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We have prev ious ly  r epor t ed  the synthes is  of pept ides  cor responding  to the f r agmen t s  of the N- 
t e rmina l  segment  of the histone of f rac t ion  F 2aI of calf thymus [1, 2] where tosyl  groups  were  used to 
p ro tec t  the side chains of the lysine r e s idues .  We synthes ized s imul taneous ly  the s ame  peptides using the 
benzyloxycarbonyl  group to p ro t ec t  the side chains of the lysine and arginine res idues  [3], but at the stage 
of the saponificat ion of the methyl  e s t e r  of O ,N-d iace ty l se ry l -g lycy l -NG-benzy loxycarbony la rg in ine ,  co r -  
responding to sequence 1-3, the yields p roved  to be low. In o rde r  to c i r cumven t  the s tage of saponifying 
the t r ipept ide,  in the p resen t  invest igat ion to obtain O,N-d iace ty l se ry lg lycy l -NG-n i t roa rg in ine  we used 
the act ivated e s t e r  method.  The pentachlorophenyl  e s t e r  of the dipeptide O,N-d iace ty l se ry lg lyc ine  (IX) 
r eac t ed  with NG-ni t roargin ine  in which the carboxy group was f r ee .  This  gave the t r ipept ide  O,N-diace ty l -  
s e ry lg lycy l -NG-n i t roa rg in ine  with a f ree  carboxy  group (X) (Scheme}. 

The synthesis  was p e r f o r m e d  by the success ive  addition of amino acids to t r ipeptyl  f r agments  se lec ted  
in such a way that, so fa r  as poss ib le ,  the C - t e r m i n a l  res idue  was glycine.  In this case ,  the f ragments  were  
added by the mixed-anhydr ide  method using isobutyl ch lo ro formate .  In this way we obtained the hexapeptide 
of sequence of 11-16 by the (3+3) scheme,  the decapeptide of sequence 7-16 (VI) by the (3 + 7) scheme,  and 
the t r idecapept ide  of the 4-16 sequence (VII) by the (3 + 10) scheme .  If  the C - t e r m i n a l  res idue  was an op- 
t ical ly act ive amino acid, we used the carbodi imide  method with the addition of N-hydroxysucc in imide  since, 
according to the l i t e ra tu re  [4], no r acemiza t ion  is observed  with this method in the ma jo r i t y  of c a s e s .  By 
the carbodi imide  method we obtained the methyl  e s t e r  of t e r t -bu toxycarbonyla lany l -Ne-benzy loxycarbonyl  - 
lysine (I), the methyl  e s t e r  of t e r t -bu toxycarbonylg lycy l -N~-benzyloxycarbonyl lysy lg lyc ine  (IID by the (2 + 
1) scheme,  and the heptapeptide of the sequence 10-16 (V) by the addition of te r t -butoxycarbonyl leuc ine  to 
the t r i f luoroace ta te  of the hexapeptide (IVa). We also used the carbodi imide  method at the stage of obtaining 
the p ro tec ted  hexadecapeptide (XI) cor responding  to the sequence 1-16 by the (3 + 13} scheme,  since it was 
imposs ib le  to obtain a hydrazide at an arginine res idue  (see Scheme).  

The e -amino  group of lysine was pro tec ted  by the benzyloxycarbonyl  group (Z), and the a - a m i n o  
groups  of the amino acids and peptides by the t e r t -bu toxycarbonyl  group (Boc). The synthes is  was p e r -  
fo rmed  with NG-ui t roarg in ine  and the methyl  e s t e r s  of the amino acids and pept ides .  

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

The synthesis  was p e r f o r m e d  with optically active amino acids of the L s e r i e s .  The methyl  e s t e r s  
of the peptides synthesized,  in suitable solvents  (ethanol, dioxane, o r  mix tu res  of them),  were  washed with 
1 N caus t ic  soda for 30-40 rain. The t e r t -bu toxycarbonyl  groups were  r emoved  f rom the dipeptide (I) and 
the t r ipept ide  (II) by the action of gaseous  hydrogen chlor ide on solutions of the peptides in dioxane. The 
h ighe r -mo lecu l a r -we igh t  peptides were  deblocked by the action of t r i f luoroace t ic  acid.  As a rule ,  the 
t r i f luo roace ta t e s  were  c rys ta l l ine .  The pentachlorophenyl  e s t e r  of benzyloxycarbonylglycine  was obtained 
as desc r ibe  by Kovacs et  al. [5]. In the p repa ra t ion  of the pro tec ted  pept ides ,  the i r  solutions in organic  
solvents  were  washed success ive ly  with 10% c i t r ic  acid solution, water ,  5% sodium bicarbonate  solution, 
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and again with wa te r  and were  then dr ied  with anhydrous  sodium sulfate .  The pur i ty  of the peptides obtained 
was checked  by c h r o m a t o g r a p h y  in a l a y e r  of s i l i ca  gel f ixed with g y p s u m  as on s t anda rd  p la tes  of the "Silufol 
UV254" b r a n d  m a r k e t e d  by the "Kava l ie r "  e n t e r p r i s e  (Czechoslovakia)  in the following s y s t e m s :  1) b e n z e n e -  
ethanol  (2 : 0.4) ; 2) b e n z e n e -  ethanol  (2 : 0.5) ; 3) b e n z e n e -  e t h a n o l -  wa te r  (2 : 1 : 0.1) ; 4) w a t e r -  f o rmic  a c i d -  
t e r t -bu ty l  a lcohol  ( 1 . 5 : 1 . 5 : 7 ) ;  5) b u t a n - l - o l -  ace t ic  a c i d - w a t e r  ( 1 0 : 1 : 3 ) ;  6) c h l o r o f o r m - e t h a n o l - 2 0 %  a m -  
monia  ( 1 : 1 : 1 ) ;  7) c h l o r o f o r m - m e t h a n o l - a c e t i c  acid ( 9 0 : 8 : 2 ) .  The ana lyses  of all the compounds  c o r r e -  
sponded to the ca lcu la ted  f i gu re s .  

S C H E M E  O F  T H E  S Y N T H E S I S  O F  T H E  H E X A P E P T I D E  ( X I )  
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M e t h y l  E s t e r  o f  t e r t - B u t o x y c a r b o n y l a l a n y l - N e - b e n z y l o x y c a r b o n y l l y s i n e  ( I ) .  
A solut ion of  1.14 g of t e r t -bu toxyea rbony la l an ine  in 30 ml of t e t r a h y d r o f u r a n  was cooled to - 15°C, and 1.25 
g of N - h y d r o x y s u c c i n i m i d e  and 1.25 g of d i cyc lohexy lca rbod i imide  were  added to the solut ion.  Af te r  15 rain 
the hydroch lo r ide  of  the methyl  e s t e r  of NC-benyloxycarbonyl lys ine  was added in the d ry  f o r m .  The mix ture  
was s t i r r e d  with cool ing for  5 h and was then left  in the r e f r i g e r a t o r  for  a day.  The d icyc lohexy lu rea  that 
had depos i ted  was f i l t e red  off and washed with t e t r ahyd ro fu ran .  The f i l t ra te  was evapora ted ,  the res idue  was 
d i sso lved  in c h l o r o f o r m ,  the solut ion was washed and dr ied,  and the solvent  was dr iven  off in vacuum to d r y n e s s .  
The r e su l t ing  oil, amount ing  to 2.4 g (88.8~), was c h r o m a t o g r a p h i c a l l y  homogeneous ,  Rf  0.62 ( sys t em 1), 
[~]2~-20 .0°  (c 1.0; c h l o ro fo rm ) .  

M e t h y l  E s t e r  o f  t e r t - B u t o x y c a r b o n y l g l y c y l a l a n y l - N e - b e n z y l o x y c a r b o n y l l y s i n e  
(I I ) .  A solut ion of 0.22 g of t e r t -bu toxyea rbony lg lye ine  in 10 ml  of c h l o r o f o r m  was cooled t o -  20°C, and to 
this solut ion w e r e  added 0.17 ml of t r i e t hy l amine  and 0.23 ml of isobutyl  c h l o r o f o r m a t e .  Af t e r  15 min,  a 
cooled solut ion of 0.60 g of  the hydroch lo r ide  of the methy l  e s t e r  of a l anany l -NC-beny loxyca rbony l lys ine  con-  
taining 0.17 ml of  t r i e t hy l amine  was added to the r eac t i on  mix tu re  and it was s t i r r e d  a t - 1 5 ° C  for  2 h and at 
r o o m  t e m p e r a t u r e  for  a day.  Then it was washed and dr ied,  and the so lvent  was dis t i l led  off  in vacuum.  Af te r  
t r e a tmen t  with e the r  and drying in vacuum,  0.57 g (87.7%) of a c h r o m a t o g r a p h i c a l l y  homogeneous  oily p roduc t  
was obtained with Rf  0.59 ( sy s t e m  1), [~]2i~-18.5 ° (c 1.0; ch lo ro fo rm) .  

M e t h y l  E s t e r  o f  t e r t - B u t o x y c a r b o n y l g l y c y l - N e - b e n y l o x y c a r b o n y l l y s y l g l y c i n e  
( I  I I ) .  Azide  Method. A solut ion of 0.7 g of  the hydraz ide  of t e r t - b u t o x y e a r b o n y l g l y e y l - N C - b e n z y l o x y c a r  - 
bonyl lys ine  in w a t e r - a e e t i e  acid (8 :6 )  was mixed with 30 ml of  c h l o r o f o r m ,  the mix tu re  was cooled to 0°C, 
and 1 ml of a cooled 6 N solut ion of hyd roc h l o r i c  acid and, immedia te ly ,  a cold solut ion of 0.40 g of sodium 
ni t r i te  in wate r  were  added.  Af te r  5 minutes '  s t i r r ing ,  the o rgan ic  l aye r  was s e p a r a t e d  off, washed with cold 
5~ sodium b ica rbona te  solut ion and with wate r ,  and dr ied  with cooling,  and the f i l t e red  solut ion was mixed  
with a cold solution of 0.20 g of the hydroeh lo r ide  of the methyl  e s t e r  of glyeine containing 0.22 ml  of t r i e t h -  
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ylamine.  The mixture was kept in the r e f r i ge r a to r  for a day, and at room tempera ture  for a day, and was then 
washed and dried, and the solvent was distilled off in vacuum. This gave a chromatographical ly  pure color less  
oily product  in an amount of 0.57 g (73.0%), Rf 0.64 (system 1); [a]2i~- 18.0° (c 0.78; chloroform).  

Carbodiimide Method. To a solution of 4.12 g of ter t -butoxycarbonylglycyl-Ne-benzyloxycarbonylglycine  
in 30 ml of te t rahydrofuran was added 1.8 g of N-hydroxysuccinimide,  and the mixture was cooled t o -  5°C and 
2.20 g of dicyclohexylcarbodiimide was added. After 15 min, 1.18 g of the dry  hydrochloride of the methyl 
es te r  of glycine and 1.3 ml of t r ie thylamine were added. The mixture was kept in the r e f r ige ra to r  for a day 
and the dicyclohexylurea that had separated out was f i l tered off and washed with ethyl acetate.  The filtrate 
was evaporated to dryness ,  the residue was dissolved in ethyl acetate,  the solution was washed and dried, and 
the solvent was distilled off in vacuum. This gave 4.67 g (99.0) of a crude oily product  which, after repeated 
t rea tment  with ether,  began to c rys ta l l i ze .  The product was left under ether in the r e f r ige ra to r  for c rys ta l -  
l i za t ion .  After  fi l tration and drying, 3.95 g (84.0~) of a crystal l ine product with mp 86-90°C was obtained; Rf 
0.63 (system 1); [ ~ ] ~ - 1 8 . 0  ° (c 0.80; chloroform).  

t e r t - B u t o x y c a r b o n y l g l y c y l - N £ - b e n z y l o x y c a r b o n y l l y s y l g l y c i n e  ( I I I a ) .  To a s o l u -  
tion of 0.86 g of the protected tripeptide (III) in a mixture of ethanol and dioxane (2:5)  was added 1.9 ml of a 
1 N solution of caust ic  soda. After 30 rain, the contents of the flask were evaporated to half-volume, and the 
residue was diluted with water  and was washed free from unsaponified tripeptide with ch loroform.  The aqueous 
phase was acidified with dry c i t r ic  acid to pH 3 and extracted with chloroform.  The ch loroform extract  was 
dried and the solvent was distilled off in vacuum. The residue was t reated with severa l  port ions of ether and 
dried in vacuum. The product  was converted into a dry white foam, and this was ground into a powder. The 
yield was 0.60 g (72.3%), mp 60-63°C; Rf  0.53 (system 1); [ ~ ] ~ - 6 . 0 6  ° (c 1.32; chloroform).  

M e t h y l  E s t e r  o f  t e r t - B u t o x y c a r b o n y l g l y c y l - N e - b e n z y l o x y c a r b o n y l l y s y l g l y c y l  - 
g l y c y l a l a n y l - N e - b e n z y l o x y c a r b o n y l l y s i n e  ( I V ) .  A solution of 0 . 4 9 g o f t h e s a p o n i f i e d t r i p e p t i d e  
(IIIa) in 20 ml of chloroform was cooled to -20~C and 0.14 ml of t r iethylamine and 0.2 ml of isobutylchlorofor-  
mate were added. After 15 min, a cold solution of 0.52 g of the hydrochloride of the methyl es ter  of glycylala-  
nyl-Ne-benzyloxycarbonyl lysine containing 0.14 ml of t r ie thylamine was added. After s t i r r ing  for 2 h with 
cooling, the mixture was left at room tempera ture  for a day. Then it was washed in the usual way and dried, 
and the solvent was distilled off to dryness .  The residue was t reated with ether,  whereupon the product c r y s -  
tallized; it was washed with ether  and dried in vacuum, giving 0.63 g (71.0 %) of the protected hexapeptide (IV), 
mp 110°C; Rf 0.33 (system 2), [ ~ ] ~ - 2 6 . 7  ° (c 1.0; chloroform).  

M e t h y l  E s t e r  o f  t e r t - B u t o x y c a r b o n y l l e u c y l g l y c y l - N e - b e n z y l o x y - c a r b o n y l l y s y l  - 
g l y c y l g l y c y l a l a n y l - N e - b e n z y l o x y c a r b o n y l l y s i n e  ( V ) .  This compound was obtained by the 
carbodiimide method in te t rahydrofuran in a s imi lar  manner to (III) f rom 0.12 g of ter t-butoxycarbonylleucine,  
0.43 g of the t r i f luoroacetate  of the hexapeptide (IVa) and 0.08 ml of t r ie thylamine,  using 0.11 g of N-hydroxy-  
succinimide and 0.12 g of dicyclohexylcarbodiimide.  Yield 0.41 g (85.4c/c), mp 103°C; Rf 0.44 (system 2); [ ~ ] ~ -  
25.4 ° (c 1.0; chloroform).  

T h e  M e t h y l  E s t e r  o f  t e r t - B u t o x y c a r b o n y l g l y c y l - N a - b e n z y l o x y c a r b o n y l l y s y l  - 
g l y c y l l e u c y l g l y  c y l -  N e - b e n z y l o x y c a r b o n y l l y s y l g l y c y l g l y c y l a l a n y l -  N e - b e n z y l o x y  - 
c a r b  o ny  1 l y s i n e (V I ) .  Compound (VI) was obtained in a s imi lar  manner  to (IV) from 0.08 g of the saponi- 
fied tripeptide (IIIa) with 0.03 ml of t r ie thylamine and 0.17 g of the t r i f luoroacetate  of the methyl es te r  of the 
heptapeptide (Va), mixed with 0.03 ml of t r iethylamine and 0.17 g of the t r i f luoroacetate  of the methyl es te r  
of the heptapeptide (Va), mixed with 0.03 ml of tr iethylamine and 0.04 ml of isobutyl ch loroformate .  Yield 
0.17 g (75.0%), mp 140°C, Rf 0.42 (system 2), 0.40 (system 3), [(~]~-55.7 ° (c 1.0; chloroform).  

M e t h y l  E s t e r  o f  t e r t - B u t o x y c a r b o n y l g l y c y l - N e - b e n z y l o x y c a r b o n y l l y s y l g l y c y l -  
g l y c y l -  N ~ - b e n z y l o x y c  a r b o n y l l y s y l g l y c y l l e u c y l g l y c y l -  N e - b e n z y l o x y c  a r b o n y l l y s y l -  
g l y c y l g l y c y l a l a n y l - N e - b e n z y l o x y c a r b o n y l l y s i n e  ( V I I ) .  A solution of 0.10 g o f t h e  saponified 
tripeptide (IIIa) in 20 ml of chloroform was cooled t o - 2 0 ° C ,  and 0.04 ml of t r iethylamine and 0.05 ml of iso-  
butyl chloroformate  were added. After  20 min at -20°C,  0.28 g of the t r i f luoroacetate  of the methyl es ter  of 
decapeptide (Via) and 0.04 ml of t r iethylamine were added. After 3 hours '  s t i r r ing  a t - 2 0 ° C ,  the temperature  
was gradually ra ised  to that of the room, and s t i r r ing  was continued for another 48 h. Then the react ion 
mixture was washed in the usual way and dried, and the solvent was distilled off in vacuum. The residue was 
t reated several  t imes with ether,  whereupon the product crys ta l l ized.  The yield af ter  drying was 0.34 g (97.1~); 
mp 145°C (decomp.) Rf 0.15 (system 2), 0.83 (system 4), [ ~ ] ~ - 3 6 . 1  ° (c 1.0; chloroform).  

O, N-  D i a c e t y  1 s e r i n e (V I I I ) .  Serine was acetylated by a method proposed for tyrosine [6]. A 
solution of 0.8 g of ser ine in 24 ml of 2 N caustic soda was cooled to between 0 a n d - 2 ° C  and, with s t i r r ing  
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and cooling, 30 ml of acetic anhydride and 24 ml of 2 N caustic soda were added dropwise over 5 h, and then 
the mixture was acidified with 6 N hydrochlor ic  acid to pH 2. The water was distilled off in vacuum to dryness .  
The O,N-diacetylser ine was extracted from the residue with methanol. The methanolie solution was dried with 
sodium sulfate and the solvent was distilled off. The result ing oil was treated severa l  t imes with ether and 
acetone and dried in vacuum. This gave 0.125 g (86.8%) of an oily product with Rf 0.77 {system 6); [ ~ ] ~ -  5.2 ° 
(c 0.91; dimethylformamide).  The product  did not give a coloration with ninhydrm. 

The pentachlorophenyl ether  of O,N-diacetylserylglycine fiX) was obtained by the mixed-anhydride method 
in dimethylformamide a t - 2 0 ° C  from 0.29 g of O,N-diacetylserine,  0.20 ml of t r iethylamine,  and a cold solution 
of 0.62 g of the hydrobromide of the pentachiorophenyl es ter  of glycine mixed with 0.20 ml of tr iethylamine 
with the aid of 0.26 ml of isobutyl chloroformate,  in a s imilar  manner to (II). After the reaction, the dimethyl- 
formamide was distilled off, the residue was dissolved in ethyl acetate, the solution was washed and dried, 
and the solvent was distilled off to dryness .  The residue was treated with ether.  This gave 0.40 g (52.6%) of 
an amorphous product with Rf  0.71 (system 8), [(~]~-6.6 ° (c 1.1; chloroform).  

O , N - D i a c e t y l s e r y l g l y c y l - N G - n i t r o a r g i n i n e  ( X ) .  Compound (X) was obtained by the ac-  
t iva ted-es ter  method. A solution of 0.40 g of the pentachlorophenyl es ter  of O,N-diacetylserylglycine (IX) in 
20 ml of methylene cMoride was treated with 0.02 g (catalytic amount) of 2-hydroxypyridine.  A suspension of 
0.17 g of NG-nitroarginine in 20 ml of methylene cMoride, to which 0.16 ml of dicyclohexylamine was added, 
was prepared separately.  The suspension so obtained was added in three portions to the f i rs t  flask with con- 
tinuous s t i r r ing.  Stirr ing was continued at room temperature  for 24 h. Then the react ion mixture was treated 
repeatedly with 1 N hydrochloric  acid until the unchanged N G-ni t roarginine  had been completely eliminated, 
and it was dried with sodium sulfate, and the solvent was distilled off to dryness .  The residue was extracted 
with ether.  The ethereal  extract  was dried with sodium sulfate and evaporated to dryness .  This gave 0.30 g 
(88.2%) of chromatographical ly  pure oily product with Rf 0.84 (system 1), [ ~ ] ~ - 1 9 . 4  (c 0.8; chloroform).  

M e t h y l  E s t e r  o f  O , N - D i a c e t y l s e r y l g l y c y l - N G - n i t r o a r g i n y l g l y c y l - N - b e n z y l o x y -  
c a r b  o n y l l y s y l g l y c y l g l y c y l -  N e - b e  n z y l o x y e a r b o n y l y s y l g l y c y l l e u c y l g l y c y l - N e - b e n  - -  
z y l o x y c a r b o n y l l y s y l g l y c y l g l y c y l a l a n y l - N e - b e n z y l o x y c a r b o n y l g l y c i n e  ( X I ) .  A solution 
of 0.07 g of O,N-diacetylserylglycyl-NG-ni t roarginine  (X) in te t rahydrofuran was cooled t o - 1 8 ° C ,  and 0.04 g 
of N-hydroxysuceinimide and 0.04 g of dicyclohexylcarbodiimide were added. After 20 min, 0.20 g of the t r i -  
f luoroacetate of the methyl es te r  of the tridecapeptide (VIIa) and 0.015 ml of tr iethylamine were added to the 
reaction mixture.  It was s t i r red  with cooling for 5 h and was left in the re f r ige ra to r  for two days. The sol-  
vent was evaporated to dryness ,  the residue was dissolved in ether (it did not dissolve in chloroform andethyl 
acetate), and the solution was washed in the usual way; during this p rocess  a white precipitate of urea  deposited 
in the separa tory  funnel, which was fil tered off. The ethereal  solution was dried, the solvent was distilled off 
to small volume, and the product  was crysta l l ized from ether.  Yield 0.16 g (70.0%) mp 99-100~C (decomp.), 
Rf 0.90 (system 4), [ ~ ] ~ - 2 9 . 0  ° (c 0.64; dimethylformamide).  

SUMMARY 

A protected hexadecapeptide corresponding to the sequence 1-16 of the N-terminal part of the histone 
of fraction F 2aI of calf thymus (XD has been synthesized. 
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