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Wide-ranging invest igat ions on both natura l  and synthetic depsipept ides ,  e spec ia l ly  the antibiotic 
val inomycin  and i ts  analogs,  have enabled a s e r i e s  of re la t ionships  between the i r  s t r uc tu r e s  and an t imic ro -  
bial  act iv i t ies  to be found [1, 2] and the i r  capaci ty  for  the fo rmat ion  of complexes  with a lka l i -me ta l  ions 
and the i r  influence on ionic t r a n s p o r t  through biological  and ar t i f ic ia l  m e m b r a n e s  to be de te rmined .  The 
conformat ions  of val inomycin and i ts  K+complex  in solution have been es tabl ished,  and informat ion  has  
been obtained which indicates a fundamental  role  of conformat ional  f ac to r s  for  the exhibition by this cyc lo -  
depsipeptide of a capaci ty  for  complex format ion  and of an effect  on the ionic pe rmeab i l i t y  of m e m b r a n e s  
[3]. Fo r  a fu r ther  study of the re la t ionships  between s t ruc tu re  and function in a s e r i e s  of cyc lodeps ipep-  
t ides of the val inomycin group and to invest igate  the phys icochemica l  bases  of t r a n s - m e m b r a n e  ionic t r a n s -  
por t ,  a s e r i e s  of val inomycin  analogs has been synthes ized  (see Table 11), differing f rom one another  by 
the nature  of the hydroxy and amino acid res idues  and also by the i r  contents of e s t e r  and amide l inkages.  

The synthes is  of the depsipept ides  was effected by the method developed by us p rev ious ly  [2, 4], 
which r equ i re s  the c rea t ion  f i r s t  of the e s t e r  and then of the amide l inkages .  Compound XIa was obtained 
by Scheme 1 and compounds Xl'b-n by Scheme 2. The e s t e rbonds  between the N-pro tec ted  amino acids and 
the hydroxy acid e s t e r s  (apart f rom those of glycolic acid) were  c r ea t ed  by the method of mixed anhydrides 
with benzenesulfonyl  chlor ide .  For  the synthes is  of the glyeolic acid e s t e r s  acylated with acylamino acids,  
the l a t t e r  were  condensed with e s t e r s  of b romoace t i c  acid by boiling in ethyl acetate  in the p re sence  of t r i -  
e thylamine  [5]. Compound 11 was obtained by the methyla t ion  of compound Ij (Table 1) with methyl  iodide 
in the p resence  of s i lve r  oxide [6]. To link the p ro tec ted  amino acids or  peptides by an amide bond, we 
used  the phosphorazo method,  the mixed-anhydride method with e s t e r s  of ch lo ro formic  acid, and the c a r b o -  
diimide and azide methods .  The amide linkage between the C - t e r m i n a l  res idues  of the hydroxy acids of the 
N-acy l  depsipept ides  and the N - t e r m i n a l  amino acid r e s idues  of the e s t e r s  of the peptides or  depsipept ides ,  
both in the synthes is  of l inear  compounds and in the i r  cycl izat ion,  was c rea ted  by the acid chloride method 
[4]. The r emova l  of the t e r t -bu ty l  pro tec t ive  group was effected by boiling with p- toluenesulfonic  acid in 
benzene or  by the action of hydrogen bromide  in glacia l  acet ic  acid or  t r i f luoroace t ic  acid, and the benzyl -  
oxycarbonyl  group was e l iminated by hydrogenolys is ,  and also by the action of hydrogen b romide  in glacial  
acet ic  acid. The yields and c h a r a c t e r i s t i c s  of all the l inear  and cyclic  compounds synthes ized are  given in 
Tables  1-11. 

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

The individuality of all the compounds obtained was checked by th in - l aye r  ch romatography  on alumina 
or s i l ica .  The analyses  of all the compounds cor responded  to the calcula ted f igures .  The mo lecu l a r  weights 
of all the cyclodepsipept ides  were  conf i rmed  by m a s s  spec t roscopy .  

! .  Methyl E s t e r  of N-Benzy loxyca rbony l -D-va ly l -L -va l ine  and t e r t -Bu ty l  Es t e r  of N-Benzyloxy-  
c a r b o n y l - L - v a l y l - D - v a l i n e  (compounds Ib and c in Table 1). With cooling (-5°C), 1.43 ml  (0.015 mole) of 
ethyl ch lo ro fo rmate  was added to a solution of 3.75 g (0.015 mole) of N-benzy loxycarbonyl -D-va l ine  and 
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TABLE 1. Methyl and te r t -Butyl  Es te rs  of N-Benzyloxycarbonyl  
Derivat ives  of Dipeptides and of Aminoacyloxy-  and Hydroxy-  
acyloxy Acids 

No. I~l~. deg 

la 

lb 
Ic 
[d 
le 
If 

li 
lj 
Ik 
I1 

Z-D. VaI-Gly-OCHs [81 
Z-D. Val-Glyc-OBu t 
Z-L. Val-Olyc-OBu t 
Z-D. Val-L. Lac-OBu t [2] I 85 
Z-L. Ala-D. Hylv:OBu t [2]] 78 
Z-D. Ata-L. Lac-OBu t [2] l 80 
Z-L, VaI-D. HyIv-OBu t [9][ 90 
Z-L. Hylv-D. Hylv-OBut I 70 
Z-L. N. MeVal-D. Hylv- 55 

OBu t [10l 

~e~J Compound % [ mp, *C 

Z-D. VaI-L. AIa-OCHz [7] 90 3.50 (ethyl a c e t a t e -  
petroleum e~er) 

Z-D. VaI-L. VaI-OCH z 78 1162-163 (ethanol) 
Z-L. VaI-D. Val-OBu t 90 [162-163 (ethanol) 

69 1157-158 (ethanol) 
84 
82 Oil 

47 (hexane) 

Oil 

-5.4~!ic 1; chloroform) 

+6 (e 1; benzene) 
--14 (c 2; chloroform) 
+30 (c 1; methanol) 
+37 (e 0,I; benzene) 
--34 (c 0,1; benzene) 
--10 (c 2; ethanol) 
+8 (c 0,1;ethanol) 
--15 (c 2; ethanol) 
+8,4 (c 2; ethanol) 
+4,5 (c 2; benzene) 
--66 (c 1; ethanol) 

2.1 ml (0.015 mole) of t r ie thylamine in 20 ml of dry methylene chloride.  After 15 rain, a cooled suspension 
of 2A9 g (0.015 mole) of the hydrochloride of the methyl e s t e r  of L-val ine and 2.1 ml (0.015 mole) of t r i -  
ethylamine in 10 ml of methylene chloride was added. The mixture was s t i r r ed  at - 5°C for 0.5 h and at 
20°C for  2 h and was then washed with 5% hydrochlor ic  acid, sa turated sodium bicarbonate solution, and 
water ,  and was dried with magnesium sulfate. After  the solvent had been distil led off, compound fib) was 
obtained. 

Compound (Ic) was obtained s imi la r ly  f rom N-benzyloxycarbonyl-L-val ine  and the ter t -butyl  es te r  of 
D-val ine.  

2. Methyl Es te r  of N-Benzyloxycarbonyl-D-valylglycine  (compound Id, Table 1). A suspension of 
1.25 g (0.01 mole) of the hydrochloride of the methyl e s t e r  of glycine in 50 ml of pyridine cooled to 0°C was 
t rea ted  with 0.436 ml (0.005 mole) of phosphorus t r ichlor ide in 5 ml of pyridine; after  20 rain, 2.5 g (0.01 
mole) of N-benzyloxycarbonyl-D-val ine  was added and the react ion mixture was kept at 70-75°C for 3 h. 
Then it was cooled to 20°C, the precipitate that had deposited was f i l tered off, and the mother  solution was 
evaporated to d ryness .  The dry  crysta l l ine  residue was t reated with 10% sodium carbonate solution, and 
the c rys ta l s  were f i l tered off, washed with water ,  dr ied in vacuum, and rec rys ta l l i zed  f rom ethanol. 

3. t e r t -Buty l  N-Benzyloxycarbonyl-D-valylglycola te  and te r t -Butyl  N-Benzy loxycarbony l -L-va ly l -  
glycolate (compounds Ie, f, Table 1). A mixture of 1.75 g (0.007 mole) of N-benzyloxycarbonylvaline of the 
requi red  configuration, 1.4 g (0.007 mole) of ter t -butyl  bromoaceta te  , and 1 ml (0.007 mole) of t r i e thy lam-  
ine in 20 ml of dry ethyl acetate was boiled for 3 h. Then the solution was cooled, washed with 5% hydro-  
chloric acid, with sa turated sodium bicarbonate solution, and with water ,  and was dried with magnesium 
sulfate and evaporated.  The residue was chromatographed on a column of neutral  alumina (activity grade 
III), compound (Ie) or  (If) being Muted with a mixture of benzene and ethyl acetate (20 : 1). 

4. t e r t -Buty l  Es te rs  of N-Benzyloxycarbonylaminoacyloxy-  and -oxyacyloxy Acids (compounds Ig-k, 
Table 1). With s t i r r ing  and cooling (0°C, 10 rain), 0.02 mole of benzenesulfonyl chloride and, after  15 min, 
0.02 mole of the te r t -buty l  es te r  of the appropriate hydroxy acid in 15 ml of pyridine were added to a solu- 
tion of 0.02 mole of a N-benzyloxycarbonylamino or  N-benzyloxycarbonyloxy acid in 20 ml of anhydrous 
pyridine.  The mixture was s t i r red  at 0°C for 2 h and at 20°C for  2 h and poured into 100 ml of cold water ,  
and the oil that separated out was ext rac ted  with e ther .  The ethereal  solution was washed with 10~ hydro-  
chloric acid, sa turated sodium bicarbonate solution, and water,  and was dried with magnesium sulfate.  The 
solvent was distilled off and the residue was chromatographed on a column of neutral  alumina (activity 
grade l/I), elution with a mixture of benzene and ethyl acetate (20 : 1) giving compounds (Ig-k). 

5. t e r t -Buty l  N-Benzy loxycarbony l -L-N-methy lva ly l -D-~-hydroxy i sova le ra te  (compound I1, Table 1). 
A solution of 4.09 g (0.01 mole) of t e r t -bu ty l -N-benzyloxycarbonyl -L-va ly l -D-ce-hydroxyva le ra te  in 300 ml 
of dimethylformamide was t rea ted  with 85 g of s i lver  oxide and 155 ml of methyl  iodide. The mixture was 
s t i r r ed  for  96 h. Then 100 ml of dimethylformamide was added and, after  fi l tration, the mother  solution 
was t rea ted  with 600 ml of ch loroform and was washed with a 5% solution of potassium cyanide and with 
water .  Then it was dried with sodium sulfate, the solvent was distilled off, and the res idue was chromato-  
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T A B L E  2. N - B e n z y l o x y c a r b o n y l  De r iva t i ve s  of Dipept ides  and 
A m inoaey loxy  Acids  

No. 

Ii a 

lib 
l l c  
l id  
l i e  
I l l  

¢a o 

Compound ~ mp, C 

Z-D. Val-k. V al-OH [11] 73 ;/179--180 (ethanol) 

Z-D. Val-Oly-OH [8] 1 90 ![ 146(methanol-wate'f 
Z-D. AIa-L. Lac-OH [2] 78/ 137(ethanol) 
Z-D. VaI-L. Lac-OH [2] 80 Ioft 
Z-D. VaI-Olyc-OH 82 [ 80(benzene-hexane) 
Z-D. VaI-L. Ala-NH-NH21 74/214--217 (methanol) 

[~1~ °, deg 

-k24 (c I; acetic acid) 

q-21 (c 2; rmthanol) 
-6  (e 2; ethanol) 
+5 (c 1; ethanol) 
+40,2 (e 0,1_l~enzene) 
+29 (c 1; dimethyl- 

formamide) 

T A B L E  3. t e r t - B u t y l  E s t e r s  of Dipept ides  and Aminoa c y loxy  and 
Hydroxyaey loxy  Acids  

No. Compound Yield, % laiD ~ 

llli~ 
llIb 
Ille 
llld 
llle 
tllf 
Hlg 

H-L. VaI-D. Val-OBu t 
H-L. Ala-D. Hylv-QBu t [2] 
H-L. VaI-Glyc-OBu t 
H-L. N, MeVaI-D. Hyly-OBtt t [10] 
H-L. VaI-D. Hylv-OBut [9] 
H-D. VaI-L. Lac-OBu t 
H-L. Hylv-D. Hylv-OBu t 

70 +23 (c 2; ethanol) 
78 +43 (c 0.I5; ethanol) 
50 +33,8 (c 0,1;benzene) 
60 +24 (e 1; ethanol) 
75 I +40 (c 1,5; benzene) 
80 --56 (c 2; ethanol) 
55 +35 (c 2; ethanol) 

g r aphed  on a co lumn  of neu t r a l  a lumina  (activity g rade  III), compound  (]1) being e luted with a m ix tu r e  of 
benzene  and ethyl  ace ta te  (20 :1 ) .  

6. N - B e n z y l o x y e a r b o n y l  De r iva t i ve s  of D - V a l i n e - L - v a l i n e  and D-Va ly lg lyc ine  (compounds Ha and b, 
Table  2). At  0-2°C, 10 ml  of a 1 N solut ion of  caus t i c  soda was  added to a solut ion of 2.7 g (0.0075 mole)  
of compound  Ib in a m i x t u r e  of 10 ml  of  me thano l  and 60 ml  of acetone,  and s t i r r i n g  was  cont inued fo r  1 h. 
The solut ion was  e v a p o r a t e d  to a vo lume of  10 ml ,  and the r e s idue  was  t r e a t e d  with 20 ml of wa te r  and ex -  
t r a c t e d  with e t h e r .  When the aqueous solut ion was  acidi f ied with 10% h y d r o c h l o r i c  acid,  compound  (iIa) p r e -  
c ip i ta ted  in the f o r m  of an oil which r ap id ly  c r y s t a l l i z e d .  The c r y s t a l s  w e r e  f i l t e red  off, washed  with wa te r ,  
d r i ed  in vacuum,  and r e c r y s t a l l i z e d  f r o m  e thanol .  

Compound  (IIb) was  obta ined s i m i l a r l y  f r o m  compound  (Id). 

7. N - B e n z y l o x y c a r b o n y l - D - v a l y l g l y c o l i c  Acid  (compound IIe,  Table  2). A solut ion of 3.09 g (0.01 
mole)  of compound  (Ie) in 15 ml  of t r i f l u o r o a c e t i c  acid was  kept  at 25-30°C fo r  20 rain, and the t r i f l u o r o -  
ace t ic  acid was  c a r e f u l l y  d i s t i l l ed  off  u n d e r  vacuum at 30-35°C.  The r e s idue  was  d i s so lved  in e the r ,  and 
the solut ion was  washed  with wa te r  to a neu t ra l  r eac t i on  to Congo r e d  and e x t r a c t e d  with s a t u r a t e d  sod ium 
b i ca rbona t e  solut ion.  The  b i ca rbona te  e x t r a c t  was  ac idi f ied  with 10% h y d r o c h l o r i c  ac id  and the oil that  s e p -  
a r a t ed  out was  e x t r a c t e d  with e the r .  The e the rea l  so lut ion was  washed  with wa te r  to a neu t ra l  r e a c t i o n  to 
Congo r ed  and was  d r i ed  with m a g n e s i u m  sul fa te .  Dis t i l l a t ion  of the solvent  y ie lded  compound  (He). 

8. t e r t - B u t y l  E s t e r s  of Dipept ides  and A m i n o a c y l o x y -  and Hydroxyac y loxy  Acids  (compounds I I I a -g ,  
Table  3). A solut ion of 0.02 m o l e  of a t e r t - b u t y l  e s t e r  of a N-benzy loxyca rbony ldeps ipep t i de  (see Table  1) 
and 0.02 mole  of  c i t r i c  ac id  in 50 ml  of methanol  was  hyd rogena t ed  in a c u r r e n t  of hyd rogen  in the p r e s e n c e  
of pa l lad ium black .  Af t e r  the end of the hydrogena t ion ,  the c a t a l y s t  was  f i l t e red  off, the solvent  was  d i s -  
t i l led off in vacuum,  the r e s idue  was  d i s so lved  in wa te r ,  and the solut ion was  e x t r a c t e d  with e t h e r  and the 
e the rea l  e x t r a c t  was  r e - e x t r a c t e d  with 1 N c i t r i c  ac id  solut ion.  The c i t r i c  ac id  solut ion was  washed  with 
e the r ,  cooled ,  and neu t r a l i z ed  with sod ium b ica rbona te ;  the oil tha t  s e p a r a t e d  out was  ex t r ac t ed  with e the r ,  
and the e x t r a c t  was  washed  with wa te r  and d r i ed  with m a g n e s i u m  sul fa te .  Dis t i l l a t ion  of the solvent  y ie lded  
the t e r t - b u t y l  e s t e r s  of the c o r r e s p o n d i n g  compounds .  

9. t e r t - B u t y l  E s t e r s  of N - B e n z y l o x y c a r b o n y l t e t r a d e p s i p e p t i d e s  (compounds l~Ta-g, Table  4). A so lu -  
t ion of 0.01 mole  of the app rop r i a t e  N - b e n z y l o x y c a r b o n y l a m i n o a c y l o x y  acid  (see Table  2) in 10 ml  o f  thionyl  
ch lo r ide  was  kept  at 30-35°C fo r  30 rain, and the e x c e s s  of  th ionyl  ch lor ide  was  c a r e f u l l y  d is t i l led  off in 
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T A B L E  4. t e r t - B u t y l  E s t e r s  of N - B e n z y l o x y c a r b o n y l t e t r a d e p s i -  

p e p t i d e s  

No. Compound Yield. % I~l~.deg 

IVa 
IVb 
~IVe 
IVd 
IVe 
~Vf 
IV 

IVi 
IVj 

Z-D. VaI-L. Lac-L. VaI-D. Hylv-OBu t [2] 
Z-D. AIa-L. Lac-L. VaI-D. Hylv-OBu t [2] 
Z-D. VaI-L. Lac-L. Ala-D. Hylv-OBu t* 
Z-D. Val-Qlyc-L. VaI-D. Hytv-OBu t 
Z-D. VaI-L. Lac-L. Val-Olyc-OBu t 
Z-D. VaI-L. Lac-L. VaI-D. VaI-OBu t 
Z-D. VaI-L. Lac-L. Hylv-D. Hylv-OBu t 
Z-D. VaI-L. AIa-L. VaI-D. Hylv-OBu t 
Z-D. VaI-L'. Val-L. VaI-D. Hylv-OBu t 
Z-D. Val-QIy-L. VaI-D. Hylv-OBu t 

90 2.1 (c 2; ethanol) 
92 ~o  (e 1; 5,ethanol) 
88 --5,2 (c O; 2,elhanol) 
85 +173 (c 1,5;benzene) 
85 (e 1;benzene) 
80 ~11 (e 2;chloroform) 
85 q-l,5 (c 2;ethanol) 
57 !--15 (e 1;methanol) 
73 +5 (e 1;benzene) 
69 + 15 (c 2; benzene) 

* m p  97-98°C ( p e t r o l e u m  e t h e r ) .  

T A B L E  5. N - B e n z y l o x y c a r b o n y l t e t r a d e p s i p e p t i d e s  

No. Compound Yield, % M~. deg 

W~ 
Vc 
Vd 
Ve 
Vf 

Vi 
vj 

Z-D. VaI-L. Lac-L. VaI-D. Hylv-OH 
Z-D. Ala-L. Lac-L. Val-D. Hylv-OH [2] 
Z-D. VaI-L. Lac-L. AIa-D. Hylv-OH* 
Z-D. Val-Glyc-L. Val-D. Hylv-OH 
Z-D. VaI-L. Lac-L. Val-Glyc-OH 
Z-D. VaI-L. Lac-L. VaI-D. Val-OH 
Z-D. VaI-L. Lac-L. Hylv-D. Hylv-OH 
Z-D. VaI-L. Ala-L, VaI-D. Hylv-OH 
Z-D. VaI-L. Val-L. VaI-D. Hylv-OH 
Z-D. VaI-GIy-L. VaI-D. Hylv-OH 

95 
87 
92 
84 
82 
72 
70 
72 

75 

--12 (c l; ethanol) 
--14 (c 2; ethanol) 
--15 (c 0,2; ethanol) 
+17,2 (c 1; benzene) 
--12 (c 1;benzene) 
--4 (c 2; ethanol) 
- - l l  {c 2; chloroform) 
--13,2 (c 1; ethanol) 
+9 (c 1; benzene) 
~-17 (c 1; ethanol) 

* rap  64°C (e the r ) .  

v a c u u m .  The  a c i d  c h l o r i d e  so  ob t a ined  was  d i s s o l v e d  in 40 m l  of a b s o l u t e  benzene  and,  wi th  s t i r r i n g  and 
coo l i ng  (3-5°C7, the  s o l u t i o n  was  added  d r o p w i s e  S i m u l t a n e o u s l y  wi th  a s o l u t i o n  of 0.015 m o l e  of t r i e t h y l -  
a m i n e  in 30 m l  of a b s o l u t e  b e n z e n e  to a s o l u t i o n o f 0 . 0 1  m o l e  of the  t e r t - b u t y l  e s t e r  of an a m i n o a c y l o x y  ac id  
(see  T a b l e  37 in  30 m l  of a b s o l u t e  b e n z e n e .  The r e a c t i o n  m i x t u r e  was  s t i r r e d  at  18-20°C for  2 h, w a s h e d  
wi th  5% h y d r o c h l o r i c  ac id ,  s a t u r a t e d  s o d i u m  b i c a r b o n a t e  so lu t ion ,  and w a t e r ,  and d r i e d  wi th  m a g n e s i u m  
s u l f a t e ,  and the  so lven t  was  d i s t i l l e d  off .  The r e s i d u e  was  c h r o m a t o g r a p h e d  on a c o l u m n  of n e u t r a l  a l u m i n a  
( ac t iv i t y  g r a d e  III) ,  c o m p o u n d s  (IVa-g) be ing  i s o l a t e d  by  g r a d i e n t  e lu t ion  in the  b e n z e n e - e t h y l  a c e t a t e  s y s t e m .  

10. t e r t - B u t y l  N - B e n z y l o x y c a r b o n y l - D - v a l y l - L - a l a n y l - L - v a l y l - D - ~ - h y d r o x y i s o v a l e r a t e  (compound 
IVh, T a b l e  47. H y d r a z i d e  of  N - B e n z y l o x y c a r b o n y l - D - v a l y l - L - a l a n i n e  (compound ]:If, T a b l e  2). A s o l u t i o n  
of 1.67 g (0.005 mole )  of the  m e t h y l  e s t e r  of N - b e n z y l o x y c a r b o n y l - D - v a l y l - L - a l a n i n e  (compound Ia ,  T a b l e  17 
in  45 m l  of m e t h a n o l  was  t r e a t e d  wi th  0.7 m l  of h y d r a z i n e  h y d r a t e ,  and the m i x t u r e  was  b o i l e d  f o r  3 h and 
le f t  a t  20°C fo r  24 h. Then  i t  was  e v a p o r a t e d  to d r y n e s s ,  and the  r e s i d u a l  h y d r a z i d e  was  b o i l e d  wi th  25 m l  
of  ethy:l a c e t a t e  and the  m i x t u r e  was  f i l t e r e d  wi thout  coo l ing .  Th i s  gave  1.25 g (74%7 of the  h y d r a z i d e  of N-  
b e n z y l o x y c a r b o n y l - D - v a l y l - L - a l a n i n e .  

A s u s p e n s i o n  of  the  r e s u l t i n g  h y d r a z i d e  in  25 m l  of w a t e r  was  t r e a t e d  wi th  4 m l  of 5 N h y d r o c h l o r i c  
ac id ,  t im r e s u l t i n g  so lu t i on  was  c o o l e d  to  -10°C,  and to  i t  was  a d d e d  a s o l u t i o n  of 0.4 g (0.0053 mole )  of 
s o d i u m  n i t r i t e  in  20 m l  of  w a t e r .  The  p r e c i p i t a t e  of  a z i d e  tha t  d e p o s i t e d  was  e x t r a c t e d  wi th  e thy l  a c e t a t e ,  
and the  e x t r a c t  was  coo l ed ,  w a s h e d  wi th  w a t e r  and s a t u r a t e d  s o d i u m  b i c a r b o n a t e  so lu t ion ,  d r i e d  wi th  m a g -  
n e s i u m  s u l f a t e ,  and a d d e d  to  a so lu t i on  of  1.4 g (0.0053 m o l e )  of  t e r t - b u t y l  L - v a l y l - D - a - h y d r o x y i s o v a l e r a t e  
(compound I I Ie ,  T a b l e  3) in 20 m l  of e thy l  a c e t a t e .  The  r e a c t i o n  m i x t u r e  was  l e f t  a t  20°C fo r  48 h, w a s h e d  
wi th  5% h y d r o c h l o r i c  ac id ,  s a t u r a t e d  s o d i u m  b i c a r b o n a t e  so lu t ion ,  and w a t e r ,  and d r i e d  wi th  m a g n e s i u m  
s u l f a t e .  The a m o r p h o u s  c o m p o u n d  IVh r e m a i n i n g  a f t e r  the  s o l v e n t  had  been  d i s t i l l e d  off was  r e p r e e i p i t a t e d  
f r o m  e thy l  a c e t a t e  wi th  p e t r o l e u m  e t h e r .  

11. t e r t - B u t y l  E s t e r s  of N - B e n z y l o x y c a r b o n y l t e t r a d e p s i p e p t i d e s  (compounds  IVi,  j ,  T a b l e  4). Wi th  
i ce  coo l ing ,  0.57 g (0.0028 mole )  of d i c y c l o h e x y l c a r b o d i i m i d e  was  added  to a s o l u t i o n  of 1 g (0.0028 mole7 
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T A B L E  6. t e r t - B u t y l  E s t e r s  of T e t r a d e p s i p e p t i d e s  

No. Compound ~ mp, *C [~1~. deg 
W' 

Via 

Vlb 

VIc 

VId 

1 
H-D. Val-L. Lac-L. VaI-D. HyIv -~ 72 

-OBu t [2] Hylv- 82 H-D. VaI-L. Lac-L. AIa-D. 
-OBu t 

t-D..oBu tAla'L" Lac-L. VaI-D. Hylv- 74 

%D..oBu tVal-L' Ala-L. VaI-D. HyI v- 80 

.97 (ether) 

92--93 (ether) 

62--63 (ether) 

132--134 (ethyl acct.) 

"32 (c 2; ethanol) 

--31 (e 0,2; ethanol) 

+16 (c 2; benzene) 

--40 (c 1; ethanol) 

T A B L E  7. t e r t - B u t y l  E s t e r s  of N - B e n z y l o x y e a r b o n y l o e t a d e p s i p e p -  
t i d e s  

No. Compound Yield, % I~1~ °, deg 

Vll~a 
VI I b 
Vllc 
VI Id 

Vile 

VIlf 

Vllg 

Vllh 

Vtli 

VIii 

Z-(D. Val-L. Lac-L. VaI-D. Hylv)2-OBu t 
Z-(D. Val-L. Lac-L. Ala-D. Hylv)2-OBu t 
Z-(D. AIa-L. Lac-L. VaI-D. Hylv),-OBu t 
Z-(D. Val-filyc-L. VaI-D. Hylv) (D. Val- 

L. Lac-L. VaI-D. Hylv)-OBu t 
Z-(D. Val-L Lac-L. Val-QlycI (D. Vai- 

L. Lac-L. VaI-D. HyIv)-OBu t 
Z-(D. VaI-L. AIa-L. Val-D. Hylv) (D. Val- 

-L. Lac-L. VaI-D. Hylv)-OBu t 
Z-(D, VaI-L. VaI-L, VaI-D. Hylv) (D. Val- 

L. Lac-L. VaI-D. Hylv)-OBu t 
Z-(D. Val-Oly-L. VaI-D, Hylv) (D. Val- 

L, Lac-L. VaI-D. HyIv)-Ogu t 
Z-(D. VaI-L. Lac-L. VaI-D. Val) (D. Vai- 

L. Lac-L. VaI-D. Hylv)-OBu t 
Z-(D. VaI-L. Lac-L. Hylv-D. Hyiv) (D. Val- 

-L. Lac-L. VaI-D. HyIv)-OBu t 

90 
88 
84 
83 

60 

80 

85 

90 

72 

85 

--1,7 (e 2;ethanol) 
--1 (c 0,2; ethanol) 
+16 (c 1; benzene) 
+7 (c 1; benzene) 

+12 (c 1; benzene) 

--3,5 (c 2;ethanol) 

+15 (e 1;benzene) 

+10 (c 1; benzene) 

+15 (c 2;chloroform) 

--1.7 (c 2; chloroform) 

T A B L E  8. N - B e n z y l o x y c a r b o n y l o c t a d e p s i p e p t i d e s  

No. Compound Yield, % [.1~, deg 

Vlll,a 
Vlllb 
Vl l [c  
VIl[d 

Vllie 

Vlllf 

Vlllg 

Vtllh 

Vll!i 

VIIIj 

Z-(D. VaI-L. Lac-L. VaI-D, Hylv)2-OH 
Z-(D. VaI-L. Lac-L, AIa-D, HyIv)2-OH 
Z-(D. AIa-L. Lac-L. VaI-D. Hylv)2-OH 
Z-(D. Val-Glyc-L. VaI-D. Hylv) (D. Vai- 

L. Lac-L. Val-D. HyIv)-OH 
Z-(D. Val-L. Lac-L. Val-GIyc) (D. Val- 

L. Lac-L. VaI-D. Hylv)-OH 
Z-(D. VaI-L. AIa-L. Val-D. HyIv) (D. Val- 

E. Lac-L. VaI-D. Hylv)-OH 
Z-(D. VaI-L. VaI-L. Val-D. Hylv) (D. Vai- 

L. Lac-L. VaI-D. Hylv)-OH 
Z-(D. VaI-Gly-L. Val-D. HyIv) (D. Vai- 

L. Lae-L. VaI-D. Hylv)-OH 
Z-(D. VaI-L. Lae-L. VaI-D. Val) 

(D. Val-L. Lae-L, VaI-D. Hylv)-OH 
Z-(D. VaI-L. Lac-L. Hylv-D. Hylv) (D. Vai- 

L. Lac L. VaI-D. Hylv)-OH 

85 
89 
80 
79 

75 

82 

80 

75 

80 

72 

--1,6 (c 0,2; ethanol) 
-6,4 (e 0.2; ethanol) 
+7 (c 1; ethanol) 
+4 (c 1; ethanol) 

--6 (c 2; benzene) 

--11 (c 2; ethanol) 

+13 (c 1; benzene) 

÷10 (c 1; benzene) 

--7 (c 2; ethanol) 

of  N - b e n z y l o x y c a r b o n y l - D - v a l y l - L - v a l i n e  ( c o m p o u n d  I Ia ,  T a b l e  2) and  0 .77 g (0.0028 m o l e )  of  t e r t - b u t y l  L -  
v a l y l - D - a - h y d r o x y i s o v a l e r a t e  ( compound  I I Ie ,  T a b l e  3) i n  10 m l  of t e t r a h y d r o f u r a n .  T h e  m i x t u r e  was  kep t  
a t  0°C fo r  30 r a i n  and  at  20°C fo r  48 h, the  d i c y c l o h e x y l u r e a  t ha t  had  s e p a r a t e d  ou t  was  f i l t e r e d  off, and  the  
s o l v e n t  w a s  e v a p o r a t e d  to  d r y n e s s .  The  r e s i d u e  w a s  d i s s o l v e d  in  e t h e r ,  and  the  e t h e r e a l  s o l u t i o n  w as  
w a s h e d  w i t h  5% h y d r o c h l o r i c  a c id ,  w i th  s a t u r a t e d  s o d i u m  b i c a r b o n a t e  s o l u t i o n  and  wi th  w a t e r ,  and  was  d r i e d  
w i th  m a g n e s i u m  s u l f a t e .  The  s o l v e n t  w a s  d i s t i l l e d  off and  the  r e s i d u e  of c o m p o u n d  IVi w a s  r e p r e c i p i t a t e d  
f r o m  e t h y l  a c e t a t e  w i th  p e t r o l e u m  e t h e r .  

C o m p o u n d  (IVj) w a s  o b t a i n e d  f r o m  c o m p o u n d s  tIIb) {Table  2) and  (IIIe) (Tab le  3) u n d e r  s i m i l a r  c o n d i -  
t i o n s .  

12.  N - B e n z y l o x y c a r b o n y l t e t r a d e p s i p e p t i d e s  ( c o m p o u n d s  V a - j ,  T a b l e  5) w e r e  o b t a i n e d  f r o m  the  c o r -  
r e s p o n d i n g  t e r t - b u t y l  e s t e r s  of N - b e n z y l o x y c a r b o n y l t e t r a d e p s i p e p t i d e s  (see  T a b l e  4) u n d e r  the  c o n d i t i o n s  of  
e x p e r i m e n t  7. 
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T A B L E  9. t a r t - B u t y l  E s t e r s  of  N - B e n z y l o x y e a r b o n y l d o d e e a d e p s i p e p t i d e s  

No. Compound Yield, % I I~l~, deg 
I 

IXa 
IXb 

IXd 
IXe 
IXf 

ixi 
IXJ 

IXk 
IXl 
IXm 
IXn 

Z-(D. Val-L. Lac-L. VaI-D. Hylv)~ (D. Val-L. Lac-L. N. MeVaI-D. Hylv)tOBut 
Z-(D. Val-L. Lae-L. Val-D. Hylv)~ (D. VaI-L. Lac-L. Ala-D. Hylv)-OBu 
Z-(D. Val-L. Lae-L. Ala-D. HyIv): (D. VaI-L. Lac-L. VaI-D. Hylv)-OBt, t 
Z-(D. AIa-L. Lac-L. VaI-D. Hylv)2 (D. Val-L. Lac-L Val-D. ttyIv)-OBu t 
Z-(D. VaI-L. Lae-L. Ala-D. HyIv)s-OBu t 
Z-(D. AIa-L. LaoL. Val-D. HyIv)e-OBu t 
Z-(D. VaI-Glye-L. VaI-D. HyIv) (D. VaI-L. Lac-L. VaI-D. Hylv)2-OBu t 
Z-(D. VaI-L. Lae-L. Val-Glye) (D. VaI-L. Lac-L. Val-D, Hylv)2-OBu t 
Z-(D. VaI-L. AIa-L. VaI-D. Hylv) (D. VaI-L. Lac-L. VaI-D. Hylv)2-OBu t 
Z-(D. VaI-L. Ala-L. VaI-D. HyIv) (D. Val-L. Lac-L. Val-D. Hylv)-(D. VaI-L. AIa-L. 

Val-D. Hylv)-OBu t 
Z-(D. Val-L. VaI-L. VaI-D. Hylv) (D. VaI-L. Lac-L VaI-D. Hylv)2-OBu t 
Z-(D. Val-Gly-L. VaI-D. HyIv) (D. VaI-L. Lae-L. VaI-D. Hylv)rOBu t 
Z-(D. VaI-L. Lae-L. VaI-D. Val) (D. VaI-L. Lac-L. Val-D. Hylv)2OBu t 
Z-(D. VaI-L. Lac-L. HyIv-D. HyIv) (D. VaI-L. Lac-L. VaI-D. Hylv)2OBu t 

85 
93 
90 
82 
91 
88 
90 
85 
85 
80 

90 
83 
87 
85 

--15 (c 2; benzene) 
+2,1 (e 0,2; ethanol) 
--11,8 (c 0,2; ethanol) 
+3 (c 1; ethanol) 
+7.5 (c 0,2; ethanol) 
+18 (c 1;benzene) 
+12 (c 1; benzene) 
+17 (c 2; benzene) 
+5 (c 2; benzene) 
-49  (c 1; chloroform) 

+14 (c 1; benzene) 
+18 (c 1; benzene) 
~17 ~ec 2; ethanol) 

2; ethanol) 

T A B L E  I 0 .  H y d r o b r o m i d e s  o f  D o d e e a d e p s i p e p t i d e s  

,No Compound Yield, % I [~)~, deg 

X a  
Xb 
Xc 
Xd 
Xe 
X f  

Xi 
XJ 

Xk 
X1 
Xm 
Xn 

HBr. H-(D. VaI-L. Lac-L. Val-D. Hylv)e (D. VaI-L. Lae-L. N. MeVaI-D. Hylv)-OH 
HBr. H-(D. VaI-L. Lac-L. VaI-D. Hylv)~ (D. VaI-L. Lac-L. AIa-D. HVIv)-OH 
HBr. H-(D. VaI-L. Lac-L. Ala-D. Hylv)~ (D. Val-L. Lac-L VaI-D. Hy'[v)-OH 
HBr. H-(D. AIa-L. Lac-L. VaI-D. HyIv)2 (D. Val-L. Lac-L. VaI-D. Hylv).OH 
HBr. H-(D. VaI-L. Lac:L. AIa-D. HyIv)3-OH 
HBr. H-(D. AIa-L. Lac-L. VaI-D. HyIv)3-OH 
HBr. H-(D. Val-Glyc-L. Val-D. HyIv) (D. VaI-L. Lac-L. VaI-D. HyIv)2-OH 
HBr. H-(D. VaI-L. Lac-L. Val-Glyc) (D. VaI-L. Lac-L. VaI-D. HyIv)2-OH 
HBr. H-(D. Val-L. AIa-L. ,Val-D. HyIv) (D. VaI-L. Lac-L. Val-D. Hylv)2-OH 
HBr. H-(D. VaI-L. Ala-L.;Val-D. HyIv) (D. VaI-L. Lac-L. VaI-D. Hylv)-(D. VaI-L. 

Ala-L. VaI-D. HyIv)-OH 
HBr. H-(D. Val-L. VaI-L. VaI-D. HyIv) (D. VaI-L. Lac-L. Val-D. Hylv)2-OH 
HBr. H-(D. VaI-GIy-L. Val-D. HyIv) (D. VaI-L Lac-L VaI-D HvIvIo-OH 
HBr. H-(D. VaI-L. Lac-L. VaI-D. Val) (D. Val-i,. Lac-i, Val-/). t:IyI~)2-OH 
HBr. H-(D. Val-L. Lac-L. HyIv-D. HyIv) (D. Val-L. Lac-L. V~!-D. HyIv)2-OH 

80 
79 
86 
80 
83 
78 
84 
87 
82 
80 

85 
80 
85 
86 

+40 
--18 (c 0,2; ethanol) 

(c 0,2; ethanol) 
--1,6 (c~,0,1; chloroform) 
"!6,7 (e 0,2; ethanol) 

8 (c;~2; ethanol) 
~11,5 (c 1; ethanol) 
--10 (c 1; ethanol) 
--14 (c 2;: ethanol) 
--31 (c 1; ethanol) 

--15 (c 1; ethanol) 
+45 ((: 2; ethanol) 
- -  2; ethanol) 

T A B L E  11.  C y c l o d o d e c a d e p s i p e p t i d e s  

Yield, [~l~, No. Compound % mp, °C deg 

Xl 

Xl a 

Xlb 

Xlc 

Xld 

Xle 

Xlf 

x~ 
XIh 

XIi 

xlJ  

XIk 

XII 

XIm 

XIn 

D. Val-L. Lac-L. VaI-D. Hylv)31 [2] 

D. Val-L. Lac-L. N. MeVal-D. Hylv) (D. Val-L. Lac-L. VaI-D. Hylv)21 

D. Val-L. Lac-L. AIa-D. Hylv) (D..VaI-L. Lac-L. Val-D. t iylv~ 1 

D. Val-L. Lac-L. AIa-D. HyIv)2 (D, VaI-L. Lac-L. Val-D. Hylv) j 

D. Ala-L Lac-L. Val-D. HyIv)2 (D. Val-L. L'ac-L. VaI-D. Hylv) 1 

(D. Val-L. Lac-L. AIa-D. Hylv)3 l 

(D. AIa-L. Lac-L. Val-D. Hylv)3 I 

(D. Val-(ilyc-L. Val-D. HyIv) (D. VaI-L. Lac-L. Val-D. Hylv~ I 

(D. VaI-L. Lac-L. Val-Glyc) (D. VaI-L. Lac-L. VaI-D. Hylv)2 l 

(D. VaI-L. AIa-L. VaI-D. Hylv) (D. VaI-L. Lac-L. Val-D. HyIv)2 "l 

(D. Val-L. Ala-L. Val-D. HyIv)2 (D. VaI-L. Lac-L. Val-D. Hylv) I 

(D. Val-L. VaI-L. Val-D. HyIv) (D. Val-L. Lac-L. Val-D. HyIv)2 1 

(]:).--Vai--GlyiL. Val-D. Hylv) (D. Val-L. Lac-L. Val.D. HyIv)2 l 

(D. Val-L. Lac-L. Val-D. Val) (D. VaI-L. Lac-L. VaI-D. HyIv)2 I 

(-D. VaI-L. Lac-L. HyIv-D. HyIv) (D. VaI-L. Lac-L. VaI-D. HyIv)2 ] 

30 

23 

36 

20 

34 

19 

36 

30 

25 

22 

34 

20 

22 

30 

142--143(hexane) 

152--153(pe~oleum 
ether) 

Amorphous 

159 (petroleum ether 

172--173 (pc. troleum 
"-2 ether) , , 
lu (petroleum emer) 
203,(hexane 

203 (hexane) 

100--101 (hexane) 

173 (water - ethanol) 

132 (petroleum ether) 

--12 (e 1; chloroform) 

+38 (e 0,1; benzene) 

+2 (c 0,1;benzene) 

+3,6 (e 0,1; ethanol) 

+19 (e 0,1;benzene) 

+14 (e 1;benzene) 

+31 (e 1; benzene) 

+24 (c 2; benzene) 

+40 (e 1; ethanol) 

+5 (c 1;chloroform) 

+26 (c I; ethanol) 

+43 (e 1; benzene) 

+16 (c 1; chloroform) 

+17 (e 1; chloroform) 
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13. t e r t -Bu ty l  e s t e r s  of t e t radeps ipep t ides  (compounds Via-d,  Table 6) were  obtained by the hydro-  
genolysis  of the cor responding  t e r t -bu ty l  e s t e r s  of N-benzyloxycarbonyl te t radeps ipept ides  (see Table  4) 
under  the conditions of expe r imen t  8. 

14. t e r t -Bu ty l  e s t e r s  of N-benzyloxycarbonyloctadeps ipept ides  (compounds VIIa- j ,  Table 7) were  ob-  
tained by condensing the acid chlor ide de r iva t ives  of compounds (Va-j) (see Table  5) with the t e r t -bu ty l  
e s t e r s  of compounds (Via-d) (see Table 6) under  the conditions of expe r imen t  9. 

15. N-Benzyloxycarbonyloc tadeps ipept ides  (compounds VIHa-j ,  Table 8) were  obtained f rom the t e r t -  
butyl e s t e r s  of N-benzyloxycarbonyloc tadeps ipept ides  (VIIa-j) (see Table  7) by the method desc r ibed  in ex-  
pe r imen t  7. 

16. t e r t -Bu ty l  N - b e n z y l o x y c a r b o n y l ( D - v a l y l - L - l a c t y l - L - v a l y l - D - ~ - h y d r o x y i s o v a l e r y l ) 2 - D - v a l y l - L -  
lac ta te  (Scheme 1) was obtained in the amorphous  s ta te  f rom the acid chlor ide der iva t ive  of compound 
(VIIIa) (Table 8) and t e r t -bu ty l  D - v a l y l - L - l a c t a t e  (compound IIIf, see Table 3) by the method descr ibed  in 
expe r imen t  9. Yield 90%, [a]~ +8 ° (c 1; benzene).  

17. N-Benzy~oxycarb~ny~(D-va~y~-L-~acty~-L-va~y~-D-~-hydr~xyis~va~ery~)2-D-va~y~-L-~actic acid 
was obtained f r o m  the t e r t -bu ty l  e s t e r  of the N-benzyloxycarbonyldecadepsipept ide  obtained in exper imen t  
16 under  the conditions of expe r imen t  7. Yield 88%, amorphous ,  [~]~ +12 ° (c 1; benzene).  

18. t e r t -Bu ty l  E s t e r s  of N-Benzyloxycarbonyldodecadeps ipept ides  (compounds IXa-n,  Table 9). 
Compound (IXa) was obtained f rom the acid chlor ide  der iva t ive  of the N-benzyloxycarbonyldecadeps ipept ide  
obtained in exper imen t  17 and the t e r t -bu ty l  e s t e r  (Hid) (see Table 3), and compounds (IXb-n) were  obtained 
f rom. the  acid chlor ide de r iva t ives  of the N-benzyloxycarbonyloc tadeps ipept ides  (VIIIa-j) (see Table  8) and 
the t e r t -bu ty l  e s t e r s  of the te t radeps ipep t ides  (Via-f) (see Table 6) under  the conditions of expe r imen t  9, in 
the amorphous  s ta te .  

19. Hydrobromides  of Dodecadepsipept ides  (compounds Xa-n,  Table 10). A solution of 0.002 mole  of 
a t e r t -bu ty l  e s t e r  of a N-benzyloxycarbonyldodecadepsipept ide  (IXa-n) (see Table 9) in 15 ml  of a 30% solu-  
tion of hydrogen b romide  in g lac ia l  acet ic  acid was kept at 20°C for  1 h. The solvent  was dist i l led off, and 
the res idue  was washed with absolute e the r  and dr ied in vacuum over  phosphorus pentoxide. Compounds 
(IXa-n) were  obtained in the amorphous  s ta te .  

20. Cyclododecadepsipept ides  (compounds XIa-n,  Table  11). A solution of 0.001 mole  of a hydro-  
b romide  of a dodecadepsipept ide (Xa-n) (see Table 10) in 10 ml  of thionyl chlor ide was kept at 30°C for  30 
min,  and the excess  of thionyl chloride was ca re fu l ly  dis t i l led off in vacuum at a t e m p e r a t u r e  not exceeding 
30°C. The res idua l  acid chlor ide der iva t ive  of a dodecadepsipept ide was d isso lved  in 300 ml  of absolute 
benzene and, with s t i r r i ng  (20°C, 10 h),was added s imul taneous ly  with a solution of 0.004 mole  of t r i e thy l -  
amine in 200 ml  of absolute benzene to 1500 ml  of absolute benzene.  The reac t ion  mix tu re  was s t i r r ed  for  
another  12 h, the solvent  was dis t i l led off, the res idue  was dissolved in ch loroform,  and the solution was 
washed with 57c hydrochlor ic  acid, sa tu ra ted  sodium bicarbonate  solution, and water ,  and was dr ied  with 
magnes ium sulfa te .  The ch lo ro fo rm was dist i l led off and the res idue  was ch romatographed  on a column of 
neut ra l  a lumina (activity g rade  III), the cyclodepsipept ide being i so la ted  by gradient  elution in the b e n z e n e -  
ethyl aceta te  s y s t e m .  The p roces s  was moni to red  by means  of a Pye  gas- l iqu id  ch romatograph  with an 
argon ionization de tec to r .  

S U M M A R Y  

The synthes is  of analogs of val inomycin with individual hydroxy acid and amino acid res idues  of d i f fe r -  
ent types in the molecule  and different  contents of amide and e s t e r  groups has been effected by a method de-  
veloped p rev ious ly  [2, 4]. 
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