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Abstract: Vibrational Raman optical activity spectra of aqueous solutions of ~-, [3- 

and ~,-D-cyclodextrin in the range 700-1500 cm -1 are reported. As well as showing 

features characteristic of D-glucose, the ROA spectra all show remarkably intense 

features between 890 and 960 cm -1 ori9inating in coupled C(1)-H deformations and 

glycosidic C-O stretches delocalized around the cyclodextrin rin 9 and which reflect 

the stereochemistry of the glycosidic links. 

Vibrat ional  opt ica l  act iv i ty  measurements on chiral  molecules can provide much new 

stereochemical in format ion because a v ibrat ional  spectrum contains bands associated wi th  

every part of  the molecule. 1 Vibrat ional  opt ical  act iv i ty  in typical  chiral  molecules in the 

disordered phase was f i rs t  observed using the Raman opt ica l  act iv i ty  (ROA) technique, which 

measures a smal l  di f ference in the Raman-scattered in tens i ty  in r igh t  and le f t  c i rcular ly  

polar ized incident l ight.  2"3 Unt i l  recently,  lack of  sensi t iv i ty  has rest r ic ted ROA studies to 

favourable samples such as neat l iquids; 4'$ but  a major breakthrough in ROA inst rumentat ion 

based on the use of  a backscat ter ing geometry 6'7 together  wi th  a cooled CCD detector  8 has 

now rendered a much wider range of samples accessible to such studies. This communicat ion 

reports ROA spectra o f  cyc lodext r ins  in aqueous so lu t ion which indicate that  this technique 

has great potent ia l  for  stereochemical studies o f  these and o ther  polysaccharides. 

Most  carbohydrates are not  wel l  suited to convent ional  e lect ronic  c i rcular  dichroism 

(ECD) measurements, which are rest r ic ted to the long-wave length  ta i ls  of  the f i rs t  ECD 

bands; 9 nonetheless, some useful in format ion about  conformat ions o f  cyc lodext r ins  has been 

obtained in this way. 10 Vibrat ional  opt ica l  act iv i ty  spectra o f  s imple carbohydrates obtained 

using ROA's sibl ing technique o f  v ibrat ional  c i rcular  d ichroism (VCD) have been reported, tt but  

no VCD spectra of  cyclodextrins have so far been publ ished. 

The ROA spectra were recorded using the Glasgow mul t ichannel  ins t rument  12 modif ied 

for  backscatter ing 6'7 and CCD detect ion. 8 The cyc lodex t r in  samples were purchased f rom 

Aldr ich and Fluka and studied as near-saturated so lu t ions ,  in water  fo r  ct- and 

T-D-cyc lodex t r in ,  and in IN NaOH for  [3-D-cyclodextr in in order  to boos t  the so lubi l i ty .  The 

ROA measurements were made using a focused S00 mW argon- ion laser beam wi th  a spectral 

resolut ion (FWHH) of  ~ 8 cm -I .  A l l  the ROA spectra were acquired fo r  2 hours. 

The ROA spectra of  a-, [3- and ~, -D-cyc lodextr in  are shown in Figs. 1-3 respect ively. The 

ROA spectra o f  D-glucose, D-mal tose and D-mal to t r iose,  to be publ ished elsewhere as part  of  
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a prel iminary survey of  ROA spectra o f  a range o f  carbohydrates, 13 are o f  central  importance 

in discussing the cyctodext r in  results.  Thus al l  three cyc lodex t r in  ROA spectra show a 

negat ive-posi t ive couple t  centred at ~ 1340 cm -!  tha t  also appears in D-glucose (at s l igh t ly  

lower  frequency) where i t  has been associated w i th  deformat ions o f  the CH2OH group; and al l  

three show an ROA "fingerprint" between ~ 980 and 1170 cm -! s imi lar  to that  in glucose and 

associated wi th  r ing C-O and C-C stretching toge ther  wi th C - O - H  and C - C - H  bending which 

is character ist ic o f  the pat tern o f  OH r ing subst i tuents.  The most  s t r i k ing  cycloclextr in ROA 

features are the enormous pos i t ive-negat ive couplets  between ~ 890 and 960 cm- l :  no s imi lar  

features appear in D-glucose, bu t  they appear w i th  much less in tens i ty  in D-mal tose and 

D-mal to t r iose  where they have been associated w i th  modes involv ing cont r ibu t ions  f rom the 

anomeric C ( I ) - H  deformat ions and the g lycosid ic  C - O - C  stretch. 

The general appearance o f  the three cyc lodex t r in  ROA spectra is i t se l f  qui te revealing. 

Thus the ROA features of  13-D-cyclodextr in (as predominant ly  monoanion in base 14) show 

sharp structure,  especial ly in the coup le t  centred at ~ 1340 cm- l :  the same characteristics are 

seen in the ROA spectrum of  D-mal tose,  13 and may re f lec t  a s imi lar  rest r ic t ion of  

conformational  possibili t ies in {3-cyclodextrin and maltose.  The ROA features of  

T-D-cyclodextrin are generally broader and much less structured than those of 

[3-D-cyclodextrin (anion), and are remarkably similar to those of D-maltotriose, 13 indicating 

that y-cyclodextrin might have a similar increase in conformational possibilities to maltotriose 

on account of the larger ring. 
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Figure 1. The backscattered Raman (I R + I L) and ROA (I R - I L) spectra of 

c~-D-cyclodextrin in water. 

The enormous glycosid ic  couplets  seen in al l  three cyc lodext r in  ROA spectra between ~ 

890 and 960 cm -1 have dimensionless ROA intensi t ies A -- ( l  R - I L ) / ( I  R + I L) of  several parts 

in 102 , which is an order  o f  magni tude larger than the largest A-values usual ly encountered. 

The fact that  the A-values of  the s imi lar  g lycosid ic  ROA feature in mal tose and mal to t r iose 

have more typical  magnitudes, w i th  those o f  ma l to t r iose  rough ly  double those of maltose, is 
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evidence that these large cyclodextrin ROA couplets  originate in coupled vibrational modes of 

the glycosidic links delocal ized around the cyclodextrin ring. In fact Raman bands in this 

region have been assigned previously to skeletal  ring modes involving the glycosidic 

bonds: 15'16 but only the bands at 949 cm -1 in a-cyclodextr in  and 945 cm -1 in 13-cyclodextrin 

(and by analogy that at 945 cm -1 in y-cyclodextrin)  were explicit ly  associated with a 

I~-I~-Cyclodextrln. a a ~ ~  

~" 0 f OIS~IOS h.z, L , .~  

8 0 0  

I 
"" s 1 

. . I  . . . . .  [ . . . . . .  I . . . .  J 1200 14.00 C m  4 

Figure 2. The backscattered Raman and ROA spectra of 13-D-cyciodextrin in IN NaOH. 
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Figure 3. The backscattered Raman and ROA spectra of y-D-cyclodextrin in water. 

delocalizecl ring mode; 15 yet c lose  inspection of  our ROA spectra reveals that the negative 

parts of the glycosidic ROA couplets  are not in fact associated with these  particular bands 
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but  are at  s l igh t ly  lower f requency.  We there fore  conc lude  t ha t ,  in all three  cyclodextr ins ,  

there  are a t  l eas t  two over lapping bands  on the  low- f requency  side of  the  prev ious ly-ass igned  

delocalized ring mode  t ha t  are a l so  delocalized around the  cyc lodext r in  ring. 

We have also measu red  ROA spec t r a  of  aqueous  so lu t i ons  of  ~ -D-cyc lodex t r i n  containing 

the g u e s t  molecu les  sod ium benzoa te  and the  two e na n t i ome r s  o f  phenyla lanine .  While they 

are genera l ly  very s imi lar  to the  spec t r a  shown  here, there  are s o m e  sma l l  bu t  s ignif icant  

local d i f fe rences  which may re f l ec t  a t r a n s f o r m a t i o n  f rom a "tense'  to a more  symmetr ica l  

"relaxed" co n fo rma t ion  co r r e spond ing  to the  model of  Saenger  e t  al. 17 

I n s t r u m e n t a l  i m p r o v e m e n t s  are now in hand which shou ld  provide an order  of  magni tude  

increase in speed of  the  m e a s u r e m e n t s .  This will enable  quan t i t a t ive  d i f fe rences  in ROA 

fea tures  to be measu red  when d i f fe ren t  g u e s t s  are incorpora ted ,  thereby  providing a 

comple te ly  new source  of in fo rmat ion  on the  deta i l s  of  con fo rma t iona l  c ha nge s  associated 

with the accommoda t ion  of  d i f f e r en t  g u e s t s  in cyc lodext r ins  in a q u e o u s  so lu t ion .  
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