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LINEAR AND CYCLIC ENKEPHALIN 

SEPARATE AND IDENTIFY DIASTEREOMERS 
FORMED DURING SYNTHESIS 

PSEUDOPEPTIDES. USE OF RP-HPLC TO 

Judson V. Edwards? and Arno F. Spatola" 
Department of Chemistry 

University of Louisville 
Louisville, Kentucky 40292 

ABSTRACT 

Dur ing the  course o f  synthesis o f  both a l i n e a r  and a c y c l i c  
enkephal i n  pseudopeptide conta in ing  a $CCH2Sl ami de bond 
rep1 acement, two isomeric products were produced i n each case i n  
v i r t u a l l y  equimolar quan t i t i es .  RP-HPLC was used to :  1) i s o l a t e  
and charac ter ize  both p a i r s  o f  products; 2) con f i rm  t h e i r  s u l f i d e  
content by p a r t i a l  ox ida t i on  t o  t h e i r  $CCH2SO] equivalents,  w i t h  
two new p a i r s  o f  diastereomeric su l fox ides  formed i n  each case, 
and 3 )  conf i rm t h a t  the  isomers were formed by ep imer iza t ion  o f  
the  C-terminal alpha carbon o f  the  pseudopeptide, H-Tyr-D-Ala-Gly- 
Phe$CCH2SILeu-OH and i t s  c y c l i c  counterpar t  i n  an e a r l y  syn the t i c  
step. Both the presence and the absolute conf igura t ions  o f  the 
new epimeric center were f u r t h e r  es tab l i shed by RP-HPLC. Th is  
invo lved ac id  catalyzed hydro lys is  and comparison o f  the r e s u l t i n g  
HPLC-isolated pseudodi ept ides w i t h  au thent ic  species o f  
Phe1~dCH2SlLeu and Phe$!CH2SlD-Leu prepared by con t ro l  1 ed 
stereochemical routes. 

* Author t o  whom correspondence and r e p r i n t  requests should be 

t Present address: USDA, New Orleans, LA 70124 
addressed. 
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904 EDWARDS AND SPATOLA 

INTRODUCTION 

The chromatographic separation o f  pept ide diastereomers i n  

which one or  more c h i r a l  centers e x i s t  as both the S and R 

con f igu ra t i on  i s  o f  cu r ren t  i n t e r e s t  i n  ob ta in ing  t h e  fo l low ing :  

1) more o p t i c a l l y  pure pept ides 111, 2) separat ion o f  pept ides 

mod i f ied  w i t h  racemic amino acids f o r  purposes o f  i so tope 

labe l i ng ,  3)  s t ruc tu re  func t i on  s tud ies  i n v o l v i n g  diastereomeric 

analogs (5), and 4) the  r e l a t i o n  o f  d i f fe rences  i n  con f igu ra t i on  

t o  changes i n  conformation ( 3 ) .  

h igh  performance l i q u i d  chromatography t o  the separat ion o f  

diastereomeric peptides has been reported i n  a number o f  instances 

i nvo l v ing  a v a r i e t y  o f  both l i n e a r  and c y c l i c  pept ides (4-7). 

Neurohypophyseal hormone analogs i n  which D-amino acids are 

introduced i n  an otherwise a l l  L sequence have i n  most cases been 

shown t o  be more l i p o p h i l i c  and thus more r e t e n t i v e  on reversed 

phase columns (4,5,7). However, some repor ts  o f  e a r l i e r  e l u t i n g  

D-amino acid-containing analogs have appeared f u r t h e r  suggesting 

the  u n p r e d i c t a b i l i t y  o f  conformational changes as a r e s u l t  o f  a 

p a r t i c u l a r  subs t i t u t i on  ( 3 ) .  The appl icat l ’on o f  RP-HPLC t o  the  

separat ion o f  a diastereomeric mixture o f  syn the t ic  c y c l i c  

pept ides has a l so  been reported such as i n  the  case o f  the  

enkephal i n r e t r o  inverso analog, H-Tyr-cyclo[D-A2bu-Gly-g 

Phe-mLeu1 ( o r  t he  Phe$CNHCOlLeul c y c l i c  enkephalin analog) (13) .  

Backbone mod i f ied  pept ides have praven usefu l  i n  s t ruc tu re  

The a p p l i c a t i o n  o f  reverse phase 

a c t i v i t y  and conformation s tud ies  (10). 

f unc t i on  studies have been reported f o r  such amide bond 

Enkephalin s t r u c t u r e  
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ENKEPHALIN PSEUDOPEPTIDES 905 

s u b s t i t u t i o n s  as $[CH2NHl, $[CH=CHl, [COCH2], $[NHCOI, and 

$[CH2SI (10). Our e f f o r t s  have concen t ra ted  on i n c o r p o r a t i o n  o f  

$[CH2Sl as an amide bond surrogate.  Pep t ide  analogs i n  which an 

amide bond i s  rep laced  by ano the r  group o r  f u n c t i o n a l i t y  a r e  

r e f e r r e d  t o  as pseudopeptides ( 8 a ) .  

l i n e a r  enkepha l i n  pseudopeptide analogs i n c l u d e d  i n  t h i s  s tudy  i s  

shown i n  F i g .  1. An i n t e r e s t i n g  consequence o f  i n c o r p o r a t i n g  a 

th iomethy lene  e t h e r  l i nkage ,  -CH2S-, as an amide bond s u b s t i t u t i o n  

i s  t h e  p o t e n t i a l  convers ion o f  t h i s  group t o  i t s  s u l f o x i d e  

d iastereomers t o  y i e l d  t h e  new amide bond s u b s t i t u t i o n ,  $[CH2SOl. 

Due t o  t h e  genera t i on  o f  a new a c h i r a l  c e n t e r  a t  s u l f u r  and t h e  

n o n - s t e r e o s e l e c t i v i t y  o f  t h e  o x i d a t i o n ,  e q u i v a l e n t  f o r m a t i o n  o f  

t h e  R and S isomers o f  t h e  s u l f o x i d e s  occurs. These 

d ias te reomer i c  s u l  f o x i d e s  a re  u s u a l l y  separable on RP-HPLC 

( F i g .  2 ) .  

The s t r u c t u r e  o f  one o f  t h e  

The s tudy r e p o r t e d  here demonstrates t h e  a p p l i c a t i o n  o f  

r e v e r s e  phase HPLC f o r  f i r s t  e s t a b l i s h i n g  t h e  s y n t h e t i c  o r i g i n  and 

subsequent ly  f o r  t h e  de te rm ina t ion  o f  t h e  l i n e a r  and c y c l i c  

d iastereomers o f  two enkephal i n  pseudopeptide analogs 

T y r- D - A 1 a - G 1 y - P h e$ C C H 2 S 3 Leu and Ty r- c y c 1 o [ D - L y s- G1 y - P he$ C C H 2 S I Leu I 

t h e  f i n a l  reve rse  phase p u r i f i c a t i o n  y i e l d e d  two isomers ( F i g .  2 ) .  

I n  each case i d e n t i c a l  mo lecu la r  we igh ts  were e s t a b l i s h e d  by FAB 

mass spect rometry .  

as p robab ly  a r i s i n g  f rom one o f  t h e  f o l l o w i n g  r e a c t i o n s :  

1) e p i m e r i z a t i o n  o r  rearrangement d u r i n g  s y n t h e s i s  o f  t h e  

p r e c u r s o r  pseudodi p e p t i  de Boc-Pheq~[CHpSlLeu; 2 1 ep imer i  z a t i  on 

T h i s  anomalous i somer i c  phenomenon was v iewed  
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F i g .  1. Structure of  [D-Ala2,Phel[CH2S]Leu]-enkephal i n .  
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Fig .  2.  Gradient e l u t i o n  o f  c y c l i c  enkephalin pseudopeptide 
isomers and t h e  oxidized sulfoxide products. Solvent: methanol 
and 0.41 M ammonium acetate,  pH 4.1; MeOH gradient  60-80%, 20 min (2 
ml/min); column used: DuPont Zorbax C-18 a n a l y t i c a l .  
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ENKEPHALIN PSEUDOPEPTIDES 907 

dur ing s o l i d  phase synthesis coupl ing react ions;  3 )  rearrangement 

dur ing s o l i d  phase synthesis due t o  employment o f  a c i d i c  and bas ic  

deprotect ion reagents; o r  4 )  ep imer iza t ion  o r  rearrangement dur ing  

hydrogen f l u o r i d e  cleavage o f  the  pept ide from M e r r i f i e l d  res in .  

MATERIALS AND METHODS 

Apparatus and Reagents - 
Chromatographic separations were c a r r i e d  o u t  on a Dupont 

Model 850 L i q u i d  Chromatographic System w i t h  a continuous 

wavelength detector (200-600 nm) and a Glenco Model CR-10-2 cha r t  

recorder.  A Zorbax C-18 column (6.2 mn x 25 cm) was employed f o r  

both ana ly t i ca l  and semipreparative separations. F i she r  brand 

HPLC grade methanol was used. 

F ischer  HPLC grade ammonium acetate was employed. 

Water was deionized and d i s t i l l e d .  

Experimental Preparat ion - o f  Pseudopepti des and Pseudodipeptides 

The 1 i nea r  and c y c l i c  enkephalin pseudopeptides were prepared 

a t  the  Un ivers i ty  o f  L o u i s v i l l e  by both s o l i d  and s o l u t i o n  phase 

pept ide  syn the t ic  methods developed i n  our labora tory  and 

described elsewhere (10,121. The pseudodipeptide diastereomers 

Boc-Phe$1[CH2SlLeu and Boc-Phe$[CH2SID-Leu were prepared by 

reac t i on  i n  DMSO o f  ( S)-C2-tert-butyl oxycarbonyl-1-ami no-3- 

phenyl-propanyl-p-toluenesulfonate w i t h  the  disodium s a l t  o f  (R) 

or (S)-2-mercapto-4-methyl pentanoic ac id  and subjected t o  

conventional work-up and p u r i f i c a t i o n  techniques as described 

e l  sewhere (8a). 
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908 EDWARDS AND SPATOLA 

Oxidat ion o f  Thiomethylene Ether Containing Pseudopeptides 2 
Diastereomeric Sul foxides 

- - 

An approximate 2 m l  so lu t i on  o f  the  pseudodipeptide (1-5 mg) 

o r  pseudopeptide enkephal i n  was prepared i n  t h e  appropr iate HPLC 

e luant  solvants. To t h i s  sample s o l u t i o n  was added 0.1 m l  o f  a 5% 

s o l u t i o n  o f  hydrogen peroxide i n  50% aqueous 0.4 M ammonium 

acetate/methanol so lu t ion .  The sample was al lowed t o  stand a t  O°C 

f o r  10 minutes whereupon t y p i c a l l y  a 1 m l  i n j e c t i o n  onto a 

reversed phase column (Zorbax C-18) was made. Oxidat ion t o  the  

diastereomeric sul foxides, as monitored on HPLC, i s  usua l l y  

s ignaled by the appearance o f  two c lose ly  e l u t i n g  peaks having 

r e t e n t i o n  times considerably e a r l i e r  than the  -CH2S-contai n i  ng 

pseudopeptide (F ig .  2 and F i g  3 ,  par t s  b and c ) .  The peaks 

associated w i t h  the  d i  astereomeri c sul f o x i  des increased w i t h  t ime 

i n  succeeding i n jec t i ons ,  and have been prev ious ly  charac ter ized  

i n  other backbone subs t i t u ted  -CH2S-containing pept ides (12). 

Attachment - o f  Pseudodipeptides - t o  Chloromethylated Polystyrene 

Resin Followed by HF Cleavage 

The pseudodipeptide diastereomers o f  Boc-Phe$CCH2SILeu were 

coupled t o  chloromethylated polystyrene r e s i n  using the  G is in  

procedure ( 9 ) .  This  employed an overn igh t  reac t i on  o f  one 

m i l l i m o l e  o f  the pro tec ted  pseudodipeptide cesium s a l t  per one 

m i l l i e q u i v a l e n t  o f  chloromethyl r e s i n  and 9 m l  DMF/gm r e s i n  i n  a 

round bottom f l ask  placed on a shaker and immersed i n  a 

thermostated water bath a t  5OOC. The pro tec ted  pseudodipeptide 
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ENKEPHALIN PSEUDOPEPTIDES 909 

' 254  

20.6 

OXIDATION TO 
. SULFOXIDES 

11.3 

3 

SULFOXIDES OF [S,S] I +[SIR3 

HPLC of Boc-Phe$[CH2S]Leu Isomers and Sulfoxides 

Fig. 3. Gradient e l u t i o n  o f  protected pseudodipeptide isomers and 
the  su l fox ide  d ias te remers .  Solvents: methanol and 0.41 M 
ammonium acetate, pH 4.1; MeOH gradient 60-80%, 25 min ( 2  ml/min) 
A. Elu t i on  o f  [ S , S ]  isomer; B. Oxidat ion o f  [S,R] isomer t o  
sul foxides; C. Coelut ion o f  [ S , S ]  and [S,R] isomers; D. 
Oxidat ion and coe lu t ion  o f  [ S , S ]  and [S,R] isomers; Zorbax C-18 
co l  umn. 
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910 EDWARDS AND SPATOLA 

chloromethyl r e s i n  es te r  (1.5 gm) was d r i e d  and then t rea ted  w i t h  

coba l t  t r i f l u o r i d e - d r i e d  hydrogen f l u o r i d e  i n  the  presence o f  1.5 

m l  an iso le  and 0.5 m l  o f  methyl e thy l  s u l f i d e  f o r  1 hour a t  O O C .  

Fo l  1 owing removal o f  hydrogen f l u o r i d e  under reduced pressure the  

r e s i n  was dried, s t i r r e d  w i t h  e thy l  e the r  (30 m l  x 31,  and 

f i l t e r e d .  The pseudodipeptide was then ex t rac ted  w i t h  an aqueous 

ace t i c  a c i d  so lu t i on  (30%, 40 m l  x 3 ) .  

and lyoph i l i zed .  

methanol and ammonium acetate and analyzed by HPLC (Fig.  4). 

The ex t rac ts  were pooled 

A sample o f  the  pseudodipeptide was d isso lved i n  

Hydrolysis Experiments - f o r  Assignment - o f  Absolute Conf igura t ion  of 
- the Pseudopeptide Enkephalins 

One m i l l i g r a m  each o f  the enkephalin pseudopeptide epimers o f  

Tyr-D-Ala-Gly-Phe$[CH2SILeu and Tyr-cyclo[D-Lys-Gly-Phe$[CH2SlLeul 

were t rea ted  w i t h  a 1 m l  o f  6N HC1 i n  the  presence o f  two drops o f  

mercaptoethanol i n  a vacuum sealed hyd ro l ys i s  v i a l .  The samples 

were hydrolyzed a t  110°C f o r  24 hours and then f i l t e r e d  through a 

s in te red  glass funnel. 

Boc-Phe$CCH2SID-Leu were subjected t o  i d e n t i c a l  cond i t ions  f o r  use 

as standards. The hydrolysates were then l y o p h i l i z e d  from a 30% 

aqueous ace t i c  a c i d  so lu t ion ,  and subsequently analyzed by HPLC 

(F ig .  5) .  

I n  add i t ion ,  Boc-Phe$[CH2SlLeu and 

DISCUSSION 

RP-HPLC was i n i t i a l l y  employed t o  determine a t  which o f  two 

stages i n  the  syntheses o f  the pseudopeptides the  isomeric 
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ENKEPHALIN PSEUDOPEPTIDES 91 1 

COMPARATIVE STUDY OF HF CLEAVED 
PHEYICH2SI Leu Isomers  

CS,Sl 

(m.p., a) 

9.7 

HF cleaved isomer 

0.6 

coelution of tS,Sl 
[SR] with HF product 

b.7 

10.6 

F ig .  4. Grad ien t  e l u t i o n  o f  pseudodipept ide isomers and p roduc ts  
f o l l o w i n g  M e r r i f i e l d  r e s i n  HF cleavage. So lven t :  methanol and 
0.41 M ammonium ace ta te ,  pH 4.1; MeOH g r a d i e n t  70-80%; 20 m in  (1 
ml /min)  A. E l u t i o n  o f  [ S , S ]  isomer, 
C. Products  o f  HF r e s i n  cleavage; D. C o e l u t i o n  o f  [ S , S ]  and 
[S,R] isomer w i t h  HF product. 

E l u t i o n  o f  [S ,R]  isomer; 6. 

Zorbax C-18 column. 
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HPLC A s s i g n m e n t  o f  C o n f i g u r a t i o n a l  I s o m e r s  o f  
P s e u d  

A25( 

A 

A 256 

3 e p t i d e  E n k e  

80mer I I  
.8 

h 

[R] Iaomer 

4.4 

h a l i n s  F o l l o w i n a  H y d r o l y s i s  

B 

Isomer I 

i 

[S] h o m e r  
P h e 9  [CHzS] Leu 

Coelution of Isomer I and 
Isomer II with r t o n d a r d  

Coelution of Isomer I and 
Isomer II w i t h  hydrolysis standards 

F ig .  5.  
pseudodipeptide standards: 0.41 M ammonium aceta te ,  pH 4.1; MeOH 
grad ient ,  70-80%; 20 min (1 ml/min).  A. E l u t i o n  o f  [S,R] isomer 
fo l lowing  hydrolysis;  B. E l u t i o n  o f  [S,S] isomer; C. Coe lu t ion  
o f  [S,S]  and [S,R] isomers w i t h  standards; D. Coe lu t ion  o f  [ S , S ]  
and [S,R] isomers w i t h  hydro lys is  standards; Zorbax C-18 column. 

Gradient e l u t i o n  o f  pseudopeptide hydro lys is  products and 
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ENKEPHALIN PSEUDOPEPTIDES 913 

species arose. 

ep imer iza t ion  o r  rearrangement was c a r r i e d  o u t  by f i r s t  examining 

the  precursor reac t i on  products from the synthesis o f  

Boc-Phe$[CHpS]Leu. The s o l i d  phase reac t ions  i nvo l v ing  coup l ing  

o f  Boc-Phe$[CH2S]Leu t o  M e r r i f i e l d  r e s i n  were then s tud ied  us ing  

both ana ly t i ca l  and semipreparative RP-HPLC. 

Inves t i ga t i on  o f  the o r i g i n  o f  the  assumed 

To determine whether epimerizat ion o f  Boc-Pheq~[CHpSlLeu had 

occurred dur ing the synthesis o f  the pro tec ted  pseudodipeptide, 

the  [S,R1 isomer was synthesized and compared i n  ox ida t i on  and 

coe lu t i on  experiments w i th  the o r i g i n a l  [S,Sl  isomer employed i n  

the  preparat ion of Tyr-D-Ala-Gly-Phe$[CH~SlLeu and Tyr-cyclo[D- 

Lys-Gly-Phe$[CH2SlLeu]. The stereochemical i n t e g r i t y  was 

inves t i ga ted  by comparing the  [S,R l  diastereomer and i t s  su l fox ide  

diastereomers w i t h  the [ S , S l  isomer. 

The r e s u l t s  shown i n  Fig. 3 demonstrate t h a t  no ep imer iza t ion  

occurred dur ing the  synthesis o f  B-mercapto-leucine from L-1 euci  ne 

and i t s  subsequent conversion t o  the  pseudodipeptide. P a r t  A 

shows the chromatogram o f  Boc-Phe$[CH2SlLeu ( t h e  [S ,S l  isomer) 

w i t h  a c h a r a c t e r i s t i c  r e t e n t i o n  t ime o f  20.6 min. Th is  compound 

was then p a r t i a l l y  ox id ized  w i t h  H202 t o  g i ve  the  p a i r  o f  

d iastereomeric sul foxides w i t h  re ten t i on  t imes o f  10.7 and 11.3 

min as seen i n  p a r t  B. 

Boc-Phe$CCH2SlL-Leu a f te r  i t  was spiked w i t h  Boc-Phe$[CHpSID-Leu 

( t h e  [S,R l  isomers). These were both then ox id ized  and 

co-chromatographed g i v ing  two p a i r s  o f  d iastereomeric su l fox ides  

as shown i n  Par t  D. 

I n  p a r t  C i s  shown the  chromatogram o f  the 
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914 EDWARDS AND SPATOLA 

The basel ine separation o f  the S,S and S,R pseudodipeptides 

shown here confirms the stereochemistry o f  the s t a r t i n g  mater ia ls.  

Th is  experiment a l so  excludes poss ib le  ep imer iza t ion  o f  the  [S,Sl  

isomer dur ing synthesis t o  the  [R ,S l  diastereomer, s ince the  

l a t t e r  would have an enantiomeric r e l a t i o n s h i p  w i t h  the  [S,R] 

compound, and thus must a l so  e l u t e  a t  20.6 min. 

Having confirmed t h a t  no ep imer iza t ion  had occurred dur ing  

the  synthesis o f  the precursor Boc-Phe$[CH2SILeu, we decided t o  

examine i n  a s i m i l a r  manner the  coupl ing reac t i on  o f  the  

pseudodipeptide t o  the  M e r r i f i e l d  r e s i n  t h a t  precedes s o l i d  phase 

synthesis. The anchoring reac t i on  o f  Boc-Phe$[CH2SILeu w i t h  the  

r e s i n  was studied f o r  poss ib le  ep imer iza t ion  by comparing the  

products o f  a pseudodipeptide-resin cleavage r e s i n  versus 

deprotected samples o f  Phe$[CHpSILeu and Phe$[CHpSID-Leu. Thus, a 

sample o f  Boc-Phe$[CH2S]Leu was coup1 ed t o  Mer r i  f i e l  d r e s i n  using 

the G is in  procedure which employs format ion o f  the cesium s a l t  o f  

lowed by r e s i n  e s t e r i f i c a t i o n  a t  5OoC the  pseudopeptide f o  

overnight.  

The r e s i n  bound pseudodipeptide was then subjected t o  

HF cleavage condi t ions fo l lowed by ana lys is  on reverse phase HPLC. 

As seen i n  Fig.  4, the Phe$[CH2S]D-Leu and Phe$[CH2SID-Leu 

con t ro l s  ( p a r t s  A and B) showed i d e n t i c a l  r e t e n t i o n  t imes w i t h  the  

products o f  the HF cleaved pseudodipeptide ( p a r t  C). Co-elut ion 

o f  the [S,S] and [S,R] isomers w i t h  the HF cleaved isomer was 

observed ( p a r t  D). 

[ S , R l  isomers from the HF cleaved products y i e l d e d  products w i t h  

F i n a l l y  semi-preparative HPLC o f  t he  [S,S] and 
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ENKEPHALIN PSEUDOPEPTIDES 915 

TABLE I. Physical Constants o f  HF-Cleaved and Standard 
Phe$CCH2SlLeu Isomers 

Isomers o f  [a!; 
Phe$CCH2S]Leu HI- m.p. H t  

(ace ta te  s a l t s )  cleaved standards standards cleaved 

CS,SI 85-86.5"C 87-89OC -4.26 -4.8 
(c=E,MeOH) (c=2,MeOH) 

[S ,R l  195-197OC 196-198OC t46.7 t44.5 
(c=4,MeOH) (c=4,MeOH) 

near ly  i d e n t i c a l  me l t ing  po in ts  and o p t i c a l  r o t a t i o n s  w i t h  the  

known CS,Sl and [S,Rl isomers (Table 1).  The CS,Rl isomer 

demonstrated the  property o f  c r y s t a l l i z i n g  i n  the  e luan t  s o l u t i o n  

fo l l ow ing  separation. 

The above experiments p r w  ided  convincing ev idence t h a t  

ep imer iza t ion  had i n  f a c t  occurred dur ing the  resin-attachment 

reac t ion ,  b u t  d i d  no t  i nd i ca te  which enkephalin isomer 

corresponded t o  which leuc ine  s ide  chain o r i en ta t i on .  A 

r e l a t i v e l y  unambiguous assignment o f  con f i gu ra t i on  a t  t h e  a-carbon 

o f  the leuc ine  moiety i n  Phe$[CH2S]Leu pseudodipeptide isomers was 

poss ib le  by v i r t u e  o f  the prev ious ly  es tab l i shed res is tance o f  the  

thiomethylene e the r  1 inkage t o  normal pept ide hyd ro l ys i s  

cond i t ions  (6N HC1; l l O ° C  f o r  24 hours). As  seen i n  F ig .  5, 

examination o f  hydro lys is  samples o f  each pept ide  isomer under 

reverse phase cond i t ions  revealed two i d e n t i f i a b l e  peaks which 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
0
2
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



916 EDWARDS AND SPATOLA 

co-eluted w i th  Pheq~CCH2SlLeu and Phe$CCH2SlD-Leu i n  the  case o f  

each peptide isomer. The Pheq~CCH2SlLeu "5 ,S l  isomer e lu tes  a t  4.4 

min ( p a r t  B) whereas the [S,R l  isomers e l u t e  a t  4.8 min ( p a r t  A ) .  

As  seen i n  p a r t  C Fig. 5, the [S,Sl  and [S,R] isomers o f  

Pheq~CCH2SlLeu coelute w i t h  hydrolyzed samples o f  the  l i n e a r  and 

c y c l i c  pseudopeptides. The re ten t i on  t imes o f  these samples were 

i d e n t i c a l  w i t h  samples o f  Phe$[CH2SlLeu and Phe$CCH2SlD-Leu ( p a r t  

0 )  subjected t o  the  same hydro lys is  condi t ion.  

The above r e s u l t s  o u t l i n e  an app l i ca t i on  o f  RP-HPLC f o r  the  

i s o l a t i o n  and i n v e s t i g a t i v e  i d e n t i f i c a t i o n  o f  c y c l i c  and l i n e a r  

backbone modif ied syn the t ic  pept ide epimers. 

and c y c l i c  pept ide isomers were found t o  a r i s e  from a common 

syn the t ic  o r i g i n .  The RP-HPLC coe lu t ion  i s o l a t i o n ,  and 

i d e n t i f i c a t i o n  o f  the [S,RI and CS,Sl isomers o f  Phe$[CH2SILeu 

fo l l ow ing  the  anchoring o f  the pro tec ted  pseudodipeptide 

aoc-Pheg~[CH2SILeu t o  the M e r r i f i e l d  res in ,  and the  absence o f  

evidence f o r  epimerizat ion dur ing r e s i n  HF cleavage suggest t h a t  

epimerizat ion occurs dur ing the anchoring o f  the  pro tec ted  

pseudodipeptide t o  the  res in .  

has been observed w i t h  o ther  syn the t ic  pseudodipeptides, i t  

appears t h a t  t h i s  reac t ion  i s  a consequence o f  having a c h i r a l  

carbon adjacent t o  both a s u l f u r  atom and a benzyl es te r  l inkage. 

Previous syntheses o f  thiomethylene conta in ing  pseudopeptides 

incorporated the pseudodipeptide i n  o ther  po r t i ons  o f  the  sequence 

o r  had an ach i ra l  g l yc ine  a t  the  C-terminus. The s o l i d  phase 

synthesis o f  4-5 amide bond mod i f ied  enkephalin analogs described 

Both p a i r s  o f  l i n e a r  

Since no evidence o f  ep imer iza t ion  
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918 EDWARDS AND SPATOLA 

i n  t h i s  study necessi tated anchoring o f  the pseudodipeptide 

d i r e c t l y  t o  the resin.  Since cesium coupl ing o f  a p ro tec ted  amino 

a c i d  has no t  been observed t o  induce racemization, i t  i s  assumed 

t h a t  epimerizat ion o f  the pseudodipeptide occurs as a r e s u l t  o f  

the l a b i  1 i t y  o f  the  a-carbon hydrogen o f  the pseudo-1 euci  ne 

moiety. The s t ruc tu re  o f  the pro tec ted  pseudodipeptide r e s i n  

(Fig.  6) ind ica tes  the proposed s i t e  o f  epimerizat ion.  
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2. 

3. 

4. 

5. 
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