
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 23 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Carbohydrate Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713617200

β-Cyclodextrin Complexes of Benzaldehyde, Vanillin and
Cinnamaldehyde: A Raman Spectroscopic Study1

Aida M. Moreira da Silvaa; Ana M. Amadob; P. J. A. Ribeiro-Clarob; José Empisc; J. J. C. Teixeira-Diasb

a Escola Superior Agrária, Coimbra, Portugal b Química-Física Molecular, Dep., Química da
Universidade, Coimbra, Portugal c Instituto Superior Técnico, Lisboa, Portugal

To cite this Article Silva, Aida M. Moreira da , Amado, Ana M. , Ribeiro-Claro, P. J. A. , Empis, José and Teixeira-Dias, J. J.
C.(1995) 'β-Cyclodextrin Complexes of Benzaldehyde, Vanillin and Cinnamaldehyde: A Raman Spectroscopic Study1',
Journal of Carbohydrate Chemistry, 14: 4, 677 — 684
To link to this Article: DOI: 10.1080/07328309508005369
URL: http://dx.doi.org/10.1080/07328309508005369

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713617200
http://dx.doi.org/10.1080/07328309508005369
http://www.informaworld.com/terms-and-conditions-of-access.pdf


J.  CARBOHYDRATE CHEMISTRY, 14(4&5), 677-684 (1995) 

B-CYCLODEXTRLN COMPLEXES OF BENZALDEHYDE, VANILLIN AND 

CINNAMALDEHYDE: A RAMAN SPECTROSCOPIC STUDY 1 

Aida M. Moreira da Silva t, Ana M. Amado, P. I. A. Ribeiro-Claro, 
Jos6 Empis tt, and J. J. C. Teixeira-Dias * 

Quimica-Fisica Molecular, Dep. Quimica da Universidade, 3049 Coimbra, Portugal 
t Escola Superior Agriria, 3000 Coimbra, Portugal 
t i  Instituto Superior Tknico, 1096 Lisboa, Portugal 

Received August 16, I994 - Final Form February 27. I995 

ABSTRACT 

Raman spectra of benzaldehyde, vanillin and trm-cinnamaldehyde, and of their 
complexes in B -cyclodextxin are presented and discussed. The guest molecules provide 
both an aromatic ring for privileged intemction with the cyclodexbin cavity, and 
characteristic vibrations (e.g., vC=O, vC=C, vCC, (+phenyl), vC-I-&j,) with group 
frkuencies in spectral regions free from cyclodextrin bands which are useful for probing 
the guest perturbed by complex formation with @-cyclodextrin. In particular, the C--O 
bond is shown to be a good vibxational spectroscopic probe to monitor the effects of both 
the medium, through its dielectric constant, and of specific interactions, namely of the 
hydrogen bonding type. The first of these effects is evaluated theoretically and a Kirkwood- 
Bauer-Magat plot for benzaldehyde is used to estimate the effective dielectric constant for the 
guest in the benzaldehyde-B-cyclodextrin complex. The above mentioned Raman 
spectroscopic results are interpreted and discussed. 

INTRODUCTION 

CycIodextrins (CD’s) are cyclic oligosaccharides consisting of six, seven and eight 
a( 14)-linked D-glucopyranose units, named aCD, DCD (Scheme 1) and yCD. They have 
the form of short truncated cones, with the wide and narrow rims occupied by the secondary 
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678 MOREIRA DA SILVA ET AL. 

Scheme 1 

and primary hydroxyl groups, respectively. The central cavities of these molecules are 
hydrophobic in nature and form inclusion complexes with a wide variety of molecules based 
on physical fit and chemical affinity. Due to the size and the dominant hydrophobic 
character of the cavity, the included molecular fragment is, quite often, an aromatic ring. 

In this work, the Raman spectra of the different molecules - benzaldehyde (Bnz), 
trm-cinnamaldehyde (Cin) and vanillin (Van) - included in P-cyclodextrin (OCD) are 
presented and discussed. The guest molecules provide both an aromatic ring for favoured 
interaction with the CD cavity, and group frequencies, namely vC=O, vC=C, vCC+ and 
vCH+ for probing the guest by Raman spectroscopy. An ab initio self-consistent reaction 

field (SCRF) calculation with the 6-31G* basis set was carried out for Bnz in media of 
different dielectric constants, and the C=O stretching frequency calculated. A Kirkwood- 
Bauer-Magat (KBM) plot for Bnz is drawn and the calculated frequencies scaled so that 
the Raman C=O stretching frequency for a diluted solution of Bnz in CC4 falls in the Same 
KBM linear relationship. In addition, this straight line is used to estimate the effective 
dielectric constant for Bnz in the Bnz-PCD complex. The C=O frequency shift due to 
specific interactions of the hydrogen bonding type is also estimated for this complex and the 
above mentioned Raman spectroscopic results are inteqreted and discussed. 
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Figure 1. Raman spectra of X (X=Bnz, Van, Cin) in X-BCD compounds in the 1550-1800 
cm-1 region. 

RESULTS AND DISCUSSION 

Figure 1 presents the Raman spectra of X and X-OCD compounds (X= Bnz, Van, 
Cin) in the 1550-1800 cm-l region. The more relevant spectral features presented in these 
spectraare vCC4 (ca 1600 cm-I), vC=O (1668-1706 cm-l) and, for X=Cin, vC=C(l624- 
1627 cm-I). 
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680 MOREIRA DA SILVA ET AL. 

Table 1. Raman frequencies (cm-1) a 

System vc=c vc=o AvC-X) VC-H,, AVC-Ha, 

Bnz 1700 - 3073 - 
Bnz-PCD 1706 6 3064 -9 
van 
Van-PCD 

- 1668 - 3074 
1680 12 3076 2 

Cin 1627 1671 - 3065 - 
Cin-PCD 1624 1678 7 3058 -7 
a. For asymmetric band shapes, single quoted frequencies correspond to maxima of band 
envelopes. 

Table 1 summarizes the most important spectral results including vC-Ha, which 
occurs in a frequency region relatively free from other vC-H bands. It can be seen that 
positive and negative frequency shifts of vC=O and vC-Ha, are found for both Bnz and Cin, 
respectively, on inclusion in OCD. In turn, the largest increase of the C=O frequency 
occurs for Van-DCD, with a small increase observed for vC-Ha, 

Two types of spectral comparisons emerge both from the Raman spectra shown in 
Figure 1 and the frequency and intensity results presented in Table 1, namely, 
i) between the pure guests, 
ii) between X and X-PCD, for a particular guest X. 

Comparison i) enables to assess substituent effects in the guest molecule and the 
extent of conjugation between the system of 71 electrons and the C=O bond. To this end, 
two canonical structures are particularly relevant, namely, 

Scheme 2 

In fact, the order of increasing frequencies for the carbonyl stretching frequency 
(Figure 1 and Table 1) is 

Van < Cin < Bnz, 
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0-CYCLODEXTRIN COMPLEXES 68 1 

in consonance with the decreasing order of the donor character of R, namely, 

where 4 represents a phenyl radical and @' stands for a 3-methoxyphenyl fragment. In fact, 
better electron donation by R causes an increased contribution of structure I1 (Scheme 2) 
which, in turn, leads to a lower carbonyl stretching frequency. 

Considering now comparison ii), it should be pointed out that the inclusion process 
involves the following transformation, 

pure guest in condensed phase --> guest in the OCD cavity. (3)  

This process leads to conclusions concerning solvent effects and specific interactions that 
affect vC=O. This kind of comparison reveals 
a) frequency shifts of band maxima and 
b) significant changes in asymmetric band envelopes. 

While the latter effect b) implies overlapping of various component bands which in 
turn points to the occurrence of different and relatively specific environments for C=O, i. e., 

to the existence of specific interactions, namely of the hydrogen bonding type, effect a) may 
result both from the occurrence of bulk solvent effects and of specific interactions. Hence, 
the overall frequency shift can be expressed as 

where vo is the frequency for "vacuum" ( ~ = l ) ,  and AvE and AvSp represent the shifts due to 
a medium with dielectric constant E and to specific interactions, respectively. 

The inclusions of Bnz, Van and Cin are accompanied by positive carbonyl frequency 
shifts, AvC=O (Figure 1 and Table l), i.e., by increasing of vC=O, thus suggesting a 
reduced contribution from canonical form 11, i.c., a greater contribution of structure I 
(Scheme 2). In addition, vC-Ha, exhibits negative frequency shifts for Bnz and Cin, 
pointing to small, yet significant, decreases of electronic density in the ring C-H bonds, 
moving away from these bonds into the aldehydic C=O bond. For Van, the donor characters 
of both the methoxy and hydroxyl groups in meta and pam positions, respectively, tend to 
compensate for that transfer of electronic density, thus producing a net small positive shift in 

In order to estimate the effect of the medium on the carbonyl stretching frequency, 
ab initio MO calculations with the 6-31G* basis set and full optimization of the Bnz 
geometry were carried out, and the self-consistent reaction field (SCRF) method was 

vC-H,,. 
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682 MOREIRA DA SILVA ET AL. 

Table 2. Calculated carbonyl frequencies (cm-1) of benzaldehyde 
in media of different dielectric constants 

& vc=O a vc=o b 

1 .o 2004 1719 
6.0 1989 1706 
17.4 1985 1703 
80.0 1983 1701 

a. Calculated non-scaled values. b. Calculated scaled values; the 
scaling factor (0.8578) reproduces the C=O stretching frequency 
observed for a diluted solution of Bnz in CC14 (171 1 cm-*) . 

& 

1 2 7 80 
I I698 

1705 - 
--. 8 

1712 > 

1719 
0 0.1 0.2 0.3 0.4 0.5 

(E- 1)/(2&+ 1) 

Figure 2. KBM plot for the calculated C=O stretching frequency (cm-l) of Bnz in media of 
different dielectric constants. The open square corresponds to a 0.1 M solution of Bnz in 
cc4. 

subsequently applied, assuming that the molecule was included in a medium of dielectric 
constant, E. Different values of E were considered and the calculated C=O stretching 
frequencies are presented in Table 2. 

In order to scale these calculated frequencies properly, the Raman spectrum of a 
dilute solution of Bnz in CCl4 (0.1 M) was recorded. Since no effect other than the medium 
effect is expected for such a solution and the dielectric constant of the solvent is sufficiently 
low, a linear KBM relationship should be obtained. Hence, the scaling factor for the above 
calculated frequencies (0.8578) was chosen so that the experimental value of vC=O for Bnz 
in CC4 (17 1 lcm- l; ~=2.24) would fall in a KBM straight line defined by the E= 1 .O and 6.0 
points. This KBM linear relationship (Figure 2) has a slope of 19.44 and yielded the C=O 
Raman frequency for Bnz in "vacuum" (&=l) equal to 1719 cm-l (see Table 2). 
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P-CYCLODEXTRIN COMPLEXES 683 

The above mentioned KBM slope for Bnz is smaller than for formaldehyde 
(27.09); i.e., the same dielectric constant produces a smaller relative frequency shift Av/v, 
consonant with the donor mesomeric effect of the aromatic ring in Bnz, leading to 
polarization of the C=O bond, thus increasing the contribution of form I1 (Scheme 2). 

For a Bnz molecule included in a medium of ~ ~ 1 7 . 4  (the dielectric constant for pure 
Bnz), the SCRF calculation yields Avc -16 cm-I, a value which is 1 cm-I larger than the one 
evaluated using the above mentioned KBM linear relationship for Bnz (see Figure 2). 
Hence, from Expression 4, it can be estimated that Avsp is ca. 3-4 cm-l for liquid Bnz. 

If it is assumed that this shift is also valid for the Bnz-PCD complex and the 
observed Raman frequency (1706 cm-l, see Figure 1) is used, then AvE -9-10 cm-1 for this 
inclusion complex. From this AvE value, the KBM relationship yields an effective dielectric 
constant for OCD cu 3. Being too low, this value suggests a predominantly hydrophobic 
environment. However, a word of caution should be said, since the last assumption, 
specific interactions producing the same carbonyl frequency shift for liquid Bnz and the 
Bnz-OCD complex, may be too drastic. In addition, for a Bnz molecule included in the 
PCD cavity, the medium is far from being homogeneous, in contrast with the assumption 
introduced in the SCRF model. In fact, one should not forget that the C=O bond was the 
vibrational probe used to arrive to the above estimate of the effective dielectric constant, and 
so it is the immediate neighbourhood of this bond that matters more, in spite of the fact that 
the aromatic ring included in the OCD cavity affects also the C=O stretching frequency 
through conjugation. 

If a previously determined correlation between A v C 4  and the hydrogen bonding 
enthalpy (-AH - AvC=O 12 + 5) is used for Bnz and Bnz-PCD, and the above estimated 
value of Avsp introduced, then it can be concluded that hydrogen bonding interactions in 
pure Bnz are stronger than in Bnz-PCD by ca. 6-7 kJ mol-1. 

METHODS 

OCD was kindly offered by Wacker Chemie; Bnz, Van and Cin were obtained 
commercially from Aldrich. The inclusion complexes were prepared by mixing the 
substrate with the CD in aqueous solution (dropwise addition of the substrate with strong 
agitation of the solution). This led to the formation of white precipitates which were filtered 
and dried for 1-2 days over silica gel. Filtration separated excess CD. If there was excess 
of the substrate, then this was lost by evaporation. While the substrate rapidly evaporated 
from the physical mixture suggesting that no complex was formed, little alteration in the 
Raman spectra and in the weight of the dried precipitates was found after one week, thus 
pointing to an appreciable stability of the complexes. 
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684 MOREIRA DA SILVA ET AL. 

Raman spectra of the solid (polycrystaline) samples were recorded on a T64000 
Jobin-Yvon Raman system. The light source was a Ar+ laser (Coherent-Innova, 300-05 
model), whose output at 514.5 nm was adjusted to provide 90-100 mW at the sample 
position. Under the experimental conditions used, the error in frequencies is estimated to be 
within 1 cm-1. Samples were sealed in Kimax glass capilary tubes with inner diameter 0.8 
mm. The Raman spectra of the guest-host complexes presented significant differences, both 
in the spectral features of the guest and of the CD molecules. 

A self-consistent reaction field (SCRF) calculation was carried out for Bnz in 
media of different dielectric constants, using Gaussian 92 and the 6-31G* basis set. The 
SCRF method is based on Onsager's reaction field theory. In this model, the solute is 
placed in a cavity immersed in a continuous medium with a dielectric constant E. The dipole 
moment of the solute will induce a reflection dipole in the medium. The resulting reaction 
(electric) field in the solvent will in tum interact with the molecular dipole Ieading to net 
stabilization. 
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