wo 2011/069334 A1 | I 0K 00 OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

ot VAP,
(19 Worta tattlectual Property Organization /852 |1} O OO0 RO 00 A
nternational Bureau S,/ 0 |
(43) International Publication Date \;/ 3 (10) International Publication Number
16 June 2011 (16.06.2011) WO 2011/069334 A1
(51) International Patent Classification: (72) Inventors; and
CO7H 3/04 (2006.01) A61K 31/7016 (2006.01) (75) Inventors/Applicants (for US only). IP, Nancy Yuk-Yu
CO7H 13/08 (2006.01) A61K 31/7004 (2006.01) [CN/CN]; 7A, Repulse Bay Towers, 119A Repulse Bay
CO7D 311/08 (2006.01) AG61P 35/00 (2006.01) Road, Hong Kong (CN). IP, Fanny Chui-Fun [CN/CN];
A61K 31/352 (2006.01) AG61P 25/00 (2006.01) Block B, 7/F, Pak Shing Building, 31-37, Jordan Road,
A61K 31/19 (2006.01) A61P 25/28 (2006.01) Kowloon, Hong Kong (CN). FU, Wing Yu [CN/CN];

Flat 3D, Phase 5, Harrison Court, Man Wan Road,

(21) International Application Number: Homantin, Kowloon, Hong Kong (CN). FU, Guangmiao

PCT/CN2010/001982 [CN/CNJ; Flat 3D, Block C, 1a, Jsq, Hkust, Clear Water

(22) International Filing Date: Bay Road 660, Kowloon, Hong Kong (CN).
7 December 2010 (07.12.2010) 74y Agent: BEIJING KINSCOM INTELLECTUAL
(25) Filing Language: English PROPERTY AGENT CO., LTD.; 1701B, Baiyan
. Building, No.238 Beisihuan Zhong Road, Haidian, Bei-

(26) Publication Language: English jing 100191 (CN).

(30) Priority Data: (81) Designated States (unless otherwise indicated, for every
61/282,039 7 December 2009 (07.12.2009) Us kind of national protection available): AE, AG, AL, AM,
(71) Applicant (for all designated States except US): THE AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
HONG KONG UNIVERSITY OF SCIENCE AND CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
TECHNOLOGY [CN/CN]; Clear Water Bay, Kowloon, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
Hong Kong (CN). HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,

KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,

[Continued on next page]

(54) Title: CDKS5 INHIBITORS AND THERAPEUTIC USES THEREOF

(57) Abstract: Natural occurring in-
FIG. 4 hibitors of cyclin-dependent protein
kinase 5 (CdkS5), isolated from the
root of Rhodiola rosea are structural-
ly different from the known Cdk in-

1004 P— hibitors. They show selectivity among
e difterent Cdks and efficacy to inhibit
v F1e.c22 Cdk via a mixed-type of inhibition,
* C23 . . .
phSropon which should lead to less toxicity and
O Fiee-c3s side-effects. They are useful in pre-

venting and treating diseases and dis-
orders associated with aberrant Cdk5
activities, such as acute and/or chron-
ic pain, neuropathic pain, diabetes
mellitus, cancer, neurodegenerative
diseases and neuropathological disor-
ders.

% of inhibition
g

Drug 1Cs0 (uM) Maximum inhibition

F199-C4 (gallic acid) 40.6 64.19% at 200 uM
F199-Cé6 (rodalin} 344 56.61% at 200 uM
F199-C16 (litvinolin) 3.24 87.5% at 200 uM
F199-C22 (6-0-galloyl rosin, novel structure) 20.1 46.5% at 80 uM
F199-C23 (4’-methoxyherbacetin) 1.21 45% at 20 uM
F199-C34 (6-O-galloy! arbutin) 5.63 70% at 80 uM
F199-C35 (epigallocatechin-3-gallate) 14.72 68.4% at 200 uM




WO 2011/069334 A1 I 0000 ) 00O 0O 0 A0

84)

SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARTPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,

TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF, SL, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))



WO 2011/069334 PCT/CN2010/001982

CDKS5 INHIBITORS AND THERAPEUTIC USES THEREOF

CROSS-REFERENCE TO RELATED APPLICATIONS

[1] This application claims priority from U.S. Provisional Application No.

61/282,039, filed December 7, 2009.

FIELD OF THE INVENTION

[2] This invention relates to new Cdk inhibitors isolated from natural sources for
therapeutic uses. More particularly, it relates to compounds that are naturally
occurring Cdk5 inhibitors from the plant Rhodiola rosea and their biological activities

as Cdkb inhibitors.

BACKGROUND OF THE INVENTION

[8] With today's high throughput chemical synthetic technologies and high
efficiency screening methodologies, it may not be difficult to find chemical
compounds that show promising biological effects at the cellular level in the
laboratory. However, the rate of these compounds becoming clinically useful is very
low due to a number of factors. A key factor is their toxicity and side effects, which
are often severe and may not be tolerable by the human body during later stages of
drug development. In this respect, new compounds discovered from natural sources

that have been used therapeutically for thousands of years have received renewed
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attention due to the fact that they have been consumed by humans for a long time
and thus, their toxicity and side effects are more likely to be more tolerable than

purely synthetic compounds.

[4] Cyclin-dependent kinases (Cdks) belong to a family of proline-directed
serine/threonine kinases that play important roles in controlling cell cycle
progression and transcriptional control. Activation of Cdks requires the association
with specific regulatory subunits, cyclin, and requires the phosphorylation at
specific threonine residues on Cdks. Cdkl, 2, 3, 4 and 6 play important roles in
regulating the transition of different cell cycle phases. Cdkl is a mitotic Cdk,
whereas Cdk2, 4 and 6 are interphase Cdks that play regulatory roles in the
progression of quiescent G1 to S phases. Therefore, abnormal activation of Cdks
leads to cell cycle deregulation such as continued cell proliferation or unrestrained
cell cycle re-entry, and subsequent development of diseases such as cancers (Shapiro,
2006; Malumbres & Barbacid, 2009). Cyclin-dependent kinase 5 (Cdk5), a proline-
directed serine/threonine kinase, is unique due to its indispensable role in neuronal
development and function. Despite its structural homology with other Cdks, Cdk5
may not be involved in the regulation of cell cycle. Activation of Cdk5 is dependent
on its association with two specific activators, p35 and p39, which are expressed in
neuronal cells. Therefore, while Cdk5 is expressed ubiquitously in cells, it is mainly

active in postmitotic neurons due to the restricted expression of p35 and p39 (Tsai et
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al., 1993; Zheng et al., 1998).

[5]  Cdk5 plays a diverse physiological role in neural cells, including neuronal
migration (Xie et al., 2003) and axon guidance (Connell-Crowley et al., 2000) during
early neural development as well as synapse formation and synaptic plasticity
(Cheung et al., 2006; Lai and Ip, 2009). However, more recently, Cdk5 has also been
found to play important roles outside the central nervous system such as pain
signaling that involves the sensory pathways (Pareek et al., 2006), and in modulating
glucose-stimulated insulin levels in pancreatic beta cells, (Wei et al., 2005). Due to its
key physiological roles, uncontrolled activity of Cdk5 has been linked to various
diseases/disorders such that Cdk5 has emerged as a potential molecular target for
therapeutic drugs. In neurons, Cdk5 deregulation triggers neuronal apoptosis
(Cheung and Ip, 2004), suggesting that aberrant regulation of Cdk5 activity is
responsible for the progression of neurodegenerative diseases such as Alzheimer’s
disease (AD) and Parkinson’s disease (PD). Aberrant Cdk5 activity, for example, is
also linked to cancer development, progression and metastasis such as prostate and

thyroid carcinoma (Strock et al., 2006; Lin et al., 2007).

[6]  The two major pathological hallmarks of AD are the accumulation of senile
plaques and neurofibrillary tangles in the diseased brain. The deregulation of Cdk5
is caused by the presence of p25, a cleavage product of p35 generated under

pathological conditions (Patrick et al., 1999). Accumulation of p25 protein is found in
3
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the brains of AD patients (Patrick et al., 1999). Recent findings also indicate that
CdkS5 is one of the key kinases that regulate the formation of senile plaques (Monaco,

2004) and neurofibrillary tangles (Cruz et al., 2003).

[71  Another major neurodegenerative disease that links to Cdk5 is PD).
Pathologically, PD is characterized by motor impairment due to the progressive
death of selected populations of neurons, especially the dopaminergic neurons in the
substantia nigra pars compacta (Muntane et al., 2008). In a PD mouse model induced
by 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP), elevated expression and
activity of Cdk5 have been reported to be correlated with dopaminergic neurons cell
death (Smith et al., 2003; Qu et al., 2007). Moreover, it is of interest to note that
inhibition of Cdk5 results in an increase in dopamine release, which may help
ameliorate PD progression (Chergui et al., 2004). Cdk5 has also been implicated in a
plethora of other neurodegenerative diseases and neurological disorders such as
Huntington’s disease (Anne et al., 2007), Amyotrophic Lateral Sclerosis (ALS; Bajaj et

al., 1998) and ischemic injury (Wang et al., 2003).

[8] More recently, aberrant Cdk5 activity has been linked to the pathogenesis of
diabetes mellitus (type-2 diabetes). p35, the activator of Cdk5, is present in
pancreatic beta cells and its activity negatively modulates insulin release in response
to glucose (Wei and Tomizawa, 2007). A sustained increase in p35 protein and Cdk5

activity is reported in murine pancreatic beta cells upon high glucose exposure
4
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(Ubeda et al., 2006). Moreover, inhibition of Cdk5 activity by chemical inhibitors
increases insulin secretion in cultured beta cells and in a mouse model of diabetes in
a glucose-dependent manner (Ubeda et al., 2006). These findings are consistent with
the observation that p35-/- mice exhibit enhanced insulin secretion upon glucose
challenge (Wei et al., 2005). CdkS5 is thought to act through the regulation of the Ca?
channel activity or regulation of insulin gene expression during glucotoxicity (Wei et
al., 2005; Ubeda et al., 2006). Thus, Cdk5 inhibitors could be potential therapeutic

agents for the treatment of type-2 diabetes (Kitani et al., 2007).

[9]  Cdk5 has also been emerging as a major potential target for analgesic drugs.
Cdk5/p35 has been indirectly linked to nociceptive pathways. For example Cdk5
regulates the activation of mitogen activated protein kinase (MAPK) in nociceptive
neurons potentially modifying the hyperalgesia that results in increased MAPK
activity. Cdk5 has also been implicated in other pain pathways such as calcium
calmodulin kinase II, delta FosB, the NMDA receptor and the P/Q type voltage-
dependent calcium channel. Furthermore, studies suggest that Cdk5 inhibitors may
be of benefit in the management of acute pain. Cdk5/p35 is shown to be involved in
the processing of pain while its inhibition reduces the responsiveness of normal pain
pathways (Pareek et al., 2006; Pareek and Kulkarni, 2006). More specifically,
peripheral inflammation in rats induces an increase in Cdk5 activity. While p35

transgenic mice with elevated Cdk5 activity are more sensitive to painful stimuli,
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p35-/- and conditional Cdk5-/- mice with markedly reduced Cdk5 activity show
delayed response to pain stimuli (Pareek et al., 2006; Pareek et al., 2007). Cdk5 also
regulates mitogen-activated protein kinasel/2 (MEK1/2) /IM activity through a
negative feedback loop during a peripheral inflammatory response (Pareek and
Kulkarni, 2006). In addition, transient receptor potential vanilloid 1 (TRPV1), a
ligand-gated cation channel that is activated by heat, protons and capsaicin, was
recently identified as a substrate of Cdk5 (Pareek et al., 2007). Since phosphorylation
of TRPV1 by Cdk5 regulates the functions of TRPV1 during pain signaling, it is
believed that Cdk5 could serve as a new molecular target for developing analgesic

drugs.

[10] Since Cdk5 is associated with various diseases, screening of inhibitors that
target Cdk5 may help identify potential drug leads. However, to date, only a few
Cdkb5 inhibitors have been identified and they are far from being ready for clinical
evaluation for neuro-indications. Roscovitine, a member of the 2,6,9-substituted
purine analogs, is one of the Cdk5 inhibitors in development but it also targets Cdk1,
Cdk2, Cdk7 and Cdk9 (Meijer et al., 1997). Currently, roscovitine is in phase-2
clinical trials for non-small cell lung carcinoma, breast cancer, and B-cell
malignancies. The indirubin family is another class of Cdk inhibitors that has its
roots in Chinese medicine. The bis-indole indirubin is an active component of

Ganggui Longhui Wan, a traditional Chinese medicine recipe used for the treatment
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of leukemia and other chronic illnesses due to its antimitotic and antitumor activities
(Leclerc et al., 2001). Indirubin inhibits various kinases including Cdk1, Cdk5 as well
as glycogen synthase kinase-3 beta (GSK3p). GSK3p, together with CdkS5, is believed

to be responsible for the hyperphosphorylation of TAU observed in AD.

[11] Clearly, the scientific literature strongly indicates that Cdk5 inhibitors are
promising therapeutic agents for the treatment of pain and in the management of
type-2 diabetes, and may also be useful in treating neurodegenerative diseases and
neurological disorders. Yet, there is a lack of promising candidate compounds that

can effectively inhibit Cdk5 over other Cdks.

SUMMARY OF THE INVENTION

[12]  One object of the present invention is to provide a butanol fraction of Rhodiola
rosea root having excellent Cdk5 inhibitory activity, and a composition comprising

the same.

[13] Another object of the present invention, accordingly, is to provide a number of
natural occurring compounds showing inhibitory effects on Cdk5 with high
specificity. All the compounds are isolated and purified from a natural herb Rhodiola

rosea. Some of those compounds are novel and have a structure of formula (I):
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Formulal

[14] where Ri -Ru are each independently unsubstituted (i.e., being hydrogen) or
substituted with the same or independently different substituents deemed suitable
by a person of ordinary skill in the art. Example is as follows: F199-C22. A
“substituent” is a commonly used term in organic chemistry and is understood by a
person of ordinary skill in the art to be an atom or group of atoms substituted in
place of a hydrogen atom on the parent chain of a hydrocarbon. It is within ordinary
skill of the art to know what a particular substituent can be at a given position on the
parent chain of hydrocarbon or the backbone without undue experimentation. Thus,
for the present invention and the claims thereof, the term “substituent” means a
suitable replacement of the hydrogen atom on the parent chain of a hydrocarbon,
which is obvious to or easily determined by a person of ordinary skill in organic
chemistry without needing undue experimentation. Examples of possible substituent
for R1 -Rs may be hydroxyl, alkoxyl, acyl, halogen, alkyl, heteroalkyl, arylalkyl,

cycloalkyl, cycloalkyl-alkyl, haloalkyl, heterocycloalkyl or aryl. For Rs the
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substituent may be acyl, alkyl, heteroalkyl, arylalkyl, cycloalkyl, cycloalkyl-alkyl,
haloalkyl, heterocycloalkyl or aryl, except Ph-CO. For R7 -Rui, the substituent may be
hydroxyl, alkoxyl, acyl, halogen, alkyl, heteroalkyl, arylalkyl, cycloalkyl, cycloalkyl-
alkyl, haloalkyl, heterocycloalkyl or aryl. The wavy line denoted by www indicates
the carbon to which the wavy line is attached has a configuration of cis, trans or a

mixture thereof.

[15] Of course, as it is understood by people of ordinary skill in the art, those
natural occurring compounds may be produced by synthetic processes in the
laboratory or in an industrial scale. It is further understood that those identified
compounds may be made in the forms of a pharmaceutically acceptable salt,
prodrug, hydrate and isomers thereof as it may be deemed suitable by the users

under their particular situations.

[16] Another object of the present invention is to provide a method of inhibiting
CdkS5 activities, specifically, inhibiting Cdk5/p25 and Cdk5/p35 activities, with high
specificity. The objected is achieved by contacting the enzyme with the compounds
isolated from a natural herb Rhodiola rosea. Some of the compounds are of formula II

or III:
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R
U
H
PO
R4

OH Rs

Re

Formula II

[17] where R1 —R7 are each independently unsubstituted (i.e., being hydrogen) or
substituted with the same or independently different substituents deemed suitable

by a person of ordinary skill in the art. Examples of the compounds are as follow:

F199-C6, F199-C16, F199-C23, F199-C35, F199-C42, and F199-C57.

0 Rio
R O
e A S S
2 ORg R? R
RO
R3 Rs

Formula III

[18] where Ri —Ru1 are each independently unsubstituted (i.e., being hydrogen) or
substituted with the same or independently different substituents deemed suitable
by a person of ordinary skill in the art. Example of the compounds is as follow: F199-
C34. There are other Cdk5 inhibitors of the present invention which are not of a

structural formula II or IIl. Examples are as follows: F199-C4 and F199-C22. Detailed

10
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information about the structure of the compounds referenced here is provided later

in this specification.

[19] A further object of the present invention is to provide a method for treating or
preventing diseases that are caused by aberrant changes in Cdk5's activities.
Examples of such diseases are acute and chronic pain, diabetes mellitus, cancer,
neurodegenerative disease and neuropathological disorders (such as AD, PD, ALS
and Huntington’s disease). The object is achieved by administering a therapeutically

effective amount of compounds to patients as specified in the foregoing.

[20] In addition to the effect on Cdk5, the treatment method of the present
invention also protects neuronal cells from neurotoxicity and apoptosis induced by
the amyloid beta peptide (Ap). AP is a cleavage product derived from the amyloid
precursor protein (APP), which accumulates as extracellular or senile plaques, the
hallmark of AD. While the actual cause of AD remains elusive, Af has been
implicated in many reports to play a part in the initiation and progression of the
disease. Additionally, studies have shown that AP is neurotoxic, resulting in

neuronal loss and subsequent memory loss and cognitive impairment.

[21] The various features of novelty which characterize the invention are pointed
out with particularity in the claims annexed to and forming a part of this disclosure.

For a better understanding of the invention, its operating advantages, and specific

11
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objects attained by its use, reference should be made to the drawings and the
following description in which there are illustrated and described preferred

embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[22] FIG. 1 presents the dose response curve of Cdk5/p25 and Cdk5/p35.
Different concentrations of Cdk5/p25 or Cdk5/p35 were incubated with substrates

and ATP for 1 hour. The assay was performed in quadruplicates.

[23] TFIG. 2 shows inhibitory effect of roscovitine on Cdk5 kinase activity in a dose-
dependent manner. Roscovitine at various concentrations were incubated with 30

ng/ml of Cdk5/p25 or Cdk5/p35. The assay was performed in quadruplicates.

[24] FIG. 3 shows inhibitory effect of the compounds of the present invention.
Compounds (30 uM) were incubated with 30 ng/ml of Cdk5/p25 or Cdk5/p35.
Roscovitine at 30 uM has 100% inhibition to both Cdk5/p25 and Cdk5/p35. Assays
were performed in quadruplicates and data was averaged from 4 independent

experiments

[25] TFIG. 4 shows dose dependent inhibitory effects on Cdk5/p25 activity by
compounds of the present invention. Assays were done in quadruplicates and data

was averaged from 4 independent experiments

[26] TFIG. 5 shows a protective effect on rat cortical neurons against AP
12
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excitotoxicity by compound F199-Cé6. Embryonic rat cortical neurons (7 DIV) were
pre-treated with various concentrations of compounds (3-50 uM) and then co-

incubated with ABys5 35 (10 uM). After overnight incubation, the MTT assay was

performed. Cell survival was calculated as a percentage compared to the vehicle
control (DMSO). Assays were conducted in duplicates and data were compared with

student-t test. * =P < 0.05.

[27] TFIG. 6 shows a protective effect on rat cortical neurons against AP

excitotoxicity by compound F199-C34 under the conditions as described for FIG. 5.

[28] FIG. 7 shows a protective effect on rat cortical neurons against AP

excitotoxicity by compound F199-C22 under the conditions as described for FIG. 5.

[29] TFIG. 8 shows differential inhibitory effects of F199-C16 on different Cdk

complexes.

[30] FIG. 9 shows differential inhibitory effect of F199-C23 on different Cdk

complexes.

[31] FIG. 10 shows differential inhibitory effect of F199-C34 on different Cdk

complexes.

[32] FIG. 11 shows the mode of inhibition of F199-C16 and F199-C23 on Cdk5/p25

complex.

13
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[33] FIG. 12 shows the effect of F199-C16 on the paw-licking response in an animal

model of pain.

[34] FIG. 13 shows the effects on Cdk5/p25 of total extract and various fractions of

Rhodiola rosea of the present invention.

DETAILED DESCRIPTION OF PARTICULAR EMBODIMENTS OF THE INVENTION

Preparation of Total Extract

[35] The air-dried roots of Rhodiola rosea were harvested in October, 2005 at Yili,
Xin-Jiang, China and purchased from Sichuan Medicinal Herb Ltd. (Chengdu, China)
in October, 2005. The air-dried roots of Rhodiola rosea (300 g) was first dried and
immersed in 1.5 L 70% ethanol (EtOH, material to solvent ratio at 1 to 5) for 30 mins.
The herb-solvent mixture was then refluxed 3 times for 2 hours each. The extract was
tiltered and the filtrate was evaporated to dryness to give 44.0 g of the total extract

(TE).

Preparation of Refined Fraction (F199-BU)

[36] The TE (44.0 g) was dissolved/suspended in 300 mL water and sequentially
extracted with chloroform (CF, 300 mL) and water-saturated butanol (BU, 300 mL) at
1 to 1 volume ratio. Extraction with each different solvent was repeated 5 times and
the solvent extracts were filtered and dried to give fractions CF (14.5 g), BU (17.6 g),

and water (WA, 10.2 g). HPLC parameters for F199-BU detection: HPLC conditions:
14
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High-performance liquid chromatography-diode array detection (HPLC-DAD)
method has been developed for the analysis of and the quality control of F199-BU
batch 090725T and F199-BU batch 080602T. Waters HPLC system consisting of a 600
pump, a 717 auto-sampler and a UV/VIS Photodiode Array 2996 Detector was used
for all analyses. Chromatographic separations were carried out on a SunFire C18
column (Particle size 5 ym, 4.6 mm x 150.0 mm) with acetonitrile (as Solvent A) and
water (as Solvent B) in the mobile phase at a flow rate of 1.0 ml/min at room
temperature. A gradient elution was applied from 10% to 60% of solvent A starting
from 0 to 45 min (0~35 min, 10% to 50% ACN; 35~40 min, 50% to 60% ACN; 40~45
min, 60% to 10% ACN). Samples were filtered through a 0.45 um Millipore syringe

tilter unit. Twenty microliter samples were injected for HPLC analysis.

Isolation of F199 Compounds

[37] Compounds of this invention, with the identification code beginning with
“F199”, are isolated from Rhodiola rosea as described below, using a variety of
reactions known to the skilled artisan. It is understood that one skilled in the art will
also recognize that alternative methods may be employed to isolate the target

compounds of this invention.

[38] The air-dried roots of Rhodiola rosea were re-fluxed three times with 95%

aqueous EtOH (35 L, 35 L, 35 L, 2h/times). The 95% EtOH extract was concentrated

15
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in vacco to give a residue (900 g). The residue was suspended in H2O and then
partitioned successively with petroleum ether, ethyl acetate and n-BuOH.
Evaporation of these fractions resulted in a total of 90 g petroleum ether extract, 250

g EtOAc extract, and 360 g n-BuOH extract, respectively.

[39] Then, the EtOAc extract (250 g) was first fractionated using a silica gel column
eluted with the mixture of CHCls--MeOH with ascending polarity, and finally eluted
with methanol to obtain 108 fractions (Fr.1-Fr.108). Depending on the TLC (Thin
Layer Chromatography) pattern, similar fractions were combined. Compounds gallic
acid (F199-C4, 18 mg) (from fraction Fr.21-22), rhodalin (F199-C6, 22 mg), litvinolin
(F199-C16, 36 mg) (from Fr. 62-69), 6-O-galloyl rosin (F199-C22, 10 mg), 4-
methoxyherbacetin (F199-C23, 22 mg) (from Fr. 72-75), 6-O-galloyl arbutin (F199-
C34, 17 mg), and epigallocatechin-3-gallate (F199-C35) (from Fr. 89-90) were isolated
using repetitive column chromatography (silica gel or Sephadex LH-20) and

recrystallization methods.

[40] A part of n-BuOH extract (200 g) was subject to silica Gel column
chromatography, eluting with EtOAc/EtOH/H20 with a ratio of 20:2:1, 16:2:1, 10:2:1,
6:2:1, 4:2:1, and then 66 fractions were obtained. Compounds kaempferol-3-O-3-D-
xylopyranosyl(1—3)B-D-glucopyranoside (F199-C42, 9 mg) (from Fr. 12-14), and
isomericitrin (F199-C57, 6 mg) (from Fr. 41-54) were isolated using repetitive column

chromatography (silica gel or Sephadex LH-20, finally purity with preparative
16
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HPLC).

Cdk5 Kinase Assay and Kinetic Studies

[41] Cdk5 kinase assay was performed as described in the instruction manual
(Invitrogen, cat. no. PV3673). This assay employs a FRET-based, coupled-enzyme
format and is based on the differential sensitivity of phosphorylated and non-
phosphorylated peptides to proteolytic cleavage. The assay uses a synthetic peptide
substrate (the Z'-LYTE™ peptide substrate) that is labeled with a donor fluorophore
(coumarin) and an acceptor fluorophore (fluorescein) to make up a FRET pair. In the
primary reaction, Cdk5 transfers the y-phosphate of ATP to a serine/threonine
residue on the substrate, while the presence of a kinase inhibitor in the primary
reaction suppresses phosphorylation. In the secondary reaction, a site-specific
protease (the Development Reagent) is added and cleaves non-phosphorylated Z’-
LYTE™ peptide substrate at a substantially higher rate than phosphorylated
substrate. Cleavage disrupts FRET between the donor and acceptor fluorophores on
the non-phosphorylated substrate, while uncleaved phosphorylated substrate
maintains FRET. The effectiveness of the compounds on inhibiting the Cdk5 activity

is then measured by calculating the emission ratio.

[42] Cdk5 kinase assay was performed by adding Z'-LYTE™ peptide substrate

and ATP together with Cdk5/p25 or Cdk5/p35 kinase solution in a 384-well black

17
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polystyrene plate (Corning 3676). The plate was then incubated for one hour at room
temperature. Development solution was then added in the dark for another hour.
Finally, stop solution was added and the coumarin and fluorescein emission signals
were measured on a fluorescence plate reader (Tecan, infinite F500) (excitation: 400
nM, emission 445 and 520 nM, respectively). To calculate the activity of cdk5/p25 and
Cdk5/p35, Z'-LYTE phosphopeptide was used as a 100% phosphorylation control
while nonphosphorylated Z'-LYTE peptide is used as a 0% phosphorylation control
to establish the maximal and minimal emission ratio values which enable to calculate
the percentage of kinase phosphorylation. To determine the inhibitory effect on cdk5
activity, fractions and compounds to be tested were included in the kinase reaction.
Zero inhibition was determined by using DMSO (solvent) instead of the compounds
in the reaction. Roscovitine, a well-known cdk5 inhibitor, was used as the positive
control for the inhibition of kinase activity. Assays were done in quadruplicates and
data was averaged from at least 4 independent experiments. Similar experimental
protocols were performed for Cdkl1/cyclin B and Cdk2/cyclin A kinase activity study.
Activity of each kinase complex was evaluated by titration, and the resultant value of
ECs0 was used in the inhibitory study. Since activity of kinase complexes varies with
different batches of preparation, ECx will be determined in each new batch of
kinases. ICs of the compounds on kinase complexes was determined in dose-
dependent studies from an average of 3-5 individual experiments. Kinetic studies of
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compounds were performed by Cdk5/p25 kinase assays with various concentrations
of ATP and tested compounds. The kinetic parameters were determined by a

nonlinear least-squares program using GraphPad Prism 5 software.

AR Assay

[43]  Cortical neurons at 7 DIV in culture isolated from embryonic day 18 rats
were used as cell models in the assay. Toxicity caused by AB25-35 peptide in these
cells was evaluated by MTT detection after 2 days incubation. The A3 assay was
performed to investigate the ability of the invention to protect cortical neurons from
cell death induced by exogenous AP25-35 peptide addition. Assays were done in

duplicates and data was averaged from at least 3 independent experiments.

Animal Model of Pain

[44] Adult ICR mice (6-8 week-old) habituated in the experimental room for 3 days
before the testing. Testing was conducted from 9 am to 3 pm. Mice were randomly
grouped and weighed. Mice were pretreated with a single dose of F199-C16 (10-100
mg/kg, intraperitoneal injection) and then injected with 10 ul of 2.5% formalin in the
subplantar of the right hind paw. The licking time (in seconds) was recorded during
0-10 minutes (early phase) and in 11-40 minutes (late phase) after formalin injection.
The whole process was monitored and recorded by a digital monochrome video

camera. Data were expressed as the mean+SEM. (*p<0.05; ANOVA, with Student-
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Newman Keuls test).

Kinase Activity of Cdk5/p25 and Cdk5/p35

Kinase activity of Cdk5/p25 and Cdk5/p35 was measured using the Z'-LYTE™
Kinase Assay Kits (Invitrogen) as described above. The measurement data are shown
in FIG. 1, which is in a form of dosage response curves. Different concentrations of
Cdk5/p25 or Cdk5/p35 were incubated with substrates and ATP for 1 hour. As
shown in FIG. 1, the kinase activity, indicated as the percentage of phosphorylation,
increases with the increased concentration of the enzyme Cdk5/p25 and Cdk5/p35.
As shown by the curve, ECso for Cdk5/p25 is about 35.8 ng/ml Cdk5/p25 is about 34.4

ng/ml.

Inhibitory Effects of Roscovitine on Cdkb Measured in a FRET-based Assay

[45] Roscovitine (Ros) is a well-known Cdk5 kinase inhibitor. Its inhibitory effect
on Cdk5/p35 and Cdk5/p25 was examined using Z'-LYTE™ Kinase Assay Kits
(Invitrogen) as the positive control. FIG. 2 shows that roscovitine causes a decrease
in Cdk5/p25 and Cdk5/p35 kinase activity in a dose-dependent manner, with ICso

=0.16 uM comparable to that reported in literature (Meijer et al., 1997).

Inhibitory Effects on Cdk5 of Compounds of the Present Invention

[46] Using the FRET-based Cdk5 kinase assay method described above, the

compounds of the present invention were examined for their inhibitory effects on
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CdkS5 kinase activity. The amount of Cdk5/25 and Cdk5/p35 used for screening Cdkb
inhibitors is ECx of the kinase complex and the ECsx was determined with a titration
study of kinase complex. The effectiveness of the compounds on inhibiting Cdk5
activity was then measured by comparing the percent phosphorylation of peptide
substrates by Cdk5 kinase in the presence of test compounds and percent

phosphorylation of peptide substrates by Cdk5 without test compounds.

[47] As shown in FIG. 3, eleven compounds isolated from Rhodiola rosea (F199)
showed inhibitory effects on the kinase activity of Cdk5/p25 and Cdk5/p35, albeit to
different extents. F199-C1 (daucosterol), F199-C22 (6-O-galloyl rosin, novel structure)
and F199-C42  (kaempferol-3-O-p-D-xylopyranosyl(1—3)B-D-glucopyranoside)
showed weak inhibition (<25%) on Cdk5 activity. F199-C4 (gallic acid), F199-C6
(rodalin), and F199-C57 (isomericitrin) showed a moderate inhibition (25-50%), while
F199-C16 (litvinolin), F199-C23 (4’-methoxyherbacetin), F199-C34 (6-O-galloyl
arbutin), and F199-C35 (epigallocatechin-3-gallate) exhibited a strong inhibition (50-
75%). F199-C1 (daucosterol) and F199-C2 (kaempferol) served as controls since they

have been reported to moderately inhibit Cdk5 activity.

1ICs0 and Maximal Inhibition

[48] Seven natural compounds isolated from Rhodiola rosea (F199) were selected for
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ICs and maximal inhibition determination. Various concentrations of the F199
compounds were incubated with Cdk5/p25. The etfectiveness of the compounds on
inhibiting Cdk5 activity was then calculated by comparing the percent
phosphorylation of peptide substrates by Cdk5/p25 in the presence of test
compounds and percent phosphorylation of peptide substrates by Cdk5/p25 without
test compounds. The results are presented in Table 1 and FIG. 4, which show that, of
the seven compounds tested, F199-C16 (litvinolin) and F199-C34 (6-O-galloyl arbutin)

have the lowest ICs and highest maximum inhibition to Cdk5/p25.

Table 1
Compoed s fubd) Maxmnwen mbibimon
FIRG-C3 {gallic acid} 208
FI53-C8 {rodaling 344
F198-CHs lisvinolin} 324 BY 3% at 200wl
F15%-032 (&-0-galtovl rosin, nowel stmomre) i S6. 5% 5t 80 uM
159-C33 47 -methoxvherbacetin} 1.2
F199-C34 {5-0-gallovl arbatin} 583
F169-035 {epigallovatechm 3 -gallate} §472

Effect of Anti-Excitotoxicity Induced by A3

[49] Exogenous addition of AQ initiates cell death of neuronal cultures via
apoptosis. The MTT assay, a well-known cell death assay, was performed to study
the ability of the compounds of the present invention to prevent Ap-induced

excitotoxicity in primary cortical neuronal cells. Embryonic rat cortical neurons (7
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DIV) were pre-treated with various concentrations of the compounds (3-50 uM) and
then co-incubated with A325-35 (10 uM). After overnight incubation, the MTT assay
was performed. Cell survival was calculated as a percentage compared to the vehicle
control (DMSO). Assays were conducted in duplicates and data were analyzed with
student-t test. * = P < 0.05. The results of exemplary compounds, F199-C6, F199-C34
and F199-C22 are presented in FIG. 5, FIG. 6 and FIG. 7, respectively. It is shown that
those compounds at about 30 and 50 uM significantly promoted neuronal cell
survival against AP toxicity compared to the DMSO control. These results
demonstrate that the compounds of the present invention have significant effects in

reducing the excitotoxicity induced by the Af.

Selectivity among Different Cdks

[50] F199 compounds showed different selection or specificity among different
types of Cdks, which can be useful information in developing therapeutic agents for
different indications associated with different Cdks. FIG. 8 shows that while F199-
C16 inhibited Cdk1/cyclin B complex potently, it exhibited milder inhibition on both
Cdk5/p35 and Cdk5/p25. Inhibitory effect of F199-C16 on Cdk2/cyclin A was
minimal. As shown in FIG. 9, F199-C23 inhibited similarly on Cdkl/cyclin B,
Cdk5/p35 and Cdk5/p25 complexes, but its inhibitory effect on Cdk2/cyclin A was
minimal. For F199-C34, while showing potent inhibitory effect on the Cdk5/p25

complex, it showed less effect on Cdkl/cyclin B, Cdk2/cyclin A, and Cdk5/p35
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complexes.

Mixed-type of Inhibition on Cdk5/p25 Complex

[51] The inhibition mode of compounds, F199-C16 and F199-C23, at 0.5, 1, 2 and 4
uM was examined by measuring their effects on the pathological Cdk5/p25 complex
in the presence of increasing concentrations of ATP using the FRET assay. FIG. 11
shows that both F199-C16 and F199-C23 exhibited a typical type of mixed inhibition
on Cdk5/p25 complex, while roscovitine displayed a typical type of competitive
inhibition.

Reduction of Paw-licking Response in Pain Model

[52] The effect of F199-C16 was examined in an animal model of pain. The pain
was induced by injecting formalin into the paw of the mouse. As shown in FIG. 12,
F199-C16 reduced the licking time of right hind paw in a dose-dependent manner. At
100 mg/kg, the compound significantly reduced the licking time in both early (0-10

min) and late (11-40 min) phases of formalin-induced pain.

Effects of Total Extract and Various Fractions on Cdk5

[53] Total extract (TE) of Rhodiola rosea was prepared as described above. TE was
then further fractionated using solvent partition, and 3 fractions, chloroform (CF),
butanol (BU) and water (WA) were obtained. As shown in FIG. 13, F199-TE, F199-CF

and F199-BU inhibited the pathological Cdk5/p25 and Cdk1/cyclin B more effectively
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than Cdk5/p35. While the ICso of F199-BU on Cdk1/cyclin B and Cdk5/p25 were 0.045

and 0.035 ng/ul, respectively, the ICs0 on Cdk5/p35 was 0.11 ng/ul.

HPLC Chromatograms of F199-BU

[54] The refined fraction (F199-BU) prepared from Rhodiola rosea extract (F199-TE)
exhibited Cdk5 inhibitory effect as described in FIG. 13. The protocol to prepare the
refined fraction was described as the above. As shown in FIG. 14, the HPLC
chromatograms of two batches of F199-BU (090725T and 080620T) were largely
overlapped, indicating the fraction is highly reproducible and stable using our

proprietry fractionation procedures.

Characterization of Compounds isolated from Rhodiola rosea

Gallic Acid (F199-C4):

[55] This compound has a molecular weight of 170 and molecular formula of
C7/HeOs on the basis of 'H and *C NMR data in the following table, and is

determined to be gallic acid.
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The 'H and PCNMR data of compound gallic acid

Position H NMR BENMER
i 121,78
2 703 {1H, &) 11416
3 14616
4 {39 3K
5 {4618
i3 7058 {1H, s} 11016
= 170.15

Rhodalin (F199-C6):

[56] This compound has a molecular weight of 434 and molecular formula of
C2His0O11 on the basis of 'H and *C NMR data in the following table, and is

determined to be rhodalin.
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The 'H and PC NMR data of compound rhodalin (CD-0D)

Position HNMR BCNMR
2 148.02
3 137.03
4 17712
5 145 89
§ 6.23 (1H, ) 9531
7 149.8¢G
8 126.07
9 14882
1D 104.29
1’ 123.67
2! 8.34 {IH, d, I=8.8 Hz} i31.16
3 6.88¢(1H, d. =R 8 H=z} i16.12
4’ 160,41
b 688 ¢1H. 4. F CSHZ} i16.12
& 834 (1H, d, I=8.8 Hz} 13115
Xyl
IS 4.69 {1H, d, J=7.6 Hz} 104,30
2 3.60 (0H, o 7516
K 346 (1H, m) 747
4" 3160 (1H, m) 092
7 193 ¢IH, dd, }=5.2, 11.2 Hy) £7.40
322¢1H. 1, =112 Hy)

Litvinolin (F199-C16):

[57] This compound has a molecular weight of 448 and molecular formula of
CaH20011 on the basis of 'H and *C NMR data in the following table, and is

determined to be litvinolin.
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The *H and PCNMR data of compound litvinolin (DMSO}

Posifion HNMR BCNMR
2 147 44
3 §.78 (1H. brs OH) 135.81
4 176,41
5 11.90 {1H, bis OH) 151.66
G A58 (1H, 5) 98.38
7 9.45 (1H, brs OH) 148.02
g 127,13
9 144,54
10 104.61
1 121.83
2 §.15 (1H. brs) 129.83
3 6.95 (14, brs) 115 .46
4’ 16,13 {1H, brs, OH} 159.39
5 6.95 {14, brs) 115 .46
6 R 15 {1H, brs) 129 83
Rha

I S48 (1H, Ins) 9948
2 3.95 (1H, n1y 70.11
37 382 {IH, m) 7011
4" 3.34 {1H, m} 71.78
3 IR {IH, m3 £2.93
& 1.23 (3H, brs} 17.91

6-O-Galloyl Rosin (F199-C22):

f ’\,z""/‘

[58] This compound has a molecular weight of 448 and molecular formula of
C2H240n on the basis of 'H and *C NMR data in the following table, and is

determined to be 6-O-galloyl rosin.
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The 'H and BC NMR data of compound 6-0-gall

PCT/CN2010/001982

ovl rosin (CD,0D}

Position | THMNMR B3 Position | 'H NMR &g
NAMER NMR
1 13829 | Gle-1 4.40 (14, 4, I=8.0 Hz} 103.38
2 7.34 (IH, d, I=7.6 Hr) 12774 | Gle-2 326 {1H. m) ’7_'.7{3
3 724 (14, 1. I=7.6 Ho) 129,72 | Gle-3 3A3{(IH.m) TRIZ
4 7AS{IH, bid, =78 128,87 | Gle-d 343 (1H. m) 70.87
Hz)
5 7.24 (1H, 1, =76 He) 128,72 | Gle-5 353 {1H. m) 7533
f 733 (0H, 4. =76 Ha) 12774 | Gle-p 4 .585 {14, dd, 12.0. 2.0} 65.02
4.44 {1H. dd, 12.0, 5.6}
T S5T(H 4, 3=160Hzy | 13443 | ¥ 121.70
R 33 {1H, ddd. J=16.0, 128.5¢ | ¥ T11{1H,. 5) 116.43
5 &, 1.2 Hz
9 4, 42 {1H, ﬁﬂ T4 3 146,75
427 {1H. m)
4 144,00
5 146,78
& TIT(IH & 110.43
7 163,50

4'-Methoxyherbacetin (F199-C23):

[59]

CisH1207 on the basis of 'H and C NMR data in the following table, and is

determined to be 4'-methoxyherbacetin.
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The 1H and 13C NMR data of compound ¢4'-methoxvherbacetin {DMSO)

Position HNMR BCNMR
2 154.53
3 136.00
4 17818
5 15500
6 6.45 (1H, s} 93.82
7 14880
8 27.89
9 14547
16 18510
Iy 12423
2 B32{(1H. 4, I=8.0H 131.31
3 693 (1H, d, =R.0 Hz) 116.57
¥ 160,94
5 693 {1H, d, }=8.0 Hr} 116.57
&' R22{1H. d, =80 Hn 131,31
$-OCH; 3.97 STER
6-O-Galloyl Arbutin (F199-C34):
o
HO N6

[60] This compound has a molecular weight of 424 and molecular formula of

CiH20011 on the basis of 'H and *C NMR data in the following table, and is

determined to be 6-O-galloyl arbutin.
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The 'Hand PO NMR data of compound 6-C-galloyl arbutin (CD-OD)

Position | 'H NMR B Position | ‘HNMR Be
NMER KMER

i 133.86 | Gie-5 368 {1H, m) 73514
2 6.90 {1H, d, I=R.8 Hz} 116.88 | Glk-6 457 {14, brd, =118 55.85

Hz}

4.41¢1H, dd.i=116 6.8

Hz)
3 660 (1H, 4, =8 8 Hz) 11882 | ¥ 12187
4 15256 | 2 711 (1H, s} 110.46
5 .60 {1H, d, =R.8 Hz) 11962 | ¥ 146.71
& 680 {1H, d =8 8 Hz) 11688 | ¢ 140,02
Gic-1 4.70{1H. 4, I=6.8 Hn) 16398 | & 146.71
Gile-2 338 (1H, m) 7370 3 TITOH O 110.46
Glc-3 344 (1H, m) TR.O7T T 168.43
Gle-4 346 (1M, m) 71.99

Epigallocatechin-3-Gallate (F199-C35):

HO 9 02

[61] This compound has a molecular weight of 458 and molecular formula of
C2HiisOn on the basis of 'H and *C NMR data in the following table, and is

determined to be epigallocatechin-3-gallate.
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The ‘Hand ¥*C NMR data of compound epigallocatechin-3-gallate (CD:0OD)

Position | 'H NMR B Position | 'HNMR B
NMR WNMR

2 496 {1H, 3} 7877 3 148,84
3 552 (1H, bas) 70011 EY 3394
4 297 (1H, dd, I=17.2. 27.60 5 146.84

4.4 H7)

2EX{H. d4, =172,

2.4 Hr)
S 15802 | & 68,50 (1H, 5) 167.06
& 593 {1H, s} 96.70 1" 12168
7 187.98 | 27 6.94 {1H, 5} 110,44
2 3.95¢1H, s} 96,05 a7 146,44
9 15738 | 47 13865
i0 89.61 5 146,44
i 130688 | & 5.94 (1H, 5) 116 44
2 650 (1H, 5} 16706 | 7¢ 167 83

Kaempferol-3-O--D-Xylopyranosyl(1—3)3-D-Glucopyranoside

(F199-C42):

[62] This compound has a molecular weight of 580 and molecular formula of
CasH2sO15 on the basis of 'H and *C NMR data in the following table, and is

determined to be kaempferol-3-O-f3-D-xylopyranosyl(1—3)B-D-glucopyranoside.
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The *H and BC

PCT/CN2010/001982

C NMR data of compound kaemplerol-3-0--D-xvlopyranosyi 1 —3)8-D-
ghicopyraneside (CD30D)

Position | IHNMR B Position | ‘HNAR B

NMR NAMR
2 138 583 688 {1H, d, J=8.4 Hz) 116.43
3 135,14 5.04 (1H, d, =84 H) 132,47
4 179,73 346 {1H, d, I=7.64He) 10692
S 138.52 3.22 (1H. m) 7308
& 6158 {1H, brs} 99 94 I3 {H. m) 8247
7 165,83 333{1H, m} 71.22
8 537 {1H, bis} 9452 350 (1H, m) Ti24
9 163,19 4.29, 396 {each, I1H, m} | 62.56
10 145.96 475{1H. d, =68 Hz) 0553
i 122.99 350 (1H, m) 7518
2! 5.04 (1H, d, =84 Hz) 13247 352 {1H, n1} 7841
kN £ 88 {1H, d, I=8.4 Hz} 116,43 53 0IH, m) 71.16
4 161.55 3.85, 316 {each, 1H. m} | 46.83

Isomericitrin (F199-C57):
"U‘H
I
HG P RO ;':)‘ T Y
R N & '\»}w £
A ‘

e A
\T “ o “om

Uik Ui

[63] This compound has a molecular weight of 460 and molecular formula of
CaHisO2 on the basis of 'H and *C NMR data in the following table, and is

determined to be isomericitrin.
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The 'H NMR data of compound isomericitrin (DMSO)

Position | 'H NMR Position | 'H NMR

2 3’

3 4

4 5

5 &' 729 {1H, s}

& 620 {1H, d, JI=2.0Hzy | Gle-i 3.23{1H,. d. F=7.6 H2)

7 Gle-2 3.35{1H, o)

8 838{1H. 4, }F=2.0Hzy | Gle-3 347 (H, m)

9 Gl 341 (1H, m)

10 Gle-5 351 {1H,

Iy Gle-6 3.73{1H. 44, =120, 24
Hz
361 (1H, dd, 1=12.0, 48
Hzy

¥ T.29{1H, 5}
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that various omissions and substitutions and changes, in the form and details of the
embodiments illustrated, may be made by those skilled in the art without departing
from the spirit of the invention. The invention is not limited by the embodiments
described above which are presented as examples only but can be modified in

various ways within the scope of protection defined by the appended patent claims.
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WHAT IS CLAIMED IS:

1. A compound comprising a backbone structure as follows:

wherein Ri11 are independently same or different, being independently
hydrogen or a substituent.

2. The compound of claim 1, comprising a structure of the following formula:

Lok

3. A pharmaceutic composition, comprising a pharmaceutically effectively
amount of compound of claim 1 and one or more pharmaceutically acceptable
excipients.

4. The pharmaceutic composition of claim 3, comprising a pharmaceutically
effectively amount of compound of claim 2 and one or more pharmaceutically
acceptable excipients.

5. A method of inhibiting Cdk5 enzyme in human cells, comprising a step
40
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contacting said Cdk5 enzyme with an amount of a compound of the following

formula:

CH Rs

wherein Ri7 are independently same or different, being independently
hydrogen or a substituent.

6. The method of claim 5, where said compound is selected from the group
consisting of F119-C6, F199-C16, F199-C23, F199-C35, F199-C42 and F199-C57.

7. The method of claim 5, where Ri, R2 and Rs of said compound are
independently H, OH or OCHa.

8. The method of claim 5, wherein Rsof said compound is OH or OR12, where Riz

is a glucose group, or

OH
thﬂ\\[-?DH O

OH OH

9. The method of claim 5, wherein R~ of said compound is OH or O-Glucose.
10. The method of claim 5, wherein Rs of said compound is H or =O.
11. The method of claim 5, which is for treating or preventing a disease or

disorder associated with an aberrant Cdk5 activity.
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12.

13.

14.

15.

16.

17.

18.

19.

The method of claim 11, wherein said disease or disorder is neuropathic pain,
stroke, brain trauma, epilepsy or neurodegenerative diseases.

The method of claim 12, wherein said neurodegenerative diseases is
amyotrophic lateral sclerosis, Alzheimer’s disease, Parkinson’s disease or
Huntington’s disease.

The method of claim 5, wherein said compound is defined in claim 1.

The method of claim 5, wherein said compound is defined in claim 2.

A method of inhibiting Cdk5 enzyme in human cells, comprising a step
contacting said Cdk5 enzyme with an amount of a substance selected from
the group consisting of F199-C4, F199-C34 and F199-BU.

The method of claim 16, which is for treating or preventing a disease or
disorder associated with an aberrant Cdk5 activity.

The method of claim 17, wherein said disease or disorder is neuropathic pain,
stroke, brain trauma, epilepsy or neurodegenerative diseases.

The method of claim 18, wherein said neurodegenerative diseases is
amyotrophic lateral sclerosis, Alzheimer’s disease, Parkinson’s disease or

Huntington’s disease.
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FIG. 11 (cont.)
Roscovitine
(L)
® 0
m 05
A 1
10.0- Y 2
— 7.5'
s
3
£
E
2
-
1 1 1 1
-0.02 0.00 0.02 0.04 0.06

1/ATP (uM™)

SUBSTITUTE SHEET (RULE 26)



WO 2011/069334 PCT/CN2010/001982
13/15

FIG. 12

F199-C16 .

250 -

8

g
n
*

Licking time (sec)
2
o

S

0 10 30 100 0 10 30 100 mglkg
Early phase Late phase

SUBSTITUTE SHEET (RULE 26)



WO 2011/069334 PCT/CN2010/001982
14/15

FIG. 13
F199-TE
100
-+ Cdk1/cyclinB
= Cdk5/p35
-®- Cdk5/p25
75
c
K]
3
:g 50+
°
X
254
0 ]
-7 -3
Log [pug/ul]
100- F199-CF
= Cdk1/cyclinB
== Cdk5/p35
-@ Cdk5/p25
75-
c
] -
S
€ 50-
[
15
=S
251
0 1 | 1 ]
-7 -6 -5 -4 -3

Log [ug/ul]

SUBSTITUTE SHEET (RULE 26)



WO 2011/069334 PCT/CN2010/001982

15/15

FIG. 13 (cont.)
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