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Among natural  biologically active peptides,  considerable  in teres t  has recent ly  been at t racted by the 
cyclic deeapeptide antamanide isolated f rom extrac ts  of Amanita phalloides (deathcup amanita) which in 
vivo suppresses  the action of its main poisons - phallodine, the amanitines,  etc. [1, 2]. Together  with T. 
Wieland and his colleagues,  we have recent ly  shown that in alcoholic solutions antamanide fo rms  complexes 
with Na + and K + ions having stabil i ty constants of ~2500 and ~250 l i t e r s /mo le ,  respec t ive ly  [3]. The 
marked  sodium specifici ty of complex formation is a unique proper ty  of antamanide, since other  natural  
complexones of the alkali metals  (valinomyein [4], the enniatins [4], macro te t r a l ides  [5], etc.) possess  
potassium specifici ty,  as a rule.  

In view of the in teres t ing physiological  p roper t i e s  of antamanide and also the possibil i ty of obtaining 
f rom it substances capable of select ively inducing the t ranspor t  of sodium cations through ar t i f ic ial  and 
biological  membranes ,  we undertook an investigation on the relat ionship between s t ructure ,  phys icochem-  
ical p roper t i es ,  and biological activity of antamanide and its analogs. We f i r s t  pe r fo rmed  the synthesis  of 
antamanide (1)* and its r e t r o  analog (2), (i.e., the analog differing f rom the natural  compound by the d i r e c -  
tion of acylation), and also of the perhydro der ivat ive  of antamanide (3) in which the L-fi-phenylalanine 
res idues  were  replaced by L-f i-cyclohexylalanine (L-Cha) residues.~ 

[ P he-Phe-Val-Pro-Pr-o-Ala-Phe-Phe-Pro-Pro] (1) 

[Phe-Phe-Val-Pro-Pro-Ala-Phe- Phe-Pro/-~ro ] (2) 

[Cha-Cha-Val-P ro-P~o'-Ala-Cha-Cha-P~] (3) 

In o r de r  to obtain antamanide (1) and its r e t r o  analog (2), we f i r s t  synthesized the corresponding l inear  
deeapeptides,  which were  then cyclized under  conditions of high dilution. The method of synthesis  was se -  
lected in such a way that at all s tages benzyloxycarbonyl-  o r  ter t -butoxycarbonylamino acids or  the c a r -  
boxy groups of peptides with C- te rmina l  prol ine res idues  were subjected to activation. In this respect ,  the 
synthesis  pe r fo rmed  dif fers  favorably f rom the syntheses of antamanide descr ibed  previously,  since, in 
the la t ter ,  carboxy groups of peptides with C- te rmina l  alanine [6] or phenylalanine [1, 7, 8] res idues  were  
activated, which great ly  increased  the r i sk  of racemizat ion.  The protected pentapeptides (24, 26, 28, 30) 
were  obtained by the stepwise growth of the peptide chain f rom the N end. The C- terminal  carboxy groups 
were  blocked by p-ni t robenzyl  e s t e r  groups, which are  capable of elimination by hydrogenolysis ,  and for  
the protect ion of the amino groups of the N- te rmina l  res idues  of the amino acids the te r t -butoxycarbonyl  
and benzyloxycarbonyl  groups were used, these being el iminated by the action of HC1 or  HBr in glacial 

*All the amino acids have the L configuration. 
~A synthesis of antamanide and a number of its analogs has been descr ibed previously  by T. Wieland and 
other  workers  [1, 6-8]. 
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acetic acid. The methods  used  to f o r m  the peptide bonds were  the N-hydroxysuccin imide  es te r ,  the mixed 
anhydride, and the N,N' -d icyc lohexylearbodi imide  (DCCDI) methods.  The pro tec ted  di- ,  t r i - ,  t e t r a - ,  and 
pentapept ides  obtained immedia te ly  af ter  the react ion  consis ted of oily or  amorphous  chromatograph ica l ly  
homogeneous p roduc t s  and did not r equ i re  fu r ther  purif ication; the pro tec ted  decapeptides (34) and (36) 
were  sepa ra ted  f rom the low-molecu la r -weigh t  impur i t ies  by chromatography  on Sephadex LH-20. The 
cycl izat ion of the f r ee  decapept ides  was effeeted by the p-ni t rophenyl  e s t e r  method in py r id ine -d ioxane  
solution under  conditions of high dilution (~6 x 10 -3 M). The cycl izat ion products  fo rmed  were  isolated 
f r o m  the react ion  mix tu re  with a yield of about 20% by chromatography  success ive ly  on Sephadex LH-20, 
alumina, and s i l ica  gel. The antamanide obtained was identical  with a natural  sample ,  kindly sent  to us by 
Wieland, with r e s p e c t  to its chromatographic  behavior  in thin l aye r s  of a lumina and s i l ica  gel, its mel t ing 
point and its optical  r o t a to ry  d i spers ion  curve  in ethanol (see [3]). The cyclopeptide (3) was readi ly  
fo rmed  by the hydrogenat ion of antamanide over  a plat inum catalyst .  

The s t ruc tu re s  of the cyclopeptides (1)-(3) agreed  well with their  m a s s  spec t ra ,  in which s t rong 
peaks  of the molecu la r  ions with m / e  1146, 1146, and 1170, respec t ive ly ,  we re  found. As in the case  of 
antamanide [9], the m a s s  spec t rum of r e t roan taman ide  (2) has  a s t rong peak cor responding  to the e l imina-  
tion of the phenylalanine side chain (M - 91) which is c lea r ly  followed by a s e r i e s  of peaks  cor responding  
to the amino-ac id  type of f ragmenta t ion  of the two pentapeptide chains ( P r o - P r o - V a l - P h e - P h e  and P r o -  
P r o - P h e - P h e - A l a ) ,  f o rmed  as a resu l t  of the decomposi t ion of the cyclodecapept ide molecule  and each 
having at the N end the two prol ine  res idues  playing the ro le  of N-acy l  p ro tec t ive  groups.  A s imi l a r  type 
of f ragmenta t ion  was obse rved  for  the hydrogenated analog (3). 

The change in the constants  of complex- fo rmat ion  of these  analogs of antamanide has shown that a 
r e v e r s a l  of the direct ion of acylation, equivalent  to an interchange of the Val and Ala res idues  (compound 
2) somewhat  lowers  the s tabi l i ty  of the complexes  with Na + and K +, while the r ep l acemen t  of phenyl groups 
by cyelohexyl  groups  has  p rac t i ca l ly  no effect  on complex format ion .  At the same  t ime,  the g r e a t e r  solu-  
bil i ty of the analog (3) than of antamanide in organic solvents  mus t  be  mentioned; this may  show a funda- 
menta l  influence on its m e m b r a n e  activity,  which we a re  studying at the p re sen t  t ime. 

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

All the mel t ing  points a re  uncorrec ted .  The individualities of the compounds obtained were  checked 
by th in - l ayer  ch romatography  on alumina (activity grade II) or  s i l ica  gel. For  all  the compounds the 
e l emen ta ry  analyses  co r responded  to the calculated C, H, and N contents.  The specif ic  rota t ions  were  de-  
t e rmined  at 20-25 ° C in 96% ethanol (c 0.3-0.7). In the p repa ra t ion  of the p ro tec ted  amino acids and pep-  
tides, the react ion  mix tu r e s  were  washed with water ,  10% ci t r ic  acid solution, sa tu ra ted  NaHCO 3 solution, 
and water  again, and were  dr ied with MgSO e 

Benzyloxycarbonylprol ine  p-Nitrobenz3rl E s t e r  (5). A solution of 24.9 g (0.1 mole) of benzy loxyca r -  
bonylprol ine (4) in 300 m l  of absolute ethyl aceta te  was t rea ted  with 21.6 g (0.1)mole) of p-n i t robenzyl  
b romide  and 14 ml  of t r ie thylamine.  The solution was boiled for  6 h under reflux, cooled to 20 ° C, and 

T A B L E  1. 

Compound 

Antamarttde (1) 

Retmantamanide 
(2) 

Pe~{droantamanide 

Phys icochemica l  P rope r t i e s  of Compounds (1)-(3) IC l stab.it I constants of] Free energies of 
r~O ~o. ¢~.1 the com- Ic°mplexrormation, 

- Mol, Mp, ethanol) ~,kcai/mole)/kcal/mole~ ' L~'ID' ~ ~'"[ plexes (K, 1(--/',F = RT log K ; 
wt. 

r N,+ [K+ / ~ ~; 

r ] 1146 172-174 --168 (c 0,5) 2800 270 4.7 3,3 

1146 176"I~71 --176 (e 0,0%) 400 100 3.6 2,7 

1170 164--166[ -- 86(c 0,5) 200 .<50 4,5 <2,3 

*Measured by the eonduetometric method [4]. 
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f i l tered,  and the f i l t r a te  was washed, dried,  and evaporated.  This gave a ch romatograph ica l ly  homogenous 
produc t  in the f o r m  of a yellow oil. Yield 33.4 g (87%), [a]D - 20"4°" 

Hydrobromide  of P ro l ine  p -Ni t robenzy l  E s t e r  (6). A solution of 19.2 g (0.05 mole)  of (5) in 30 ml  of 
glacial  acet ic  acid was mixed  with a 3570 solut ion of HBr in glacial  ace t ic  acid and a f t e r  0.5 h the mix tu r e  
was evapora ted  at 35 ° C and the res idue  was t r ea ted  with 200 ml  of absolute  e ther .  The prec ip i ta te  that 
deposited was f i l t e red  off and c rys ta l l i zed  f r o m  absolute ethanol. Yield 13.4 g (8170), mp 170°C, [a]D - 
28.7 ° . 

Benzyloxycarbonylproly lpro l ine  p -Ni t robenzyl  E s t e r  (8). A solution of 21.6 g (0.11 mole) of DCCDI 
in 200 ml of methylene chlor ide  was added at 0 ° C to a solution of 33.1 g (0.1 mole) of the hydrobromide  of 
(6), 14 ml  of t r ie thylamine,  and 24.9 g (0.1 mole) of benzyloxycarbonylprol ine  (7) in 400 ml  of methylene  
chloride.  After 12 h (20 o C), the p rec ip i t a te  of  N,N ' -d icyc lohexylurea  was f i l te red  off, the f i l t r a te  was 
evaporated,  the res idue  was d isso lved  in 300 ml of ethyl acetate ,  and the solution was washed, dr ied,  and 
evaporated.  The res idue  was c rys ta l l i zed  f r o m  a smal l  amount of ethyl acetate .  Yield 31.8 g (66%), mp 
100-101 ° C, [~]D - 83"3° ' 

t e r t -Butoxycarbonylphenyla lanylpro ly lpro l ine  p-Ni t robenzyl  Es t e r  (11). To a solution of 26.5 g (0.1 
mole) of te r t -buty loxycarboylphenyla lan ine  (9) and 14 ml of t r ie thylamine  in 300 ml of absolute t e t r ahyd ro -  
furan at -15 ° C were  added 13.5 ml  (0.5 mole) of isobutyl ch lo ro fo rmate  and, a f t e r  15 min (-10 ° C), a so lu-  
tion of the hydrobromide  of pro ly lpro l ine  p-n i t robenzyl  e s t e r  (10) obtained f r o m  52.9 g (0.11 mole) of (8) 
by t r e a t m e n t  with a 35% solution of HBr in glacial  acetic acid in 100 ml  of methylene chlor ide  containing 
14 ml  (0.1 mole) of t r ie thylamine .  The mix ture  was s t i r r ed  at 20 ° C for  12 h and evaporated.  The res idue  
was d isso lved  in 300 ml of ethyl acetate,  and the solution was washed, dried,  and reevapora ted .  This gave 
49.9 g (84%) of an oil with [~]D - 109°. 

t e r t -Buty loxycarbonylva ly lp ro ly lp ro l ine  p-n i t robenzyl  e s t e r  (13) was obtained under the conditions of 
the p reced ing  exper imen t  f r o m  21.7 g (0.1 mole)  of t e r t -bu ty loxycarbonylva l ine  (12) and 42.8 g (0.1 mole) 
of (10) in the f o r m  of a yel low oil, [(~]D - 103°" Yield 44.0 g (81%). 

t e r t -Butoxycarbonyla lany lpro ly lpro l ine  p -n i t robenzyl  e s t e r  (15) was obtained s imi la r ly  to (11) f r o m  
18.9 g (0.1 mole)  of t e r t -bu toxycarbonyla lan ine  (14) and 42.8 g (0.1 mole)  of (10). Yield 43.0 g (83%). Ye l -  
low oil, [~]D - 125°" 

te r t -Buty loxycarbonyld iphenyla lanylpro ly lpro l ine  p -Ni t robenzyl  E s t e r  (18). With ice cooling, a solu-  
tion of 65.4 g (0.11 mole) of (11) in 130 ml of absolute dioxane was sa tu ra ted  with d ry  HC1 for  30 min. 
Then i t  was lef t  fo r  another  40 rain and was evapora ted .  The res idue was t r ea ted  with 300 ml  of d ry  e ther ,  
and the hydrochlor ide  of phenyla lanylprolylprol ine  p-n i t robenzyl  e s t e r  (16) was f i l t e red  off. After  drying 
in vacuum over  P205 and KOH, the yield of  subs tance  was 57.1 g (98%). A mix tu re  of 53.05 g (0.1 mole)  of 
the resul t ing hydrochlor ide ,  36.2 g (0.1 mole) of the N-hydroxysucc in imide  e s t e r  of t e r t -bu toxyca rbony l -  
phenylalanine (17), 14 ml  of t r ie thylamine ,  and 500 ml of absolute dioxane was s t i r r ed  at 20 ° C fo r  70 h. 
The solvent  was evapora ted  off, the res idue  was dissolved in 350 ml of chloroform,  and the solution was 
washed, dried,  and evapora ted .  Af ter  t r e a t m e n t  with ether,  66 g (89%) of an amorphous  powder with [~]D - 
86.5 ° was obtained. 

te r t -Butoxycarbonylphenyla lanylva ly lpro ly lpro l ine  p -n i t robenzyl  e s t e r  (19) was p r e p a r e d  under the 
conditions of the preceding  exper iment  f r o m  36.2 g (0.1 mole)  of the N-hydroxysucc in imide  e s t e r  (17) and 
48.2 g (0.1 mole)  of the hydrochlor ide  of (18) obtained f r o m  60 g (0.11 mole)  of  the t r ipept ide  (13). A m o r -  
phous powder,  yield 59 g (85%), [~]D - 75° • 

t e r t -Butoxycarbonylphenyla lanyla lanylpro ly lpro l ine  p-n i t robenzyl  e s t e r  (21) was p r e p a r e d  s i m i l a r l y  
to (18) f r o m  36.2 g (0.1 mole) of (17) and 45.5 g (0.1 mole)  of the hydrochlor ide  of (20) obtained f r o m  57.0 
g (0.11 mole) of the t r ipept ide  (15). Yield 59.9 g (90%); [~]D - 87.3°. 

te r t -Butoxycarbonyla lanyld iphenyla lanylpro ly lpro l ine  p-n i t robenzyl  e s t e r  (24) was synthes ized  s i m -  
i lar ly  to (18) f r o m  28.6 g (0.1 mole) of the N-hydroxysucc in imide  e s t e r  of t e r t -bu texycarbonyla lan ine  (22) 
and 67.8 g (0.1 mole) of the hydrochlor ide  of (23) obtained f r o m  81.6 g (0.11 mole)  of the te t rapept ide  (18). 
The yield of amorphous  powder  was 73.1 g (90%); [~]D - 89.5°. 
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t e r t -Butoxycarbonylva ly ld iphenyla lanylpro ly lpro l ine  p -n i t robenzy l  e s t e r  (26) was obtained s i m i l a r l y  
to (18) f r o m  3]..4 g (0.1 mole) of the N-hydroxysucc in imide  e s t e r  of t e r t -bu toxycarbonylva l ine  (25) and 67.8 
g (0.1 mole) of the hydrochlor ide  of (23), obtained f r o m  74.6 g (0.11 mole) of the te t rapept ide  (18). Yield 
67.2 g (80%); [aiD - 9 0 ° "  

te r t -Butoxycarbonyld iphenyla lanylva ly lpro ly lpro l ine  p-n i t robenzyl  e s t e r  (18) was synthesized l ike 
(18) f r o m  36.2 g (0.1 mole) of the N-hydroxysucc in imide  e s t e r  (17) and 62.8 g (0.1 mole) of the hydro-  
chlor ide of (27) obtained f r o m  76.1 g (0.11 mole)  of the te t rapept ide  (19). Yield 72.2 g (86%), la iD - 89.5 ° . 

t e r t -Butoxycarbonyld iphenyla lanylpro ly lpro l ine  p-n i t robenzyl  e s t e r  (30) was obtained s i m i l a r l y  to 
(18) f r o m  36.2 g (0.1 mole) of the N-hydroxysucc in imide  e s t e r  (17) and 60.3 g (0.1 (mole of the hydrochlor ide  
of (29) obtained f r o m  73.1 g (0.11 mole) of the te t rapept ide  (21). Yield 69.0 g (85%); [ a ] D - 8 7 . 5  °. 

t e r t -Butoxycarbonyld iphenyla lanylva ly lpro ly lpro l ine  (31). A solution of 42.0 g (0.05 mole) of the p -  
ni t robenzyl  e s t e r  (28) in 250 ml  of absolute  dioxane and 2 ml  of glacial  acet ic  acid was hydrogenated over  
5 g of pal ladium oxide fo r  18 h. After  the end of hydrogenation (monitored by th in- layer  chromatography) ,  
the f i l t r a te  was evaporated,  the res idue  was dissolved in d i o x a n e - w a t e r  (3 : 1) and, to e l iminate  p -  
toluidine, the solution was passed  through a column of Dowex 50 × 2(H + form).  The eluate was evaporated,  
the res idue  was dissolved in a smal l  amount of ethanol, and the product  was prec ip i ta ted  with e ther  in the 
f o r m  of an amorphous  powder.  Yield 30.3 g (87%), [a]D - 92 °. 

te r t -Butoxycarbonyldiphenyla lanyla lanylproly lpro l ine  (32) was obtained under the conditions of the 
preceding  expe r imen t  f r o m  40.6 g (0.05 mole) of the pentapeptide (30) in the f o r m  of an amorphous  powder 
with a yield of 27.1 g (80%), [a]D - 95 ° . 

te r t -Butoxycarbonyldiphenyla lanylvalyld iprolyla lanyldiphenyla lanylprolylprol ine  p-Ni t robenzyl  Es t e r  
(34). A solution of 122.7g (0.028 mole) of (24) in 180 ml  of glacia l  acetic acid was sa tu ra ted  with d ry  HC1 
at 20 ° C fo r  3 h. Then the solution was evapora ted  and the res idue  was t r ea ted  seve ra l  t imes  with benzene 
followed by its evaporat ion.  The hydroehlor ide  of the pentapeptide (33) was washed with d ry  ether ,  dr ied 
in vacuum over  KOH, and dissolved at 0 ° C in 200 ml  of d ry  methylene chlor ide  containing 3.5 ml  (0.025 
mole) of t r i e thy lamine .  The solution was t r ea t ed  with 17.6 g (0.25 mole) of the t e r t -bu toxycarbony l  peptide 
(31) and 6.2 g (0.03 mole) of DCCDI. The reac t ion  mix ture  was s t i r r ed  at 0°C for 1 h and at 20°C for 48 h. 
The prec ip i ta te  was f i l t e red  off, the f i l t ra te  was evapora ted ,  and the res idue  was dissolved in ethyl aceta te  
and prec ip i ta ted  with pe t ro l eum ether .  The resul t ing  powder was dissolved in methanol  and ch romatographed  
on a column of Sephadex LH-20 (200 x 5 em).  The low-molecu la r -we igh t  f rac t ion  was evapora ted  and the 
res idue  was r ep rec ip i t a t ed  f r o m  ethyl aceta te  with pe t ro leum ether .  This gave the deeapeptide (34) in the 
f o r m  of an amorphous  powder with a yield of 21.0 g (60%), [~]D-125  °. 

The p-n i t robenzyl  e s t e r  of te r t -butoxycarbonyldiphenyla lanyla lanyldiproly lvaly ld iphenyla ianylproly l -  
prol ine  (36) was isolated in a s i m i l a r  manner  to the preceding  exper iment ,  s ta r t ing  with 16.9 g (0.025 mole) 
of the acid (32) and 22.8 g (0.025 mole) of the hydrochlor ide  of the pentapept ide p -n i t robenzy l  e s t e r  (35), 
obtained f r o m  23.5 g (0.028 mole) of (26). Amorphous powder,  yield 27.2 g (78%), [~]D - 106"2°" 

ter t -Butoxyearbonyldiphenyla lanylvalyld iprolyla lanyldiphenyla lanylprolylprol ine  (37) was obtained in 
the same  way as (31) f r o m  14.0 g(0.01)mole) of the p-n i t robenzyl  e s t e r  (34) in the f o r m  of an amorphous  
powder  with a yie ld  of 9.9 g (78%), [C~]D - 122 °. 

te r t -Butoxyearbonyldiphenyla lanyla lanyldiprolylvalyld iphenyla lanylprolylprol ine  (38) was obtained in 
a s i m i l a r  manner  to (31) f r o m  14 g (0.01 mole)  of the p-n i t robenzyl  e s t e r  (36) in the f o r m  of an amorphous  
powder with a yield of 11.3 g (81%), [C~]D - 111 ° . 

cyclo-Diprolylvalyldiphenylalanyldiprolyldiphenyialanylalanine (1) (Antamanide). To a solution of 
6.32 g (0.005 mole) of (37) in 25 ml  of d ry  pyr idine was added 16.2 g (0.05 mole) of d i -p -n i t rophenyl  suffite, 
and af ter  48 h (20°C), the pyr id ine  was dist i l led off in vacuum. The r e s idue  was washed with ether  and 
dried in vacuum over  P205. The resul t ing  p-ni t rophenyl  e s t e r  of the te r t -bu toxycarbonyldecapept ide  (39) 
was dissolved in 30 ml  of  anhydrous t r i f luoroace t ic  acid, and af ter  2 h the solution was evapora ted  at 35 ° C. 
The res idue  was t rea ted  with 200 ml  of absolute ether ,  and the t r i f luoroace ta te  of (40) was f i l te red  off and 
dried ove r  KOH in vacuum. Then it was dissolved in a mix tu re  of 200 ml  of absolute  dioxane, 10 ml  of d ry  
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dimethy l formamide ,  and 0.5 ml  of glacial  acetic acid and the solution was added by drops  over  6 h to 700 
ml of absolute pyridine at 65 ° C. After  72 h (65 ° C), the solution was evapora ted  to d rynes s  and the res idue  
was washed with ether ,  d issolved in methanol,  and chromatographed  on Sephadex LH-20. The eluate con-  
taining the cyclopeptide (monitoring by th in- layer  chromatog?aphy on s i l ica  gel) was evaporated and the 
res idue  was dissolved in 10 ml  of c h l o r o f o r m - b e n z e n e  (1 : 1) and deposited on a column of neutral  alumina 
(activity grade  II; 20 × 2 cm).  The colunm was eluted with 500 ml of c h l o r o f o r m - b e n z e n e  (1:1) and 600 
ml of ethyl ace ta te .  The ethyl aceta te  solution was evaporated and the res idue  was dissolved in 10 ml  of 
te t rahydrofuran ,  deposi ted on a column of s i l ica (20 x 2 cm),  and eluted with t e t rahydrofuran .  The yield 
of antamanide a f t e r  r ec rys t a l l i za t ion  f r o m  aqueous acetone and drying ove r  P205 in high vacuum was 0.98 
g (17%). 

cyclo-Diprolyla lanyldiphenylalanyldiprolylphenylalanylval ine  (2) (Retroantamanide) was obtained 
under the conditions of the preceding  exper imen t  f rom 6.32 g (0.005 mole) of the decapeptide (38). After 
r ec rys t a l l i z a t i on  f r o m  methyl  ethyl ketone and drying, the yield of substance  was 1.2 g (21%). 

cyclo-Diprolylvalyldicyclohexylalanyldiprolyldieyclohexylalanyla lanine  (3) (Perhydroantamanide) .  
Antamanide (1) (100 mg) was hydrogenated in 10 ml  of e t h a n o l - a c e t i c  acid (1 • 1) over  0.1 g of p la t inum 
oxide for  72 h. After  cessa t ion  of the absorpt ion of hydrogen, the ca ta lys t  was f i l t e red  off, the solvent  
was dist i l led off, and the res idue  was dissolved in 2 ml  of t e t rahydrofuran  and ehromatographed  on 5 g of 
neutral  a lumina (activity g r ade  II). The te t rahydrofuran  eluate (50 ml) was evapora ted  and the res idue  was 
dissolved in a smal l  amount of e ther  and prec ip i ta ted  with 50 ml  of acetone. The yield af ter  c rys ta l l iza t ion  
f r o m  cyclohexane was 58 m g  (57%). 

S U M M A R Y  

The synthes is  of antamanide,  re t roantamanide ,  and perhydroantamanide  has  been effected. I t  has  
been shown that the invers ion  of the direct ion of acylat ion - the equi l ibr ium interchange of the val ine and 
alanine r e s idues  ( re t roantamanide)  - l o w e r s  the stabil i ty of the complexes  with sodium and po ta s s ium 
in ethanolic solutions,  while the r ep l acemen t  of the phenyl groups by cyclohexyl groups has  p rac t i ca l ly  no 
effect  on complex format ion .  

. 

2. 
3. 

4. 

5 .  

6. 
7. 
8. 

9. 

L I T E R A T U R E  C I T E D  

T. Wieland, G. Liiben, H. Ottenheym, J.  Faesel ,  J. X. de Vries ,  W. Konz, A. Prox,  and J. Schmigt, 
Angew. Chem.,  80.0, 209 (1968). 
T. Wieland, G. Li]ben, H. Ottenheym, and H. Schiefer, Ann. Chem., ..722, 173 (1969). 
T. Wieland, H. Fauls t ich,  W. Burge rme i s t e r ,  W. Otting, W. Mbhle, M. M. Shemyakin, Yu. A. 
Ovchinnikov, V. T. Ivanov, and G. G. Malenkov, FEBS Let. ,  9_, 89 (1970). 
M. M. Shemyakin, Yu. A. Ovchinnikov, V. T. Ivanov, V. K. Antonov, E. I. Vinogradova~ A. M. ~ k r o b ,  
G. G. Malenkov, A. V. Evst ra tov ,  I. A. Laine, E. I. Melnik, and I. D. Ryabova, J. Membrane  Biol., 1_ 
402 (1969). 
L. A. R. Pioda, U. A. Wachter ,  R. E. Dotmer, and W. Simon, Helv. Chim. Acta, 50__, 1373 (1967). 
W. KSnig and R. Geiger ,  Ann. Chem., 727___, 125 (1969). 
T. Wieland, J. Faese l ,  and W. Konz, Ann. Chem., 722___, 197 (1969). 
T. Wieland, J. Faese l ,  and W. Konz, l>roc. 9th European 15eptide Symposium, Ed. E. Br icas ,  Nor th-  
Holland Publishing Company, A m s t e r d a m  (1968), p. 243. 
A. Prox,  J. Schmidt, and H. Ottenheym, Ann. Chem., 722, 179 (1969). 

450 


