
CHAPTER III

RESULTS AND DISCUSSION

S y n th ese s  an d  p ro p e rtie s  o f  n o v e l cP N A  w ill be  d isc u sse d  in  ea c h  p a rt as  fo llo w s.

3.1 Synthesis of cPNA monomers

3.1.1 Synthesis of intermediate, Af-^rt-butoxycarbonyl-m-4-(A^-benzoylthymin-l-yl)- 
D-proIine diphenylmethyl ester (7)

(viii) DpmC>2C

Boc

(5b) (7)

i) AC2 O  /  A cO H  re flu x  5 .5 hr
ii) aq  HC1 re flu x  3 In­
in )  E t3N  /  E tO H  th en  frac tio n a l c ry s ta lliza tio n
iv ) B o c 2 0 /aq  N a O H  / 'B u O H  rt O /N
v) P h 2 C = N  = N \  E tO A c rt O /N
V I) H C O 2 H / P P h 3 /  D E A D  in T H F  -20  °C  rt O /N
v ii) aq  N H 3 /  M eO H  rt 1 hr
v iii)  T® /  P P h 3 /  D E A D  in  T H F  -20  °C  rt O /N

Figure 3.1 Synthesis o f  intermediate [Boc-D-Pro(cw- 4-TBz)-ODpm, (7)]
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S y n th es is  o f  b u ild in g  b lo ck s  req u ired  fo r b o th  se rin e -co n ta in in g  c P N A  and 
d e o x y g ly c y lp ro lin e  cP N A  req u ire s  th e  sam e  co m m o n  in te rm ed ia te , ie. p ro te c te d  p ro lin e  
b e a rin g  th y m in e  [B o c-D -P ro (cA -4 -T Bz)-O D p m , (7 ) ] . 63 S y n th esis  o f  c o m p o u n d  (7) hav e  
b een  re p o rte d  an d  w as su m m a riz e d  in  fig u re  3 .1 . S ince  th e  s ta rtin g  m a te ria l, ๗.ร-4- 
h y d ro x y -D -p ro lin e  o r (2R ,4 i? )-4 -h y d ro x y  p ro lin e  (lb) w as m o re  e x p en s iv e  th a n  n a tu ra lly  
o c c u rrin g  tra n s-L -iso m er (la) ab o u t 30  tim es , w e  hav e  th e re fo re  a ttem p ted  to  fin d  ou t 
p o ss ib le  m e th o d s  w h ic h  co u ld  p ro v id e  th e  ๗.ร-D -isom er w ith  re a so n ab le  co st an d  w ith o u t 
to o  m u c h  d iff icu lty . A n  e ffec tiv e  m e th o d  to  ep im erize  tra m -4 -h y d ro x y -L -p ro lin e  in to  ๗.ร- 
4 -h y d ro x y -D -p ro lin e  in v o lv in g  th e  in v e rs io n  o f  co n fig u ra tio n  a t th e  a -c a rb o n  h a s  been  
re p o rte d  b y  G re e n s te in . 64 R e flu x in g  /r< m v-4-hydroxy-L -pro line in  ace tic  a n h y d rid e /ace tic  
ac id  m ix tu re  g av e  an  eq u ilib riu m  m ix tu re  o f  N, O -d iace ty la ted  o f  ๗.ร-D -ep im er an d  tra n s-L- 
e p im e r a t a  ra tio  o f  2 : 1 , p re su m a b ly  v ia  en o liz a tio n  a t th e  a -c a rb o n  o f  th e  m ix e d  an h y d rid e  
in te rm e d ia te  ( f ig u re  3 .2 )

Figure 3 .2  E p im e riz a io n  o f  /ra /7.v-4 -h y ro x y -L -p ro lin e  in to  ๗ร-4 -h y d ro x y -D -p ro lin e  via

A c id  h y d ro ly s is  o f  th e  in itia lly  fo rm ed  N, o  d iace ty la ted  ad d u c ts  w ith  d ilu te  HC1 
g av e  a  m ix tu re  o f  th e  ๗.ร'-D an d  tran s-L h y d ro x y  p ro lin e  h y d ro ch lo rid e  sa lt. S tille  rep o rted  
a  su c c e ss fu l to  se p a ra tio n  o f  th e  ๗ ร’-อ -e p im er fro m  th e  m ix tu re  o f  h y d ro x y p ro lin e  
h y d ro c h lo r id e  sa lt b y  re c ry s ta lliz a tio n  fro m  e th a n o l-w a te r , 65 b u t th e  re su lt w as  n o t 
re p ro d u c ib le  in  o u r hand . A n  a lte rn a tiv e  m e th o d  has b een  rep o rted  by  G re e n s te in 64 

w h e re b y  th e  ch lo rid e  ion  w as firs t e lim in a ted  fro m  the  m ix tu re  o f  h y d ro x y p ro lin e  
h y d ro c h lo r id e  ep im ers  by  tre a tm e n t w ith  s ilv e r c a rb o n a te  fo llo w ed  by  filtra tio n  to  rem o v e  
th e  s ilv e r  c h lo r id e  p rec ip ita te . E x cess  s ilv e r ion  w as su b seq u en tly  rem o v ed  by  h y d ro g en  
su lfid e  tre a tm e n t and  filtra tio n . H o w ev er th is  m e th o d  w as co n sid e red  u n su itab le  sin ce  it 
w as to o  c o m p lic a te d  an d  in v o lv ed  th e  u se  o f  ex p en siv e  reag en ts . V ila iv an  re p o rte d  a  m ore

e n o liz a tio n  m ech an ism
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co n v e n ie n t m e th o d  by  u s in g  so m e  o rgan ic  bases such  as p y rid in e , m o rp h o lin e  o r 
tr ie th y lam in e  in s tead  o f  s ilv e r c a rb o n a te  and  found  to  g av e  id en tica l re su lts  to  G reen s te in  
m e th o d . 63 In  th e  p re se n t s tu d y , tr ie th y lam in e  w as ch o sen  f irs t d u e  to  its av a ilab ility , lo w  
to x ic ity  an d  cost. H en ce  it w as d ec id ed  to  s tart o u r re sea rch  w ith  th is  a ce tic  an h y d rid e -  
a ce tic  ac id  e p im e riz a tio n  m e th o d  an d  a fte r  h y d ro ly sis  w ith  d ilu te  HC1, th e  re a c tio n  m ix tu re  
w as ad ju s ted  to  p H  8  by  tr ie th y lam in e  fo llo w ed  b y  ad d itio n  o f  ab so lu te  e th a n o l (9  fo ld  
v o lu m e). U n d e r th is  co n d itio n , ex cess  tr ie th y lam in e  an d  tr ie th y lam in e  h y d ro c h lo rid e  sa lt 
w ere  read ily  so lu b le  w h ile  th e  free  h y d ro x y p ro lin e  ep im ers  p re c ip ita te d  o ff. 
N o tw ith s ta n d in g ^ , p a rts  o f  h y d ro x y p ro lin e  w as rem a in ed  d isso lv ed  in  th e  f iltra te , 
th e re fo re  a ttem p ts  to  re c o v e r  th is  m a te ria l have  b een  m ad e . F irs tly , su lfu ric  a c id  w a s  u se d  
in s tead  o f  h y d ro c h lo ric  ac id  in  h y d ro ly sis  step  w ith  th e  h o p e  th a t th e  re s id u a l su lfa te  io n  
w o u ld  be  rem o v ed  as b a riu m  su lfa te  by  trea tm en t w ith  b a riu m  h y d ro x id e , b u t th e  re su lt 
w as  u n su ccessfu l d u e  to  th e  lo w  so lu b ility  o f  b o th  b a riu m  h y d ro x id e  an d  b a r iu m  su lfa te  
b y -p ro d u c t w h ic h  in te rfe red  th e  o b se rv a tio n  o f  th e  eq u iv a len t p o in t. S eco n d ly , i t  w as  
th o u g h t th a t tr ie th y la m in e  a n d  am p h o te ric  h y d ro x y p ro lin e  sh o u ld  h av e  d iffe re n t a ff in ity  
to w a rd s  s tro n g ly  b a s ic  an io n  ex ch an g e  re s in  (h y d ro x y l fo rm ). A  p re lim in a ry  e x p e r im e n t 
sh o w ed  th a t tr ie th y la m in e  co u ld  n o t be  ab so rb ed  o n  th e  re s in  b u t ch lo rid e  io n  an d  h y d ro x y  
p ro lin e  as  z w itte r  ion  d id . T h e  h y d ro x y p ro lin e  w as su b seq u en tly  e lu te d  fro m  th e  re s in  w ith  
d ilu te  HC1 w h ich  co n v e rted  th e  p ro lin e  in to  free  ac id  fo rm , h en ce  n o t fu rth e r a b so rb e d  o n  
th e  re s in  an d  w as e lu ted  fro m  th e  re s in  as h y d ro ch lo rid e  sa lt. A c c o rd in g  to  th e  re su lts , th is  
io n  ch ro m a to g rap h y  m e th o d  w as seem ed  to  be th e  b e st ch o ice  to  re c o v e r  th e  s ta rtin g  
m ate ria l.

W e tu rn ed  to  c o n s id e r th e  m e th o d  to  p u rify  th e  h y d ro x y p ro lin e  e p im e rs  f ree  fro m  
tr ie th y la m in e  and  ch lo rid e  ion . In d eed , h y d ro x y p ro lin e  ep im ers  m ig h t b e  c o n s id e re d  as  a  
d ia s te re o m e ric  p a ir , h en ce  it sh o u ld  be  p o ss ib le  to  sep a ra te  th e  ๗.ร'-D -and /ra m ’-L -iso m er 
d e p e n d in g  on  th e  d iffe ren ce  in  so m e  p h y sica l p ro p erties . F rac tio n a l c ry s ta lliz a tio n  u s in g  
e th a n o l-w a te r  sy s tem  h av e  b e e n  rep o rted  to  g ive  g o o d  re su lts  63 H o w ev er, w e  fo u n d  th a t 
m e th an o l co n ta in in g  a  few  d ro p s  o f  w a te r w as a b e tte r  so lv en t sy s tem  an d  g av e  e x c lu s iv e  
๗.ร’- อ -e p im e r (lb) up  to  36 %  w h ich  w as h ig h e r th an  an y  p rev io u s  rep o rts . In  ad d itio n , 
a fte r  rem o v a l o f  m e th a n o l-w a te r, a  m ix tu re  co n ta in in g  m a in ly  tra m '-4 -h y d ro x y -L -p ro lin e  
co u ld  be reco v e red  fro m  th e  m o th e r liq u o r and  m ay  be  recy c led . T h e  id en tity  an d  p u rity  o f  
th e  ๗.ร'-D ep im er p ro d u c t w as  p ro v ed  by  co m p ariso n  o f  its ' h  N M R  sp ec tru m  w ith
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authentic ๗.ร'-4-hydroxy-D-proline. There was no trace peak of /r«m-4-hydroxy-L-proline 
(figure 3.3 a) appeared in the spectrum of ๗.ร'-D-proline (figure 3.3 b) so obtained.

(b)

Figure 3 .3  C o m p a riso n  o f  ‘h  N M R  sp ec tra  (D 2 0 ,  200  M H z) b e tw e e n  ๗«ท.ร’-4 -h y d ro x y -L - 
p ro lin e  (a) and  ๗.ร'-4 -h y d ro x y -D -p ro lin e  (b)

T h is  m e th o d  req u ires  a  la rge  am o u n t o f  a ce tic  an h y d rid e  w h ic h  co u ld  n o t b e  easily  
o b ta in e d  d u e  to  its  s tric t reg u la tio n  in  T h ailand . T h is o b stac le  h a m p e re d  sca lin g  up  th e  
sy n th es is  th e re fo re  an  a lte rn a tiv e  ep im eriza tio n  m e th o d  w as sau g h t. O th e r a tte m p ts  hav e  
b een  m a d e  in  o rd e r  to  fin d  th e  a lte rn a tiv e  ep im eriza tio n  m e th o d s  w ith o u t th e  n eed  fo r 
a ce tic  an h y d rid e . Y am a d a  has rep o rted  an  e ffec tiv e  m e th o d  in v o lv in g  a ld e h y d e  se rie s  ac ted
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as c a ta ly s t fo r ep im eriza tio n  o f  m an y  am in o  ac id s, in c lu d in g  p ro lin e . 66 O u r f irs t a tte m p t 
w as m ad e  w ith  sa licy la ld éh y d e , b u t it w as n o t seem  to be  w o rth w h ile  b ecau se  a n a ly s is  o f  
' h  N M R  sp ec tru m  o f  th e  cru d e  p ro d u c t a fte r  h ea tin g  in  g lac ia l a ce tic  ac id  a t 100 °c fo r 
3 h r  sh o w ed  less th an  50 %  o f  the  c is -D isom er. E x ten d in g  th e  re a c tio n  tim e  d id  n o t ch an g e  
th e  ra tio  o f  th e  p ro d u c t b u t som e d eco m p o sitio n  w as o b se rv e d  as  su g g es ted  b y  fo rm a tio n  
o f  d a rk  v isc o u s  im p u rities . M o reo v er, it w as d iff icu lt to  re c o v e r  th e  s ta rtin g  m a te r ia l from  
th e  d ir ty  re a c tio n  m ix tu re . O th er a ld eh y d e  in c lu d in g  p ro p io n a ld é h y d e , b u ty ra ld é h y d e  o r 
iso b u ty ra ld é h y d e  g av e  s im ila r p o o r resu lts . S y n th esis  o f  N, O -d iace ty l r ra ra -4 -h y d ro x y -L - 
p ro lin e  by  re a c tio n  w ith  ace ty l ch lo rid e  in  d ried  p y rid in e  b e fo re  e p im e riz a tio n  in  ace tic  
ac id  w a s  a lso  a ttem p ted , b u t th e  re su lt w as  n o t su ccessfu l. A c c o rd in g  to  th e  re su lts  ab o v e , 
no  im p ro v e m e n t co u ld  be  m ad e  fo r th is  step , th e re fo re  w e  s till  ch o se  th e  ace tic  
a n h y d rid e /a c e tic  ac id  as ep im eriz in g  reag en t w ith  m in o r  m o d if ic a tio n  fo r frac tio n a l 
c ry s ta lliz a tio n  by  u s in g  m e th an o l-w a te r  an d  m e th o d  fo r re c o v e ry  o f  th e  s ta rtin g  m a te r ia l by  
io n  ex c h a n g e  ch ro m ato g rap h y . L u ck ily , a ce tic  an h y d rid e  m ig h t b e  co n v e n ie n tly  p re p a re d  
v ia  re a c tio n  b e tw e e n  ace ty l ch lo rid e  and  so d iu m  ace ta te  an h y d ro u s  fo llo w e d  b y  d is tilla tio n  
a c c o rd in g  to  th e  lite ra tu re . 60 N o t su rp ris in g ly , th e  re su ltin g  ace tic  an h y d rid e  c o u ld  b e  u se d  
fo r e p im e riz a tio n  h y d ro x y p ro lin e  to  g ive  th e  sam e  re su lt as  th e  re a g e n t g rade .

In  th e  n e x t step , th e  am ino  g roup  o f  c /.v -4-hydroxy-D -pro line  (lb) w as p ro te c te d  
w ith  a  te m p o ra ry  p ro tec tin g  g roup  in  o rd e r  to  av o id  th e  u n d e s ire d  n u c le o p h ilic  
d isp la c e m e n t by  n itro g en  o f  th e  p y rro lid in e  ring . T w o  m o s t p o p u la r  u re th a n e -ty p e  
p ro te c tin g  g ro u p s , n am ely  te r t-b u to x y ca rb o n y l (B o c) an d  f lu o re n -9 -y lm e th o x y c a rb o n y l 
(F m o c) w e re  co n s id e red  fo r th is  p u rp o se . B o c  p ro te c tio n  h a s  c o n s id e ra b le  a d v an tag es  
b e c a u se  it is  in ex p en s iv e  and  rem ark ab ly  s tab le  to w ard s  b o th  n u c le o p h ile s  an d  b a se s  w h ic h  
is e x p e c te d  to  be  th e  co n d itio n  o f  n u c leo b ase  su b s titu tio n  in  th e  n e x t ab o v e  s tep  w h ile  th e  
F m o c  g ro u p  is to o  b ase -lab ile . R eac tio n  b e tw een  cA -4 -h y d ro x y -D -p ro lin e  ( l b )  an d  d i -tert-  
bu ty l d ic a rb o n a te  (B 0 C2 O ) in  aq u eo u s so d iu m  h y d ro x id e /te rr ib u ta n o l g av e  N -te r t-b u to x y  
ca rb o n y l-cA -4 -h y d ro x y -D -p ro lin e  so d iu m  sa lt an d  c a rb o n  d io x id e  as  a  b y -p ro d u c t (fig u re  
3 .4).
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(lb) (2 )

F ig u r e  3 .4  R e a c tio n  m e c h a n ism  fo r sy n th esis  o f  yV -ler/-bu toxycarbony l-cri'-4 -hydroxy-D - 
p ro lin e  (2 )

T h e  reac tio n  m ix tu re  w as w o rk ed  u p  by  a c id if ic a tio n  fo llo w e d  b y  e x tra c tio n  and  
e v a p o ra tio n  to  a ffo rd  B oc-D -P ro (cw -4 -O H )-O H  (2) (9 7 %  y ie ld ), ' h  N M R  an a ly s is  sh o w ed  
tw o  sh a rp  s in g le t p eak s  a t 1.32 an d  1.37 p p m  d u e  to  ro ta m e rs  o f  th e  B o c  g ro u p , resu lted  
fro m  th e  p re sen ce  o f  tw o  se ts  o f  n o n -eq u iv a len t tert-bxAy\ p ro to n s  d u e  to  th e  re s tr ic ted  
ro ta tio n  a ro u n d  th e  C -N  b o n d . T h e  tw o  ro tam ers  c o e x is t in  e q u ilib r iu m  an d  g av e  rise  to  
tw o  d iffe re n t se ts  o f  s ig n a ls  fo r  p ro to n s  in  ea c h  o f  th em . T h is  p h e n o m e n o n  is c o m m o n  fo r 
a m id e s  w h ic h  p o sse ss  tw o  re so n a n c e  fo rm s (fig u re  3.5 a) an d  g iv e  rise  to  a  h ig h  ro ta tio n a l 
b a rr ie r  (in  th e  o rd e r o f  7 5 -9 0  k J /m o l)  fo r in te rc o n v e rs io n  b e tw e e n  th e  c is -  a n d  tra n s-am id e  
b o n d  (f ig u re  3.5 b ) . 67 T h is  re s tr ic ted  ro ta tio n  re su lte d  in  a  s lo w  ro ta tio n  o n  th e  N M R  tim e  
sca le  a t ro o m  te m p e ra tu re  th e re fo re  tw o  sets o f  p eak s  d u e  to  e a c h  ro ta m e r  w e re  o b se rv ed .

F ig u r e  3 .5  (a) The two resonance forms of amide bond; (b) restricted rotation around C -N  
bond in Boc-D-Pro(cN-4-OH)-OH (2)
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In  th e  se co n d  step , th e  ca rb o x y l fu n c tio n  o f  B o c -d e riv a tiv e  (2) in  f ig u re  3 .6  w as 
th en  p ro tec ted  to  av o id  s id e  reac tio n s  d u rin g  in tro d u c tio n  o f  th e  n u c leo b ase . S im p le  m e th y l 
e s te r  w as  n o t su ita b le  d u e  to  its to o  h ig h  stab ility , th u s  v e ry  d iff ic u lt to  re m o v e  w ith o u t 
a ffec tin g  o th e r  p a rts  o f  th e  m o lecu le . In  th is  resp ec t, ac id  lab ile  p ro te c tin g  g ro u p s  su c h  as 
te r t-b u ty l ( lB u ), d ip h e n y lm e th y l (D p m ) o r b en zy l e s te rs  ca rry in g  e lec tro n  d o n a tin g  g ro u p  
w h ich  m u s t a lso  h av e  a  h ig h  d eg ree  o f  o r th o g o n a lity  to  th e  B o c  p ro te c tin g  sh o u ld  be  
co n sid e red . D p m  g ro u p  w as fo u n d  to  b e  th e  b e s t can d id a te  d u e  to  its  g o o d  s tab ility  u n d e r  
n u c le o p h ilic  c o n d itio n  y e t its  d e p ro te c tio n  can  b e  ach iev ed  u n d e r  d iffe ren t c o n d itio n s  su ch  
as a c id ic , b a s ic  o r h y d ro g e n o ly s is  co n d itio n . T o z u k a  has re p o rte d  p ro te c tio n  o f  trans-A - 
h y d ro x y -L -p ro lin e  as B o c /D p m  d e r iv a tiv e .68 S im ila r  p ro te c tio n  o f  c is -D iso m e r  h a s  a lso  
b een  re c e n tly  re p o rte d  b y  V ila iv a n . 63 B o c -D -P ro (cw -4 -O H )-O H  (2) w a s  tre a te d  w ith  
fre sh ly  p re p a re d  d ip h e n y ld ia z o m e th a n e  (3) w h ic h  gave  p ro d u c t as T V -terf-bu toxycarbonyl- 
c/.s’-4 -h y d ro x y -D -p ro lin e  d ip h e n y lm e th y l e s te r  (4) w ith  a  g o o d  y ie ld  (87  % ) to g e th e r  w ith  
n itro g e n  g as  as  a  b y -p ro d u c t ( f ig u re  3 .6 ). D ip h en y ld ia z o m e th a n e  w as p re p a re d  fro m  
o x id a tio n  o f  b e n z o p h e n o n e  h y d ra z o n e  w ith  y e llo w  m e rc u ry  (II) o x id e  in  th e  p re se n c e  o f  
p o ta ss iu m  h y d ro x id e  as  c a ta ly s t an d  an h y d ro u s  so d iu m  su lfa te  to  re m o v e  an y  w a te r  in  th e  
re a c tio n . 61 B ecau se  d ip h e n y ld ia z o m e th a n e  m ig h t d e c o m p o se d  u n d e r  p h o to ly tic  o r  
th e rm o ly tic  c o n d itio n , th e  p re p a ra tio n  co n d itio n  sh o u ld  free  fro m  th e se  r is k  a n d  th e  
p ro d u c t m u s t b e  u se d  im m ed ia te ly , ' h  N M R  an a ly sis  o f  (4) re v e a le d  tw o  s in g le t p e a k s  o f  
C H P h 2 ro ta m e rs  a t 6 . 8 6  a n d  6 .9 4  p p m  an d  b ro a d  m u ltip le t w ith  10 H  o f  in te g ra tio n  a t 7 .31 - 
7 .62  p p m  o f  p h en y l a ro m a tic  C H , w h ic h  co n firm ed  th e  su ccess  o f  D p m  p ro tec tio n .

Figure 3.6 Reaction mechanism of Boc-D-Pro(cz>4-OH)-OH (2) reacted with diphenyl­
diazomethane (3)
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M an y  a lk y la tio n  m e th o d s  have  b een  rep o rted  in  o rd er to  in tro d u ce  n u c le o b a se s  in to  
th e  p ro lin e  r in g  a t C -4  p o s it io n . 63 A ttem p ts  to  inverse  the c o n fig u ra tio n  o f  th e  4 -O H  g ro u p  
o f  (4) b y  to sy la tio n  f irs t fo llo w ed  by  n u c leo b ase  d isp lacem en t v ia  S N 2 re ac tio n  w as o n ly  
su ccessfu l w ith  a d e n in e  o r cy to s in e  (fig u re  3 .7). O th er m e th o d s , fo r ex am p le , r in g  
c o n s tru c tio n  o f  th e  p y rim id in e  o r p u rin e  rin g  from  p ro tec ted  4 -a m in o p ro lin e  and  4 -a m in o - 
p ro lin o l h as  b e e n  re p o rte d  b u t it req u ire s  a large  n u m b er o f  s tep s  an d  h a rsh  
c o n d itio n s . 69 ,70’71’72’73 D ire c t co u p lin g  o f  p ro tec ted  h y d ro x y p ro lin e  w ith  u n p ro te c te d  
th y m in e  b y  M itsu n o b u  re a c tio n  w as a lso  rep o rted  to  gave  o 2 fZ -d isu b s titu te d  d e r iv a tiv e  as 
u n d e s ire d  p ro d u c t . 63

Figure 3.7 In tro d u c in g  n u c le o b a se  in to  p ro lin e  rin g  v ia  to sy la tio n  an d  S]s|2 d isp la c e m e n t

In  1997, reg io se le c tiv e  a lk y la tio n  o f  fu lly  p ro tec ted  h y d ro x y p ro lin e  w ith  
A ^ -b en zo y lth y m in e  u n d e r  M itsu n o b u  co n d itio n  w h ich  gav e  o n ly  /^ - s u b s t i tu te d  p ro d u c te d  
w ith  in v e rs io n  o f  c o n fig u ra tio n  a t C -4  h av e  b een  rep o rted  b a se d  o n  th e  p io n e e r  w o rk  by  
B e n n e r  et. a l . 74 T h is  m e th o d  o ffe rs  tw o  ad v an tag es  o v e r th e  p re v io u s  m e th o d : m ild  
c o n d itio n  fo r sy n th es is  an d  no  p rio r  co n v e rs io n  o f  h y d ro x y l g ro u p  in to  a  g o o d  le av in g  
g ro u p  is n eed ed . W ith  o u r req u irem en t th a t a fte r  th e  n u c leo b ase  a lk y la tio n , th e  p ro d u c t 
w o u ld  h av e  to  re ta in  th e  ๗,ร'-D -con figu ra tion , th u s  th e  fu lly  p ro te c te d  ๗.ร'-D -p ro lin e  m u s t be  
co n v e rted  in to  /ra ra '-D -iso m ers  (firs t in v e rs io n ) b efo re  a lk y la tio n  w ith  n u c le o b a se  (se c o n d  
in v e rs io n ). A lth o u g h  th e  f irs t in v e rs io n  step  m ig h t be a cco m p lish ed  v ia  to sy la tio n  fo llo w ed  
by  SN 2 d isp la c e m e n t w ith  ace ta te  ion  and  h y d ro ly sis  re sp e c tiv e ly . 64 M itsu n o b u  re a c tio n  
w ith  ace tic  o r  fo rm ic  ac id  seem ed  to  be m o re  a ttrac tiv e  sin ce  it w as  a  o n e  step  p ro ced u re . 
T h e  su ccess  o f  th is  m e th o d s  d ep en d ed  on  th e  q u a lity  o f  the  s ta rtin g  m a te ria l w h ic h  h ad  to  
be free  fro m  w a te r  an d  o th e r n u c leo p h ile s  in  o rd e r to  p rev en t th e  s id e  reac tio n s . T h e  
m ech an ism  is p ro p o sed  to  in v o lv e  the  4 -O H  g ro u p  o f  co m p o u n d  (4) w as  d e p ro to n a tio n  by

B oc B oc B oc

w h ere  B is ad e n in e  o r cy to sin e
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P P h 3-D E A D  co m p lex  an d  b eco m e  to  an io n  w h ich  re -a ttack  th e  p h o sp h o ru s  c e n te r  to  g iv e  
th e  p h o sp h o n iu m  co m p o u n d . S u b seq u en t S N 2 d isp lacem en t o f  th e  p h o sp h o n iu m  sa lt by  
fo rm a te  io n  g av e  /ra m '-4 -fo rm a te  e s te r  (5a) an d  b y  p ro d u c ts  ( tr ip h en y lp h o sp h in e  o x id e  and  
d ie th y lh y d ra z in e d ic a rb o x y la te )  w h ich  w as sep a ra ted  by  c o lu m n  c h ro m a to g rap h y  to  g ive  
(5a) as  th e  e x c lu s iv e  p ro d u c t (95 % ) (fig u re  3 .8). D iiso p ro p y la z o d ic a rb o x y la te  (D IA D ) 
h av e  a lso  b e e n  su ccessfu lly  u sed  in  p lace  o f  D E A D  b ecau se  it is ch eap e r th an  D E A D  
(a b o u t 2  tim es), ’h  N M R  an a ly sis  sh o w ed  a  d iag n o s tic  sig n a l a t 7 .97  p p m  (H C O ), 13c  

N M R  a n a ly s is  a t 160 .2  p p m  (H C O ) an d  IR  s ig n a l a t 1751 c m '1, a ll in d ica ted  th e  p re sen ce  
o f  fo rm a te  g ro u p . A fte r  m e th an o ly s is  o f  th is  fo rm a te  e s te r  u s in g  a m m o n ia /m e th a n o l, B o c- 
D -P ro ( /ra m ,-4 -O H )-O D p m  (5b) w as o b ta in ed  in  e x ce llen t y ie ld  (9 2 % ). C o m p a riso n  o f  ' h  
N M R  sp e c tru m  b e tw e e n  /ra m ’-D -deriva tive  (5b) a n d  cw -D -derivative  (4) re v e a le d  th a t th ey  
a re  n o t q u ite  id en tic a l d u e  to  th e  in flu en ce  o f  d iffe ren t s te re o c h e m is try  a t C -4  p o sitio n .

(5b) (5a)

Figure 3.8 S y n th es is  o f  ( ra « 5 -4 -fo rm ate  e s te r  (5a) an d  B oc-D -Pro(tr<m s--4-O H )-O D pm  
(5b) w h ere  R -  E t is D IE A ; R =  iP r is D IA D

Incorporation of thymine into the proline ring have also been achieved by 
Mitsunobu reaction. In order to avoid the regioselectivity problem of N '/N 3 alkylation, 
thymine was protected as 77J-benzoyl derivative before the reaction. Preparation of N 3- 
benzoylthymine was achieved according to the literature.75 Reaction between thymine 
with excess benzoyl chloride in anhydrous pyridine/acetonitrile for 16 hr gave a mixture of
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/ / - m o n o b e n z o y la te  an d  A 7, / / -d ib e n z o y la te  ad d u c t as in d ica ted  b y  T L C  an a ly sis . T he 
d ib e n z o y la te  ad d u c t lo se  th e  / / - b e n z o y l  g ro u p  eas ily  u n d e r a lk a lin e  h y d ro ly s is  u sin g  
0 .25  M  p o ta ss iu m  ca rb o n a te  in  aq u eo u s  d io x a n e  a t 70 ๐c  fo r  45 m in . A fte r  rem o v a l o f  
b en zo ic  ac id  b y -p ro d u c t by  re c ry s ta lliz a tio n  fro m  ab so lu te  e th an o l, th e  / / -b e n z o y l th y m in e
(6 ) w as  o b ta in ed  in  m o d e ra te  y ie ld  (7 4 % ). It sh o u ld  be n o te d  th a t th is  m ig h t be o n e  reaso n  
th a t w h y  reg io se le c tiv e  a lk y la tio n  v ia  SN 2 d isp la c e m e n t o f  to sy la te  w ith  / / -b e n z o y l th y m in e  
u n d e r  p o ta ss iu m  ca rb o n a te  co n d itio n  fa iled , i f  d é b e n z o y la tio n  h as  o ccu rred  p rem a tu re ly  
a n d  h e n c e  led  to  n o n -re g io se le c tiv e  a lk y la tio n . S y n th esis  o f  in te rm e d ia te  c o m p o u n d  (7) 
w as  su c c e ssfu lly  ach ie v e d  by  M itsu n o b u  re a c tio n  as  d e sc rib e d  in  th e  lite ra tu re . 63 R eac tio n  
o f  frvm y-D -derivative (5b), D E A D  o r  D IA D , tr ip h e n y lp h o sp h in e  a n d  / / - b e n z o y l th y m in e
(6 ) in  T H F  g av e  B o c-D -P ro -(cA -4 -T Bz)-O D p m  (7) w ith  ac c e p tab le  y ie ld  (47  % ) acco rd in g  
to  th e  m e c h a n ism  sh o w n  in  fig u re  3 .9 .

Figure 3.9 S y n th es is  o f  in te rm ed ia te  (7) v ia  M itsu n o b u  reac tio n

A c c o rd in g  to  th e  lite ra tu re , 63 th e  p ro d u c t h av e  b een  p u rif ie d  by  co lu m n  
c h ro m a to g ra p h y  b u t it w as  d isc o v e re d  th a t th e  p ro d u c t is o n ly  s lig h tly  so lu b le  in  co ld  
m e th an o l w h ile  o th e r b y -p ro d u c ts  ( tr ip h e n y lp h o sp h in e  o x id e  an d  d ie thy l 
h y d ra z in e d ic a rb o x y la te )  a re  read ily  so lu b le  H en ce , p u rif ic a tio n  o f  p ro d u c t (7 ) co u ld  be 
s im p lif ie d  by  re c ry s ta lliz a tio n  o f  th e  c ru d e  reac tio n  m ix tu re  fro m  co ld  m e th an o l w h ich  
g av e  a  b e tte r  re su lts  w ith o u t th e  n eed  fo r e x te n s iv e  ch ro m a to g rap h y .
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3.1.2 Synthesis of serylproline cPNA monomers

It has b e e n  n o ted  th a t co m b in a tio n  o f  tw o  am ino  ac id s  to  fo rm  d ip ep tid e  re p e a tin g  
u n it p r io r  to  o lig o m e riz a tio n  on  so lid  p h ase  syn thesis  re su lted  in  m o re  e ff ic ie n t p e p tid e  
sy n th esis . T h is  te c h n iq u e  w as k n o w n  as “d ip ep tid e  frag m en t c o u p lin g ” an d  p ro v id e  m o re  
ad v a n ta g e s  co m p ared  to  th e  co n v en tio n a l s tep w ise  co u p lin g , fo r ex a m p le  re d u c tio n  th e  
n u m b e r o f  so lid  p h a se  co u p lin g  b y  a  h a lf, red u c tio n  th e  w as te  o f  th e  s ta rtin g  m a te r ia ls  an d  
re a c tio n  tim e . F u rth e rm o re  it w as a lso  b e liev ed  th a t th is  m e th o d  m ig h t se rv e  to  in c re a se  th e  
o v e ra ll y ie ld  an d  m in im iz e  th e  r isk  o f  fa ilu re  in  p ep tid e  sy n th e s is . 63

A lth o u g h  th e re  a re  tw o  p o ss ib le  w ay s to  jo in  th e  m o d ifie d  p ro lin e  d e r iv a tiv e  (7) 
w ith  F m o c -sp a c e r  am in o  ac id  as  sh o w n  in  fig u re  3 .10 , su ccessfu l sy n th e s is  o f  th e  
an a lo g o u s  g ly c y lp ro lin e  cP N A  v ia  d ip ep tid e  o f  ty p e  (a) w a rra n ts  its  u se  in  th is  c a se  to o . 63 

A lth o u g h  d ip e p tid e  (a) n eed s  m o re  sy n th esis  steps an d  in v o lv es  d iff icu lt p e p tid e  b o n d  
fo rm a tio n  p ro cess , it h e lp s  av o id in g  ra c e m iz a tio n  b y  m ean  o f  o x azo lo n e  m e c h a n ism  s in ce  
th e  C -te rm in a l am in o  ac id  w as p ro lin e  w h ich  co u ld  n o t p a rtic ip a te  in  su ch  ra c e m iz a tio n  
m e c h a n ism  (fig u re  3 .11 )

(b)
Figure 3.10 T w o  p o ss ib le  w ay s  to  jo in  in te rm ed ia te  (7) an d  a  sp ace r am in o  a c id  to g e th e r

ไ ^ ^ ^ -« ร -a: KH:
Kv A H

H o

(a) (!>)

F ig u r e  3 .11  R a c e m iz a tio n  o f  a  p ep tid e  by  o x azo lo n e  m ech an ism  (a )  re te n tio n ;(b ) in v e rs io n
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T h e  p ro te c te d  d ip ep tid e  F m o c -L -S e r(0 ’B u )-D -P ro (cw -4 -T Bz)-O D p m  (8 ) w as 
sy n th e s iz e d  in  a n  a n a lo g o u s  m an n e r to  the  g ly cy lp ro lin e  d ip ep tid e  m o n o m e r . 63 

In te rm e d ia te  (7 ) w a s  tre a te d  w ith  2.5 eq u iv a len ts  o f  p - to lu e n e su lfo n ic  ac id  in  a c e to n itr ile  
in  o rd e r  to  rem o v e  th e  B o c -p ro tec tin g  g ro u p  w ith o u t c leav ag e  o f  D p m  e s te r  w h ich  
p ro v id e d  th e  free  am in e  in  fo rm  o f  to sy la te  salt. W ith o u t e x tra -p u rif ic a tio n  th e  so lu tio n  w as 
th e n  n e u tra liz e d  w ith  e x cess  d iiso p ro p y le th y lam in e  (D IE A ). T h e  re a so n  fo r c h o o s in g  th is  
am in e  w as n o t o n ly  b e c a u se  D IE A  p o ssesses  low  n u c leo p h ilic ity  an d  b asic ity  d u e  to  s te ric  
e ffe c t th e re fo re  it d id  n o t d e s tro y  F m o c  p ro tec tin g  g roup  ev en  a t h ig h  c o n c e n tra tio n . 76 T he 
re su ltin g  free  am in e  w as im m ed ia te ly  co u p led  w ith  F m o c-L -S er(O lB u )-O H  in  th e  p re sen se  
o f  d ic y c lo h e x y lc a rb o d iim id e  (D C C ) as co u p lin g  ag en t an d  l / / -h y d ro x y b e n z o tr ia z o le  
(H O B t) as  c a ta ly s t in  D M F  to  g iv e  th e  p ro tec ted  d ip ep tid e  p ro d u c t a c c o rd in g  to  th e  
m e c h a n ism  p ro p o se d  in  fig u re  3 .12

A fte r  c o lu m n  ch ro m a to g rap h y , F m o c-L -S er(O tB u)-D -P ro(c/.s-4-T Bz)-O D p m  (8 ) w as 
o b ta in e d  in  a c c e p tab le  y ie ld  (6 0 % ). A  6 5 %  y ie ld  w as a lso  re a liz ed  in  th e  case  o f  D -series
(9) u n d e r  id e n tic a l co n d itio n . Id en tif ic a tio n  o f  p ro d u c t w as  p e rfo rm e d  b y  e lem en ta l 
an a ly s is , 'h  an d  13c  N M R .

T h e  n e x t s tep  w a s  se lec tiv e  d ep ro tec tio n  o f  D p m  es te r  w ith o u t c le a v a g e  o f  b o th  
F m o c  a n d  te r t-b u ty l e th e r  g roup . T h e  p resen ce  o f  te r t-b u ty l e th e r h a s  tro u b le so m e  e ffec ts  
s in ce  it  is  u n s ta b le  u n d e r  a c id ic  co n d itio n s  s im ila r to  D pm  es te r  w h ile  th e  F m o c  g ro u p  w as 
b a se  lab ile . S e lec tiv e  d e p ro te c tio n  u n d e r ac id ic  co n d itio n s  w as f irs t a tte m p te d  w ith  so m e 
c o m m o n  a c id s , eg , / 7-to lu e n e su lfo n ic  a c id /ace to n itrile  o r  H C l/d io x an e . D isa p p o in tin g ly  all 
re su lts  re v e a le d  th a t th e  c o m p le te  d ep ro tec tio n  o f  b o th  D p m  an d  te r t-b u ty l e th e r  a c c o rd in g  
to  T L C  a n a ly s is  a fte r  m a n y  v a ria tio n s  o f  th e  ac id  q u an tity  to  u se . S e lec tiv e  d e p ro te c tio n  
u n d e r  b a s ic  c o n d itio n  w a s  co n s id e red  n ex t ev en  i f  it w o u ld  a lm o s t c e r ta in ly  h as  n e g a tiv e  
e ffec t to  th e  F m o c  p ro te c tin g  g roup . P asca l and  co -w o rk e r re p o rte d  th a t se le c tiv e  
d e p ro te c tio n  o f  so m e  am in o  ac id  m e th y l e s te r ca rry in g  F m o c  g ro u p  as N -te rm in u s  
p ro te c tin g  g ro u p  co u ld  be  acco m p lish ed  by  u s in g  a lk a lin e  h y d ro ly s is  (N a O H /w a te r)  
m o d ifie d  w ith  c a lc iu m  c h lo r id e / iso p ro p an o l a t ro o m  te m p e ra tu re . 77 It w a s  b e lie v e d  th a t 
c a lc iu m  io n  co u ld  co o rd in a te  w ith  the  c=0  g roup  o f  the  este r, an d  th e re fo re  s ta b iliz e  the  
n eg a tiv e ly  c h a rg e d  te trah ed ro n  tran sitio n  sta te  and  a lso  re d u c e d  th e  h y d ro x id e  ion
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T
CO,

DpmOzÇ ^  T DpmOjC _ T"
D1EA

- r r ,0  ®N TsO '  \H H
DMF P

(9) = D-series

Figure 3 .1 2  C o u p lin g  m e c h a n ism  fo r sy n th esis  o f  se ry lp ro lin e  c P N A  m o n o m e rs  [(8 ) an d  
(9)]

c o n c e n tra tio n  d u e  to  th e  fo rm a tio n  o f  in co m p le te ly  d isso c ia te d  c a lc iu m  h y d ro x id e . T h is  
d e p ro te c tio n  c o n d itio n  w as tr ie d  w ith  o u r d ip ep tid e  (8 ), b u t no  d e p ro te c tio n  w a s  o b se rv e d  
a t ro o m  te m p e ra tu re  w h ich  m ig h t be  due  to  th e  lo w  so lu b ility  o f  th e  s ta r tin g  m a te r ia l. T h e  
te m p e ra tu re  o f  th is  m ix tu re  w as g rad u a lly  in c reased  in  o rd e r  to  im p ro v e  its  so lu b ility . 
U n fo rtu n a te ly , a t h ig h  tem p e ra tu re , b o th  D p m  an d  F m o c  g ro u p s w e re  fo u n d  to  b e  c leav ed  
s im u lta n e o u s ly  a lth o u g h  th e  ra te  o f  c leav ag e  o f  F m oc g ro u p  w a s  so m e w h a t s lo w er. In  the  
lig h t o f  th e se  re su lts , h ig h  tem p e ra tu re  m u st be  av o id ed  an d  iso p ro p a n o l h a v e  b een  
rep laced  w ith  o th e r  su itab le  so lv en ts  such  as a ce to n itrile  o r d io x a n e  so  th a t th e  s ta rtin g  
m a te ria l re m a in e d  d isso lv e d  at ro o m  tem p era tu re . H o w ev e r th e  re su lts  w e re  th e  sam e  as
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befo re . It w as  fu rth e r th o u g h t to  im p ro v e  th is  m e th o d  by  u s in g  so d iu m  ca rb o n a te  in  
ace to n itrile . A t th is  p o in t, th e  reac tio n  w as a ttem p ted  w ith  F m o c -L -S e r (0 ‘B u )-O D p m  as a  
m o d e l, a lth o u g h  th e  D p m  g ro u p  w as d ep ro tec ted  fa s te r th an  F m o c  g ro u p  in itia lly , th e  ra te  
w as s till s lo w  an d  c leav ag e  th e  F m o c  g ro u p  w as o b se rv ed  u p o n  p ro lo n g in g  th e  re a c tio n  
tim e . T h ese  d isa p p o in tin g  re su lts  p ro m p te d  US to  sea rch  fo r m o re  e ffec tiv e  m eth o d . 
C a ta ly tic  h y d ro g e n o ly s is  seem ed  to  be  m o s t h o p efu l s in ce  it g av e  c lean  reac tio n  w h en  
h y d ro g en  b a llo o n  and  P d /C  w as u sed  (fig u re  3 .13). In  o u r e x p e rim e n t th e  d e p ro te c tio n  w as 
co m p le te ly  o ccu rred  w ith in  1 hr. T h e  free  ac id  p ro d u c t w as  e a s ily  sep a ra ted  fro m  th e  
im p u rity  (d ip h e n y lm e th a n e ) by  w ash in g  w ith  h ex an e /d ie th y l e th e r  w h ic h  g av e  th e  free  ac id  
p ro d u c t (10) fo r  L -series a n d  (11) fo r D -series as w h ite  so lid s. A lth o u g h  th is  m e th o d  co u ld  
n o t g iv e  e x c lu s iv e ly  p u re  p ro d u c t b ecau se  th e  F m o c  g ro u p  w as s till p a r tia lly  rem o v ed , th ey  
a re  a d e q u a te ly  p u re  fo r  th e  u se  as  s ta rtin g  m a te ria l fo r th e  n ex t step .

F

(8) = L-series (10) = L-series (12) = L-series
(9) = D-serics (11) = D-series (13) = D-series

Figure 3.13 S e lec tiv e  d e p ro te c tio n  o f  D p m  e s te r  [(8) o r (9)] in to  f ree  ac id  d e riv a tiv e  [(10) 
o r (11)] an d  sy n th esis  o f  p en ta flu o ro p h e n y l e s te r  [(12) o r  (13)]

In  th e  n e x t s tep  th e  d ip ep tid e  free  ac id  (10) w as reac ted  w ith  p e n ta f lu o ro p h e n o l/ 
D C C  to  g iv e  30  %  y ie ld  o f  F m o c -L -S e r(0 ‘B u )-D -P ro (cA -4 -T Bz)-O P fp  (12) as th e  fina l 
p ro d u c t in  th e  L -series. In  th e  sam e m an n er, s ta rtin g  fro m  d ip e p tid e  free  ac id  (11 ), 18 %  o f  
D -series, F m o c-D -S er(O tB u )-D -P ro (m -4 -T Bz)-O P fp  (13) w as o b ta in ed . A fte r  co lu m n  
ch ro m a to g rap h y  th e  p ro d u c ts  w ere  id en tif ied  by  e lem en ta l a n a ly s is , ‘h  and  13c  N M R . 
B o th  iso m eric  p ro d u c ts  w ere  o b ta in ed  in  p rac tic a l p u re  s ta te  an d  w ere  s tab le  en o u g h  to  
keep  as so lid  a t 8 °c o r  b e lo w  fo r o v e r th ree  m o n th s .
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S in ce  th e  se le c tiv e  d e p ro te c tio n  an d  ac tiv a tio n  s tep s b eco m e  th e  g re a te s t p ro b lem  
w h ich  led  to  u n sa tis fa c to ry  y ie ld , p e rh a p s  th e  s tep w ise  co u p lin g  m ig h t g iv e  a  b e tte r  re su lt 
a lth o u g h  th is  w ill in c rea se  a  d o u b le  th e  n u m b e r o f  s tep  in v o lv e  in  so lid  p h ase  sy n th esis . It 
w as, h o w ev er, d e c id e d  to  sy n th e s iz e  its  m o n o m er w h ich  is co m p a tib le  w ith  F m o c /O lB u 
ch em istry . T h e  in te rm e d ia te  (7 ) w as  d ep ro tec ted  w ith  p - to lu e n e su lfo n ic  ac id /a c e to n itr ile , 
n eu tra liz e d  w ith  D IE A  an d  co u p le d  w ith  F m o cC l to  a ffo rd  F m oc-D -P ro (c /.s-4 -T Bz)-O D p m  
(14) as th e  o n ly  p ro d u c t (7 0  % , 2 s tep s). T h e  n ex t step  w as d e p ro te c tio n  o f  D p m  e s te r  w ith  
H C l/d io x a n e  to  g iv e  F m oc-D -P ro (c /T -4 -T Bz)-O H  (15) (94% ). A t th is  p o in t, se lec tiv e  
d e p ro te c tio n  o f  D p m  es te r  w a s  p o ss ib le  b ecau se  th e  su b stra te  p o sse ssed  no  a c id - la b ile  tert-  
b u ty l e ther. T h e  free  ac id  (15) w as ac tiv a ted  as  P ip  e s te r  by  re a c tin g  w ith  
p e n ta f lu o ro p h e n o l an d  D C C  w h ic h  g av e  th e  F m o c -D -P ro (c « -4 -T Bz)-O P fp  (16) as firs t 
m o n o m e r p ro d u c t (5 5 % ). T h e  seco n d  m o n o m er, F m o c-L -S er(O lB u )-O P fp , co u ld  be 
sy n th e s iz e d  fro m  F m o c-L -S e r(O lB u )-O H , p en ta flu o ro p h en o l an d  D C C . I t w as 
d isa p p o in tin g  to  f in d  th a t  F m o c-L -S er(O lB u )-O P fp  w as o b ta in ed  as  v isc o u s  o il w h ic h  m ad e  
it  d iff ic u lt to  a c c u ra te ly  w e ig h t in  o rd e r  to  u se  fo r each  s tep  co u p lin g  d u rin g  so lid  p h ase  
sy n th esis . H en ce  w e  lo o k e d  b a c k  to  th e  free  ac id  (15) w h ic h  m ig h t co u p le d  w ith  F m oc-L - 
S e r(O lB u )-O H  u n d e r  H T B U  a c tiv a tio n  o n  so lid  p h ase  p ep tid e  sy n th es is  b u t th e  re su lt  w as 
u n su ccessfu l d u e  to  th e  p o o r  c o u p lin g  e ffic ien cy  (o v e ra ll 9  % ) w a s  o b ta in e d  w ith in  a fte r  
9 cycles.

F in a lly , It w as  d e c id e d  to  in s is t o n  th e  sy n th esis  o f  th e  se ry lp ro lin e  cP N A  by  
d ip ep tid e  f ra g m e n t s tra te g y  e v e n  th o u g h  th e  m o n o m ers  w e re  o b ta in ed  in  p o o r  y ie ld  w h ich  
p ro b a b ly  d u e  to  th e  d e c o m p o s itio n  o f  th e  P fp  e s te rs  (12) an d  (13) d u rin g  co lu m n  
ch ro m a to g rap h y . In  th is  re sp e c t, c le a n e r  m e th o d  o f  m ak in g  P fp  e s te rs  sh o u ld  be 
in v es tig a ted  so  as  to  g iv e  p u re  p ro d u c ts  w ith o u t th e  n eed  fo r  c h ro m a to g ra p h ic  p u rif ic a tio n .

3.1.3 Synthesis of deoxyglycylproline cPNA monomer

Despite the fact that the structure o f deoxyglycylproline monomer was not quite the 

same as the serylproline dipeptide due to the lack o f the tertiary amide bond, it might still 

be appropriate to call it as “ pseudodipeptide” system. Hence it was possible to consider its 

synthetic route based on the previous dipeptide system starting from the same intermediate

(7) so that cA-D-configuration was still preserved without much more synthetic steps. With
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re tro sy n th e tic  an a ly sis , th ree  m o st im p o rtan t rou tes m ig h t be  fe a s ib le  w h ic h  in c lu d es  
i) re d u c tio n  o f  te rtia ry  am id es  w ith  b o ran e  d e riv a tiv e  ii) red u c tiv e  a lk y la tio n  o f  p ep tid e s  
c a rry in g  free  am in o  te rm in u s  w ith  an  am in o  a ld eh y d e  and  iii) n u c le o p h ilic  d isp la c e m e n t o f  
su ita b ly  p ro te c te d  a m in o e th y l sy n th o n  such  as N -p ro tec ted  a m in o e th y l h a lid e  o r  a c tiv a ted  
a z ir id in e  a c c o rd in g  to  fig u re  3 .14

Figure 3.14 P o ss ib le  ro u te s  to  sy n th esize  d ip ep tid e  ca rry in g  re d u c e d  am id e  b o n d

H o w e v e r, th e  ro u te  i) w as seem  to  b e  d ifficu lt to  fin d  o u t th e  a p p ro p ria te  re d u c in g  
a g e n t in  o rd e r  to  se lec tiv e ly  red u ce  th e  te rtia ry  am id e  b o n d  in to  am in e  a n d  ro u te  ii) w as 
u su a lly  m ad e  u n d e r  co n d itio n s  w h ich  p re sen ted  risk  o f  ra c e m iz a tio n  to  th e  d ip ep tid e  
m o n o m e r  th e re fo re  it w as  d ec id ed  to  c o n s id e r ro u te  iii) in  o rd e r  to  o b ta in  th e  a m in o e th y l 
sy n th o n , o n e  o f  tw o  can d id a te s  b e tw een  a lk y la tio n  w ith  a m in o e th y l h a lid e  an d  az ir id in e  
r in g  o p e n in g  v ia  S N 2 d isp lacem en t w ere  co n sid ered . D ue to  th e  se c o n d a ry  a m in o  g ro u p  in  
p ro lin e  w as p ro b a b ly  n o t ad eq u a te ly  s tro n g  en o u g h  n u c leo p h ile  to  a tta ck  s im p le  a lk y la tin g  
a g en ts  d u e  to  s te ric  effec t. H en ce  az irid in e  ro u te  w as seem  to  be  m o re  e ffe c tiv e  d u e  to  th e  
g rea t r in g  s tra in  o f  th e  az ir id in e  rin g  sy stem  w h ich  cou ld  be re liev ed  u p o n  r in g  o p en in g .
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R in g  o p e n in g  o f  a z irid in e  req u ires  a c tiv a tio n  by  e lec tro n  w ith d ra w in g  su b s titu en t 
o n  th e  n itro g e n  a to m  su ch  as  N -acy l o r  N -su lp h o n y l g ro u p  in  o rd e r  to  e n h an ce  leav in g  
a b ility  o f  th e  n itro g e n  a to m  and  to  p rev en t p o ly m eriza tio n  b y  th e  lib e ra ted  n u c leo p h ilic  
free  a m in o  g ro u p . E v en  th o u g h  N -to lu en esu lfo n y laz ir id in e  h av e  b e e n  sy n th e s iz e d  from  
N, O -d ito sy le th a n o la m in e  u n d e r b a s ic  co n d itio n s  an d  h av e  b e e n  w id e ly  u se d  in  o rg an ic  
sy n th e s is , 78 its  u tility  w as  so m ew h a t lim ited  since  d e su lfo n y la tio n  o f  th e  A '-tosy lam ino- 
e th y l p ro d u c t a f te r  r in g  o p en in g  w o u ld  be d ifficu lt. M an y  m e th o d s  to  rem o v e  th e  A -tosy l 
g ro u p  a v a ila b le  in c lu d in g  H B r/H O A c, a lk a li m e ta l/N H 3 ,79 M g /M e O H , N a /n ap h th a len e , 
sa m a riu m  (II)  io d id e  o r p h o to c leav ag e  m e th o d 80 w o u ld  n o t b e  c o m p a tib le  w ith  th e  
su b s tra te  in  th is  case . S y n th esis  o f  N -acy l o r N -a lk o x y c a rb o n y l a z ir id in e  w e re  also  
a tte m p te d  b y  th e  th e rm a l d eh y d ra tio n  o f  /^ -am inoethy l su lfu ric  a c id  to  g iv e  az ir id in e  an d  
th e n  N -a c e ty la te d  w ith  (B o c)2 0 . B u t it w as  co n s id e red  u n su ita b le  s in c e  sy n th e s is  o f  su ch  
c o m p o n e n ts  in v o lv in g  free  az ir id in e  w h ich  is h ig h ly  to x ic . I t w as  th e re fo re  a  g re a t d e lig h t 
to  f in d  th a t  M a lig re s  h av e  re p o rte d  th e  n e w  am in o e th y l sy n th o n  b y  a c tiv a tin g  az irid in e  
w ith  4 -n itro b e n z e n e su lfo n y l (n o sy l) g ro u p . 78 U n lik e  to sy la z ir id in e , th e  n o sy l g roup  in  
n o sy la z ir id in e  co u ld  b e  eas ily  rem o v ed  by  th io ly s is  u n d e r m ild  co n d itio n s  e sp e c ia lly  w h en  
th e  h y d ro g e n  o n  th e  n itro g e n  a to m  is m ask ed  by  acy la tio n  w ith  /e r t-b u to x y c a rb o n y l g roup . 
T h e re fo re  it  w a s  d e c id e d  to  sy n th es ize  A -n o sy laz irid in e  an d  u se  as  a n  a m in o e th y l sy n th o n  
fo r  o u r  p u rp o se . T h e  sy n th esis  w as s ta rted  fro m  a  re a c tio n  o f  e th a n o la m in e  an d  n o sy l 
c h lo r id e  (2 e q )  in  th e  p re sen ce  o f  ex cess  tr ie th y lam in e  w ith  o r  w ith o u t D M A P  as c a ta ly s t in  
o rd e r  to  g e n e ra te d  N, O -d in o sy la te  p ro d u c t fo llo w ed  by  rin g  c lo su re  w ith  s tro n g  b a se  su ch  
as  so d iu m  h y d ro x id e  an d  1 8 -crow n-6  as cata ly st. B u t th is  a tte m p t w as u n su ccessfu l 
b e c a u se  th e  m a in  p ro d u c t o b ta in ed  w as th e  N -m o n o n o sy la te  p ro d u c t (17) an d  no  
c y c liz a tio n  w as  o b se rv ed . A ttem p t to  co n v e rt A -n o sy lam in o e th an o l (17) in to  A -n o sy l, O -  
to sy l d isu b s titu te d  fo rm  w ith  to sy l ch lo rid e  and  tr ie th y lam in e  g av e  ju s t  o n ly  sm a ll o f  th e  
re q u ire d  p ro d u c ts  an d  w as n o t su itab le  fo r large  sca le  sy n th es is  o f  A -n o sy laz irid in e . 
A tte m p ts  to  c o n v e rt h y d ro x y l g ro u p  o f  N -m o n o n o sy la te  (17) in to  b e tte r  le av in g  g ro u p  by  
PPI13 /C C I4  an d  S O C l2/P y rid in e  w ere  a lso  u n su ccessfu l. A lo n so  re p o rte d  th e  sy n th e s is  o f  A - 
n o sy l- (2 S )-b en zy l az ir id in e  by  n o sy la tio n  o f  th e  (ร )-p h e n y la la n in o l, m e sy la tio n  an d  
c y c liz a tio n  a t lo w  te m p e ra tu re . 80 T h e  sam e reac tio n  w as tr ied  w ith  A -n o sy le th a n o la m in e  
w ith  e x p e c ta tio n  to  cy c lize  sp o n tan eo u sly  a fte r m esy la tio n  in  th e  p re se n c e  o f  ex cess 
tr ie th y la m in e  (2 .2  eq ) in  tw o  steps. R eg re tfu lly , the  req u ired  p ro d u c t w as  d eco m p o sed
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rap id ly  u n d e r th is  co n d itio n  even  on  co o lin g  d o w n  th e  re a c tio n  to  0 °c o r b e lo w . O n e  p o t 
re ac tio n  w as th u s  a ttem p ted  w ith  th e  h o p e  to  o b ta in  a  b e tte r  re su lt, iV -nosy lam inoethano l 
(17) re a c ted  w ith  to sy l ch lo rid e , so d iu m  h y d ro x id e  (2 .2  eq ) in  th e  p re sen ce  o f  te tra -n -b u ty l 
am m o n iu m  h y d ro g en  su lfa te  as ca ta ly s t w as n o t su ccessfu l. C o y  an d  c o -w o rk e rs  re p o rte d  
th e  d ire c t sy n th es is  o f  A -n o sy laz irid in e  s ta rtin g  fro m  iV-(2 -b ro m o e th y l)-4 -n itro a ren e  
su lp h o n a m id e  an d  so d iu m  e th o x id e /d ry  e th an o l a t 25 °c b u t th is  m e th o d  a lw ay s  p ro v id e  
p ip e ra z in e  as  b y -p ro d u c t an d  th e  p ro d u c t w as  so m ew h a t u n s ta b le  in  th is  s tro n g  b asic  
c o n d itio n . 81 A lo n so  has a lso  recen tly  p re se n te d  th e  sy n th es is  o f  2 ,3 -d isu b s titu te d  
to sy la z ir id in e  v ia  M itsu n o b u  re a c tio n . 80 T h is  m e th o d  h as  ad v an tag e  o v e r  p re v io u s  m e th o d s  
d isc u sse d  ab o v e  sin ce  th e re  is no  n eed  to  c o n v e rt O H  g ro u p  in to  g o o d  le av in g  g ro u p , it is a  
o n e  s tep  c y c liz a tio n  an d  its  co n d itio n  sh o u ld  b e  co m p a tib le  w ith  th e  se n s itiv e  az ir id in e  
p ro d u c t. F irs tly , yV -nosylam inoethanol (17) w as sy n th es ized  p r io r  to  c y c liz a tio n  in to  N - 
n o sy la z ir id in e  b y  sta rtin g  fro m  1 eq  o f  e th an o lam in e , 1 .1  eq  n o sy l c h lo r id e  and  
tr ie th y la m in e  in  d ic h lo ro m e th an e  an d  th e  re a c tio n  w as th e n  a c id if ie d  to  re m o v e  th e  
re s id u a l b ase  d u rin g  w o rk  up  step  to  g iv e  th e  p ro d u c t (17) as  y e llo w  so lid  in  82  %  y ie ld . 
T h e  s tru c tu re  o f  th e  p ro d u c t w as co n firm ed  b y  its  *H N M R  sp ec tru m  w h ic h  sh o w e d  th e  
s ig n a ls  a t 8 .02  an d  8.41 p p m  b e lo n g ed  to  /? a ra -su b s titu te d  a ro m a tic  p ro to n s  o f  th e  n o sy l 
g ro u p  in  a d d itio n  to  tw o  tr ip le ts  o f  th e  CH2CH2 g ro u p  in  th e  a lip h a tic  reg io n . 13c N M R  
d a ta  a lso  re v e a le d  th e  s ig n a l a t 124.5, 128.0 , 146 .4  an d  149.5 p p m  w a s  a ro m a tic  c a rb o n  in  
n o sy l g ro u p . F u rth e r ch a rac te riz a tio n  in c lu d ed  D E P T , IR , ’H - 'H  c o s y  an d  e lem en ta l 
an a ly s is , all o f  w h ich  co n firm ed  th e  id en tity  o f  th e  p ro d u c t. T h e  n e x t s tep  in v o lv ed  
cy c liz a tio n  o f  (17) v ia  M itsu n o b u  reac tio n . T h e  iV -nosy le thano lam ine  (17) w as re a c ted  
w ith  trip h e n y lp h o sp h in e -d iiso p ro p y la z o d ic a rb o x y la te  c o m p lex  in  d ry  T H F  a t -1 0  °c to  
g iv e  th e  d e s ire d  jV -nosy lazirid ine  (18) (f ig u re  3.15). T h e  p ro d u c t seem ed  to  b e  u n s ta b le

u n d e r  M itsu n o b u  co n d itio n  as  ev id en ced  fro m  th e  fo rm a tio n  o f  b ro w n  p re c ip ita te  a fte r  
p ro lo n g e d  re a c tio n  tim e . T h is  im p u rity  b ro u g h t ab o u t d iff icu lty  in  c h ro m a to g ra p h ic  
p u rif ic a tio n  o f  th e  p ro d u c t an d  m u st be  sep a ra ted  as so o n  as p o ss ib le . In  a d d itio n  it w as 
a lso  fo u n d  th a t th e  p ro d u c t w as c o m p le te ly  d es tro y ed  i f  th e  re a c tio n  m ix tu re  w as 
ev ap o ra te d  a t to o  h ig h  tem p era tu re . F o r th is  re a so n  th e  d ry  d ic h lo ro m e th a n e  h a v e  been  
u sed  in s tead  o f  T H F  in  o rd e r to  reduce  th e  r isk  o f  d e c o m p o s itio n  b ecau se  rem o v a l o f  
d ic h lo ro m e th a n e  co u ld  be d o n e  at ro o m  tem p e ra tu re  u n d e r red u ced  p ressu re . A c c o rd in g  to
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th is  m o d ific a tio n , the  reac tio n  m ix tu re  b ecam e c lea r a fte r  ad d itio n  o f  D IA D  and  o n ly  sm all 
q u an tity  o f  u n k n o w n  b ro w n  p rec ip ita te  w as s lo w ly  fo rm ed . T h e  iV -nosy lazirid ine  w as 
easily  p u rif ie d  by  flash  co lu m n  ch ro m a to g rap h y  u sin g  d ic h lo ro m e th a n e :h e x an e  (3 : 1 ) w ith  
d ry - lo a d in g  tech n iq u e  to  g av e  th e  p ro d u c t (18) in  6 8 %  yield .

À
( 18)

Figure 3.15 S y n th esis  o f  jV -nosy le thano lam ine  (17) and  jV -nosy laz irid ine  (18)

' h  N M R  o f  th is  p ro d u c t rev ea led  a  s in g le t p eak  a t 2 .45  p p m  d u e  to  sy m m e tric  
a z ir id in e  a lip h a tic  p ro to n  (2xC H ?) an d  an  A A 'X X ' q u a rte t a t 8 .12  an d  8 .39  p p m  o f  n o sy l 
a ro m a tic  p ro to n s . In ad d itio n , 13c  N M R  sp ec tru m  rev ea led  s ig n a ls  o f  a z ir id in e  Ç H 2 a t
28.1 p p m , n o sy l Ç H  a t 124.3 an d  129.2  p p m  and  n o sy l c  a t 143 .7  p p m  an d  150.6  p p m . 
O th e r te c h n iq u e s  in c lu d e  D E P T , IR , e lem en ta l an a ly s is  an d  'H - ’H  c o s y  a lso  co n firm ed  
th e  e x p e c te d  stru c tu re  o f  TV-nosylaziridine. U n su b s titu ted  vV -nosylaziridine sh o u ld  h av e  
b een  w e ll-k n o w n  su b stan ce  in  o rg an ic  sy n th esis , bu t su rp ris in g ly  sy n th es is  o f  th is  
p a rtic u la r  c o m p o u n d  esp ec ia lly  b y  M itsu n o b u  reac tio n  h av e  n e v e r  b e e n  re p o rte d  in  th e  
lite ra tu re .

Sn2 r in g  o p en in g  o f  A -n o sy laz ir id in e  w ith  th e  in te rm ed ia te  (7) a fte r  rem o v a l o f  th e  
B oc g ro u p  b y  trea tm en t w ith  /? -to lu en esu lfo n ic  ac id /ace to n itrile  to o k  p lace  in  th e  p re sen ce  
o f  D IE A  an d  fin a lly  gave  th e  d esired  rin g  o p en in g  p ro d u c t (19) (f ig u re  3 .16). ’h  N M R  o f  
the  p ro d u c t sh o w ed  th e  im p o rtan t s ig n a ls  at 2 .6 0 -2 .6 7  an d  2 .6 8 -2 .7 5  ppm  
(N sN H C H 2 C H 2N ), 2 .7 6 -2 .8 0  an d  3 .18 -3 .23  p p m  (N sN H C H 2 C H 2N ), an d  /? a ra -su b s titu te d  
a ro m a tic  p ro to n  o f  nosy l g ro u p  a t 7 .98  p p m  and  8.25 p p m . T h e  s tru c tu re  w as fu rth e r 
co n firm ed  by  l3C N M R . D E P T , ’บ - 1!! c o s y , IR  and  e lem en ta l an a ly s is .
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Figure 3.16 S y n th es is  o f  N s - (^ -C H 2)G ly-D -Pro(d .s'-4 -T Bz)-O D p m  (19)

T h e  n e x t s tep  w as N -a c y la tio n  o f  d e riv a tiv e  (19) w ith  B 0 C2 O  in  o rd e r  to  d ra in  th e  
e lec tro n  fro m  th e  n itro g e n  a to m  th ro u g h  71-bond (am id e) w h ic h  c o u ld  se rv e  to  e n h a n c e  th e  
le av in g  a b ility  o f  th e  n o sy l g ro u p  to w a rd  th e  n u c leo p h ilic  c le a v a g e  b y  th io p h e n o x id e  ion . 
R eac tio n  o f  (19) w ith  B 0 C2 O  in  th e  p re se n c e  o f  d im e th y la m in o p y rid in e  (D M A P ) as 
c a ta ly s t o v e rn ig h t g av e  th e  B o c /N s - (^ -C H 2)G ly -D -P ro -(c« '-4 -T Bz)-O D p m  (20) as y e llo w  
c ry s ta llin e  so lid s  in  92  %  (fig u re  3 .17 ). *H N M R  sp ec tru m  sh o w ed  a  c h a ra c te r is tic  s in g le t 
a t 1.25 p p m  w ith  in te g ra tio n  o f  9 H  d u e  to  th e  B o c  g ro u p  an d  13c  N M R  sig n a l a t 27.7 p p m  
an d  85 .6  p p m  o f  B o c  Ç H 3 an d  B o c  Ç  re sp ec tiv e ly . T h e  s tru c tu re  w a s  fu r th e r  c o n firm e d  by  
D E P T , ‘H - 'H  c o s y , IR  sp ec tru m  an d  e lem en ta l ana lysis .

F ig u re  3 .1 7  Synthesis of Boc/Ns-(y/-CH2)Gly-D-Pro(c/.y-4-TB/)-ODpm (20 )
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T h e  n osy l g ro u p  in  th e  B o c /N s d eriv a tiv e  (20) co u ld  be  eas ily  e lim in a te d  by  
tre a tm e n t w ith  th io p h e n o l/K 2C 0 3  in  D M F  fo r 2 h r  a t ro o m  te m p e ra tu re  w h ic h  g av e  B o c- 
{y /-C H 2)G ly -D -P ro (c « -4 -T Bz)-O D p m  (21) as the  o n ly  p ro d u c t in  g o o d  y ie ld  (6 3 % ). T h is  
m ild  co n d itio n  fo r c leav ag e  o f  n o sy l g ro u p  m ad e  use  o f  th io p h e n o x id e  io n  to  se rv e  th e  
fu n c tio n  o f  b o th  n u c le o p h ile  an d  scav en g e r fo r  th e  lib e ra ted  n o sy l g roup . T h is  m e th o d  w as 
so m e w h a t in c o n v en ien t b ecau se  th io p h en o l p o ssesses  aw fu l sm e ll h en ce  its  re s id u e  sh o u ld  
be  d e s tro y e d  w ith  so d iu m  h y p o ch lo rite  so lu tio n  a fte r use . T h e  re q u ire d  p ro d u c t w as  d ilu te d  
w ith  d ic h lo ro m e th a n e  an d  ex trac ted  w ith  w a te r u n til free  fro m  th io p h en o l b e fo re  
c h ro m a to g ra p h ic  p u rif ic a tio n . A fte r  co lu m n  ch ro m ato g rap h y  w ith  h ex an e :e th y l a c e ta te , th e  
p ro d u c t w as  o b ta in e d  as w h ite  am o rp h o u s  so lid . T h e  s tru c tu re  o f  th e  p ro d u c t w a s  
in te rp re te d  acco rd in g  to  ' h  N M R  w h ic h  rev ea led  th e  s ig n ific an t s ig n a l a t 1.43 p p m  w ith  
in te g ra tio n  o f  9 H  o f  B o c  g ro u p  an d  p eak s  d u e  to  / ra ra -su b s titu te d  a ro m a tic  p ro to n  o f  n o sy l 
g ro u p  w as n o  lo n g e r  o b se rv ed . T h e  13c  N M R  sp ec tru m  sh o w ed  s ig n a ls  a t 28.4 p p m  o f  B o c  
Ç H 3 an d  155 .9  p p m  o f  B o c  C O . T h e  m ech an ism  fo r th is  s tep  w as d e m o n s tra te d  in  f ig u re  
3 .18 .

Figure 3 .1 8  S y n th es is  o f  B o c-(  ̂ -C H 2)G ly-D -P ro(cA -4 -T Bz)-O D p m  (21 )

T h e  B o c - (^ -C H 2)G ly -D -P ro (cA -4 -T Bz)-O D p m  (21) m ig h t b e  ea s ily  c o n v e rte d  in to  
th e  B o c  p ro te c te d  free  ac id  d e riv a tiv e  b y  d ep ro tec tio n  o f  D p m  este r. A lth o u g h  th e  re su ltin g  
p ro d u c t sh o u ld  b e  u se fu l as p ro tec ted  b u ild in g  b lo ck  fo r o lig o m e riz a tio n  o n  so lid  p h ase  
sy n th es is  a cco rd in g  to  th e  c la ss ica l B oc ch em istry , it w as co n s id e red  th a t F m o c  ch em is try  
had  a  n u m b e r o f  ad v a n ta g e s  o v e r c la ss ica l B oc m e th o d  in  te rm  o f  m ild  c o n d itio n s  and
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p o ss ib ility  o f  m o n ito r in g  th e  co u p lin g  e ffic ien cy  by q u an tita tiv e  d e te rm in a tio n  o f  an  
c h ro m o p h o re  w ith  U V -sp ec tro p h o to m e try  a fte r F m oc d ep ro tec tio n . It w as  d ec id e d  to  
rep lace  th e  B o c  g ro u p  w ith  F m o c  g roup  as fo llow s.

T h e  B o c - (^ -C H 2)G ly -D -P ro (cA -4 -T Bz)-O D pm  (21) w as co n v e rted  in to  F m o c - (^ -  
C H 2 )G ly -D -P ro (c /,s-4 -T Bz)-O D p m  (22) in  th e  u sual m an n er by  se lec tiv e  d e p ro te c tio n  o f  th e  
B o c  g ro u p  fro m  B o c /D p m  in  d eriv a tiv e  (21) u sin g  /? -to lu en esu lfo n ic  ac id  in  a ce to n itr ile . 
In  th is  c a se  th e  d e p ro te c tio n  to o k  p lace  m o re  s low ly  and  w as co m p le ted  w ith in  2 .5 h r 
p ro b a b ly  b e c a u se  p rim a ry  am in e  p ro d u c t w as a  p o o re r leav in g  g ro u p  th an  se c o n d a ry  am in e  
g en e ra ted  fro m  th e  in te rm ed ia te  (7) th u s  req u irin g  lo n g er d e p ro te c tio n  tim e . T h e  
a m m o n iu m  to sy la te  ad d u c t w as  n eu tra lized  w ith  ex cess D IE A  an d  th en  re a c te d  w ith  9- 
f lu o re n y lm e th y lc h lo ro fo rm a te  (F m o cC l) fo r 6  h r  a t ro o m  te m p e ra tu re  ( f ig u re  3 .1 9 ). T h e  
reac tio n  m ix tu re  w a s  w o rk e d  up  b y  n o rm al ac id -b ase  ex trac tio n  an d  ch ro m a to g ra p h ic a lly  
p u rif ie d  w ith  h ex a n e :e th y l ace ta te  as e lu en t to  a ffo rd  a  75%  y ie ld  o f  (22) as w h ite  so lid .

Figure 3.19 S y n th es is  o f  F m o c-(y /-C H 2 )G ly -D -P ro (cA -4 -T Bz)-O D p m  (22)

A n a ly s is  o f  *H N M R  d a ta  o f  F m o c -(^ -C H 2)G ly -D -P ro (cA -4 -T Bz)-O D p m  (22) 
rev ea led  s ig n if ic a n t s ig n a ls  at 4 .14  and  4 .24  ppm  w h ich  b e lo n g ed  to  F m o c  a lip h a tic  C H 2 

and  F m o c  a lip h a tic  C H  resp ec tiv e ly . F m oc a rom atic  C H  sig n a ls  w e re  fo u n d  a t 7 .3 0 -7 .3 6 , 
7 .5 2 -7 .5 8  an d  7 .8 1 -7 .8 7  p p m  bu t w as p a rtia lly  o v e rlap p ed  w ith  so m e  p e a k s  o f  b en zo y l

T DpmC^C
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th y m in e . T h e  sig n a ls  a t 7 .1 8 -7 .3 0  p p m  co n firm ed  th e  p re sen ce  o f  D p m  este r. T h e  s tru c tu re  
w as fu rth e r co n firm ed  b y  13c  N M R  sig n a ls  at 47 .2  p p m  (F m o c  a lip h a tic  Ç H ), 6 5 .0  p p m  
(F m o c  C H 2), 120.0 p p m  (F m o c  a ro m atic  Ç H ), 141.3, 143.8 an d  143 .9  p p m  (F m o c  a ro m a tic  
C ), 156 .4  p p m  (F m o c  C O ) an d  th e  s ig n a ls  o f  D pm  at 1 2 5 .1 -1 3 0 .4  p p m  (D p m  a ro m a tic  
Ç H ), 139 .2  an d  139.3 (D p m  a ro m atic  C). O ther s tru c tu ra l d e ta ils  w e re  c o n f irm e d  by  
D E P T , ’H - 'H  c o s y , IR  an d  e lem en ta l ana lysis.

T h e  n e x t s tep  w as d ep ro tec tio n  o f  D pm  ester, u n lik e  se ry lp ro lin e  sy s te m , th is  
s e le c tiv e  d e p ro te c tio n  o f  F m oc-(^ --C H 2)G ly -D -P ro (cE -4 -T Bz)-O D p m  (22) c o u ld  b e  eas ily  
a c h ie v e d  s in c e  it  h a s  no  s id e  c h a in  w h ic h  req u ired  p ro tec tio n  a n d  th u s  th e re  w a s  n o  n e e d  to  
c o n s id e r  fo r  o rth o g o n a lity . A c id  co n d itio n  ap p eared  to  be  su ita b le  s in c e  it  h a s  n o  e ffec ts  
to w a rd s  th e  F m o c  p ro tec tin g  g roup . T h e  Fm oc-(y/--CH 2)G ly-D -P ro(ci.s '-4 -T Bz)-O D p m  (22) 
w as tre a te d  w ith  ex cess  sa tu ra ted  h y d ro g en  ch lo rid e  in  d io x a n e  u n d e r  an h y d ro u s  c o n d itio n  
fo r 2  h r  a t ro o m  te m p e ra tu re  to  g iv e  th e  d esired  p ro d u c t, F m o c-(  ^ -C H 2 )G ly -D -P ro (c is '-4 - 
T Bz)O H .H C 1 (23), as a  w h ite  so lid  in  6 8 %  y ie ld  (f ig u re  3 .2 0 ). T h e  v o la ti le  h y d ro g e n  
c h lo r id e  re s id u e  w as e lim in a ted  b y  co ev ap o ra tio n  w ith  d ic h lo ro m e th a n e  a  fe w  tim e s  an d  
th e  d ip h e n y lm e th a n e  b y -p ro d u c t w as ea s ily  rem o v ed  b y  w a sh in g  w ith  h e x a n e /d ie th y l 
e th er. T h e  te r tia ry  am in e  g ro u p  o n  th e  p ro lin e  rin g  co u ld  b e  p ro to n a te d  as  a m m o n iu m  
c h lo r id e  sa lt an d  no  a ttem p t to  o b ta in  th e  free  am ine  h as  b e e n  m ad e .

Figure 3.20 S y n th es is  o f  F m o c -(^ -C H 2)G ly -D -P ro (cw -4 -T Bz)-O H .H C l (23)
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P re lim in a ry  id en tifica tio n  w as p e rfo rm ed  by  !H N M R  w ith  DMSO-<76 as  a  so lv en t 
b u t th e  so m e s ig n ific an t s ig n a ls  w ere  o b scu red  w ith  th e  b ro ad  O H  p eak  o f  th e  ac id  fu n c tio n  
as  sh o w n  in f ig u re  3.21 (low er). In o rd e r to  av o id  th is  p ro b lem , a  d ro p  o f  D 20  w as add ed  
to  ex a m in e  th a t th e  b ro ad  signal w as due  to  ex ch an g eab le  p ro to n  (f ig u re  3 . 2 1  u p p er).

. . 1 L L . 1 A Aiij'J พ K J ^ A _ J I

i

.. , 1 11, 1 » aLH vjv/y._J i
11.5 l l ' . o  lo '.s  lo '.o  9 .5  9.'o a .5 0 .0  7 .'ร 7.'o 6 .5  6 .0  5 .5  5 .0  4 .5  4 .0  3 .5  3 .0  2 .5  2 .0  1 .5  1 .0  0 .5

Figure 3.21 ' h  N M R  sp ec tru m  o f  Fm oc-(y/--CH 2)G ly -D -P ro ( rà -4 -T Bz)-O H .H C l (23) in  
D M SO -d(f+ l d rop  o f  D 20  (u p p er) an d  in  D M S O - ^ 6  ( lo w er)

F ro m  th e  resu lt, it w as c lea r th a t th e  p ro d u c t w as  F m o c -(^ /-C H 2 )G ly -D -P ro (c » -4 -  
T Bz)-O H .H C 1 (23) sin ce  th e  s ig n a ls  o f  D pm  w h ich  sh o u ld  be  a p p e a re d  as  m u ltip le t a t 
h ig h e r th an  7 ppm  w as n o t o b se rv ed  in the  sp ec tru m . O th e r s ig n a ls  w ere  c o n s is te n t w ith  
th e  F m o c - (^ -C H 2 )G ly -D -P ro (cN -4 -T Bz)-O D p m  (22) as w ell as d a ta  fro m  13c  N M R , D E P T , 
'H - 'H  c o s y  and  IR  sp ec tru m . H o w ev er, as ev id en ced  fro m  th e  e lem en ta l a n a ly s is  resu lt, 
it w as ex p ec ted  to  o b ta in  c  63.3 % , H 5.2 %  and N 8.7 %  w h ich  ca lc u la ted  from  the
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fo rm u la  C 34H 33N 4 O 7CI b u t th e  f irs t an a ly s is  re su lt w as: c  60 .9  % , H  5 .0  %  an d  N  8 .2  % . In  
o rd e r to  c h e c k  th e  p u rity  o f  p ro d u c t (23 ), th e  H P L C  e x p e rim e n t w as  p e rfo rm ed  an d  rev ea l 
th e  re su lt w as  as  sh o w n  in fig u re  3 .22  w h ich  rev ea led  o n ly  o n e  p réd o m in en t p e a k  o f  
p ro d u c t (2 3 ) w ith o u t o th e r s ig n ific an t im p u rity  by  m o n ito rin g  a t 264  nm . S in ce  it w as 
p o ss ib le  th a t  th e  p ro d u c t m ig h t still h as  re s id u a l so lv e n t o r  m o is tu re  w h ich  w a s  n e c e ssa ry  
to  re m o v e  th e se  im p u rity  u n d e r h ig h  re d u c e d  p re ssu re  fo r  48  h r  b e fo re  re su b m itte d  fo r 
e lem en ta l an a ly s is . It w as  su rp ris in g  th a t  th e  seco n d  a n a ly s is  re su lt w as s till  n ea rly  
id en tic a l eq u a l th e  p rev io u s  resu lt. I t w as  ex p e c te d  th a t th e  p ro d u c t sh o u ld  b e  s tab le  as 
a m m o n iu m  ch lo rid e  sa lt b u t th e  e lem en ta l an a ly s is  re su lts  le d  to  re -c a lc u la tio n  fo r 
a lte rn a tiv e  fo rm u la  o f  th e  p ro d u c t w h ic h  m ig h t b e  re sp o n s ib le  fo r  th e  d isc re p a n c y  
o b se rv ed . I t w a s  f in a lly  fo u n d  th a t c a lc u la tio n  b a sed  o n  d e r iv a tiv e  (23 ) p lu s  an o th e r 
m o le c u le  o f  H C l (C 34H 33N 4 O 7C I.H C I; c  59 .9  % , H  5 .0  % , an d  N  8 .2  % ) o r tw o  m o lecu le s  
o f  w a te r  (C 3 4H 33N 4 O 7C I.2 H 2 O ; c  59 .9  % , H  5.5 % , an d  N  8 .2  % ) co u ld  p ro v id e  c lo se ly  
p e rc e n t o f  m a ss  in  e a c h  item . H o w e v e r th e  p re sen ce  o f  tw o  m o le c u le  o f  w a te r  w a s  seem  to 
b e  m o re  re a so n a b le  c o n s id e rin g  th e re  is o n ly  o n e  b a s ic  n itro g e n  a to m  in  (23).

Figure 3.22 H P L C  ch ro m a to g ram  o f  F m o c - (^ -C H 2 )G ly -D -P ro (c /s-4 -T Bz)-O H .H C l (23) 
H P L C  g rad ien t sy stem : so lv en t A  =  0.1 %  tr if lu o ro a c e tic  ac id  in  ace to n itr ile ; 
so lv en t B  =  0.1 %  tr if lu o ro a c e tic  ac id  in  d e io n iz e d  w a te r; F irs t A :B  (1 0 :9 0 ) 
fo r 5 m in  th en  lin ea r g rad ien t to  A :B  (9 0 :1 0 ) o v e r a  p e rio d  o f  50 m in  a fte r 
th a t h o ld  o n  fo r 5 m in  an d  su d d en ly  re lease  to  A :B  (1 0 :9 0 )
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E v en  th o u g h  w e w o u ld  like  to  co v e rt th e  free ac id  d e riv a tiv e  (23) in to  its  P fp  e s te r  
w h ich  co u ld  b e  o lig o m erized  by  F m o c  and  P fp  e s te r  ch em is try  fo llo w in g  g ly c y lp ro lin e  
cP N A  as in  p re v io u s  re p o r ts , 63 th e  p resen ce  o f  flex ib le  a m in o e th y l p a rt in  th e  m o lecu le  
co u ld  p ro b a b ly  cy c liz e d  in to  k e to p ip e raz in e  d e riv a tiv e  (f ig u re  3 .2 3 ) ev en  w h e n  th e  
N -te rm in u s  w a s  p ro tec ted  as  so o n  as th e  C -te rm in u s  w as a c tiv a te d  as p e n ta flu o ro p h e n y l 
e s te r  d u e  to  th e  se lf-ca ta ly s is  by  te rtia ry  p ro lin e  n itro g en  in  th e  sam e  m o lecu le . T h e re fo re , 
as d e sc rib ed  ab o v e , w e d ec id ed  n o t to  a ttem p t the  sy n th esis  o f  P fp  e s te r  an d  th e  free  ac id  
d e riv a tiv e  (2 3 ) w as  u sed  as  m o n o m e r in  o lig o m eriza tio n  w h ic h  w ill b e  d e sc r ib e d  in  th e  
n e x t sec tion .

Figure 3 .2 3  A  p o ss ib le  m e c h a n ism  o f  cy c liz a tio n  o f  P fp  e s te r  o f  F m o c-(  ̂ /--C pyG ly -D -P ro  
(cA -4 -T Bz)-O H .H C 1 (23)

A fte r  sy n th e s is  o f  co m p o u n d  (2 1 ) an d  F m o c  d e riv a tiv e  (2 3 ) h av e  b een  c o m p le te d  in  
o u r h a n d  a n o th e r  sy n th es is  o f  s te reo m eric  an d  en an tio m eric  d e riv a tiv e s  o f  c o m p o u n d  (21 ) 
h av e  b e e n  re p o rte d  b y  C o s ta  an d  c o -w o rk e r . 82 T h e ir  sy n th es is  w as  s ta rte d  fro m  (2 S ,4R ) 
h y d ro x y p ro lin e  an d  th e n  co n v e rted  in to  m e th y l e s te r  p rio r  to  f irs t a lk y la tio n  w ith  A -B o c - 
am in o e th y l b ro m id e  an d  th en  w ith  A ^-b enzoy lthym ine . It w as  n o te d  th a t o v e ra ll sy n th es is  
h av e  b e e n  m ad e  in  o n ly  4  s tep s  an d  am in o e th y l sp ace r w as in tro d u c e d  in to  p ro lin e  b e fo re  
n u c leo b ase  a lk y la tio n  to  g iv e  ๗.ร'-L -isom er ( 2S,4S ). In  ad d itio n  (2R.4S) d e riv a tiv e  w a s  a lso  
sy n th es ized  by  e p im e riz in g  th e  h y d ro x y p ro lin e  in te rm ed ia te  w ith  ace tic  a n h y d rid e  an d  
ace tic  ac id  b e fo re  a lk y la tio n . H o w e v e r o u r th eo re tica l m o d e l has su g g es ted  th a t th e  ๗,ร'-D- 
c o n fig u ra tio n  o f  p ro lin e  sh o u ld  h av e  s tro n g e r b in d in g  to  c o m p le m e n ta ry  n a tu ra l 
o lig o n u c le o tid e  d u e  to  h av in g  th e  an a lo g o u s  c o n fig u ra tio n . 63 M o reo v e r w e  u se  a  d iffe re n t
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s tra teg y  in  o lig o m e riz a tio n  o f  th e  p ep tid e  th e re fo re  the  tw o  stu d ies  a re  d iffe re n t a n d  sh o u ld  
c o m p le m e n t e a c h  o ther.

3.2 Oligomerization of cPNA

I t h a s  re c e n tly  b e e n  d em o n stra ted  th a t sy n th esis  o f  p ep tid e s  fro m  a m in o  ac id s  co u ld  
e ffe c tiv e ly  b e  a c c o m p lish e d  b y  g ro w in g  th e  p ep tid e  ch a in  on  a  h e te ro g e n e o u s  so lid  su p p o rt 
su ch  as  p o ly s ty re n e  re s in . 83 W ith  th is  m a jo r  d ev e lo p m en t, p u rif ic a tio n  o f  th e  p ro d u c t has 
b eco m e  m u c h  e a s ie r  th a n  th e  c la ss ica l so lu tio n  p h ase  sy n th esis  by  s im p le  w a sh in g  th e  
ex c e ss  re a g e n t f ro m  th e  re s in -b o u n d  p ep tid e . T h is  te ch n iq u e  w as n a m e d  a s  “ S o lid  P h ase  
P e p tid e  S y n th e s is”  o r  in  sh o rt “ S P P S  O lig o m eriza tio n  o f  s e ry lp ro lin e  m o n o m e rs  ( 1 2 ),
(13) an d  d e o x y g ly c y lp ro lin e  m o n o m e r (23) u p to  10 rep ea tin g  u n its  w e re  th u s  p e rfo rm e d  by  
so lid  p h a se  sy n th e s is  m e th o d o lo g y  as sh o w n  in  T ab le  3.1 in  o rd e r  to  s tu d y  th e ir  b in d in g  
s ta b ility  to w a rd  th e  c o m p le m e n ta ry  n a tu ra l o lig o n u c leo tid e  an d  th e  re su lts  c o m p a re d  w ith  
th e  g ly c y lp ro lin e  c P N A . 63 T h e  re su lts  w ill b e  p resen ted  an d  d isc u sse d  in  e a c h  p a r ts  as 
fo llo w s.

Table 3 .1  S tru c tu re s  o f  10 -m er cP N A s

cP N A M o n o m er 1 0 -m er S tru c tu re  o f  10 -m e r cP N A
N o . N o.

D e o x y g ly c y lp ro lin e (23) (24) H -[(  ̂ -C H 2)G ly -D -P ro (T )] ,0 -L y sN H 2

S e ry lp ro lin e  (L -se ries) ( 1 2 ) (25) H - [L -Ser-D -Pro(T )] 10 -L y sN H 2

S e ry lp ro lin e  (D -series) (13 ) (26) H -[D -S er-D -P ro(T )] ,0 -L y sN H 2

3.2.1 The decamers of deoxyglycylproline cPNA (24)

In  p re v io u s  re p o r ts , 63 10 -m er g ly cy lp ro lin e  cP N A  w as sy n th e s iz e d  by  
o lig o m e riz a tio n  o f  F m o c-G ly -D -P ro (cw -4 -T Bz)-O P fp  es te r m o n o m er b y  u s in g  F m o c /O 'B u  
p ro te c tio n  ch em is try . It w as  su g g ested  th a t th is  s tra teg y  o ffe r a  n u m b er o f  a d v a n ta g e s  o v e r 
th e  c la ss ic a l B o c  ch em is try ; fo r  ex am p le  the  u se  o f  m ild e r co n d itio n , a p p lic a b le  fo r  sm all
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sca le  sy n th es is , red u ced  reac tio n  tim e  and  m o st im p o rtan tly , th e  a b ility  to  q u a n tita tiv e ly  
in v es tig a te  th e  co u p lin g  e ffic ien cy  o f  each  step  by  s im p le  sp e c tro p h o to m e tr ic  m e th o d . T h e  
p e p tid e  sy n th es is  p ro c e d u re  w as su m m arized  acco rd in g  to  th e  p ro to c o l as  sh o w n  in  fig u re  
3 .24 .

N o v asy n  T G R  res in  (S o lid  su p p o rt)

iAnchoring
lO eq F m o c-L -L y s(B o c)-O H  +  10eq H B T U  

+ 2 0 eq  D IE A  in  an h y d ro u s  D M F  (2 h r)

Twashing
D M F  x2

i
deprotection A-------------

2x
Synthesis cycle<Ĉ

2 0 %  p ip e rid in e  in  D M F  x l  (20  m in )

I
washing

D M F  x2  an d  th e n  a n h y d ro u s  D M F x l

i ̂ coupling
4 eq  d eo x y g ly cy lp ro lin e  cP N A  m o n o m e r  (23 ) 

+ 4 eq  H B T U + 1 2 eq D IE A  in  a n h y d ro u s  D M F  (2  h r)

โ
--------------- washing

D M F  x3  a n d  th e n  a n h y d ro u s  D M F  x l

1capping
10%  AC2 O /D IE A  in a n h y d ro u s  D M F  (30  m in )

i

lOx

washing --------------------
D M F  x3

Figure 3.24 T h e  p ro to co l fo r so lid  p h ase  sy n th esis  o f  d e o x y g ly c y lp ro lin e  c P N A  (24)
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In  p rac tic e , th e  m ic ro sca le  sy n th es is  w as ca rried  o u t in  p ip e tte  as  d e sc r ib e d  in 
se c tio n  2 .4 .1 . N o v a sy n  T G R  re s in  w h ich  ca rries  an  ac id -lab ile  d im e th o x y b e n z h y d ry la m in e  
lin k e r  w as  c h o se n  as th e  so lid  su p p o rt so th a t a fte r  c leav ag e  w ith  tr if lu o ro a c e tic  ac id , a 
p e p tid e  am id e  w o u ld  be  ob ta in ed . F irs t o f  a ll, th e  re s in  w as sw o lle n  in  an h y d ro u s  D M F  and  
th e n  a n c h o re d  w ith  F m o c-L y s(B o c)-O H  as th e  first am in o  ac id  re s id u e  in  th e  p re se n c e  o f  
H B T U  as co u p lin g  ag en t and  D IE A  acco rd in g  to  th e  m e c h a n ism  in  fig u re  3 .25 . D u e  to  th e  
h e te ro g e n e o u s  n a tu re  o f  th e  reac tio n , it w o u ld  n o t be  co m p le ted  s im p ly  w ith  1 : 1  

s to ic h io m e tr ic  p ro p o rtio n  o f  re a c tan t an d  w o u ld  req u ire  a  v e ry  lo n g  re a c tio n  tim e . B earin g  
th is  in  m in d , ex cess  an d  h ig h  co n cen tra tio n  o f  co u p lin g  re a g e n ts  w e re  g e n e ra lly  u sed  in  
o rd e r  to  en h an ce  th e  co u p lin g  e ffic ien cy  w ith in  a  re a so n a b le  tim e  scale .

F ig u r e  3 .2 5  T h e  m ech an ism  fo r co u p lin g  o r a n ch o rin g  v ia  H B T U  a c tiv a tio n

It h a s  a lso  b een  su g g ested  th a t in tro d u c in g  a  ly s in e  a t C -te rm in u s  o f  p e p tid e  c h a in  
co u ld  se rv e  to  p re v e n t th e  s e lf  a g g reg a tio n  o f  th e  p ep tid e  ch a in  d u e  to  th e  re p u ls io n  o f  th e  
p o s itiv e ly  ch a rg e d  side  ch a in  an d  a lso  in c rea se  th e  w a te r so lu b ility  o f  th e  p e p tid e . 12’13,14’15 

A lth o u g h  it w as  la te r re co m m en d ed  to  u se  a lan in e  in s tead  o f  ly s in e  b e c a u se  th e  m e th y l
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s id e  ch a in  o f  a la n in e  h as  no  ch a rg e  an d  w o u ld  n o t a ffec t th e  b in d in g  ab ility  o f  th e  re su ltin g  
p ep tid e  co n ta in in g  a lan in e  to  co m p le m e n ta ry  n a tu ra l o lig o n u c le o tid e  an d  co u ld  s till in d u ce  
the  h an d ed n ess  o f  p ep tid e  ch a in  s im ila r  to  ly s in e . 84 It w as  s till d e c id e d  to  u se  ly s in e  as  th e  
firs t am in o  re s id u e  in  o rd e r to  c o m p are  th e  re su lt w ith  p rev io u s  s tu d ie s  o f  g ly c ly p ro lin e  
cP N A . T o  e n su re  th a t th e  co u p lin g  e ffic ie n cy  w as as  h ig h  as  p o ss ib le , d o u b le  co u p lin g  
em p lo y in g  a  fre sh  co u p lin g  re a g e n t w as  p e rfo rm ed  b e fo re  c a p p in g  w ith  a  m ix tu re  o f  a ce tic  
an h y d rid e -D IE A  to  p re v e n t u n d es ired  g ro w in g  o f  th e  d e le tio n  seq u en ce . T h e  n e x t s tep  o f  
th e  sy n th es is  c y c le  co n s is ted  o f  d e p ro te c tio n  o f  th e  F m o c  g ro u p , c o u p lin g  w ith  a  m o n o m e r 
(23) an d  c a p p in g  , w a sh in g  w ith  D M F  w as p e rfo rm ed  a fte r  e a c h  step . T h e  d e p ro te c tio n  
w as c a rrie d  o u t b y  tre a tm e n t o f  th e  re s in  w ith  20  %  p ip e rid in e  in  D M F  fo r 20  m in  in  o rd e r  
to  rem o v e  th e  te rm in a l F m o c  p ro te c tin g  g ro u p  w h ic h  w a s  re le a se d  fro m  th e  re s in -b o u n d  
p e p tid e  as  th e  p ip e r id in e -d ib e n z o fu lv en e  a d d u c t a cco rd in g  to  th e  m e c h a n ism  ty p e  o f  E lc b  
v ia  th e  s ta b iliz e d  d ib en zo cy c lo p en tad ien y l a n io n  as sh o w n  in  f ig u re  3 .26

F ig u r e  3 .2 6  M e c h a n ism  fo r d e p ro te c tio n  o f  F m o c  p ro te c tin g  g ro u p  fro m  re s in  b o u n d  
p ep tid e



91

E stim a tio n  o f  th e  co u p lin g  e ffic ien cy  cou ld  be  p e rfo rm ed  b y  d ilu tin g  th e  re su ltin g  
d e p ro te c tin g  so lu tio n  w ith  an  ap p ro p ria te  v o lu m e  o f  ab so lu te  m e th an o l an d  th e n  th e  U V - 
a b so rp tio n  o f  th e  p ip e r id in e -d ib e n z o fu lv en e  ad d u c t m e asu red  a t 2 6 4  nm . T h is  n u m b e r  is 
re la ted  to  th e  to ta l a m o u n ts  F m o c  g ro u p  rem ain ed  o n  th e  re s in -b o u n d  p e p tid e  an d  
in d ire c tly  in d ic a te d  th e  e ff ic ien cy  o f  p rev io u s  co u p lin g  cycle . F o r  co n v e n ie n c e , it w as  
p ro p o se d  th a t th e  firs t ab so rp tio n  v a lu e  o f  w h ich  o b ta in ed  a f te r  d e p ro te c tio n  o f  F m oc-L - 
L y s-p e p tid e -re s in  c o rre sp o n d ed  to  100 %  co u p lin g  e ffic ien cy . T h e re fo re  c o m p a riso n  o f  th e  
n e x t a b so rp tio n  w ith  th is  in itia l v a lu e  co u ld  b e  u sed  to  ca lcu la te  th e  p e rc e n t o f  c o u p lin g  
e ff ic ie n cy  a f te r  each  c o u p lin g  s tep  an d  th e  o v e ra ll e ff ic ien cy  o f  th e  sy n th es is  c o u ld  b e  
ev a lu a ted . I t w a s  n o tic ed  th a t th is  m e th o d  is  a  v ery  sen s itiv e  te c h n iq u e  e v en  th e  sy n th es is  
w as  p e rfo rm e d  ju s t  o n ly  m ic ro sca le . A fte r  d ep ro tec tio n , th e  re s in  w a s  w ash ed  w ith  ex c e ss  
D M F  in  o rd e r  to  rem o v e  th e  re s id u a l p ip e rid in e . In  th e  n e x t s tep , th e  F m o c -(  ̂ -C H 2 )G ly-D - 
P ro (c « -4 -T Bz)-O H .H C l (23 ) w as c o u p le d  to  th e  free  am in o  g ro u p  a t N -te rm in u s  o f  th e  
re s in -b o u n d  p e p tid e  u s in g  H B T U  as co u p lin g  reag en t in  th e  p re se n c e  o f  D IE A  a c c o rd in g  to  
th e  fig u re  3 .25 . H ig h  c o n c e n tra tio n  o f  co u p lin g  reag en t w as  u se d  to  e n h an ce  th e  c o u p lin g  
e ff ic ie n cy  an d  d o u b le  c o u p lin g  w as a lso  b e  p e rfo rm ed  acco rd in g  to  th e  re a so n  d isc u sse d  
ab o v e . D IE A  sh o u ld  b e  u se d  ap p ro x im a te ly  tw o  fo ld s  o f  th e  m o n o m e r  e q u iv a len t, o n e  fo r 
d e p ro to n a tio n  o f  ac id  fu n c tio n  o n  m o n o m e r a n d  th e  a n o th e r fo r  te rm in a l N -a m in o  g ro u p  o n  
re s in -b o u n d  p ep tid e . B u t as  th e  m o n o m e r (2 3 ) w as  o b ta in ed  as  a  h y d ro c h lo r id e  sa lt, i t  w as  
th e re fo re  n e c e ssa ry  to  ad d  a  fu rth e r eq u iv a len t o f  D IE A  in to  th e  c o u p lin g  m ix tu re  in  o rd e r  
to  n e u tra liz e  th e  h y d ro ch lo rid e  salt. In  p rac tic e  ev en  a fte r  d o u b le  c o u p lin g  w ith  ex c e ss  
reag en t, th e  co u p lin g  e ffic ie n cy  w as n o t a lw ay s ap p ro ach in g  100 % . S o m e  o f  th e  re s id u a l 
free  a m in o  g ro u p s  o n  th e  re s in  h av e  n o t b een  co u p led  an d  w a s  s till re a c tiv e  e n o u g h  to  re a c t 
w ith  th e  m o n o m e r in  th e  n e x t co u p lin g  cy c le . T h is  s itu a tio n  w as th e re fo re  re su lte d  in  
sk ip p in g  o f  o n e  co u p lin g  cy c le  w h ic h  b ro u g h t ab o u t m iss in g  o f  a  re p e a tin g  u n it in  p e p tid e  
ch a in . In  fac t, th is  m ig h t h ap p en  m o re  th a n  on ce  and  m ig h t o c c u r  an y w h ere  in  p e p tid e  
ch a in . T h e  re su ltin g  “ in co m p le te  p e p tid e ” is g en e ra lly  ca lled  “ d e le tio n  se q u e n c e s” an d  
w o u ld  c o n ta m in a te  th e  p e p tid e  p ro d u c t. W o rse  still, th o se  tru n c a te d  p e p tid e s  g e n e ra lly  
p o sse ss  s im ila r  p o la rity  to  th e  d e s ired  p ep tid e  p ro d u c t w h ic h  led  to  d iff ic u lty  in  
p u rif ic a tio n . H o w ev e r it w as  p o ss ib le  to  so lv e  th is  p ro b lem  b y  a c e ty la tio n  th e  u n re a c te d  
am in o  g ro u p  re s id u e  a t N -te rm in u s  o n  re s in  b o u n d  p ep tid e  in to  ace ta m id e  d e riv a tiv e  w ith  
10%  ace tic  an h y d rid e /D IE A  in  D M F  in  o rd e r to  ch an g e  th e  p o la r ity  o f  tru n ca ted  p e p tid e
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c h a in  an d  a lso  to  d im in ish  th e  n u c leo p h ilic ity  o f  th e  n itro g e n  a to m  a t N -te rm in u s  as an  
ace ta m id e  w h ic h  w o u ld  n o t be  ab le  to  g ro w  in the  n ex t c o u p lin g  cy c le s . T h is  a ce ty la tio n  
p ro c e d u re  is n o rm a lly  ca lled  “C ap p in g ” and  is so m etim e  c o n s id e re d  a s  o p tio n a l fo r so lid  
p h ase  sy n th esis . H o w ev er, w e d ec id ed  to  p e rfo rm  th is  en d ed  c a p p in g  e v e ry  tim e  a fte r 
co u p lin g  s tep  w as  fin ish ed  fo r e as ie r p u rifica tio n .

T h e  sy n th es is  cy c le  w as rep ea ted  un til the  g ro w in g  p e p tid e  c h a in  w a s  e x te n d e d  up 
to  10 -m er (10  cy c les). T h e  co u p lin g  e ffic ien cy  in  each  s tep  w a s  c a lc u la te d  fro m  U V - 
a b so rp tio n  an d  su m m arized  in  T ab le  3 .2

A s sh o w n  in  T ab le  3 .2 , th e  co u p lin g  e ffic ien cy  se e m e d  to  d e c re a se  g rad u a lly  
th ro u g h o u t th e  10 sy n th esis  cy c les  an d  th e  final p ro d u c t w a s  o b ta in e d  in  o n ly  17.3 % . 
I t w a s  b e lie v e d  th a t  th e  m a jo r cau se s  cam e  fro m  th e  re s id u a l m o is tu re  in  th e  s ta rtin g  
m a te ria l, p ro b a b ly  in  th e  fo rm  o f  d ih y d ra te , an d  co u ld  n o t b e  re m o v e d  e v e n  a f te r  p ro lo n g e d  
d ry in g  u n d e r  v a c u u m  b e fo re  use . A n  an o th e r p o ss ib le  c a u se  w a s  th a t th e  ac tiv a ted  
m o n o m e r m ig h t c y c liz e  in to  a  k e to p ip e raz in e  d e riv a tiv e  d u e  to  H B T U  ac tiv a tio n  o f  C - 
te rm in u s  o n  p ro lin e  m o ie ty  u n d e r ex cess  b as ic  co n d itio n  lead  to  s e l f  cy c liz a tio n . In  
ad d itio n , th e  a m in o e th y l sp ace r w as  f lex ib le  e n o u g h  to  flip  its  c o n fo rm a tio n  to  b e  ucis-  
lik e”  an d  th u s  a ss is te d  th e  cy c liz a tio n  as sh o w n  in  f ig u re  3 .27 . T h is  s itu a tio n  b ro u g h t ab o u t 
th e  lo s t o f  m o n o m e r d u rin g  th e  co u p lin g  s tep  an d  m ig h t, a t le a s t p a r tia lly , a c c o u n t fo r  th e  
lo w  o v e ra ll y ie ld  ob ta in ed .

T a b le  3 .2  T h e  U V -ab so rp tio n  d a ta  an d  p e rcen t c o u p lin g  e ff ic ie n c y  o f  10-m er
d e o x y g ly cy lp ro lin e  cP N A  (24)

Item
C ycle  N o .

1 2 3 4 5 6 7 8 9 10 O vera ll

O Ü 2 6 4 0 .8 8 5 0 .8 6 5 0 .6 1 7 0 .4 6 5 0 .3 8 8 0 .3 0 4 0 .2 2 4 0 .2 1 3 0 .1 7 6 0 .1 5 3 N /A

% effic ien cy 100.0 9 8 .2 7 1 .0 7 5 .4 8 3 .5 7 8 .4 7 4 .3 9 4 .3 8 2 .6 8 6 .9 17.3  .

R em ark  A ll O D 26 4 w ere  rece iv ed  fro m  200  fo ld  d ilu tio n  w ith  a b so lu te  m e th an o l.
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Figure 3.27 A  p o ss ib le  m ech an ism  fo r cy c liz in g  o f  d e o x y g ly c y lp ro lin e  cP N A  m o n o m e r 
(23) in to  k e to p ip e raz in e

A fte r  th e  sy n th es is  o f  (24) w as su ccessfu l, o u r f irs t a tte n tio n  w as to  re m o v e  th e  N- 

te rm in a l F m o c  p ro te c tin g  g ro u p  b efo re  p u rif ic a tio n . H en ce  a f te r  f in a l cap p in g , th e  re s in  
w as tre a te d  w ith  20 %  p ip e rid in e /D M F  fo r 20 m in  (f in a l d e p ro te c tio n ) , th e n  w a sh e d  w ith  a  
la rg e  e x cess  D M F  an d  m e th an o l an d  d ried  in  air. T h e  to ta l p e p tid e  w as  re le a se d  fro m  th e  
re s in  b y  tre a tm e n t w ith  trif lu o ro ace tic  a c id /th io an iso le  fo r  3 h r  a n d  re s in  b e c a m e  g rad u a lly  
red . T h e  v o la tile  tr if lu o ro ace tic  ac id  w as re m o v e d  b y  a  s tre a m  o f  n itro g e n  w h ic h  g av e  
s tick y  re s id u e  w h ich  a fte r  tre a tm e n t w ith  d ie th y l e th e r  g av e  p re c ip ita te  o f  th e  p ro d u c t. 
A fte r  c en trifu g a tio n , w ash ed  w ith  m o re  d ie th y l e th e r  an d  a ir  d ried , th e  c ru d e  p e p tid e  w as 
su b je c te d  to  rev e rse  p h ase  H P L C  an a ly sis  b u t th e  re su lt w a s  n o t sa tis fa c to ry  d u e  to  all 
p e a k s  in  th e  ch ro m a to g ra m  ap p ea red  c lo se ly  an d  im p o ss ib le  to  c o lle c t th e m  sep ara te ly . 
T h is  se p a ra tio n  p ro b lem  has co n d u c ted  US to  re c a ll th e  re a so n  o f  c a p p in g  s tep  w h ic h  cou ld  
in h ib it th e  d e le tio n  seq u en ce  g ro w in g  an d  ch an g e  th e  p o la r ity  o f  th is  im p u rity . It w as 
th e re fo re  p o ss ib le  to  p re se rv e  th e  te rm in a l F m o c  g ro u p  b y  o m ittin g  th e  fin a l d ep ro tec tio n  
w ith  th e  e x p e c ta tio n  th a t th e  co m p le te  p ep tid e  h av in g  F m o c  g ro u p  w o u ld  h a v e  d iffe re n t in  
p o la r ity  e n o u g h  to  p e rm it its  sep a ra tio n  from  th e  a c e ty la ted  d e le tio n  seq u en ces .

As expected, separation of Fmoc-ON (24 ) was successful as shown in figure 3.28 

(a) One broad complicated peak (tR « 12-15 min), a high sharp peak (tR= 18.3 min) and a 

small peak (tR = 20.7 min) were observed both o f analytical and preparative scale. The two 

conspicuous peaks were collected on preparative scale, lyophilized and then identified by 

MALDI-TOF mass spectrometry. It was clear that the first higher peak (tR= 18.3 min) was 

the desired Fmoc-ON (24) (Mr calcd. for Mr = 3010.4 found 3013.3) and the second peak
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( tR =  2 0 .7  m in ) w as th e  sam e  F m o c-O N  (24) h av in g  an  e x tra  b en zo y l g ro u p  (M r ca lcd . fo r 
M r =  3 1 1 5 .5  fo u n d  3 1 1 8 .6 ) and  th e  co m p lica ted  p eak s  b e tw een  12 m in  an d  15 m in  sh o u ld  
be  th e  m ix tu re  o f  a c e ty la ted  d e le tio n  seq u en ce  im purity . F o r co n v e n ie n c e  w e sh a ll ca ll th e  
tw o  m a jo r  p ro d u c ts  as F m o c-O N  an d  F m o c /B z -O N  cP N A  resp ec tiv e ly .

%

(a)

(b)
Figure 3.28 R ev e rse  p h a se  H P L C  c h ro m a to g ram  o f  10 -m er d e o x y g ly c y lp ro lin e  c P N A  (24) 

(a) F m o c -O N  o r F m o c-[( y/-CH 2 )G ly-D -P ro(T )] io -L ysN H 2 an d  F m o c /B z -O N  o r 
F m o c -[(  y/-'C H 2)G ly -D -P ro (T Bz)]-[(  ̂ -C H 2)G ly -D -P ro (T )]9 -L y sN H 2 (b) F m o c- 
O F F  c ru d e  p ep tid e  a fte r  tre a tm e n t w ith  20%  p ip e rid in e ; see  H P L C  g rad ien t 
sy s tem  in  sec tio n  2 .4 .3  (f)

In d eed , it has b e e n  su g g ested  th a t th e  d éb en zo y la tio n  w as co m p le te ly  o c c u rre d  in  
each  cy c le  w h en  th e  F m o c  d ep ro tec tio n  w ith  p ip e rid in e  w as p e rfo rm e d  v ia  th e  m e c h a n ism  
sh o w n  in  fig u re  3 .2 9 .63
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Figure 3 .2 9  A  p o ss ib le  m e c h a n ism  fo r  d éb en zo y la tio n  o f  A ^ -b en zo y lth y m in e  by  
p ip e rid in e .

F o r  th is  re a so n , th e re  sh o u ld  b e  o n ly  one  b en zo y l g ro u p  re m a in e d  o n  th e  p e p tid e  
(2 4 ) b e c a u se  th e  f in a l d e p ro te c tio n  w as o m itted  b e fo re  re lea s in g  th e  p e p tid e  f ro m  th e  re s in . 
A lth o u g h  th e  A ^-benzoy l g ro u p  is su scep tib le  to  b o th  h y d ro ly tic  a n d  n o n -h y d ro ly tic  
c le a v a g e  b y  s tro n g  b a se s  an d  s tro n g  ac id s , i t  w as s till n o t c o m p le te ly  d e p ro te c te d  w ith in  a  
fe w  h o u rs  in  th e  p re se n c e  o f  tr if lu o ro a c e tic  ac id  a lone . It w as, h o w ev er, fo u n d  th a t  a d d itio n  
o f  th io a n iso le  to  th e  c leav ag e  m ix tu re  b e fo re  tre a tm en t w ith  th e  p e p tid e  o n  re s in  g av e  c lean  
F m o c -O N  (2 4 ) a n d  v e ry  sm a ll a m o u n ts  o f  th e  F m o c /B z-O N  (24 ) w a s  o b se rv e d  in  th e  
H P L C  ch ro m a to g ra m .

In  th e  n e x t  s tep , th e  F m o c-O N  (24 ) an d  F m o c /B z-O N  (24) w e re  m ix e d  to g e th e r  by  
v o rte x in g  fo llo w e d  b y  a d d itio n  o f  2 0  |il o f  p ip e rid in e  fo r 2 0  m in  in  o rd e r  to  re m o v e  b o th  
th e  F m o c  g ro u p  a n d  b en zo y l g ro u p . T h e  reac tio n  m ix tu re  w as th e n  d ilu te d  w ith  ex cess  
d ie th y l e th e r  to  p re c ip ita te  th e  c ru d e  p ep tid e  an d  e lim in a te  th e  u sed  p ip e r id in e , th is  p ro cess  
w as  re p e a te d  tw ic e  an d  th e  p ro d u c t a ir  d rie d  b efo re  H P L C  sep ara tio n . T h e  re v e rse  p h ase  
H P L C  w as c a rr ie d  o u t b y  u s in g  th e  sam e  g rad ien t e lu tio n  b o th  o f  a n a ly tic a l a n d  p re p a ra tiv e  
co n d itio n . T h e  c h ro m a to g ra m  rev ea led  o n ly  o n e  b ro ad  p eak  a t tR =  18.8 m in  (f ig u re  3 .28  b) 
w h ic h  w as id e n tif ie d  as  F m o c-O F F  (24 ) (M r ca lcd .fo r M r = 2787 .1  fo u n d  2 7 8 8 .4 ) by  
M A L D I-T O F  m a ss  sp ec tro m etry ). In te res tin g ly , all p ro d u c ts  in c lu d in g  F m o c-O N , 
F m o c /B z -O N  a n d  F m o c-O F F  (24 ) ten d s  to  fo rm  ad d u c ts  w ith  a lka li m e ta l io n s  e sp ec ia lly  
so d iu m  an d  p o ta s s iu m  as ev id en ced  in  th e ir  m ass sp ec tra  w h ich  w as su m m a riz e d  in  T ab le
3.3

T h e  F m o c-O N , F m o c /B z -O N  and  F m o c-O F F  (24) w ere  o b ta in e d  in  h ig h  p u rity  
e n o u g h  to  s tu d y  o n  th e  b io p h y s ica l p ro p e rtie s  in  the  n ex t section .
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Table 3.3 M ass  sp ec tra l d a ta  o f  F m o c-O N , F m o c /B z-O N  an d  F m o c -O F F  o f  10 -m er 
d eo x y g ly c y lp ro lin e  cP N A  (24)

S tru c tu re
N -te rm in a l 

p ro tec tin g  g roups
M r (fo u n d ) M r (ca ld )

F m o c-[(  ^ -C H 2 )-G ly -D -P ro (T )] 10- 3013 .3 3 0 1 0 .4  (M )
L ysN F F 3035.3 3 0 3 3 .4  (M + N a)

F m o c-O N 3 0 5 3 .6 3 0 4 9 .5  (M + K )
30 7 5 .0 3 0 7 2 .5  (M + K + N a )
3 0 9 5 .2 3 0 9 5 .4  (M + K + N a )

F m o c -[(  (//-CH2)-G ly -D -P ro (T Bz)]- 3 1 1 8 .6 3 1 1 5 .5  (M )
[ ( ^ - C H 2 )-G ly -D -P ro (T )]9- 3 1 4 0 .0 3 1 3 8 .4  (M + N a )
L y sN H 2 F m o c/B z-O N

3 158 .5 3 1 5 4 .6  (M + K )
3 1 8 0 .4 3 1 7 7 .6  (M + K + N a )
3 201 .8 3 2 0 0 .5  (M + K + 2 N a )
3223 .5 3 2 2 3 .5  (M + K + 3 N a )

H -[(y /-C H 2 )-G ly -D -P ro (T )]io - 2 7 8 8 .4 2 787 .1  (M )
L y sN H 2 F m o c-O F F 2 8 1 0 .7 2 8 1 1 .1  (M + N a)

2 8 2 6 .9 2 8 2 6 .9  (M + K )

3.2.2 The decamers of serylproline cPNAs (25) and (26)

O lig o m e riz a tio n  o f  b o th  d ia s te reo m ers  o f  se ry lp ro lin e  cP N A  m o n o m e r  w e re  c a rried  
o u t b y  F m o c  ch em istry . S ince  th is  m o n o m e r h as  b een  sy n th e s iz e d  in  th e  fo rm  o f  
p en ta f lu o ro p h e n y l e s te r  ca rry in g  te r t-b u ty l e th e r as th e  p ro te c tin g  g ro u p  o f  se r in e  a lco h o l 
s id e  ch a in , it w as  n ecessa ry  to  ad ju st th e  p ro to co l to  be  c o m p a tib le  w ith  F m o c /O 'B u  
c h e m is try  w h ic h  w as su m m arized  in fig u re  3.30

The synthesis was accomplished with 4.0 pmol in case of L-series (25) and 1.8 p 
mol for D-series (26) due to the limited amount of the D-series monomer obtained section 
2.3.2. The oligomerization was started from anchoring the resin with Fmoc-L-lysine as first
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Synthesis
cycle

N o v a sy n  T G R  resin  (S o lid  su p p o rt)  
AnchoringÏ

lO eq F m o c-L -L y s(B o c)-O P fp  
+  1 Oeq H O B t in  an h y d ro u s  D M F  (2 h r)

7
washing
D M F  x21

deprotection ^------------

<

2 0 %  p ip e rid in e  in  D M F  x l  (20  m in ) 

washing
D M F  x 2  an d  th en  an h y d ro u s  D M F x l

7coupling
4 e q  F m o c-se ry lp ro lin e  cP N A  m o n o m e r (12) o r (13) 

+ 4 eq  H O B t in  an h y d ro u s  D M F  (2  h r)

washing
D M F  x3  a n d  th e n  a n h y d ro u s  D M F  x l

rcapping
1 0 %AC2 0 /D IE A  in  an h y d ro u s  D M F  (3 0  m in )I

washing ----------------------
D M F  x3

lOx

Figure 3.30 T h e  p ro toco l fo r so lid  p h ase  sy n th esis  o f  se ry lp ro lin e  c P N A  (25) a n d  (26)
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am in o  ac id  resid u e . U n lik e  th e  d eo x y g ly cy lp ro lin e  cP N A  o lig o m e riz a tio n , F m oc-L -L ys 
(B o c )-O P fp  w a s  u sed  in s tead  o f  F m o c-L -L y s(B o c)-O H  in  o rd e r  to  p a ra lle liz e  w ith  
su b se q u e n t c o u p lin g  s tep s  e m p lo y in g  P fp  e s te r  m o n o m ers . P fp  e s te rs  h av e  b e e n  w ell- 
k n o w n  as a n  a c tiv e  e s te r  w h ic h  w as u sed  to  fo rm  p ep tid e  b o n d  sm o o th ly  v ia  e s te r  
am in o ly s is  m e c h a n ism  w h ic h  w as fac ilita ted  b y  th e  g o o d  le a v in g  a b ility  o f  th e  
p en ta flu o ro p h e n y l m o ie ty . T h e  p e p tid e  b o n d  fo rm atio n  w as a c c e le ra te d  in  th e  p re se n c e  o f  
H O B t as sh o w n  in  fig u re  3 .31.

Figure 3 .31  C o u p lin g  m e c h a n ism  o f  P fp  ac tiv e  e s te r  (12) an d  (13)

In  p ra c tic e , th e  o lig o m e riz a tio n  w as still c a rried  o u t in  p a s te u r  p ip e tte  s im ila r  to  
p rev io u s  ex p e rim en ts . A fte r  th e  an ch o rin g  s tep  w as fin ish ed , th e  re s in  w as  th e n  su b jec ted  
to  th e  n e x t sy n th es is  cy c le . T h e  F m o c  g ro u p  w as d ep ro tec ted  w ith  p ip e r id in e  a n d  th e  U V - 
a b so rb an ce  m e a su re d  in  o rd e r  to  ca lcu la te  th e  co u p lin g  e ffic ien cy  an d  c o m p a re  w ith  th e  
n e x t step . T h e  c o u p lin g  p ro c e e d e d  w ith  L -se ry lp ro line  cP N A  m o n o m e r (1 2 ) o r  (1 3 ) fo r D- 
se rie s  an d  H O B t in  eq u a l eq u iv a le n t a cco rd in g  to  th e  m ech an ism  in  f ig u re  3 .28 . D o u b le  
co u p lin g  h a v e  n o t b een  p e rfo rm e d  sin ce  it w as  lim ited  by  to ta l a m o u n ts  o f  th e  m o n o m ers  
av a ilab le  in  o u r han d . L u ck ily , th e  u se  o f  P fp  es te r d id  n o t req u ire  b a s ic  c o n d itio n  w h ich  
co u ld  red u ce  th e  r isk  o f  ra c e m iz a tio n  an d  lo st o f  th e  m o n o m e r by  b a se -c a ta ly z e d  
cy c liz a tio n  d u rin g  th e  c o u p lin g  step . A lth o u g h  it w as a lso  re a so n a b le  th a t  tra n s -am id e  
b o n d  co u ld  in te rc o n v e rt e a s ily  in to  cA -co n fig u ra tio n  in  o rd e r to  a ss is t th e  cy c liz a tio n  
p ro cess  w h ich  b ec o m e s  d ik e to p ip e ra z in e  d e riv a tiv e , th is  in c id en t w o u ld  n o t o c c u r  w ith o u t 
b as ic  ca ta ly s t. C e rta in ly , th e re  still rem a in  the  u n reac ted  free  am in o  g ro u p  o n  re s in  a fte r

Fmoc— N
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co u p lin g  s tep  w h ich  n eed  to  be  ace ty la ted  by  ace tic  an h y d rid e /D IE A  in to  a ce tam id e  
d e riv a tiv e  in  c ap p in g  step .

T h e  co u p lin g  e ffic ie n cy  o f  each  cy c le  w as  d e te rm in e d  an d  c a lc u la te d  to  be 
p e rcen tag e  as  sh o w n  in  T ab le  3 .4 .

Table 3.4 T h e  U V -ab so rp tio n  d a ta  an d  p e rcen t co u p lin g  e ff ic ie n c y  o f  1 0 -m er L- 
se ry lp ro lin e  cP N A  (25 ) an d  D -sery lp ro line  cP N A  (26)

cPNA Item
Cycle No.

1 2 3 4 5 6 7 8 9 10 overall

(25)
O D 264 0.848 0.836 0.790 0.714 0.629 0.511 0.496 0.436 0.351 0.339 N/A
%efficiency 100.0 98.6 94.5 90.4 88.1 81.2 97.1 87.9 80.5 96.6 40.0

(26)

O D 264 0.943 0.937 0.818 0.759 0.647 0.599 0.591 0.564 0.483 0.421 N/A

%efficiency 100 99.4 87.3 92.8 85.2 92.6 98.7 95.4 85.6 87.2 44.6

R e m a rk  A ll O Ü 264 w ere  o b ta in ed  fro m  2 00  fo ld  d ilu tio n  w ith  a b so lu te  m e th a n o l

A s th e  ex p e rim en ta l re su lts  w ere  sa tis fac to ry  w ith  o v e ra ll y ie ld  4 0  %  fo r  L -series 
an d  4 4 .6  %  fo r  D -series e v e n  o n ly  s in g le  co u p lin g  p ro to co l w e re  e m p lo y e d . I t w a s  b e lie v e d  
th a t th is  w a s  d u e  to  th e  n o n -b a s ic  co n d itio n  req u ired  fo r P fp  e s te r  c o u p lin g  w h ic h  w o u ld  
red u ce  th e  r isk  to  c y c liz a tio n  in to  d ik e to p ip e raz in e . A n o th e r  im p o rta n t re a so n  is  th a t  th e  
P fp  e s te r  c o u ld  b e  p u rif ie d  b e fo re  u se  w h ich  se rv e  to  red u c e  s id e  re a c tio n s  o r  o th e r 
c o m p e titiv e  reac tio n s .

In  c a se  L -series (25), a fte r  th e  re s in -b o u n d  p e p tid e  w as e x te n d e d  u p to  10 sy n th es is  
cy c le , it w a s  d ec id ed  to  fo llo w  th e  p u rif ic a tio n  ro u te  o f  d e o x y g ly c y lp ro lin e  c P N A  by 
p re se rv in g  th e  N -te rm in a l F m o c  g ro u p  a fte r c leav ag e  o f  th e  p e p tid e  fro m  res in . H e n c e  the  
sy n th esis  w as s to p p ed  a fte r  th e  fina l c ap p in g  cy c le  an d  th en  tre a te d  w ith  tr if lu o ro a c e tic  
ac id  fo r 6  h r. A fte r  rem o v a l o f  th e  trif lu o ro ace tic  a c id  and  p re c ip ita tin g  o f  th e  c ru d e  
p ep tid e  by  d ie th y l e ther. T h e  c ru d e  p ep tid e  w as sep a ra ted  by  re v e rse  p h a se  H P L C  u sin g  
the  g rad ien t sy s tem  as d e sc rib ed  in  sec tio n  2.4.2.1 (f). T h e  se p a ra tin g  re su lt w a s  sh o w n  in
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f ig u re  3 .32  (a ) ,O n ly  one  m a jo r p eak  w as o b se rv ed  a t tR =  21.5  m in  an d  w as su b seq u en tly  
id e n tif ie d  as F m o c-O N  (25). T h e  co m p lica ted  p eak s  a t tR «  15-18 m in  w as b e liev ed  to  be 
th e  a c e ty la ted  d e le tio n  p ep tid es. In te res tin g ly , no p eak  o f  F m o c /B z -O N  (25) w as o b se rv ed  
in  th e  H P L C  ch ro m a to g ram  in  th is  case  w h ich  in d ica ted  th a t th e  b en zo y l g ro u p  o f  the  
p e p tid e  w as co m p le te ly  rem o v ed  d u rin g  p ep tid e  c leav ag e  w ith in  6  hr. T h e  F m o c-O N  
p ro d u c t w as co llec ted  fro m  p rep a ra tiv e  rev e rse  p h ase  H P L C  an d  th en  trea ted  w ith  20  pL  
p ip e r id in e  to  rem o v e  th e  F m o c  g ro u p  p r io r  to  p rec ip ita tio n  w ith  d ie th y l e ther. T h e  F m oc- 
O F F  (25) w as o b ta in ed  a fte r  rev e rse  p h ase  H P L C  se p a ra tio n  a t tR =  14.7 m in  as a  sing le  
sh a rp  p e a k  in  fig u re  3 .32  (b) an d  w as id en tified  by  M A L D I-T O F  m a ss  sp e c tro m e try  (T ab le  
3 .5 ).

T h e  c ru d e  p ep tid e  o f  D -series (26) w as s im ila rly  re le a se d  fro m  th e  re s in  by  
tre a tm e n t w ith  tr if lu o ro ace tic  a c id  fo r 3 hr. H P L C  an a ly s is  sh o w e d  a  m a jo r  p e a k  at 
t R =  18.9  m in  an d  m in o r p e a k  a t tR =  21 .8  m in  in  th e  c h ro m a to g ra m  w h ic h  w e re  id en tified  
as F m o c -O N  (26) and  F m o c /B z -O N  (26) re sp ec tiv e ly  acco rd in g  to  M A L D I-T O F  m ass  
sp ec tra . T h e  tw o  p eak s  w ere  co llec ted , re c o m b in e d  an d  th en  tre a te d  w ith  20  p L  p ip e rid in e  
to  d e p ro te c t th e  F m o c  and  b en zo y l g roup  s im u ltan eo u sly . T h e  F m o c -O F F  (26) w as fu rth e r 
p u r if ie d  b y  rev e rse  p h ase  H P L C  w ith  th e  sam e  g rad ien t sy s tem  an d  sh o w ed  o n ly  o n e  m a jo r 
sh a rp  p e a k  a t t R =  13.9 m in  w h ich  w as id en tified  as  F m o c-O F F  (26) as ex p ec ted  by  
M A L D I-T O F  m ass  sp ec tro m etry . T h e  H P L C  c h ro m a to g ram  an d  m ass  d a ta  o f  F m o c-O N , 
F m o c /B z -O N  an d  F m o c-O F F  o f  D -sery lp ro line  cP N A  (26) w ere  sh o w n  in  f ig u re  3 .33 and  
T a b le  3 .6 ,

T h e  fin a l 10 -m er se rin e -co n ta in in g  cP N A  o f  b o th  d ia s te re o m e rs  p o sse sse d  h ig h  
e n o u g h  p u rity  to  u se  fo r s tu d y in g  on  th e ir  b in d in g  a ffin ity  to w a rd s  th e  c o m p lem en ta ry  
n a tu ra l o lig o n u c leo tid e  w h ich  w ill be d iscu ssed  in  th e  n e x t sec tion .
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F ig u r e  3 .3 2  R ev e rse  p h ase  H P L C  ch ro m a to g ra m  o f  10 -m er L -se ry lp ro lin e  cP N A  (25) 
(a) F m o c-O N  (b) F m o c-O F F
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Figure 3.33 Reverse phase HPLC chromatogram o f 10-mer D-serylproline cPNA (26) 
(a) Fmoc-ON and Fmoc/Bz-ON (b) Fmoc-OFF



103

Table 3 .5  M ass sp ec tra l d a ta  o f  F m o c-O N , F m o c-O F F  o f  10-m er L -se ry lp ro lin e  cP N A (2 5 )

S tru c tu re
N -te rm in a l 

p ro tec tin g  g ro u p s
M r (found) M r (ca ld )

F m oc-[L -S er-D -P ro (T )]io 3450 .8 3 450 .5  (M )
-L y sN H 2 34 7 2 .4 3 473 .5  (M + N a)

F m o c-O N 34 8 9 .6 3 4 8 9 .6  (M + K )
35 1 1 .6 3 5 1 2 .6  (M + K + N a)
35 3 1 .0 3 5 2 8 .7  (M + 2 K )

H -[L -S er-D -P ro (T )]io 3227 .5 3 2 2 8 .2  (M )
-L y sN H 2 F m o c-O F F 3248 .8 3 2 5 1 .2  (M + N a)

3266 .0 3 267 .3  (M + K )

Table 3.6 M ass sp ec tra l d a ta  o f  F m o c-O N , F m o c /B z -O N  an d  F m o c -O F F  o f  10 -m er D- 

se ry lp ro lin e  cP N A  (26)

S tru c tu re
N -te rm in a l 

p ro tec tin g  g ro u p s
M r (fo u n d ) M r (ca ld )

F m oc-[D -S er-D -P ro (T )] 10 3 456 .6 3 450 .5  (M )
-L y sN H 2 3 4 7 8 .2 3 4 7 3 .4  (M + N a)

F m o c-O N 3495 .3 3 4 8 9 .6  (M + K )
3 5 1 5 .4 3 5 1 2 .6  (M + K + N a)
3 535 .4 3 5 2 8 .7  (M + 2 K )

F m o c -[D -S e r -D -P ro (T Bz)]-[D - 3 557 .4 3 5 5 5 .6  (M )
se r-D -P ro (T )]9 -L y sN H 2 3578.1 3 5 7 8 .6  (M + N a)

F m o c /B z -O N 3595 .3 3 5 9 4 .7  (M + K )
3614.3 3 6 1 7 .7  (M + K + N a)
3635 .2 3 6 3 3 .8  (M + 2 K )

H -[D -S er-D -P ro (T )]io -L y sN H 2 32 2 7 .9 32 2 8 .2  (M )

F m o c-O F F
3249 .5
3 2 6 5 .7

3 2 5 1 .2  (M + N a)
3 267 .3  (M + K )

3 286 .8 3 290 .3  (M + K + N a)
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3.3  B io p h y s ic a l  s tu d ie s

A fte r  th e  th re e  n ove l cP N A s h av e  b een  su ccessfu lly  sy n th e s iz e d  as  d e sc r ib e d  in  
sec tio n  3.1 an d  3 .2 , w e  w ere  d e lig h ted  to  fin d  th a t all cP N A  co u ld  ea s ily  d is so lv e  in  w a te r  
to  a c o n c e n tra tio n  o f  m o re  th an  5 m g /m L . P re lim in a ry  s tu d ies  o f  b in d in g  s ta b ility  o f  o u r 
cP N A s to w ard s  th e  c o m p lem en ta ry  n a tu ra l o lig o n u c leo tid e  w e re  c a rr ie d  o u t w ith  gel 
e le c tro p h o re s is  ex p e rim en t. In  p rin c ip le , th is  te ch n iq u e  w as  n o t o n ly  se p a ra tin g  th e  
m o lecu le  b a sed  o n  size , b u t a lso  b a sed  o n  ch a rg e  d iffe ren ce . H en ce  it w as  c o n s id e re d  
su itab le  te c h n iq u e  to  be  u sed  fo r id en tify  th e  n e w  h y b rid  fo rm e d  b e tw e e n  th e se  c P N A s an d  
th e ir  c o m p le m e n ta ry  u n m o d ified  o lig o n u c leo tid e s . T h e  o lig o n u c le o tid e  (dAio) lab e lled  
w ith  f lu o re sc e n t tag  a t 5 '- te rm in a l [ab b rev ia ted  F(dAio)] w as u sed  a s  a  p ro b e  to  in v e s tig a te  
b in d in g  to  cP N A  b y  g e l-sh if t b in d in g  a s sa y . 63 T h e  F(dAio) w as d ilu te d  to  1.2 n m o l/p L  fo r 
u se  as  s to ck  so lu tio n . T h e  c o n c e n tra tio n  o f  o u r cP N A  w ere  c a lc u la ted  fro m  th e  U V - 
a b so rb an ce  a t 2 6 4  n m  an d  m o la r  e x tin c tio n  c o e ffic ien ts  (ร) o f  th y m in e  w a s  8 . 8  

m L /p m o l.c m . 63 B u t fo r co n v en ien ce , a ll o f  cP N A  w ere  sh o rten ed  in to  sy m b o lic  co d e s  as 
re p re se n te d  in  T ab le  3 .7 ,

Table 3 .7  R e p re sen ta tiv e  co d e  fo r 10 -m er cP N A

cP N A N -tem in a l p ro tec tin g C o d e
g ro u p s

d e o x y g ly c y lp ro lin e  (24) F m o c-O N Fm- y/G-CDTio
F m o c-O F F H- y/G-CDTio

L -sery lp ro lin e  (25 ) F m o c-O N Fm-LS-CDTio
F m o c-O F F H-LS-CDTio

D-serylproline (26) F m o c-O N Fm-DS-CDTio
F m o c/B z-O N F m /B z -D S -C D T  10

F m o c-O F F H-DS-CDTio

E ach  cP N A  w a s  m ix ed  w ith  F (dA io) a t 1:1 s to ic h io m e tric  ra tio  b e fo re  b e in g  
in tro d u ced  in to  20  %  p o ly a c ry la m id e  gel. T h e  id ea  is th a t an y  n ew  sp ec ie s , g e n e ra te d  fro m
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th e ir  b in d in g , w o u ld  m o v e  s lo w e r th an  F(dA io) a lone  in  th e  gel d u e  to  th e  in c re a se d  m ass 
an d  s ize  o f  th e  h y b rid  w h ile  th e  sam e o r  decrease  n u m b er o f  n eg a tiv e  c h a rg e s  rem a in ed . 
D isa p p o in tin g ly , no  n ew  b an d  w as o b se rv ed  on  the  re su ltin g  gel w h ich  in d ica ted  th e  lack  
o f  b in d in g  o f  all cP N A  sy n th e s iz e d  in  th is  s tudy  as sh o w n  in fig u re  3 .34 ,

Figure 3.34 G el e le c tro p h o re s is  re su lts  o f  1:1 s to ich io m e tric  ra tio  b in d in g : L a n e  1 and  
L an e  9 w as F (dA io ) (n eg a tiv e  co n tro l), L an e  2; F (dA io): F m -L S -C D T io , 
L an e3 ; F (dA io): H -L S -C D T io , L ane 4; F (dA io): F m -D S -C D T io , L an e  5; 
F (dA io): F m /B z-D S -C D T io , L ane 6 ; F (dA ,o): H -D S -C D T ,o , L an e  7; F (dA ,o): 
H -y /G -C D T ,o , L an e  8 ; F (dA ,o): F m -y /G -C D T io

T h ese  in ab ility  o f  b o th  H-LS-CDTio and  H-DS-CDTio to  b in d  w ith  F (dA io ) w ere  
a lso  su p p o rted  b y  th e  m e ltin g  tem p e ra tu re  e x p e rim en ts  and  ' h  N M R  s tu d ie s  w h ic h  hav e  
been  in d e p e n d e n tly  in v es tig a ted  by  V ila iv a n . 85 H ence  it w as th e re fo re  c o n c lu d e d  th a t bo th  
d ia s te re o m e rs  o f  se ry lp ro lin e  cP N A  co u ld  n o t b in d  to  F(dAio) no m a tte r  w ith  o r  w ith o u t 
F m oc a t N -te rm in u s . T h e  re su lt th a t d eo x y g ly cy lp ro lin e  cP N A  d id  n o t sh o w  th e  n e w  band
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o n  th e  g e l w as  m o re  su rp ris in g  sin ce  th e  an a lo g o u s  cP N A  w ith  c is -L a n d  t r a n s - D  

s te re o c h e m is try  a ro u n d  th e  p ro lin e  rin g  w ere  v ery  recen tly  re p o rte d  to  b in d  s tro n g ly  w ith  
c o m p le m e n ta ry  D N A . 82 T o  te s t th a t th is  w as n o t d u e  to  th e  u n su ita b le  s to ic h io m e tr ic  ra tio  
o f  F (d A io ):cP N A , ev en  th o u g h  p h o to m e tric  titra tio n  o f  g ly c y lp ro lin e  cP N A  to  (dA io) 
re v e a le d  a  1 : 1  s to ic h io m e try , 63 it w as  d ec id ed  to  re -p e rfo rm  th e  g e l e le c tro p h o re s is  
e x p e r im e n t o f  d eo x y g ly cy lp ro lin e  cP N A  to  F (dA io) b y  v a r ia tio n  o f  s to ic h io m e tr ic  ra tio  o f  
F (d A io ):cP N A  as fo llo w s: 1:1, 1:2, 1:3, 1:5 an d  1:10. T h e  re su lts  w e re  a s  sh o w n  in  fig u re  
3 .35 .

Figure 3.35 G el e lec tro p h o re s is  re su lt w ith  s to ic h io m e tric  v a ria tio n : L a n e  1-5 w ere  
F(dAio): Fm-y/G-CDTio w ith  s to ich io m e tric  ra tio  1 :1, 1:2, 1:3, 1:5 an d  1:10 
re sp ec tiv e ly , L an d  6 -10  w ere  F(dAio): FI-̂ /̂G-CDTio w ith  th e  sam e 
s to ich io m e tric  ratio .

A s e v id en ced  fro m  th e  gel, th e re  w as no  n ew  b an d  a p p e a re d  o n  th e  gel w h ich  
c o n firm e d  o u r p rev io u s  resu lts . T h e  fa ilu re  o f  all cP N A s to  in te ra c t w ith  co m p le m e n ta ry
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o lig o n u c le o tid e  is q u ite  u n ex p ec ted . It is no t c lea r w h y  in co rp o ra tio n  o f  a  h y d ro p h ilic  
g ro u p  o f  se rin e  o r  rem o v a l o f  th e  g lycy l am id e  ca rb o n y l g ro u p  w o u ld  h av e  su c h  d ram a tic  
e ffec t a g a in s t th e  b in d in g  s tab ility . N ev e rth e le ss , w e p re sev e re  to  ex p la in  th is  n eg a tiv e  
re su lt w h ic h  in c lu d e : i) fo rm a tio n  o f  so m e in tram o lecu la r  h y d ro g e n  b o n d in g  a t h y d ro x y lic  
s id e  c h a in  o f  se rin e  led  to  s tab iliz a tio n  o f  th e  s in g le  s tran d  cP N A  ii) s te ric  e ffe c t o f  se rin e  
s id e  ch a in  to w a rd s  th e  o lig o n u c leo tid e  b ack b o n e  to  d e s tab iliz e  th e  co m p lex .

It w as  ex p ec ted  th a t th e  p o s itiv e ly  ch a rg e  o n  d e o x y g ly c y lp ro lin e  c P N A  w o u ld  
in c rea se  th e  b in d in g  s tab ility  d u e  to  e lec tro s ta tic  a ttra c tio n  to  n eg a tiv e ly  p h o sp h a te  o x y g en . 
It w as  p o ss ib le  th a t d e s tab iliz in g  e ffec t m ig h t cam e  fro m  th e  e n fo rc e m e n t o f  ap p lied  
v o lta g e  w h ic h  co u ld  in d u ce  th e  p o s itiv e ly  ch a rg e  o n  Fm -^i/G -C D Tio o r H -^ G -C D T io  
m o v e d  ap a rt fro m  F (dA io) to  ca th o d e  (u p p erw ard  in  f ig u re  3 .34  an d  3 .3 5 ). U n fo rtu n a te ly , 
no  su itab le  m e th o d  to  in v estig a te  su ch  m o v e m e n t o f  cP N A  w as a v a ila b le  s in ce  th ey  do  n o t 
p o sse ss  f lu o re sc e n t tag  an d  s im p le  s ta in in g  w ith  c o o m a ss ic  b r illa n t b lu e  w as n o t 
su ccessfu l. T h e se  u n ex p ec ted  re su lts  c e rta in ly  n eed  m o re  ex p e rim e n ts  to  fu lly  u n d e rs ta n d  
th e  ex p lan a tio n .
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