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● Alzheimer’s disease (AD) is characterized by the presence of extracellular deposits of amyloid
beta (Aβ) in the senile plaques and by intracellular neurofibrillary tangles induced by deposits of
hyperphosphorylated Tau protein. These deposits are known be one of the leading causes of
synaptic dysfunction that ultimately result in neuronal death in AD patients.1

● The cellular prion protein (PrPC), located in the neuronal cell surface, works as a high-affinity
binding partner of Aβ oligomers (Aβo), leading to the activation of Fyn kinase, which triggers a
cell signaling pathway culminating in Tau hyperphosphorylation.2

● Fyn activity was found to be increased in AD brain by exposure of neurons to Aβo via PrPC.3,4

Moreover, genetic deletion of FYN prevents Aβo-induced cell death in hippocampus and Fyn
inhibition restores synapse density and memory function in transgenic mice.5,6

● Taken together, these data suggest that the inhibition of Aβ-induced Fyn activation and
subsequent tau phosphorylation may have important disease-modifying effects in AD.

These and other results were published in the most recent issue of the Journal of Medicinal Chemistry.8 

Our primary goal was to explore the 
bioactivity of a small library of C-glucosyl 
polyphenols based on the structure of 8-
β-D-glucosyl genistein (1), a natural glucosyl 
isoflavone with potential against Aβ-induced 
neurotoxicity7. For this, we aimed at:

1. Synthesizing simplified analogues of 1
with  different hydroxylation patterns in
ring A, maintaining the sugar β-C linkage
found in the original compound.8

2. Inserting benzoate moieties in
C-glucosyl (a) hydroquinone and (b)
catechol derivatives, or (c) ketone
moieties in C-glucosyl phloroglucinol
derivatives, to keep rings A and B linked
by a 3-bond spacer moiety for the
mimicking of 1.8

3. Generating more lipophilic analogues of
1 with higher chances of crossing the
blood-brain barrier (BBB), namely by
O-methyl protection of sugar hydroxy
groups, due to the extremely polar nature
of the lead compound.8

All synthesized compounds were evaluated against a variety of therapeutic targets in the 
context of AD and diabetes-induced dementia.8 In this poster, Aβ-induced FYN activation 
assays are presented, as well as the assessment of Aβ-promoted hyperphosphorylated Tau levels.

● The methyl protected glucosyl donor 3 (Scheme 1) gave, by
reaction with all the acceptors tested, C-glucosyl derivatives as the
major products (7-11, Table 1).8

● In the case of catechol and hydroquinone, when using benzyl
protected sugar donors 4-6, glycosylation yields were drastically
lower when compared to reactions either with phloroglucinol or
trihydroxyacetophenone as sugar acceptors (Table 1).8

● In the synthesis of C-glucosyl catechol derivatives 7 and 12 (Table 1),
the para-isomers are preferably formed, thus indicating that the
Lewis acid-promoted Friedel–Crafts-type C-glycosylation is the
favoured reaction mechanism, prevalent over the Fries-type
rearrangement described for unprotected phenols.8

● 2-Naphthol was also used to generate C-glucosyl analogue 11 and
16 with two fused planar rings, in order to mimic rings A and C in
the original structure (Table 1).8

● A benzoyl group was regioselectively introduced in C-glucosyl
hydroquinone derivatives 10 and 15 to afford compounds 17 and 19
together with the dibenzoate analogues 18 and 20 (Scheme 2).
After catalytic hydrogenation, 21 and 22 were also generated.8

● The hydroquinone and catechol per-O-benzyl O-glycosides 27α,β
and 31 (Scheme 3), obtained as major products under the
C-glucosylation reaction conditions (Table 1), were also benzoylated
and deprotected to afford the corresponding α-glycosides 29 and
33 as major products in excellent overall yield.8

● The phloroglucinol C-glucosyl derivative 13 (Scheme 4) was
originally chosen as the precursor of the planned analogue of
compound 1 with the meta hydroxylation pattern.8

● The use of TfOH 2% in MeCN rendered a mixture of the
O/C-acylated products 34 and 35 (Scheme 4). Then, using an
excess of TfOH, compound 35 was rearranged into the C-acylated
analogue 34, which was subsequently C-glycosylated to afford 36.
The final compound, analogue 37, was achieved  after catalytic
hydrogenation.8

Scheme 1. Preparation of glucosyl donors and protected C-glucosyl phenols. 
Reagents and conditions: a) DMF, NaH, MeI, 0 ºC, 3 h; b) dry MeCN, polyphenol, 
drierite, -78 ºC → r.t., TMSOTf, 18 h – 48 h; c) DMF, NaH, BnBr, 0 ºC → r.t., 20 h; d) AcOH, 
H2SO4, reflux, 36 h; e) dichloromethane/MeCN, drierite, -78 ºC → r.t. or 40 ºC, TMSOTf, 8 
h – 64 h; f) for compound 5: dichloromethane, molecular sieves 3Å, CCl3CN, 0 ºC, 1 h; 
for compound 6: pyridine, DMAP, 0 ºC → r.t., Ac2O, 2.5 h; g) for compound 15: 
dichloromethane/MeCN, drierite, -78 ºC → r.t., BF3‧Et2O, 40 h; for compound 16: 
dichloromethane, molecular sieves 3Å, 0 ºC → r.t., TMSOTf, 20 h.

Table 1.  C-Glucosylation of polyphenols carried out with TMSOTf as promoter.

Scheme 2. Preparation of C-glucosyl hydroquinone benzoates. Reagents and 
conditions: a) Dichloromethane, imidazole, DMAP, BzCl, 0 ºC → r.t., 60 h – 120 h, b) 
EtOAc, Pd/C, H2, r.t., 16 h – 22 h (R=Bn).

Scheme 3. Preparation of hydroquinone and catechol O-glycoside benzoates. 
Reagents and conditions: a) Dichloromethane, imidazole, DMAP, BzCl, 0 ºC → r.t., 60 h 
– 120 h, b) EtOAc, Pd/C, H2, r.t., 16 h – 22 h.

Scheme 4. Preparation of compound 40. Reagents and conditions: a) phenylacetyl 
chloride, 2% TfOH/MeCN, 0⁰C → r.t., overnight, 32%; b) TfOH, 100 ºC, 2 h, 39%; c) 
dichloromethane/MeCN, compound 4, drierite, -40 ºC → r.t., 16 h, 33%; d) MeOH/EtOAc, 
Pd/C, H2, r.t., 3 h, 68%.

C-Glycosylation

C-Acylation

O-Acylation

Other compounds
For comparison purposes:
● Compounds 14 and 16 (Table 1) were debenzylated through catalytic

hydrogenation to afford compounds 23 and 24, respectively.8

● The dibenzoate catechol analogues of compounds 18 and 22 (Scheme
2) were also synthesized (compounds 25 and 26, respectively, after
benzoylation and removal of the sugar protecting groups8).

Inhibition of Aβ-Induced Tau 
hyperphosphorylation

Figure 1.  Effect of glucosylphenols in Aβ-induced Fyn activation. The indirect activation of Fyn kinase was measured by immunofluorescence using Opera High Content Screening System (A). Cells were exposed 
to 10 μM of compounds in association with Aβ. The results were normalized against the control group, which was considered as 100% (B). Percentage of number of pFyn + spots in each treatment group. Results are 
expressed as the mean ± standard error mean (SEM); n = 3. Significant differences between control are indicated with #(p≤0.05) and *p(<0.05) when compared to Aβ treatment (*p < 0.05) or **(p<0.01) or ***(p<0.001).

Other Assays

Figure 2. Effect of compounds 
against hyperphosphorylation 
of Tau induced by Aβ. Neurons 
treated with Aβ oligomers were 
evaluated against pTau (AT270). 
Tau hyperphosphorylation was 
measured by 
immunofluorescence using the 
Opera High Content Screening 
System. Cells were exposed to 
10 μM of each compound in 
association with Aβ for 4 days. 
Results were normalized 
against the control group 
considered as 100%. The values 
are expressed as the mean ± 
SEM; n = 3. Significant 
differences between control are 
indicated with #(p≤0.05) 
***(p<0.001) when compared 
with Aβ treatment.

The straightforward 
Friedel-Crafts-type acylation we 
were expecting did not occur in 

the presence of a number of 
Lewis acids (e.g. BF3·Et2O, 

TMSOTf, FeCl3 or TfOH) and 
several different conditions.8

We hypothesized that the sugar moiety 
could be reducing the reactivity of the 
aromatic ring or even being degraded 

in the course of these reactions.8

For the generation of C-glucosyl 
polyphenols (Table 1), we employed either 

a permethylated glucopyranoside (3) or 
perbenzylated glucosyl donors (4-6).8

Fyn activation levels in hiPSC (human induced pluripotent 
stem cells) derived neural progenitor cells from healthy 

donors increased upon treatment with Aβ, i.e. pFyn 
(phosphorylated Fyn) production was increased.8

However, Aβ-induced Fyn activation was reduced back to 
normal control values in the presence of the commercial 

Fyn kinase inhibitor PP1.8

● Aβ-induced Fyn activation was generally reduced by all
tested glucosyl polyphenols, and significantly inhibited in
the presence of  compounds 8, 9, 17, 18, 21, 23 and 26
(Figure 1). Compounds 8 and 9 presented the result with
the highest statistical significance (p<0.001).8

● Neither the lead compound 1, nor its aglycone, genistein,
which was also tested, were found to Aβ-induced Fyn
activation to a significant extent (Figure 1).8

● Neural progenitor cells were treated with the compounds
without addition of Ab to determine whether the effects
observed are independent of Ab treatment, and it was
confirmed that tested compounds and PP1 alone do not
reduce the basal levels of pFyn (data not shown).8

● All compounds that were tested against Aβ-induced Tau
hyperphosphorylation (8, 9, 10, 18, 23, 25, 26, 29 and
genistein) were able to significantly (p<0.001) reduce the
levels of pTau when compared to Aβ treatment alone
(Figure 2).8

● Compounds 9, 19, 18, 25, 26 and genistein were
furthermore able to reduce pTau levels when compared to
untreated controls (p≤0.05) (Figure 2).8

● Neural progenitor cells (NPC)  were
treated with each compound for 24
hours, and none presented any signs
of cytotoxicity at 10 µM.8

● Furthermore, compounds 23, 26, and
29 were not cytotoxic in concentrations
up to 100 µM, while 9 is safe to
administer up to a 50 µM
concentration (data not shown).8

● Compounds 9 and 26 presented an
effective permeability (log Pe = - 4.74 ±
0.02 and - 5.06 ± 0.08, respectively
determined in a PAMPA assay) and log
D values (2.3 ± 0.3 and n.d., respectively)
that are compatible with the desired
pharmacokinetic profile.8

 [Optimal effective permeability: log Pe > -5; log 
D 1-4 for a good compromise between solubility 
and membrane permeability.]

● Although this work was primarily inspired by a natural C-glucosyl isoflavone (1), we herein disclose that
much simpler C-glucosyl polyphenols embody the right scaffold to tackle the chain of Aβ-induced
processes culminating in Tau hyperphosphorylation.8

● The most promising compounds are 9, synthesized in only 2 steps, and 26. Both were found to inhibit
Aβ-induced Fyn kinase activation, and to consequently reduce the levels of hyperphosphorylated Tau.
Moreover, these compounds are not toxic at relevant concentrations and have the right balance between
effective permeability and lipophilicity to be orally available and brain penetrant.8

● Our results suggest that C-glucosyl polyphenols, in particular compounds 9 and 26, should be regarded as
new promising scaffolds for further development against Aβ-induced Tau pathology in AD.8
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