Terminale STL – ETLV		Activity 1– chapter 6


Chapter 6: organic synthesis
 Benzaldehyde synthesis from cinnamon
DOCUMENT 1: Cinnamon

Cinnamon is a spice obtained from the inner bark of several tree species from the genus Cinnamomum. Cinnamon is used mainly as an aromatic condiment and flavoring additive in a wide variety of cuisines, sweet and savoury dishes, breakfast cereals, snackfoods, and traditional foods. The aroma and flavor of cinnamon derive from its essential oil and principal component, cinnamaldehyde, as well as numerous other constituents, including eugenol.
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Source: https://en.wikipedia.org/wiki/Cinnamon

DOCUMENT 2: Chemicals

a)[image: ]b)[image: ]
c) [image: ]
Source: https://en.wikipedia.org/



DOCUMENT 3: Benzaldehyde synthesis

Natural benzaldehyde, the second largest perfume in the world, has captivated many researchers’ interest both in organic synthesis and industry, as benzaldehyde plays important roles in food, beverages, cosmetics, and pharmaceutical industries etc. Moreover, compared to chemically synthetic benzaldehyde, natural benzaldehyde is more popular and represents a strong market advantage. Generally natural benzaldehyde is derived from alkaline hydrolysis of Laetrile catalyzed by enzyme, however, the process needs to thoroughly dispose of the toxic hydrocyanic acid, which results in high cost for production. […]
In this paper, a practical challenge is to explore a water-soluble and robust catalyst, that is, able to increase reaction selectivity for the hydrolysis of cinnamaldehyde to benzaldehyde under mild reaction conditions efficiently. For this purpose, 2-hydroxypropyl--CD (2-HP--CD) was used to catalyze the hydrolysis of cinnamaldehyde (Scheme 1). 2-HP--CD is a highly water-soluble catalyst. 


[image: ]

Source: Green synthesis of natural benzaldehyde from cinnamon oil catalyzed by hydroxypropyl--cyclodextrin.
Hongyan Chen, Hongbing Ji, Xiantai Zhou, Lefu Wang, 12 June 2010. 


· Acquiring vocabulary: 

	English
	French

	a spice
	

	cinnamaldehyde
	

	water-soluble
	

	catalyst
	

	a practical challenge
	

	selectivity
	

	mild conditions
	



· Identifying reactant, product and catalyst
Using the documents, identify all three chemicals given in document 2. 
Which chemical is extracted from cinnamon?
What is (are) the role(s) of 2-HP--CD in this synthesis?


Activity summary
What you must remember:
[bookmark: _GoBack]catalysis

Skills linked to the curriculum:

	Compétences
	Capacités à maitriser

	· ANA
	Identifier les fonctions ester, anhydride d’acide, amide et chlorure d’acyle dans une formule chimique. 
Associer un nom à une molécule organique simple. 
Identifier les facteurs permettant d’accélérer une réaction : changement de température, de concentration, utilisation d’un catalyseur. 
Comparer des protocoles de synthèse et choisir le plus performant en termes de rendement, de coût et de respect de l’environnement, en s’appuyant sur les principes de la chimie verte. 

	· COM 
	Formuler et argumenter des réponses structurées 
Formuler et présenter une conclusion 




page 2



image3.png




image4.png
RO

R=Hor*

CHsz
OH




image5.emf



catalytic activities of natural b-CD. 2-HPb-CDmeans hydroxypropyl
substitution only is at the O2 positions. It has been applied more
frequently than CD in food and pharmaceutical industry because of
its relatively more flexible cavity sizes, greater water solubility and
lower toxicity than the natural b-CD.23,24



In contrast to transition-metal catalysts and organocatalysts,
supramolecular catalysts employ non-covalent intermolecular
interactions between host and guest molecule. The inclusion
behavior of 2-HPb-CD with cinnamaldehyde was investigated by
Differential Scanning Calorimetry (DSC), UVevis, 1H NMR, Rotat-
ing-frame Overhauser Effect Spectroscopy (ROESY), and Fluores-
cence measurement. These characteristic methods served as an aid
for better understanding of howweak interactions affect reactivity.
In order to get further insight into the catalytic effects of 2-HPb-CD
for the alkaline hydrolysis, the solubilization of the CDs for cinna-
maldehyde solubility in water was investigated and the reaction
activation energy was calculated using the initial concentrations
method. It has been found that the reactivity is driven by the
binding ability between the host and the guest for the supramo-
lecular catalytic system. The reported hydrolysis process in the
present paper used green catalyst (2-HPb-CD) and green solvent
(water) to realize the clean synthesis of natural benzaldehyde.



2. Results and discussion



2.1. Characterization of inclusion complex



2.1.1. DSC results. DSC reveals some evidence about complex for-
mationbetween cinnamaldehyde and cyclodextrins. TheDSCcurves
of pure components, physicalmixture, and the inclusion complex of
cinnamaldehyde/2-HPb-CD were presented in Fig. 1. A typical ther-
mal curve for pure cinnamaldehyde (curve b) was a broad endo-
thermic peak at 409 K corresponding to its boiling point. For the
physical mixture of cinnamaldehyde/2-HPb-CD, the characteristic
thermal profile of cinnamaldehyde (curve c) was distinguishable
and shifted to lower temperature of 395 K. The formation of the
inclusion complex can be strongly evidenced by the disappearance
of the cinnamaldehyde endothermic peak (curve d).



2.1.2. UVevis results. The UV absorption spectra of the aqueous
solution of the inclusion complex with different concentration of
2-HPb-CD were shown in Fig. 2. It can be seen clearly from Fig. 2
that the dual absorption peaks of cinnamaldehyde appear at 220



and 290 nm, the former is attributed to aldehyde group and the
other one is from its aromatic ring; besides, the absorption maxi-
mumgradually increased at 220 nm and decreased at 290 nm along
with increasing concentration of 2-HPb-CD. These behaviors may
be considered as the proof of cinnamaldehyde incorporating into
the HPb-CD cavity, that is, both phenyl ring and aldehyde group of
cinnamaldehydewere entrapped into the 2-HPb-CD cavity, because
the non-polar cavity of HPb-CD provided a smaller polar micro-
environment, which enhanced dissolution of guest molecule,
increased n/p* electron transition of aldehyde group and reduced
p/p* electron transition of phenyl ring.25e28



2.1.3. NMR results. In order to provide a definitive proof of the for-
mation of the inclusion complex, 1H NMR spectroscopy was carried
out using D2O as solvent, since the chemical and electronic envi-
ronments of protons changed during the inclusion complexation
process, which is reflected by changes of chemical shifts (Dd¼din-
clusion"dfree).29 The comparison of the spectra for the individual
components and the cinnamaldehyde/2-HPb-CD inclusion complex
was shown in Fig. 3. The 1H chemical shift values for free cinna-
maldehyde and the complexwere reported in Table 1. The spectrum
of the complex is significantly different from cinnamaldehyde and
2-HPb-CD. Cinnamaldehyde has six types of protons: aldehyde
hydrogen (1-H), olefinic hydrogens (2-H and 3-H), and aromatic
protons (4-H, 40-H, 5-H, 50-H, and 6-H). From Fig. 3, all protons of
cinnamaldehyde had clear chemical shifts. Remarkable shift was
observed for 1-H, 3-H, 4-H, and 40-H protons in Table 1. It demon-
strates that inclusion complex was formed, and the highly hydro-
phobic phenyl ring and unsaturated double bond entered into the
cavity of 2-HPb-CD.



2D NMR studies revealed some useful information on the nature
of the inter- and intra-actions between guest and cyclodextrin in
the inclusion complexes.30 The contour map expansion for the
inclusion complex with 1:1 cinnamaldehyde/2-HPb-CD (molar
ratio) was presented in Fig. 4. The 2D ROESY spectra show corre-
lations between the protons of 2-H (olefinic hydrogen) and 1-H
(aldehyde hydrogen) in cinnamaldehyde and the protons of the
internal hydrogen (H-3) and methyl hydrogen (CH3) in 2-HPb-CD,
respectively, which suggest the benzene ring and eC]Ce were
included into the 2-HPb-CD cavity, moreover the aldehyde group of
cinnamaldehyde was near the secondary face of 2-HPb-CD, and
might form hydrogen bond with the hydroxypropyl group of
2-HPb-CD. The results were consistent with those obtained by 1H
NMR and UVevis experiments.
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Fig. 1. DSC thermograms of 2-HPb-CD (a), cinnamaldehyde (b), the physical mixture of
2-HPb-CD and cinnamaldehyde (c), and the inclusion complex (d).



Fig. 2. The absorption spectra of cinnamaldehyde (7.5#10"5 mol/L) in the presence of
2-HPb-CD with different concentrations (#10"3 mol/L) at 298 K: (1) 0, (2)0.5, (3) 1.0,
(4) 2.0, (5) 3.0, (6) 4.0, and (7) 5.0.
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Scheme 1. Alkaline hydrolysis of cinnamaldehyde to benzaldehyde promoted by
2-HPb-CD.
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