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(a) ln a similar manner as in example 1(a),

3-(benzyloxy)-2-ethyl-1-(2,2,2-trifluoroethyl)pyridin-4(1H)-one (1,10 g) was prepared from

3-(benzyloxy)-2-ethyl-4H-pyran-4-one (1.20 g, 5.2 mmol) and2,2,2,-lrifluoroethylamine

hydrochloride (3.57 g,26.1mmol) in pyridine (10 mL). Yield = 67o/oi1H NMR (MeOD-Da,90

MHz) ô (ppm): 7.07 -7.59 (m, 6H), 6.51 (d, J =7.7 Hz, 1H), 5.20 (s, 2H),4.38 (q, J = 7.7 Hz,

2H), 2.58 (q, J = 7.5 Hz,2H) and 0.97 (t, J = 7.5 Hz, 3H); MS m/z 312 [M+1]+.

(b) ln a similar manner as described in example 1(b),

2-ethyl-3-hydroxy-1-(2,2,2-trifluoroethyl)pyrídin-4(1H)-one (0.309) was prepared from

3-(benzyloxy)-2-ethyl-1-(2,2,2-t¡tfluoroethyl)pyridin-4(1Ff)-one (0.909, 2.9 mmol)with 10%

palladium on charcoal (wet, 90 mg) in methanol (5 mL) and ethanol (35 mL) under hydrogen at

15 psifor 1.5 hours. Yield = ¿l%;1tl NMR (DMSO-D6,400MH2) õ (ppm): 7.58 (d, J =7.3H2,

1H),6.41 (d,J=7.3H2,1H),4.92(q,J=8.1 ,2H'),2.72(t,J=7.5H2,2H) and1.20(t,J=7.5H2,

3H); MS m/2222[M+1t+.

Example 3

Preparation of 1=(2,2=difluoroethyl)=3=hydroxy-2=methylpyridin=4(l fl)-one

(.r,,

(a) Preparation of 3-(benzyloxy)-l-(2,Z-difluoroethyl)-2-methylpyridin-4(1H)-one.

3-(Benzyloxy)-2-methyl-4H-pyran-4-one (432 mg, 2.0 mmol) was mixed with

2,2-difluoroethylamine (655 mg, 8.0 mmol) and triethytamine hydrochloride (1.10 g, 8.0 mmol) in

pyridine (6 mL) in a sealed vial. The reaction mixture was heated at 110 
oC 

for overnight. The

solid was filtered and washed with ethyl acetate. The filtrate was concentrated under reduced

pressure and the residue was mixed with water, and then extracted with ethyl acetate. The

organic layer was washed with water and brine. The product was purified by column

chromatography on silica gel with 5% methanol in ethyl acetate as eluant to give

3-(benzyloxy)-1-(2,2-difluoroethyl)-2-methylpyridin-4(1H)-one (337 mg) as pale-yellow solid.

Yield=oo%; lHNMR(MeoD-Da,90MHz)ô(ppm): 7.66(d, J=7.1H2, 1H),7.16-7.55(m,5H),
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6.46 (d, J=7.1H2, 1H),5.55 (t, J= 55.0 Hz, 1H),4.45 (t, J=14.8 Hz, 1H) and2.2O (s,3H); MS

m/2280 [M+1]+.

(b) ln a similar manner as example 1(b),

1-(2,2-difluoroethyl)-3-hydroxy-2-methylpyridin-4(1 F/)-one (160 mg) was prepared from

3-(benzyloxy)-1-(2,2-difluoroethyl)-2-methylpyridin-4(1Fl)-one (337 mg, 1.2 mmol) with 10%

Pd/C (wet, 90 mg) in methanol under 1 atmosphere of hydrogen using a balloon for 5 minutes.

Yield = lO"L;1ll NMR (MeOD-D4,90 MHz) õ (ppm):7.60 (d, J=7.3H2, 1H),6.39 (d, J=7.3

Hz, 1H), 6.23 (tt, J = 54.0,2.9 Hz, 1H), 4.51 (td, J = 14.8,2.9 Hz,2H) and 2.43 (s, 3H); MS m/z

190 [M+1]+.

Example 4

Preparation of 5-hydroxy-2-methyl-1 -(2,2,2-lrltluoroethyl)pyridin-4(1 fl)-one

+

3

(a) Preparation of 5-(benzyloxy)-2-methyl-1-(2,2,2-trilluoroethyl)pyridin-4(1 Fl)-one.

5-(Benzyloxy)-2-methyl- 4H-pyran-4-one (4.32 g, 20.0 mmol) was mixed with

trifluoroethylamine (6.92 g, 70.0 mmol) in 6N HCI (1 1.7 mL) and ethanol (5.8 mL). The reaction

mixture was heated in a sealed flask at 1OOoC for 20 hours. The mixture was then concenlrated

in vacuo and the residue was diluted with water. The solid was filtered, washed with water and

ether to give 5-(benzyloxy)-2-methyl-1-(2,2,2-lrifluoroethyl)pyridin-4(1Fl)-one (5.01 g) as white

solid. Yield - 84%;ttt Nun (MeoD - D4, 90 MHz) ð (ppm):7.99 (s, 1H), 7.14 - 7.65 (m,5H),

6.80 (s, 1H), 4.91 - 5.25 (m, 4H), 2.53 (s, 3H).

(b) 5-(Benzyloxy)-2-methyl-1-(2,2,2-lrifluoroethyl)pyridin-4(1Fl)-one (45.8 g, 164 mmol) was

mixed with 6N HCI (100 mL) and isopropanol (20 mL). The mixture was heated at 110 
oC 

oil

bath for I hours and then concentrated by rotary evaporator. The residue was triturated with

acetone and ether to give S-hydroxy-2-methyl-1-(2 ,2,2-lrifluoroethyl)pyridin-4(1Ff)-one

3
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hydrochloride(24.5g). Yield = 65%; 
1n 

ruMR (MeoD-Da, 90 MHz)ô (ppm): 8.18 (s, 1H),7.21

(s, 1H), 5.31 (q, J = 8.2H2,2H) and2.67 (s, 3H).

Example 5

Preparation oÍ 1-(2,2-dilluoroethyl)-5-hydroxy-2-methylpyridin-4(1fl)-one

2 H

(a) ln a similar manner as described in example 4(a),

5-(benzyloxy)-1-(2,2-difluoroethyl)-2-methylpyridin-4(1H)-one (2.20 g) was prepared from a

mixture of 5-(benzyloxy)-2-methyl-4H-pyran4-one (3.00 g, 13.8 mmol), difluoroethylamine (2.48

g, 55.2 mmol), triethylamine hydrochloride (5.58 g, 55.2 mmol) and pyridine (15 mL). Yield =

sa%; ltt NMR (90 MHz, MeoD-D¿) ô (ppm): 7.53 (s, 1H),7.27-7.45 (m,5H),6.36 (s, 1H),

5.56-6.77 (tt, J = 54.9, 3.6 Hz, 1H), 5.04 (s, 2H), 4.244.60 (td, J = 14.9,2.7,2H) and 2.36 (s,

3H); MS m/2280[M+1]+.

(b) ln a similar manner as described in example 1(b),

1-(2,2-difluoroethyl)-5-hydroxy-2-methylpyridin-4(1Ff)-one (230 mg) was prepared from

S-(benzyloxy)-1-(2,2-difluoroethyl)-2-methylpyridin-4(1H)-one (500 mg, 1.80 mmol) with 10%

Pd/C (wet, 50 mg) in methanol (40 mL) under hydrogen at 15 psi pressure in a Pan apparatus

for27 minutes. Yield = 99%; 
1H 

rutr¡n (MeoD-Da,90 MHz)ô (ppm):7.46 (s, 1H),6.37 (s, 1H),

5.62-6.83 (tt, J = 54.9, 3.6 Hz, 1H), 4.26-4.60 (td, J = 15.3, 2.4H2,2H) and 2.38 (s, 3H); MS m/z

190 [M+1]+.
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Example 6

Preparat¡on of 3-hydroxy'l !2,2,2-ltlfluoroethyl)pyrldln-a(1 H)'one

F3

+

(a) S-(Benzyloxy)-4-oxo-4H-pyran-2-carboxylic acid (10.5 g, 42.7 mmol) was dissolved in

sodium hydroxide solution (1.71 g, 42J mmolinTT mLde-ionized water).

2,2,2-Trilluoroethylamine hydrochloride (23.1 g, 171 mmol) was added and the resulting

suspension was stirred at 70"C (oil-bath temperature) in the sealed flask for 17 hours. The

reaction mixture was then filtered and the off-white solid was washed with de-ionized water

(20mL x S) to give 5-(benzyloxy)-4-oxo-1-(2,2,2-lrilluoroethyl)-1,4-dihydropyridine-2-carboxylic

acid (6.00 g). Yield - 4go/o: 
ttt 

Nn¡n (MeoD-D¿, 90MHz) õ 7.30 (s, 1H), 6.76 - 7.09 (m, 5H),

6.71 (s, 1H),4.93 (d, J= 8.4H2,2H)and 4.65 (s,2H); MS m/2328[M+1]+.

(b) 5-(Benzyloxy)-4-oxo- 1-(2,2,2-lrilluoroethyl)-1 ,4-dihydropyridine-2-carborylic acid (4.70 g,

14.4 mmol) was mixed with DMF (25 mL) and heated to 130'C (bath temperature) for 3 hours.

The mixture was concentrated under reduced pressure using a rotary evaporator and the

residue was mixed with ethyl acetate (50 mL). lt was then stirred for 2 hours at room

temperature and filtered. The filtrate was concentrated to give

3-(benzyloxy l-1-(2,2,2-triftuoroethyl)pyridin-4(1 Fl)-one (3.s8 g). Yield = ogy.; 1H NMn

(DMSO-D6, 4O0MHz) õ (ppm) 7 .57 - 7 .84 (m, 2H), 7 '22 - 7.57 (m, 5H), 6-25 (br. s, 1H) and 4'69

- 5.28 (m, aH); MS m/2284 [M+1]+.

(c) 3-(Benzyloxy)-1-(2,2,2-Trifluoroethyl)pyridin-4(1Fl)-one (1.2 g, 4.2 mmol) was mixed wilh

10% palladium on charcoal (wet, 0.12 g) in ethanol (70 mL). The resulting mixture was

hydrogenated at 15 psi of hydrogen pressure for 1 .5 hours. Palladium was removed by filtration

through a layer of CeliterM and the CeliterM cake was washed with methanol (5 mL x 3). The
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filtrate was evaporated to give 3-hydroxy-1-(2,2,2-lrifluoroethyl)pyridin-4(1Êl)-one (0.78 g) as

white solid. Yield = 95%; 
1¡ 

NMR (DMSO-D6,4OoMHz) ð (ppm) 7.60 (d, J =7.1H2,1H),7.46

(s, 1H), 6.23 (d, J =7.1H2, 1H) and 4.80 - 5.00 (m, 2H); MS m/z 194 [M+11+.

Example 7

Preparation of

3-hydroxy-2-(hydroxymethyl)-6-methyl-I-(2,2,2-trifluoroethyl)pyridin'4(1H)-one

H

3

r"c)

5-Hydroxy-2-methyl-1-(2,2,2-trifluoroethyl)pyridin-4(1H)-one hydrochloride (4.87 g. 20.0

mmol) was mixed with 37% formaldehyde (30 mL) and 6N sodium hydroxide (7 mL, 42.0 mmol).

The reaction mixture was stirred at3942oC for 11 hours, and then additional 37%

formaldehyde (30 mL) was added. The reaction mixture was stined at 37 
oC for 12 hours and

then left at room temperature for a further 12 hours. The solid was filtered and the filtrate was

acidified to pH about 5 to 6. The solution was concentrated with silica gel and the product was

purified by column chromatography with a gradient mixture of 5-1Oo/o methanol in ethyl acetate

as eluant to give the title compound

3-hydroxy-2-(hydroxymethyl)-6-methyl-1-(2,2,2-trifluoroethyl)pyridin-4(1/-Í)-one (3.02 g) as

pate-peach solid. Yield 63.5%; 
1H tllr¡R (DMSO-D6 + DzO, 90 MHz) õ (ppm): 6.20 (s, 1H), 5.15

(q, J = 8.8 Hz, 2H), 4.33 - 4.92 (m, 2H) and 2.37 (s,3H); MS m/2238 [M+1]*.

Example I
A. Preparation of

2-[(dimethylamino)methyl]-3-hydroxy-6-methyl-1-(2,2,2-trifluoroethyl)pyridin.4(1ff)-one

N
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5-Hydroxy-2-methyl-1-(2,2,2-trif luoroethyl)pyridin-4(1Fl)-one hydrochloride (415 mg, 1 '7

mmol)was mixed with N,N,N',N'-tetramethylmethanediamine (4 mL) in ethanol (10 mL) and

heated at BO 
oC 

for 21 hours. The reaction mixture was concentrated by rotary evaporator and

the residue was triturated with water to give

2-[(dimerhytamino)methyl]-3-hydroxy-6-methyl-1-(2,2,2-lrilluoroethyl)pyridin-4(1 l/)-one (315 mg)

as white solid. Yield --7o%i 
tn 

NUR (DMSO'D6 + D2O, 90 MHz) ô (ppm):6.20 (s, 1H), 5'15 (q,

J= 8.8 Hz,2H),4.69 (br. s,2H)and 2'37 (s,3H);MS m/2265 [M+1]+.

B. Preparation of

2-[(dimethylamino)methyl]-3-hydroxy-l-(2,2,2-lrifluoroethyl)pyridin-4(1fl)-one

ln a similar manner,

2-[(dimethylamino)methyl]-3-hydroxy- 1-(2,2,2-trifluoroethyl)pyridin-4(1Êl)-one (0.21 g) was

prepared from 3-hydroxy-1-(2,2,2-trifluoroethyl)pyridin-4(1Fl)-one (0.ô09, 3.1mmol) reacted with

N,N,N',N'- tetramethyldiaminomethane (8.50mL, 62.2mmol) in ethanol (10mL) at 75"C for 20

hours. Yield = 27o/o;1HNMR (MeOD-Da,9OMHz) ô (ppm):7-81 (d, J=7-5 Hz, 1H),6.52 (d, J=

7.5H2,1H), 5.07 (d, J= 8.0 Hz, 2H), 4'60 (s, 2H) and2'94 (s, 6H); MS m/z 251 [M+1]+'

C. Preparation ol

1-(2,2-difluoroethyl)-2-[(dimethylamino)methyl]'3-hydroxy-6-methylpyridin'4(1ff)-one
o

F2HC

ln a similar manner,

1-(2,2-dif tuoroethyl)-2-[(dimethylamino)methyl]-3-hydroxy-6-methylpyridin-4(1Êl)-one (0.41 g)

was prepared from 1-(2,2-difluoroethyl)-5-hydroxy-2-methylpyridin-4(1Ff)-one (0.40 g, 2'1 mrnol)

and N,N,N',N'- tetramethyldiaminomethane (4.3 mL, 31.7 mmol) in ethanol (10 mL) at 75'C for

I

N



55

19 h. Yield =78o/oilH NMR (DMSO-D6, 90MHz) ô ppm: 6'45 (tt, J= 55.1, 3'5 Hz,'l H), 6'24 (s,

1H),4.74(td,J=14.6,3.5H2,2H),3.55(s,2H),2.g7(s,3H),2-17(s,6H);lt¡Sm/2247[M+1]+'

Example 9

Preparation of

3-hydroxy-6-methyl-2-(piperidin-l-ylmethyl)-1-(2,2,2'trilluoroethyl)pyridin'4(1fl)'one

3-Hydroxy-2-(hydroxymethyl)-6-methyl-1-(2,2,2-lrífluoroethyl)pyridin-4(1 Ff)-one (375 mg'

i.6 mmol) was míxed with acetonitrile at 80 
oC 

and the thionyl chloride (753 mg, 6.3 mmol) was

added. The reaction mixture was stirred for 5 minutes and then concentrated by rotary

evaporator to give 2-(chloromethyl)-3-hydroxy-6-methyl- 1-(2,2,2-lrilluoroethyl)pyridin-4(1Fl)-one

hydrochlo¡de. The chloride compound was added to a solution of piperidine (672 mg' 7.9

mmol) in isopropanol (5 mL) at room temperature. Five minutes later, the reaction mixture was

diluted with water and extracted with ethyl acetate. The organic layer was washed with water

twice and brine, dried and concentrated. The residue was triturated with ether/hexanes to give

3-hydroxy-6-methyt-2-(piperidin-1-ylmethyl)-1-(2,2,2-trifluoroethyl)pyridin-4(1Fl)-one (165 mg) as

pale orange solid. Yield = S1:loitn ruUR (MeOD-D¿, 90 MHz) ö (ppm): 6.37 (s, 1H), 3'72 (br. s,

2H),2.45(br. m,7H) and 1.51 (br. m,6H); MS m/2305 [M+1]+'
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Example 10

Preparation of

IÉmethyl-t\2-12,2,2-trilluoro-1-(3-hydroxy-1-methyl-4-oxo.1,4-dihydropyridin-2-yl)ethyll-D-

alaninamide and

lV-methyl-lú2-12,2,2-lrllluoro-1-(3-hydroxy-1-methyl-4-oxo-1,4-dihydropyridin-2-yl)ethyll-L-

alaninamide (Apo6998 and Apo6999)

__> --------+
F3

RIN'n,

To a solution of 3-hydroxy-1-methylpyridin-4(1 Fl)-one hydrochloride (100,0 g, 0.62 mol)

dissolved in a solution of 6N NaOH (206.9 mL) at ice-water bath was added

trifluoroacetaldehyde methyl hemiacetal (131.9 mL,1.24 mmol). The resulting solution was

heated to 95oC for overnight. The reaction mixture was then cooled, and at ice-water bath the

pH of the mixture was adjusted to about 5 using a 6N HCI solution. The precipitated solid was

collected by filtration, and the solid was thoroughly washed wilh de-ionized water (100mL x 2),

and then dried under vacuum at 43oC for overnight to afford

3-hydroxy-1-methyl-2-(2,2,2-trifluoro-1-hydroxyethyl)pyridin-4(1 Fl)-one (94.8 g) as a white solid.

Yield = 68% yield; 
1H 

rufr¡R (90 MHz, MeOD - D¿) ð (ppm): 7.60 (d, J =7.1 Hz, 1H), 6.40 (d, J =

7.2H2,1H), 5.92 (q, J= 8.2H2,1H),3.98 (s, 3H); MS m/2224 [M+1]+, 158 (100%).

To an ice cooled suspension of of

3-hydroxy-1-melhyl-2-(2,2,2-trifluoro-1-hydroxyethyl)pyridin-4(1 Fl)-one (1.60 g, 7.2 mmol) in 50

mL of acetonitrile was added dropwise SOCI2 (0.80 mL, 10.8 mmol) followed by pyridine (0.6

mL,7.2 mmol). The resulting suspension was stirred for 0.5h and then refluxed for 2h. The

reaction mixture was evaporated to dryness. To a suspension of the residue in 10 mL of

acetonitrile was added a suspension of L-H-Ala-NHMe.HCl ('1.19 g, 8.6 mmol) and EtsN (4.0

mL,28J mmol) in 20 mL of acetonitrile. The resulting mixture was stirred at RT for overnight.

The reaction mixture was evaporated to dryness, and the residue was purified by flash

N
I

N
I
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chromatography on silica gel (10% conc NH¿OH in IPA as eluant) to afford 2.20 g of thê two

diastereoisomers, Apo6988 and 4po6999. A sample of each diastereoisomers was obtained

through further purification by Biotage using reverse phase C18 cartridge.

More polar isomer by HPLC (Rt = 3.43 min) (110 mg). 
tH 

ItltttR (400 MHz, MeOD - D¿)

ô(ppm):7.68(d, J=7.1H2, 1H),6'41 (d, J=7"lHz, 1H),4.68-4'80(m, 1H),3'83(s,3H),3'41

- 3.56 (m, 1H),2,57 (s, 3H), 1.30 (d, J= 6'1 Hz,3H); MS m/2330 [M+Na]+, 3OB [M+1]+, 126

(1oo%).

Less potar isomer by HpLC (Rt = 3.68 min) (100 mg). 1H 
NMR (400 MHz, MeoD - D¿) ô

(ppm): 7.70 (d, J = 7.1 Hz, 1 H), 6'44 (d, J =7 '1 Hz, 1H), 4'60'4.70 (m, 1H), 3'79 (s', 3H)'

g.2}-g.24(m, 1H),2.75 (s, 3H), 1.28 (d, J= 6.1 Hz, 3H); MS m/233O [M+Na]+,308 [M+1]+, 126

(100%).

HPLC condition: column: symmetry c18, 5 pm; 3.9 mm x 150 mm; Flow rate: ',|.0

mUmin; Mobile phase: A = 0.035%HGlOa, B = Acetonitrile; Gradient (min-B%): 0'10, 10-100,

12-100,14-50.

Example 11

Preparation of

2-[t-(dimethylamino)-2,2,2-trifluoroethylþ3-hydroxy-1-methylpyridin-4(1fl)-one (Apo70al)

To a susPension of

3-hydroxy-1- methyl-2-(2,2,2-trif luoro-1-hydroxyethyl)pyridin-a(1 Fl)'one (5.00 g, 22.4 mmol) in 40

mL of acetonitrile at ice-water bath was added Vilsmeie/s reagent (4.30 g, 33.6 mmol)

portionwise. The resulting mixture was stirred for 2h before being added to a suspension of

dimethylamine hydrochloride (6.00 g,73.6 mmol) and Et3N (15.0 mL, 107'6 mmol) in 30 mL of

acetonitrile. The resulting suspension was stirred at RT for overnight. The solid was filtered off

and the filtrate was concentrated to dryness. The residue was purified by flash chromatography

on silica gel (10% MeOH in EtOAc as eluant) to afiord title compound, Apo7041 (1.8 g). Yield =

gZ"l"tlHNMR (90 MHz, CD3OD - D+)õ (ppm):7.63 (d, J=7.3 Hz, 1H),6.41 (d, J=7.3H2,
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1H),4.78 (q, J= 8.1H2,1H),3.99 (s,3H),2.41 (s, 6H); MS mlz273 [M+Na]+,251 [M+1]+,206

(100%)

Example 12

A. Preparation of

3-hydroxy-1-methyl-2-{2,2,2-trifluoro-1-[methyl(prop-2-yn-1-yl)amino]ethyl]pyridin'4(1f0'o

ne (Apo7057)

To 20 mL acetonitrile cooled in an ice-water bath was added DMF (0.42 mL, 5.4 mmol)

followed by oxalyl chloride (0.47 mL, 5.4 mmol) dropwise. To this resulting suspension was

added 3-hydroxy-1-methyl-2-(2,2,2-lrilluoro-1-hydroxyethyl)pyridin-4(1 Fl)-one (1.0 g, 4.5 mmol)

in one poftion. The mixture was then stirred lor 2h. Then, Et3N (2.50 mL, 17.9 mmol) was

added to this reaction mixture followed by N-methyl propargylamine (0.75 mL, 9.0 mmol). The

reaction m¡xture was stirred at RT for overnight. The solid was filtered otf, and the filtrate was

concentrated to dryness. The residue was purified by flash chromatography on silica gel (5%

MeOH in CH2CI2 as eluant) to afford the title compound, Apo7057 (570 mg) as an orange

powder. Yield = 46.4o/oi 
tH 

NMR (400 MHz, DMSO + a few drops of D2O) ô (ppm): 7.6 (br. s.,

1H), 6.25 (d, J= 7.'l Hz,1H), 5.15 (br, s., 1H), 3.87 (s, 3H), 3.37 - 3'67 (m, 2H), 3'23 (br. s', 1H),

2.32 (br.s-, 3H); MS m/z 275 [M+'1]+, 206 (1Oo%).

B. Preparation of

3-hydroxy-1-methyl-2-[2,2,2-trifluoro-1-(piperidin-1-yl)ethyl]pyridln-4(1 Êf-one (4po7058)

ln a similar manner, Apo7058 was prepared from

3-hydroxy-1-methyl-2-(2,2,2-trifluoro-1-hydroryethyl)pyridin-4(1Fl)-one (1.0 g, 4.5 mmol) and

piperidine (0.88 mL, 8.9 mmol). The title compound Apo7058 (700 mg) was obtained as a white

solid after purification by flash chromatography (4% MeOH in CH2C|2 as eluant). Yield = 54%;
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tH 
l,¡MR (400 MHz, DMSO-D6, zsoo¡ ð (ppm): 7.59 (d, J= 6.8 Hz, 1H), 6.19 (d, J= 6.8 Hz,

1H),4.82 (q, J= 9.0 Hz, 1H), 3.88 (s, 3H), 2.46 - 2.84 (m, 4H), 1'29 - 1.74 (m,6H) MS mlz291

[M+1]+,206 (100"/").

C. Preparation of

3-hydroxy-l -methyl-2-[2,2,2-trif luoro-1-(4-methylpiperazin'1-yl)ethyl]pyridin'4(1 ffl-one

(4po7073)

ln a similar manner, Apo7073 was prepared from

3-hydroxy-1-methyl-2-(2,2,2-lrilluoro-1-hydroxyethyl)pyridin-4(1 Fl)-one (1.0 g, 4.5 mmol) and

1-methytpiperazine (1.0 mL, 9.0 mmol). The title compound Apo7073 (401 mg) was obtained

after purification by Biofage reverse C18 column. Yield - 29"/o;1H ltMn (400 MHz, DMSO-d6,

75oC)õ (ppm):7.63 (d, J= 6.8 Hz, 1H),6.21 (d, J=7.4 Hz, 1H), 4.94 (q, J= 8'5 Hz, 1H), 3'86

(s, 3H), 3.05 (br. s., 4H), 2.92 (br.s., 4H), 2.64 (s, 3H); MS m/z 306 [M+1]*,206 (1OO%)'

D. Preparation of

2-[1-(cyclopropylaminol-2,2,2-lrifluoroethyl]-3-hydroxy-1-methylpyridin-4(1tl)-one

(Apo707a)

ln a similar manner, Apo7074 was prepared from

3-hydroxy-1-methyl-2-(2,2,2-trifluoro-1-hydroxyethyl)pyridin-4('lÊl)-one (1.0 g, 4.5 mmol) and

cyclopropylamine (0.62 mL, 9.0 mmol). The title compound Apo7074 (470 mg) was obtained

after purification by flash chromatography (5% MeOH in CH2CI2 as eluant). Yield = 40"/o;1H

NMR (400 MHz, DMSO + a few drops of Dzo) õ (ppm): 7.67(d, J= 6.8 Hz, 1H), 6.25 (d, J=7.1

Hz, 1H),4.70 (q, J= 8.1 Hz, 1H), 3.74 (s,3H),2.04 (br. s., 1H), 0.34-0.43 (m,4H); MS m/z 263

[M+1]+,206 (1oo%).
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E. Preparation of

3-hydroxy-1-methyl-2-[2,2,2-trilluoro-1-(prop-2-en-1-ylamino)ethyl]pyridin-4(1fl)'one

(Apo7075)

ln a similar manner, Apo7075 was prepared from

3-hydroxy-1-methyl-2-(2,2,2-trilluoro-1-hydroxyethyl)pyridin-4(1 Fl)-one (1.0 g' 4.5 mmol) and

allylamine (0.67 mL, 9.0 mmol). The title compound Apo7075 (497 mg) was obtained after

purification by flash chromatography (5% MeOH in CH2G|2 as eluant). Yield = +Z%; 
1n NMn

(4O0MHz,DMSO+afewdropsof Dzo)ô(ppm):7.65(d, J=7.1H2, 1H),6.24(d, J=7.4H2,

1H), 5.70-5.80 (m, 1H),5,14 (d, J=17.4 Hz, 1H),5.06 (d, J= 10'1 Hz, 1H),4'63 (q, J=8'2Hz'

'lH), 3.67 (s, 3H), 3.15-3.19 (m, 2H); MS m/z 263 [M+1]+, 206 (1OO%)'

Example 13

A. Preparationof 5-(benzyloxy)-&chloro-2-methylpyridin-4(fll)-one.

To a solution of 5-(benzyloxy)-2-methylpyridin-4(1 È/)-one (9.00 g, 41.8 mmol) in 2M

sodium hydroxide (62.5 mL, 125 mmol) under ice-water bath, a solution ol 10'14'/" sodium

hypochlorite (62.5 mL) was added slowly during 20 minutes. The reaction mixture was stirred at

room temperature for another hour. The reaction mixture was carefully neutralized with 6N HGI

to pH about 7 with external cooling to keep the internal temperature below 25 
oC. The solid was

filtered and washed with water (3 x), then dried in a vacuum oven for overnight. Thus,

5-(benzyloxy)-3-chloro-2-methylpyridin-4(1Fl)-one (9.03 g) was obtained as a white solid- Yield

- 86%; 
1n 

ruft¡R (DMSO-D6,90 MHz) õ (ppm): 11.74 (br. s, 1H), 7.14-7.68 (m, 6H),5.02 (s,2H)

and 2.33 (s, 3H).

B. Preparation of S-(benzylory)-3-chloro-2-(hydroxymethyl)pyridin'4(1fl)'one

U
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ln a similar manner, 5-(benzyloxy)-3-chloro-2-(hydroxymethyl)pyridin-4(11-f)-one (10'50

g) was prepared from 5-(benzyloxy)-2-(hydroxymethyl)pyridin-4(1Êl)'one (11.56 g, 50 mmol) and

a solution ol lO-14"/" sodium hypochlorite (75 mL) in 2M sodium hydroxide (75 mL) solution.

Yield = ü%i1H NMR (DMSO-D6, 90 MHz) ô (ppm): 1'1.35 (br' s, 1H), 7.05-7.66 (m, 6H),

5.79-6.32 (m, 1H),5.03 (s,2H) and 4.54 (s' 2H).

c. Preparation of 5-(benzyloxy)-3-chloro-1,2-dimethylpyridin-4(1ff)-one.

cl

5-(Benzyloxy)-3-chloro-2-methylpyridin-4(1ll)-one (3.00 g, 12.0 mmol) was suspended in

25mL of DMF. Potassium carbonate (3.30 g,24.O mmol) was added followed by the addition of

iodomethane (1.53 mL, 24.0 mmol). The progress of the reaction was monitored by TLC (30%

ethylacetate in hexanes). Upon completion, the reaction was allowed to stir at room

temperature. Water was added and a white precipitate formed. The solid was collected by

suction filtration, allowed to air dry and then further dried under vacuum' Thus,

S-(benzyloxy)-3-chloro-1,2-dimethylpyridin-4(1ll)-one (2.00 g) was obtained. Yield = 63%; 
1H

NMR (MeOD-D4,90 MHz,) ô (ppm):7.61 (s, |H),7.27'7.46 (m,5H),5'21 (s,2H),3'75 (s' 3H)

and2.54 (s,3H).

D. Preparation of

5-(benzyloxy)-3-chloro-2-(hydroxymethyl)-1-methylpyridin-4(1fl)r.one

ct

I

ln a similar manner,

5-(benzyloxy)-3-chloro-2-(hydroxymethyl)-1-methylpyridin-4(1 Ffl-one (7.52 g) was prepared

from 5-(benzyloxy)-3-chloro-2-(hydroxymethyl)pyridin-4(1Fl)-one (10.0 g, 37.6 mmol),

iodomethane (10.7 g, 75.2 mmol) and potassium carbonate (10.3 9,75.2 mmol) in DMF (50

mL). Yield - 72%;1¡t t llr¡R (DMSO-D6, 90 MHz) õ (ppm): 7.77 (8, 1H1,7.17-7.58 (m, 5H), 5.65

(br. s, 1H), 5.04 (s, 2H), 4.7O (br. s, 2H) and 3.81 (s, 3H).
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E. Preparation of

5-(benzyloxy)-3-chloro-1-methyl-4-oxo-1,4-dihydropyridine-2-carboxylic acid,

To a mixture of 5-(benzyloxy)-3-chloro-2-(hydrorymethyl)-1-methylpyridin-4(1Êf)-one

(4.90 g, 17.5 mmol), TEMPO (120 mg, 0.77 mmol) and potassium bromide (120 mg, 1.00 mmol)

in acetone (50 mL) and saturated sodium bicarbonate (40 mL) below 7 
oC 

was added dropwise

a 10-14o/o sodium hypochlorite (50 mL) solution during 30 mÍnutes. After being stirred for 2

hours, the reaction mixture was diluted with water and adjusted to pH about 1.5 with 6N HCl,

The solid was filtered and washed with water to give

S-(benzyloxy)-3-chloro-1-methyl-4-oxo-1,4-dihydropyridine-2-carboxylic acíd (2.89 g) as a white

solid. Yield = 56Yo,1H ¡Jlr¡R (DMSo-D5, 90 MHz) õ (ppm): 7.79 (s, 1H), 7.16-7.62 (m, 5H), 5.03

(s,2H) and 3.67 (s, 3H); MS m/2294 [M+1]+.

F. Preparation of 3-(benzyloxy)-5-chloro-1-methylpyridin-4(1ff)-one.

N

I

5-(Benzyloxy)-3-chloro-1-methyl-4-oxo-1,4-dihydropyridine-2-carboxylic acid (3.50 g,

11 .9 mmol) was heated Ín DMF (10 mL) for one hour. The reaction mixture was concentrated

by rotary evaporation and the residue was triturated with ethyl acetate/ether to give

3-(benzyloxy)-5-chloro-1-methylpyridin-4(1Ff)-one (2.80 g) as a pale brown solid. Yield = 94o/oi

1tt tllr¡R (DMSo-D6, 90 MHz) ô (ppm): 8.08 (d, J = 1.8 H2, '1H), 7.68 (d, J= 1.8 Hz, 1H),

7.19-7.58 (m, 5H), 5.01 (s, 2H) and 3.67 (s, 3H).

Example 14

A. Preparation of 3-chloro-S-hydroxy-1-methylpyridin-4(1Êl)-one.

ct
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3-(Benzyloxy)-5-chloro-1-methylpyridin-4(1H)-one (2.70 9,10.8 mmol) was mixed in 6N

HCI (15 mL) and ethanol (10 mL). After being refluxed for 2 hours, the reaction mixture was

concentrated by rotary evaporator, The residue was mixed with water (5 mL) and basified to pH

8-9 with concentrated ammonia. An off-white precipitate came out, ant the mixture was again

concentrated in vacuo to remove volatiles. The off-white solid was collected by suction filtration

and dried to give 3-chloro-5-hydroxy-1-methylpyridin-4(1/-l)-one (1.32 g). Yield = 76.60/o;1H

NMR (DMSO-D6, 90 MHz) ô (ppm): 7.98 (s, 1H),7.47 (s, 1H) and 3.67 (s, 3H).

B. Preparation of 3-chloro-S-hydroxy-1,2-dimethylpyridin4(1Él)'one

ln a similar manner, 3-chloro-5-hydroxy-1,2-dimethylpyridin-4(1Ff)-one (600 mg), was

prepared by refluxing a mixture of 5-(benzyloxy)-3-chloro-1,2-dimethylpyridin-4(1H)-one (2.00 g,

7.6 mmol) with 6N HCI (20 mL) and methanol (10 mL) at 100 
oC 

for 2 hours. Yield = 46o/ot1H

NMR (MeOD-Da, 90 MHz) ô (ppm): 8.08 (s, 1H) 4.08 (s, 3H) and2.72 (s,3H); MS m/z'174

[M+1]+.

Example l5
A. Preparation of

3-chloro-S-h ydroxy-1,2-dimethyl-6-(2,2,2-trifluoro-1-hydroxyethyl)pyridin'4(1fl)-one.

F3

3-Chloro-5-hydroxy-1,2-dimethylpyridin-4(1Ff)-one (500 mg, 2.80 mmol) was suspended

in trifluoroacetaldehyde methyl hemiacetal (3 mL). Potassium carbonate (119 mg, 0.86 mmol)

was added and the mixture was heated to 120 
oC. 

After 2.5 hours, the reaction mixture was

allowed to cool to room temperature, then diluted with methanol and filtered. The filtrate was

concentrated to dryness and diluted with acetone. The solution was filtered and the filtrate was

concentrated to give

3-chloro-5-hydroxy-1 ,2-dimethyl-6-(2,2,2-trilluoro-1-hydroxyethyl)pyridin-4(1Fl)-one (650 mg) as

cl
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a pink solid. Yield = 85%; 
ttt-run¡R (MeOD-Da, 90 MHz) ô (ppm): 5.9 (q, J = 9,1 Hz, 1H),4.01

(s, 3H) and 2.65 (s, 3H ); MS-ESI mlz 272 [M+1]+.

B. Preparation of

5-chloro-3-hydroxy-1-m ethyl-2-12,2,2-trifluoro-1-hydroxyethyl)pyridln-4(ltl)-one

ln a similar manner,

5-chloro-3-hydroxy-1 -methyl2-(2,2,Z-lrifluoro-'1-hydroxyethyl)pyridin-4(1 Fl)-one (1 .40 g) was

prepared from 3-chloro-5-hydroxy-1-methylpyridín-4(1Fl)-one (1.27 g, 8.0 mmol) and

trifluoroacetaldehyde methyl hemiacetal (12.7 mL) in presence of potassium carbonate (0.22 g,

1.6 mmol). Yield = oa%; 
1H 

NMR (DMSO-D6) ô þpm): 8.10 (s, 1H), 5.80 (q, J = 8.7 Hz,1H)

and 3,88 (s, 3H); MS m/2258 [M+1]+.

Example l6
A. Preparation of

3-chloro-5-hyd roxy-1,2-dimethyl-6 -(2,2,2-trilluoroethyl)pyridin-4(l H)-one.

ct

3-Chloro-S-hydroxy-1 ,2-dimethyl-6-(2,2,2-lriÍluoro-1-hydroxyethyl)pyridin-4(1H)-one (300

mg, 1.10 mmol) was suspended in 10 mL of acetonitrile and thionyl chloride (398 pL, 5.50

mmol) was added dropwise. The reaction was stirred at room temperature. After 2 hours, the

reaction was concentrated. The crude was diluted with l0 mL of methanol and sodium

borohydride (329 mg, 8.80 mmol) was added in small portions. After 15 hours, the reaction was

filtered and the fìltrate was concentrated in vacuo. The resulting solid was dissolved in

methanol and ethyl acetate added, filtered and concentrated. The crude product was purified by

column chromatography on silica gel using a mixture of 30o/o EtOAc in MeOH as eluant.

Fractions rich in product were combined and evaporated to dryness. The residue product was

recrystallised from methanol/ethyl acetate to give

F

F3
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3-chloro-5-hydroxy-1,2-dimethyl-6-(2,2,2-trifluoroethyl)pyridin-4(1Fl)-one (172 mg) as a white

solid. Yield =6lIoi 
tn 

ruuR (MeoD-Da,90 MHz)õ (ppm):4.1 (q, J= 9.0 Hz,2H),3'99 (s,3H)

and 2.77 (s, 3H); MS m/z 256 [M+1]+.

B. Preparation of

5-chf oro-3-hydroxy-1-melhyl'2'(2,2,2'trifluoroethyl)pyridin-4(1fl)-one

ln a similar manner, 5-chloro-3-hydroxy-1-melhyl-2-(2,2,2-trifluoroethyl)pyridin-4(1Fl)-one

(117 mg) was prepared from

5-chloro-3-hydroxy-1-melhyl-2-(2,2,2-trifluoro-1-hydroxyethyl)pyridin-4(1 Fl)-one (580 mg, 2.30

mmol). Yield = zz%;1H NMR (MeoD-D4,90 MHz) ô (ppm):8.04 (s, 1H),3.91 (q, J= 9.9 Hz,

2H) and 3.84 (s, 3H); MS m/2242 [M+1]+.

Example 17

A. Preparation of

3-chf oro-6-[1-(dimethyla mino)-2,2,2-trifluoroethyl]-5-hydroxy-1,2-dimethylpyridin-4(1f0'on

e

3-Chloro-5-hydroxy-1 ,2-dimethyl-6 -(2,2,2-lrilluoro-1-hydroxyethyl)pyridin-4(1F0-one (618

mg,2.3 mmol) was mixed with pyridine (276 ¡tL,3.4 mmol) in acetonitrile (10 mL) at room

temperature. Thionyl chloride (249 ¡rL, 3.41 mmol) was added dropwise. After being stirred at

room temperature for 30 minutes, the reaction mixture was concentrated by rotary evaporation.

The residue was dried under vacuum and then mixed with ethanol (20 mL) under ice-water

bath. An ethanolic dimethylamine (5.6 M, 4,06 mL,22.8 mmol) solution was added at about 5

oC 
and the mixture was stirred for 20 minutes. The reaction mixture was concentrated by rotary

evaporation. The residue was mixed with water (10 mL) and the pH of the solution was

adjusted to 5.5. The precipitated solid was collected by suction filtration, and washed with

F

H

H3

N.cH3

ct
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water, then triturated with ether/hexanes to give

3-chtoro-6-[1-(dimethylamino)-Z,2,Z-lrifluoroethyl]-5-hydroxy-1,2-dimethylpyridin-4(1Fl)-one (380

mg) as an off-white solid. Yield = 56%i 
tH 

NMR (CDC|3,90 MHz)õ (ppm):4.88 (q, J=8.6H2,

1H), 4.08 (s, 3H), 2.65 - 2.81(m, 3H) and 2.39 (s, 6H); MS m/2299 [M+1]+.

B. Preparation of

5-chloro-2-(1-(dimethylaminol-2,2,2-trifluoroethyl)-3-hydroxy'1-methylpyrldin-4(1ff-one

ln a similar manner,

5-chloro-2-(1-(dimethylaminol-Z,2,2-lrifluoroethyl)-3-hydrory-1-methylpyridin-4(1Fl)-one (290

mg)was prepared from

S-chloro-3-hydroxy-1-melhyl2-(2,2,2{rifluoro-1-hydroxyethyl)pyridin-4(1Ffl-one(386 mg, 1.5

mmol). Yield = og%; 
1H 

NMR (MeOD-D4,90 MHz) ô (ppm):8.04 (s, 1H),4.69 - 4.85 (m, 1H),

4.05 (br. s, 3H) and 2.42 (br. s,6H); MS m/2285 [M+1]+.

C. Preparation of

5-chloro-3-hydroxy-l-methyl-2-(2,2,2-trifluoro-1-(piperidin-1-yl)ethyl)pyridin-4(1fl)-one

ct

ln a similar manner,

S-chloro-3-hydroxy-1-melhyl-2-(2,2,2-trifluoro-1-(piperidin-1-yl)ethyl)pyridin-4(1 Fl)-one (302 mg)

was prepared from

S-chloro-3-hydroxy-1-methyl-Z-(Z,2,2-trifluoro-1-hydroxyethyl)pyridin-4(1Fl)-one (386 mg, 1.5

mmol). Yield = 60%; 
1¡ 

NMR (MeoD-D4,90 MHz)õ (ppm): 8.03 (br. s, 1H),4.57 - 4.83 (m,

1H),g.74- 4.35 (m, gH),2.21- 3.02 (m,4H) and 1.44- 1.89 (m, 6H); MS m/2325 [M+1]+.

F

F
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Example 18

A. Preparation of

2-(2,2-dllluoro-1-hydroxyethyl)-3-hydroxy-1-methylpyridin'4(1ft)'one (4po7078)

F 1) COCIz/cat DMF

2) Pd-C / [H]

Aæ7078 APo7080

A sealed suspension of 3-hydroxy-1-methypyridin-4(1 Fl)-one (1.00 g, 8.0 mmol) and

potassium carbonate (0.11 g, 0.8 mmol) in 2.4 mL of difluroacetaldehyde ethyl hemiacetal was

heated lo SOoC for 18h. The volatile components were evaporated under reduced pressure.

The residue was dissolved in 3 mL of de-ionized water then cooled in an ice-water bath, and the

pH was adjusted to 5-6 with a 1N HGI solution. The precipitate was collected by suction

f¡ltration and dried. Thus, the title compound Apo7O78 was obtained (410 mg) as a white solid.

Yield = 25"/oilHNMR (4oO MHz, CD'OD)ô (ppm): 7.62(d, J=7.1H2, 1H),6'41 (d, J-7.1H2,

1H), 6.30 1dt, 
3J= 

55.8 Hz, 
2J 

= 5.1H2, 1H), 5.45 (dt, 'J = 5.1 Hz,3J = 11.4H2,1H), 3.96 (s,

3H);MS m/22o6 [M+1]+, 188 (1oo%).

B. Preparation ol 2-(2,2-dilluoroethyl)-3-hydroxy-1-methylpyridin-4(1ffl-one

(Apo7080)

To 10 mL of acetonitrile at ice-water bath was added DMF (0.14 mL, 1.8 mmol) followed

by oxalyl chloride (0.15 mL, 1.8 mmol) dropwise. To th¡s resulting suspension was added

2-(2,2-diÍtuoro-1-hydroxyethyl)-3-hydroxy-1-methylpyridin-4(1l-t)-one (0.30 g, 1.5 mmol)in one

portion, and the resulting mixture was stirred for 2h. A solid was collected by filtratíon, and it

was dissolved in 150 mL of acetonitrile. To this resulting solution was added Pd/C (10%, wet,

O.2O g, 667% 1ry/w), and the mixture was subjected to hydrogenat¡on under 40 psi hydrogen

pressure lor 2h. The catalyst was filtered off, and the filtrate was evaporated to dryness. The

residue was dissolved in de-ionized water, and the pH was adjusted to 5-6 using a 6N NaOH

solution. The precipitate was collected via suction filtration to afford the crude product (100 mg)

N
I

N
I
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as an off-white solid. The crude was fuñher purified by Biotage using reversed phase C18

cartridge to afford the title compound, Apo708O (66 mg) as white solid. Yield = 24o/oi 
1n NUn

(400 MHz, CD3OD)ô (ppm):7.ô5 (d, J=7.2 Hz, 1H),6.41 (d, J--7.2 Hz, 1H),6.19 (tt' J= 56,5'

4.7 Hz,1H),3.83 (s,3H),3.51 (dt, 
tJ= 

15.9 Hz,zJ=4.6H2,2H);MS m/21901M+1¡+, 188

(100%).

Example 19

Preparation of

tú2-{[S-hydroxy-1-methyl-4-oxo-6-(2,2,2-trilluoro-1 -hydroxyethyl)-1,4'dihydropyridin-2-yll

methyl)-ÂFmethyl-L-alani namide (Apo7033)

o
H-Ala+lHMe.HCl ll

-r...u\il-r(-Y
" cH. cHs

OMe

OH

tH¡OBn
H
NHcC.N

H
CHa

o
Fac H

NHeC.

CHo

N
H

CHe

Apo7033

A mixture of 5-(benzylory)-2-(chloromethyl)-1-methylpyridin-4(1Fl)-one hydrochloride

(7.55 g,25.0 mmol), H-Ala-NHMe.HCl (5.14 g, 37.0 mmol) and diisopropylethylamine (12.5 mL,

72.0 mmol) in CH3CN (50 mL) was heated at 85 
oC 

under a nitrogen atmosphere for overnight'

Volatiles were removed in vacuo, and the residue was pre-purified by column chromatography

on silica gel using a mixture of MeOH and ethyl acetate as eluant (solvent gradient of 10, 15

and2Oo/" MeOH in ethyl acetate). The fractions rich in product were combined and evaporated

to dryness. Further purification by column chromatography on silica gel using a mixture of H2O

and CH3CN (1-5% HzO content) and then a 1Oo/" MeOH in dichloromethane solution afforded

(S)-2-((S-(benzyloxy)-1-methyl-4-oxo-1 ,4-dihydropyridin-2-yl)methylamino)-N-methylpropanamid

e (7.17 g) in 87o/" yield. MS m/2352 [M+Na]+, 330 (1oo%) [M+1]+, 228, 138, 91 .

A mixture of

(S)-2-((S-(benzyloxy)-1-methyl-4-oxo-1,4-dihydropyridin-2-yl)methylamino)-N-methylpropanamid

e (7 .04 g, 21 .4 mmol) and 1 0% Pd/C (0.90 g) in MeOH (70 mL) was subjected to hydrogenation

+
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in a parr apparatus at 50 psi of hydrogen pressure lor 2h. The reaction mixture was filtered

over celite and the filtrate was concentrated in vacuo. The resulting solid was dried in a vacuum

oven at 44oClor overnight. Thus,

(S)-2-((S-hydroxy-1-methyl-4-oxo-1,4-dihydropyridin-2-yl)methylamino)-N-methylpropanamide

was obtained as an orange solid (4.90 g) in 96% yietO. 
1H 

NMR (CD3COOD ) ô (ppm): 7.77 (s,

1H), 7.03 (s, 1H), 4.30 - 4.34 (m, 3H, OCH2 + CFOH3), 3'98 (s, 3H)' 2.80 (s, 3H), 1 '56 (d, J =

6.0 Hz, 3H, CHCH3);MS tn/2262 [M+Na]+, 240 (1oo%, [M+1]+, 138, 110.

A mixture of

(Ð-2-((S-hydroxy-1-methyl-4-oxo-1,4-dihydropyridin-2-yl)methylamino)-Mmethylpropanamide

(3.13 g, 13.1 mmol), trifluoroacetaldehyde methylhemiacetal (3.6 mL, 38.0 mmol)and

potassium carbonate (2.62 g,19.0 mmol) in CH3CN (35 mL) was heated al75 - 80 
oC for

overnight. Analysis of the reaction mixture by TLC using a solvent mixture of 28-30% conc.

NHaOH in IPA as eluant indicated incomplete consumption of the starling material. A further

portion of trifluoroacetaldehyde methyl hemiacetal (4 mL) was added, and the mixture was

heated at 95 - 100 
oC 

for another 24h. On cooling to room temperature, the mixture was

purified by column chromatography on silica gel using a mixture of MeOH and ethylacetate as

eluant (solvent gradient ol 10, 15 and 20"/o MeOH in ethyl acetate). Thus, the title compound

N-2-{[S-hydroxy-1-methyl-4-oxo-6-(2,2,2-lrilluoro-1-hydroxyethyl)-1 ,4-dihydropyridin-2-yl]methyl]

-N-methyl-L-ataninamide, Apo7O33, was obtained as a yellowish solid (1.53 g) in 35% yield. 1H

NMR (DMSO- Do)õ (ppm): 7.79 (1, J=4.4 Hz, 1H, NF0,6.30 (s, 1H),5.87 (q, J=8.7 Hz, 1H,

C¡pF3), 3.82 (s, 3H, NCH3), 3.61 - 3.65 (dd, 'J = 14.5 and 
aJ 

= 1-9 Hz,1H, 0.5 NHCH2), 3.47

- 9.52 (apparent ¡, J = 15.2 Hz, 1H, 0.5 NHCHz), 3'08 (q, J = 6'8 Hz, 1H, CllCH3)' 2'59 (d, J =

4.2H2,3H, NHCH3), 1.12 (dd, 2J=6.8andaJ 
=2.3H2,3H, CHCH3); 

ttc Nvn (DMSO- Do) ô

(ppm):175.0 (C=O), 169.6 (C=O), 149.2,147.3,125.6, 125'0 (q, J=283 Hz, CHCF3), 113'1

(Cl-l), 65.2 (q, J= 33 Hz, Ct-lCF3), 56.9 (Cl-l), 48'9 (Cl-12), 36'6 (NCl-13), 25'8 (NHCI-13), 19'6

(cl-lg); MS m/2360 [M+Na]+,338 (1oo%) [M+1]+,236.
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Example 20

M{[S-hydroxy-1-methyl-4-oxo-6-(2,2,2-trifluoro-1-hydroxyethyl)-1 ,4-dlhydropyridln'2'yl]m

ethyl)-L-alanine (4Po7032)

N
I

CFe

cHs oH

The experiment in the last step of the previous example (example 19) was repeated (2.9

mmol scale) except that the mixture was purified by column chromatography on silica gel using

a mixture of 28-30% conc. NH4OH and IPA as eluanl (solvent gradient of 10, 15 and 20 and

25% NH¿OH in IPA). ln this case, the title acid compound

N-{[5-hydroxy-1-methyl-4- oxo-6-(2,2,Z-trifluoro-1-hydroxyethyl)-1,4-dihydropyridin-2-yl]rnethyl]-L

-alanine (Apo7032) was obtained as an orange solid (0.7 g) in 78% yield. MS m/2347 [M+Na]+,

325 (1oo%) ¡M+l1+,236.

Example 21

Preparation of the diastereoisomers of

MmethyÞ2-12,2,2-lrllluoro-1-(5-hydroxy-6-methyl-4-oxo-1,4-dihydro-pyridin-3'yl)'ethylami

nol-propionamide (4po6884 and Apo6885)

H
socl2 HN-Ala-NHME. HCI

cHscN Et3N

Apo6803

^#li8äf 
Êiii8':.,^

Apoô885: RT = 8.4 mln

Thionyl chloride (2.5 mL, 33.7 mmol) was added to a suspension of

3-hydroxy-2-methyl-5-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one (1,50 g, 6.7 rnmol) in

acetonitrile (33 mL) at room temperature. The resulting mixture was stirred for 30 min as a clear

solution resulted. The progress of the reaction was monitored by TLC (methanol :

dichloromethane, 1:10, v:v), which indicated consumption of the starting material' The reaction

mixture was evaporated to dryness to give crude

5-(1-chloro-2,2,2-trifluoro-ethyl)-3-hydroxy-2-methyl-1 H-pyridin-4-one as a solid.

------|>
+

N
H
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The solid was dissolved in acetonitrile (35 mL), and H-Ala-NHMe hydrochloric acid salt

(1.15 g, 8.3 mmol) was added followed by triethylamine (4.0 mL,28.7 mmol). The

heterogeneous mixture was stirred for 60 min, while the progress of the reaction was monitored

by HpLC Method 1. HPLC analysis of the crude reaction mixture indicated the presence of two

product peaks in a ratio of about 4/3, and with RT of 7.9 and 8.4 min, respectively. The reaction

mixture was filtered to remove solid materials, and the filtrate was evaporated to dryness to give

a solid. The solid was dissolved in ethylacetate, and the organic solution was extracted with a

20"/o ammonium chloride solution (3 x 40 mL). The aqueous fractions were combined (pH 6)

and the pH was adjusted to 7 with a NaOH solution. The aqueous solution was then extracted

with ethyl acetate (2 x 50 mL). The ethyl acetatê fractions were combined and evaporated to

dryness to give

N-methyl-2-[2,2,2-lrifluoro-1-(5-hydroxy-6-methyl-4-oxo-1,4-dihydro-pyridin-3'yl)'ethylamino]-pro

pionamide as a pair of diastereoisomers (850 mg, 41o/oyield, HPLC Method: Column: XTerra

MS C18, 4.6 x 250 mm;A = Aqueous phase:4 mM Tris,2 mM EDTA,pH7.4; B = Organic

phase: CHgCN; Flow rate = 1.0 mUmin; lnjection volume = 5 pL; Wavelength (L):220,254,28O'

450 nm. Gradient method; min-B% O-5, 15-55,25-55,25.05-5, 30-5. Apo6884, RT = 7.9 min,

AUC = 44V" atL=280 nm, and Apo6885, RT = 8.4 min, AUC =35o/o at I = 280 nm). samples

of the two diastereoisomers were obtained after repeated purification using the Biotage@ system

(C1g reverse phase cartridge; a m¡xture of acetonitrile and de-ionized water as eluant; gradient

elution). Apo6884: 82 mg, RT = 7.9 min, HPLC puriV (AUC): 99o/o at ?\ - 28o nt; 1H 
NMR

(DMSO-D6) õ þpm): 1 1.59 (br s, 1H), 7.74 (br s, 1 H), 7.56 (s, 1H), 4.62 (m, 1 H), 3'12 (m, 2H)'

2.49 (s,3H),2.18 (s, 3H), 1.09 (d, J= ô.3 Hz,3H); MS-ESI m/2308 [M+1]+, 249,206 (1OO%),

103. Apo6885: 95 mg, RT = 8.4 min, HPLC purity (AUC): 99o/" al7,, = 280 n.; 1H 
NMR

(DMSO-D6) ö (ppm): 1 1.65 (br s, 1H), 7'67 (s, 1H), 7.63 (br s, 1H), 4'43 (m, 1H)' 3'39 (m, 1H)'

2.g3 (m, 1H),2.62(d, J= 4.7 Hz,3H),2.18 (s, 3H), 1.07 (d, J= 6.9 Hz, 3H); MS-ESI m/zSO9.O

[M+1]+, 249,206 (1OO%), 103.
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Example 22

Preparation of

5-[1-(dimethylamino)-2,2,2-trif luoroethyl]-3-hydroxy-1 ,2-dimethylpyridin'4(1 tl)'one

(4po7053)
-N'

FgC (c)(b)(a)

N
I

N
H

HCt

APo7053

(a) To a suspension of 3-hydroxy-2-methyl-5-(2,2,2-lrilluoro-1-hydroxyethyl)pyridin-4(1fl)-one

(S.33 g, 23.g mmol) and acetonitrile (50 mL) was added potassium carbonate (4.96 g, 35.9

mmol). The mixture was stirred at room temperature and iodomethane (15 mL, 239.8 mmol)

was added. The progress of the reaction was monitored by HPLC (Column: XTerra MS C18,

4.6 x 250 mm;A = Aqueous phase: 4 mM Tris, 2 mM EDTA, pH7.4; B = Organic phase:

CH3CN: Flow rate = 1.0 mUmin; lnjection volume = 5 UL; Wavelength (Ll:.220,254,28o, 45o

nm. Gradient method; min-B% 0-5, 15-55,25-55,25.05-5' 30-5.

After stirring at room temperature for t h, HPLC analysis of the reaction mixture

indicated about 80% conversion. The reaction mixture was filtered. Both the solid and the

filtrate were collected. The solid was washed with acetonitrile (40 mL x 2), followed by Dl water

and finally with ether to give

3-hydroxy-1 ,2-dimethyl-5 -(2,2,2-lrilluoro-1 -hydroxyethyl)pyridin-4('l Ffl-one, Crop 1 , 1 .14 g, Yield

=201"-
The filtrate was combined with the acetonitrile washing solutions and concentrated to

dryness to give a solid. This solid was washed with Dl water and ether to give a second crop of

the desired product (2.46 g, 44o/"1. Totalyield (crops 1 and 2) =64o/oi 
rH 

NMR (CDgOD) õ

(ppm):7.79 (s, 1H),5.43 (q, J= 7.2H2,1H),3-88 (s,3H),2.44 (s' 3H)'

(b) Thionylchloride (7.5 mL, 102.7 mmol) was added dropwise to a suspension of

3-hydroxy-1,2-dimethyl-5 -(2,2,2-lritluoro-1-hydroxyethyl)pyridin-4(1Fl)-one (3.00 g, 12.7 mmol)

and acetonitrile (1 10 mL) with external cooling using a tap water bath under a blanket of

nitrogen. The progress of the reaction was monitored by TLC (eluant: methanol :

dichloromethane, 1 : 10, v : v). Atter the addition of SOC|2, a clear solution resulted, and wh¡te

solid gradually formed upon further stirring. The reaction mixture was concentrated repeatedly
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in acetonitrile to give a solid, which was then collected and washed with acetonitrile (15 mL x 2)'

Thus, 5-(1-chloro-2,2,2-lrifluoroethyl)-S-hydroxy-1,2-dimethylpyridin-4(1Fl)-one hydrochloride,

was obtained as a white solid (2.89 g). Yield = la v";1H NMR (DMSO-Do) õ þpm): 8'17 (s,

1H),6.19 (q, J= 7.5H2,1H),3'84 (s, 3H),2.35 (s, 3H).

(c) A mixture of 5-(1-chloro-2,2,2-lriÍluoroethyl)-3-hydroxy-1 ,2-dimethylpyridin-4(1 Êl)'one

hydrochloride (395 mg, 1.4 mmol) and acetonitrile (30 mL) was added to a 40 wto/o

dimethylamine in water (3.5 mL, 27.7 mmol). The resulting yellowish solution was stirred

vigorously, and the progress of the reaction was monitored by TLC (eluant:

methanol/dichloromethane, 1/10, v/v). The starting material was completely consumed within 5

min. The reaction mixture was concentrated to give a solid. The solid was dissolved in

dichloromethane (30 mL), which was then washed with a 10% ammonium chloride solution (15

mL x 2). The organíc phase was dried over sodium sulfate, filtered, and concentrated to give

S-[1-(dimethytamino)-2,2,2-trifluoroethyl]-3-hydroxy-1,2-dimethylpyridin-4(1Fl)-one (Apo7053) as

a solid product (2OO mg). Yield = 56%; HPLC Method 1, RT = 10.2 min, HPLC purity (AUC):

9e.3% at 280 nm); 
1H 

NMR (DMSo-Do) ô (ppm): 7.08 (s, 1H), 4.86 (q, J= 10.1 Hz, 1H), 3.73 (s,

3H), 2.29 (s, 3H), 2.23 (s, 6H). MS-ESl m/2265 [M+1]+, 22O (100"/"),192.

ln a similar manner, the following compounds were prepared:

(i) O-Hydroxy-1,2-dimethyl-5-12,2,2-trilluoro-1-(piperidin-1-yl)ethyllpyridin'a(l Fl)'one (Apo7054)

was prepared from the reaction of

S-(1-chloro-2,2,2-trifluoroethyl)-3-hydroxy-1,2-dimethylpyridin-4(1Fl)-one hydrochloride (304 mg,

1.0 mmol) and piperidine (2.0 mL, 20.3 mmol). The reaction was compleied within 20 min, and

Apo7054 was obtained as a solid product (232 mg). Yield = 73%; HPLC Method 1, purity (AUC)

= 99.4o/oat 280 nr; t 
H NMR (DMSO-D6) ô (ppm): 7.66 (s, 1H), 4.83 - 4.94 (m, 1H), 3.71 (s,

3H), 2.56 (m, 2H), 2.41 (m,2H),2.27 (s, 3H), 1'46 (br, 4Hl, 1 .28 (br, 2H); MS-ESI m/23o5

[M+1]+ (1o0"/o),22o.

(ii) 3-Hydroxy-1,2-dimethyl-5-12,2,2-trilluoro-1-(1H-imidazol-1-yl)ethyllpyridin-4(1 Fl)-one

(4po7055) was Prepared from

5-(1-chtoro-2,2,2-trifluoroethyl)-3-hydroxy-1,2-dimethylpyridin-4(1Fl)-one hydrochloride (505 mg,

1.7 mmol) and imidazole (3.5 g, 51.4 mmol). The reaction was stopped when analysis of the

HpLG chromatogram (Method 1) of the reaction mixture indicated higher than 98% conversion.

The reaction mixture was concentrated to give a solid. The solid was dissolved in de-ionized
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water (4 mL), and the pH of the solution was adjusted to 6.5 with a 6.00 N hydrochloric acid

solution. The resulting solution was repeatedly extracted with dichloromethane (15 mL x 4,30

mL x 2). The organic fractions were combined, dried over sodium sulfate, filtered, and

concentrated. The desired compound Apo7O55 was obtained as a solid from dichloromethane

(320 mg). yietd = 64%; HpLC purity (AUC) :99.7%at 280 nm); 
1H 

NMR (DMSo-D6) õ (ppm):

8.15 (s, 1H),7.98 (s, 1H),7.52(s,1H),6.96 (s, 1H),6.66 (q, J=9.1 Hz, 1H),3'76 (s,3H)' 2'29

(s, 3H). MS-ESI m/2288 [M+1]+, 220 (1oo%\.

(iii) 3-Hydroxy-1 ,2-dimeth yl-5-12,2,2-trif luoro-1-(methylamino)ethyllpyridin-4(1 Ft-one (Apo7056)

was prepared from 5-(1-chloro-2 ,2,2-l¡illuoroethyl)-3-hydroxy-1 ,2-dimethylpyridin-4(1 È/)-one

hydrochloride (400 mg, 1.4 mmol) and methylamine (3.0 mL, 34.4 mmol). The reaction was

essentially completed within 15 min. The reaction mixture was concentrated to give a solid- A

sample of salt free Apo7056 product was obtained by purification using the Biotage@ instrument

(C1 8 reversed phase; eluant: water and acetonitrile; gradient, 100 : 0 to 100 : 4). (48 mg)'

HpLC Method 1, RT = 8.52 min, HPLC purity (AUC): 99.3% at 280 nm); 
1H 

NMR (CDsoD) ô

(ppm): 7.77 (s,1H),4.58 (q, J = 8.0 Hz, 1H), 3.80 (s, 3H), 2'44 (s,3H),2'35 (s, 3H)' MS-ESI

(mlz) 25L2 [M+'l]+, 22o.2 (1007").

(iv) 3-Hydroxy-1 ,2-dimethyl-5-12,2,2-lritluoro-1-(4-methylpiperazin-1-yl)ethyllpyridin-4(1Ff -one

hydrochloride (4po7063) was prepared from

S-(1-chtoro-2,2,2-trifluoroethyl)-3-hydroxy-1 ,2-dimethylpyridin-4(1 Fl)-one hydrochloride (550 mg,

1.9 mmot) and 1-methylpiperazine (3.0 mL, 27.0 mmol) was added. The reaction was stopped

when analysis of the HPLC chromatogram (Method 1) of the reaction mirture complete

conversion. The reaction mixture was concentrated to give a solid. To the solid was added

methanol (2 mL), the mixture was vortexed and filtered. Thus, Apo7063 was obtained as a solid

(280 mg). Yield = 41%;HPLC Method 1, purity (AUC)= 99.8% at 280 nt; tH 
NMR (DMSO-D6

+ a few drops of Dzo) ô (ppm): 7.69 (s, 1H), 4.93 (q, J = 9.7 Hz,1H), 3.70 (s, 3H), 2.60-3.40 (b,

8H),2.69 (s, 3H), 2.29 (s,3H); MS-ESl m/2320 [M+1]+ (100"/o\,22o.
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Example 23

Preparation of

2-(dimethytamino)-3-hydroxy-1-methyl-6-(2,2,2-trifluoroethyl)pyrldln'4(1fl)-one (Apo7077)

ct
HC N

IcFs

Apo7077

Thionyl chloride (1.6 mL, 21.9 mmol) was added dropwise to a suspension of

S-hydroxy-1-methyl-2-(2,2,2-lrifluoro-1-hydroxyethyl)pyridin-4(1 Fl)-one (0.82 g, 3'7 mmol) and

acetonitrile (30 mL) under a blanket of nitrogen. The reaction was heated to reflux and a clear

solution resulted. The progress of the reaction was monitored by TLC (eluant: methanol :

dichloromethane, 1 : 10, v : v). The reaction mixture was concentrated repeatedly in acetonitrile

to give a solid, which was used in the next step without further purification. 
t n ruft¡R (DMSO-D6)

ô (ppm): 8.35 (s, 1Hr,7.62 (s, 1H), 6.77 (m,1H),4.12 (s,3H).

A solution of the chloride product from the previous step in acetonitrile was added to a

solution of dimethylamine (40 wt% in water, 9.0 mL, 71.1 mmol). The mixture was stirred

vigorously. The progress of the reaction was monitored by TLC (eluant:

methanol/dichloromethane, 1/10, v/v), and by HPLC (Method 1, FìT of Apo7O77 = 13.37 min,

conversion was about 78%). Ihe reaction mixture was concentrated to dryness. The residue

was taken up in dichloromethane (30 mL), then washed with de-ionized water. The organic

phase was dried over sodium sulfate, filtered, and concentrated to give a crude solid.

Purification of the crude by column chromatography on silica gel (eluant:

methanol/dichloromethane, 5/100, v/v) afforded Apo7077 (280 mg). Yield = 30%; HPLC purity

(AUC): gg.2ïo at 280 n*; 1H 
NMR (DMSO-D') õ (ppm): 6'23 (s, 1 H), 3.93 (q, J = 10.7 Hz,2H),

3.63 (s, gH1,2.74(s,6H); ttF 
NMR (DMSO-D6) ô (ppm): -03.37 (t, J= 50.8 Hz); MS-ESI m/z

251 [M+1]+ (1OO%), 296,221, 207 , 166.
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Example 24

Preparation of

2-((dlmethytamino)methyl)-3-hydroxy-l-methyl-6-(2,2,2-lrifluoro'1'hydroxyethyl)pyridin'4(

1tl)-one (4po7081)

N
I

HCt

Apo7081

Thionylchloride (0.48 mL, 6.6 mmol) was added dropwise to a suspension of

3-hydroxy-2-(hydroxymethyl)-1-methyl-6-(2,2,Z-lrifluoro-1-hydroxyethyl)pyridin'4(1F0-one (1.50

g, S.g mmol) in acetonitrile (45 mL). The progress of the reaction was monitored by TLC

(eluant: methanol : dichloromethane, 15 : 100, v : v), and the starting materialwas consumed

within S min. The reaction mixture was concentrated repeatedly in acetonitrile to give a solid,

which was then washed with acetonitrile (15 mL x 1). Thus,

2-(chloromethyl)-3-hydroxy-1-methyl-6-(2,2,2-lrilluoro-1-hydroryethyl)pyridin-4(1 ll)-one

hydrochloride was obtained as a white solid (1.18 g).

The latter compound was dissolved in acetonitrile (20 mL) and added to a solution of

dimethylamine (40 wt% in water, 15 mL, 118.5 mmol). The resulting yellowish solution was

stirred vigorously, and the progress of the reaction was monitored by HPLC Method: Column:

XTerra MS C18, 4.6x250 mm; A = Aqueous phase:4 mM Tris,2 mM EDTA, PH 7.4; B =

Organic phase: CHgCN; Flow rate = 1.0 mUmin; lnjection volume = 5 pL; Wavelength (T):220,

254,280,450 nm. Gradient method; min-B% O-5, 15-55, 25-55, 25.05-5, 30-5.(RT of Apo7081

= 9.45 min, HPLC purity (AUC): about 60% at L = 28O nm). The reaction mixture was

concentrated to give a solid. To the solid was added de-ionized water (15 mL) and methanol

(100 mL), the resulting mixture was stirred and filtered. The filtrate was collected and

concentrated in vacuo- The residue was purified by column chromatography on sil'tca gel

(eluant: methanol/dichloromethane, 5/100, v/v). Thus, Apo7081 was obtained (24 mg)' HPLC

Method 1, RT = 9.59 min, purity (AUC): 98.6% at 280 nrn; 
1H 

NMR (CDgOD) õ (ppm): 6.82 (s,

1 H), 5.54 (q, J = 6.2 Hz,1 H), 3.96 (s, 3H), 3.76 (s, 2H),2'32 (s, 6H); MS-ESI m/z 281 [M+1]+,

236 (100%),208.
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Example 25

Preparation of 5-hydroxy-l-methyl-2-(2,2,2-lrilluoro-1,1-dihydroxyethyl)pyridin'a(1ff)-one

(Apo7o72l

(b) H
(a)

F3

N
I

Apo7O72

(a) To an ice-salt cooled suspension of

5-(benzyloxy)-1-methyl-z-(2,2,2-lrilluoro-1-hydroxyethyl)pyridin-4(1Ffl-one (1.20 9,3.8 mmol)

and a 10olo sodium bicarbonate solution (4 mL) in acetone (36 mL) were placed in a 250-mL 1-N

RB equipped with a magnetic stir bar to give a suspension was added a solution of potaçsium

bromate (99 mg,0.6 mmol) dissolved in de-ionized water (3 mL). A solution of TEMPO (31 mg,

0.2 rnmol) in acetone (1 mL) was added to the suspension, followed by a solution of sodium

hypochlorite (0.96 M, 6.5 mL, 6.24 mmol). HPLG was used to monitor the progress of the

reaction (HPLC Column: XTerra MS C18, 4.6 x 250 mm; A = Aqueous phase:4 mM Tris,2 mM

EDTA, pH7.4; B = Organic phase: CH3CN; Flow rate = 1.0 mUmin; lnjection volume = 5 pL;

Wavelength (L):22O,254,280,450 nm. lsocratic method; aqueous : organic = 75 : 25, BT of

the SM = 10.30 min, RT of the product = 11.37 min, the conversion was > 99%). The reaction

mixture was filtered. The filtrate was collected and concentrated to give a semi-solid. The

semi-solid was suspended in dichloromethane (a0 mL) and brine (30 mL). The mixture was

st¡rred and the solid was collected by suction filtration. The solid was washed with de-ionized

water (15 mL x 4) and with ether (15 mL x 4). Thus,

S-(benzyloxy)-1-methyl-2 -(2,2,2-lrilluoro-1 ,1-dihydroxyethyl)pyridin-4(1H)-one was obtained

(0.93 g). Yield = 7T,/";HPLC Method 2, purity (AUC) = gg.4o/"at 280 nt; 'H NMR (DMSO-D6)

ô (ppm): 8.45 (s, 2H),7.67 (s, 1H),7.4 (m,5H), 6.66 (s, 1H),5-04 (s,2H)' 3.85 (s,3H); MS-ESl

m/2330 [M+1]+, 91 (1 oo%).

(b) Debenzylation of

5-(ben4rloxy)-1-methyl-2-(2,2,2-lrilluoro-1,1-dihydroxyethyl)pyridin-4(1 F/)-one (700 mg, 2.1

mmol) was carried out in a hydrochloric acid solution (4M,22 mL) by heating to reflux. HPLC

was used to monítor the progress of the reactíon (HPLC Method 2, RT of the SM = 11.47 min,

RT of the product = 3.26 min, conversion > 98%), The resulting solution was concentrated to

N
I
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give oil. About half of the oily residue was weighed out, and dissolved in de-ionized water. The

pH of the resulting solution was adjusted to 6 with a 6.00 N sodium hydroxide solution (160 pL).

Solid appeared upon stirring. The solid was collected by filtration, thoroughly washed with

de-ionized water and ether. Thus, a sample of

5-hydroxy-1-methyl-2-(2,2,2-lrifluoro-1 ,1-dihydroxyethyl)pyridin-4(1 Fl)-one (Apo7072) was

obtained (118 mg). Yield = 46%; HPLC Method: Column: XTerra MS C18, 4.6 x 250 mm; A =

Aqueousphase:4mMTris,2mMEDTA,pH7.4;B=Organicphase:CH3CN; p¡6ç¡¿ls=1.0

mUmin; lnjection volume = 5 l¡L;Wavelength (L\:22O,254,28O,450 nm. lsocratic method;

aqueous : organic =75 :2l,purity (AUC) = 99.5% at 280 nt; 1H 
NMR (DMSO-D6 + a few

drops ol D2O) ô (ppm): 7.47 (s,1H), 6.66 (s, 1H), 3.82 (s, 3H); MS-ESl m/2240lM+11+ ,222

(100%), 125.

Example 26

A- pKa Determination by Potentiometric Titration

The pKa values of ligands were determined by potentiometric titration when a ligand

concentration > 1 x 1O-2 M ¡n water could be prepared. ln a typical experiment, the sample

solution (1.00 x 1O-2 M) was prepared by the following method: Apo7O41 (125.4 mg) was

weighed into a 50 mL volumetric flask, and about 40 mL of 0.1 M NaClwas added. The mixture

was sonicated for 10 min to give a clear colorless solution. More of the 0.1 M NaCl was added

to volume and the resulting solution was vortexed to mix. 40 mL of the solution was transferred

into a T70 titration cell by using a 10 mL digital pipet. A 6.000 N sodium hydroxide solution (127

pL, 1.9 equiv) was added, and the pH (11.82) of the solution was recorded. The solution was

allowed to equilibrate al22"C for 5 min.

The solution was then titrated against a 6.000 N hydrochloric acid solution al22"C by

using a Mettler Toledo T70 autotitrator, until the pH reached 1.5. The volume of acid added and

the pH reading were recorded. Thus, 501 measurements were taken for this experiment.

The data set of pH vs. acid volume was analyzed using Hyperquad 2000 software

(version 2.'1, Peter Gans, University of Leeds). The pKa values were obtained using the model:

L- + H+ 5 LH (pKal), LH + H* 5 LH2*, and LH2* + H* s LH32* lpKas). Thus, Apo7o41 has

pKal = 9.39, pKa2 = 3.52, and pKa3 = 1.66 as determined potentiometr¡cally.
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B. pKa Determination by Spectrophotometric Titration

The pKa values of ligands can be determined by spectrophotometr¡c titration when both

the conjugated acid and base absorb in the UV-visible region. ln a typical experiment, the

sample solution was prepared by the following method: Apo704'l stock solution (12'74 mg) was

weighed into a 10 mL volumetric flask, and 0.1 M NaClsolution was added to volume. The

mixture was sonicated and voltexed to give a clear colorless solution. The concentration of

Apo7041 of this stock solution is 5.1x10'3 M.

Apo7041 sample solution: 727 ¡tLof the above stock solution was transferred into a 50

mL volumetric flask by using a 1000 ¡rL digital pipet, and 0.1 M NaCl was added to volume. The

resulting solution was vorlexed to mix to give a sample sotution. The concentration of Apo7041

of this sample solution is 7.4 x10'5 M. 20 mL of the sample solution was transferred into a 35

mL beaker by using a 10 mL digital pipet. The sample solution was circulated between the

beaker and the flow cell using a sipper system.

The sample solution was titrated against standard hydrochloric acid solutions at 22'C to

reach pH 1.11. After each addition of acid the solution was allowed to equilibrate until a

constant pH reading was reached. The pH and the UV-Vis spectrum were recorded for each

measurement. The solution was titrated untilthere was no obvious change in the spectra after

several subsequent additions of acid. Thus, 30 measurements were recorded'

The resulting data set was then analyzed using pHAB (Peter Gans, University of Leeds)

The pKa values were obtained using the model: LH + H+ 5 LH2+, and LH2+ + H+ 5 LH32*

(pKae).Thus,Apo7041haspKa2=3.51,andpKa3=l.23asdetermined

spectroPhotometricallY'

Example 27

Stoichiometry of Fe'complexes by Job's method

ln a typical experiment Fe-4po7053 complex solutions were prepared by mixing a stock

solution ol FeZ* (atomic absorption standard, 9s9 pg/mL in 1 wt % HCl, Aldrich) and a stock

solution of Apo705O (7.BBx1O-3 M in 0.1 M MoPS, pH 7.a). Twelve sample solutions were

prepared. While the sum of the total iron concentration ([iron]1o16¡) and the total ligand

concentration (llhotar) in each of the 12 sample solutions were kept constant (8'00x10'a M), the

molar fraction of the ligand, q (q = [L]torat / (llhotat + [ironfte1¿¡)), for the 12 sample solutions were

ditferent, and were prepared as 0;0, O-1, 0-2,0.3, 0.4, 0.5, 0'6, O'7, O'75,0'8, 0'9 and 1 '0'
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respectlvely. The total volume for each of the 12 sample solutions was 5 mL, using MOPS (0.1

M, pH 7.4) as the solvent. The pH of the 12 solutions were adjusted to pH 7.4 with NaOH. The

sample solutions were vortexed at rt for 2.5 h, and then stayed at rt overnight. The sample

solutions were centrifuged at 4000 rpm for 15 min. The UV-Vis spectrum was recorded at22"Q

for each of the 12 solutions.

A Job's plot was created with the absorbance at 458 nm as the y-axis and q as the

x-axis. A maximum absorbance was found at q = 0.75, which corresponds to an iron : ligand

ratio of 1:3 in the complexes. The Job's plot result is shown in FlG. 34,

Proceeding in a similar manner, the Job's plot for Fe-Apo7O41 was created, and is

shown in FlG. 38.

Example 28

Distribution coefficient determinati on, ù.q

K2HPOa buffer (50 mM, pH=7.4) and 1-octanol were used as the aqueous phase and

the organic phase, respectively. The K2HPO4 buffer and 1-octanol were mixed, and

pre-saturated with each other before use.

ln a typical experiment, an aqueous solution of Apo6995

(3-hydroxy-2-methyl-1-(2,2,2-trifluoroethyl)pyridin-4(1Fl)-one) was prepared by weighing out 3

mg of the compound into a 1O-mL test-tube. lt was then mixed with K2HPOa butfer (2 mL) and

sonicated for 30 minutes with frequent vortexíng. The solution was then filtered through HPLC

syringe filter (4mm PVDF syringe filter 0.45 ¡rM) to obtain the aqueous solution. lt was analyzed

by HPLC (Column: Waters Symmetry C16, S¡tM, 3.9 x 50mm; Mobile phase: 0.035% HCIOa/

ACN;Gradient method: time in minutes -ACN ino/":O - 10, 10 -90,12 - 90,'14- 10, 16 - 10;

Flow rate: 1 mUmin; lnjection volume =2¡tL; detector wavelength:270 nm)to obtain the peak

height (Hr).

One mL of this aqueous solution was pipetted out into another 1O-mL test-tube and

mixed with 1 mL of 1-octanol. The mixture was then vortexed for t hour. The solution was

centrif uged at 2000 rpm for 10 minutes. A small amount of the lower aqueous layer was

carefully pipetted out and analyzed by HPLC to obtain the peak height (H¡). The distribution

coefficient, D7.4, wâs calculated using the following equation: D7.4= (H¡ Hr)/He.

ln a similar fashion, D7.4 was determined for the following compounds:
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Apo# Dz.¿ Log D7.a

Deferiprone 0.17 -o.77

6995 2.51 0.40

7030 5.93 o.77

7040 8.76 0.94

7060 4.93 0.69

7065 4.93 0.69

7066 4.69 0.67

7067 2.82 0.45

7069 0.66 -0.18

7070 1.72 0.23

7083 1.70 0.23

Example 29

Determination of Metal Complexation Constants.

A. lnstrumental and Chemicals:

For spectrophotometric titration, a pH meter (Accumet Research 4R15, 13-636-AR1 5'

Fisher) and a combination electrode (Accumet Standard-size Glass Combination Electrode,

'lg-620-2g5, Fisher) were used for pH measurements. Before using, the electrode was

calibrated with three standard buffer solutions (pH 4.00, pH 7.00, and pH 10.00, Fisher). The

titrant was added manually by using digital pipettes (Eppendorf). An UV-visible

spectrophotometer (Agilent 8453) was used for UV-Vis absorbance measurements.

A sipper system (S9O68D Agilent) was used whenever pH-dependent absorbencies

were measured. A vortexer (VX-2500 Multi-tube Voftexer, \AÂ/R Scientific Products) was used

for the preparation of sample solutions in both distribution coetficlent and Job's plot

experiments.

For potentiometric titration, an autotitrator (Mettler Toledo T70) and a combination

electrode (Mettler Toledo DG 11s-SC) were used. Before using, the electrode was calibrated

with three standard buffer solutions (pH 4.00, pH 7.00, and pH 10.00, Fisher). The titrant was

added automatically by using T7O. The data set of pH vs. titrant volume was recorded.

The metal stock solutions were purchased from Aldrich: lron atomic absorption standard

solution (1000 pg/ml of Fe in 1 wt. % HGI); Aluminum atomic absorption standard solution (1000

pg/mtof Al in 1 wt % HCI); Calcium atomic absorption standard solution (1000 pgimlof Ca in 1
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wt. % HCI); Copper atomic absorption standard solution (1000 pg/ml of Cu in 1 wt. % HNOg);

Magnesium atomic absorption standard solution (1000 pg/ml of Mg in 1 wt. o/o HNO3);

Manganese atomic absorption standard solution (1000 pg/mlof Mn in 1 wt. % HNO3);Zinc

atomic absorption standard solution (1000 pg/ml of Zn in 1 wt. % HCI). The standard Sodium

Hydroxide and Hydrochloric acid solutions were purchased from VWR Scientific Products.

MOPS (3.IN-Morpholino]propanesulfonic acid) was purchased from Sigma-Aldrich.

B. Determination of stepwise lormation constants for Fe-4po7041 system by

spectrophotometric titration in 0.1M NaCl solution

Stepwise formation constants for Mn*-ligand systems were determined by

spectrophotometric titration when metal complexes have a strong absorbance in the visible

region due to ligand to metal charge transler.

ln a typical experiment, the sample solution was prepared according to the following

procedure: compound Apo7O41 (12.96 mg) was weighed into a 50 mL volumetric flask, and

about 40 mL of 0.1 M NaClwas added. The mixture was sonicated for 10 mín to give a clear

colorless solution. The iron stock solution (atomic absorption standard, Aldrich, 565 pL' 10'00

pmol) was pipetted into the solution, followed by the addition of 1.000 N NaOH (170 pL). More

of the 0.1 M NaCl was added to volume and the resulting solution was vortexed to mix. The

molar ratio between the total iron and the total Apo7041 was 1/5.1. The mixture was vortexed

at rt for t h.20 mL of the sample solution was transferred into a 35 mL beaker by using a 10 mL

digital pipet. The sample solution was circulated between the beaker and the flow cell using a

sipper system. The sample solution was titrated against hydrochloric acid solution s at22oG

until the pH reached 0.021. After each addition of acid, the solution was allowed to equilibrate

until a constant pH reading was reached. The pH and the UV-Vis spectrum were recorded for

each measurement. For each measurement enough acid was added so that there was a sl¡ght

decrease in the absorbance of the spectrum. Altogether, 68 measurements were taken to finish

the experiment.

The resulting data set was then analyzed using pHAB. The formation constants for

Fe-Apo7041 system were optimized using the model shown in the first column of the table. The

results are shown in the Table 298 below.



The model symbol value

Fe3* + LH s (FeLH)3+ Log Frr 18.1

(Fe +LHS Log Þrzz
35.0

ts++ Log Frsg
50.5

(FeL3H)++H*5( Log 9rsz
48.3

( + H'5 (FeL3H)+ Log Frsr
44.5

+ 3L s (FeLs) Log 9rgo
38.8

L +H*5LH PKal
9.39

LH+H+5LH2+ pKal + pKa2 12.91

LH2+ +
9L

5 LH3-' pKal +pKa2+pKag 14.57
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Table 29B

C. Determination of stepwise formation constants for Cu'4po7041 system by

potentiometric titration in o.1M aqueous NaGl / MeOH, 1l1,vlv mixture

Stepwise formation constants for Cu2*-ligand systern were determined by potent¡ometric

titration when metalcomplexes (> 0.002 M) do not precipitate during titration. ln a typical

experiment, the sample solution was prepared by the following method: Apo7041 (126.1 mg'

0.S0 mmol) was weighed into a 50 mL volumetric flask, and about 35 mL of a mixed solvent (0.1

M NaCl aqueous : MeOH, 1 :1 , v:v) was added. The mixture was sonicated for 1 0 min to give a

clear colorless solution. The copper stock solution (atornic absorption standard, Aldrich, 6'33

mL,0.10 mmol) was pipetted into the solution. More of the mixed solvent was added to volume

and the resulting solution was vortexed to mix. The molar ratio between the total copper and

the total Apo7041 was 1/5. 40 mL of the solution was transferred into a T70 titration cell by

using a 10 mL digital pipet. A ô.000 N sodium hydroxide solution (300 pL) was added, and the

pH (12.17) of the solution was recorded. The solution was allowed to equilibrate at 22oG for 5

min.

The solution was then titrated against a 6.000 N hydrochloric acid solution al22"C by

using a Mettler Toledo T70 autotitrator, until the pH reached 1.5. The volume of acid added and

the pH reading were recorded. Thus, 533 measurements were taken for this experiment.

The pKa values ol Apo7041 in the same mixed solvent were also determined by

potentiometric titration using the procedure described in Example 1'
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The data set of pH vs. acid volume for Cu-4po7041 system was analyzed using

Hyperquad 2000 software (verslon 2.1, Peter Gans, University of Leeds). The formation

constants for Cu-4po7041 system were optimized using the model shown in the first column of

Table 29C. The results are shown in the second and third column.

Table 29C

D- Determination of stepwise formation constants lor Zn'Apo7041 system by

potentiometric titration in 0.1 M aqueous NaCl / MeOH, 111, vlv mirture

Stepwise formation constants for Zn2+-ligand system were determined by potentiometric

titration when metal complexes (> 0.002 M) do not precipitate during titration. ln a typical

experiment, the sample solution was prepared by the following method: Apo7041 (126.3 mg,

0.50 mmol) was weighed into a 50 mL volumetric flask, and about 35 mL of a mixed solvent (0.1

M NaCl agueous : MeOH, 1:1, v:v) was added. The mixture was sonicated for 10 min to give a

clear colorless solution. The zinc stock solution (atomic absorption standard, Aldrich, 6.64 mL,

0.10 mmol)was pipetted into the solution followed by additíon of sodium hydroxide solution

(6.000 N, gOO pL). More of the mixed solvent was added to volume and the resulting solution

was vortexed to mix. The molar ratio between the total zinc and the totalApo7041 was 1/5.40

mL of the solution was transferred into a T7O titration cell by using a 10 mL digital pipet. A

6.000 N sodium hydroxide solution (160 ¡rL) was added, and the pH (11.95) of the solution was

recorded. The solution was allowed to equilibrate at22"Ç for 5 min.

The solution was then titrated against a 6.000 N hydrochloric acid solution at22"Qby

using a Mettler Toledo T70 autotitrator, until the pH reached 1.5. The volurne of acid added and

the pH reading were recorded. Thus, 523 measurements were taken for this experiment.

The model symbol value

(CuL2H) +H*5 Log Frzz
27.9

-1Crf-r¡o + H* 5 (CuL2H)+ Log Frzr
23.0

c + 2L 5 (CuLz) Log Frzo
17.3

L-+H+5LH PKar
10.1

LH + H+ 1; LH2+ pKal + pKa2 13.3

+ H* s LH3z+ pKal+pKa2+PKa3 15.3
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The data set of pH vs. acid volume lorZn-Apo7041 system was analyzed using

Hyperquad 2000 software (version 2.1, Peter Gans, University of Leeds). The formation

constants Íor Zn-4po7041 system were optimized using the model shown in the first column of

the table 29D. The results are shown in the second and third column.

Table 29D

Calculation of pMn*

pMn* is defined as -log[M(HzO)n']n* at physiological conditions, i.e.: pH7.4, a ligand

concentration of 10 ¡lM, and a metalconcentration of 1 ¡rM. To calculate pMn* for a ML¡

system, p¡ and pKa values are needed (Bn are the formation constants for Mn+ + n L- 5 MLn;

pKa are the equilibrium constants for L- + n H* 5 LHn(n-1)+). The pMn+ is calculated using the

Hyss software (HYSS@ 2000 Protonic Software).

The data obtained from the above determinations for Apo7041, a compound of formula l,

can be found in Table 1.

Example 30

Cyclic VoltammetrY

A criterion in the design of compounds of formula I concerns controlling the redox

potential of the Fe-chelate system at pH 7.4 to a negat¡ve value below -320 mv (vs NHE) to

prevent any reactions with oxygen species. lron exists in multiple states including Fe2+ and

Fe3*. The iron (ll)/iron (lll) pair can act as a pair of one electron reducing agent and oxidizing

agent. According to Crumbliss

The model symbol value

+ LH 5 (ZnLH Log 9rr 13.1

+ H* 5 (ZnLzH) Log Frzr
19.6

+2L 5 (ZnL2l Log Frzo
13.2

L.+H+5LH PKal
1 0. 1

LH+ 5 LH2 pKal + pKa2 13.3

pKal+pKa2+PKa3 15.3
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(http://www.medicine.uiowa.edu/FRRBA/irtualschooliCrumbliss-Fe.pdf) and Pierre (BioMetals,

12, 1gS-199, 1999), selective chelation of iron with redox potentialcontrolis a means to prevent

iron trom participating ¡n a catalytic cycle to produce toxic hydroryl radicals and/or reactive

oxygen species (ROS) (e.g. via the Fenton reaction or Haber Weiss cycle). The Fe

(lll)-tris-chelate system with redox potential below'320 mv (vs NHE or -540 mv vs Ag/AgCl) at

pH 7.4 will not be reduced by any biological reducing agents such as NADPH/NADH, therefore

it will not participate in the Haber Weiss cycle to generale ROS (reactive oxygen species).

Within the mammalian body, iron is bound to difierent proteins such as transferrin in human

blood to ensure it remains in a form that cannot react with any oxygen molecules. The E1¡2

value of Fe-transferrin is -500 mv (vs. NHE or -720 mv vs' Ag/AgGl).

The redox potentialof iron complexes can be measured by cyclic voltammetry (CV).

The use of CV to measure the redox potentials of iron chelates deferiprone, deferrioxamine and

Apo7041 (a representative compound of this invention) as chelators respectively, is illustrated in

FlG. 1. lron chelates such as Fe-desferrioxamine (DFO) and Fe-(deferiprone)3 have redox

potential E1¡2 values at -480 mv (vs. NHE) and -628 mv (vs. NHE), respectively, at pH 7.4.

Compounds of formula I such Fe(Apo7041)3 has a E172 value of -530 mv (vs. NHE) slightly

more negative when compared to that of desferrioxamine. The cyclic voltammogram of

Fe-DFO, Fe(deferiprone)s and Fe(4po7041)3 can be found in FlG. 1. One advantage of the

chelators of this invention is that the redox potentials of their iron chelates lie in the extreme

negative range at physiological pH7.4, therefore their iron chelates will not participate in the

redox cycle to generate react¡ve oxygen species at physiological pH. When combined with

other novel properties as described in this invention, the compounds of formula I are effective

agents in the removalof iron via a chelation mechanism.

Determinati on oÍ E1¡2 of Fe(Apo7O4l )s

A. Materials and lnstruments

potassium ferricyanide (lll) was purchased from Aldrich. Deferoxamine mesylate (DFO)

was purchased from Sigma. lron atomic absorption standard solution (contains 1000 pg/ml of

Fe in 1 wt. % HCI) was purchased from Aldrich. Electrochemical measurements were

performed with a cyclic voltammetric analyzer (BAS, CV-SOW Potentiostat). Software BAS

CV-SgW Version 2.31 was used. The following electrodes were used for determining redox

potentials of the iron complexes: Ag/AgCl reference electrode (BAS, MF-2052); platinum
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auxiliary electrodo (BAS, MW-1032);and glassy carbon working electrode (BAS, MF-2012). A

pH meter (Accumet Research 4R15, 1g-636-4R15, Fisher Scientific) and pH electrode

(AccupHast combination electrode, 13-620-297, Fisher Scientif ic) were used for pH adjustment

of the sample solutions.

B. Preparation of Sample Solutions

2.0 mM solution of Fe(DFO) in 0.1 M NaCl (pH 7.4) 148.1 mg of deferoxamine mesylate

(pur¡ty=gs%) was accurately weighed out into a 100-mL volumetric flask. The solid was

dissolved in about 30 mL of 0.1 M NaCl lo give a clear colorless solution. To the solution was

added 11.114 mL of the standard iron solution. The solution was diluted with 0.1 M NaCl to the

100 ml mark in the volumetric flask. The resulting solution was vortexed to ensure complete

mixing. The solution was translerred to a 200-mL beaker. The pH of the solution was then

adjusted to about 7.1 by adding standard solutions of sodium hydroxide. The beaker was then

covered with parafílm and the solution was left stirring for overnight. The pH of the solution was

adjusted To 7.4O in the following test day. The calculated molar ratio between iron¡q¡q¡ and

DFOIe¡¿¡was 1:1.07.

1.0 mM solution of Fe(Apo7041)3 in 0.1 M NaCl (pH7.Q Apo7041 (19.8 mg,0.079

mmol) was accurately weighed out into a 25-mL round bottom flask. The solid was dissolved in

about 14 mL of 0.1 M NaCl to give a clear colorless solution. To the solution was added a

standard iron solution (847 ¡tL,0.015 mmol) followed by addition of sodium hydroxide solution

(6.000 N, 44 ¡rL). The resulting solution was vortexed to ensure complete mixing. The pH of

the solution was recorded (7.5). The calculated molar ratio between ironleta¡ and Apo7041¡e1E¡

was 1/5.3, ln a similar manner, a solution of 2.0 mM of Fe(deferiprone)3 in 0.1 M NaCl (pH 7.4)

was prepared.

C. Determination of Redox Potentials of lron Complexes

All potentials in the text are given versus the Ag/AgCl reference electrode. The redox

potentials of 2.0 mM of KsFe(CN)6 in 1.0 M potassium nitrate were measured at the beginning

of each working day to verify the proper functioning of the cyclic voltammeter. The redox peak

potentials of solutions of iron complexes alpH7.4, that is, Fe(DFO), Fe(deferiprone)3, and

Fe(4po7041)3, were determined. For example, the Fe(Apo7O41)gsample solution was purged

with argon for approximately 15 min. A solvent trap containing 0.1 M NaClwas used to reduce
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evaporation. Cyclic voltammograms of the sample solution were recorded using glassy carbon

electrode (working electrode), Ag/AgCl electrode (reference electrode), and platinum electrode

(auxiliary electrode). The following instrument parameters were used: lnit E (mV) = 0; High E

(mV) = 0; Low E (mV) - -1200; lnit P/N = N; V (mV/s) = 200i No, of Sweep Segments = 3;

Sensilivity (pA/V) = 100; Stir Speed = 50 rpm'

FlG, 1 shows the cyclic voltammograms of iron(lll)L¡ complexes at pH 7'4: a)

Fe(4po7053)s; b) Fe(Apo7}41)s;c) Fe(4po7069)3. The reduction peak potential lEored¡, the

oxidation peak potential (Epox), the absolute difference (ÀEp) between EOtd and Epox, and

redox potential (E1¡j of the four iron complexes were measured. E172 value is calculated as

(Eot"o * E ")12.

The cyclic voltammograms of a) Fe(4po7053)g; b) Fe(Apo7O41)3; c)

Fe(Apo7069)srepresent a reversible single electron transfer process ior each complex: Fe(lll)Ln

/ Fe(ll)Ln. The E¡¡2value of the reference Fe(DFO) determined in this lab is -698 mV versus the

Ag/AgCl reference electrode, which is in excellent agreement to literature value (-ô88 mV) (A. L.

Crumbliss ef a/., lnorganic Chemistry, 2003, 42,42-50)- The E172 value of Fe(Apo7041)s is -731

mV, which is slightly more electronegative than that of Fe(DFO).

The Electrochemicalproperties of iron(lll)Ln complexes in 0.1M agueous NaClat pH7.4

are listed below. Fe(DFO), {DFO = deferioxamine B}; Fe(L1)g, {L1 = deferiprone}; KsFe(CN)o

are used as controls for the validation of the study.

complex Ere¿ (mV) Eo* (mV) ÁE (mV) Elrz (mV) vs. Ag/AgCl Elz (mV) vs. NHE

ftFe(CN)6 197 282 85 +20 +240

FeDFO -754 -642 112 -ô98 -478

Fe(11)g -841 -752 89 -797 -577

Fe(70a1)3 -789 -672 117 -731 -511

Fe(7053)3 -856 -761 95 -809 -589

Fe(7069)s -793 706 87 -750 -530
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Example 31

Benzoic acid HydroxYlation AssaY

Benzoic acid is a hydroxyl radical scavenger and reacts with hydroxyl radicalto give

2-hydroxy, 3-hydroxy and 4-hydroxybenzoic acids. The benzoic acid hydroxylation assay is a

chemicalassay designed to detect damage caused by hydroxyl radical (Dean and Nicholson,

Free Radical Research 1994, vol20, 83-101). For example, deferiprone suppresses the

formation of hydroxybenzoic acids in the presence of iron salts and hydrogen peroxide, while

EDTA and iron salts allow such hydroxylation reactions to take place'

This screening assay involves the use of iron salt, benzoic acid, hydrogen peroxide and

the chelator and measures the ability of the chelator to inhibit the formation of hydroxybenzoate

as an indicator to prevent hydroxyl radical formation in living system.

Compound of formula I has similar properties to deferiprone and suppresses the

formation of the hydroxybenzoic acid when benzoic acid is treated with hydrogen peroxide and

iron salts. The results are shown in Figure 9. Compounds of formula I show inhibitory effect to

the hydroxyl radical transformation of benzoic acid. Thus, these compounds are protective

towards hydroxyl radical oxidation ín biological systems.

Briefly, this procedure ís based on the ability of hydroxyl radicals to hydroxylate

benzoate to give 2-, 3- and 4-hydroxylated benzoic acid products. Benzoic acid (1 mM) is

incubated over time up to 81 h at room temperature in the dark in 10 mM phosphate buffer (pH

7.4) with 6 mM hydrogen peroxide, ferric chloride (30 pM) and the Fe chelator (30 pM). HPLC

is the method of choice used to monitor and quantify the amount ol2',3- and 4-hydroxylated

products formed over time in the reaction mixlure, and can be verified against authentic benzoic

acid and its hydroxylated products via their respective retention times and areas under curue. ln

addition, several controls are used: (i) a control without added Fe stock solution and Fe

chelator; (ii) a controlwithout added Fe chelator; (i¡i) EDTA as positive control; and (iv)

deferiprone as negative control. The Fe-EDTA system is a hydroryl radical generator and is

known to promote hydroxylation of benzoic acid. Under the experimental conditions, the Fe

chelate from the compounds of forrnula I (Apo7041, Apo7050, Apo7053 and Apo7077) do not

promote the hydroxylation of benzoic acid.
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Example 32

A. Neuroprotective effect of compounds of formula I on hydrogen peroxide induced

apoptosis in SH-SYSY neuroblastoma cells.

Hydrogen peroxide (HzOd is a major ROS (reactive oxidative stress) and can induce

apoptosis in many ditferent cell types, One of the CNS drug design strategies is to use

compounds with antioxidant properties as a possible treatment of both acute and chronic

neurodegenerative diseases (Kang ef a/. Bioorganic & Medicinal Chemistry Letters, 2004, 14,

2261-2264\. This involves testing the compounds of this invention for its protective etfect

against oxidative stress-induced celldeath in SH-SY5Y human neuroblastoma cells. SH-SYSY

human neuroblastoma cells were cultured in DMEM (ATCC) /F12 (Cellgro) with 10olo FBS. The

cells were plated at 30, 000 cells/cm2 and grown for 1 day in the regular culture media prior to

compound addition. Gells were routinely treated with the test compound, at a pre-determined

range of concentrations, in the presence or absence of 50 ¡.rM hydrogen peroxide in a basal

medium containing no FBS Íor 16-22 h. Cellviability was then measured using the routine MTT

method (Mosmann, T., Rapid Colorimetric Assay for Cellular Growth and Survival: Application to

Proliferation and cytotoxicity Assays'. J. lmmunol. Meth. 1983, 65, 55-63).

For data analysis, cell viability relative to control not treated with either H2O2ot the test

compound, was plotted against the compound concentration. The threshold protective

concentration (TH) was defined as the highest concentration at which the compound did not

display a significant protective effect (i.e. next higher concentration had a statistically significant

protective effect) against hydrogen peroxide insult. Maximum effective concentration (EC19s)

was a concentration at which the compound exhibited maximum protective effect. Cytotoxicity

of the test compound was assessed in the absence of hydrogen peroxide. Cytotoxic

concentration (CC1) was defined as the lowest compound concentration resulting in viability

significantly below 80%. Cytotoxic concentration (CC2) was the lowest compound

concentration resulting in viability significantly below 80% in H2O2-treated cells.

B. Evaluation of the compounds in the protection against endogenously produced

Ap toxicity

Amyloid plaques, are formed by the aggregation of small peptides, called amyloid B

peptide (Ap), that are produced when amyloid precursor protein (APP) is cleaved by the action

of two enzymes, F-APP cleaving enzyme and y-secretase. One approach to the treatment of

Alzheimer is, therefore, limiting the production of Ap from its precursor by inhibiting one or both
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of these enzymes, while another approach is to inhibit the aggregration of AB via the use of

metalchelators.

ln this assay, human neuroblastoma cells (MC-65 cells) are genetically engineered to

conditionally express amyloid F peptide (AP). The AB production is suppressed by tetracycline

(TET+) presence in culture medium, and its production is activated when TET is withdrawn

(TET-). The activation of AB production results in celldeath "Mc-65 suicide".

protective etfect of compounds against edogenously produced amyloid beta (AP) was

assessed in human neuroblastoma MC-65 cells. MC-65 cells have been stably transformed to

conditionally express high levels of a partial amyloid precursor (AP) fusion protein (Bryce

Sopher et a/., Brain Res Mol Brain Res. 1994,207-17.). This prote¡n is further proteolitically

processed in the cells to form a set of AP-derived AÊ peptides. AP conditional expression in

these cells is under control of tetracycline-responsive promoter system and results in

pronounced cytotoxicity. Activity ol the promoter is tightly regulated by the presence of the

antiblotic tetracycline (TET) in the culture medium. ln the presence of TET, the promoter is in

the basal state and no amyloid beta peptide is synthesized. ln the absence of TET the promoter

is in induced state, resulting in the accumulation of AF peptides in the cells, degenerative

changes in cell morphology and decreased survival'

Transfected human neuroblastoma cells (MC-65) were cultured in DMEM (ATCC)

supplemented with non-essential amino acids and 1O% FBS (VWR) in the presence of TET (1

Ug/mL). For the experimenl, the cells were plated at 35,000 cells/cm2 and grown for| day in

the regular culture media prior lo compound addition. On the day of assay, culture supernatant

was removed from the wells and cells were thoroughly washed once with the compound

incubation matrix containing no FBS and no TET. MC-65 cells were treated with a test

compound at pre-determined range of concentrations in a basal medium containing no FBS and

in the absence or presence of 1¡rg/mL TET for approximately 48 h. Cell viability was then

measured using the MTT method.

For data analysis, cell viabilities relative to the control not treated with a test compound

and maintained in the presence of TET were plotted against the compound concentration. The

threshold protective concentration (TH) was defined as the highest concentration at which the

tested compound did not display a significant protective effect (i.e. next higher concentration

had a statistically significant protective etfect) in the goup maintained in the absence of TET.

Maximum effective concentration (ECloo) was a concentration at which the compound exhibited

maximum protective efiect. Cytotoxicity of the test compound was assessed in the cells
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maintained in the presence of TET. Cytotoxic concentration (CC1) was defined as the lowest

compound concentration resulting in viability significantly below 80%. CC2 is the lowest

compound concentration resulting in viability significantly below 80% in cells expressing AP (i.e.

cultured without tetracycline).

Chemical Structures of Compounds

n3u

Apo# G1 G" tt l.t

6994 H CH2CF3 Me H

6995 Me CH2CF3 H H

6998 CH(CF3)-D-ala-NHMe Me H H

702',1 GHzCFs Me CH2NMe2 H

7022 CH(OH)cF3 Me CH2NMe2 H

7030 Et CH2CF3 H H

7032 CH(OH)CF3 Me CH2-L-ala-OH H

7033 CH(oH)cF3 Me CHz-L-ala-NHMe H

7035 CH(oH)cF3 H CH2NMe2 H

7038 cH(oH)CF3 Me Me ct

7040 CHzGFg Me Me c1

7041 CH(NMe2)CF3 Me H H

7053 Me Me H CH(NMez)CFe

7054 Me Me H CH(piperidinyl)CFa

7055 Me Me H CH(imidazolyl)CF3

7056 Me Me H CH(NHMe)CF3

7057 CH(propargylamino)CF3 Me H H



Apo# G1 GZ G3 G4

7058 CH(piperidinYl)CF3 Me H H

7059 CH(NMez)CFg Me Me ct

7060 CH(NMez)CFs Me H cl

7061 CH(piperidinyl)CF3 Me H ct

7063 Me Me H

CH(N-methylpiperaz

inyl)CF3

7065 CH2NMe2 CH2CF3 Me H

7066 CHzCFg Me H cl

7067 CHzNMez Me H H

7069 Me CHzCHFz H H

7071 CH2(piperidinYl) CH2CF3 Me H

7073 CH(N-methylpiperazinYl)CFg Me H H

7074 CH (cyclopropylamino)C F3 Me H H

7075 CH (allylamino)CFg Me H H

7077 NMe2 Me CH2CFg H

7080 CH2CHF2 Me H H

7083 CH2NMe2 GH2CHF2 Me H
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Test Results of Neuroprotective effect of compounds of formula I on hydrogen peroxide

induced apoptosis in SH'SY5Y neuroblastoma cells.

Apo#

TH

(pM) EGloo (t¡M)

ccl
(uM)

ccz
(uM)

6994 40 160 160 640

6995 20 160 320 320

6998 10 80 20 100

7021 2.5 640 80 >640

7022 5 160 40 320

7030 10 320 640 >640

7032 160 640 10 >640
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Apo#

TH

tuM) EGroo (UM)

ccl
0¡M)

ccz
0M)

7035 20 640 40 >640

7038 20 320 40 >640

7040 10 640 160 >640

7041 10 80 160 320

7053 10 40 2.2 >640

7054 2.5 640 5 >640

7055 2.5 40 10 >640

7057 3 20 5 80

7058 5 640 20 >640

7059 10 320 40 640

7060 20 320 80 >040

7061 10 640 10 10

7066 10 40 160 160

7067 10 40 160 >640

7069 40 160 80 >640

7071 3 20 20 80

7073 5 640 40 >640

7074 3 640 20 >640

7075 3 640 20 >640

7080 10 320 40 >640

7033 160 640 40 >640

7063 5 640 320 >640

7065 5 40 40 >640

MC65 Assay Testing Results in the protection agalnst endogenously produced Ap

toxicity

Apo#

TH

(uM)

ECroo

ft¡M)

ccl
(uM)

cc2
(pM)

6994 1 10 >80 >80

6995 0.1 20 80 80

7021 0.1 10 10 20
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Apo#

TH

(uM)

EGroo

(uM)

ccl
(pM)

cc2
(pM)

7022 0.1 20 10 40

7030 1 20 40 40

7032 0.1 10 80 40

7035 0.1 10 40 20

7040 1 40 40 80

7041 0.1 10 10 80

7053 0.1 10 40 20

7054 0.1 1 2A 20

7055 1 20 40 40

7056 0.1 10 80 80

7057 1 10 20 20

7058 1 10 10 80

7059 1 10 10 40

7060 1 10 40 20

7061 1 10 40 20

7066 0.1 10 80 80

7067 0.1 10 80 80

7069 0.1 40 80 80

7071 1 10 40 20

7073 0,1 10 40 20

7074 0.1 10 10 20

7075 0,1 10 10 20

7077 1 10 80 80

7080 0.1 10 40 40

7083 0.1 10 40 40

Example 33

lnfluence of MPP* (5 mM) on SV-NRA cell viability and the neuroprotective actions of

compounds of formula I (Apo6995, Apo7060,7021) on MPP*treated SV-NRA cells.

SV-NRAs cells were plated in a 96-well plate at a density of 10,000 cells/well in 100¡rL of DME

(dimethoxyethane), High glucose 1x liquid (Sigma)supplemented with 10% heat-inactivated
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FBS and 1x antibiotic/antimycotic solution (Sigma). On the next day, the cells were washed

with EMEM media (Eagle's minimal essential media; phenol red, serum and glutamine free)

and treated for 24 h with 5 mM MPP*('l-methyl-4-phenylpyridinium) in EMEM media in the

presence or absence of a tested iron chelating compound. All compounds were tested at the

following concentrations: 10¡.rM,20pM, and 40pM. After 24 h of incubation, cell viability was

determined with MTT ((3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, a yellow

tetrazole) assay which measures mitochondrial activity (Carmichaelet al. Cancer Research

1987, 47,996-942). MTT solution (10 gL, 5 mg/ml) was added to the wells and incubated for 2

h. Formazan product was solubilized with 100¡rL of 10% SDS (sodium dodecyl sulphate) in

0.01M HCl. Optical density was determined at 570 nm using Multiscan Ascent plate reader

(Labsystems) and data collected were corrected for background signal measured at 650 nm. All

data are expressed as % of control.

Mpp+ treatment resulted in about 4O%-ïOyo decrease in cell viability comparing to vehicle-

treated control. Co-treatment with iron chelators protected the cells from MPP'toxicity.

Treatment with 20 ¡rM deferiprone, an iron chelator drug resulted in about 20ol" increase in cell

viability (p<0.05). Treatment with iron chelators Apo7060, Apo6995 and Apo7021 at

concentrations of 10, 20, and 40 ¡rM also increased cell viability by 20-30% (p<0'05) compared

to Mpp+ only treated cells. Representative results are shown in Fig. 10, 11, 12, and 13.
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Claims:

1. A compound of Formula l:

4

A, I

wherein

Gr ¡s H, cr-c+ alkyl, cH2oH, CH2NR1R2, cH(R4)cF3, cH(R'Z)cFrH, NR1R2, or

R5

3

G2 ¡s H, Cr-C¿ alkyl, cyclopropyl or (CHz)nCFzR3;

G3 is H, cr-c¿ alkyl, cH2oH, cHzNR1R2, cH(Ro)cF3, cH2-A-oH, cHz-A-NHRe or

o
ilaCFs;and

G4 is H, C1-Ca alkyl, halo or cH(R8)cF3;

nis1,2or3;
R1 and R2 are either (a) two independent groups or (b) together form a single ring group;

R1 and R2, when independent groups, are independently selected from the group

consisting of: H, Cr-C¿ alkyl, C¡-Ce cycloalkyl, allyl, and propargyl;

Rl and R2, when together form a single ring group, are selected from the group

consisting of: piperazinyl, N-(C1-Ca alkyl)-substituted piperazinyl, morpholinyl, and piperídinyl;

R3isHorF;
Ra and R7 are independently selected from the group consisting of: H, OH, NR1R2,

imidazolyl, 1-2-4-lriazolyl, piperazinyl, N-Cr-C¿ alkylpíperazinyl, N-benzylpiperazinyl,

N-phenylpiperazinyl, 2-pyridylpiperazinyl and -A-NH-R10; and when Raor Ri is imidazolyl,

1-2-4-triazolyl, piperazinyl, N-C1-Ca alkylpíperazinyl, N-benzylpiperazinyl, N-phenylpiperazinyl,

2-pyridylpiperazinyl or -A-NH-Río, a point of attachment of Ra or R7 to the CH moÍety of G1 is an

N atom of Ra or R7;
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Ru is c.,-co alkyl;

Rt is H or OH;

R8 is selected from the group consisting of: NRrR2, imidazolyl, 1-2-4-lriazolyl,

piperazinyl, N-Cr-C4 alkylpiperazinyl, N-benzylpiperazinyl, N-phenylpiperazinyl,

2-pyridylpiperazinyl and -A-NH-R10; and when R8 is imidazolyl,l-2-4-lriazolyl, piperazinyl,

N-Cr-C¿ alkylpiperazinyl, N-benzylpiperazinyl, N-phenylpiperazinyl,2-pyridylpiperazinylor

-A-NH-R10 a point of attachment of RB to the CH moiety of G4 is an N atom of R8;

Re and R1o are independently H or Cr-C¿ alkyl;

A is -NH-(CHr)'-CO- or an alpha amino acid residue;

mis1,2or3;and
provided that:

at least one of G1, G2, Go and Ga compríse at feast one fluorine moiety;

when Gl is CH(R1CF3 and Ra is H or oH, then either (i) G3 is cHrNRlR', cHr-A-oH,

CH2-A-NHR9 or (ii) G4 is halo or CH(NR1R2)CF.; and

when G3 is cH(R6)cFs, then G1 is cHrNR1R2, cH1R4¡cF3, cH(R1cFzH, NR1R2 or

2. The compound of claim 1 wherein when G1 is CH(NRiRt)CFg, th"n Ga and Ga are

independently H or Cr-C¿ alkyl, and G2 is H, Cr-C¿ alkyl or cyclopropyl.

3. The compound of claim 1 or 2 wherein:

a) when G2 is (CH2)"CFzR3, then Gl and G3 are independently H, Cr-C+ alkyl, CHzoH or

CH.NR1R2;or

b) when G2 is H, then Ga is H or Cr-C+ alkyl.

4. The compound of any one of claims 1 to 3 wherein:

a) when G3 is 3, then G1 and Ga are independently H or C1-Ca atkyl; or
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b) when G3 is cH(R6)CFg and R6 is H, then Gr is NRlR2

5. The compound of any one of claims 1 to 4 wherein:

a) when G1 is cH2NRlR', then G2 is (cHz)ncFzR3; or

b) when G1 is CH(R7)CFzH, then G3 and Ga are independently H or C1-Ca alkyl, and G2 is C1-Ca

alkyl or cyclopropyl; or

c) when c1 is cH1n4¡CFs, then G2 is C,-C¿ alkyl or cyclopropyl; provided that when R4 is H or

oH, then G3 is cH2NRtR', CH.-A-OH, CHz-A-NHRe; or

d) when G1 is CH1R4)CF¡ and R4 ís H or OH, then Ga is halo; or

e) when Gr or G3 is CHaoH, then G2 is (cHJnCFzR3; or

f) when G1 is NR1R2, then G3 ¡s CH(R6)cFe ând R6 is H, Ga is H or Cr-c¿ alkyl and G2 is Cr-C+

alkyl or cyclopropyl.

6. The compound of any one of claims 1 to 5 wherein when G4 is CHIRB)CF¡, then G1 and

G3 are independently H or C1-Ca alkyl, and G2 is hydrogen, Cr-C¡ alkyl or cyclopropyl.

7. The compound of any one of claims I to 6 wherein;

a) when G3 is CHz-A-oH or CH.-A-NHRt, then G4 ¡s H or Cr-C¿ alkyl, G2 is C.-Ca alkyl or

cyclopropyl and G1 is CH(R4)CF3 where R4 ¡s H or OH; or

b) when G3 is OH2NR1R2, and G2 is Cr-C+ alkyl or cyclpropyl, then Ga is H or C,-Ca alkyl, and Gr

is cH(R4)cF3 where R4 is H or oH.

8. The compound of any one of claims 1 to 7 wherein when G1 is CH1R4)CFg and R4 is H or

OH, then either G3 is CH2NR1R2 or Ga is halo.
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9. The compound of any one of claims 1 to 8 wherein when G3 is CHIR6)CFo, then G1 is

cH2NR1R2 or NR1R2.

10. The compound of claim 1 wherein

Gl is H, Cr-C¿ alkyl, -cH2oH, or-cHzNRlR2;

G2 is (cHz)n-cFzR3;

G3 is H, C1-ca alkyl, -cH2oH, or -cHzNRlR2;

G4 is H, Cr-C¿ alkyl, or halo;

R1 and R2 are either (a) two independent groups or (b) together form a single ring group

including the N to which they are bonded;

R1 and R2, when independent groups, are independently selected from the group

consisting of: H, Cr-C+ alkyl, C3-C6 cycloalkyl, allyl, and propargyl;

Rl and R2, when together form a single ring group including the N to which they are

bonded, are selected from the group consisting of: piperazinyl, N-(C1-C4 alkyl)-substituted

piperazinyl, morpholino, and piperidínyl;

nis1,2or3;and
Rs is H, or F.

11. The compound of claim 10 wherein n is 1

12. The compound of claim 11 wherein G4 is H

13. The compound of claim 12 whereín R3 ¡s H

14. The compound of claim 12 wherein R3 is F.

15. The compound of claim 14 wherein:

a) G1 is hydrogen, and G3 is methyl; or

b) G1 is methyl, and G3 is H; or
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c) G1 is ethyl, and Ga ís H; or

d) G1 is H, and G3 is H; or

e) G1 is -GH2OH, and Go is H; or

f) G1 is -CH2NMe2, and Go is methyl; or

g) G1 is -CHzNMez, and G3 is H; or

h) Gr iÞ -CH2OH, and G3 is methyl; or

i) Gî ís , and G3 is methyl.

16, The compound of claim 13 wherein:

a) Gr is methyland Go is H; or

b) Gi is H and G3 is methyl; or

c) G1 is -CHzNMez and Gl ls methyl.

17. The compound of claim 1 wherein

e1 is -cH(R4)cF¡;
G2 is H, Cr4¿ alkyl, or cyclopropyl;

G3 is H, CrC¿ alkVl, GH2-A-OH, CHrA-NHR9, or CHTNRIR2;

G4 is H, Cr-C+ alkyl, or halo; and

Ra is selected from the group consisting of: H, OH, NR1R2, imidazolyl, 1,2,4-liiazolyl,

piperazinyl, N-C1-õ4 alkylpiperazinyl, N-benzylpiperazinyl, N-phenylpiperazinyl,

2-pyridylpiperazinyl and -A-NH-Rio; and when Ra is imldazolyl , 1,2,4-triazolyl, piperazinyl,
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N-Cr-C¿ alkylpiperazinyl, N-benzylpiperazinyl, N-phenylpiperazinyl, 2-pyridylpiperazinyl or

-A-NH-R10, a point of attachment of R4 to the CH moiety of G1 is an N atom of Ra;

R1 and R2 are either (a) two independent groups or (b) together form a single ring group

including the N to which they are bonded;

R1 and R2, when índependent groups, are independently selected from the group

consísting of: H, C1-Ca alkyl, C3-C6 cycloalkyl, allyl, and propargyl;

R1 and R2, when together form a single ring group including the N to which they are

bonded, are selected from the group consisting of: piperazinyl, N-(C1-C4 alkyl)-substituted

piperazinyl, morpholino, and piperídinyl;

A is -NH-(CHz),-CO- or an alpha amino acid residue;

m is 1,2 or3;and

Re and R10 are independently H, or C1-Ca alkyl.

18. The compound of claim 17 wherein G2 is Ci-C4 alkyl, or cyclopropyl; G3 is H, or C1-Ca

alkyl; and Ra is selected from the group consísting of: NR1R2, imidazole, 1,2,4-tnazole,

piperazine, N-C1-C4 alkylpiperazine, N-benzylpiperazine, N-phenylpiperazine,

2-pyridylpiperazine and -A-NH-R10.

19. The compound of claim 18 wherein G2 is methyl.

20. The compound of claim 19 wherein G3 is H and G4 is H.

21. The compound of claim 20 wherein R4 is NR1R2

22. The compound of claÍm 20 wherein R4 is A-NHR1o;A is D-alanyl; and Rro is methyl.

23. The compound of claim 21 wherein:

a) Rl is methyl and R2ls methyl; or

b) R1 is methyl and R2 is propargyl; or
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c) R1 is H and R2 is cyclopropyl; or

d) Ri is H and R2 is allyl; or

e) NR1R2 is piperidinyl; or

D NR1R2 is N-methylpiperazinyl.

24. The compound of claim 17 wherein G3 is CH.-A-OH, CH2-A-NHRe, or CH¿NR1R2; Gr is

H, of.Cl-Ca alkyl; a:nd R4 ls H, or OH.

25. The compound of claím 24 wherein G2 is methyl

The compound of claim 25 wherein G1 is H.

The compound of claim 26 wherein:

b) Gr is CHTNRIR¿; Rt ¡s m€tryl; R2ls methyl; and R'is oH; or

c) G0 is cH2-A-oH'A is L-alanyl; and Ra ls oH; or

d) G3 ¡s CH2-A-NHR9; A is L-alanyl; Re is methyl; and Ra is OH.

28. The compound of claim 17 wherein G3 is H or Cr-Ç¿ alkyl; and G4 ¡s halo.

29. The cornpourd of claim 28 wlrerein Gr ls methyl.

30. The compound of claim 29 wherein Ga is chloro.

2ß

27

a) Gs is CHzNRTR2; R1 is methyl; R2 is methyl; and Ra is H; or
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31. The compound of claim 30 wherein:

a) G3 is methyl; and Ra is OH; or

b) G3 is methyl; and Ra is H; or

c) G3 is methyl; R4 is NR1R2; R1 is methyl; and R2 is methyl; or

d) G3 is H; R4 is NRlR2; R1 is methyl; and R2 is methyl; or

e) G3 is H; R4 is NRrR2; and NR1R2 is piperidinyl; or

f) G3 is H; and R4 is H.

32. The compound of claim 1 wherein

G1 ¡s H, or Cr-Ca alkyl;

G2 is H, Cr-G¿ alkyl, or cyclopropyl;

G3 is H, or Cr-G¿ alkyl;

c4 is -cHlcF.XRu);
RB is selected from the group consisting of: NRlR2, imidazole, 1,2,4-t¡iazole, piperazine,

N-C1-C4 alkylpiperazine, N-benzylpiperazine, N-phenylpiperazine,2-pyridylpiperazine, and

-A-NH-R1o; a point of attachment of R8 to the -CH moiety of G1 is an N-atom of R8;

Rl and R2 are either (a) two independent groups or (b) together form a single ring group

including the N to which they are bonded;

R1 and R2, when independent groups, are independently selected from the group

consisting of: H, Cr-C¿ alkyl, Co-Ce cycloalkyl, allyl, and propargyl;

R1 and R2, when together form a single ring group including the N to which they are

bonded, are selected from the group consisting of: piperazinyl, N-(C1-C4 alkyl)-substituted

píperazinyl, morpholino, and piperidinyl;

A is -NH-(CHr)'-CO- or an alpha amino acid residue;

mis1,2or3;and
R1o is H, or Cr-C+ alkyl.
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33.

34.

35.

The compound of claim 32 wherein G3 is H.

The compound of claim 33 wherein G1 is methyl.

The compound of claim 34 wherein:

b) G2 is methyl; RB ¡s NR1R2; R1 is methyl and R2 is methyl; or

c) G2 is methyl; R8 is NRIR'; Rr is H and R2 is methyl; or

d) G'zis methyl; R8 ¡s NR1R2; and NR1R2 is piperidinyl; or

e) G2 is methyl; Rå is NRIR2; and NR1R2 is imidazolyl; or

f¡ G2 is methyl; R0 ¡s NRlR2; and NRrR2 is N-methylpiperazinyl.

36. The compound of claim 1 wherein

G1 is cH2NRlR', or NRrR2;

G2 is Cr-Co alkyl, or cyclopropyl;

c3 is -cH(cF.xRu);
G4 is H, or Cr-C+ alkyl;

RB is H, or OH; and

R1 and R2 are either (a) two independent groups or (b) together form a single ring group

including the N to which they are bonded;

R1 and R2, when independent groups, are independently selected from the group

consisting of: H, Cr-C¿ alkyl, C3-C6 cycloalkyl, allyl, and propargyl;

R1 and R2, when together form a single ring group including the N to which they are

bonded, are selected from the group consisting of: piperazinyl, N-(C1-C4 alkyl)-substituted

piperazinyl, morpholino, and piperidinyl.

a) G2 is H: Ro is -A-NH-Rlo; A is L-alanyl; and Rto is methyli or
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38.

39.

37. The compound of claim 36 wherein G4 is H.

The compound of claim 37 wherein G2 is methyl.

The compound of claim 38 wherein:

u) G1 is CHzNRIR2; R1 is methyl; R2 is methyl; and R6 is oH.

40. The compound of claim 1 wherein

or is -cHlcFrHXRi);
G2 is H, Cl-Ca alkyl, or cyclopropyl;

G3 ¡s H, or Cr-C¿ alkyl;

G4 is H, or Cr-C¿ alkyl;

R7 is selected from the group consisting of: H, OH, NR1R2, imidazolyl, 1,2,4-triazolyl,

piperazinyl, N-Cr-C4 alkylpiperazinyl, N-benzylpiperazinyl, N-phenylpiperazinyl,

2-pyridylpiperaziny| and -CHz-A-NH-R10; and when R7 is NR1R2, imidazolyl, 1,2,4-lriazolyl,

piperazinyl, N-C1-C4 alkylpíperazinyl, N-benzylpiperazinyl, N-phenylpiperazinyl,

2-pyridylpiperazinyl or -CH2-A-NH-R'0, a point of attachment of R7 to the -CH moiety of G1 is an

N-atom of R7;

R1 and R2 are either (a) two independent groups or (b) together form a single ring group

including the N to which they are bonded;

R1 and R2, when independent groups, are independently selected from the group

consisting of: H, Cr-C¿ alkyl, C3-Cs cycloalkyl, allyl, and propargyl;

R1 and R2, when together form a single ring group including the N to which they are

bonded, are selected from the group consisting of: piperazinyl, N-(Cl-C4 alkyl)-substituted

piperazinyl, morpholino, and piperidinyl;

A is -NH-(CHr),-CO- or an alpha amino acid residue;

mis1,2or3;and
Rlo is H, cr-c¿ alkyl.

a) G1 is NR1R2; R1 is methyl; R2 is methyl and R6 is H or
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41. The compound of claim 40 wherein:

a) G2 is methyl, Gs ¡s H, G4 is H, and R7 is oH; or

b) G2 is methyl, G3 is H, G4 ¡s H, and R7 is H.

The compound of claim 1 wherein

e1 is qn)1R6XcFo)

G2 is H, Cr-C¿ alkyl, or cyclopropyl;

G3 is H, or C1-Ca alkyl; and

G4 is H, or Cr-Cr alkyl.

43. The compound of claim 42 wherein G2 is methyl; G3 ¡s H; G4 is H; R5 is methyl; and RB is

H or OH.

44. The compound of claim 43 wherein Ro is OH

45. A compound of any one of claims 1 lo 44 for use in treating a medical condition related

to a toxic concentration of iron.

46. Use of a compound of any one of claims 1lo 44 for preparation of a medicament for

treatment of a medical condition related to a toxic concentration of iron.

47. The compound of claim 45 or the use of claim 46 wherein the medical condition related

to a toxic concentratíon of iron is selected from the group consisting of: cancer, pulmonary

disease, progressive kidney disease and Frederich's Ataxía.


