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In the cou r se  of our  study of the conformat ional  s ta tes  of peptide sy s t ems ,  we have synthes ized a 
l a rge  group of cycl ic  hexapept ides  cons t ruc ted  of L(D)-alanine and glyeine res idues  and have made a de-  
ta i led phys icoehemiea l  invest igat ion of them [1-5]. In the p r e sen t  communicat ion we desc r ibe  the r e su l t s  ,~ 
of an invest igat ion of the u l t ravio le t  (UV) spec t ra ,  the c i r c u l a r  d ich ro i sm (CD) curves ,  and the optical r o -  
t a to ry  d ispers ion  (ORD) cu rves  of the cyclopept ides  (2)-(21) ~ (Fig. 1), and a lso  the UV spec t r a  of cye lo-  
hexaglycyl  (1) and of two model  d iamides  - the N-methy lamide  of acetylglycine (20) and the N-me thy lamide  
of a c e t y l - L - a l a n i n e  (21). Some of the CD and ORD curves  d i scussed  (those for  compounds 2-4, 6, and 9) 
were  obtained by us p rev ious ly  [1]. 

The UV spec t r a  of the cyelopept ides  (1)-(19), m e a s u r e d  in aqueous solutions,  a re  given in Table 1. 
As can be seen f rom the table,  kmax for  the compounds cons idered  is  located  in the 184-190 nm region,  
beyond which no m a x i m a  or  inflections whatever  a r e  obse rved  except  for  the case  of compound (14); emax 
v a r i e s  ove r  an e x t r e m e l y  wide range  ( f rom 3900 to 7100, calculated to one amide  bond). Since in the ey -  
elopept ides cons t ruc ted  f rom alanine and glycine res idues  the only ch romophores  absorb ing  in this region 
a r e  the amide  groups ,  the ass ignment  of the absorpt ion m a x i m u m  found to the 7r-* 7r* t rans i t ions  i s  not a 
m a t t e r  of doubt. The m a x i m a  cor responding  to the n-*  v* t rans i t ions  and, judging f rom the ORD and CD 
resu l t s  (see below), located at ~ 215 nm, a r e  e x t r e m e l y  weak and a re  m a s k e d  by the s t r onge r  m a x i m a  of 
the ~-* ~* t rans i t ions .  Recent ly ,  the question of the poss ib i l i ty  of the appearance  in the UV spec t r a  and CD 
and ORD curves  of pept ides  of the n ' - e *  t rans i t ion  of the unpai red  e lec t ron of the earbonyl  a tom of oxygen 
into an exci ted e *  orbi ta l  (see,  for  example ,  [7]), which is  detected in the e lec t ron ic  spec t r a  of the amides  
in the gas phase  and is  located in the region between the n -~ ~* and 7r--* 7r* t rans i t ions ,  has been d i scussed  
repea ted ly  [8, 9]. However ,  a detai led compar i son  of the spec t r a  of the amides  in the gaseous  s ta te  and in 
solutions has  shown that  this  band is  connected with a Rydberg t rans i t ion and does not appea r  in the spec -  
t r a  of a condensed phase  [9]. Consequently,  in the p r e sen t  work only the n--* 7r* and 7r~ 7r* t r ans i t ions  of 
the amide  groups  have been taken into account.  

On compar ing  the r e su l t s  obtained with fea tu res  of the UV absorpt ion of model  amides ,  ol igopeptides,  
and "unordered"  polypept ides  (Table 2), attention is  a t t r ac ted  by some  hypoehromism,  on the ave rage  r i s ing  
with an i n c r e a s e  in the n u m b e r  of alanine res idues  in the r ing (for example ,  Fig. 2).$ A fal l  in the in tens i ty  

1"The enan t iomers  of compounds (2)-(4), (6), (9), (10), (13), and (18) have actual ly  been obtained and studied. 
In  the p r e s e n t  work,  for  convenience of compar i son ,  the i s o m e r s  containing the m a x i m u m  number  of L -  
alanine r e s idues  a r e  discussed.  
$ The conclusions that  we drew p rev ious ly  in a study of the UV absorpt ion curves  of f ive compounds down 
to 195 nm [1] p roved  to be uncha rac t e r i s t i c  for  the UV spec t ra  taken in the region of the absorpt ion max ima .  
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Fig. i. Structure of the eyelopeptides (1)-(19). 

TABLE 1. Fea tures  of the IR 
Spectra of Compounds (1)-(21) 

Com- 
pound a 

(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 

(lO) 
(11) 
(12) 
(13) 
(14) 
(15) 
(16) 
(17) 
(18) 
(19) 
(20) 
(21) 

I 
Xmax* 'max* I D~ f 

I 

187 6800 I 8,9 0,22 
187 7400 I 9,3 0,23 
187,5 6700 [ 8,4 0,21 
187,5 7000 ! 8,8 0,22 
188 7200 8,7 0,22 
188 6500 8,4 0,21 
188 6600 8,5 0,21 
188 6900 8,4 0,21 
189 7100 ] 8,9 0,22 
188 6300 7,9 0,20 
188,5 7100 8.9 0,22 
188,5 6400 8,2 0,20 
189 6300 7,9 0,20 
184 3900 6,4 0,16 
189,5 5500 6,8 0,17 
189 6300 7,9 0,20 
189 5900 7,1 0,18 
189 6100 7,6 0,19 
189 6200 7,5 0,18 
187 7500 9,1 0,23 
187 7700 9,1 0,23 

15,0 
14,5 
14,5 
14,5 
14,0 
1500 
15,0 
14,0 
14,5 
14,5 
14,5 
14,0 
14,5 
18,5 
14,5 
14,5 
14,0 
14,5 
14,0 
14,0 
13,5 

* Calculated to one amide group. 
t The dipole strength (D) was 
calculated on the assumption of 
a Gaussian form of the absorp-  
tion curve [7], and the osci l -  
lator strength was obtained 
from an equation borrowed 
from the literature [13]. 

of the ~r-* $* transi t ion in the eyclohexapeptides is also observed in 
comparison with the UV spect ra  of the extended forms of Ae-GIy-  
NHMe (20 and Ac-L-Ala-NHMe (21) in aqueous solutions (see Fig. 1 
and Table 1). The effect of hypoehromism is  par t icu lar ly  pronounced 
in cyclo-(L-Ala)6, where the fall in emax in compar ison with com-  
pound (2) amounts to ~ 45%, while the shape of the UV absorption 
curve permi t s  the assumption of the existence of a shoulder at 190- 
195 nm; a considerable broadening of the absorption band in com-  
pound (14) (A = 18.5 nm, see Table 1) also shows its nonuniformity. 

The resul ts  obtained show that in compound (14) and, appar-  
ently, in the other eyclopeptides studied, there  is an exeiton in te r -  
action of the e lectr ic  dipole moments  of the transi t ion leading to the 
splitting of the absorption band and to a reduction in its intensity. 
Theoret ical  calculations showed that interaction of the chromophoric  
groups mus t  be expected where they differ insignificantly in the po-  
sition of the absorption maxima and a re  adjacent in space, the nature 
of the interaction depending to a considerable extent on the mutual 
orientation of the ehromophorie  groups [16, 17]. For  example, a 
paral le l  a r rangement  of the amide groups mus t  lead to a fall in the 
intensity of the Iong-wave absorption band of the rr-* rr* transition, 
and a eoll inear a r rangement  to its increase  [16-19]. 

Up to the present  t ime, it has been possible to detect the ap-  
pearance  of an interaction of the chromophoric  groups in the UV 
spect ra  of peptides only in poly(amino acid)s or  proteins  having the 
s -he l i c a l  or  fi configuration. At the same time, the UV absorption 
curves  of the s -he l i ca l  polypeptides are  ext remely  s imi lar  to the 
curve of compound (14) (emax, respectively,  4200 and 3900, shoulder 
in the long-wave region), although the positions of Xmax and the shoul- 

der  differ substantially: 191 and 202 nm in the s -he l ix  [19] (see Table 2) and 184 and ~ 195 nm in the ring 
(14). So far  as concerns  polypeptides in the fi conformation, for them, conversely,  hyperchromism is cha r -  
ac ter is t ic  [12, 20] (see Table 2). 
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TABLE 2. F ea t u r e s  of the UV Absorpt ion of Amide 
Groups in Aqueous Solutions of Pept ides  

I Literature Compound Xmax 'max data 

CHACO N H CHa 
HOly OH 
Poly-L-lysiue, coil 

c~ -Helix 

15 -Conformatioa 
Cyclo-(Gly) 2 
Cyelo-(L-Ala)2 

186-187 
187 
102 
192 
203 (sh) 
196 
]89 
188 

8800 
7800 
7100 
4400 
2600 
7600 
6750 
8250 
8150 

10,11.13 
11 
12 
12 

12 
13 
13 
14 

7 

5 1 

,'80 180 200 2/0 220 n m  

Fig. 2. UV spec t r a  of the cyc lopep-  
t ides  (2), (3), (6), and (14) and a lso  of 
the d iamides  (20) and (21) In i s  the 
number  of amide  l inks in the m o l e -  
cule; n = 6 for  (1)-(19) and n = 2 for  
(20) and (21)]. 

What has been said above p e r m i t s  the conclusion that 
cyclic  hexapeptides fo rm a new type of s y s t e m  of in teract ing 
amide eh romophores  having an o rdered  conformat ion.  In this 
connection it is in teres t ing  to obse rve  that in cyclo-(Gly)6, in 
which (judging f rom the resu l t s  of x - r a y  s t ruc tu ra l  analysis)  
i r r e g u l a r  conformat ions  of the cyclopeptide skeleton predomina te  
[21], the effect  of hypochromism is exp re s sed  cons iderab ly  m o r e  
feebly than in (14) (see Table 1). 

Fu r the r  informat ion  on the s t ruc tu re  of the cyclopept ides  
(2)-(9) was obtained f rom the ORD and CD curves .  In view of 
the poor  solubil i ty of the cyclopept ides  in organic  solvents ,  the 
ma jo r i t y  of the m e a s u r e m e n t s  was p e r f o r m e d  in aqueous so lu-  
t ions.  In an analys is  of the cu rves  obtained (Figs.  2-6), a t t en-  
tion is  a t t r ac t ed  in the f i r s t  p lace  to the i r  monotypic i ty  [with 
the exception of the cu rves  for  compounds (5) and (19)], showing 
the s imi l a r i t y  of the conformat ional  c h a r a c t e r i s t i c s  of the c o m -  
pounds studied. As can be seen f r o m  Figs .  3-6,  the cu rves  ob-  
s e r v e d  a r e  the r e su l t  of the superposi t ion  of at l eas t  th ree  Cot-  
ton effects ,  the absorp t ions ,  signs,  and in tens i t ies  of which p e r -  
mi t  the conclusion that  the Cotton ef fec ts  located  in the long- 
wave region (210-215 nm) re la te  to the n-*Tr* t rans i t ions  of the 
amide  groups,  and the s t rong ef fec ts  of opposite sign at  198-200 
nm and ~ 185 nm re la te  to spl i t  components  of the v-~  ~* t r a n -  
si t ions.  This  a s s ignment  is  conf i rmed  by the red  shift  of the 
long-wave Cotton effects  c h a r a c t e r i s t i c  for  n--~r* t rans i t ions  
on pass ing  to l ess  po la r  solvents  (see  below, Figs .  8 and 9) and 

by the in te rmedia te  posi t ion of the UV absorpt ion  m a x i m u m  of the v-*v* t rans i t ions  (184-189 nm) between 
the cen te r s  of the sho r t -wave  Cotton effects .  It mus t  be mentioned that the CD curves ,  as a rule ,  a re  con:  
s ide rab ly  less  easy  to in te rp re t  than the cor responding  ORD curves ,  although in individ,lal ca ses  the ex-  
is tence of Cotton effects  due to n - - v *  t rans i t ions  can be seen be t t e r  on the ORD curves  [for example ,  c o m -  
pounds (6), (9), (13), and (18)]. 

While in the UV s p e c t r a  the spli t t ing of the 7r-* ~* absorpt ion  bands of the amide  ch romophores  ap-  
p e a r s  c l e a r l y  only in compotmd (14), in the ORD and CD curves  the spl i t t ing of this t rans i t ion  can be seen 
eas i ly  in p r ac t i c a l l y  all  the eyclopept ides  studied. I t  i s  in te res t ing  to c o m p a r e  the optical  p r o p e r t i e s  of 
compounds (2)-(19) with the co r respond ing  p r o p e r t i e s  for  other  r e l a t ed  amides  and pept ides  containing only 
amide  eh romophore s  and s h o ~ u g  spli t t ing of the band of the v -*  Tr* t rans i t ion:  a) the d imer  of L - 5 - m e t h y l -  
py r ro l i d in -2 -one  [22], (b) the methy lamide  of N - a c e t y l - L - a l a n i n e  in the convoluted fo rm s tabi l ized by an 
i n t r a m o l e c u l a r  hydrogen bond [1], (c) cyc lo- (L-Ala)  2 [14], (d) the hydrogenated analog of gramie id in  S [23, 
24], (e) po ly -L-a l an ine  in the a - h e l i c a l  conformat ion [25], and f) p o l y - L - s e r i n e  in the fi conformat ion [26]. 
As can be seen f r o m  Fig. 7, the na ture  of the CD curves  of the m a j o r i t y  of the compounds ment ioned dif-  
f e r s  subs tant ia l ly  f r o m  the cu rve  of a typica l  r ep re sen t a t i ve  of the a lanine-glyeine  cyclohexapept ides  - 
compound (9); cye lo- (L-Ala)  2 has  a c l o s e r  CD curve  but does not show the effect  of h y p o e h r o m i s m  (see 
Table  2). Thus,  an ana lys i s  of the OI~D and CD curves  conf i rms  the conclusion drawn in a study of the UV 
spec t r a  of the rea l iza t ion  in eyclohexapept ides  in aqueous solutions of a specif ic  conformat ion  in which the 
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Fig. 3. CD and ORD curves  of the cyclopept ides  ( 2 ) -  
(5) in H2o. 
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amino acid r e s idues  p o s s e s s  coordinates  ~ and q" differing f rom the cor responding  coordinates  in other  
pept ide-pro te in  s y s t e m s  with known conformat ions .  

In a p reced ing  pape r  [1] i t  was obse rved  that the introduction into a cyclohexaglycyl  r ing of one or  
two adjacent  r e s idues  of L(D)-alanine was sti l l  insufficient  to s tabi l ize  the chi ra l  conformat ion,  as is  shown 
by the low in tens i ty  of the Cotton effects  in the cu rves  of compounds (2) and (3) [1]. However,  the p r e sen ce  
in the r ing of two L-a lan ine  res idues  sepa ra t ed  by one glyeine res idue  (4) or  of th ree  (6-9), four (10-12), 
etc.  alanine res idues  leads to compounds with in tense  Cotton effects  the absolute values  of which a r e  de-  
t e rmined  main ly  not by the number  or  the configuration of the alanine res idues  but by the i r  mutual  posit ion.  
On compar ing  with one another  the CD curves  of compounds (3)-(14),it m a y  be a s sumed  that the L - A l a - - L -  
Ala f r agments  a r e  l e s s  sui table for  the rea l iza t ion  of the type of conformat ion that i s  common for  the cy-  
clohexapeptides than the L - A I a - - G l y - - L - A l a  f ragments ,  as is  shown, in pa r t i cu la r ,  by the monotonic de-  
c r e a s e  in the in tens i ty  of the long-wave Cotton effect  in the sequence of compounds ( 9 ) - ( 1 1 ) - ( 1 3 ) - ( 1 4 ) :  
while (9) eonCzdns only L - A l a - G l y - L - A l a  f ragments ,  in (11) and (13) they a r e  rep laced  success ive ly  by 
L - A l a - L - A l a ,  and (14) has the monotonic sequence ( L - A l a - L - A l a )  s. 
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Fig. 7. CD curves  of amides and peptides containing only amide chro-  
mophores  and showing a splitting of the band of the ~-~ v* transi t ion.  

Fig. 8. CD curves  of the eyelopeptides (13) and (15)-(19) in absolute 
ethanol. 

I t  has been shown prev ious ly  that the constant b 0 in the Moffitt equation of some cyclopeptides has an 
e x t r e me ly  high value [for example,  + 200 ° for  the ring (9)]. This is  due to the splitting of the e lect ronic  
t rans i t ions  of the amide bond in the d i s symmet r i ea l  cycl ic  s t ruc ture  [1]. In o rde r  to evaluate the stabil i ty 
of this s t ruc ture ,  we m e a s u r e d  the ORD curve of compound (9) in t r i f luoroace t ic  acid solution. As a rule,  
in this solvent the secondary  s t ruc tu re  of l inear  peptides is complete ly  des t royed  (b 0 = 0), but in the ease  
of the ring (9) the shape of the ORD curve  (measured  down to 225 nm) differed only sl ightly f rom the curve 
in water ,  and the constant b 0 sti l l  re ta ined  a substantial  value (+90°C), which shows the stabil i ty of the 
dominating conformation of the cyelohexapeptides.  

The ORD curves  of compound (9) in solution in 0.1 N HC1 and 0.1 N NaOH do not differ  in any appre -  
ciable manner  f rom the curve  given in Fig. 3. The addition of KC1 to a concentrat ion of 0.5 N also causes  
no change in the ORD curves ,  which shows the incapacity of the eyelopeptide (9) for  forming ion -d ipo l e  
complexes  with the K + ion in an aqueous medium. For  compound (18), the analogous measu remen t s  p e r -  
fo rmed  in ethanol also showed that compounds of this type do not fo rm complexes  with K + ions. 

F r o m  the following communicat ion [4] on the study of the cyclopeptides (1)-(19) by the NMR method, 
it  can be seen that the p re sence  of t r ans -annu la r  in t ramoleeu la r  bonds stabilizing the "pleated sheet"  
s t ruc tu re  is  cha rac t e r i s t i c  for  them. Apparently,  the formation of H bonds favors  the approach and the 
fixation of the mutual orientat ion of the peptide chromophoric  groups which, in i ts  turn,  leads to the i n t e r -  
action of the monotypieal  e lec t ron ic  t rans i t ions  and the appearance of the splitting of the band of the ~--* ~* 
t ransi t ion.  

In this  connection i t  i s  in te res t ing  to observe  that in all cases  where stable H bonds a re  p resen t  in 
peptides (models a and b in Fig. 7, the l inear  te t rapept ide  B O C - L - V a l - L - V a I - L - A l a - G l y O E t  in metha-  
nolle solution [27], gramieidin  S [24, 28-32], and i ts  analogs [23, 24, 33], and poly(amino acid)s in the a -  
hel ical  and fl conformations [25, 26]), the CD and ORD curves  have a complex na ture  in the 185-240 nm r e -  
gion. In addition to this,  the destruct ion of the H bonds in these compounds (the monomer  of L -5 -me thy l -  
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Fig. 9. CD curves  of the cy-  
clopeptides (13) and (15)-(19) 
in a mix tu re  of ethanol and 
heptane (I : 2). 

t ions in these  p ro te ins  [41]. 

py r ro l id in -2 -one  [22], the diamide (20), and l inear  pept ides  in the 
convoluted fo rm [i,  27, 34], and the unordered  conformat ion of 
poly(amino aeid)s [19]) leads to the appearance  of CD and ORDeurves  
with a single Cotton effect  in the region of the ~'-* It* t rans i t ions .  

The complexi ty  of the CD and ORD spec t r a  for  conformat ions  
with H bonds p e r m i t s  an approach  to an explanation of the fundamental  
d i f fe rences  between the r e su l t s  of the ORD and CD methods,  on the 
one hand, and of x - r a y  s t ruc tu ra l  analys is ,on  the other  hand, on the 
apparen t  content of a - h e l i c a l  sect ions  in p ro te ins .  (Here we have in 
view the fact  that  the lack of co r respondence  ment ioned i s  not a con-  
sequence of d i f ferences  in the conditions of invest igat ion,  s ince the 
conformat ions  of p ro te ins  in aqueous solutions and m o i s t  c ry s t a l s  ap-  
pa ren t ly  do not differ  in any significant  manne r  whatever  [35].) Fo r  
example,  for ~ -  chymotryps in  the amount of ~ - h e l i c e s  according to x - r a y  
data is only 3% [36], while calculat ion on the bas i s  of the CD and ORD 
cha rac t e r i s t i c s  has led to a value of ~15~ [37]. A substant ial  in- 
c r e a s e  in the content of hel ices  can be explained by fa i lure  to 
take into account s t ruc tu re s  with H bonds the conformat ions  of 
which differ  f rom the a - h e l i x  (see, for  example,  [38]). Cyto- 
ch rome  c [39, 40] and f e r r i cy toch rome  c [39] may be r ega rded  
as stil l  m o r e  s t r iking examples ;  the i r  ORD curves  in the UV 
region a re  typical  for  the a - h e l i x .  At the same t ime,  x - r a y  s t ruc -  
tu ra l  ana lys is  has  not r evea led  a significant  amount  of a - h e l i c a l  s e c -  

I t  appea r s  probable  that in these  and s i m i l a r  c a se s  the complicat ion of the CD 
and ORD spec t r a  i s  connected with the p r e s e n c e  of different  nonheHcal conformat ions  s tabi l ized by H bonds 
between peptide groups.  The f ea tu res  of the ORD curves  that  have been ment ioned a r e  a lso  of value for  
m e a s u r e m e n t s  in the v is ib le  region and for  the evaluation of the hel ical  content in pro te ins  f rom the con-  
stant  b 0. 

As a l ready  mentioned,  cyclohexapept ides  of the s e r i e s  studied a re  soluble in neu t ra l  organic  solvents  
to an e x t r e m e l y  l imi ted  extent ,and t he re fo re  a lmos t  all  the r e su l t s  d i scussed  above have re la ted  to aqueous 
solutions.  However ,  i t  i s  known that the conformat ion of oligopeptides can undergo cons iderable  changes 
on pass ing  f rom one solvent  to another  (see,  for  example ,  [1, 27, 45]). Consequently,  in o rde r  to obtain 
m o r e  comple te  informat ion  on the conformat ional  poss ib i l i t i es  of the cyclohexapept ides  it  i s  des i rab le  to 
study them over  as  wide a range of conditions as poss ib le  and, in the f i r s t  p lace ,  in solvents  of different  
po la r i t i es .  With this a im,  we have checked the solubil i t ies  of compounds (1)-(19) in ethanol and in a m i x -  
tu re  of ethanol and heptane (1 : 2). I t  was found that  for  compounds (13) and (15)-(19) i t  i s  poss ib le  to r each  
concentra t ions  of 0.1-2 m g / m l  in these  solvents  which a r e  sufficient for  m e a s u r e m e n t s  of the CD spec t ra ;  
the cu rves  obta ined a r e  given in Figs.  8 and 9. In all  cases ,  a r ed  shif t  and an i nc r ea se  in the in tens i ty  of 
the Cotton effects  of the n ~  ~* t rans i t ions  as  compared  with aqueous solutions a re  observed.  In the curves  
of compound (18) i t  can c l ea r ly  be seen that  in the 210-240 nm region there  a re  at l ea s t  two Cotton effects ,  
which is  apparen t ly  connected with the local  na ture  of the n-*;r* t rans i t ions  [42] and with the independent 
contribution of the chromophor ic  groups of the L -  and D-amino  acid res idues  to the total  CD curve.  N e v e r -  
the less ,  i t  i s  not excluded that the complex na ture  of the curves  in this region is  also connected with the 
p r e sence  of s eve ra l  c o n f o r m e r s  having Cotton effects  of opposite signs.  

In the case  of compounds (16)-(18), on pass ing  f rom wate r  to ethanol the in tensi ty  of the v -~ ~* Cot-  
ton effect  r i s e s ,  which shows the s tabi l izat ion of the dominant conformation.  However ,  a fur ther  dec rea se  
in po la r i ty  i s  accompanied  by a fall  in the in tens i ty  of the ~-~ ~* Cotton effects ,  poss ib ly  because of the ap-  
pea rance  in the conformat ional  equi l ibr ium of new conformat ions  pos se s s ing  a higher  s y m m e t r y .  

Thus, we have shown that the ma jo r i t y  of cyclopept ides  studied f o r m s  a monotypical  chi ra l  s y s t e m i n  
aqueous solutions which differs  in i t s  conformat ion f rom the other model  peptide s y s t e m s  descr ibed  p r e -  
viously;  on pas s ing  to nonpolar  solvents  some conformat ional  r e a r r a n g e m e n t  takes  place.  Since the CD 
and ORD methods do not at the p r e s en t  t ime  p e r m i t  m o r e  concre te  conclusions to be drawn concerning the 
spat ia l  s t ruc tu re  of the cyclopeptides,  we have studied them by the method of NMR (in polar  solvents) and 
IR spec t roscopy ,  and a lso  by means  of dipole momen t s  (in nonpolar  solvents).  The r e su l t s  obtained a r e  
given in subsequent  communica t ions  of the p r e s e n t  s e r i e s  [3-5]. 
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In conclusion, i t  must  be observed  that until the p resen t  work only a small  number  of CD and ORD 
curves  of cycl ic  hexapeptides taken in the region of the amide absorption bands had been repor ted  in the 
l i t e ra tu re  [42-44]. At the same t ime, the in terpre ta t ion  of the available resu l t s  was considerably  compl i -  
cated by the p re sence  of a romat ic  chromophor ic  groups of phenylalanine, tyros ine  and histidine res idues ,  
which have s t rong absorpt ion bands in the 185-210 nm region. Since the compounds that we have studied 
a re  the s imples t  r ep resen ta t ives  of the c lass  of cyclic hexapeptides,  the facts given above may  se rve  as a 
basis for  spec t ra l  ass ignments  in a s e r i e s  of m o r e  complex cyclohexapeptide sys tems ,  and also for  the 
search  for  qualitative relat ionskips  between the conformation of p ep t i d e -p ro t e in  sys tems  and the i r  optical 
p roper t i e s .  

EXPERIMENTAL 

The synthesis of compounds (1)-(19) and (21) has been described previously [i, 2]; the methylamide 
of aeetylglycine (20) was synthesized in our laboratory by P. V. Kostetskii by the action of methylamine on 
the methyl ester of acetylglyeine, mp 156-157°C (see [6]). 

Before the physieochemieal measurements, the compounds (1)-(21) obtained in the individual state 
were dried over P~O~ at 50°C/0.5 mm for 16 h. The ultraviolet spectra were taken on Cary-15 and Cary- 
16 instruments in aqueous solutions with layer thicknesses of 0.01-0.i cm and concentrations of (0.1-3) • 
10 -a M. According to the resu l t s  of measu remen t s  of ~max at different  concentrat ions,  the level  of sca t -  
t e r ed  light amounted to ~ 0.001%. The values of ~max and ~max a re  the means  of 3-6 measurement s ,  and 
the dipole s t rengths  (D), the osc i l la tor  s t rengths  0e), and the half-width of the bands (A) given in Table 1 
were  also calculated f rom the absorption curves .  The CD curves  were  measu red  on a JOUAN-11 dichro-  
graph and a Cary-60 spec t ropo la r ime te r  with a Cary-6001 at tachment for  obtaining CD spec t ra  at concen-  
t ra t ions  of the solutions of (0.2-5) • 10 -a M and at a t empera tu re  of 23-26°C, the thickness of the cel l  being 
0.01-2 cm. The ORD curves  were  taken on a Cary-60 spec t ropo la r ime te r  under conditions analogous to 
those for  the measu remen t s  of the CD curves .  The values of A~ and [~] given a re  the means  of 2-4 m e a -  
surements  and were  calculated without cor rec t ion  for  the r e f rac t ive  index of the solvent.  The solutions of 
compounds (13)-(19) in absolute ethanol were  obtained by boiling them with s t i r r ing  for  6 h and f i l ter ing 
off the undissolved excess  of cyclopeptide.  The concentrat ions of the solutions were  de termined by two 
methods:  a ) b y  weighing the res idue  af te r  the evaporation of the ethanol and drying over  P~O5 at 50°C/0.5 
mm to constant weight, and b) by diluting the ethanolic solution twofold with water ,  measur ing  the ORD 
curve,  and compar ing  i t  with the ORD curve  in a mixture  of ethanol and water  (1 : 1) obtained in the usual 
way. The e r r o r s  of the measu remen t s  of the concentrat ions did not exceed 10-15%. The solutions in e th-  
ano l -hep t ane  (1:2) were  obtained by diluting sa tura ted  ethanolic solutions with two volumes of heptane. 
When large  amounts of heptane were  added, in some cases  the cyclopeptides precipi ta ted.  

Compound 2, CD, H20: hs24o 0, a52so- 0.25; A%2 o - 0 . 4 9  (trough); 
h%o s O(peak); A52o2 -- 1,56 ([) ORD, H20:[qb]235 I000; [qb]2so-- 2000 

(trough); [cb]2zl 0; [qb]21o -~- 4500; [qb]2oo q- 8000; [qb],9~ ~- 9000 (peak). 
Compound 3, CD, H20: A224 o -  0.08; A52ao-- 0.47; A522 o -  1.25; 

A~21s -- 1.41 (shoulder); A5210 - -  1.5; A5~oi, s -- 4.5 (trough); A5197 0; A5193--t-5 (1) 
ORD, H20: [qb]23s -- 1500; [qb]23o -- 3000 (:rough); [qb]2~2 0; [qb]220-~-2000; 
[qb]21o ~ 8000; [cP]2oo ÷ 13000 [cb]lss + 14000 (peak). 

Compound 4, CD, H20: A~24 o -  0,5; h5~3 o -  1.1; A5~o--3.0; 
Ae218 -- 5.25 (shoulder); As21 o -- 7.0; A5199 - -  22 (trough); A5192 -- 7.0 (l) 
ORD, H~O: [qb]:4o--7000; [cP]23o --13 000 (shoulder); [qb]22o - -15 000; 
[cP]21o -- 21 500 (trough); [qb]20o 0; [qb]is8,. ~ -~ 150 000 (peak). 

Compound 5, CD, H20: A524o -- 0.23; A52~o--1.08; A5~.21--1,84 
(trough); A%1 o 0; Ae2o 4 "{7 0.25 (peak); A52o 2 0; ~197 - - 3 , 5  (!) ORD, H~O: 

[qb]2~--9500 (trough); [qb]22e0; [cb]2~4-~-12000 (peak); [qb]2oaq-4000 
(trough); [qb]lSO -4- 18 000 (peak). 

Compound 6, CD, H20: A%4 o -  0,25; A523 o -  1,0; A~2 o -  2,75; 
A521 o -  14; A5~o o -  19.5 (trough); A5192 0; i51s 5-F 16.75 (l). ORD, H20: 
[cP]u o - -  4500; [qb]727 ~ 9000 (shoulder); [qb]2~o --  11 000; [cb]21o -- 18 000 

(trough); [UP]2oo 0; [CP]lS~ q-- 101 000 I(peak). 
Compound 7, CD, H20: A524o -- 0.20; A52~ o -  1,8;  A%~o--5,0; 

A5215 -- 6.0 (shoulder); Ae~ o -- 6.25; As~O s -- 12.75 (trough); A5~9 o 0. 
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ORD, H20: [0]240  -- 7000; [qb]22s-- 11 000 (trough); [O]22~-- 9500; 
[O]2 m -- 2000 (shoulder); [O]2o~ 0; [0]200 q- 16 000; [O]m o q- 72000 (peak). 

Compound 8, CD, H20: A%4 o - 0 , 1 2 ;  Ae2~o-- 1,37; A~22o -- 3,75; 
Ae215 -- 5.25 (shoulder); he21 o -- 6,25; he2o o -- 12.5 (trough); h-'t~ ~ 0; 
Aemz + 10,75 (!) ORD, H20: [O]~4o --  6000; [ O ] ~ - -  10500 (trough); 
[O]~  --  8000 (peak); [O]2o5 -- 9000 (trough); [0]200 0; [O]mo, ~ q- 75 000 

(peak). 
Compound 9, CD, HzO: A~24 o - 0 . 5 ;  h~2~ o - 2 . 0 ;  h ~  o - 5 , 7 5 ;  

A~2~ o -- 14.3; hhg~, 5 --  34,25 (trough); h~mo - -  8.0; hhsz. ~ 0; Ah8~ -F 12,75 (l). 
ORD, H 2 0 : [ 0 ] 2 4  o -  8000; [O]2ao-- 18000; [O]22a - -24000 (trough); 
,[O]217-- 22000(peak); [O]~1o--2700C (trough); [O1~oo 0; [O]x89 + 162000 
(peak). 

Compound 10, CD, H20: A~4o --  0,25; A~zgo-- 1,43; A~22o-- 3,58 
Ae21 ~ -  6.19 (shoulder); A~21 o -  6.98; h~2o o -  18,5 (trough); he~ a 0; 
A~s9+23 (!). ORD, H20: [O]2~o--4000; [O]~z~--10500 (trough); 
[O]22o--8500; [O]2to - -  2500 (shoulder);[O]2o7 0; [O]~91 -[- 91 000 (peak); 

Compound 11, CD; H20: ±%0--0,4;  A~2so - -  2.17; A%2o--5.91; 
-~e215 -- 7.5 (shoulder); Ae21o -- 10.25; Ah99 -- 23,5 (trough); Aai92 0; 
A~187+20.7 (!). ORD, HzO: [0]240--7000; [O]22~-- 15000 (troughh 
[O]2~3-- 9500 (peak); [O]2o~ --  11 500 (trough); [O]2ol.s0; [O]~9o Jr i48 00U 
(peak). 

Compound 12, CD, H20: Aa~4o --  0.5; Ae28o-- 2.6; Ae2~ o -- 8.75 (shoul- 
der); A~2m-- 12.5; Ae~o I -  17,25 (trough); Ae194 0; Act89 + 23.5 (!). 
ORD, H20: [O]24o-- 10000; [O]2~7-- 18000; [O]22o-- 15000; [O]2u,~0; 
.[O]2~o q- 1500 (shoulder); [0]189 q- 118000 (!). 

Compound 13. CD, H~O: Ae24o--025; Ae~o-- 225; ~ 2 o - -  5.5 
(shoulder);Aezm --  10; Ae2o o -  18.5 (trough); AE19 2 0, Ae~8 s q- 14,5 (peak). 
CD, C~H~OH: he24 o -- 1.75; Ae~a o-- 7.0; As22 o -- 11 (trough); A¢2i 0 -- 10 
(peak); Ae2o 2- 12.5 (trough); Ae19~0; Aemsq-6,0 (I). CD, G~HsOH--CzH~6 
(1:2): A~24o-- 1.75; A~zzo-- 7.0; A~o- -  10.75 (trough); A~21o-- 9.25; 
ha204- 8,25 (peak); AS200- 8,75 (trough); O1R.D, H20: [~)]240 -- 8500; 
[0]227 -- 11 600 (trough); [qb]2~3 -- 9000 (peak); [qb]2os-- 9500 (trough); 
[0]203 0; [Ol19s + 92000 (peak); [O]188 0 (!). 

Compound 14, CD, H20: A%4o --  0.25; A%ao-- 1.75; A~22o--4.5 
(shoulder); helm - -  6,0; Ae199- 9.5 (trough); A~191, 5 0; A~-18 ~ + 9.25 (!). 

ORD, H20: [O]24o--5000; [0]226-- 10000 (trough); [O]22o-- 7500; 

[0]~,~ --  3500 (peak); [O12o7--5000 (trough); [O]201,5 0; [O]192+45000 
(peak). 

Compound 15, CD, H~O: h~24o - -  0,3; a%~ o -  2,53; A~22 o - 6 . 3 2 ;  
Ae21 s -- 8,21 (shoulder); A~21 o- I0,53; As2o o- 22,5 (trough); A$191, 5 0; 
h ~  + 26,25 (peak); CD, C~HhOH: Ae24o--2.0; he23 o -  7.25; A~22 o -  10.25 
(trough); A~210- 10,2 (peak); Ae~o0--23,75 (trough); CD,C2HhOH--CTH16 ; 

(1:2): A~z4 o -  2.0; aS2ao-- 7.5; A%2o-- 11.0 (trough); A~21 o -  6.5 (peak); 
Ae~o o -  10.75 (trough); Ael95 0 (!). ORD, H2D: [O]240-- 12000; 
[¢]22s-- 23 COO (trough); [q~]22o -- 21 000; [O]21o -- 9000; [O]2oz -- 5000 
(shoulder); [~]2o5 0; [O]192 q- 140 C00 (peak). 

Compound]6,  CD, H20: A~24 o - 0 . 3 ;  As2~ o -  1,96; As22 o -  4.12 
(shoulder); A$210 - -  9.31; Ael9 s -- 33.3 (trough); A~191 0; Ael85 + 22.5 (D. 
CD,C2HhOH: h%~ o -  2.0; Ae2ao-- 7.5; he22 o -  9,5 (shoulder); Ae2m-- 14,5; 

Ae200 -- 45 (trough); A~194 0; ',hel~ 2 %- 20 (1) .  CD, C2HhOH--C7H16 (1:2): 
A$240 - -  3.5; Ag230 - -  9.0; 5~p~.~ -- 10 (trough); he22 o -- 9.0; hE210 -- 6.0 (peak); 
A~2o 1 -- 18.25 (trough). ORD, H20: [¢P]24o-- 10000; [O]23o ~ 14000; 
[Qb]224-- 16500 (shoulder); [0]220-- 17500; [O] 207 - -  39 000 (trough); 
[O]2oo 0; [qb]19o + 120000(peak). 

Compound 17, CD, l-leO: A%3 o -  2.75; A~22 o - 5 , 5  (shoulder); 
M21 o -  l l.0; ~e1~9-- 38.5 (trough); h~li 1 0 (!). CD, C2HhOH: A%4 o -  2.5; 
Ae230- 7,5; Aa220- 10.5 (shoulder); he21 o -  15.0; he2o o -  48,75 (trough); 
Aem20; hhgo+ 27.5 (!). CD,C2HhOH--CTHa6: (1:2): M24o--2,75; A%3o,8,0; 
Ae~ s -  8.78 (trough); Ae213- 6,25 (peak); h~l~-- 23,75 (trough); 
ORD,  HeO: [O]2~o-- 13000; [O]2ao-- 19000; [O]~2 ~ -  21000 (shoulder); 
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[qb]220-- 23000; [qb]20s,, ~ -  40O00 (trough); [¢P]20, 0; [¢P]ml + 142000(peak). 
Compound 18, CD, H20:A%40- 0,1; A%30-- 2.0; A%20- 7,1 (shoul- 

der); A~21 o -  13.5; A%o 1 -- 28.0 (trough); A%2 0; A%o + 28.25 (peak), 
CD, C2HsOH: A%s 0 ~- 0,75; ~8240@ 2.(); Ae234-6 2.75 (peak); 3%2 ~ 0; 

Ae220 -- 4,0; Ae20 s -- 8,0 (shoulder); A%~ 0 -  13.75; 5%01 -- 31.25 (trough); 
CD,C2HsOH--CTHt6 (1:2): A%4 o-6 2.0; A%a3, s-6 3.0; h8225 0; 5%1 s -  6.25 

(shoulder);Ae21 o -  9.25; 1%oo. s -  22.5 (trough); Ae19 4 0; A~Is o @ 27.5 I[) 
ORD,  H~O: [qb]24o -- 14 O00; [qb]2ao -- 22000; [qb]22~ -- 27 5C0 (trough); 
[qb]2 m -- 180C0; [qb]2o5 -- 100C0 (shoulder); [©]2a,.~0; [qb]193 -6 129000 (peak). 

Compound 19, CD, ~120:5~230 4.0; he2m-- 9~5 (trough); 2!~-2o 2 0; 
hels 7-6 25 (!). CD, C2ttsOH: A%~ o -  1,75; Ae24 o -  7.5; A-:23 o -  16,5; 
A%23 -- 18,25 (trough); he210- 11,0; A%o o- 2,5; Aem6 0; As19 s + 1,25 (!). 
CD,C2HsOH--CTH16 (1:2): h%~ 0 -  8,75; h%a-- 17.5; A%24--20 (trough); 

A%~ 0 -- 12.0; A%s 0; Aem~ -6 5 (!). ORD,H20: [¢P]240-- 7000; [qb]2a0--11 O00 
(trough); [qb]~2 0; [¢P]~m + 20 C00 (shoulder); [¢P]200-639 000:[dP]~s+53 0O0 
(peak); I*l,~0; [qblls7--40000 (1). 

S U M M A R Y  

1. The UV spectra  of aqueous solutions of cyclohexapeptides constructed of L(D)-alanine and glycine 
residues exhibit a considerable (about 457o) hypochromism of the band of the 7r~ ~* transi t ion which has 
hitherto been observed among peptide-protein sys tems only in c~-helical polypeptides. 

2. In water, a lmost  all the polypeptides studied have monotypical CD and ORD curves character ized 
by two Cotton effects of opposite sign in the region of the 7r~ ~r* transit ion.  

3. The features  of the optical proper t ies  of the cyclohexapeptides are connected with the exciton in- 
teract ion of the amide chromophores in the "pleated sheet" conformation. The neglect  of such interact ions 
may  Iead to high resul ts  in the determination of the degree of helici ty in proteins f rom CD and ORD ob- 
servations.  

4. On passing to less  polar  solvents, there  is a redistr ibution of the intensit ies of the Cotton effects 
connected with a eonformational rear rangement  of the cyclohexapeptides. 

The authors express  their  grati tude to Professor  E. Scoffone (Institute of Organic Chemistry,  Uni- 
vers i ty  of Padua, Italy) for kindly providing one of us (VTI) with the possibil i ty of performing measure -  
ments on Cary-15 and JOUAN 11 ins t rmnents .  
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