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H i s t o n e s -  the basic protein component of the main s t ructura l  unit of chromatin, a deoxyribonucleo- 
protein (DNP) - have been the subject of prolonged and multifaceted investigations. Histones a re  proteins 
of a basic nature; the polyeationic nature  of the histories is responsible  for the basic e lectrostat ic  form of 
their interaction with DNA, but the posit ive charge is distributed nonuniformly along the polypeptide chain: 
The basic amino acids a re  grouped in c lus ters  of 3-5 amino acids [1]. F o r  a model study of the interaction 
of histones with DNA we have synthesized two oligopeptides of L--lysine with the genera l  formula CH3CO- 
(Lys)n-NHCH 3, n= 1 or  2, by the following routes 

n = l  
MeOH 

HC1. H-Lys(Cbz)-OH ~-C-~2 ~ HC1. H-Lys(Cbz)-OMe (I) A--~-~-~'~ 

CH3NH2 
Ac-Lys(Cbz)--OMe (11)M'-M-'e-0--H-"* Ac-Lys(Cbz) NHCH3 (]J]) 

H2/Pd I - - ~  XF Ac-Lys-NHCH3 (IV) 

n = 2  
Boc N3 DCHC ,. 

HCI. H-Lys(Cbz)-OH ~ Boc-L.ys(Cbz)-OH (V) "H'0"-ff~- 

HC1. H-Lys(Cbz)-OMe 
Boc-Lyl(Cbz)-OSu (VI) (C~H~)3 N - ~Boc-Uys(Cbz)- 

CHaNH2 Lys(Cbz)-OMe (VII)~Boc.Lys(Cbz)-Lys(Cbz)-NHCH3 (VIII), 

CFaCOOH '+ [CF3COOH X H2N-LyKCbz)-Lys(Cbz)-NHCH3I (IX) 

AcOSu H,:Pd 
Ac-Lys(Cbz)-Lys(Cbz)-NHCH, (X) 
2 HC1 .Ac-(Lys)2-NHCH3 (XI) 

The following abbreviations have been used: Ac - acetyl group; O M e -  methoxy group; DCHC - N,N-di-  
cyclohexylcarbodiimide;  H C 1 -  hydrochloride;  Boc - ter t -butoxy carbonyl group; Cbz - benzyloxycarbonyl 
group; H O S u -  N - h y d r o x y s u c c i n i m i d e ; - O s u - s u c c i n i m i d y l  ester;  AcOSu-N-ace toxysucc in imide .  

The advantages of these models  as compared with the oligopeptides elimination of "end effects" and 
the creat ion of additional peptide bonds: 

I [ I 
C Ha]CO-- NH--C H--CO-N H--CH--CO--N H - C H  3 

I . . . . . . . .  I(/H2)~C (CH2)LI ; . . . . . .  i 
I 

NH3+ NH3+ 

AS protec t ive  groups for the synthesis  we selected groups of the urethane t y p e -  the benzyloxycar-  
bonyl and ter t -butoxycarbonyl  groups - since the combination of these groups ensures  selectivity in the r e -  
moval of the protect ion and a high optical purity of the react ion products.  The peptide bond was formed by 
the carbodi imide method using N-hydroxysuccinimide esters ,  which enabled the synthesis to be per formed 
with prac t ica l ly  no racemizat ion  [3]. 
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E X P E R I M E N T A L  

Chromatography .  The pur i ty  of the compounds obtained was de te rmined  by p a p e r  ch romatography  
(PC) on Whatman MN 261 pape r  in the b u t a n o l -  CH3COOH-H20 (4 : 1 : 5) (1) and methyl  ethyl k e t o n e - p y r i -  
d i n e - H 2 0  (65: 15: 20) (2) s y s t e m s  and by th in - l aye r  ch romatography  (TLC) in nonfixed si l icic  acid in the 
ethyl a c e t a t e - b e n z e n e  (4 : 1) (3), (1 : i)  (4), and (1 : 2) (5) and d i o x a n e - b e n z e n e  (1 : 2) (6) sy s t ems .  The spots  
of the compounds w e r e  r evea led  in iodine vapor  in the case  of th in - l ayer  chromatography  and with a solu-  
tion of ninhydrin in the  case  of pape r  chromatography;  the spots  of some  comple te ly  pro tec ted  de r iva t ives  
and of peptides containing a Boc group can be  detected on a paper  c h r o m a t o g r a m  by means  of ninhydrin, 
s ince the Boc group is p robably  spli t  off during the heating of the eh roma tog ram.  

Hydroch lor ide  of the Methyl E s t e r  of N~-Benzy loxyca rbony l -L- ly s ine  (7). This  was obtained by the 
method of Ionov and Morozova  [4], with additional pur i f ica t ion of the reae t ionproduc t .  To 32 ml  of absolute 
MeOH, 2 ml  of thionyl ch lor ide  was added dropwise  and 10 g of HC1. N~-benzy loxyca rbony l -L- lys ine  in po r -  
t ions.  The mix tu re  was s t i r r e d  at r o o m  t e m p e r a t u r e  for  4 h and was then left to stand for  13 h. The so l -  
vent was e l iminated in vacuum, and the res idue  was dissolved in ethyl ace ta te  and the solution was washed 
with 1070 sodium carbona te  solution and then with wa te r  to neutral i ty .  After  drying with magnes ium sulfate,  
the ethyl ace ta t e  solution Was sa tura ted  with dry  hydrogen chloride; then the ethyl ace ta te  was dis t i l led off 
in vacuum, the res idue  was dissolved in a sma l l  amount  of absolute  MeOH, and the chromatograph ica l ly  
p u r e  reac t ion  product  was prec ip i ta ted  by the addition of absolute ether .  6.7 g (6170), mp 114-116°C, [~]~+ 
16.7 ° (c 2; methanol) ,  Rf  0.75 [PC (1)]. Li te ra tu re  data: mp 75-77°C [4]; mp  117°C, [~ ]~+16 .7+0 .5  ° (c 2; 
methanol)  [5]. 

Methyl  E s t e r  of N - A c e t y l - N ~ - b e n z y l o x y c a r b o n y l - L - l y s i n e  {II). With s t i r r ing ,  a solution of 3.2 g 
of (I) in 30 ml  of absolute  ch lo ro fo rm and 1.25 m l  of t r i e thy lamine  was added to 1.5 g of N-ace ty l succ in im-  
ide in 20 ml  of absolute ch loroform.  The m i x t u r e  was s t i r r ed  at room t e m p e r a t u r e  for  2 h and was left  
for  24 h, and was then washed with 1 N hydrochlor ic  acid, 1070 sodium carbona te  solution, and water ,  and 
dried with m a g n e s i u m  sulfate.  The  ch loroform was dr iven  off in vacuum, and the reac t ion  product  was i so -  
lated in the fo rm of an oil. Yield quantitative, Rf  0.42 [TLC (3)]. 

Me thy lamide  of N~-Ace ty l -N~-benzy loxyca rbony l  - L - l y s i n e  (III). This  was obtained f r o m  0I) by Z a n n ' s  
method [6]. Yield 9570, mp 176°C, [c~]~-8 .25 ° (c 2; methanol) .  L i t e r a t u r e  data: mp  176°C [6]. 

_ Hydroch lor ide  of the Methy lamide  of N e - A c e t y l - L - l y s i n e  (IV)_ The hydrogenation of the me thy lamide  
of N ~ - ~ N e - b e n z y l o x y c a r b o n y l - L - - l y s i n e  by Zann ' s  method [6] gave thehydrochlor ide  of the me thy l -  
amide  of NC~-acetyl-L-lysine.  Yield quantitative; mp 161-163°C, [c~]~-18.4  ° (c 2; water) ,  Rf  0.45 [PC (1)], 
Rf  0.52 [PC (2)]. L i t e r a t u r e  data: mp 166°C, [o~]~-20.1 ° (c 2; water~[6]. 

c~ 
N - t e r t - B u t o x y c a r b o n y l - N e - b e n z y l o x y c a r b o n y l - L - l y s i n e  (V). A solution of 5 g of the hydrochlor ide  

ol 
of N - b e n z y l o x y c a r b o n y l - L - l y s i n e  in 20 m l  of a 1 N solution of caust ic  soda was t rea ted  with 50 ml  of di-  
oxane. Then, at 45°C, 5 m l  of t e r t -bu toxycarbony l  azide and, with s t i r r ing ,  over  10-12 h, 45 ml  of a 1 N 
solution of caust ic  soda w e r e  added. After  48 h, 50 m l  of wa te r  was added and the whole volume was washed 
with ethyl aceta te .  The organic  l aye r  was washed twice wi thwa te r  and, at 0°C, the combined aqueous ex t rac t  
was  covered  with ethyl acetate;  the solution was acidified with cold 2 N hydrochlor ic  acid to pH ~ 3, and the 
organic  l aye r  was sepa ra t ed  off, washed w i t h w a t e r ,  and dried with magnes ium sulfate.  The solvent  was 
dr iven off in vacuum and the reac t ion  product  was  isolated in the fo rm of an oil. Yield 5.8 g (8670), Rf  0.85 
[TLC (3)],Rf 0.73 [PC (1)]. L i t e r a t u r e  data: isolated in the f o r m  of an oil, no c h a r a c t e r i s t i c s  given [7]. 

N-Hydroxysucc in imide  E s t e r  of NC~-Benzyloxycarbonyl-Ne- ter t -butoxycarbonyl-L-- lys ine  (VI). To 
5.8 g of N -benzy loxycarbony l -N - t e r t - b u t o x y c a r b o n y l - L - l y s i n e  in 70 ml  of absolute  dioxane was added 
2.12 g of N-hydroxysuccin imide ,  and then the reac t ion  m i x t u r e  was cooled to + 10°C and 3.5 g of N,N-di-  
cyc lohexylcarboxi imide  was added. The  resu l t ing  m i x t u r e  was s t i r r e d  at room t e m p e r a t u r e  for  12 h; the 
d icyc lohexylurea  that had deposi ted was f i l te red  off, the mo the r  solution was diluted with 70 ml  of ethanol, 
0.39 ml  of CH3COOH was added, and it was left  in the r e f r i g e r a t o r  for  30-60 min,  a f t e r  which dicyclohexyl-  
u r e a  was again sepa ra ted  off, and the  p r o c e d u r e  was repea ted  with the reac t ion  mix tu r e  being left  in the 
r e f r i g e r a t o r  overnight;  the p r o c e d u r e  was repea ted  again until  no m o r e  dicyclohexylurea  sepa ra t ed  out, and 
then th.e mo the r  solution was evapora ted  to d ryness  in vacuum, the res idue  was dissolved in isopropanol,  
and the r eac t ion  product  was isolated by the addition of n-hexane.  Yield quantitative, composi t ion  C23H31N3Os, 
mp 95-100°C, [ ~ ] ~ - 2 0  ° (c 2; e thanol) ,Rf  0.42 [TLC (5)]. The subs tance  decomposed  on standing. 

Methyl  E s t e r  of N~-Benzy loxycarbonyl -NC~- te r t -bu toxycarbonyl -L- lysy l -N -benzyloxycarbonyl -F  L-- 
lysine" {VII). To a solution of 7.7 g of the N-hydroxysucc in imide  e s t e r  of N -benzy loxyca rbony l -N~- t e r t  - 
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butoxycarbonyl -L-- lys ine  (VI) in 40 m l  of absolute  dioxane was added 3.45 g of the hydroch lor ideof  themethy l  
e s t e r  of N~-benzy loxyca rbony l -L - ly s ine  (I) in 40 m l  of methylene  chloride, and the mix tu re  was cooled to 
0°C, a f t e r  which 3.93 m l  of t r i e thy lamine  was added; the reac t ion  mix tu r e  was left  at r oom t e m p e r a t u r e  for  
24 h, and then 600 ml  of watex was added, and the  oil that s epa ra t ed  out was ex t rac ted  with ethyl acetate;  
the ethyl ace ta te  ex t rac t  was  washed with 10% c i t r i c  acid, a 10% solution of sodium carbonate ,  and wi thwater  
After  drying with sodium sul fa te  and evapora t ion  of the solvent  in vacuum, the res idua l  oil was c rys ta l l i zed  
f r o m  pe t ro l eum ether .  The  yield was quantitative; composi t ion C34H48OgN4, m p  110-111°C (from methanol),  
[o~]~-15.25 ° (c 2; methanol),  Rf  0.23 [TLC (5)], Rf 0.95 [:PC (1)]. 

Methy lamide  of N ° Z - B e n z y i o x y c a r b o n y l - l ~ - t e r t - b u t o x y c a r b o n y l - L - - l y s y l - N e - b ~ z y l o x y c a r b o n y l - L -  
lys ine  (VIII). To a solution of 5.5 g of Boc -Lys (Cbz) -Lys (Cbz ) -OMe (VII) in 100 ml of absolute ether  was 
added 4 m l  of conde~sod dehydrated methylamine .  The reac t io~  mix tu re  was left at room t e m p e r a t u r e  for  
s e v e r a l  days,  and then the solvent  was dr iven off in vacuum, and the solid res idue  was r ec rys t a l l i zed  f r o m  
methanol;  composi t ion  C~O48N509. Yield 5.3 g (95%), mp 150-152°C, [ ~ ] ~ - 1 6 . 5 0  (c 1.7; methanol),  Rf 0.6 
[TLC (3)]. 

Methylamide of N°~-Acetyl-l~-benzyloxycarbonyl-L-lysyl-Ne-benzyloxycarbonyl-L-lysine (X). A so- 
lution of 3.3. g of Boc-  Lys (Cbz) -L-Lys  (Cbz)-NHCH 3 (VIII) in 30 m l  of f r e sh ly  dis t i l led t r i f luoroace t ic  acid 
was s t i r r e d  without the  acce s s  of m o i s t u r e  fo r  1 h; a f te r  the reac t ion  mix tu re  had been d isso lved  in ethyl 
ace ta t e  and the solvent  had been evapora ted  off in vacuum th r ee  t imes,  the me thy lamide  of the t r i f luoro-  
ace ta te  o f lXr~-benzy loxycarbony l -L- lysy l -Ne-benzy loxycarbony l -L- lys ine  (XI) was isolated,  and it was used 
in the synthes is  without pur i f ica t ion and identification. To 2.3 g of (IX) in 20 ml  of d ime thy l fo rmamide  were  
added 0.66 g of N-ace toxysucc in imide  in 20 m l  of d ime thy l fo rmamide  and 4 ml  of t r i e thy lamine  to pH 5-6. 
The reac t ion  mix t u r e  was s t i r r e d  for  24 h (during which t ime  a p rec ip i t a te  deposited), a f te r  which 100 m l  
of water  was added; the p rec ip i t a te  was f i l te red  off and washed on the f i l t e r  with 1 ,N hydrochlor ic  acid and 
with wa te r  to neutra l i ty .  Yield 1.5 g (60%), composi t ion  C31H43NsO7. After reprec ip i ta t ion  f rom dimethyl-  
f o r m a m i d e  wi thwate r ,  mp  218-2190C, [c~]}~-13 ° (c 1; d i m e t h y l f o r m a m i d e ) R f  0.45 [T LC (6)]. 

Af ter  the p ro t ec t ive  groups had been r emoved  f rom par t  of the product  by t r ea tmen t  with g lac ia l  ace -  
tic acid sa tu ra ted  with hydrogen bromide ,  on a pape r  c h r o m a t o g r a m  (sys tem 1) a main  spot with Rf 0.14 
was found, with a sma l l  amount of impur i ty  at the s ta r t .  To obtain a chromatograph ica l ly  pure  prepara t ion ,  
0.5 g of CH3CO-Lys(Cbz)-Lys(Cbz)-NI-ICH 3 (X) was dissolved in 500 ml  of a m ix tu r e  of d ime thy l fo rmamide  
and wa te r  (4 : 1), 50 m l  of Dowex 50× 8 res in  {H +) equi l ibrated with the  s a m e  solvent was added, and the sus -  
pension was s t i r r e d  fo r  24 h to e l imina te  the nonacetylated ma te r i a l .  The res in  was r emoved  by f i l t rat ion,  
the mothe r  solution was evapora ted  in vacuum to sma l l  volume,  and the reac t ion  product  was isolated by the 
addition of water .  

Dihydrochlor ide  of the Methylamide  of N a - A c e t y l  - L - l y s y l - L - l y s i n e  (XI). Without additional pur i f ica-  
tion, 0.6 g of CH3CO-Lys (Cbz)-Lys(Cbz)-NHCH 3 was dissolved in 100 m l  of d ime thy l fo rmamide  and hydro-  
genated in a cur ren t  of hydrogen over  Pd black at r oom t e m p e r a t u r e  for  6 h. After  el imination of the so l -  
vent in vacuum, the r e s idue  was dissolved in 6 ml  of absolute  methanol  andthe reac t ion  product was isolated 
by the addition of e ther .  The  subs tance  is hygroscopic  and the re fo re  a f te r  the decantation of the bulk of 
the solvent  it was dr ied  in a vacuum des i cca to r  ove r  ca lc ium chloride.  Yield 0.1 g (25~c), composi t ion 
CisH35NsOmC12, mp 155-158°C, [c~]}~-20.12 ° (c 1.62; water)  Rf  0.14 [:PC (1)], and Rf  0.54; the amount of i m -  
pur i ty  with Rf  0.54 can be  cons iderably  reduced by washing the p rec ip i ta te  with ethyl ace ta te  af ter  the de-  
cantat ion of the bulk of the solvent  and be fo re  drying. 

The 14C de r iva t ives  of compounds (II, HI, IV, X, and XI) w e r e  obtained by the s a m e  method. The 14C 
was introduced at the acetyla t ion s tage with the aid of N- ([14C]acetoxy)succinimide. 

SUMMARY 

For model investigatians, two representatives of the N-methylamides of NC~-acetylated oligolysines 
of the general formula CH3CO- (Lys)n-NHCH 3, with n= 1 and 2, have been synthesized. 
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