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SPECTROSCOPY LETTERS, 23(3) ,  259-271 (1990)  

MODEL SrUDIES OF THE COlTON EFFECTS OF DERIVATIVES 

CONTAI N I  NG ()-HOMOPHENY LALANI NE 

Key words: 'j3-homoamino acids. c i r c u l a r  d i c h r o i s m .  popt  i des 

K. PluciAska*. B. Liborek,  I .  Gierozewska 

I n s t i t u t e  of Chemistry.  U n i v e r s i t y  of Gdahsk, u l .  S o b i e s k i e g o  

18, 80-982 Gdahrk . Poland. 

Abstract 

The CD .spectra of s i m p l e  derivatives,  

d i  - and t r i p e p t i d e s  c o n t a i n i n g  p h e n y l a l a n i n e  

and 0-homophenyl a1 a n i  ne  C P-HphI at t h e 1  r 

C-terminals  were s t u d i e d .  The reverse s i g n  

c o n t r i b u t i o n  of t h e  aromatic 'L 

of 0-homophenyl a1 a n i  n e  i n compar i son  of 

phony1 a1 a n i  ne  w a s  found. The i mpl i cat  i on of 

t h i s  h i t h e r t o  undescr ibed fact is d i s c u s s e d  

i n  r e l a t i o n  t o  a d i a g n o s t i c  v a l u e  of t h e  CD 

measurements i n  spectral r e g i o n  200-240 nm. 

B* 

t r a n s i t i o n  a 

The a d d r e s s  s t a r t i n g  

U n i v e r s i t y  School of 
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Medicine A t  Washington U n i v e r s i t y  
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BB 

The t h r e e  letter symbol accepted  for homoamino a c i d s  C13 

w a s  uSed; 13-denotes t h e  p o s i t i o n  of an  amino group. 
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PLUCINSKA, LIBEREK, AND GIERSZEWSKA 

I NTROWCTI ON 

The CD method is considered to be very convenient in 

application to the conformational analysis of peptidee and 

proteins in solution C2-53 .  The main source of information is 

the region of the spectrum between 200 and 230 nm covering 

the forbidden n-n peptide, the weakly allowed 'L phenyl- 

olanine. tyrosine and tryptophane transitions. Owing to the 

* 
a 

symmetry properties of the transition dipole moments of 

band of tyrosine and phenylalanine Cthe sign of the 

rotational strength is independent of x 3 the signs of the 

Cotton effect in the model compounds have been calculated 

C61. The tendency for the 'L band rotational strength to 

give a positive Cotton effect over the energetically allowed 

back bone conformations was found C 7-03. 

2 

a 

The extensive experimental studies on the structure of 

the highly ordered proteins have shown the domination of the 

coupled n-n peptide over the aromatic transitions which 

result in strong, negative Cotton effect in the region of 

200-230 nm C53. As opposed to proteins the molecules of the 

short peptides i.e. di- and tripeptides are considered to be 

characterized by a high degree of conformational freedom. In 

the solutions they are represented as an assembly of 

energetically allowed conformations being in the state of 

dynamic equi 1 i br i urn. This specific situation i mpl i cates 

weakness of the mutual interaction of the peptide 

chromophores which, in turn. results in the reduction of the 

rotational strength of the forbidden n--R peptide transition 

and domination of the aromatic contribution (8-10). 

* 

* 
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COTTON EFFECTS OF DERIVATIVES 261 

The linear tetrapeptides which exhibit a tendency t o  

create the ()-turn structure. usually. show pronounced nega- 

tive values of the Cotton effects in the region of 200-230 

nm although the aromatic contribution is still positive C81. 

Thus, in general. the negative Cotton effect appearing 

between 200-230 nm in the CD spectra of the oligopeptides 

containing natural, aromatic a-amino acids points 

unequivocally toward the ordered structures of the molecules 

and the domination of the rotational strength of the coupled 

pepti de osci 11 ator. 

Among the analogues of the biologically active peptides 

studied there exists a group of compounds which include L-p- 

-homoamino acids in their molecules i.e. in place of 

-NHCHCR>CO-. -NHCHCR>CH CO- residue is substituted C11-14>. 

The question arises as to whether the above picture concer- 

2 

ning the contribution of the 'L 

transformale to the interpretat.ion of the CD spectra of +<he 

pept.i des containing p-homoami no acids. The present w o r k  wi 11 

partially answer the quest.ion. 

aromatic transition is a 

MATERIALS AND METHODS 

N-protected amino acid. di- and tripeptides were syn- 

thesized i n  our laboratory C15>. t-Butyloxycarbonyl group as 

a transient protection was used. Benzyl esters were used as 

the C-terminal protection. We also chose the benzyl group as 

the side chain protection of imidazole ring of histidine. The 

peptides were synthesized by classical method. in solution 

using the DCCIMOBT system. The final deprotection was 
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262 PLUCIUSKA, LIBEREK, AND CIERSZEUSKA 

performed by a c i d o l y s i s  r e a c t i o n  w i t h  4N HCl/diowne 

followed by catalytic hydrogenat ion.  Some d i f f i c u l t i e s  i n  

t h e  removing of Nim-benzyl group w e r e  n o t i c e d ;  t h i s  p r o c e s s  

has  t o  be c a r e f u l l y  i n v e s t i g a t e d  by t h e  t l c  method. After 

p u r i f i c a t i o n  by means of column chromatography t h e  chemical 

homogeneity of compounds w a s  checked by mass spectronustry.  

amino acids r a t io  i n  t h e  acid h y d r o l y s a t e s  and t l c  method. 

CD spectra were recorded  i n  TFE on Jasco J-20 s p e c t r o -  

po lar imeter .  The r e s u l t s  were expressed i n  molar e l l i p t i c i t y  

Cdeg c m  d m o l  1 .  2 -1 

RESULTS 

I n  t h i s  paper w e  p r e s e n t  c h i r o p t i c a l  p r o p e r t i e s  of t h e  

N-protected amino a c i d s .  and p e p t i d e s  Ci_-m> with  t h e  C- 

- t e r m i  na l  phenyl a1 a n i  n e  or /?-homophenyl a1 a n i  ne,  i n t h e  

r e g i o n  of 200-230 nm. The CD s p e c t r a  w e r e  recorded i n  TFE 

s o l u t i o n  CFig. 1 .A,B.C> as t h i s  s o l v e n t  w a s  m o s t  f r e q u e n t l y  

used i n  t h e  conformational  s t u d i e s  of s h o r t  p e p t i d e s .  known 

a s  a s u p p o r t i n g  pseudocycl ic  s t r u c t u r e s  such  as  7 -  or 

r)-tur n s  C 163. 

For reason  known t h e  CD s p e c t r a  of t h e  compounds 

s t u d i e d  should demonst ra te  dominat ion of aromatic 'L 

n-n p e p t i d e  t r a n s i t i o n  orr  a t  least. equal  c o n t r i b u t i o n  of 

both t o  t h e  o v e r a l l  Cot ton e f f e c t .  W e  w e r e  t h e r e f o r e  a b l e  t o  

observe  d i r e c t l y  t h e  d i f f e r e n c e s  i n  t h e  s i g n  of t h e  Cot ton  

over  a 
* 

e f f e c t  of t h e  'La band of t h e  p e p t i d e s  wi th  phenyla lan ine  or 

r)-homophenyl a1 a n i  ne  i ncor pot- a t e d .  
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COTTON EFFECTS OF DERIVATIVES 263 

ZpUph. f; =he, g ;  Bocf3Hph. 2; BocPhe. &. Both p a i r s  of pro- 

t e c t e d  amino a c i d s  demonst ra te  o p p o s i t e  s i g n s  of t h e  C a t t o n  

e f f e c t  CFig.1A) i n  t h e  r a n g e  of 214-216 nm; posit ive i n  t h e  

case of Phe-compounds and n e g a t i v e  i f  p-Hph is i n c o r p o r a t e d  

i n t o  t h e  molecule.  Owing t o  a symmetry f o r b i d d e n  n-n u r e t h a n e  

t r a n s i t i o n .  t h e  aromatic 'L t r a n s i t i o n  of t h e  s ide c h a i n s  

and t h e  p r o t e c t e d  f u n c t i o n  would mainly p a r t i c i p a t e  i n  t h e  

overall Cot ton e f f e c t  i n  t h i s  r e g i o n  of t h e  s p e c t r a .  

It 

a 

AlaPhe, 2; AlapHph. p. The Cotton effects of t h e s e  t w o  

p e p t i d e s  show o p p o s i t e  s i g n s  i n  t h e  200-230 nm range  

CFig.181. I t  i s  p o s i t i v e  for AlaPhe and n e g a t i v e  i n  t h e  case 

of AlapHph. The p o s i t i o n  of t h e  e x t r e m a  of b o t h  effects are  

s p e c i f i c  t o  aromatic t r a n s i t i o n  C 1 7 1 .  

GlyAlaPhe. 7_; GlyAla(3-lph. 9. The CD spectrum GlyAlaPhe shows 

t w o  comparable.  Cot ton effects of t h e  o p p o s i t e  s i g n s  

CFig. 1 8 3 .  There is minimum a t  220 nm and maximum a t  210 nm 

and t h e  c u r v e  i n t e r s e c t s  t h e  z e r o - e l l i p t i c i t y  around 218 nm. 

The CD p a t t e r n  of t h e  second t r i p e p t i d e  GlyAlaPHph, 

resembles t h e  Alawph spectrum at  f i r s t .  The minimum a p p e a r s  

a t  215 nm and c h a r a c t e r i z e s  t h e  p o s i t i o n  of t h e  aromatic 

band but  is much deeper as compared wi th  t h e  d i p e p t i d e .  The 

shape  of c u r v e  shows d i s t i n c t  asymmetry; i t  raises v e r y  

s h a r p l y  i n  t h e  s h o r t e r  wavelength p a r t  of t h e  spectrum and 

broadens on t h e  s i d e  of t h e  longer  wavelength.  

Pro(3-lph. S_; HisPromph.  lo. These t w o  p e p t i d e s  are ana logues  

of t h e  C-terminal d i -  and t r i p e p t i d e s  of a n g i o t e n s i n  11. The 
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V A 

F i g . 1 .  CD spectra of A: Bocpl4ph. 3. . . .  . ; m p h .  i_. -; 

=her 2. ----. , BocPhe. 4. - . -+- - - . .  , B: AlaPhe, 3. 

-. , Alapl4pt.t. s_. ----. , GlyAlaPhe. z. . . . . ; 
GlyAlapl4ph. @. - . - - - . - *  ; C: Promph. 8. -, 

HisPropHph. ----. , measured i n  TFE. 
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COTTON EFFECTS OF DERIVATIVES 265 
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Fig. 1 continued 

published CD spectra of Pro-Phe and HisProPhe C181 do not 

show any deviations from the rule; the ellipticity of 'La 

bands of Phe are positive and dominate this spectral region. 

Substitution of (3Hph in place of Phe in both compounds 

changes the CD picture entirely; Pro(3Hph as well as 

HisProPHph show negative Cotton effects between 200 and 230 

nm CFig.lC>. The dipeptide is characterized by a narrow, 

symmetrical band centered around 215 nm. The position of the 

tripeptide CD minimum appears at the same wavelength as the 

dipeptide. but there is a visible lack of symmetry. The band 
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PLUCINSKA, LIBEREK, AND CIERSZEWSKA 

s h o w s  a s teeper  f e a t u r e  a t  i t s  s h o r t e r  wavelength and, as 

was observed i n  t h e  case of GlyAla(Klph, q u i t e  pronounced 

Cotton e f f e c t  is still  observable  above 220 nm. 

DI -SCUSSI ON 

Undertaking t h e  comparative CD s t u d i e s  of t h e  m o d e l  

compounds conta in ing  phenyl a1 ani  ne  and (3-homophenyl a1 ani  ne 

of t h i s  same c h i r a l i t y ,  w e  started from t h e  s imples t  

examples such as t h e  urethane p ro tec t ed  amino ac ids .  d i -  and 

t r i p e p t i d e s .  Both aromatic  amino a c i d s  w e r e  f i r s t ,  p laced i n  

t h e  C-terminal p o s i t i o n  of t h e  di- and t r i p e p t i d e s .  The high 

degree of conformational freedom and b a s i c a l l y  lack of any 

s i g n i f i c a n t  intramolecular  amide-amide i n t e r a c t i o n s  r e s u l t s  

i n  t h e  domination of t h e  'L a r o m a t i c  t r a n s i t i o n  over t h e  

s t r o n g l y  forbidden n-n pept ide  t r a n s i t i o n  i n  t h e  reg ion  of 

200-230 nm. This  enables  direct observa t ion  of t h e  

d i f f e rences  i n  t h e  Cotton a f f e c t s  exe r t ed  by a phenyl r i n g  

of phenyl a1 ani  ne and 13-homophenyl a1 an i  ne.  

a 
* 

A l l  t h e  compounds d i f f e r  i n  t h e  s i g n  of t h e  molecular 

e l l i p t i c i t y  i n  t h e  waverange under cons ide ra t ion ,  depending 

upon whether phenyl a1 ani  ne  or 13-homophenyl a1 ani  ne is 

incorporated i n t o  t h e  molecule. Phe-compounds show, a s  

pred ic ted  C l . l Q >  a p o s i t i v e  s ign  of t h e  Cotton e f f e c t s  of 

t h e  'La band. while a negat ive  va lues  are not iced  i n  f3Hph- 

-compounds. Thi s i s no t ,  however , demonstrated uni f or m l  y 

going from t h e  N-protected amino a c i d s ,  through t h e  d i -  to  

t h e  t r i p e p t i d e s .  The pos i t i on  of t h e  observed, very  

pronounced Cotton e f f e c t s  within t h e  f i r s t  t w o  types of 
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COTTON EFFECTS OF DERIVATIVES 267 

compounds in the range of ca. 214 nm. indicates the explicit 

domination of the aromatic transition. 

In the case of tripeptides one can not observe such a 

sharp border, apparently the domination of aromatic 

transition is not so obvious as formerly.GlyA1aPhe CD 

spectrum shows the positive blue and negative red part of 

the Cotton effect in the 200-230 nm range. As stated in the 

article, the CD curve intersects zero-ellipticity at 218 nm 

as a result of the substraction of two opposite and 

comparable ,Cotton effects; the positive-aromatic and 

negative peptide transition. We suspect the creation of y -  

-turn in TFE to be responsible for the negative Cotton 

effect of the interacting peptide chromophoresSC3a>. 

The CD spectra of GlyAlaWph and HisPrornph show a high 

values of the negative molecular ellipticity of the Cotton 

effect located between 200 and 230 nm. The position of the 

minima points, undoubtedly. towards the domination of the 

aromatic transitions in both cases. The negative "tails" 

above 220 nm results from the addition of the negative 

Cotton effects exerted by the coupled peptide chromophores; 

introduction of (3-homophenylalanine in the C-terminal 

position should not disturb the creation of y-turn. The 

elevated amplitude of the negative Cotton effect of 

* AlaPheGly CD spectrum. for example. does not show any 

mini mum around 220-830 nm. Theoreti call y. phenyl a1 ani ne 
placed in the central position prevents the creation of a 

prrudocycl ic structure. 
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2 68 PLUCINSKA, L I B E R E K ,  AND GIERSZEWSKA 

HisProffHpH as compared with GlyAlaffHph may r e s u l t  from an 

i n t r i n s i c  tendency of p r o l i n e  placed i n  t h e  c e n t r a l  p o s i t i o n  

t o  s t rengthen  t h e  y-turn pseudocycl ic  s t r u c t u r e  C3b3. Thus, 

i n  t h e  cases  of t r i p e p t i d e s  conta in ing  0-homophenylalanine 

reinforcement r a the r  than  c a n c e l l a t i o n  of t h e  nega t ive  

c h i r a l  e f f e c t s  t a k e  p lace .  i n  c o n t r a s t  t o  a pep t ide  with 

C-terminal phenyl a1 anine.  

We think t h a t  . t h e  source  of d i f f e r e n c e s  i n  t h o  observed 

Cotton e f f e c t s  exer ted  by t h o  phenyl r i n g  of both amino 

ac ids  may be r e l a t e d  t o  a d i f f e r e n t ,  f r a c t i o n a l  populat ion of 

X l - r o t a m o r s o  i n  t h e  popt ides  s t u d i e d  which i n  tu rn .  can 

evoke an oppos i te  c h i r a l i t y  of t h e  i n t e r a c t i n g  n-n aromatic 

and n-n pept ide  t r a n s i t i o n s  C 8 1 .  On t h e  o the r  hand t h e  

s u b s t i t u t i o n  of CHaCOOH i n  p l ace  of Coocl group can 

c o n t r i b u t e  i t s e l f  to t h e  change of t h e  s i g n  of t h e  Cotton 

e f f e c t  of an aromatic chromophore while  t h e  Xi-rotamor 

populat ion is preserved. The s t u d i e s  on t h i s  s u b j e c t  will be 

presented i n  t h e  near f e a t u r e .  

* 
* 

A similar problem may exist i n  t h e  c a s e - o f  t h e  pep t ides  

b u i l t  up of another aromatic ()-homoamino ac ids .  W e  have 

not iced  such d i f f e r e n c e s  i n  the pre l iminary  w o r k  on 

t yr ori ne/()-homot yr 0s i no-pept i der  - t h i  s p a r t i c u l a r  1 y 

concerns t h e  'L,, band. 

Although it ic d i f f i c u l t  to p r e d i c t  t h e  c h i r a l  

" p r t u r b a t i o n r "  upon t h e  in t roduc t ion  of an aromatic r)-homo- 

Owing to t h e  symmotry of 'La t r a n s i t i o n  d i p o l e  monwnt t h i s  
band is not  s e n s i t i v e  to xz changes. 
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COTTON EFFECTS OF DERIVATIVES 269 

amino a c i d s  i n t o  t h e  higher  molecular pept ides  i n s t e a d  of 

parent  a-amino ac ids ,  t h e  present  paper should warn a g a i n s t  

overes t imat ion  of t h e  tendency t o  create pseudocycl ic  

s t r u c t u r e s  judging from t h e  s i g n  and va lue  of t h e  .molar 

e l l i p t i c i t y  betveen 200-230 nm i n  t h e  CD s p e c t r a .  
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