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Continuing an investigation [1, 2] of the peptide f ragments  of cytochrome e di rect ly  connected with 
the prosthet ic  group, we have synthesized a substituted heptapeptide (VII) and a nonapeptide (XIII) c o r r e -  
sponding to sequences 11-17 and 14-22 of the protein chain of yeas t  cy tochrome c. Both f ragments  include 
two cysteine res idues  (14 and 17) which a re  capable of forming a covalent bond with the vinyl substi tuents 
of heroin. The choice of pro tec t ive  groups was governed by the possibil i ty of their  subsequent removal  
under the conditions of the creat ion of heme-pept ide  complexes  (sodium in liquid ammonia). 

The heptapeptide (VII) was obtained by condensing the tr ipeptide (IV) aad the te t rapept ide (VI) [1] in 
the p resence  of N,N'-dicyclohexylcarbodi imide and of two equivalents of N-hydroxysuccinimide.  

The dipeptide (I) was synthesized by condensing N-benzyloxycarbonyl -L- threonine  [3] and the methyl 
e s t e r  of n i t ro -L-a rg in ine  [4] by the carbodiimide method. The N-benzy loxycarbonyl -Ne- tosy l -L- lys ine  
residue was introduced with the aid of the p-ni trophenyl  or  the N-hydroxysuccinimide es te r .  The t r ipep-  
tide (lid was saponified with 1 N caustic soda in dioxane for  1 h. The scheme of the synthesis  of the sub- 
sti tuted heptapeptide is given below. 
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All the amino acids have the L configuration, and 

O 

Z=OCOCH2~Ns; Tos=SO:C6H~CHa; Su-----N~ I ;  

O 
BzI= CH2CGHs; Me~CH3. 

The nonapeptide (XIII) was obtained by condensing the te t rapepfide (X) and the pentapepfide (XII) [2] 
by the carbodi imide  method in the p r e s e n c e  of two equivalents of N-hydroxysuccinimide.  

The te t rapepf ide  (X) was synthesized by the succes s ive  growth of the chain f rom the C end by the 
mixed anhydride method.  We may  note that the use of this method at the s tage of  the p repa ra t ion  of the 
tr ipeptide (IX) gave unsa t i s fac to ry  resu l t s .  Consequently, the tr ipeptide (IX) was obtained in good yield 
(95%) by the "act ivated e s t e r "  (N-hydroxysuceinimide es te r )  method. The protect ion of the carboxy group 
of the C- t e rmina l  cys te ine  res idue  was effected by sa l t  fo rmat ion  [5]. As the base  for  sa l t  fo rmat ion  we 
used e i ther  t r i e thy lamine  o r  N-methylmorphol ine .  Then we used the scheme of synthesis  of the substi tuted 
nonapepfide given on the next page. 

All the amino acids  have the L configuration, and 
o 

Z-~OCOCH2CsHs; BOC=OCOC(CHa)a; Su=--N ; 

// 
O 

Tos=SO2C6H4CHa; BzI=CH2CsH5. 

The individuality of the compounds obtained in the course  of the synthesis  was shown by c h r o m a t o g -  
raphy in a thin l aye r  of s i l ica  gel in var ious  sys t ems .  

The s t ruc tu re s  of the nonapeptide (XIII) and the heptapeptide (VII) was conf i rmed by their  acid hydro I -  
ys i s  and by the resu l t s  of  the subseauent  chromatography  of the hydro lysa te  (Leningrad type B [ ~fas t ' ]  
paper)  in the wa te r  - 88% fo rmic  acid - te r t -butanol  (15 : 15 : '/0) sys t em.  The c h r o m a t o g r a m  showed the 
p re sence  of all the amino acids making up the pept ides  (XIII) and (VII). A quantitative amino-ac id  analysis  
was p e r f o r m e d  for  compound (VII). 

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

The compounds were  ehromatographed  in a nonfixed l aye r  of s i l ica  in the following sys tems:  1) 
b e n z e n e - e t h y l  aceta te  (7 : 3); 2) b e n z e n e - e t h y l  aceta te  (2 : 1); 3) c h l o r o f o r m - m e t h a n o l - a c e t o n e  (8 : 1 : 1); 
and 4) b u t a n o l - a c e t i c  a c i d - w a t e r  (4 : 1 : 1). The e l emen ta ry  ana lyses  of all  the compounds cor responded  
to the calculated f igures .  

Methyl E s t e r  of N - B e n z y l o x y c a r b o n y l - L - t h r e o n y l - n i t r o - L - a r g i n i n e  (I). At 40 ° C, 0.50 g of the hy-  
drochlor ide  of the methyl  e s t e r  of n i t ro -L-a rg in ine  was dissolved in 3 ml  of d imethy l fo rmamide ,  and 0.26 
ml of t r i e thy lamine  in 3 ml of methylene chloride was added, a f te r  which the mix tu re  was cooled and, with 
s t i r r ing,  added to a solution of 0.43 g of N-benzy loxycarbony l -L- th reon ine  in 3 ml  of  t e t rahydrofuran .  The 
resul t ing mix tu re  was cooled to 0 ° C, and 0.39 g of N,N ' -d icyc lohexylcarbodi imide  was added. Af ter  s t i r -  
r ing at  0 ° C for  1 h and a t  20 ° C for  20 h, the d icyclohexylurea  was f i l te red  off, and the solvent  was dr iven 
off in vacuum. 

The res idue  was d isso lved  in 30 ml of methylene chlor ide and the solution was washed with 3% sodi-  
um bicarbonate  solution, water ,  5% hydrochlor ic  acid, and wate r  again, and was dr ied with sodium sulfate. 
The solvent  was dis t i l led off in vacuum and the res idue  was t rea ted  with acetone (3 × 5 ml) to e l iminate  the 
d icyclohexylurea  and was then r ec rys t a l l i zed  f r o m  ethyl a c e t a t e - e t h a n o l  (4:1) .  This gave a substance  
with the composi t ion C19H28 NsO 8. Yield 0.60 g (70%), mp 135-136" C, [~]~ - 3 . 8  ° (c 1; d imethylformamide) ,  
R f  0.60 ( sy s t em 3). 

Methyl E s t e r  of N - B e n z y l o x y c a r b o n y l - N e - t e s y l - L - l y s y l - L - t h r e o n y l - n i t r o - L - a r g i n i n e  (III). To 0.42 
g of the dipeptide (II) was added 1 ml  of a 36% solution of hydrogen b romide  in glacial  acetic acid. After 
25 min, 100 m l  of e ther  was added. The prec ip i ta te  was separa ted  off, washed with ether ,  and dr ied in a 
vacuum des icca to r  over  caust ic  potash.  To 0.39 g of the resul t ing hydrobromide  were  added 20 ml  of 
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methanol and 1,2 ml of t r iethylamine.  The solvent was driven off in vacuum and the residue was dissolved 
in 10 ml of dimethylformamide.  Then 0.45 g of the p-nitrophenyl es ter  of N-benzyloxycarbonyl-Ne- tosyl  - 
L- lysine [5] was added and the mixture was s t i r red  at 20 ° C for 24 h. The dimethylformamide was driven 
off in vacuum at 40°C. The residue was treated with 30 ml of chloroform and worked up as described for  
compound (i). The precipi ta te  that deposited after the elimination of the solvent was rec rys ta l l i zed  f rom 
methanol giving a substance C32H4~OllNsS. Yield 0.47 g (78.4%), mp 181-182 ° C; [ ~ ] ~ -  2.4 ° (c 1; chloro-  
form}, R f  0.53 {system 3). 

N - B e n z y l o x y c a r b o n y l - N e - t o s y l - L - l y s y l - L - t h r e o n y l - n i t r o - L - a r g i n i n e  (IV). A solution of 0.33 g of 
the tripeptide (HI) in a mixture  of 5 ml of methanol, 1 ml of dioxane, and 3 ml of water was treated with 
0.5 ml of 1 N caustic soda solution, and the mixture was s t i r red  for  1.5 h. The solvent was evaporated off 
in vacuum, 5 ml  of water  was added to the residue, the mixture was acidified with 1 N hydrochlor ic  acid 
with cooling, the substance was extracted with chloroform (3 x 10 ml), and the extract  was dried with mag-  
nesium sulfate. The solvent was driven off in vacuum and the residue was treated with ether.  This gave 
0.28 g (86%) of the tripeptide (IV), C31H44OllNsS in the fo rm of an amorphous substance with [~]~ + 38 ° 
(c 1; dimethylformamide),  Rf  0.41 {system 3}. 

Benzyl Es te r  of N - B e n z y l o x y c a r b o n y l - N e - t o s y l - L - l y s y l ,  L - t h r e o n y l - n i t r o - L - a r g i n y l -  S-ben~. l cys -  
t e i n y l - 7 - r a e t h y l - L - g l u t a m y l - L - l e u c y l - S - b e n z y l - L - c y s t e i n e  (VII). A solution of 0.18 g of the tripeptide 
(IV}, 0.05 g of N-hydroxysuccinimide,  0.2 ml of triethylamine, and 0.2 g of the hydrobromide of the t e t r a -  
peptide (VD obtained f rom 0.26 g of the tetrapeptide (V) [1] in 4 ml of dimethylformamide was cooled to 
0 ° C, and0.06 g of N,N'-dicyclohexylcarbodiimide was added. The mixture was s t i r red  at 0 ° C for  6 h and 
at 25 ° C for  20 h. The precipi ta te  was fi l tered off, the solvent was evaporated in vacuum at 35 ° C, and the 
residue was t reated as descr ibed for the dipeptide (I). l~ecrystallization f rom methanol -d ioxane  (10 : 1) 
gave 0.27 g {82.4%) of the heptapeptide (VII}, CToH920~TN12S ~ with mp 219-220 ° C, [~]~ - 28.1 ° (c 1; di-  
methylformamide) ,  Rf0.64 {system 3). An amino-acid analysis gave the following ratio of the amino acids: 
Leu 1.14; Cys 1.93; Glu 1.00; Thr 1.07; Arg 0.87; and Lys 0.70. 

N-Benzy loxyca rbony l -L - l eucy l -S -benzy l -L -cys t e ine  (VIII}. A solution of 1.25 g of N-benzyloxycar-  
bonyl -L- leuc ine  [7] in 14 ml of te trahydrofuran was cooled t o - 1 0  ° C, and 0.65 ml of t r iethylamine and 0.65 
ml of isobutyl ch loroformate  were  added. After 10 rain, the mixed anhydride was poured into a cooled so-  
lution of the t r ie thylammonium salt of S-benzyl-L-cys te ine  obtained by dissolving 1.0 g of S -benzy l -L-  
cysteine and 0.65 ml of t r iethylamtne in 20 ml of water.  The mixture was s t i r red  at 0 ° C for 3 h. The 
te t rahydrofuran was distil led off in vacuum, and the aqueous solution was acidified to pH 1 with 1 N hydro-  
chloric acid and extracted with chloroform. The chloroform layer  was washed with water and with 1 N 
hydrochloric  acid and was dried with magnesium sulfate. The solvent was driven off in vacuum, and the 
residue was treated with petroleum ether and recrys ta l l ized  f rom a mixture of hexane and isopropanol (5 : 
1}. A substance with the composition C24H30OsN2S was obtained. Yield 1.60 g (74.0%), mp 158-159.5 ° C; Rf  
0.59 {system 1); [~]~ - 23.8 ° (c 1.4; dimethylformamide).  

N - t e r t - B u t o x y c a r b o n y l - 7 - b e n z y l - L - g l u t a m y l - L - l e u c y l -  S-benzyl -L-cys te ine  (IX). To 0.59 g of N-  
benzy loxyca rbony l -L - l eucy l -S -benzy l -L -cys t e ine  was added 1.3 ml of a 36% solution of hydrogen bromide 
in glacial acetic acid. After  30 rain, 50 ml of ether was added. The precipitate was separated by decanta-  
tion, washed with ether, and dried in a vacuum des icca tor  over caustic potash. The yield of hydrobromide 
was 0.49 g (91.5%}. The hydrobromide of the dipeptide (VIII) obtained {0.38 g) was dissolved in 5 ml of 
dimethylformamide,  and 0.28 ml of tr iethylamine and 0.44 g of the N-hydroxysuccinimide e s t e r  of N- te r t -  
butoxycarbonyl-~/-benzylglutamic acid [8] were added. The mixture was s t i r red  at 20 ° C for  48 h. The 
dimethylformamide was driven off in vacuum. The residue was treated in a s imi lar  manner to compound 
(i) and was rec rys ta l l i zed  f rom i sopropanol -hexane  (5 : 1). A substance with the composition C33 HcsN30 8 S 
was obtained. Yield 0.4 g (68%), mp 128-129°C, Rf  0.45 {system 2) [~]~ - 25.7 ° (c 2.2; dimethylformamide). 

N-Ben zy loxyca rbony l -S -benzy l -L-cys t e iny l -  ~/-ben zy l -L-g lu tamyl - -  L- leucyl- -  S-ben z y l - L - c y  stein (X). 
To 0.33 g of the tripeptide (IX) was added 0.5 ml of t r i f luoroacetic  acid. After 30 rain, 100 ml of ether  was 
added, and the precipi ta te  was separated off, washed with ether,  and dried in a vacuum des iccator  over 
caustic potash. The yield of t r i f luoroacetate  was 96%, Rf  0.76 (system 4). To a solution of 0.24 g of the 
t r i f luoroacetate  obtained and 0.10 ml of tr iethylamine in 5 ml of water  was added the mixed anhydride ob- 
tained f rom 0.12 g of N-benzyloxyearbonyl-S-benzyl -L-cys te ine ,  0.05 ml of t r iethylamine and 0.05 ml of 
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isobutyl eh lo ro fo rma te  in 4 ml  of te t rahydrofuran .  The mix tu re  was s t i r r ed  a t  0 ° C for  3 h. After the 
working up desc r ibed  fo r  compound (VIII), 0.22 g (69%) of the te t rapept ide  (X) was obtained with the c o m -  
posi t ion C46Hs~N4OgS 2 • H20, mp 169-170 ° C, R f  0.35 ( sys tem 2). 

Benzyl E s t e r  of . N a - B e n z y l o x y c a r b o n y l - S - b e n z y l - L - c y s t e i n y l - ~ / - b e n z y l - L - g l u t a m y l - L - l e u c y l  - S- 
ben zyl 7L-cys te iny l  - N tm-benzy l -  L-h is  t i d y l -  L- threonyl  - L-va ly l  - ~ / - b e n z y l - L - g l u t a m y l -  N e - t o s y l - L -  
lysine (XIII). A solution of 0.1 g of the te t rapept ide  (X) and 0.03 g of N-hydroxysuccin imide  in 2 ml  of di-  
me thy l fo rmamide  was poured into a solution of 0.11 g of the hydrochlor ide  of  the pentapeptide (XII) obtained 
f r o m  0.15 g of the pentapept ide (XI) [1] and 0.01 ml of t r i e thy lamine  in 2 ml  of d imethy l fo rmamide .  The 
mix tu re  was cooled to 0 ° C, 0.03 g of N,N ' -d icyc lohexylcarbodi imide  was added, and it was s t i r r e d  at 0 ° C 
for  1 h and at  20 ° C fo r  24 h. The p rec ip i t a te  was f i l t e red  off, the d imethy l fo rmamide  was dr iven off in 
vacuum at  40 ° C, and the res idue  was t r ea ted  as desc r ibed  fo r  compound (I) with r ec rys t a l l i za t ion  f r o m  
e t h a n o l - w a t e r  (5 : 1). This gave a subs tance  with the composi t ion C100ttl20N12OlgS 3 • 4H20. Yield 0.09 g 
(44%), mp 196-198 ° C, [~]~ - 11.5 ° (c 2.2; d imethyl formamide) ,  R f  0.65 ( sys tem 3). 

S U M M A R Y  

The synthes is  of a nonapeptide, the benzyl e s t e r  of . N ~ - b e n z y l o x y c a r b o n y l - S - b e n z y l - L - c y s t e i n y l -  
7 -benzy l -  L-g lu tamyl  - L- leuey l  - S -benzy l -L-cys t e iny l  - N l m - b e n z y l -  L - h i s t i d y l -  L - th r  e o n y l -  L-va ly l  -%~- 
b e n z y l - L - g l u t a m y l - N e - t o s y l - L - l y s i n e  (XIII), and a heptapeptide,  the benzyl  e s t e r  of N~-benzyloxycarbonyl  - 
Ne- tosy l  - L - l y s y l -  L- th reonyl  - n i t r o - L - a r g i n y l  - S -benzy l -L-cys t e iny l  - 7 - m e t h y l - L - g l u t a m y l -  L- leucyl  - 
S - b e n z y l - L - c y s t e i n e  (VII), cor responding  to the sequences  14-22 and 11-17 of yeas t  cy tochrome c, has  
been effected. 
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