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Modified tert-Butoxycarbonyl( m-BOC) Derivatives as 
Monomeric and Polymeric Aminoprotecting Groups-VII. 
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Bergische Universit~it Wuppertal ,  Fb 9 0 r g a n i s c h e  Chemie 
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A b s t r a c t :  Polymerizable N-methacrylamino m - B O C - t y p e  1 , l -d imethyl -2-methacry lmethanamido-  
e t h o x y - c a r b o n y l - a n d  1 , I - d i m e t h y l - 3 - m e t h a c r y l m e t h a n a m i d o - b u t o x y - c a r b o n y l  group, derived from 

the cor responding  t -a lkohols  have been developed as acid labile aminoprotec t ing  groups.  The 
synthes is  of  monomeric  and polymeric N-methacrylamino m - B O C  amino acids and amino acid 
methyl e s t e r s  and their  application for  peptide synthes is  following the (N--->C)-assembly method 

are described.  The rapid, acid induced cleavage of  the protect ing group leads to the format ion 
of o×azole resp. oxazine derivatives. 

To cont inue our invest igat ions on low molecular  weight  and polymerizable N-acylamino modified 

(m -BOC )  protec t ing  groups,  1-5 here we p resen t  an application of two polymerizable m - B O C  

pro tec t ing  groups based on a N-methacrylamino modification. 

The novel m - B O C  pro tec t ing  groups,  in general,  are rapidly cleaved under s t rong acidic con-  

di t ions (e.g. H B r / H O A c  ) without  formation of  a t - b u t y l  cation or i sobutene  that  are typical for  

the classical  BOC protect ing group. 6-9 It is known tha t  these reactive species undergo t)pical  

side react ions.  1° This is not expected  in the case of the m - B O C  groups because of the formation 

of  relatively s tab le  oxazole and oxazine derivatives. A fur ther  advantage of the m-BOC group is 

a cont ro l led  solubili ty by variation of the N-acyl residue that  can be done and adjust  e.g. by 

copolymerizat ion.  

To evaluate the use of the polymerizable N-methacylamino m - B O C g r o u p  in peptide chemistry,  

some derivatives of  amino acids and amino acid methyl es te rs  and, in addition, dipeptides were 

prepared.  

First  of  all, activated carbonates  l b  and 2b  were synthesized s tar t ing  from N - ( 2 - h y d r o x y - 2 -  

methyl -propyl ) -methacry lamide  l a  and N- (3 -hydroxy-3-methy l -bu ty l ) -me thac ry lamide  2a ( scheme 1): 

~H 3 CH 3 O CH2C12/pyridine 

H2C=C--C--N--(II  I C H 2 ) n - - ~  - O H  + C I - - I c I - - o ~ N O 2  -tS°Cz7-a6z ) 

O H CH 3 

n = 1: l a ,  n = 2 :  2 a  

CH~ CH 3 O 

H g C ~ C - - C - - N - - ( C H ~ )  - - C - - 0 - - C - - 0 - - 4 (  ~- -NOo 

O H CH 3 

n = 1: l b ,  n =  2: 2b  

Scheme 1 
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F u r t h e r m o r e ,  the  m o n o m e r s  l b  and 2 b  were  copo l 3mer i zed  wi th  meth)  l m e t h a c r y l a t e  in the  

p r e s e n c e  o f  2 ,2" -azo i sobu t s ron i t r i l e  (AIBN) as  radical  in i t i a to r  5ie lding the  p o l ) m e r i c  ac t iva ted  

c a r b o n a t e s  3 b  and 4b .  The c o m p o s i t i o n  of  t he  copol )  mer s  were  d e t e r m i n a t e d  b)  means  of  the  

l i t  NMR s p e c t r o s c o p )  and e l emen ta l  ana l3s is .  

The p r e p a r a t i o n  o f  t he  N - m e t h a c r y l a m i n o  m - B O C  der iva t ives  was  a c c o m p l i s h e d  by t rea t ing  

L -pheny la l an ine  or  L -pheny la l an ine  me thy l  e s t e r  wi th  t he  ac t iva ted  c a r b o n a t e s  l b ,  2 b  unde r  mild 

c o n d i t i o n s  ( s c h e m e  2 and 3). 

CH 3 CH-~ O C H 2 - - ( " ~  

H 2 C = C - - C - - N - - (  C H2 ) n - -  IC-- O - -  C- -  O ~ k ~ ) - -  NO 2 + H 2 N - - C - - H  
II J . I 
O H CH 3 COOH 

n = l :  l b  
n = 2 :  2 b  

t B u O H / H 2 0 / N a 2 C 0 3  CH 3 CH 3 O C H 2 ~ ( - ~  
SO°C / 24 h II I , Xm/ 

) H g C = C - - C - - N - - ( C H - )  - - C - - O - - C - - N - - C - - H  
71-747,. ~ II I z n I I I 

O H CH 3 H COOH 

n = l :  l c  
n : 2: 2 c  

S c h e m e  2 

C H 2 _ ~ -  ~ C H C I 3 /  NEt 3 
[ * k ~ /  5 o O c / 2 4  h 

l b ,  2 b  + H 2 N - - C - - H  x HCI ) 
I 79- 8 o x  

C O O C H  

CH 3 CH 3 O C H 2 - - ( r ~  
II I ,  x ~ J  

H g C = C - - C - - N - - ( C H - )  - - C - - O - - C - - N - - C - - H  
II I L n I I I 
O H CH 3 H C O O C H  3 

n :  1: l d  
n = 2: 2 d  

S c h e m e  3 

Ana logous ly ,  the po lymer ic  ac t iva ted carbonates  3b  and 4b  were t rea ted wi th  pheny la lan ine to 

ob ta in  the po lymer ic  N - p r o t e c t e d  amino acid der iva t ives  3c and 4¢  ( scheme 4). These compounds 

are so lub le  in many organic  so lven ts  as benzene, c h l o r o f o r m ,  THF or  DMF. In pr inc ip le,  i t  is pos-  

s ib le to  ad just  any desi red so lub i l i t y  by var ia t ion  o f  the comonomer  in the po lymer ic  act ivated 

carbonates.  
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Ctt31 [ (I ~It3 ] 

/ 
N-- t t  ()Ctt 3 
' L 

t B u O H /  H2{} (Ctt2) n 
N a e C O  3 [ 

H 3 C - - C - - C H  3 
5 0  ° C  / 24  h ] 

3 b  , 4 b  ) 0 
8 5 %  I 

C = O  
I 

N--H 
I 

C 1t-- COOH 
I 

n = 1:  3 c  { m  = 6 . 6 )  

n = 2 :  4 c  ( m = 6 . ! )  

Scheme 4 

Two dipept ide derivatives, N-( 1,1-dimet hy l -2 -me thac ry lme thanamido-  ethoxy - carbonyl)-  L- phenyl-  

a lanyI-L-phenylalanine  methyl e s te r  .5 and the analogous N-pro tec ted  L-phenylalanyl-L-alanine 

t - b u t s l  es te r  6 were prepared by a carbodi imide-coupl ing procedure,  using 1-e thyl-3-(3-dimethyl-  

aminopropyl)-carbodi imide hydrochloride (EDC t ( scheme 5) : 

I Z D C  / C H 2 C I  2 

H 2 N  - P h e O M e  

O ° C / l h  
m-BOC-L-PheOH } m -BOC-L-Phe-L-PheOMe 

6{} ~., 
l c  5 

E D C  / C H 2 C I  2 
H 2 N  - A l a O  t - B u  

O ° C / l h  
rn-BOC-L-PheOH > r n - B O C - L - P h e - L - A l a O t -  Bu 

7 0 ~  
l c  6 

Scheme 5 

These methods  represent  an approach to the s tepwise  pept ide  synthes is  s tar t ing from the 

N-terminal  residue ( N - - > C - s t r a t e g y ) ,  that  was originally developed b,~ Letsinger.  11 In cont ras t ,  

the (C--~,N}-assembly method was es tab l i shed  by Merrifield.  12 

As expected,  the N-methacrylamino m - B O C  group was found to be very sensi t ive towards  the 

common depro tec t ing  reagents  for  the classical BOC group, like TFA or HBr/HOAc. The cleavage 

of the m-BOC group in HBr/HOAc occurs  within S minutes.  That is much more fas te r  than in TFA 

because of the higher acidity. 13 The half  t ime value of depro tec t ion  of m - B O C  in TFA is in the 

region of 1S to 60 minutes,  depending on the s t ruc tu re  of  the acyl residue. For example,  derivatives 
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protected wi th the IA-d imeth)  l -2 -methacry lmethanamido-e thox) -carbons1 group, e.g, Ic  and ld ,  

show a lower  react iv i ty  ( half  t ime value about 60 minutes) than the corresponding derivat ives wi th 

the I , l -d imeth  31-3-methacry lmethanamido-bu toxy-carbonSI  group, e.g. 2c and 2d ( hal f  t ime value 

about 15 minutes).  The st ructure of  the amine or amino acid component does not inf luence the 

react iv i ty  s igni f icant ly .  3 

As mentioned above, under acidic condi t ions t.he l , l -d imethy l -2 -methacry lmethanamido-  

e thoxy-carbony ]  pro tec t ing  group leads to  5,5- d imethy l -  2-  methacry l -  4,,5- d ihyd ro -oxazo le  ( scheme 

6) whereas the 1, I - d i m e t h y l - 3 - m e t h a c r y l m e t h a n a m i d o - b u t o x y - c a r b o n y l  group leads to 6,6-d imethy l -  

2 -methacry l -S ,6 -d ihydro -4H-oxaz ine  as shown in scheme 7: 

0 
II 

H9 C =  C--  C--  N-- CH,~- -C- -O- -C- -N- -  C--  C - - N - - C - -  H 
" II I " I I I II I I 

O H CH 3 H H O H COOCH 3 

S 

H c~ 

3.5 ° C  

- C O  2 

~ H3 O 

H 2 C ~ C - -  C C(CH3) 2 \ \  / 
N--CH 2 

0 0 
H3N--C- -  C - - N - - C - - H  

I II I I 
H O H COOCH 3 

Scheme 6 

~H 3 CH 3 O ~H2--  ~ 
II 

H~C= C--  C - - N - - C H ~ - - C H g - - C - - O - - C - - N - - C - - H  
I " II " " I I I 

O H CH 3 H COOCH 3 

2d 

H c~ 

35 ° c  

- C O  2 

~ H 3 

H 2 C = C ~  / O  ~ ® ~ H 2 - - ~  

C C(CH3) 2 + H3N--C- -H 
II I I 
N CH 2 COOCH3 

~ C  j 
H 2 

Scheme 7 

In each case, the result ing compounds were characterized by FAB measurements .  

The resul ts  sugges t  that  numerous polymeric m - B O C  funct ions could be useful as acid labile 

protect ing groups especially in peptide chemistry according to the ( N ~ C ) - s t r a t e g y .  
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EXPERIMENTAL 

The s)nthesis of  N-(2 -hyd roxy -2 -me thy l -p ropy l ) -me thac ry l~n ide  ( | a )  and N-(3-hydrox 'y-3-  

methy l -bu ty l ) -methacry lamide  (2a )  are published elsewhere,  t'2 The applied reagents  are commercial-  

1) available ( Fluka Chemie AG, Buchs)  if not noted otherwise.  All so lvents  were purified b5 

s tandard me thods  and dried if necessary.  Melting points were de termined  on a Bi]chi Melting 

Point Determinator  $10 and are not corrected.  The NMR spectra  were recorded on Bruker AC 

2,50 ( 1H: 2S0.13 MHz; 13C: 62.98 MHz ) with TMS as external  standard.  The 13C NMR spect ra  were 

measured pro ton-decoupled .  IR spec t ra  were obtained using Perkin-Elmer s p e c t r o m e t e r  397 and 

1420. The FAB-MS were measured on Finnegan MAT 90. The elemental  analyses were carried out 

with a Perkin-Elmer Elementar  Analyser 204 B, the polarimetr ic  measurements  with a Perkin-Elmer 

241 and the viscosity with an Ostwald  viscosimeter  coupled with a water  bath Haake W 13 and a 

t h e r m o s t a t  Haake D 8. The flash column chromatography was performed by using silica gel 60 

( 0.040-0.063 mm; Fa. Merck ). 

1, l-Dimethyl-2-methacryl methanamldo-ethyl- (4-rdtrophenyl) -carbonate ( l b )  

To a s t i r red solut ion of N- (2 -hydroxy-2-methy l -p ropy l ) -methacry lamide  ( l a )  (l.S7g, 10 mmol)  

and pyridine ( 0.79 g, 10 retool) in d ichloromethane (30 ml )  p-n i t ropheny l  ch lo ro fo rmate  ( 2.01 g, 

10mmol ) were added s lowly  at - IS °C .  The reaction mix ture  was st irred at room temperature for  

3h whi le  an in i t ia l  precipi tate dissolved. The solut ion was washed with por t ions of  N hydrochlor ic 

acid ( 5 m L )  unt i l  the organic layer turned colourless. The solut ion was washed wi th saturated 

sodium carbonate solut ion and water,  f ina l ly  dried over magnesium sulfate and evaporated nearly 

to dryness. The precip i tat ion of  colour less crystals was induced by covering e the r /pe t ro le the r  

(20 mL, 2:1 v/v ) and comple ted  at  - | O ° C .  Yield: 2.40g (77%); mp 87-88 °C (dec.); Anal3sis 

calcd, for C1sHlaN206 (322.3) C, $5.90; H, S.$9; N, 8.69. Found: C, SS.71; H, S.4S; N, 8.64; IR(KBr) 

3400 (N-H),  1760 (C=O, carbonateT, 1660 (amide I), 1620 (C=C, olefin.), 1S9S/1510 (C=C, aromat.), 

1S30 (amide ll) cm-1; IH NMR (CDC13) 8 1.56 (s, 6H, C(CH3)2),  1.97 (s, 3H, =C-CH3),  3.67 (d, 

3j = 6.2 Hz, 2H, NH-CH2-) ,  S.36, 5.72 (AB, 2H, C:CH2), 6.41 (b, IH, NH), 7.35-8.27 (AA'XX', 4H, 

C6HH4-); 13C NMR (CDCI 3) ,~ 18.51 (IC, =C-_CH3), 23.23 (2C, C(CH3)2), -17.40 (1C, NH-CH2), 86.13 

(IC, .C(CH3)2), 119.60 (IC, H2C= ), 121.74 (2C, C-2), 125.06 (2C, C-3),  139.71 (1C, =C-CH3), 14S.10 

(IC, C-4(C-NO27) ,  1SO.56 (1C, C=O, carbonate) ,  15S.24 (1C, C - I ( C - O - ) ) ,  168.47 (IC, C_=O, amide); 

MS (FAB) 323 (M++I). 

l,l-Dimethyl-3-methacrylmethanamido-propyl-(4-nltrophenyl)-carbonate (2b) 

In al terat ion of  the synthesis of  la,  N - (3 -hyd roxy -3 -me thy l -bu t y l ) -me thac ry lam ide  (2a)  (1.71 g, 

I0 retool)  was used and colour less crystals were obtained. Yield: 2.89g (86%7; mp 103-104 °C (dec.); 

Analysis calcd, for  C16H20N20 6 (336.37 C, $7.14; H, 5.99; N, 8.33. Found: C, S?.OO; H, 5.84; N, 8.50; 

IR(KBr) 1760 (C=O, carbonate), 1655 (amide 1), 1615 (C=C, olef in.),  1595/1495 (C=C, aromat.), 1525 

(amide 117 cm- t ;  IH NMR (CDC13) $ 1.61 Is, 6H, C(CH3)2),  1.95 (s, 3H, =C-CH3),  2.08 ( t ,  3j 

7.7 Hz, NH-CH2-CH2-) ,  3.50 (q, 3j = 7.5 Hz, 2H, NH-CH2-) ,  5.32, 5.70 (AB, 2H, C=CH2), 6.06 (b, 
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1H, NH), 7.33-8.27 (AA'XX'. IH. C()l-l,l-); 13C NMR (CDCI 3) ,~ 18.[5 (IC, :C-CH3),  2537 (2C, 

C(CH3)2), 35.12 (1C, NH-CH2-CH2), 39.8~) (1C, NH-CH2), 85.88 (I(7, C(CH3)21, 11(t.5.5 (IC, tt2C= ). 

121.73 (2C, C-2),  125.12 (2C, C-3) ,  13q.I)4 (IC, :C-Ct t3) ,  145.21 (IC, C 4(C NO2)), 150.22 (IC, C:.O. 

carbonate) ,  155.35 (1C, C I ( C - O - ) ) ,  168.11 (1C, C=(), amide); MS (FAB) 33? (M++I).  

Poly-[ l,l-dimethyl-2~methacryl methanamido-ethyl- ( 4-rdtrophenyl )-carbonate-c~ methyl- 

methacrylate] (3b) 

A mixture of I b  ( 322mg, l m m o l  ), methyl methacrylate ( 500mg, 5mmol ) ,  2,2"-azoisobutyronitri le 

(AIBN) (40rag, O.30mmol=5 tool%) and THF (2mL)  was st irred for 24h at 60°C under nitrogen. 

The solution was poured into ether ( lOOmL) .  The polymer obtained is colourless. Yield: 756 mg 

(9270); Analysis calcd, for [ClsH18N2Os]l [CsHsO216,6 (982.3) n C, ,58.65; H, 7.21; N, 2.85. Found: 

C, 58.34; H, ?.42; N, 3.24; IRIKBr) 1?60 (C:O, carbonate), 1720 (C=O, ester), 1650 (amide I), 1600/ 

1500 (C=C, aromat.), 1525 (amide II) cm-1 ; lH  NMR (CDCI 3) ,~ 0.60-2.00 (C-CH2- ,  C(CH3)2), 

C-CH_H_3), 3.40-3.70 ( O C t ,  NH-CH2), 6.30 (NH-) ,  7.30-7.50 and 8.20-8.35 (C6H4-); ~spez/C : 

14.3 [10 -3 L / g ]  with c = 4.0 g / L  (DMF, 2S°C) .  

Poly-[1.l-dlmethyl-3-methacrylmethanamldo-propyl- ( 4-nitrophenyl)-carbonate-co-methyl- 

methacrylate] (4b) 

Analogeously,  2b ( 336mg, 1 mmol) was copolymerized to produce a co lour less  copolymeric 

activated carbonate .  Yield: 752 mg (907o); Analysis calcd, for [C16H20N206] 1 [ C s H s O  2 ]6.1 (946)n 

C, 58.98; H, 7.27; N, 2.96. Found: C, 58.18; H, 7.0?; N, 3.09; IR(KBr) 1760 (C=O, carbonate) ,  1720 

(C=O, es te r ) ,  1650 (amide I), 1600/1500 (C=C, aromat.),  1525 (amide II) cm-1; IH NMR (CDCI 3) 

0.60-2.20 (C-CH2-, C(C_H3)2), C-CH__ 3, NH-CH2-CH2-) ,  3.40-3.70 ( O C t ,  NH-CH2), 6.40 (N H-) ,  

7.30-?.50 and 8A5-8.30 (C6HH4-); ~spez/C = 13.2 [10 -3 L / g ]  with c = 4.0 g / L  (DMF, 2S °C) .  

The syn theses  of N-pro tec ted  phenylalanine derivatives l c ,  2c, 4c and Sc took place analoge-  

ously. Based on ref.  7 as an example, the synthes is  of  l c  is described. 

A mixture of L-phenylalanine ( 82Smg, 5mmol), ? mmol of the activated carbonate  ( lb ,  2b, 

4b or Sb),  sodium carbonate  (2.lOg, 20mmol),  t - b u t y l  alcohol (10mL) and water  (?mL) was heated 

at SO°C for 24h. All solids d issolved during this period and gave a deep yellow solution.  The 

mixture was then concent ra ted  in vacuo to remove t-BuOH. Crystal l ized sodium p-n i t rophenola te  

dihydrate was f i l tered off,  and the f i l t ra te  was diluted with water  (lOmL). The solut ion was 

adjusted to pH 3 to 4 with citric acid and ex t rac ted  with SmL port ions  of EtOAc until the organic 

layer turned to colour less .  For fur ther  purification, the combined organic layer was concent ra ted  

and submi t ted  to a f lash column chromatography.  After  separation and removal of  the remaining 

p-n i t rophenol  with E t O A c / t o l u e n e  ( v / v = l : S )  the product  was ext rac ted  with me thano l / e thano l  

(v /v= 1: 1). Evaporation of the solvent  led to a solid residue. In the case of  the polymeric deriva- 

tives 4c and 5¢ the flash column chromatography  was omit ted.  The combined organic layer was 

concent ra ted  (SmL)  and dropped into e the r  (2OOmL) to precipitate the copolymer.  
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N-(l, l-Dimethyl-2-methacrylmethanamldo-ethoxy- carbonyl)-L-phenylalanlne { ! c)  

Yield: 1.28g (71Z);  mp ~15-~7°(" (dec ) ;  Anal3sis calcd, for  ( ' I~H~NT() ,  i (3482)  (', ~,2.07: H, t).8'#; 

N 805.  Found: C, [d.J, 5: | l ,  I).57: N. 7.99; IR(KBr) 1720 (amide I. urn, thane), 1700 (C O. acid). I~,50 

(amide [, amide), I010 (C=C. olef in.).  1600/1500 (C=C, aromat.). 1.530 (amide l l ) c m - 1 :  I I !  NMR 

(CD3OD) ¢3 1.45 (d. J : (t.O Hz, OH, C(CH312),  1.93 (s, 3H, : C - C I i 3 ) .  2.85-3.25 (AM of AMX, 21t, 

VA: 290,  VM = 3.20, JA~4 -- 13.7 Hz, J A ×  : 4.7 Hz, J M ×  : 8'(I Hz, CH-OH2-) ,  3.47 (d, 3j _ 5.') 

Hz, 21t, NH-CH2-) ,  4.2~)-4.35 (X of AMX, IH, v x  : 4.32, -CH-CH2-) .  5.38, S.() () (AB. 2H, C:CH2). 

0.54 (IH, NH), 7.20-7.32 (AA'MM'X, 5H, C6_H5-); 13C NMR (CD3OD) ,3 18.86 (1C, :C-CH3) ,  24.59, 

27.O1 (2C, C(CH3)21, 38.90 (1C, CH-CH2-) ,  47.98 (IC, NH-CH2-),  57.O2 (1C, CH-CH2-) .  82.OI (IC, 

C_(CH312), 120.57 (1C, H2C:  ), 127.56 (1C, C-4) ,  129.13 (2C, C 2). 130.38 (2C. C 3), 138/14 (1C, C-1 

(C-CH2-) ) ,  141.29 (IC, :C-CH3) ,  157.55 I1C, C=O, urethane) ,  16().30 (1C, C:O,  amide) .  178.30 (IC, 

C:O,  acid); MS (FAB) 34 () (M+*I ) ;  [Ct]D°= +14.3 (c = 1.OO5. m e t h a n o l ) .  

N-(l,l-Dlmethyl-3-methacrylmethanamldo-propoxy-carbonyl)-L-phenylalanlne {2c)  

Yield: 1.28 g (TIZ); mp 85-87°C;  Analysis calcd, for  C19H2aN205 (362.3) C, f)3.34; H, 7.22; N, 7.77. 

Found: C, 63.00; H, 7.O1; N, 7.59; IR(KBr) 1720 ( amide I, urethane) ,  17OO (C=O, acid),  1650 (amide I, 

amide) ,  1610 (C=C, olefin.),  16OO/1500 (C=C, aromat.) ,  1530 (amide I f )cm-1;  1H NMR (CDCI 3) g 1.27 

(d, J = 5.6 Hz, 6H, C(CH3)2) ,  1.87 (5H, =C-CH 3, NH-CH2-CH2-) ,  2.90-3.35 (AM of AMX, 2H, 

VA= 2.q3, v M ~- 3.29, JAM = 13.7 Hz, JAX = 4.6 Hz, JMX = 8.8 Hz, --CH-CH2-),  3.63 (q, aj = 6.9 

Hz, 2H, NH-CH2-) ,  4.35-4.45 (X of  AMX, IH, v x  = 4.40, - C H - C H 2 - L  5.25, 5.68 (AB. 2H, C=CH2), 

7.10-7.20 (AA'MM'X. 5H, C~H_H 5- und 1H, N H-);  13C NMR (CDCI 3) ,~ 18.26 (IC, =C-CH3), 24.31, 

26.82 (2C, C(CH3)2), 34.77 (IC, NH-CH2-CH2-) ,  38.50 (IC, CH-_CH2-), 47.78 (IC, NH-CH2-CH2-) ,  

57.75 (1C, CH-CH2-L  81.20 (1C, C(CH3)2), 120.18 (IC, H2C= ), 126.43 (1C, C-4) ,  128.04 (2C, C-2) ,  

129.13 (2C, C-31, 130.59 (IC, C-1 (C_C-CH2-)), 139.08 (IC, =C-CH3I, 155.53 (1C, C=O, ure thane) ,  168.68 

(IC, C---O, amide) ,  178.68 (1C, C=O, acid); MS (FAB) 363 (M +*1); [¢t ]D ° = + 12.2 (c = 1.1OO, me thano l  ). 

Poly-fN-(1,1-dimethyl-2-methacrylmethanamido-ethoxy- carbonyl)-L-phenylalanlne-co-methyl- 

methacrylate] ( 4 c ) 

Yield: 8570; Analysis calcd, for  [C18H24N~Os] 1 [CsH80216.~  (1OO8.3) n C, 60.71; H, 7.62; N, 2.78. 

Found: C, 59.q9; H, 7.54; N, 2.64; IR(KBr) 1710-1730 (C=O, es te r  and amide 1, u re thane) ,  1655 (amide 

I, amide),  16OO/15OO (C=C, aromat . ) ,  1520-1545 (amide II) cm-l :  IH NMR (CDC131 ~ O.70-2.10 ( C - C H 2 - ,  

C(CH312),  C - C ~ ) ,  3 .40-3.80 (OCH3, NH-CH2- ,  CH--CH2-. CH-C_H_2-), 7.25-7.30 (C6H5-) .  [ ~ ] D  °= 

• 14.5 (c  = 0.%0, m e t h a n o l ) ;  r lspez/C = 18.4 [10 -3 L / g ]  c = 4.0 g / L  (DMF, 25 °C) .  

Poly-CN-( 1,l-ell methyl-3- methacrylmethanamido-propoxy- carbonyl) -L-phenylalanine-co-methy l-  

methacrylate] (Sc) 

Yield: 8SZ; Analysis  calcd, for  [C19H26N2OsJ 1 [CSH80236.1 (972.2) n C, 61.11; H, 7.69; N 2.88. 

Found: C, 60.78; H, 7.53; N, 2.70; IR(KBr) 1710-1730 (C=O, e s t e r  and amide I, u re thane) ,  1655 (amide 

1, amide),  1600/1S00 (C=C, aromat . ) ,  1520-154S (amide II) cm-l :  1H NMR (CDCI 3) S 0.70-2.20 ( C - C H 2 - ,  
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C i C H 3 ) 2 )  , C-CH3 , NH-CH2-CH2-1,  3 .35-3 .85  ( O C H  3, NH-CH2- ,  CH-CH2- ,  CH-CH_2-), 7.25-7.30 
20 (C6HH5-); [ctl D : ~ 13.') (c : 0.030, m e t h a n o l ) ;  qspez /C : 18.4 110 -3 L /g ] ,  c : 4.0 g /L  (DMF, 25 °C) .  

N-(l,l-Dimethyl-2-methacrylmethanamldo-ethoxycarbonyl)-L-phenylalanlne methyl ester (Id) 

1,1-Dimethyl-2 - m e t h a c r y l m e t h a n a m i d o - e t h y l - ( 4 - n i t r o p h e n y l ) - c a r b o n a t e  ( l b )  ( 1.28g, 4retool ) was 

added to a s t i r red  so lu t ion  of L-phenyla lanine  methyl  e s t e r  hydrochlor ide  (840rag ,  4 re too l )  and 

t r i e thy lamine  (0.56mL, 4re too l )  in absol,  ch lo ro fo rm (lOmL). The mix tu re  was hea ted  for 24h a t  

50°C.  The yel low so lu t ion  was washed with 1 mL por t ions  of cold N NaOH unti l  the  organic  layer 

was nearly co lour less .  Then the  organic layer was t r ea ted  with N HCI and wate r  ( l m L  por t ions  

(O-5  ° C )  respec t ive ly)  and dried over magnes ium sulfa te .  The so lven t  was evaporated.  The residue 

was dissolved in a smal l  a m o u n t  of  ace toace t ic  acid ethyl es ter ,  covered with e the r  (10mL) and 

cooled a t - 2 0 ° C  to induce l ight  yellow crys ta ls .  The, p roduc t  is a waxy oil a t  room tempera ture .  

Yield: 1.15g (80%); Analysis  calcd, for  C19H26N20 s (362.4) C, 62.90; H, 7.17; N, 7.72. Found: C, 

62.46; H, 7.00; N, 7.61; 1R(neat) 1740 (C=O, es te r ) ,  1710 (amide I, u re thane) ,  1660 (amide I, amide),  

1620 (C:C,  olefin.),  1600/1500 (C=C, aromat . ) ,  1520-1530 (amide I1)cm-1; 1H NMR (CDCI 3) ~ 1.38 

(d, j = 9.0 Hz, 6H, C(CH3)2) ,  1.94 is, 3H, =C-CH3),  2.90-3.10 (AM of AMX, 2H, VA = 2.95, VM = 

3.05, JAM = 13.6 Hz, JAX = 4.7 Hz, -JMX = 9.1 Hz, -CH-CH2- ) ,  3.52 (d, 3.1 = 5.9 Hz, 2H, NH-CH2-) ,  

3.70 is, -OCH3),  4.50-4.60 iX  of AMX, IH, v x = 4.55, -CH-CH2-) ,  5.30, 5.71 (AB, 2H, C=CH2), 

7.00-7.40 (7H, C6HH 5- and 2 N-H) ;  13C NMR (CDCI 3) ~ 18.48 (IC, =C-CH3), 23.34, 24.52 (2C, 

C(CH3)2), 38.01 (IC, CH-CH2-) ,  47.83 (IC, NH-C_H2-), 52.22 (1C, -OCH3),  54.50 (IC, CH-CH2-) ,  

81.80 (1C, C(CH3)2), 1t9.50 (IC, H2C= ), 125.11 (IC, C-4) ,  128.45 12C, C-2) ,  129.08 (2C, C-3), 135.71 

{IC, C-I (C-CH2- ) ) ,  139.81 (IC, =C-CH3), 155.27 (1C, C=O, urethane) ,  168.31 I1C, C=O, amide) ,  172.06 

(1C, C=O, es te r ) ;  MS (DCI) 363 ( M * + I ) ;  [ ~ ] D  = - 6.2 (c = 1.010, m e t h a n o l ) .  

N-(l,l-Dimethyl-3-methacTylmethanamldo-propoxycarbonyl)-L-phenylalanlne methyl ester (2d) 

The synthesis of 2d was performed similar to l d  using 1,1-dimethyl-3-methacrylmethanamido- 

p ropy l - i4 -n i t ropheny l ) -  carbonate (2b) ( 1.34g, 4 mmol ). A bright yel low, waxy product was obtained. 

Yield: 1.15g (79%); Analysis  calcd, for  C20H2BN20 s (376.4) C, 63.75; H, 7.44; N, 7.44. Found: C, 

63.45; H, 7.20; N, 7.29; IR(neat)  1740 (C=O, es te r ) ,  1710 (amide I, u re thane) .  1660 (amide I, amide) ,  

1620 (C=C, olefin.),  1600/1500 (C=C, aromat.) ,  1520-1530 (amide ll)  cm-1; 1H NMR (CDCI 3) ~ 1.40 

(s, 6H, C(CH__3)2), 1.93 (s, 3H, =C-C_H3), 2.00 i t ,  NH-CH2-CH2-) ,  2.95-3.30 (AM of AMX, 2H, VA= 

3.00, v M = 3.25, -JAM = 13.6 Hz, JAX = 4.7 Hz, JMX = 9.1 Hz, -CH-CH_2-), 3.50 (q, 3j = 6.9 Hz, 

2H, NH-CH2-) ,  3.70 (s, -OCH3) ,  4.50-4.55 (X of  AMX, 1H, v x = 4.52, -CH-CH2-) ,  5.30, 5.71 (AB, 

2H, C=CH2), 7.10-7.50 (TH, C6_H_5 H - und 2 N-H) ;  13C NMR (CDCI 3) 8 18.49 tIC, =C-C_H3), 24.20, 

26.64 (2C, C(CH3)2), 34.62 (IC, NH-CH2-CH2-) ,  39.66 (IC, CH-CH2-) ,  51.80 (IC, NH-CH2-) ,  52.02 

( IC,  -OC_H3), 54.28 (1C, C H-CH2-) ,  80.86 (1C, C_iCH3)2), 121.62 (1C, H2C= ), 124.90 (1C, C-4) ,  128.97 

(2C, C-2) ,  129.O7 (2C, C-3),  135.66 (IC, C - I ( C - C H 2 - ) ) ,  139.57 (IC, =__C-CH3), 155.28 (1C, C=O, 
20 urethane) ,  168.O7 (IC, C=O, amide) ,  171.97 (1C, C_=O, e s t e r ) ;  MS (FAB) 377 (M++1); [ct] D = - 4.5 

(c = 1.020, methanol  ). 
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N-(1,1-Dimethyl-2-methacrylmethanamido-ethoxy- carbonyl)-L-phenyla lanyl- L-phenylalanine methyl 

ester (S) 

The dipept ide 5 was s~nthesized b) the EDC-procedure .  14 A mixture  of  N-( I , l -d imeth~l  2 

me thac r )  Ime thanamido -e thoxy -ca rbony l ) -  L-phen31alanine ( Id  ) (200mg,  I).57 mmol),  L-phen) lalanine 

meth)  l e s t e r  h )d roch lo r ide  (130mg, O.S7mmol) and t r ie thy lamine  (0 .08mL, 0 .57mmol)  in meth)  lene 

chlor ide (10ml.) was cooled and 1 -e thy l -3 -{3-d ime thy laminopropy l ) - ca rbod i imide  hydrochlor ide  

(EDC) 109rag. 0 .60mmol)  was added at O°C. The react ion mixture  was s t i r red  and kept  for 30 

rain at O°C and addit ional  30 min at room tempera tu re .  The prec ip i ta ted  t r ie thy lamine  

hydrochlor ide  was f i l tered off  and the  so lu t ion  washed successively with por t ions  (2 ml.)  of" water,  

cold h~drogen chloride,  sat.  sodium ca rbona te  and water.  The so lu t ion  was dried and the  so lvent  

evaporated.  A pure  wax); p roduct  was obtained.  Yield: 205 mg (66%); Analysis calcd, for  C28H3sN306 

(509.3) C, 66.00; H. 6.88; N, 8.25. Found: C, 65.61; H, 6.60; N, 7.98; IR(neatJ 1740-1710 (C=O, es te r ;  

amide I, u re thane) ,  1660 (amide I, amide) ,  •620 (C=C, olefin.),  16OO/15OO (C=C, aromat.) .  1520-1530 

(amide II) cm-1; IH NMR (CDCI 3) 8 1.34 (d, J = 9.0 Hz, 6H, C(CH3)2) ,  1.95 (s, 3H, =C-CH3),  2/~4- 

3.13 {two AM of AMX, 4H, - C H - C H 2 - ) ,  3.52 {d, 2H, NH-CHH2-), 3.~7 (s, 3H, -OCH3),  4.35 and 

4.80 {two X of  AMX, 2H, 2 * - C H - C H 2 - ) ,  5.24 (d, IH, NHH_-CH-), 5.33, 5.71 (AB, 2H, C=CH2L 6.9'}- 

7.30 ( l lH ,  2 ,C6~H - uncl N-Hi ;  13C NMR (CDCI 3) 8 18.79 (1C, =C-CH3), 23.34, 24.55 (2C, C(CH3~2), 

38.20 (1C, CH-CH2-L  39.O9 (IC, CH-CH2-) ,  47.91 (1C, NH-CH2-) ,  52.00 (IC, -OCH3L 52.88 (1C, 

C H-CH2- ) ,  59.82 (1C, CH-CH2-) ,  82.OO (IC, C(CH3)2), 120.75 (IC, H2C= ), 126.98, 127.55, 127.60, 

128.44. 129.12, 130.20, 130.31, (C-1,2,  3 ,1 ' ,2 ' ,3 ' ) ,  135.41, 138.80 ( C - 4 ,  4't ,  140.72 (1C, =C-CH3), 1Sb.20 

IIC~ C=O, urethane) ,  171.20 (1C, C--O, amideL  172.59 (1C, C=O, amide),  172.O8 (1C, C=O, es te r ) ;  
2o MS (FAB) 510 (M++I) ;  [ct] D = + 8.9 (c -- 1.OO1, m e t h a n o l ) .  

N-(l,l-Dimethyl-2-methacrylmethanamldo-ethoxycarbonyl)- L-phenylalanyl-L-alanlne t-butyl ester (6) 

The dipept ide  6 was s )n thes i zed  by the  same way as S with L-alanine t -bu ty l  e s t e r  hydrochlor ide  

(103mg, 0 .57mmol )  as second c o m p o n e n t  yielding a waxy produc t .  Yield: 190mg (70%); Analysis  

calcd, for  C2sHaTN306 (475.3} C, 63.16; H, 7.79; N, 8.84. Found: C, 62.70; H, 7.61; N, 8.59; IR(neat) 

1740-1710 {C=O, es te r ;  amide l, u re thane) ,  1660 (amide 1, amide) ,  1620 {C=C, olefin.t ,  1600/1500 

(C=C, aromat.) ,  1520-1530 (amide I1) cm-l;  1H NMR (CDCI 3) ~i 1.25 (d, J = 9.8 Hz, 3H, CH-CH3t,  

1.40 (d, J = 9.0 Hz, 6H, C(CH3)2) ,  1.53 (s, 9H, C(CH_3)3), 1.90 (s, 3H, =C-CH3),  2.90-3.10 CAM of 

AMX, 2H, -CH-CH2- ) ,  3.48 (d, 3j = 5.9 Hz, 2H, NH-CH2-) ,  4.10-4.40 i2H,  -CH-CH2- ,  -CH-CH 3 ~, 

5.43, 5.78 (AB, 2H, C=CH2), 7.10-7.40 (7H, C6H 5- and 2 N-H);  13C NMR (CDCl 3) ,~ 18.06 (1C, 

CH-CH3) ,  18.75 (1C, =C-CH3), 19.03 (3C, C(CH3) 3, 23.34, 24.52 (2C, C(CH3)2), 38.20 (1C, CH-CH2-) ,  

47.90 (IC, NH-CH2-),  54.50 (IC, CH-CH2- ) ,  79.30 (IC, C(CH3)3), 82.30 (IC, C(CH3)2), llq.qO (1C, 

H2(7= ), 125.11 (IC, C-4) ,  128.59 (2C, C-2) ,  129.13 (2C, C-3), 135.63 (1C, C - I ( C - C H 2 - ) ) ,  139.81 (IC, 

=C-CH3), 156.27 (IC, C=O, urethane) ,  169.31 (1C, C=O, amide) ,  171.O1 (1C, C C=O, amide) ,  173.O6 IIC, 
2 0  C=O, es te r ) ;  MS (FAB) 476 (M++I);  [Ct]D= + 4.3 (c = l.O01, m e t h a n o l ) ;  
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