
P E N T A C H L O R O P H E N Y L  A N D  2 , 4 , 5 - T R I C H L O R O P H E N Y L  

E S T E R S  OF g l y - l y s ( N e - t o s ) - l y s ( N e - t o s )  A N D  

T H E I R  P O L Y M E R I Z A T I O N  

K . T .  P o r o s h i n , *  V . K .  B u r i c h e n k o ,  UDC547.496 
L . I .  M a r ' y a s h ,  a n d  V . A .  S h i b n e v  

As was mentioned in [1, 2], polypeptides of r egu la r  s t ruc tu re ,  containing lysine r e s idues ,  a re  of in- 
t e r e s t  for  modeling his tones .  Lys ine-conta in ing  polypeptides were  obtained p rev ious ly  by the polycon-  
densat ion of the p-n i t rophenyl  and 2 ,4 ,6- t r ich lorophenyl  e s t e r s  of pept ides  with the amino acid sequences:  
g l y - l y s - l y s - ,  g l y - g l y - l y s ,  g l y - g l y - l y s - l y s - ,  and g l y - p r o - l y s -  [2, 3], and containing the Ne - to sy l  group in 
the e -pos i t i on  of lysine.  In a s ea rch  for  other  act ivated e s t e r s  in o rder  to synthes ize  lys ine-eonta in ing 
polypept ides  we set t led on the pentachlorophenyl  and 2 ,4 ,5- t r ich lorophenyl  e s t e r s  as having the mos t  p ro -  
mise  [4-9]. The high act ivi ty  of these  e s t e r s  can be seen f rom the half - l i fe  pe r iods  of the reac t ion  for  the 
ammono lys i so f t h epen t ach l o ropheny l ,  2 ,4 ,5- t r ich lorophenyl  and p-ni t rophenyl  e s t e r s  of c a rbobenzoxy-L-  
phenylalanine with benzylamine  in dioxane, which are  r e spec t ive ly  1.34, 4.9, and 23.2 min [10]. In the 
p r e s e n t  pape r  is r epor ted  the p repa ra t ion  of the pentachlorophenyl  and 2 ,4 ,5- t r ich lorophenyl  e s t e r s  of a t r i -  
pept ide,  which have the amino acid sequence g l y - l y s - l y s ,  and the i r  po lymer iza t ion .  We used the ca rb o -  
di imide method in the synthes is  of these pept ides ,  s ince in our case  it is cha rac t e r i zed  by convenience of 
use and in a number  of cases  is accompanied  by slight r acemiza t ion  [6]. The e -amino  group of lysine was 
p ro tec ted  by tosy l  p ro tec t ion  (tos), while the s - a m i n o  group of lysine and glycine was p ro tec ted  by ca rbo-  
benzoxy protect ion.  The use of tosyl pro tec t ion  is not op t imum in the case  of p repa r ing  the f ree  polypep-  
t ides ,  s ince i ts  subsequent  r e m o v a l  is c a r r i ed  out under  fa i r ly  d ras t i c  conditions, for  example ,  with so-  
dium in liquid ammonia .  Here  a ve ry  undes i rab le  par t i a l  des t ruc t ion  of the polypeptide chains occurs .  
However ,  when conducting a study of the po lymer iza t ion  poss ib i l i t i es  of var ious  act ivated e s t e r s  of pep-  
t ides ,  or  of act ivat ing agents ,  it is sufficiently sa t i s f ac to ry  as protect ion.  The combining of these two 
methods of p ro tec t ion  is convenient  only in the sense  that the tosyl  grouping is s table under the conditions 
employed to r em ove  the carbobenzoxy protect ion.  The reac t ion  of ca rbobenzoxy- (Ne- tosy l ) ly s ine  with 
e i ther  pentachlorophenol  or  2 ,4 ,5- t r ichlorophenol  and d ieyelohexylcarbodi imide  (DCDI) gives  e i ther  the 
pentachlorophenyl  or  2 ,4 ,5- t r ich lorophenyl  e s t e r  of ea rbobenzoxy- (Ne- tosy l )  lys ine ,  f r o m  which the c a r -  
bobenzoxy pro tec t ion  was  r emoved  by hydrobromino lys i s  (37% HBr/CH3COOH ). The obtained Ne - to sy l  - 
lys ine  e s t e r  hydrobromide  was r eac t ed  with ca rbobenzoxy- (Ne- tosy l ) ly s ine  in the p re sence  of d[cyclohexyl-  
earbodi imide .  The carbobenzoxy group was also r emoved  by hydrobromino lys i s  f r o m  the obtained act ivated 
N-acyldipept ide es te r .  The dipeptide e s t e r  hydrobromide  was r eac ted  with carbobenzoxyglycine  in the 
p r e s e n c e  of DCDI. Then the earbobenzoxy group was a lso  r emoved  f r o m  the act ivated t r ipept ide  e s t e r s  by 
hydrobromino lys i s .  The hydrobromides  of the pentachlorophenyl  and 2 ,4 ,5- t r ichlorophenyl  e s t e r s  of g ly-  
l y s - (N  e - t o s ) - l y s - ( N e - t o s )  obtained in this manner  were  po lymer i zed  in dimethyl  sulfoxide (DMSO) in the 
p r e sence  of the calculated amount of t r ie thylamine  at 20~ for  5 days. In p repa r ing  the polyt r ipept ides  
using the 2 ,4 ,5- t r ichlorophenyl  e s t e r s  we found that, depending on the p r o p e r t i e s  of the s ta r t ing  monomers ,  
polypept ides  with a va r i ab le  solubili ty in methanol a re  obtained. We assoc ia te  this c i r cums tance  with the 
va r i ab le  degree  of po lymer iza t ion  of the polyt r ipept ides .  The ave rage  molecu la r  weight of the polypeptides 
was de te rmined  by the van Slyke method. It was equal to 21,000 for the polypeptide obtained f rom the pen-  
tachlorophenyl  e s t e r  of the t r ipept ide ,  and 7000 for  the polypeptide obtained f rom the 2 ,4 ,5- t r iehlorophenyl  
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Fig. 1. Inf rared  spec t ra  of polypeptides (g ly- lys- (N~-  
to s ) - ly s - (Ne- tos )a ,  obtained using the 2 ,4 ,5- t r ich loro-  
phenyl and pentachlorophenyl es te r s :  17 polytripeptide,  
soluble in CH3OH , with a tool. wt. of 5500 and 7000 
(Van Slyke); 2) polytripeptide,  insoluble in CH3OH , 
with amol .  wt. of approximately 21,000 (based on the 
IR spectrum); 3) polytripeptide,  insoluble in CH3OH 
and obtained using the pentachlorophenyl es te rs ,  with 
a mol. wt. of 27,000 and 21,000 (Van Slyke). 

es te r  of the peptide, which was soluble in methanol. The molecular  weight of the methanol-insoluble poly-  
mer sample was not determined by the Van Slyke method due to the poor solubility. We made an attempt to 
compare  the molecular  weights obtained by the Van Slyke method with the molecular  weights that were cal-  
culated f rom the IR spect ra  [11]. We calculated the degree of polymerizat ion and the molecular weights of 
the po lymers  by comparing the intensities of the absorption bands in the 1650 cm - t  region (band of amide-I) 
and in the 1740 cm -I  region (band of es te r  grouping) (Fig. 1). The molecular  weights were equal to 27,000 
for the polypeptide obtained via the pentachlorophenyl es ter ,  5500 for the methanol-soluble polypeptide, 
and 21,000 for the methanol-insoluble sample,  which were obtained via the 2,4,5-tr ichlorophenyl ester .  

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

Lysine L - F o r m .  The TLC was run on plates covered with a bound layer  [250 mesh, sil ica g e l - g y p -  
s u m - w a t e r  (3 : 0, 35 : 30)], in the sys tems:  n -butanoI -3% NH4OH (100 : 44) (system A), n -bu t ano l -wa t e r  
- CH3COOH (4 : 1 : 1) ( sys t em B), and e thanol -benzene  {1 : 5) (system C). The developer was ninhydrin and 
iodine. The IR spec t ra  were taken on a UR-10 speetrophotometer .  The samples were prepared  as KBr 
pellets.  The concentrat ion was 1.5/220 mg of KBr. 

Pentachlorophenyl  Es te r  of Carbobenzoxy-(Ne-tosyl) lys ine  {I). A solution of 1.3 g of carbobenzoxy-  
(N~-tosyl)iysine [12] in 10 ml of absolute ethyl acetate was added to a solution of 0.6 g of DCDI in ethyl 
acetate.  The mixture was s t i r red  at 0-5 ~ for 15 rain, after which 0.84 g of pentachlorophenol was added. 
The s t i r r ing  was continued at 0-5 ~ for 3 h and then the mixture was allowed to stand overnight at room tem- 
pera ture .  The excess  DCDI was decomposed with glacial acetic acid. The obtained precipitate was fi l-  
tered,  while the fi l trate was concentrated in vacuo. The residue was redissolved in ethyl acetate, and the 
insoluble portion was f i l tered again, and this procedure  was repeated several  t imes.  The ethyl acetate 
solution was washed in success ion with H20 , HC1 and 5% NaHCO 3 solution, after which it was dried over 
Na2SO 4 and the solvent was removed in vacuo. A white solid residue was obtained, which was r e c r y s t a l -  
lized f rom methanol, Ethyl acetate was used for the recrys ta l l iza t ion  and the yield was 92%; mp 151~ Rf 
0.96 (system B) and 0.9 (system At. Found: N 4.00%~ C26H23OGN2C15S. Calculated: N 4.10%. 

Hydrobromide of Pentaehlorophenyl  Ester  of Ne- tosyI- lys ine  (II). To a solution of 2 g of (I) in 2.6 
ml of glacial acetic acid was added 2.6 ml of 37% HBr/CH3COOH and the mixture was s t i r red  vigorously 
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for  30 rain. Then e ther  was added to p rec ip i ta te  the white c rys ta l l ine  (II); yield 69%; mp 132~ Rf 0.71 
( sys tem B). 

Pentachlorophenyl  Es t e r  of C a r b o b e n z o x y - ( N e - t o s y l ) - l y s - ( N a - t o s y l ) l y s i n e  (III). To a solution of 
1.6 g of ca rbobenzoxy- (Ng- tosy l ) lys ine  in 10 ml of ethyl aceta te  at - 5  ~ was added a solution of 0.76 g of 
DCDI in ethyl aceta te  and, af ter  15 min, with s t i r r ing ,  to the reac t ion  mixture  was added a mixture  of 2.3 
g of (II) and the calculated amount of (C2Hh)3N. 

The mixture  was s t i r r e d  for  3 h at 0-5 ~ and then allowed to stand overnight  at 20 ~ The excess  DCDI 
was des t royed  with 0.5 ml of glacial  acet ic  acid. The obtained p rec ip i t a te  of d icyclohexylurea  was f i l tered.  
The ethyl aceta te  solution was washed in success ion  with wa te r ,  1 N HC1 solution and 5% NaHCO 3 solution, 
a f te r  which it was dr ied over  Na2SO 4 and vacuum-dis t i l l ed .  The (III) obtained in this manner  was r e c r y s -  
ta l l ized f r o m  methanol; yield 91%; mp 70~ Rf 0.69 ( sys tem A). [o~]~- 1.75 (C 1.5; CH3OH). Found: N 
6.25%. C40H43Ot0N4S2C15. Calculated: N 5.81%. 

2 ,4 ,5-Tr ich lorophenyl  Es t e r  of C a r b o b e n z o x y - ( N e - t o s y l ) - l y s - ( N g - t o s y i ) l y s i n e  (IV). Obtained in the 
same  manner  as compound (IID f rom 2.7 g of ea rbobenzoxy- (Ne- tosy l ) ly s ine ,  1.3 g of DCDI, 3 .5g of the 
hydrobromide  of the 2 ,4 ,5- t r ich lorophenyl  e s t e r  of Ne- tosy l lys ine  and 0.9 ml of N(C2Hh) 3. The obtained 
(IV) was r e c r y s t a l l i z e d  f rom ethanol; yield 68%; mp 85~ Rf 0.86 ( sys tem A) and 0.86 ( sys tem C). [~]~ 

- 10.5 (C 1.5; CH3OtD. Found: N 6.6%. C40H45OIoN4S2CI 3. Calculated: N 6.25%. 

Hydrobromide  of Pentaehlorophenyl  Es t e r  of (NS- to sy l ) - Iy s - (N  e - to sy l ) ly s ine  (V). To a solution of 
3.2 g of (III) in 2 ml of g lac ia l  acet ic  acid was added 3 ml of 37% HBr /g l ac i a l  acet ic  acid. The reac t ion  
mix ture  was  allowed to stand at 20 ~ for  25 rain, a f t e r  which ether  was added to give a pale yel low 
flocculent  p rec ip i t a te  of (V), which was washed well  with e ther  to r e m o v e  any res idua l  HBr and acet ic  
acid, and then dr ied in a v a c u u m - d e s i c c a t o r  over  NaOH. The yield of (V) was 83%; Rf 0.83 ( sys tem B). 

Hydrobromide  of 2 ,4 ,5-Tr ich lorophenyI  Es te r  of ( N e - t o s y l ) - l y s - ( N e - t o s y l ) l y s t n e  (VI). Obtained in 
the same  manner  as (V), s ta r t ing  with 3.9 g of (IV), d issolved in 3 ml of glacia l  acet ic  acid, and 3.7 ml of 
37% HBr /g l ac i a l  acet ic  acid. The reac t ion  mixture  was allowed to stand at 20 ~ for  25 rain, a f te r  which 
e ther  was added to p rec ip i ta te  (VI), which was washed well  with e ther  and then dried in a v a c u u m - d e s i c c a -  
tor  over  NaOH. The yield of (VI) was 68%, mp 96-98~ Rf 0.53 ( sys t em C). 

Pentachlorophenyl  Es t e r  of C a r b o b e n z o x g - g l y - ( N e - t o s y l ) - l y s - ( N e - t o s y l ) l y s i n e  (VID. Obtained in the 
s ame  manner  as (IV) f r o m  0.573 g of carbobenzoxyglyeine ,  0.57 g of DCDI, hydrobromide  (V) and 0.4 ml of 
(C2H5)3N. The reac t ion  product  was r e c r y s t a l i i z e d  f i r s t  f r o m  an ethyl a c e t a t e - p e t r o l e u m  ether  mixture ,  
and then f r o m  methanol.  The yield of (VII) was 71%; mp 63-64~ Rf 0.73 ( sys tem C), 0.96 ( sys tem B). 
[o~]~ - 10.5 (C 1.5; CH3OH). Found: N 7.07%. C42H45Ot!NhS2C15. Calculated: N 6.86%. 

2 ,4 ,5-Tr ich lorophenyl  Es t e r  of C a r b o b e n z o x y - g l y - ( N e - t o s y l ) - l y s - ( N e - t o s y l ) l y s i n e  (VIII). Obtained 
in the same  manner  as (III) f r o m  0.81 g of carbobenzoxyglycine ,  0.81 g of DCDI, 3.1 g of (VI) and 0.5 ml 
of N(C2Hh) 3. The reac t ion  product  was r ec ry s t a l l i z ed  f r o m  ethanol. The yield of (VIII) was 60%; mp 54- 
56~ Rf 0.73 ( sys t em C), 0.95 ( sys t em B). [ ~ ] ~ -  17.5 (C 1.5; CH3OI D. Found: N 7.30%. C42H47OiiNhS2C13. 
Calculated: N 7.34%. 

Hydrobromide  of Pentachlorophenyl  Es t e r  of g l y - ( N e - t o s y l ) - l y s - ( N S - t o s y l ) l y s i n e  (IX-). To a solu- 
tion of 1 g of (VII) in 1 ml of glacia l  acet ic  acid was added 0.4 ml of 37% HBr /g l ae i a l  acet ic  acid and the 
reac t ion  mix ture  was allowed to stand at 20 ~ for  25 min. The obtained (IX) was p rec ip i t a ted  with ether .  
The yield of (IX) was 68%; mp 140-143~ Rf 0.7 ( sys t em B). [ce ]~-  8.76 (C 1.5; CH3OI-I ).  Found: N 7.63%. 
C34H3909N5S2C15Br. Calculated: N 7.23%. 

Hydrobromide  of 2 ,4 ,5-Trichlorophenyl  Es t e r  of g l y - ( N g - t o s y l ) - l y s - ( N S - t o s y l ) l y s i n e  (X). To a solu-  
tion of 1 g of (VIII) in 0.7 ml of glacia l  acet ic  acid was added 0.41 ml of 37% HBr /g lac i a l  acet ic  acid. The 
obtained solution was kept ,  with constant  s t i r r ing ,  at 20 ~ for  25 rain. Prec ip i ta t ion  with e ther  gave the 
c rys ta l l ine  (X), which was washed with e ther .  The yield of (X) was 63%; mp 116-118~ Rf 0.7 ( sys tem B). 
[o~]~-  7 (C 1.5; CH3OH ). Found: N 7.92%. C34H41OgN5C13BrS 2. Calculated: N 7.8%. 

P o l ~ i z  ation of the _H~drobro mides of the Pentachlorophenx1 a_nd 2~_4~-T_rie_hlorop_hennxgLE st__eer s of 
gly-(N~-tosyli-l--~-(-N~--t-osy-i)iysVme] - l$or-ti~e po lymer iza t ion  we took 0.5 g of the appropr ia te  hydrobro-  
mide (IX) or  (X), using a 60% concentra t ion in DMSO solution, at 20 ~ At the end of five days methanol was 
added to the ampule  and the polypeptides were  prec ip i ta ted  as white amorphous  p rec ip i t a t e s .  When p r e -  
par ing  the polyt r ipept ides  using the 2 ,4 ,5- t r ich lorophenyl  e s t e r s  it was  found that  the molecu la r  weight 
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depends on the purity of the starting monomer. The molecular weight of the polypeptide, obtained by the 
polymerization of the pentachlorophenyl ester ,  was 21,000, while the molecular weight of the methanol- 
soluble polymer obtained from the trichlorophenyl ester  was 7000 (Van Slyke method); the molecular 
weights, calculated from the IR spectra,  were respectively 27,000 and 5500; for the methanol-insoluble 
polypeptide the tool. wt. was 21,000. 

C O N C L U S I O N S  

1. The hydrobromides of the pentachlorophenyl and 2,4,5-trichlorophenyl esters were synthesized by 
the carbodiimide method. 

2. The polymerization of the indicated peptides gave polypeptides of regular structure with the amino 
acid sequence: [gly-lys(Nr162 with a molecular weight of 21,000 in the case of the poly- 
merization of the tripeptide pentachlorophenyl es ter ,  and 7000 in the case of the polymerization of the t r i -  
peptide 2,4,5-trichlorophenyl es ter  (Van Slyke method). Calculation of the molecular weights from the IR 
spectra gave values of respectively 27,000 and 5500. 
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