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In preceding  pape r s  we have given the r e su l t s  of an invest igat ion of the spat ia l  s t ruc tu re  of a s e r i e s  
of me thy l amides  of N-ace ty l  o~-amino ac ids  based  on IR [1] and NMR [2] spec t roscopy ,  dipole m o m e n t s  [3], 
and gas- l iquid  o s m o m e t r y  [4]. It has  been found that in all  compounds it i s  mainly  the t r ans  configurat ions 
of the amide  groups  that a r e  formed,  although in the de r iva t ives  of the N-methyla ted  amino acids  and p ro -  
line, pa r t i cu l a r ly  in po la r  media ,  a cons iderable  p ropor t ion  (up to 35%) of f o r m s  in which the N - t e r m i n a l  
t e r t i a r y  amide  groups  a r e  p re sen t  in the cis configurat ion exis ts ,  The compounds studied were  

Ac-L-Ala-NHMe (l), Ac-L-Ala-NMe.. (l])0 Ac-L-MeAIa-NHMe 011), 
Ac-L-MeAIa-NMe. (IV), Ac-L-Val-NHMe (V), A¢-L-VaI-NMe. (VI), 

Ac-L-MeVaI-NHMe (VIIi, Ac-L-MeVaI-NMe2 (VIII), Ac-L-pro-NHMe (IX), 
Ac-L-Pro-NMe~ (X). 

It follows f r o m  the IlL s p e c t r a  of these compounds that in the d iamides  R 3 = H the re  is  an equi l ibr ium 
of the extended and folded conformat ions;  in the la t te r  there  a r e  i n t r amo lecu l a r  H bonds of the 3 ~ 1 type 
closing a s e v e n - m e m b e r e d  ring. The amount of the closed conformat ions  depends g rea t ly  on the nature  of 
the amino acid res idue  and on the solvent; in nonpolar media  (CCI4), as  a rule ,  they a r e  dominating, bu t t he i r  • 
amount fa l ls  sharply even on pass ing  to weakly po la r  med ia  (CHC13). 

The r e su l t s  of m e a s u r e m e n t s  of dipole momen t s  have pe rmi t t ed  a substant ia l  l imitat ion of the range  
of poss ib le  values  of the dihedral  angles ~ ( C a - N )  and ~I, ( C a - C  ') of the p r e f e r r e d  conformat ions  of com-  
pounds (I-X) in CC14 and CHC13 solutions,  and a lso  a de te rmina t ion  of the tendency to a shift in the confor-  
mat iona l  equi l ibr ium with an i nc r ea se  in the polar i ty  of the medium.  The concentra t ion dependences of the 
mo lecu l a r  weights,  dipole moments ,  and specif ic  ro ta t ions  of compounds (I-X) in CHC13 solution have been 
obtained as  d i scussed  [4]. The s tepwise  change in the p r o p e r t i e s  of (I) and (V) with a r i s e  in the concen t ra -  
tion can be explained by the succes s ive  fo rmat ion  of di f ferent  types  of d imer i c  a s s o c i a t e s  of the closed 
f o r m s  H and M. 

The p re sen t  work was a continuation of invest igat ions of the conformat ions  of compounds (I-X) by the 
methods  of UV spec t roscopy ,  c i r c u l a r  d i ch ro t sm (CD), and optical  ro t a to ry  d i spe r s ion  (ORD). The main  
a i m s  of this investigation consis ted in obtaining a m o r e  detai led idea of the spat ia l  s t ruc tu re  of compounds 
(I-X) and in de termining  the influence of the med ium (par t icular ly  a po la r  medium) on the posi t ion of the 
conformat ional  equi l ibr ium. In addition, the r e su l t s  obtained f r o m  the UV, CD, and ORD spec t r a  may  prove  
to be  useful  in compar i son  with the r e su l t s  of o ther  methods  used in conformat ional  ana lys is  and in ca lcu-  
lating the optical  p r o p e r t i e s  of pept ides .  

In a cons idera t ion  of the optical  p r o p e r t i e s  of compounds (I-X) it is des i r ab le  to divide them into four 
groups:  1) compounds (i) and (V) with s econda ry  amide  groups;  2) compounds (iII), (VH), and (IX) with sec -  
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TABLE 1. UV Spectra  of Compounds (I-X) and of Secondary and 
Ter t i a ry  Amides 

No. 

1 j 

4 IV 
VIII 

X 

Compound 

Secondary amides [24] 
Tertiary amides [24] 
Ac-L-Ala-NHMe 
Ac-L-VaI-NH,Me 

Ac-L-MeAIa-NHMe 
Ac-L-MeVaI-NHMe 

Heptane (eyclohexane) 
. 7  

184--186 -- 15,5 I 186--181 
196882031 -- 14,5--18 ~'1~6 20i 

' -- 16,5 | 187,5 
- -  - -  ~ 185 

12 400 21 1~2 
11.~ 123001 

20,5 191 12000 21 

15 800 17,5 
1390O 19 

W a t e r  

. 7  

15400 
15300 

1490O 
136O0 
158O0 

15100 
I5500 

Ac-L-Pro-NHMe 

[ Ac-I.-AIa-NMe., 
Ac-L-Va I-NMe., 

Ac-L-MeAIa-NMe_~ 
Ac-L-MeVaI-NMe_, 
Ac-L-Pro-NMe~ 

192 
193 

198 
199 
198 

12 900[ 
14 800 
12 700 

192 
1925 

192 
192,5 

18,5 198 15304 ~ 
18,5 198 15 
18,5 199 16230 

15 
17 
13,5 
17,5 

18,5 
19 
19 

2O 
21 

18,5 
20,5 
17 

* Li tera ture  data [25]: cyc lohexane-~ .max  = 199 nm, £max=13,300,  
A =17 rim; w a t e r -  k m a x  = 198 rim, £max = 16,000, A = 17 tun. 

ondary C- te rmina l  and t e r t i a ry  N- te rmina l  amide groups; 3) compounds (II) and (VI) with secondary N- t e r -  
minal and te r t ia ry  C- te rmina l  amide groups, and, finally, 4) compounds {IV), (VIII), and (X) with two terti:- 
a ry  amide groups.  As we shall see later, this division cor responds  to the conformational possibil i t ies of 
these compounds. 

The p a r a m e t e r s  of the UV spect ra  of compounds (I-X) agree with the resu l t s  obtained previously for  
secondary and t e r t i a ry  amides  (Table 1). Thus, the absorption maxima connected with rrlr* t ransi t ions in 
the amide groups in compounds of the f i rs t  c lass  a re  located in the 185-188-nm region, i.e., ext remely close 
to ~'max for  secondary amides 0-84-186 nm), in compounds of the fourth class  they are  at 198-199 nm (in 
t e r t i a ry  amides 196-203 am), and in compounds of the second and third c lasses  with secondary and ter t iary  
amide groupings they occupy an intermediate  position 0-89-193 nm). In the major i ty  of spec t ra  taken in 
heptane solution, there is a shoulder in the 220-230-nm region which cor responds  to a combined n~r* t rans i -  
tion f rom two amide groups; in aqueous solutions the band of the nrr* transi t ion is shifted in the shor t -wave 
direct ion and is masked by the considerably s t ronger  band of the 7rTr* transition. 

The UV spect ra  of compounds (I), (liD, (VII), and fiX) in heptane solutions permit  the assumption that 
a band is p r e sen t  in the 200-210-nm region. This is indicated by the fair ly large half-width of the combined 
band of the lrlr* transi t ion of these compounds in the spect ra  of heptane solutions as  compared with those 
of aqueous solutions. In cur  opinion, the appearance of a shoulder and the change in the half-width are  con- 
nected with an effective exciton interact ion of the spatially adjacent amide chromophor ic  groups connected 
by hydrogen bonds in the closed conformations of the molecules.  Kaya and Nagakura [7] have observed a 
s imi lar  shift of the band of the rrTr* transi t ion by 10 am in the long-wave direct ion in the dimerizat ion of a 
N-methylamide.  

In the present  paper  we do not d iscuss  the possibili ty of assigning the bands of the absorption and of 
the chira l -opt ical  effects of the nlr* transi t ion [8, 9]. This Rydberg transi t ion has not been observed for  
peptides in the region of the spec t rum under discussion until recent ly.  It is not excluded that it appears  
only in the spec t ra  of gaseous amides  [10]. 

According to a calculation by Bayley, Nielsen, and Schellman [12], in the UV spect ra  of compounds 
of the f i r s t  and fourth groups one must  expect the splitting of the band of the 7rrr* transi t ion and the appear-  
ance on the CD curve of two bands of dichroic absorption of opposite sign located on different sides of the 
initial band. On the CD curves  of the compounds of the second and third groups, which have amide groups 
with different degrees  of alkylatfon, again two bands of dichroic absorption should be present  which co r r e -  
spond to the 7r~r* transi t ions of the secondary and the te r t ia ry  amide groups. Because of the electronic in- 
teract ion of the spatially adjacent chromophoric  groups, the distance between the CD bands may be some-  
what g rea t e r  than the difference in the f requencies  of the ~rlr* t ransi t ions of secondary and te r t ia ry  amides.  
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Fig.  1. UV s p e c t r a  and CD curves  of the d imethyl -  
amides  of N - a c e t y l - N - m e t h y l - L - a l a n i n e  (IV) (a) and of 
N - m e t h y l - L - v a l i n e  (VKI) (b) in heptane (1) and in wa te r  
(2). 
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Fig.  2. ORD cu rves  of the d imethy lamides  of N - a c e t y l - N -  
m e t h y l - L - a h n i n e  (IV) (a) and of N - m e t h y l - L - v a l i n e  (VIII) 
(b) in heptane (1), ethanol (2), and wa te r  (3). 

So f a r  as concerns  the region of mr* t rans i t ions ,  fo r  this it is theore t ica l ly  poss ib le  to p red ic t  (in contras t  
to the 7r~r* t ransi t ion)  the appea rance  of only one combined band f rom the two chromophor ic  groups.  

Thus,  in the s imples t  case  one mus t  expect th ree  bands of d ichroic  absorp t ion  on the CD cu rves  of 
compounds (I-X): two in the region of the ~rlr* t rans i t ion  and one in the reg ion  of the n~r* t ransi t ion.  The 
as sumpt ions  expounded above a r e  valid for  individual conformat ions  of the d iamides  under  investigation.  
In preceding  papers ,  however,  it was  shown that these compounds exis t  in a complex conformat iona l  equil ib-  
r i u m  and, consequently,  the CD cu rves  mus t  be the r e su l t  of the superposi t ion  of the cu rves  of all  the con- 
fo rma t ions  par t ic ipat ing  in the equi l ibr ia  with the cor responding  contr ibutions to the in tens i t ies  of the bands.  
It is ex t r eme ly  likely that the CD cu rves  of the individual conformat ions  of compounds (I-X) di f fer  subs tan-  
t ially f r o m  one another  in posit ion,  sign, and intensi ty of the bands of d ichroic  absorpt ion.  Consequently, 
the exper imen ta l  cu rves  may  have a cons iderably  m o r e  complex f o r m  than in the s imples t  case  mentioned.  

In cons ider ing  the CD c u r v e s  with the a im of obtaining informat ion  on the spat ia l  s t ruc tu re  of the mo l -  
ecules  of compounds (I-X), we s ta r ted  f r o m  a number  of assumpt ions .  

3 4 3  
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Fig. 3. UV spec t r a  and CD 
cu rves  of the d imethylamide  
of N - a c e t y l - L - p r o l i n e  (X) in 
heptane (1) and in wa te r  (2). 

1. The change in the CD curves  with a change in the solvent r e f l ec t s  
the degree  of conformat ional  mobil i ty  of the compound. It mus t  be borne 
in mind that the shape of the CD curve  is  sens i t ive  to the medium even 
fo r  d iamides  with a r igidly fixed conformat ion  [11]. The t rans i t ion  to po- 
l a r  solvents  is accompanied  by a blue shift of the band of the nTr* t r ans i -  
tion and by an inc rease  in the intensity of the cor responding  CD band be-  
cause  of the m o r e  effect ive in terac t ion  with the ~ *  t rans i t ion [12]. How- 
ever ,  the genera l  f o r m  of the CD spec t rum changes insignificantly, since 
the signs and re la t ive  posi t ions of the ch i ra l -op t ica l  effects  r ema in  un- 
changed. 

2. The r e su l t s  of a compar i son  of the CD curves  of compounds 
within each of the groups  mentioned p e r m i t s  an idea of the s imi la r i ty  or  
d i f ference  of thei r  conformat ional  p a r a m e t e r s  4, and ~.  A compar i son  
of the CD curves  of compounds belonging to the var ious  groups  for  this 
purpose  mus t  be p e r f o r m e d  with g r ea t  ca re  because  of the somewhat  dif- 
f e r en t  e lec t ronic  s t r uc tu r e s  of secondary  and t e r t i a ry  amide groups.  

3. In the ass ignment  of the CD curves  to a definite conformat ion 
or  set  of conformat ions  of compounds (I-X), the r e su l t s  that we have ob- 
tained prev ious ly  [1-4], the r e s u l t s  of a theore t ica l  ana lys i s  of diamides,  

and also the m a p s  of the ro ta t ional  fo rces  calculated by Bayley,  Nielsen,  and Schel lman [12] for  the n~* and 
nea r  ~rTr* bands of the d ichroie  absorp t ion  of compounds of the f i r s t  and second g roups  were  taken into ac -  
count. The maps  of the rota t ional  f o r c e s  reproduced  in Figs .  8 and 11 were  obtained by quan tum-chemica l  
calculat ion based  on known expe r imen ta l  r e s u l t s  on the s ta t i s t ica l  dis t r ibut ion of the charges ,  the energ ies  
of the e lec t ronic  t rans i t ions ,  the magni tudes  and d i rec t ions  of the dipole m o m e n t s  of the t rans i t ion in the 
amide  groups,  and so on, taking into account the contribution to the total  ro t a t ionof  all  the m e c h a n i s m s  of 
optical  act ivi ty considered in the l i t e r a tu re  [13-16]. It is natural  that the m a p s  obtained of the rota t ional  
f o r ce s  have a quali tat ive nature  and cannot be  used for  an accura t e  de te rmina t ion  of the p a r a m e t e r s  4, and 
~I, of d i f ferent  conformat ions  o f  the d iamides  or  of the i r  r e l a t ive  p ropor t ions  in the equil ibrium. Never the-  
less ,  as  the p r e sen t  invest igat ion has  shown, in many ca se s  the maps  ag ree  sa t i s fac tor i ly  with the r e su l t s  
o f  other  theore t ica l  and exper imen ta l  methods  of conformai ional  ana lys i s  and have proved to be useful  for  
de termining  the type of spat ia l  f o r m s  of the diamides ,  especia l ly  those of  the f i r s t  and second groups,  that 
a r e  dominating under  the conditions of measurement .J"  

Let us begin a cons idera t ion  of the CD and ORD spec t ra  with compounds of the fourth g r o u p -  (IV), 
(V/If), and (~) - which p o s s e s s  the l eas t  conformat ional  f reedom.  The CD curves  of the d imethy lamides  
(IV) and (VIII) in heptane solution (see Fig.  1) show negative bands of the n~r* t rans i t ions  at 227 am and, in 
each case,  two bands of opposite sign at ~ 212 and ~ 192 am, which a r e  cha r ac t e r i s t i c  for  split  ~v* t r ans i -  
tions. In aqueous solutions, the CD curves  change the i r  shape only insignificantly,  mainly as  a resu l t  of a 
blue shift of the band of the nTr* t ransi t ion.  The ORD curves  of compounds (IV} and (VII) in solutions in 
heptane, ethanol, and wate r  (see Fig.  2) a lso  differ  lit t le f r o m  one another.  Thus,  the CD and ORD spec t ra  
show the identity of the spat ia l  s t r u c t u r e s  of (IV) and (VIII} and a lso  the re tent ion of the conformat ional  s tate  
of these  compounds in di f ferent  media .  The r e su l t s  of a calculat ion of the rotat ional  fo rces  (Fig. 11) p e r -  
mi t  the conclusion that, of the four  conformat ions  corresponding to local  m i n i m a  of the potential  energy 
on the conformat ional  m a p s  of compounds (IV} and (VIH) [17-19], only one, namely the 7 conformat ion (4, ,-, 
40 °, if,,,, 250°), which has  the min imum energy,  co r r e sponds  to the exper imenta l  CD spect ra ,  i.e., has nega-  
t ive bands of the nlr* and nea r  1rye" t rans i t ions  [12]. The dipole m o m e n t s  of (IV} and (VIII} in CC14 and 
CHC1 s solutions that we have found (2.9 and 2.57 D, respec t ive ly ,  in CC14) a lso  ag reed  with the values  ca l -  
culated fo r  this conformat ion (3.00 and 2.50 D). Consequently, it can be stated that the d imethylamides  (VI) 
and (VIH) p o s s e s s  conformat ions  of the "Y type, which a r e  stable both in polar  and in nonpolar media.  It is  
in teres t ing to note that the CD cu rves  of poly (N-methyl -L-a lan ine)  in CFsCHsOH solution a r e  ex t r eme ly  
s im i l a r  to those of compounds (IV} and (VTTT) [20]. This  obviously shows a s i m i l a r  mutual  or ienta t ion of the 
amide  groups  in the diamide and in the po lymer .  In this case,  notwithstanding the theory [21], the nature 
of the CD curve  is de te rmined  p r i m a r i l y  by the p a r a m e t e r s  4, and ,I, of the amino acid res idue  and depends 
only slightly on the length of the peptide chain. 

J" The ana lys i s  of the ORD curves  is based essent ia l ly  on the s ame  assumpt ion .  However,  because  of the 
s m a l l e r  r eso lv ing  capaci ty of the ORD-curves  method, they do not yet  pe rmi t  bas ica l ly  new information to 
be  obtained concerning the spat ia l  s t ruc tu re  of the peptides,  as  compared  with CD. 
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Fig. 4. UV spec t r a  and CD curves  of the di -  
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Fig. 5. ORD curves  of the d imethy lamides  of N- 
a c e t y l - L - a l a n i n e  (!I) (a) and of - L - v a l i n e  (VD {b) in 
heptane (1), ethanol (2), and wa te r  (3). 

In cont ras t  to the compounds (IV) and (VIII) cons idered  so far ,  in the d imethylamide  of N - a c e t y l - L -  
prol ine  iX), the fixation of the angle @ at 120°C excludes the exis tence  of the y fo rm.  The r e su l t s  of a ca l -  
culat ion of the conformat ional  s ta tes  of pro l ine  d iamides  [17, 22, 26] and of a prol ine  dipeptide [23] have 
shown that in the ca se  of the t r ans  configuration of the amide  group the mos t  p r e f e r r e d  conformat ion  f rom 
the point of view both of the potent ia l  energy  and of the entropy fac to r  is  the 6 conformat ion  with the par .am- 
e t e r s  ~ ~ 120 ° and ~I, = 280-360 °. The other  opt imum f o r m -  the R f o r m  (~} ~ 120 °, ,I, = 120-130 °) - has  a 
sharply  del imited potent ial  min imum located 5-10 k c a l / m o l e  higher  than the potential  plateau of the 5 con- 
format ion .  The obse rved  CD spec t rum of compound iX) in heptane (Fig. 3) does not contradict  the 6 form,  
which has, according  to the maps  of ro ta t ional  f o r c e s  (Figs .  11 and 12),a negative band of the nv* t r ans i -  
tion and a s t ronge r  band of the 7rlr >.= * t ransi t ion.  The expe r imen ta l  dipole momen t  of ix) in CC14 solution 
(4.17 D [3]) a lso  a g r e e s  well  with the calculated value (4.0 D) for  this f o r m  with the p a r a m e t e r s  ¢ ~ 120 ° 
and ,Is ~ 300 °. Compound ix) behaves  somewhat  unexpectedly on pass ing  f r o m  heptane solution to aqueous 
solution (see Fig. 3). The changes in i ts  CD cu rves  in the 240-210-nm region  with a change in the solvent 
a r e  insignificant and could be  due to a blue shift of the negat ive nTr band, s t rongly over lapped by the pos i t ive  
vr,* band, but in the 195-nm region the t rans i t ion  is accompanied  b y a  sha rp  change in the CD curve  which 
genera l ly  indicates  a cons iderable  shift  in the conformat ional  equi l ibr ium. However,  in the p r e sen t  case  
this apparent ly  does  not take place .  In view of the prof i le  of the potent ia l  su r face  of compound (X), we a s -  
sume  that the r e v e r s a l  of the sign of the f a r  band of the d iehroic  absorpt ion  of the ~r~* t rans i t ion  is  caused 
by a change in the p a r a m e t e r  ~, within the l imi t s  of the s a m e  6 conformation,  namely  a change in the angle 
~I, to 360 °, which leads  to an i nc r ea se  in the dipole m o m e n t  of the molecule  to 5-6 D [3]. A conf i rmat ion of 
the hypothes is  put fo rward  is  the e x t r e m e l y  c lose  s imi l a r i ty  of the d ichroic  cu rves  of compound ix) and of 
p o l y - L - p r o l i n e  iXI) in aqueous solution. While the CD cu rves  of compound iX) and of p o l y - L - p r o l i n e  {XI) 
a r e  comple te ly  ident ical  in water ,on ly  a shift  of the dichroic  absorpt ion  of (X) by 8-10 nm in the shor t -wave 
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Fig. 7. ORD c u r v e s  of the methy lamides  of N - a c e t y l - N -  
m e t h y l - L - a l a n i n e  0II) (a), of N - m e t h y l - L - v a l i n e  (VII) (b), 
ar~lof - L - p r o l i n e  (IX)(c) in heptane (1), ethanol (2), and 
wa te r  (3). 

d i rec t ion  is observed.  As is well  known [27], p o l y - L - p r o l i n e  (XI) exis ts  in the f o r m  of a lef t-handed 5hel ix  
(~ ~ 120 °, ~I, ~ 330 °) and has  the t r a n s  co~ igu ra t ion  of the amide  groups.  In addition, a special  invest igat ion 
of the NMR spec t r a  of compound (X) in solutions containing CD3OD(CD3OD--C~DsCD3) (1 : 1) and CD3OD- 
CF2C12 (1 : 2) at low t e m p e r a t u r e s  (down to -130°C)  has  not led to the detect ion of the second poss ib le  con- 
format ion ,  R [2]. 

The compounds of the third g roup- -  the d imethy lamides  of N - a c e t y l - L - a l a n i n e  (II) and of - L - v a l i n e  
(VI) -- a r e  s t e r i ca l ly  l e s s  hindered than the complete ly  methyla ted  de r iva t ives  considered above. On the 
ba s i s  of the r e s u l t s  of a theore t ica l  ana lys i s  of the molecule  of (II) the ~ conformat ion  (¢I, ~ 50 °, ,I,--, 250 °) 
may  be predic ted  to be  the mos t  s table  conformat ion in nonpolar  media,  a f te r  which 5 and L follow with only 
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N - m e t h y l - L - a l a n i n e  (HI), of N - m e t h y l - L - - v a l i n e  (VII), and o f - L - p r o l i n e  
(IX) [12], c o m b i n e d  with  the c o a f o r m a t i o n a l  m a p  of (ITT) [17]: a) n~* t r a n -  
s i t ion ;  b) ~r~r~ t r a n s i t i o n .  
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F i g .  9. UV s p e c t r a  and CD c u r v e s  of the m e t h y l a m i d e s  of 
N - a c e t y l - L - a l a n i n e  (I) ( a ) a n d  o f - L - v a l i n e ( V }  {b) in hep tane  
(1), d ioxane  (2), and w a t e r  (3). 

a s l i g h t  e n e r g y  d i f f e r e n c e .  In p o l a r  m e d i a ,  the  e x i s t e n c e  of the L c o n f o r m a t i o n  (¢ ~ 230 °, ~I, ~ 250 °) and of 
the 7 c o n f o r m a t i o n  i s  m o s t  p r o b a b l e .  Such c o a f o r m a t i o n a l  s t a t e s  a r e  o b v i o u s l y  a l s o  c h a r a c t e r i s t i c  f o r  c o m -  
pound (VI). One m a y  expec t  only  a s l i g h t l y  g r e a t e r  e n e r g y  d i f f e r e n t i a t i o n  of the  f o r m s  in f a v o r  of the  ~/ con-  
f o r m a t i o n .  The  high v a l u e s  of the  s p i n - s p i n  coupl ing  c o n s t a n t s  of the  p r o t o n s  in the N H - C H  f r a g m e n t s  
m e a s u r e d  f r o m  the NMR s p e c t r a  [sJNt t_CH = 9.2 Hz (in c h l o r o f o r m )  and 9.4 Hz (in d i m e t h y l  su l foxide) ]  show 
tha t  in the  v a l i n e  d e r i v a t i v e  (VI} in  a l l  m e d i a  t h o s e  f o r m s  which  have  the t r a n s  o r i e n t a t i o n  of the p r o t o n s  
of  the  NH and CH g r o u p s ,  i . e . ,  ¢ ~ 60 °, e f f e c t i v e l y p r e d o m i n a t e  [2]. In d i m e t h y l  s u l f o x i d e  so lu t ion ,  compound  
(IT) h a s  the  l o w e r  v a l u e  of 3JNI-I_CH = 8.2 Hz,  which  s a t i s f i e s  both  the  t r a n s  and the  c i s  o r i e n t a t i o n s ,  i .e . ,  

~ 60 ° and ~t, ~ 240 °. 

The  d i p o l e  m o m e n t s  of t h e s e  compounds ,  which  we have  s tud ied  p r e v i o u s l y  [3], a g r e e  c o m p l e t e l y  wi th  
the  r e s u l t s  of c a l c u l a t i o n  [17]. The  e x p e r i m e n t a l  v a l u e s  of the m o m e n t s  of (H) and (VI) in CC14 so lu t ion  
(2.80 and 1.99 D, r e s p e c t i v e l y )  c o i n c i d e  wi th  the v a l u e s  c a l c u l a t e d  fo r  the  7 f o r m  (2.7 and 2.0 D). On p a s s -  
lag to a w e a k l y  p o l a r  so lven t  (CHC13) , a c o n s i d e r a b l e  i n c r e a s e  in the  m o m e n t  of (II) is  o b s e r v e d ,  which  shows  
a shi f t  in the  c o n f o r m a t i o n a l  e q u i l i b r i u m  to m o r e  p o l a r  f o r m s ;  the d i p o l e  m o m e n t  of (VI) r e m a i n s  p r a c t i c a l l y  
cons t an t .  Thus ,  the  CD and ORD c u r v e s  of  compounds  (II) and (VI) in hep t ane  c o r r e s p o n d  to the  7 c o n f o r -  
m a t i o n  (F igs .  4 and 5). On p a s s i n g  to  aqueous  so lu t ions ,  the  CD and ORD c u r v e s  of compound  (IT} change  
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Fig. 10. ORD curves  of the methylamides of N-ace ty l -L -  
alanine (1) (a) and o f -L-va l ine  (V} (b) in heptane {1), ethanol 
(2), and water  (3). 

sharply and now correspond to a different conformational state. In water, apparently, the L form predicted 
by calculation [17] and satisfying the fea tures  of the NMR spect ra  and the dipole moments  is now the domi-  
nating form. It is interesting to observe  that the CD curve of ~ )  in water is s imi lar  to the curve of poly- 
f l -methyl -L-aspar ta te ,  which fo rms  a left-handed w-helix [28, 29], and is also extremely s imi lar  to the m i r -  
r o r  image of the curve of the right-handed helix of poly-L-alanine  [30]. 

The s imilar i ty  of the CD curves  of compound ([I) and of poly- f l -methyl -L-aspar ta te ,  of compounds 
(IV) and {VIII) and of po ly-N-methyl -L-a lan ine ,  and also of compound (X) and poly-L-pro l ine  (XI), the amino 
acid res idues  of which are  present  in the equivalent conformational  s ta te , is  not fortuitous. The s imilar i ty  
that has been observed of the CD curves  of diamides that may be considered as isolated unit f ragments  of 
a peptide chain and the corresponding polypeptides shows the decisive contribution to the nature of the di- 
chroic absorption of the mutual orientation of the closest  amide groups, i.e., thevalues  of ~ and ,I, of one 
residue.  Thus, we conclude that compound {II) exists in the ~/ conformation in heptane and in the L confor-  
mation in water,  while in ethanol the y and L forms a re  present  in approximately equal amounts. 

The CD curve of compound {II) in heptane shows signs of the dichroic absorption of the L conforma-  
tion, and the CD curve of an aqueous solution of (II) shows signs of the ~/conformation. It may be concluded 
f rom them that the amount of the impurity forms is low. The valine derivat ive {VI) exists almost  completely 
in the ~/conformation in heptane and ethanol, and only in water is the equilibrium shifted appreciably in the 
direct ion of the L conformation. If the intensities of the CD bands at 223 and 198 nm are considered, the 

--* L transit ion for this compound takes place to the extent of --, 30%. 

Let us consider the CD and ORD curves  of diamides of the second group: the methylamides of N- 
ace ty l -N-methy l -L-a lan ine  (HI), of N-methyl -L-va l ine  (VII}, and of L-prol ine  (IX). 

The resu l t s  of an investigation of the IR spectra  [1], in agreement  with calculation [17, 31], show the 
dominating presence  for these compounds in an inert medium of the folded forms with an int ramolecular  
II bond of the 3 ~1 type. The proport ion of folded forms in solutions of (HI) and {VII) in CC14 solution is 
70%, and for (IX) it is 95% [2]. In actual fact, in heptane the diamides (IF(), {VII}, and (IX} give extemely 
s imi lar  CD and ORD curves  (Figs. 6 and 7). Since under these conditions compound (IX) is present  almost  
completely in the folded M conformation (4> ~ 120 °, ~I, ~ 240°), the c loseness  of the curves  of the three com- 
pounds shows the existence of folded fo rms  of the same type (i.e., the M type) in ([If) and {VII) as well. This 
conclusion cor responds  to the maps of rotational fo rces  (Fig. 8), according to which for the M conformation 
of the diamides (III), {VII}, and (IX} CD curves  a re  predicted with strong negative bands of the nr* t rans i -  
tions and very  low-intensity positive bands of the lr~ >,' t ransi t ions of the te r t ia ry  amide groups [12, 22]. 
Thus, in compounds (III) and {VII) of the two folded conformations possible in principle (M and I-I)theM form 
is the p re fe r red  one. T h e H f o r m s ,  being even more  favorable in these compounds with respect  to nonvalent 
interact ions [17], apparently possess  a considerably lower entropy. 

In addition to the bands mentioned, the CD spectra  of compounds (III) and (VII) in heptane show nega- 
tive dichroic  absorption at --, 205 nm, which obviously re la tes  to the near Ir~r* transit ion of the open forms.  
According to the maps  of rotational fo rces  (see Fig. 8) conformations with the angles ,I, in a narrow range 
of values f rom 230 to 250 °, i.e., in the region of the most  p re fe r red  among the open forms of the ~ confor-  
mation (4, = 54 °, ,I, = 238 ° [17]), may have a negative sign of the ~r ~r* transit ions.  Therefore,  we assume the 
existence in compounds (lid and {VII) in heptane of the conformational  equilibrium M~-~,, shifted in the di- 
rect ion of the folded conformation. On the CD curve of compound (IX) in heptane there is a shoulder in this 
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Fig. 11. Maps of the rotational fo rces  of the methylamides  of N-ace ty l -  
L-alanine (I) and o f -L-va l ine  (V) [12] combined with the conformational  
map of (I) [40]: a) nTr >~ transition; b) near  ~r~r* transition. 

region. It possibly re la tes  to the extended R form, the amount of which is ~ 10% and which we consider  to 
be the dominating form in aqueous solution. 

On passing to aqueous solutions, the CD and ORD spect ra  of the diamides (I]I}, (VII), and (IX) change 
sharply (compare Figs. 6 and 7). The exceptionally strong negative band of the n~r >- t ransi t ion in the CD 
spec t rum of compound (VII) in water  pe rmi t s  preference  to be given to the f i rs t  (see Fig.  8) of the three 
possible extended conformations,  T(@ ~ 50 °, • ~ 240°), L(@ ~ 230 °, ~ ~ 240 °) and 5 (cI, ~ 60 °, ~ ~ 350°}, this form 
having the lowest potential energy [17]. Attention is a t t racted by the s imilar i ty  of the CD and ORD curves  
of (VII) in water  to the curves  of compounds (IV) and (VIII} which exist, as has been shown above, in the 
conformation. In the CD spect rum of the alanine derivat ive (HI), the low intensity of the negative band of 
the nlr* t ransi t ion shows (in full agreement  with calculation [17]) the appearance in aqueous solution of ap- 
preciable  amounts of the L form, in addition to the ? form.  So far  as  concerns  the proline diamide (IX}, the 
negative band at ,,, 204 nm (and, apparently,  a weak band in the 210-215-nm region) observed on its CD curve 
under these conditions may correspond to the R conformation (@ ~ 120 °, ,I, ~ 140 °) or the 6 (~~ 120 °, ,I, ,,, 350 °) 
[22, 26, 31-33]. An analysis  of the CD curve of this compound is fur ther  complicated by the presence  in its 
aqueous solution of 30% of a form with the cis configuration of the te r t ia ry  amide groups [2] for which the 
nature of the dichroic  absorption is unknown. In our opinion, the R conformation with a high dipole moment,  
which exists in the crysta l l ine  state [34], is the most  probable one for  the diamide (IX) in water.  

The methylamides  of N-ace ty l -L-a lan ine  (I) and o f -L-va l ine  (V), which belong to the f i r s t  group, a re  
the most  conformationally labile compounds of the ser ies  of diamides considered.  The resul t s  of an analy- 
sis of the IR spectra  that we per formed previously [1] have shown that in (I} and (V) in a nonpolar medium 
m o r e  than 60% of the folded fo rms  exist. The CD curves  of these compounds in heptane and dioxane (Fig: 9) 
have negative bands of dichroic  absorption at 220-225 nm. It can be seen f rom the map of the rotat ional  
fo rces  of the nTr* transi t ion (Fig. 11) that of the two possible conformations under these conditions, M (@~ 
120 °, ~I," 240 °} and H(¢ ~ 240 °, ,I, ~ 120°), only for the f o r m e r  do the resul ts  of the calculation agree with the 
experimental  f igures.  While, therefore,  giving p re fe rence  to the M conformation, it must  never theless  be 
borne in mind that these resu l t s  do not exclude the presence  in the equilibrium of appreciable amounts of 
the H conformation, which is s imi la r  to M in enthalpy [31, 36, 37]. In par t icular ,  this is indicated by the 
comparat ively  high values of the 3JNH_CH constants  [2].t" The existence in dilute solutions of (I) and (V) 
of the folded M and H conformations is also shown by the resu l t s  of an investigation of the associa t ive  prop-  
e r t ies  of these compounds in CHC13 [4]. The low intensity of the band of the dichroic  absorption of the ~r~r* 
t ransi t ion (shoulder at 210 nm) agrees  well with the corresponding map of rotat ional  fo rces  (Fig. 11b), in 
which the low intensity of the near  ~rTr* dichroic absorption cor responds  to both folded forms.  

It is not excluded that the p resence  of a band at 210 nm is connected with the format ion of associa tes  
in saturated heptane solution (see [11] and [42]). In this case, it is quite impossible to detect chira l -opt ical  

effects connected with the v ~r* t ransi t ion on the CD curve.  

1"The resul t s  obtained permi t  the assumption that the M form is the more  probable also for  the alanine di- 
peptides investigated previously  by IR and NMR spectroscopy,  the folded fo rms  of which were  ascr ibed the 
H conformation [35]. As Ramachandran and Chandrasekaran [36] have recent ly  shown, this conclusion does 
not contradict  the 3JNtt_CH constants  found for  dipeptides. 
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TABLE 2. Conformational States of the Methyl- 
amides  of N-Acetyl  c~-Amino Acids and Their  
N-Methyl Derivatives 

No. 
Compound 

Conformational state • 

l 
V 

Ill 
VII 
IX 

II 
VI 

IV 
Vl l l  

X 

Ac-L-AIa-NHMe 
Ac-L-VaI-NH.~e 

Ac-L-MeAla-NHbte 
Ac-L-MeVaI-NHMe 
Ac-L-Pro-NHMe 

Ac-L-Ala-NMe~ 
Ac-L-VaI-NM% 

Ac-L-MeMa-NMe~ 
Ac-L-MeVaI-NMe. 
Ac-L-Pro-NMe: 

hcptane, 
CC14 

M, H, B,(R: 
M, tl ,  B, (R~ 

M, 7 
M, 

i 

"I 
7 

1 

water 

B, (R, L) 
B, (R, L) 

7, L 

~, (~1 

L, 7, (~) 
],L 

7 

* The f igures  in the table charac te r ize  the spatial 
forms of compounds (I-X) with t rans  configurations 
of the amide groups. The sequence of listing the 
conformations cor responds  to the i r  proport ions in 
the equilibrium. Conformations the real izat ion of 
which does not follow directly f rom the experimen-  
tal resu l t s  are  shown in parentheses.  However, ac-  
cording to the conclusions of a theoret ical  confor-  
mational  analysis,  their presence  in small amounts 
is quite likely. 

The CD and ORD curves of the diamides (I) and (V) in aqueous solution differ sharply. Thus, in the 
CD spect ra  the intensity of the band of the dichroic absorption of the nTr* transit ion dec reases  and a nega- 
tive band of the ~rTr* transi t ion appears  at 192 nm. These changes a re  connected with the instability of the 
M and H conformations in a polar  medium and with a shift in the equilibrium in the direction of the extended 
f o r m s .  According to the high SJNHCH constants,  the most  p re fe r red  of them are  the configurations with 
4,=40-80 ° [2], among which the negative CD bands of the near ~rTr* t ransi t ion are  expected for  the confor-  
mat ions  with 02 = 220-300 °, i.e., the y and /3 conformations.  Since a strong negative effect of the nlr* t rans i -  
tion cor responds  to this region (taking into account the low intensity of the dichroic absorption at 210-215 
nm), one must assume the presence  of other conformations with a positive band of the n~r* transi t ion in the 
equilibrium. This condition is satisfied by the 6 and L forms.  However the real izat ion of the L form is 
unlikely, since in this Case the p resence  of a considerable amount of the R form, which is more  favorable 
than the L fo rm f rom the points of view both of enthalpy and entropy [17], must  be assumed.  It can be seen 
f rom Fig. 11 that the R fo rm has a strong negative band of the nlr* transi t ion and a positive ~rTr* transition, 
i.e., the presence  of a considerable proport ion of it may lead to the compensation of the dichroic absorption 
in the 200-240-nm region. Thus, we come to the conclusion that in aqueous solutions of the diamides (I) and 
(V) conformations with the pa rame te r s  4, and 02 corresponding to region B of the conformatiocal  map (4, = 
0-120 °, 02 =240-360 °) are  real ized.  According to the resu l t s  of the calculation of the methylamide of N-ace-  
ty l -L-a lan ine  as  applied to a polar  medium [39], the energy surface of the molecule in this region consists  
of a fa i r ly  broad level plateau; the B region possesses  the highest entropy and a somewhat lower enthalpy 
than the R region following it. In view of the absence f rom the B regions of c lear  potential troughs, the iso-  
lation of the individual extended fo rms  (% 5, etc.)of compounds (I) and (V) is difficult and hardly desirable.  

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

The synthesis  of compounds (I-X) has been described elsewhere [5]. The UV spect ra  of compounds 
(I-X) in heptane and in water  were obtained on a Cary-15 instrument at 23-26°C with layer  thicknesses of 
0.01-5 cm and concentrat ions of (0.01-5) • 10 -3 M. F r o m  the resu l t s  of measurements  of ema x at var ious  
tempera tures ,  the level of scat tered light amounted to 0.003%. The values of ~'max and emax, and also the 
half-width of the bands (A) calculated f rom three o r  four measurements ,  a re  given in Table 1. The CD and 
ORD curves  of a-X) in heptane, ethanol, and water  were taken on a Cary-60 spec t ropolar imeter  with an 
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a t tachment  fo r  obtaining the CD cu rves  under  conditions analogous to those fo r  the m e a s u r e m e n t  of the UV 
spec t ra .  In view of the poor  solubili ty of compounds (I) and (V) in heptane, the i r  CD cu rves  wei-e m e a s u r e d  
in dioxane solution. In o rde r  to obtain the CD curve  of (I) in heptane, a solution was p r e p a r e d  by boiling a 
suspens ion of (I) for  30 rain, cooling the mix ture ,  and f i l ter ing.  The concent ra t ion  of the solution (1.85. 
10 -5 M) was  de te rmined  f r o m  its opt ical  densi ty at k m a x  (188 nm), emax  being taken as  14,000. 

We have studied the spat ia l  s t ruc tu re  of a s e r i e s  of me thy lamides  of N-ace ty l  s - a m i n o  acids  and the i r  
N-methy l  de r iva t ives  in va r ious  media ,  using a number  of phys ica l  methods.  The se lec ted  d iamides  were  
d e r i v a t i v e s  of alanine, valine,  and prol ine .  The r e s u l t s  of a compar i son  of the alanine and valine de r iva t ives  
give an idea of the influence on the conformat ional  s ta te  of the ma in  peptide chain of the volume of the sub- 
st i tuent on the C °~ atom. Pro l ine  and N-methyla ted  de r iva t i ve s  were  used to invest igate  the spat ia l  s t r uc -  
tu re  of the main  chain under  the conditions of a m o r e  l imited conformat ional  f reedom.  The invest igat ion 
of the la t te r  is a lso  of i n t e re s t  for  unders tanding the laws of the fo rmat ion  of the spat ia l  s t r u c t u r e s  of bio-  
logical ly act ive  compounds containing N-methy l  amino acid res idues  (especially cyclopeptide ant ibiot ics  
[43]). 

The b a s i s  of the in te rpre ta t ion  of the expe r imen ta l  m a t e r i a l  was  a hypothesis  of the possibi l i ty  of de-  
scr ib ing  the conformat ional  s t a t e s  of the me thy lamides  of N-ace ty l  s - a m i n o  ac ids  and the N-methy l  d e r i v a -  
t ives  with the aid of a l imi ted set of canonical  f o r m s  [17]. The c lose  co r re la t ion  between the conclusions 
of theore t ica l  ana lys is ,  optical  data, and the r e s u l t s  of the calculat ion of m a p s  of dipole m o m e n t s  and ro t a -  
t ional s t rengths  of the d ichroic  absorp t ion  has  been  d iscussed.  A d i rec t  connection has been es tabl ished 
between the canonical  f o r m s  of model  compounds and the exper imen ta l  r e s u l t s  of va r ious  physical  methods;  
a tendency has  been  detected for  a shift in the conformat ional  equi l ibr ium on pass ing f r o m  a nonpolar to a 
po la r  solvent.  

The final r e s u l t s  of the investigation of the conformat iona l  s ta tes  of compounds (I-X) in solutions a r e  
given in Table  2. As can be seen  f r o m  this table,  when, in the d iamides ,  an alanine side chain i s  r ep laced  
by a val ine  side chain [compare  (I) with (V), (II) with (VI), (III) with (VII), and (IV) with (VIII)], the f o r m a -  
tion of no new spat ia l  f o r m s  wha tever  takes  p lace  and there  is only a d i sp lacement  of the equi l ibr ium within 
the l imi t s  of the s ame  conformat ions .  Natural ly,  the alanine de r iva t ives  show a g r e a t e r  conformat ional  m o -  
bil i ty.  Among the open f o r m s  of these molecu le s  the m o s t  p r e f e r r e d  a r e  the conformat ions  with the p a r a m -  
e t e r s  4, and ~I, located in region B. The s a m e  conformat ional  s ta tes  a r e  obviously c h a r a c t e r i s t i c  of leucine 
and isoleucine diamides .  F r o m  the point of view of nonvalent in terac t ions  the de r iva t ives  of the other  nat-  
u r a l  o~-amino acids  (with the exception of Gly and Pro)  belong to the s t e r eochemica l  type of Ala that has 
been cons idered  [40, 41]. In view of this, the p r e s e n c e  in them of other types of in teract ions  will affect  the 
se lect ion of p r e f e r r e d  conformat ions  among those pe rmi t t ed  by nonvalent in te rac t ions  in the methy lamide  
of N - a c e t y l - L - a l a n i n e  (I). 

A change in the spat ia l  s t r u c t u r e  of the methy lamide  and d imethylamide  of N - a c e t y l - L - p r o l i n e  is  pos -  
sible only through one p a r a m e t e r  - ~I,. However,  in this case ,  also,  a definite genera l i ty  of the conforma-  
tional s ta tes  of (IX) and (X) and the o ther  d iamides  is observed .  The conformat ions  rea l i zed  for  compounds 
(IX) and (X) cor respond  to m in ima  on the potential  cu rves  which a r e  ex t r eme ly  s i m i l a r  in thei r  prof i le  to 
the sec t ions  of the conformat ional  m a p s  of the d iamides  (iiI) and (IV) at 4, = 120 °. Among the extended f o r m s  
of (IX) and (X), the mos t  favorab le  again p rove  to be  those with conformat ions  having the p a r a m e t e r s  4, and 

in the B reg ion  (6). 

The r e p l a c e m e n t  in the d iamides  of NH groups  by NCH 3 groups,  pa r t i cu l a r ly  in the C - t e r m i n a l  pos i -  
tion, cons iderably  d e c r e a s e s  the conformat ional  mobil i ty  of the molecu les .  Never the less ,  the confo rma-  
t ions rea l i zed  in the N-methyla ted  de r iva t ives  a r e  p r e sen t  on the conformat ional  m a p s  of the cor responding  
me thy l amides  of N-ace ty l  o~-amino ac ids  in low-energy  reg ions .  

P a s s a g e  f r o m  nonpolar  to po l a r  solvents  leads  to a c leavage of in t r amolecu la r  H bonds and to a d is -  
p lacement  of the conformat ional  equi l ibr ium towards  the extended fo rms .  In those cases  where  there  a r e  
s e v e r a l  extended f o r m s  with s im i l a r  energ ies ,  a tendency is found to an inc rease  in the propor t ion  of the 
conformat ions  with higher  dipole momen t s .  

SUMMARY 

1. The UV spectra and CD and ORD curves of methylamides and dimethylamides of acetylamino acids 
have been studied in polar and nonpolar media. 

2. On the basis of an analysis of the spectropolarimetrie results and those of other methods, the pre- 
dominating types of spatial forms in media of different polarities have been determined. 
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3. It has been shown that the conformational  state of the main peptide chain is affected both by the 
volume of the substituent on the C °~ atom and by the p resence  of t e r t i a ry  amide groups.  

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

1. E .S .  Efremov,  L. B. Senyavina, V. N. Zheltova, A. G. Ivanova, P. V. Kostetskii ,  V. T. Ivanov, E. M. 
Popov, and Yu. A. Ovehinnikov, Khim. Pr i rodn.  Soedin., 322 (1973). 

2. V . T .  Ivanov, P. V. Kostetskii ,  T. A. Balashova, S. L. Portnova,  E. S. Efremov,  and Yu. A. Ovchinni- 
kov, Khim. Pr i rodn.  Soedin., 339 (1973). 

3. E . S .  Efremov,  P. V. Kostetskii ,  V. T. Ivanov, E. M. Popov, and Yu. A. Ovchinnikov, Khim. Pr i rodn.  
Soedin., 348 (1973). 

4. E .S .  Efremov, P. V. Kostetskii ,  V. T. Ivanov, E. M. Popov, and Yu. A. Ovchinnikov, Khim. Pr i rodn.  
Soedin., 354 (1973). 

5. P . V .  Kostetskii ,  V. I. Tset l in,  V. T. Ivanov, and Yu. A. Ovehinnikov, Khim. Pr i rodn.  Soedin., 319 
(1973). 

6. Yu. A. Ovchinnikov, V. T. Ivanov, V. V. Shilin, and G. A. Kogan, Molekul. Biol., 3, 600 (1969). 
7. K. Kaya and S. Nagakura, Theore t .  Chim. Acta., 7, 124 (1967). 
8. H. Basch, M. B. Robin, and N. A. Kuebler,  J. Chem. Phys. ,  47, 1201 (1967). 
9. D .G.  Barnes  and W. Rhodes, J.  Chem. Phys.,  48, 817 (1968). 

10. H. Basch, M. B. Robin, and N. A. Kuebler,  J. Chem. Phys.,  49, 5007 (1968). 
11. M. Goodman, C. Toniolo, and J. Falcet ta ,  J. Amer .  Chem. Soc., 91, 1816 (1969). 
12. P . M .  Bayley, E. B. Nielsen, and J. A. Schellman, J. Phys. Chem., 73, 228 (1969). 
13. J . G .  Kirkwood, J. Chem. Phys. ,  5, 479 (1937). 
14. W. Moffitt, J. Chem. Phys. ,  25, 467 (1956). 
15. I. Tinoko, Advan. Chem. Phys. ,  4, 113 (1962). 
16. E . U .  Condon, W. Altar,  and H. Eyring, J. Chem. Phys. ,  5, 753 (1937). 
17. E . M .  Popov, G. M. Lipkind, and S. F. Arkhipova, Izv. Akad. Nauk SSSR, Ser.  Khim., 312 (1971). 
18. J . E .  Mark  and M. Goodman, J.  Amer.  Chem. Soc., 89, 1267 (1967). 
19. A .M.  Liquor i  and P. De Santis, Biopolymers ,  5, 815 (1967) 
20. M. Goodman and M. Fr ied,  J. Amer.  Chem. Soc., 89, 1264 (1967). 
2! .  R .W.  Woody and I. Tinoko, J. Chem. Phys. ,  46, 4927 (1967). 
22. V. Madison and J. Schellman, Biopolymers ,  9, 569 (1970). 
23. N. Go and H. A. Scheraga,  Macromolecules ,  3, 178 (1970). 
24.  E . B .  Nielsen and J. A. Schellman, J.  Phys.  Chem., 71, 2297 (1967). 
25. V. Madison and J. A. Schellman, Biopolymers ,  9, 65 (1970). 
2'6. B. Maigret,  D. Perahia ,  and B. Pullman, J. Theor .  Biol., 29, 275 (1970). 
27. L. Mandelkern,  Poly-o~-amino Acids, Pro te in  Models for  Conformational Studies, G. D. Fasman  

(editor), Marce l  Dekker, New York (1967), p. 675. 
28. D.W.  Urry ,  Ann, Rev. Phys.  Chem. 19, 477 (1968). 
29. E . U .  Erenr ich,  R. H. Andreatta,  and H. A. Scheraga, J. Amer.  Chem. Soc., 92, 1116 (1970). 
30. F. Quadrifoglio and D. W. Urry ,  J. Amer.  Chem. Soc., 90, 2755 (1968). 
31. E . M .  Popov, G. M. Lipkind, S. F. Arkhipova, and V. G. Dashevskii,  Molekul. Biol., 2, 622 (1968). 
32. S . J .  Leach, G. Nemethy, and H. A. Scheraga,  Biopolymers,  4, 369 (1966). 
33. P . R .  Schimmel  and P. J. F lory ,  J. Mol. Biol., 34, 105 (1968). 
34. T. Matsuzaki  and Y. Iitaka, Acta Cryst . ,  B, 27, 507 (1971). 
35. V . F .  Bystrov,  S. L. Portnova,  V. I. Tsetlin,  V. T. Ivanov, and Yu. A. Ovchinnikov, Tetrahedron,  25, 

493 (1969). 
G. N. Ramachandran and R. Chandrasekaran,  Biopolymers,  9, 935 (1970). 36. 

37. B. Maigret ,  B. Pullman, and D. Perahia ,  J.  Theor .  Biol., 31, 269 (1971). 
38. V. Madison and J. A. Schellman, Biopolymers ,  9, 65 (1970). 
39. G .M.  Lipkind, S. F. Arkhipova, and E. M. Popov, Zh. Strukt. Khim., 11, 121 (1970). 
40. E . M .  Popov and G. M. Lipkind, Molekul. Biol., 5, 624 (1971) 
41. G .M.  Lipkind and E. M. Popov, Molekul. Biol., 5, 667 (1971). 
42. D .W.  Urry ,  J. Phys.  Chem., 72, 3035 (1968). 
43. E. Schroeder  and K. Liibke, The Peptides,  Academic P re s s ,  New York (1965). 

352 


