmol; 1 9 .7  g) w i th  c o n tin u o u s  s t i r r i n g .  To t h i s  

was added  60 m l o f  d io x an e  and 60 ml o f  d i s t i l l e d  w a te r .  Upon d i s s o l u ­

t i o n  o f  th e  am ino a c id  2 - ( t e r t i a r y b u to x y c a r b o n y lo x y im in o ) - 2 - p h e n y l -  

a c e t o n i t r i l e  (100 mmol; 24.'6 g) was a d d e d . The r e s u l t i n g  s o l u t i o n  was 

a llo w e d  to  s t i r  o v e r n ig h t  and  1 0 0  ml o f  e t h y l  a c e t a t e  and  1 0 0  m l o f  

d i s t i l l e d  w a te r  w ere  a d d ed . The m ix tu re  was sh a k en  and  th e  o rg a n ic  

l a y e r  d i s c a r d e d .  The aqueous f r a c t i o n  w as w ashed  t h r e e  tim e s  w i th  100 

ml o f  d i e t h y l  e t h e r .  The aqueous f r a c t i o n  was a c i d i f i e d  w i th  5% 

c i t r i c  a c id  and  e x t r a c t e d  f i v e  tim e s  w ith  1 0 0  m l p o r t i o n s  o f  e t h y l  

a c e t a t e .  The o r g a n ic  f r a c t i o n s  w ere  p o o le d , d e c o lo r iz e d  w i th  N o r i t  A 

and d r ie d  w i th  an h y d ro u s  MgSO^. The s o l u t i o n  was c o n c e n t r a te d  on a 

r o to - e v a p o r a to r  u n d e r  re d u c e d  p r e s s u r e  to  a  t h i c k ,  p a le  y e l lo w  s y ru p . 

The r e s u l t i n g  sy ru p  was t r i t u r a t e d  w ith  p e tro le u m  e t h e r  u n t i l  

s o l i d i f i c a t i o n  o f  p ro d u c t  o c c u r r e d .  The p r o d u c t ,  a  w h i te  pow der was 

u se d  w i th o u t  f u r t h e r  p u r i f i c a t i o n .  Y ie ld  79%, 2 0 .6  g , m .p . 72-73°C , 

[ a ] ^  = - 7 . 8 ,  (c  = 0 .1 8 ,  CF^CI^OH). Rf = 0 .5 7  on t h i n  l a y e r  s i l i c a  

p l a t e s  in  e t h y l  a c e ta te :m e th a n o l ,  2 :1 .  Rf = 0*49 i n  b u t a n o l :w a te r : 

a c e t i c  a c id ,  4 : 5 :1  u p p e r  p h a s e .

N - t-B u to x y c a rb o n y l  G ly c in e  (IV ) ^

The s y n th e s i s  and  workup o f  t h i s  compound was i d e n t i c a l  to  t h a t  

o f  B o c -y -m e th y l-L -g lu ta m ic  a c id  (compound I I I ) .  The r e a c t i o n  was 

c a r r i e d  o u t  on a  200 mmol s c a l e .  The p r o d u c t ,  a  w h ite  pow der, was
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u se d  w ith o u t  f u r t h e r  p u r i f i c a t i o n .  Y ie ld  80%, 2 8 .0  g , m .p . 87-88°C  

( l i t .  m .p . 8 7 -8 8 °C ). 72

N - t-B u to x y c a rb o n y l-y -M e th y l-L -G lu ta m y l D im eth y l L -G lu ta m ate  (V)

N - t-B u to x y c a rb o n y l-y -m e th y l-L -g lu ta m ic  a c id  (10 mmol; 2 .6 1  g ) , was 

added to  30 ml e t h y l  a c e t a t e .  The s o lu t i o n  was s t i r r e d  and  c o o le d  to  

-15°C  in  a  d ry  i c e - a c e to n e  b a th .  N -m e th y lm o rp h o lin e  (10 mmol; 1 .1  m l) 

and i s o b u t y l c h l o r o f o r n a t e  (10 mmol; 1 .3 7  m l) w ere  added  and  s t i r r i n g  

was c o n tin u e d  f o r  te n  m in u te s  a t  -1 5 °C . D u rin g  t h i s  tim e  a  w h ite  

p r e c i p i t a t e  (N -m ethylm orpholine*H C 1 s a l t )  was o b s e rv e d  to  fo rm . To 

th e  above m ix tu re  was added  d im e th y l-L -g lu ta m a te * H C l (10 mmol; 2 .1  g) 

and N -m e th y lm o rp h o lin e  (10 mmol; 1 .1  m l) i n  d im e th y lfo rm am id e  (10 m l) . 

The r e s u l t i n g  m ix tu re  was s t i r r e d  a ’t  -15°C  f o r  t e n  m in u te s  a t  w hich  

tim e  th e  d ry  i c e  b a th  was rem oved and th e  r e a c t i o n  m ix tu re  s t i r r e d  a t  

room te m p e ra tu re  f o r  one h o u r .  The r e a c t i o n  m ix tu re  was c o n c e n t r a te d  

on a  r o t a r y  e v a p o r a to r  u n d e r  re d u c e d  p r e s s u r e  t o  n e a r  d ry n e s s .  The 

above r e s id u e  was d i s s o lv e d  i n  300 m l e t h y l  a c e t a t e  and  th e  o r g a n ic  

s o l u t i o n  was w ashed th r e e  tim e s  w i th  100 ml p o r t i o n s  o f  5% c i t r i c  a c id ,  

th r e e  tim e s  w ith  100 m l p o r t i o n s  o f  5% NaHC03 and  th r e e  tim e s  w ith  

100 m l p o r t i o n s  s a t u r a t e d  NaCl s o l u t i o n .  The o r g a n ic  p h a se  was d r i e d  

w i th  anhyd rous MgSO^, f i l t e r e d ,  and  c o n c e n t r a te d  on a  r o t a r y  e v a p o r a to r
t

u n d e r re d u c e d  p r e s s u r e  to  a  volum e o f  ~ 30 m l. The p r o d u c t  was 

p r e c i p i t a t e d  from  p e tro le u m  e t h e r  a s  a  w h i te  pow der and  was u sed  

w ith o u t  f u r t h e r  p u r i f i c a t i o n .  Y ie ld  8 6 %, 3 .6  g , m .p . 87°C, [ a ]^-5 =

2 .7 5  (c  = 0 .1 5 ,  CF^CI^OH). P u r i t y  v i a  n o rm a l p h a se  h ig h  p r e s s u r e  

l i q u i d  ch rom atog raphy  > 97% i n  c y c lo h e x a n e : i s o p r o p a n o l:m e th a n o l ,  8 : 1 :1 .  

Rf = 0 .7 5  on th in  l a y e r  s i l i c a  p l a t e s  i n  e t h y l  a c e t a te :m e th a n o l ,  2:1..
i

Rf = 0 .8 3  i n  b u t a n o l : w a t e r : a c e t i c  a c id ,  4 :5 :1  u p p e r  p h a s e .
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y -M eth y 1 -L -G lu tam y l D im eth y l' L -G lu tam ate* H e th an e  S u l fo n a te  (VI)

N - t-B u to x y c a rb o n y l-L -m e th y l-g lu ta m y l d i e t h y l  L -g lu ta m a te  

(40 mmol; 4 .1 5  g) was d i s s o lv e d  i n  1 2 .5  ml o f  C l^ C ^ .  To t h i s  

s o l u t i o n  was added  1 2 .5  ml a n h y d ro u s  fo rm ic  a c id .  M ethane s u l f o n i c  

a c id  (10 mmol; 0 .6 4  m l) was th e n  added  and  th e  s o l u t i o n  s w i r l e d .  

E v o lu t io n  o f  CO2 was o b s e rv e d . The r e a c t i o n  was fo llo w e d  by t h i n '  

l a y e r  ch ro m ato g rap h y  on s i l i c a  p l a t e s  and  u s u a l l y  re a c h e d  c o m p le tio n  

w i th in  f i f t e e n  m in u te s .  The s o lv e n t s  w ere rem oved on a  r o ta r y  

e v a p o r a to r  u n d e r  r e d u c e d  p r e s s u r e  and th e  N - te r m in a l  d e p r o t e c t e d . 

dipeptide*M SA  s a l t  p r e c i p i t a t e d  w i th  a n h y d ro u s  d i e t h y l  e t h e r  as an 

o i l .  Y ie ld  was q u a n t i t a t i v e .  The o i l  was hom ogeneous on th in  l a y e r s  

o f  s i l i c a  i n  b u t a n o l : w a t e r : a c e t i c  a c id ,  4 :5 :1 .  Rf = 0 .4 5 . I t  was 

u se d  w ith o u t  f u r t h e r  p u r i f i c a t i o n .

N - t-B u to x y c a rb o n y l-d i- (y -M e th y 1 -L -G lu ta m y l)  D im eth y l L -G lu tam ate  (V II)

N - t -B u to x y c a rb o n y l-y -m e th y l-L -g lu ta m ic  a c id  (10 mmol; 2 .6 1  g)

was r e a c te d  w i th  y -m e th y l-L -g lu ta m y l  d im e th y l L-glutam ate*M SA  u s in g

th e  m ixed a n h y d r id e  c o u p lin g  p ro c e d u re  d e s c r ib e d  f o r  th e  a n a lo g o u s

d im er. The workup was i d e n t i c a l  to  t h a t  f o r  th e  a n a lo g o u s  d im e r. The

25p r o d u c t  was a  w h ite  pow der. Y ie ld  = 90%, 5 .0  g , m .p . 115°C, [ a ] D = 

- 4 .4 1  (c  = .1 4 ,  C F^C ^O H ). P u r i t y  v i a  n o rm a l p h a se  HPLC > 97% i n  

c y c lo h e x a n e : i s o p r o p a n o l:m e th a n o l ,  8 :1 :1 .  Rf = 0 .7 1  on th in  l a y e r  

s i l i c a  p l a t e s  i n  e t h y l  a c e ta te :m e th a n o l ,  2 :1 .  Rf = 0 .7 7  i n  b u ta n o l :  

w a t e r : a c e t i c  a c id ,  4 :5 :1  u p p e r  p h a s e .

P i-(y -M e th y 1 -L -G lu ta m y l)  D im eth y l L -G lu tam ate*M ethane  S u l fo n a te  (V I I I )  

N - t - B u to x y c a rb o n y l-d i - (y - m e th y l- L - g lu ta m y l) - d im e th y l  L -g lu ta m a te  

was d e p r o te c te d  a t* t h e  N - te rm in u s  u s in g  m ethane s u l f o n i c  a c id  i n  

C l^ C ^ / f o r m ic  a c id  a s  d e s c r ib e d  f o r  th e  a n a lo g o u s  d im e r. Workup was
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i d e n t i c a l  a s  t h a t  f o r  th e  a n a lo g o u s  d im e r. The N -d e p ro te c te d  

trip e p tid e* M S A  s a l t  was re c o v e re d  as a  w h ite  pow der. Y ie ld  was 

q u a n t i t a t i v e ,  m .p . 141-144°C . Rf = 0 .3 6  on s i l i c a  t h in  l a y e r s  in  

b u t a n o l :w a te r : a c e t i c  a c i d ,  4 :5 :1 .

N - t -B u to x y c a rb o n y l- t r i- (y -M e th y 1 -L -G lu ta m y l) -D im e th y l  L -G lu ta m ate  (IX) 

N - t-B u to x y c a rb o n y l-y -m e th y l-L -g lu ta m ic  a c id  ( 5 .4  mmol; 1 .4 1  g) 

was r e a c te d  w i th  d i- (y -m e th y l-L -g lu ta m y l) -d im e th y l-L -g lu ta m a te * M S A  

( 5 .4  mmol; 3 g) u s in g  th e  m ixed a n h y d r id e  c o u p lin g  p ro c e d u re  d e s c r ib e d  

f o r  th e  a n a lo g o u s  t r i m e r .  The workup was i d e n t i c a l  to  t h a t  o f  th e  

a n a lo g o u s  t r im e r .  The p ro d u c t  was a  w h i te  pow der. Y ie ld  72%, 2 .7 3  g , 

m .p . 149-152°C , = - 4 4 .0  (c  = 0 .1 8 ,  CF^C ^O H ). P u r i t y  v i a  HPLC >

97%, in  c y c lo h e x a n e : i s o p r o p a n o l:m e th a n o l ,  8 :1 :1 .  Rf = 0 .6 1  on th in  

l a y e r  s i l i c a  p l a t e s  i n  e th y l a c e t a te :m e th a n o l ,  2 :1 .  Rf = 0 .6 4  i n  

b u t a n o l : w a t e r : a c e t i c  a c id ,  4 :5 :1  u p p e r  p h a s e .

T r i- (y -M e th y 1 -L -G lu ta m y l)  D im ethy1-L -G lu tam ate*M ethane S u l fo n a te  (X) 

N - t - B u to x y c a r b o n y l - t r i - ( y - m e th y l- L - g lu ta m y l ) - d im e th y l- L - g lu ta m a te  

( 2 .4  mmol; 1 .7  g) was d e p r o te c te d  a t  th e  N -te rm in u s  u s in g  m ethane 

s u l f o n i c  a c id  i n  C l^ C l/fo rm ic  a c id  a s  d e s c r ib e d  f o r  th e  a n a lo g o u s  t r i m e r .  

Workup was i d e n t i c a l  to  t h a t  o f  th e  a n a lo g o u s  t r im e r .  The N -d e p ro te c te d  

te trap e p tid e * M S A  s a l t  was r e c o v e re d  as a  w h i te  s o l i d .  Y ie ld  was 

q u a n t i t a t i v e ,  m .p . 168-169°C . Rf = 0 .3 3  on t h i n  l a y e r s  o f  s i l i c a  in  

b u t a n o l :w a te r : a c e t i c  a c id ,  4 :5 :1 .

N - t-B u to x y c a rb o n y l- te tr a - (y -M e th y 1 -L -G lu ta m y l) -D im e th y l-L -G lu ta m a te  (XI) 

N - t-B u to x y c a rb o n y l-y -m e th y l-L -g lu ta m ic  a c id  (2 .5  mmol; 0 .6 5  g) was 

r e a c te d  w i th  t r i - ( y - m e th y l - L - g lu t a m y l )  d im ethy l-L -g lu tam ate*M S A  (2 .5  

mmol; 1 .7 5  g) u s in g  th e  m ixed  a n h y d rid e  c o u p lin g  p ro c e d u re  d e s c r ib e d
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f o r  th e  a n a lo g o u s  t e t r a m e r .  The workup was i d e n t i c a l  to  t h a t  o f  th e  

a n a lo g o u s  t e t r a m e r .  The p ro d u c t  was a  w h ite  pow der. Y ie ld  51%,

1 .0 7  g , m .p . 191°C , [ce]p5 = - 3 8 .5  (c  = .1 7 ,  CF3 CH20H ). P u r i t y  v i a  '

HPLC > 97 , i n  c y c lo h e x a n e : i s o p r o p a n o l :m e th a n o l ,  8 :1 :1 .  Rf -  0 .7 4  on 

t h i n  l a y e r  s i l i c a  p l a t e s  i n  e t h y l  a c e t a te :m e th a n o l ,  2 :1 .  Rf = .6 7  in  

b u t a n o l : w a t e r : a c e t i c  a c i d ,  4 :5 :1  u p p e r  p h a s e .

T e tra -(y -M e th y 1 -L -G lu ta m y l)  D im eth y l L -G lu tam ate»M ethane  S u l f o n a te  (X II)

N - t - B u to x y c a r b o n y l - te t r a - ( y - m e th y l - L - g lu ta m y l)  d im e th y l  L -g lu ta m a te  

was d e p r o te c te d  a t  th e  N - te rm in u s  u s in g  m ethane s u l f o n i c  a c id  i n  C ^ C ^ /  

fo rm ic  a c id  a s  d e s c r ib e d  f o r  th e  a n a lo g o u s  t e t r a m e r .  The workup was 

i d e n t i c a l  t o  t h a t  o f  th e  a n a lo g o u s  t e t r a m e r .  The N - d e p ro te c te d  pentam er*  

MSA s a l t  was r e c o v e re d  a s  a  w h i te  s o l i d .  Y ie ld  w as q u a n t i t a t i v e ,  

m .p . > 195°C . Rf = 0 .2 6  on t h i n  l a y e r  s i l i c a  i n  b u t a n o l : w a t e r : a c e t i c  

a c id ,  4 : 5 :1 .

N - t-B u to x y c a rb o n y l-p e n ta - (y -M e th y 1 -L -G lu ta m y l) -D im e th y l  L -G lu ta m a te  

(X I I I )

N - t-B u to x y c a rb o n y l-y -m e th y l-L -g lu ta m ic  a c id  0 .6  mmol; 0 .1 6  g) was 

r e a c t e d  w i th  t e t r a - ( y - m e th y l - L - g lu t a m y l ) - d im e th y l  L -glutam ate*M SA  

( . 6  mmol; 0 .5 1  g) u s in g  th e  m ixed  a n h y d rid e  c o u p lin g  p ro c e d u re  d e s c r ib e d  

f o r  th e  p re v io u s  p r o t e c t e d  com pounds. The workup was i d e n t i c a l  to  t h a t  

o f  th e  lo w e r  o l ig o m e r s ,  how ever HPLC a n a ly s i s  o f  t h i s  p ro d u c t  r e v e a le d  

i m p u r i t i e s  g r e a t e r  th a n  10%. .T he w h ite  pow der (p ro d u c t)  300 mg, was 

s t i r r e d  o v e r n ig h t  i n  5% c i t r i c  a c id ,  f i l t e r e d  and  r in s e d  w i th  d i s t i l l e d  

w a te r .  The f i l t e r e d  p ro d u c t  was th e n  s t i r r e d  o v e r n ig h t  i n  5% NaHC03 , 

f i l t e r e d  and  r in s e d  w i th  d i s t i l l e d  w a te r  and  th e n  r i n s e d  e x te n s iv e ly  

w ith  an h y d ro u s  d i e t h y l  e t h e r .  The re c o v e re d  p r o d u c t  was d r i e d  an d  u sed
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w ith o u t  f u r t h e r  p u r i f i c a t i o n .  Y ie ld  = 76%, 0 .4 5  g ,  m .p . 228°C,

[ a ] ^ 5 = - 3 2 .7  (c  = 0 .1 3 ,  CF3 CH2 0H ). P u r i t y  v i a  HPLC > 97%, in  

c y c lo h e x a n e : i s o p r o p a n o l :m e th a n o l ,  8 :1 :1 .  Rf = 0 .7 9  on t h in  l a y e r  

s i l i c a  p l a t e s  in  e t h y l  a c e t a te :m e th a n o l ,  2 :1 .  Rf = 0 .5 5  = 0 .5 5  i n  

b u t a n o l : w a t e r : a c e t i c  a c i d ,  4 : 5 :1  u p p e r  p h a s e .

P e n ta - (y -M e th y 1 -L -G lu ta m y l)  D im eth y l L -G lu ta m a te ‘M ethane S u l f o n a te  (XIV) 

N - t -B u to x y c a rb o n y l-p e n ta - ( y -m e th y l -L -g lu ta m y l)  d im e th y l L -g lu ta m a te  

was d e p r o te c te d  a t  th e  N - te rm in u s  u s in g  m ethane s u l f o n i c  a c id  in  C ^ C ^ /  

fo rm ic  a c id  a s  d e s c r ib e d  f o r  th e  a n a lo g o u s  d e p r o te c te d  p e p t i d e s .  Workup 

was i d e n t i c a l  to  t h a t  o f  th e  a n a lo g o u s  d e p r o te c te d  p e p t i d e s .  The 

N -d e p ro te c te d  hexapeptide*M SA  s a l t  was r e c o v e re d  a s  a  w h i te  s o l i d ,  

m .p . > 193°C. Rf = 0 .2 6  on t h i n  l a y e r s  o f  s i l i c a  i n  b u ta n o l :w a te r :  

a c e t i c  a c id ,  4 :5 :1 .

N -t-B u to x y c a rb o n y 1 -h e x a -(y -M e th y 1 -L -G lu ta m y  1 )-D im e th y 1 L -G lu ta m a te  (XV) 

N - t -B u to x y c a rb o n y l-y -m e th y l-L -g lu ta m ic  a c id  (0 .2 5  mmol; 0 .0 7  g) 

was r e a c te d  w i th  p e n ta - (y -m e th y l-L -g lu ta m y l) -d im e th y l-L -g lu ta m a te * M S A  

(u s in g  th e  m ixed  a n h y d r id e  p ro c e d u re  d e s c r ib e d  p r e v i o u s ly ) .  The workup 

was i d e n t i c a l  to  t h a t  o f  th e  a n a lo g o u s  h exam er. The p ro d u c t  was a  w h i te  

pow der. Y ie ld  55%, 0 .1 6  g ,  m.-pi 230 -231°C , [ct] ^ 5 = - 2 7 .4  (c  = .1 6 ,  

CF^C^O H ). P u r i t y  v i a  HPLC > 97%, i n  c y c lo h e x a n e : i s o p r o p a n o l:m e th a n o l ,  

8 :1 :1 .  Rf = 0 .3 7  on t h i n  l a y e r  s i l i c a  p l a t e s  i n  e t h y l  a c e t a te :m e th a n o l ,  

2 :1 . Rf = 0 .4 4  i n  b u t a n o l : w a t e r : a c e t i c  a c i d ,  4 :5 :1  u p p e r  p h a s e .

N - t-B u to x y c a rb o n y l-G ly c y l-D im e th y l-L -G lu ta m a te  (XVI)

N - t-B u to x y c a rb o n y l  g ly c in e  (10 mmol; 1 .7 5  g) was r e a c te d  w ith  

d im e th y l L -g lu tam ate*H C 1 ( u s in g  th e  m ixed  a n h y d r id e  c o u p lin g  p ro c e d u re  

p r e v io u s ly  d e s c r ib e d  f o r  th e  g lu ta m a te  h o m o -o lig o m e rs ) . The workup was
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i d e n t i c a l  to  t h a t  o f  compound XI e x c e p t  f o r  th e  p r e s e n c e  o f  a m a jo r  

im p u r i ty  i n  th e  r e a c t i o n  p r o d u c t .  To rem ove t h i s  b ip r o d u c t  10 mmoles 

o f  th e  p ro d u c t  (w h ich  was an o i l )  was d i s s o lv e d  i n  50 m l e t h y l a c e t a t e  

and s t i r r e d  o v e rn ig h t  in  th e  p re s e n c e  o f  50 m l 5% NaHCO^- The o rg a n ic  

l a y e r  was s e p a r a te d ,  d r ie d  w ith  a n h y d ro u s  MgSO^ and f i l t e r e d .  The 

s o lv e n t  was rem oved u s in g  a  r o t a r y  e v a p o r a to r  u n d e r  re d u c e d  p r e s s u r e .

The p ro d u c t  was re c o v e re d  a s  a  c l e a r  o i l  and u se d  w i th o u t  f u r t h e r  

p u r i f i c a t i o n .  Y ie ld  33%, 1 .1  g , = “ 8 .1 ,  (c  = 0 .2 9 ,  CF^C^OH ).

P u r i t y  v i a  HPLC > 97%, i n  c y c lo h e x a n e : i s o p r o p a n o lr m e th a n o l ,  8 :1 :1 .

Rf = . 6 8  on t h i n  l a y e r  s i l i c a  p l a t e s  i n  e t h y l  a c e t a te :m e th a n o l ,  2 :1 .

Rf = .8 0  in  b u t a n o l : w a t e r : a c e t i c  a c id ,  4 : 5 : 1 .

G ly c y l-D im e th y l-L -G lu ta m a te * M eth a n e  S u l f o n a te  (XVII)

N - t -B u to x y c a rb o n y l-g ly c y l- d im e th y l - L -g lu ta m a te  (20 mmol; 6 . 6  g) 

was d e p r o te c te d  a t  th e  N -te rm in u s  u s in g  m ethane  s u l f o n i c  a c id  i n  

C ^ C ^ / f o m i c  a c id  as  d e s c r ib e d  p r e v io u s ly  f o r  th e  g lu ta m a te  homo­

o l ig o m e rs . Workup was i d e n t i c a l  to  t h a t  o f  th e  g lu ta m a te  hom oo ligom ers. 

The N - d e p ro te c te d  dipeptide*M SA  s a l t  was p r e c i p i t a t e d  a s  an  o i l .  Y ie ld  

was q u a n t i t a t i v e .  Rf = 0 .3 0  on t h in  l a y e r  s i l i c a  i n  b u t a n o l :w a te r :  

a c e t i c  a c i d ,  4 : 5 :1 .  The p ro d u c t  was u se d  w i th o u t  f u r t h e r  p u r i f i c a t i o n .

N -t-B u to x y c a rb o n y l-y -M e th y 1 -L -G lu ta m y l G ly c y l D im eth y l L -G lu ta m ate  

(X V III)

N - t-B u to x y -y -m e th y l-L -g lu ta m ic  a c id  (33 mmol; 8 . 6  g) was r e a c te d  • 

w i th  g ly c y 1 -d im e th y l  L-glutam ate*M SA  ( u s in g  th e  m ixed a n h y d r id e  c o u p lin g  

p r o c e d u r e ) .  The workup was i d e n t i c a l  to  t h a t  f o r  compound X I. The 

p ro d u c t  was re c o v e re d  a s  an  o i l ,  and  u se d  w i th o u t  any f u r t h e r  p u r i f i c a ­

t i o n .  Y ie ld  47%, 7 .3  g , [ a ] - ^  = - 1 0 .5  (c  = 0 . 4 ,  CF^CH^OH). P u r i t y  v i a
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HPLC > 97%, in  c y c lo h e x a n e : i s o p r o p a n o l :m e th a n o l ,  8 : 1 :1 .  Rf = 0 .3 1  on 

t h i n  l a y e r  s i l i c a  p l a t e s  i n  e th y l a c e t a te :m e th a n o l ,  2 :1 .  Rf = 0 .6 3  in  

b u t a n o l : w a t e r : a c e t i c  a c id ,  4 : 5 : 1 .

y -M eth y 1 -L -G lu tam y l G ly c y l  D im eth y l L -G lu ta m a te ’M ethane S u l fo n a te  (XIX) 

N - t-B u to x y c a rb o n y l-y - m e th y l -L - g lu ta m y l- g ly c y l- d im e th y l- L -g lu ta m a te ,  

( 2 .6  mmol; 1 .2 3  g) w as d e p r o te c te d  a t  th e  N - te rm in u s  u s in g  m ethane 

s u l f o n i c  a c id  i n  C ^ C ^ / f o r m i c  a c id .  Workup was i d e n t i c a l  to  t h a t  o f  

th e  a n a lo g o u s  d im e r. The N - d e p ro te c te d  tr ip e p tid e* M S A  s a l t  was 

c o l l e c t e d  a s  an  o i l .  Y ie ld  was q u a n t i t a t i v e .  Rf = 0 .3 1  on th in  l a y e r  

s i l i c a  i n  b u t a n o l : w a t e r : a c e t i c  a c id ,  4 :5 :1 .

N - t-B u to x y c a rb o n y l-d i- (y -M e th y 1 -L -G lu ta m y l) -G ly c y l  D im e th y l L -G lu tam ate

(XX)

N - t-B u to x y c a rb o n y l-y -m e th y l-L -g lu ta m ic  a c id  (1 5 .4  mmol; 4 .0 2  g)

was r e a c te d  w i th  y-me th y 1 - L - g lu t  am y 1 -g ly cy 1 - dime th y 1 - L - g lu t  ama t e •MS A

( u s in g  th e  m ixed a n h y d r id e  c o u p lin g  p ro c e d u re  m en tio n e d  p r e v i o u s l y ) .

The w orkup was i d e n t i c a l  to  t h a t  o f  compound X I. The p ro d u c t  was

25
re c o v e re d  a s  a  w h i te  pow der. Y ie ld  31%, 3 .1  g , m .p . 108°C , [ o t ] D =

- 1 7 .7  (c  = 14 , C FgC^O H ). P u r i t y  v i a  HPLC > 97%, in  c y c lo h e x a n e : 

i s o p r o p a n o l:m e th a n o l ,  8 : 1 :1 .  Rf = 0 .7 0  on t h in  l a y e r  s i l i c a  p l a t e s  i n  

e t h y l  a c e ta te :m e th a n o l ,  2 :1 .  Rf = 0 .6 8  i n  b u t a n o l : w a t e r : a c e t i c  a c id ,  

4 : 5 :1 .

P i-(y -M e th y 1 -L -G lu ta m y l) -G ly c y l  D im ethy l L -G lu tam ate*M ethane  S u l fo n a te

(XXI)

N - t-B u to x y c a rb o n y l-d i- (y -m e th y 1 -L -g lu ta m y l)  g ly c y l  d im e th y l  L - 

g lu ta m a te  was d e p r o te c te d  a t  th e  N - te rm in u s  u s in g  m ethane  s u l f o n i c  a c id  

i n  C ^ C ^ / f o r m i c  a c id  a s  d e s c r ib e d  p r e v io u s ly .  The N -d e p ro te c te d
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te tr a p e p tid e 'M S A  s a l t  was c o l l e c t e d  as  an o i l .  Y ie ld  was q u a n t i t a t i v e .  

Rf = 0 .3 4  on t h in  l a y e r  s i l i c a  i n  b u t a n o l : w a t e r : a c e t i c  a c id ,  4 :5 :1 .

N - t -B u to x y c a rb o n y l- t r i- (y -M e th y 1 -L -G lu ta m y l)  G ly c y l D im ethy l L- 

G lu tam a te  (XXII)

N - t -B u to x y c a rb o n y l-y - ra e th y l-L -g lu ta m ic  a c id  (5 mmol; 1 .3  g) was 

r e a c te d  w ith  d i- (y -m e th y 1 -L -g lu ta m y l) -g ly c y l-d im e th y l-L -g lu ta m a te -M S A  

(5 mmol; 3 .0 6  g) u s in g  th e  m ixed  a n h y d r id e  c o u p lin g  p ro c e d u re  d e s c r ib e d  

p r e v io u s ly .  The w orkup was i d e n t i c a l  to  t h a t  o f  compound X I. The 

p ro d u c t  was re c o v e re d  a s  a  w h ite  pow der. Y ie ld  80%, 3 .0  g , m .p . 166°C, 

[ct]p5 = - 2 0 .3  (c  = 0 .1 8 ,  CF3 CH2OH). P u r i t y  v i a  HPLC > 97%, in  

c y c lo h e x a n e : i s o p r o p a n o l:m e th a n o l ,  8 :1 :1 .  Rf = 0 .6 9  on t h in  l a y e r  

s i l i c a  p l a t e s  i n  e t h y l  a c e t a te :m e th a n o l ,  2 :1 .  Rf = 0 .5 4  in  b u ta n o l :  

w a t e r : a c e t i c  a c id ,  4 : 5 : 1 .

T r i- (y -M e th y 1 -L -G lu ta m y l)-G ly c y 1 -D im e th y l-L -G lu ta m a te * M e th a n e  S u lfo n a te  

(X X III)

N - t - B u to x y c a r b o n y l - t r i - y - m e th y l - L - g lu ta m y l- g ly c y l - d im e th y l - L -  

g lu ta m a te  was d e p r o te c te d  a t  th e  N - te rm in u s  u s in g  m ethane s u l f o n i c  a c id  

i n  CXlyGl^/£orm±c a c id  a s  d e s c r ib e d  p r e v io u s ly .  The N -d e p ro te c te d  

pentapeptide*M SA  s a l t  was c o l l e c t e d  a s  an  o i l .  Y ie ld  was q u a n t i t a t i v e .  

Rf = .3 0  on th in  l a y e r  s i l i c a  i n  b u t a n o l : w a t e r : a c e t i c  a c id ,  4 :5 :1 .

N - t -B u to x y c a rb o n y l- te tr a - (y -M e th y l-L -G lu ta m y l)  G ly c y l D im ethy l L - 

G lu tam a te  (XXIV)

N - t-B u to x y c a rb o n y l-y -m e th y l-L -g lu ta m ic  a c id  (2 .2  mmol; .5 7  g) was 

r e a c te d  w ith  t r i - ( y - m e th y 1 - L - g lu ta m y l ) g ly c y l  d im ethy l-L -g lu tam ate*M S A  

(u s in g  th e  m ixed a n h y d r id e  c o u p lin g  p ro c e d u re  d e s c r ib e d  p r e v io u s ly ) .

The workup was i d e n t i c a l  t o  t h a t  f o r  compound V. The p r o d u c t ,  w hich  was
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r e c o v e re d  a s  a  w h i te  pow der (~500 mg) was s t i r r e d  o v e rn ig h t  i n  10 ml 

5% NaHCO^j f i l t e r e d  an d  w ashed w ith  d i s t i l l e d  w a te r  and an h y d ro u s  

d i e t h y l  e t h e r .  The p ro d u c t  was re c o v e re d  a s  a  w h i te  s o l i d .  Y ie ld

25%, 0 .5  g , m .p . 194°C , [ a ]^ 5 = - 1 8 .0  (c  = 0 .1 7 ,  CF3 CH2 OH). P u r i t y

v i a  HPLC > 97%, i n  c y c lo h e x a n e : i s o p r o p a n o l:m e th a n o l ,  8 :1 :1 .  Rf =

0 .3 9  on t h i n  l a y e r  s i l i c a  p l a t e s  i n  e t h y l  a c e ta te :m e th a n o l ,  2 :1 .

Rf = 0 .4 6  i n  b u t a n o l : w a t e r : a c e t i c  a c id ,  4 : 5 :1 .

Te t  r a -  ( y-Me th y  1 -L -G lu  tamy 1) -G ly  cy 1-Dime th y  1-L-G l u t  am at e • Me th  ane 

S u l fo n a te  (XXV)

N - t -B u to x y c a rb o n y l- te t r a - ( y - m e th y 1 - L - g lu ta m y l)  g ly c y l  d im e th y l 

L -g lu ta m a te  was d e p r o te c te d  a t  th e  .N -te rm in u s  u s in g  m ethane s u l f o n i c  

a c id  i n  C ^ C ^ / f o r m i c  a c id  a s  d e s c r ib e d  p r e v io u s ly .  The workup was as 

d e s c r ib e d  p r e v io u s ly .  The N -d e p ro te c te d  hexapeptide*M SA  s a l t  was 

c o l l e c t e d  a s  a  w h i te  s o l i d .  Y ie ld  was q u a n t i t a t i v e .  Compound 

decom posed above 182°C . Rf = 0 .3 1  on t h i n  l a y e r  s i l i c a  i n  b u ta n o l :  

w a t e r : a c e t i c  a c id ,  4 :5 :1 .

N - t-B u to x y c a rb o n y l-p e n ta - (y -M e th y 1 -L -G lu ta m y l)  G ly c y l D im eth y l L- 

G lu tam a te  (XXVI)

N - t -B u to x y c a rb o n y l-y -m e th y l-L -g lu ta m ic  a c id  (0 .7 5  mmol; 2 g) was 

r e a c te d  w ith  t e t r a - ( y - m e th y 1 - L - g lu ta m y l)  g ly c y l  d im e th y l  L -g lu ta m a te  

(0 .7 5  mmol; 0 .6 7  g) u s in g  th e  m ixed a n h y d r id e  c o u p lin g  p ro c e d u re  

d e s c r ib e d  p r e v io u s ly .  The workup was i d e n t i c a l  to  t h a t  o f  compound XXIV. 

The compound was re c o v e re d  a s  a  w h ite  pow der. Y ie ld  56%, 0 .4 4  g , m .p . 

225-228°C , [ a ] ^  = - 2 1 .6 °  (c  = 0 .1 6 ,  C F^C ^O H ). P u r i t y  v i a  n o rm a l p h a se  

h ig h  p r e s s u r e  l i q u i d  ch ro m ato g rap h y  > 97% i n  c y c lo h e x a n e : i s o p r o p a n o l:  

m e th a n o l, 8 :1 :1 .  Rf = 0 .6 7  on t h i n  l a y e r  s i l i c a  p l a t e s  in  e t h y l  a c e t a t e :  

m e th a n o l, 2 :1 . R f = 0 .6 5  i n  b u t a n o l : w a t e r : a c e t i c  a c i d ,  4 : 5 : 1 .
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N -t-B u to x y c a rb o n y l G ly c y 1 -y -M eth y 1 -L -G lu tam y 1 -D im eth y 1 -L -G lu tam a te

(XXVII)

N - t-B u to x y c a rb o n y 1 -g ly c in e  ( 5 .8  mmol; 1 .0 2  g) was r e a c te d  w ith  

y -m e th y 1 -L -g lu ta m y 1 -d im e th y l L -g lu ta m a te  *MSA ( u s in g  th e  m ixed  a n h y d rid e  

p ro c e d u re  p r e v io u s ly  d e s c r i b e d ) .  The workup was i d e n t i c a l  to  t h a t  o f 

compound V. The p ro d u c t  was c o l l e c t e d  as  a  w h i te  pow der. Y ie ld  39%,

1 .0 8  g , m .p . 6 8 °C , [ a ] ^ 5 = - 2 4 .7  (c  = 0 .2 2 ,  CF3CH20H ). P u r i t y  v i a  

n o rm al p h a se  h ig h  p r e s s u r e  l i q u i d  ch ro m ato g rap h y  > 97% in  c y c lo h e x a n e : 

is o p ro p a n o l:M e th a n o l,  8 : 1 :1 .  Rf = 0 .3 7  on t h i n  l a y e r  s i l i c a  p l a t e s  in  

e t h y l  a c e ta te :m e th a n o l ,  2 :1 .  Rf = 0 .7 1  in  b u t a n o l : w a t e r : a c e t i c  a c id ,  

4 : 5 : 1 .

G ly cy 1 -y -M eth y 1 -L -G lu tam y l-D im e th y 1 -L -G lu tam a te* M eth an e  S u l f o n a te  (XXVIII)

N - t-B u to x y c a rb o n y l-g ly c y l- y - m e th y 1 - L - g lu ta m a te - d im e th y l- L -g lu ta m a te  

(0 .3 2  mmol; 0 .1 5  g) was d e p r o te c te d  a t  th e  N - te rm in u s  u s in g  m ethane 

s u l f o n i c  a c id  i n  o rm ic  a c id  a s  d e s c r ib e d  p r e v io u s ly .  The N-

d e p r o te c te d  tr ip e p tid e * M S A  s a l t  was r e c o v e re d  a s  a  w h i te  s o l i d .  Y ie ld  

was q u a n t i t a t i v e ,  m .p . 141-143°C . Rf = 0 .3 6  on t h i n  l a y e r  s i l i c a  i n  

b u t a n o l : w a t e r : a c e t i c  a c i d ,  4 : 5 :1 .

N -t-B u to x y c a rb o n y 1 -y -M e th y 1 -L -G lu tam y l-G ly c y 1 -y -M e th y 1 -L -G lu ta m y l 

D im e th y l-L -G lu ta m a te  (XXIX)

N - t-B u to x y c a rb o n y 1 -y -m e th y l-L -g lu ta m ic  a c id  (0 .3 2  mmol; 0 .0 8  g) was 

r e a c te d  w i th  g ly c y l-d i- (y -m e th y 1 -L -g lu ta m y l)d im e th y l-L -g lu ta m a te * M S A  

(u s in g  th e  m ixed  a n h y d r id e  p ro c e d u re  p r e v io u s ly  d e s c r ib e d ) .  The workup 

was i d e n t i c a l  to  t h a t  f o r  compound V. The p r o d u c t  was re c o v e re d  a s  a 

w h ite  pow der. Y ie ld  75%, 0 .1 6  g , m .p . 122 -124°C , [ct] ^ 5 = - 3 0 .4  (c  = 0 .1 7 ,  

CF3 CH2 OH). P u r i t y  v i a  n o rm a l p h a s e  h ig h  p r e s s u r e  l i q u i d  ch ro m ato g rap h y
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> 97% i n  c y c lo h e x a n e : i s o p r o p a n o l:m e th a n o l , ' 8 :1 :1 .  Rf -  0 .7 8  on t h in  

l a y e r  s i l i c a  p l a t e s  in  e t h y l  a c e t a te :m e th a n o l ,  2 :1 .  R f = 0 .7 8  in  

b u t a n o l : w a t e r : a c e t i c  a c id ,  4 : 5 : 1 .

y-Me th y  1 -L -G lu ta m y l-G ly c y  1-y-M e th y  1 -L -G lu tam y 1-Dime th y  1 -L -G lu tam a te  • 

M ethane S u l fo n a te  (XXX)

N - t-B u to x y c a rb o n y l-y -m e th y 1 -L -g lu ta m y 1 -g ly c y l  y -m e th y 1 -L -g lu ta m y l 

d im e th y l-L -g lu ta m a te  (2 .5  mmol; 1 .9  g) was d e p r o te c te d  a t  -the N- 

te rm in u s  u s in g  m ethane s u l f o n i c  a c id  i n  C H ^C l/fo rm ic  a c id  a s  d e s c r ib e d  

p r e v io u s ly .  The d e p r o te c te d  te tra p e p tid e * M S A  s a l t  was r e c o v e re d  a s  an 

o i l .  Y ie ld  was q u a n t i t a t i v e .  Rf -  0 .2 0  on t h i n  l a y e r  s i l i c a  in  

b u t a n o l :w a te r : a c e t i c  a c id ,  4 : 5 :1 .

N - t-B u t oxycarbony  l - d i - ( y - M e th y  1 -L -G lu ta m y l)-G ly c y  1 -y -M ethy  1 -L -G lu tam y 1 -  

D im e th y l-L -G lu ta m a te  (XXXI)

N - t -B u to x y c a rb o n y l-y -m e th y l-L -g lu ta m ic  a c id  ( 2 .5  mmol; 1 .6 3  g) was 

r e a c te d  w ith  y -m e th y 1 -L -g lu ta m y l g ly c y l  y -m e th y 1 -L -g lu ta m y l d im e th y l 

L-glutam ate*M SA  ( u s in g  th e  m ixed  a n h y d r id e  p ro c e d u re  d e s c r ib e d  

p r e v i o u s l y ) . The workup was i d e n t i c a l  t o  t h a t  o f  compound V. The 

p ro d u c t  was c o l l e c t e d  as  a  w h i te  pow der. Y ie ld  60%, 1 .1 4  g ,  m .p . 132- 

133°C, = - 1 9 .7  (c  = 0 .1 6 ,  CFgCI^OH) . P u r i t y  v i a  n o rm a l p h a se  h ig h

p r e s s u r e  l i q u i d  ch ro m ato g rap h y  > 97% i n  c y c lo h e x a n e : i s o p r o p a n o l :m e th a n o l ,  

8 :1 :1 .  Rf = 0 .7 2  on t h i n  l a y e r  s i l i c a  p l a t e s  i n  e t h y l  a c e ta te :m e th a n o l ,  

2 :1 .  Rf = 0 .6 2  i n  b u t a n o l : w a t e r : a c e t i c  a c i d ,  4 : 5 : 1 .

P i-(y -M e th y 1 -L -G lu ta m y l)-G ly c y 1 -y -M e th y 1 -L -G lu ta m y l-D lm e th y l-L -G lu ta m a te *  

M ethane S u l fo n a te  (XXXII)

N - t-B u to x y c a rb o n y l-d i- (y -m e th y 1 -L -g lu ta m y l)  g l y c y l  y -m e th y 1 -L - 

g lu ta m y l d im e th y l L -g lu ta m a te  ( 1 .2  mmol; 0 .9  g) was d e p r o t e c t e d  a t  th e
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N -te rm in u s  u s in g  m ethane  s u l f o n i c  a c id  i n  C ^ C ^ / f o r m i c  a c id  as  

p r e v io u s ly  d e s c r ib e d .  The N -d e p ro te c te d  p e n ta p e p t id e  was c o l l e c t e d  

a s  a  w h i te  s o l i d .  Y ie ld  was q u a n t i t a t i v e ,  m .p . 129-133°C . Rf =

0 .2 5  on t h i n  l a y e r  s i l i c a  i n  b u t a n o l : w a t e r : a c e t i c  a c i d ,  4 : 5 :1 .

N - t-B u to x y c a rb o n y l- tr i- (Y -M e th y 1 -L -G lu ta m y l) -G ly c y l-y -M e th y 1 -L -  

G lu tam y l D im e th y l-L -G lu ta m a te  (XXXIII)

N - t-B u to x y c a rb o n y l-Y -m e th y l-L -g lu ta m ic  a c id  ( 1 .2  mmol; 0 .3 1  g) 

was r e a c t e d  w ith  d i- (Y - m e th y l- L - g lu ta m y l) - g ly c y l -Y -m e th y l -L -g lu ta m y l-  

d im eth y l-L -g lu tam ate* M S A  ( 1 .2  mmol; 0 .9  g) u s in g  th e  m ixed  a n h y d r id e  

c o u p lin g  p ro c e d u re  p r e v io u s ly  d e s c r ib e d .  The workup was i d e n t i c a l  to  

t h a t  o f  compound X I I I .  The p ro d u c t  was r e c o v e re d  a s  a  w h i te  pow der. 

Y ie ld  71%, 0 .7 7  g ,  m .p . 216 -219°C , [ a ] ^ 5 = - 2 3 .0  (c  = 0 .1 7 ,  CF3CH2 0H ). 

P u r i t y  v i a  n o rm a l p h a s e  h ig h  p r e s s u r e  l i q u i d  c h ro m a to g rap h y  > 97% 

i n  c y c lo h e x a n e : i s o p r o p a n o l :m e th a n o l ,  8 : 1 :1 .  Rf = 0 .7 1  on t h i n  l a y e r  

s i l i c a  p l a t e s  i n  e t h y l  a c e ta te :m e th a n o l ,  2 :1 .  Rf = 0 .4 5  i n  b u ta n o l :  

w a t e r : a c e t i c  a c i d ,  4 : 5 : 1 .

T ri- (Y -M e th y l-L -G lu ta m y l)-G ly c y l-Y -M e th y 1 -L -G lu ta m y 1 -D im e th y l-L -  

G lu tam ate*M ethane  S u l f o n a te  (XXXIV)

N - t -B u to x y c a rb o n y l- t r i - (y - m e th y 1 - L -g lu ta m y l) - g ly c y l- Y - m e th y 1 - L -  

g lu ta m y l- d im e th y l -L - g lu ta m a te  ( 0 .5  mmol; 0 .4 5  g) was d e p r o te c te d  a t  

th e  N - te rm in u s  u s in g  m ethane s u l f o n i c  a c id  in  C H ^ C ^ /fo rm ic  a c id  a s  

d e s c r ib e d  p r e v io u s ly .  The N - d e p ro te c te d  hexamer*MSA s a l t  was c o l l e c t e d  

as a  w h i te  s o l i d .  Y ie ld  was q u a n t i t a t i v e ,  m .p . 181-186°C . Rf = 0 .3 3  

on t h i n  l a y e r  s i l i c a  i n  b u t a n o l : w a t e r : a c e t i c  a c id ,  4 :5 :1 .
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N - t-B u to x y c a rb o n y l- te tr a - (Y -M e th y l-L -G lu ta m y l) -G ly c y l-Y -M e th y l-L -

G lu tam y1-D im ethy1 -L -G lu tam ate  (XXXV)

N - t-B u to x y c a rb o n y l-Y -m e th y l-L -g lu ta m ic  a c id  (0 .5  mmol; 0 .1 3  g)

was r e a c te d  w ith  t r i -C y -m e th y l - L - g lu ta m y l) - g ly c y l- Y - m e th y l- L - g lu ta m y l -

d im ethy l-L -g lu tam ate*M S A  ( 0 .5  mmol; 0 .4 5  g) u s in g  th e  m ixed a n h y d rid e

c o u p lin g  p ro c e d u re  d e s c r ib e d  p r e v io u s ly .  The workup was i d e n t i c a l  to

t h a t  o f  compound X I I I .  The p r o d u c t  was re c o v e re d  a s  a  w h i te  pow der

and u sed  w ith o u t  f u r t h e r  p u r i f i c a t i o n .  Y ie ld  50%, 0 .2 6  g , m .p . 228°C,

25
[a ]^  = - 2 7 .7  (c  = 0 .1 6 ,  CF^CI^OH) . P u r i t y  v i a  n o rm al p h a se  HPLC > 97%

i n  c y c lo h e x a n e : i s o p r o p a n o l :m e th a n o l ,  8 :1 :1 .  Rf = 0 .6 5  on t h in  l a y e r  

s i l i c a  p l a t e s  i n  e t h y l  a c e t a te :m e th a n o l ,  2 :1 .  Rf = 0 .4 1  i n  b u ta n o l :w a te r  

a c e t i c . a c i d ,  4 : 5 : 1 .

N - t-B u to x y c a rb o n y l-G ly c y l-d i-Y -M e th y l-L -G lu ta m y l-D im e th y l-L -G lu ta m y l-  

D im e th y l-L -G lu ta m a te  (XXXVI) •

N - t-B u to x y c a rb o n y l  g ly c i n e  ( 4 .4  mmol; 0 .7 7  g) was r e a c te d  w i th  

d i- (y -m e th y 1 -L -g lu ta m y 1 )-d im e th y 1 - L -g lu ta m a te •MSA (u s in g  th e  m ixed  

a n h y d rid e  p ro c e d u re  p r e v io u s ly  d e s c r ib e d ) .  The workup was i d e n t i c a l  

to  t h a t  f o r  compound V. The p r o d u c t  was re c o v e re d  a s  a  w h ite  pow der. 

Y ie ld  78%, 2 .1  g , m .p . 154°C , [c t]J 5 = - 3 3 .6  (c  = 0 .1 4 ,  CF3CH20H) .

P u r i t y  v i a  n o rm a l p h a se  h ig h  p r e s s u r e  l i q u i d  ch rom ato g rap h y  > 97% i n  

c y c lo h e x a n e : i s o p r o p a n o l:m e th a n o l ,  8 :1 :1 .  Rf = 0 .7 4  on th in  l a y e r  s i l i c a  

p l a t e s  in  e t h y l  a c e t a te :m e th a n o l ,  3 :1 .  Rf = 0 .7 3  i n  b u 'ta n o l :w a te r :  

a c e t i c  a c id ,  4 : 5 : 1 .

G ly c y l-d i-(Y -M e th y l-L -G lu ta m y l)-D im e th y 1 -L -G lu ta m a te * H e th a n e  S u l fo n a te  

(XXXVII)

N - t-B u to x y c a rb o n y l-g ly c y l- d i - ( y -m e th y 1 - L - g lu ta m y l) - d im e th y 1 - L -  

g lu ta m a te  ( 2 .1  mmol; 1 .3  g) was d e p r o te c te d  a t  th e  N -te rm in u s  u s in g
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m ethane s u l f o n i c  a c id  i n  CH2C1 2/fo r m ic  a c id  a s  d e s c r ib e d  p r e v io u s ly  

f o r  th e  p r o te c te d  g lu ta m a te  d ip e p t id e .  The w orkup was i d e n t i c a l  to  

t h a t  o f  th e  p r o t e c t e d  g lu ta m a te  d ip e p t id e .  The N - d e p ro te c te d  t e t r a -  

peptide*M SA s a l t  was c o l l e c t e d  as  a w h ite  s o l i d .  Y ie ld  was 

q u a n t i t a t i v e ,  m .p . 144-146°C . Rf = 0 .2 2  on t h i n  l a y e r  s i l i c a  in  

b u t a n o l : w a t e r : a c e t i c  a c id ,  4 :5 :1 .

N - t-B u to x y c a rb o n y l-y -M e th y 1 -L -G lu ta m y l-G ly c y l-d i- (Y ~ M e th y l-L -g lu ta m y 1 ) -

D im eth y 1 -L -G lu tam ate  (XXXVIII)

N - t-B u to x y c a rb o n y l-y -m e th y 1 -L -g lu ta m ic  a c id  ( 2 .1  mmol; 0 .5 5  g)

was r e a c te d  w ith  g ly c y l - d i - ( y - m e th y l - L - g lu ta m y l ) - d im e th y 1 - L - g lu ta m a te ’

MSA ( 2 .1  mmol; 1 .3  g) u s in g  th e  m ixed a n h y d rid e  p ro c e d u re  p r e v io u s ly

d e s c r ib e d .  The workup was i d e n t i c a l  to  t h a t  o f  compound X I I I .  The

p ro d u c t 'w a s  re c o v e re d  a s  a  w h i te  pow der. Y ie ld  34%, 0 .5 4  g , m .p . 162°C, 

25[a ]p  = - 2 5 .4  (c  = 0 .1 4 , CF^CH^H ). P u r i t y  v i a  n o rm a l p h a se  h ig h

p r e s s u r e  l i q u i d  ch rom ato g rap h y  > 97% i n  c y c lo h e x a n e : i s o p r o p a n o l :  

m e th a n o l, 8 :1 :1 .  Rf = 0 .6 9  on t h in  l a y e r  s i l i c a  p l a t e s  in  e th y l

a c e ta te :m e th a n o l ,  2 : 1 -  Rf = 0 .5 4  in  b u t a n o l : w a t e r : a c e t i c  a c id ,  4 :5 :1 .

y -M e th y 1 -L -G lu ta m y l-G ly c y l-d i-(y -M e th y 1 -L -G lu ta m y l)-D im e th y 1 -L -G lu ta m a te • 

M ethane S u l fo n a te  (XXXIX)

N - t -B u to x y c a rb o n y l-y -m e th y l-L -g lu ta m y l-g ly c y l-d i- (y -m e th y 1 -L -  

g lu ta m y l)  -d im e  th y  1 -L -g lu ta m a te  was d e p r o te c te d  u s in g  m ethane s u l f o n i c  

a c id  i n  CH2 C l2 /fo r m ic  a c id  a s  d e s c r ib e d  p r e v io u s ly .  The N -d e p ro te c te d  

p e n ta p e p t id e ’MSA s a l t  was c o l l e c t e d  as an o i l .  Y ie ld  was q u a n t i t a t i v e .

Rf = 0 .2 1  on t h in  l a y e r  s i l i c a  in  b u t a n o l : w a t e r : a c e t i c  a c id ,  4 :5 :1 .
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N -t-B u to x y c a rb o n y l-d i- (y -M e  th y  1 -L -G lu ta tn y l)  - G ly c y l - d i- ( y - M e th y l - L -  

Glu tam y1 )-Dime th y 1 -L -G lu  tam a t a (XL)

N - t-B u to x y c a rb o n y 1 -y -m e th y l-L -g lu ta m ic  a c id  (0 .5  mmol; 0 .1 3  g) 

was r e a c te d  w ith  y - m e th y l- L - g lu ta m y l- g ly c y l - d i- ( y - m e th y 1 - L - g lu ta m y l) -  

d im ethy1-L -g lu tam ate*M SA  (0 .5  mmol; 0 .3 8  g) u s in g  th e  m ixed a n h y d rid e  

p ro c e d u re  d e s c r ib e d  p r e v i o u s ly .  The workup was i d e n t i c a l  to  t h a t  o f  

compound X I I I .  The p r o d u c t  was re c o v e re d  a s  a  w h ite  pow der. Y ie ld  48%, 

0 .2 2  g , m .p . 210-212°C , [ a ] ^  = - 3 1 .3  (c  = 0 .1 5 , CF^CI^OH). P u r i t y  v i a  

no rm al p h a se  h ig h  p r e s s u r e  l i q u i d  ch ro m ato g rap h y  > 97% i n  c y c lo h e x a n e : 

is o p r o p a n o l :m e th a n o l ,  8 : 1 :1 .  Rf = 0 .7 2  on t h i n  l a y e r  s i l i c a  p l a t e s  in  

e t h y l  a c e ta te :m e th a n o l ,  2 :1 .  Rf = 0 .4 5  i n  b u t a n o l : w a t e r : a c e t i c  a c id  

4 :5 :1 .

P i-(y -M e th y 1 -L -G lu ta m y l) -G ly c y l-d i- (y -M e th y l-L -G lu ta m y l) -D im e th y 1 -L -  

G lu tam ate*M ethane S u l f o n a te  (XLI)

N - t -B u to x y c a r b o n y l - d i - ( y - m e th y 1 - L - g lu ta m y l) - g ly c y l- d i- ( y - m e th y 1 - 

L -g lu ta m y l) -d im e th y 1 -L -g lu ta m a te  was d e p r o te c te d  a t  th e  N -te rm in u s  

u s in g  m ethane s u l f o n i c  a c id  i n  C l^ C ^ / f o r m ic  a c id  a s  d e s c r ib e d  f o r  

th e  p r o te c te d  g lu ta m a te  d i p e p t id e .  The N -d e p ro te c te d  hexapeptide*M SA  

s a l t  was c o l l e c t e d  as  a  w h i te  s o l i d .  Y ie ld  was q u a n t i t a t i v e ,  m .p . 148- 

150°C. Rf = 0 .4 4  on t h i n  l a y e r  s i l i c a  i n  b u t a n o l : w a t e r : a c e t i c  a c id ,  

4 :5 :1 .

N - t-B u to x y c a rb o n y l- t r i - (y -M e th y 1 -L -G lu ta m y l) -G ly c y l-d i- (y -M e th y 1 -L -  

G lutam y1 )-D im e th y 1 -L -G lu ta m a te  (X L II)

N - t-B u to x y c a rb o n y 1 -y -m e th y l-L -g lu ta m ic  a c id  ( 0 . 2  mmol; 0 .0 5  g) 

was r e a c te d  w ith  d i - ( y -m e th y 1 - L - g lu ta m y l ) - g ly c y l -d i - (y - m e th y 1 -L -  

g lu ta m y l)  -d im e  th y  1 -L -g lu ta m a te  "MSA ( 0 .2  mmol; 0 .1 8  g) u s in g  th e  m ixed
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a n h y d rid e  c o u p lin g  p ro c e d u re  d e s c r ib e d  p r e v i o u s ly .  The workup was 

i d e n t i c a l  to  t h a t  o f compound X I I I .  The p ro d u c t  was re c o v e re d  as a 

w h ite  pow der. Y ie ld  48%, 0 .1  g ,  m .p . 217-220°C , [ a ] ^  = -2 3 .9  

(c  = 0 .1 8 ,  CF^CI^OH). P u r i t y  v i a  n o rm a l p h a se  h ig h  p r e s s u r e  l i q u i d  

ch ro m ato g rap h y  > 97% i n  c y c lo h e x a n e : i s o p r o p a n o l :m e th a n o l ,  8 :1 :1 .

Rf = 0 .6 9  on t h i n  l a y e r  s i l i c a  p l a t e s  i n  e t h y l  a c e ta te :m e th a n o l ,  2 :1 .

Rf = 0 .4 0  i n  b u t a n o l : w a t e r : a c e t i c  a c i d ,  4 : 5 : 1 .

N - t -B u to x y c a rb o n y l-G ly c y l- t r i- (y -M e th y 1 -L -G lu ta m y l) -D im e th y 1 -L -  

G lu tam a te  (X L III)

N - t-B u to x y c a rb o n y 1 -g ly c in e  ( 2 .0  mmol; 0 .3 5  g) was r e a c te d  w ith  

t r i - ( y - m e th y 1 - L - g lu ta m y l )  d im ethy1-L -g lu tam ate*M S A  (u s in g  th e  m ixed 

a n h y d rid e  p ro c e d u re  d e s c r ib e d  p r e v i o u s ly ) .  The workup was i d e n t i c a l  

to  t h a t  o f  compound V. The p r o d u c t  was r e c o v e re d  a s  a  w h i te  pow der. 

Y ie ld  39%, 0 .6  g , m .p . 165 -169°C , [ct] * 5 = - 3 5 .4  (c  = 0 .1 3 ,  CF3CH2 0H ). 

P u r i t y  v i a  n o rm a l p h a se  h ig h  p r e s s u r e  l i q u i d  c h ro m a to g rap h y  > 97% i n  

c y c lo h e x a n e : i s o p r o p a n o l:m e th a n o l ,  8 :1 :1 .  Rf = 0 .7 0  on t h i n  la y e r  

s i l i c a  p l a t e s  in  e t h y l  a c e t a te :m e th a n o l ,  2 :1 .  Rf = 0 .5 7  i n  b u ta n o l :  

w a t e r : a c e t i c  a c id ,  4 : 5 : 1 .

G ly c y l- tr i - (y -M e th y 1 -L -G lu ta m y l) -D im e th y 1 -L -G lu ta m a te “M ethane S u l fo n a te  

(XLIV)

N - t -B u to x y c a rb o n y l -g ly c y l- t r i - ( y - m e th y 1 - L - g lu ta m y l ) - d im e th y 1 -L -  

g lu ta m a te  ( 0 .8  mmol; 0 .6  g) was d e p r o te c te d  a t  th e  N -te rm in u s  u s in g  

m ethane s u l f o n i c  a c id  i n  C t^ C ^ / f o r m ic  a c id  a s  d e s c r ib e d  p r e v io u s ly  

f o r  th e  p r o te c te d  g lu ta m a te  d i p e p t id e .  The N - d e p ro te c te d  t e t r a p e p t i d e -  

MSA s a l t  was c o l l e c t e d  a s  an  o i l .  Y ie ld  was q u a n t i t a t i v e .

Rf = 0 .2 0  on t h i n  l a y e r  s i l i c a  i n  b u t a n o l : w a t e r : a c e t i c  a c id ,

4 :5 :1 .
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N - t-B u to x y c a rb o n y l-y -M e th y 1 -L -G lu ta m y l-G ly c y l- tr i- (y -M e th y 1 -L -

G lu ta m y l)-D im e th y 1 -L -G lu ta m a te  (XLV)

N - t-B u to x y c a rb o n y 1 -y -m e th y l-L -g lu ta m ic  a c id  ( 0 .8  mmol; 0 .2  g) 

was r e a c te d  w i th  g ly c y l - t r i - ( Y - m e th y l - L - g lu ta m y l) - d im e th y 1 - L - g lu ta m a te  

(u s in g  th e  m ixed a n h y d r id e  p ro c e d u re  d e s c r ib e d  p r e v i o u s ly ) .  The 

workup was i d e n t i c a l  t o  t h a t  o f  compound X I I I .  The p ro d u c t  was

25re c o v e re d  a s  a  w h i te  pow der. Y ie ld  87%, 0 .5 6  g , m .p . 210°C; £cx]^  =

27 91 (c  = 0 .1 7 ,  C F^C ^O H ). P u r i t y  v i a  n o rm al p h a se  h ig h  p r e s s u r e  

l i q u i d  c h ro m a to g rap h y  > 97% i n  c y c lo h e x a n e : i s o p r o p a n o l :m e th a n o l ,

8 :1 :1 .  Rf -  0 .7 0  on t h i n  l a y e r  s i l i c a  p l a t e s  i n  e t h y l  a c e ta te ':m e th a n o l ,  

2 :1 .  Rf -  0 .4 5  i n  b u t a n o l : w a t e r : a c e t i c  a c i d ,  4 : 5 : 1 .

y -M e th y 1 -L -G lu ta m y l-G ly c y l- tr i- (y -M e th y 1 -L -G lu ta m y l) -D im e th y 1 -L -  

G lu ta m a te ‘M ethane S u l f o n a te  (XLVI)

N -t-B u to x y  c a rb q n y 1 -y -m e  th y 1 -L - g lu  tam y1 - g ly c y 1- 1 r i - ( y - m e  th y 1 -L -  

g lu ta m y l) -d im e th y 1 -L -g lu ta m a te  ( 1 .1  mmol; 1 .0  g) was d e p r o te c te d  a t  th e  

N -te rm in u s  u s in g  m ethane  s u l f o n i c  i n  C ^ C ^ / f o r m i c  a c id  a s  d e s c r ib e d  

f o r  th e  g lu ta m a te  d i p e p t i d e .  The N -d e p ro te c te d  hexapeptide"M SA  s a l t  

was c o l l e c t e d  as a  w h i te  pow der. Y ie ld  was q u a n t i t a t i v e ,  m .p . 1 4 9 - 

151°C. Rf = 0 .3 1  on t h i n  l a y e r  s i l i c a  i n  b u t a n o l : w a t e r : a c e t i c  a c i d ,  

4 :5 :1 .

N - t-B u to x y c a rb o n y l-d i - (y - M e th y 1 - L -G lu ta m y l) - G ly c y l- t r i - ( y - M e th y 1 -L -  

G lu ta m y l)-D im e th y 1 -L -G lu ta m a te  (XLVII)

N - t-B u to x y c a rb o n y 1 -y -m e th y l-L -g lu ta m ic  a c id  ( 1 .1  mmol; 0 .2 9  g) 

was r e a c te d  w i th  y -m e th y 1 -L -g lu ta m y 1 -g ly c y 1 - t r i - ( y - m e th y 1 - L - g lu ta m y l ) -  

d im ethy1-L -g lu tam ate*M S A  ( u s in g  th e  m ixed a n h y d rid e  p ro c e d u re  p r e v io u s ly  

d e s c r ib e d ) .  The w orkup was i d e n t i c a l  to  t h a t  f o r  compound X I I I .  The
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p ro d u c t  was re c o v e re d  as a  w h i te  pow der. Y ie ld  55%, 0 .6 3  g , m .p . 22 2 - 

227 , ['“ ] ^  = - 2 8 .0  (c  = 0 .1 4 ,  CF^CI^OH). P u r i t y  v i a  n o rm al p h a se  

h ig h  p r e s s u r e  l i q u i d  ch ro m a to g ra p h y  > 97% i n  c y c lo h e x a n e : i s o p r o p a n o l :  

m e th a n o l, 8 :1 :1 .  Rf = 0 .7 4  on t h i n  l a y e r  s i l i c a  p l a t e s  i n  e th y l  

a c e ta te :m e th a n o l ,  2 :1 .  Rf -  0 .5 2  i n  b u t a n o l : w a t e r : a c e t i c  a c id ,  4 :5 :1 .

N - t-R u to x y c a rb o n y 1 -G ly c y l- te tra - (y -M e th y 1 -L -G lu ta m y l) -D im e th y 1 -L -

G lu tam a te  (X LV III)

N - t-B u to x y c a rb o n y 1 -g ly c in e  ( 1 .5  mmol; 0 .2 6  g) was r e a c te d  w ith

te t r a - ( y - m e th y 1 - L - g lu ta m y l) - d im e th y 1 - L - g lu ta m a te  m ethane s u l f o n a t e

(u s in g  th e  m ixed  a n h y d r id e  p ro c e d u re  p r e v io u s ly  d e s c r i b e d ) . The

workup was i d e n t i c a l  to  t h a t  o f  compound X I I I .  The p r o d u c t  was

re c o v e re d  a s  a  w h i te  pow d er. Y ie ld  40%, 0 .6  g , m .p . 205-210°C ,

25[a ] ^  = - 3 5 .4  (c  = 0 .1 3 ,  CF^C^OH) . P u r i t y  v i a  n o rm al p h a se  h ig h

p r e s s u r e  l i q u i d  ch ro m a to g ra p h y  > 97% i n  c y c lo h e x a n e : i s o p r o p a n o l :  

m e th a n o l, 8 :1 :1 .  Rf = 0 .7 1  on t h i n  l a y e r  s i l i c a  p l a t e s  i n  e t h y l  

a c e ta te :m e th a n o l ,  2 :1 .  Rf = 0 .5 1  i n  b u t a n o l : w a t e r : a c e t i c  a c i d ,  4 : 5 : 1 .

G ly c y l- te tra - (y -M e th y 1 -L -G lu ta m y l) -D im e th y 'l-L -G lu ta m a te * M e th a n e  

S u l fo n a te  (XLIX)

N - t-B u to x y c a rb o n y 1 -g ly c y 1 - te t r a - ( y - m e th y 1 - L - g lu ta m y l ) - d im e th y l -

L -g lu ta m a te  ( 0 .6  mmol; 0 .5 4  g) was d e p r o te c te d  a t  th e  N -te rm in u s  u s in g

m ethane s u l f o n i c  a c id  i n  C K ^ C ^ /fo rm ic  a c id  a s  d e s c r ib e d  p r e v io u s ly

f o r  th e  g lu ta m a te  d i p e p t id e .  The N - d e p ro te c te d  hexapeptide*M SA  s a l t

was c o l l e c t e d  a s  a  w h i te  s o l i d .  Y ie ld  was q u a n t i t a t i v e .  Compound

decom posed above 202°C . Rf = 0 .3 0  on t h i n  l a y e r  s i l i c a  i n  b u ta n o l :w a te r  

a c e t i c  a c id ,  4 :5 :1 .
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N - t-B u to x y c a rb o n y l-Y -M e th y l-L -G lu ta m y l-G ly c y l- te tra - (y -M e th y 1 -L -

G lu tam y l)-D im e th y 1 -L -G lu tam a te  (L)

N - t-B u to x y c a rb o n y l-y -m e th y 1 -L -g lu ta m ic  a c id  ( 0 .4  mmol; 0 .1  g)

was r e a c te d  w ith  g ly c y l - te t r a - ( y - m e th y l - L - g lu ta m y l) - d im e th y 1 - L - g lu ta m a te

m ethane s u l f o n a t e  ( u s in g  th e  m ixed  a n h y d r id e  p ro c e d u re  d e s c r ib e d

p r e v i o u s ly ) .  The workup was i d e n t i c a l  to  t h a t  o f  compound X I I I .  The

p ro d u c t  was r e c o v e re d  a s  a  w h i te  pow der. Y ie ld  35%, 0 .1 5  g , m .p . 225- 

25
227°C, [ a ]p  = - 1 9 .4  (c  = 0 .1 5 ,  CF^CI^OH). P u r i t y  v i a  n o rm al p h a se  

h ig h  p r e s s u r e  l i q u i d  ch ro m a to g rap h y  > 97% i n  c y c lo h e x a n e : i s o p r o p a n o l:  

m e th a n o l, 8 :1 :1 .  Rf = 0 .7 0  on t h i n  l a y e r  s i l i c a  p l a t e s  i n  e th y l  

a c e ta te :m e th a n o l ,  2 :1 .  Rf = 0 .4 8  i n  b u t a n o l : w a t e r : a c e t i c  a c i d ,  4 :5 :1 .
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H igh P e rfo rm a n c e  L iq u id  C hrom atography

E x a m in a tio n  o f  o l ig o p e p t id e  c o n fo rm a tio n  r e q u i r e s  th e  s y n th e s i s  

o f  c h e m ic a l ly  and o p t i c a l l y  p u re  m a t e r i a l s .  H igh  p e rfo rm a n c e  l i q u i d  

ch ro m ato g rap h y  (HPLC), on n o rm al p h a se  s i l i c a  i s  w e l l  s u i t e d  to  s tu d y  

th e  hom ogeneity  o f  th e  p r o te c te d  h o m o -o lig o p e p tid e s  o f  y -m e th y 1 -L - 

g lu ta m a te  and  th e  c o - o l ig o p e p t id e  o f  y -m e th y 1 -L -g lu ta m a te  and g ly c in e .

HPLC a n a ly s i s  o f  th e  p r o te c te d  h o m o -o lig o m ers  was c a r r i e d  o u t in  

a  s o lv e n t  sy s tem  c o n s i s t in g  o f  c y c lo h e x a n e : i s o p r o p a n o l :m e th a n o l ,  8 :1 :1 ,  

u s in g  a  flo w  r a t e  o f  2 m l/m in . A few d ro p s  o f  t r i f l u o r o e t h a n o l  was 

added  to  th e  h e p ta m er s o lu t i o n s  due to  th e  d e c re a s e d  s o l u b i l i t y  o f  

t h i s  hom o-o ligom er i n  m e th y le n e  c h lo r i d e .  R e te n t io n  tim e s  o r  K' 

v a lu e s  o f  h o m o -o lig o p e p tid e  p eak s i n c r e a s e d  w i th  an  i n c r e a s e  i n  c h a in  

le n g th .

o

w here i s  th e  r e t e n t i o n  volum e o f  th e  com ponent o f  i n t e r e s t  and VQ 

i s  th e  r e t e n t i o n  volum e o f  th e  s o lv e n t  f r o n t .  C om plete  p e a k  s e p a r a t i o n  

was a c h ie v e d  f o r  a l l  h om o-o ligom ers  u s in g  th e  ab o v e  s o lv e n t  sy s te m . 

I n j e c t i o n  o f  a  m ix tu re  o f  a l l  h o m o -o lig o m ers  d e m o n s tra te d  th e  g r e a t  

r e s o lv in g  pow er o f  t h i s  sy s te m  ( F ig .  2 ) .

The HPLC a n a ly s i s  o f  th e  c o - o l ig o p e p t id e s  was p e rfo rm e d  u n d e r th e  

c o n d i t io n s  i d e n t i c a l  to  th e  ab o v e . D uring  e v a lu a t i o n  o f  c h e m ic a l 

h o m o g en e ity  s e v e r a l  c o - o l ig o p e p t id e s  o f  th e  same m o le c u la r  w e ig h t b u t 

d i f f e r e n t  seq u en ce  d is p la y e d  s i g n i f i c a n t  d i f f e r e n c e s  i n  r e t e n t i o n  

tim e s  on y P o r a s i l  (no rm al p h a se  s i l i c a ) . T hese  r e s u l t s  m ust be 

i n d i c a t i v e  o f  th e  h ig h  s e n s i t i v i t y  o f  th e  sy s te m  to  s l i g h t  changes in  

m o le c u la r  s t r u c t u r e .  As s e e n  i n  T a b le  1 and  ch rom atogram s ( F ig s .  2
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th ro u g h  1 5 ) , th e  e f f e c t  o f  g ly c in e  i n s e r t i o n  on th e  t r i - ,  t e t r a - ,  and 

p e n ta p e p t id e s  r e s u l t s  i n  s t r o n g e r  r e t e n t i o n  o f  th e  c o -o l ig o m e rs  by th e  

column a s  com pared to  th e  c o r re s p o n d in g  h o m o -o lig o m e rs . T hese 

o b s e rv a t io n s  a r e  c o n s i s t e n t  w i th  g ly c in e  b e h a v in g  as  a  more p o la r  

r e s id u e  th a n  y -m e th y 1 -L -g lu ta m a te  and t h e r e f o r e  i n t e r a c t i n g  more 

s t r o n g ly  w ith  th e  s i l i c a  s u p p o r t .  Two o f  th e  c o -h e x a p e p tid e s  (F ig . 19, 

2 0 ) , and th r e e  o f  th e  c o - h e p ta p e p t id e s  (F ig .  24 , 25 , 2 6 ) ,  how ever, • 

have  s i g n i f i c a n t l y  h ig h e r  m o b i l i ty  th a n  th e  p a r e n t  h o m o -o lig o p e p tid e . • 

Thus i n  s e v e r a l  i n s t a n c e s  g ly c in e  b e h a v es  as  i f  i t  i s  a  l e s s  p o l a r  

s p e c ie s  th a n  y -m e th y 1 -L -g lu ta m a te .

28In  e x p e r im e n ts  p e rfo rm e d  by N a id e r  and H u c h i t a l ,  co m p ariso n  o f  

th e  g lu ta m a te - g ly c in e  hexam ers w i th  L -m e th io n in e -g ly c in e  cohexam ers 

r e v e a le d  s i g n i f i c a n t  s i m i l a r i t i e s .  I n  b o th  cohexam er s e r i e s  g ly c in e  

i n  p o s i t i o n  2 r e s u l t e d  i n  g r e a t e s t  r e t e n t i o n ,  w h e re a s  g ly c in e  i n  

p o s i t i o n  3 and  4 gave  th e  h ig h e s t  m o b i l i t i e s .  T hese  r e s u l t s  s u g g e s t  

t h a t  b o th  th e  g lu ta m a te  and th e  m e th io n in e  c o p e p t id e s  have  s i m i l a r  

c o n fo rm a t io n a l  d i s t r i b u t i o n s  and may i n t e r a c t  i n  a  s i m i l a r  m anner w i th  

th e  HPLC s u p p o r t .  T hese  f in d in g s  may be  a  c o n seq u en ce  o f  a  m a jo r  

p e r t u r b a t io n  to  th e  t h r e e  d im e n s io n a l c o n fo rm a tio n  o f  th e  p e p t id e  

upon i n s e r t i o n  o f  g ly c i n e .  I t  i s  known t h a t  many h o m o -o lig o p e p tid e s  

h ave  c r i t i c a l  c h a in  le n g th s  f o r  o n s e t  o f  s e c o n d a ry  s t r u c t u r e  o f  be tw een  

s i x  o r  se v e n  r e s id u e s . '* ' In  l i g h t  o f  t h i s  th e  skew ed c h ro m a to g ra p h ic  

p a t t e r n  o f  th e  hom oheptam er (F ig . 2 2 ) , and th e  g r e a t l y  in c r e a s e d  

r e t e n t i o n  tim e  (a s  com pared to  th e  lo w er h o m o -o lig o m e rs ) , may b e  a 

r e s u l t  o f  e f f e c t s  on m o b i l i ty  due to  th e  o n s e t  o f  a  u n iq u e  s e c o n d a ry  

s t r u c t u r e  a t  t h i s  c h a in  l e n g th .  Th’e  i n s e r t i o n  o f  g ly c in e  i n t o  th e  

backbone may p e r t u r b  t h i s  s t r u c t u r e  th u s  re d u c in g  g ly c in e  i n t e r a c t i o n  

w ith  th e  colum n r e s u l t i n g  in  a  re d u c e d  r e t e n t i o n  t im e . U n f o r tu n a te ly ,
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due to  p o o r  s o l u b i l i t y  o f  th e  h ig h e r  p e p t id e s  i n  th e  m o b ile  p h a se  

em ployed i t  i s  e x tr e m e ly  d i f f i c u l t  to  c a r r y  o u t C.D. m easu rem en ts  in  

t h i s  s o l v e n t . '

W ith th e  p r o p e r  c h o ic e  o f  s o lv e n t  sy s te m  and f lo w  r a t e ,  h ig h  

p e rfo rm a n c e  l i q u i d  ch ro m a to g rap h y  h a s  p ro v e n  to  be  a  h ig h ly  e f f e c t i v e  

m ethod f o r  c h e m ic a l p u r i t y  a n a l y s i s .  HPLC m ig h t a l s o  s e r v e  a s  a  sy s te m  

w hich  c o u ld  d e t e c t  v i a  r e t e n t i o n  tim es  s l i g h t  changes i n  m o le c u la r  

c o n fo rm a tio n  as  a  r e s u l t  o f  d i f f e r e n t i a l  i n t e r a c t i o n  o f  th e  v a r io u s  

c o -o lig o m e rs  w ith  th e  s i l i c a  s u p p o r t .
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TABLE 1

M o b il i ty  o f  G ly c in e -y -M e th y l G lu tam a te  

C o - o l ig o p e p tid e s  on y P o r a s i l

M obile  P h ase  
( Cy c lo h e x a n e - I s o p ro p  a n o l -  

Compound M eth an o l) K,a

B oc-[G lu(O M e)]3OMe 9 2 :5 :2  3 .4 0 b

B oc-G ly[G lu(O M e)J2OMe 9 2 :6 :2  4 .5 4 b

Boc-Glu(OM e)-Gly-Glu(OM e)OM e 9 2 :6 :2  6 .0 1 b

B oc-[G lu(O M e)]4OMe ’ 9 2 :6 :2  7 .9 6 b

B o c-G ly -[G lu (O M e)]3OMe 9 2 :6 :2  7 .9 8 b ,C

B oc-G lu(O M e)-G ly[G lu(O M e)]20Me 9 2 :6 :2  1 1 .9 1 b

B oc-[G lu(O M e)]2-Gly-Glu(OM e)OM e 9 2 :6 :2  1 2 .3 7 b

B oc-[G lu(O M e)]3OMe 8 0 :1 0 :1 0  1 .0 8 b

B o c -G ly -[G lu (0 M e )]20Me 8 0 :1 0 :1 0  1 .0 8 b

Boc-G lu(0M e)-G ly-G lu(0M e)O M e 8 0 :1 0 :1 0  1 .3 0 b

B o c-[G lu (0 M e)]40Me 8 0 :1 0 :1 0  1 .5 8 b

B o c -G ly -[G lu (0 M e )]30Me 8 0 :1 0 :1 0  1 .6 3 b

B o c -G lu (0 M e )-G ly -[G lu (0 M e )]20Me 8 0 :1 0 :1 0  1 .8 9 b

B o c-[G lu (0 M e)]2-G ly-G lu(0M e)0M e 8 0 :1 0 :1 0  1 .9 1 b

B o c-[G lu (0 M e)]5-0Me -8 0 :1 0 :1 0  2 .5 7 b

B o c -G ly -[G lu (0 M e )]40Me 8 0 :1 0 :1 0  2 .9 0 b

B oc-G lu (0M e)-G ly [G lu (O M e)]30Me 8 0 :1 0 :1 0  3 .2 0 b

B o c-[G lu (0 M e)]2-G ly -[G lu (0 M e ) ]20Me 8 0 :1 0 :1 0  2 .6 2 b

B oc-[G lu (0M e)] 3-G ly-G lu(0M e)0M e 8 0 :1 0 :1 0  2 .7 5 b

B o c-[G lu (0 M e)]fi0Me ’ 8 0 :1 0 :1 0  4 .2 6 d

B oc-G ly -[G lu (O M e)] ^OMe 8 0 :1 0 :1 0  — 4 .6 5 d
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TABLE 1 ( C o n t 'd . )

M o b i l i ty  o f  G ly c in e -y -M e th y 1 G lu tam a te  C o - o l ig o p e p t i d e s  on p P o r a s i l

Compound
M obile  P h ase  

(C y c lo h e x a n e - I s o p ro p a n o l-  
M ethano l)

K,a

B oc-G lu(O M e)-G ly-[G lu(O M e)]40Me 8 0 :1 0 :1 0 4 .8 5 d

B oc-[G lu(O M e)] 2~ G ly-[G lu (O M e)] 3OMe 8 0 :1 0 :1 0 4-.19d

B oc-[G lu(O M e)]3-G ly -[G lu (O M e)]20Me 8 0 :1 0 :1 0 3 .8 9 d

Bo c - [Glu(OMe) ] ^ -G ly -G lu ( OMe) OMe 8 0 :1 0 :1 0 4 .3 7 d

B oc-[G lu(O M e)] ?0Me 8 0 :1 0 :1 0 7 .0 8 C ,d

B oc-G lu(0M e)-G ly-[G lu(0M e)l^O M e 8 0 :1 0 :1 0 7 .8 9 d

Bo c - [Glu(OMe) ] 2- G l y - [Glu(OMe) ] 40Me 8 0 :1 0 :1 0 6 .1 4 d

B oc-[G lu(O M e)] 3~ G ly-[G lu (O M e)] 30Me 8 0 :1 0 :1 0 5 .9 4 d

B oc-[G lu(O M e)] 4~ G ly -[G lu (O M e)]20Me 8 0 :1 0 :1 0 5 .8 3 d

B oc-[G lu(O M e)] ^ -G ly -[G lu (O M e)] ^OMe 8 0 :1 0 :1 0 5 .4 5 d

aK' = Vx -  Vq/Vq , w here  i s  th e  r e t e n t i o n  volum e o f  th e  com ponent o f 

i n t e r e s t  and Vq th e  dead  vo lum e; f lo w  r a t e  = 2 .0  mL/min.

^ P e p tid e  i n j e c t e d  i n  m e th y le n e  c h lo r i d e .

A s s y m m e tr ic -d is to r te d  p e a k  s h a p e .

^ P e p tid e  i n j e c t e d  i n  m e th y le n e  c h l o r i d e / t r i f l u o r o e t h a n o l  ( 1 0 :1 ) .
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Figure 4. Boc-(Glu(OMe)I^OHe
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F igure 6. Boc-Glu(OMe)-Cly-Glu(OMe)OMe
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F igure  8. Boc-Gly-[Glu(OM e))3OMe
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F igure  10. Boc-lGlu(OM e)]2-Gly-Clu(OMe)OMe
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F igure  12. Boc-Clu(OM e)-Cly[Clu(OMe)J3OMe
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F igure  15. Boc-Gly-[Glu(OMe)l^OMe
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F igure 16. Boc-[Glu(OMe)JgOMe
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Figure 18. Boc-Glu(OHe)-Gly-(Clu(O He)]4OMe
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F igure  19. Boc-{Glu(0M e)J2-Gly-{Glu(0Me)JjOMe
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F ig u re  24. Boc-[Clu(OM e)]2-Gly-[Clu(OMe)J^OMe

..08

solvent

T im e (min.)

F igure  25. Boc-[Glu(0Me) ].j-Gly-[Glu(OMe) JjOMe

.08

CM
OJ

■h 0 4 .

solvent

T im e (min.)

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



F igure  26. Boc-[Glu(OM e))4-G ly-[G lu(O M e))2OMe
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P o la r im e try

The o p t i c a l  a c t i v i t y  o f  a l l  p r o t e c t e d  o lig o m e rs  was m easu red  a t

th e  sodium  D l i n e ,  589 nm, i n  b o th  t r i f l u o r o e t h a n o l ,  a s t r u c t u r e

s u p p o r t in g  s o lv e n t  an d  h e x a f lu o r o is o p r o p a n o l ,  a  s t r u c t u r e

d e s t a b i l i z i n g  s o lv e n t .  The m o la r  r o t a t i o n s  w ere  c a lc u la t e d  a c c o rd in g

67 68to  th e  fo llo w in g  e q u a t io n :  '

25
(m o le c u la r  w e ig h t ) • ( [ a ] D )

= 10,000

25[ a ] ^  =• s p e c i f i c  r o t a t i o n

A p l o t  o f  th e  m o la r  r o t a t i o n  o f  th e  h o m o-o ligom er s e r i e s  v e rs u s  

th e  num ber o f  r e s id u e s  ( n ) , i n  t r i f l u o r o e t h a n o l  and h e x a f lu o ro ­

is o p r o p a n o l  i s  p r e s e n te d  i n  F ig u re  28 . A l i n e a r  r e l a t i o n s h i p  

e x i s t s  b e tw een  th e  m o la r  r o t a t i o n  and th e  c h a in  le n g th  

when th e s e  h o m o -o lig o m ers  a r e  d i s s o lv e d  i n  h e x a f lu o r o ­

is o p r o p a n o l .  T hese r e s u l t s  a r e  i n  c lo s e ,  a g reem en t w i th  e a r l i e r  

6 67s t u d i e s .  ’ D i s s o lu t io n  o f  th e  above s e r i e s  i n  t r i f l u o r o e t h a n o l  

y i e l d s  v a lu e s  f o r  m o la r  r o t a t i o n  t h a t  a r e  q u i t e  s i m i l a r  w i th  th o s e  

v a lu e s  in  h e x a f lu o r o is o p r o p a n o l  f o r  th e  d im e r , t r i m e r ,  and te t r a m e r .

At th e  p e n ta p e p t id e  a  d e v ia t io n  from  l i n e a r i t y  o c c u rs  and c o n tin u e s  

th ro u g h  th e  h e p ta m er f o r  th e  p e p t id e s  d i s s o lv e d  in  t r i f l u o r o e t h a n o l .  

T hese r e s u l t s  a r e  a l s o  c o n s i s t e n t  w i th  e a r l i e r  s t u d i e s  o f  s i m i l a r  

p e p t id e s .  T h is  d e v ia t io n  from  l i n e a r i t y  has  b een  a t t r i b u t e d  to  a
55_6i

change i n  s e c o n d a ry  s t r u c t u r e  o f  th e  o l i g o - p e p t i d e s .  B ecause

h e x a f lu o ro is o p ro p a n o l  i s  a  s t r u c t u r e  d e s t a b i l i z i n g  s o lv e n t ,  i t  can  be 

re a s o n a b ly  co n c lu d e d  t h a t  a  t r a n s i t i o n  o f  th e  p e p t id e  s t r u c t u r e  from  

s t a t i s t i c a l  c o i l  i n  HFIP to  an  o rd e re d  s t r u c t u r e  i n  TFE h as  o c c u r r e d . 

T hese r e s u l t s  e s t a b l i s h  a  c r i t i c a l  c h a in  le n g th  f o r  th e  o n s e t  o f 

o rd e re d  s t r u c t u r e  o f  be tw een  f iv e  and s i x  r e s id u e s  in  th e  h o m o -o lig o m ers
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A p l o t  o f  th e  m o la r  r o t a t i o n  v a lu e s  i n  h e x a f lu o r o is o p r o p a n o l  and

t r i f l u o r o e t h a n o l  v s ; n ,  th e  num ber o f  g lu ta m a te  r e s id u e s  i s  d e p ic te d

in  F ig .  29 f o r  th e  c o - o l ig o p e p t id e  s e r i e s  B o c -G ly -(G lu )nOMe. The

OMe

c o - o l ig o p e p t id e s  d i s s o lv e d  i n  HFIP y i e ld e d  v a lu e s  t h a t  a r e  l i n e a r

w ith  r e s p e c t  to  th e  num ber o f  r e s i d u e s .  The s lo p e  o f  th e  c u rv e  i s

a lm o s t i d e n t i c a l  to  th e  s lo p e  o f  th e  h o m o -o lig o m er s e r i e s  in  HFIP.

The s lo p e  a s  p r e v io u s ly  m en tio n e d  i s  e q u a l  to  th e  c o n t r i b u t i o n  from

[<fi 1. , . . .  T hese r e s u l t s  d e m o n s tra te  th e  m a in te n a n c e  o fr  i n t e r n a l  r e s id u e

o p t i c a l  p u r i t y  d u r in g  s y n th e s i s  and th e  i n t e g r i t y  o f  th e  i n s t r u m e n ta l  

a n a l y s i s .

I n  F ig .  29 th e  B ocG ly(G lu) OMe s e r i e s  d i s s o lv e d  i n  TFE shows a
\ n  

OMe

s l i g h t  d e v ia t io n  from  l i n e a r i t y  a t  n = 4 and  a  s u b s t a n t i a l  d e v ia t io n  a t  

n  = 5 . T h is  w ould  i n d i c a t e  a  c o n t r i b u t i o n  to  t o t a l  m o la r  r o t a t i o n  from  

some form  o f  s e c o n d a ry  s t r u c t u r e  w h ich  i n i t i a t e s  be tw een  f o u r  and f iv e  

y -m e th y l g lu ta m a te  r e s id u e s  and  i s  s t a b i l i z e d  w i th  i n c r e a s in g  c h a in  

le n g th  up to  th e  c o -h e p ta p e p t id e .

I n  F ig . 30 th e  c o -o l ig o m e r  s e r i e s  B ocG luG ly(G lu)n OMe v s .  n 

OMe OMe

i n  HFIP d e m o n s tra te s  a g a in  a  l i n e a r  r e l a t i o n s h i p  be tw een  and th e

num ber o f  g lu ta m a te  r e s id u e s  i n  th e  p e p t id e .  I n  t r i f l u o r o e t h a n o l  t h i s

c o p e p tid e  d i s p la y s  a  v e ry  s l i g h t  d e v ia t io n  from  l i n e a r i t y  a t  n = 4 ,

t h a t  i s  BocGluGly(Glu)^OM e. The s u b s t a n t i a l  d e v ia t io n  from  th e  

OMe OMe

l i n e a r i t y  o f  th e  HFIP c u rv e  o c c u rs  a t  n  = 5 f o r  t h i s  s e r i e s  in  TFE.

I n  F ig .  31 g ly c in e  i s  s h i f t e d  s te p w is e  an d  c l o s e r  to  th e  c a rb o x y l  te rm in u s

in  th e  c o p e p tid e  s e r i e s  B o c(G lu )2G ly (G lu )n 0Me; Ih o la r  r o t a t i o n  v a lu e s  f o r

OMe OMe
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th e s e  p e p t id e s  i n  HFIP f a l l  on a  c u rv e  w h ich  d i s p l a y s  a r e l a t i o n s h i p

betw een  [ <̂>]^  and n n o t  q u i t e  a s  l i n e a r  as th e  p r e v io u s ly  m e n tio n e d

c u rv e s ,  how ever th e  a b s o lu t e  v a lu e  o f  [ tf>]^  c o n tin u e s  to  i n c r e a s e  as  n

i n c r e a s e s .  D e v ia t io n  from  l i n e a r i t y  f o r  th e  same s e r i e s  d i s s o lv e d  in

TFE a r e  n o t  a s  p ro n o u n ce d  a s  s e e n  f o r  th e  h o m o -o lig o m e rs , B ocG ly (G lu )nOMe

OMe

and B ocG luG ly(G lu) OMe i n  TFE. T h is  may be e x p la in e d  by th e  i n h i b i t i o n
I 1 n

OMe OMe

o f o n s e t  o f  s t r u c t u r e  due to  th e  f a c t  t h a t  th e  g ly c y l  r e s id u e  i s  a t  

th e  i n t e r i o r  o f  th e  o l i g o p e p t i d e .  C e r ta in ly  i n  th e  B o c (G lu ) ,G ly (G lu )  OMe
i , / n

OMe OMe

s e r i e s  th e  d e v ia t io n  from  l i n e a r i t y  i n  TFE does n o t  e x i s t  ( F ig .  3 2 ) .

I t  i s  s u g g e s te d  t h a t  th e  p re s e n c e  o f  g ly c in e  i n  th e  t h i r d  o r

f o u r th  p o s i t i o n s  i n  th e  t r i -  th ro u g h  h e p ta -  o r  t e t r a -  th ro u g h  h e p ta -

c o - o l ig o p e p t id e s  r e s p e c t i v e l y ,  may d i s r u p t  th e  fo rm a tio n  o r  o n s e t  o f

o rd e re d  s t r u c t u r e  in  TFE. T h is  a s s e r t i o n  can  be s u b s t a n t i a t e d  by th e

a b sen c e  o f  d e v ia t io n  from  l i n e a r i t y  i n  g ra p h s  o f  v s .  n  f o r  th e s e

c o -o lig o m e rs  in  TFE. F u r th e r  e v id e n c e  im p l ic a te s  a  g ly c y l  r e s id u e  a s  a

d i s r u p t o r  o f  s t r u c t u r e  in  th e  B o c (G lu )„G ly (G lu ) OMe and
\ 2 \ n  

OMe OMe

B o c (G lu )g G l y ( G l u ) n OMe s e r i e s  when a co m p ariso n  o f  th e  s lo p e s  ( w i th in  

OMe OMe ;

a  s e r i e s )  o f  th e  HFIP v s .  TFE p l o t s  a r e  m ade. S p e c i f i c a l l y ,  i n  b o th  th e

B o c(G lu )„G ly (G lu ) OMe s e r i e s  and th e  B oc(G lu )~ G ly (G lu ) OMe s e r i e s  th e  • ^ i n  j j  i n
OMe OMe OMe OMe

s lo p e s  o f  [<j>] v s .  n  i n  HFIP a s  com pared to  TFE do n o t  v a ry  s u b s t a n t i a l l y .  

T h is  s lo p e  i s  e q u a l  to  th e  c o n t r i b u t i o n  to  r o t a t i o n  o r  r o t a t o r y  pow er, 

o f  th e  i n t e r n a l  r e s i d u e s ,  [<f>]i n t e r n a l  r e s id ue*  The r o t a t o r y P °w er in  

tu rn  i s ’ a  f u n c t io n  o f  th e  e l e c t r i c  and m a g n e tic  f i e l d  e n v iro n m e n t
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s u rro u n d in g  th e  p e p t id e  ch rom ophore . T hese f i e l d s  can  v a ry  from  

s o lv e n t  to  s o lv e n t ,  a s  a  f u n c t io n  o f  p r im a ry  s t r u c t u r e  ( t h a t  i s  f i e l d  

e f f e c t s  from  a d ja c e n t  r e s i d u e s ) ,  and  a s  a f u n c t io n  o f  s e c o n d a ry  

s t r u c t u r e .

C om parison o f  th e  s lo p e s  o f  [<|>]  ̂ v s .  n  p l o t s  i n  HFIP f o r  th e

h o m o-o ligom er s e r i e s  (n <  5 ) ,  B ocG ly (G lu )n OMe s e r i e s  (n  < 5 ) ,  and

OMe

BocGluGly(Glu)OM e s e r i e s  (n  < 5 ) ,  r e v e a ls  v e ry  l i t t l e  i f  any d i f f e r e n c e  

OMe OMe

in  s lo p e .  A l l  o f  th e s e  p l o t s  a l s o  m a in ta in  t h e i r  l i n e a r i t y  r e g a r d le s s  

o f  g ly c in e  p o s i t i o n .  I t  i s  t h e r e f o r e  c o n c lu d e d  t h a t  th e  d e v ia t io n s  

from  l i n e a r i t y  f o r  th e s e  s e r i e s  i n  TFE i s  p r im a r i ly  a  r e s u l t  o f  change 

i n  s e c o n d a ry  s t r u c t u r e  o f  th e  g ly c in e  s u b s t i t u t e d  g lu ta m a te  b a ck b o n e .

The a b i l i t y  to  a n a ly z e  th e  ty p e  o f  s e c o n d a ry  s t r u c t u r e  assum ed by  

a  p e p t id e  i s  n o t  p o s s ib l e  v i a  p o l a r im e t r y .  P o la r im e t r y  does how ever 

p ro v id e  a  m ethod by w h ich  one i s  a b le  to  m o n ito r  th e  o n s e t  a n d /o r  

p re s e n c e  o f  s e c o n d a ry  s t r u c t u r e  i n  an  o l ig o p e p t id e  s e r i e s  when com pared 

to  th e  same o lig o m e rs  i n  a  d i s o r d e r e d  o r  s t a t i s t i c a l  c o i l  c o n fo rm a tio n . 

P o la r im e t r y  a l s o  s e r v e s  a s  a  c r i t e r i a  f o r  th e  d e te r m in a t io n  o f  o p t i c a l  

p u r i t y .  The m a in te n a n c e  o f  o p t i c a l  p u r i t y  i s  e v id e n t  f o r  a l l  th e  above 

compounds from  th e  l i n e a r i t y  o f  p l o t s  o f  a l l  p e p t id e s  in  HFIP.
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TABLE 2

P o l a r i m e t r y  R e s u l t s

Compound TFE HFIP TFE HFIP

Boc(Glu)-OM e 
1 ^ 

y-OMe

- 2 7 .5 0  
c = 0 .1 5

- 2 8 .5 8  
c = 0 .2 2

- 1 .1 4 - 1 .1 9

Boc(Glu)-OM e - 4 4 .1 0 -4 4 .4 9 - 2 .4 7 - 2 .4 9
1 J 

y-OMe
c = 0 .1 4 c = 0 .1 6

B o c (G lu ) , OMe -4 4 .0 0 -4 7 .0 2 - 3 .1 0 - 3 .3 1
1 ^ 

y-OMe c = 0 .1 8 c = 0 .1 9

Boc(Glu)-OM ei j - 3 8 .4 6 - 4 9 .1 2 - 3 .2 6 - 4 .1 6
1

y-OMe c = 0 .1 7 c = 0 .1 6

Boc(Glu)-OM e 
l D

y-OMe

- 3 2 .7 0 - 5 3 .0 0 - 3 .2 3 - 5 .2 0
c = 0 .1 3 c = 0 .1 7

Boc(Glu)-OM e - 2 7 .4 2 - 5 2 .0 0 - 3 .1 1 - 5 .9 0
1 ' 

y-OMe c = 0 .1 6 c = 0 .1 7

BocGlyGluOMe - 8 .1 0 - 6 .0 0 - .2 7 - .2 0
1

y-OMe c = 0 .2 9 c = 0 .2 6

BocGly(Glu)-OM e 
/ ^ 

y-OMe

-2 4 .6 6  
c = 0 .2 2

- 2 8 .2 0  
c = 0 .1 8

- 1 .1 7 - 1 .2 0

BocGly(Glu)_OMe 
( 3

y-OMe

- 3 3 .5 8 - 3 5 .4 0 - 2 .0 8 - 2 .2 2
c = 0 .1 4 c = 0 .1 8

Bo cG ly ( G lu ) , OMe - 3 5 .4 1  . -4 2 .8 0 - 2 .7 0 - 3 .3 0
1 ^ 

y-OMe c = 0 .1 3 c = 0 .1 7

BocGly (G lu)O M e 

y-OMe

- 3 5 .4 4 - 5 2 .6 0 - 3 .2 1 - 4 .6 0
c = 0 .1 3 c = 0 .1 8

B ocG ly (G lu ), OMe 
/ 6 

y-OMe

- 3 5 .4 0 - 4 3 .9 9 - 2 .3 1 - 4 .6 1
c = 0 .1 3 c = 0 .1 3

BocGluGlyG^uOMe 

y-OMe y-OMe

- 1 0 .5 0  
c = 0 .4 0

- 1 2 .2 9  
c = 0 .3 2

- 0 .5 0 - 0 .5 9

BocGluGly (GJ.u) 2OMe~ 

y-OMe y-OMe

- 3 0 .4 3  
c = 0 .1 7

- 3 5 .3 8  
c = 0 .2 1

- 1 .8 8 - 2 .1 9
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P o l a r i m e t r y  R e s u l t s  ( C o n t ' d . )

Compound TFE HFIP TFE

B ocG luG ly (G lu )30Me -2 5 .4 1  -4 0 .2 0  - 1 .9 4

y-OMe y-OMe c = 0 .2 7  c = 0 .1 9

B o c G lu G ly (G lu ). OMe - 2 7 .9 1  - 4 5 .2 0  - 2 .5 3
i r ^ _ . _ _ . _

y-OMe y-OMe c = 0 .1 7  c = 0 .1 7

B ocG luG ly (G lu )5OMe - 1 9 .3 9  - 4 9 .5 0  ' - 2 .0 3
I I

y-OMe y-OMe c = 0 .1 5  c = 0 .1 9

B o c (G lu )2GlyGluOMe - 1 7 .7 0  -2 4 .7 4  - 1 .1 0
y-OMe y-OMe c = 0 .2 7  c = 0 .1 6

B o c (G lu )0G ly(G lu)„0M e -1 9 .6 6  -4 0 .5 5  - 1 .4 8
I I

y—OMe y—OMe c — 0 .1 6  c — 0 .1 8

B o c (G lu )2G ly (G lu )3OMe - 3 1 .3 2  - 4 7 .0 9  - 2 .8 3
y-OMe y-OMe c = 0 .1 5  c  = 0 .1 8

B o c (G lu )2G ly (G lu )4OMe - 2 9 .0 1  - 4 9 .4 8  - 2 .8 1
y-OMe y-OMe c = 0 .1 4  c = 0 .1 6

Boc(G lu)-G lyG luO M e - 2 0 .2 7  -3 5 .8 0  - 1 .5 4
f |

y—OMe y —OMe c — 0 .1 8  c = 0 .1 9

. B o c (G lu )3G ly (G lu )2OMe - 2 3 .0 2  - 4 4 .4 4  - 2 .0 7
y-OMe y-OMe c = 0 .1 6  c = 0 .1 5

B o c (G lu )3Gly(G!j.u)3OMe -2 3 .8 9  -4 7 .9 2  - 2 .5 0
y-OMe y-OMe c = 0 .1 8  c = 0 .1 6
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- 3 .0 6

- 4 .1 1

- 4 .6 0

- 1 .5 3

- 3 .9 0

- 4 .2 6

- 5 .1 9

- 2 .7 3

- 4 .0 2
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Figure 
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C i r c u l a r  D ic h ro lsm

The c i r c u l a r  d ic h r o i s m  o f  a l l  p e p t i d e s  was m easu red  from  250 nm

t o  190 nm i n  t r i f l u o r o e t h a n o l  (TFE), a  s t r u c t u r e  s u p p o r t i n g  so lven t '* '

and h e x a f l u o r o i s o p r o p a n o l  (HFIP)"*- a  s t r u c t u r e  d e s t a b i l i z i n g  s o l v e n t

f o r  o l i g o p e p t i d e s .  The hom ooligom er s e r i e s  d i s p l a y e d  s i m i l a r  C.D.

s p e c t r a ,  w i t h  r e s p e c t  t o  th e  p o s i t i o n  o f  C o t to n  e f f e c t s ,  when compared

t o  p r e v io u s  s t u d i e s  o f  s i m i l a r  c o m p o u n d s .^  The c h a r a c t e r i s t i c  r e d

s h i f t  o f  t h e  X f o r  t h e  amide tt -f tt*  t r a n s i t i o n  from  ~ 192 nm f o r  max

th e  t r i p e p t i d e  t o  204 nm f o r  th e  h e p t a p e p t i d e  i s  p r e s e n t  a s  s e e n  i n  

F ig .  33. The accom panying deve lopm en t o f  a  t r o u g h  a t  222 nm f o r  th e  

h e p ta m e r  i n  TFE i s  c l e a r l y  e v i d e n t  and  i s  c o n s i s t e n t  ( w i th  r e s p e c t  to  

w a v e le n g th )  w i th  t h e  n -*■ tt*  t r a n s i t i o n  o b s e rv e d  i n  C.D. s p e c t r a  of 

a - h e l i c a l  s y n t h e t i c  an d  n a t u r a l  p o l y p e p t i d e s . I n  a d d i t i o n  to  th e  

above p h y s i c a l  c h a r a c t e r i s t i c s  a  c r o s s o v e r  b e g in s  d e v e lo p in g  f o r  th e  

p e n ta m e r  a t  191 nm and i s  w e l l  e s t a b l i s h e d  i n  t h e  h e p ta m e r  a t  196 nm. 

T h is  c r o s s o v e r  h as  b e e n  shown to  be due t o  e x c i t o n  r e s o n a n c e s  as  a

r e s u l t  o f  c o u p l in g  o f  e l e c t r o n i c  t r a n s i t i o n s  o f  th e  amide chrom ophore

. . * . 1 1 ,6 1 ,6 3i n  an a - h e l i c a l  a r r a y .

The m o la r  e l l i p t i c i t i e s  o f  t h e  two n e g a t i v e  C o t to n  e f f e c t s  o b s e rv e d

f o r  th e  h e p ta m e r  i n  TFE (one a t  204 nm and  t h e  o t h e r  a t  222 nm ), a r e  n o t

i n  c l o s e  a g reem en t  w i t h  t h e  C.D. s p e c t r a  o f  p a r t i a l l y  a - h e l i c a l

12y - e t h y l - L - g l u t a m a t e  and  p a r t i a l l y  a - h e l i c a l  y -m e th y 1 -L - g lu ta m a te s  

hom ooligom ers  i n  T F E . ^  The m ag n i tu d e  o f  e l l i p t i c i t i e s  r e p o r t e d  i n  

t h e  l i t e r a t u r e  f o r  y - m e th y l - L - g lu t a m a te s  and  y - e t h y l - L - g l u t a m a t e s  a r e  

a l s o  n o t  i n  c lo s e  a g re e m e n t .

Com parison o f  t h e  C.D. s p e c t r a  o f  t h e  lo w e r  p e p t i d e s  n  = 2 th ro u g h  

n  = 6 i n  TFE t o  t h e  i d e n t i c a l  compounds m easu red  i n  HFIP r e v e a l
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s i g n i f i c a n t  s i m i l a r i t i e s  ( F ig .  3 4 ) .  S p e c i f i c a l l y ,  a  weak p o s i t i v e

band  be tw een  210 nm and 220 nm i s  p r e s e n t  f o r  t h e  d i p e p t i d e ,  t r i p e p t i d e ,

t e t r a p e p t i d e  and  p e n t a p e p t i d e  i n  TFE. The p o s i t i o n  o f  t h i s  p o s i t i v e

band  f o r  th e  above o l ig o m e r s  i s  t h e  same i n  HFIP and  i s  c e r t a i n l y  more

p ro n o u n ce d .  I n  TFE t h e  h e x a p e p t id e  does  n o t  e x h i b i t  any p o s i t i v e

c r o s s o v e r  o r  C o t to n  e f f e c t  b e tw e en  210 nm and 220 nm compared to  th e

s u b s t a n t i a l  p o s i t i v e  C o t to n  e f f e c t  c e n t e r e d  a t  a p p ro x im a te ly  215 nm

f o r  t h e  hexam er i n  HFIP. T h is  may r e f l e c t  a d i f f e r e n c e  i n  s t r u c t u r a l

d i s t r i b u t i o n  f o r  t h e  hexam er v e r s u s  th e  lo w e r  p e p t i d e s .  I n  a d d i t i o n

t o  th e  above s p e c t r a l  c h a r a c t e r i s t i c s  a  t r o u g h  was o b s e rv e d  from  225 nm

t o  240 nm i n  th e  s p e c t r a  o f  n  = 3 th ro u g h  n = 6 o f  th e  hom ooligom ers

i n  HFIP. These  r e s u l t s  a r e  c o n s i s t e n t  w i t h  th e  f i n d i n g s  o f  H o l tz w o r th  

53
and Doty f o r  s p e c t r a  o f  random o r  d i s o r d e r e d  p e p t i d e s .

The p r e s e n c e  o f  a  w e l l  d e v e lo p e d  n e g a t i v e  C o t to n  e f f e c t  c e n t e r e d  

a t  ~ 198 nm f o r  t h e  h e p ta m e r  i n  HFIP and  t h e  a b s e n c e  o f  t h e  weak 

p o s i t i v e  band  be tw een  210 nm and 220 nm ( p r e s e n t  i n  th e  lo w e r  o l ig o m e rs  

i n  HFIP) may be  i n d i c a t i v e  o f  i n c r e a s e d  s t r u c t u r a l  s t a b i l i t y  i n h e r e n t  

i n  th e  hom o-heptam er e v e n  i n  a  h i g h l y  d e s t a b i l i z i n g  s o l v e n t .  However 

t h e  n  -»■ ir* s h o u ld e r  a t  222 nm i s  n o t  w e l l  d e v e lo p e d  i n  H FIP , and th e  

c h a r a c t e r i s t i c  n e g a t i v e  C o t to n  e f f e c t  a s s i g n e d  to  t h e  p a r a l l e l  ir 7r* 

e x c i t o n  r e s o n a n c e  i s  p o s i t i o n e d  a t  198 nm a s  compared to  204 nm f o r  

th e  h e p ta m e r  i n  TFE. T hese  r e s u l t s  s u g g e s t  a  lo w e r  p e r c e n t a g e ,  i f  any , 

o f  h e l i x - l i k e  s t r u c t u r e  f o r  t h e  h e p ta m e r  i n  HFIP.

E x a m in a t io n  o f  t h e  C.D. s p e c t r a  f o r  t h e  BocGly[Glu(OM e)]n0Me 

s e r i e s  i n  TFE (F ig .  35) , r e v e a l s  a  g r a d u a l  r e d  s h i f t  f o r  th e  n e g a t i v e  

C o t to n  e f f e c t  due t o  t h e  it +  it* t r a n s i t i o n  w hich  a p p e a rs  a t  192 nm f o r  

th e  c o - t r i p e p t i d e  and  202 nm i n  t h e  c o - h e p t a p e p t i d e .  A lso  p r e s e n t  i n
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th e  c o - h e p t a p e p t i d e  s p e c t r a  a t  ~ 222 nm i s  a  w e l l  d e v e lo p e d  s h o u l d e r  

w hich  can  be a s s i g n e d  t o  th e  n -*■ it*  t r a n s i t i o n  o f  a  p e p t i d e  i n  a 

p a r t i a l l y  h e l i c a l  s t r u c t u r e .  The m agn itude  o f  e l l i p t i c i t y  o f  th e  

n e g a t i v e  C o t to n  e f f e c t  a s s i g n e d  to  th e  tt ir* t r a n s i t i o n  i s  i n  c l o s e

ag reem en t  w i t h  t h e  same t r a n s i t i o n  i n  th e  hom o-hep tam er  i n  TFE and

t h e  p o s i t i o n  o f  t h i s  t r a n s i t i o n  i s  202 nm a s  compared t o  204 nm i n  th e

hom o-hep tam er.  The e l l i p t i c i t y  o f  th e  n -> ir* band  i s  r e d u c e d  by

a p p ro x im a te ly  30% i n  th e  c o -h e p ta m e r  a s  com pared to  t h e  same t r a n s i t i o n  

f o r  t h e  hom o-hep tam er  i n  t h e  same s o l v e n t .

E x a m in a t io n  o f  t h e  s p e c t r a  o f  t h e  same compounds i n  HFIP ( F ig .  3 6 ) ,

r e v e a l s  g r e a t  d i f f e r e n c e s  i n  th e  p o s i t i o n  and  s i g n  o f  C o t to n  e f f e c t s

v s .  th o s e  i n  TFE. T h e re  i s  no n e g a t i v e  e l l i p t i c i t y  b e tw e e n  226 nm and

207 nm i n  HFIP and a  r a t h e r  p ro n o u n ced  p o s i t i v e  C o t to n  e f f e c t  c e n t e r e d

a t  215 nm i s  o b s e rv e d  from  d im er  to  h e p ta m e r .  These  s p e c t r a l

c h a r a c t e r i s t i c s  a r e  c o n s i s t e n t  w i t h  p e p t i d e s  i n  random s t r u c t u r e  a s

53d e s c r i b e d  i n  t h e  l i t e r a t u r e .  I t  s h o u ld  a l s o  be  e m p h a s iz e d  t h a t  

a l t h o u g h  BocGly[Glu(OMe)]g0Me d i s p l a y s  s p e c t r a l  c h a r a c t e r i s t i c s  i n  TFE 

q u i t e  s i m i l a r  t o  t h o s e  o f  Boc[G lu(0M e)] ^OMe i n  TFE, i t s  s p e c t r a  i n  

HFIP i s  v e ry  u n l i k e  t h a t  o f  th e  hom o-hep tam er i n  t h e  same s o l v e n t .  I t  

i s  c o n c lu d e d  t h a t  t h e  s t a b i l i t y  o f  th e  s e c o n d a ry  s t r u c t u r e  assum ed by 

BocGly[Glu(OMe)]gOMe i s  l e s s  t h a n  t h a t  o f  th e  hom o-hep tam er  i n  th e  

same s o l v e n t .

E x a m in a t io n  o f  t h e  C.D. s p e c t r a  o f  t h e  B o c [G lu (0 M e)]-G ly -[G lu (O M e)]n 0Me 

s e r i e s  i n  TFE ( F ig .  37), a s  compared to  HFIP ( F i g . 3 8 ) ,  r e v e a l s  many 

s i m i l a r i t i e s  f o r  t h e  p e p t i d e s  n  = 1 th ro u g h  n = 4 . I n  b o t h  s o l v e n t s  

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

C o t to n  e f f e c t  be tw een  205 nm and 225 nm. T h e re  i s  v i r t u a l l y  no n e g a t i v e
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e l l i p t i c i t y  f o r  t h e s e  o l ig o m e rs  above 205 nm and th e  t ro u g h s  below  

205 nm a r e  n o t  h i g h l y  d e v e lo p e d .  Thus f o r  t h e  above s e r i e s  w i th  

n = 1-4  t h e r e  a r e  no  s p e c t r a l  c h a r a c t e r i s t i c s  a s s o c i a b l e  w i th  

a - h e l i c a l  s t r u c t u r e s .  I t  i s  c o n c lu d e d  t h a t  a l l  members o f  t h i s  

s e r i e s ,  s a v e  B oc[G lu(0M e)]-G ly[G lu(O M e)]^0M e, d i s p l a y  s p e c t r a  

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

E x a m in a t io n  o f  th e  s p e c t r a  o f  Boc[G lu(0M e)]-G ly[G lu(O M e)]^0M e i n  

HFIP r e v e a l s  e l l i p t i c i t y  p a t t e r n s  v e ry  s i m i l a r  t o  t h o s e  o f  th e  low er  

o l ig o m e rs  i n  t h e  same s o l v e n t .  S p e c t r a  o b t a i n e d  f o r  B oc[G lu(0M e)] -  

Gly[Glu(OMe)J^OMe i n  TFE s u g g e s t  t h e  p r e s e n c e  o f  some a - h e l i c a l  

c o n te n t  i n  t h i s  m o le c u le  b a s e d  upon t h e  p r e s e n c e  o f  a t ro u g h  l o c a t e d  

be tw een  220 nm and 235 nm, th e  a b s e n c e  o f  a  p o s i t i v e  c r o s s o v e r  above 

200 nm, a  w e l l  d e v e lo p e d  n e g a t i v e  C o t to n  e f f e c t  c e n t e r e d  a t  202 nm, 

and a  c r o s s o v e r  a t  196 nm.

When g l y c i n e  i s  p l a c e d  i n  p o s i t i o n  t h r e e  o f  t h e  p e p t i d e  b ack b o n e ,  

th e  B oc[G lu (0M e)J^ -G ly -[G lu (O M e)]n ~0Me s e r i e s ,  t h e  C.D. s p e c t r a  o f  a l l  

o l ig o m e rs  (w i th  t h e  e x c e p t i o n  o f  BocfG lu(O M e)]2~Gly-[Glu(OM e)]^0M e 

(F ig .  3gand F i g . 4 0 ) ,  e x h i b i t  s p e c t r a  l a c k i n g  any C o t to n  e f f e c t  

c h a r a c t e r i s t i c  o f  a - h e l i c a l  s t r u c t u r e  i n  b o t h  HFIP and TFE. When 

n = 1-3  t h e  p e p t i d e s  d i s p l a y  a  c r o s s o v e r  from  n e g a t i v e  e l l i p t i c i t y  to  

p o s i t i v e  e l l i p t i c i t y  a t  ~ 225 nm. Only p o s i t i v e  e l l i p t i c i t y  i s  o b s e rv e d  

a t  l e a s t  th ro u g h  205 nm. These  s p e c t r a l  p a t t e r n s  w ere  o b t a i n e d  i n  b o th  

TFE and HFIP. M easurem ent o f  t h e  C.D. s p e c t r a  o f  B o c [ G lu (0 M e ) ^ - G ly -  

[Glu(OMe)]^-0Me i n  TFE r e v e a l s  a  s u b s t a n t i a l  t r o u g h  l o c a t e d  c l o s e  to  

th e  n  -*■ ir* t r a n s i t i o n  a t  222 nm t h a t  i s  c h a r a c t e r i s t i c  o f  h e l i c a l  

p e p t i d e s .  A bsen t  i s  t h e  c r o s s o v e r  t o  p o s i t i v e  e l l i p t i c i t y  above 200 nm 

commonly a s s o c i a t e d  w i t h  p e p t i d e s  i n  a  random s t r u c t u r e .  P r e s e n t  i s  a
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l a r g e  n e g a t i v e  C o t to n  e f f e c t  c e n t e r e d  a t  ~ 200 nm. I t  i s  c o n c lu d e d  

t h a t  t h i s  compound may p o s s e s s  some a - h e l i c a l  c h a r a c t e r .

The C.D. m easu rem en ts  o f  t h e  B oc[G lu(0M e)] ^“ Gly[Glu(OMe)J^OMe 

s e r i e s  i n  TFE ( F ig .  41) and  HFIP ( F ig .  42) a r e  c o n s i s t e n t  w i th  th e  

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

a l l  compounds e x h i b i t  a  weak t r o u g h  a t  be tw e en  215 nm and 235 nm, a 

p o s i t i v e  ban d  c e n t e r e d  a t  ~ 210 nm, and a  n e g a t i v e  C o t to n  e f f e c t  

be low  200 nm. The c o -h e p ta m e r  i n  TFE d i s p l a y e d  s p e c t r a l  p a t t e r n s  

c o n s i s t e n t  w i t h  random s t r u c t u r e  i n  c o n t r a s t  t o  a l l  t h e  p r e v i o u s l y  

exam ined  c o -h e p ta m e rs .

The B o c [G lu (0 M e ) ]^ -G ly -[G lu (0 M e ) ]n ~0Me s e r i e s  c o n s i s t s  o f  two 

members, th e  c o -hexam er  and  c o -h e p ta m e r ,  w hich  d i s p l a y  v e ry  s i m i l a r  

s p e c t r a l  p a t t e r n s  w i t h  r e s p e c t  t o  one a n o t h e r  i n  TFE and HFIP. The 

C.D. s p e c t r a  i n  HFIP o f  t h e s e  two compounds ( F ig .  44 ) ,  e x h i b i t  

c h a r a c t e r i s t i c  p a t t e r n s  o f  p e p t i d e s  a ssum ing  a  random s t r u c t u r a l  

d i s t r i b u t i o n .  P r e s e n t  i n  t h e  HFIP s p e c t r a  i s  t h e  n e g a t i v e  t ro u g h  

c e n te r e d  a t  230 nm and  a  l a r g e  p o s i t i v e  C o t to n  e f f e c t  a t  ~ 210 nm.

F o r  t h e  co -hexam er an d  c o -h e p ta m e r  i n  TFE t h e r e  i s  p r e s e n t  a 

n e g a t i v e  t r o u g h  a t  230 nm accom pan ied  by a  s u b s t a n t i a l  n e g a t i v e  C o t to n  

e f f e c t  a t  ~ 201 nm. The a b s e n c e  o f  p o s i t i v e  e l l i p t i c i t y  above  205 nm 

s u g g e s t  t h e  p r e s e n c e  o f  some o r d e r e d  s t r u c t u r e  how ever th e  m ag n itu d e  

o f  e l l i p t i c i t y  o f  th e  7r -> ir* t r a n s i t i o n s  f o r  b o th  m o le c u le s  i n  TFE 

a rg u e s  a g a i n s t  t h i s  c o n c lu s i o n .  T here  may be  p r e s e n t  p a r t i a l  h e l i c i - t y  

in  t h e s e  o l i g o p e p t i d e s  i n  e q u i l i b r i u m  w i t h  random c o n f o r m a t io n s ,  and  

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

in  TFE a s  com pared t o  HFIP. W hether  o r  n o t  t h e s e  co n fo rm ers  a r e  o f  

a  h e l i c a l  n a t u r e  i s  d i f f i c u l t  t o  s u b s t a n t i a t e .
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Boc[Glu(O M e)]^_Gly[Glu(OMe)]-OMe d i s s o l v e d  i n  HFIP ( F ig .  4 5 )

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

s t r u c t u r e .  The C.D. s p e c t ru m  o f  t h i s  p e p t i d e  m easu red  i n  TFE ( F ig .  4 5 ) ,  

d i s p l a y s  q u i t e  a  d i f f e r e n t  p a t t e r n .  T here  a p p e a r s  a  s u b s t a n t i a l  

n e g a t i v e  C o t to n  e f f e c t  a t  200 nm and a  s t e a d y , . w e l l  d e v e lo p e d  s h o u ld e r  

c e n t e r e d ' a t  - 222 nm. There  i s  a b s e n t  a p o s i t i v e  c r o s s o v e r  be tw e en  

225 nm and 205 nm w hich  i s  p r e s e n t  i n  th e  HFIP s p e c t r a .  I t  i s  c o n c lu d e d  

t h a t  B oc[G lu(0M e)]^-G ly[G lu(O M e)]-0M e d e f i n i t e l y  p o s s e s s  some a - h e l i c a l  

c h a r a c t e r  i n  TFE b a s e d  upon th e  p o s i t i o n s  and m ag n i tu d e s  o f  t h e  

n e g a t i v e  C o t to n  e f f e c t s  and th e  m arked d i f f e r e n c e  be tw een  CD p a t t e r n s  

i n  TFE and  HFIP.

C.D. s p e c t r a  o f  th e  hom o-o ligom ers  i n  TFE d i s p l a y e d  s p e c t r a l  

p a t t e r n s  s i m i l a r  to  th o s e  p r e v i o u s l y  r e p o r t e d  i n  t h e  l i t e r a t u r e  w i t h  

r e s p e c t  t o  p o s i t i o n  o f  th e  C o t to n  e f f e c t  a s s i g n e d  to  t h e  n  it*  and 

it -*• it*  t r a n s i t i o n s .  The m o la r  e l l i p t i c i t i e s  f o r  t h e  two m a jo r  C o t to n

e f f e c t s  i n  th e  hom o-hep tam er i n  TFE w ere  h a l f  t h o s e  r e p o r t e d  f o r  th e

13N - c a r b o b e n z o x y - y - e th y l - L - g lu ta m a te  h e p ta m e r  C.D. s p e c t r a  i n  TFE.

The d i f f e r e n c e  when compared to  Z - [G lu (0 M e )] ^-OMe i n  TFE was an o r d e r  

o f  m a g n i t u d e . ^

The CD i n v e s t i g a t i o n  o f  t h e  g l y c i n e - g l u t a m a t e  c o - p e p t i d e s  h a s  

r e s u l t e d  i n  t h e  f o l l o w i n g  i n t e r p r e t a t i o n s .  G ly c in e  i n  p o s i t i o n  1 o f  a 

c o -h e p ta m e r  i n  TFE r e s u l t s  i n  an a p p ro x im a te ly  30% r e d u c t i o n  i n  m o la r  

e l l i p t i c i t y  o f  th e  n e g a t i v e  C o t to n  e f f e c t  a t  222 nm a s  com pared t o  th e  

hom o-hep tam er.  T h e re  i s  no s h i f t  however i n  t h e  p o s i t i o n  o f  t h e  n ->■ tt* 

t r a n s i t i o n .  T h e re  i s  a p p ro x im a te ly  a  5% r e d u c t i o n  i n  e l l i p t i c i t y  f o r  

t h e  n e g a t i v e  C o t to n  e f f e c t  a s s o c i a t e d  w i th  t h e  ir  -*■ tt*  t r a n s i t i o n  and  

an accom panying  s h i f t  from  204 nm i n  t h e  hom o-hep tam er  to  202 nm i n  th e
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c o -h e p ta m e r .  I t  i s  c o n c lu d e d  t h a t  i n s e r t i o n  o f  g l y c i n e  i n  p o s i t i o n  1 

i n  th e  c o -h e p tam e r  r e s u l t s  i n  s p e c t r a  ( i n  TFE) r e p r e s e n t a t i v e  o f  

chrom ophores i n  a  p a r t i a l l y  a - h e l i c a l  a r r a y .  The e x t e n t  o f  h e l i c i t y  

i n  t h i s  c o -h e p ta m e r  i s  p r o b a b ly  l e s s  th a n  t h a t  o f  th e  hom o-heptam er 

i n  th e  same s o l v e n t .

Movement o f  g l y c i n e  to  p o s i t i o n  2 i n  t h e  c o -h e p ta m e r  r e s u l t s  in  

~ 25% l o s s  i n  e l l i p t i c i t y  i n  th e  m a jo r  C o t to n  e f f e c t  a s s i g n e d  to  th e  

ir ->■ ir* t r a n s i t i o n  when compared t o  th e  hom o-hep tam er.  T here  i s  a l s o  

a b o u t  a  50% r e d u c t i o n  i n  e l l i p t i c i t y  i n  t h e  n ir* t r a n s i t i o n  a t  222 nm 

f o r  t h i s  c o -h e p ta m e r  a s  compared t o  t h e  hom o-hep tam er i n  TFE ( F ig .  4 6 ) .

As g l y c i n e  i s  moved t o  p o s i t i o n  3 th e  s i m i l a r i t y  o f  th e  CD s p e c t ru m  i n  TFE 

w i t h  t h a t  o f  an a - h e l i c a l  o l i g o p e p t i d e  d e c r e a s e s  f u r t h e r  and f i n a l l y  when 

g l y c i n e  i s  i n  p o s i t i o n  4 a l l  r e s e m b le n c e  t o  an a - h e l i c a l  CD p a t t e r n  

d i s a p p e a r s  ( F ig .  4 6 ) .

The C.D. s p e c t r a  i n  TFE o f  th e  c o -h e p ta m e r  h a v in g  g l y c i n e  i n  

p o s i t i o n  5 i s  d i f f i c u l t  t o  i n t e r p r e t .  B ased  upon th e  d i f f e r e n c e s  i n  

t h e  s p e c t r a  o f  t h i s  p e p t i d e  i n  HFIP v s .  TFE i t  can  how ever be c o n c lu d e d  

t h a t  t h e r e  a r e  s t r u c t u r a l  d i f f e r e n c e s .  The s p e c t r a  i n  HFIP r e f l e c t s  

t y p i c a l  random o r  s t a t i s t i c a l  c o i l  c o n fo r m a t io n ,  w h i l e  th e  s p e c t r a  i n  

TFE r e f l e c t s  a t  l e a s t  a  p e r t u r b a t i o n  i n  m a g n e t ic  and e l e c t r i c  f i e l d  

e n v iro n m e n ts  f o r  t h e  i d e n t i c a l  ch rom ophores .

The C.D. s p e c t r a  o f  th e  c o -h e p ta m e r  i n  TFE p o s s e s s i n g  g l y c i n e  i n  

t h e  6 t h  p o s i t i o n  c l e a r l y  r e f l e c t s  a - h e l i c a l  c o n t e n t  a s  i t  d i s p l a y s  many 

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

r e p r e s e n t a t i v e  o f  p a r t i a l l y  h e l i c a l  s t r u c t u r e s .
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F ig u re  33. B oc-[G lu(O M e)]n~OMe i n  TFE
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F ig u re  35 . B oc-G ly-[G lu(O M e)J^-O H e i n  TFE
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F ig u re  36. B oc-G ly-[G lu(O M e)n ]-OMe i n  HFIP
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F ig u re  37. B oc-[G lu(O M e)] j-G ly -[G lu (O M e )]n~OMe i n  TFE
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F ig u re  38. Boc- [Glu(OMe) 1-,-G ly- [Glu(OMe) ]n ~0Me i n  HFIP
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F ig u re  39. B oc-[G lu(O M e)] 2-G ly -[G lu (O M e)]n -OMe i n  TFE
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F ig u re  40. Boc—[Glu(O M e)] Gly—[G lu(O M e)]n ~OMe i n  HFIP
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F ig u re  41. B o c - [ G l u ( O M e ) ] 3~ G ly-[G lu (O M e)]n -OMe i n  TFE
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F ig u re  42. B oc-[G lu (O M e)]3~ G ly -[G lu (O M e)]n -OMe i n  HFIP
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F ig u re  43. Boc-[Glu(OM e) ]'4“ Gly-[G lu(O M e) ]n“ OMe i n  TFE
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F ig u re  44 . B oc-[G lu(O M e)]4-G ly -[G lu (O M e)]n~OMe i n  HFIP
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F ig u re  45. Boc-[Glu(OMe) ] 5-Gly-[Glu(O M e) ^-OMe i n  HFIP and TFE
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F ig u re  46. C o-hep tdm ers i n  TFE
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MATERIALS AND -METHODS

L -G lu ta m ic  a c i d  and g l y c i n e  w ere  p u r c h a s e d  from  Sigma C hem ica l  C o . , 

S t .  L o u i s ,  M is s o u r i .  N -m ethy l m o rp h o l in e ,  2 - ( t e r t i - a r y b u t o x y c a r b o n y l -  

o x y i m i n o ) - 2 - p h e n y l a c e t o n i t r i l e ,  i s o b u t y l c h l o r o f o r m a t e , m ethane 

s u l f o n i c  a c i d ,  t r i f l u o r o a c e t i c  a c i d  and  h e x a f l u o r o i s o p r o p a n o l  w ere  

p u r c h a s e d  from  A l d r i c h  C hem ica l  C o . ,  New J e r s e y .  A l l  o t h e r  r e a g e n t s  

and s o l v e n t s  w ere  o f  t h e  h i g h e s t  p u r i t y  a v a i l a b l e .

The o p t i c a l  r o t a t i o n  m easu rem en ts  w ere  c a r r i e d  o u t  on a  P e r k i n -  

E lm er .Model 141 p o l a r i m e t e r .

The HPLC a p p a r a t u s  u s e d  was a  W a te rs  c h ro m a to g ra p h  (W aters  A s s o c . , 

M i l f o r d ,  M a ss .)  e q u ip p e d  w i t h  a  m odel 6000M s o l v e n t  d e l i v e r y  s y s te m ,  a 

U6K i n j e c t o r ,  an d  a  m odel 450 v a r i a b l e - w a v e l e n g t h  uv d e t e c t o r  o p e r a t i n g  

a t  220 nm. A 30 cm x 3 .9  mm i . d .  y P o r a s i l  s i l i c a  colum n, a l s o  s u p p l i e d  

by W ate rs  A s s o c . ,  was u s e d  f o r  a l l  e x p e r im e n t s .

G e n e r a l l y ,  t h e  amount o f  sam p le  i n j e c t e d  was 5 -2 0  yg d i s s o l v e d  i n  

5 -25  yL d ic h lo r o m e th a n e .  F o r  some o f  t h e  l a r g e r  p e p t i d e s  a  s m a l l  

amount o f  t r i f l u o r o e t h a n o l  was r e q u i r e d  t o  a t t a i n  d i s s o l u t i o n .  A l l  

samples- w ere  e l u t e d  i s o c r a t i c a l l y  w i t h  c y c lo h e x a n e - i s o p r o p a n o l - m e t h a n o l .

S o lv e n t s  w ere  s p e c t r a l  g r a d e  and w ere  p u r c h a s e d  from  F i s h e r  

S c i e n t i f i c  ( S p r i n g f i e l d ,  N . J . ) .

C.D. s p e c t r a  w e re  r e c o r d e d  on a Cary  60 s p e c t r o p o l a r i m e t e r  u s in g  

a  .05  cm c e l l  p a t h  l e n g t h .
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CONCLUSION

The m a jo r  g o a l  o f  t h i s  t h e s i s  was t h e  d e t e r m i n a t i o n  o f  t h e  e f f e c t s  . 

on t h e  s e c o n d a ry  s t r u c t u r e  o f  non-hom ologous  amino a c i d  s u b s t i t u t i o n  

a t  v a r i o u s  p o s i t i o n s  i n  p r o t e c t e d  y - m e th y l - L - g lu t a m a te  h o m o -o l ig o m e rs .

To t h i s  end  th e  s o l u t i o n  s y n t h e s i s  o f  homo- and  c o - o l i g o p e p t i d e s  was 

r e q u i r e d .  A f i n a l  p u r i t y  o f  > 97% was deemed n e c e s s a r y  f o r  m e a n in g fu l  

s p e c t r a l  a n a l y s i s .  P u r i t y  d e t e r m i n a t i o n  v i a  n o rm a l  p h a s e  HPLC was th e  

c r i t e r i a  f o r  p u r i t y .

The s y n t h e t i c  p r o c e d u r e  em ployed  was h i g h l y  s u c c e s s f u l .  A l l  

compounds s y n t h e s i z e d  w ere  o f  a  f i n a l  p u r i t y  o f  97% o r  g r e a t e r .  The 

s i g n i f i c a n c e  o f  t h i s  s u c c e s s  l i e s  i n  t h e  a b i l i t y  t o  o b t a i n  f o r  conform a­

t i o n a l  co m p ar iso n  a  p u re  s e r i e s  o f  compounds w i th  i d e n t i c a l  amino a c id  

c o n te n t  v a r y i n g  o n ly  s l i g h t l y  i n  s e q u e n c e .  I n  c o n t r a s t  t o  t h e  s o l u t i o n  

p h a s e  s y n t h e s i s ,  t h e  more r a p i d  s o l i d  p h a s e  m ethod c o u l d .n o t  g u a r a n t e e  

c o r r e c t  p e p t i d e  s e q u e n c e .  When em ploy ing  th e  s o l i d  p h a s e  m ethod i t  

i s  n e c e s s a r y  to  d r i v e  e v e r y  r e a c t i o n  t o  100% c o m p le t io n  t o  i n s u r e  

h om ogene ity  o f  t h e  f i n a l  p r o d u c t .  S o l u t i o n  p h a s e  s y n t h e s i s  a l lo w s  th e  

f a c i l e  rem o v a l  a t  e v e ry  s t e p  o f  any i m p u r i t i e s  r e s u l t i n g  from  u n r e a c t e d  

s t a r t i n g  m a t e r i a l s .

The a b i l i t y  t o  p u r i f y  a l l  p e p t i d e s  w i t h o u t  t h e  u se  o f  c o lu m n - l iq u id  

ch rom a tog raphy  was an a d d i t i o n a l  acco m p lish m en t  o f  t h i s  t h e s i s .  The 

u s e  o f  a  s im p le  and in e x p e n s i v e  w ash ing  p r o c e d u r e  a l lo w e d  r e c o v e r y  o f  

v i r t u a l l y  p u re  p r o d u c t .  L o s s e s  w ere  r a r e l y  g r e a t e r  th a n  10% u s i n g  t h i s  

p r o c e d u r e .

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

s e r e n d i p i t o u s  d i s c o v e r i e s .  D uring  th e  t im e  a t  w hich  t h e s e  p u r i t y  

d e t e r m i n a t i o n s  w ere  c a r r i e d  o u t  a n a l y t i c a l  HPLC o f  p r o t e c t e d  o l i g o p e p t i d e s
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was n o t  a  r o u t i n e  p r o c e d u r e .  I n i t i a l  a t t e m p t s  a t  a n a l y s i s  u s in g  a 

c o n v e n t i o n a l  b i -c o m p o n e n t '  ( c y c l o h e x a n e : i s o p r o p a n o l )  s o l v e n t  s y s te m ,  on 

s i l i c a ,  p ro v e d  q u i t e  i n e f f e c t i v e  i n  r e s o l v i n g  any o f  t h e  p e p t i d e s  above 

th e  t r i m e r .  A p p l i c a t i o n  o f  r e v e r s e  p h a se  HPLC was a l s o  w i t h o u t  

s u c c e s s .  T h is  r e s e a r c h e r  d e v i s e d  a  t r i - c o m p o n e n t  s o l v e n t  sy s te m  

c o n s i s t i n g  o f  c y c lo h e x a n e : i s o p r o p a n o l : m e t h a n o l .  A l l  p e p t i d e s  

s y n t h e s i z e d  f o r  t h i s  t h e s i s  w ere  h i g h l y  r e s o l v a b l e  i n  t h e  new s y s te m .  

Most im p r e s s iv e  from  th e  HPLC a n a l y s i s  was t h e  a b i l i t y  o f  th e  sy s te m  

to  r e s o l v e  o l ig o m e r s  o f  t h e  i d e n t i c a l  m o le c u la r  w e ig h t  t h a t  d i f f e r e d  

o n ly  i n  th e  p o s i t i o n  o f  g l y c i n e  i n s e r t i o n  i n  t h e  g lu ta m a te  b a c k b o n e .  

A n o th e r  r e m a rk a b le  f i n d i n g  was th e  r e l a t i o n s h i p  o f  column m o b i l i t y  o f  

th e  p e p t i d e  t o  p o s i t i o n  o f  g l y c i n e  i n s e r t i o n  i n  t h e  p e p t i d e .  The m ost 

i n t e r i o r  g l y c i n e  p o s i t i o n s  i n  t h e  hexam er and h e p ta m e rs  r e s u l t e d  i n  

r e d u c e d  r e t e n t i o n  t im e  when com pared to  o t h e r  h e p ta m e rs  and  h e x a m e rs .  

T h is  i s  i n  d i r e c t  c o n t r a s t  to  i n c r e a s e d  r e t e n t i o n  t im e  ( a s  compared 

t o  th e  ho m o -o l ig o m ers )  w i t h  i n s e r t i o n  o f  g l y c i n e  i n  any o f  t h e  low er  

o l ig o m e r s .  T hese  r e s u l t s  c o u ld  b e  a t t r i b u t a b l e  t o  a  c o n f o r m a t io n a l  

p e r t u r b a t i o n  im posed  by g l y c i n e  i n s e r t i o n  a t  t h e  i n t e r n a l  p o s i t i o n s  

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

s u p p o r t .

The r e s u l t s  o f  c i r c u l a r  d i c h r o i s m  s t u d i e s  i n d i c a t e  t h a t  t h e  homo­

g lu ta m a te s  form h e l i c e s  a t  t h e  h e p t a p e p t i d e .  The s p e c t r a  o f  

(BocGly(Glu)gOMe) i n  TFE was q u i t e  s i m i l a r  t o  t h e  s p e c t r a  o f
yOMe

Boc(Glu)^-OMe i n  TFE. I n  a  h e p ta m e r ,  f o u r  o r  a t  m ost f i v e  r e s i d u e s  

OMe

can e x i s t  i n  a  h e l i c a l  s t r u c t u r e  b e c a u s e  end  r e s i d u e s _s o l v a t e  

d i f f e r e n t l y  and a r e  o f t e n  u n a b le  to  t a k e  p a r t  i n  th e  one o r  two
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i n t r a m o l e c u l a r  s t a b i l i z i n g  h y d ro g en  b o n d s .  I t  i s  p l a u s i b l e  t h a t  a

g l y c y l  r e s i d u e  a t  t h e  N - t e r m in a l  p o s i t i o n  o f  a  h e p ta m e r ,  o th e r w i s e

c o n ta i n in g  o n ly  y - m e t h y l - L - g l u t a m a te ,  i s  n o t  i n v o lv e d  i n  h yd rogen

b ond ing  and  th u s  n o t  i n v o lv e d  i n  th e  s t a b i l i z a t i o n  o f  h e l i c a l

s t r u c t u r e .  G ly c in e  i n  th e  se c o n d  p o s i t i o n  m ust s o l v a t e  d i f f e r e n t l y

th a n  a  g lu ta m a te  r e s i d u e  and may t h e r e f o r e  e f f e c t  i t s  H -bond ing

a b i l i t i e s ,  and c e r t a i n l y  p o s s e s s  d i f f e r e n t  a n g le  d i s t r i b u t i o n s .

These d i f f e r e n c e s  a r e  r e f l e c t e d  i n  t h e  s u b s t a n t i a l  l o s s  o f  h e l i c a l

c h a r a c t e r  from  th e  C.D. p a t t e r n s .  T h is  d i s a p p e a r a n c e  o f  a - h e l i c a l

s t r u c t u r e  becomes more p ro n o u n ce d  i n  t h e  C.D. o f  t h e  c o -h e p ta m e r

B oc(G lu)„G ly(G lu),O M e. The l o s s  o f  a l l  h e l i c a l  c h a r a c t e r  i s  a p p a r e n t  I z  | h
yOMe yOMe

i n  Boc(Glu)^Gly(Glu)^OM e b a s e d  upon i t s  r e p r e s e n t a t i v e  s p e c t r a .  The 

yOMe yOMe

f o u r t h  p o s i t i o n  i s  t h e  p o s i t i o n  w here  a  g l y c y l  r e s i d u e  a p p e a r s  to  be

m ost e f f e c t i v e  i n  d e s t a b i l i z i n g  s t r u c t u r e .  T h is  may be  a  r e s u l t  o f

h a v in g  th e  lo w e s t  number o f  c o n s e c u t iv e  g l u ta m a t e s  i n  t h i s  m o le c u le

and t h e r e f o r e  d e s t r o y i n g  t h e  p o s s i b i l i t y  o f  any H -b o n d in g .  G ly c in e

may b ehave  o r  f u n c t i o n  as a  h i g h l y  f l e x i b l e  h in g e  i n  t h i s  p o s i t i o n .

71These f i n d i n g s  a r e  c o n s i s t e n t  w i th  th e  r e s u l t s  o f  Chou and Fasman 

w i th  r e s p e c t  to  g l y c i n e ' s  h e l i x  b r e a k in g  a b i l i t y  i n . g l o b u l a r  p r o t e i n s
i

i n  g e n e r a l .  A g l y c y l  r e s i d u e  i n  t h e  f i f t h ' p o s i t i o n .d i s p l a y s  a  s p e c t r a

i n  TFE w hich  i s  d i f f i c u l t  to  i n t e r p r e t  w i t h  r e s p e c t  to  th e  p r e s e n c e

of any d e f i n i t e  h e l i c a l  s t r u c t u r e .  F i n a l l y  the 'm ovem en t o f  th e  g l y c y l

r e s i d u e  t o  th e  s i x t h  p o s i t i o n  m arks t h e  r e t u r n  o f  some h e l i c a l

c h a r a c t e r  t o  t h e  C.D. ( i n  TFE) o f  t h a t  c o h e p ta m e r .  The r e s u l t s  o f  th e

above a r e  c o n s i s t e n t  w i th  t h o s e  o f  p o l a r i m e t r y  f o r  t h e  B oc (G lu )nOMe,

yOMe
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BocGly(Glu) OMe, BocG luG ly(Glu) OMe, B o c (G lu )0G ly (G lu )  OMe, and I n i , n j I ( n
yOMe yOMe yOMe yOMe yOMe

B o c(G lu )^ G ly (G lu )n OMe w i t h  r e s p e c t  to  d e v i a t i o n  from l i n e a r i t y  i n
L \

yOMe yOMe

v s .  n  p l o t s  i n  TFE as  a  f u n c t i o n  o f  th e  o n s e t  o f  s e c o n d a ry  

s t r u c t u r e .  I n  th e  c a s e  o f  th e  re m a in in g  s e r i e s  g r a p h i c  a n a l y s i s  o f  

p o l a r i m e t r i c  r e s u l t s  was n o t  a p p r o p r i a t e .

These c i r c u l a r  d ic h r o i s m  s t u d i e s  d e m o n s t r a te  th e  a b i l i t y  o f  t h i s  

s p e c t r a l  t e c h n iq u e  to  d i s t i n g u i s h  be tw een  s t r u c t u r e s  o f  l i n e a r  o l i g o ­

p e p t i d e s  v a r y in g  o n ly  i n  t h e  p o s i t i o n  o f  one non-hom ologous p e p t i d e  i n  

a homologous back b o n e . The a b i l i t y  to  d i s t i n g u i s h  be tw een  s m a l l  

changes i n  p e p t i d e  se q u en c e  v i a  C.D. can  be  o f  m a jo r  im p o r ta n c e  f o r  

th e  s tu d y  o f  p e p t i d e  hormones and drug  d e s ig n  when such  d ru g s  and 

hormones a r e  d e p e n d e n t  on t h e i r  p r im a ry  and  s e c o n d a ry  c o n fo rm a t io n s  

f o r  b i o l o g i c a l  a c t i v i t y .
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