Supplementary Material for Synthetic staurosporines via a ring closing metathesis strategy as potent JAK3 inhibitors and modulators of allergic responses
Chemistry

12,13-Dihydro-6-methyl-12,13-di(2-propenyl)-5H-indolo[2,3-a]pyrrolo[3,4-c]carbazole-5,7(6H)-dione (3).  Compound 2 (2.37 g, 7 mmol; prepared from 1 according to procedures described by Slater, M. J. Bioorganic & Medicinal Chemistry, 1999, 7, 1067) was dissolved in DMF (200 mL) and Cs2CO3 (5 g) was added followed by allylbromide (1.8 mL).  After stirring at 20 oC for 24h, the mixture was diluted with water (500 mL).  The resulting brown precipitate was filtered, washed with water and methanol.  After drying, compound 3 (2.447 g, 83%) was obtained as an orange-brown solid.  1H NMR (CDCl3) ( 3.03 (s, 3H), 4.81 (s, 4H); 5.43 (t, 4H, J = 18 Hz); 6.1 (m, 2H); 7.25-7.54 (m, 4H); 9.21 (d, 2H, J = 8 Hz); 13C NMR ( 23.91, 51.17, 111.76; 117.85; 120.33; 120.7; 122.03; 123.37; 125.9; 127.86; 132.96; 133.22; 145.28; 169.98; MS 861 (2M+Na), 442 (M+Na), 420 (M+H+); HRMS Calcd. For C27H21N3O2: 419.1638; Found: 419.1623.

6-methyl-12,13-(but-2-en-1,4-yl)-12,13-dihydro-5,7-dioxo-6H-indolo[2,3-a]pyrrolo[3,4-c]carbazole (5).  Compound 3 (1.26 g, 3 mmol) was dissolved in dichloromethane (500 mL) and benzylidenebis(tricyclohexylphosphine) dichlororuthenium (250 mg, 0.3 mmol) was added.  The mixture was stirred at room temperature for 6h.  Silica gel (5 g) was added and the mixture was filtered over a thin pad of silica gel.  The silica gel was washed with 3 portions of 50 mL each of dichloromethane and ethyl acetate.  The organic layers were combined and concentrated under vacuum.  The resulting solids were washed with methanol, filtered and dried to give Compound 5 (1 g, 85%) as a brownish-yellow solid.  1H NMR (CDCl3) ( 2.91 (s, 3H); 4.77 (d, 4H, J = 5 Hz); 6.21 (quin, 2H, J = 4 Hz); 7.44 (t, 2H, J = 5 Hz); 7.48 (d, 2H, J = 7 Hz); 7.63 (t, 2H, J = 6 Hz); 9.39 (d, 2H, J = 6 Hz); 13C NMR ( 23.37, 39.35, 77.07, 108.18, 118.51, 119.03, 120.66, 121.32, 125.87, 126.83; 128.95, 131.43, 140.68, 169.35; MS: 805 (2M+Na), 414 (M+Na), 392 (M+H+); HRMS Calcd. For C25H17N3O2: 391.1321; Found: 391.1331.

Preparation of 12-allyl-13-butenyl-6-methyl-5H-indolo[2,3-a]pyrrolo[3,4-c]carbazole-5,7(6H)-dione (4).  Compound 2 (1.693 g, 5 mmol) was dissolved in DMF (100 mL) and NaH (95%, 625 mg) was added.  The mixture was stirred for 1h and 4-bromo-1-butene (10 mL) was added.  The mixture was stirred for 8h then quenched with aqueous NH4Cl.  The mixture was extracted with ethyl acetate and the organic extracts were washed with aqueous NH4Cl and brine.  The aqueous layers were back extracted and the combined organic layers were dried over Na2SO4.  After concentration, the residue was purified by flash column chromatography (hexane:ethyl acetate = 2:1) to give compound 4 (1.07 g) as a yellow solid.  1H NMR (300 MHz, CDCl3) ( 2.65 (quart, 2H, J = 7 Hz), 3.01 (s, 3H), 4.37 (t, 2H, J = 7 Hz), 5.13 (s, 1H), 5.14 (d, 1H, J = 30 Hz), 5.82 (m, 1H), 7.44 (m, 4H), 7.58 (quart, 2H, J = 7 Hz), 8.22 (s, 1H), 9.18 (d, 2H, J = 8 Hz); MS: 809 (2M+Na), 416 (M+Na), 394 (M+H+).  A mixture of the butenyl compound  (395 mg, 1 mmol), Cs2CO3 (975 mg, 3 mmol) and DMF (20 mL) was stirred for 20 min at room temperature and allyl bromide (500 uL, 2.95 mmol) was added.  The mixture was stirred overnight at room temperature, quenched with aqueous NH4Cl and extracted with ethyl acetate.  The organic extracts were washed with aqueous NH4Cl and brine.  The aqueous layers were back extracted with ethyl acetate.  The organic layers were combined, dried (Na2SO4) and concentrated in vacuo to give crude compound 4 as a yellow solid, which was suitable to be used in the next step without further purification.

6-methyl-12,13-(pent-2-en-1,5-yl)-12,13-dihydro-5,7-dioxo-6H-indolo[2,3-a]pyrrolo[3,4-c]carbazole (6).  The crude compound 4 (~1 mmol) was dissolved in dichloromethane (100 mL) and benzylidenebis(tricyclohexylphosphine )dichlororuthenium (120 mg, 0.146 mmol) was added.  The mixture was stirred for 1h at room temperature then filtered over a pad of silica gel with additional dichloromethane.  The silica gel was washed with ethyl acetate (200 mL) to elute remaining product.  The washings were combined and concentrated under vacuum.  The resulting solids were diluted with methanol, filtered, washed and dried to give compound 6 (387 mg, 96% yield over 2 steps) as a greenish-yellow solid.  1H NMR (300 MHz, CDCl3) ( 3.05 (quart, 2H, J =  6 Hz), 3.13 (s, 3H), 4.88 (bs, 2H), 5.16 (d, 2H, J =  9 Hz), 5.36 (quart, 1H, J =  9 Hz), 5.65 (quint, 1H, J =  6 Hz), 7.43 (m, 3H), 7.52 (d, 1H, J =  8 Hz), 7.61 (quart, 2H, J =  7 Hz), 9.32 (d, 1H, J =  8 Hz), 9.36 (d, 1H, J =  8 Hz); MS: 833 (2M+Na), 428 (M+Na), 406 (M+H+).

12,13-(2-hydroxy-butan-1,4-yl)-12,13-dihydro-5,7-dioxo-6H-indolo[2,3-a]pyrrolo[3,4-c]carbazole (7).  Compound 5 (586 mg, 1.5 mmol) was slurried in THF (40 mL) and BH3-THF solution (1M, 7.5 mL) was added at 0 (C over 10 minutes.  The reaction mixture was stirred for 45 minutes at 0 (C, then warmed to room temperature over 1 hour.  The mixture was then cooled to 0 (C and aqueous H2O2 solution (50%, 35 mL) was added over 10 minutes.  Subsequently 10% aqueous NaOH (105 mL) was added slowly over 20 minutes.  The resulting mixture was stirred at 0(C for 45 minutes, then extracted with ethyl acetate and washed twice with dilute NaOH solution.  The aqueous layers were then back extracted with ethyl acetate.  The organic layers were combined, dried (Na2SO4) and concentrated.  The residue was diluted with methanol and the resulting solids were collected by filtration to give (579 mg, 94%) an orange solid.  1H NMR (d6-DMSO) ( 1.89 (m, 1H), 2.31 (m, 1H), 3.01 (s, 3H), 4.29 (m, 1H), 4.39-4.59 (m, 3H), 4.72 (dd, 1H, J = 9, 14 Hz), 7.37 (t, 1H, J = 7 Hz), 7.38 (t, 1H, J = 7 Hz), 7.59 (t, 1H, J = 7 Hz), 7.61 (t, 1H, J = 7 Hz), 7.73 (d, 1H, J = 9 Hz), 7.77 (d, 1H, J = 9 Hz), 9.08 (d, 1H, J = 8 Hz), 9.13 (d, 1H, J = 8 Hz); MS 841 (2M+Na), 432 (M+Na), 410 (M+H).  The N-methyl compound (579 mg, 1.43 mmol) was diluted with 1,4-dioxane (20 mL), EtOH (20 mL) and aqueous 30% KOH (40 mL).  The mixture was heated to 95 (C for 7 days, then cooled and acidified with HCl (conc.) until pH = 1.  The resulting mixture was then extracted with ethyl acetate, washed with H2O and aqueous Na2SO4 solution.  The aqueous layers were back extracted with ethyl acetate and the organic layers were combined, dried (Na2SO4) and concentrated.  The resulting brownish residue was dissolved in N,N-dimethylformamide (80 mL) and heated with 1,1,3,3-hexamethyldisilazane (9 mL) and methanol (1 mL) for 4 hours.  The mixture was cooled then aqueous NaHCO3 solution was added and extracted with ethyl acetate.  The organic extracts were evaporated and the residue was diluted with tetrahydrofuran (100 mL), methanol (10 mL) and trifluoroacetic acid (1 mL).  The mixture was stirred for 2 hours at room temperature and the volatiles were removed under vacuum.  The residue was diluted with methanol and filtered to give compound 7 (464 mg, 83%) as an orange solid.  1H NMR (d6-DMSO) ( 2.03 (bs, 1H), 2.43 (bs, 1H), 4.35 (bs, 1H), 4.53-4.72 (m, 3H), 4.84(dd, 1H, J = 9, 15 Hz), 5.44 (d, 1H, J = 4 Hz), 7.4 (t, 1H, J = 7 Hz), 7.41 (t, 1H, J = 7 Hz), 7.64 (t, 1H, J = 8 Hz), 7.65 (t, 1H, J = 8 Hz), 7.82 (d, 1H, J = 13 Hz), 7.85 (d, 1H, J = 13 Hz), 9.16 (d, 1H, J = 8 Hz), 9.22 (d, 1H, J = 8 Hz), 11.08 (s, 1H); 13C NMR (d6-DMSO) ( 25.8, 49.33, 67.68, 117.57, 118.5, 120.32, 120.99, 121.08, 121.55, 121.64, 125.01, 125.1, 127.66, 129.39, 131.7, 143.62, 171.39, 171.48; MS 396 (M+H), 394 (M-H); HRMS calcd. For C24H17N3O3: 395.1274; Found: 395.1270.

12,13-(2-hydroxy-pentan-1,5-yl)-12,13-dihydro-5,7-dioxo-6H-indolo[2,3-a]pyrrolo[3,4-c]carbazole (8).  Compound 6 (880 mg, 2.17 mmol) was mixed with tetrahydrofuran (150 mL) and BH3-THF solution (1M, 12 mL) was added dropwise at 0( C over a period of 20 minutes.  The reaction mixture was stirred at 0( C for 3.5 hours and methanol (20 mL) was added to quench excess borane reagent.  Aqueous H2O2 solution (50%, 20 mL) was added slowly over a period of 15 minutes, followed by addition of aqueous 10% NaOH solution (30 mL) over a period of 30 minutes.  The mixture was then diluted with water (50 mL), warmed to room temperature and extracted with ethyl acetate.  The organic layer was washed with brine, dried over Na2SO4 and concentrated.  The residue was diluted with methanol and filtration gave 865 mg (94%) a brownish-yellow-orange solid.  1H NMR (d6-DMSO) ( 1.43 (bs, 2H), 1.93 (bs, 1H), 2.24 (bs, 1H), 3.06 (s, 3H), 4.08 (bs, 1H), 4.84 (m, 3H), 4.93 (m, 1H), 7.34 (m, 2H), 7.61 (m, 2H), 7.74 (d, 2H, J = 7 Hz), 9.27 (d, 2H, J = 7 Hz); 13C NMR DEPT (d6-DMSO) ( 24.38 (up), 24.99 (down), 28.02 (down), 46.11 (down), 52.52 (down), 70.50 (up), 110.51 (up), 111.69 (up), 121.13 (up), 121.22 (up), 125.19 (up), 125.47 (up), 127.82 (up), 128.07 (up); MS: 869 (2M+Na), 446 (M+Na), 424 (M+H+).  The N-methyl compound (423 mg, 1 mmol) was heated with KOH (6.57 g) in anhydrous ethanol (50 mL) at 95 (C for 3 days.  The reaction mixture was cooled and the pH was adjusted to 1 by adding HCl (conc.).  The resulting solids were filtered, dried then mixed with N,N-dimethylformamide (50 mL), 1,1,3,3-hexamethyldisilazane (10 mL) and methanol (1 mL).  The resulting mixture was heated to 95 (C for 48 hours, then cooled and quenched with methanol (10 mL).  Additional methanol (40 mL) was added along with trifluoroacetic acid (20 mL).  The mixture was stirred at room temperature overnight.  The solids were filtered, washed with tetrahydrofuran and methanol, dried under vacuum to give compound 8 (306 mg, 75%) as a yellow solid.  1H NMR (300 MHz, d6-DMSO) ( 1.54 (bs, 2H), 2.02 (bs, 1H), 2.27 (bs, 1H), 4.15 (bs, 1H), 5.04 (m, 3H), 5.12 (m, 1H), 7.4 (quart, 2H, J = 7 Hz), 7.65 (m, 2H), 7.87 (m, 2H), 9.38 (d, 2H, J = 8 Hz), 11.09 (s, 1H); MS: 841 (2M+Na), 432 (M+Na), 410 (M+H+).

12,13-(2,3-cis-dihydroxy-butan-1,4-yl)-12,13-dihydro-5,7-dioxo-6H-indolo[2,3-a]pyrrolo[3,4-c]carbazole (9).  A mixture of compound 5 (984 mg, 2.5 mmol), trimethylamine-N-oxide, (410 mg, 5.46 mmol) and anhydrous osmium trichloride (27 mg, 0.09 mmol) was diluted with chloroform (60 mL) and tetrahydrofuran (30 mL), along with 5 drops of water.  The mixture was stirred at room temperature for 24 hours.  The solvent was removed under vacuum and the resulting solids were filtered off and washed with water, methanol and chloroform (4 x each).  The solids were dried in a vacuum oven to give the N-methyl compound (1.055 g, 99% yield) as an orange solid.  1H NMR (d6-DMSO, 400 MHz) ( 3.01 (s, 3H), 4.26 (s, 2H), 4.53 (d, 2H, J = 13 Hz), 4.61 (d, 1H, J = 9 Hz), 4.65 (d, 1H, J = 9 Hz), 5.45 (s, 2H), 7.4 (t, 2H, J = 8 Hz), 7.64 (t, 2H, J = 8 Hz), 7.76 (d, 2H, J = 8 Hz), 9.11 (d, 2H, J = 8 Hz); 13C NMR (d6-DMSO, 400 MHz) ( 24.39, 49.03, 70.51, 111.08, 118.26, 119.63, 121.52, 121.6, 125.23, 128.26, 170.16; MS (ES) 873 (2M+Na), 426 (M+H).  A mixture of the N-methyl compound (1 g, 2.35 mmol), KOH (30 g), 1,4-dioxane (20 mL) and absolute ethanol (100 mL) was heated at 105 (C for 5 days.  The mixture was cooled to room temperature, diluted with H2O and acidified with HCl (conc.) to pH=2.  The mixture was extracted with ethyl acetate and the organic extracts were washed with water and brine solution.  The aqueous layers were back extracted two times with ethyl acetate and the combined organic layers were concentrated under vacuum.  The residue was mixed with 1,4-dioxane (50 mL), N,N-dimethylformamide (25 mL) and 1,1,3,3-hexamethyldisilazane (25 mL).  The resulting mixture was heated to 95 (C for 36 hours and concentrated in vacuo.  The residue was stirred with methanol (40 mL) and trifluoroacetic acid (15 mL) and the resulting solids were filtered.  The solids were washed with methanol and ethyl acetate (3 times each) to give compound 9 (550 mg, 57%) as a yellow solid.  1H NMR (d6-DMSO, 300 MHz) ( 4.31 (bs, 2H), 4.59 (d, 2H, J = 14 Hz), 4.71 (d, 1H, J = 9 Hz), 4.76 (d, 1H, J = 9 Hz), 5.45 (bs, 2H), 7.41 (t, 2H, J = 8 Hz), 7.65 (t, 2H, J = 8 Hz), 7.83 (d, 2H, J = 8 Hz), 9.17 (d, 2H, J = 8 Hz), 11.09 (s, 1H, NH); 13C NMR DEPT (d6-DMSO, 400 MHz) ( 49.09 (CH2), 70.55 (CH), 111.17 (CH), 121.58 (CH), 125.41 (CH), 128.24 (CH); MS (ES): 821 (2M-H), 410 (M-H); HRMS calcd. For C24H17N3O4: 411.1219; Found: 411.1207.

12,13-(2,3-cis-dihydroxy-pentan-1,5-yl)-12,13-dihydro-5,7-dioxo-6H-indolo[2,3-a]pyrrolo[3,4-c]carbazole (10).  Compound 6 (153 mg, 0.38 mmol) was dissolved in chloroform (30 mL) and tetrahydrofuran (20 mL).  OsCl3 (20 mg, 0.067 mmol) was added followed by water (0.25 mL) and trimethylamine-N-oxide (150 mg, 2 mmol).  The mixture was stirred at room temperature overnight.  The solvent was removed under vacuum and the resulting solids were diluted with water and filtered.  The filter cake was washed with water and methanol (3 times each) and dried to give (153 mg, 93%) a yellow solid.  MS: 901 (2M+Na), 462 (M+Na), 440 (M+H+).  The N-methyl compound (100 mg, 0.228 mmol) was mixed with ethanol (25 mL) and KOH (6 g) was added.  The mixture was heated to 94 (C for 48 hours then cooled, diluted with water and the pH was adjusted to 1 by adding HCl (conc.).  The yellow precipitate was extracted with ethyl acetate and washed with brine twice.  The aqueous layers were back extracted.  The organic layers were combined and the volatile components were removed under vacuum.  The resulting residue was mixed with N,N-dimethylformamide (20 mL) and 1,1,3,3-hexamethyldisilazane (10 mL) and methanol (1 mL) were added.  The resulting mixture was heated to 95 (C for 18 hours then cooled and methanol (15 mL) and trifluoroacetic acid (10 mL) were added.  The resulting mixture was stirred at room temperature for two hours.  The volatiles were removed under vacuum, followed by addition of water and filtration of the resulting solids.  The solids were washed with water and methanol, then dissolved in DMSO and filtered over silica gel eluting with tetrahydrofuran.  After solvent removal, the residue was diluted with methanol, filtrated and dried under vacuum to give compound 10 (57 mg, 59%).  1H NMR (300 MHz, d6-DMSO) ( 1.88 (m, 1H), 2.61 (m, 1H), 3.58 (d, 1H, J = 8 Hz), 4.14 (bs, 1H), 4.5 (m, 1H), 4.91 (m, 4H), 5.52 (d, 1H, J = 4 Hz), 7.4 (t, 2H, J = 6 Hz), 7.65 (quart, 2H, J = 7 Hz), 7.76 (d, 1H, J = 8 Hz), 7.87 (d, 1H, J = 8 Hz), 9.34 (quart, 2H, J = 5 Hz), 11.05 (s, 1H); 13C NMR DEPT (d6-DMSO, 400 MHz) ( 32.28 (down), 44.1 (down), 49.61 (down), 66.4 (up), 72.42 (up), 109.74 (up), 110.25 (up), 120.83 (up), 120.97 (up), 125.05 (up), 125.1 (up), 127.68 (up), 127.79 (up); MS: 873 (2M+Na), 426 (M+H+).

N-(2,4-Dimethoxy benzyl)-2,3-bis-(3-indolyl)-maleimide (11).  Neat 3,4-dichloro-furan-2,5-dione (6.7 g, 40 mmol) was mixed with 2,4-dimethoxy-benzylamine (6.25 mL) in glacial acetic acid (120 mL).  The mixture was heated to 80oC for 18 hrs.  Upon cooling, the mixture was poured over ice and the precipitate was collected by filtration, then washed with water and NaHCO3 (aq.) and dried in a vacuum oven to provide 3,4-dichloro-1-(2,4-dimethoxy-benzyl)-pyrrole-2,5-dione (11.08 g, 87%) as a light orange solid.  1H NMR (d6-DMSO, 300 MHz) ( 3.73 (s, 3H), 3.76 (s, 3H), 4.54 (s, 2H), 6.44 (d, 1H, J=8 Hz), 6.57 (s, 1H), 7.12 (d, 1H, J=8 Hz); MS m/z 340 (M+2+Na), 338 (M+Na), 318 (M+2H), 316 (M+H).  A solution of ethylmagnesium bromide (1M, tetrahydrofuran) was added to a solution of indole (4 equivalents) in tetrahydrofuran.  The reaction was stirred at room temperature for 1 hour, followed by addition of N-(2,4-Dimethoxybenzyl)-2,3-dichloro-maleamide in tetrahydrofuran.  The mixture was then heated to 65oC for 24 hrs.  Upon cooling, the mixture was quenched with aqueous NH4Cl and extracted with ethyl acetate.  The organic layer was washed with aqueous NH4Cl and brine.  The aqueous layer was back extracted and the organic extracts were combined and concentrated.  The resulting residue was diluted with DCM, the solids were collected by filtration, then washed four times with DCM and dried in a vacuum oven to provide 1-(2,4-dimethoxy-benzyl)-3,4-bis-(1H-indol-3-yl)-pyrrole-2,5-dione (11, 4.66 g, 56%).  1H NMR (d6-DMSO, 300 MHz) ( 3.73 (s, 3H), 3.82 (s, 3H), 4.68 (s, 2H), 6.48 (d, 1H, J=8 Hz), 6.58 (s, 1H), 6.23 (t, 2H, J=8 Hz), 6.81 (d, 2H, J=9 Hz), 7.11 (quart, 3H, J=8 Hz), 7.38 (d, 2H, J=9 Hz), 7.85 (s, 2H), 11.68 (s, 2H); MS m/z 977 (2M+Na), 478 (M+H).

6-(2,4-dimethoxy-benzyl)-12,13-dihydro-5,7-dioxo-6H-indolo[2,3-a]pyrrolo[3,4-c]carbazole (12).  Compound 11 (1.7 g, 3.56 mmol) was dissolved in 1,4-dioxane (85 mL) and toluene (255 mL).  The mixture was heated to 100 oC with stirring for 15 min., then DDQ (889 mg, 3.91 mmol) and p-toluenesulfonic acid (34 mg, 0.18 mmol) were added.  The resulting mixture was stirred at 120 oC for 1 hr, then the heat was removed and the mixture was allowed to cool and was stirred at 20oC overnight.  After concentration, the residue was dissolved in ethyl acetate and washed with 5% aqueous NaHCO3 and brine.  After the layers were separated, the organic phase was concentrated to provide 6-(2,4-dimethoxy-benzyl)-12,13-dihydro-5,7-dioxo-6H-indolo[2,3-a]pyrrolo[3,4-c]carbazole (12, 2.11 g) as a dark brown solid.  1H NMR (d6-DMSO, 300 MHz) ( 3.72 (s, 3H), 3.86 (s, 3H), 4.82 (s, 2H), 6.44 (d, 1H, J=8 Hz), 6.60 (s, 1H), 7.08 (d, 1H, J=8 Hz), 7.34 (t, 2H, J=7 Hz), 7.58(t, 2H, J=7 Hz), 7.80 (d, 2H, J=8 Hz), 8.90 (d, 2H, J=8 Hz), H), 11.97; MS m/z 973 (2M+Na), 489 (M+Na), 474 (M-H).

6-(2,4-dimethoxy-benzyl)-12-allyl-12,13-dihydro-5,7-dioxo-6H-indolo[2,3-a]pyrrolo[3,4-c]carbazole (13).  Compound 12 (3.3 g, 6.94 mmol) was dissolved in DMF and sodium hydride (555 mg, 13.88 mmol) was added.  The mixture was stirred at 20oC for 90 min, cooled at ‑52 oC for 1 hr and 3-bromo-prop-1-ene (600 L, 6.94 mmol) was added.  The mixture was stirred at ‑52oC for 3 hrs, then at 20oC overnight.  The reaction was quenched with methanol and diluted with water.  The mixture was extracted with ethyl acetate twice and the organic layers were washed with brine.  The organic layers were combined and dried (Na2SO4), then concentrated and purified via flash column chromatography (CH2Cl2:MeOH = 500:1) to provide 6-(2,4-dimethoxy-benzyl)-12-allyl-12,13-dihydro-5,7-dioxo-6H-indolo[2,3-a]pyrrolo[3,4-c]carbazole (13, 1.82 g, 51% yield) as a brown solid. 1H NMR (CDCl3) 3.73 (s, 3H), 3.84 (s, 3H), 4.85 (s, 2H), 5.05-5.20 (m, 3H), 5.35 (d, 1H, J=10 Hz), 6.31 (m, 1H), 6.37 (d, 1H, H=8 Hz), 6.43 (s, 1H), 7.19 (d, 1H, J=8 Hz), 7.38 (m, 3H), 7.46-7.62 (m, 3H), 8.56 (s, 1H), 9.24 (t, 2H, J=9 Hz); MS m/z 1053 (2M+Na), 538 (M+Na), 516 (M+H).

6-(2,4-dimethoxy-benzyl)-12-allyl-13-[(2-methylene-3-oxo-3-methoxy)prop-1-yl]-12,13-dihydro-5,7-dioxo-6H-indolo[2,3-a]pyrrolo[3,4-c]carbazole (14).  The mono allyl compound (13, 1.53 g, 2.97 mmol) was dissolved in DMF (76 mL) and Cs2CO3 (2.42 g, 7.42 mmol) and (3-bromo-2-methylene-1-oxo-1-methoxy)propane (393 uL, 3.27 mmol) were added.  The reaction mixture was stirred at 20oC for 2 hrs and quenched with water (200 mL).  The precipitate was collected by filtration, rinsed with methanol and dried in a vacuum oven to provide 6-(2,4-dimethoxy-benzyl)-12-allyl-13-[(2-methylene-3-oxo-3-methoxy)prop-1-yl]-12,13-dihydro-5,7-dioxo-6H-indolo[2,3-a]pyrrolo[3,4-c]carbazole (14, 1.75 g, 96%) as a yellow solid.  1H NMR (CDCl3) 3.75 (s, 3H), 3.86 (s, 6H), 4.88 (s, 2H), 5.01 (s, 2H), 5.22 (s, 2H), 5.43 (m, 2H), 5.81 (s, 1H), 6.07 (m, 1H) 6.41 (d, 1H, J=8 Hz), 6.47 (s, 1H), 6.62 (s, 1H), 7.22 (s, 1H), 7.36 (d, 1H, J=7 Hz), 7.43 (m, 2H), 7.52 (m, 3H), 9.37 (t, 2H, J=7 Hz); MS m/z 1249 (2M+Na), 636 (M+Na), 614 (M+H).

6-(2,4-dimethoxy-benzyl)-12,13-(2-methoxycarbonyl-but-2-en-1,4-yl)-12,13-dihydro-5,7-dioxo-6H-indolo[2,3-a]pyrrolo[3,4-c]carbazole (15).  A mixture of compound 14 (122.6 mg, 0.2 mmol), 1,3-bis-[(2,4,6-trimethylphenyl)-2-imidazolidinylidene] dichloro(phenylmethylene)-(tricyclohexylphosphine) ruthenium (21.2 mg, 0.025 mmol) and 1,2-dichloroethane (4 mL) was heated to 150oC in a microwave oven for 30 min.  The mixture was cooled to room temperature and the resulting precipitate was collected by filtration to provide 6-(2,4-dimethoxy-benzyl)-12,13-(2-methoxycarbonyl-but-2-en-1,4-yl)-12,13-dihydro-5,7-dioxo-6H-indolo[2,3-a]pyrrolo[3,4-c]carbazole (15, 75 mg, 64%) as a yellow solid: 1H NMR (CDCl3) ( 3.62 (s, 3H), 3.73 (s, 3H), 3.86 (s, 3H), 4.77 (s, 2H), 5.62 (d, 2H, J=8 Hz), 5.7 (s, 2H), 6.43 (dd, 1H, J=2 Hz, J=8 Hz), 6.6 (d, 1H, J=2 Hz), 7.04 (d, 1H, J=8 Hz), 7.41 (t, 1H, J=8 Hz), 7.42 (t, 1H, J=8 Hz), 7.52 (t, 1H, J=8 Hz), 7.7 (m, 2H), 8.03 (d, 1H, J=5 Hz), 8.06 (d, 1H, J=5 Hz), 9.28 (d, 1H, J=5 Hz), 9.3 (d, 1H, J=5 Hz); MS m/z 585.9 (M+H), 584 (M-H); HRMS Calcd. For C35H27N3O6: 585.1899; Found:585.1907.

12,13-[2-carbomethoxy-1,4-but-cis-2-enyl]-6,7,12,13-tetrahyhydro-5,7-dioxo-5H-indolo[2,3-a]pyrrolo[3,4-c]carbazole (16).  Trifluoroacetic acid (5.7 mL) and anisole (8 mL) were added to compound 15 (155 mg, 0.265 mmol).  The reaction mixture was heated to 90(C for 8 hours, cooled and concentrated.  The residue was mixed with hexane and the resulting solids were filtered, washed with hexane three times and dried under vacuum.  The orange solid was dissolved in THF, filtered and the filtrate was concentrated to dryness.  The resulting solids were diluted with methanol, filtered, washed with methanol and dried to give 12,13-[2-carbomethoxy-1,4-but-cis-2-enyl]-6,7,12,13-tetrahyhydro-5,7-dioxo-5H-indolo[2,3-a]pyrrolo[3,4-c]carbazole (16, 82 mg, 71%) as a yellow solid. 1H NMR (CDCl3) ( 3.63 (s, 3H), 5.68 (d, 2H, J=8 Hz), 5.76 (s, 2H), 7.42 (t, 1H, J=8 Hz), 7.43 (t, 1H, J=8 Hz), 7.53 (t, 1H, J=8 Hz), 7.69 (t, 1H, J=8 Hz), 7.7 (t, 1H, J=8 Hz), 8.05 (d, 1H, J=4 Hz), 8.08 (d, 1H, J=4 Hz), 9.33 (t, 2H, J=7 Hz), 11.17 (s, 1H); MS: 893 (2M+Na), 436 (M+H+); HRMS Calcd. For C26H17N3O4: 435.1219; Found: 435.1209.

12,13-[2-carboxymethyl-cis-2,3-dihydroxy)-1,4-butyl]-6,7,12,13-tetrahyhydro-5,7-dioxo-5H-indolo[2,3-a]pyrrolo[3,4-c]carbazole (17).  The nitrogen deprotected compound (16, 70 mg, 0.161 mmol) was suspended in CHCl3 (12 mL) and tetrahydrofuran (6 mL).  Trimethylamine-N-oxide (30 mg) and OsCl3 (8 mg) were added, followed by 8 drops of H2O.  The mixture was stirred at room temperature for 7 hours and the solvent was removed under vacuum.  The resulting residue was stirred with water, filtered then washed with water, methanol and chloroform (twice each).  The solids were dried under vacuum to give compound 17 (61 mg, 81%) as an orange solid. 1H NMR (CDCl3): ( 3.47 (s, 3H), 4.6 (m, 2H), 4.8 (quart, 2H, J=14 Hz), 5.09 (quart, 1H, J=6 Hz), 5.82 (d, 1H, J=5 Hz), 6.31 (s, 1H), 7.42 (quart, 2H, J=8 Hz), 7.67 (quint, 2H, J=7 Hz), 7.88 (d, 1H, J=8 Hz), 9.18 (d, 1H, J=8 Hz), 9.26 (d, 1H, J=8 Hz), 11.15 (s, 1H); MS: 961 (2M+Na), 470 (M+H+), 468 (M-H+); HRMS Calcd. For C26H19N3O6: 469.1273; Found: 469.1288.

12,13-[2-carboxy-cis-2,3-dihydroxy-1,4-butyl]-6,7,12,13-tetrahyhydro-5,7-dioxo-5H-indolo[2,3-a]pyrrolo[3,4-c]carbazole (18).Compound 17 (50 mg, 0.106 mmol) was suspended in tetrahydrofuran (5 mL).  H2O (2.5 mL) and LiOH (5.2 mg) were added.  The mixture was stirred at room temperature for 2 hours and then concentrated under vacuum.  The residue was diluted with water and extracted with ethyl acetate.  The mixture was acidified with 1N HCl solution.  The organic layer was washed with brine solution, dried over Na2SO4 and concentrated.  The resulting solids were dried under vacuum to give compound 18 (36 mg, 75%).  1H NMR (CDCl3): ( 4.57 (d, 2H, J=7 Hz), 4.66 (d, 1H, J=16 Hz), 4.84 (d, 1H, J=16 Hz), 5.06 (m, 1H), 7.38 (t, 1H, J=8 Hz), 7.42 (t, 1H, J=8 Hz), 7.61 (m, 2H), 7.68 (d, 1H, J=7 Hz), 7.85 (d, 1H, J=8 Hz), 9.16 (d, 1H, J=8 Hz), 9.24 (d, 1H, J=8 Hz), 11.12 (s, 1H); MS: 933 (2M+Na), 456 (M+H+), 454(M- H+); HRMS Calcd. For C25H17N3O6: 455.1117; Found: 455.1138.

Preparation of Acryflavin A (22).  Palladium dichloride (7.4 g, 41.6 mmoles) was added to a solution of acryrubin A (21, 2.9 g, 8.86 mmol; prepared as described in Faul M.M., Winneroski L.L. and Krumrich C.A., Jornal of Organic Chemistry, 1998, 63, 6053-6058 from 19 and 20) in DMF (100 mL) at 90oC.  The reaction temperature was kept at 90oC for 1 hr.  The mixture was cooled and conc. HCl (50 mL), then water (50 mL) were added.  The mixture was poured over ice and the resulting precipitate was filtered off.  The solids were washed with H2O and MeOH, then dissolved in THF (200 mL) and acetone (200 mL) and the remaining solids were filtered off.  The solution was filtered through a plug of silica gel and the solvent was removed under vacuum.  The resulting residue was diluted with MeOH, the solids were filtered and washed with MeOH then dried to provide Acryflavin A (22, 2 g, 70%) as a brown solid.

Preparation of K-252c (23).  Hydrochloric acid (conc.) (45 mL) was added dropwise over a 2 hr period to a solution of compound 22 (2 g, 6.15 mmoles) and tin (18 g) in acetic acid (100 mL) at 100oC.  The mixture was heated for an additional 2 hrs at 100oC, and THF (75 mL) was added.  The mixture was cooled to room temperature, then filtered over celite and the filter cake was washed with THF (200 mL) and acetone (200 mL).  The washings were combined and poured over ice.  The resulting precipitate was filtered and washed sequentially with H2O and Et2O (4 times each), then dried to provide 23 (1.27 g) as a light brown solid.  The filter cake was rewashed with additional portions of MeOH (200 mL), THF (100 mL) and acetone (100 mL).  The solvent was removed from the combined additional washings and the resulting residue was diluted with Et2O and filtered to provide additional compound 23 (0.37 g) (combined yield 1.64 g, 86%).  1H NMR (300 MHz, d6-DMSO): ( 4.97 (s, 2H), 7.24 (t, 1H, J=7.5 z), 7.32 (t, 1H, J=7.8 Hz), 7.44 (quin, 2H, J=8.4 Hz), 7.73 (d, 1H, J=8.1 Hz), 7.8 (d, 1H, J=8.1 Hz), 8.05 (d, 1H, J=7.8 Hz), 8.47 (s, 1H), 9.23 (d, 1H, J=7.8 Hz), 11.35 (s, 1H), 11.52 (s, 1H); MS m/z 645 (2M+Na), 334 (M+Na), 312 (M+H).

12,13-diallyl-6,7,12,13-tetrahydro-5-oxo-5H-indolo[2,3-a]pyrrolo[3,4-c]carbazole (24).  Cs2CO3 (2.5 g) was added to a solution of compound 23 (650 mg, 2.09 mmoles) in DMF (30 mL).  The mixture was stirred for 1 hr at room temperature, then 3-bromo-propene (1 mL) was added.  The mixture was stirred for 6 hrs, then additional 3-bromo-propene (1 mL) was added.  The mixture was stirred for overnight, then the reaction mixture was extracted with EtOAc and sequentially washed with NH4Cl (aq.) and NaCl (aq.).  The organic layers were separated and dried over Na2SO4(s), then filtered and the solvent was removed.  The resulting brown residue was diluted with Et2O and the solids were filtered off, then washed with Et2O and dried to provide 12,13-diallyl-6,7,12,13-tetrahydro-5-oxo-5H-indolo[2,3-a]pyrrolo[3,4-c]carbazole (24, 584 mg, 72%) as a yellowish-brown solid.  1H NMR (300 MHz, CDCl3): ( 4.95 (m, 4H), 5.48 (m, 4H), 6.2 (m, 2H), 7.43 (m, 2H), 7.55 (m, 4H), 7.92 (d, 1H, J=7.8 Hz), 9.57 (d, 1H, J=7.8 Hz); MS m/z 805 (2M+Na), 783 (2M+H), 392 (M+H).

12,13-diallyl-6,7,12,13-tetrahydro-5-oxo-5H-indolo[2,3-a]pyrrolo[3,4-c]carbazole-6-carboxylic acid tert-butyl ester (28).  Compound 24 (615 mg, 1.57 mmoles), di-t-butoxy-carbonyl anhydride (450 mg) and DMAP (250 mg) were dissolved in THF (20 mL).  MTBD (0.23 mL) was added and the mixture was stirred at room temperature for 2 hrs.  Additional di-t-butoxy-carbonyl anhydride (400 mg) was added and the mixture was stirred for 2 hrs.  The reaction was quenched with NH4Cl(aq.), then extracted with EtOAc and washed with a solution of NaCl (aq.).  The aqueous layers were re-extracted, the organic layers were combined and dried over Na2SO4(s), then filtered and the solvents removed.  The resulting residue was triturated with ethyl ether and filtered, then washed with ether and dried to provide 12,13-diallyl-6,7,12,13-tetrahydro-5-oxo-5H-indolo[2,3-a]pyrrolo[3,4-c]carbazole-6-carboxylic acid tert-butyl ester (28, 644 mg, 83%) as a brown-orange solid.  1H NMR (300 MHz , CDCl3): ( 1.74 (s, 9H), 4.95 (m, 2H), 5.05 (m, 2H), 5.28 (s, 2H), 5.48 (m, 4H), 6.19 (m, 2H), 7.42 (m, 2H), 7.51 (m, 2H), 7.56 (m, 2H), 7.99 (d, 1H, J=8.8 Hz), 9.55 (d, 1H, J=7.9 Hz); MS m/z 1005 (2M+Na), 514 (M+Na).

12,13-Di-(4-butenyl)-6,7,12,13-tetrahydro-5-oxo-5H-indolo[2,3-a]pyrrolo[3,4-c]carbazole (25).  A total of 368 mg of K-252c (23) was split into five microwave tubes equally.  To each tube was added 600-650 mg of Cs2CO3 and 4 mL of acetonitrile.  The tubes were sealed with a crimped septa, and incubated at 120oC for 4 minutes in a Personal ChemistryTM microwave.  Next, 0.3 mL of 4-butenyl bromide was added to each tube and then irradiation was continued at 160oC for 30 minutes.  The contents of each tube were combined, and the mixture extracted with ethyl acetate followed by washing with NH4Cl (aq.) and NaCl(aq.) solutions.  The organic layers were separated and dried over Na2SO4.  Filtration, solvent removal, and column chromatography gave 198 mg of an orange solid (40% yield), after fraction combination, solvent removal, and drying.  Physical data for 25:  1H NMR (300 MHz , CDCl3): ( 2.23 (quart, 2H, J=7.5 Hz), 2.33 (quart, 2H, J=6.6 Hz), 4.69 (m, 4H), 4.87 (m, 4H), 5.04 (s, 2H), 5.49 (m, 2H), 6.68 (s, 1H), 7.43 (m, 2H), 7.57 (m, 3H), 7.66 (t, 1H, J=8.4 Hz), 7.95 (d, 1H, J=7.8 Hz), 9.54 (d, 1H, J=7.8 Hz); MS: 861 (2M+Na), 839 (2M+H), 420 (M+H).

6-t-Butoxycarbonyl-12,13-di-(4-butenyl)-6,7,12,13-tetrahydro-5-oxo-5H-indolo[2,3-a]pyrrolo[3,4-c]carbazole (29).  To a stirred solution of 246 mg of bis-butenyl-indole 25 in 10 mL of THF was added 150 mg of 4-dimethylamino pyridine, 240 mg of di-t-butyl-dicarbonate, and 0.1 mL of 7-methyl-1,5,7-triazabicyclo-(4.4.0)-dec-5-ene.  The reaction was stirred at room temperature for 1 hour.  The material was then extracted with ethyl acetate, and washed with NH4Cl(aq) and NaCl(aq) solutions.  The organic layers were separated and dried over Na2SO4(s).  Filtration, solvent removal, dilution with hexanes and filtration of the resulting solids gave 278 mg of a light orange solid (91% yield).  1H NMR (300 MHz , CDCl3): ( 1.73 (s, 9H), 2.22 (quart, 2H, J=7.4 Hz), 2.34 (quart, 2H, J=6.6 Hz), 4.67 (t, 2H, J=11 Hz), 4.73 (t, 2H, J=7.8 Hz), 4.82 (m, 2H), 5.34 (s, 2H), 5.47 (m, 2H), 7.43 (m, 2H), 7.59 (m, 3H), 7.67 (t, 1H, J=8 Hz), 8.01 (d, 1H, J=8 Hz), 9.52 (d, 1H, J=7 Hz); MS: 1061 (2M+Na), 542 (M+Na).

12,13-(but-2-en-1,4-yl)-6,7,12,13-tetrahydro-5-oxo-5H-indolo[2,3-a]pyrrolo[3,4-c]carbazole-6-carboxylic acid tert-butyl ester (30).  Benzylidene-bis (tricyclohexylphosphine)dichlororuthenium (125 mg) was added to a solution of compound 28 (350 mg, 0.71 mmoles) in dichloromethane (70 mL).  The reaction was stirred at room temperature for 20 hrs, then filtered over silica gel with excess DCM.  The DCM layers were discarded and the silica gel was washed with EtOAc.  The EtOAc layers were removed under vacuum, the resulting residue was diluted with ethyl ether and the solids were filtered and dried to provide 12,13-(but-2-en-1,4-yl)-6,7,12,13-tetrahydro-5-oxo-5H-indolo[2,3-a]pyrrolo[3,4-c]carbazole-6-carboxylic acid tert-butyl ester (30, 282 mg, 85%) as a gray solid.  1H NMR (300 MHz , CDCl3): ( 1.75 (s, 9H), 4.19 (d, 2H, J=7.2 Hz), 4.23 (s, 2H), 4.95 (d, 2H, J=5.1 Hz), 6.08 (m, 2H), 7.31 (m, 1H), 7.39 (m, 2H), 7.57 (m, 3H), 7.66 (d, 1H, J=7.2 Hz), 9.72 (d, 1H, J=8.1 Hz); MS m/z 949 (2M+Na).

6-t-Butoxycarbonyl-12,13-(1,6-hex-cis-3-enyl)-6,7,12,13-tetrahydro-5-oxo-5H-indolo[2,3-a]pyrrolo[3,4-c]carbazole (31).  Two vessels were loaded each with 105 mg of N-BOC-bis-4-butenyl compound 29, 30 mL of dichloromethane, and 27 mg of benzylidene bis(tricyclohexylphosphine) dichlororuthenium.  The vessels were heated to 45oC for 4 hours.  The vessels were cooled, combined, and filtered over silica gel with excess dichloromethane.  The washings were discarded, and the silica gel eluted with ethyl acetate.  The ethyl acetate washings were combined, and the solvent was removed.  The residue was diluted with hexanes, and the solids were filtered and washed with hexanes to give 138 mg of a brown solid.  An additional 35 mg of solid was recovered from the hexane washings by filtration.  Total amount was 173 mg (88% yield).  1H NMR (300 MHz , CDCl3): ( 1.73 (s, 9H), 2.79 (m, 2H), 2.92 (m, 2H), 4.48 (m, 2H), 4.74 (s, 2H), 4.85 (m, 2H), 5.43 (m, 2H), 7.38 (t, 1H, J=8 Hz), 7.45 (m, 1H), 7.53 (d, 1H, J=8 Hz), 7.6 (m, 4H), 7.82 (d, 1H, J=8 Hz), 9.64 (d, 1H, J=8 Hz); 13C NMR (75.5 MHz , HETCOR, CDCl3): ( 31.12, 46.76, 50.69, 84.82, 111.27, 112.16, 117.57, 119.18, 120.69, 122.62, 123.07, 123.26, 124.93, 128.38, 128.55, 128.85, 130.19, 130.44, 130.80, 132.7, 133.39, 143.33, 152.87, 170.01; MS: 1005 (2M+Na), 514 (M+Na).

12,13-(1,4-but-cis-2-enyl)-6,7,12,13-tetrahydro-5-oxo-5H-indolo[2,3-a]pyrrolo[3,4-c]carbazole (26).  To a solution of 200 mg of 24 in 55 mL of dichloromethane was added 60 mg of benzylidene bis(tricyclohexylphosphine) dichlororuthenium.  The mixture was heated at 40oC for 4 hours.  The reaction was then cooled, and the majority of the solvent was removed by evaporation.  The resulting solids were then filtered and washed three times each with dichloromethane, diethyl ether, ethyl acetate, methanol, and diethyl ether.  Drying gave 102 mg of a light gray solid (55%) yield.  1H NMR (300 MHz , d6-DMSO): ( 4.93 (s, 2H), 5.39 (d, 2H, J=5.4 Hz), 5.44 (d, 2H, J=5.4 Hz), 6.51 (bs, 2H), 7.27 (t, 1H, J=7.2 Hz), 7.37 (t, 1H, J=7.5 Hz), 7.55 (quint, 2H, J=7.8 Hz), 7.89 (d, 1H, J=8.7 Hz), 7.99 (d, 1H, J=8.4 Hz), 8.03 (d, 1H, J=8.1 Hz), 8.57 (s, 1H), 9.59 (d, 1H, J=7.8 Hz); MS: 749 (2M+Na), 727 (2M+H), 364 (M+H).

12,13-(1,6-hex-cis-3-enyl)-6,7,12,13-tetrahydro-5-oxo-5H-indolo[2,3-a]pyrrolo[3,4-c]carbazole (27).  To a solution of 42 mg (0.1 mmole) of bis-4-butenyl compound 25 in 10 mL of dichloromethane was added 44 mg of benzylidene bis(tricyclohexylphosphine) dichlororuthenium.  The reaction was stirred at room temperature for 5 days.  The solvent was removed, and the mixture purified by thin layer chromatography.  The bands containing the compound were combined, and the compound eluted off the silica gel with ethyl acetate.  The solvent was removed, and the residue diluted with ethyl ether, and the solids filtered and washed with ether to give 12 mg of a brownish-gray solid (31% yield).  1H NMR (300 MHz , d6-DMSO): ( 2.52 (bs, 4H), 4.98 (s, 2H), 5.14 (m, 4H), 5.36 (m, 2H), 7.29 (t, 1H, J=7.5 Hz), 7.39 (t, 1H, J=7.5 Hz), 7.56 (quint, 2H, J= 7.2 Hz), 7.8 (d, 1H, J=8.7 Hz), 7.89 (d, 1H, J=8.1 Hz), 8.05 (d, 1H, J=7.8 Hz), 8.58 (s, 1H), 9.6 (d, 1H, J=7.8 Hz); MS: 783 (2M+H), 392 (M+H).

12,13-(2,3-Cis-dihyroxy-1,4-butyl)-6,7,12,13-tetrahydro-5-oxo-5H-indolo[2,3-a]pyrrolo[3,4-c]carbazole (32).  Compound 30 (162 mg, 0.35 mmoles) and trimethylamine-N-oxide (155 mg) were dissolved in chloroform (15 mL) and THF (15 mL), then water (10 drops) and osmium trichloride (9 mg) were added.  The mixture was stirred for 4 hrs at room temperature., then the solvent was removed under vacuum and water was added.  The resulting solids were filtered, sequentially washed with water and ethyl ether (4 times each) and dried to provide 12,13-(2,3-dihydroxy-butan-1,4-yl)-6,7,12,13-tetrahydro-5-oxo-5H-indolo[2,3-a]pyrrolo[3,4-c]carbazole-6-carboxylic acid tert-butyl ester (158 mg, 91%) as a gray solid.  1H NMR (300 MHz , d6-DMSO): ( 1.64 (s, 9H), 4.28 (d, 2H, J=3.3 Hz), 4.62 (m, 3H), 4.73 (m, 1H), 5.27 (quart, 2H, J=17.1 Hz), 5.43 (s, 2H), 7.32 (t, 1H, J=7.5 Hz), 7.43 (t, 1H, J=7.5 Hz), 7.59 (quint, 2H, J=7.8 Hz), 7.73 (d, 1H, J=8.4 Hz), 7.84 (d, 1H, J=8.4 Hz), 7.99 (d, 1H, J=7.5 Hz), 9.29 (d, 1H, J=7.5 Hz); MS m/z 1017 (2M+Na), 520 (M+Na).  The diol compound (158 mg) was dissolved in anhydrous TFA (10 mL) and the mixture was stirred for 2 hrs at room temperature.  The solvent was removed under vacuum and the resulting residue was diluted with ethyl ether, the solids were filtered and sequentially washed with DCM, MeOH and EtOAc (3 times each).  The solvent was removed from the combined washings and then diluted with THF and filtered to provide compound 32 (54 mg).  The wash procedure was repeated to provide additional 32 (31 mg) (combined yield 85 mg, 67%).  1H NMR (300 MHz , d6-DMSO): ( 4.33 (bs, 2H), 4.62 (m, 1H), 4.64 (s, 2H), 4.79 (m, 1H), 4.99 (s, 2H), 5.47 (s, 2H), 7.31 (t, 1H, J=5 Hz), 7.40 (t, 1H, J=5 Hz), 7.55 (t, 1H, J=5 Hz), 7.6 (t, 1H, J=5 Hz), 7.75 (d, 1H, J=6 Hz), 7.84 (d, 1H, J=6 Hz), 8.08 (d, 1H, J=5 Hz), 8.62 (s, 1H), 9.45 (d, 1H, J=6 Hz); MS m/z 817 (2M+Na), 795 (2M+H), 398 (M+H); Anal.Calc. For C24H19N3O3+0.33 C2F3HO2: C, 68.04; H, 4.48, N, 9.65; Found: C, 68.11, H, 4.61, N, 9.70.

12,13-(3,4-Cis-dihyroxy-1,6-hexyl)-6,7,12,13-tetrahydro-5-oxo-5H-indolo[2,3-a]pyrrolo[3,4-c]carbazole (33).  To a solution of 122 mg of N-BOC compound 31 in 15 mL of CHCl3 was added 160 mg of trimethylamine-N-oxide, 0.2 mL of H2O, and 4 mg of osmium trichloride.  The mixture was stirred at room temperature for 3 hours, and the solvent was removed under vacuum.  The material was diluted with H2O, and the solids were filtered, washed four times each with H2O and ethyl ether, then followed by drying.  The solids were then taken back up in 10 mL of dichloromethane, and 1 mL of trifluoroacetic acid was added.  The mixture was stirred for 1 hour, and then the solvent was removed under vacuum.  The residue was diluted with ethyl ether, and the precipitates filtered, followed by washing three times with ethyl ether and drying.  The solids were then taken up in DMSO, and purified by reverse phase HPLC.  Combination of the fractions, followed by lyophilization gave 18 mg of an off-white solid (17% yield).  1H NMR (300 MHz , d6-DMSO): ( 3-4.4 (m, 12H), 4.91 (s, 2H), 7.34 (t, 1H, J=8 Hz), 7.42 (t, 1H, J=8 Hz), 7.58 (quint, 2H, J=7 Hz), 7.71 (d, 1H, J=8 Hz), 7.78 (d, 1H, J=8 Hz), 8.06 (d, 1H, J=8 Hz), 8.59 (s, 1H), 9.39 (d, 1H, J=8 Hz); MS: 851 (2M+H), 426 (M+H).
12,13-(5-hydroxyl-1,5-pentanyl)-6,7,12,13-tetrahydro-5-oxo-5H-indolo[2,3-a]pyrrolo[3,4-a]carbazole (35).  K-252c (23, 50 mg, 0.16 mmol ), and Cs2CO3 (312 mg, 0.96 mmol) were added into  a microwave reaction vessel containing acetonitrile (4 mL) and stirring bar, followed by the addition of ditosylate 34 (104 mg, 0.2 mmol).  The vessel was stirred for 30 seconds and then irradiated at 150oC for 30 min. The reaction mixture was diluted with ethyl acetate, washed with sat. NaHCO3, brine, and dried over Na2SO4.  Removal of solvent gave the silyl ether compound (659 mg, 93%) as a yellow solid: MS 510 (M+H+).  This compound (235 mg, 0.45 mmol) was stirred with a 1 M solution of t-butylammonium fluoride/tetrahydrofuran  (4.5 mL) for 1 hour at room temperature. The reaction mixture was concentrated.  The residue was diluted with water (15 mL), resulting in the formation of precipitates.  The mixture was then filtered, washed with water, and MeOH (2 mLx3).  The filter cake was dried over vacuum oven at 55oC overnight to give compound 35 as light brown solid (145 mg, 82%). 1H NMR (d6-DMSO, 300 MHz) ( 2.07-2.26 (m, 4H), 4.96 (s, 2H), 5.05-5.18 (m, 5H), 7.27 (t, 1H, J=8 Hz), 7.37 (t, 1H, J=8 Hz), 7.54 (quintet, 2H, J=8 Hz), 7.76 (d, 1H, J=8 Hz), 7.86 (d, 1H, J=8 Hz), 8.04 (d, 1H, J=8 Hz), 9.61 (d, 1H, J=8 Hz); MS: 791 (2M+ H+), 396(M+ H+).

12,13-(2,3-O-isopropylidene-2,3-trans-dihydroxy-1,4-butyl)-6,7,12,13-tetrahydro-5-oxo-5H-indolo[2,3-a]pyrrolo[3,4-c]carbazole (37).  To a microwave tube was added 65 mg of K-252c, 315 mg of Cs2CO3, 122 mg of 1,4-Di-O-toluenesulfonyl-2,3-O-isopropylidene-L-threitol (36), and 4 mL of acetonitrile.  The tube was placed inside a microwave instrument and irradiated for 3400 seconds at 150oC.  The process was repeated seven more times, and a total of 521 mg of K-252c was used.  The contents of all eight vessels were combined, extracted with ethyl acetate, and washed with NH4Cl(aq.) and NaCl(aq.) solutions.  The organic layers were separated and the solvent removed under vacuum.  Column chromatography (ethyl acetate/hexanes gradient) gave a light brown solid, which was diluted with ethyl acetate, followed by filtration of the solids, and washing three times each with ethyl acetate, ethyl ether, and hexanes.  After drying, 150 mg of an off-white solid was obtained.  An additional 184 mg of an-orange waxy solid was obtained from the supernatant (total = 334 mg, 45% yield).  1H NMR (300 MHz , CDCl3): ( 1.44 (s, 3H), 1.45 (s, 3H), 4.55 (s, 2H), 4.59 (m, 1H), 4.68 (m, 3H), 4.98 (s, 2H), 7.32 (t, 1H, J=8 Hz), 7.4 (t, 1H, J=8 Hz), 7.56 (quint, 2H, J=7 Hz), 7.73 (d, 1H, J=8 Hz), 7.81 (d, 1H, J=8 Hz), 8.06 (d, 1H, J=8 Hz), 8.66 (s, 1H), 9.45 (d, 1H, J=8 Hz); MS: 897 (2M+Na), 875 (2M+H), 438 (M+H).

Preparation of 12,13-(2,3-trans-(S,S)-dihyroxy-1,4-butyl)-6,7,12,13-tetrahydro-5-oxo-5H-indolo[2,3-a]pyrrolo[3,4-c]carbazole (38).  To a solution of 66 mg of compound 37 in 2 mL of tetrahydrofuran and 1 mL of methanol was added 9 drops of a 6% p-toluenesulfonic acid (aq.) solution.  The reaction was heated to 75oC for 2.5 hours.  The reaction was cooled, and the resulting precipitate was filtered and washed three times each with methanol, ethyl acetate, water, methanol, and dichloromethane.  Drying gave 52 mg of a beige solid (87% yield).  1H NMR (300 MHz , d6-DMSO): ( 3.99 (m, 2H), 4.72 (m, 4H), 4.97 (s, 2H), 5.47 (s, 2H), 7.28 (t, 1H, J=8 Hz), 7.37 (t, 1H, J=7 Hz), 7.54 (quint, 2H, J=8 Hz), 7.74 (d, 1H, J=8 Hz), 7.82 (d, 1H, J=8 Hz), 8.05 (d, 1H, J=8 Hz), 8.57 (s, 1H), 9.44 (d, 1H, J=8 Hz); MS: 795 (2M+H), 398 (M+H).

Biology

JAK3 Enzyme Assay.  JAK3 enzyme was purified from Sf21 cells (San Diego, CA) infected with a baculovirus expression vector for JAK3 (JH1 and JH2 domain).  Enzyme activity of JAK3 was determined in terms of enzyme phosphorylation by the following method.  JAK3 enzyme solution (48 L) in 1.25 X TK buffer (62.5 mM HEPES pH 7.5, 12.5 mM MgCl2) containing 42 mM DTT (Sigma, St. Louis, MO) was added into the each well of a polypropylene 96 well plate.   Next, 5 L of diluted compounds in DMSO and 48 L of biotinylated peptide enzyme substrate (5 g diluted in TK buffer containing 10 M ATP) was added to each well.  Control wells received equal volume of vehicle.  The contents of the wells were mixed and the reaction mixture was incubated for 1 h at room temperature. Post incubation, 90 L of reaction mixture was transferred into a washed Neutravidin coated plate (Pierce Neutravidin Biotin-binding Protein 31000; 1mg/mL 1:100).  The plate was then incubated for 15 minutes at room temperature and washed 3 times with PBS-T. PY99 anti-phosphotyrosine antibody (Santa Cruz #sc-7020HRP) was added into each well and the plate was incubated for 40 minutes at room temperature.  After incubations, the plate was washed 3 times and 100 L TMB (Sigma, St. Louis, MO) was added to the each well.  The plate was incubated for another 40 min at room temperature in the dark.  The reaction was stopped by the addition of 1 M H2SO4 (50 L/well) and the optical density was read at 450/650 nm.

PHA Blast Assay.  Blood was obtained from healthy male donors, 22–42 years old. PBMC were isolated from heparinized blood using Ficoll-Paque gradient (Pharmacia, Uppsala, Sweden) as described previously.  Cells were washed twice with Dulbecco's phosphate-buffered saline (DPBS), resuspended in culture medium or DPBS and used immediately.  The T cells were incubated with increasing concentrations of the compound and T cell proliferation was assessed by a 3H-thymidine assay.
Mouse Model of IgE Stimulation.  Compound 32 was administered i.p. at 10 and 30 mg/kg dose on day 1, 3 and 5 after 1 h after the OVA challenge.  Additional drug treatment were made to the mice on day 2 and 4.  Control mice were injected with vehicle alone (2% DMSO).  Mice were bled on day 8 for quantization of plasma IgE by ELISA and compared to the control group.
Mouse Model of Allergic Asthma.  To examine the effect of the JAK3 inhibitor on allergic asthma in mice, BALB/c mice were injected i.p. with 20 µg of ovalbumin (OVA) in alum on days 0 and 14. On days 28, 29, and 30, mice were challenged for 5 min with 2% OVA via their airways by ultrasonic nebulization. Mice were assessed for "airway responsiveness" on day 32.  Following airway reactivity measurements, their lungs were lavaged with cold saline.  

