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Introduction. ~ Curcumin,  demethoxycurcumin  and
bisdemethoxycurcumin  collectively constitute curcuminoids,
exhibit different rates of degradation as well as therapeutic
properties. Their remarkable dissimilar behaviour is affiliated to
their tendency to undergo keto-enol tautomerism whereas their rates
of degrading and imparting therapeutic properties depend on the
ratio of keto and enol tautomers of individual curcuminoid.

Materials and Methods. The aim of the current review is to
focus on the ratio of keto and enol tautomers and to explain how the
ratio of the two tautomers affects the rate of activities of the
curcuminoids. The papers regarding variations in the rate of
activities of curcuminoids were scrutinized. The factors affecting
the ratio of keto-enol tautomerism were studied.

Results and discussion. Structurally, curcuminoids are the
compounds possessing p-diketone moiety. The characteristic
property of compounds containing B-diketone moiety is to exhibit
keto-enol tautomerism. Hence, each curcuminoid is a mixture of
keto and enol tautomers. The keto tautomer of curcumioids is
responsible for their therapeutic activities. On the other hand, enol
tautomer of curcuminods has tendency to undergo degradation.
Hence, the ratio of keto and enol tautomer needs to be considered
while studying the activities of curcuminoids.

Nevertheless, the ratio of keto and enol tautomer depends on
the existence of other functional groups. Because of the presence of
electron donating hydroxyl group, the proportion of enol tautomer
predominates in curcuminoids. Further, due to the presence of two
more electron donating methoxy groups in curcumin, the ratio of
the enol tautomer is higher and hence, the susceptibility to undergo
degradation is greater than demethoxycurcumin, which contains
only one methoxy group. The ratio of the enol tautomer is minimum
in bisdemethoxycurcumin amongst all the curcuminoids, which is
devoid of methoxy group. Consequently, bisdemethoxycurcumin
has the least rate of degradation amongst curcuminoids. Methoxy
group enhances the activity of the functional sites in curcuminoids
in keto form. Therefore, curcumin shows maximum beneficial
activities in keto form amongst all the curcuminoids, followed by
demethoxycurcumin and bisdemthoxycurcumin. Thus, the rate of
the activities displayed by curcuminoids is governed by their keto
and enol proportion.

Conclusion. It can be concluded from this review article
that besides p-diketone moiety, responsible for keto-enol
tautomerism, other groups also play an important role in
determining the ratio of keto and enol tautomers.
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Introduction

Turmeric (Curcuma longa L.) is one of the herbs, which is extensively used as a spice.
It is mainly cultivated for its rhizome. Curcumin, demethoxycurcumin and
bisdemethoxycurcumin constitute curcuminoids, which are the polyphenolic compounds
present in the turmeric rhizome [1]. The composition of curcuminoids was found to be
curcumin 60-80%, demethoxycurcumin 15-30%, bisdemethoxycurcumin 2-6% [2].
Curcuminoids are the natural colouring agents used in food industry. The three curcuminoids
are proven to have various therapeutic properties such as antioxidant [3], anti-inflammatory,
wound healing [4, 5], anticancer [6, 7] and anti-depressant [8, 9]. They are used to prevent
Alzheimer's disease [10].

However, the overall activity of the mixture of curcuminoids is attributed to the three
individual curcuminoids and each shows a different rate of activity [10]. The three
curcuminoids display different rates of degradation as well [11]. In this review, our main
focus is to evaluate the root cause of the different rates of activities of each curcuminoid.

Materials and methods

Phenolic hydroxyl groups and the heptadienone moiety are responsible for the
beneficial activities of curcuminoids. The dienone moiety is accountable for keto-enol
tautomerism. The enol tautomer is liable to degradation. The difference in the keto-enol ratio
of each curcuminoid is the key parameter for the different rates of beneficial activities as well
as degradation shown by curcuminoids. The ratio of keto-enol tautomers is influenced by the
other groups present on phenolic rings. The objective of our study is to show how the overall
structure of each curcuminoid contributes to the keto-enol ratio and hence, the rate of activity.

Review is constructed on the basis of previously available research articles.

Results and discussion
Proportion of keto and enol tautomers of curcuminoids

The curcuminoids exhibit keto-enol tautomerism, structures (1) and (2) (Figure 1), a
typical property of the compound having p-diketone moiety [12]. The enol tautomer is
certainly more stable than keto tautomer due to resonance of conjugated pi system and
intramolecular hydrogen bonding [13]. Also, since they possess electron donating hydroxyl
group in the aromatic ring and electron withdrawing carbonyl group in heptadienone moiety,
structures (3) and (4) can be drawn respectively. The existence of structures (3) and (4) has
already been proven by NMR data [14]. Structures 3 and 4 resemble the enol tautomer (Figure
1).
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Enol Zwitterion

(i) Formation of zwitterion (3) due to hydroxyl group

1 4
Keto Zwitterion

(iii) Formation of zwitterion (4) due to carbonyl group

Figure 1. Tautomerism of curcuminoids:
(i) R1 = R2 = -OCHs; Curcumin
(if) R1 = -OCHs, R2 = -H; Demethoxycurcumin
(iii) R1 = R2 = -H; Bisdemethoxycurcumin

Thus, it can be represented as,
Keto ——— Enol

Moreover, due to the presence of two additional electron donating methoxy groups in
curcumin, the proportion of enol tautomer is maximum amongst all the curcuminoids. In case
of demethoxycurcumin, which contains only one additional electron donating methoxy
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group, the proportion of enol tautomer is higher compared to bisdemethoxycurcumin which
is devoid of additional electron donating group. Thus, the different ratios of keto and enol
tautomers of the curcuminoids are dependent on the number of the methoxy groups present.
Even though the electron donating group prefers the enol tautomer, it does not shift the
equilibrium completely to the enol form [15].

Based on the above discussions, we are proposing the following resonating structures
of demethoxycurcumin and curcumin (Figure 2).

o o

.
HO OH
5
Zwitterion

(i) Formation of zwitterion (5) in demethoxycurcumin
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(i) Formation of zwitterions (6) and (7) in curcumin

Figure 2. Formation of zwitterions due to methoxy groups

Because of the presence of a single methoxy group in demethoxycurcumin, an
additional resonating structure (5) is formed, which resembles the enol tautomer. Hence, the
proportion of enolic form of demethoxycurcumin is higher than bisdemethoxycurcumin.
Similar explanation can be given for the maximum enolic content of curcumin amongst
curcuminoids, which contains two methoxy groups thereby forming two additional
resonating structures (6 and 7).

Effect of different ratios of keto-enol tautomers of curcuminoids on their
individual rate of activity

Under alkaline and non-polar medium, since the enol tautomer of curcuminoids
undergoes degradation [16, 17], curcumin degrades at the highest rate followed by
demethoxycurcumin and bisdemethoxycurcumin. The beneficial effects of all the
curcuminoids can only be achieved when they do not undergo degradation, i.e., when the
activity of keto tautomer predominates that of enol in acidic or polar medium. Though the
proportion of keto tautomer is same in all the three curcuminoids, they differ in the rate of
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activity depending on the number of methoxy groups present in them. Methoxy group, being
an electron donating group, increases electron density on hydroxyl groups and diketone
moiety, which are the functional sites of the curcuminoids [18]. Hence, the rate of activities
associated with hydroxyl groups and diketone moiety also enhances due to presence of
methoxy group. As curcumin has two methoxy groups, the rate of activities linked with
hydroxyl group and diketone moiety is higher than demethoxycurcumin, which contains only
one methoxy group. Bisdemethoxycurcumin does not contain a methoxy group, hence shows
the least rate of activities amongst all the curcuminoids.

Exclusive activity of curcuminoids as keto or enol tautomer depending on the
medium

Both, keto and enol tautomers of curcuminoids are present in varied ratio in any
medium. Nevertheless, the equilibrium ratio of the two tautomers in a medium is constant.
The activity of one tautomer leads the other depending on the polarity of the medium [19]. If
any one of the keto or enol tautomers is removed, more of the same tautomer will be formed
to retain the equilibrium. Hence, in an acidic or polar medium, when the activity of keto
tautomer of any of the curcuminoids predominates, the keto tautomer gets utilized thereby
decreasing its quantity; the enol tautomer gets converted to the keto tautomer to maintain the
equilibrium. Hence, the molecule as a whole displays the activity of keto tautomer.

Likewise, in basic or non-polar medium, when the enol tautomer takes up the
activity, the keto tautomer gets converted to enol tautomer and the molecule gets degraded.

Conclusion

The two factors that influence the activity of curcuminoids are medium and structure.
The mode of activity of curcuminoids (viz. keto or enol) is determined by the nature of the
medium while the rate of activity of curcuminoids is determined by the structure. Though the
B-diketone moiety present in the three curcuminoids is responsible for keto-enol tautomerism
of the curcuminoids, the equilibrium shift towards enol tautomer depends on the other groups
present in the molecule. Hence, the variation in the amount of keto and enol tautomers of the
three curcuminoids is observed. The rate of activity of keto tautomer and the proportion of
enol tautomer are directly dependent on the number of methoxy groups present. The number
of methoxy groups is in the order of curcumin > demethoxycurcumin >
bisdemethoxycurcumin. Hence, the rate of valuable activities of keto tautomer and
degradation of enol tautomer is also in the same order. Further research needs to be carried
out to find out the exact ratio of keto and enol tautomers of curcuminoids.
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