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In previous  communicat ions  we have published the synthesis  of dipeptides of sa rco lys ine  with DL- 
~-aminobutyric and DL-t?-aminobutyric acids, which was undertaken in connection with the study of the 
biological activity of cytotoxic peptides into the structure of which nonprotein amino acids had been in- 
troduced [1, 2]. In the present work the synthesis of dipeptidcs of sareolysine with fl-alanine and glyeine 
is presented. The biological activity of cytotoxie peptides containing fi-alanine was also of interest due to 
fi-Manine entering into the composition of certain biological oligopeptides (carnosine and anserine), vitamin 
B3, eoenzyme A, etc. D[peptides, containing sareolysine as N-terminal (I) and C-terminal (If) amino acids, 
were synthesized for the study of the effect of chemical structure on biological properties. 

C1 -CHa--CHa. 

--x/ff--b--CItz---Cg- -(]0.-NH--(CII~)n-C00R2 

C/--CII~--CtIe Nit--R1 
(I) 

a RI:~][{, t:[~::II, n ;= t ,  2; b RI-=ttCO, Re_:t{, n= : i ,  2; 
c R I ~ H ,  R2~C~H~, n 2 

CH~ CH~-.,t:] 

N'{--(CII2)n---CO--NII--CH--Ctt~--O-. N//  

R~ (II) (JOOIt \ CIi2--CH~--.CI 

a Fh=II, n==l, 2; b R I ~ I t C 0 ,  n ~ l ,  2 

In each of these  cases  the amino group was f r ee  ( I a ) and ( I I a )o r  fo rmyla ted  (lb) and (IIb). The carboxyl  group 
was f r ee .  

The analogous dipeptides with glycine in p lace  of f i -alanlue were  also synthes ized in order  to compare  
biological  p r o p e r t i e s .  In addition sa reo lysy l - f i - a l an ine  ethyl e s t e r  (Ie) was p r e p a r e d .  

The synthes is  of all the pcptides ment ioned was c a r r i e d  out using the earbodi imide  method [3]. During 
the p r e p a r a t i o n  of dipeptides (Ia) and (IIa) the following t e m p o r a r y  pro tec t ing  groups were  used:  for  the ami -  
no group the o-ni t rophenylsul fenyl  group (NPS-) [4], and for  carboxyl  the benzhydryl  e s t e r  (-OBzh) [5]. 
N P S - s a r c o l y s i n e  was obtained for  the f i r s t  t ime by the in teract ion of NPS-eh lor ine  with sa rco lys ine  under 
Schot ten-Baumann reac t ion  conditions. The NPS der iva t ives  of f i -alanine and glycine were  obtained analo-  
gously.  The synthes is  of these has been publ ished p rev ious ly  but without exper imenta l  detai ls  or e lemental  
analyt ical  data [6]. NPS-glycine  is also known as the dicyclohexylamine sal t  [4]. Usual ly  f resh ly  p r e p a r e d  
NPS der iva t ives  of the amino acids were  used for  the condensat ions.  The benzhydryl  e s t e r s  of s a rco lys ine  
and f l -a lanine were  also p r e p a r e d  for  the f i r s t  t ime by the interact ion of the to luene-p-su l fona tes  of the c o r -  
responding amino acids with diphenyldiazomethane in d ime thy l fo rmamide  solution [5]. 

When ch loroform,  methylene chloride,  and ace toni t r i le  were  used as solvents  for  the condensation of 
N P S - s a r c o l y s  ine with the ethyl and benzhydryl  e s t e r s  of ~-a lan ine  by the carbodi imide  method, in every  
case  there  was obtained mainly  side product ,  seeming ly  NPS-sa rco lysy ld icyc lohexy lu rea ,  admixed with a 
l i t t le of the compound sought.  Only by conducting these s ame  reac t ions  in t e t r ahydrofu raa  were  the des i red  
dipcptides obtained f r e e  f r o m  contaminat ion by N-acylures . .  

* This pape r  is published by the decis ion of a meet ing  of the pr inc ipa l  ed i tors  of the journals  of the Aca-  
demy of Sciences of the USS]2 on July 12, 1962, as the d i s se r ta t ion  of the work of A. A. B. Paulyukonis .  

Insti tute of t t c tc roorgan ic  Compounds,  Academy of Sciences of the USSR and Insti tute of B iochem-  
is t ry ,  Academy of Sciences of the LItSSR. T r a n s l a t e d  f r o m  Izves t iya  Akademii  Nauk SSSR, Ser iya  Khim-  
icheskaya,  No.6,  pp.1346-1351,  June, 1969. Original a r t i c le  submit ted  October  3, 1968. 
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N - F o r m y l  (Form) dipeptides (Ib) and (lib) were obtained by condensing the formyl  derivatives of s a r co -  
lysine, ~-alanine,  and glyctne with benzhydryl  es ters  (and a benzyl es ter  in one case) of the corresponding 
amino acids. This was usually car r ied  out in te t rahydrofuran though on using aeetonitri le the formation 
of side products was not observed.  The proper t ies  of the NPS- and Form-dipept ide  es ters  are  presented 
in Table 1. The simultaneous removal  of NPS- and OBzh protect ing groups was effected for the f i rs t  time 
by the action of 98% formic acid, the method proposed recent ly  for the removal  of N- t e r t i a ry  butyIo~oycar- 
bonyl [71. P re l iminary  experiments with glyeine benzhydryl  es te r  showed that 3 h at room temperaVare 
was sufficient for pract ica l ly  complete removal  of OBzh groups. The yield of glycine toluene-p-sulfonate 
on react ing H-GIy-OBzh toluene-p-sulfonate with formic acid, amounted to 60% after  0.5 h, 76% after 1 h, 
and 96% after 2 h. The NPS group, in spite of its high susceptibil i ty towards the action of HCI in organic 
solvents [41, was cleaved more  slowly than the OBzh group. During raodel experiments with NPS-Sarc-  
Gly-OBzh the maximal  yield of H-Sarc-GIy-OH was reached with a react ion time of 10-12 h at room tem- 
pera ture .  Yields in all eases  were low (37-66% after crystalI ization).  In addition, the reaction of NPS deri-  
vatives of amitao acids with formic  acid is sufficiently complex (see the analogous react ion with acetic aetd 
[8]) and the formation of side products in the reaction,which were difficult to separate  f rom the main pro-  
duct, is possible.  

R I1 
! CII~COOII 

NPS--NI{--CI{--COOt{ ---~ Nt-I2---CII- COOIt  -~-I[NPS--Ottl 

[NPS--0H] -~ (NPS)~ -~- NPS--SO2--C6H4 -N0~ -~- o-NQ--C6Ht-- SO~H @ o-NO~--C6H4--SQIt 

In the presen t  case the dipeptides were easily crys ta l l ized f rom dimethylformamide and it was shown that 
one crysta l l izat ion was sufficient to obtain an analytically pure compound. The OBzh group of the F o r m -  
dipepttdes was removed by catalytic hydrogenation. A more  impure product  in lower yield was obtained by 
cleavage with formic acid for 3 h. The NPS group of the dipeptide N P S - S a r c - a - A l a - O E t  was removed by 
the action of HCt in organic solvents.  The proper t ies  of the dipeptides containing free or formylated amino 
groups and a free carboxyl group are  presented in Table 2. The resul ts  of the biological testing of the com- 
pounds obtained will be published separate ly  . 

EXPERIMENTAL METHOD 

NPS-Sareolysine. To a solution of 30.5 g sarcolysine base in 50 ml 2 N NaOH and 125 mi dioxane was 
added simultaneously, with vigorous stirring and ice cooling, 19.0 g NPS-chloride and 50 ml 2 N NaOll in 
small portions over 15-20 rain such that the pH of the reaction mixture was kept weakly alkaline at all times. 
The stirring was continued for a further 5-10 rain after which 500 ral water was added to the reaction mix- 
lure which was then acidified with 1 N H2SO4. An amorphous mass of NPS-sarcolysine separated which crys- 
tallized on subsequent stirring for 1-2 h. Yellow crystals of NPS-sarcolysine (45.6 g) of mp 117-119 ~ (with 
decomposition) were obtained, yield 99%. After recrystallization from 90 ml benzene 30.8 g produci wm~ 
obtained having rnp 123-124~ (with decomposition), yield 67%. Found: C 49.70;II 4.48; N 9.36%. CIi~H..:ICI,: 
�9 NsO4S. Calculated: C 49.77; H 4.62; N 9.16%. 

NPS-p-Alanine. fi-Alanine (4.45 g) was dissolved in a mixture of 25 ml 2 N NaOH and 65 ml dioxxne 
and to this was added, in small portions with vigorous stirring and ice cooling 10.45 g NPS-chlor[de and 
27.5 ml 2 N NaOH such that the pll of the reaction mixture was kept weakly alkaline. Stirring was ec, ati- 
nued for a further 5-10 rain after which the reaction mixture was diluted with 500 ral water, filtered, lhe 
filtrate acidified with 1 N H2SO 4 and NPS-fi-alanine, which separated in form of an oil was extracted two 
times with ethyl acetate. The ethyl acetate layer was washed with water, dried over Na2SO~, evaporated 
in vacuum, and petroleum ether added to the residue until initiation of crystallization. NPS-fl-alum[ne 
(10.65 g) of rnp 84-85~ was obtained, yield 88%. After recrystalllzation from ethyl acetate--petroleum 
ether (or nitromethane) it had rap 85-86~ According to data in [6l: mp 85% Found: C 44.81; H 4.41; N 
11.84%. CgHIoN204S . Calculated: C 44.62; H 4o16; N ii.56%. 

NP___ S-Glycine. Obtained analogously to NPS-fl-alanine. After acidification of the reaction mbxture 
NPS-glycine separated in crystalline form with mp 125-126 ~ (with decomposition: from ethyl acetate-- 
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p e t r o l e u m  ether) ,  yield 84%. According to the data of [6]: mp 147~ Found: C 41.99; H 3.64; N 12.50%. 
CsHsN204S. Calculated:  C 42.10; It 3.53; N 12.27%. 

Sarcolysine  Toluene-p-sulphonate: l~o a suspension of 36.6 g sa rco lys ine  base  in 360 ml  acetone was 
added 24.0 g to luene-p-sulfonic  acid (monohydrate) and the mix ture  s t i r r e d  for  10-15 min, then f i l tered,  
the f i l t r a te  evaporated in vacuum, and the res idue  r ec ry s t a l l i z ed  f r o m  acetoni t r i le .  Sarcolysine  toluene-  
p-su t fona te  {40.0 g) of mp 155-157~ was obtained, yield 70%. Found: C 50.52; It 5.33; N 6.01%. C20H26C12- 
N205S. Calculated: C 50.31; H 5.49; N 5.87%. 

Sarcolys ine  Benzhydryl  E s t e r  Toluene-p-su l fona te .  To a solution of 35.75 g sa rco lys ine  to luene-p-  
sulfonate in 60 ml  d imethy l fo rmamide  was added dropwise with s t i r r i ng  a solution of 20.4 g (1.4 equivalent) 
diphenyldiazomethane in 40 ml  d imethy l fo rmamide  such that the t e m p e r a t u r e  of the reac t ion  mix ture  did not 
exceed 55~ The mix tu re  was then cooled and the reac t ion  product  p rec ip i t a ted  with e ther .  Sarcolys ine  
benzhydryl  e s t e r  to luene-p-sul fonate  (40.2 g) was obtained having mp 173-174~ yield 83%. After  c r y s t a l -  
l izat ion f r o m  methanol  it had mp 174-175~ Found: C 61.31; H 5.91; N 4.56%. C33H36C12N205S. Calculated: 
C 61.59; tt 5.64; N 4.35%. 

fl-Alanine Toluene-p-su l fona te .  Obtained by the method in [5]; mp 148-149~ (from e t h a n o l - e t h e r ) ,  
yield 94%. Found: C 45.93; H 6.01; N 5.41%. C10HisNOsS. Calculated: C 45.96; H 5.79; N 5.36%. 

fl-Alanine Benzhydryl  Es t e r  Toluene-p--sulfonate.  The reac t ion  was c a r r i e d  out analogously to the 
p r e p a r a t i o n  of the cor responding  sa rco lys ine  e s t e r  but in this case  the d imethy l fo rmamide  was r emoved  in 
vacuum, the res idual  oil d issolved in ethyl acetate ,  and e ther  added to incipient crys ta l l iza t ion:  mp 108- 
114~ yield 85~ After  r ec rys t a l l i za t ion  f rom ethyl aceta te  (great  loss) mp 136-139~ Found: C 64.81; 
H 6.20; N 3.46%. C23H25NO5S. Calculated:  C 64.63; H 5.89; N 3.28%. 

Genera l  Method for  P r e p a r i n g  OBzh and OBzl Es t e r s  of NPS- and Form-Dipept ides~  To a mix tu re  
(cooled to 0~ of 5 mmole  amino acid e s t e r  hydrochloride,  5 mmole  t r ie thylamine ,  and 5 mmole  N-acy l -  
amino acid in t e t rahydrofuran  was added with s t i r r i ng  a solution of 5.2 m m o l e  N, N ' -d icyc lohexy lca rbod i -  
imide in t e t rahydrofuran .  Cooling and s t i r r ing  were  continued for  4-7 h fur ther ,  a f te r  which 3-5 drops 
glacial  acet ic  acid were  added, the mix tu re  s t i r r e d  1 h more ,  and dicyclohexylurea  f i l te red  off. The f i l -  
t r a te  was evapora ted  in vacuum,  the res idual  oil d issolved in a smal l  volume of ethyl aceta te ,  and a f te r  
1 h an additional quantity of dicyclohexylurea,  which had separa ted ,  was f i l te red  off. The f i l t ra te  was 
once again evapora ted  in vacuum, the res idue  dissolved in ch lo ro form and washed in turn with water ,  0.2 N 
tt2SO4, 1 N KHCO3, with water  once again, and dried over  Na2SO 4. After  this the ch loroform was r emoved  
in vacuum and the res idue  c rys ta l l i zed .  Compounds obtained a re  shown in Table  1. 

General  Method of Removal  of NPS- and OBzh Pro tec t ing  Groups.  NPS-Dipeptide OBzh es te r  (1 
mmole)  (see Table 1, compounds 1-4) was dissolved in 98% fo rmic  acid and the solution kept 12 h at room 
t e m p e r a t u r e .  The mix tu re  was then evapora ted  in vacuum, the res idue  dissolved in ethanol and evapora ted  
once more ,  a f ter  which it was dissolved once again in ethanol and the react ion  product  p rec ip i ta ted  with 
e ther .  After  c rys ta l l i za t ion  f rom d imethy l fo rmamidc  sufficiently pure  dipeptides were  obtained (see Table  
2, compounds 1-4). 

Genera l  Method for  Hydrogenolysis  of Benzyl and Benzhydryl  Es t e r s .  Benzhydryl  or benzyl e s t e r  of 
Fo rm-d lpep t ide  (5 mmole)  (see Table  1, compounds 5-8) was dissolved in 75 ml  methanol and subjected to 
cata lyt ic  hydrogcnolysis  over  pa l lad ium black until hydrogen uptake ceased,  which usual ly  requi red  2-3 h. 
The ca ta lys t  was f i l te red  off, the f i l t ra te  evapora ted  in vacuum, and the res idue  c rys ta l l i zed  f r o m  aceto-  
n i t r i le  (for fi-alanine) or ethanol (for glycine).  The compounds obtained a re  p resen ted  in Table  2 (com- 
pounds 5-8). 

Sarcolysyl - f l -Alanine  Ethyl Es t e r .  To a solution of 1.12 g NPS-:fi-Ala-OEt (see Table  1, compound 9) 
in ethyl aceta te  was added 2.5 equivalents of e therea l  HC1 solution. The v e r y  hygroscopic  ethyl e s t e r  hydro-  
chlor ide  of sa rco lysy l - f i - a lan ine  was prec ip i ta ted .  An analytical  spec imen  was isolated as the p ic ra t e  ( f rom 
isopropanol ,  see  Table 2, compound 9). 

CONCLUSIONS 

i. New key compounds of sarcolysine viz. NPS-sarc-OH and H-sare-OBzh, 
fi-Ala-OBzh have been obtained. 

and of f l -alanine viz.  H- 
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2. New d[pept[des of sareolys[ne with ~-alan[ne and glycine have been prepared. 

3. A method has been proposed for the simultaneous removal of protecting NPS- and OBzh groups 
from dipeptides. 

1. 

2. 

3. 
4. 
5. 
6. 
7. 
8. 
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