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It is known that the presence  of a f ree  amino group in the N-end amino acid in sarcolysine  peptides 
leads to the complete loss of the select ivi ty and specificity of anti tumor action, probably as a resul t  of the 
hydrolysis  of the peptide to f ree sareolysine  [1]. There is no information on the anti tumor activity of pep- 
tides of sarcolysine  with fl- and T-amino acids. It may be supposed that the presence  of "unusual" peptide 
links will lead to increase  in the stability of the compounds to hydrolysis ,  as a resul t  of which their  bio-  
logical proper t ies  should be al tered considerably.  In view of this it was of in teres t  to synthesize sa rco ly -  
sine peptides in which the free amino group of the N-end amino acid is not only in the a- ,  but also in the 
fi-, T-, and other positions relat ive to the peptide link. 

In this paper  we descr ibe  the synthesis of dipeptides based on sarcolys ine  and DL-3-aminobutyr ic  
acid in which the sarcolysine  is e i ther  the N-end or  the C-end amino acid, while in each case a f ree or  
formylated amino group and a free carboxy group are  present .  Also, in the case of N-end sarcolys ine  we 
prepared the dipeptide ethyl es te r  with a free amino group. All the peptides were synthesized by the p- 
nitrophenyl es te r  method [2]. As t empora ry  protective groups we used benzyloxycarbonyl  for the amino 
group and the benzyl e s t e r  for  the carboxy group, and in all cases  these were removed by catalytic hydro-  
genolysis.  By the condensation of N-(benzyloxycarbonyI) [3] and N-formyl  [4] der ivat ives  of sarcolys ine  
with p-nitrophenol in presence  of dicyclohexylcarbodiimide (DCC) we synthesized the p-nitrophenyl es te r s  
of the corresponding N-acyl  derivatives of sarcolysine.  The aminolysis  of the lat ter  with benzyl or ethyl 
DL-3-aminobutyra te  gave peptides with N-end sarcolysine (Table 1). 

Peptides in which sarcolysine  is the C-end amino acid were prepared  by the condensation of the p re -  
viously unknown pvnitrophenyl N-(benzyloxycarbonyl)-  and N- formyl -DL-3-aminobu tyra tes .  p-Nitrophenyl 
D L- 3- [ (benzyloxycarbonyl) amino]butyrate was prepared by the condensation of D L-3-  [(benzyloxycarbonyl) - 
amino]butyric acid with p-nitrophenol in presence of DCC. Previously  undescr ibed DL-3-formamidobutyr ic  
acid required for the preparat ion of the corresponding p-nitrophenyl es te r  could not be prepared by the 
formylat ion of DL-3-aminobutyr ic  acid by the method descr ibed in [5]. However, this compound was p re -  
pared by the formylation of benzyl DL-3-aminobutyra te  with 98% formic acid by a recent ly  descr ibed method 
[6] with subsequent removal  of the benzyl group by catalytic hydrogenolysis .  By the condensation of 

TABLE 1 
CI--CH2--CHs\ 

/ N  --\ /--CHs--CH--CO-- N H--CH--CH2--COOR~ 
C1--CH2--CH~/ ~ [ ] 

NH--Rx CH~ 

d I ~ . Found, % Calculated, % 
:z;_. Rt R 2 rap, ~ [ ~ _ _  " Molecularformula 
~, N CI N CI 

I 
II 

IIl 
IV 
V 

VI 

C6HsCH2OCO 
H 

IIco 
HCO 

CeHsCH2OCO 
H (picrate) 

CH~H~ 

C2Hs 
C~H5 

98--101 81 6,99 
194--t96 *] 87 10,90 
t35--t37 [ 73 8,36 
177--178"[ 93 9,98 
90--93 [ 70 7,76 

150--152 I -- 13,14 

1t,3i I C32H~CI2N305 [ 6,84 
t7,781 C17It~CI~N30~ [10 76 
t3,50 1 C~HalCI~N30a [ 8,26 
t7,00 [ CIsH~CI~Na04 [10,04 
t3,20 C27H~CIsN~05 7,61 
tt,02 C2sH~CI2N6010 [i2,98 

tt,53 
18,i6 
13,94 
t6,95 
t2,83 
10,95 

* Melts with decomposition. 
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TABLE 2 
/CH~--CH2--C1 

CH~--CH--CIIz--CO--NIt--CH--CH~--( / "~-- N \  
[ " ] ~ CH2--CHo.--CI 

NHR~ 

z R~ Rz mp, ~ " a l 
O 

vii I 1 80 
VIII I H H 209--21t "1 74 

133--135 IX HC0 CH2C6Ha 67 
X HCO H t23--I26 * 9I 

COOR 

Found,% 

N el 

6,89 t2,t0 
10,72 t7,90 I 
8,34 t3,76 

10,t9 16,69 

Molecular 
formula 

C~zH~vC12N~O.~ 
CtTH~sC12N30~ 
C25H~C12NaO4 
C18H25Cl.~N304 

'Calculate, % 

N CI 

6,84 it,53 
10,76 t8,t6 
8,26 t3,94 

0 ,04 16,95 

*Melts with decomposition. 

D L-3- fo rm amidobutyric acid with p-nitrophenol by the carbodiimide method we obtained p-nitrophenyl  DL-  
3-formami~obutyra te .  This es te r  was synthesized also by another method: by the removal  of the benzyl-  
oxycarbonyl group f rom p-nitrophenyl  DL-3-[(benzyloxycarbonyl)amino]butyrate  with a solution of HBr in 
glacial acetic acid we obtained p-ni trophenyl  DL-3-aminobutyra te  hydrobromide.  This compound, which 
contains a~ activated es te r  group, we succeeded in formylat ing by the method descr ibed in [6]. In both 
cases  p-ni trophenyl  DL-3-aminobutyra te  was obtained in high yield. By the aminolysis  of the p-nitrophenyl 
DL-3-(acylamino)butyra tes  with sarcolys ine  benzyl es te r  we obtained peptides with C-end sarcolys ine  
(Table 2). 

E X P E R I M E N T A L  

DL-3-Aminobutyr ic  acid was prepared  by the addition of ammonia  to crotonic acid by the method de-  
scr ibed in [7]. 

Benzyl DL-3-(p-Tosvlamino)butvra te  was prepared  by the method descr ibed in [8]; mp 92-95~ (ethyl 
acetate). Found: C 59.30; H 6.30; N 3.62%. C18H23NOsS. Calculated: C 59.17; H 6.34; N 3.83%. 

N-(Eenzyloxycarbonyl )sarco lys ine  p-Nitrophenyl Ester .  A suspension of 4.39 g of N- (benzy lozycar -  
bonyl)sarcolysine [3] in ethyl acetate was cooled to 0~ and 1.67 g of p-nitrophenol and 2.07 g of DCC were 
added. The mixture was s t i r red  at 0~ for 30 min and then left overnight at room temperature .  The p re -  
cipitated 1,3-dicyclohexylurea was fi l tered off, the fi l trate was vacuum-evaporated,  and the residue was 
rec rys ta l l i zed  f rom ethanol. We obtained 4.85 g (84.5%) of yellow crys ta l s  of N-(benzyloxycarbonyl)sar -  
colysine p-ni trophenyl  ester ,  mp 118-119~ Found: C 57.88; H 4.73; C1 12.78%. C27H27C12N306. Calcu- 
lated: C 57,86; H 4.86; C1 12.65%. 

Benzyl DL-3-[ [N-(Benzyloxycarbonyl)sarcolysyl ]amino]butyra te  (I). A solution of 3.71 g of N-(benzyl-  
oxycarbonyl)sarcolys ine  p-nitrophenyl  e s t e r  and an equivalent amount (1.28 g) of benzyl DL-3-aminobuty-  
ra te  in 12 ml of te t rahydrofuran (THF) containing 2-3 drops of glacial  acetic acid was left for 24-30 h at 
room temperature ,  af ter  which THF was vacuum-evapora ted  and the oily residue was dissolved in ch loro-  
form.  The ch loroform solution was washed success ive ly  with 0.2 N HC1, water,  5% NaHCO 3 solution (4-6 
times), and again water,  and it was dried over  Na2SO 4. Chloroform was vacuum-evaporated,  and the r e s i -  
due was c rys ta l l i zed  f rom ethanol and washed with ether.  We obtained 3.30 g (81%) of (I), mp 98-101~ 

DL-3-(Sarcolys~lamino)butyr ic  Acid (II). (I) (3.08 g) was hydrogenated as a suspension in a mixture 
of 75 ml of methanol and 5.0 ml of glacial  acetic acid in presence  of 0.1 g of palladium black until no more  
hydrogen was absorbed.  The c lea r  solution was f i l tered f rom the cata lyst  and vacuum-evaporated.  The 
oily residue was dissolved in absolute ethanol, and the react ion product was precipi tated with ether.  We 
obtained 1.70 g (87%) of (II), mp 194-196~ (dimethylformamide; blackens at 171~ 

.N-Formylsa rco lvs ine  p-Nitrophenyl Ester .  This was prepared  by the condensation of N - f o r m y l s a r -  
colysine [411 with p-nitrophenol by the method descr ibed above. In this case the product was precipi tated 
together  with 1,3-dicyclohexylurea and was separated by subsequent extract ion with acetone, which was 
then removed in a vacuum. N-Formyl sa rco lys ine  p-nitrophenyl  es te r  had mp 128-129~ (ethanol). Yield 
66%. Found: C 52.63; H 4.86; C1 15.72%. C20H21C12N3Os. Calculated: C 52.87; H 4.66; C1 15.60%. 

Benzyl DL-3- [N-Formylsa rco lysy l )amino]bu ty ra te  (III) was prepared  by the aminolysis  of N - f o r m y l -  
sarcolys ine  p-nitrophenyl  e s t e r  with benzyl DL-3-aminobutyra te  in THF analogously to (I): mp 135-137~ 
yield 73%. 
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DL-3- [ (N-Formyl sa rco lysy l ) amino ]bu ty r i c  Acid (IV) was p r epa red  analogously to (II) by the catalyt ic  
hydrogenolys is  of (III). After  r ec rys t a l l i za t ion  f rom ethanol it  had mp 177-178~ (decomposition); yield 93%. 

Ethyl DL-3- [ [N-  (Benzyloxycarbonyl) sa rco lysy l ]amino]butyra te  (V) was p r epa red  analogously to (I) by 
the condensation of N-(benzyloxycarbonyl)  sa rco lys ine  with ethyl DL-3-aminobu ty ra t e  [9]; mp 90-93~ yield 
70%. 

Ethyl DL-3- (Sarco lysy lamino)bu ty ra te  (VI). (V) (2.76 g) was reduced in 75 ml  of absolute ethanol 
over  pal ladium back until no more  hydrogen was absorbed.  The solution was vacuum-concent ra ted ,  the 
res idue was dissolved in d ry  ether ,  and the equivalent amount of HC1 in dry  e ther  was added. The a m o r -  
phous hydrochlor ide  of (VI) was precipi ta ted .  An analyt ical  sample  was i so la ted  as the picra te ,  mp 150- 
152~ 

p-Ni t rophenyl  DLl3-[(Benzyloxycarbonyl)amino]butyrate .  was p repa red  analogously to N-{benzyloxy- 
ca rbonyl ) sa rco lys ine  p-ni t rophenyl  e s t e r  by the condensation of DL-3-[ (benzyloxycarbonyl )amino]butyr ic  
acid [10] with p-ni t rophenol  in p r e sence  of DCC; mp 92-93~ yield 78%. Found: C 62.75; H 5.30; N 8.21%. 
C18H18N206. Calculated:  C 63.16; H 5.30; N 8.18%. 

N- (D L - 3 -  [(Benzyloxycarbonyl) amino]butyry l ] sa rco lys ine  Benzyl Es t e r  (VII) was p r e p a r e d  analogously 
to (I) by the aminolys is  of p-ni t rophenyl  DL-3-[ (benzyloxycarbonyl )amino]butyra te  with sa rco lys ine  benzyl  
e s t e r  [3]; mp 146-148~ yield 80%. 

N- (DL-3-Aminobu ty ry l ) sa rco lys ine  (VIII). (VII) (2.46 g) was reduced as a suspension in 60 ml  of 
methanol  containing a few drops of glacial  acet ic  acid over  pal ladium back until no m o r e  hydrogen was ab-  
sorbed.  The prec ip i ta ted  product  was f i l te red  off together  with ca ta lys t  and was prec ip i ta ted  f rom glacial  
acet ic  acid with e ther .  We obtained 1.55 g (74%) of (VIII), mp 209-211~ (darkens at 181~ 

Benzyl D L - 3 - F o r m a m i d o b u t y r a t e .  With cooling with ice and s t i r r ing  5.46 g of 98% fo rmic  acid was 
added gradual ly  to a solution of 20.85 g of benzyl DL-3-aminobu ty ra t e  (see above) and 24.5 g of DCC in 
ch loroform.  Cooling and s t i r r ing  were  continued fur ther  for  1 h, and then the reac t ion  mix ture  was left  
overnight  in a r e f r i g e r a t o r .  We obtained 21.5 g (90%) of benzyl DL-3 - fo rmamidobu ty ra t e ,  mp 59-60~ 
After  prec ip i ta t ion  with hexane f rom acetone it  had mp 60-60.5~ Found: C 65.56; H 6.87; N 6.07%. 
C12H15NO 3. Calculated: C 65.15; H 6.83; N 6.33%. 

D L - 3 - F o r m a m i d o b u t y r i c  Acid~ Benzyl D L - 3 - f o r m a m i d o b u t y r a t e  (16.6 g) was subjected to hydrogeno-  
lysis  as a solution in methanol  in p r e sence  of pal ladium black until no more  hydrogen was absorbed.  The 
solution was vacuum-evapora ted ,  and the oily res idue  was c rys ta l l i zed  f rom ethyl aceta te .  We obtained 
8.9 g (90.5%) of DL-3 - fo rm am i dobu t y r i c  acid, mp 67-69~ Found: C 45.86; H 7.05; N 10.86%. CsHgNO 3. 
Calculated: C 45.81; H 6.92; N 10.68%. 

p-Ni t rophenyl  DL-3-Aminobu ty ra te  Hydrobromide .  p-Nit rophenyl  DL-3-[(benzyloxycarbonyl)  amino]-  
butyra te  was dissolved in a 3 N solution of HBr in glacial  acet ic  acid, and the solution was left  for  1 h at  
room t empera tu r e .  The hydrobromide  was prec ip i ta ted  with e ther .  After  r ec rys t a l l i za t ion  f rom acetone 
it  had mp 165-166~ 89%. Found: C 39.20; H 4.29; N 9.15; Br 26.20%. C10H13BrN204. Calculated: 
C 39.36; H 4.29; N 9.18; Br  26.19%. 

p-Ni t rophenyl  D L - 3 - F o r m a m i d o b u t y r a t e  was p r epa red  analogously to N- (benzy loxycarbonyl ) sa rco ly -  
sine p-ni t rophenyl  e s t e r  by the condensation of DL-3 - fo rmamidobu ty r i c  acid with p-ni t rophenol  in p r e sence  
of DCC. The oily res idue  remain ing  a f te r  the r emova l  of solvent c rys ta l l i zed  rapidly  when it  was under  
e ther .  After  precipi ta t ion with hexane f r o m  ethyl aceta te  it had mp 74-75~ Yield 78%. Found: C 52.45; 
H 4.73; N 11.15%. CllH12N205. Calculated: C 52.39; H 4.80; N 11.11%. 

With cooling with ice and s t i r r i ng  0.76 g of 98% fo rmic  acid was added gradual ly  to a mix tu re  of 4 .58 
g of p-ni t rophenyl  DL-3-aminobu ty ra t e  hydrobromide ,  2.07 ml  of t r ie thylamine ,  and 3.40 g of DCC. St i r r ing  
and cooling were  continued fu r the r  for  1 h, a f te r  which the reac t ion  mix tu re  was left  overnight in a r e f r i g -  
e ra to r .  The precipi ta ted  1 ,3-dicyclohexylurea  was f i l te red  off, and the f i l t ra te  was washed success ive ly  
with 0.5 N HC1, water ,  5% NaHCO 3 solution, and again water .  I t  was dr ied over  Na2SO4, and a f t e r  the r e -  
moval  of solvent  the product  was i so la ted  in the usual  way. We obtained 3.20 g (85%) of the p-ni t rophenyl  
es te r ,  mp 74-75~ A mix ture  with the product  of the preceding  exper iment  mel ted  without depress ion .  

N- (DL-3 -Formamidobu ty ry l )  sa rco lys ine  Benzyl Es t e r  (IX) was p r e p a r e d  analogously to (I) by the con- 
densation of p-ni t rophenyl  DL-3 - fo rm am i dob u ty r a t e  with sa rco lys ine  benzyl  es te r ;  mp 133-135~ yield 67%. 
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N-(DL-3-Formamidobutyryl)sarcolysine (X) was prepared analogously to (IV) by the catalytic hydro- 
genolysis ~f N-(DL-3-formamidobutyryl) sarcolysine benzyl ester; mp 123-126~ (decomposition); yield 
91%. 

C O N C L U S I O N S  

1. The p-nitrophenyl es te r  of N-(benzyloxycarbonyl) and N-formyl derivatives of sarcolysine and 
DL-3-ami:~obutyric acid were synthesized. 

2. The p-nitrophenyl es ters  obtained were used for the synthesis of dipeptides based on sarcolysine 
and DL-3,aminobutyric acid. 
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