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Diketopiperazines were formed i n  good y i e l d s  

on deprotect ion of N-protected d ipep t ide  e s t e r s  

containing d-aminoisobutyric ac id  residues.  

Cycl i sa t ion  i s  l i k e l y  t o  be favoured by confor- 

n a t i o n a l  cons t r a in t s  introduced by t h e  gem di-  

a l k y l  groups. 

Diketopiperazine formation from dipept ides  r e q u i r e s  

moderately vigorous condit ions l i k e  hea t ing  t h e  d ipept ide  

1 e s t e r s  i n  to luene  o r  t h e  f r e e  d ipept ide  i n  phenol.* However 

c y c l i s a t i o n  occurs  r e a d i l y  i n  d ipept ides  containing imino 

a c i d s  l i k e  p r o l i n e  o r  sarcosine,  presumably as a consequence 

of t h e  higher  p robab i l i t y  of  occurrence of t h e  c i s  pept ide  

conformation. The fragmentation of tri and t e t r a p e p t i d e s  

+ This paper i s  dedicated t o  Professor  R. B. Woodward t o  mark 
h i s  s i x t i e t h  birthday. Contr ibut ion No. 99 from t h e  
Molecular Biophysics Unit. 



t o  y i e l d  c y c l i c  d ipept ides  under a l k a l i n e  condit ions has  a l s o  

been o b ~ e r v e d . ~  I n  t h i s  communication we wish t o  r epor t  t h e  

f a c i l e  formation of diketopiperazines from dipept ides  of 

d-aminoisobutyric ac id  ( ~ i b )  and t o  d iscuss  t h e  r o l e  of t h e  

f r e e  d ipept ide  conformation i n  favouring cycl i sa t ion .  

The removal of t h e  t-butoxycarbonyl (Boc) o r  benzyloxy- 

carbonyl (Z) amino p ro tec t ing  groups, from dipept ides  

conta in ing  Aib r e s idues  at e i t h e r  pos i t ion  r e s u l t e d  only i n  

t h e  i s o l a t i o n  of t h e  corresponding diketopiperazine (Equation 1) 

t r a n s f e r  
Z- Aib- Ala-OMe 

hydrogenation 0 'OH0 
The r e s u l t s  of deprotect ion r e a c t i o n s  on four  d ipept ides  

conta in ing  Aib r e s idues  a r e  sumnarised i n  Table I. 

TABLE I 

S t a r t i n g  MP 
pept ide  

Deprotection Product Yield .o L*]g5 procedure 

Z-Aib- la-OMe t r a n s f e r  c(Aib- la) 68% 270 +3.8O 
hydrogenation 

Z- Aib-Bib-OMe n ~(Aib-Aib) 10s  300 - 
Boc-Val-Aib-OMe, CF3COOH c(Va1-Aib) 60% 210 +3.25" 

Boc-Ile-Bib-OMe 11 c(1le-Aib) 70% 252 +4.65O 



HETEROCYCLES. Vol. 7, No. 2. 1977 

The c y c l i c  products a r e  t h e  only r e a d i l y  i s o l a b l e  

compounds a f t e r  deprotection, except i n  t h e  case of 

2-Aib-Aib-OKe. I n  t h i s  case t h e  repor ted  y i e l d  i n  Table I 

corresponds t o  t h e  amount i s o l a t e d  immediately a f t e r  de- 

pro tec t ion .  However on s tanding t h e  d ipept ide  methyl e s t e r  

c y c l i s e s  slowly. A r epor t  on t h e  d i f f i c u l t y  of  cyc l i s ing  

t h e  d ipept ide  t r ichlorophenyl  e s t e r  has  appeared. 3 

An important s t r u c t u r a l  requirement f o r  d ike topiperaz ine  

formation i s  t h e  presence of t h e  c i s  pept ide  conformer. The 

energy d i f f e rence  between t h e  trans and c i s  conformers of t h e  

model amide, N-methylacetamide have been repor ted  a t  var ious  

times,5 a s  between 1.5 and 2.5 kca l  mole-'. While experimental 

de t ec t ion  of  l e s s  than 1% of t h e  c i s  form may be d i f f i c u l t ,  i t  

i s  c l e a r  t h a t  t h e  c i s  conformer may be present  i n  small but  

f i n i t e  amounts. A r ecen t  t h e o r e t i c a l  study5 est imating t h e  

c i s  form of  N-methylacetamide a t  5.5 x lom4% i s  not  borne cu t  

by proton nmr measurements, where a t  l e a s t  0.5% i s  detectable.  6 

I n  pept ides  therefore  t h e  c i s  form nay be present  i n  amounts 

s u f f i c i e n t  t o  allow s p e c i f i c a l l y  favoured r e a c t i o n  patha t o  

proceed v i a  t h i s  conformer. m e  presence of t h e  gem d ia lky l  

group i n  oC-aminoisobutyric ac id  imposes considerable ccnforma- 

t i o n a l  r e s t r i c t i o n s  about t h e  f-4' ( y / )  and N-C" ( 9 )  bonds. 7 



Cyc l i sa t ion  r e a c t i o n s  may then follow from t h e  proximity of 

t h e  amino and e s t e r  functions. Bor Aib at t h e  N-terminal 

r e s t r i c t i o n  of y r e s u l t s  while  Aib a t  t h e  C-terminal r e s t r i c t s  

t h e  range of 0. The slow r a t e  of  c y c l i s a t i o n  fo r  Aib-Aib-OMe 

r e s u l t s  from t h e  s luggish formation of a  pept ide  bond between 

two s t e r i c a l l y  hindered residues.  We have a l s o  observed t h e  

formation o f  a  d iacyla ted  d ike topiperaz ine  i n  t h e  attempted 

coupling o f  Boc-Val-Aib-OH o r  2-Val-fib-OH t o  Aib-OMe us ing  

DCC (Equation 2) 

XHy$+ 
X-Val-Mb-OH + 
x = BOC o r  z - XHN J,&& 

O I (4 

NHX 

0 

D i k e t o p i p e r a ~ i n e  formation presumably r e s u l t s  v i a  rearrange- 

ment of  t h e  symmetrical anhydride. The ready formation of 

c y c l i c  d ipep t ides  even from t r i p e p t i d e s  containing Aib r e s idues  

expla ins  t h e  d i f f i c u l t i e s  encountered i n  t h e  deprotec t ion  of  t h e  
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amino group i n  2 - ~ e a - ~ r o - ~ r p - ~ ~ e ~  and t h e  formation of a 

b i c y c l i c  imidazolone and t r i c y c l i c  imidazolone on attempted 

c y c l i s a t i o n  of  Aib-Aib-Aib-Aib-COC1 i n  pyridine. 3a 

EXPERIMENTAL a) Removal of  t h e  Boc group. 1g of t h e  3oc 

d ipep t ide  e s t e r  was t r e a t e d  wi th  2ml TFA f o r  9 jve  hours at  

room temperature. After removal of t h e  TFA t h e  r e s idue  was 

disso lved  i n  water and ext rac ted  with e thy l  ace ta te .  The 

aqueous so lu t ion  was then made mildly a l k a l i n e  wi th  NaHCOj, 

upon which t h e  diketopiperazine c r y s t a l l i s e d  out. 

b) Removal of t h e  Z group.' l g  of t h e  Z-dipeptide e s t e r  

was dissolved i n  IOml ethanol. 5ml cyclohexene ( f r e s h l y  

d i s t i l l e d  and peroxide f ree)  and 0.5g 109 palladium/charcoal 

were added and t h e  mixture refluxed fo r  1 hour. The c a t a l y s t  

was f i l t e r e d  and t h e  ethanol so lu t ion  evaporated t o  y i e l d  t h e  

diketopiperazine.  

A l l  t h e  compounds obtained were charac ter i sed  by I R ,  

NMR i n  TBA and elemental ana lys is .  
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