
S Y N T H E S I S  A N D  P R O P E R T I E S  O F  S Y M M E T R I C A L  

A N A L O G S  O F  A N T A M A N I D E  

A .  I .  M i r o s h n i k o v ,  K .  K h .  K h a l i l u l i n a ,  
N .  N.  U v a r o v a ,  V .  T .  I v a n o v ,  
a n d  Y u .  A .  O v c h i n n i k o v  

UDC 547.964.4 + 577.17.07 

In p reced ing  pape r s  [1, 21 we have desc r ibed  the synthes is  and the r e su l t s  of phys icochemica l  in- 
ves t iga t ions  of the na tura l  antagonist  of deathcup amani ta ,  antamanide (I) [3, 4], and two of its analogs - 
pe rhydroan tamanide  (1I) and r e t roan taman ide  (IH). A unique p rope r ty  of  the compounds obtained is t he i r  
capaci ty  for  formin~ complexes  with a l k a l i - m e t a l  cat ions in solution with a wel l -def ined Na/K se lec t iv i ty  
in complex  fo rmat ion  ([1, 5], Table  1). 

1 2 3 4 5 6 7 8 9 10 

[Val-Pro-Pro-Ala- Phe- Phe-Pro-Pro-Phe-Phe ] 
I antamanide 

I 1 Val-Pro-Pro-Ala-Cha-Clla-Pro-Pro-Cha-Cha 
11. Cha;, Cha s, Cha ~', Chat')~antamanide 

(perhydroantam anide)* 

[ 1 Ala-Pro-Pro-Val-Phe-Phe-Pro-Pro-Phe-Phe 
lIl. AIaL Val*-antamanide (retroantamanide) 

Spect ra l  invest igat ions ,  in combinat ion with a theore t i ca l  ana lys i s ,  have enabled a spat ia l  s t ruc tu re  for  a 
Na + complex of antamanide to be put fo rward  which explains many fea tu res  of its behavior  [2] and s e r v e s  
as a bas i s  for  the in te rpre ta t ion  of the re la t ionship  between the s t ruc tu re  of  cyclopept ides  of the antamanide 
group and t h e i r  capaci ty  for  complex  fo rmat ion  [6, 7]. 

In the course  of the fu r the r  development  of a study of the re la t ionship  between the s t ruc tu re  and s t a -  
bi l i ty  of the complexes ,  on the one hand, and the biolo¢ical  act ivi ty  of antamanide and its analogs,  on the 
o the r  hand, it appeared  of i n t e re s t  to invest igate  de r iva t ives  of  antamanide the molecu les  of which p o s s e s s  
a s e c o n d - o r d e r  axis of s y m m e t r y  (C2). Analogs of this type would be expected to have an inc reased tendency  
to complex format ion ,  since the p r e sence  of a pseudo C 2 axis has been shown prev ious ly  for  the Na + c o m -  
plex of antamanide [2]. F u r t h e r m o r e ,  such compounds a re  more  convenient objects  for  conformat ional  
invest igat ion than antamanide i tself ,  since they ~ive cons iderably  s i m p l e r  NMR spec t r a .  The p r e s e n t p a p e r  
de sc r ibe s  the synthes is  of compounds (IV) and (V), and the i r  pe rhydro  de r iva t ives  (VI) and (VII); the r e -  
lated cyclodecapept ide  Phe 4, ValS-antamanide has recent ly  been desc r ibed  by Wieland et al. [8]. 

The cyclopept ides  (IV) and (V) were  synthes ized  by the scheme ~.iven on p. 208 with the aid of the 
expedients  and methods  used  p rev ious ly  in the product ion of antamanide ~ [1]. 

*Cha = -- N H - - C H - - C O - -  
t 

CH=--C6Hn 

7in con t ras t  to the conditions for  the synthes is  and cycl iza t ion of the e s t e r  (Z-XIV) desc r ibed  in [ll ,  where 
pyr idine was used  in the l as t  s ta~e,  he re  the p -n i t rophenyI  e s t e r  (XXIII) was subjected to the cycl iza t ion 
reac t ion  in solution in ch lo ro fo rm containin~ t r i e thy lamine .  
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TABLE 1. Phys icochemica l  P r o p e r t i e s  of Compounds (I-VII) 

Compound 

Antamanide [1, 3j (I) 
Perh~droantamami~e 

t~[ltrJola(~Ia)rnanide [1](III) 
Phe I, Alag-Antamanide/I~) 
Val6, AlaS-Antamanide 
Perhydro-Phe I. Ala 9 - 

antamanide (VI) 
Perhydro-Val 6, Ala% 

antamanide (VII) 

Mol. wt, 
(ITlfl$$ 
spec 
l~omete: 

Stabilitv IFree energies 
constants of of complex 
the corn- I formauon 
plexes* (K, I(-AF=RTln 
liter, mole-l) [ K. k__c alhno__le) 

Na + 1¢,+ I Na+ K + 

mp, 
*C 

[¢x]~ (in 

ethanol), 
deg 

I146 172--174 --168 (c 0,5) 

I170 164--166 --86 (c 0,5) 
1146 176--177 --176 (c 0,08} 
I118 178-179 --107,6 (c l) 
1022 320--322 --384 (c I) 

1142 179--182 --25 (c l) 

1034 304--305 --153 (c l) 

2800 

2OOO 
400 

6000 
25000 

2800 

1700 

270 4,7 3,3 

3,6 2,7 
500 5,2 3,7 

1000 6,0 4,1 

270 4,7 3,3 

I00 4,4 2,3 

* Measured  by the conductometr ic  method [10]. 
tin a precedin~ pape r  [1], a value of 200 l i t e r s  • mole - I  was ~iven e r -  
roneous ly  for  the s tabi l i ty  constant  of the Na + complex of p e r h y d r o -  
antamanide (II). 

1 2 3 4 5 6 7 8 9 10 

[ Phe-Pro-Pro-Ala-Phe-Phe-Pro-Pro-A la-Phe ] 
IV. Phe t, Alag-antamanide 

[ Val-Pro-Pro-Ala-Phe-Val-Pro-Pro-Ala-Phe 
V. Val6, Ala~-antamanide 

[ Cha.Pro.Pro.Ala_ Cha.Cha_Pro_Pro.Ala.Cha [ 
VI. Cha 1, ChaS, Cha 6, Ala 9, ChalO-antamanide 

[ Val-Pro-Pro-Ata-Cha-Val-Pro-Pro-Ala-Cha ] 
VII. ChaS, Va[6, Ala 9, ChalO-antarnanide 

Compounds (VI) and (VII) were  obtained by the prolonged hydrogenat ion of the phenyla lan ine-conta in-  
in~ pept ides  (IV) and (V) o v e r  a plat inum cata lys t ;  t he i r  compa ra t i ve ly  low yie lds  (34 and 61%) a re  a p p a r -  
ently due to the s imul taneous  occu r r ence  of reduct ive  degradat ion.  

The phys icochemica l  constants  and informat ion on complex format ion  by the cyclopept ides  obtained 
with Na + and K + ions a re  ~iven in Table 1. For  compar i son ,  it a lso ~ives the f i ~ r e s  for  antamanide (I), 
pe rhydroan tamanide  (II), and r e t roan taman ide  (III) taken f rom the prev ious  p a p e r  [1]. The m a s s  spec t r a  of 
compounds (IV-VII) a re  e x t r e m e l y  s i m i l a r  to the m a s s  s p e c t r a  of antamanide,  ~ivin~ stron~ peaks  of the 
m o l e c u l a r  ions; the nature  of t he i r  fra~.mentation a~rees  comple te ly  with the p r i m a r y  s t ruc tu re  of the cyclo-  
decapept ides  synthes ized.  

The s y m m e t r i c a l  analogs of antamanide,  (IV) and (V), d issolve somewhat  m o r e  spar ingly  in wa te r  
and in the usual  organic  solvents  than antamanide .  As can be seen  f rom Table 1, they a re  d i s t i n ~ i s h e d  
by a hi~her  s tabi l i ty  of the sodium and po tass ium complexes  as c o m p a r e d  with those of antamanide i tself .  
F u r t h e r m o r e ,  they di f fer  cons iderably  f rom the na tura l  cyclopeptide in the se lec t iv i ty  of t he i r  complex 
fo rmat ion  ( ~ F N a + - ~ F K + ) .  Measu remen t s  of the anti toxic action of compounds (IV) and (V) showed* that  
the l a t t e r  a re  cons iderab ly  in fe r io r  in this r e spec t  to antamanide:  for  (IV), the pro tec t ive  dose a~ainst  
5 m~/k~, of phalloidine (LDs0~2.0 m~/k~) injected into mice  is 10 m ~ / l ~ ,  while at the same  concentra t ion 
(V) showed no pro tec t ive  effect  (for antamanide,  the pro tec t ive  dose is 0.5 m~/k~) .  The s y m m e t r i c a l a n a l o ~ s  
(IV) and (V), like antamanide (I), show no an t imic rob ia l  act iv i ty  at concentra t ions  of up to 50 y / m l  a~ainst  
Sarc ina  lutes,  Baci l lus  subt i l is ,  Candida a lbicans ,  Mycobac te r ium phlei ,  Esche r i ch i a  ooli, Staphylococcus 
au reus  209 P, Staphylococcus aureus  UV-3, and St reptococcus  faeca l i s .  So fa r  as concerns  the hydrogenated 
analogs (VI) and (VII), as  has been r epor t ed  p rev ious ly  [9], compound (II) s u p p r e s s e s  the growth 'of Staph- 

* The tes t in~ of biological  ac t iv i ty  was p e r f o r m e d  by Prof .  T.  Wieland (Institute for  Medical  R e s e a r c h  of 
the Max Planck Society, Heidelberg,  GFR), the m e a s u r e m e n t  of the an t imic rob ia l  act iv i ty  by N. D. Ryabova,  
and the de te rmina t ion  of the instabi l i ty  constants  of the complexes  by G. G. Malenkov and N. A. Skobelev. 
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Phe Ala Ph( Phe or Val Phe or Val Pro Pro 

H/~d~ -- 2 
O] 

Pro Pro 

BOC - -  

Phe (Xl) BOC-- OBzlNO2 Val (Xll) 

Phe (Xlll) 
OH Val (XIV} HBr. H - -  

IBuOCOCI 

H~/Pd 

-OH HCI.H- 
(x) 

IBuOCOCI 

HBr/Ac, H - ] -  

(O~NC6H,) SO 

CF3COOH 

py or Et3N 

Ala 

BOC- 

BOC- 

BOC- 

BOC- 

BOC- 

H -  

/ /  

Phe (VIII) --OBzlNO2 Val (IX) 

Phe (XI) 
--OBzlNO2 Val (XIl) 

Phe (XV) 
- - - O B z I N O ;  Val (XV[) 

--OBzlN02 Phe, Phe (XVII} 
Val, Val (XVIII) 

- - - O H  Phe, Phe (:'(IX} 
Vai, Val (KX) 

Phe, Phe (XXI) 
- - - - O N P  Val, Val (XXII) 

- -  - -  -ONP Phe, Phe (XXIII) 
Val, Val (XXIV) 

/ Phe, Phe (IV) 
. /  Val, Val (V) 

/ 

H~/Pt 

/ Cha, C~a (VI) / / Val, Va) (VII) 

A!R C!R C.!r V.,,!o PJo A,. C!a C. or Va, P o P~o 

y l o c o c c u s  aureus  UV-3  and Streptococcus  faeca l i s  in concentrat ions  of 18 and 6-9 y /ml ,  respec t ive ly .  
The s y m m e t r i c a l  analo~ (VI) shows  no ant imicrobia l  act ivi ty  a~ainst  all  the s tra ins  mentioned even  at con-  
centrat ions  of up to 100 y / m l ,  and compound (VII) could not be tes ted  because  of  its low solubil i ty.  

Thus,  the s y m m e t r i c a l  analov.s of  antamanide (IV)- (VII) , while bein~ fair ly  e f fect ive  complexones  of 
Na + ions,  p o s s e s s  an e x t r e m e l y  weak bio log ica l  act ivity.  It is  not excluded that this  is connected with the ir  
low solubi l i ty  in organic  media .  

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

The individuality of the compounds obtained was checked by t h i n - l a y e r  ch roma toe raphy  on a lumina 
(activity ~rade II) o r  s i l i ca  ~el. For  all  the compounds,  the r e su l t s  of e l e m e n t a r y  ana lys i s  co r responded  
to the calcula ted C, H, and N contents .  The speci f ic  ro ta t ions  were  m e a s u r e d  on a P e r k i n - E l m e r  141 
p o l a r i m e t e r  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  pept ides ,  the reac t ion  
mix ture  was washed with water ,  10% c i t r ic  acid solution, sa tu ra ted  NaHCO 3 solution, and wa te r  again, and 
was dr ied with M~SO 4. 

p-  Ni t robenzyl  E s t e r  of te r t -Buty loxycarbonyla lanyl (phenyla lanyl ) (phenyla lanyl )propylpro l ine  (XI). 
At -15~C,  14 ml  of t r i e thy lamine  and 13.5 ml  (0.1 mole) of isobutyl  ch lo ro fo rmate  were  added to a solution 
of 18.9 V. (0.1 mole) of t e r t -bu toxycarbony la lan ine  (X) in 100 ml  of absolute t e t r ahydro fu ran .  Af ter  15 min 
at -15°C,  the reac t ion  mix ture  was t r e a t ed  with 67.8 ~ (0.1 mole) of the hydrochlor ide  of the te t rapept ide  
(VIII) [1] and 14 ml  of t r i e thy lamine  in 100 ml  of absolute t e t r ahydro fu ran .  The mix ture  was s t i r r ed  at 0°C 
for  1 h and at 20°C for  12 h and was then evapora t ed  and the res idue was ex t rac ted  with 300 ml  of ethyl  
ace ta te .  Af ter  washin~ and dryin~ the ethyl  aceta te  solution was evapora ted  i nvaeuum.  The yield o f e h r o m a t -  
ographica l ly  homogeneous amorphous  powder  ( [~ ]D-89 .5  °) was 73.1 ~ (90%). 

p -Ni t robenzy l  E s t e r  of t e r t -Butoxycarbonyla lany l (phenyla lany l )va ly lpro ly lpro l ine  (XII). This  sub- 
stance was obtained under  the conditions of the preceding  expe r imen t  f rom 18.9 ~ (0.1 mole t of (X) and 
62.9 ~ (0.1 mole) of the hydrochlor ide  of the te t rapept ide  (IX) [1] with a yield of 68.6 ~ (90%), [~]D-261"1°" 

te r t -Butoxycarbonyla lanyl (phenyla lanyl ){phenyla lanyl )a lanylproly lpro l ine  (XIII). The hydrogenation 
of 40.65 ~ (0.05 mole) of the e s t e r  (XI) in 350 ml  of absolute dioxane and 2 ml  of ~lacial  ace t ic  acid was 
p e r f o r m e d  o v e r  5 ~ of pal ladium oxide for  20 h. Af ter  the end of hydrocenat ion {monitored by t h i n - l a y e r  
chromatography) ,  the f i l t ra te  was evapora ted ,  300 ml  of d i o x a n e - w a t e r  (1 : 1) was added, and the solution 
was pas sed  through a column of Dowex 50 × 2 (H + form) .  The eluate was evapora ted ,  the residue was d is -  
solved in 50 ml  of  ethanol,  and the product  was p rec ip i t a ted  with 400 ml  of e t h e r - h e x a n e  (1 : 1). Yield 
30 ~ (91%), [Ce]D--86.5°. 

208 



t e r t -Butoxycarbonyla lanyl (phenyla lanyl )va ly lpro ly lpro l ine  (XIV). The subs tance  was obtained under  
the conditions of the precedin~ expe r imen t  f rom 38.2 ~ (0.05 mole) of (XII) in the fo rm of an amorphous  
powder with a yield of 29 ~ (92%), [O~]D-80.6 ° 

p -Nt t robenzy l  E s t e r  of t e r t -Butoxycarbonyla lanyl (phenyla laay l ) (phenyla lanyl )pro ly lpro ly la lanyl -  
(phenylalanyl)(pheaylalanyl)prolylprol ine (XVII). A solution of 9.82 g (0.012 mole) of the pentapeptide 

(XI )  in 15 ml  of ~lacial  acet ic  acid was t r e a t ed  with 40 ml  of a 35% solution of HBr  in ~lacial  acet ic  acid.  
Af te r  1 h, the mix ture  was evapora ted  at 35°C and the res idue was t r e a t ed  with 250 ml  of absolute e ther .  
The prec ip i ta te  of the hydrobromide  of "(XV) that  deposi ted was f i l te red  off, washed with e ther ,  and dried 
in vacuum o v e r  KOH. Yield 8.85 Q" (93%). With s t i r r ing ,  1.4 ml  of t r i e thy lamine  and 1.35 ml  (0.01 mole) 
of isobutyl  ch lo ro fo rmate  were  added to a solution of 6.8 ~ (0.01 mole) of the pentapeptide (XIII) in 40 ml  
of absolute t e t r ahydro fu ran  cooled to -15°C;  a f t e r  20 min, another  7.94 ~ (0.01 mole) of the hydrobromide  
of (XV) in 50 ml  of t e t r ahydro fu ran  containin~ 1.4 ml  of t r i e thy lamine  was added. After  30 h (20°C), the 
reac t ion  mix ture  was evapora ted ,  the res idue was ex t r ac t ed  with ethyl  aceta te ,  and the ex t r ac t  was washed 
and dr ied.  This  ~ave 9.07 ~ (66%) of the decapeptide (XVII) in the fo rm of an amorphous  powder,  [~]D 
- 1 0 8 . 5  ° .  

p-Ni t robenzy l  E s t e r  of te r t -Butoxycarbonyla lanyl (phenyla lanyl )va ly lpro ly lpro ly la lanyl{phenyla lanyl ) -  
va ly lpro ly lpro l ine  (XVIII). The substance was obtained under  the conditions of the preceding_ expe r imen t  
f rom 6.29 ~ (0.01 mole) of  the te r t -bu toxycarbonylpentapept ide  (XIV) and 7.45 ~ (0.01 mole) of the hydro-  
b romide  of the pentapeptide (XVI) obtained f rom the p ro tec ted  e s t e r  of the pentapeptide (XII). The yield 
of the decapeptide (XVIII) was 8.91 ~ (70%), [ a ]D-129° .  

t e r t -Butoxy  carbonyla lanyl  (pheny lalanyl (phenylalanyl) proly lprolyla lanyl  (phenylalany 1) (phenylalanyl)- 
p ro ly lpro l ine  (XIX). As in the p repa ra t ion  of (XIII), the hydrogenat ion of 13.72 ~ (0.01 mole) of the p ro -  
tec ted  decapeptide (XVII) over  1 ~ of pal ladium oxide ~ave compound (XIX) with a yield of 11.5 ~ (93%), [a]D 
-107 .8  ° . 

t e r t -Butoxycarbonyla lany  l (phenylalanyl)valylprolylprolyla lanyl  (phenylalanyl) va ly lpro ly lpro l ine  (XX). 
The substance  was obtained in a s i m i l a r  m a nne r  to the acid (XIX) f rom 12.75 ~ (0.01 mole) of the p ro tec ted  
decapeptide (XVIII) in the fo rm of an amorphous  powder  with a yield of  10.8 ~ (95%), [ a ] D - 1 3 7  °. 

Cyclo (phenylalanyl)prolylprolylalanyl  (phenylalanyl) (phenylalanyl)prolylprolylalanyl  (phenylalanine) 
(]?he l, Ala9-Antamanide) (IV). To a solution of 6.18 g (0.005 mole) of (XIX) in 25 m l  of d ry  pyridine was 
added 16.2 ~ (0.05 mole) of d i -p -n i t ropheny l  sulfi te.  Af ter  48 h (20°C), the pyridine was dist i l led off in 
vacuum and the res idue  was washed with e the r  and dried in vacuum o v e r  P205. The resul t in~ p-n i t rophenyl  
e s t e r  of a t e r t -bu toxycarbonyldecapep t ide  (XXI) was dissolved in 30 ml  of anhydrous t r i f luoroace t ic  acid. 
Af ter  2 h, the solution was evapora ted  at 35°C. The residue was t r ea t ed  with 200 ml  of absolute e the r  and 
the t r i f luoroace ta te  of (XXIID was f i l te red  off and dried over  KOH in vacuum, a f t e r  which it was d issolved 
in 200 ml  of dioxane containin~ 2 ml  of acet ic  acid and, ove r  6 h, was added at 50°C to 1000 ml  of absolute 
ch lo ro fo rm containing 0.7 ml  (0.05 mole) of t r i e thy lamine .  After  24 h (50°C), the solution was evapora ted  
to d ryness ,  and the res idue  was t r i t u ra t ed  under  e the r  and was f i l te red  off. The resul t in~ product  was 
dissolved in 300 ml  of m e t h a n o l - w a t e r  (9: 7) and was pas sed  success ive ly  through columns (30 × 2 cm) 
containin~ Dowex 50 × 2 (H + form) and Dowex 1 × 2 (OH- form).  The eluate was evapora ted ,  and the res idue 
was dried,  washed with e ther ,  and then c rys t a l l i zed  f rom a c e t o n e - w a t e r  (50 : 1). Af ter  dryin~ in vacuum 
ove r  P20~, the yield was 2.56 ~ (47%), calculated on the acid (XIX). 

Cyc•ova•y•pr••y•pro•y•a•any•(pheny•a•any•)va•y•pro•y•pr••y•a•any•(pheny•a•anine) (Val e, Ala9-Antamanide) 
(V). The t r i f luo roace ta te  of the p-n i t rophenyl  e s t e r  of  a decapeptide (XXIV) obtained under  the conditions 
of the preceding  expe r imen t  f rom 5.7 ~ (0.005 mole) of the acid (XX) was dissolved in 200 ml  of d i o x a n e -  
d ime thy l fo rmamide  (20 : 1) and was added ove r  6 h at 65°C to 700 ml  of absolute pyr idine.  Af ter  65 h (65°C), 
the solution was evapora t ed  to d ryness  and the res idue was washed with e the r  and dried in vacuum and was 
then dissolved in methanol  and chromato~raphed  on Sephadex LH-20 (column 200 x 4 cm).  The eluate con-  
taining the cyclodecapept ide (monitorin~ by t h i n - l a y e r  ch romatography  on s i l ica  eel) was evapora ted  and 
the res idue was c rys t a l l i zed  f rom aqueous acetone.  Af ter  dryin~ in vacuum over  P20~, the yield was 1.53 
(30%), calcula ted on the acid (XX). 

Cyclo-f l  - cyc lohexyla lany lpro ly lpro ly la lany l -  (B -cyclohexyl)  a lanyl -  (fl - cyc lohexyla lanyl )pro ly lpro ly l -  
.a.lanyl- ( f l -cyclohexylalanine)  (Pe rhydro -  Phe l, Alag-Antamanide) (VI). The cyclopeptide (IV) (100 mg) was 
hydrogenated in 10 ml  of e t h a n o l - a c e t i c  acid (1 : 1) o v e r  a plat inum ca ta lys t  ( from 0.1 ~ of plat inum oxide). 
Af te r  the cessa t ion  of the absorp t ion  of hydrogen,  the ca ta lys t  was f i l te red  off, the solution was evapora ted ,  
and the res idue  was r e c r y s t a l l i z e d  th ree  t imes  f rom aqueous acetone.  Yield 62 me  (61%). 
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CTcloval~rlprol~rlprolylalan~'l- (~-c~rclohexTlalanyl)val~rlprol~rlprolylalanyl- (fl- cyclohexylalanine) (Per- 
6 " - -  - 

hydro-Val ,  Ala"-Antamanide) (VII). The substance was obtained under the conditions of the precedin~ ex- 
periment from 100 m~ of the cyclopeptide (V). After three recrystallizations from aqueous acetone, the 
yield was 31 m~ (34%)° 

SUMMARY 

1. The synthesis of four symmetrical  analogs of antamanide has been performed. 

2. The capacity of the analogs obtained for complex formation with Na + and K + ions in ethanolic 
solution has been studied. 
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