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In our p rev ious  work  [1], we desc r ibed  a syn thes i s  for  N- t r i ch loroace toxyphtha l imide ,  which i s  a reagent  
for  the p r epa ra t i on  of act ivated N-oxyphthal imide  e s t e r s  of N-p ro tec t ed  amino acids and was used for  the syn-  
t he s i s  of a t e t r apep t ide  eakephal in  analog. Coy et al. [2] have  r epo r t ed  that  the peptide bond between the T y r  
and Gly r e s idues  in the sequence of enkephal in- l ike  pept ides  is  not s table  to the act ion of pep t idases .  Susumu 
et  al .  [3] have  shown that  Gly 2 may  be rep laced  by a D-amino  acid r e s idue  such as  D-AIa ,  the reby  cons iderably  
enhancing r e s i s t a n c e  of the  bond to  the  action of pep t idases .  The protec t ion  of the C - t e r m i n a l  pa r t  of the m o l e -  
cule r e l a t ive  to  the  act ion of enzymes  is achieved by amidat ion.  A n u m b e r  of enkephalin analogs have  now been 
obtained [4] with powerful  analget ic  act ion and enhanced r e s i s t a n c e  to  the act ion of pep t idases .  The t e t rapep t ide  
(TP) synthes ized  in the presens work  i s  such a pept ide.  

The  syn thes i s  of TP was c a r r i e d  out by the ac t ivated e s t e r  method by the following scheme:  
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N-Oxyphthal imide  e s t e r s  of N-pro tec ted  amino ac ids  w e r e  used as  the ac t iva ted  e s t e r s  to  obtain the  peptide 
bond. These  e s t e r s  we re  obtained by the following scheme:  
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where  1~' = CO2C(Me) 3, R is  the amino acid s idechain,  and B is  a base  such as  pyridine,  N-methy lmoprho l ine ,  
and Et ~N. 
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N-Oxyphthalimide esters are highly reactive in aminolysis reactions, which permitted the synthesis of TP 
under mild conditions with good yield. In addition, these derivatives readily crystallize and hydroxyphthalimide 
which forms in the aminolysis is easily removed from the peptide product by washing with aqueous NaHCO 3. 

The activated esters of (IV), (VII), and (X) were obtained in 99%, 82%, and 90%yields, respectively. The 
aminolysis was carried out with a slight excess of the amino component (up to 15%). Trifluoroacetic acid was 
used to remove the Boc protective group. Purification of TP was carried out by liquid chromatography on a 
Zorbax C-8 column in 8%MeCN + 92% 0.2 M AcONII 4. The product was homogeneous on thin-layer chromato- 
graphy and its physicochemical properties were in accord with literature data [5]. 

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

Reanal  amino acid de r iva t ives  we re  used. The mel t ing  points we re  de te rmined  on a Koefler  block and the 
speci f ic  optical  act ivi ty  was 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  in a cell  with 1 dm pathlength~ The 
IR s p e c t r a  were  t aken  on an IRS Hitachi  260-10 s p e c t r o m e t e r .  The amino acid composi t ion  a f te r  hydrolys is  in 
6 M HCI for  12 h at 110~ was de t e rmined  on a L iqu ima t - I I I  amino acid ana lyze r  with detect ion by o-phtha ld ia l -  
dehyde. The pur i ty  of the compounds obtained was moni tored  by t h in - l aye r  ch romatography  on M e r c k  F-254 
s i l ica  gel 60 p la tes  with the following eluents:  1) 100:50:2 b e n z e n e - a c e t o n e - a c e t i c  acid; 2) 95:5:3 c h l o r o f o r m -  
m e t h a n o l - a c e t i c  acid; 3) 7 " 3 1 - p r o p a n o l - 2 5 %  ammonia ;  4) 4 : 1 : 1 1 - b u t a n o l - a c e t i c  a c i d - w a t e r ;  5) 60:20:6:11 
ethyl a c e t a t e - p y r i d i n e - a c e t i c  a c i d - w a t e r ;  6) 4 : 1 : 5 1 - b a t a n o l - a c e t i c  a c i d - w a t e r  (upper phase) .  The amino 
acid  de r iva t ives  and pept ides  were  developed by ninhydrin and f luo re scamine .  

Typical  Synthesis of N-Oxyphthal imide E s t e r s  of N-Subst i tuted Amino Acids.  A sample  of 10 m m o l e s  N-  
t r i ch lo roace toxyph tha l imide  was added with s t i r r ing  to  a solution of 10 m m o l e s  N-subs t i tu ted  amino acid and 
10 m m o l e s  pyr id ine  in 10 ml  po la r  solvent (acetoni t r i le ,  DMF, THF,  CH2C12, or  ethyl acetate)  and mainta ined 
at 22-23~ for  2-12 h and then concent ra ted  in vacuum. T h e r e s i d u e  was diluted with 50 ml  ethyl ace ta te  and 
washed with t h r e e  50-ml  por t ions  of wa te r  and t h r e e  10-ml  por t ions  of aq. NaHCO 3. The ethyl ace ta te  solution 
was  dr ied  over  anh. Na~sO 4 and dis t i l led in vacuum.  The r e s idue  was c rys t a l l i zed  f rom a sui table  solvent .  Th is  
method gave  (IV) in 9 9 ~ y i e l d ,  mp 195-196~ Ef 0.8 (1), 0.72 (2); (VII) in 82%yield,  mp 125-127~ [~]~9 +30"4~ 
(C 1, ethyl aceta te) ,  Rf 0.8 (1), 0.75 (3); and (X) in 90%yield ,  mp 76-77~ [~]~9 -29-7~ (C 1, ethyl acetate) ,  
Rf  0.75 (1), 0.85 (3). 

N- t e r t -Bu ty loxyca rbony l -L-pheny la l an ine  Amide (ID. A sample  of 5 g (12.93 mmoles )  (I) was suspended 
in 70 ml  methanol  and ammonia  was bubbled in until comple te ly  d issolved.  The mix tu re  was mainta ined for  3 h 
at 22~ The solvent  was r em oved  in vacuum and the res idue  was d isso lved  in 100 ml  of a 4:1 mix tu re  of ethyl 
ace ta te  and wa te r .  The ex t rac t  was washed with f ive 20-ml  por t ions  of 5% aq. NaHCO 3 and dr ied  over  anhy-  
d rous  Na2SO 4. The solvent was r emoved  in vacuum to give 99% (II), mp 108-110~ (from ethyl acetate) ,  [~r ]23589 
+8.6 ~ (C 1, methanol) ,  Rf 0.8 (2), 0.5 (1). IR spec t rum:  3360, 1650, 1590 cm -1. 

N- t e r t -Bu ty loxyca rbony lg lycy l -L-pheny la l an ine  Amide  (V). A sample  of 3 g (10.72 mmoles )  t r i f l u o r o -  
ace ta te  (III) and 1.08 g (10.72 mmoles )  N-methy lmorpho l ine  was added to  a solution of 3 g (9.38 mmoles )  (IV) 
in 15 ml  DMF and the mix tu re  was left  for  18 h at  22~ and then the solvent  was r emoved  in vacuum.  The oily 
r e s idue  was d isso lved  in 100 ml  ethyl ace ta te  and washed with th ree  15-ml  por t ions  of wa te r  and t h r ee  15-ml  
por t ions  of 5% aq. NaHCO 3. The solvent was r e m o v e d  in vacuum to give 73% (V), mp 172-173~ (from ethyl 
aceta te) .  [a]~83 +4.5 ~ (C 1, methanol) ,  Rf 0.2 (1), 0.8 (3). Amino acid analys is :  Gly 1.00; Phe 1.08. 

N- t e r t -Bu ty loxyca rbony l -D-a l any l g l ycy l - L -pheny l a l an ine  Amide  (VIII). A sample  of 2.1 g (6.22 mmoles )  
t r i f l uo roace t a t e  (VI) and 0.63 g (6.22 mmoles )  N-methy lmorpho l ine  was added to a solution of 1.87 g (5.6 mmoles )  
(VII) in 10 ml  DMF and mainta ined for  16 h at 22~ Ethyl  ace ta te  was added until the volume was  100 ml  and 
the mix tu re  was washed with th ree  10-ml  por t ions  of wate r ,  t h r ee  10-ml  por t ions  of 5% aq. NaHCO 3, and t h r ee  
10-ml  por t ions  of 3% aq. KtISO 4. The solution was dr ied over  anhydrous Na2SO 4 and the solvent was r emo v ed  
in vacuum to  give 73% (VIII), mp 118-120~ (from ethyl aceta te) ,  [~]~3 +10.7 ~ (C 1, methanol) ,  Rf 0.1 (1), 0.8 (3). 
Amino acid ana lys i s :  Gly 1.00; Ala 1.00; Phe 1.38. 

N , O - t e r t - B u t y l o x y c a r b o n y l - L - t y r o s y l - D - a l a n y l g l y c y l - L - p h e n y l a l a n i n e  Amide (XI). A sample  of 1.3 g 
(3.19 mmoles )  t r i f l uo roace t a t e  (IX) and 0.32 g (3.19 mmoles )  N-methy lmorpho l ine  was added to  a solution of 
1.5 g (2.87 mmoles )  (X) in 12 ml  DMF and left  fo r  16 h at 22~ The solution was diluted with ethyl ace ta te  to 
100 ml  and then washed with th ree  10-ml  por t ions  of wate r ,  t h r e e  10-ml  por t ions  of 5% NaHCO 3 and t h r e e  10-ml  
por t ions  of aq. KttSO 4 and dr ied over  anh. Na2SO 4. The solvent  was r emoved  in vacuum to give 90% (XI), mp 
180-181~ (f rom ethyl aceta te) ,  Lr~]23~9 +12~ (C 0.5, methanol) ,  Rf 0.1 (1), 0.82 (3). 
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L-Tyrosy l -D-a lany lg lycy l -L-pheny la lan ine  Amide (TP). A sample of 0.1 g TP t r i f luoroace ta te  in a mix-  
tu re  of 8% acetoni t r i le  and 92% 0.2 M aq. AcONtt 4 was purif ied by h igh-resolut ion  liquid chromatography on a 

ro~]23 4.6 • 150 mm column packed with Zorbax C-8 at an elution r a t e  of 2 m l / m i n .  The yield of TP was 65%, t 589 
+43.2 ~ (C 0.5, methanol),  Rf 0.63 (3), 0.5 (4), 0.47 (5), 0.5 (6). Amino acid analysis:  GIy 1.00; Ala 1.00; Phe 
1.13; Ty r  1.16. 

The authors  express  the i r  grat i tude to the Chromatographic  Analysis  Group at the Institute of Organic 
Synthesis  of the Academy of Sciences of the Latvian SSR for  pe r fo rming  the p repara t ive  chromatographic  sep-  
ara t ion of the te t rapept ide  sample.  

C ONC L U S I O N S  

An enkephalin analog was synthesized with the sequence Ty r -D -A la -G ly -P h e -N t t  2 by using activated N- 
oxyphthalimide e s t e r s  and N-t r ichloroacctoxyphthal imide .  
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The r e  have been a number  of studies on the reduct ion and oxidation of a r ene -cyc lopen tad i eny l  i ron com-  
plexes,  in which the reduct ion potentials  [1, 2], ESR spec t ra  [3, 4], and e lec t ronic  absorpt ion spec t ra  (EAS) were  
invest igated [5, 6]. 

The reduct ion of the cations of naph tha l ene -  and phenan threne-cyc lopen tad ieny l  i ron complexes  in N a / 1 , 2 -  
dimethoxyethane showed that  these  cations may be conver ted quantitatively at low t e m p e r a t u r e  to e lec t roneut ra l  
complexes  and then to anions 

[AreneFeCsHs]+BF4_ e -+ [AreneFeCsIt6l -~. [AreneFeCsHs]-. 

These  convers ions  a re  indicated by the ESR spectra :  the ESR spec t rum of the electroneu~ral  complex is de- 
tec ted upon the reduct ion of the cation to  give this  complex [3]. The Intensity of this  signal then d e c r e a s e s  to 
zero ,  indicating t r ans fo rma t ion  of the paramagnet ic  e lee t roneut ra l  complex to the  diamagnetic  anion. This 
p r o c e s s  is moni tored by oxidation of the anion by a tmospher ic  oxygen. After  oxidation, the ESR spec t rum of 
the  e lec t roneu t ra l  complex r eappea r s .  

Analysis  of the ESR spec t ra  [3, 4] and of the d - d  t rans i t ions  [5, 6] in the EAS of these  complexes  showed 
that  the  Fe atom has  the following a r rangement  of d levels:  

e1% (d~z, dvz) ~> e2g (dxu, dx,-y,) ~ alg (dz~). 
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