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ABSTRACT

The present disclosure provides cytidine derivative dimers, salts and compositions of the
cytidine derivative dimers, and methods of making and using the cytidine derivative dimers
that are useful for treating a neoplasm 1n mammalian subjects. A cytidine derivative dimer

may have the following géneral formula (1):

- .,,.---:;f f{r‘; ' _y’i‘ | RS < %O - {“ 5"“ e N }":ﬁ'o
O R1

(1)

By molecularly designing such cytidine-based compounds, the disclosed cytidine-based
derivative dimers/salts show signiticant inhibiting eftects on HCT-116 human colon cancer
cells, and exhibit strong growth inhibiting effects on HCT-116 human colon cancer
xenografts grown in nude mice. The disclosed cytidine derivative dimers/salts provide high

anti-tumor activity with low toxicity and are useful for treating cancers.
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NEW CYTIDINE DERIVATIVE DIMERS AND APPLICATIONS THEREOF

TECHNICAL FIELD

[0001] The present invention relates to an antitumor compound and, more

particularly, relates to a new cytidine derivative dimer and applications thereof.

BACKGROUND TECHNOLOGIES

[0002] Cancer 1s one of the common diseases that threaten human health. The
mortality rate of cancer ranks the highest among other diseases. Currently clinical antitumor
drugs face prominent toxicity issues in chemotherapy. Nowadays, an important research
topic on antitumor drugs is to improve the therapeutic effect while reducing the toxicity of

the drugs at the same time.

[0003] Existing cytidine compounds are mainly used for treating blood tumors.
Certain cytidine compounds are also used for solid tumors. However, problems arise due to
high toxicity, narrow scope of application and poor therapeutic effect. Further, human body
is prone to producing drug resistance to existing cytidine compounds, resulting in failure of

treatment and tumor recurrence.

SUMMARY OF THE INVENTION

[0004] The technical problem to be solved by the present invention 1s to provide a
new cytidine derivative dimer and applications thereof with high efficacy, high anti-tumor

activity and low toxicity.

|0005] The technical solution to achieve the object of the present invention includes a

new cytidine derivative dimer having the following formula (I):
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(1)
where R1 is C;-C)q alkyl, C;-C o substituted alkyl, -(CH>),-Ph, or substituted -(CHz)n-Ph. In
the -(CHy),-Ph, n=0, 1, 2, 3~10, and Ph is phenyl. A carbon chain of the substituted alkyl is
independently substituted by one, two, or three of halogen, cyano group, nitro group, amino
group, hydroxyl group, or carboxyl group. In the substituted -(CH),-Ph, where n=0, 1, 2,
3~10, and a carbon chatn or a phenyl ring of which is independently substituted by one, two,
or three of halogen, cyano group, nitro group, amino group, hydroxyl group, or carboxyl
group. RI1 1s, preterably, C,-Cyo alkyl or -(CH;),-Ph, where n=0, 1, 2, 3~10; more preferably,

C-C4 alkyl or -(CHy)n-Ph, where n=0, 1, 2, 3; and furthermore preferably, n-butyl or benzyl.

[0006] R2 1s C-Cyg alkyl, C,-Cjy substituted alkyl, -(CH;),-Ph, or substituted -
(CH»)s-Ph. In the -(CH,),~Ph, n=0, 1, 2, 3~10. A carbon chain of the substituted alky! is
independently substituted by one, two, or three of halogen, cyano group, nitro group, amino
group, hydroxyl group, or carboxyl group. In the substituted -(CH,),-Ph, where n=0, 1, 2,
3~10, aﬂd a carbon chain or a phenyl ring of which s independently substituted by one, two,
or three of halogen, cyano group, nitro group, amino group, hydroxyl group, or carboxyl
group. R2 is, preferably, Ci1-Cio alkyl or -(CHjy),-Ph, where n=0, 1, 2, 3~10; more preferably,

C-C4 alkyl or -«(CH»)q-Ph, where n=0, 1, 2, 3; and furthermore preferably, n-butyl or benzy!.
[0007] As a more preferable choice, R1 and R2 are the same.

[0008] R3 1s hydrogen, alkoxycarbonyl or substituted alkoxycarbonyl, where a
substituent of the substituted alkoxycarbonyl is halogen, cyano group, nitro group, amino
group, hydroxyl group, or carboxyl group. R3 is, preferably, H or alkoxycarbony!; and more

preferably, H or n-butoxycarbony!.
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[0009] R4 1s hydrogen, alkoxycarbonyl or substituted alkoxycarbonyl, where a

substituent of the substituted alkoxycarbonyl is halogen, cyano group, nitro group, amino
group, hydroxyl group, or carboxyl group. R4 is, preferably, H or alkoxycarbonyl; and more

preferably, H or n-butoxycarbonyl.

[0010] As a more preferable choice, R3 and R4 are both hydrogen.

[0011] RS 1s -(CH2)y-, where n ts from | to 15; or substituted -(CH,),- with a
substituent on a carbon chain thereof, the substituent of which is phenyl group, substituted
phenyl group, cyano group, nitro group, amino group, .hydroxyl group, carboxyl group, or -
(CHz)n-Xl-Xz-- In the -(CH),-X-X5-, n=0, 1, 2, or 3, X;1s O or S, and X, is -(CH;),-Ph,
where n=0, 1, 2, or 3, or X3 1s pyrimidyl, pyranyl, imidazolyl, pyrazinyl, or pyridyl. RS is,
preferably, -(CHj),-, n being from 1 to 15 or -(CH3)y-X-X5-, where n=0, 1, 2, or 3, X is O or
S, and X 1s Ph; more preferably, -(CH3),-, n being from 1 to 5 or -(CH,)-O-Ph-~; and

furthermore preferably, -(CH;),- or -(CH3)3-.

[0012] Applications of the aforementioned new cytidine derivative dimer or a salt

form thereof in preparing drugs for inhibiting tumor.

[0013] The tumor 1s blood tumor or malignant solid tumor.

10014] A pharmaceutical composition includes: a cytidine derivative dimer as shown

by formula (I) or a pharmaiceutically acceptable salt thereof as an active ingredient; and one

or more of medicinal carriers or excipients.

‘ [0015] The form of the composition 1s an injection form or an oral dosage form. The
oral dosage form includes: tablet, powder, granule, capsule, pellets formulation, solution,
suspension, emulsion, syrups or elixirs; and the injection form includes solution-type
injection, a suspension-type injection, an emulsion-type injection, or injectable sterile

powder.
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[0016] A method for preparing the aforementioned new cytidine derivative dimer,

including the following steps.

|0017] (1) A compound having a general formula (11) is prepared.

~'~..N «\O (1[)

|0018] (2) A compound having a general tormula (111) 1s prepared.

10019] (3) The compound having the general formula (I1) 1s mixed with sodium
carbonate to add to a system including 1,4-dioxane and water. (Boc),0O is further added for a
reaction. According to TLC (thin-layer chromatography) measurement, when the reaction 1s
measured to be completed, a reaction product is extracted, washed, and dried, and then

concentrated to dryness under a reduced pressure. Trichloromethane (i.e., chloroform) is
added with the dried compound, and added with pyridine and dianhydrides Rs(CO),0 for an
overnight reaction; a reaction product is concentrated to obtain a viscous oil. The viscous oil

is purifted by column chromatography to obtain a compound having a general formula (IV).
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(IV)

[0020] (4) After mixing the obtained compound having a general formula (1V), the
obtained compound having a generr;ll formula (11I), and DCC, the mixture is added to
dichloromethane, and DMAP is added. According to TLC measurement, when the reaction is
measured to be completed, a reaction product is washed, dried, and concentrated to form a
dried compound. TFA and DCM are then added, and stirred at room temperature. After
cooling with ice bath, white solid is filtered out. The filtrate 1s concentrated to obtain a

viscous otl, which is purified by column chromatography to obtain the product.

[0021] The present invention also relates to the treatment of cancer. In particular, the
present invention is targeted to treat a subject suttering from tumor, including a mammal,

especially a human. Administering a therapeutically effective dose of the new compound (1)

to the subject over a period of time produces an anti-tumor effect.

[0022] By its broadest definition, cancer generally refers to malignant neoplasm,
which 1s an abnormal tissue that grows at a rate that 1s ditferent from normal tissue and
continues to overgrow in the same way after the induction of the stimulus ceases. In addition,

this abnormal tissue has no purpose, absorbs nutrients from the host, and 1s almost
autonomous. Cancer can also refer to malignant tumor. Further discussion of neoplasm can
be found 1n Chapter 8 of book Robbins Pathologic Basis of Disease, sixth edition, by RS

Cotran, V. Kumar, and T. Collins RS Cotran (published by WB Saunders Company). The

information in Chapter 8 of this book is incorporated herein by reference. Examples of

S
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cancer types that can be treated by administration of the disclosed compound, such as a

malignant tumor or neoplasm.

[0023] The disclosed new compounds are effective in the treatment of neoplasms,
including leukemia and solid tumors. Solid tumors include tumors in colon, colon, rectum,
ovary, breast, prostate, lung, kidney and melanoma. The range of drug dosage depends on
route of administration and age, body weight and condition of the patient. The route of
administration for the compound may be a parenteral route, including intramuscular injection,

intravenous injection, or venous injection.

10024 ] As used herein, a patient or a subject 1s a vertebrate with a cancer or other
disease. Preferably, the subject is a warm-blooded animal, a mammal in particular, including
both human and non-human mammals. Examples of non-human mammals include, but not
limited to, farm animals such as cattle, sheep, pigs, goats, horses, and llamas, and pets such as
dogs and cats. More preferably, the subject is a human. The present invention achieves an
anti-tumor effect by administering to a subject a therapeutically effective dose of the

compound over a period of time.

[0025] For mammals, including humans, an effective dose can be determined based

on body surface area. In Cancer Chemother. Rep., 50 (4): 219 (1966), E. J. F reireich et al.

tllustrate relationships that the dose varies according to the size and type of animals and

humans (on the basis of body surface area mg/m”). The body surface area can be

approximately determined according to the height and weight of the individual (see, for
example, Scientific Tables, Geigy harmaceuticals, Ardsley, N.Y. pp. 537-538 (1970)). A

suitable dosage range may be from | to 1000 mg of the disclosed compound per square meter

of body surface area. That 1s, the dose 1s 50-500 mg/mz.
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[0026] The present invention has several advantageous effects: (1) by molecular

optimization designing of cytidine-based compounds, the prepared new cytidine derivative
dimers of the present invention show significant inhibiting effects on HCT-116 human colon
cancer cells, and exhibit strong growth inhibiting effects on HCT-116 human colon cancer
xenografts grown in nude mice; the disclosed new cytidine derivative dimers provide high

anti-tumor activity with low toxicity.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] F1G. 1 illustrates a synthetic route of a cytidine derivative dimer in Example 1,
in the figure TBSCI 1s tert-butyldimethylsilyl chloride, pyr is pyridine, DCM is
dichloromethane, rt is room temperature, butyl carbonochloridate is butyl chloroformate,
HF.Et3N 1s triethylamine trihydrofluoride, overnight is overnight, DCC is N, N'-

dicyclohexylcarbodiimide; and DMAP is 4-dimethylaminopyridine;

[0028] FIG. 2 illustrates a synthetic route of a cytidine derivative dimer in Example 2,
in the figure HMDS is hexamethyldisilazane, retlux is reflux, chloridate is chloridate, TEA is
triethylamine, (Boc¢),0 is di-tert-butyl dicarbonate, dioxane is 1,4-dioxane, succinic
anhydride 1s succinic anhydride, pyr is pyridine, DCC is N, N'-dicyclohexylcarbodiimide,
DMAP is 4-dimethylaminopyridine, TFA is trifluoroacetic acid, and DCM is

dichloromethane;

10029] FI1G. 3 illustrates a synthetic route of a cytidine derivative dimer in Example 3,
in the figure HMDS is hexamethyldisilazane, reflux is reflux, chloridate 1s chloridate, TEA is
triethylamine, (Boc),0 is di-tert-butyl dicarbonate, dioxane 1s 1,4-dioxane, Glutaric
anhydride 1s glutaric anhydride, pyr is pyridine, DCC is N, N'-dicyclohexylcarbodiimide,
DMAP 1s 4-dimethylaminopyridine, TFA is trifluoroacetic acid, and DCM is

dichloromethane;
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10030} F1G. 4 illustrates a synthetic route of a cytidine derivative dimer in Example 4,

in the figure DCC is N, N'-dicyclohexylcarbodiimide, DMAP is 4-dimethylaminopyridine,

TFA 1s trifluoroacetic acid, and DCM is dichloromethane;

[0031] FI1G. 5 is a bar chart illustrating cell clone formation inhibition rates of HCT-

| 16 human colon cancer cells treated with four compounds at concentrations of 50 nM, 150

Nm, and 450 nM in Application Example 1; and

(0032] FIG. 6 1s a curve chart illustrating a dose-response relatiOnship between
compound concentrations and inhibition rates on HCT- 116 human colon cancer cells treated

with the four compounds in Application Example 1.

DETAILED DESCRIPTION

[0033]  The present invention discloses a cytidine derivative dimer with a structural

formula as formula (I):

sz = F ) —R4 E? S H
() ==, N J«'N o l\ O. Rb ﬁ.‘_{\ ? s
HN-—_Y 077 R3—0" g FO O
O Rﬁl

(1)

where R 1 1s C-C o alkyl, C;-C;, substituted alkyl, -(CH,),-Ph, where n=0, 1, 2, 3~10, or
substituted -(CH»),-Ph, where n=0, 1, 2, 3~10, and Ph is phenyl. A carbon chain of the
substituted alkyl is independently substituted by one, two, or three of halogen, cyano group,
nitro group, amino group, hydroxyl group, or carboxyl group. A carbon chain or a phenyl

ring of the substituted -(CH,),-Ph is independently substituted by one, two, or three of

halogen, cyano group, nitro group, amino group, hydroxyl group, or carboxyl group.

[0034] R2 1s C;-Cyp alkyl, C;-C, substituted alkyl, -(CH,),-Ph, where n=0, 1, 2, 3~10,
or substituted -(CH;),-Ph, where n=0, 1, 2, 3~10, and Ph is phenyl. A carbon chain of the
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substituted alkyl is independently substituted by one, two, or three of halogen, cyano group,

nitro group, amino group, hydroxyl group, or carboxyl group. A carbon chain or a phenyl
ring of the substituted -(CH;),-Ph is independently substituted by one, two, or three of

halogen, cyano group, nitro group, amino group, hydroxyl group, or carboxyl group.

[0035] R3 is hydrogen, alkoxycarbonyl, or substituted alkoxycarbonyl. A substituent
of the substituted alkoxycarbonyl is halogen, cyano group, nitro group, amino group,

hydroxy!l group, or carboxyl group.

10036] R4 is hydrogen, alkoxycarbonyl, or substituted alkoxycarbonyl. A substituent
of the substituted alkoxycarbonyl is halogen, cyano group, nitro group, amino group,

hydroxy! group, or carboxyl group.

0037} R5 is -(CHj)n-, where n i1s from 1 to 15. Or R5 is substituted -(CH;),-, the
substituent of which 1s phenyl group, cyano group, nitro group, amino group, hydroxyl group,
or carboxyl group. Alternatively, RS is -(CH),-X-X5-, where n=0, 1, 2, or 3, X; 1s O or S,
and X 1s -(CH»),-Ph, where n=0, 1, 2, or 3, or X3 1s pyrimidyl, pyranyl, or pyridyl.

10038] Regarding to cytidine derivative dimers of the present invention, Table 1 lists
the following compounds. However, the cytidine derivative dimers of the present invention

are not limited to these compounds.

Table 1. Compounds of exemplary cytidine derivative dimers.

Compound Substituent group(s)
No. |
101 | 111;11 R2 are n-butyl, R3 and R4 are n—l;utoxyca;{)—;nyl, RS 1s -(CH2.)3-
102 R 1 and R2 are n-butyl, R3 and R4 are n-butoxycarbonyl, R5 is -CH;-
103 R1 and R2 are n-butyl, R3 and R4 are n-butoxycarbonyl, R5 is -(CH5),-
104 R1 and R2 are n-butyl, R3 and R4 are n-butoxycarbonyl, R5 is -(CH;)s-
105 R1 and R2 are n-butyl, R3 and R4 are n-butoxycarbonyl, R5 is -(CH;)s-
106 R1 and R2 are tert-butyl, R3 and R4 are n-butoxycarbonyl, R5 1s -(CH3)s-
107 R1 and R2 are n-butle, R3 and R4 are H, RS 1s «(CH,)s-
108 1 R1 and R2 are n-butyl, R3 and R4 are H, R5 1s -(CH3),-
109 R1 and R2 are n-butyl, R3 and R4 are H, R5 is -(CH;),-O-Ph-

9
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110 R1 and R2 are n-butyl, R3 and R4 are H, RS is -(CH;)-O-Ph-

111 | R1 and R2 are tert-butyl, R3 and R4 are H, R5 is -(CH,),-O-Ph-

112 R1 and R2 are benzyl, R3 and R4 are H, R5 is -(CH3)s-

113 1 R1 and R2 are benzyl, R3 and R4 are H, R5 is -CHBr(CH;);-

114 | R1 and R2 are benzyl, R3 and R4 are H, R5 1s -CHPh(CH,);-

115 R and R2 are benzyl, R3 and R4 are H, R5 1s -CHCNCH,-

116 R1 and R2 are benzyl, R3 and R4 are H, R5 1s -CHBrCH>-

117 | R1 -is benzyl, R2 is n-butyl, R3 and R4 are H, R5 is -(CH3);-

118 R1 is benzyl, R2 is n-butyl, R3 and R4 are H, R5 1s -(CH;)s-

[19 R1 is benzyl, R2 is n-butyl, R3 and R4 are H, RS 1s -(CH;),~-O-Ph-

190 R1 1s benzyl, R2 1s n-butyl, R3 and R4 are H, R5 1s -(CH;),-O-Ph-, the
| para posistion of the phenyl ring is substituted by nitro

|0039] When preparing the compounds in the table above, the solid reagents
employed in the synthesis process are used directly without further treatment, the liquid

reagents are used after redistilled and dried.

10040] (Example 1)

[0041] The cytidine derivative dimer of this example 1s 1,5-di-[4-N-(n-
butyloxycarbonyl)-3'-O-(n-butoxycarbonyl)-2'-deoxy-2",2'-difluoro-cytidine]glutarate (code

name D1, No. 101 in Table 1) with the following structural formula:

j’
. o~ '-\0 Ny f«\
{"J (‘;&\ o ,,'-[% . F
/“*«a,f o) _fh'” FO
/ L W/
“\ r "*«:O 4',\‘ N
| }3 O | ."““”‘”:{x_
O:ﬁi o 1 - #‘NH
Z ""‘{/ M "'{Q\ Ji fo | \t’\
N M‘Q‘,‘ i O””' "*O -"gw RN D
OF F \
f
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10042] A synthetic route of D1 1s shown in FIG. |, the detailed preparation process is

as follows.

[0043] 2'-deoxy-2', 2'-difluoro-cytidine hydrochloride (3 g, 10 mmol) and imidazole
(0.875 g, 12.8 mmol) were added into 10 mL of anhydrous pyridine, cooled in 1ce bath, and at

0 ° C tert-butyldimethylsilyl chloride (3.3 g, 21 mmol, tert-butyldimethylsilyl chloride is

abbreviated as TBSCI hereinafter) was added. The mixture was stirred for halt an hour and
warmed to room temperature, and the reaction was continued for 12 hours. The mixture was
treated with methanol (8.0 mL). After stirring for 60 minutes, the solvent was removed under
reduced pressure, and Compound 2 was obtained. The reaction system was further added
with Dichloromethane (DCM) (50 mL) and pyridine (10 mL) , and further added with Butyl
chloroformate (5.46 g, 40 mmol) under ice bath and nitrogen protection. Such solution was
stirred for 12 hours at room temperature for reaction, and then spin dried, leaving settled
solid. The settled solid was dissolved in ethyl acetate (100 mL) and washed by cooled
saturated sodium bicarbonate solution (30 mL for two times) and concentrated brine (30 mL).
The resulting solution was dried over anhydrous sodium sulfate for 3 hours and then filtered.
The filtrate was purified by column chromatography (dichloromethane/methanol 40:1) to

obtain intermediate Compound 3 (3.6 g, two-step yield 62 %).

[0044] Compound 3 (3.6 g, 6.23mmol) was added into 40 mL of tetrahydrofuran
(THF) and cooled in an ice bath to 0 °C. 4 mL of triethylamine trihydrofluoride (HF.Et3N)
was slowly added. After 24-hour reaction, the solvent was spin-dried in vacuum to yield an

orange solid, which was purified by column chromatography (dichloromethane/methanol,

20:1) to afford intermediate Compound 4 (1.68 g, 58 % yield).

[0045] 30 mL of chloroform was added with the intermediate Compound 4 (1.68 g,

3.62 mmol), added with pyridine (30 mL), and further added with glutaric anhydride (620

11
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mg, 5.44 mmol) for an overnight reaction with stirring. Afterwards 4-dimethylaminopyridine

(DMAP, 7 mg, 0.057 mmol) was further added and the mixture was stirred for 3 hours, and
then concentrated to provide a viscous oily product, which was purified by column

chromatography to obtain Compound 5 (1.11 g, 53 % yield).

[0046] Compound 5 (58 mg, 0.1 mmol), Compound 4 (92 mg, 0.2 mm.ol), and N,N'-
Dicyclohexylcarbodiimide (DCC, 42 mg, 0.2 mmol) were mixed and added into
dichloromethane (15 mL), DMAP (6 mg, 0.049 mmol) was further added, for a reaction at 24
°C with stirring for 24 hours. According to TLC measurement, when the reaction was
measured to be completed, the mixture was added with dichloromethane (50 mL), washed by
water (10 mL) and saturated brine (20 mL), dried over anhydrous sodium sulfate, and
concentrated to dryness. Column chromatography (dichloromethane/methanol, 20:1) was

performed to afford Compound 6 (49 mg, 48 % yield).

[0047]  "H-NMR(MeOD-d4,400MHz) &: 7.97(d, 2H, J=7.68Hz, H6-1, H6-2), 7.40(d,
2H, J=7.68Hz, H5-1, H5-2), 6.35(t, 2H, J=7.24Hz, H1'-1, H1'-2), 4.47(m, 6H, H5a'-1, H5a'-2,
H5b'-1, H5b'-2, H4'-1, H4'-2), 4.21(m, 8H, O-CH2x4), 2.53(t, 4H, J=7.16Hz, CH2-CH2-
CH2), 1.97(m, 2H, CH2-CH2-CH2), 1.64(m, 8H, O-CH2-CH2x4), 1.42(m, 8H, O-CH2-

CH2-CH2x4), 0.98(m, 12H, CH2-CH3x4).

[0048]  °C NMR(MeOD-d4,100MHz) &: 172.83, 164.51, 153.87, 144.53, 96.26,

77.52,69.13, 65.89, 61.94, 32.42, 30.66, 30.47, 18.83, 18.67, 12.79, 12.74, 8.48.

[0049] ESIMS: calcd tor C43HS58F4N60O18 m/z 1023.37 (M+H)+, found 1023.66.

[0050] The atorementioned synthetic route can be adapted, by replacing glutaric
anhydride with another anhydride, to produce the compounds from No. 102 to No. 105
shown in Table 1. By replacing butyl chloroformate with tert-butyl chloroformate,

compound No. 106 1n Table I can be produced.

12
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[0051] (Example 2)

[0052] The cytidine derivative dimer of this example is 1,5-di-[4-N-(n-
butoxycarbonyl)-2'-deoxy-2',2'-difluorocytidine]glutarate (code name D2, No. 107 in Table 1)

with following structural formula:

|0053] An intermediate Compound 8 was prepared first, the reaction process is shown

in FIG. 2, and the preparation process is as follows.

[0054] 2'- deoxy-2', 2'-difluoro-cytidine hydrochloride (Structural formula 1, 300 mg,
I mmol), éis(trimethylsilyl)amine HMDS (5 mL, 0.023 mmol), and 5 mg catalytic amount of
ammonium sulfate were dissolved in 1,4-dioxane (5 mL). The reaction was heated under
reflux for 2 hours, and the reaction product had a chemical structural formula 19. After the
reaction under reflux was completed, the reaction solution was concentrated, added with

toluene, and concentrated to dryness twice. The resulting product after concentration was

dissolved in dichloromethane (10mL).

[0055] N-methylimidazole (0.24 mL, 3 mmol) and butyl chloroformate (0.32 mL, 3

mmol) were added 1nto the aforementioned dichloromethane solution, for a reaction at room

13
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temperature with stirring for 4 hours. The reaction solution was then concentrated to provide

a viscous oily product.

[0056] The atorementioned viscous otly product was dissolved in a mixed solution of
triethylamine (3 mL) and methanol (20 mL), and stirred for 4 hours at room temperature.
The solvent was removed by distillation under reduced pressure, and the crude product was
purified by silica gel column chromatography with dichloromethane/methanol (20:1) to

atford 230 mg of Compound 7. The three-step yield was 55.5 %.

|0057] Nuclear magnetic resonance characterization of Compound 7:

[0058]  'H-NMR (MeOD-ds, 400MHzZ) 5: 8.30(d, 1H, J=7.68Hz, H6), 7.34(d, 1H,
J=7.68Hz, H5), 6.28(t, 1H, J=7.08Hz, H1"), 4.33(m, 1H, H5a"), 4.0(m, 2H, O-CH,-CH,-),
3.81(m, IH, H5b, 3.79(m, 1H, H4"), 1.68(m, 2H, O-CH,-CH,-), 1.45(m, 2H, O-CH,-CH,-

CH,), 0.98(t, 3H, J=7.4Hz, -CH,-CHs).

[0059]  *C-NMR(MeOD-d4, 100MHz) § 164.28, 156.27, 153.50, 144.39, 128.33.

122.772,95.81, 84.90, 81.71, 74.87, 68.88, 63.69, 59.15, 30.66, 32.40, 18.81, 11.23, 8.06.

10060] Compound 7 (60 mg, 0.16 mmol) and sodium carbonate (106 mg, 1 mmol)
were mixed and added into a 5 mL solution of 1,4-dioxane and water (volume ratio 4:1). Di-

tert-butyl dicarbonate (Boc),O (44 mg, 0.2 mmol) was added to the -solution, and then stirred

at 24 °C for a reaction. During the reaction, TLC was used to measure whether Compound 7
was completely reacted. After the reaction was complete, the system after reaction was
diluted with water (2 mL) and extracted with ethyl acetate twice, each time with 30 mL
volume. The organic phase obtained from extraction was sequentially washed by water (5
mL.) and saturated saline (5 mL), dried over anhydrous sodium sulfate after the washing was
completed, and then concentrated to dryness under reduced pressure. The resulting product

after concentration was purified by silica gel column chromatography with
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dichloromethane/acetone/methanol (1:1:0.02) to afford 51 mg of Compound 8. The yield of

the above reaction was 76 % .

[0061] A synthetic route of D2 is shown in FIG. 2, the preparation process is as

follows.

10062] The obtained Compound 8 (223 mg, 0.25 mmol) was dissolved in chloroform
(6 mL), pyridine (5 mL) was added, and succinic anhydride (100 mg, 1 mmol) was further
added. The reaction was kept overnight at 45 °C. The reaction mixture was then

concentrated to viscous oil and purified by column chromatography (DCM-MeOH 20:1 to

10:1) to atford Compound 9 (211 mg, 75 % yield).

(0063] Compound 9 (56 mg, 0.1 mmol), Compound 8 (92 mg, 0.2 mmol), and DCC
(42 mg, 0.2 mmol) were mixed and added into dichloromethane (15 mL), and DMAP (6 mg,
0.049 mmol) was added. The reaction was kept at 24 °C with stirring for 24 hours.
According to TLC measurement, when the reaction was measured to be completed, the
mixture was added with dichloromethane (50 mL), washed by water (10 mL) and saturated
brine (20 mL), dried over anhydrous sodium sulfate, and concentrated to dryness. The
resulting material was further added with trifluoroacetic acid (TFA, 5 mL) and
dichloromethane (DCM, 10 mL) and stirred at room temperature for half an hour. After
cooling with ice bath, white solid was removed by filtration. The filtrate was concentrated to
obtain a viscous oil, which was purified by column chromatography (DCM-MeOH 20:1 to

10:1) to afford D2 (30 mg, 35 % yield).

[0064]  'H-NMR(MeOD-d,;,400MHz) & 7.85(d, 2H, J=7.68Hz, H6-1, H6-2), 7.37(d.
2H, J=7.68Hz, H5-1, H5-2), 6.26(t, 2H, J=7.24Hz, H1'-1, H1'-2), 4.53(m, 2H, H5a'-1, H5a'-2),
4.40(m, 4H, H5b'-1, H5b'-2, H4'-1, H4'-2), 4.20(m, 2H, H3-1, H3-2), 2.73(m, 4H, -CH2-
CH2-), 1.64(m, 4H, O-CH2-CH2), 1.37(m, 4H, O-CH2-CH2-CH,), 0.93(m, 6H, CH2-CH3).
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[0065]  3C-NMR(MeOD-ds,100MHz) & 172.41, 164.01, 155.95, 153.52, 144.36.
96.56, 70.53, 66.29, 62.49, 30.74, 28.76, 19.01, 13.49.

[0066] ESIMS: calcd for C32H40F4N6014 m/z 809.25 (M+H)+, found 809.34.

[0067] The aforementioned preparation method can be adapted, by making
Compound 8 to react with other dianhydride(s), such as glutaric anhydride, to produce the
compounds from No. 108 to No. 110 shown in Table 1. By replacing butyl chloroformate

with tert-butyl chloroformate, compound No. 111 shown in Table | can be produced.
[0068] (Example 3)

[0069] The cytidine derivative dimer of this example is 1,5-di-[4-N-

(benzyloxycarbonyl)-2'-deoxy-2',2'-difluorocytidine]glutarate (code name D3).

o %MQWWHC rra

10070] A synthetic route of D3 is shown in FIG. 3, the preparation process is as

follows.

[0071] Compound 13 was prepared first: 2'-deoxy-2', 2'-difluoro-cytidine
hydrochloride (300 mg, 1 mmol), Bis(trimethylsilyl)amine (5 mL, 0.023 mmol), and 5 mg
catalytic amount of ammonium sulfate were dissolved in 1,4-dioxane (5 mL). The reaction
was heated under reflux for 2 hours. After the reaction under reflux was completed, the
reaction solution was concentrated, added with toluene, and concentrated to dryness twice.

The resulting product was dissolved in dichloromethane (10 mL).

[0072] N-methylimidazole (0.24 mL, 3 mmol) and benzyl chloroformate (340 mg, 3

mmol) were added to the aforementioned dichloromethane solution, for a reaction at room
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temperature with stirring for 4 hours. The reaction product had a chemical structural formula

20. The reaction solution was concentrated to provide a viscous oily product.

0073} The aforementioned viscous oily product was dissolved in a mixed solution of
triethylamine (3 mL) and methanol (20 mL), and stirred at room temperature overnight. The
solvent was then removed by distillation under reduced pressure. The crude product was
purified by silica gel column chromatography with dichloromethane / methanol (20:1) to

afford 162 mg of Compound 12. The three-step yield was 41 %.

10074} NMR characterizations of Compound 12:

[0075] 'H-NMR (MeOD-d,, 400MHz) 6: 8.31(d, 1H, J=7.64Hz, H6), 7.39(m, 5H,
J=7.68Hz, Ph), 6.25(t, 1H, J=7.12Hz, H1"), 5.21(s, 2H. CH,-Ph), 4.31(m, 1H, H5a"), 3.82(m,

2H, H5b, H4"), 3.79(m, 1H, H3".

[0076]  °C-NMR (MeOD-ds, 100MHz) §: 164.22, 156.22, 153.27, 144.48, 135.87,

128.42, 128.10, 125.31, 122.74, 120.16, 95.89, 85.35, 84.91, 81.7, 81.66, 68.87, 67.54, 58.31.

|0077] Compound 12 (80 mg, 0.2 mmol) and sodium carbonate (106 mg, I mmol)
were mixed and added into a system of 1,4-dioxane and water (volume ratio 4:1, SmL).
(Boc),O (44 mg, 0.2 mmol) was added afterwards, for a reaction at 24 °C for 48 hours with
stirring. According to TLC measurement, when the reaction was measured to be completed,
the reaction mixture was diluted with water (2 mL) and extracted with 30 mL ethyl acetate
twice. The organic phase from extraction was washed by water (5 mL) and saturated saline
(5 mL), dried over anhydrous sodium sulfate, and then concentrated to dryness under reduced
pressure. The remaining residue was purified by column chromatography (dichloromethane/

acetone/ ethanol, 1:1:0.02) to atford Compound 13 (64 mg, with 64% yield).

[0078] The obtained Compound 13 (248 mg, 0.5 mmol) was added into chloroform

(15 mL), pyridine (5 mL) was added, and glutaric anhydride (100 mg, 1 mmol) was further
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added. The reaction was kept overnight at 45 °C. The reaction mixture was then
concentrated to viscous o1l and purified by column chromatography (DCM-MeOH 20:1 to

10:1) to afford Compound. 14 (223 mg, with 73% yield).

|0079] The obtained Compound 14 (61mg, 0.1 mmol), Compound 13 (99 mg, 0.2
mmol), and DCC (42 mg, 0.2 mmol) were mixed and added into dichloromethane (15 mL),
and DMAP (6 mg, 0.049 mmol) was added. The reaction was kept at 24 °C with stirring for
24 hours. According to TLC measurement, when the reaction was measured to be completed,
the mixture was added with dichloromethane (50 mL), washed by water (10 mL) and
saturated brine (20 mL), dried over anhydrous sodium sulfate, and concentrated to dryness.
TFA (5§ mL) and DCM (10 mL) were further added, and stirred at room temperature for half
an hour. After cooling with ice bath, white solid was removed by filtration. The filtrate was

then concentrated to provide a viscous oil, which was purified by column chromatography

(DCM-MeOH 20:1 to 10:1) to afford D3 (30 mg, with 35 % yield).

[0080] 'H-NMR (MeOD-d,, 400MHz) &: 8.31(d, |H, J=7.64Hz, H6), 7.39(m, SH,
J=7.68Hz, Ph), 6.27(t, 2H, J=7.8Hz, HI'-1, H1'-2), 5.17(s, 4H, CH,-Phx2), 4.46(m, 4H, H5a'-
1, H5a'-2, H5b'-1, H5b'-2), 4.21(m, 2H, H4'-1, H4'-2), 4.10(m, 2H, H3'-1, H3'-2), ,2.53(t, 4H,
J=7.16Hz, -CH2-CH2-CH2-), 1.99(q, 2H, J=7.2Hz, -CH2-CH2-CH2-).

(00817  *C NMR(MeOD-d,, 100MHz) § 172.90, 164.21, 155.90, 153.31, 144.25,
141.03, 135.86, 128.41, 128.28, 128.10, 124.85, 123.25, 122.26, 96.14, 79.17, 74.97, 67.59,
62.06, 33.19, 32.51, 19.96.

[0082]  ESIMS: caled for C3oH3gF4NgO1q m/z 891.24 (M+H)", found 891.31.

[0083] The aforementioned preparation method can be adapted, by making
Compound 14 to react with other dianhydride(s), such as COOHCHBr(CH,),COOH, COOH
CHPh(CH,),COOH, and COOH CHCNCH,COOH, to produce the compounds from No. 113

to No. 116 shown 1n Table 1.
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[0084] (Example 4)

|0085] The cytidine derivative dimer of this example is 1-O-(4-N-
(Benzyloxycarbonyl)-gemcitabine)-4-O-(4-N-(n-Butoxycarbonyl)-gemcitabine)-succinate

(code name D4) with the following structural formula:

D4

[0086] A synthetic route of D4 is shown in FIG. 4, the specific preparation process is

as follows.

(0087] Compound 9 (56 mg, 0.1 mmol), Compound 13 (99 mg, 0.2 mmol), and DCC
(42 mg, 0.2 mmol) were mixed and added into dichloromethane (15 mL), and DMAP (6 mg,
0.049 mmol) was added. The reaction was kept at 24 °C with stirring for 24 hours.
According to TLC measurement, when the reaction was measured to be completed, the
reaction mixture was added with dichloromethane (50 mL), washed by water (10 mL) and
saturated brine (20 mL), dited over anhydrous sodium sulfate, and concentrated to dryness.
TFA (5 mL) and DCM (10 mL) were further added, and stirred at room temperature for half
an hour. After cooling with ice bath, white solid was removed by ﬂ]tration; The filtrate was

concentrated to provide a viscous oil and purtfied by column chromatography (DCM-MeOH

20:1 to 10:1) to afford D4 (30 mg, 36 % yield).

[0088]  'H-NMR(MeOD-d4,400MHz) & 7.98(m, 2H, H6-1, H6-2), 7.40(d, 2H,
J=7.68Hz, H5-1, HS5-2), 7.38(m, 6H, Ph), 6.26(t, 2H, J=8Hz, HI'-1, H1'-2), 5.21(s, 2H, CH,-
Ph), 4.43(m, 2H, H5a'-1, H5a'-2), 4.29(m, 2H, H5b'-1, H5b'-2), 4.21(m, 6H, H4'-1, H4'-2 H3'-
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I, H3'-2), 2.74(m, 4H, -CH,-CH>-), 1.43(m, 2H, O-CH,-CH>-), 1.28(m, 2H, O-CH,-CH>-
CH»-), 0.97(t, 3H, J=7.4Hz, -CH,-CH3).

[0089]  °C NMR(MeOD-d4, [00MHz) & 172.56, 164.19, 155.89, 153.52, 144.61,
135.86, 128.09, 122.22, 96.21, 79.38, 78.91, 70.83, 67.60, 65.92, 62.11, 56.72, 30.64, 28.66,

28.51,25.93, 18.82, 14.26, 12.77.

[0090] ESIMS: calcd for C3sHagFsNgO 4 m/z 843.24 (M+H)", found 843.33.

10091] The aforementioned preparation method can be adapted, by replacing succinic
anhydride with other anhydride(s) to react with Compound 8 and produce an intermediate
compound. The intermediate compound can react with Compound 13 to produce the

compounds from No. 118 to No. 120 shown in Table 1.
[0092] (Example 5: hydrochloride of cytidine derivative dimer)

(0093] This example includes preparation of hydrochloride of the cytidine derivative

dimer in Example |.

0094 ] [,5-di-{4-N-(n-butyloxycarbonyl)-3'-O-(n-butoxycarbonyl)-2'-deoxy-2',2'-
difluoro-cytidine]glutarate (0.50 g) was dissolved in ethyl acetate (60 mL), placed in an ice
bath and treated with dry hydrochloric acid gas. After stirring for 15 minutes, the solvent was

removed to obtain a white solid product.

[0095] Similar procedure can be used to prepare hydrochloride salt of other cytidine

derivative dimer(s).

[0096] In addition to the aforementioned hydrochloride salt, other salts of cytidine

derivative dimer can be prepared, including phosphates, sulfates, carbonates, nitrates, citrates,
tartrates, maleates, succinates, sulfonates, p-toluenesulfonates, methanesulfonates, benzoates

or fumarates.
|0097] (Example 6: Lyophilized powder of cytidine derivative dimer for injection)
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[0098] This example includes preparation of injectable lyophilized powder of

compound D3 in Example 3.

[0099] The injectable lyophilized powder of D3 included compound D3 (30 g),

mannitol (20 %w/v, 300 g), buffer sodium dihydrogen phosphate dihydrate (7 g), and

surfactant poloxamer 188 (F68) (4.0 g).

(00100] The sodium dihydrogen phosphate dihydrate, the poloxamer 188 (F68) (CAS
No.: 9003-11-6), and the mannitol (20 %w/v) were weighed accurately according to the
prescription amount as suggested above, and dissolved in water for injection (300 g) which
was pre-cooled to a temperature lower than 10 °C. NaOH (0.1 mol/L) was used to adjust the
pH value of the solution to 7.3-7.5. Prescribed dose of D3 was then added to the solution and

well mixed. NaOH solution (0.1 mol/L) or HCI (0.1 mol/L) can be used to adjust the pH

value to 7.3£0.2 (7.5 in this Example). The solution was added with water until 2000 g, and
filtered and sterilized by 0.22 um microporous membrane. The filtrate was dispensed in vials
for 2.0 grams tn each vial. The vials were partially stoppered, and placed in a freeze dryer for
lyophilization. After drying, the vials were vacuum packed, capped, and labeled to prepare

1000 vials of lyophilized powder injections. The storage temperature was 2 °C — 8 °C.

[00101] In addition to the lyophilized powder injections (i.e., sterile powder for
injection), the cytidine derivative dimer(s) of the present invention may be formulated in

other suitable forms for injection, such as solution-type injection, suspension-type injection,

emulsion-type injection.
[00102] (Example 7: Pharmaceutical composition of cytidine derivative dimer)

[00103] An pharmaceutical composition of cytidine derivative dimer of this Example
include a pharmaceutically active ingredient and an excipient. The pharmaceutically active

ingredient can be the cytidine derivative dimer or corresponding salt thereof prepared in
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previous Examples. The weight percentage of the pharmaceutically active ingredient in the

composition can be 1 % to 95 % (30 % in this Example). The excipients can include water,
lactose, corn starch, hydroxypropylmethyl cellulose, and magnesium stearate. The form of

the pharmaceutical composition in this Example is a tablet.

[00104] In addition to the above tablet form, the pharmaceutical composition can take
other suitable forms. The pharmaceutically active ingredient can be prepared for oral
administration as: powders, granules, capsules, pellets formulations, solutions, suspensions,
emulsions, syrups or .elixil:s, or slow-controlled release formulations and controlled release
formulations, or other suitable forms for oral administration. These orally administered types
of pharmaceutical composition can contain commonly used corresponding excipients
(categorized as additives, adjuvants, and so on depending on their functions). The additives
may include mannitol, lactose, starch, magnesium stearate, sugar, salt, cellulose, magnesium

sulfate, and so on in pharmaceutical grades.

[00105]  When preparing the aforementioned orally administered type of
pharmaceutical composttion, adjuvants in pharmacology may be used as medicinal carriers
for carrying the pharmaceutically active ingredients, and include materials known in the art,
such as: inert solid diluents, aqueous solvents, liposomes, microspheres and/or non-toxic
organic solvents. Preferred adjuvants include: wetting agents, emulsifying agents, pH
bufters, human serum albumin, antioxidants, preservatives, bacteriostatic agents, dextrose,
sucrose, trehalose, maltose, lecithin, glycine, sorbic acid, propylene glycol, polyethylene,
protamine, boric acid, sodium chloride, potassium chloride, mineral oil, vegetable oil, etc.

One or more types can be selected and combined as a medicinal carrier .

100106]  The target tumors of the disclosed pharmaceutical composition include blood
tumors or malignant solid tumors. Specifically, target tumors include lung cancer, prostate

cancer, breast cancer, colon cancer, stomach cancer, pancreatic cancer, liver cancer,
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esophageal cancer, brain tumor, ovarian cancer, uterine cancer, kidney cancer, head and neck

cancer, skin cancer, bladder cancer, vulvar cancer, testicular tumor, colorectal cancer,
choriocarcinoma, germ cell tumors, malignant lymphoma, leukemia and multiple myeloma.
Further, preferred target tumor may include pancreatic cancer (in a first-line or second-line
treatment), non-small cell lung cancer, small cell lung cancer, breast cancer, ovarian cancer
and head and neck squamous cell carcinoma, and/or colon cancer. However, the present

invention is not limited thereto.

|00107]  (Application Example 1: Inhibition test of a series of compounds on HCT-116

human colon cancer cell colony formation)

|00108] 1. Colony formation inhibition test was used to evaluate the effect of four
candidate compounds (D1; D2, D3, and D4) having concentrations of 50 nM, 150 nM and

450 nM on 1nhibiting cell proliferation of HCT-116 human colon cancer cell line.

|00109] 2. Experiment material: cell lines: HCT-116 human colon cancer cell line

purchased from the Chinese Academy of Sciences Shanghai Cell Resource Center, Cat #

TCHu 99.
[00110] 3. Reagent preparation

|00111] HCT-116 human colon cancer cell culture medium: DMEM + 10 % FBS.

[00112]  Compound preparation: DMSO was used to dilute the compound until a final

concentration of 100 puM was reached.

[00113] Cell staining solution preparation: 0.5 % crystal violet solution was prepared

using anhydrous ethanol, dnd stored in dark. Before staining, the solution was mixed with

PBS butter solution by volume ratio of 1:4 as the cell staining solution.

|00114] 4. Cell culture: cells in logarithmic growth phase were collected, counted, and '

resuspended in complete culture medium. The cell concentration was adjusted to an
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appropriate concentration, 6-well culture plates were seeded, each well having about 300

cells and 1.8 mL of culture medium. Cells were incubated for 5 hours in an incubator at 37

°C, 100 % relative humidity, and 5 % CO.,.
[00115] 5. Cell clone formation inhibition test and data processing

[00116] (1) Cells in logarithmic growth phase were collected and counted. The cells
were re-suspended in culture medium containing 5 % FBS, and counted. Six-well plates

were seeded by a rate of 300 cells per well. Cells were incubated for 5 hours in an incubator

at 37 °C, 100% relative humidity, and 5 % COs..

(00117} (2) The compounds were diluted with culture medium (containing 5% FBS) to

have concentrations of 0.5 uM, 1.5 uM and 4.5 pM, and added to cells by 200 pL per well, to
make final concentrations of 50 nM, 150 nM and 450 nM. Each concentration point was

repeatedly tested for three times.

[00118] (3) Cells were incubated for 72 hours in an incubator at 37 °C, 100% relative

humidity, and 5 % CO,.

[00119] (4) The culture medium from the plates (the culture medium containing the

compounds) was aspirated. The plates were rinsed with Hank's Balance Salt Solution

HBSS) twice, and replaced with fresh culture medium (DMEM medium with 15 % FBS).
( p

[00120] (5) Cells were incubated for 7 to 10 days in an incubator at 37 °C, 100%

relative humidity, and 5 % CO,, until formation of visible cloned pl'aques.

[00121]  (6) The culture medium was aspirated from the plates. The plates were rinsed

twice with PBS solution.

100122] (7) The restdual PBS was absorbed and removed, and ethanol was added at |

mL per plate, fixing for 30 minutes.
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[00123]  (8) Ethanol was absorbed and removed, and cell staining solution was added,

stained for 3 minutes.

[00124]  (9) The staining solution was aspirated. After rinsing three times with PBS,

the cells were counted.

[00125] Data processing:

[00126] Clone formation efficiency = [As / Ac] x 100 %; clone formation inhibition
rate = I- clone formation efficiency, where As denotes number of cell colonies in treated by

samples (cells + compounds to be tested), and Ac denotes number of cell colonies in negative

control (without treating with samples) (cells + | % DMSO).

[00127] 6. Results and discussion

|00128] Table 2 lists numbers of cloned cells of HCT-116 human colon cancer cells

treated with the four compounds.

Table 2

Number of cloned HCT-116 cells |
DG-1 DG-2 DG-3 DG-4

+

mean | % inhibition{meant % inhibition | mean (% inhibition| mean (% 1nhibition

§ <

Control| 251 | 255 241 | 256

sonM | 242 | 3.58% 243 4.70% 237 | 1.66% 235 8.20%

L ! | | |
150nM | 188 25.10% 191 25.10% 20 91.70% 75 70.70%

A450nM | 52 | 7928% | 36 | 85.88% 4 | 9834% | 11 95.70%__]
% inhibition: inhibition rate | |

100129}  FIG. 5 illustrates the cell cldne formation inhibition rates of HCT-116 human

colon cancer cells treated with the four compounds at concentrations of 50 nM, 150 nM and

450 nM.

[00130] Table 2 and FIG. 5 show that the disclosed compounds have significant effects

in inhibiting tumor cells.
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[00131]  FIG. 6 illustrates dose-response relationship curves between the inhibition

rates and the compound concentrations when the HCT-1 16 human colon cancer cells are
treated with the four compounds. As shown in FIG. 6, the 1C50 value of D1 was 245.3 nM,
the 1C50 value of D2 was 226.6 nM, the 1C50 value of D3 was 99.80 nM, and the IC50 value

of D4 was 111.7 nM.

[00132]  (Application Example 2: Effects of a series of compounds on tumor growth
inhibition)

[00133] By observing tumor formation and growth at inoculation sites and changes in
body weight of test animals, this application example evaluated tumor growth inhibition of

HCT-116 colon cancer xenografts and toxicity of a single intraperitoneal injection of the

compounds D1 to D4 to HCT-116 colon tumor-bearing nude mice.

[00134] 1. Experiment objectives were to evaluate tumor growth inhibition of HCT-
| 16 human colon cancer xenografts and toxicity of a single intraperitoneal injection of the

disclosed cytidine derivative dimer compounds to HCT-116 colon tumor-bearing nude mice.
|00135] 2. Preparation of the test substance

|00136]  Sources of solvents used for dissolving the test substance are as follows:

Solvent .ot number Supplier
Absolute ethanol 10009218 Sinopharm Chemical Reagent Co., Ltd
Cremophor EL 27963 | Sigma
0.9% saline 13083004 HUA YU Pharmaceutical Co., Ltd

[00137] Correspondin g test substance was weighed and placed into a 5 mL glass tube,

and was dissolved in ethanol under the stirring of a 5 mm magnetic stirrer. Aftera complete

dissolution, Cremophor EL was added with continuous stirring. Immediately prior to the user
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of the test substance, the labeled amount of physiological saline was added and stirred. The

prepared ethanol, Cremophor EL, physiological saline had a volume ratio of 5:5:90.
|00138] 3. Animals for experiments.

j00139] Varieties and strains: Balb/c nude mice; Level: specific pathogen free (SPF);

Sex: female.
100140}  Supplier: Shanghai Sippr/BK Lab Animal Ltd..

[00141] Number of animals: 40 animals were ordered and ones in desired health were

selected there-from for the experiments.
[00142]  Certificate of animal conformity number: 0123627.
|00143]  Animal age at the beginning of the experiments: 7 weeks to 9 weeks.
[00144]  Animal weight at the beginning of the experiments: 18 grams to 22 grams.
100145]  Acclimatization duration: 5 days to 7 days.

[00146] Animal numbering: tail number.

[00147] The animal room was maintained at 23 = 2 °C, 40 % - 70 % humidity, with

alternating light and dark every 12 hours.

[00148]  Animal foods (SLAC-MO1) were purchased from Beijing Ke Ao Xie Li
Cooperation Limited. Sterilized filtration water was used for the experimental animals.

During the experiment period, the animals could eat and drink freely.
[00149] 4. Experimental methods were provided.

[00150] 4.1 Tumor cells: HCT-116 colon cancer cells were purchased from the
Institute of Cell Biology, Chinese Academy of Sciences. F-12 medium (containing 10 %

FBS) was used to culture cells at 37 °C with saturated humidity in a carbon dioxide incubator
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containing volume fraction of 5 % CO; and 95 % air. Before inoculation, cells in logarithmic

growth phase were collected. After digested by 0.25 % trypsin, the cells were washed with

PBS once. The cells were resuspended and counted. Serum-free medium was used for cell

resuspension, and the cell concentration was adjusted to 3x 1077 cell/mL.

[00151] 4.2 Animal inoculation and grouping: under aseptic conditions, each nude
mice was injected with 0.1 mL of cell suspension into the right hind leg subcutaneously
(3x1076 cell/mouse). When the size of the tumor grew to have a volume of about 60-150
mm”’, nude mice with a similar tumor size and a desirable shape (substantially single
spherical shape, without having irregular shapes or multiple tumors grouped together) were

selected and grouped, each group having mice. The grouping situation was listed as follows.

Table 3
Group Medication Nun.lber of | Dosage | Administration Injection
No. animals | (mg/kg) method
I DI 6 400 IP QDx1
2 D2 6 400 IP QDx1
3 D3. 6 | 350 IP QDX
4 D4 6 300 [P QDx]
13 Control 6 - IP QDx1

IP: intraperitoneal injection, QD X 1: one injection.

[00152]  The mice in control group were injected with a mixed solution including

ethanol, Cremophor EL and normal saline at a ratio of 5:5:90.
100153] 4.3 Drug administration and observation of animals

[00154]  Tumor formation and growth at inoculation sites of nude mice in each group
were observed. The diameters (D) of the tumor nodules were measured three times a week

with a circle sizer ruler. In addition, the following formula was applied to calculate the

volume of a tumor nodule (V): V=3/4n(D/2)’.
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|00155]  Evaluation indexes of antitumor activity were tumor growth inhibition rate

TGl (%) and relative tumor proliferation rate T/C (%).

[00156] The calculation formula of TGI was: TG] (%) = (Vcontrol = Vreatment) / Veontrol) X
100 %. The relative tumor volume (RTV) was calculated by: RTV= Vt/V0, where VO is the
tumor volume at the time of group administration, and Vt is the tumor volume at the time of

measurement.

(00157]  The calculation formula of relative tumor proliferation rate T/C (%) was: T/C
(%) = Trry / Cry % 100 %. Tryv denotes treatment group RTV; and Cryy denotes negative

control group RTV. The mice were weighed 3 times every week.
[00158] 4.4 Clinical symptoms

[00159]  All clinical symptoms of each animal were recorded at the beginning of the
experiments and during the experiments. The observation was performed at the same time

every day.

[00160]  After administration of the test substance, when the weight reduction was
>20%, when the animal was dying, or when the tumor volume exceeds 2800 mm”, the animal
was euthanized by applying CO,. The tumor was separated and weighed, an autopsy was
performed, and visual inspection was conducted and recorded on whether there were

pathological changes in the organs.

[00161] 4.5 Data and statistical analysis

[00162]  Unless otherwise indicated, experimental data were presented by Mean +
SEM; unpaired T-test was used for comparing between two groups, the result was considered

significantly different when P <0.05.

100163] 5. Experiment results
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|00164] (1) Eftects of the test compounds on weight of tumor-bearing mice with

human colon cancer HCT-116

Table 4. mice weight at different days (g, Mean + SEM)

Groups (n[]) ;/?(eg) Day 0 (g) _Day I (g) Day 2 (g) Day 4 (g) Day 7 (g)
DI 400 | 19.98+0.49 | 19.48+0.58 | 17.45+0.81 | 16.15+1.08" | 19.80+1.40
D2 400 19.87+0.25 | 19.85+0.28 | 18.17+0.31 | 17.75£0.44 | 18.48+0.40
D3 350 | 19.95£0.09 | 19.23£0.31 | 17.70£0.26 | 18.24+0.58 | 19.51+0.48
D4 300 | 20.15+0.29 | 19.90+0.19 | 18.48+0.2" | 19.07+0.36 | 19.85+0.38

Control | (NA) 20.55+0.37 | 20.43+£0.45 | 20.07+£0.38 | 20.02+0.29 | 19.33£0.26

Groups | (n]])go/ieg) Day 9 (g) Day 11 (g) Day 14 (g)* Day 16 (g) | Day 18 (g)
D] 400 | 20.75+1.05 | 21.25+1.55 | 21.35+1.35 | 21.75£1.25 | 23.30+1.60°
D2 400 19.92+0.45 | 20.42+0.53 | 20.85+0.60 | 21.13+£0.51" | 21.63+0.51
D3 350 | 20.74+038 | 21.12+0.41 [21.26+0.21 | 22.00+0.40 | 22.58+0.38"
D4 300 | 20.730.29 | 21.05+0.31 |[20.90+0.34 | 21.48+0.34 |21.95+0.27

Control | (NA) 19.85+0.23 | 20.23+0.25 | 19.42+0.19 | 19.62+0.29 | 19.68+0.23

 Groups | (n]?go/:ls(eg) | Day 21 (g) Day 23 (g) Day 25 (g) Day 28 (g) Day 30 (g)
DI 400 | 22.30£1.30 | 22.60£1.50° | 23.20£1.70 | 23.80+1.50 | 23.60+1.20
D2 400 | 20.72+0.46 | 20.60+0.40 | 20.88+0.48 | 20.18+0.44 | 20.33+0.55
D3 350 | 21.98+0.41° | 22.44+0.41 | 22.50+0.53" | 22.12+0.48" | 22.90+0.60
D4 300 | 21.63+£0.30° | 22.03+0.437 | 22.30+0.49" | 21.88+0.59 | 22.03+0.53

Control | (NA) | 19.30+0.24 | 19.55+0.18 | 20.08+0.30 | 19.75+0.05 N/A

In the table, day means day; “*” indicates p<0.05 versus the control group; and “**” indicates
p <0.01 versus the control group. |

Table 5. Weight change rates

Groups | ]fgo/ieg) Day 0 (%) | Day 1 (%) | Day 2 (%) | Day4(%) | Day 7(%)
DI 400 0.00 -2.5540.77 [-12.1842.63" |-18.58+4.66 | -4.23+3.77
D2 400 0.00 -0.08+£0.74 | -8.54+131 [-10.63£2.13" | -6.98+1.43
D3 350 0.00 -3.59+0.66 |-11.25+0.96 | -8.10+2.84 | -1.68+2.50
D4 300 | 0.00 -1.17£1.27 | -8.18+1.56 | -5.33+1.78 | -1.43+1.92 |

Control | (NA) 0.00 -0.60+0.59 | -2.35£0.75 | -2.55+0.82 | -5.85+1.13

ettt Sl I Mttt Mttt Bttt Mot

Groups | n[])go/T(eg) Day 9 (%) | Day 11 (%) | Day 14(%) | Day 16(%) | Day 18(%)
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DI 400 | 0.4241.92 | 2.77+4.27 | 3.29+3.29 [ 5.24+2.74 | 12.70+4.20°
D2 400 | 0.21%1.42 | 2.72+1.85 | 4.87+£2.08° | 6.32+1.65 | 8.83+1.43
D3 350 | 4.50+1.93" | 6.38+1.68" | 7.12+1.197 | 10.78+0.88" | 13.71+0.63 "
D4 300 | 2.91£0.55 " | 4.47+0.52° | 3.7220.73" | 6.6220.79" | 8.99+138 |
Control (NA) -3.30+1.54 | -1.39£2.07 T -5.39+1.69 -4.38+2.27 -4.05+2.20
Groups | Ifgo/ieg) Day 21(%) | Day 23(%) | Day25(%) | Day 28(%) | Day 30(%)
DI 400 | 7.90£2.90" | 9.3243.82° | 12.20+4.70 | 15.14+3.64 | 14.22+2.22
D2 400 [4.22+1.237 [3.66£1.05 | 5.07+1.44 1.57£1.50 | 2.28+1.75
D3 | 350 h10.72::1.67:"13.08::2.311 13.34:2.34: 11.4442.29° | 15.37+2.93 |
D4 300 | 7.41%1.37 | 9.37+1.827 | 10.69+2.14 | 8.62+2.68 | 9.36+2.2]
Control | (NA) | -5.94+2.02 | -3.59£1.66 | -0.97+2.53 | -2.68+5.27 N/A

g

In the table, day means day; indicates p<0.05 versus the control group; and “**” indicates

p <0.01 versus the control.group.

[00165]  As indicated by data in the above tables, after intraperitoneal injecting each
compound into the HCT-116 colon cancer tumor-bearing nude mice , animal weight of D|
group with a dose of 400mg/kg was significantly decreased on Day 4 of drug administration,
followed by steady weight growth in later days. During Day 14 to Day 30, the weight was
significantly increased comparing to the control group. There were no significant differences

between other drug-treated groups and the control group.

100166]  (2) Effects of the test compounds on tumor volume of HCT-116 human colon

cancer xenografts in tumor-bearing mice

Table 6. Detailed data about tumor volumes of each group (mm”, Mean+SEM)

Groups (n[q)g/ieg) | Day 0 (mm’) Day 1 (mm°) Day 2 (mm3) | Day 4 (mm3 )
DI | 400 39.36::6.16_: | 58.20j:l7.45: | 58.20+ 17.45: 37.24359.27"';
D2 400 53.09+9.33 50.78+14.16 55.89+18.82 45.96+20.25
D3 350 | 38.77+4.33 | 36.40+3.98" | 36.40+3.98 | 23.0043.08 |
D4 300 44.09+5.99 | 52.03+12.917 | 52.03x12.91 | 37.37+10.46

Control | (NA) 109.55+8.60 180.51£9.97 | 221.87+11.44 | 296.98+22.98

Groups (rr?;ieg) Day 7 (mm”) Day 9 (mm”) Day 11 (mm”) Day 14 (mm’)
DI 400 36.82+28.63 | 50.63+36.49 | 101.02+78.57 | 285.66+237.94
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D2 400 35.87421.79° | 30.75+16.74" 57.29+33.0° | 116.87+66.85
D3 350 12.62+3.10" 12.6243.10° | 14.2843.69 36.98+4.82"
D4 300 25.46+8.17 22.50+5.31 26.19+5.79 | 70.28+18.37
Control | (NA 432.47439.48 | 590.34+60.83 | 976.15+83.07 | 1440.15+144.73
Groups (rggo/?(eg) | Day 16 (mm’) Day 18 (mm°) Day 21(mm°) Day 23(mm°)
DI 400 | 495.95+408.8 | 647.07+503.28 | 1017.61£749.53 | 1017.61+£749.53
D2 | 400 | 169.73+88.15 | 262.10£111.14 | 489.13+174.91 | 501.98+170.25
D3 350 | 80.10x11.07" | 120.40+23.44" | 204.05£36.25 | 229.06:36.15
D4 300 L 142.77+£49.34" 228.58::76.92“_; 375.06+£86.27 | 420.73+76.08
Control | (NA) | 1811.14£119.30 | 1998.33+136.40 | 2444.84+167.64 | 2361.69+146.79
, 5 S |7 | o ons o | 00 T
Groups (n[l)go/ieg) Day 25(mm3) Day 28(mm”) | Day 3O(mm3)
DI 400 | 1044.35+722.80 | 1296.79+847.87 | 1589.29+983.15
D2 400 | 569.05+189.18 | 689.78+203.52 | 900.52+250.44
D3 350 | 266.11£39.63 | 347.17+60.84 | 479.01+75.54
D4 300 491.29+83.78 | 608.08+85.37 | 781.78+105.33
Control | (NA) | 2582.36+155.95 | 2689.30+116.86 N/A

ceskd

indicates p<0.05 versus the control group; and “**” indicates p <0.01 versus the

control group.

[00167]  As indicated by the above tumor volume data of each group, the disclosed

cytidine derivative dimers significantly inhibited tumor growth .

(00168]

human colon cancer tumors in tumor-bearing mice

[00169]

(3) Tumor growth inhibition rate (TGI1%) of the test compounds on HCT-116

The tumor growth inhibition rate (TG1%) of the test compounds on HCT-116

human colon cancer tumors in tumor-bearing mice are shown as follows in Table 7.

Table 7. Tumor growth inhibition rate (TG1%) of D1-D4 on HCT-116 human colon cancer
tumors 1n tumor-bearing mice .

—

Group Dose Day 0 Day | Day 2 Day 4 - Day7
(mg/kg) (TGI%) (TG1%) (TG1%) | (TGI%) | (TGI%)

DI 400 0.00 67.76 73.777 87.46 91.49

D2 400 0.00 71.87 74.81 34.53 91.71

D3 350 0.00 79.83 83.59 02.26 97.08

D4 300 0.00 71.17 76.55 87.42 94,11
Group Dose Day 9 Day 11 Day 14 | Day 16 | Day I8
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(mg/kg) (TGI%) | (TGI%) | (TGI%) | (TGI%) | (TGI%)
DI 400 0142 | 8965 | 80.16 7262 | 67.62
D2 400 04.79 | 94.13 91.88 00.63 | 86.88
D3 350 07.86 | 98.54 97.43 | 9558 | 93.97
D4 | 300 | 96.19 | 9732 95.12 | 92.12 | 88.56
Group Dose | Day?2l Day 25 Da); 28mmDay 30
(mg/kg) (TGI%) (TG1%) (TGI%) | (TGI%) | (TGI%)
DI 400 58.38 56.91 | 59.56 | 51.78 43.36
D2 400 79.99 | 78.74 4 77.96 | 74.35 67.91
D3 350 91.65 | 90.30 89.70 87.09 82.93
D4 300 84.66 82.19 | 8098 | 77.39 72.14

[00170]  The tumor inhibition rate of compound D1 group with 400mg/kg dose reached
a maximum value ot 91.49 % on Day 7, was 72.62 % on Day 16, and was 43.36 % on Day
30. The tumor inhibition rate of compound D2 group with 400 mg/kg dose reached to a
maximum value of 94.79 % on Day 9, was 90.63 % on Day 16, and was 67.91 % on Day 30.
The tumor inhibition rate of compound D3 group with 350 mg/kg dose reached to a
maximum value of 98.54 % on Day 11, was 95.58 % on Day 16, and was 82..93 % on Day 30.
The tumor inhibition rate of compound D4 group with 300 mg/kg dose reached to a
maximum value of 97.32 % on Day 11, was 92.12 % on Day 16, and was 72.14 % on Day 30.

[00171] (4) Effects of test compounds on relative tumor volume (RTV) of HCT-116

human colon cancer tumors in tumor-bearing mice

|00172] Table 8 shows the significant eftects of D1-D4 test compounds on relative

tumor volume (RTV) of HCT-116 human colon cancer tumors in tumor-bearing mice, where
"*" indicates p-value<0.05 versus the control group and "**" indicates p-value <0.01 versus

the control group.

Table 8. Eftects of test compounds on RTV of HCT-116 human colon cancer tumors in
tumor-bearing mice. (Mean = SEM)

Grouns Dose Day O Day | Day?2 Day 4 Day 7
Pl mgke) | (RTV) (RTV) (RTV) (RTV) (RTV)
DI | 400 1.00 1.3540.24 | 1.35£0.24° | 0.89+0.127 | 1.16£0.79"
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T D2 400 1.00 | 0.89+0.10" | 0.95+0.15 | 0.73£0.19" | 0.52+0.23"
D3 350 1.00 0.98+0.12" | 0.9840.12" | 0.65+0.10 | 0.34+0.06
| D4 | 300 1.00 1.1240.12 | 1.1240.12 | 0.79+0.11" | 0.55+0.10
Control | (NA) 1.00 1.68+0.13 2.07+0.16 2.76+0.24 4.09+0.53
| Groups | DO Day 9 Day || Day 14 Day 16 Day 18
(mg/kg) (RTV) (RTV) (RTV) (RTV) (RTV)
DI | 400 1.6120.98 | 3.18+2.18 | 8.88+6.75 | 15.44+11.56 | 20.37+13.96
D2 400 | 0.46£0.17 | 0.87+0.35 | 1.80+0.69 | 2.66+0.88 | 4.20+1.02"
D3 350 | 0.32+0.05 | 0.37£0.09 | 1.00£0.00 | 2.17+0.14 | 3.16+0.39 |
D4 300 | 0.5540.12° | 0.69+0.20° | 1.81£0.54° | 3.29+0.82" | 5.11=1.12°
Control | (NA) | 5.61+0.83 | 9.22+1.16 | 13.8442.21 | 17.2642.18 | 19.09+2.45
Groups Dose Day 21 ; Day 23 Day25 Day 28 Day 30
(mg/kg) | (RTV) (RTV) (RTV) (RTV) (RTV)
DI | 400 |32.34+20.40 | 32.34+20.40 | 33.53£19.21 | 42422 | 51.88+24.88
D2 400 8.09+1.52 | 8.48+1.37 | 9.62+1.48 | 12.03£1.50 | 15.85+1.92
D3 350 5.55+0.66 | 6.21+0.61 | 7.22+0.53 | 9.28+0.73 | 12.93+0.90
D4 300 8.73+1.39 | 9.89+1.30 | 11.61x1.51 | 14.73£2.18 | 19.08+2.98
Control | (NA) | 23.41+3.10 | 19.77+1.73 | 21.62+1.86 | 21.13+1.62 N/A

“*” indicates p<0.05 versus the control group; and “**” indicates p <0.01 versus the

control group.

[00173]

(5) Effects of four test compounds on relative tumor proliferation rate (T/C %)

of HCT-116 human colon cancer tumors in tumor-bearing mice

100174)

Table 9 shows effects of the test compounds on relative tumor proliferation

rate of HCT-116 human colon cancer tumors 1n tumor-bearing mice.

Table 9. Effects of test compounds on relative tumor proliteration rate of HCT-116

human colon cancer tumors 1n tumor-bearing mice

Groups Dose Day 0 ) Day | [ Dgy 2 Day 4 Day 7
(mg/kg) (TIC%) | (TIC%) | (TIC%) | (TIC%) | (T/C %)
DI 400 0.00 80.13 65.15 32.20 28.36
D2 400 0.00 50.15 40.78 2519 | 16.63
D3 350 0.00 60.98 49.58 23.26 6.76
D4 300 0.00 77.07 |  66.48 43.31 31.86
Groups Dose Day 9 Day 11 | Day 14 Day 16 ﬁ Day 18 |
(mg/kg) (TIC%) | (T/IC%) | (T/IC%) | (T/IC%) | (T/C %)
DI | 400 28.77 3447 |  64.15 | 89.47 106.69 |
D2 400 14.4] 16.77 18.33 21.64 | 21.99
D3 | 350 4.71 341 578 | 10.49 16.55
D4 300 30.55 25.94 32.83 37.96 | 26.76
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Giroups Dose Day 21 Day 23 Day 25 Day 28 Day 30

(mg/kg) (T/C %) (T/C %) (T/C %) (T/C %) | (T/C %)

Dl 400 138.14 163.55 155.09 198.76 209.10
D2 400 34.57 42.87 4451 56.94 63.87
D3 350 23.70 31.41 33.40 43.93 52.09
D4 300 37.28 50.04 53.68 69.72 76.91

[00175] The relative tumor proliferation rate of compound D1 group with 400 mg/kg

dosage reached to a minimum value of 28.36 % on Day 7, and was 89.47 % on Day 16. The
relative tumor proliferation rate of compound D2 group with 400 mg/kg dosage reached to a
minimum value of 14.41 % on Day 9, and was 21.64 % on Day 16. The relative tumor
proliferation rate of compound D3 group with 350 mg/kg dosage reached to a minimum value
of 3.41 % on Day 11, and was 10.49 % on Day 16. The relative tumor proliferation rate of
compound D4 group with 300 mg/kg dosage reached to a minimum value of 25.94 % on Day

|1, and was 37.96 % on Day 16.

[00176] In the tumor inhibition experiment of the series of compounds on HCT-116

human colon cancer xenografts in tumor-bearing nude mice, compounds D2, D3, D4
exhibited higher tumor inhibition rates on HCT-116 human colon cancer xenografts in tumor-
bearing nude mice. After a one-time intraperitoneal drug administration until Day 16, there

had been a significant tumor inhibition effect without obvious influence on the body weight

of the animals, indicating a high antitumor activity of the disclosed cytidine derivative dimers

with very low toxic side effects.
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WHAT IS CLAIMED 1S:

. A cytidine derivative dimer, having the following general formula (1),
Rz& - O—R4 % TN ﬁ

o  OF. ©7 a0 NN
N4 fl Y O R~ O \ O},‘N&??_N 7

T LG NN SR P T e W '

HIN -~ WZ;N O h R3—10) g O Q,
._ . .
O R1
(1)
wherein:

R1 is C;-Cp alkyl, C,-C o substituted alkyl, -(CH3),-Ph, or substituted -(CH;),-Ph; 1n
the -(CH,),-Ph, n=0, 1, 2, 3~10, and Ph is phenyl; a carbon chain of the substituted alky! is
independently substituted by one, two, or three of halogen, cyano group, nitro group, amino
group, hydroxyl group, or carboxyl group; and in the substituted -(CH,),-Ph, n=0, 1, 2, 3~10,
and a carbon chain or a phenyl ring of which is independently substituted by one, two, or

three of halogen, cyano group, nitro group, amino group, hydroxyl group, or carboxyl group;

R2 is C;-Cp alkyl, C-C o substituted alkyl, -(CH>),-Ph, or substituted -(CH;),-Ph; in
the -(CH,),-Ph, n=0, 1, 2, 3~10, and Ph is phenyl; a carbon chain of the substituted alkyl is
independently substituted by one, two, or three of halogen, cyano group, nitro group, amino
group, hydroxyl group, or carboxyl group; and in the substituted -(CH»),-Ph, n=0, 1, 2, 3~10,
and a carbon chain or a phenyl ring of which is independently substituted by one, two, or

three of halogen, cyano group, nitro group, amino group, hydroxyl group, or carboxyl group;

R3 is hydrogen, alkoxycarbonyl or substituted alkoxycarbonyl, wherein a substituent
of the substituted alkoxycarbony! is halogen, cyano group, nitro group, amino group,

hydroxy! group, or carboxyl group;
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R4 is hydrogen, alkoxycarbonyl or substituted alkoxycarbonyl, wherein a substituent

of the substituted alkoxycarbonyl is halogen, cyano group, nitro group, amino group,

hydroxy! group, or carboxyl group; and

RS is -(CH»),-, n being from 1 to 15, or substituted -(CH,),- with a substituent on a
carbon chain thereot, the substituent is phenyl group, substituted phenyl group, cyano group,
nitro group, amino group, hydroxyl group, carboxyl group, or -(CHz),-X1-Xs-; in the ~(CH3)q-
X(-Xo-,n=0, 1,2,0r 3, X;isOor S, and X, is -«(CH»,),-Ph, n being 0, 1, 2, or 3, or X, is

pyrimidyl, pyranyl, imidazolyl, pyrazinyl, or pyridyl.

2. The cytidine derivative dimer according to claim 1, characterized in that: R3 is

hydrogen and R4 is hydrogen.

3. The cytidine derivative dimer according to claim 2, characterized in that: R1 and R2
are same.
4. Application of preparing a tumor inhibiting drug using the cytidine derivative dimer

according to claim | or a salt form thereof.

5. The application of preparing the tumor inhibiting drug using the cytidine derivative

dimer or the salt form thereof according to claim 4, characterized in that the tumor is a blood

tumor or a malignant solid tumor.

6. A pharmaceutical composttion, characterized 1n that:
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comprising the cytidine derivative dimer as shown by the general formula (1)
according to claim 1 or a pharmaceutically acceptable salt thereof as an active ingredient; and

one or more of medicinal carriers or excipients.

7. The pharmaceutical composition according to claim 6, characterized in that: a form of

the pharmaceutical composition is an injection form, or an oral administration form, wherein:

the oral administration form includes tablet, powder, granule, capsule, pellet
formulation, solution, suspension, emulsion, syrup, or elixir; and
the injection form includes a solution-type injection, a suspension-type injection, an

emulsion injection, or a sterile powder-type injection.

8. A method for preparing the cytidine derivative dimer according to claim 1,

characterized in that the method comprises the following steps:

1) preparing a compound having a general formula (I1);

(D)

2) preparing a compound having a general formula (I11);
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/J%Q (111)
-

HO~d k‘h H

3) mixing the compound having the general formula (11) with sodium carbonate to add
to a system including 1,4-dioxane and water, then adding (Boc),O for a reaction, and
according to TLC measurement, when the reaction is measured to be completed to provide a
reaction product, the reaction product being extracted, washed, and dried, and then
concentrated to dryness under a reduced pressure; and adding the dried compound into
chloroform, adding in pyridine and dianhydrides R5(CO),0 for an overnight reaction,
concentrating to yield a viscous oil, purifying the viscous oil by column chromatography to

obtain a compound with a general formula (1V):

BN

A, (1V)

%
{0

(4) after mixing the compound having the general formula (1V), the compound having
the general formula (111), and DCC, adding the mixture to dichloromethane, and adding in
DMAP for a reaction; according to TLC measurement, when the reaction is measured to be

completed to provide a reaction product, the reaction product being washed, dried, and
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concentrated to dryness; further adding TFA and DCM, stirring at room temperature; after
cooling with ice bath, filtering out a white solid, and concentrating the filtrate to obtain a
viscous oil, which is purified by column chromatography to produce the cytidine derivative

dimer.
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