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In the course  of an invest igat ion of the laws of the fo rmat ion  of the spat ia l  s t r uc tu r e s  of l inear  [1-4] 
and cyclic [5-12] pept ides ,  the synthes is  [13] and an a l l - s ided  phys icochemica l  invest igat ion [14-17] of a 
s e r i e s  of amides  of N-ace ty l  amino acids,  which a r e  convenient models  of the corresponding dipeptides,  have 
been p e r f o r m e d .  

The p r e sen t  paper  g ives  the r e su l t s  of an investigation of the 1H NMR spec t r a  of compounds {I)- (X), 
which enables  the posi t ion of the equi l ibr ium between the f o r m s  with the c is  and t r ans  configurat ions of the 
amide  bonds to be de te rmined  and the rotat ional  s ta tes  of the N H - C ~ H  and C ~ H - C ~ H  f r agmen t s  to be  cha r -  
ac te r ized .  

R t R ~ R a 
I t I 

CH3CO - NO) --CH-CO--N(2 ) -  CHa 
I. AcAlaNHMe Rt=Ra=H, R2=CH3; 

II. AcAIaNMe~ Rt=H, R2=R3=CHa; 
llI. AcM.~AlaNHMe RI=R~=CHa; R3=H; 
IV. AcMeAlaNMe2 Rt=RS=R3=CH3; 
V. AcVaINHMe Rt=Ra=H, Ra=CH(C~I92; 

VI. AcValNMe2 Rt=H,R~=CH(CHa)~, R3=CH~; 
Vll. AcMeValNHMe Rt=CHs, R2=CH(CH3)2, R3=H; 

VIII. A:MeValNMe~ Rt=R3-=C[-13, Rs=CH(CHa)~; 
IX. AcProNHMe R t, R2=(CH2)a, R~=H; 
X. AtProNMe 2 R t, R2={CH2)a, Ra=CH3. 

NMR spec t roscopy  is widely used to study the c i s - t r a n s  i s o m e r i s m  of amides  [18, 19] and also of 
de r iva t i ve s  of N-methy l  amino ac ids  [20, 21, 27-29] and of prol ine [22-26, 30-32]. Since, as a rule,  the en- 
e rgy  b a r r i e r s  of c i s - t r a n s  t rans i t ions  in amides  a r e  ex t r eme ly  high (15-20 kea l /mole ) ,  cor responding  
to coa lescence  t e m p e r a t u r e s  of 40-100°C, with the par t ic ipat ion  of both f o r m s  in the conformat ional  equil ib- 
r ium the obse rved  spec t rum is  the resu l t  of the superposi t ion  of two spec t ra ,  the in tens i t ies  of the c o r r e -  
spondiag s ignals  of which a r e  propor t iona l  to the p ropor t ions  of  the r e spec t i ve  fo rms .  

L i t e r a tu re  informat ion  shows that the t r ans  f o r m s  of secondary  peptide groups  a r e  advantageous as  
compared  with the cis f o r m s  by approx imate ly  2 k c a l / m o l e  [33, 34]. Consequently, in l inear  and uns t ra ined 
cyclic pept ides  the t r ans  conformat ion  of the peptide groups  is real ized.  Fo r  N-methyla ted  peptide bonds 
[28] and prol ine  der iva t ives ,  the energy b a r r i e r  between the t rans  and c is  f o r m s  d e c r e a s e s  (for example,  
by 0.6 k c a l / m o l e  in the case  of de r iva t ives  of N-methylalanine) ,  which leads  to the appea rance  of cons ider -  
able amounts  of c o n f o r m e r s  with the c is  configuration of the t e r t i a r y  amide  bonds. 

The r e s u l t s  of an invest igat ion of compounds (I)-(X) (Tables 1 and 2, Figs.  1-4) agree  well  with the 
fac t s  given above. Thus, in the s p e c t r a  of the d iamides  (I) (see Fig. 1), (II), (V), and (VI) no additional s ig-  
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TABLE 1. Chemical  Shifts  of the P ro tons  (ppm) and Amounts of the 
Cts  I s o m e r s  with Respect  to the CO-N(1)H Bond in Compounds 
g - V ~ )  

[ CDCI~ - -  
I / (C~) ,SO I 

[ CCI~ [ 
[I { CDCI3 I 

( (CD,)~SO[ 

.o~ ~ Protomof I 
~ ' o  hheside 

ol I s  
~ o ~ "  ~ ~ I 

1,39 1 
1,16 I 
1,261 

Ill  

IV 

V 

VI 

Vl l  

# 0 

VIII 

{CCI~ ~ri~ns 

I 
2,2012, 02 

) 

2,~12,11 

2,20 2,04 
2,13 

- -  2,79 
2,57 

2,93; 3,15 
3,01; 3,12 
2,83; 3,01 

2,97 2,73 
2,78 2,75 
2,84 2,59 
2,86 2,62 

2,89; 2,88; 2,98, 
_ _ ~  _ *  _ _  

2,79; 2,84; 2,89 
2,65; 2,88; 2,98 

- -  2,82 

4,59 

4,95 
4,72 

5,0,4 
- -  

4,96"t 
4,41 

5,42 
4,58 
5.33 
4,86 

4,19 

4,05 -- 2,58 7,84 

-- 2,95; 3,19 4,64 7,65 
-- 2,97; 3,14 4,84 6,59 

- -  2,84; 3,08 4,56 8,03 

2,99 2,71 4,54 -- 

3,00 2,77 4,54 

2,95~f 2,56 4,57T 

2,77 2,62 3,72 - -  

3,08; 2,88; 2,87 5,04 

3,13; 2,94:2,97 15,17 
! 

2.83 "t; 2.84 't; 2,98 "t ~4,98 
2,70; 2,88; 3,07 [ 

• 6,96 7,05 
8,02 7,77 

7,40 -- 
6,86 
8,08 

- -  7 ,03  
_ _ *  

-- 7.65T 

of CHCh 
,8: 

- -  

- -  

',.1~ 

1,4~ 

',81 

1,0~ 

- -  

15 

26 

4 

14 

0 

0 

0 
0 

0 

35 

0 

0 

7 

* The chemica l  shif ts  of the s ignals  f r o m  the cis  f o r m  of the CO-NI l )  
f r agmen t  could not be observed  in the spec t rum.  
~ Signals used for  the de te rmina t ion  of the amount of cis i s o m e r s .  

nals wha tever  a r e  observed,  which shows the p r e sence  of amide  bonds in only a single c o n f o r m a t i o n -  t r a n s -  
amide  bonds. In the s p e c t r a  of compounds (III), (IV), (see Fig. 3), and (VII-X), however ,  s ignals  f r o m  the 
cis  and the t r ans  f o r m s  c lear ly  appear .  F o r  example ,  in the diamide (VII) (Fig. 2b), in (CD3)2SO solution, 
each signal f r o m  the t r ans  f o r m  is  accompanied  by a signal f r o m  the c is  f o r m  with a s im i l a r  shape but a 
lower  intensity.  

The a s s ignmen t s  of the individual s ignals  to the cis and t r ans  f o r m s  of compound (III), (VI), and (VII- 
X) given in Tables  I and 2 do not follow d i rec t ly  f r o m  the s p e c t r u m  obtained, although it i s  ex t r eme ly  p rob-  
able on the b a s i s  of l i t e r a tu re  informat ion [28, 29]. However ,  the p r e f e r r e d  nature  of the t r ans  f o r m  in so-  
lutions in nonpolar so lvents  has  been shown in a recent  pape r  on the dipole momen t s  of d iamides  [15]; the 
p r e f e r r e d  nature  of the t r ans  f o r m  in the case  of compounds (IID, (VII), and (IX) also follows f r o m  the p r e s -  
ence of l a rge  amounts  of folded conformat ions  s tabi l ized by in t r amolecu la r  H bonds and excluding c i s - a m i d e  
bonds [14]. 

While in the regions  cor responding  to i sopropyl  (0.75-0.87 ppm), ace ty l  (2.03-2.10 ppm), N-methy l  
(2.95 and 2.77 ppm), and NH (7.86 and 8.08 ppm) groups  the d i f fe rences  in the chemical  shif ts  of the s ignals  
f r o m  the t r ans  and c is  f o r m s  a re  compara t ive ly  smal l  (0.22 ppm), the s ignals  f r o m  the C~H protons  a r e  
cons iderably  m o r e  sens i t ive  to a change in the corffiguration of the amide  group (AS = 0.85 ppm) (see Table  1). 
Th is  difference,  which a lso  appea r s  fo r  o ther  compounds [for example,  (III) and (IV), see Table  1], is con-  
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T A B L E  2. C h e m i c a l  Sh i f t s  of  the  P r o t o n s  (ppm) and A m o u n t s  of  C i s  
I s o m e r s  in the  N ( 2 ) - M e t h y l a m i d e s  and N ( D , N ( 2 ) - D i m e t h y l a m i d e s  of N l -  
A c e t y l p r o l i n e  ( IX)and  (X) 

o 

E 
o 

U 7~ z o - ~ \ l  ,~ 
l 

£9 
fl 

O 

~" ,a O 

C 
Z 

IX 
CCCIs 

(CD~).~SO 
1CC14 

I (CDsIzSO 
D:O 

tFa  i1$ • 

c i s  
~xarls 

CiS 

trans 

c i s  

l ~ a n s  

c i s  

trans 
cis 

1,72--2,31 

1,60-2,10 

1,70~2,16 

1,70--2,02 

0,61--1,25 

2,11 3,21--3,71 
2,03 
1,97 ~ 3,27--3,68 
1,81 

1,96 3,36--3,81 

1,74 

1,95 3,30--3,67 
1,75 
0.87 2 , 4 3  

0,68 2,30 

2,77 
2,86 
2,56 
2,63 

4,57"] 7,22 
4,34 lunderCHCl: 
4,20" 7.72* 
4,30 8,00 

2,87* 3,11"]4,60-- - -  

[4,88 
2, 1 3,07{L  _ _ 

2,80* 3,03* 4,72 - -  

2.86 3,05 4,88 -- 
1,70" 1:99~ * - -  

1 , 7 5  - -  

19 

30 

10 

31 

23 

* S i g n a l s  u s e d  f o r  the  d e t e r m i n a t i o n  of the  a m o u n t s  of the  c i s  i s o m e r s .  

CH3CO 

N~I.I, N(II H ~H NrZ)~,H3 

;l 

CH3 

8 7 # 5 ,~ ~ 2 I 0 
H o ppm 

Fig. 1. NMR spectrum of AcAIaNHMe (I) in CDCI v The top 
part of the figure shows fragments of the spectrum taken in an 
expanded sweep. 

nected with the diamagnetic anisotropy of the N-terminal amide group [18, 35, 36], which is apparently spa- 
tially close to the C°~H group, which changes its orientation by 180 ° relative to the carbonyl group in cis- 
trans transitions. It must be noted that for the proline derivatives (IX) and (X) (see Fig. 4 and Table 2), the 
differences in the chemical shifts for the N-CH s groups are considerably smaller thanfor the linear di- 
amides, amounting to only 0.04-0.09 ppm; the values of A6for the C~H signals are also smaller than for 
compounds (IH), (IV), and (VII) [< 0.2 ppm in nonpolar solvents and 0.10-0.16 ppm in (CD.~)~SO]. It is pos- 
sible that this equalization of the signals of the cis and trans isomers is connected with the rapid transfor- 
mation of the pyrrolidine ring and with the participation in the conformational equilibrium of at least two 
forms with similar thermodynamic parameters [37]. 

The proportion of the cis forms of the d~mides (HI), (IV), and (VII-X) have been determined from the 
ratios of the areas of the corresponding signals in the NMR spectra. The region of the N-methyl signals, 
which have a high intensity and a simple shape (singlet),proved to be the most convenient for this purpose. 
As can be seen from Tables 1 and 2, the proportions of the cis forms are higher in (CDs)2SO (8-35%) than 
in CCI 4 or CHCI s (4-20%). This characteristic feature appears most clearly for compound (VII) the solu- 
tion of which in CCI 4 shows no signals of the cis isomer (see Fig. 2a), while in (CD.@~SO (see Fig. 2b) the 
proportion of cis isomer is 35%. The high proportion of cis isomers in polar solvents is apparently con- 
nected with the fact that the most preferred conformations of the molecules of the diamides with the cis 
configuration of the amide groups have, according to [15], higher dipole moments than the conformations 
with the trans-amlde groups. Furthermore, for compounds (HI), (VII), and {IX) the relative stabilization of 
the trans forms in nonpolar solvents can be partly explained by the formation of intramolecular H bonds of 
the 3--1 type which are broken by (CDs)2SO; in the cis forms the formation of such bonds is impossible. 

322 



Ntl)OH 3 

a 

7 6 5 4 3 

I~z)H rzans 

8 7 8 5 

OHsCO 

r,I:~,)GH 3 
r-r ans/,~jl 

I cl~;,~ I.% c° 

lzans J~/~ j! [~ Wt z c~>.~I L 

4 3 2 t o 
Ho ppm 

Fig. 2. NMR spectra of AcMeValNHCH 3 (VII):: a) in CC14; b) in 
(CDs)2SO.* 

~0 OH3 ) 
N(e)(cx~)~ 

trans 

trans ~ .  cis 

lJ e.   slVUIci, 
I~II .J~ kJL 
fl 11 cis ; 

trans 
CHzCO 

cis clia trans 

. . . . .  ) . . . . . . . . .  . ;  . . . . . . .  ; . . . . . . .  

H o ppm 

Fig. 3. NMR spectrum of AcMeAIaN(CH3) 2 (IV) in 
( C D 3 ) ~ O . t  

Madison and Schellman [24], on making a detailed study of the diamide (X) came to the conclusion that 
in polar media [I-I20 , CDsOD , (CD3)280], the eompound existspredominantly (70-85%) in the trans form, and 
in nonpolar solvents (CHC13, CC14, C~H12 ) in the cis form. The results of measurements of the NMR spectra 
of compounds (X) in mixtures of CC14 and (CD3)2SO in different proportions that we have performed, how- 
ever, have shown that the trans form is the dominating one in all cases, since with the change in the solvent 
there is no appreciable redistribution of the intensities of the signals of the two forms (Fig. 5). The cause 
of the contradiction mentioned was possibly that in the determination of the ratio of the cis and trans forms 
of (X) in nonpolar solvents, Madison and ScheUman [24] erroneously assigned the two multiplet signals ob- 
served in the C6H2 region (2.9-4.0 ppm) to the CH 2 groups of the cis and trans forms and did not consider 
the region of the signals of the N-methyl groups. This left out of account the possibility of the assignment 
of these multiplet signals to the two nonequivalent C6H2 protons. If such a possibility is assumed, then it 
is not surprising that the amount of the cis form in solutions in CC14, C6H6, and CHC13 measured by Madison 

* Signal of H20 (impurity in the solvent). 
tSignal of H20 (impurity in the solvent). 

3 2 3  



~ .... ~ans ....~ N~C~3 

5 L 
. . . . . . . . .  

ic,3co 

,~ . . . . .  : ,  . . . . . . . .  ) . . . . . . . . .  ;. . . . . . . .  ~ . . . . . .  

,.-- H~ ppm 

Fig. 4. NMR spec t rum of AcProN(CI-I~) 2 iX) in CC14. 
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Fig. 5. Region of the s ignals  of the N-CH3 
groups  of compound iX) in m i x t u r e s  of CCI~ 
a n d  (CD~)~80 with va r ious  ra t ios  of the com-  
ponents.  

and Schel lman [24] should p rove  c lose  to 50% (52, 50, and 
55%, respect ively) ;  in evaluating the r e su l t s  for  solutions 
in cyclohexane (65%) the g rea t  e r r o r  of m e a s u r e m e n t  
connected with the poor  solubili ty of the d iamide {X) in 
this solvent must  be borne in mind. 

The hypothesis  put fo rward  was conf i rmed by our  
study of the spec t r a  of the d iamide  (X) in CC14- C6H 6 
(1 : 1) solution at  va r ious  t e m p e r a t u r e s  (Fig. 6). Heating 
the solution to 50°C leads to the coa lescence  [through 
an acce le ra t ion  of ro ta t ion  re la t ive  to the C (O)-N(~)bond] 
of the intense N-methy l  s ignals  f r o m  the t r ans  form,  
which a re  c lose  to one another ,  and at 86°C the fusion of 
al l  the N-methy l  s ignals  takes  place  [through ro ta t ion  
around the C(O)-N(1 ) bond]. As can be seen f rom Fig. 7, 
in CC14 solution it is poss ib le  to t r a c e  the coa lescence  
of the s ignals  f r o m  al l  four  N-methy l  groups.  So f a r  as  
concerns  the two mult ip le t  s ignals  of equal intensity f r o m  
the C 5 H 2 protons,  they do not change the i r  shape app re -  
ciably in the same  range  of t e m p e r a t u r e s  (see Fig. 6). 
This  excludes  the poss ibi l i ty  of the ass ignment  to the cis  
and t r aa s  configurations of  the amide  groups  of (X) and 
conf i rms  the fact  that they a r e  due to the two nonequiva-  
lent protons  on the C 6 a tom.  

According to Go and Scheraga  [38], i t  follows f r o m  a conformat ional  ana lys i s  of P r o - P r o  f r a g m e n t s  
that the rea l iza t ion  of the 5 (~b =120 °, ~ 280 ° - 3 6 0 - 3 0  °) and R (& =120 °, ~ , ,  120 °) conformat ions  is poss i -  
ble.  The f i r s t  has  a cons iderably  lower  energ~ (see a lso  [24]). A cons iderable  d i sp lacement  of the equil ib- 
r ium in the d i rec t ion  of the R conformation,  which has a high dipole moment  [15], can be expected only in 
po la r  solvents .  In view of the fact  that the energy  b a r r i e r  of the t rans i t ion  f r o m  the 6 to the R f o r m  is 
fa i r ly  high and is comparab le  with the b a r r i e r s  of c i s ~ - t r a n s  t rans i t ions  [38, 39], we have a t tempted  to ob- 
s e r v e  these  conformat ions  f rom the spec t r a  of the d iamide (X) taken at a low t e m p e r a t u r e  in solutions con- 
taining CD~OD (CD3OD- C6DsCD~, 1 : 1 and CD3OD- CF2C12, 1 : 2). However,  lowering the t e m p e r a t u r e  to 
- 1 1 0  to -132"C led only to a un i form broadening of the s ignals  in the spec t rum without signs of coalescence.  
It  follows f r o m  this  that the diamide ix) ex is t s  in a conformat ion  of the 6 type both in nonpolar  and in po la r  
solvents .  The question of the influence of the solvent  on the conformat ion  of iX) will be  cons idered  in m o r e  
detaLl in a p a p e r  in which the r e s u l t s  of a study of the u l t ravio le t  spec t r a  and c i r c u l a r  d ichro i sm curves  of 
compounds (I-x)  a r e  desc r ibed  [17]. 

An impor tan t  p a r a m e t e r  of the NMR spec t ra  of pept ides  i s t h e  s p i n - s p i n  coupling constant  of the p ro -  
tons of the N I t - C a l l  f r a g m e n t , t h e  s t e r eochemica l  dependence of which has  been es tabl i shed previous ly  [1, 
2]. As can be  seen  f r o m  Table  3, compounds (i), {II), (V), and (VI) a r e  cha rac t e r i zed  by high values of the 
constants  aJNtt_CaH (8.2-9.4 Hz) which shows a ve ry  low propor t ion  of the gauche r o t a m e r s  with respec t  
to the N - C  a bond (with an angle ® between the H - N - C  a and N - - C a - H  planes  of 50-130" [1] and the angu- 
l a r  coordinates  ¢-,, 0-10 °, l l 0 -190° , and  290-360 ° [40]) (Fig. 8). Higher  values  of the constants  for  the va-  
l ine de r iva t ives  (V) and (VI) (9.0-9.4 Hz) show the p re fe ren t i a l  t r ans  or ienta t ion of the NIt and Cal l  protons  
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Fig. 6 Fig.  7 

Fig. 6. Region of s ignals  f r o m  the N - C H  3 and C5H2 groups  of com- 
pound (X) in CC14- C6H e (1 : 1) at va r ious  t e m p e r a t u r e s .  

Fig. 7. Region of the s ignals  f r o m  the N -  CH 3 groups  of compound 
(X) in CC14 at va r ious  t e m p e r a t u r e s .  

8 

Fig. 8 

m e r s  with r e s p e c t  to the 

(@~ 60* 20°). These  conclusions a r e  in complete  ag reemen t  with the r e su l t s  of 
conformat ional  ana lys i s  p e r f o r m e d  by the s e m i e m p i r i c a l  method [41, 42]. On the 
o ther  hand, the r e su l t s  of quan tum-chemica l  calculat ion ag ree  considerably  l e s s  
well  with ours ,  s ince they predic t  a p redominance  of r o t a m e r s  with r e spec t  to the 
N - C  (~ bond differ ing significantly f r o m  the cis  and t r ans  f o r m s  (@ ~ 30 °, 90-180, 
and 280 ° ) [43, 44]. 

According to the s p i n -  spin coupling constants  of the protons  of the CO~H - 
C~H f r a g m e n t s  in the valine de r iva t ives  (V) and (VI), both gauche and t r ans  r o t a -  
C°~-C{~ bonds a r e  p resen t  (3j= 7.3 and 6.6 Hz in CDC13), and of the s t e r i ca l ly  m o r e  

hindered N-methylva l ine  de r iva t ives  (VII) and (VIII) it is main ly  the t r ans  r o t a m e r s  that a r e  rea l i zed  (3j = 
11.2 and 10.8 Hz in CDC13) (see Table  2). 

The 1H NMR spec t r a  do not give m o r e  detai led information on the re la t ive  amounts  of the var ious  con- 
f o r m e r s  of compounds (I-X) within the i r  t r a n s  and cis  f o rms .  This  quest ion will be d i scussed  in following 
p a p e r s  [13-17]. 

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

The lI-I NMR spec t r a  were  m e a s u r e d  in polar  (CD3)2SO and nonpolar  (CC14 and CDC13) solvents  at  25°C 
with concentra t ions  of 2 • 10 -1 M on a JNlVl-4H-100 ins t rument  with a working f requency of 100 MHz and with 
s tabi l izat ion of the resonance  conditions on one sample .  Te t r ame thy l s i l ane  was used as  internal  s tandard 
The chemica l  shif ts  we re  de te rmined  with an accuracy  of ± 0.005 ppm, and the s p i n -  spin coupling constants  
with an accu racy  of ± 0.1 Hz. The t e m p e r a t u r e s  of the s amples  were  found by means  of a c o p p e r -  constan-  
tan thermocouple  with an accu racy  of ± 2°C f r o m  spec ia l  ca l ibra t ion  graphs .  

The spin--spin  coupling constant 3JNI_I_Ce~ H of compound (I) in dilute CDC13 solution (3.5-10 -s  M) was 
m e a s u r e d  on a Var ian  HA-100D ins t rumen t  with a C-1024 accumulat ion device.  The value given in Table 3 
(8.3 Hz) was de te rmined  at 32°C with r e spec t  to the s ignal  f r o m  Ce~H accumula ted  with the s imul taneous  
i r rad ia t ion  of the region of the C - C H  3 s ignals  with a s t rong rad iof requency field. The same  values  of 
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TABLE 3 Spin-Spin  Coupling 
Constants of the N H - C a l l  and 
C~H-CflH Protons,  Hz 

Com- 
pound Solvent 

1 { CDCI3 8,7 
(CD3)2SO 8,4 

il { CC14 8,4 
(CDa)~SO 8,2 

V { CDCI3 9,4 
(CD3)2SO 9,0 

{ CCI~ 8.5 
V[ CDCla 9,2 

(CDa)2SO 9,4 

[ ccl ,  I - 
CDCIa [ -- VII ( (CD3)2SO -- 

f CC14 [ -- 
V I i i  { CDCI3 - -  

( (CDs)..SO] - -  

3 J N H _ C a  H 3 j C a H--C~H 

(8,3~') 
m 

7,3 
7,3 

7,8 
6,6 
4,7 

ll,0 
11,2 
10,9 

10,5 
10,8 
10,6 

* The values of the constants a re  
given with a cor rec t ion  for  the 
electronegat ivi ty  of the subst i t -  
uents in the peptide fragment  
CONHCaH [1]. 
t Measured at concentrat ions of 
3.5 • 10 -3 M. 

3JNH_C~ H were  observed  at -40°C for  the N0)H and for  the C~H signals.  

S U M M A R Y  

1. The proport ions  of the cis  fo rms  of methylamtdes  and dimethy]~mides of acetylmethylalanine,  
acetylmethylval ine,  and acetylprol tne  in media  of different  polar i t ies  have been de termined  f rom the ra t ios  
of the a reas  of the corresponding signals in the NMR spect ra ,  

2. The rotat ionaI s ta tes  of the f ragments  N H - C ~ H  and C ~ H - C ~ H  in the methylamides  and d imethyl ,  
amides of the acetylamin0 acids have been invest igated by analyzing the vicina~ s p i n -  spin coupling con-  
stants of the protons in these f ragments .  
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