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The low-molecu la r -we igh t  synthetic  analogs of his tones and p ro tamines  can be used  to obtain c o m -  
plexes  with DNA and to study their  t he rm a l  s tabi l i t ies  [1]. The synthes is  of such oligopeptides as the s i m -  
p les t  model  compounds is the re fo re  of definite in te res t .  

In this pape r  we r e p o r t  the synthes is  of ol igopeptides with the following sequences:  BOC-[(Ne-Cb)-  
Lys]6-OCH3; BOC- [(Ne-Cb)-Lys]  8-OCH3; BOC-Ala -  [(Ne-Cb)-Lys]4-Ala-OCH3; and BOC-Ala -  [(Ne-Cb)-Lys]6-  
AIa-OCH 3. These  ol igopeptides a re  in te rmedia tes  for  the p repa ra t ion  of the indicated model compounds*  
The synthes is  was accompl ished  by the method of mixed anhydrides and by the carbodi imide  method. A 
BOC group was used to p ro tec t  the a - a m i n o  group of lysine and alanine,  while a carbobenzoxy group was 
used  to p ro tec t  the Ne-amino  group of lys ine .  The in te rmedia te  BOC-pept ides  were  obtained by saponi f ica-  
tion of their  methyl  e s t e r s .  

E X P E R I M E N T A L  M E T H O D  

Th in - l aye r  ch romatography  was c a r r i e d  out on a fixed l ayer  of s i l ica  gel (250 mesh  with 75 • 25 m m  
pla tes) .  The s y s t e m s  were  as f o l l o w s : w a t e r - a c e t i c  a e i d - n . b u t a n o l  (30:10:100) (A), 3% ammonium hydrox-  
i d e - s e c . b u t a n o l  (44:100) (B), and t o l u e n e - d i o x a n e - h e p t a n e - a c e t i c  acid (5:3:1.5:0.5) (C). All of the amino 
acids used  were  L f o r m s .  

BOC-[(Ne-Cb)-Lys]2-OCH3 (I). A total  of 3.6 ml of IBCF was added to 10 g of a - B O C - N e - C b - L y s  - 
OH in 20 ml of THF and 3.7 ml of TEA at - 1 5  ~ After  15 min,  a solution of 9.12 g of the hydrochlor ide  of 
(Ne-Cb)-Lys-OCH3 in 3 ml of THF with 3.7 ml of TEA was added. At the end of the reac t ion  the solvent 
was evapora ted ,  the res idue  was dissolved in 100 ml of ethyl ace ta te ,  and the solution was t rea ted  s u c c e s -  
s ive ly  with 0.1 N NaHCO 3 (three 5 ml por t ions) ,  10% ci t r ic  acid (three 5 ml por t ions) ,  and wa te r .  The solu-  
tion was dr ied over  Na2SO 4 to give 13.6 g (80%) of (I) with mp 95-97 ~ (ethyl a c e t a t e - h e x a n e ) ,  [a]]~ 4 - 5 . 6  ~ 
(C 1.02, alcohol),  Rf  (A) 0.96, and Rf  (B) 0.84. 

BOC-[(Ne-Cb)-Lys]2-COOH (II). A solution of 3 g of (I) in 50 ml of acetone was added to 50 ml of 
0.1 N NaOH, and the mix ture  was held at 20 ~ for  2 h. The unchanged ma te r i a l  was ex t rac ted  with ethyl 
ace ta te .  The aqueous phase  was acidif ied with c i t r ic  acid at 0 ~ to pH 3-4 and ex t rac ted  with four 20 ml p o r -  
t ions of ethyl ace ta te .  The ethyl aceta te  solution was washed with water  to neut ra l  pH, dr ied over  Na2SO4, 
and evapora ted  to give 2.8 g (93%) of oily (II) with [a]i~2 - 7 . 1  ~ (C 2.5, alcohol),  Rf (A) 0.79, and Rf  (B) 0.72. 

BOC-[(Ne-Cb)-Lys]3-OCH ~ (III). A total  of 0.8 g of DCHCD was added to a solution of 2.33 g of (II) 
in 6 ml  of THF at - 1 0  ~ and, a f ter  15 min,  2.274 g of the hydrochlor ide  of (Ne-Cb}-Lys-OCH3 in 4 ml  of THF 
and 0.54 ml of TEA was added to the mix ture .  After  24 h, 0.3 ml of glacial  acet ic  acid was added. The solu-  
tion was then evapora ted ,  and the r e s idue  was dissolved in 70 ml of ethyl ace ta te .  The dicyclohexylurea  was 
f i l t e red ,  and the solution was evapora ted .  The product  was dissolved in ethyl aceta te  and worked up as in 
the p repa ra t ion  of (1) to give 2.9 g (90%) of oily (III) with [G]D22 --8.98 ~ (C 2.7, alcohol),  Rf  (A) 0.98,and Rf 
(]3) 0.96. 

BOC-[(Ne-Cb)-Lys]3-COOH (IV). A total  of 20 ml of 0.1 N NaOH was added to 1.3 g of (III) in 20 ml  
of acetone,  and the mix tu re  was held at 20 ~ for  160 min.  The subsequent  workup and isolat ion were  s im i l a r  

*BOC is a t e r t -bu toxycarbony l  group, Cb is a carbobenzoxy group,  THF is t e t rahydrofuran ,  TEA is t r i e thy l -  
amine ,  DCHCD is d icyclohexylcarbodi imide ,  and IBCF is isobutyl ch lo ro fo rma te .  
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to the methods used to obtain (II). The yield of amorphous (IV), reprecipitated from chloroform with ether, 
was 1 g (77%); the product had [oz]i~2-8.6 ~ (C 1.28, alcohol) and Rf(B) 0.6. 

H-[(N~-Cb)-Lys]3-OCH.~ Hydrochloride (V). A solution of 1.2 g of (Ill) in 30 ml of 2.93 N HCI An ethyl 
acetate was held at 20 ~ for 2 h and evaporated. The residue was triturated with absolute ether. Two re- 
precipitations from ethyl acetate with ether gave 1.05 g (92%) of amorphous V with Rf (A) 0.82. 

BOC-[~I~-Cb)-Lys]6-OCH3 (VI). A total of 0.26 g of DCHCD was added to a solution of 1 g of (IV) in 
3 ml of CH2CI 2 at -5 ~ After 30 rain, 0.935 g of iV) in 3 ml of CH2CI 2 and 0.17 ml of TEA was added to this 
mixture. After 24 h, 0.3 ml of glacial acetic acid was added, and the mixture was worked up as in the case 
of (III) to give 1.44 g (77.4%) of amorphous (VI) with mp 86-88 ~ (ethyl acetate-hexane), [o~]i~3 -17.9 ~ (C 1.7, 
alcohol), Rf (A) 0.88, Rf (B) 0.94,and Rf (C) 0.68. 

CF3COOH -H-[(N~-Cb)-Lys]6-OCH3 (VII). A solution of 1 g of (Vl) An 2 ml of absolute trifluoroacetic 
acid was allowed to stand for 80 min and was t-hen treated with 2 ml of absolute benzene and vacuum evapo- 
rated (this operation was repeated twice). The residue was triturated with absolute ether and then dissolved 
in 1 ml of ethanol and precipitated with absolute ether to give 0.8 g (80%) of powdery (VII) with Rf C A) 0.85. 

BOC-[(N~-Cb)-Lys]8-OCH~ (VIH). A total of 0.II g of DCHCD was added to 0.361 g of (H) in 2 ml of 
THF at -5~ After 30 rain, 0.85 g of (VII) in 4 ml of THF and 0.075 ml of TEA was added. After 24 h, 0.i 
ml of acetic acid was added. The subsequent workup and isolation were similar to those used to obtain (IIl). 
Two reprecipitations from 1 ml of ethanol with ether gave 0.85 g (78%) of powdery (VIII) with [oz]i~4 -21 ~ 
(C 0.91, alcohol), Rf (A) 0.92,and Rf (B) 0.91. 

BOC-AIa-[(N~-Cb)-Lys]3-OCH 3 (IX). A total of 0.612 g of DCHCD was added to 1.35 g of BOC-AIa- 
(N~-Cb)-Lys-COOH An 5 ml of THF at -I~. After 20 rain, 2 g of H-[(N~-Cb)-Lys]2-OCH~ trifluoroaeetate 
An 5 ml of THF and 0,416 ml of TEA was added. The conditions used to carry out the reaction, work-up, and 
isolation were similar to those used to obtain (Ill). The yield of amorphous (IX) was 1.6 g (77%) (chloroform 
-ether); the product had IOn]D2~ ~ (C 1.24, alcohol), Rf (A) 0.88, Rf (B) 0.91, and Rf (C) 0.62. 

BOC-[(N~-Cb)-Lys]3-AIa-OCH~ (X). A total of 0.6 g of DCHCD was added to a solution of 1.75 g of (IV} 
An 5 ml of THF at -5 ~ After 20 rain, 1.35 g of H-(N~-Cb)-Lys-AIa-OCH~ trifluoroacetate in 4 ml of THF 
and 0.375 ml of TEA was added to this mixture. The reaction was carried out and worked up in the same 
way as in the preparation of (gl) to give 1.5 g (55%) of (X) with mp 79-80 ~ (ethyl acetate-ether), [o~]i~2 -16.9 ~ 
(C 1.85, alcohol), Rf(A) 0.95, Rf(B) 0.95,and Rf (C) 0.65. 

BOC-AIa-[(N~-Cb)-Lys]3-COOH (X1). A total of 4 ml of 1 N NaOH was added to a solution of 1 g of 
(X) An 8 ml of acetone, and the mixture was allowed to stand for 2 h and worked up in the same was as in the 
preparation of (II) to give 0.9 g (90%) of oily (Xl) with Rf (B) 0.7. 

CF.~COOH .H[(N~-Cb)-Lys]3-AIa-OCH~ (XII). A solution of 1.5 g of (X) in 2.5 ml of absolute trifluoro- 
acetic acid was allowed to stand for 30 rain, 3 ml ()f absolute benzene was added, and the mixture was vaelmm 
evaporated three times. Two reprecipitations from alcohol with ether gave 1.3 g (89%) of amorphous (XII) 
with Rf C A) 0.71. 

BOC-AIa-[(N~-Cb)-Lys]6-AIa-OCH3 (XIII). A total of 0.22 g of DCHCD was added to a solution of 1 g 
of (II) in3mlofTHF at -10% After 20 min, Igof (XII) in 3mlofTHF and 0.14 mlofTEAwas added to 
the mixture. The reaction was carried out and worked up in the same way as in the preparation of (III). The 
product was purified by column chromatography with silica gel using alcohol as the eluent to give 1.2 g 
(62.8%) of powdery (XIII) with IOn]D2~ -40 ~ (C 2.00, alcohol), Rf (A) 0.86, and Rf (B) 0.84. 

CF~COOH �9 H-[(NH~-Cb)-Lys]2-OCH~ (XIV). A solution of 2 g of (1) in 4 ml of trifluoroacetic acid was 
allowed to stand for 45 min, 4 ml of absolute benzene was added, and the mixture was vacuum evaporated. 
The residue was dissolved in 2 ml of alcohol and precipitated with ether to give 1.8 g (88%) of (XIV) with 
[O~]D22--2.24 ~ (C 2.27, alcohol) and Rf C A) 0.71. 

BOC-AIa-[(N~-Cb)-Lys]2-OCH.~ (XV). A total of I.I g of DCHCD was added to a solution of 2 g of BOC- 
Ala in 3 mlof THF at-10 ~ After 20 mill, 3.54 gof (XIV) An I0 mlofTHF and 0.736 mlofTEAwas added 
to the mixture. The reaction was worked up as An the case of (III) to give 3 g (86%) of oily (XV) with [~]i~ ~ 
-18.8 ~ (C 2.7, alcohol), Rf (A) 0.96, and Rf (B) 0.95. 

BOC-[(N~-Cb)-Lys]2-AIa-OCH3 (XVI). A total of 0.96 g of DCHCD was added to a solution of 3 g of 
(If) in ii ml of THF at -10% After 20 man, 0.656 g of H-AIa-OCH 3 hydrochloride in 2 ml of THF and 0.65 ml 
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of TEA was added to the mixture .  The mixture  was worked up as in the case of (III) to give 2 g (60%) of 
(XV1) with [O~]D2~--6.5 ~ (C 2.2, alcohol), Rf  (A) 0 .96 ,andRf  (B) 0.92. 

BOC-Ala-[(Ne-Cb)-Lys]2-COOH (XVII). (XV) (2.25 g) was dissolved in 16 ml of acetone, 8 ml of I N 
NaOH was added, and the mixture  was allowed to stand for  2 h. The mixture  was then worked up as in the 
case of (II) to give 1.75 g (79%) of amorphous (XVII) ( reprecipi ta ted f rom c h l o r o f o r m - e t h e r  with hexane) 
with Rf CA) 0.7 and Rf (B) 0.69. 

CF.~COOH.H-(Ne-Cb)-Lys-(Ne-Cb)-Lys-Ala-OCH~ (XVII1). (XVI) (1 g) was dissolved in 0.8 ml of 
absolute t r i f luoroacet ic  acid, and the solution was allowed to stand for 50 min. The mixture  was evaporated 
twice with absolute benzene and reprec ip i ta ted  twice f rom alcohol with ether  to give 0.76 g (76%) of powdery 
(XVIII) with Rf (A) 0.89. 

BOC-Ala-[(Ne-Cb)-Lys]t-Ala-OCH3 (XIX). A solution of 0.76 g of (XVII1) in 2 ml of THF, 0.152 ml 
of TEA, and 0.22 ml of DCHCD was added at - 5  ~ to 0.75 g of (XVII) in 3 ml of THF.  The mixture  was worked 
up as in the case of (III). The product  was reprec ip i ta ted  f rom ethyl acetate  with ether  and then t r i tu ra ted  
with hexane to give 1 g (72.4%) of (XIX) with [O~]D2'~ - 3 0  ~ (C 2.1, alcohol), Rf (A) 0.89, and Rf (B) 0.88. 

CO N C L U S I O N S  

Oligopeptides containing lysine and alanine and having the following sequences were  obtained: BOC- 
[(Ne-Cb)-Lys]~-OCH~, BOC-[(Ne-Cb)-Lys]8-OCH3, BOC-Ala-[(Ne-Cb)-Lys]4-Ala-OCH~, and BOC-Ala-[(N e- 
Cb)-Lys]rAla-OCH.~. 
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