
111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 
US 20190284213Al 

(19) United States 
c12) Patent Application Publication (lO) Pub. No.: US 2019/0284213 Al 

Morales Sánchez et al. (43) Pub. Date: Sep. 19, 2019 

(54) 	 SILYLATED DERIVATIVES OF 
RESERVATROLAND THE USE THEREOF IN 
NEURODEGENERATIVE, NEUROLOGICAL 
OR INFLAMMATORY DISEASES 

(71) 	 Applicant: Consejo Superior De Investigaciones 
Científicas, Madrid (ES) 

(72) 	 Inventors: Juan Carlos Morales Sánchez, 
Granada (ES); Pablo Peñalver Puente, 
Granada (ES); Efres Belmonte Reche, 
Granada (ES); Elena González Rey, 
Granada (ES); María Luisa Mateos 
Martín, Granada (ES) 

(21) 	 Appl. No.: 16/465,536 

(22) 	 PCT Filed: Nov. 23, 2017 

(86) 	 PCTNo.: PCT/ES2017 /07077 6 

§ 371 (c)(l), 
(2) Date: May 30, 2019 

(30) Foreign Application Priority Data 

Nov. 30, 201 6 (ES) ...... ... ... ... ..... ... ... ...... P 201 631535 


Publication Classification 


(51) Int. CI. 
C07F 7118 (2006. 01) 
C07H 7104 (2006.01) 
A61P 25128 (2006.01) 
A61P 29/00 (2006.01) 

(52) U.S. CI. 
CPC ............ C07F 711804 (2013.01); A61P 29100 

(2018.01); A61P 25128 (2018.01); C07H 7104 
(2013.01) 

(57) ABSTRACT 

The present invention relates to a group of compounds 
derived from resveratrol having as substituents at least one 
silyl group which, in turn, can be substituted by di:fferent 
groups. The invention also relates to the therapeutic use of 
these compounds in inflammatory, neurological, and neuro­
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SILYLATED DERIVATIVES OF 

RESERVATROL AND THE USE THEREOF IN 

NEURODEGENERATIVE, NEUROLOGICAL 


OR INFLAMMATORY DISEASES 

[0001] The present invention relates to a group of com­
pounds derived from resveratrol having as substituents at 
least one silyl group which, in tum, can be substituted by 
different groups. The invention also relates to the therapeutic 
use of these compounds in inflammatory, neurological, and 
neurodegenerative diseases. The present invention is thus 
encompassed within the field of pharmacochemistry and 
pharmacology. 

PRIORART 

[0002] Resveratrol is a phenolic compound. The chemical 
structure of the phenolic compounds consists of at least one 
aromatic ring and one hydroxyl group. And within the 
phenolic compounds, resveratrol is a stilbene, this group of 
phenolic compounds being characterized by a structure of 
two phenolic rings joined by two carbon atoms (C6-C2-C6). 
Resveratrol is present in grapes and products derived there­
from, such as wine, and in other foods, although in much 
smaller quantities, such as peanuts and sorne berries. In 
these foods, it is present in free form or as piceid (resvera­
trol-3-0-glycoside). This compound possesses antioxidant, 
anti-inflarnmatory, and antitumor properties that pro long the 
longevity of cells. 
[0003] Resveratrol presents chemopreventive activity of 
cancer in trials that represented three main stages of car­
cinogenesis: it acts as an antioxidant and antimutagen, has 
anti-inflarnmatory effects and inhibits cyclooxygenase 
(COX) and hydroperoxidase, and induces cell differentiation 
in human promyelocytic leukemia . In addition, as indicated 
above, resveratrol has been extensively studied for its cor­
relation with the cardiovascular utility of red wine. Neuro­
logical uses for resveratrol have also been proposed. 
[0004] Considering the munber ofbeneficial physiological 
effects that resveratrol presents, there have been numerous 
projects focused on obtaining derivatives of this molecule 
that improve their health-related properties. The document 
Int. Immunopharmacology 25 (2015) 528-537 explores the 
anti-inflarnmatory properties of various resveratrol deriva­
tives and their potential as inhibitors of neuroinflammation. 
[0005] J. Med. Chem 2010 Jul. 8; 53(13): 5033-5043 
describes the synthesis of sulfated resveratrol derivatives 
and their effect on various physiological activities such as 
inhibition of TNF -a or the activity of cyclooxygenases. 
[0006] The document W02011/073482 describes resvera­
trol derivatives that contain glucidic substituents and that 
have the ability to modulate inflammation, especially in 
intestinal pathologies such as irritable bowel syndrome or 
Crohn's disease. 

DESCRIPTION OF THE INVENTION 

[0007] In a first aspect, the present invention relates to the 
use of a compound of the formula (I): 

(!) 
OR¡ 

R¡O 

ORz 

where Ru R2 , and R3 are selected independently from 
among an H, an SiR4R5R6 group, an - NH(CO)R7 group, 
or a carbohydrate, 
where R4 , R5 , and R6 are selected independently from 
among linear or branched C1-C6 alkyl ora phenyl group and 
R7 is a linear or branched C1-C12 alkyl, 
with the proviso that at least one of R1, R2 , and R3 is an 
SiR4 R5R6 group, 
for the manufacture of a medicament for the treatment or 
prevention of inflarnmatory, neurological, or neurodegen­
erative diseases. 

[0008] In a preferred embodiment, R1 and R2 are an 
SiR4 R5R6 group. In a more preferred embodiment, R3 is H. 

[0009] In another more preferred embodiment, R3 is - NH 
(CO)R7 • 

[0010] In another more preferred embodiment, R3 is the 
following carbohydrate: 

where R8 is selected from among H or ---C(O)-R9 , with R9 

being a C1 alkyl group ORa C2 alkenyl group. -C22 -C22 

[0011] In a more preferred embodiment, when R1 and R2 

are an SiR4 R5R6 group, R4 and R5 are methyl, and R6 is 
tert-butyl. In another more preferred embodiment, R4 , R5 , 

and R6 are ethyl. In another more preferred embodiment, R4 , 

R5, and R6 are isopropyl. 
[0012] In another preferred embodiment, R1 and R3 are an 
SiR4 R5R6 group. 
[0013] In a more preferred embodiment, R2 is H. 
[0014] In another more preferred embodiment, R2 is - NH 
(CO)R7 • 

[0015] In another more preferred embodiment, R2 is the 
following carbohydrate: 

RsO~o~---· 

HO~OH 
OH 

where R8 is selected from among H or ---C(O)-R9 , with R9 


being a C1-C22 alkyl group ORa C2 -C22 alkenyl group. 

[0016] In a more preferred embodiment, when R1 and R3 


are an SiR4 R5R6 group, R4 and R5 are methyl, and R6 is 

tert-butyl. In another more preferred embodiment, R4 , R5 , 


and R6 are ethyl. In another more preferred embodiment, R4 , 


R5, and R6 are isopropyl. 

[0017] In another more preferred embodiment, Ru R2 and 

R3 are an SiR4R5R6 group. 

[0018] In a more preferred embodiment, when R1, R2 , and 

R3 are an SiR4R5R6 group, R4 and R5 are methyl, and R6 is 

tert-butyl. In another more preferred embodiment, R4 , R5 , 


and R6 are ethyl. In another more preferred embodiment, R4 , 


R5, and R6 are isopropyl. 
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[0019] In another preferred embodiment, the compound of 
formula (I) is selected from the following group: 
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[0020] In a preferred embodiment, the neurological or 
neurodegenerative disease is selected from among Alzheim­
er's disease, Parkinson's disease, Huntington's disease, mul­
tiple sclerosis, amyotrophic lateral sclerosis, frontotemporal 
dementia, ischemia, and epilepsy. 



US 2019/0284213 Al Sep. 19,2019 
5 


[0021] Another aspect of the invention relates to a com­
pound of formula (I'): 

(!') 

R¡O 

ORz 

where R1, R2 , and R3 are selected independently from 
among an H, an SiR4 R5R6 group, an -NH(CO)R7 group, or 
a carbohydrate, 

where R4 , R5 , and R6 are selected independently from 
among linear or branched C1-C6 alkyl ora phenyl group and 
R7 is a linear or branched C1-C12 alkyl, 

with the proviso that at least one of R1, R2, and R3 is an 
SiR4 ,R5,R6 group and that it is not one of the following 
compounds: 

[0022] (E)-(5-( 4-(trimethylsilyloxy )styryl)-1 ,3-phe­
nylene )bis( oxy)bis(trimethylsilane), 

[0023] (E)-4-(3,5-bis(triisopropylsylyloxy)styryl)phenol, 

[0024] (E)-3-(tert-butyldimethylsilyloxy )-5-( 4-(tert-bu­
tyldimethy lsily loxy )styry l)phenol, 

[0025] (E)-4-(3,5-bis(tert-butyldimethylsilyloxy)styryl) 
phenol, 

[0026] (E)-3-(tert-butyldimethylsilyloxy)-5-( 4-hydrox­
ystyryl)phenol, 

[0027] (E)-5-(4-(tert-butyldimethylsilyloxy)styryl)ben­
zene-1 ,3-diol, 

[0028] (E)-(5-( 4-(tert-butyldimethylsilyloxy)styryl)-1,3­
phenylene)bis(oxy)bis(tert-butyldimethy lsilane). 

[0029] In a preferred embodiment, and R2 are anR1 
SiR4R5R6 group. 

[0030] In a more preferred embodiment, R3 is H. 

[0031] In another more preferred embodiment, R3 is - NH 
(CO)R7 . 

4 

o)­
\( 

[0032] In another more preferred embodiment, R3 is the 
following carbohydrate: 

where R8 is selected from among H or ---C(O)- R9, with R9 
being a C1 alkyl group ORa C2 alkenyl group.-C22 -C22 
[0033] In a more preferred embodiment, when R1 and R2 

are an SiR4R5R6 group, R4 and R5 are methyl, and R6 is 

tert-butyl. In another more preferred embodiment, R4 , R5 , 


and R6 are ethyl. In another more preferred embodiment, R4 , 


R5 , and R6 are isopropyl. 

[0034] In a preferred embodiment, and R3 are an
R1 
SiR4R5R6 group. 
[0035] In a more preferred embodiment, R2 is H. 
[0036] In another more preferred embodiment, R2 is - NH 
(CO)R7 • 

[0037] In another more preferred embodiment, R2 is the 

following crucboh::~o~···· 

HO~OH 
OH 

where R8 is selected from among H or ---C(O)-R9 , with R9 
being a C1 alkyl group ORa C1 alkenyl group.-C22 -C22 
[0038] In a more preferred embodiment, when R1 and R3 

are an SiR4R5R6 group, R4 and R5 are methyl, and R6 is 

tert-butyl. In another more preferred embodiment, R4 , R5 , 


and R6 are ethyl. In another more preferred embodiment, R4 , 


R5 , and R6 are isopropyl. 

[0039] In another preferred embodiment, R1, R2 and R3 are 

an SiR4R5R6 group. 

[0040] In a more preferred embodiment, when R¡, R2 , and 

R3 are an SiR4R5R6 group, R4 and R5 are methyl, and R6 is 

tert-butyl. In another more preferred embodiment, R4 , R5 , 


and R6 are ethyl. In another more preferred embodiment, R4 , 


R5 , and R6 are isopropyl. 

[0041] In another more preferred embodiment ofthe sub­

stituents that are the SiR4 R5R6 group, R4 and R5 are phenyl, 

and R6 is tert-butyl. And in another more preferred embodi­

ment, R4 , R5 , and R6 are methyl. 

[0042] In another preferred embodiment, the compound of 

formula (l') is selected from the following group: 


HO 
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[0043] Another aspect ofthe invention relates to the use of 
the compound of formula (I') described above for the 
manufacture of a medicament. 

[0044] Another aspect of the invention relates to a phar­
maceutical composition comprising a compound of formula 
(I') as described above. 
[0045] Another aspect ofthe invention relates toa method 
for treating an infiammatory, neurological, or neurodegen­
erative disease comprising the administration of a therapeu­
tically e:ffective amount of a compound of fonnula (I) or (I') 
to a patient in need thereof. 
[0046] In the meaning used in this description, the tenn 
"therapeutically e:ffective amount" refers to the amount of 
active compound that is sufficient to produce the desired 
e:ffect in which the symptoms of the disease are attenuated. 
The dose should not be used in proportions that cause 
unwanted side e:ffects the clinical evaluation ofwhich makes 
them adverse and therapeutically untreatable. The dose will 
generally vary with the age, condition, sex, and extent of the 
disease in the patient as well as with the route and frequency 
of administration and can be determined on a case-by-case 
basis . 
[0047] In the present invention, the term "alkyl" refers to 
linear or branched hydrocarbon chain radical having from 1 
to 22, preferably from 1 to 12, and more preferably from 1 
to 6 carbon atoms, and that bind to the rest of the molecule 
by a single bond, e.g., propyl, ethyl, methyl, isopropyl, 
undecanoyl, heptadecanoyl, octadecanoyl, etc. These alkyl 
r~dicals can be optionally substituted at one or more posi­
twns by one or more groups such as hydroxyl, amines, 
amides, oxo, cyano, halogens, aryl, etc. 
[0048] In the present invention, the term "alkenyl" refers 
to unsaturated, linear, or branched aliphatic chains having 
from 2 to 22 carbon atoms and having between one and six 
unsaturations depending on the number of carbons, includ­
i~g but not limited to vinyl, allyl, oleyl, linoleyl, linolenyl, 
eJcosapentaenoyl, docosahexaenoyl, etc. These alkyl radi­
cals can be optionally substituted at one or more positions by 
one or more groups such as hydroxyl, amines, amides, oxo, 
cyano, halogens, aryl, etc. 
[0049] The compounds of the present invention repre­
sented by the formula (I) and (I'), and more concretely the 
specific compounds belonging to this general formula 
described above, can include isomers, depending on the 
presence of multiple bonds (e.g., Z, E), including optical 
isomers or enantiomers, depending on the presence of chiral 
centers. The individual isomers, enantiomers, or diastereom­
ers and mixtures thereof fall within the scope of the present 
invention. The individual enantiomers or diastereomers as 
well as mixtures thereof, can be separated using con~en­
tional techniques. 
[0050] The compounds ofthe invention can be in crystal­
line form as free compounds or as solvates, and both forms 
are intended to be within the scope of the present invention. 
In this sense, the term "solvate," as used herein, includes 
both pharmaceutically acceptable solvates, i.e., solvates of 
the compound of formula (I) or (I') that can be used in the 
manufacture ofa medicament as pharmaceutically unaccept­
able solvates that may be useful in the preparation of 
pharmaceutically acceptable solvates or salts. The nature of 
the pharmaceutically acceptable solvate is not critica! as 
long as it is pharmaceutically acceptable. In a particular 
embodiment, the solvate is a hydrate. The solvates can be 
obtained by conventional solvation methods that are well 
known to those skilled in the art . 
[0051] For use in therapy, the compounds offormula (I) or 
(I'), their isomers, salts, or solvates, are preferably in a 
pharmaceutically acceptable or substantially pure form­
that is, they have a pharmaceutically acceptable leve! of 

purity excluding the normal pharmaceutical additives such 
as diluents and carriers, and not including material that is 
considered toxic at normal dosing levels. The levels of 
purity for the active substance are preferably greater than 
50%, more preferably greater than 70%, even more prefer­
ably greater than 90%. In a preferred embodiment, the levels 
of the compound of formula (I) or (I') or salts or solvates 
thereof are greater than 95%. 

[0052] Unless otherwise indicated, the compounds of the 
invention also include compounds that di:ffer only through 
the presence ofone or more isotopically enriched atoms . For 
example, compounds having said structure, with the excep­
tion of the substitution of a hydrogen by a deuterium or by 
tritium, or the substitution of a carbon by a 13C- or 14 C­
enriched carbon or a 15N-enriched nitrogen, lie within the 
scope of this invention. 

[0053] The compounds of formula (I) or (I') for therapeu­
tic use are prepared in salid form or as an aqueous suspen­
sion in a pharmaceutically acceptable diluent. These prepa­
rations can be administered by any appropriate route of 
administration, for which purpose the preparation will be 
formulated in the pharmaceutical form that is appropriate for 
the selected route of administration. For example, the com­
pounds of formula (I) or (I') will be combined with excipi­
ents such as starch or lactose or adjuvants such as cyclo­
dextrins as well as any type of pharmaceutical carrier known 
to a person skilled in the art for the preparation of solid or 
liquid formulations. In a particular embodiment, the admin­
istration of the compound of formula (I) or (I') provided by 
this invention is carried out orally, topically, rectally, or 
parenterally (including subcutaneously, intraperitoneally, 
intradermally, intramuscularly, intravenously, etc.). Areview 
ofthe di:fferent pharmaceutical forms of drug administration 
and of the excipients necessary for obtaining them can be 
found, for example, in the "Tratado de Farmacia Galénica" 
["Treatise on Galenic Pharmacy"], C. Fauli i Trillo, 1993, 
Luzán 5, S. A. Ediciones, Madrid, or in other customary or 
similar publications of the Spanish, European, or United 
States Pharmacopoeias. 

[0054] The compounds described in the present invention 
and the pharmaceutically acceptable salts and solvates 
thereof, as well as the pharmaceutical compositions con­
taining them, can be used in conjunction with other, addi­
tional drugs in order to provide combination therapy. These 
additional drugs can be part of the same pharmaceutical 
composition or, alternatively, they can be provided in the 
form of a separate composition for simultaneous or non­
simultaneous administration with that ofthe pharmaceutical 
comp~sition comprising a compound of formula (I) or (I'), 
or an 1somer, solvate, or a pharmaceutically acceptable salt 
thereof. 

[0055] Throughout the description and the claims, the 
expression "comprises" and variants thereof are not intended 
to exclude other technical features, additives, components, 
or steps. For those skilled in the art, other objects, advan­
tages, and features of the invention will be apparent in part 
from the description and in part from the practicing of the 
invention. The following examples and figures are provided 
for the sake of illustration and are not intended to limit the 
scope of the present invention. 

BRIEF DESCRIPTION OF THE FIGURES 

[0056] FIG. l. Cell viability in neuroblastoma SH-SYSY 
after damage with H20 2 and treatment with the di:fferent 
compounds 2-9. The controls are DMSO: 1% DMSO; H20 2 : 

H20 2 in 1% DMSO; RES 10 ¡.tM+H20 2 : resveratrol in H20 2 

in 1% DMSO. 
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[0057] FIG. 2. Cell viability in neuroblastoma SH-SY5Y 
after damage with H20 2 and treatment with the di:fferent 
compounds 10-11. The controls are DMSO: 1% DMSO; 
H20 2 : H2 in 1% DMSO; RES 10 ¡.tM+H20 2 : resveratrol0 2 

in H2 in 1% DMSO. 0 2 

[0058] FIG. 3. Cell viability in neuroblastoma SH-SY5Y 
after damage with H2 and treatment with the di:fferent 0 2 

compounds 12-13 . The controls are DMSO: 1% DMSO; 
H20 2 : H20 2 in 1% DMSO; RES 10 ¡.tM+H20 2 : resveratrol 
in H20 2 in 1% DMSO. 

[0059] FIG. 4. Cell viability in neuroblastoma SH-SY5Y 
after damage with H20 2 and treatment with the di:fferent 
compounds 14-15. The controls are DMSO: 1% DMSO; 
H20 2 : H20 2 in 1% DMSO; RES 10 ¡.tM+H20 2 : resveratrol 
in H2 in 1% DMSO.0 2 

[0060] FIG. 5. Cell viability in neuroblastoma SH-SY5Y 
after damage with H2 and treatment with the di:fferent 0 2 

compounds 16-20. The controls are DMSO: 1% DMSO; 
H20 2 : H20 2 in 1% DMSO; RES 10 JlM+H20 2 : resveratrol 
in H2 in 1% DMSO.0 2 

[0061] FIG. 6. Cell viability in RAW macrophages after 
inflammation produced with LPS and treatment with the 
di:fferent compounds 2-9. The controls are DMSO: 1% 
DMSO; LPS alone: LPS (100 nglml); LPS+RES 10 ¡.tM: 
LPS (100 nglml)+resveratrol. 

[0062] FIG. 7. Cell viability in RAW macrophages after 
inflammation produced with LPS and treatment with the 
di:fferent compounds 10-11. The controls are DMSO: 1% 
DMSO; LPS alone: LPS (100 nglml); LPS+RES 10 ¡.tM: 
LPS (1 00 nglml)+resveratrol. 

[0063] FIG. 8. Cell viability in RAW macrophages after 
inflammation produced with LPS and treatment with the 
di:fferent compounds 12-13. The controls are DMSO: 1% 
DMSO; LPS alone: LPS (100 nglml); LPS+RES 10 ¡.tM: 
LPS (1 00 nglml)+resveratrol. 

[0064] FIG. 9. Cell viability in RAW macrophages after 
inflammation produced with LPS and treatment with the 
di:fferent compounds 14-15. The controls are DMSO: 1% 
DMSO; LPS alone: LPS (100 nglml); LPS+RES 10 ¡.tM: 
LPS (100 nglml)+resveratrol. 

[0065] FIG. 10. Cell viability in RAW macrophages after 
inflammation produced with LPS and treatment with the 
di:fferent compounds 16-20. The controls are DMSO: 1% 
DMSO; LPS alone: LPS (100 nglml); LPS+RES 10 ¡.tM: 
LPS (1 00 nglml)+resveratrol. 

[0066] FIG. 11. Concentration of TNF-alpha in culture 
medium after inflammation by LPS in RA W macrophages 
and treatment with the di:fferent compounds 2-9. 

[0067] FIG. 12. Concentration of NO in culture medium 
after inflammation by LPS in RAW macrophages and treat­
ment with the di:fferent compounds 2-9. 

[0068] FIG. 13. Concentration of IL6 in culture medium 
after inflammation by LPS in RAW macrophages and treat­
ment with the di:fferent compounds 2-9. 

[0069] FIG. 14. AChE activity regarding the control ofthe 
compounds RES, 6, 8, and 9. AnANOVA statistical test was 
carried out, followed by Dunnett's multiple comparison test. 
It is considered significant when #P<0.05 relative to the 
control; *P<0.05, **P<O.Ol relative to the control+PTZ. 

[0070] FIG. 15. AChE activity regarding the control ofthe 
compounds RES, 11, 14, 15, and 17. An ANOVA statistical 
test was carried out, followed by Dunnett's multiple com­

parison test. It is considered significant when #P<0.05 
relative to the control; *P<0.05, **P<0.01 relative to the 
control+PTZ. 

[0071] FIG.16: Schematic ofthe design ofthe experiment 
conducted in example 6. 

[0072] FIG. 17: a) Evaluation ofthe motor capacity (sum 
of four movement parameters) of the groups of mi ce treated 
with the compounds RES and 15; b) Time (in seconds) in the 
rotarod of the groups of mi ce treated with the compounds 
RES and 15 on day 5; e) Average weight of the groups of 
mice treated with the compounds RES and 15 on day 5; d) 
Amount of interleukin IL-6 in plasma of the groups of mice 
treated with the compounds RES and 15. 

[0073] FIG. 18: a) Evaluation ofthe motor capacity ofthe 
groups of mice treated preventively with compound 15 and 
the EAE-T control; b) Evaluation of the motor capacity of 
the groups of mice treated preventively with the compound 
RES and the EAE control without T; e) Evaluation of the 
motor capacity of the groups of mice treated therapeutically 
with compound 15 and the EAE-T control; b) Evaluation of 
the motor capacity of the groups of mice treated therapeu­
tically with the RES compound and the EAE control without 
T. 

EXAMPLES 

[0074] The invention will be illustrated below by means of 
tests conducted by the inventors that demonstrate the e:ffec­
tiveness of the product of the invention. 

Example 1: Synthesis of the Silylated Derivatives 
of Resveratrol 

[0075] 

OH 

HO 

Cl-R 

imidazol 
DMF 

OH 

R10 

ORz 
R ~ Terbutildimetilsilil (TBDMS) R ~ Trilsopropilsilil (TIPS) 

1: R1 ~ R2 ~ R¡ ~ TBDMS 4: R¡ ~ R2 ~ R¡ ~ TIPS 

2: R¡ ~ R¡ ~ TBDMS; R2 ~ H 5: R¡ ~ R¡ ~ TIPS; R2 ~ H 

3: R1~ R2 ~ TBDMS; R¡ ~ H 6: R¡ ~ R2 ~ TIPS; R¡ ~ H 

R ~ Trietilsilis (TES) 

7: R¡ ~ R2 ~ R¡ ~ TES 

8: R¡ ~ Rl ~ TES; R2 ~ H 

9: R¡ ~ R2 ~ TES; R¡ ~ H 
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General Method of Silylation. 

[0076] Resveratrol (1 eq.) and imidazole (2.5 eq.) were 

added to a round-bottom ftask with DMF (3 ml/mmol 

resveratrol) under stirring and cooled to 0° C. The corre­

sponding silyl chloride (1, 4-1, 55 eq.) was then added 

dropwise in two batches, the first half at =O h and the second 

half at =3 h. The reaction was stirred for a total of 6 h at room 

temperature. The reaction mixture was then filtered, diluted 
in water, and extracted with ethyl acetate (3x20 mi). The 

combined organic phases were dried with MgS04 , filtered, 

concentrated to dryness, and purified by silica gel column 

chromatography, with elution being performed with hexane/ 

ethyl acetate mixtures. 

Series of Tert-Butyldimethylsilyl Resveratrol Derivatives. 

[0077] Following the general method, resveratrol (830 

mg, 3.64 mmol) and tert-butyldimethylsilyl chloride (849.55 

mg, 5.64 mmol) were used to obtain compounds 1, 2, and 3 
in addition to the monosilylated derivatives after purifying 

the reaction mixture by colunm chromatography using a 

gradient of hexane/ethyl acetate (8: 1 to 2:1 ). 

[0078] 3,4',5-0-tri-tert-butyldimethylsilyl resveratrol, 

compound l. Yield=5.8%; R¡=0.9 (hexane:ethyl acetate­

7:3). 

[0079] 3,4',-0-tri-tert-butyldimethylsilyl resveratrol, com­
pound 2. Yield=22.1 %; R1=0.65 (hexane:ethyl acetate-7: 

3). 

OH 

[0080] 3,5,-0-tri-tert-butyldimethylsilyl resveratrol, com­
pound 3. Yield=6.4%; R1=0.55 (hexane:ethyl acetate- 7:3). 

Series of Triisopropylsilyl Resveratrol Derivatives. 

[0081] Following the general method, resveratrol (816 

mg, 3.57 mmol) and triisopropylsilyl chloride (1.19, 5.54 

mmol) were used to obtain compounds 4, 5, and 6 in 

addition to the monosilylated derivatives after purifying the 

reaction mixture by colunm chromatography using a gradi­

ent of hexane/ethyl acetate (1 0:1 to 1:1 ). 

[0082] 3,4',5-0-tri-triisopropylsilyl resveratrol, compound 

4. Yield=19.4%; R¡=0.9 (hexane:ethyl acetate- 3:1). RMN 

o[IH (400 MHz, CDC13): 6=7.47 (d, 1=8.3 Hz, 2H), 7.05 (d, 

1=16.2 Hz, lH, CH), 6.95 (dd, 1=12.4, 6.4 Hz, 3H, CH and 

H), 6.74 (s, 2H, H2 and H6
), 6.44 (s, lH, H4 

), 1.41-1.33 (m, 

9H, CH- Si), 1.29-1.16 (m, 54H, CH3). RMN of 13C (101 

MHz, CDCI3): 6=157.10, 155.96, 139.44, 130.45, 128.39, 
127.73, 126.83, 120.17, 111.26, 1 10.94, 18.02, 12.78. 

4 

http:6=157.10
http:1.29-1.16
http:1.41-1.33
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T-r-(

o 

HO 

[0083] 3,4',-0-di-triisopropylsilyl resveratrol, compound 

5. Yield=26.1 %; R1=0.65 (hexane:ethyl acetate- 3:1). RMN 
oeH (400 MHz, CDCI3): b=7.34 (d, 1=8.2 Hz, 2H), 6.96 (d, 
1=16.2 Hz, lH), 6.83 (t, 1=12.0 Hz, 3H), 6.64 (s, lH), 6.55 
(s, lH), 6.33 (s, lH), 1.30-1.22 (m, 6H), 1.11 ( dd, 1=16.0, 7.4 
Hz, 36H). RMN of 13C (101 MHz, CDCI3 ): 6=158.14, 
157.12, 155.68, 139.63, 130.56, 127.98, 127.47, 126.57, 1 
19.77, 109.57, 106.15, 106.06, 17.40, 17.37, 17.10, 12.62, 
12.59, 12.32. TOF MS-ES, calculated mass: C32H51 0 3Si2 

[M-H]=539.3377, measured mass: [M-H]=539.3390. 

OH 

[0084] 3,5,-0-di-triisopropylsilyl resveratrol, compound 
6. Yield=8.7%; R¡=0.5 (hexane:ethyl acetate- 3:1). 

Series of Triethylsilyl Resveratrol Derivatives. 

[0085] Following the general method, resveratrol (809 
mg, 3.54 mmol) and ethylsilyl ch!oride (1.19, 5.49 mmol) 

were used to obtain compounds 7, 8, and 9 in addition to the 
monosilylated derivatives after puri:fYing the reaction mix­
ture by column chromatography using a gradient of hexane/ 
ethyl acetate (1 0:1 to 1:1 ). 

[0086] 3,4',5-0-tri-triethylsilyl resveratrol, compound 7. 
Yield=3.8%; R¡=0.95 (hexane:ethyl acetate- 3:1). RMN of 
1H (400 MHz, CDCI3 ): 6=7.40 (d, 1=8.5 Hz, 2H), 6.98 (d, 
1=16.2 Hz, lH), 6.90-6.82 (m, 3H), 6.64 (d, 1=2.0 Hz, 2H), 
6.31 (t, 1=2.0 Hz, lH), 1.04 (td, 1=7 .8, 2.8 Hz, 26H), 0.78 ( q, 
1=7.9 Hz, 18H). RMN of 13C (101 MHz, CDCI3): =156.61, 
155.45, 139.48, 130.60, 128.44, 127.73, 126.76, 120.17, 
111.41, 110.93, 6.66, 5.03. Calculated mass: C32H550 3Si3 

[M+H]=571.3459, measured mass: [M+H]=571.3460. 

HO 

[0087] 3,4',-0-tri-triethylsilyl resveratrol, compound 8. 
Yield=14.9%; R¡=0.6 (hexane:ethyl acetate- 3:1). RMN of 
1H (400 MHz, CDCI3 ): 6=7.40 (d, 1=8.6 Hz, 2H), 6.98 (d, 
1=16.2 Hz, 1H), 6.91-6.82 (m, 3H), 6.62 (s, 1H), 6.61 (s, 
lH), 6.32 (s, lH), 1.09-1.02 (m, 18H), 0.80 (q, 1=7.9 Hz, 
12H). RMN of 13C (101 MHz, CDCI3 ): 6=156.92, 156.69, 
155.45, 139.94, 130.58, 128.82, 127.83, 126.47, 120.25, 
110.96, 106.52, 106.40, 6.67, 6.64, 5.03. TOF MS-ES+, 
calculated mass: C26H41 0 3 Si2 [M+H]=457.2594, measured 
mass: [M+H]=457.2593. 

OH 

http:6=156.92
http:1.09-1.02
http:6.91-6.82
http:6.90-6.82
http:6=158.14
http:1.30-1.22
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[0088] 3,5,-0-tri-triethylsilyl resveratrol, compound 9. 
Yield=6.8%; R¡=O.S (hexane:ethyl acetate-3:1). RMN of 
1H (400 MHz, CDCI3 ): 7.37 (d, 1=8.3 Hz, 2H), 6.96 (d, 
1=16.2 Hz, lH), 6.82 (t, 1=12.6 Hz, 3H), 6.63 (s, 2H), 6.25 
(s, lH), 1.02 (t, 1=7.9 Hz, 18H), 0.76 (q, 1=7.9 Hz, 12H). 
RMN of 13C(101 MHz, CDCI3): 6=157.11 , 156.55, 140.04, 
128.84, 128.66, 127.64, 127.55, 125.16, 115.19, 110.99, 
110.08, 48.34, 48.13, 47.92, 47.70, 47.49, 47.28, 47.06, 
5.77, 4.66. TOF MS-ES+, calculated mass: C26H41 0 3Si2 
[M+H]=457.2594, measured mass: [M+H]=457.2586. 

Series ofTriisopropylsilyl and Ethyl Carbamide Resveratrol 
Derivatives. 

[0089] Ethyl isocyanate (1.5 eq.) and triethylamine (2 eq.) 
were added to a solution of 3,4'-dithiisopropylsilyl resvera­
trol or 3,5-dithiisopropylsilyl resveratrol (1 eq.) in dichlo­
romethane. After 1 h of reaction at room temperature, the 
reaction was concentrated and purified on a chromatography 
colurnn, with elution being performed with hexane:ethyl 
acetate (from 2:1 to 0:1). 

10 

o~ 
)­

[0090] 3,4',-0-ditriisopropylsilyl-5-ethyl carbamate res­
veratrol, compound 10. Yield=80.2%. R¡=0.9 (hexane:ethyl 
acetate-5:1). RMN of 1H (300 MHz, CDCI3): 6=7.39 (d, 
1=8.5 Hz, 2H), 7.02 (d, 1=16.2 Hz, lH), 6.89 (dd, 1=14.6, 5.9 
Hz, 5H), 6.60 (s, lH), 3.40-3.26 (m, 2H), 1.30 (ddd, 1=10.6, 
7.4, 3.7 Hz, 9H), 1.15 (dd, 1=7.0, 3.1 Hz, 36H). RMN of 13C 
(75 MHz, CDCI3): 6=157.04, 156.29, 152.30, 139.75, 130. 
38, 129.38, 128.01, 126.25, 120.39, 115.12, 112.30, 36.38, 
18.21, 18.18, 17.97, 15.40, 12.95, 12.93, 12.57. TOF MS­
ES+, calculated mass: C35H57N04Si2 [M+H]=61 2.3904, 
measured mass: [M+H]=612.3907. 

11 

o 

o._N)-/ 
H 

[0091] 3,5-0-ditriisopropylsilyl-4-ethyl carbamate res­

veratrol, compound 11. Yield=85.6%. R1=0.9 (hexane:ethyl 

acetate- 5:1). RMN of 1H (300 MHz, CDCI3): 6=7.51 (d, 

1=8.0 Hz, 2H), 7.15 (d, 1=8.0 Hz, 2H), 7.01 (d, 1=16.4 Hz, 

lH), 6.93 (d, 1=16.1 Hz, lH), 6.67 (s, 2H), 6.38 (s, lH), 

3.41-3.28 (m, 2H), 1.32-1.22 (m, 9H), 1.15 (d, 1=7.2 Hz, 
36H). RMN of 13C (75 MHz, CDCI3): 6=157.31, 157.25, 

139.15, 128.14, 128.00, 127.59, 121.99, 116.20, 116.04, 

112.17, 111.61 , 111.38, 45.95, 36.41 , 18.20, 12.95. TOF 

MS-ES+, calculated mass: C35H57N04 Si2 [M+H]=612. 

3904, measured mass: [M+H] =612.3900. 

Series of Triisopropylsilyl Glucosyl Resveratrol 
Derivatives. 

[0092] Under stirring andan inert argon atmosphere, 3,4'­
ditriisopropylsilyl resveratrol or 3,5-ditriisopropylsilyl res­

veratrol (1 eq.) was dissolved in 15 mi of anhydrous 

dichloromethane and peracetyl glucose trifluoroacetimidate 

(1.5 eq.) and boron trifluoride etherate (0.1 eq.) were added. 

After 30 min of reaction, 5 mi of triethylamine was added, 

concentrated, and added to a silica gel purification colurnn, 

with elution being performed with a mixture of hexane and 

ethyl acetate (5: 1). The obtained product was dissolved in a 

mixture of dichloromethane, water, and methanol (5 mi, 

2:1 :2), and sodium bicarbonate (3 eq.) was added. After 

deprotection of the acetate units of the glucose unit (24-48 
h), the reaction was concentrated and purified by colurnn 

chromatography, with elution being performed with hexane: 

ethyl acetate (from 1:1 to 1:3). 

H0~0'\./0 
HO~~ 

HO OH 

[0093] 3,4'-0-ditriisopropylsilyl-5-glucosyl resveratrol, 
compound 12. Yield=70.6%. R¡=0.05 (hexane:ethyl 
acetate- 1:3). RMN of 1H (500 MHz, CD30D): 6=7.43 (d, 
1=8.6 Hz, 2H), 7.05 (d, 1=16.3 Hz, lH), 6.98-6.89 (m, 2H), 
6.87 (d, 1=8.6 Hz, 2H), 6.70 (s, lH), 6.55 (t, 1=2.0 Hz, lH), 
4.92-4 .88 (m, lH), 3.94-3.88 (m, lH), 3.75 (dd, 1=1 1.9, 4.8 
Hz, lH), 3.52-3.38 (m, 4H), 1.36-1.23 (m, 6H), 1.18-1.10 
(m, 36H). RMN of 13C (126 MHz, CD30D): 6=158.94, 
156.93, 155.80, 139.83, 130.51 , 128.55, 127.51 , 126.04, 
119.69, lll.96, 107.30, 107.07, 101.13, 76.86, 76.59, 73.48, 
69.90, 61.01, 17.05, 16.99, 12.53, 12.51. TOF MS-ES+, 
calculated mass: C38H620 8Si2 [M+Na]=725.3881, mea­
sured mass: [M+Na]=725.3682. 

12 
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4.96-4.90 (m, lH), 3.91 (dd, 1=12.1, 1.9 Hz, lH), 3.73 (dd, 
13 	 1=12.1, 5.3 Hz, lH), 3.51-3.47 (m, 2H), 3.45 (dd, 1=5.0, 1.7 

Hz, lH), 3.44-3.38 (m, lH), 1.31-1.23 (m, 6H), 1.14 (d, 
1=7.3 Hz, 36H). RMN of 13C (126 MHz, CD30D): 1\=157. o~o~oH 
41, 156.96, 139.63, 131.54, 128.05, 127.37, 126.65, 116.54, HO~OH 
110.93, 110.28, 100.83, 76.75, 76.57, 73.49, 69.94, 61.10, 

OH 	
17.05, 12.55. TOF MS-ES+, calculated mass: C38H620 8Si2 
[M+Na]=725.3881, measured mass: [M+Na]=725.3907. 

Series of Triisopropylsilyl Octanoyl-Glucosyl Resveratrol 
Derivatives. 

[0095] 3,4'-0-ditriisopropylsilyl-5-glucosyl resveratrol or 
3,5-0-dithiisopropylsilyl-4'-glucosyl resveratrol (1 eq.) was 
dissolved in methyl tert-butyl ether and vinyl octanoate (3 
eq.) and the enzyme Lypozyme TL IM® (same amount in 

[0094] 3,5-0-ditriisopropylsilyl-4'-glucosyl resveratrol, grams as the resveratrol derivative ). After 3 days ofreaction, 
compound 13. Yield=75.3%. Rf=0.05 (hexane:ethyl the enzyme was filtered and washed with ethyl acetate and 
acetate- 1:3). RMN oeH (500 MHz, CD30D): 5=7.48 (d, methanol. After concentration of the solvent, it was purified 
1=8.7 Hz, 2H), 7.09 (d, 1=8.7 Hz, 2H), 6.95 (q, 1=16.3 Hz, by chromatography on a silica colunm, with elution being 
3H), 6.66 (d, 1=2.0 Hz, 2H), 6.32 (t, 1=2.1 Hz, lH), performed with hexane:ethyl acetate (from 2:1 to 1:3). 
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[0096] 3,4' -0-ditriisopropy lsilyl-5 -(-6-octanoy l)glucosyl 
resveratrol, compound 14. Yield=75.3%. _o/0.05 (hexane: 
ethyl acetate-1:3). RMN of 1H (500 MHz, CDCI3): =1H 
NMR (500 MHz, CdCI3 ) 1\=7.37 (d, 1=8.5 Hz, 2H), 7.12 (d, 
1=8.5 Hz, lH), 6.98 (d, 1=16.1 Hz, 2H), 6.87 (d, 1=8.5 Hz, 
2H), 6.75 (s, lH), 6.73 (s, lH), 4.94-4.87 (m, lH), 4.75-4.70 
(m, lH), 4.59-4.48 (m, 2H), 3.69-3.60 (m, 3H), 1.28-1.25 
(m, 18H), 1.15-1.07 (m, 36H), 0.91-0.89 (m, 3H). RMN of 
13C (126 MHz, CDCI3): 1\=171.07, 139.75, 130.16, 127.72, 
126.19, 120.16, 119.68, 115.09, 112.90, 109.58, 107.50, 
106.00, 104.78, 102.13, 100.89, 66.80, 60.38, 45.71, 38.73, 
34.00, 31.91, 30.40, 29.69, 29.35, 28.91, 24.47, 23.78, 
22.68, 21.03, 20.82, 17.94, 17.89, 17.86, 14.18, 14.10, 
12.67, 12.62, 12.54, 10.96, 8.76. TOF MS-ES-, calculated 
mass: 0 9Si2 [M-H]=827.4950, measured mass:C46H76
[M-H]=827 .4922. 
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[0097] 3,5-0-ditriisopropylsilyl-4'-(6-octanoyl)glucosyl 
resveratrol, compound 15. Yield=15.5%. R¡:0.07 (hexane: 
ethyl acetate- 1:2). RMN oeH (300 MHz, CDC13): o7.45 
(d, 1=8.5 Hz, 2H), 7.07 (d, 1=8.4 Hz, 2H), 6.93 (q, 1=16.2 
Hz, 2H), 6.66 (s, 2H), 6.37 (s, lH), 4.96 (d, 1=6.0 Hz, lH), 
4.43 (m, 2H), 3.77-3.55 (m, 4H), 2.36 (t, 1=7.5 Hz, 2H), 1.63 
(d, 1=6.8 Hz, 2H), 1.29-1.24 (m, 8H), 1.14 (d, 1=7.0 Hz, 
36H), 0.92-0.84 (m, 3H). RMN of 13C (75 MHz, CDC13): 

6=174.78, 157.28, 139.28, 132.63, 127.93, 117.30, 111.52, 
74.32, 73.59, 34.47, 31.88, 29.97, 29.36, 29.17, 25.12, 
22.84, 18.18, 14.29, 12.94. TOF MS-ES+, calculated mass: 

[M+Na]=851.4926, measured mass: [M+Na]C46H760 9Si2 
=851.4966. 
Series of Triethylsilyl Resveratrol Derivatives with Acyl 
Groups. 
[0098] 3,5-0-triethylsilyl resveratrol (9) (1 eq.) was dis­
solved in tert-butanol, and the vinyl ester ofthe correspond­
ing fatty acid (6 eq.) and Novozyme 435® (approx. 100 mg) 
were added. The reaction was allowed to progress for 60 h 
at 50° C. under orbital shaking. After this period, the 
reaction was filtered in order to remove the enzyme and 
washed with a little methanol. The obtained crude was 
purified by means of silica gel column chromatography with 
a gradient using a mixture ofhexane and ethyl acetate as the 
mobile phase (100:0-1:1). 
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[0099] 3,5-0-triethylsilyl-4'-propanoyl resveratrol, com­
pound 16. Yirld=34.0%. R¡=0.35 (hexane:ethyl acetate- 8: 
1). RMN of H (400 MHz, CDC13): 6=7.37 (d, 1=8.3 Hz, 
2H), 6.94 (d, 1=16.2 Hz, lH), 6.87-6.73 (m, 3H), 6.60 (d, 
1=2.3 Hz, 2H), 6.28 (t, 1=2.1 Hz, lH), 2.33 (q, 2H), 1.66 (t, 
3Hj 1.01 (t, 1=7.9 Hz, 18H), 0.75 (q, 1=7.9 Hz, 12H). RMN 

3of C (101 MHz, CDC13): 6=180.10 (CO), 156.55 (2xCq), 
155.26 (Cq), 139.39 (Cq), 130.20 (Cq), 128.24 (CH arom), 
127.91 (2xCH arom), 126.60 (CH arom), 115.56 (2xCH 
arom), 111.38 (2xCH arom), 110.93 (CH arom), 29.67 
(CH2CO), 14.06 (CH3 CH2CO), 6.60 (6xCH2Si), 5.00 
(6xCH3CH2Si). 
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[0100] 3,5-0-triethylsilyl-4'-butanoyl resveratrol, com­
pound 17. Yield=39.0%. R¡=0.29 (hexane:ethyl acetate- 8: 
1). RMN of 1H (400 MHz, CDC13 ): 6=7.37 (d, 1=8.0 Hz, 
2H), 6.93 (d, 1=16.2 Hz, lH), 6.87-6.76 (m, 3H), 6.60 (d, 
1=2.2 Hz, 2H), 6.27 (t, 1=2.1 Hz, lH), 2.34 (t, 2H), 1.66 (m, 
2H), 1.00 (t, 1=7.9 Hz, 18H), 0.94 (t, 3H), 0.74 (q, 1=7.9 Hz, 
12H). RMN of 13C (101 MHz, CDC13): 6=179.26 (CO), 
156.55 (2xCq), 155.32 (Cq), 139.40 (Cq), 130.14 (Cq), 
128.25 (CH arom), 127.91 (2xCH arom), 126.56 (CH arom), 
115.57 (2xCH arom), 111.38 (2xCH arom), 110.91 (CH 
arom), 29.65 (CH2CO), 22.66 (CH2CH3), 14.06 (CH3), 6.60 
(6xCH2Si), 4.99 (6xCH3CH2Si). 
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[0101] 3,5-0-triethylsilyl-4'-hexanoyl resveratrol, com­
pound 18. Yield=66.0%. R¡=0.29 (hexane:ethyl acetate-8: 
1). RMN of 1H (400 MHz, CDC13 ): 6=7.36 (d, 1=8.0 Hz, 
2H), 6.93 (d, 1=16.2 Hz, 1H), 6.85-6.76 (m, 3H), 6.59 (d, 
1=2.2 Hz, 2H), 6.26 (t, 1=2.2 Hz, lH), 2.33 (t, 1=7.5 Hz, 2H), 
1.70-1.56 (m, 2H), 1.32 (m, 2H), 1.00 (t, 1=7.9 Hz, 18H), 
0.92-0.84 (m, 3H), 0.79-0.69 (m, 12H). RMN of 13C (101 
MHz, CDC13): 6=180.26 (CO), 156.54 (2xCq), 155.39 (Cq), 
139.41 (Cq), 130.07 (Cq), 128.28 (CH arom), 127.88 (2xCH 
arom), 126.49 (CH arom), 1 15.57 (2xCH arom), 1 11.36 
(2xCH arom), 110.88 (CH arom), 34.02 (CH2CO), 31.16 
(CH2 CH2), 24.33 (CH2 CH2), 22.24 (CH2CH3), 13.80 
(CH3), 6.58 (6xCH2Si), 4.98 (6xCH3CH2Si). 
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[0102] 3,5-0-triethylsilyl-4'-octanoyl resveratrol, com­
pound 19. Yield=63.0%. R¡=0.25 (hexane:ethyl acetate- 8: 
1). RMN of 1H (400 MHz, CDC13 ): 6=7.36 (d, 1=8.3 Hz, 
2H), 6.93 (d, 1=16.3 Hz, lH), 6.87-6.72 (m, 3H), 6.59 (d, 
1=2.2 Hz, 2H), 6.26 (t, 1=2.2 Hz, lH), 2.33 (t, 1=7.5 Hz, 2H), 
1.62 (q, 1=7.4 Hz, 2H), 1.29 (m, 8H), 1.00 (t, 1=7.9 Hz, 

(L 18H), 0.86 (t, 1=6.6 Hz, 3H), 0.74 (q, 1=7.9 Hz, 12H). RMN 
of 13C (101 MHz, CDC13): 6=180.38 (CO), 156.54 (2xCq), 
155.43 (Cq), 139.40 (Cq), 130.04 (Cq), 128.27 (CH arom), 
127.87 (2xCH arom), 126.48 (CH arom), 115.56 (2xCH 
arom), 111.34 (2xCH arom), 110.87 (CH arom), 34.07 
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(CH2CO), 31.58 (CH2 CH2), 28.97 (CH2 CH2) , 28.85 (CH2 

CH2), 24.64 (CH2 CH2), 22.54 (CH2CH3), 13.98 (CH3), 

6.58 (6xCH2Si), 4.98 (6xCH3CH2Si). 

(L 
o 

[0103] 3,5-0-triethylsilyl-4'-decanoate resveratrol, com­
pound 20. Yield=89.0%. R¡=0.25 (hexane:ethyl acetate- 8: 
1). RMN of 1H (400 MHz, CDCI3 ): 6=7.36 (d, 1=8.2 Hz, 
2H), 6.93 (d, 1=16.2 Hz, lH), 6.88-6.74 (m, 3H), 6.59 (d, 
1=2.2 Hz, 2H), 6.26 (t, 1=2.2 Hz, lH), 2.33 (t, 1=7.5 Hz, 2H), 
1.62 (q, 1=7.4 Hz, 2H), 1.41-1.18 (m, 12H), 1.00 (t, 1=7.9 
Hz, 18H), 0.86 (t, 1=6.8 Hz, 3H), 0.74 (q, 1=7.8 Hz, 12H). 
RMN of 13C (101 MHz, CDCI3): 6=180.43 (CO), 156.54 
(2xCq), 155.48 (Cq), 139.42 (Cq), 130.00 (Cq), 128.30 (CH 
arom), 127.86 (2xCH arom), 126.44 (CH arom), 115.57 
(2xCH arom), lll.34 (2xCH arom), 110.86 (CH arom), 
34.08 (CH2CO), 31.82 (CH2 CH2), 29.35 (CH2 CH2), 29.21 
(CH2 CH2), 29.20 (CH2 CH2), 29.02 (CH2 CH2), 24.64 (CH2 

CH2), 22.62 (CH2 CH3), 14.02 (CH3), 6.57 (6xCH2Si), 4.98 
( 6xCH3CH2Si). 

Example 2: Viability and Neuroprotection Assays 

[0104] The SH-SYSY neuroblastoma cell line was cul­
tured in petri dishes pre-treated with collagen (100 ng/ml) 
with F12 medium supplemented with penicillin/streptomy­
cin and 10% inactivated fetal bovine serum. 
[0105] Cell viability assays with neurons were prepared in 
96-well plates pre-treated with collagen by seeding 20,000 
cells/well in a volume of 100 ¡.tL and incubating the cells for 
24 h before the addition of the compounds. The compounds 
to be tested were dissolved in DMSO and added in three 
different concentrations (1 , 10, and 100 ¡.tM) in order to 
determine their toxicity. The final percentage of DMSO in 
each well was adjusted to 1%. The cell viability was 
evaluated 24 h after the addition ofthe compounds by means 
ofthe MTT assay according to the manufacturer's method. 
Mean values and standard deviations were calculated from 
at least eight different measurements from severa! indepen­
dent experiments. 
[0106] For the neuroprotection assay, the neurons were 
cultured and seeded in the same manner as for the cell 
viability assay. The compounds to be tested were dissolved 
in DMSO and added in three different concentrations (1, 10, 
and 100 ¡.tM) and, after lO-minute incubation, hydrogen 
peroxide (100 ¡.tM) was added to the medium. The final 
percentage of DMSO in each well was adjusted to 1%. The 
cell viability was evaluated 24 h after the addition of the 
compounds by means of the MTT assay according to the 
manufacturer's method. Mean values and standard devia­
tions were calculated from at least eight different measure­

ments from severa! independent experiments. Neuronal 
recovery was calculated by normalizing the results of the 
neuronal viability experiments after the addition of the 

20 

compounds ofthe invention and H20 2 to the positive control 
of each experiment (neurons+H20 2 ). 

[0107] It is observed that the RES 10 ¡.tM control recovers 
up to 50% of cell viability (FIGS. 1 to 5, indicated by the 
broken line). In contrast, many ofthe silylated derivatives of 
the invention recover between 80 and 120% viability at 
concentrations between 1 and 100 ¡.tM. Sorne appear to 
exhibit toxicity at 100 ¡.tM. 

Example 3: Infiannnation Assay 

[0108] RAW 264.7 macrophages were cultured in P75 
with high-glucose DMEM supplemented with penicillin/ 
streptomycin and 1 0% inactivated fetal bovine serum. 
[0109] The cell viability assays with RAW macrophages 
were prepared in 96-well plates by seeding 25,000 cells/well 
in a volume of 100 ¡.tL and incubating the cells for 4 h before 
the addition ofthe compounds. The compounds to be tested 
were dissolved in DMSO and added in three different 
concentrations (1, 10, and 100 ¡.tM) in order to determine 
their toxicity. The final percentage of DMSO in each well 
was adjusted to 1%. The cell viability was evaluated 24 h 
after the addition of the compounds by means of the MTT 
assay according to the manufacturer's method. Mean values 
and standard deviations were calculated from at least eight 
different measurements from severa! independent experi­
ments. 
[0110] For the testing of mitigation of damage caused by 
the addition of LPS, the RAW 264.7 macrophages were 
cultured according to the procedure described above. The 
compounds to be tested were dissolved in DMSO and added 
in three different concentrations (1, 10, and 100 ¡.tM) and, 
after lO-minute incubation, LPS (100 ng/ml) was added to 
the medium. The final percentage ofDMSO in each well was 
adjusted to 1%. The cell viability was evaluated 24 h after 
the addition of the compounds by means of the MTT assay 
according to the manufacturer's method. Mean values and 
standard deviations were calculated from at least eight 
different measurements from severa! independent experi­
ments. 
[0111] In this assay, it is observed that the 10 ¡.tM resvera­
trol control recovers up to 62% of cell viability (FIGS. 6 to 
1O, indicated by the broken !in e). In contrast, severa! of the 
silylated derivatives of the invention recover greater cell 
viability at concentrations between 1 and 100 ¡.tM. Sorne 
appear to exhibit toxicity at 1 00 ¡.tM. 
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Example 4: Measurements of Inflammation exchange was then carried out, and the larvae were incu­
Parameters in Assay with LPS bated with the compounds in combination with 5 mM PTZ 

[0112] To determine the production of cytokines, 5x105 

RAW 264.7 macrophages were seeded in 24-well plates (0.5 
mi per well). The compounds to be tested were then added 
(10 ¡.tM), and the macrophages were either stimulated or not 
through the addition ofLPS (1 ¡.tg/ml) to the culture medium. 
After 24 hours, the levels ofiL-6 and TNF -a were measured 
in the supematants by E LISA using the capture and bioti­
nylated antibodies from BD PharMingen and PrepoTech 
following known protocols . The levels of NO in the super­
natants at 24 hours were measured indirectly by determining 
the nitrite concentration in the medium using the Griess 
reagent according to established protocol. A minimum of 
two independent experiments and three replicates per 
experiment were performed for each measured value. The 
values are expressed as the mean:tstandard deviation. 
[0113] In the previous assay, the levels ofvarious inflam­
mation parameters were measured (TNF-a, NO, and IL-6) 
by ELISA after treatment with RES or with sorne of the 
compounds of the invention (2, 3, 5, 6, 8, and 9). 
[0114] It is observed that the control of RES 10 ¡.tM 
significantly decreases inflammatory parameters (TNF-a, 
NO, and IL-6) (FIGS. 11, 12, and 13, respectively, indicated 
by the bar in bold). In contrast, severa! of the silylated 
derivatives ofthe invention improve RES and decrease these 
parameters even further. 

Example 5: Evaluation of the Neuroprotective 

Capacity of Various Silylated Compounds in a 


Model of Neurodecqeneration in Zebrafish Larva e 

Induced by Pentylenetetrazole (PTZ) 


[0115] The objective of this assay was to analyze the 
protective effect of various derivatives of resveratrol in a 
model of neurotoxicity induced by the neurotoxin pentyle­
netetrazole (PTZ). As an experimental model, the zebrafish 
(Danio rerio) was used to study the effect of the compmmds 
on acetylcholinesterase activity (AChE) in larvae at 5 days 
post-fertilization ( dpf). 
[0116] Studies of the central nervous system (CNS) in 
zebrafish show that, at 24 hours of development, the brain of 
the embryo has already segmented and already has sorne 
structures such as the neural tube, the notochord, and the 
somites (muscle, and bone precursors). At 5 days post­
fertilization (5 dpf), the animal has formed sensory organs 
such as eyes and otoliths. In addition, the heart, liver, 
kidneys, and pancreas, as well as the circulatory, digestive, 
and nervous systems, are fully functional. At this time, the 
animal is able to respond to visual, olfactory, and mechanical 
stimuli and begins the search for food. 
[0117] Zebrafish embryos were seeded in 50 mi of dilution 
water (AD) in a Petri dish and grown to 5 dpf (larval stage ). 
Only those larvae that did not exhibit any type of externa! 
anomaly were used to perform the assay. Next, the larvae 
were transferred using a Pasteur pipette to a 24-well 
microplate, so that each well contained five larvae, making 
ten replicates per condition. First, the pre-treatment ofthe 5 
dpf larvae was performed. For this, the larvae were incu­
bated at 26:t1 o C. for 1 hour in a volume of 2 mi of AD for 
the two control groups (Control and Control+PTZ), of 
physostigmine (Phys) 20 ¡.tM, which is a commercial inhibi­
tor of the enzyme A ChE for the Phys group, and of the test 
compounds at a concentration of 1 O ¡.tM. A medium 

for 6 hours at 26:t 1 o C. After this incubation period, all ofthe 
larvae were examined, and it was determined that the 
general state of the larva e was totally normal, without any 
visible anomaly or anomalous behavior. Finally, the larvae 
were processed for the analysis of the A ChE activity. 
[0118] In order to determine the AChE levels, larvae 
processing was carried out according to the established 
technical study protocol once the experimental period was 
completed. The larvae were homogenized mechanically, and 
the samples were centrifuged to obtain the supematant, 
which were used to determine the levels of the AChE 
enzyme as a function of the treatrnents administered. In 
addition, the determination of total protein of each experi­
mental group was carried out according to the established 
technical study protocol. Finally, the AChE levels deter­
mined in the control group were taken as a reference 
measurement and deemed to be 100%. 
[0119] The results of this assay showed that silylated 
derivatives 9 (3,5-dithyrylsilyl resveratrol) and 15 (3,5-0­
ditriisopropylsilyl-4'-(6-octanaoyl)glucosyl resveratrol) sig­
nificantly prevent the decrease in A ChE activity induced by 
PTZ in 5 dpflarvae, exhibiting a clear neuroprotective effect 
(see FIGS. 14 and 15). Silylated derivatives 8, 14, and 17 
show a lower neuroprotective effect similar to that observed 
for resveratrol (RES). 

Example 6: Testing of Compound 15 in Animal 

Model of Huntington's Disease 


[0120] Compound 15 was investigated as a possible treat­
ment in a mouse model of Huntington's disease. The com­
pound resveratrol (RES) was added as a reference. 
[0121] In this model, increasing amounts of 3-nitro-pro­
pionic acid (3NP) are injected into the mice, causing lesions 
with a phenotype very similar to that of Huntington's 
disease, both mechanically and pathologically. Once the 
damage was caused, the mice were treated with RES, 
compound 15, or vehicle, and we studied the effect thereof 
on the mouse on the basis of different parameters. Behav­
ioral studies (rotarod test), an assessment was made ofmotor 
capacity (tabulated on a scale ofO normal to 4 incapable, in 
severa! parameters such as general mouse dystonia, ability 
to flip over, and the ability to explore), weight was moni­
tored, and subsequent measurements were taken such as of 
the inhibition of pro-inflammatory cytokines in plasma or 
brain. 
[0122] The design ofthe experiment is shown in FIG. 16. 
#=Behavioral study and rotarod test;~ Administration ofthe 
compound; W=weeks of age of the mice; D=Day of the 
experiment. 
[0123] The results are shown in FIG. 17. In all cases, it is 
observed how compound 15 is capable of improving the 
phenotype caused by 3NP either by decreasing the severity 
of the motor lesions or the levels of pro-inflammatory 
cytokines such as IL-6, or by increasing the weight of the 
animals. The differences between compound 15 and RES are 
not great, probably because this animal model is short and 
very aggressive. It would be advisable to test compound 15 
in a model in which the neuronal, motor, and inflammatory 
damage was slower and more progressive, because it would 
be closer to the reality of the patient and because the 
treatment is perhaps much more e:fficient in a more progres­
sive model. 
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Example 7: Testing of Compound 15 in Animal 

Model of Multiple Sclerosis 


[0124] Compound 15 was investigated as a possible treat­
ment in a mouse model of multiple sclerosis. The compound 
resveratrol (RES) was added as a reference. An experimental 
allergic encephalomyelitis model, EAE, was used as an 
animal model of multiple sclerosis. 
[0125] In this model, mice are injected with myelin oli­
godendrocyte glycoprotein (MOG, MOG35_55 , is the 21 
amino acid peptide corresponding to the sequence from 
positions 35 to 55 of the MOG glycoprotein) and virus 
pertussis (pertussis toxin, PTX) in order to induce the 
disease. Two days after induction, a new dose of the virus 
was given again, because sorne mice were not developing 
symptoms of EAE. Once the damage was caused, the mice 
were treated with RES, compound 15, or vehicle, and we 
studied the e:ffect thereof on the mouse on the basis of 
di:fferent motor parameters on a scale from O normal to 4 
incapable. 
[0126] The design of the experiment is shown below: 

Experimental Groups: 

[0127] Vehicle without tween-80 emulsifier (control 
EAE without T) 

[0128] Vehicle with tween-80 emulsifier (EAE-T con­
trol) 

[0129] Preventive RES (without tween-80 emulsifier) 
(RES-PREV) 

[0130] Therapeutic RES (no tween-80 emulsifier) 
(RES-TERAP) 

[0131] Preventive compound 15 (with tween-80 emul­
sifier) (compound 15-PREV) 

[0132] Therapeutic compound 15 (with tween-80 emul­
sifier) (compound 15-TERAP) 

[0133] Preventive Regimen (Pretreatment. PREV): 
[0134] The (intraperitoneal) administration of the com­
pounds (resveratrol, compound 15, and vehicle, with or 
without tween-80) is started 5 days after induction. 250 ¡.tL 
of the compound in question (20 mg/kg) were injected twice 
a week and the treatment was maintained for 3 weeks . The 
treatment was then stopped, but the state of the mice was 
monitored for another 3 weeks ( 47 days total). 
[0135] Therapeutic Regimen (Therapeutic. TERAP): 
[0136] The (intraperitoneal) administration of the com­
pounds (resveratrol, compound 15, and vehicle, with or 
without tween-80) is started 12 days after induction. 250 ¡.tL 
ofthe compound in question (20 mg/kg) were injected twice 
a week and the treatment was maintained for 2 weeks . The 
treatment was then stopped, but the state of the mice was 
monitored for another 3 weeks ( 47 days total). 
[0137] When performing a preventive treatment (see 
FIGS. 18a and 18b), it is observed that compound 15 does 
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not have a great e:ffect on motor capacity (a). On the other 
hand, RES does reduce damage on a motor leve! with this 
preventive treatment (b). 
[0138] When performing a therapeutic treatment (see 
FIGS. 18c and 18d), it is observed that compound 15 
improves the clinical classification of the motor capacity of 
the mice compared to the control, especially between days 
20-30 of the test (second week of administration of the 
compound). It is also striking that this improvement in the 
clinical classification was maintained during days 30-47, 
when the administration of the drug had already been 
interrupted. In contrast, the mice do not appear to improve 
in terms ofthe damage produced when RES is administered 
in therapeutic mode. 
[0139] It should also be highlighted that the tween-80 
emulsifier appears to have a pharmacological e:ffect per se 
(see controls of the preventive treatment groups, a vs. b), 
which would be masking, at least partially, the possible 
e:ffect of compound 15 in reducing the damage in the 
multiple sclerosis model. 
[0140] It is important to note that 20 mglkg of each 
compound (RES and compound 15) was administered, but 
given the large di:fferences in molecular weight of the two 
compounds (MW compound 15=3xMW RES), the admin­
istered doses are not comparable. Thus, the dose adminis­
tered (in ¡.tmol/kg) ofRES=3x dose of compound 15, so that 
although the two compounds show a similar e:fficacy in the 
treatment of EAE, compound 15 does so at a much lower 
concentration than RES and is therefore much more e:ffec­
tive. 

l. A method of treatment and/or prevention of inflamma­
tory, neurological, or neurodegenerative diseases, wherein 
the method comprises administering to a patient in need of 
such treatrnent a therapeutically e:ffective amount of 

(i) a compound of formula (I): 
(!) 

OR3 

R10 

wherein R1, R2 , and R3 are independently selected from 
the group consisting of H, a SiR4 R5R6 group, - NH 
(CO)R7 group, and a carbohydrate, 

wherein R4 , R5 , and R6 are independently selected from 
the group consisting of linear C1-C6 alkyl, branched 
C1-C6 alkyl, and a phenyl group, and 

R7 is a linear C1-C12 alkyl or branched C1-C12 alkyl, 
with the proviso that at least one of Ru R2 , and R3 is an 

SiR4R5R6 group, or of 
(ii) a compound selected from the group consisting of: 

o~ 
o 

o 

(C 
o 

(C 
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-continued 

o~ 
o 

o~ 

o 

2. The method of claim 1, wherein R1 and R2 are a 
SiR4 R5R6 group. 

3. The method of claim 2, wherein R3 is selected from the 
group consisting of H, - NH(CO)R7, and the following 
carbohydrate: 

and wherein R8 is selected from the group consisting of H, 
and ---C(O)-R9, and R9 is selected from the group con­
sisting of a C1-C22alkyl and a C1-C22 alkenyl. 

4. (canceled) 

5. (canceled) 

6. The method of claim 1, wherein R1 and R3 are a 
SiR4R5R6 group. 

7. The method of claim 6, wherein R2 is selected from the 
group consisting of H, - NH(CO)R7, and the following 
carbohydrate: 

and wherein R8 is selected from the group consisting of H, 

and ---C(O)- R9 , and R9 is selected from the group con­

sisting of a C1-C22 alkyl and a Cl-C22 alkenyl. 

8. (canceled) 

9. (canceled) 

10. The method of claim 1, wherein Ru R2 , and R3 are a 
SiR4 R5R6 group. 

11. (canceled) 

12. The method ofclaim 1, wherein R4 and R5 are selected 

from the group consisting of methyl, ethyl, and isopropyl, 

and R6 is selected from the group consisting of tert-butyl, 

ethyl, and isopropyl. 

13. (canceled) 
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14. The m th 
formula (I) . e od of claim 1 wherein the !S selected from the group co . ~ompound ofns1stmg of: 

XSi/0
/\ 

OH 

o,~ 
OH A/o 

~ 1)--
~ ~ 

A/0
1)-­

A/o 
OH 

o,~ 1)--
~ 

--l /0 A/01)--
~ ~ 

1)-­
OH 

OH 
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OH 

15. The method of c!aim 1, wherein the neurological or 
neurodegenerative disease is selected from the group con­
sisting of Alzheimer's disease, Parkinson's disease, Hun­
tington's disease, multiple sclerosis, amyotrophic lateral 
sclerosis, frontotemporal dementia, ischemia, and epilepsy. 

16. A compound of formula (I'): 

(!') 

R10 

OR2 

wherein R¡, R2 , and R3 are independently selected from 
the group consisting of H, a SiR4 R5R6 group, -NH 
(CO)R7 group, and a carbohydrate, and 

wherein R4 , R5 , and R6 are independently selected from 
the group consisting of linear C1-C6 alkyl, branched 
C1-C6 alkyl anda phenyl group and R7 is selected from 
the group consisting of a linear C1-C12 alkyl and 
branched C1-C2 alkyl, with the proviso that at least one 
ofR¡, R2 , and R3 is a SiR4R5R6 group and that it is not 
one of the following compounds: 

(E)-(5-(4-(trimethylsilyloxy)styryl)-1 ,3-phenylene)bis 
(oxy)bis(trimethylsilane), 

(E)-4-(3 ,5 -bis(triisopropylsy!yloxy)styryl)phenol, 

(E)-3-(tert-butyldimethy!silyloxy)-5-(4-(tert-butyldim­
ethylsilyloxy)styryl)phenol, 

(E)-3-(tert-butyldimethy!silyloxy)-5-(4-(tert-butyldim­
ethylsilyloxy)styryl)phenol, 

(E)-3-(tert-butyldimethylsilyloxy)-5-(4-hydroxystyryl) 
phenol, 

(E)-5-( 4-(tert-butyldimethylsilyloxy)styryl)benzene-1, 
3-diol, 

(E)-(5-(4-(tert-butyldimethylsilyloxy)styryl)-1 ,3 -phe­
nylene)bis(oxy)bis(tert-butyldimethylsilane). 

17. The compound of claim 16, wherein R1 and R2 are a 
SiR4 R5R6 group. 

18. The compound of c!aim 17, wherein R3 is se!ected 
from the group consisting of H, - NH(CO)R7 , and the 
following carbohydrate: 

and wherein R8 is selected from the group consisting of H, 
and -C(O)- R9 , and R9 is selected from the group con­
sisting of a C1 alkyl and a C1 alkenyl.-C22 -C22 

19. (canceled) 

20. (canceled) 

21. The compound of claim 16, wherein R1 and R3 are a 
SiR4 R5R6 group. 

22. The compound of claim 21, wherein R2 is selected 
from the group consisting of H, -NH(CO)R7 , and the 
following carbohydrate: 

and wherein R8 is selected from the group consisting of H, 
and -C(O)- R9 , and R9 is selected from the group con­
sisting of a C1-C22 alkyl and a C1-C22 alkenyl. 

23. (canceled) 

24. (canceled) 

25. The compound of claim 16, wherein R¡, R2 , and R3 

are a SiR4 R5R6 group. 

26. The compound of claim 16, wherein R4 and R5 are 
selected from the group consisting of methyl, ethyl, and 
isopropyl and R6 is selected from the group consisting of 
tert-butyl, ethyl, and isopropyl. 

27. (canceled) 

28. (canceled) 
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29. The compound of formula (I') in claim 16 is selected 
from the following group consisting of: 

or 
--(/0 

Si 

\1--(¡1 
1 HO 

# 

o,¡ o,¡ 
--(f --(f 

o,h o,/ 

) 
Si~ 

HO 1 

<~e: 
) 

o,/ o,/ 
Si~ Si~

___) ___) 

OH 

o 

o._N)-.J 
H 

HO~O\.l 
HO~ 

HO OH 



US 2019/0284213 Al Sep. 19,2019 
23 

-continued 

o/""\-o~oH 
HO~OH 

OH 

~ 

)-jsi-o ~ 
o~ #1 

~o~o,¡" 
HO~ 

HO OH 

30. (canceled) 
31. A pharmaceutical composition that comprises a com­

pound of formula (I') in claim 16. 

* * * * * 
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