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ORGANIC PREPARATIONS AND PROCEDURES INT. 14(6), 381-392 (1982) 

SYNTHESIS OF PSEUDOPEPTIDES 

Nancy Acton"  and A k i r a  Komor iya 

L a b o r a t o r y  o f  Chemoprevent ion 
N a t i o n a l  I n s t i t u t e s  o f  Hea 

V a r i a t i o n  o f  one o r  two amino ac 

N a t i o n a l  Cancer I n s t i t u t e  
t h ,  Bethesda,  MD 20205 

ds w i t h i n  a p o l y p e p t i d e  c h a i n  f r e -  

q u e n t l y  l e a d s  t o  s i g n i f i c a n t l y  d i f f e r e n t  b i o l o g i c a l  p r o p e r t i e s  f o r  t h a t  

p o l y p e p t i d e . '  

w i t h  r e s i d u e s  o f  d i f f e r i n g  h y d r o p h o b i c i t y ,  s u b s t i t u t i o n  o f  D f o r  L-amino 

a c i d s ,  and s u b s t i t u t i o n  o f  p o s i t i o n s  i n  t h e  n a t i v e  m o l e c u l e  w h i c h  m i g h t  be 

expec ted  t o  undergo p r o t e o l y s i s  w i t h  r e s i d u e s  t h a t  a r e  r e s i s t a n t  t o  such 

c leavage .  A s e t  o f  p e p t i d e  ana logs ,  " p e p t i d e - g a p  i n h i b i t o r s "  o r  "pseudo-  

p e p t i d e s " ,  i n  w h i c h  t h e  p e p t i d e  arnide bond has been r e p l a c e d  w i t h  a t h i o -  

e t h e r  1 i nkage ,  was r e c e n t l y  i n t r o d u c e d  by  Yankeelov and coworke rs2  who 

d e s c r i b e d  t h e  p r e p a r a t i o n  o f  some o f  t h e s e  t h i o e t h e r s  and o u t l i n e d  g e n e r a l  

p rocedures  f o r  p r e p a r i n g  o t h e r s .  However, f ew  e x p e r i m e n t a l  d e t a i l s  appear  

i n  t h e  l i t e r a t u r e .  

The changes w h i c h  have been i n t r o d u c e d  i n c l u d e  r e p l a c e m e n t  

BrCH2C02H + HSCH,CH2NHi HC1 + NaHC03 H2NCH2CH2SCH2C02H (=G ly -Y -G ly )  

BocNHCHRCH20H + TsCl pyridine rn BocNHCHRCH20Ts 

H2NCHRC02H - NaN02, KBr w BrCHRC02H 

BrCHRC02H + Na2,;S3 - HSCHRC02H 

H2S04 

BocNHCHRCH20Ts + HSCHP,C02H BocNHCHRCH2SCHRC02H 
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ACTON AND KOMORIYA 

Th is  paper descr ibes  t h e  syn thes i s  and c h a r a c t e r i z a t i o n  o f  some pseudo- 

pep t ides  which a r e  expected t o  be hydrophobic,  namely Gly-'Y-Gly, (S,R)- and 

(S,S)-Phe-Y-Phe, _ _  and (S,R)- and (S,S)-Ala-Y-Ala. The stereochemical  i n -  

t e g r i t y  o f  these pseudopeptides was n o t  e s t a b l i s h e d  i n  t h e  present  work. 

One o f  these analogs, (S,S)-Phe-Y'-Phe, has been e labo ra ted  y& i t s  p - n i t r o -  

phenyl e s t e r  i n t o  a p e p t i d e  r e l a t e d  t o  t h e  C- te rmina l  pentapept ide  o f  

Epidermal Growth Fac to r  (EGF). F u r t h e r  i n c o r p o r a t i o n  o f  t h i s  pseudopenta- 

pep t ide  i n t o  a l a r g e r  f ragment o f  t h e  EGF molecu le  i s  now be ing  undertaken 

and w i l l  be repo r ted  a t  a l a t e r  t ime .  The scheme above summarizes t h e  

Yankeelov r e a c t i o n s  t h a t  were used f o r  t h e  pseudopeptide syntheses. 

EXPERIMENTAL 

' H  NMR spec t ra  were determined by us ing  a Var ian  HR 220 spectrometer w i t h  
(CH ) S i  as i n t e r n a l  s tandard  un less  o the rw ise  i n d i c a t e d .  I R  spec t ra  were 
meagujed by us ing  a P e r k i n  Elmer 727 B o r  a Beckmann 4220 spectophotometer 
and UV spec t ra  by u s i n g  a Carey Model 17 spectrophotometer.  O p t i c a l  r o t -  
a t i o n s  were determined by us ing  a P e r k i n  Elmer 141 p o l a r i m e t e r .  M e l t i n g  
p o i n t s ,  measured on a Thomas-Hoover c a p i l l a r y  m e l t i n g  p o i n t  apparatus,  a r e  
uncor rec ted .  Elemental analyses were performed by  t h e  M i c r o a n a l y t i c a l  Lab 
o r a t o r y  o f  NIADDK, Na t iona l  I n s t i t u t e s  o f  Hea l th .  

G lycy l -Y-gy1c ine . -  Aqueous sodium b i ca rbona te  (0.5 M y  530 mL) was purged 

w i t h  argon f o r  severa l  minutes.  

2-mercaptoethylamine h y d r o c h l o r i d e  (9 .2  g, 81 mmol) were added. 

purge was cont inued f o r  1 h r ,  and t h e  f l a s k  t h e n  s toppered and l e f t  a t  room 

temperature f o r  3 days. The s o l u t i o n  was a c i d i f i e d  w i t h  6 N HC1, then  

washed t w i c e  w i t h  e t h e r .  The aqueous l a y e r  was ad jus ted  t o  pH 7 w i t h  2 N 

NaOH, d i l u t e d  t o  2 L, and desa l ted  on B i o  Rad AG 2-X 8 r e s i n  (37 x 5 cm), 

t h e  p roduc t  f i n a l l y  e l u t e d  w i t h  1 N a c e t i c  a c i d .  The e l u e n t  was s t r i p p e d ,  

and t h e  r e s i d u e  taken up i n  50 mL e thano l .  C r y s t a l l i n e  m a t e r i a l  wh ich  de- 

p o s i t e d  on s tand ing  was c o l l e c t e d  and washed w i t h  e thano l ,  then w i t h  e t h e r  

t o  y i e l d  1.8 g (50 %)  o f  pseudopeptide, mp. 165-166'. 

Bromoacetic a c i d  (3.75 g, 27 mmol) and 

The argon 
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SYNTHESIS O F  PSEUDOPEPTIDES 

Anal. Calcd for C4HgN02S: C ,  35.55; H ,  6.71; N ,  10.37; S ,  23.69 

Found: C ,  35.49; H ,  6.73; N ,  10.20; S ,  23.78 

' H  nmr (D20, DSS) :  6 2.89 ( t ,  J = 6 .5  Hz, 2 H ) ,  3.22 ( t ,  J = 6.5 Hz, 2H), 

3.26 ( s ,  2H). 

S , R- (+) -Phenyl a 1 any1 -$- phenyl a 1 an i ne . 
S(-)-t-Butoxycarbonyl phenylalanol . - S(-)-2-Amino-3-phenyl-l -propano1 (3.02 

g ,  20 m o l ) ,  t r i e thy lamine  (4.2 m L ,  30 mmol), and BOC-ON (2-(t-butoxycarbon- - 

yloxyimino)-2-phenylacetonitrile, 5 . 4  g ,  22 mmol , Aldrich)  i n  12.5 mL d i -  

oxane and 12.5 mL water was s t i r r e d  a t  room temperature f o r  5 hr. 

yellow mixture was d i l u t e d  w i t h  water and ethyl  a c e t a t e ,  and the aqueous 

l a y e r  then e x t r a c t e d  3 times with e thy l  a c e t a t e .  The combined organic  ex- 

t r a c t  was washed w i t h  brine ( 3  t i m e s ) ,  d r i ed  (Na2S04), f i l t e r e d ,  and evap- 

o ra t ed .  The r e s u l t i n g  o i l  c r y s t a l l i z e d  from ether-petroleum ether t o  y i e l d  

4.3 g (85 % )  of product,  mp. 94-95'; [a] i5  -28.; (c  = 1 ,  MeOtl). ' H  nmr 

(CDC13): 6 1 .40 ( s ,  9H, t - B u ) ,  2.82 ( d ,  J = 7 Hz, 2H, CH20), 3.38 ( b r  s ,  

lH, O H ) ,  3.53 ( d  of d ,  J = 11.5 Hz, J '  = 5 Hz, lH, b e n z y l i c ) ,  3.64 (d o f  d ,  

J = 11.5 Hz, J '  = 4.5 Hz, lH, b e n z y l i c ) ,  3.85 ( m y  lH, a-CH), 4.92 ( m y  lH, 

N - H ) ,  7.24 ( m ,  5H, a romat i c ) .  IR ( C H C 1 3 ) :  3425 ( O H , N H ) ;  1695 ( C = O )  cm-l. 

S- (-)-t-Butoxycarbonyl phenylalanyl Tosylate .  - S (  -)-t-Butoxycarbonyl phenyl- 

a lanol  (10.2 g ,  40.6 mmol) and f r e s h l y  r e c r y s t a l l i z e d  to sy l  ch lo r ide  (15.5 

g ,  81 mmol) dissolved i n  150 mL d ry  pyridine was l e t  s tand a t  4' f o r  4 days.  

The mixture was poured i n t o  i c e  and water ,  s t irred u n t i l  the product c r y s t -  

a l l i z e d ,  then c o l l e c t e d ,  washed w i t h  water and dried i n  a vacuum d e s i c c a t o r  

t o  y i e l d  14.5 g o f  crude product which was r e c r y s t a l l i z e d  from e the r -pe t -  

roleum e t h e r  a f fo rd ing  1 2  g (73 %) of t o s y l a t e  which melted over a v a r i a b l e  

range w i t h  decomposition; [a ] i5  -24.2 ( c  = 1 . 1 ,  MeOH). ' H  nmr ( C D C 1 3 ) :  6 

1.39 ( s ,  9H, t - B u ) ,  2.45 ( s ,  3H, C H 3 ) ,  2.80 ( m y  2H, b e n z y l i c ) ,  3.98 ( m ,  3H, 

CH20 and a-CH), 4.77 ( b r  d ,  J = 8 Hz, lH, N H ) ,  7.07 ( m y  2H,  a romat i c ) ,  7.20 

IR (KBr): 1636, 1612, 1568, 1468, 1389, 1372 cm-'. 

The 

0 
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ACTON AND KOMORIYA 

( m y  3H, a romat i c ) ,  7 .34 ( d ,  J = 8 . 5  Hz, 2H, t o s y l ) ,  7 . 7 7  ( d ,  J = 8 . 5  Hz, 2 

H, t o s y l ) .  

S(-)-2-Bromo-l-phenylpropanoic a c i d . -  Potassium bromide (40.2 g ,  0.34 mol) 

was dissolved i n  200 mL of 2.5 N H2S04 i n  a 500 m L  round bottom f l a s k  

equipped with magnetic s t i r re r  and thermometer. L-Phenylalanine (16.5 g ,  

0 .1  mol) was added, and the s o l u t i o n  cooled t o  2-4'. So l id  sodium n i t r i t e  

(10.5 g ,  0.15 mol) was added i n  po r t ions  d u r i n g  30 min. Af t e r  s t i r r i n g  an 

add i t iona l  50 m i n  a t  2-4' and 1 hr a t  ambient temperature ,  the product was 

ex t r ac t ed  i n t o  ether ( 3  t imes ) ,  the e t h e r  e x t r a c t  washed with water  (once ) ,  

then brine (once) .  I t  was d r i ed  (Na2S04), f i l t e r e d ,  and evaporated leaving 

a l i g h t  yellow o i l .  This was taken u p  i n  ether, d i l u t e d  t o  t h e  cloud po in t  

with petroleum e t h e r ,  and l e t  s t and  overnight  a t  4' . Colo r l e s s  needles  of 

2-hydroxy-l-phenylpropanoic a c i d  (1.89 g ,  11 %) were c o l l e c t e d  and washed 

w i t h  petroleum ether; mp.  122-125'; [ a ] i 5  -19.3' ( c  = 1 ,  IleOH), -29.5' ( c  

= 1 . 3 ,  ace tone ) ;  l i t  mp.  125-126 , [a], -28.1' ( c  = 1.13,  ace tone ) .  The 

f i l t r a t e  was evaporated and the r e s idue  d i s t i l l e d  bulb-to-bulb a t  0 .6  mm,  

oven temperature = 160', t o  give 16.5 g of d i s t i l l e d  bromide (72 % ) ;  [a], 

-10.0' ( c  = 1 ,  14eOH). 

Hz, lH, benzy l i c ) ,  3.43 ( d  of d ,  J = 14 Hz, J '  = 8 Hz, lH, benzy l i c ) ,  4.39 

(GJ. t ,  J = 7 . 5  Hz, lH, a-CH), 7.25 ( m y  5H, a romat i c ) ,  11.4 (br s ,  lH, 

C O O H ) .  IR ( n e a t ) :  1720 (C=O). 

R( -)-2-Hercapto-1 -phenyl propanoi c a c i d .  - S (  -)-2-Bromo-1 -phenyl propanoic 

acid (13.5 g ,  59 mmol) d i s so lved  i n  7 mL dioxane was added by dropper t o  a 

mechanically s t i r r e d  33 % aqueous s o l u t i o n  of sodium thiocarbonate4 (30 g 

of s o l u t i o n ,  E. 65 mmol) a t  room temperature.  

ium thiocarbonate  s o l u t i o n  was added and s t i r r ing continued f o r  20 m i n  a t  

ambient temperature,  then a t  60' f o r  1 hr. Water (100 m L )  was added, and 

the aqueous s o l u t i o n  washed with ether, then a c i d i f i e d  w i t h  2 N H2S04. 

IR ( C H C 1 3 ) :  3425 (NH), 1705 ( C = O )  cm-'. 

3 0 

25 

' H  nmr ( C D C 1 3 ) :  6 3.20 ( d  of d ,  J = 14 Hz, J '  = 7 

An a d d i t i o n a l  1 2  g of sod- 
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SYNTHESIS OF PSEUDOPEPTIDES 

The p r o d u c t  was e x t r a c t e d  i n t o  e t h e r  ( 3  t i m e s ) ,  t h e  e x t r a c t  d r i e d  (Na2S04), 

f i l t e r e d ,  evapora ted ,  and d i s t i l l e d  t o  y i e l d  5.82 g ( 5 4  % )  o f  t h i o l ,  bp .  

134-144' ( 0 . 4  mm), [a ] : ! '  -7.84' ( c  = 1, MeOH). 

J = 9 Hz, l H ,  SH) ,  2.98 (d  o f  d, J = 14  Hz, J '  = 7 Hz, b e n z y l i c ) ,  3.23 ( d  

o f  d, J = 1 4  Hz, J '  = 8 Hz, l H ,  b e n z y l i c ) ,  3 .59 (s. q u a r t e t ,  J = 9 Hz, l H ,  

a-CH), 7 .25  ( m y  5H, a r o m a t i c ) ,  11.5 ( b r  s ,  l H ,  COOH). 1R ( n e a t ) :  1710 (C=O) 

cm- l .  

' H  nmr (CDC13): 6 2.25 ( d ,  

S,R- t -Butoxycarbonylphenyla lanyl -~-phenyla lan ine . -  Sodium e t h o x i d e  was p r e -  

p a r e d  b y  d i s s o l v i n g  sodium m e t a l  ( 1 3 0  mg, 5.6 mg-atom) i n  3 inL a b s o l u t e  

e t h a n o l .  R(-)-2-Mercapto-l-phenylpropanoic a c i d  (368 mg, 2.0 mrnol) i n  5 mL 

a b s o l u t e  e t h a n o l  was added. The s o l u t i o n  was warmed t o  60' under  a rgon ,  

and S (  - ) - t -  - b u t o x y c a r b o n y l  p h e n y l a l a n y l  t o s y l a t e  (81 0 mg , 2 .0  mmol ) d i s s o l v e d  

i n  20 mL abs .  e t h a n o l  and 20 mL d r y  THF was added b y  s y r i n g e  pump d u r i n g  2 

h r .  

t h e  r e s i d u e  t a k e n  up  i n  15 mL w a t e r .  

e t h e r  ( 3  t i m e s ) ,  a c i d i f . i e d  w i t h  2 N H2S04, and t h e  p r o d u c t  e x t r a c t e d  i n t o  

e t h y l  a c e t a t e  ( 3  t i m e s ) .  A f t e r  d r y i n g  and removal  o f  s o l v e n t ,  870 mg o f  a 

y e l l o w  o i l  was o b t a i n e d .  T h i s  m a t e r i a l  was passed t h r o u g h  s i l i c a  g e l  ( 3 4  x 

3 cm, e t h y l  a c e t a t e )  t o  g i v e  a g r e e n  e l u e n t  ( 8 5 0  mg). HPLC (Waters C-18 LI- 

Bondapak, Pump A = w a t e r  t 0.1 % TFA, Pump B = 9 : l  CH3CN : H20 t 0.1 % TFA, 

50 % B y  1 mL/min, 210 nm) i n d i c a t e d  a m a j o r  p r o d u c t  w i t h  r e t e n t i o n  t i m e  

47.9 m i n  as  w e l l  as s e v e r a l  m i n o r  more p o l a r  i m p u r i t i e s ,  one o f  w h i c h  i s  

s t a r t i n g  t h i o l .  ' H  nmr (CDC13): 6 1.42 (s,  9H, t - B u ) ,  2.65 and 2.79 ( m ' s ,  

4H, CHhs and 2 b e n z y l i c ) ,  2.91 and 3.18 ( d  o f  d ' s ,  J = 1 4  Hz, J '  = 8 Hz, 2 

H, b e n z y l i c ) ,  3 .58  ( m y  lH ,  rne th ine ) ,  4.07 (my l H ,  m e t h i n e ) ,  4 .54  (m, l H ,  

NH), 7.24 ( m y  1 0  H, a r o m a t i c ) ,  11.17 ( b r  s, l H ,  COOH). 

S , R- (t ) - P h e n y l  a 1 any 1 -$- p h e n y l  a 1 an  i n e  . - Crude Boc d e r  i v a t  i v e  ( above ) ( 1 g ) 

was t a k e n  up i n  6 mL rne thy lene  c h l o r i d e ,  and 3 mL TFA added. 

A f t e r  s t i r r i n g  an a d d i t i o n a l  3.5 h r  a t  60°, s o l v e n t  was s t r i p p e d  and 

The aqueous s o l u t i o n  was washed w i t h  

The brown 
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ACTON AND KOMORIYA 

s o l u t i o n  was s t i r r e d  a t  room temperature f o r  1 h r .  So lvents  were then  

s t r i p p e d .  The r e s i d u a l  o i l  was r e d i s s o l v e d  i n  methylene c h l o r i d e ,  t hen  

s t r i pped ,  then d i s s o l v e d  i n  abs. e thano l  and s t r i p p e d .  The m a t e r i a l  was 

s t i r r e d  i n  10 mL o f  0.5 N HC1 w i t h  s l i g h t  warming f o r  30 min.  

was e x t r a c t e d  w i t h  e t h e r  ( 3  t imes )  and t h e  e t h e r  e x t r a c t  d r i e d  (MgS04), 

f i l t e r e d  and s t r i p p e d  l e a v i n g  460 mg of y e l l o w  o i l .  

ad jus ted  t o  pH 7.5 w i t h  1 N NaOH, and t h e  p r e c i p i t a t e d  p roduc t  (234 mg) 

c o l l e c t e d  and washed w i t h  water,  e thano l ,  and e the r .  Treatment o f  t h e  i n i -  

t i a l  e t h e r  e x t r a c t  w i t h  0.5 N HC1 and repeated  work-up ( 2  t imes )  gave an 

a d d i t i o n a l  288 mg o f  p roduc t .  T o t a l  y i e l d ,  522 mg (69 %) .  A sample was 

r e c r y s t a l l i z e d  f rom a m i x t u r e  o f  h o t  water,  e thano l  and acetone, mp. 200' 

(dec . ) ;  [a$ +64.2' ( c  = 1, 1 N HC1). 

Anal .  Calcd f o r  C18H21N02S: C, 68.54; H, 6.71; N, 4.44; S, 10.17 

Found: C, 68.23; H, 6.38; N, 4.19; S, 10.13 

The m i x t u r e  

The aqueous l a y e r  was 

' H  nmr (TFA): 6 3.02 (my 5H), 3.27 ( d  of d, J = 14 Hz, J '  = 6.5 Hz, l H ) ,  

3.59 (my l H ) ,  3.70 (my l H ) ,  6.54 ( b r  s, 3H, NH3), 7.14 - 7.45 (my 10  H, a r -  

omat i c ) .  

225), 264 (381),  258 (537),  250 (537), 245 (503) ,  240 (468) .  

S ,S- ( - ) -Pheny la lany l  -q -pheny la lan ine .  

R(+)-2-Bromo-l-phenylpropanoic a c i d . -  T h i s  enant iomer was prepared f rom D- 

pheny la lan ine  us ing  t h e  procedure desc r ibed  above f o r  t h e  S isomer. 

s t a l l i z a t i o n  a f f o r d e d  a 13.5 % y i e l d  o f  (+)-2-hydroxy-1-phenylpropanoic 

ac id ,  mp. 122-1255', Cal i5  +19.0° ( c  = 1.2, MeOH). D i s t i l l a t i o n  o f  t h e  f i l -  

t r a t e  y i e l d e d  67 % of  t h e  (+) bromide, bp. 126-136' (0 .4  mm); Cali5 +11.2' 

( c  = 1, MeOH). 

S(+)-2-Mercapto-l-phenylpropanoic ac id . -  T h i s  enant iomer was prepared u s i n g  

t h e  same procedure desc r ibed  above f o r  t h e  R ( - )  isomer. 

an 83 % y i e l d  o f  t h i o l ,  bp. 135-145' (0.5 mm); Cali5 t7 .7 '  ( c  = 1, MeOH). 

I R  (KBr ) :  1640, 1560, 1525 cm-l.  (0.1 N HC1): 267 nm ( E  

Cry- 

D i s t i l l a t i o n  gave 
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SYNTHESIS OF PSEUDOPEFTIDES 

S,S-t-Butoxycarbonylphenylalanyl-~-phenylalanine.-  T h i s  diastereomer was 

prepared from S( - ) - t -bu toxycarbony l  phenyl a1 any1 t o s y l  a t e  and S(+)-2-mercap- 

to - l -pheny lp ropano ic  a c i d  i n  a procedure i d e n t i c a l  t o  t h a t  descr ibed above 

f o r  t h e  S,R-diastereomer. 

and was used w i t h o u t  p u r i f i c a t i o n  f o r  f u r t h e r  t rans fo rma t ions .  

S,S-(-)-Phenylalanyl-JI-phenyla1anine.- Crude t-Boc-phenylalanyl-pphenyl- 

a lan ine  (G. 5 g, de r i ved  from 18 mmol each o f  S(-)-t-butoxycarbonylphenyl- 

a l a n y l  t o s y l a t e  and S(+)-2-mercapto-l-phenylpropanoic a c i d )  i n  25 mL o f  

methylene c h l o r i d e  and 6 mL o f  TFA was s t i r r e d  a t  room temperature f o r  2 

h r .  

orded 1.63 g o f  t h e  S,S diastereomer,  mp. 185-186', 

1 N HC1). 

Anal. Calcd f o r  C18H2,N02S: C, 68.54; H, 6.71; N, 4.44; S, 10.17 

Found: C, 68.26; H, 6.18; N, 4.34; S, 10.22 

'H nmr (TFA): 6 3.00 (m, 5H), 3.33 (d  o f  d, J = 14 Hz, J '  = 7 Hz, l H ) ,  3.68 

(m, lH ) ,  3.74 (m, lH ) ,  6.79 ( b r  s, 3H, NH3), 7.10 - 7.52 (m, 10 H, aromat- 

The crude produc t  was cha rac te r i zed  by HPLC o n l y  

Workup s i m i l a r  t o  t h a t  descr ibed above f o r  t he  S,R diastereomer a f f -  

-10.1' ( c  = 1.15, 

i c ) .  

S,R- (+)- t -Butoxycarbonyl  a l a n y l  -+ -a lan ine .  

S-(-)-t-Butoxycarbonylalano1.- D i - t - b u t y l  d icarbonate  (32 g, 0.15 mol )  was 

d i sso l ved  i n  110 mL o f  methylene c h l o r i d e .  

01 (10 g, 0.13 mol )  and t r i e t h y l a m i n e  (20  mL, 0.14 mol)  i n  60 mL methylene 

c h l o r i d e  was added d u r i n g  20 min. The m i x t u r e  was s t i r r e d  o v e r n i g h t  a t  

ambient temperature, then washed w i t h  3 N HC1 ( t w i c e )  and w i t h  water (once).  

A f t e r  d r y i n g  (MgS04), f i l t e r i n g ,  and removing so l ven t ,  t h e  res idue  was taken 

up i n  30 mL o f  e ther ,  f i l t e r e d  th rough C e l i t e ,  and d i l u t e d  t o  400 mL w i t h  

petroleum e the r .  A f t e r  st.anding a t  0' f o r  severa l  hours, t h e  produc t  was 

c o l l e c t e d  and washed w i t h  petroleum e the r :  14.6 g (63 %), mp. 53-56 ; [a], 

-9.5' ( c  = 1.2, MeOH). 'H nmr (CDC13): 6 1.14 (d, J = 6.8 Hz, 3H, CH3),  

1.45 (s ,  9H, t -Bu ) ,  3.52 (m, 3H, CH2 and OH), 3.75 (m, l H ,  a-CH), 4.92 (my 

IR (KBr):  1630, 1570, 1525 cm-'. 

A s o l u t i o n  o f  L-2-amino-propan- 

0 25 
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ACTON AND KOMORIYA 

lH, N H ) .  

S- ( -  ) - t - B u  toxycarbonyl a1 any1 Tosyl a t e .  - This was prepared using the proce- 

dure descr ibed  above f o r  the phenyla lan ine  ana log .  R e c r y s t a l l i z a t i o n  from 

e ther -pe t ro leum ether a f fo rded  a 68 % y i e l d ,  mp. 74-76'; [a$ -35.4' ( c  = 

1 ,  NeOH). ' H  nmr ( C D C 1 3 ) :  6 1.15 ( d ,  J = 7 Hz, 3H, C H 3 ) ,  1 .40 (s, 9H, - t- 

B u ) ,  2.45 ( s ,  3H, t o s y l  C H 3 ) ,  3.95 ( m y  3H, C H 2  and a-CH), 4.65 (br s ,  lH, 

N H ) ,  7.34 ( d ,  J = 8 . 5  Hz, 2H, a r o m a t i c ) ,  7.78 ( d ,  J = 8 . 5  Hz, 2H, a r o m a t i c ) .  

IR ( C H C 1 3 ) :  3440 ( N H ) ,  1710 (C=O), 1500, 1370, 1170, 970 cm-l. 

S-(-)-2-Bromopropanoic Acid.- A procedure s i m i l a r  t o  t h a t  desc r ibed  f o r  the 

phenyla lan ine  analog a f fo rded  a 61 % y i e l d  o f  bromide, bp. 92' ( a s p i r a t o r ) ,  

[a]E5 -33.8' ( c  = 1 ,  MeOH). No a lcohol  by-product was ob ta ined .  

( C D C 1 3 ) :  6 1.85 ( d ,  J = 7 Hz, 3H, C H 3 ) ,  4.41 ( q u a r t ,  J = 7 Hz, lH, a-CH), 

10 .70  ( s ,  lH, C O O H ) .  

R-(+)-2-Hercaptopropanoic Acid.- Treatment o f  the above bromide w i t h  Na2CS3 

a s  desc r ibed  f o r  the phenyla lan ine  analog a f fo rded  64 % o f  t h i o l ,  bp. 94' 

( a s p i r a t o r ) ;  

Hz, 3H, C H 3 ) ,  2.25 ( d ,  J = 8 . 5  Hz, lH, SH), 3 .53  ( c a .  - q u i n t e t ,  J = 7 Hz, 

lH, a-CH), 10.3 (br s, lH, C O O H ) .  IR ( n e a t ) :  1710 (C=O) ,  1455, 1415, 1285, 

1242, 1208 cm-'. 

S , R -  (+)-t-Butoxycarbonyl a l any l  -+ -a l an ine .  - Sodium e thox ide  was prepared 

from sodium metal (583 mg, 25 mg-atom) and 20 mL abs .  e t h a n o l .  R-(+)-2- 

Mercaptopropanoic a c i d  (836 mg, 7.89 mmol) i n  15  mL e thanol  was added. A 

s o l u t i o n  of S-(-)-t-butoxycarbonylalanyl t o s y l a t e  (2.6 g ,  7 .9  m m o l )  i n  50 

mL e thanol  was added du r ing  5 hr a t  60'. 

ove rn igh t .  

t aken  up i n  50 mL wate r .  

a c i d i f i e d  w i t h  2 N H2S04. 

times), dried (MgS04), f i l t e r e d ,  concen t r a t ed ,  and passed through s i l i c a  

ge l  (40  x 3 cm, e thy l  a c e t a t e )  t o  y i e l d  a c o l o r l e s s  o i l  which c r y s t a l l i z e d  

IR ( C H C 1 3 ) :  3450 ( N H ,  O H ) ,  1705 ( C = O ) ,  1500, 1375, 1170 cm-'. 

' H  nmr 

IR ( n e a t ) :  1720 ( C = O )  cm-l. 

t44.8' ( c  = 1 ,  MeOH). ' H  nmr ( C D C 1 3 ) :  6 1.55 ( d ,  J = 7 

S t i r r i n g  a t  60' was cont inued  

Solvent  was stripped from the white suspens ion ,  and the residue 

This  s o l u t i o n  was washed 3 t imes  w i t h  ether,  then 

The product  was e x t r a c t e d  i n to  e t h y l  a c e t a t e  ( 3  
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SYNTHESIS OF PSEUDOPEPTIDES 

on pumping at 0.1 mm (1.64 9). 

ether afforded 1.36 g (65 %) of product, mp. 102-104'; 

0.75, MeOH). 

Anal. Calcd for C11H21N04S: C, 50.17; H, 8.04; N, 5.32; S, 12.17 

Found: C, 49.84; H, 8.10; N, 5.17; S, 12.07 

Recrystallization from ether-petroleum 

t102.5' (c = 

I H nmr (CDC13): 6 1.20 (d, J = 6.8 Hz, 3H, CH3), 1.45 (s superimposed on d, 

J = 6.8 Hz, 12 H, &-Bu and CH3), 2.77 ( m y  2H, CH2), 3.46 (m, lH, a-CH), 

3.91 (my lH, a-CH), 4.65 (my lH, NH). IR (CHC13): 3425 (NH), 1705 (C=O), 

1490, 1360, 1165 cm-I. 

S ,S- (-)-t-Butoxycarbony'l alanyl -$-alanine. 

R-(+)-Z-Bromopropanoic Acid.- This enantiomer was prepared in 63 % yield 

from D-alanine using the procedure described previously, bp. 102-104° (as- 

pirator); 

S-(-)-2-Mercaptopropanoic Acid.- This enantiomer was prepared from the R- 

(+)-bromide using the procedure described previously; bp. 114' (aspirator); 

t36.1' (c = 1.25, MeOH). 

-46.8' (c = 1 ,  MeOH). 

SS-(-)-t-Butoxycarbonylalanyl-$-a1anine.- This diastereomer was prepared 

in 54 % yield from sodium ethoxide, S-(-)-2-mercaptopropanoic acid, and 

S-(-)-t-butoxycarbonylalanyl - tosylate using the procedure described for the 

S,R isomer above, mp. 76-78.5'; [a]i5 -96.1' (c = 0.83, MeOH). 

Anal. Calcd for C1,H2,N04S:.C, 50.17; H, 8.04; N, 5.32; S, 12.17 

20; s, 12.10 Found: C, 50.34; H, 7.98; N, 5. 

'H nmr (CDC13): 6 1.21 (,d, J = 7 Hz, 3H, CH3), 1.44 

J E. 7 Hz, 12 H, &-Bu and CH3), 2.71 (m, lH, methy 

= 13.5 Hz, J' = 5.5 Hz, lH, methylene), 3.46 ( m y  1H 

NH), 8.35 (br s, lH, COOH). IR (CHC13): 3425 (NH), 

1162 cm-l. 

(s superimposed on d, 

ene), 2.83 (d of d, J 

a-CH), 4.76 (my lH, 

1705 (C=O), 1490, 1365, 

Boc-Leu Arg(N0,)OCH3.- L A solution of Arg(NO2)0CH3.HC1 (4.94 g, 18.3 mmol, 
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ACTON AND KOMORIYA 

Vega), BocLeuONp (6.44 g, 18.3 mmol) and t r i e t h y l a m i n e  (2 .6  mL, 18.6 mmol) 

i n  105 mL e t h y l  ace ta te  and 10 mL DMF was s t i r r e d  o v e r n i g h t  a t  room temper- 

a tu re .  

( t w i c e ) .  

f l a s h  chromatographed 

aceta te  t o  g i v e  6.8 g (83 %)  o f  p ro tec ted  d ipep t ide ;  [ a ] i 5  -32.1' ( c  = 1, 

The y e l l o w  s o l u t i o n  was washed w i t h  water ( t w i c e ) ,  then b r i n e  

A f t e r  d r y i n g  (MgS04) and removal o f  so lvent ,  t h e  res idue  was 

5 t w i c e  on 600 mL o f  s i l i c a  ge l  e l u t i n g  w i t h  e t h y l  

MeOH). 

1.61 ( m y  8H, CH2's), 2.27 (my l H ,  i - P r  CH), 3.20 ( m y  

l H ,  a-CH), 3.66 ( s ,  3H, OCH3), 4.10 ( m y  l H ,  NH), 4.50 

1H, Boc-NH), 7.60 ( m y  l H ,  NH), 8.60 (m, l H ,  NH).  I R  

1665, 1620, 1600 cm-'. 

'H nmr (CDC13): 6 0.92 (my 6H, i - P r  CH3's), 1 38 ( S ,  9H, L-Bu), 

H, a-CH), 3.40 (m, 

(m, l H ,  NH), 5.22 (m, 

CHC13): 1735, 1695, 

BocGlu(0Bz) Leu Arg(N0,)OCH3.- The Boc group was removed from 4.86 g (10.9 

m m o l )  o f  Boc-Leu Arg(N02)0CH3 by s t i r r i n g  i n  10 mL o f  1 : l  TFA : CH2C12 f o r  

3.25 h r  a t  room temperature. 

c o l l e c t e d ,  and washed w i t h  e the r .  Th i s  m a t e r i a l  was d i s s o l v e d  i n  60 mL o f  

e t h y l  ace ta te  and 6 mL o f  DMF. 

ed, f o l l o w e d  by 3.5 mL (20 mmol) o f  N,N-di-1-propylethylamine. 

s t i r r i n g  a t  room temperature ove rn igh t ,  t h e  s o l u t i o n  was washed w i th  water 

(once),  then w i t h  b r i n e  (4  t imes) ,  d r i e d  (MgS04), f i l t e r e d ,  concent ra ted ,  

and f l a s h  chromatographed t w i c e  on s i l i c a  g e l  (550 mL, d r y  volume, e t h y l  

ace ta te )  t o  g i v e  5.65 g (81 %) of p ro tec ted  t r i p e p t i d e ;  -29' ( c  = 

0.9, MeOH). 

1.45 t o  2.2 (my - ca. 11 H, 5 x CH2 and L-Pr CH), 2.43 ( m y  2H, CH2C02Ph), 

3.14 and 3.27 (m, 2H, 2 a-CH), 3.60 ( s ,  3H, C02CH3), 4.08 (m, l H ,  a-CH), 

4.42 ( m y  2H, 2 x NH), 4.97 (s ,  2H, CH2Ph), 5.53 (m, 

superimposed on m, z. 7H, Ph + 2 x NH), 7.50 ( m y  1H NH). 

1735, 1690 

S,S-(-)-p-Nit rophenyl  t-butoxycarbonylphenylalanyl-pphenylalanate 

L 

The d i p e p t i d e  was p r e c i p i t a t e d  w i t h  e ther ,  

Boc-Glu(0Bz)ONp (4.8 g, 10.5 mmol) was add- 

A f t e r  

'H nmr (CDC13): 6 1.09 ( m y  6H, Leu(CH3)2), 1.36 (s ,  9H, - t-Bu) ,  

H, BocNH), 7.12 ( s  

IR (CHC13): 
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SYNTHESIS OF PSEUDOPEPTIDES 

[S,S-(-)-BocPhe-$-PheONp1.- A s o l u t i o n  o f  S,S-t-butoxycarbonylphenylalanyl- - 

$-pheny la lan ine  (2.4 g, 5.7 mmol), p -n i t ropheno l  (800 mg, 5.7 mmol), and 

DCC (1.2 g, 5.8 mmol) i n  35 mL o f  e t h y l  ace ta te  was s t i r r e d  o v e r n i g h t  a t  

room temperature.  The urea was removed by f i l t r a t i o n ,  t h e  f i l t r a t e  con- 

cen t ra ted  and then f l a s h  chromatographed on 550 mL s i l i c a  g e l  ( d r y  volume) 

e l u t i n g  w i t h  methylene c h l o r i d e .  The produc t  was then r e c r y s t a l l i z e d  from 

e ther -pe t ro leum e the r  y i e l d i n g  1.02 g (33 %)  o f  p -n i t ropheny l  e s t e r ,  mp. 

104-107° ; [ a ] i 5  -46.3O (c  = 1.04, MeOH). 

Anal .  Calcd f o r  C29H32N206S: C, 64.90; H, 6.01; N, 5.22; S, 5.98 

Found: C, 64.75; H, 5.90; N, 5.04; S,  6.38 
I H nmr (CDC13): 61.36 ( s ,  9H, i - B u ) ,  2.74, 3.05, and 3.15 (m's, 6H, 3 x 

CH2), 3.68 (my l H ,  a-CHI, 3.93 ( m y  l H ,  a-CH), 4.49 (my l H ,  BocNH), 6.87 (d, 

J = 9 Hz, 2H, p -n i t ropheny l ) ,  6.84 ( m y  10 H, 2 x C6H5), 7.98 (d,  J = 9 Hz, 

2H, p - n i t r o p h e n y l ) .  

Boc-S,S-Phe-$-PheGlu(0Bz) Leu Arg(N02)0CH3.- Boc-Glu(0Bz) Leu Arg(N02)0CH3 

(822 mg, 1.3 mmol) was s t i r r e d  f o r  3 h r  a t  room temperature i n  4 mL methy- 

l ene  c h l o r i d e  and 4 mL TFA. 

c o l l e c t e d ,  washed w i t h  e t h e r  and d r i e d  i n  a vacuum d e s i c c a t o r .  

o f  t h i s  t r i p e p t i d e  (810 mg) , S,S-(-)-p-ni t rophenyl  t -bu toxycarbony lpheny l -  

a lany l -$ -pheny la lan ine  (628 mg, 1.17 mmol) , and N,N-di-i-propylethylamine 

(210 pL, 1.2 mmol) i n  10 mL e t h y l  ace ta te  and 1 mL DMF was s t i r r e d  a t  room 

temperature f o r  2.5 h r .  An a d d i t i o n a l  210 pL o f  t e r t i a r y  amine was added, 

and s t i r r i n g  cont inued ove rn igh t .  The y e l l o w  s l u r r y  was washed w i t h  water 

(5  t imes) ,  then b r i n e  (once), d r i e d  (MgS04), f i l t e r e d ,  concentrated, f l a s h  

chromatographed on 600 mL s i l i c a  g e l  ( e t h y l  ace ta te ) ,  and f i n a l l y  r e c r y s t -  

a l l i z e d  f rom e t h y l  ace ta te -e the r  y i e l d i n g  808 mg (71 %)  c j f  $ -pept ide ,  mp. 

100' ; [.It5 -37.1' ( c  = 1, MeOH). 

I R  (CHC13): 1750, 1705, 1490, 1345, 1180, 1110 cm-I. 

The t r i p e p t i d e  was p r e c i p i t a t e d  w i t h  e the r ,  

A m i x t u r e  
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ACTON AND KOMORIYA 

Anal. Calcd f o r  C48H66N8011S: C ,  59.85; H ,  6.91; N ,  11.64; S ,  

Found: C ,  59.64; H ,  6.56; N ,  11.57; S ,  

' H  nmr ( C D C 1 3 ) :  6 0.86 ( m y  6H, Leu ( C H 3 ) 2 ) ,  1.30 ( s ,  9H, t - B u  

5H), 1.91 ( m ,  5H), 2.35 ( m y  2 H ,  CH2C02Bz), 2 .5  - 2.9 ( m y  5H), 

3.48 ( m y  l H ) ,  3.62 (s ,  3H, C02CH3), 3.75 ( m y  lH) ,  4.20 ( m y  2 H  

lH) ,  4.73 (my lH),  4.97 ( s ,  2H, benzy l i c ) ,  6 . 8  - 7.6 (my 20 H 

IR ( C H C 1 3 ) :  1735, 1665, 1625 cm-l. 

3.33 

3.36 

, 1.57 ( m y  

3.16 (my 3H), 

, 4.48 ( m ,  

Ar + NH). 
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