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{57} Abstract

{0

Substituted pyrroles of formula (1) wherein R! is hydrogen and R? is methyl or R! is methy! and RZ is hydrozen or R is hydroxymetn: |
and R? s methy! as well as pharmaceutically acceptable prodrugs or pharmaceutically acceplable sahs thereof are antiproliferative agenis

useful in the treatment of cancer.
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SUBSTITUTED BISINDOLYMALEIMIDES FOR THE INHIBITION OF CELL PROLIFERATION

The invention relates 10 substituted pyrroles of formula

wherein R'is hydrogen and R’ is methyi or
R’is methyl and R’ is hydrogen or
R' is hydroxymethy! and R is methy]

as well as to pharmaceutically acceptable prodrugs or pharmaceuticaliy acceptable salts thereof.

The compounds of formula I have antiproliferative activity, specifically, they 1nhibit cell
division in G2/M phase of the ccll cycle and are generally referred to as “G2/M phase cell-

cycle” inhibitors.

The compounds of formula T are covered by formula I of U.S.P. 5,057,614 without being

specifically disclosed as a group or individually. In addition, the above-mentioned activity of the
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compounds of the present invention has nowhere been disclosed or made obvious in US.P.
5,057,614 and, therefore, is surprising.

Formula I above comprises the following three compounds:

-2

2
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The t1erm *pharmacewtically acceptable prodrugs” means a compound that may be
converted under physiological conditions or by solvolysis to any of the compounds of formula I

ot 10 a pharmaceutically acceptable salt of said compounds.

The compounds of formula 1, as well as pharmaceutically acceptable salts of said
compounds, are prepared by reactions represented in the following Schemes. The synthesis of

each of these compounds is also described in Examples 1-3.

Compound I-1 can be prepared by reacting (1-methyl-6-nitro-1H-indol-3-yl)-oxo-acetyl
chloride (3) with [1-(2,2-dimethyl-propionyl)-1H-indol-3yl]-3-ethanimidic acid 1-methyl-

ethylester hydrochloride (7) and treating the reaction product with a base.

Compound I-2 can be prepared by reacting (1-methyl-1H-indol-3-yl)-oxe-acetyl chloride
(17) with [1-(2,2-dirnethyl-propionyl)-6-nitro-1H-indol-3-yl}-3-ethanimidic  acid l-methyl-

ethylester hydrochloride (19) and treating the reaction product with a base.

Compound I-3 can be prepared by reacting (1-methoxymethyl-1H-indol-3-yl)-oxo acetyl
chloride (10) with (l-methyl-6-nitro-1H-indol-3-yl)-3-ethanimidic acid !-methylethylester

hydrochloride (15) and treating the reaction product with an acid.

[WH]
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SCHEME 1
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SCHEME 2




WO 99/47518 PCT/EP99/01534

SCHEME 3
(13)

(16) N {
| N
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N
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The antiproliferative activity of the compounds of the invention is demonstrated below.

These effects indicate that the compounds are useful in treating cancer, in particular sohd tumors.

The estrogen receptor negative epithelial breast carcinoma line (MDA-MB-435) was
purchased from American Type Cell Culture Collection (ATCC; Rockville, MD) and was grown
in the medium recommended by ATCC. For analysis of the effect of the test compounds on
growth of these cells, the cells were plated at 2000 cells per well in a 96-well tissue culture plate

("test plate”), and were incubated overnight at 37°C with 5% CQ»>. The next day, the test

compounds were dissolved in 100% dimethy! sulfoxide (DMSO) to yield a 10 mM stock
solution. Each compound was diluted with sterile distilled water to | mM and then was added to
triplicate wells of a 96-well * master plate” containing medium in a sufficient quantity to yield a
final concentration of 40 uM. The compounds were serially diluted in medium in the “master
plate.”  One-fourth final volume of the diluted compounds was transferred to duplicate “test
plates.” DMSO was added to a row of “control cells” such that the final concentration of
DMSO in each well was 0.1%. The “test plates™ were returned to the incubator and 3 days post
addition of test compound one “test plate” was analyzed as described below. Similarly, 5 days

after addition of test compound, the second “ test plate™ also was analvzed as described below.

3-(4,5-dimethylthiazole-2-y1}-2,5-diphenyl-2H-tetrazolium bromide  (thiazolyl blue;
MTT) was added to each well to yield a final concentration of I mg/ml. The plate was then
incubated at 37°C for 3 hours. The MTT-containing medium was then removed and 50 ul 100%
ethanol was added to each well to dissolve the resulting formazan metabolite. To ensure
complete dissolution, plates were shaken for 15 minutes at room temperature. Absorbencies
were read in a microtiter plate reader (Molecular Dynamics) at a wavelength of 570 nm with a
650 nm reference. Percent inhibition was calculaled by subtracting the btank from all wells, then
subtracting the division of the average absorbance of each test triplicate by the average of the

controis from 1.00. Inhibitory concentrations {ICsq and ICgq) were determined from the jinear

regression of a plot of the jogarithm of the concentration versus the parcent inhibition.
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The colon adenocarcinoma line SW480 and the colon carcinoma line HCT-116 also were
obtained from the ATCC and were tested according to the same protocol provided above with the
following modifications. Cell line SW480 was plated at 1000 cells per well and analyzed at 6
days post addition of the test compound. Cell Jine HCT-116 was plated at 730 cells per well and
analyzed at 4 days post addition of test compound. For the MTT analysis, plates were
centrifuged at 1000 rpm for 5 minutes prior to aspiration of the MTT-containing medium, and

100 ul 100% ethanol was used to dissolve the formazan.

The results of the foregoing in vitro tests are set forth below in Tables I-I11.

TABLE]

Antiproliferative Activity In Cell Line MDA-MB-435

Compound IC,, (uM)
Compound 1-1 0.03*
Compound [-3 0.05*
Compound [.2 0.6%

* An average of at least three separate experiments.

TABLEIT

Antiproliferative Activity In Cell Line HCT-116

Compound IC . (uvh
Compound I-1 Q.17+
Compound -3 0.23*
Compound I-2 1.66* J

* Anaverage of at least three separate experimenis.



[
N

WO 99/47518 PCT/EP9%/01534

TABLE I

Antiproliferative Activity In Cell Line S¥V480

Compound IC, (LMD
Compound 1-1 0.20%
Compound I-3 0.22*
Compound I-2 1.86*

* An average of at least three separate experiments.

For analysis of the effect of the compounds on cell cycle progression, MDA-MB-435
cells (ATCC; Rockville, MD) were plated at 1 x 106 cells/10 mis per 10 cm dish in the
following growth medium: RPMI 1640 + 10% Heat-Inactivated Fetal Bovine Serum, 2 mii L-
glutamine and 50 U/ml pen-strep (all from GIBCO/BRL, Gaithersburg, MD). The cells were
incubated overnight at 37° C with 5% CO,. The next day, 10 pl of each of the compounds 10 be
tested, in a 100% DMSO solution, was added to individual dishes 10 obtain 1/1000x final
concentration of the stock solution. In addition, 10 p! 100% DMSQ was added to a control dish.

The final concentration of DMSO in all plates, including the control, was 0.1%. The plates were

retumned o the incubator.

Thereafter, at varrous periods of time, the medium in each plate was removed 1o a 30 mi
centrifuge tube. The cell layer remaining in the dish was then washed with 5 ml of phosphate
buffered saline (PBS; GIBCO/BRL). The PBS was removed and combined with the medium in
the appropriate tube, The cells were trypsinized for 5 minutes at 37° C, and 1he solution was
collected and combined with the medium and PBS in the appropriate wbes. The tubes were then
centrifuged for 5 minutes at 1200 rpm. The cells were fixed by removing the supernatant.
tapping the tube to distnbute the peliet, then adding 3 mls of cold 70% ethanol while vorexing

gently. The cells were then stored at -20° C for >24 hours.
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The cell-containing tubes were taken out of freezer and allowed to sit at room
temperature for 20-30 minutes. The tubes were centrifuged at 3000 rpm for 5 minutes. The
supematant was removed, the pellets were washed with 5 ml PBS, and the tubes were
centrifuged as above. Subsequently, the supernatant was removed, and the pellet was
resuspended in 0.5 ml PBS. Thereafter, 0.5 ml RNAse A (1 mg/m! in PBS) was added to each
tube, and the tubes were incubated at 37° C for 15 minutes. 100 pl propidium iodide (Sigma, St.
Louis, MO) (! mg/ml in PBS) was added to each tube, and the tubes were then incubated at

room temperature for 2-3 minutes. Each resulting solution was passed through a filter cap tube

(Becton Dickinson, San Jose , CA, #2235).

Samples were read in a FACSort machine (Becton-Dickinson) using the manufacturer’s
CellQUEST program, and analyzed with the manufactureris ModFIT software.  This
measurement provides an indication of the percent of cells in each of the following phases:

GO0/G1, DNA synthesis (S) and G2/M phases.

10
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The results of a cell cycle progression experiment analyzed at day 1 post addition of test

compounds I-1, I-2 and I-3 are summarized below in Table IV.

TABLE IV
>
Effect Of Test Compounds On Cell Cycle
O % Of Cells In Each Cell Cvcle Phase
Compound Concentration G1 S G2/M
® DMSO 0.1 % 4393 % | 4108 % | 14.99 %
Compound | 0.1 kM 527 % | 2521% | 66.52%
Compound I 0.03 uM 4530 % 34.67 % 20.03 %
Compound I 0.01 uM 44.95 % 41.04 % 14.00 %
Compound -3 0.3 uM 1.11 % 2499 % | 73.90%
Compound I-3 0.1 uM 15.54 % 24.06 % 60.40 %
Compound I-3 0.03 uM 4545 % 38.06 % | 16.50 %
Compound I-2 10 uM 10.41 % 3525% | 5434 %
Compound [-2 3 UM 326 % | 48705 % | 4199 %
. Compound 1-2 1 uM 2721 % 30.19 % 42.60 %
10 The results summarized in Tables I-1V above demonstrate that compounds I-1, I-2 and [-3

have antiproliferative activity; specifically, they cause an accumulation of cells in the G2/m

phase of the cell cycle.

The pyrroles of formula 1 above and their aforementioned salts can be used as

15 medicaments, for example, in the form of pharmaceutical preparations, which can be
administered orally, for example, in the form of tablets, coated tablets, dragees, hard or soft
gelatin capsules, solutions, emuisions or suspensions. They can also be administered rectally, for
example, in the form of suppositories or parenteraliy, for example. in the form of injecion

solutions.

11
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For the manufacture of pharmaceutical preparations these compounds can be formulated
with therapeutically inent, inorganic or organic carriers. Lactose, maize starch or derivatives
thereof, talc, steric acid or its salts can be used as such carriers for tablets, coated tablets, dragees
and hard gelatin capsules. Suitable carriers for soft gelatin capsules are vegetable oils, waxes,
fats, semi-solid or liquid polyols. Depending on the nature of the active substance no carriers are,
however, generally required in the case of soft gelatin capsules. Suitable carriers for the
manufacture of solutions and syrups are, water, polyols, saccharose, invert sugar and glucose.
Suitable camers for injection are water, alcohols, polyols, glycerine, vegetable oils,
phospholipids and surfaciants, suitable carriers for suppositories are natural or hardened oils,

waxes, fats and semi-liquid polyols.

The pharmaceutical preparations can also contain preserving agents, solubilizing agents,
stabilizing agents, wetling agents, emulsifying agenmts, sweetening agents, coloring agents,
flavoring agents, salts for varying the osmotic pressure, buffers, coating agents or antioxidants.

They can also contain still other therapeutically valuable substances.

As mentioned above, the pyrroles of formula I and their aforementioned salts can be used
in the treatment or control of oncological disorders. The dosage can vary within wide limits and
will, of course, be adjusted to the individual requirements in each particular case. In general, in
the case of oral or parenteral administration to adult humans weighing about 70 kg, a daily
dosage of about 10 mg to about 10,000 mg, preferably from about 200 mg to about 5,000 mg,
more preferably to about 1000 mg, should be appropriate, although the upper limit mav be
exceeded when indicated. The daily dosage can be administered as a single dose or in divided

doses, or for parenteral administration, it may be given as continuous infusion.
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The following Examples illustrate the present invention.

EXAMPLE 1

Preparation of 3-(1H-indol-3-v1}-4-{1-methvl-6-nitro-1H-indo!-3-v]}-pvrrole-2.5-dione {I-1)

A. 1-Mzsthvi-6-nitro- 1 H-indole {(2)

To a slurty of 033 g (8.3 mmol) of NaH (60% dispersion in oil) in 30 ml of dred
dimethylformamide ("DMF”), was added 0.973 g (6.00 mmol) of commercially available
6-nitro-1H-indole (1) at 0-5°C over a period of 10 minutes. Afier 1 hour stirring at the same
temperature, 0.75 ml (12.1 mmol) of methyl iodide was added and the mixture was stirred at the
same lemperature for 30 minutes, then at room temperature for 1 hour, poured into ice and water
and extracted with ethyl acetate. The organic phase was washed with brine, dried over MgS0y4,
and concentrated to yield 0.814 g (77.5%) of 1-methyl-6-nitro-1H-indole (2) as a yellow solid.

This material was used without purification.

B. {1-Methvl-6-nitro-1H-indol-3-vD-oxo-acetvl chioride (3)

To a solution of 1.33 g (7.55 mmol) of I-methyl-6-nitro-1H-indole (2) in 40 ml of ether were
added 1.5 mi (17.2 mmol) of oxalyl chloride at 0-5°C under Argon. A precipitate was formed.
After 3 hours stirring, the resulting solid was filtered, washed with a small amount of ether and
dried to yield 1.9 g (95%) of (1-methyl-6-nitro-1H-indol-3-yl)-oxo0-acetvl chlenide (3) as a

yellow solid. This material was used without purification.

C. {1-(2.2-Dimethvl-propionvi}- 1H-indol-3-v1l-acetonitrile (6)

Using the procedure of subpart A above, the N-alkylation reaction of 10.2 g (65 mmcl) of
commercially available (1H-indol-3-yl}-acetonitrile (5) with 8.7 ml (71 mmol) of inmethylacety!
chloride and 3.4 g (85 mmol) of NaH (60% dispersion in oil) as a base in 115 mi of DMF yielded
6.6 ¢ (38.7%) of {1(2,2-dimethy]-propionyl)-1H-indol-3-yi}-acetonitrile (6) as 2 vellow oil after

chromatographic purification.

13
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D. [1-(2.2-Dimethvl-propionvi)-1H-indol-3vi]-3-ethanimidic __acid __1-methvlethvlester

hydrochloride (7)

To a slurry of 6.6 g (27.5 mmol) of [1-(2,2-dimethyl-propionyl)- 1H-indol-3-yl]-acetonitrile (6)
from Step C above in 105 m] of 2-propanol, 40 ml (0.563 mol) of acety! chioride was added
dropwise at 0-5°C over a 20 minute petiod. The reaction mixture was stired at room
temperature ovemnight, concentrated and the residue was diluted with approximately 75 m! of
ethyl acetate, heated for 15 minutes on a steam bath, cooled and placed in a freezer. The
precipitate was filtered and dried to yield 6.0 g (63.0%) of [1-(2,2-dimethyl-propionyl}-1H-indol-
3-yl]-3-ethanimidic acid I-methylethylester hydrochloride (7) as a white solid.

E. 3-[1-(2.2-Dimethvl-propionvl)-1H-indol-3-y11-4-(1-methvi-6-nitro- 1H-indo!-3-v1)-

pymrole-2.5-dione (4)

To a solution of 1.25 g (4.69 mmol) of (1-methyl-6-nitro-1H-indol-3-yl)-oxo0-acetyl chloride (3)
from Step B above and 1.6 g (4.75 mmol) of [1-(2,2-dimethyl-propionyl)-1H-indo}-3-yi}-3-
ethanimidic acid 1-methyl ethylester hydrochloride (7) from Siep D above in 80 ml of methylene
chlonide was added 2.6 ml (18.65 mmol) of wiethylamine at 0°C and under Argon. After stirring
at the same temperature for 30 minutes, the reaction mixture was then sturred at room
temperature for 3 1/2 hours and diluted with more methylene chloride. The organic phase was

washed with water, 0.5N HCI solution, brine, dried over MgSO4 and concentrated to give 3.01 g

of a foarn. This material was dissolved in 50 ml of toluene and treated with 957.9 mg (5.19
mmol) of p-toluenesulfonic acid at 0°C. After 3 hours stirring at room temperature the reaction
mixture was extracted with methylene chloride. The organic phase was washed with 2 saturated
NaHCO3 solution, brine, dried over M2SO4 and concentrated to give 3.9 g of crude material.
Chromatographic purification on a silica gel column, yielded 1.7 g (77.%) of 3-{1-(2.2-dimethy!-
propionyl)-1H-indol-3-yt}-4-(I-methyl-6-nitro-1H-indol-3-y1)-pyrrole-2,5-dione (4) as an orange
solid. mp >146°C with dec. MS: (M), vz 470,

14
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F. 2-(1H-Indol-3-vD-4-{ l-methvi-6-nitro- 1H-indol-3-v}-pvrrole-2.5-dione (1-1)

1.7 g (3.61 mmol) of 3-[I-(2,2-dimethyl-propionyl)-1H-indol-3-yl]-4-(1-methyl-6-nitro-1H-
indol-3-yl)-pyrrole-2,5-dione (4) from Step E above in 60 mi of methanol was treated with 5.6
m! (8.96 mmol) of a 1.6 molar solution of NaOCH3 in methanol. The reaction was stirred at
room temperature for 1 hour, poured in 2N-HCVice and extracted with ethyl acetate. The organic
extracts were dried on anhydrous MgSOy4 and concentrated to vield, after chromatographic
purification, 394.7 mg (28%) of 3—(1H—ind0]-3-y])—4-(1-methyl-ﬁ-nitro-lH-indol-S-y])-pyrrole-
2,5-dione (I-1) as a red solid mp >280°C. MS: (M1), m/z 386.

EXAMPLE 2
Preparation of 3-{1-hvdroxvmethyl-1H-indol-3-v-4-(1-methvl-6-nitro- 1 H-indol-3-vD-pvrrole-
2.5-dione (I-3)

A. 1-Methoxvmethyl-1H-indole (9)

Using the procedure of Example !, Step A, the N-alkylation reaction of 1.17 g (10 mmol) of

, commercially available indote (8) with 1 m! {13.1 mmol) of chioromethvl methyl ether and 0.48

g (12 mmol) of NaH (60% dispersion in oil) as a base in 22 mi of DMF yielded 1.4 g (§6.9%) of

I-methoxymethyl-1H-indole (9) as a colorless oil, after chromatographic purification.

B. {1-Methoxymethvl-1H-indol-3-yD-oxe-acetvl chloride (10)

Using the procedure of Example 1, step B, the reaction of 0.23 g (1.43 mmol) of I-
methoxymethyl-1H-indole (9) from Step A above with 0.25 m! (2.86 mmol) of oxalyl chloride in
3.5 ml of ether produced 0.174 g (48.5%) of (l-mecthoxymethyi-1H-indol-3-v1)-oxo-acety]

chloride (10) as a yeliow solid. This material was used without purification.
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C. {6-Nitro-1H-indoi-3-vyD-acetonitrle (13)

To a stirred solution of 44.27 g (0.204 mol) of 6-nitrogramine (12) [Jackson B. Hester J. Org.
Chem., 29: 1158 (1964)] in 450 ml of acetonitrile 44.59 g (0.31 mol) of methyl iodide was added
at 0-5°C over a period of an hour. The reaction mixture was stirred at room temperature for three
hours, then a solution of 26.6 g (0.543 mol) of sodiurn cyanide in 225 m| of water added at once.
The reaction mixture was heated at 32°C overnight, cooled to room temperature and the product
extracted 3 times with a total of 800 ml of ethyl acetate and 300 m! of water. The combined
extracts were washed with water, IN HCl solution, a saturated sodium bicarbonate solution,

dried on MgS0O4 and the solvent evaporated in vacro. The orange-brown residue (41.3 g) was

dissolved in 200 ml of warm ethyl acetate and passed through a small pad of silica gel to produce
28.9 g (70.4%) of (6-nitro-1H-indolyl-3-yl)-acetonitrile (13) as a yellow solid after evaporation

of the solvent.

D. (1-Methyl-6-nitro- 1H-indol-3-vl}-acetonitrile (14)

65.5 g (0.474 mol) of powdered potassium carbonate was added to a solution of 28.9 g (0.143
mol) of (6-nitro-1H-indol-3-yl)-acetonitrile (13} from Step C above in 230 ml of
dimethylformamide at room temperature. The suspension was stirred for 40 minutes then 25.48
g (0.179 mol) of methy! iodide was added dropwise over 63 minutes. After stirring at room
temperature over night the reaction mixture was cooled and poured into a total of 600 ml of
water. The precipitate was filtered, washed with a little water and dried on phosphor anhydride

until reaching constant weight. The procedure yielded 30.4 g (95.4%) of (1-metihyl-6-nitro-1H-

ri-ndol-?;-yl)-acetonitriic (14), which was used without further purification.

E. (1-Methy!-6-nitro- 1 H-indol-3-vD)-3-ethanimidic acid 1-methvlethvlester hvdrochlorde (15

A stream of HCI gas was bubbled into a stirred suspension of 82 g (0.382 mol) of (1-methyl-6-
nitro-1H-indol-3-yl}-acetonitrile (14) from Step D above, in 1000 ml of 2-propanol at 0-10°C.
After adding approximately 350 g of HCI, ether was added to the reaction mixture uniil a

-

precipitate was formed. The solid was collected, washing with ether and dried in vecuo to vield

16
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102 g (85.7%) of (1-methyl-6-nitro-1H-indol-3-yl)-3-ethanimidic acid 1-methylethylester
hydrochloride (15).

F. 3-(1-Methoxvmethvl-1H-indol-3-v])-4-(1-methvl-6-nitro-1 H-indol-3-vI)-pvrTole-2.5-
diope (11}

Using the procedure of Example 1, Step E, the condensation reaction of 1.3 g (5.17 mmol) of

oxoacetyl chloride (10) from Step B above, with 1.7 g (5.45 mmo!) of (1-methyl-6-nitro-1H-
indole)-3-ethanimidic acid 1-methyl ethylester hydrochloride (13) from Step E above in 95 ml of
methylene chloride, yielded 1.08 g (48.5%) of 3-(1-methoxymethyl-1H-indo!-3-y1)-4-(1-methyl-
6-nitro-1H-indol-3-yl)-pyrrole-2,5-dione (11) as an orange solid, mp >250°C with dec. MS;

(M), m/z 430.

G. 3-(1-Hvdroxvmethyl-1H-indol-3-v)-4-(1-methvl-6-nitro- 1 H-indol-3-v])-pyrrole-2.3-

dione (1-3}
A solution of 727.5 mg of 3-[1-(methoxymethyl)-1H-indol-3-y1)-4-(1-methyl-6-nitro-1H-indol-

3-yl)-pyrrole-2,5-dione (11) from Step F above in 65 ml of THF was treated with approximately
40 m] of 2N HCl. The reaction mixture was refluxed for § hours, cooled and the product was
extracted with ethy! acetate. The organic phase was dried on MgS0y4 and the solvent evaporated
to give an orange solid. Chromatographic purification of this material yielded 123.3 mg of 3-(1-
hydroxymethyt-1H-indol-3-yl}-4-(1-methyl-6-nitro-1H-indol-3-y})-pyrrole-2 5-dione (I-3) as a
red solid, mp 210-213°C. MS: (M*), m/z 416.

17
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EXAMPLE 3
Preparation of 3-(1-Methvl-1H-indol-3-y1)-4-(6-nitro-1H-indol-3-v])-pvrrole-2.5-dione (I-2)

A {1-Methvl-1H-indol-3-v1)-oxo-acety] chloride (17)

Using the procedure of Example I, Step B, the reaction of 6 ml (47 mmol) of commercially
available 1-methyl-1H-indole (16) with 8 m) (92 mmol) of oxalyl chloride in 120 ml of ether,
produced 7.6 ¢ (73.2%) of (1-methyl-1H-indol-3-yl)-ox0-acetyl chloride (17) as a yellow solid.

This material was used without purification.

B. 11-02.2-Dimethvi-propionv-6-nitro-1H-indol-3-v}l-acetonitrile (18)

Using the procedure of Example 1, Step A, the N-alkylation reaction of 346.6 mg ( 1.72 mmol)
of é-nitro-1H-indolyl-3-acetonitrile {13) from Example 2, Step C with 0.3 m! (2.44 mmol) of
trimethylacetyl chloride and 70.8 mg (1.77 mmol) of NaH (60% dispersion in oil) as a base in 8
ml of DMF yielded after chromatographic purification, 287.7 mg (43.2%) of [1-(2,2-dimethyi-
propionyl)-6-nitro-1H-indol-3-yi}-acetonitrile (18) as a yellow oil.

C. [1-(2.2-Dimethyvl-propiony-6-nitro-1H-indol-3-v1}-3-ethanimidic  acid  I-rnethviethvi-

ester hvdrochlonide (19)

A stream of HCI gas was bubbled for 3 minutes into a constantly stirred suspension of 1.45 g
(5.08 mmol) of 1{-(2,2-dimethyl-propionyi}-6-nitro-1 H-indolyl}-3-acetonitrile (18) from Step B
above in 90 m! of 2-propanol at 0-5°C. The reaction mixture was stirred at room temperature for

21 hours. The solvent was evaporated in vacuo to give 1.95 g (100%) of a yellow solid (19). This

material was used without further purification.

18
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D. 3-[1-(2.2-Dimethvl-propionv))-6-nitro- 1 H-indol-3-v11-4-(1-methvl- 1 H-indpi-3-v1)-

pvrrole-2.5-digne (20)

Using the procedure of Example 1, Step E, 1.1 g (4.96 mmol) of oxoacetyl chloride (17) from
Step A above was reacted with 1.95 g (5.08 mmol) of {1-(2,2-dimethyl-propionyl)-6-nitro-1H-
indol-3-y1]-3-ethanimidic acid 1- methylethylester hydrochloride (19) from Step C above and 2.1
mi (17.94 mmol) of triethylamine in 120 ml of methylene chloride, the resulting product was
treated with 1.1 g (5.78 mmol) of p-toluenesulfonic acid monohydrate in 80 ml of toluene,
yielding 1.3 g (62.1%) of 3-[1-(2,2-dimethy}-propionyl)-6-nitro-1H-indol-3-yl}-4-(1-methyl-1H-
indol-3-y})-pyrrole-2,5-dione (20) as an orange solid; mp >243 °C with dec. MS: (M), m/z 470.

E. 3-(1-Methvl-1H-indol-3-v}-4-(6-nitro-1H-indol-3-vl}-pvrrole-2.5-dione  {[-2)

Using the procedure of Example 1, Step F, the N-deprotection reaction of 1.3 g (2.76 mmol) of
3-[1-(2,2-dimethyl-propionyl)-6-nitro-1H-indol-3-yl}-4-(1-methyl- 1 H-indol-3-yi)-pyrrole-2,5-

dione. (20) from Step DD above with 4.3 m! (6.88 mmol) of a 1.6 molar solution of NaOCH3 in 65
mi of methancl! yielded 300.6 mg ( 28.1%) of 3-(1-methyl-1H-indol-3-y1}-4-(6-nitro-1H-indol-3-
yl)-pyrrole-2,5-dione (I-2) as a red solid after crystallization from ethyl acetate and hexane; mp

>260 °C. MS: (M*), m/z 386.

EXAMPLE 4
TABLET FORMULATION
Item Ingredients mg/Tablet
S
1 Compound A* 5 25 100 250 500 | 750
2 Anhydrous Lactose 103 83 35 19 38 57
3 Croscarmellose Sodium 6 6 & 16 32 48
4 Povidone K30 5 5 6 12 24 36
5 Magnesium Stearate 1 1 1 3 6 9
Total Weight 120 120 150 300 600 K 900

*Compound A represents a compound of the invention.

19
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Manufacturing Procedure:

1. Mix Items 1, 2 and 3 in a suitable mixer for 135 minutes.

19

Granulate the powder mix from Step 1 with 20% Povidone K30 Solution (Item 4).

5 3. Dry the granulation from Step 2 at 50°C.
4. Pass the granulation from Step 3 through a suitable milling equipment.
5. Add the Item5 to the milled granulation Step 4 and mix for 3 minutes.
. 6. Compress the granulation from Step 5 on a suitable press.
10
EXAMPLE 5
CAPSULE FORMULATION
Item Ingredients mg/Tablet
1 Compound A * 5 23 100 250 500
2 Hydrous Lactose 159 123 148 -- -
. 3 Com Starch 25 35 40 35 70
4 Talc 10 135 10 12 24
5 Magnesium Stearate 1 2 2 3 1 6
Total Fill Weight 200 200 300 300 600
15 * Compound A represents a compound of the invention.
Manufacturing Procedure:
L. Mix ltems 1, 2 and 3 in a suitable mixer for 15 minutes.
20 2 Add Items 4 & 5 and mix for 3 minutes.

3. Fill into a suitable capsule,
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EXAMPLE 6

PCT/EP99/01534

INJECTION SOLUTION/EMULSION PREPARATION

Item l Ingredient me/ml
1 Compound A * 1 mg
2 PEG 400 10-50 mg
3 Lecithin - 20-50 mg
4 Soy Qil 1-3 mg ]
5 Glvycerol 8-12 me
6 Water g.s. 1 ml

* Compound A represents a compound of the invention.

Manufacturine Procedure:

Dissolve item 1 in item 2

Add items 3, 4 and 5 to 1tem 6 and mix until dispersed, then homogenize.

Add the solution from step | to the mixture from step 2 and
dispersion is translucent.

Sterile filter through a 0.2 um filter and fill into vials.

EXAMPLE 7

homogenize until the

INJECTION SOLUTION/EMULSION PREPARATION

Item Ingredient [ me/mi
1 Compound A * 1 mg
2 Glycofurol 10-50 mg
3 Lecithin 20-50 mg
4 Soy Oil 1-5 mg
5 Glycerol 8-12 mo
6 Water g.s. I mi

* Compound A represents a compound of the invention,
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Manufacturing Procedure:

o

[F5

Dissolve item 1 initem 2
Add items 3, 4 and 5 to item 6 and mix until dispersed, then homogenize.

Add the solution from step 1 to the mixture {rom step 2 and homogenize until the
dispersion is transjucent.

Sterile filter through a 0.2 um filter and fill into vials.
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CLAIMS

1. A compound of formula

wherein R'is hydrogen and R® is methyl or
R'is methyl and R’ is hydrogen or
R'is hydroxymethyl and R” is methyl

as well as pharmaceutically acceptable prodrugs or pharmaceutically acceptable salts thereof.

2. A compound of claim 1 of the formula

and pharmaceutically acceptable prodrugs or pharmaceutically acceplable salts of said

compound.
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3. A compound of the forrnula

1-2

5 and pharmaceutically acceptable prodrugs or pharmaceutically acceptable salts of said

compound.

4, A compound of the formula

10

and pharmaceutically acceptable prodrugs or pharmaceuticaliy acceptable salts of said

compound.
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5. A pharmaceutical composition comprising a compound of formula

wherein R'is hydrogen and R’ is methyl or

R'is methyl and R’ is hydrogen or

5 R'is hydroxymethy! and R* is methyl
or a pharmaceutically acceptable salt or prodrug of said compound and a pharmaceutically
acceptable carrer.
10 6. A compound according to any one of claims 1-4 for use as an antitumor drug.

7. The use of a compound claimed in any one of ¢laim 1-4 for the treatment of solid

tumors or the preparation of pharmaceutical compositions.

8. The compounds, compositions, processes and uses as hereinbefore described.
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X I oW BRI AEE, B4EHE, chirdangiieyg
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RE“HHEITEZHHERGY” A3 HFGLes: EEELN
THRARENBITRCHAUANITQEZMSH LA TELEHY
Ho LTz,

X I A ABRTENSBGEHETESTHERZBRLT I T
ERMATHRERNEN., RELAHPHEFHOSREEABET LR
#1~3 .

ot 1-1 TXHFHSE F (1-Fh-6-HE-1H-"%-3
-A) &R -TBA (3) B1-Q,2-=FA-# 8- 1H- "% -3-
K-3-zegiEB1- PACLEERLY (7) AR, FARKRKAER L
. -

e I-2 TEHHNE HF (1-FE-1H-B%-3-X) - &
R-CEBA(17) 51~ (Q,2- =F#k -~ A8)-6- Ak -1H- %% -3
- R)1-3-zeAAR 1-FROEERLY (19 BE, BABLAE
B Y.

o I-3 TEHFHNE F(1-FEEFE-1H- 3% -3- %)
- AR -CZEBA(10) 5 (1-FR-6-AEA-1H-%%-3-%) -3
- LEEABR1- FPRACEIBLS (15)RE, FABRRERE M,
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TEREERALRALSHEREAETHE, IBEZXR BT HEALESS
ERTHTE (AESHEE).

M ESHRARLEEALRESLZ (MDA-MB-435) g i EER
SR 3E B A T (ATCC; Rockville, MD) F & ATCC 350932 %
Ad Ak, BHHEABALSHF R SmEt ke b, Fmpasil
2000 At AT 96 SLMBIEARK ( “KBK” ), FEZTCHRS%
CO, BAETHR—E. 28, BRBLESHET 100% = F 25 DMSO)
M 10mM &5k, RAGEABAHEEHLSHE ImM, REM
7 96 FL “TFH” HEZHILFT (LABZBFHR 0uM R LR ENE
$EFA) . BEFREABAGENZE ‘TR THALESY. Bwusz
— B HBRGOHBENSHEI RS KB £ ¥ DMSO M2 —3H
“shtmpe” F, HELGERLDMSO BEH 01%. H “HB” &
HIEEK, ERAMRBUAHIRELETEFE N — “KEBKR .
R M, EFRmEBEREGWSKE, BTREFFHIHRE I “KBR .

B3- (4,5- - PHELE-2-K) -2,5-_F%KX-20- B4t
ng £ ( ek A ¥ (thiazolyl blue); MTT) MmE|&3L 7 £ Img/ml 65 s 4%
B. BEAIICTRHRIFREREI PN, RE, RESMITHERE, £
L HE M 50u] 100% LE miE ARG TEAREY. AIRELZESER,
EERTHITRES 15 4. EREFAZIHREHEZE ( Molecular
Dynamics) Fi£3 570nm % K& 4% E (2L 650nm HHk) . @it
WAL B, BN 100 B EFRERE =40 FHELEBR U
W TFHENFNR IR H A 5. ARESIREHH T HHE
ML A REE A TR RE (ICs# ICy) .

LIRS F SWA80 e L & 2 HCT - 116 .45 A ATCC 388 &
RUEGEAHTE (FTHER) K%, ¥k % SW480 2L -H-3L 1000 A
WA ERMRBAASY 6 RESH. FEE HCT - 116 2L H 3L
750 MR T ER M RBAS Y 4 XESH. ET MTIT &4, £
R HAMIT 6937 AZ 8, F-F#H A 1000rpm T & 5454, & A 100ul
100% LB RETRS .

B aARsrRBgERn TEI~ I F.
6



&1

L&

ik MDA - MB-435 v &SR &R

| I1Cso(uM)
& I-1 0.03*
REeH1-3 0.05*
e 1-2 C0.6¢ T

*E AR B A

(11
ik BHCT- 116 TR RBHAEH
(] ICso(uM)
aHmI-1 0.17*%
e I-3 0.23*
et 1-2 1.66*

* )

F oy 2 Ak 5 K64

& I
EMmE R SWAS0 P RIE A FiE
teh L1Cso(uM)
WwaHI-1 0.20*
aHmI-3 0.22%
e 1-2 1.86*

*EY ZABIAENTFHA

ZoWM RGBT R Mt R, & MDA - MB - 435 @
J& (ATCC; Rockville, MD) ¥AH 10cm ¥ 1 x10° A~ %8 }2./10ml 4545 T
e FAKEHREFT: RPMIL640+10% B X EHBF ok, 2mML- %
£ BB A= SU/ml pen-strep ( #k#F B GIBCO/BRL, Gaithersburg, MD) .
E3ITCHFR5%CO, FATH@BERE—RK. X8, #F 10p HF7Fabd

7




% T 100% DMSO F 5% mE & A m4F 1/1000x &R 6548 &
k. Bk, 3 10pl 100% DMSO mE| sfbm g, @365 g A 6 A7
HFH T DMSO # &R EZ 0.1%. HX LA EERA T,

KRG, EEWRE, ¥R FHEFEEB 2 S0ml 5sF F.
F M sml BE H 4% Ek (PBS; GIBCO/BRL) #hiE& G frm b ih 4y
Je k. B PBS FEAMELTTHREREASLSI. E3TCTHBRAKE
GEREL S 4, KEERFSMEE FH3EHREAF PBS&H. RE,
A 1200rpm THEXEF BS54, IHBLmE: B LR, B3
ESERBRREWS R, BEEEREGE N R Sml A6 70% ¢
BE. KRG, £-20CTH@mEes 24 el b,

MAEEMTREMEEABIEHTE, EERTHE 20~ 30 4.
£ 3000rpm THXEFHw 544, #BEEAR, A Sml PBS %k
Rk, R EEARERETES. BE, SHEHR BERARYE
ZF T 0.5mIPBS ¥. ®J5, £H X F F5m0.5ml RNA B A ( RNAse
A) (1mg/ml TPBS F), ¥XEFEIICTHRBEIS 4. BEILE
gr R Ao 100u] 2248 #& 42 ( Sigma, St. Louis, MO ) ( Img/ml T PBS ¥ ),
FETERTHEREB 23 04. WEH B RN EREDEZEE(filter
cap tube) ( Becton Dickinson, San Jose, CA, # 2235) .

# FACSort £ ( Becton-Dickinson) ¥ A A & & CellQUEST #
iz AE S, JFRAMT F % ModFIT ﬁtﬁ'— AT, EARRAET THEAN
A MRS TSI TF GO/GL B, DNA && (S) #f G2/M .

ERREBEXGHI-1. 1-2FI1-3—XsbaAistEs
BHERGFEELETTEIV .



1V

K I A2 2t tm 6 B 31 69 %
R ) RE &&@ﬁﬁ%%?%%%%
Gl S G2/M
DMSO 0.1% 43.93% 41.08% 14.99%
441 0.1uM 8.27% 0 2521% | 66.52%
o1 0.03uM 45.30% 34.67% 20.03%
AT | 0.01pM - |- 44.95% | 41.04% ... |..14.00% |
44 1-3 0.3uM 1.11% 24.99% 73.90%
e I1-3 | 0.1uM 15.54% 24.06% 60.40%
eH1-3 | 0.03uM 45.45% 38.06% 16.50%
e 1-2 10uM 10.41% 35.25% 54.34%
et 1-2 3uM 3.26% 48.75% 47.99%
et 1-2 1pM 27.21% 30.19% 42.60%

HWARI-IV PEEHEREAN: eHI1-1. 1-2H1-3 &
RN, HYkit, TNIRmEEEES G2/m Bt mE s RE,

HEX TR E R A TEETHAELEY (e, ZHDHNNGE
R), M THZ#&EYE, #lie, ZRHA. GARA. EH. FREEK
BKE., k. LBRREFROBA. ENETHEZE AR, i, 2
BRGHER; XEBESELY, Fld, ZEHgHRGHX.

24 FHGHAR, THX RS E LT LERES LR AIE LR
eHl. LB, 2 RESIESTEY., Boh. FIRE (steric acid) 2
EATHEAXIFGEAATRAAN,. xR, BRAPEAREKE. BTH
PR EGSGENEARA: Hd, . BhH. FESRES S L,
Fid, HBHARZTEDHGERR, TEXPVBREERABFTRE LK.
A FEEFERXMNGSELSEAR: K. 2B, B HLEFDE
B, ATEHROSEZAREA: K. 8. 348 Wi H¥Wm, 5
Fefe Rk EmERER, ATEAANGGEGRAER: RRABERG, . B
B X ik § U,




HHHMET AL RN, HEN. £Lan. HEHN. FLAH. ¥
#HHA., FEM. A%MN. ZAESFZESE. 47, aRXAXKEALA.
CMEEZXTALEEHRT LA ARG I

dew AR, XITHORBRBZENELTHATATXEFNRZRH. H
FTEERARNES, SR, ERAVHLSBLEBRATAKNES, &
¥, RBEEAL T0kg GRAL G FMEG LHE, 4 10me-8
10,000mg. %% 200mg ~ % 5,000mg. £ K% 200mg ~ £ 1000mg
HAMNERERELEY, X, 224 FTAEBEEZ LR, ZENETH
AENERYSHEHRY, AEZBTHFNESG R, THEAFEREL
.

4T RS EET AL,

LA 1
3- (1H-%%-3-}%) -4~ (1—%?2@.":%—5%%—1}1—@1%53_
BE) -wkek -2, 5- =28 (I-1) 6541 %

A 1-FHE-6- AKX -1H- 7% (2)

FE0~5CTF 10 54 B 1, 4% 0.33g (8.3mmol) NaH ( 60% i 5
&) T 30ml FoFPEFEE ( “DMF” ) &% & FHMm 0.973g
(6.00mmol) THBME 6-AEA-1H-v% (1) . ERHEEAETHF
1 A8 E, F0.75ml (12.1mmol) #K P, AAEERETHRLSY
3054, BEEBRTHRIF 1IN, HAKKT, BLBEIEFR,
AL RERNA, £ MgSO, T8, K% miF 0814g (77.5%) 1-
T -6-AE-1H-3R(2)FEEHAK kEstmABESREWA.
B.(1-FHA-6-FE-1H-w%-3-%) - &K - THA (3)

EO0-SCTHAART, £ 1.33g(7.55mmol) 1- FH -6- Ak -
1H- %%k (2) 8 40m] ZEZER T4 4 1.5ml (17.2mmol) £ R. A
WK, EF I3 DEE, SEBARGEK, AFyEL8E%k THBE
193 (95% ) (1-FH-6-AE-1H-%3%-3-X) ~AK-T
A (3) HERBKR., REskibmBEREE REWIR.

10




Cl-(2,2-=FHi-GB)-1H-%%-3~XK]- T (6)

BRAEXTFHES ASGESEFR, A 87ml (71mmol) = VX TEE
f.4= 3.4g( 85mmol ) A ¥E 455 NaH( & F 65 60% 2#& ) £ 115m1 DMF
b 10.2g (65mmol) THEE (1H- %k -3-4) - i (5) 347
N-RENMRE, BEEEHILERF 6.6g (38.7%) [1- (2, 2___%%—
AEE)-TH-v%-3-X]- T8 (6) &b,
DJ1-(2,2- VX -FB)-1H-9%-3-%]|-3-ZELLXLB 1-
YRARZERBELY (7) |

£ 0~5CTF 20 4R, 4 6.6g (27.5mmol) F A= L ¥ B, C

B-2,2-=FA-F8)-1H-%3%-3-%]- ZH(6) T 105m] 2

- BT HE & P A A 40ml (0.563mol) ZEA. EFXETHRE RS
B, K&, ARKY 75ml LRLEFERLY, EXABLWP
15 54F, AFEHANL AT, TERE, THRER 6.0g (65.0%)
[1-Q2,2- —FX-A8)-1H-3%-3-K]-3-Z2RHLK 1- ¥
Armdmtet (7) 6 &K
E.3-[1-(2,2- =Pk - &8) - 1H- %% -3- ;d‘q— 4-(1-FH -6
-AE-1H-wE-3-K) -wkek -2, 5- —& (4)

£ OCHEART, # 1.25z (4.69mmol) AL F % B & (1
-WHR-6-ME-1H-9%-3-A) - AK- TEBL (3) & l6g
(4.75mmol) FE LFEDHI-Q,2- =FE- HE)- 1H- 9%
-3-K]-3-ZEEER1- FTACELEERAYS (7) & 80ml —& Fi
AR P& 2.6ml(18.65Smmol) = L. EARERE T 30 545,
FEERTHRERGYERIIN I, BES S FRAELE. AKX
0.5N HCI #&&. HAKEREZRIAR, £ MgSO, LT, RK&ERF 3.01g
B, BB RAET S0ml ¥, £ 0CT A 987.9mg (5.19mmol ) *f
- FEBSBAE. EEERTHHEIIHEA_SATFRERRERSY.
A4 NaHCO; %k, EKBEHAIA, £ MgSO, LT, K% F 3.9¢
YR, EREEEEREFEELEL, F17g(77%)3-1-2,2- =¥
A-AB)-1H-%%R-3-K]~-4-(1-FE-6- k- 1H- "% -

-A) -keg -2, 5- 28 (4) BEEHK. mp>146C (5 #) . MS
11




(M"), m/z470.
F.3- (1H-%|=%-3-%) -4- (1-FPE-6-#E-1H-%=%-3
- &) -wkek -2, 5-—E (1-1)

A 5.6ml (8.96mmol) # 1.6 BE/R NaOCH; FRARLHE 1.7g
(3.61lmmol) FAEFTHEEH3-[1-Q, 2-=Fi - &H8)-1H-
gk -3-K[-4- (I~ FER-6-MAE-1H-"%-3-4) - uheg -
2, 5- —HR (4) %5 60ml TEEAEZ. TR THFERLLE 1D, 435 2N
HCUA ¥, RLEBRTEER, XK MgSO, L FRAMNERY, k4%,
REEEHiEF 3947mg (28% ) 3- (IH-%%-3-3%) -4- (1
- PR -6-AHE-IH-B%-3-K) -wE-2, 5-M(I-1) &
& B4k, mp>280C. MS: (M) m/z 386.

A 2
3- (1-BYHEA-1H-%"%-3-K£) -4- (1-FH-6-#%-1H
—wlwk -3~ K) -k -2, §5- —f (1-3) 8541 4%

A l-FAKEPFE -1H- 7% (9)

BAEHES 1 THE A GEEFE, A Iml (13.1mmoel) A F A
WEBF 0.48g (12mmol) 4FH 8455 NaH (P 60% 5-#8& ) £ 22m)
DMF F 2 1.17g (10mmol) TR E &<k (8) #T N- REMLR B,
REEELENETF 142 (86.9%) 1- PAAFTEA-1H- %% (9) £ &
i,

B.(1-FHEEFTEA-IH-w-3-%) - 8K - T&SE (10)

FEREHES 1 T5% B aHEEFE ¥ FarEF% A 6 0.23¢
(1.43mmol) 1- FEAFHE - 1H- %% (9) 5 0.25ml ( 2.86mmol)
FEEAA35ml LEETRERER0.174g (48.5% ) (1- FEAEFE -
TH-%%-3-3%) - &K -C8A (10) FEBK. AE84banis
BREH .

C.(6-#AX-1H-%3%-3-%) - ZH (13)
£ 0~5CT— DR, ZHEHFAE 44.27g (0.204mol) 6 - # A

12




F 4 #& (12) [Jackson B. Hester, A #uikF & EJ. Org. Chem.) 29:
1158(1964)]#7 450ml A& 7 FAm 44.59g (0.31mol ) K Fh. £
ERTHERIFRLBREHE =D, RE, —RERM26.6g (0.543mol)
ﬁ{t@héﬁ 225ml KiE&k. ENRCTHREBERE I m#E—R, AFE £ia,
%% 4 800ml &5 T B LB A+ 300ml A FHER 3 k. AKX, INHC
Ek. BRERREABERIGFESITHERR, £ MgSO, ET88, A%
EEEM. BEEEZ4Y (413g) ET200ml BHRH LR TE, @it
SEERAY, REABEMNEFAE 289s(70.4%) (6- A - 1TH- %% -3
-3 - TEF (13) HEFK
D. (1-FHA-6-#%-1H-"%%-3-%) - TH (14)

EFERT, ¥ 65.52(0.474mol ) Hr Kk 2 B 47 m 2] 28.9¢g ( 0.143mol)
B4 tbtdBCH(6-E-1H-%%-3-24)- ZE(I13)T 230ml
PR TEBENERT, BEZEFRA 40454, REL S SHARE
A 25.48g (0.179mol) #ER k. EEBTHEH KRG, 2HRBERS
M, MALTH 600ml BKF. FERER, AV EK®EE, EHEB
( phosphor anhydride) TR A £l ¥, Z#HME 4 304g (95.4%)
(1-FR-6-AE-1H-%%-3-3%) -ZH (14) , kR#t—F %4
m AR AE.

E. (1-F¥X-6-AME-1H-%4%-3-2) 3-ZxRHi®% 1-¥
AT Edeitd (15)

Z0~-10CTF, ¥ HCl A ARBEAANEF T 82g (0.382mol) A H
wEFHEDG (1-FE-6-ME-1H-%%-3-24) - 7K (14)
F 1000ml 2- REKEFRERTY. A% 350 HCl &, BEREREY
PERMCBRAZHARRE., KERAKR, ALBALRIFALE TR 102g
(85.7%) (1-FH-6-#E-1H-%%-3-%) -3-Z2 LK
1- PRLEEEBELY (15) .

F.3- (1-FE&FIFR-1H-%%-3-%) -4- (1-F¥HX-6-2
A -1H-w-3-K) -#%K-2, 5- —& (11)
ERA%#ES 1 FHRE GE4EF %, ¥ 1.3g (5.17mmol) #F 8 4o

F¥HmE BHAKRTER (10) 5 1.7g (5.45mmol) HF A LT HE &
13




(1-Fh-6-AEY1H-%%) -3-Z2f&A4A8 1-FHhLELER
ed (15) £ 95ml &/ FRTPHAHEERE, L& 1.08g (48.5%) 3
~(1-FEREEFE-IH-3%-3-%) -4- (1-9H-6-#}-
IH-%%-3-4&) — bk -2, 5- =8 (11) & K, mp>250C (4
). MS: (M"), m/z430. .

TG.3-C1TEHEPE-IH=B%-3-%K) -4- (1-FHh-6- 5
A -1H-%%-3-3) -t -2, 5- —8 (1-3)

AX% 40ml 2N HCI1 A2 7275mg F B LHF B F &4 3-[1-(F
AP -1H-%-3-K]-4-(1- FH-6- L - 1H- %%
3-%) -k -2, 5- —8 (11) T 65ml THF T#&E%. ¥FREE
SHeii s e, A, RLBRUEERSY. £ MgSO, LT BAM
F, REABERNmFRERK, BEEE840EWRHA 123.3mg3- (1
- FFEA-IH-3%-3-%) -4- (1-FHE-6-AE-1H- 7%
-3-%) -5 -2, 5- 8 (1-3) &£ & B, mp210~213T. MS:
(M), m/z 416. |

5364 3

3- (1-FHA-1H-F%-3-4) -4- (6- AK-1H-%%-3-
) —wkek -2, 5- —F (1-2) &HH&

A, (1-FE-1H-%5%-3-%) - &8R- & (17)

FERFE#EA 1 FHEBWESEFTE, B 6ml (47mmol) TH K&
1-FR-1H- %% (16) 5 8ml (92mmol) FE L FE 120ml 8+ R
FL, A& 7.68 (73.2%) (1-¥HE-1H-%%-3-4) - &K - 8
£ (17) %E&BK, A4 mEED RED K.
B1-(2,2-—%X-A)-6-mAE-1H-7%-3-3K]- T (18)

FRERM 1T FEA(ESEFR, A 0.3ml(2.44mmol) Z=FH
ZBE £ 70.8mg ( 1.77mmol ) 4 4 s &5 NaH (i 60% 5-# & ) f£ Sml
DMF P 2 346.6mg ( 1.72mmol ) 5 8 £#4&4] 2 FH C 65 6 - A% - 1H

~wl Rk -3- K (13) #47 N-BALE S, BEELH40EF
14




287.7mg (43.2% ) [1-(2, 2- =¥H - RS- 6- AE-1H- 7% -3
- K- L (18) ¥k &, |
C.I1-(2,2-—¥4-&B)-6-MA-1H-%9%-3-%]-3-2%
A 1- TR LEERLY (19)

£ 0-5CTF, ¥ HCl A AR EBENRE BT H 1.45g
(5.08mmol) F A EFHEBG 1 [-Q, 2" =FE-FB)-6- A#i
~1H- 3% E]-3-ZH (18) Toml2- A EFRTF. AT &
BREREGHEN 21 D, AREARXEMNAF 1.95g (100% ) H &R
K (19) . A% —Fibt@m AR REDR.

D.3-[1-(2,2- —FA-AB)-6-AME-1H-%%-3-HX1-4-(1
- PE-IH-"%-3-%) -wkek -2, 5- —& (20)

FERE#E 1 FTHRE GEAEFTE, ¥ 1.1g (4.96mmol) F § 4
LT AGAERTER (17) 5 1.95g (5.08mmol) B A LB CH
1-Q,2-=FX-A"B)-6-AXA-1H-%3%-3-X]-3-TEHK
E®1- FRAZEERAY(19)F 2.1m1( 17.94mmol ) = Z B £ 120ml
ZEFHEFEE, A 1Llg (5.78mmol) # ¥ E&E —K 4% ¢ 80ml T
REBRAEERG T, F13g(621%)3-[1-(2,2- —=FH - AH)
—6- FEE - IH- Bk -3-K]-4-(1-FE-1H-73%-3-%) -
ek -2, 5- 28 (20) BEREAK; mp>245C (5 8) . MS: (M7),
m/z 470.

E.3- (1-¥HA-1H-%4%-3-2) -4- (6- X -1H-%%-3
-K) - -2, 5- —8F (1-2)

FAEHES 1 FHEF &GEEFE, A 43ml (6.88mmol) # 1.6
B /R NaOCH; T 65ml ¥ 8 F 655 % 2 1.3g (2.76mmol) 7 B %= £ %
D& 3-[1- (2, 2- VA -&"%) -6- K- 1H-%3=-3- 4]
—4- (1-FE-I1H-%3%-3-%) -ak§-2, 5- =8 (20) #47
N-+BFRE, MLEBELERTLETELEH 300.6mg (28.1% ) 3-
(1-FE-1H-%%-3-%) ~4- (6-#AH{X-1H-73%-3-%)
-wbk -2, 5- 28 (1-2) &Z£& BHA; mp>260T. MS: (M'),
m/z 386. |
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L] 4

) Fil.- v
R H 4.4 meg/H
1 |4 Ax 5 | 25 |100| 250 | 500 | 750
2 | BRI 103 | 83 [ 35| 19 | 38 | 57
3 | XBEFHEEH - 66 | 8|16 | 32 | 48
(Croscarmellose Sodium)
R 4B K30(Povidone K30) 5 5 6 | 12 | 24 | 36
AR BR 4R 1 1 1| 3 6 9
CEZ 120 | 120 |150 300 | 600 ;900
“obt A RERAXAELa.
&R AE:
1L HF 1 2F3RLEGENREETRS 1504,
2. BV B1IGHRBEAYWE 20% B4R KIOEER(F47) —&
¥,
3. ESOCTFBRI K2 EMAY.
4. #F %3 HFEADEIESEGHELRE.
5. BF SH BT B 4 GBEEGBEAY T HRE I 5.
6. EABHEHNMNEESHFES G ELY.
%b] S
f & By
3 H 8.4 mg/h
1 A% A* 5 25 | 100 | 250 | 500
2 4K FLAE 159 | 123 | 148 —- —
3 ERES 25 35 40 35 70
4 &5 10 15 10 12 24
5 B RE BRAE 1 2 2 3 6
EHREE 200 | 200 | 300 | 300 | 600

“b-H A REEAZ ALY,
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) &3 4E: .
1. 58 1. 23 RESEGREOEYTRAE 1554
2. BmFE 4 &5 HHRE 3 54b.
3. IAGENKE.

%FH 6 )
E AR SR

j T H 4.4 mg/ml
1 A% A* 1mg
2 PEG 400 10-50mg
3 57 B Re 20-50mg
4 B 1-Smg
5 H i 8-12mg
6 rEF 1ml B

o A RZELAHESY.

ok A

1. #F 1 RETE 2 F.

2. ME 3. AMSAMEE 6 AT HRSELESN %, REHL.

3. BFHE 1 AERRATE 2GRS T, HALEAESHRERETR
FiE .

4, #3F 0.2pm B EHFEFTEFZEAPK,
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5 345 7

- E SRR B A
BET i L mg/ml '
1 4 Ax 1mg ‘
2 Glycofurol 10-50mg '
3  iEER 20-50mg |
4 ki 1-Smg
5 il 8-12mg
6 K q.s. 1ml
Lot A REXZ AL,

#l &R AE:

1. ¥F 105 TF 25 P.

2. ¥ E 3. AFSHEMAF AT HRASAEISH, KEHK.

3. BT B 1 5B mAFTE 2 MRS P, HLEEHERTK
F-F .

4, @i 0.2pm & EHAA L FLEFEANDIK.
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