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At the p re sen t  t ime ,  methods for  the synthes is  of depsipept ides  have been well  studied, and ca rbony l -  
d i imidazole  and benzenesulfonyl  chloride a r e  being used mos t  successfu l ly  to c r ea t e  an e s t e r  bond between 
an amino acid and a hydroxy acid [1]. However,  during the synthes is  of orni th ine-conta ining depsipept ides  
that  were  requ i red  to p r e p a r e  the depsipept ide analogs of g ramic id in  S, we came up against  diff icult ies due 
to f ea tu res  of the chemica l  behav io r  of N a ,  NW-diacyl der iva t ives  of  diamino acids .  

It is known that  N a ,  NW-diacyl de r iva t ives  of a ,  7 -d iaminobutyr ic  acid,  of ornithine,  and of lysine,  
the carboxy groups  of which a r e  ac t ivated by the reagen ts  usual ly used in peptide chemis t ry ,  read i ly  cycl ize  
into f ive -  and s e v e n - m e m b e r e d  N - a c y l l a c t a m s  [2-4]. The ease  of r ing c losure  to fo rm a lac tam depends 
both on the act ivat ing reagen t  and on the nature  of the acyl  groups.  In pa r t i cu la r ,  it has been es tab l i shed  
that  a tosyl  group in the N w posit ion pa r t i cu la r ly  favors  the cycl izat ion of N a ,  NW-diacyl der iva t ives  of 
diamino acids [3]. I n t r a m o l e c u l a r  amino lys i s  is p rac t ica l ly  complete ly  s u p p r e s s e d  in the p re sence  of a 
nucleophil ic  component  ( es te r s  of amino acids ,  phenols,  o r  N-hydroxysuccin imide) ,  and the cor responding  
dipeptides o r  act ivated e s t e r s  of N a ,  NW-diacyl diamino acids a re  usual ly f o rmed  in high yield.  

To obtain a compound of type (III), we studied the condensation of N a - b e n z y l o x y c a r b o n y l - N d - f o r m y l  - 
orni thine (I) with the hydroxy e s t e r s  (IIa) and (IIb). A marked  dif ference in the behav ior  of the d iacylamino 
acid (I) according  to the method used for  fo rming  the e s t e r  bond was obse rved .  Thus,  when carbonyld i imid-  
azole  was used,  instead of the e s t e r s  of pro tec ted  aminoacyloxy acids (HIa) and (IIIb), two neutra l  c o m -  
pounds were  isola ted which were  identified a f t e r  separa t ion  on a column of AI203, by means  of t he i r  IR and 
m a s s  spec t r a  and e l e m e n t a r y  ana lys i s ,  as  the l ac t ams  (IVa) and (IVb). 
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III. a. R=CH (CH3)~, R'=C (CH~3: 
b. R=CH2CH (CH3)=; R'=C (CH~)3; 
c. R=CH'(CH3)2, R'=H; 
d. R=CH2CH (CH3)2, R'::H. 

IV a. R=CHO; 
b. R----H. 
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Lac tam (IVa), unlike compounds of this type with a benzyloxycarbonyl  or  a tosy l  group in posit ion 1, 
p reved  to be unstable,  and in aqueous organic  solutions or  on standing in the a i r  it gradual ly hydrolyzed 
to the deformyla ted  compound (IVb); this apparent ly  explains the p re sence  of the la t te r  in the reac t ion  
products .  

Under  the action of one equivalent  of hydrogen chloride in methanol ,  the l ac tam (fVa) was par t ia l ly  
conver ted  into the lac tam (IVb), and when an excess  of hydrogen chloride was added the benzyloxyearbonyl  
group was spl i t  off s t imula taneously  with the fo rmyl  group.  In the la t te r  case ,  in addition to 3 - aminop i -  
peridinone,  sma l l  amounts of ornithine and of ornithine methyl  e s t e r  were  also detected.  

The l ac t ams  {IVa) and (IVb) were  also isola ted when the di(acylamino) acid {I) was  t r ea t ed  with  d i -  
cyclohexylcarbodi imide .  The reac t ion  with benzenesulfonyl  chloride took place complete ly  different ly.  
When this reagent  was used for  the condensation of N~-benzy loxyca rbony l -N6- fo rmylo rn i th ine  with t e r t -  
butyl e s t e r s  of hydroxy acids under  s tandard  conditions (0 to -50C) [5], no fo rmat ion  of a l ac tam was ob- 
se rved ,  but the yield of the aminoacyloxy e s t e r s  ffIIa) and (IIIb) did not exceed 5-8%. Lowering the t e m -  
p e r a t u r e  to - 1 5  to -20°C and a s t r i c t  obse rvance  of these  t e m p e r a t u r e  conditions enabled the yield of 
compounds (IIIa) and (IIIb) to be r a i s ed  to 80%. 

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

N ~ - B e n z y l o x y c a r b o n y l - N S - f o r m y l ' L - o r n i t h y l - L - ~ - h y d r o x y i s o v a l e r i c  Acid (IIIc). With s t i r r ing ,  to 
a solution of 0.48 g of N ~ - b e n z y l o x y c a r b o n y l - N O - f o r m y l - L - o r n i t h i n e  in 2 ml  of pyridine cooled to - 15 to 
-20°C were  added 0.21 ml  of benzenesulfonyl  chloride and, a f t e r  15 min,  a solution of 0.27 g of t e r t -bu ty l  
L - ~ - h y d r o x y i s o v a l e r a t e  in 2 ml  of pyridine cooled to -20°C;  the mix ture  was s t i r r e d  at 0°C for  2 h and 
was left overnight  at 18-20°C. Then it was poured onto ice and was ex t rac ted  with ethyl ace ta te .  Thee thy l  
ace ta te  solution was washed with 1 N HCI at 0°C, with wa te r ,  with 8% NaHCO3, and with wa te r  again. Then 
it was dr ied  and evaporated.  This gave 0.57 g (81%) of compound (IIIa) in the f o r m  of a chromatograph ica l ly  
homogeneous oil.  

The depsipeptide e s t e r  (IIIa) (0.57 g) was d isso lved  in 3 ml  of CF3COOH , and a f te r  30 rain the so lu-  
t ion was evapora ted .  The res idue  was c rys ta l l i zed  f r o m  absolute e ther ,  and 0.41 g (82%) of the acid (IIIc) 
was  f i l te red  off [rap 133-134°C (from ethanol), [ ~ ] ~ - 1 9 . 5  ° (c 1.5; ethanol)]. 

Found %: C 57.65; H 6.76; N 7.07. Mol. wt. 387 (t i tration with 0.01 N NaOH). C19H26N207. Calculated 
%: C 57.86; H 6.64; N 7.10. Mol. wt. 394. 

N ~ - B e n z y l o x y e a r b o n y l - N S - f o r m y l - L - o r n i t h y l - L - ( ~ - h y d r o x y i s o c a p r o i c  Acid (IIId). Under  the con- 
ditions of the preceding  exper iment ,  compound (IIIb) was obtained with a yield of 79%, and it was  conver ted 
into the acid (IIId) with a yie ld  of 87% [rap i27-128°C (from ethanol), [ ~ ] ~ - 2 5 . 8  ° (c 1.5; ethanol)]. 

Found %: C 58.85; H 6.83; N 6.88. Mol. wt. 406 (t i tration with 0.01 N NaOH). C20H28N207. Calculated 
%: C 58.81; H 6.91; N 6.83. Mol. wt. 408. 

3 - B e n z y l o x y c a r b o n y l a m i n o - l - f o r m y l p i p e r i d i n - 2 - o n e  (!Va) and 3-Benzyloxycarbonylaminopiper id in-  
2-one {IVb). A solution of 0.8 g of N a - b e n z y l o x y c a r b o n y l - N d - f o r m y l - L - o r n i t h i n e  in 10 ml  of dry t e t r a -  
hydrofuran  (freshly dis t i l led over  LiA1H4) was t r ea t ed  with 1.2 g of carbonyldi imidazole ,  the mix tu re  was 
kept for  15 min,  and 0.47 g of the e s t e r  (IIa) in 5 ml  of t e t r ahydro fu ran  was added. The solution was left 
at 20°C for  20 h or  was heated at 60°C for  1 h and was evapora ted .  The r e s idue  was dissolved in 30 ml  
of ethyl aceta te ;  this  solution was washed with 1 N HC1, with wate r ,  with 8% NaHCO3, and with wa te r  
again, and was dried and evapora ted .  The oily res idue  was c rys ta l l i zed  f rom methanol .  This gave 0.2 g 
(27%) of compound (IVa)with mp 97-98°C, [ ~ ] ~ - 0 . 8  ° (c 1; d imethyl formamide) .  

Found %: C 60.86; H 5.94; N 10.34. Mol. wt. 276 ( m a s s - s p e c t r o m e t r i c a l l y ) .  C14HI6N204. Calculated 
%: C 60.84; tt 5.84; N 10.14. Mol. wt. 276. 

IR spec t rum,  ~max, cm- l :  1680 (urethane),  1720 (lactam carbonyl) ,  3320 (s tretching v ibra t ions  of a 
NH group). 

Af ter  the separa t ion  of compound ([Va), the methanol ic  solution was evapora ted ,  and the res idue  was 
t r i t u ra t ed  with pe t ro leum ether ,  a f te r  which 0.32 g of an amorphous  powder was f i l tered off and c h r o m a t o -  
graphy was p e r f o r m e d  on a column of A1203 (activity grade  II) in the h e x a n e - e t h y l  aceta te  sy s t em (gradient 
elution). This  gave 0.1 g (13%) of compound (IVa) (total yield 40%) and 0.15 g (22%) of (IVb) with mp 174- 
176°C (from ethyl acetate) ,  see  [6]. Mol. wt. 248 ( m a s s - s p e c t r o m e t r i c a l l y ) .  
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SUMMARY 

The reaction of Na-benzyloxycarbonyI-N6-forrnyl-L-ornithine with ~-hydroxy esters has been studied 
and conditions have been found under which aminoacylation takes place in high yield. 
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