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In preceding papers  [1-5] we have descr ibed the results  of the synthesis and physieochemical  inves-  
tigations by the methods of c i rcu la r  dichroism, optical ro ta tory  dispersion,  and UV and NMR spect roscopy 
of a large se r ies  of cyclic hexapeptides constructed from L(D)-alanine and glycine residues.  The major i ty  
of the measurements  were per formed in polar  solvents (water, dimethyl sulfoxide, ethanol), since the com-  
pounds studied were sparingly soluble in nonpolar solvents.  However, the solubilities of s o m e  of them, 
namely the d ias te reomer ic  eyelohexaalanyls (1)-(4) (Fig. 1), proved to be sufficient to obtain the i r  IR spec-  
tra,  which are  being subjected to quantitative interpretation, a n d  for  measurements  of dipole moments .  
The results  obtained, which permit  a number  of conclusions concerning the conformational  states of the 
cyclic hexapeptides in nonpolar media, a re  expounded in the present  paper.  

There  is a ser ies  of communicat ions in which it has been shown that the study of the IR spec t ra  of 
peptides enables fundamental information to be obtained concerning the i r  conformational  states [8-11]. 
Par t icu lar ly  valuable information is given by investigations in dilute solutions of neutral  organic solvents 
which are  not proton donors or  acceptors  in the formation of hydrogen bonds with the dissolved peptides. 
Since under these conditions, as a rule, no in termolecular  associat ion takes place, it is possible to detect 
the existence of in t ramoleeular  hydrogen bonds (IMHBs) and, in a number  of cases ,  to evaluate the ratio 
of bound and free NH groups [11-20]. 

The IR spec t ra  of the cyclopeptides (1)-(4) were taken at 25°C in chloroform solutions at concent ra-  
tions of ~5 • 10 -4 M, i .e . ,under conditions in which it is possible to neglect the formation of in termolecular  
H bonds (see [12, 13, 15-19]). As can be seen f rom Fig. 2, the cyclopeptides (1)-(4) are  charac te r i zed  by 
ext remely  s imi la r  IR spectra.  In the 3300-3470 em -t  region, which corresponds  to the stretching vibrations 
of the NH bond (amide A [9, 10]), there  is a s trong band with a maximum at ,~3340 cm -1 and a shoulder in 
the high-frequency region, and also severa l  bands at 3410-3460 cm- l ;  the separat ion of the bands showed 
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Fig. 1. Structures of the cyclohexa-  
pept[des (1)- (4). 

that t he  shoulder mentioned corresponds  to a band with a maxi-  
mum at ~3385 cm -I. In the region of the stretching vibrations 
of the amide CO groups (amide 1) there  is an a symmet r i c  band 
with a maximum at 1675-1676 cm -1, the separat ion of which into 
its individual components does not appear  to be possible (Fig. 2). 

The results  of a detailed study of the IR spec t ra  of model 
peptide sys tems [13, 16, 19] show that the bands at ~3340 and 
~3385 cm -1 can be ascr ibed to NH groups part icipating in IMHBs 
of the NH" • -OC type, and the bands with frequencies of 3410- 
3460 cm- i  to various types of f ree  NH groups. The assignment  
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TR spect ra  of the cyclopep-  
tides (1)- (4). 

of the band at ~3385 cm-1 to a frequency appearing as a conse-  
quence of the Fe rmi  resonance of an overtone of the amide 1 
band and the band at 3340 cm-~ is unlikely since in this case it 
is difficult to explain the considerable fall in its intensity in 
compound (3) (see Fig. 2 and Table 1) and its complete absence 
in the case of l inear amides and peptides [13, 16, 19]. The a s -  
signment of the bands at 3420-3440 em -1 to NH groups par t ic i -  ( ,  o) ........ 
pating in H bonds of the 1-* 1 type / N \ c H R / C  \ , which 

was f i rs t  suggested by Mizushima et al. [13] and has been used 
by French authors [19], is inadequately substantiated and con- 
t radicts  calculated figures [21]. 

For  a fur ther  analysis of the results  obtained it was neces -  
sa ry  to evaluate the number  of Ni,i groups corresponding to each 
of the bands found in the 3300-3480 cm- I  region. However, the 
solution of this problem encountered considerable difficulties 
connected with the absence of definite information concerning 
the intensities of the bands of the stretching vibrations of va r i -  
ous NH groups differing by participation in a hydrogen bond, by 
the nature of the neighboring groups, by their  position, and so 
on. Thus, it was not possible to make use of the relationships 
given in the l i tera ture  between the intensity and haft-width of the 
band of the stretching vibrations of H-bonded XH groups and the 
energy of the H bond and its length [22-26], since the cha rac t e r -  
istics of the IMHBs in the cyclopeptides studied were not avai l-  

able. The corre la t ions  descr ibed previously connecting the shift of the vN_ H frequency in the formation of 
an Hbond with the integral  intensity of the band and its half-width [22, 23, 27, 28] could not be used for the 
present  work, either, since the quantitative relationships between the corresponding paramete r s  remained 
unknown. 

The corre la t ions  mentioned, and also isolated pieces of l i tera ture  information on the IR spectra  of 
amides in solutions (see, for  example [13, 16, 22, 23, 27-30]),permit the assumption that the integral inten- 
sity of the amide A bands, both of f ree  and of H-bonded NH groups, exhibits a tendency to r ise  with a decrease  
in the frequency VNH. The measurements  that we have performed under standard conditions (dilute chIoro-  
form solutions, 25°C) of the IR §pectra of a number of amides and peptides with only one band at 3500-3300 
em -1 have shown that, in fact, a definite corre la t ion  exists between the frequency of the amide A band and 
its integral intensity (Table 2 and Fig. 3); in paral lel  with a r ise  in intensity there  is also a broadening of 
the absorption band.  

We used the empir ical  relationship found in this way for  a quantitative evaluation of the number of 
NH groups of different types in the cyclopeptides (1)-(4) (see Table 1). Here and below, for  convenience of 
exposition, we have adopted the classif icat ion of H bonds of the NH. • .OC type in peptide solutions according 
to which frequencies below 3330 cm -1 correspond to strong H bonds (energies g rea te r  than 3 kcal /mole) ,  
N3350 cm -t  to H bonds of medium strength (energies N3 kca l /mole  [16]), and above 3370 cm -1 to weak H 
bonds (energies less than 3 kcal /mole) .  The calculation of the corre la t ion  equation and the number  of NH 
groups corresponding to the individual spectra l  bands was ca r r i ed  out by the methods of Ramsay [35] and 
of Wilson and Wells [36]. In the lat ter  case,  to decrease  the e r r o r  due to the low optical density in the 
wings of the absorption band, the calculation was per formed by the method of cutting off the contour with 
respect  to the base line [37]. As can be seen f rom Table 1, the two methods led to results  differing insig- 
nificantly f rom one another.  

In an analysis of IR spectra ,  it must  be expected that the quantitative evaluation of the free NH groups 
should give more  reliable results  than in the case of the H-bonded groups, since in the 3400-3480 cm-I  
region, unlike the 3300-3400 em -1 region, the contour of the amide A band general ly approximates well to 
a Lorentz function; fu r thermore ,  the intensities of the amide A bands of f ree  NH groups vary less on pas-  
sing f rom one compound to another than that of groups participating in H bonds (see Table 2). Consequently, 
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it is f requent ly  des i rab le  to de te rmine  the number  of bound NH 
groups  not f rom the in tegra l  intensi ty of the cor responding  bands 
[n2÷n 3 fo r  the cyclopept ides  (1}-(4), see  Table  1], but f rom the 
d i f ference  between the to ta l  number  of NH groups and the number  
of f r ee  NH groups (6 -h i ,  see  Table  1). However,  in the cyc lopep-  
t ides  (1)-(4) in the 3410-3470 cm-1 region the re  a r e  s e v e r a l  o v e r -  
lapping bands of low intensi ty (see Fig. 2), which reduces  the accu-  
r acy  of the de terminat ion  of the number  of f r ee  NH groups (hi). In 
view of this ,  to de te rmine  the bound NH groups in cyclopept ides  we 
used  both the methods ment ioned (see Table  1). 

It follows f rom Table  1 that in ChC13 solution in the p r e f e r r e d  
conformat ions  of the cyclopept ides  (1)-(4) t he r e  a r e  not l ess  than 
3-4 IMHBs of medium s t rength  and, in addition, f o rms  with one or  
two weak IMHBs also take  pa r t  in the conformat iona l  equi l ibr ium.  

In preceding papers  [3-5] we have shown that in polar  so l -  
vents  (dimethyl sulfoxide, water ,  ethanol) cyclic  hexapept ides  con-  
s t rue ted  of alanine and glycine res idues  genera l ly  a s s u m e  the 
"p lea ted - shee t "  conformat ion  s tabi l ized by two t r ansannu la r  (4~  1) 
H bonds (Fig. 4) and differ ing f rom other  types of packing of the 
peptide chain by c h a r a c t e r i s t i c  CD and OI=tD curves .  On pass ing  
to less  po la r  solvents  ( e thano l -hep tane ,  1 :2) ,  the number ,  signs,  
and posi t ions of the Cotton effects  s ca r ce ly  change, but t he r e  is 
some  redis t r ibut ion of the i r  in tensi t ies .  These  resu l t s ,  in comb i -  
nation with the IR spec t r a ,  p e r m i t  the assumpt ion  that  in nonpolar  
solvents  the cyclic  hexapeptides re ta in  the usual  type of c o n f o r m a -  
tion and H bonds of the 4-- 1 type. Neve r the l e s s ,  in the c o n f o r m a -  
t ional  equi l ibr ium, fo rms  differing somewhat  f rom the "polar"  
f o r m s  by the coordinates  • and ~*  and having additional H bonds t 
begin to p redomina te .  

With the condition of the p lanar  t r ans  conjugation of the amide  
bonds (see [4]), the following poss ib i l i t ies  exis t  fo r  the fo rmat ion  
of additional (apart  f rom 4-* 1 bonds) pa i r s  of IMHBs in the cyc lo -  
peptides (1)-(4): 

(A) H bonds a re  fo rmed  between the NH groups  of the 
Ala( 2 and 5) res idues  and the CO groups of the Ala(6 and 3) res idues  

(Fig. 5); 

(B} H bonds a r i s e  between the NH groups of the Ala(3 and 6) 
res idues  and the CO groups of the Ala 0 and 4) res idues  (Fig. 6); 

• According to the genera l ly  accepted  nomenc la tu re  h e r e  and below, 
in o r d e r  to desc r ibe  the conformat ions  of the pept ides , the  coord i -  
nates  • and • cha rac te r i z ing  the rotat ional  s ta tes  of the N H - C ~ H  
and C ~ H - C O  f r agmen t s  will be used  [38]. 
tAt the s a m e  t ime,  we cannot exclude the poss ibi l i ty  of the appea r -  
ance of f o r m s  of cyclopept ides  containing no t r ansannu la r  H bonds. 
However ,  this  poss ibi l i ty  appea r s  unlikely,  if one cons iders  the 
s tabi l i ty  of the l a t t e r  even in such po la r  solvents  as wa te r  and di-  
methy l  sulfoxide. 
:~For s impl ic i ty ,  only conformat ions  with a s e c o n d - o r d e r  axis of 
s y m m e t r y ,  which a r e  the mos t  p robable  fo r  compound (3), a r e  con-  
s idered .  In the conformat ional  equi l ibr ium of compounds (1), (2), 
and (4) one mus t  expect the rea l iza t ion  of u n s y m m e t r i c a l  f o r m s  
with different  s t ruc tu re s  of the A l a r A l a 2 - A l a  3 and Ala4 -Ala  ~- 
Ala 6 f r agmen t s .  
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TABLE 2. Charac ter i s t ics  of the IR spec t ra  of Compounds Having 
One Amide A Band in the 3500-3300 cm -1 Region 

Compound 

CH3CONHCH3 
C6HsCH2CONHCH [31] 
CH3CONHCH(CH~)COOCH3 (L) [16] 
CH3CONHCH(CH3)CON(CH3) (L,,'t 
CH3CONH CH(CH3)CON(CH3)CH(CHa)- 

COOCH a (LD) [16] 
0 
II 
S 

CeHsCH2CONHCH-- HC/\C(CH3)2 

CO--N---CHCOOCH 3 
[321 

O 
11 
S 

C~HsOCH2CONHCH--HC/\C(CH3)2 

C~ O___ ~N C~ HCOOCH3 

c , M  
~NH h~l/2 

cm-1 

2,50.10 -3 ] 3472 
2,50.10-3[ 3467 
2,45.10-31 3438 
2,92.10-31 3418 

2,30.10 -3 3422 

1,35.10 -3  3399 i 

1,26.10 -3 3384 

15,0 
17,6 
33,0 
37,5 

35,2 

59,0 

62,4 

AR . 10_ 4 ] A W. 10_ 4 

m -I • l i ter  • cm-2 

0,79 0,58 
0,81 0,62 
1,24 0,82 
1,42 0,99 

1,46 0,9~ 

1,96 1,29 

2,32 1,4~ 

[33] 
ValinomycinI.KSO3C12H~5 [34] 8,56.10 -5 3309 66,0 5,22 $ 2,9g 

* A R and A W are the integral intensities of the bands calculated by 
the methods of Ramsay and of Wilson and Wells, respectively.  
tWhe dimethylamide of ace ty l -L-a lanine  (mp 86-88°C, [~]D+25 °, 
c 1, CHC13) was obtained in our laboratory by P. V. Kostetskii by 
means of a th ree - s t age  synthesis start ing from benzoxycarbonyl-  
L-alanine.  
$Calculated to one amide group. 
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Fig. 3. Dependence of the integral intensity of the amide A 
band on the frequency VN_ H. a) Calculated by Ramsey ' s  method; 
b) calculated by Wilson and Wells '  method. .  
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F ig .  4. Pos i t i on  of the 

in t ramolecular  hydrogen 
bonds in cyclohexapep- 
tides in polar solvents. 

(C) both the possibilities considered above are  real ized simultaneously 
(Fig. 7). 

In each of the conformations (A), (B), and (C) there  are  H bonds of the 
3-* 1 type stabilizing seven-membered  rings. As the investigation of model 
amides [12, 13, 19, 20] and of simple l inear peptides [16] has shown, NH 
groups participating in the formation of such H bonds are  represented by 
bands at 3340-3390 cm-l ,  which is in good agreement  with the features of the 
IR spect ra  of the cyclopeptides (1)-(4). 

In form (A) of the cyclopeptides, the formation of 7 -membered  rings 
fixes the conformation of the Ala(i and t) residues at ~~120 °, ~~  240 ° [or @~ 
240 °, @ ~120 °, which corresponds  to the m i r r o r  form of the peptide chain with 
the coordinates @ and ~I, of opposite sign]. In the subsequent discussion, it 

328 



TABLE 3. Calculated Values of the Dipole Moments  for  Various  
Conformat ions  of the Cyclohexapept ides  

Dipole 
Type of conformat ion  

moment ,  D 

1 . 0 - 8 . 0  A 
Conformation A of cyclo-(L-Ala)6,  cor responding  

to a potential  energy  min imum [41] 
B 
C 

" P l e a t e d - s h e e t "  conformat ion  of cyc lo-  (L-AIa)~, 
cgr responding  to a potential  energy min imum [41] 

3.2 
5 . 7 - 8 . 0  

8.0 

5.2 

TABLE 4. Resul ts  of 
Measu remen t s  of the 
Dipole Moments  of the 
Cyclopept ides  (1)-(4) 

COiE- I 
pound = R ~(D) 

12,00] 111,i 4,4±0,8 
16,16l 111,1 5,0±0,3 
24,09 111 5,9+0,3 

111 12,83 ', 4,5± 1,5 

8 

bond 

Fig.  5. F o r m  A of cyc lohexa-  
L-a lanyl .  

! 

oc Oo ®~ ¢===H- bond 

Fig.  6. F o r m  B of cye lohexa-  
L-a lanyl .  

mus t  be borne  in mind that in addition to the conformat ions  cons idered  
below the exis tence of the m i r r o r  f o r m s  is poss ible ,  pa r t i cu l a r ly  in 
view of the p re sence  of D-alanine res idues  in the molecu les  of (1)-(4). 
So f a r  as concerns  the Ala(2 and 5) and Ala 0 and 6) res idues ,  it follows 
f rom a theore t ica l  analys is  of the conformat ions  of a t r ipept ide  f r a g -  
ment  with a hydrogen bond of the 4--* 1 type [39] that  the coordinates  
@ and q cor responding  to them may  va ry  within e x t r e m e l y  wide l imi ts  
according to the or ientat ion of the amide  groups between the Ala(2 ) 
and Ala(3 ) [Ala(5 ) and Ala(6)] res idues .  

qb(2~as)llO-130; ~3and6)45--135 or 225--345; 
~2 a~dS) 135-180 or 255--315; ~(3and6)135--325. 

However,  in an analys is  of mo lecu l a r  models  of the cyc lohexa-  
peptides it can be seen that the fo rmat ion  of a H bond between Ala(2 ) 
and Ala0) [Ala(~) and Ala0)] apprec iab ly  na r rows  the f ield of poss ib le  
or ienta t ions  fo r  the Ala(2 and 5) and Ala(a and 6) r es idues .  This p e r -  
mi t s  the range of @ and ~I, for  fo rm A of the cyclohexapept ides  to be 
de te rmined  in the following way: 

¢P(1 and4~" 240; O{2 S) ~ 120; ~3 and 645-80 or 255--290; 
IF(1 and4) ~ 120; ~(2 5) 135--180 or 255--315; ~a and 6Y 215. 

A theore t i ca l  conformat ional  analys is  of cyc lohexa -L-a l any l  has 
shown that  in fact  fo rm A cor responds  to a local min imum of the 
potential  energy  with the coordinates  [40] 

~(l=d4)lll; ~(2~ndS)140; ~(3a,d'6210. 

Apparent ly,  a conformat ion  of this type can be rea l i zed  in 
cyclopept ides  (1)-(4), a lso.  The t r ansannu la r  bends in this confor -  
mat ion a r e  somewhat  weakened (the N a - O  l and N i - O  a d is tances  a r e  
3.1 ~, while the no rma l  dis tance is 2.7-2.0 A), which mus t  lead to a 
reduction in its energy  and to a d i sp lacement  of VN_ H in the high- 
f requency direct ion as compa red  with the no rma l  f requencies  of NH 
groups  par t ic ipat ing  in s t rong 4 -~ 1 hydrogen bonds (for example ,  in 
g ramic id in  S, VNH 3314 cm -1 [18], va l inomycin  VNH 3313 cm -1, and 
the complex of va l inomycin  with po tass ium cations VNH 3309 cm -1 
[17, 34]; all  f igures  fo r  solutions in CHCla). Consequently,  in the IR 
s p e c t r a  of fo rm A one mus t  expect s i m i l a r  values  of VNH f rom NH 
groups  par t ic ipat ing in H bonds of different  types (3~ 1 and 4 ~  1); 
this  conclusion ag rees  well  with the exper imen ta l  r e su l t s  (see Fig. 
2). 
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oc Oo ®N ==~'-bond 

Fig. 7. Form C of cyclohexa- 
L-alanyl. 

The simultaneous formation of H bonds of the 4 ~ 1 and 3 ~ 1 types 
in each of the two tripeptide fragments  which is charac ter i s t ic  for con- 
formation B of the cyclohexapeptides has not been detected in peptides 
hitherto. In an analysis of tripeptide fragments  by the method of rigid 
spheres ,  S. M. Venkatachalam [39] came to the conclusion that such a 
type of s t ruc ture  comes into energetical ly forbidden regions. However, 
subsequent investigations including the minimization of the potential 
energy with respect  to the valence angles and the angles • and • have 
shown that such conformations correspond to extremely deep energy 
minima, and their  real izat ion in peptides in nonpolar media is completely 
probable [41]. On this basis,  it may be assumed that the band at "~3385 
cm -1 observed in the IB spect ra  of the eyclopeptides (1)-(4) corresponds 
to a 3 ~ 1 hydrogen bond in conformation B (as weaker than a 4--* 1 bond 
in the same conformation). In form B, the conformation of Ala(2 and 5) 

and Ala(3 and ~) residues is fixed to a considerable extent and some free internal rotation is p reserved  only 
at the CO) and'C(4 ) atoms; the following coordinates may correspond to this form: 

~and4) 0~110; (P(land S)~ 230*; (~2andS)~ 82*; 
~I~z~d 4?60--250; ~Ir(.2=dS)~ 110"; ~13~d6)~ 152" 

It is easy t o  see that the extreme case of conformation B [O(t and 4) ~110°, ~I, (1 and t) ~250°] with six 
IMHBs rigidly fixed by the form of the peptide chain corresponds  to conformation (C); its presence  may be 
assumed in the cyclopeptides (1) and (2) which, judging f rom the IR spect ra  (Table 1), have the largest  num- 
ber  of IMHBs. 

~ a r ther  information on the s t ructure  of the cyclopeptides (1)-(4) was obtained by a comparison of their  
dipole moments measured  in C HC13 solution with the values of the dipole moments calculated for various conforma-  
tional forms of the cyclohexapeptides. The calculation was per formed by a method developed previously 
compris ing the success ive  summation of the vectors  of the dipole moments of the amide groups along a pep- 
tide chain of given conformation [42]. In o rder  to calculate the dipole moments of forms (A), (B), and (C) 
we used the coordinates • and ~I, given above; for  compar ison we also calculated the dipole moment of the 
"pleated-sheet"  conformation of eyc lohexa-L-a lanyl  with two H bonds of the 4 ~ 1 type corresponding to a 
local potential energy mini~ ~m [40]. The results  of the calculation and the dipole moments determined 
experimental ly are  given in Taules 3 and 4. As can be seen f rom a comparison of them, form C cannot be 
dominating in solutions of the cyclopeptides (1)-(4) in CHCI~, since its dipole moment (8.0 D) considerably 
exceeds the observed values (4.4-5.9 D). So far  as concerns forms A and B, in spite of the extremely wide 
and strongly overlapping regions possible for  the i r  dipole moments  (1.0-8.0 D and 5.7-8.0 D), the exper i -  
mental  results  allow form A to be considered as the more  likely, although they permit  the possibili ty of the 
existence of a ce r t a in  amount of form B, par t icular ly  in the case of compound (3). 

The results  of the present  work, in combination with the results  of preceding investigations and calcu-  
lated figures available in the l i terature,  permit  us to consider  that in the cyclic hexapeptides constructed 
of L-  and D-alanine residues conformations of types A and B with four in t ramolecular  hydrogen bonds are  
p re fe r red  in nonpolar solvents.  Both conformations correspond to calculated potential energy minima, and 
the i r  real izat ion is in agreement  with the IR spec t ra  and dipole moments .  Fur thermore ,  small  amounts of 
forms with two ( 4 ~  1) hydrogen bonds and also rigid conformations of type C, stabilized by six in t ramolecu-  
la r  hydrogen bonds, may also take part  in the conformational  equilibrium. 

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

Before the preparat ion of solutions, the cyclopeptides (1)-(4) were dried over  P20~ at 50°C/0.5 mm for  
8 h. In o rder  to obtain a saturated solution, a suspension of the cyclopeptide in absolute chloroform was 
shaken at room tempera ture  for  40 h. The excess of cyclopeptide was f i l tered off. The concentration of the 
of  the solution was determined by evaporating 10 ml  to dryness  and weighing the residue af ter  drying over  
P205 to constant weight. 

* The calculated values of 4~ and ~ corresponding to the most  favorable conformation of Ac -L-Ala  - L-Ala-  
NHMe with 4 ~ 1 and 3 ~ 1 H bonds [41]. 
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The IR spec t r a  were  recorded  on a UR-10 ins t rument  with LiF and NaC1 p r i s m s .  Recording condi-  
tions: sl i t  p r o g r a m  4, record ing  speed 32 c m - i / m i n ,  s p e c t r a l  sl i t  width at 3500-3200 c m - 1 4 c m  -1, at 
1750-1610 cm - i  "~8.5 c m - 1 ; t h e  th ickness  of the cel l  for  the m e a s u r e m e n t s  in the 3500-3200 cm -I  region 
was 20 mm,and  for  1750-1610 em - i  it was 5 m m ,  the absorpt ion of the ch lo ro fo rm under  these  conditions 
not exceeding 60%. 

The dipole moment s  were  m e a s u r e d  in a Dipol ins t rument  working on the beat  pr inciple  at a f requency 
of 1 MHz. The compara t ive ly  la rge  e r r o r  of the m e a s u r e m e n t s  is due to the poor  solubil i ty of the eyc lo -  
peptides (1)-(4) in CHC13. 

The dipole moment s  were  calcula ted by Hedes t rand ' s  method [6] 

= 0,2 y A (M~-- M,~) ÷ B~ -- R , 

where A and B are empirical constants depending on the solvent and equal to 0.37 and 26.89, respectively, 
in the case of chloroform; 

M i and M 2 are the molecular weights of the substance under investigation and of the solvent (426 
and 120.5); 

R is the molecular refraction calculated from the atomic and group refractions [7] (the correction 
for atomic polarization was not made); 

~x - -  to 
~ - ~  is the coeff icient  of the dependence of the d ie lec t r ic  constant  of the solution (~x) on the con-  

cent ra t ion  of substance  (f) exp re s sed  in m o l a r  f ract ions;  for  CHCI~ e~5 is 4.65; and 
d x - -  d o k =  --3-o7-- : is the coeff icient  of the dependence of the densi ty of the solution (dx) on the concentra t ion  of 

the substance  (f); for  CHCI3, d~ 5 is 1.48. 

The coefficient  fl, dependinginsignif ieant ly on the dipole moment  (#) and taken as the s ame  for  all  the 
cyclopept ides  (1)-(4), was found as the mean  value of two m e a s u r e m e n t s  [for compounds (2) and (3)]. 

SUMMARY 

1. An empirical method for the quantitative determination of the number of NH groups of different 
types in peptides based on measurements of the integral intensity of the amide A bands in the ll~ spectra 
has been developed. 

2. The IR spectra of the diastereomeric cyclohexaalanyls in CHCI 3 solutions have been studied; they 
indicate the par t ic ipat ion of an ave rage  of four  NH groups in IMBHs. 

3. On the bas i s  of a theore t ica l  conformat ional  analys is  and of d ipo le -moment  m e a s u r e m e n t s ,  the 
sy s t em of IMHBs and the type of dominant conformat ion  of the cyclohexapept ides  in nonpolar  solvents  have 
been es tabl ished.  
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