
CHAPTER I I I

KINETIC METHODS AND EXPERIMENTAL

3.1 S ta r t in g  M a te r ia ls  and P u r i f i c a t io n  o f  S o lv e n ts

3 .1 .1  S ta r t in g  M a te r ia ls
Chem icals used in  t h i s  re se a rc h  were o b ta in e d  from 

th e  fo llo w in g  s o u rc e s ะ
T e trah y d ro fu ran  (THF), e th y l  c h lo ro fo rm a te , t r i e t h y l -  

am ine, benzoyl c h lo r id e ,  benzyl ch lo ro fo rm a te , L -p h e n y la la n in e , 
L - ty ro s in e ,  g ly c in e ,  N-benzoyl g ly c in e ,  Z -L -a la n in e , Z -g ly c in e , 
petro leum  e th e r  b .p . 40-60  ° c ,  a b s o lu te  m ethano l, d ie th y l  e th e r ,  
th io n y l  c h lo r id e ,  to lu e n e ,  sodium c h lo r id e ,  d im ethy l s u lf o x id e ,  
hexane, e th y l  a c e t a te ,  chlo roform  were purchased  from F luka 
Company. A ll o f  them were A.R. g rade excep t h exane, e th y l  a c e t a te  
and ch lo ro fo rm .

T ry p sin  (EC 3 .4 .2 1 .4 ) ,  o (-chym otrypsin  (EC 3 .4 .2 1 .1 ) ,  
S u c c in y l-L -a la n y l-L -a la n y l-L -p ro ly l-L -p h e n y la la n in e  p - n i t r o a n i l i d e  
(S uc-A la-A la-P ro-P he-pN A ), I^ -b e n z o y l-d l-a rg in in e  p - n i t r o a n i l id e  
(BAPNA) were purchased  from Sigma Chemical Company.

Human c a th e p s in  G (EC 3 .4 .2 1 .2 0 ) ,  th e  b u f f e r :  
N -2 -h y d ro x y e th y lp ip e ra z in e -N -2 -e th a n e su lfo n ic  a c id  (HEPES) were 
o b ta in ed  from P ro fe s s o r  Dr. Bela T ernai o f La Trobe U n iv e rs i ty ,  
A u s t r a l ia .

3 .1 .2  P u r i f i c a t io n  o f  S o lv en ts
T e trah y d ro fu ran  was d rie d  w ith  sodium p e l l e t s  and
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was re f lu x e d  w ith  LiAlH^ . The s o lv e n t was th en  d i s t i l l e d  from 
LiAlHjj and s to re d  over m o lecu la r s ie v e s  ty p e  4A (7 0 ).

T rie th y lam in e  was d i s t i l l e d  over p o tassiu m  hydroxide 
and s to r e d  over m o lecu la r s ie v e s  ty p e  4A (70) .

C hloroform , hexane and e th y l a c e ta te  (com m ercial 
g ra d e ) were d i s t i l l e d  b e fo re  u se .

3 .2  S yn th eses

3 . 2 . 1  P re p a ra t io n  o f  C arbobenzoxyglycine (7 1 )
G lycine ( 3-75 g , 0.05 moles ) was d is s o lv e d  in  2 N 

sodium h yd ro x ide  (25 mL). The s o lu t io n  was s t i r r e d  and cooled  in  an 
i c e  b a th .  Benzyl c h lo ro fo rm a te  ( 7 mL, 0.05 m oles ) and 4 N sodium 
hyd rox ide  (1 2 .5  mL) was th en  added s im u lta n eo u s ly  to  th e  v ig o ro u s ly  
s t i r r e d  s o lu t io n .  The s o lu t io n  was con tin u ed  to  be s t i r r e d  and 
coo led  fo r  40 m in u tes . A fte r  t h a t ,  th e  s o lu t io n  was e x tra c te d  
w ith  to lu e n e  (100 mL) and th e  aqueous la y e r  was e x tra c te d  once 
w ith  e th e r  (50 mL). The aqueous s o lu t io n  was th en  co o led  in  an ic e  
b a th  and a c id i f i e d  to  Congo red  w ith  c o n c e n tra te d  h y d ro c h lo r ic  a c id .  
The p r e c i p i t a t e  was f i l t e r e d  and washed w ith  co ld  w ater and
r e c r y s t a l l i s e d  from ch lo ro fo rm . A w hite c r y s t a l l i n e  s o l id  was 
o b ta in e d  (7 .5  g , 72%) m .p. 119-120 °c (L i t  [71], m .p. 1 1 9 -1 2 0 * 0 .
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3 .2 .2  P re p a ra t io n  o f  Bz-Phe-NH-C,^H^,_ (compound I )
---------------------------------------------------------------------------------------- ----- --------------- “ l i ' - ' k ' D

There a re  two s te p s  o f  r e a c t io n  inv o lv ed  in  t h i s  
p re p a ra t io n  which i s  sc h e m a tic a lly  d e sc r ib e d  below ะ

P h en y la lan in e Bz-Phe-OH
i

Bz-Phe-NH-C12H25

S tep  1; P re p a ra t io n  o f  Bz-Phe-OH
L -P h en y la lan in e  (1 .65  g , 10 mmoles) was d isso lv ed  

in  w ater (40 mL) c o n ta in in g  sodium hydroxide  (0 .8  g ,20  mmoles).
The s o lu t io n  was coo led  a t  0 to  5*c b e fo re  th e  a d d itio n  o f  benzoyl 
c h lo r id e  (1 .2  mL, 10.3 mmoles) and a s o lu t io n  o f  sodium hydroxide 
(0 .4  g , 10 mmoles) in  w ate r (20 mL). The m ix ture  was cooled and 
s t i r r e d  c o n tin u o u s ly  fo r  3 h o u rs . The s o lu t io n  was then  a c id i f ie d  
to  Congo red  w ith  c o n c e n tra te d  h y d ro c h lo r ic  a c id .  The crude 
p ro d u c t was f i l t e r e d  o f f  and washed w ith  ic e -c o ld  w ater and 
r e c r y s t a l l i s e d  from b o i l in g  w a te r . A w hite  c r y s t a l l i n e  s o lid  was 
o b ta in e d  (1 .6  g , 60%), m .p. 142-143°C ( l i t [ 7 2 ] ,  m .p. 142-143°C).

S tep  2 : P re p a ra t io n  o f  Bz-Phe-NH-C12H25
Bz-Phe-OH ( 0 . 8  g , 3 m m oles), p repared  from s te p  1, 

was d is s o lv e d  in  dry  THF (30 mL) and t r ie th y la m in e  ( 0 . 5  mL, 3 .5  

m m oles). The s o lu t io n  was s t i r r e d  and coo led  a t  - 5  to  - 1 0 ° c  b efo re  
th e  a d d i t io n  o f  e th y l  ch lo ro fo rm a te  (0 .7  mL, 7 mmoles). A fte r adding  
e th y l  c h lo ro fo rm a te , th e  m ix tu re  was s t i r r e d  a t  th e  same tem pera tu re  
fo r  10 m inutes b e fo re  a s o lu t io n  o f  dodecylam ine (1 .7  g , 9 mmoles) 
in  dry THF (10 mL) was added. The s o lu t io n  was then  s t i r r e d  a t
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room tem p e ra tu re  fo r  8 h o u rs  and th e  s o lv e n t  was removed under 
reduced  p r e s s u r e .  The re s id u e  was d is s o lv e d  in  th e  m ix tu re  o f  e th y l  
a c e ta te -c h lo ro fo rm  and washed w ith  s a tu r a te d  NaHCO3 (25 mL). The 
o rg an ic  la y e r  was then  s e p a ra te d  and washed a g a in  w ith  w ater 
(25 mL),1 M HC1 (25 mL) and w ate r (25 mL) r e s p e c t iv e ly .  A f te r  d ry in g  
over anhydrous Na2 SOjj , th e  e th y l  a c e ta te  was e v ap o ra ted  and th e  
s o l id  was r e c r y s t a l l i s e d  from e th y l  a c e ta te  to  form a w h ite  powder 
(1 .0  g , 77%) m .p. 138-140*0. TLC ะ Rf  = 0 .86  (MeOH ะ CHC13 =1 :4) 
E lem en ta l A n a ly s is  fo r  ^28H40N2 °2 >ca I c 'd : c 7 7 .0 6 , H 9 .1 7 , N 6 .42

found ะ c  7 7 .0 7 , H 9 .4 7 , N 6.36

IR (KBr) y  (cm- 1 ) ( F ig . ท ! .  1 ) \ะ 3300 (-NH s t r e t c h in g )  ; 3060, 3020 

(-CH a ro m a tic ) ;  2920,2840 (-CH s t r e t c h i n g ) ;  1660,1630 

(HN-C=0); 1520 (-NH bending)
1H NMR (CDC1 ) ร (ppm) ( F ig . I I I . 11 ) : 0.89 (t,3H ,C H 3 ); 1.26  ( ร ,20H, 

CH2 'ร  c h a in ) ;  3 .19  (m, 4H, -CH2~Ar , -NH-CHg-);  4 .8
(q , 1H, NH-CH-CH2 ); 5.78 ( b r . , IH.-NH-CHg); 6.82  ( b r .  , 
1H,-NH-CH-); 7 .2 9 (s ,5 H , Ar-CH2 ); 7 .56(m ,5H , Ar-C=0) 

13c  NMR (CDC1 ) à  (ppm) ( F ig - I I I - 2 1  ) ะ 14.08 <CH3 ) ;  2 2 .6 4 , 26 . 8 1 , 
2 9 .2 5 ,. 29 . 63 , 31.90  (CH2 'ร  c h a in ) ;  38.89 (-NH-CHg-);
39.60 (-CH2-A r) ; 55 .20  (-NH-CH-CH2- ) ; 126 . 8 7 , 127 .14 , 
128 . 50 , 129 .42 , -1 3 1 .6 4 , 13 3 . 86, 136.95 ( Ar-C=0,
-CH2-Ar ) ;  167-18 (0=C-NH); 170 . 86(Ar-C=0)



24

3 .2 .3  P re p a ra t io n  o f  Bz-Phe-NH-C.j ,1H29 (Compound I I )
There a re  two s te p s  o f  r e a c t io n  in v o lv e d  in  t h i s  

p re p a ra t io n  which i s  s c h e m a tic a l ly  d e sc r ib e d  below:

P h en y la lan in e Bz-Phe-OH
I

Bz-Phe-NH-C 121H29

S tep  1 : P re p a ra t io n  o f  Bz-Phe-OH
This p ro d u c t had a lre a d y  been p rep a red  in  th e  

s y n th e s is  o f  Bz-Phe-NH-C12H23 (Compound I )

S tep  2 : P re p a ra t io n  o f  Bz-Phe-NH-C121H29 
T his s te p  used Bz-Phe-OH ( 0 . 8  g ,  3 mmoles) p rep ared  

from s te p  1 and te tra d e c y la m in e  (2 g , 9 m m oles). The r e a c t io n  was 
c a r r ie d  ou t under th e  same r e a c t io n  c o n d it io n s  d e s c r ib e d  fo r  th e  
s y n th e s is  o f  Bz-Phe-NH-C12H2 3 . The p ro d u c t rem ained as  w h ite  s o l id  
and was r e c r y s t a l l i s e d  from e th y l  a c e t a te  to  y ie ld  a w h ite  s o l id  
(0 .9  ร ,  65%) m .p. 13 2 -133° c .  TLC:Rf  = 0 .89  (MeOH:CHCl3 = 1:4)  

E lem en tal a n a ly s is  fo r  C30H2121N2 °2 ’ c a l c ' d : c 7 7 - 5 9 , H 9 . 4 8 , N  6 . 03

found : c  7 7 .4 8 .H  9 . 7 5 ,N  5 .87

IR (KBr) V ( c n f 1) ( F ig . I I I . 2 ) : .3 3 0 0  (-NH s t r e t c h i n g ) ;  3060, 3020 

(-CH a ro m a tic ) ;  2920,2840 (-CH s t r e t c h i n g ) ;  1655,1630 

(HN-C=0); 1520 (-NH bending)
1H NMR (CDC13 ) %(ppm) ( F ig . I I I . 12 ) |s 0 .88  ( t ,3 H ,๓ 3 ); 1.26  ( ร ,24H, 

๓ 2 'ร  c h a in ) ;  3 .19  (m, 4H, - ๓ 2- Ar , - ๓ - ฒ 2- ) ;  4 .83  
(q,1H,-NH-ÇH-CH2 ); 5.97 (b r . ,1 H , - ๓ - ๓ 2 ); 7 .15  ( b r . ,  
1H,NH-CH); 7.28  (ร , 5H, Ar-CH2 ) ;  7.57  (m,5H, Ar-C=0)
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13c NMR (CDC13 ) ‘a (ppm) ( F ig .  I I I . 2 2 ): 14.08 ( ๓ 3 ) ;  2 2 .6 9 , 2 6 .8 1 , 
2 9 .3 0 , 2 9 .6 3 , 31 .90  (CH2 'ร  c h a in ) ;  38.89 (-NH-CHg-O;
39.60 ( - ๓  -A r) ;  55 .20  (-NH-CH-CHg-); 126 .93 , 127 .09 , 
128.50, 129 .36 , 131 .69 , 13 3 . 9 1 , 136.95 ( Ar-C=0,
CHg-Ar ) ;  167.18 (-CH -£=0); 170.75  (A r-£=0)

3 . 2.4  P re p a ra t io n  o f  Z-Ala-Phe-NH-C^H  (Compound I I I )
There a re  fo u r  s t e p s  o f  r e a c t io n  in v o lv ed  in  t h i s  

p re p a ra t io n  which i s  s c h e m a tic a l ly  d e sc r ib e d  below ะ

Phe-0H ---------- * P h e n y la la n in e  m ethyl e s t e r  HC1
1

Z-Ala-Phe-0Mei
Z-Ala-Phe-0HTZ-Ala-Phe-NH-C10H2 1

S tep  1 : P re p a ra t io n  o f  P h e n y la la n in e  m ethyl e s t e r
HC1

P h e n y la la n in e  ( 1.65  g , 10 mmoles) was suspended in  
a b s o lu te  m ethanol (10 mL). T h io ny l c h lo r id e  (0 .9  mL, 12 mmoles) was 
added dropw ise down th e  condensor and th e  s o lu t io n  was th en  
re f lu x e d  fo r  2 h o u rs . The s o lv e n t  was th en  ev ap o ra ted  to  y ie ld  a 
very  v isc o u s  o i l  and th e  re s id u e  c r y s t a l l i s e d  by add ing  a b s o lu te  
e th e r .  The h y g ro sco p ic  s o l id  o f th e  h y d ro c h lo r id e  s a l t  o f 
p h e n y la la n in e  m ethyl e s t e r  was o b ta in e d  (2 g , 93%) m .p. 157-159 °c 
( l i t  [ 73] , m .p. 158-160°C ). T h is p ro d u c t was s to r e d  a t  below 0 °c
b efo re  u se .



s te p  2 : P re p a ra t io n  o f  Z-Ala-Phe-OMe
Z -a la n in e  (2 g , 9 mmoles) was d is s o lv e d  in  d ry  THF 

(40 mL) and t r ie th y la m in e  (1 .3  mL, 9 m m oles). The s o lu t io n  was 
coo led  a t  -5  to  - 1 0 ° c  w ith  s t i r r i n g  b e fo re  th e  a d d i t io n  o f 
e th y l  ch lo ro fo rm a te  (1 mL, 10 m m oles). The s t i r r i n g  was co n tin u ed  
f u r th e r  a t  th e  same tem p e ra tu re  fo r  15 m in u tes b e fo re  th e  a d d i t io n  
o f  a s o lu t io n  o f  p h e n y la la n in e  m ethyl e s t e r  HC1 from s te p  1 (1 .9 4  g , 
9 mmoles) in  THF (10 m L ),w ater (5 mL) and t r ie th y la m in e  (1 .3  mL, 9 
m m oles). The s o lu t io n  was s t i r r e d  c o n tin u o u s ly  f o r  8 h o u rs  a t  room 
te m p e ra tu re . A fte r  t h i s  t im e , th e  s o lu t io n  was p laced  in  a 
s e p a r a t in g  fu n n e l and e th y l  a c e t a te  (75 mL) and w ate r (25 mL) were 
added. The o rg an ic  la y e r  was c o l le c te d  and th e  aqueous la y e r  was 
e x tra c te d  w ith  e th y l  a c e ta te  (100 mL). The combined o rg a n ic  la y e r s  
were washed w ith  s a tu r a te d  NaHCO  ̂ (25 mL), w ater (25 mL) , 1 M HC1 
(25 mL) and w ate r (25 mL) r e s p e c t iv e ly  and th en  d r ie d  w ith  
Na^ SO^ . The s o lv e n t  was removed under reduced  p re s s u re  and 
then  th e  e th y l  a c e ta te -p e tro le u m  e th e r  was added to  th e  r e s id u e .  A 
w hite  c r y s t a l l i n e  s o l id  was o b ta in e d  (2 .6  g , 76%), m .p. 100-101 °c  
(L i t  [7 4 ] ,  m .p. 1 0 0 -1 0 1 * 0 .

S tep  3 ะ P re p a ra t io n  o f  Z-Ala-Phe-0H 
Z-Ala-Phe-0M e (2 .6  g ,6 .8  mmoles) p re v io u s ly  p rep a red  

from s te p  2 was d is s o lv e d  in  m ethanol (20 mL). With s t i r r i n g  a t  
room te m p e ra tu re , 1 N NaOH (15 mL) was added d ro p w ise . The s o lu t io n
was s t i r r e d fo r 5 h o u rs a t room te m p e ra tu re . The m ethanol was
removed and th e re s id u e  was th en d i lu te d  w ith  w a te r (10 mL). The
s o lu t io n  was a c id i f i e d  w ith  1 M HC1 w ith  c o o lin g  and e x t r a c te d  w ith  
e th y l  a c e ta te  (100 mL). The e th y l  a c e t a te  la y e r  was s e p a ra te d  and



2 7

d r ie d  w ith  Na2 so^ and th en  th e  s o lv e n t  was removed under reduced  
p r e s s u r e .  A f te r  th e  re s id u e  had been d r ie d  in  th e  a i r  fo r  s e v e ra l  
d ay s , a w h ite  c r y s t a l l i n e  s o l id  was o b ta in ed  and washed w ith  d ie th y l  
e th e r  (1 .9  g , 75% ),m .p. 128-129*0.

S tep  4 : P re p a ra t io n  o f Z-Ala-Phe-NH-C^Hg^
This s te p  used Z-Ala-Phe-OH (0 .6  g , 1.6 mmoles) 

p re v io u s ly  p rep a red  from s te p  3 and decylam ine (0 .7  g , 4 .8  m m oles).
The r e a c t io n  was c a r r ie d  o u t under th e  same manner d e sc r ib e d  fo r
th e  s y n th e s is  o f  Bz-Phe-NH-C 12H2 3 . Procluc^ rem ained as a waxy
w h ite  s o l id  and th e  s o l id  was r e c r y s t a l l i s e d  from e th y l  a c e t a te .  
A f te r  s e v e r a l  h o u rs , a waxy w hite  s o l id  had changed in to  a w h ite
powder ( 0 .75  g , 92 % ) ,  m .p. 161-163 °c. TLC ะ Rf  = 0 .8 4
(MeOH:CHCl3 =1:4)
E lem en ta l a n a ly s is  fo r  3 0 ^  , c a l c 'd :  c  7 0 . 7 3 , H  8 . 4 5 , N  8 . 2 5

found ะ c  7 0 . 5 2 , H  8 . 5 6 , N  8 . 0 3

IR (K B r)V (cm - 1 ) ( F ig . I I I . 3 ) ะ 3290(-NH s t r e t c h i n g ) ;  3 06 0 ,3020(-CH 
a ro m a tic ) ;  2920,2850 (-CH s t r e t c h i n g ) ;  1690, 1660,1645 

(0=C-NH); 1535 (-NH bending)
1H NMR (CDC13 ) 10 (ppm) ( F ig . 1 1 1 . 1 3  ) ะ 0 .87  ( t ,3 H ,๓ 3 ); 1 .2 3  ( ร , 16H, 

CH2 'ร  c h a in ) ;  1.35  (d , 3H,-NH-CH-CH3 ) ; 3.08 (m, 4H,
๓ 2- Ar , -NH-CH2- ) ;  4.19  (m, 1H, - ๓ - ๓ - ๓ 3 ); 4 .55
(q,1H,-NH-ÇH-CH2- ) ;  5 .06  ( ร ,2H, Ar-ÇH2- 0 - ) ;  5.26  ( b r . ,  
1H, -NH-CH); 5.86 ( b r . ,  1H, - ๓ - ๓ 2 ); 6.73  ( b r . , 1H, 
-NH-CH); 7.23  (ร , 5H, Ar-CH2 ); 7.34  ( ร ,5H, Ar-CH2- 0 - )  

1 3 c  NMR (CDC13 ) ^(ppm ) ( F ig . I I I . 23 ) ะ 14.08 ( ๓ 3 ); 18.52  ( ๓ - ๓ ร );
2 2 .6 9 , 2 6 .8 7 , 2 9 .3 0 , 2 9 .5 7 , 3 1 .9 0 (๓ 2 ’ร c h a in ) ;  38.51 

(-NH-๓ 2- )  ; 39.65 ( - ๓ 2- Ar ) ; 50.97 ( - ผ 1 - ๓ - ๓ 3 ) ;
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54.66 (-NH-CH-CH2 ) ; 67.12  (Ar-CH2~ 0); 126 . 98, 128 . 06,
128 .28 , 128.61, 129 . 3 1 , 136.73  (Ar-CH2 , Ar-CH2-0 )  ; 
156.02 (0-C=0); 170.32  (CH -CH -£=0); 17 2 .2 2  (-CH-Ç5O)

3 . 2 .5  P re p a ra t io n  o f  Z-Ala-Phe-NH-C^2H2^ (Compound IV)
There a re  fo u r s te p s  o f  r e a c t io n  in v o lv ed  in  t h i s  

p re p a ra t io n  which i s  sc h e m a tic a lly  d e sc r ib e d  below ะ

Phe-OH — -----> P h en y la lan in e  m ethyl e s t e r  HC1
I

Z-Ala-Phe-OMe
14

Z-Ala-Phe-OH
1
1Z-Ala-Phe-NH-C H12 25

S tep  1 ,2  and 3 had a lre a d y  been made in  th e  s y n th e s is  
o f  Z-Ala-Phe-NH-C10H21 (Compound I I I )

S tep  4 : P re p a ra t io n  o f  Z-Ala-Phe-NH-C12H2Ç.
This s te p  used Z-Ala-Phe-OH (0 .6  g ,  1.6 mmoles) 

p re v io u s ly  p rep a red  from s te p  3 and dodecylam ine ( 0.9 g ,4 .8  m m oles). 
The r e a c t io n  was c a r r ie d  o u t under th e  same r e a c t io n  c o n d it io n s  
d e sc r ib e d  fo r  th e  s y n th e s is  o f  Bz-Phe-NH-C12H2!.. The p ro d u c t 
rem ained as w hite  s o l id  and th e  s o lid  was r e c r y s t a l l i s e d  from 
e th y l  a c e ta te  to  y ie ld  a w hite  powder (0.76 g , 88 %), m .p .14 8- 
1 5 0 ’ c .  TLC:Rf  = 0 .84 (MeOH:CHCl3 = 1:4)
E lem en ta l a n a ly s is  fo r  c^2 0j1 , c a l c 'd :  c 71.51,H  8 .75 ,N  7.82

found ะ c 7 1 . 6 2 ,H 9 .04 ,N  7.77
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IR (KBr) 1  (cm- 1 ) (F ig .  I I I . 4); 329CK-NH s t r e t c h i n g ) ;  3080 ,3025(-CH 
a ro m a tic ) ;  2920,2850 (-CH s t r e t c h i n g ) ;  1690,1660,1640 
(0=C-NH); 1535 (-NH bending)

1H NMR (CDC13 ) ‘b(ppm) ( F ig . I I I . 14 ) :  0 .88  (t,3H ,CH 3 ); 1.25 ( ร ,20H, 
CH2 'ร  C hain) ; 1 .3 5  (d ,3H ,-NH-CH-ÇH3 ) ; 3.09 (m,4H, 
-ÇH2-Ar , -NH-ÇH2- )  ; 4 .17  (m, 1H, -NH-ÇH-CH3 ) ; 4 .59  
(q,1H,-NH-ÇH-CH2 ); 5.07  ( ร ,2H, Ar-ÇH2- 0 - ) ;  5 .1 7  ( b r . ,  
1H, -NH-CH) ; 5 .84  ( b r . ,  1H,-NH-CH2 ) ; 6.69 ( b r . ,  1H, 
-NH-CH); 7 .24  (ร , 5H, Ar-CH2 ) ;  7.35  (ร , 5H, Ar-CH2-0 ) 

13c NMR (CDC13 ) %)(ppm) ( F ig . I I I . 24 ) :  14.08 (CH );  18.41 (CH-ÇH3 );
2 2 .6 4 , 2 6 .8 1 ,2 9 .2 5 ,2 9 .5 2 , 29 . 63 , 31.90  (0แ2 'ร  C h a i n ) ;  

38.40 (-NH-ÇH2- )  ; 39.65 ( - g J 2~Ar) ; 50.97 (-NH-ÇH-);
54.60 (-NH-ÇH-CH2 ); 6 7.17  (Ar-ÇH2- 0 ) ;  126 . 98, 12 8 . 06,
128 ,28 , 128 .61 , 129 . 26 , 136 . 08 , 136.73  ( Ar-CH2- 0 -  , 
-CH2-Ar ) ;  155.96 (-0 -0 = 0 ); 170.21  (-CH-Ç=0); 172.05

(0=Ç_-NH)

3 .2 .6  P re p a ra t io n  o f  Z-Ala-Phe-NH-C1 1 2  ̂ (Compound V)
There a re  fo u r  s te p s  o f  r e a c t io n  in v o lv ed  in  t h i s  

p re p a ra t io n  which i s  s c h e m a tic a lly  d e sc r ib e d  below ะ

Phe-0H ------ » P h e n y la la n in e  m ethyl e s t e r  HC1
1

i
Z-Ala-Phe-OMe

1V
Z-Ala-Phe-OH

f
lZ-Ala-Phe-NH-C1i4H29
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S tep  1 ,2  and 3 had a lre a d y  been made in  th e  s y n th e s is  
o f  Z-Ala-Phe-NH-C.j0 1  (Compound I I I )

S tep  4 ะ P re p a ra t io n  o f  Z-A la-Phe-NH -C^H 2g
T his s te p  used Z-Ala-Phe-OH (0 .6  g ,1 .6  mmoles) 

p re v io u s ly  p rep a red  from s te p  3 and te tra d e c y la m in e  (1 .0  g , 4 .8  
m m oles). The r e a c t io n  was c a r r i e d  o u t under th e  r e a c t io n  c o n d it io n s  
d e sc r ib e d  fo r  th e  s y n th e s is  o f  Bz-Phe-NH-C.j 2แ 2 3 . The p ro d u c t 
rem ained a s  w h ite  s o l id  and th e  s o l id  was r e c r y s t a l l i s e d  from e th y l 
a c e ta te  to  form a w h ite  powder (0 .6 3  g , 69%), m .p .145-147°C . TLC:R^= 
0 .87  (Me0H:CHCl3 =1 :4)
E lem ental a n a ly s is  fo r  C ^ H ^ N  0^ , c a l c 'd :  c 72.21,H  9 .03 ,N  7 .43

found ะ c 7 2 .2 9 ,H 9 .27,N  7.23
IR (K B r)V (c n f1) ( F ig . I I I . 5 ) :  3280(-NH s t r e t c h i n g ) ;  3070,3020(-CH 

a ro m a tic ) ;  2910,2840 (-CH s t r e t c h i n g ) ;  1690, 1660,1640 
(0=C-NH); 1545 (-NH bending)

1H NMR (CDC13 ) cร (ppm) ( F ig . I I I . 15 ) ะ 0 .89  ( t ,3 H ,๓ 3 ); 1.25 ( ร ,24H, 
CH2 'ร  c h a in )  ; 1.3 5  (d , 3H,-NH-CH-ÇH3 ) ; 3 .1 1  (m, 4H, 
๓ 2- Ar , -NH-CH2 ); 4 .16  (m,1H,-NH-CH-CH3 ) ; 4 .5 9 (q ,1 H , 
-NH-CH-CH2 ) ;  5.07 (ร , 2H, Ar-ÇH2~ 0-) ; 5 .2 4  ( b r . ,  1H, 
0=C-NH); 5 .80  ( b r . ,  1H, 0=C-NH-CH2- )  ; 6.69 ( b r . ,  1H, 
-NH-CH); 7 .24  ( ร ,5H, Ar-CH2- ) ;  7.35  ( ร ,5H, Ar-CH2- 0 - )  

13c NMR (CDC1 3 ) ‘&(ppm) ( F ig . I I I . 25 ) !; 14.08 (CH3 ); 18 .41 ( ๓ - ๓ 3 );
2 2 .6 4 , 2 6 .8 1 , 29 . 2 5 , 29 . 5 2 , 2 9 . 63 , 31.90  ( ๓ 2 'ร  c h a in ) ;  
38.40 ( - ๓ 2- (CH 2 ) 12- ) ;  39.65 น ท -๓ 2 ) ; 51 .03(-N H -C H -);
54.60 (NH-CH-CH2- ) ;  67 . 1 7 (Ar-CH2~ 0 - ) ; 126 . 98, 128 . 06,
128 .28 , 128 .61 , 129 . 2 6 , 136.73  ( - ๓ 2- Ar , Ar-CH2- 0 - ) ;  
155.75 (-0-C =0) ; 170 .21  ( - ๓ - c= 0); 172.00  (0=C-NH-)



31

3 .2 .7  P re p a ra t io n  o f  Z-G ly-Phe-N H -C ^H^c (Compound VI)
There a re  fo u r s te p s  o f r e a c t io n  in v o lv ed  in  t h i s  

p re p a ra t io n  which i s  sc h e m a tic a lly  d e sc r ib e d  below ะ

Phe-0H ------ » P h en y la lan in e  m ethyl e s t e r  HC1
IV

Z-Gly-Phe-0Me
I1

Z-Gly-Phe-0H
1lZ-Gly-Phe-NH-C12H25

S tep  1 : P re p a ra t io n  o f  p h e n y la la n in e  m ethyl e s t e r

T his p ro d u c t had a lre a d y  been made in  s te p  1 o f  th e  
s y n th e s is  o f  Z-A la-Phe-NH -C^H 21 (Compound I I I )

S tep  2 : P re p a ra t io n  o f  Z-Gly-Phe-OMe
This s te p  used Z -g ly c in e  (1 .04  g , 5 mmoles) and 

p h e n y la la n in e  m ethyl e s t e r  HC1 (1 .08  g , 5 mmoles). The r e a c t io n  was 
c a r r ie d  ou t under th e  same r e a c t io n  c o n d it io n s  d e sc r ib e d  fo r  th e  
s y n th e s is  o f  Z-Ala-Phe-OMe, y ie ld e d  an o i l .

S tep  3 ะ P re p a ra t io n  o f  Z-Gly-Phe-OH 
The o i l  p re v io u s ly  p rep a red  from s te p  2 was d is so lv e d  

in  m ethanol (10 mL). With s t i r r i n g  a t  room te m p e rtu re , 1 N NaOH (10 
mL) was added d ro p w ise . The s o lu t io n  was s t i r r e d  fo r  5 h ou rs a t  room 
te m p e ra tu re . The m ethanol was removed and th e  re s id u e  was th en  
d i lu te d  w ith  w a te r (20 mL). The s o lu t io n  was a c id i f i e d  to  Congo red 
w ith  1 M HC1 w ith  c o o lin g  and e x tr a c te d  w ith  e th y l  a c e ta te  (100 mL).
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The e th y l a c e ta te la y e r  was s e p a ra te d and d r ie d  w ith  Na2S0^ and
then th e s o lv e n t was removed under reduced  p re s s u re .  A fte r th e
re s id u e  had been d r ie d  in  th e  a i r fo r s e v e ra l  d a y s , a w hite
c r y s t a l l i n e  s o l id  was o b ta in e d  and washed w ith  d ie th y l  e t h e r (1 .1 7  g ,
6 6 % ) ,  m .p. 1 2 5 - 1 2 7  °c ( l i t  [ 743 , m .p. 125 - 126 * 0 .

S tep  P re p a ra t io n  o f  Z-Gly-Phe-NH-C12H23 
This s te p  used Z-Gly-Phe-OH (1 .0  g , 2 .8  mmoles) 

p rep a red  from s te p  3 and dodecylam ine (1 .5 5  g , 8 .4  m m oles). The 
r e a c t io n  was c a r r ie d  o u t under th e  r e a c t io n  c o n d it io n s  d e s c r ib e d  fo r  
th e  s y n th e s is  o f  Bz-Phe-NH-C.| 2H2 3 . The p ro d u c t rem ained a s  a waxy
w hite  s o l id  and th e  s o l id  was r e c r y s t a l l i s e d  from e th y l  a c e t a te .  
A fte r  s e v e r a l  h o u rs , th e  waxy w hite  s o l id  had changed in to  a 
w h ite  powder (1 .2  g , 82%), m .p. 1 2 0 -1 2 l 'c .  TLC:Rf =0.79 (MeOH:CHCl3
= 1 : 0
E lem en ta l a n a ly s is  fo r  C3 1 5 N3 0^ , c a l c 'd :  c 71 .13.H  8 .6 0 ,N  8 .0 3

found ะ c 70 .95,H  8 .75 ,N  7 .92
IR (K B r)^ (cm - 1 ) ( F ig . I I I . 6 ) ะ 3280(-NH s t r e t c h i n g ) ;  3 0 7 5 ,3020(-CH 

a ro m a tic ) ;  2 9 2 0 ,2 8 0  (-CH s t r e t c h i n g ) ;  1690, 1670,1650 

(0=C-NH); 1570,1550 (-NH bending)
1H NMR (CDC13 ) ร (ppm) ( F ig  . 1 1 1 . 1 6  ) ะ 0 .88  (t,3H ,CH 3 ); 1.24 ( ร ,20H, 

CH2 'ร  c h a in )  ; 3^06 (m, 4H,-CH2-Ar , -NH-CH2- ) ;  3 .84  
(d,2H,NH-CH2 ) ; 4 .6 0  ( q , 1H,NH-CH-CH2 ) ; 5.09 (b r . ,1 H , 
0=C-NH-CH2-C =0); 5 .97  ( b r . , 1H,0=C-NH-CH2 ); 6.69 ( b r . ,  
1H, 0=C-NH-CH) ; 7.23  (ร , 5H, Ar-CH2- )  5 7.3 3  (ร , 5H, 

!r-C H 2-0-C=0)
13c NMR (CDC13 ) ร (ppm) ( F ig .  I I I . 26 ): 14.08 (CH3 ); 2 2 . 69, 2 6 .8 1 , 

29 . 2 5 , 29 . 5 2 , 29 . 63 , 31.90  (CH2 'ร  c h a in )  ; 38.68
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(-ÇH2-(CH2 ) 10- ) ;  39.65 (-ÇHg-Ar) ; 44.58 (-NH-ÇHg-) ; 
54.82 (-NH-ÇH-CH - ) ;  67.23  (O-ÇHg-); 126 . 98, 128 . 06 , 
128.23, 128 .55 , 129.26, 136.62 (J*£-CH - ,  -0-CH2-A r) ;
156.56 (-0 -0 = 0 ); 168.86 (CH2-Ç =0); 170.32  (-CH-Ç=0)

3 . 2.8  P re p a ra tio n  o f  Bz-Gly-Phe-NH-C.j2H2  ̂ (Compound V II)
There a re  fo u r  s te p s  o f  r e a c t io n  in v o lv ed  in  t h i s  

p re p a ra t io n  which i s  sc h e m e tic a lly  d e sc r ib e d  below ะ

Phe OH ------ » P h en y la lan in e  m ethyl e s t e r  HC1
I1

Bz-Gly-Phe-OMe
14

Bz-Gly-Phe-0H

1Bz-Gly-Phe-NH-C12H25

S tep  1 : P re p a ra t io n  o f  p h e n y la la n in e  m ethyl e s t e r

T his p ro d u c t had a lre a d y  been p rep a red  in  s te p  1 o f  
th e  s y n th e s is  o f  Z-Ala-Phe-NH-C H21 (Compound I I I )

S tep  2 : P re p a ra t io n  o f  Bz-Gly-Phe-OMe
This s te p  used  Bz-Gly-OH ( 1.79  g , 10 mmoles) and 

p h e n y la la n in e  m ethyl e s t e r  HC1 (2 .16  g , 10 m m oles). The r e a c t io n  was 
c a r r ie d  o u t under th e  same r e a c t io n  c o n d it io n s  d e sc r ib e d  fo r  th e  
s y n th e s is  o f  Z-Ala-Phe-OMe, y ie ld e d  w h ite  s o l id  (2 .1 4  g ,  63%), m .p.
12 0 -12 1  c .
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S tep  3 i P re p a ra t io n  o f  Bz-Gly-Phe-OH 
T his s te p  used Bz-Gly-Phe-OMe (2 .1 4  g , 6 .3  m m oles), 

m ethanol (15 mL) and 1 N NaOH (25 mL). The r e a c t io n  was c a r r i e d  o u t 
under th e  r e a c t io n  c o n d it io n s  d esc rib ed  fo r  th e  s y n th e s is  o f 
Z-Ala-Phe-OH, y ie ld e d  a w h ite  c r y s t a l l i n e  s o l id  (1 .72  g , 84%), m .p. 
146-148 "c ( l i t  [7 4 ] ,  m .p. 148-150*C).

S tep  4 : P re p a ra t io n  o f  Bz-Gly-Phe-NH-C.j 2แ2^
T his s te p  used Bz-Gly-Phe-OH (0 .8  g , 2 .5  mmoles) and 

dodecylam ine (1 .38  g , 7 .5  m m oles). The r e a c t io n  was c a r r i e d  o u t 
under th e  same r e a c t io n  c o n d it io n s  d e sc r ib e d  fo r  th e  s y n th e s is  o f 
Bz-Phe-NH-C^H2J-. The p ro d u c t was r e c r y s t a l l i s e d  from e th y l  a c e t a te  
to  form a w h ite  powder (0 .88  g , 71 %), m .p. 188-190 *c. TLCrR^, 
= 0 .82  (Me0H:CHCl3 = 1 :4 ) .
E lem en ta l a n a ly s is  fo r  C^qH^N^ อ3 , c a l c ’d: c 7 3 -0 2 ,H 8 .72 ,N  8 .52

found ะ c  7 2 . 98,H 8 .8 6 ,N 8.44
IR (K B r)-^(cm "1) ( F i g . I l l . 7) ะ 3360,3280(-NH s t r e t c h i n g ) ; 3075,3020

(-CH a ro m a tic ) ;  2920,2845 (-CH s t r e t c h i n g ) ;  1670,1645 

(0=C-NH); 1550 (-NH bending)
1H NMR (CDC1 ) “©(ppm)' ( F ig .  1 1 1 . 17 )10.88  น ,3 แ ,ฒ ร ) ;  1.25 ( ร ,20H, 

CH2 >ร c h a in )  ; 3.09 (m, 4H, -CH2~Ar , -NH-ÇH - ) ;  4.09 

(d,2H,-NH-CH2-C =0); 4.56 (q , 1H,-NH-CH);  5.82  (b r . ,1 H , 
-NH-CH2 ) ; 6.75  ( b r . ,  1H, 0=C-NH-CH) ; 6 .99  ( b r . ,  1H, 
0=C-NH) ; 7 .20  (ร , 5H, Ar-CH2 ) ; 7.62  (m, 5H, Ar-C=0) 

13c NMR (CDCl3 +DMS0-d6 ) c5 (ppm) (F ig . 1 1 1 . 27) 1 1 3 .9 7  (CHj) ; 2 2 . 3 7 ,
2 6 .6 5 , 29 . 0 3 , 29 . 30 , 31.58 (CH2 'ร  c h a in )  ; 38.62 

(-HN-CH2- )  ; 39.60 (-OHg-Ar) ; 43.55  (-HN-CH2-C=0) ;
54.28 (-NH-ÇH-) ; 126 . 3 3 , 12 7 . 4 1 , 128 . 1 2 , 128 . 2 3 , 129 . 2 0 ,
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131.-48, 133 .64 , 137.27 ( Ar-C=0, -CH2-A r ) ; 167.67
(CH2-Ç=0) ; 169.34 (CH-Ç=0) ; 170.75 (Ar-Ç=0)

3 .2 .9  P re p a ra t io n  o f  Bz-Gly-Phe-NH-C .121H29 (Compound V III)
There a re  fo u r  s t e p s  o f  r e a c t io n  in v o lv ed  in  t h i s  

p re p a ra t io n  which i s  s c h e m a tic a lly  d e sc r ib e d  below ะ

Phe-OH ----------- P h e n y la la n in e  m ethyl e s t e r  HC1
IV

Bz-Gly-Phe-0Me
IiBz-Gly-Phe-OH

IBz-Gly-Phe-NH-C121H29

Step  1,2 and 3 had a lre a d y  been p rep a red  in  the  
s y n th e s is  o f  Bz-Gly-Phe-NH-C^H2^ (Compound V II)

S tep  4 : P re p a ra t io n  o f  Bz-Gly-Phe-NH-C.j 21H29
T his s te p  used Bz-Gly-Phe-OH ( 0 . 8  g , 2 . 5  mmoles) and 

te t r a d e c y la lm in e  ( 1 . 6  g ,  7 . 5  m m oles). The re a c t io n  was c a r r i e d  o u t 
under th e  same r e a c t io n  c o n d it io n s  d e sc r ib e d  fo r  th e  s y n th e s is  o f 
Bz-Phe-NH-C^H2,.. The p ro d u c t was r e c r y s t a l l i s e d  from e th y l  a c e ta te  
to  form a w h ite  powder ( 0 . 8 3  g ,  6 4 % ) ,  m .p. 1 9 3 - 1 9 5 * c .  TLCrR^, ะ  0 . 8 7  

(MeOH:CHCl3 = 1 : 4 )

E lem en ta l a n a ly s is  fo r  c ^ 2 อ3 , c a l c 'd :  c  73.42,H  8 .99 ,N  8 .03
found ะ c  73 . 69,H 9 .1 2 ,N 8.05

IR (K B r)V (cm "1) ( F i g . I I I . 8): 3360 ,3280(-NH s t r e t c h in g )  ; 3070,3020

(-CH a ro m a tic ) ;  2920,2845 (-CH s t r e t c h i n g ) ;  1670,1640
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(0=C-NH); 1550 (-NH bending)
1H NMR (CDC13 ) ^(ppm ) (F ig . I I I . 18): 0 .8 8  (t,3H ,C H 3 ); 1.25 ( ร ,24H, 

CH2 'ร  c h a in ) ;  3 .09  (m,4H,-ÇH2-Ar , NH-CH2- ) ;  4 .08  (d , 
2H, NH-CH2-C =0); 4 .56  (q , 1H, HN-CH);  5 .8 2  ( b r . ,  1H,
NH-CH2 ) ; 6 .75  ( b r . , 1H, 0=C-NH-CH) ; 6 .99  ( b r . ,  1H, 
0=C-NH-); 7 .20  (ร , 5H, Ar-CH2- ) ;  7 .6 2  (m, 5H, Ar-C=0) 

13c  NMR ( CDCl^+DMSO-dg ) S tp p m ) (F ig . I I I . 28): 13.92  ( ฒ ร ); 2 2 .2 1 , 
2 6 .4 9 , 2 8 .9 2 , 2 9 .1 4 , 31.36 (0แ2 'ร  c h a in )  ; 38.46
(-HN-CH2- )  ; 39.38 (-CH2-A r) ; 43.23  (-HN-CH2-C = 0 );
54.12 (HN-CH-CH2- ) ;  126 . 2 2 , 12 7 . 3 1 , 128 .01 , 128 . 1 7 ,
129 . 09 , 131.42 ( A r - c = 0 ,  CH2-A r ) ;  167.45 (-CH2-C =0); 
169.13  (-CH-C=0); 170.65  (Ar-C=0)

3 . 2 .1 0  P re p a ra t io n  o f  Z-Ala-Tyr-NH-C^ H 2  ̂ (Compound IX)
There a re  fo u r  s te p s  o f  r e a c t io n  in v o lv ed  in  t h i s  

p re p a ra t io n  which i s  s c h e m a tic a lly  d e sc r ib e d  below ะ

T y ro s in e ---- ----- > T y ro sin e  m ethyl e s t e r  HC1
1

Z-Ala-Tyr-OMe
1!

Z-Ala-Tyr-0H

1Z-Ala-Tyr-NH-C12H25

S tep  1 : P re p a ra t io n  o f  T y ro sin e  m ethyl e s t e r  HC1
This s te p  used ty r o s in e  (1.81 g , 10 m m oles), 

a b s o lu te  m ethanol (10 mL) and th io n y l  c h lo r id e  (0 .9  g , 12 m m oles).
The r e a c t io n  was c a r r ie d  o u t under th e  r e a c t io n  c o n d it io n s  d e sc r ib e d
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fo r  th e  s y n th e s is  o f  p h e n y la la n in e  m ethyl e s t e r  HC1, y ie ld e d  a w h ite  
c r y s t a l l i n e  s o l id  (2 .08  g , 90 %), m .p. 190-192*0 ( L i t  [7 4 ] ,  m.p. 
1 9 0 * 0 .

S tep  2 : P re p a ra t io n  o f  Z-Ala-Tyr-OMe
Z -a la n in e  (1 .11 g , 5 mmoles) and ty r o s in e  m ethyl 

e s t e r  HC1 (1 .16  g , 5 mmoles) were u sed . The r e a c t io n  was c a r r ie d  o u t 
under th e  same manner d e s c r ib e d  f o r  th e  s y n th e s is  o f  Z-Ala-Phe-OMe. 
A w hite  c r y s t a l l i n e  s o l id  was o b ta in e d  (1 .4 2  g ,71% ), m .p. 119-121 c .

S tep  3 : P re p a ra t io n  o f  Z-Ala-Tyr-OH
This s te p  used  Z-Ala-Tyr-OMe (1 .4 2  g , 3 .5  mm oles), 

m ethanol (10 mL) and 1 N NaOH (5 mL). The r e a c t io n  was c a r r ie d  o u t 
under th e  same r e a c t io n  c o n d it io n s  d e sc r ib e d  f o r  th e  s y n th e s is  o f 
Z-Ala-Tyr-OH, y ie ld e d  w h ite  c r y s t a l l i n e  s o l id  (0 .9 7  g , 72%), m .p. 
153-154*0.

S tep  4 : P re p a ra t io n  o f  Z -A la -T y r-N H -C ^ f^
T his s te p  used Z-Ala-Tyr-OH (0 .9  g , 2 .3  mmoles) and 

dodecylam ine (1 .3  g , 6 .9  m m oles). The r e a c t io n  was c a r r i e d  o u t under 
th e  same r e a c t io n  c o n d it io n s  d e sc r ib e d  fo r  th e  s y n th e s is  o f 
B z-P he-N H -C ^H ^. The p ro d u c t was r e c r y s t a l l i s e d  from e th y l  a c e ta te  
to  form a w h ite  powder (0 .89  g , 70 %), m .p. 160-162 *c. TLC:F^, ะ 0 .85  
(MeOHะCHC13 =1:4)
E lem ental a n a ly s is  fo r  C3 2 H4 7 N3 » c a l c 'd :  c  6 9 . 4 4 , H  8 . 5 0 , N  7 . 5 9

found ะ c  6 9 . 4 8 , H  8 . 7 6 , N  7 . 5 8

IR (KBr) ■ ไ? (cm- 1 ) (F ig . I l l . 9): 3320 ,3290 (-NH b en d in g ); 3050 (-CH 
a ro m a tic ) ;  2930,2850 (-CH s t r e t c h i n g ) ;  1690, 1660,1630 

(0=C-NH);  1540 (-NH bending)
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1H NMR (CDC1 ) ร  (ppm) (F ig . I I I . 19): 0 .8 7  ( t ,3 H ,๓ 3 ); 1.24 ( ร ,20H, 
๓ 2 'ร  c h a in )  ; 1.34  (d , 3H, ๓ 3- ๓ )  ; 3.05 (m, 4H, 
- ๓ 2- Ar , NH-CH2 ); 4 .15  (m, 1H, NH-ÇH-); 4.54  (q , 1H, 
๓ - ๓ - ๓ 2 ) ; 5 .07  ( ร ,2H, ๓ 2- 0 - ) ;  5 .27  ( b r . , 1H,NH-CH); 
5 .93  ( b r . , 1H, ๓ - ๓ 2 ); 6.87 (db . o f  d b . , 4 H , - 0 - )  ; 
7 .33  ( ร ,6H, At-CH2 , -OH)

13c NMR (CDCI3 +DMS0- d t ) *0 (ppm) (F ig . I I I . 29): 14.03 ( ๓ 3 ) ;  17.98 

( ๓ - ๓ 3 ) ; 2 2 .4 2 , 2 6 .7 0 , 29 . 09 , 29 . 36 , 3 1.6 3  (CH2 ’ร 
c h a in )  ; 38.73  ( - ๓ 2- NH-) ; 39.65 ( - ๓ 2- Ar) ; 51.08 

( - ๓ - ๓ 3 ); 54.39 (-NH-CH-); 66.30 ( ๓ 2- 0 - ) ;  115 .22 , 
1 2 7 . 5 2 , 1 2 7 . 79 , 12 7 . 90 , 128 .39 , 130 . 1 8 , 136 . 5 7 , 155.91 

( - ๓ 2- Ar , - 0 > -  ) ;  156.18 (-0 -0 = 0 ); 170.92  ( - ๓ - ๓ 0 ) ;  
172.59  (0=C-NH-CH2- )

3 . 2 . 1 1  P re p a ra t io n  o f  Bz-Gly-Tyr-NH-C12H2,- (Compound X)
There a re  fo u r  s te p s  o f  r e a c t io n  in v o lv ed  in  t h i s  

p re p a ra t io n  which i s  sc h e m a tic a lly  d e s c r ib e d  below ะ

T y ro s in e ------ ----- ► T y ro sin e  m ethyl e s t e r  HC1
I1Bz-Gly-Tyr-0M e
1
iBz-Gly-Tyr-0H
1iBz-Gly-Tyr-NH-C H

S tep  1 ะ P re p a ra t io n  o f  T y ro sin e  m ethyl e s t e r  HC1 
T his p ro d u c t had a lre a d y  been p rep a red  in  s te p  1 o f 

th e  s y n th e s is  o f  Z-Ala-Tyr-NH-C^2H2^ (Compound IX ).
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S tep  2 : P re p a ra tio n  o f  Bz-Gly-Tyr-OMe
Bz-Gly-OH (1 .79 g ,1 0  mmoles) and ty r o s in e  m ethyl

e s t e r  HC1 (2 .3 2  ร ,  10 mmoles) were u sed . The r e a c t io n  was c a r r ie d  
out under th e  same r e a c tio n  c o n d it io n s  d e sc r ib e d  fo r  th e  s y n th e s is  
o f Z-Ala-Phe-OMe. A fte r e v a p o ra tin g  e th y l a c e t a te ,  th e  re s id u e  was 
added w ith  p etro leum  e th e r  and sm all p o r t io n s  o f  e th y l  a c e t a te .  The 
m ix tu re  was s to re d  below 0 'c  fo r  c r y s t a l l i s a t i o n .  A w hite
c r y s t a l l i n e  s o l id  was o b ta in ed  ( 1 .3 2  g , 37%), m .p. 139-140 c.

S tep  3 ะ P re p a ra tio n  o f Bz-Gly-Tyr-OH 
Bz-Gly-Tyr-OMe ( 1 .3 2  g , 3.7  mmoles) p re v io u s ly  

p rep a red  from s te p  2 was d is s o lv e d  in  d ioxane (10 mL). With s t i r r i n g  
a t  room te m p e ra tu re , 1 N NaOH (6 mL) was added d ro pw ise . The 
s o lu t io n  was s t i r r e d  co n tin u o u s ly  fo r  5 hours a t  room te m p e ra tu re . 
The s o lu t io n  was then  d i lu te d  w ith  w ater (10 mL) and a c id i f i e d  w ith  
1 M HC1 w ith  c o o lin g . The s o lu t io n  was e x tr a c te d  w ith  e th y l  a c e ta te  
(100 mL) and th e  o rg an ic  la y e r  was d r ie d  w ith  Na^SOjj . The s o lv e n t  
was th en  removed under reduced p re s s u re . A fte r  th e  re s id u e  had been 
d r ie d  in  th e  a i r  fo r  s e v e ra l  d ay s , a w h ite  c r y s t a l l i n e  s o l id  was 
o b ta in e d  and washed w ith  d ie th y l  e th e r  (1 .1 2  g,89% ), m .p. 203-204 ’c .

S tep  4 : P re p a ra tio n  o f  B z-G ly-T yr-N H -C ^H ^
Bz-Gly-Tyr-OH (1 .0  g , 2 .9  mmoles) and dodecylam ine 

(1 .6  g , 8.7  mmoles) were u sed . The r e a c t io n  was c a r r i e d  o u t under 
th e  same re a c t io n  c o n d itio n s  d esc rib ed  fo r  th e  s y n th e s is  o f 
Bz-Phe-NH-C^H^,.. The p ro du ct was r e c r y s t a l l i s e d  from e th y l  a c e ta te  
to  form a w h ite  powder (1 .18  g , 80%), m .p. 150-152°c. TLC:Rf  = 0.83 

(MeOH:CHCl^ = 1 :4 ) .
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E lem en tal a n a ly s i s  fo r  C30Hj13ผ3 0^ , c a l c 'd :  c 70.73,H  8 .45 ,N  8 .25
found ะ c 70.38,H  8 .58 .N  8.16

IR (KBr) า? (cm- 1 ) (F ig . I l l . i o ) ะ 3340 (-NH s t r e t c h i n g ) ;  3050 (-CH 
a ro m a tic )  ; 2920 , 2860 (-CH s t r e t c h in g )  ; 1675 , 1650 

(0=C-NH) ; 1525 (-NH bend ing)
1H NMR (CDCl3+DMSO-d6 ) ร (ppm) ( F ig .  I I I .2 0 ) : 0 .8 7  ( t ,3 H fCH3 ) ;  1 .24 .

( ร ,20H,CH2 'ร  c h a in ) ;  3.09 (m,4H,-CH2-Ar 1-NH-OTg-) ; 
3.95  (br.,2H ,-H N-CH 2-C =0); 4 .5 7  (q ,1H , HN-CH);  6.81

(d b .o f  d b . , 4 H , ^ y  ) ;  7 .2 5  ( b r . , 1H,NH-CH2-(CH2 ) 10); 
7.61 ( ร , 1H,-0H); 7 .7 1  (m,5H, Ar-C=0); 8.36 ( b r . ,  1H,
0=C-NH-CH-); 8.74 ( b r . ,  1H, 0=C-NH-CH2- )

13c NMR (CDCl^+DMSO-dg) s (ppm) (F ig . I I I . 30): 13.97  (0แ3 ) ;  2 2 .4 2 ,
2 6 .7 6 , 2 9 .1 4 , 2 9 .4 1 , 31.69 (0แ2 'ร  ch a in ) ; 38.78 

(NH-ÇH2 ) ; 39.76 (-ÇH -A r) ; 43.66 (-NH-CH2- )  ; 54.66 

(NH-CH-C=0) ; 1 1 5 . 3 3 , 127 .41 , 1 2 7 . 58 , 128 . 2 8 , 13 0 . 1 2 , 
131 .48 , 133 . 70 , 155.91 ( Ar-CsO, - ป ีh  ) ; 167.88

(-CH2-C =0); 169.34 (-CH-C_=0) ; 1 7 1 .02(Ar-C=0)

3 .3  Enzyme A ssays

3 . 3 .1  P re p a ra t io n  o f  S o lu t io n s
3 . 3 .1 .1  Enzyme s to c k  S o lu tio n

T ry p sin  (1 mg) was d is s o lv e d  in  1 mL 1 mM 
HC1. The enzyme s o lu t io n  was k ep t in  an ic e  b a th  b e fo re  th e
e x p e r im e n ts .

C hym otrypsin (0 .2 5  mg) was d is s o lv e d  in  1 mL 
1 mM HC1. S to ck  enzyme s o lu t io n  was th en  d i lu te d  w ith  100 mL 1 mM 
HC1 b e fo re  u s e . The enzyme s o lu t io n  was a ls o  k ep t in  an ic e  b a th
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b e fo re  th e  e x p e rim en ts .
HLC-G (175 mg) was d is s o lv e d  in  1 mL NaOAc 

b u f f e r .  The enzyme s o lu t io n  was a ls o  k ep t in  an i c e  b a th .
3 . 3 .1 .2  S u b s tra te  s to c k  S o lu tio n

A 2 mM o f BAPNA, th e  t r y p s in  s u b s t r a t e ,  and 
a 2 mM o f Suc-A la-A la-Pro-Phe-pN A , th e  chym otrypsin  and c a th e p s in  G 
s u b s t r a t e ,  were p rep a red  in  DMSO.

3 . 3 . 1 .3  B u ffe r S o lu tio n
HEPES b u f fe r  was p repared  by d is s o lv in g  0.1 

M HEPES and 0 .5  M NaCl in  d i s t i l l e d  w a te r. The b u f fe r  s o lu t io n  
was th en  a d ju s te d  to  pH 7 .5  by u sin g  10 M NaOH.

NaOAc b u f fe r  was p rep a red  by d is s o lv in g  50 
mM NaOAc and 0.45 M NaCl, pH 5 .5  in  d i s t i l l e d  w a te r .

3 .3 .1  - 4 I n h ib i to r  s to c k  S o lu tio n
A ll i n h i b i t o r s ,  (1 mM) were d is s o lv e d  in  

DMSO, th en  a l iq u o t s  o f  t h i s  s o lu t io n  were made up to  50 _yW.L.

3 . 3 .2  D eterm in a tio n  o f The P ercen tag e  I n h ib i t io n  o f 
S y n th e tic  I n h ib i to r s

A ll s o lu t io n s  were m ain ta ined  a t  37 °c d u rin g  
th e se  a ssa y s  which were c a r r ie d  out by u s in g  a UV-240 Shimadzu 
sp e c tro p h o to m e te r equipped w ith  a 10 mm matched q u a r t z - c e l l  
and th e rm o s ta t ic  c e l l  com partm ent. The enzyme was assayed  
a c co rd in g  to  th e  method o f  V isse r and B lout (7 5 ) . The enzyme was 
p re in c u b a te d  w ith  th e  i n h i b i t o r  o r w itho u t th e  i n h i b i t o r  fo r  5 
m inutes a t  3 7 °c b e fo re  th e  a d d it io n  o f s u b s t r a t e .  An in c u b a tio n  tim e 
o f ap p ro x im ate ly  5 m inutes was allow ed a f t e r  th e  a d d it io n  o f
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s u b s t r a te  to  bo th  th e  re fe re n c e  and sam ple c e l l s .  The i n i t i a l  r a t e  
o f th e  p ro d u c tio n  o f  p - n i t r o a n i l in e  was fo llo w ed  by measurement 
o f th e  in c re a s e  in  absorbance a t  405 nra . The in c re a s e  in  abso rban ce  
was l i n e a r  in  a l l  c a ses  d u rin g  th e  m easurem ent.

The s y n th e t ic  i n h i b i t o r s ,  were used a t  d i f f e r e n t  
c o n c e n tra t io n s  to  determ ine the  p e rcen tag e  i n h i b i t i o n  o f each 
i n h i b i t o r .

P e rcen t in h ib i t io n  was c a lc u la te d  a s  fo llo w s :

% in h ib i t io n  = a -b  X 100 
a

where: a ะ r a t e  o f  th e  r e le a s e  o f  ab so rb in g  s p e c ie s  in  the
absence o f  i n h i b i t o r

b = r a t e  o f  th e  r e le a s e  o f  ab so rb in g  s p e c ie s  in  th e  
p re sen ce  o f  i n h i b i t o r

For th e  d e te rm in a tio n  o f  p e rce n ta g e  i n h i b i t i o n ,  th e  
fo llo w in g  s o lu t io n s  were p rep a red .



43

C on tro l Run:

Sample cell(yUL) R eference  c e l l^ lL )

HEPES 800 800
Enzyme 50 -

NaOAc b u f fe r  o r 1 mM HC1 - 50
I n h ib i to r - -

DMSO 100 100
S u b s tra te 50 50

I n h ib i to r  Run:

Sample cellÇyUL) R eference celK yiL)

HEPES 800 800
Enzyme 50 -

NaOAc b u f fe r  o r 1 mM HC1 - 50
I n h ib i to r 50-100 50-100

DMSO 50-100 50-100
S u b s tra te 50 50

C on tro l sam ple c e l l  had no i n h i b i t o r  p re s e n t .
C ontro l re fe re n c e  c e l l  had no in h i b i t o r  o r enzyme p r e s e n t .
The t o t a l  volume o f  each c e l l  i s  1000 J k L.
1 mM HC1 used fo r  t e s t i n g  t r y p s in  and chy m o try psin , b u t NaOAc b u f fe r  
used fo r  t e s t i n g  c a th e p s in  G.
The r e s u l t s  o f  d e te rm in a tio n  o f  th e  p e rcen tag e  o f  i n h i b i t io n  a re
shown in  Table 3-1
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Table 3 .1  P ercen tag e  i n h i b i t i o n  o f  s y n th e t ic  i n h i b i t o r s .

No I n h ib i to r Enzyme ^a ^ % I n h ib i t i o n
50 j k  M 10 J X  M 5J J M 1 J X  M 0 .5 J À . M

I Bz-Phe-NH- t r y p s in 7.50 0 - - -

C12H25i chym otrypsin 72.92 38.46 10.34 0 -
c a th e p s in  G I - - - -

I I Bz-Phe-NH- t r y p s in 10.61 0 - - -

C14H29 chym otrypsin 78.72 41.23 20.60 2.08 0
c a th e p s in  G I - - - -

I I I Z-Ala-Phe-NH- t r y p s in 0 - - - -

c10H2 1 ; chym otrypsin 89.58 56.14 35.98 0 -
c a th e p s in  G I - - - -

IV Z-Ala-Phe-NH- t r y p s in 0 - - - -

C12H25 chym otrypsin 90.38 73.08 38.46 3.85 0
c a th e p s in  G I - - - -

V Z-Ala-Phe-NH- t r y p s in 0 - - - -

C14H29 chym otrypsin 94.64 82.14 48.21 0 -
c a th e p s in  G I - - - -

VI Z-Gly-Phe-NH- t r y p s in 0 - - - -

C12H25 chym otrypsin 87.93 47.53 24.14 1.72 -
c a th e p s in  G I - - - -



T a b le  3 .1  C o n tin u ed ,.

No I n h ib i to r Enzyme^ % I n h ib i t i o n
50 JJL M 10 JJL M 5 JJL M 1 JX  M 0 .5  yUM

VII Bz-Gly-Phe-NH- t r y p s in 17.46 0 - - -

C12H2 5 ร chym otrypsin - 89.39 68.18 22.00 0

c a th e p s in  G I - - - -

V III Bz-Gly-Phe-NH- t r y p s in 13.89 0 - - -

C14H29 ! chym otrypsin - - 72.73 25.76 0

c a th e p s in  G I - - - -

IX Z-Ala-Tyr-NH- t r y p s in 5.55 - - -■ -

C12H25 1 chym otrypsin 28.04 4.05 0 - -
c a th e p s in  G I - - - -

X Bz-Gly-Tyr-NH- t r y p s in 7.04 - - - -

C12H2 5 chym otrypsin 34.18 8.55 - - -
c a th e p s in  G I - - - -

(a ) The p e rce n ta g e  i n h i b i t i o n '  o f  s y n th e t ic  i n h i b i t o r s  fo r  
c a th e p s in  G were determ ined  a t  th e  D epartm ent o f  C hem istry , 
La Trobe U n iv e rs i ty ,  A u s t r a l ia ,  
n o t m easured.

I in a c t iv e
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3-3.3 Determination of The Type of Inhibition

The type of inhibition was determined by a 
Lineweaver-Burk p lo t. In i t ia l  velocities were determined by varying 
substrate concentrations (0 .0 2 -0 .0 1  mM) at 3 fixed concentration of 
the inh ib ito rs .

The assay  p ro ced ure  was c a r r ie d  o u t s im i l a r ly  to  t h a t  
d e s c r ib e d  in  s e c t io n  3 . 3 . 2 . The d a ta  invo lv ed  in  th e  d e te rm in a tio n  
o f th e  ty p e s  o f  i n h ib i t io n  a re  p re se n te d  in  Appendix I I .  The 
r e s u l t s  o f  Linew eaver-B urk d a ta  o f the  s y n th e t ic  i n h i b i t o r s  No. 
I-X o f  chym otrypsin  a re  p re se n te d  in  T ables I I . 1 to  T able  1 1 .1 0 . 
The d a ta  were p lo t te d  as shown in  F ig . 3 .1  to  F ig .3 .10 r e s p e c t iv e ly .
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F ig .3 .1  L inew eaver-B urk d o u b le - r e c ip ro c a l  p l o t s  o f  k i n e t i c  
d a ta  o f  compound I  by chym otrypsin .

F i g . 3 .2  L in e w e a v e r-B u rk  d o u b l e - r e c i p r o c a l  p l o t s  o f  k i n e t i c
d a t a  o f  compound I I  by  c h y m o try p s in .



F i g . 3 .3  L in e w e a v e r-B u rk  d o u b l e - r e c i p r o c a l  p l o t s  o f  k i n e t i c  
d a t a  o f  compound I I I  b y  c h y m o try p s in .

F i g . 3 .4  L inew eaver*-B urk d o u b le - r e c i p r o c a l  p l o t s  o f  k i n e t i c
d a t a  o f  compound IV by c h y m o try p s in .



F ig .  3 .5  L in e w e a v e r-B u rk  d o u b l e - r e c i p r o c a l  p l o t s  o f  k i n e t i c  
d a t a  o f  compound V b y  c h y m o try p s in .

F i g . 3 .6  L in e w e a v e r-B u rk  d o u b l e - r e c i p r o c a l  p l o t s  o f  k i n e t i c
d a ta  o f  compound VI by chym otrypsin .
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F i g . 3 .7  L in e w e a v e r-B u rk  d o u b l e - r e c i p r o c a l  p l o t s  o f  k i n e t i c  
d a t a  o f  compound V II by  c h y m o try p s in .

F i g . 3 .8  L in e w e a v e r-B u rk  d o u b l e - r e c i p r o c a l  p l o t s  o f  k i n e t i c
d a t a  o f  compound V I I I  b y  c h y m o try p s in .
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F i g . 3 .9  L in e w e a v e r-B u rk  d o u b l e - r e c i p r o c a l  p l o t s  o f  k i n e t i c  
d a t a  o f  compound IX b y  c h y m o try p s in .

F i g . 3 .1 0  L in e w e a v e r-B u rk  d o u b l e - r e c i p r o c a l  p l o t s  o f  k i n e t i c
d a t a  o f 'c o m p o u n d  X b y  c h y m o try p s in .
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3 - 3 .1* D ete rm in ation  o f  The Value o f  K in e tic  P aram eters

The v a lu e  o f  Km was determ ined  by u s in g  a p lo t  o f  1/V
a g a in s t  1 / [ร ] in  a Linew eaver-B urk p l o t .  Whereas th e  s lo p e  o f each
o f  th e s e  l i n e s  (K_/V_ ) a g a in s t  c o n c e n tra t io n  o f  i n h i b i t o r s  b ein gm max
u se d , gave th e  v alue  o f  K  ̂ by e x t r a p o la t io n  back to  th e  [ I ]  
a b s c is s a .  The in te r c e p t io n  p o in ts  on th e  1/V a x is  o f th e  
L inew eaver-B urk p lo t  a g a in s t  th e  c o n c e n tra t io n  o f  i n h i b i t o r s  b ein g  
u se d , gave th e  Kj. by e x t r a p o la t io n  back to  [ I ]  a b s c i s s a .  A com puter 
programme was used to  c a lc u la te  th e  v a lu e s  o f  K^, and Kj by a 
l e a s t  sq u a re  method.

In  t h i s  e x p e r im e n t , in i t i a l  v e l o c i t i e s  were determ ined  
by v a ry in g  th e  s u b s tr a te  c o n c e n tra t io n s  ( 0 . 0 2 - 0 . 1  mM ) fo r  
in d iv id u a l  enzyme. Owing to  th e  low i n h ib i t io n  f o r  each i n h i b i t o r ,  
th e  v a lu e  o f  was only  determ ined  fo r  t r y p s i n .  The r e s u l t s  o f 
L inew eaver-B urk d a ta  w ith o u t i n h i b i t o r  fo r  d e te rm in in g  o f  t r y p s in  
was p re se n te d  in  Table 3 .2  and th e  d a ta  was p lo t te d  as shown in  
F ig . 3 .1 1 . For ch y m o try p sin , th e  v a lu e  o f  Km was d ete rm in ed  by u s in g  
th e  av e rag e  o f  Km c a lc u la te d  from F ig . 3.1 to  F ig . 3 .10  w ith o u t 
i n h i b i t o r .  In  t h i s  ex p e rim en t, th e  v a lu e  o f  K  ̂ and Kj were a ls o  
determ ined  fo r  chym otrypsin  by u s in g  th e  r e s u l t s  in  T ab les  I I . 1 to
Table 11.10  in  Appendix I I .
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T a b le  3 .2  L in ew ea v er-B u rk  d a ta  w ith o u t  i n h i b i t o r  f o r  d e te r m in in g
o f  t r y p s in .

[ร ] mM 1 /[S ] V 1/V R egressio n  a n a ly s is

0 .10 10.00 0.0470 21.28 s lo p e  (K /V ) = 1.7997 m max
0.08 12.50 0.0376 26.60 X  = -1 .8475
0.06 16.67 0.0306 32.68 y = 3.3249
0.04 25.00 0.0208 48.08 c o r r e la t io n  c o e f f i c i e n t  ะ 0.9998
0.02 50.00 0.0107 93.46

F i g . 3 .1 1  L in ew eav e r-B u rk  d o u b le - r e c ip r o c a l  p l o t  o f  k i n e t i c  
d a ta  w i th o u t  i n h i b i t o r  by t r y p s i n .
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