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Der iva t ives  of N-aldonoyl  amino acids (I) and the i r  lactones (II) are  of in te res t  as complexones  of ions 
of polyvalent  me ta l s  and as highly spec i f ic  inhlbi tors  of neuramin idases  of va r ious  or igins  [1]. During the 
synthes is  of these compounds, two in terconver t ing  f o r m s  are  produced: a c y c l i c -  the N-aldonoyl amino acid 
(D [2]; and c y c l i c -  the 6 lactone (dioxomorpholine) ([I) [1]. To invest igate  the act ivi ty of compounds of typ~s 
(I) and (II) it is n e c e s s a r y  to develop a s imple  and re l iable  method of showing their  cyclic  or  acycl ic  s t ruc -  
tu re .  

F o r  this purpose  we have studied the IR spec t r a  in the 1800-600 cm -1 region of compounds (1-8) with 
the known s t ruc tu re  (I) [2]. 
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The de termina t ion  of the cis or  t r ans  configuration of the e s t e r  grouping of the f requency of the v ib ra -  
tions of the C= O group is  e x t r e m e l y  difficult, s ince in the 5-1actone fo rm (cis configuration) v C = O = 1740 
cm -1, and in the l inear  e s t e r s  (trans configuration) v C =O=1720-1750 cm -1 [3]. Consequently, we turned 
to a cons idera ion  of the amide CONI-I group, which may  also posses s  the cis  or  the t r ans  configuration.  The 
i s o m e r i s m  of the CONI-I group has been studied in amides  [4, 5], shor t  pept ides  [6], l ac tams  [7], and cycl ic  
pept ides  - d ioxopiperazines  [8] - in the solid state.  It  has been shown that for  the cis and t rans  configura-  
t ions there  a re  considerable  d i f fe rences  in the IR spec t ra  in the region of the amide II v ibra t ions  (N--Hplane 
deformat ion  vibration): amide IIci s =1440-1460 cm -1, amide I I t ran  s = 1540-1570 cm-1; and in the amide V 
vibra t ions  ( N - H  nonplanar  deformat ion  vibration):  amide Vcis = 760-850 cm -l ,  amide Vtrans  = 690-720 cm -1, 
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Fig.  1. IR s p e c t r a  of N - a r a b o n y l -  
glycine (3) (a), of O,N-deutera ted  
N-arabonoylg lyc ine  (b), and of the 
diketomorphol ine  rL-V al-L-HyIv](c) .  

In view of the fact  that f o r m  (II) is a s te reoanalog  of the d ioxopiper-  
az ines  in which the CONH group is  in the c i s  configurat ion [9] and d raw-  
ing an analogy between f o r m  (I) and secondary  amides  o r  d iamides  of 
the type of R1COR3NHC ~ HCONHR 2 ( t rans  configuration), we a s sumed  
that when the acycl ic  f o r m  (I) was  produced a s t rong band should ap-  
pea r  in the IR spec t rum in the 1540-1570 cm-1 region, cor responding  to the 
amide H vibrat ion,  and a band in the 690-720 cm -1 region of the amide 
V vibrat ion,  while when f o r m  (II) was produced no bands of the amide  H 
and V v ibra t ions  should appear  in these regions .  F igure  1 shows the 
IR s p e c t r u m  of compound (3), which is  typical  for  all the compounds 
(1-8). In actual  fact,  the spec t rum of this compound shows a s t rong 
band at .~ 1550 cm -1. We ass ign the bands at 1750, 1650, and 1550 cm -1 

{ 
to the s t re tch ing  v ibra t ions  of the C = O  group in the O = C - - O  group-  
ing of the amide I and the amide II vibrat ions,  respec t ive ly .  The ap-  
pea rance  of a shoulder  at 1660 cm -1 should probably  be ass igned to the 
in te rac t ion  of the v ibra t ions  of the C = O groups  between neighboring 
molecules  in the c rys ta l .  The ass ignment  of the band at 1550 cm -1 to 
the amide II v ibra t ions  was checked f r o m  the IR spec t rum of deutera ted  

compound (3) ( s e e F i g .  lb}, i n  which the band in the 1550 cm -1 region has d isappeared .  In addition, the IR 
s p e c t r u m  of the deutera ted  compound (3) also changed cons iderably  in the 1000-1100 cm -1 and 710-690 cm -1 
regions .  In the f i r s t  of them, apparent ly,  a re  located the p lanar  deformat ion  v ibra t ions  of the C - O H  groups,  
and in the second the amide V vibra t ions ,  overlaid by the band of the nonplanar  deformat ion  v ibra t ions  of the 
C - O H  groups.  It must  be ment ioned that for  compoands (1-7) an inc rease  in the length of the chain and a 
change in the configurat ion of the r ad ica l  R have p rac t i ca l ly  no influence on the f o r m  of the IR s p e c t r u m  in 
the region studied, and the f requency of the v ibra t ions  of the carbonyl  of the e s t e r  grouping changes within 
the range f rom 1740-1750 c m  -l ,  that of the amide I v ibra t ions  between 1650 and 1660 cm -1, that of the amide 
H v ibra t ions  between 1540 and 1550 cm -1, and that of the amide V vibra t ions  between 690 and 700 c m  - t .  
Only when R is changed f r o m  CH s to t e r t -Bu  in compound (8) does the amide I band sh i~  f r o m  1635 cm -1 
and a band appear  at 840 cm - i  cor responding  to the v ibra t ions  of t h e - c - ( C H 3 ) 3 g r o u p i n g  [10]. W i t h t h e p r o -  
duction of the cycl ic  f o r m  (II), however,  the IR s p e c t r u m  should be s im i l a r  to the s p e c t r u m  of d ioxomor-  
pholine (see Fig.  lc) ,  in which the re  is  no s t rong band at .~ 1550 cm -1 and the band of the amide V v i b r a -  
tions is found at 765 c m  -i .  A low-intens i ty  band at ~.1530 cm -1 indicates the p r e sence  ~f a sma l l  amount of 
the acycl ic  form,  which is produced in the synthes is  of the dioxopiperazines .  The appearance  of a band at 
1770 cm -1 mus t  a lso  probably  be explained by the in te rac t ion  of the molecules  in the c rys ta l .  

EXPERIMENTAL 

The IR s p e c t r a  of compounds (1-8) were  taken on a P e r k i n - E l m e r  257 spec t ropho tomete r  with d i f f rac-  
tion gra t ings  (tablets with KBr  and paraf f in  oil in the 2000-600 cm -~ region). The accuracy  of the m e a s u r e -  
merits was + 2 cm -1. The ins t rument  was ca l ib ra ted  f rom the absorpt ion band in the IR spec t rum of po ly-  
s ty rene .  

CONCLUSIONS 

IR spec t roscopy  is suggested as a convenient method fo r  de termining  the di f ference in the cyclic  (di- 
oxomorpholine)  and acyel ic  f o r m s  of N-aldonoyl  amino acid der iva t ives .  It has  been shown that in the acy-  
clic f o rms ,  unlike the cyclic,  there  a re  s t rong absorp t ion  bands at 1570 cm -1 and 690-720. cm -1 co r r e spond-  
ing to the amide II  and V v ibra t ions .  
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