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Abstract - The reaction of indolyt magnesium bromide with 2,3-dibromo-N- 
methylmaleimide (3) in toluene leads to bisindolylmaleimides 6. In THF a 
monosubstitution product 5 is obtained which after protection of the indole NH- 
group with the Boc residue can be used to prepare unsymmetrically substituted 
bisindolylmaleimides, arcyriarubin B given as an example. 

The arcyriarubins A-C’ (11-1~) represent the simplest members of the bisindolylmaleimides3, a family of 
pigments produced by slime moulds (Myxomycetes). They are structurally related to the aglycon of 
staurosporine’, SF-23705, rebeccamycin’ and other biologically active metabolites from Streptomycetes. 
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The first synthesis of arcyriarubin A was accomplished by reaction of indolyl magnesium bromide 
(2) with 2,3-dibromo-~-methylmaleimide (3) as the crucial steps. This method has since been applied by 
Kmiko et al.’ and Weinreb et aL8 for the synthesis of rebeccamycin and staurosporine aglycone, 
respectively. Recently, BergmM and co-workers’ developed a biomimetic synthesis of la via oxidative 
coupling of the dianion derived from @-indolylmethylacetate. In this publication we report details of our 
arcyriarubin synthesis and its use for the preparation of unsymmetrically substituted derivatives. 

The condensation of indolyl-MgBr with 3 in ether/benzene mixtures affords red N- 
methylarc~ia~bin (6) accompanied by varying amounts of the yellow monosubstitution product 5, which 
can be separated easily by column chromatography. The proportions of 5 and 6 are determined by the 
rates in which the primary adduct 4 is either isomerised to the monoindotyl compound 5 or reacts with a 
second molecule of indolyl-MgBr to give the bisindolylmaleimide 6. Because the products 5 and 6 are 
stronger acids than indole they react with an excess of indolyl-MgBr with salt formation. Therefore, to 
achieve optimum yields of 5 and 6, two or four equivalents of 2 have to be applied, respectively. 
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As we have found, the outcome of the reaction is strongly dependent on the solvent. In toluene the 
reaction gives the b~indolyi compound 6 in 70% yield, whereas in tetrahydrofura~ the monosubstitution 
product 5 is obtained in 74% yield. Obviously, in tetrahydrofuran the isomerisation of 4 to 5 is faster than 

the reaction of 4 with a second molecule of Grignard reagent. Using the reaction conditions as in the case 
of 6 the 2,2’-dimethyl- and 2,2’-diphenyl-derivatives 7 and 8 can be obtained. In the later case, however, 

the yield was only 24% due to the strong 
solubility of 2-phenylindofe in toluene. 

sterical interaction of the phenyl substitutents and the lo\r 
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The conversion of 6 into arcyriarubin A was achieved by alkaline hydrolysis to the cyclic 
anhydride 9 which on heating with ammonium acetate yielded la. The compound was identical with the 

natural pigment from Arcyria denudarns. 

6 
1) aq. KOH. reg., 
2) 2 N HCl 

H H 

The monosubstitut~on product 5 appeared to be suitable for the preparation of unsymmetricali~ 
substituted arcyriarubins. However, treatment of 5 with indolyl-MgBr did not lead to the expected product 
because of salt formation. We therefore converted 5 into its N-terr-butyloxycarbonyl derivative 10 b) 
treatment with di-terf-butyl dicarbonate in the presence of 4-(dimethylamino)pyridine”. 10 reacted 
smoothly with two equivalents indolyl-MgBr in THF to give the mono-Boc derivative 11 in 85% yield. We 
then applied the same reaction to the Grignard compound derived from 6-(tet~hydropyranyloxy)indoie 
(12) which afforded the coupling product 13 in 89% yield. 12 was prepared from I-methyl-2-nitro-4- 
(tetrahydropyranyloxy)benzene according to the method of Rapoporf and Feldman’“. 
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Because the deprotection of 13 with trifluoroacetic acid gave N-methylarcyriarubin B (14) only in 

about 50% yield, the deprotection was carried out by heating the compound to 180”C12. Under these 

conditions both protecting groups are removed and the free hydroxy compound 14 was obtained in 94% 

yield. Exchange of the imino group for the methylimino group in the usual way then led to arcyriarubin B 

(lb) in high overall yield. The synthetic product was in every respect identical with the natural pigment. 

Because the arcyriarubins can be oxidatively cyclised to the corresponding arcyriaflavinsa~7~8*g our 

method allows the synthesis of unsymmetrical substituted compounds of this type. 

EXPERIMENTAL 

M.p.s were determined with a Reichert hot-stage microscope and a BUchi melting-point apparatus 
and are uncorrected. IR spectra were obfained using a Perkin-Elmer 1420 infrared spectrometer. NMR 
spectra were measured with Varian EM-390, Bruker WH 90 and AC 200 instruments (tetramethylsilnne 3s 
internal reference). Mass spetra were obtained at 70 ev using an AEI MS 30 or MS 50 spectrometer 
equipped with a data system. UV spectra were measured with a Varian Cary 17. For column 
chromatography, Merck silica gel 40 - 63 pm was used. TLC was carried out on TLC aluminum sheets 
silica gel 60 F,,,. Elemental analyses were performed at the lnstitut ftir Organische Chemie und 
Biochemie, Universitat Bonn. Tetrahydrofuran (THF) and diethyl ether were dried over sodium hydride, 
toluene by heating over Sicapent (Fa. Merck). The dried solvents were then distilled at atmospheric 
pressure. 

Materials: 2,3-Dibromomaleimide’s and 2,3-dibromo-N-methylmaleimide” (3) are known compounds. 

. . 
2-Bromo-3-(IH-indol-3-vl)-~-meth~ (5): A solution of ethylmagnesium bromide in THF (20 
ml) was prepared from magnesium turnings (0.72 g. 29.8 mmol) and freshly distilled bromoethane (2.25 
ml, 29.8 mmol) under anhydrous conditions. The solution was warmed up to 4O’C and indole (3.5 g. 29.8 
mmol) in THF (20 ml) was added. After stirring for 30 min at 40-C the mixture was cooled to 2o’C and a 
solution of 2,3-dibromo-N-methylmaleimide (4.0 g. 14.9 mmol) in THF (60 ml) was added dropwise over 
I h. The mixture was stirred 2 h at 2O’C and hydrolysed by addition of ice-saturated 20% aqueous citric 
acid. After removal of the THF in YUCI(O the mixture was extracted with ethyl acetate. The combined 
organic extracts were washed with water and dried (MgSO,). The residue remaining after rotar) 
evaporation of the solvent was recrystallised from methanol. Yield 3.34 g (74%), m.p. 145-C (dec.), R, 0.63 
(trichloromethane/ethyl acetate 6~1). [Found C, 51.13; H, 2.96; N, 9.01; C,sHoN,O,Br (305.1) requires C. 
51.17; H, 2.97; N, 9.18%]; IR (KBr): ymu 3340, 2920, 1760, 1700, 1600, 1490, 1425, 1380, 1250, 1175. 
1130, 1100. 975, 800, 735 cm-‘; ’ H NMR (acetone-d,/DMSO-de): 6 = 3.03 (3 H, s), 7.00-7.28 (2 H. 
complex). 7.42-7.57 (I H, complex), 7.93-8.10 (2 H, complex), Il.58 (I H, s, br); UV (MeOH): Xmu = 43 I 
(Ig t = 3.87). 274 (3.95). 250 (4.09). 217 (4.48). I98 nm (4.40). 

. . . . 
for the or] 6 - 8 

To a solution of ethylmagnesium bromide (50.1 mmol) in THF (20 ml) was added a solution of 
indole-compound (50.1 mmol) in toluene (60 ml) and warmed up to 45’C for 45 min. Then a solution of 3 
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168.7; MS (18O.C): m/l; - 406 (I.I%), 404 (l.l), 350 f7.6), 348 (7.6). 306 (I6.9), 304 (16.9). 57 (100); UV 
(MeOH): X_ = 390 (18 c = 3.71), 282 (3.86), 248 (4.24). 225 (4.38). 212 (4.41). 198 nm (4.42). 

__ -_ p16: To a solution of 4-methyl-3-nitrophenol (10.0 g 
65.2 mmol) and dihydropyran (22 ml, 240 mmol) in ethyl acetate (80 ml) was added a catalytic amount of 
cont. HCI. After the mixture had been stirred for 72 h at room temperature, 2% aqueous sodium 
hydroxide (50 ml) was added and the organic layer was twice washed with the same solution and then 
twice with water. After drying over MgSO,, the solvent was removed in ~clcuo and the residue 
recrystallised from petroleum ether (40-6O’C) at -18’C. Yield 13.69 g (88%). m.p. SS’C, [Found C. 60.57; 
H, 6.50; N, 5.70; C,,H,,NO, (237.3) requires C, 60.75; H, 6.37; N, 5.901. IR (KBr): Y,,,= 3120, 2940, 1565, 
1525, 1448, 1355, 1335, 1300, 1275, 1230, 1200, 1180, 1145, 1110, 1030. 1020, 960. 905, 870. 835, 810. 
760 cm-‘, ‘H NMR (CDCX,): 6 - 1.50-1.90 (6 H. complex), 2.5 (3 H, s), 3.50-4.00 (2 H, complex), 5.40 (I 
H, t, I 2 Hz), 7.20 (2 H, complex), 7.70 (1 H, complex). 

~” (12): To l-methyl-2”nitro-4-(tetrahydropyr~yloxy)benzene (10.0 8. 
42.1 mmol) in dry dimethylfo~amide (80 ml) were added dimethylformamide dimethyl acetal (20 ml) and 
pyrrolidine (4 ml). The mixture was heated at 110°C for 14 h under argon, then cooled with ice and 
diluted with ice-water. Extraction with ether, washing of the combined organic phases with ice-water, 
drying (Na$O,), and removal of the solvent under reduced pressure yielded a deep red oil. The oil was 
dissolved in ethyl acetate and hydrogenated at 3.5 arm and 25’C for 3 h using 10% palladium on carbon 
(1.0 g) as catalyst. The mixture was filtered through a Celite pad and the light brown filtrate was 
concentrated under reduced pressure. Chromatography of the residue on silica gel Using dichloromethane 
as eluant afforded 12 (4.67 g, 51%). M.p. 84’C (from methanol/water), [Found C, 71.61; H, 7.06; N, 6.51; 
C,,H,,NOs (217.3) requires C, 71.87; H, 6.96; N, 6.45%]; IR (KBr): umu 3285, 2940, 1622, 1500, 1285. 
1250, 1170, 1127, 1097, 1085, 1040. 1030, 1020, 980, 910, 862, 805, 760, 710, 620 cm-‘; ‘H NMR (CDCI,): 
6 - 1.51-2.13 (6 H, complex), 3.47-3.69 (1 H, complex), 3.84-4.11 (1 H, complex), 5.40 (1 H, t, I 2 Hz), 
6.47 (1 H, ddd, J 3.2, 2, 1 Hz), 6.88 (I H, dd, J 8.6, 2.4 Hz), 7.07 (1 H, “dd’, J 3.2, 2.4 Hz), 7.13 (I H, 
“d”, I 2 Hz), 7.51 (1 H, d, J 8.6 Hz), 8.07 (1 H, s, br); ‘sC NMR (CDCI,): 6 = 19.0, 25.3, 30.6, 62.1, 97.5, 
98.6, 102.2, 111.6, 121.0, 123.1, 123.6, 136.4, 153.4; MS (18O.C): I&Z= 217 (1.4%). 133 (IOO), 104 (4.9), 86 
(12.7). 84 (19.3). 77 (4.2). 49 (26,4); WV (MeOH): X,, - 288 (lg c - 3.74), 268 (3.73), 218 (4.47), 201 nm 

(4.37). 

. . WI oroc&re for the -on of unsv n 1 imides 11 and 13. 
To a solution of ethylmagnesium bromide (9.3 mmol) in THF (5 ml) was added a solution of the 

indoIe derivative (9.3 mmol) in THF (10 ml). The solution was stirred at 4SC for 1 h after which a 
solution of 10 (3.7 mmol, 1.5 g) in THF (20 ml) was added dropwise over I h, followed by refluxing for 
an additional hour. The reaction mixture was cooled and hydrolysed by addition of ice-saturated aqueous 
20% citric acid. The mixture was extracted with ethyl acetate, the combined organic layers were dried 
(MgSO,), and the solvent was removed in mcuu. Purification of the residue by chromatography on silicn 
gel yielded the pure products. The eluants used were the same as indicated for TLC of the individual 
compounds. 

s (11): From 10 and 
indole, yield 1.39 g (85%). m-p. 2OO”C, R, 0.55 (trichloromethane/ethyl acetate 6:1), [Found C, 70.40; H, 
5.45; N. 9.35; Cs,HsSNsO, (441.5) requires C, 70.74; H, 5.25; N, 9.52961; IR (KBr): Y,,,~ 3360, 2970, 1740, 
1690, 1640, 1555, 1420, 1360, 1235, 1150. 1065. 980, 750 cm-‘; ‘H NMR (acetone-d,,): 6 - 1.62 (9 H. s), 
3.09 (3 H, s). 6.57-7.49 (7 H, complex). 7.94-8.19 (3 H, complex), 10.93 (1 H. s); MS (2Oo’C): Wz = 442 
(1.7%). 441 (6.0). 385 (7.2), 342 (24.0). 341 (100). 340 (Z&O), 324 (17.0). 283 (12.0). 256 (22.0), 255 (27.0); 
UV (EtOH): Amu - 450 (18 c = 3.95). 369 (3.61). 274 (4.17). 248 (4.37). 215 nm (4.72). 

malelmrde (13): From 10 and 6-(tet~ydropyranyloxy)indole (12). yield 1.79 g (89%), m.p. 136°C R, 0.36 
(dichlorome~~e/acetone S&l), [Found C, 68.66; H, 6.03; N, 7.60; C,,H,,NsOe (541.6) requires C, 68.75; 
H, 5.77; N, 7.76%]; IR (KBr): Y_ 3370, 2940, 1735, 1700, 1620, 1540, 1450, 1380, 1370, 1355, 1235, 
1150, 1110, 1065, 1030, 970, 745 cm-‘; ’ H NMR (CDCI,): 6 I: 1.68 (9 H, s). 1.50- 1.90 (6 H, complex), 3.18 
(3 H, sf. 3.50-3.60 (I H, complex), 3.80-3.95 (I H, complex), 5.10 (1 H. t, J 3 Hz), 6.54 (1 H, dd, J 8.6, 
2.2 Hz), 6.75-6.95 (3 H, complex), 7.00 (1 H, dd. 12.2. 0.4 Hz). 7.15 (1 H, ddd. 8.4, 6.8, 1.6 Hz), 7.65 (1 
H, d, J 3 Hz), 8.04 (I H, $1, 8.12 (1 H, td. J 8.5, 0.8 Hz,), 8.66 (1 H, d. J 2 Hz, br); “C NMR (CDCI,): 6 
- 18.7. 24.1, 25.1, 28.0 (3 C), 30.3, 61.9. 84.3, 96.9, 98.4, 106.5, 110.9, 112.2. 114.9, 120.3, 121.6, 122.1, 
122.5, 123.8. 124.4, 128.1, 128.2, 129.1, 131.6. 135.0, 136.7, 149.2. 153.7, 171.7. 171.9; MS (18O.C): D/g = 
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441.1694 (8.1%. M+‘, talc. for CseHssNsO, 441.1699). 357 (100, C,,H,,NsOs), 356 (21.2), 340 (I 1.4, 
C,,H,,NsOs); UV (EtOH): X_ - 459 (Ig c - 3.92). 280 (4.20). 254 (4.36). 219 nm (4.69). 

. . 
s (14): 13 (530 mg, 0.98 mmol) was 

heated for 40 min to IBO’C (bath temperature). The resulting product was cooled and purified b) 
chromatography on silica gel (elutimt: dichloromethane/acetone 5:l) followed by recrystallisation from 

acetone. Yield 327 mg (94%). m.p. 178’C (from acetone), R, 0.45 (eluant as indicated above), [Found C. 
69.09; H, 5.19; N, 10.04; C,,H,,NsOS (357.4) x 1 acetone (415.4) requires C, 69.39; H. 5.10; N, 10.1 I%]; IR 
(KBr): Y_ 3390, 2940, 1750, 1690. 1620, 1530, 1440. 1380, 1240, 1155, 830, 740 cm-‘; ‘H NMR 
(acetone-de): 6 - 3.05 (3 H. s), 6.20 (I H. ‘dd”. J 9. 1.5 HrH), 6.56-7.05 (5 H, complex), 7.37 (I H, “d”. J 
8.4 Hz). 7.72 (2 H, ‘dd‘. / 6.9, 2.4 Hz), 7.83 (1 H. s), 10.42 (1 H, s. br), 10.67 (1 H, s, br); MS (180°C): 
X!/Z - 357.1113 (IOO%.M+‘. talc. for C,,H,,NsO, 357.1 I 13). 356 (24.6). 340 (16.0). 

maleimide (lb) (arcyriarubin B): 14 (307 mg, 0.86 mmol) 

was dissolved in 10% aqueous potassium hydroxide (20 ml) at room temperature and the solution was 
acidified after 5 min with 2 N HCI. The mixture was extracted with ethyl acetate and the extract was 
evaporated under reduced pressure. The residue was heated with ammonium acetate (5 g) for 30 min nt 

14O’C (bath temperature). The mixture was cooled and after the addition of water extracted with ethyl 
acetate. The organic layer was washed with water, dried (MgSO,), and evaporated in vucuo. The residue 
was chromatographed on silica gel (eluant: dichloromethane/acetone 2:l) and 1 b recrystallised from 
methanol. Yield 238 mg (81%). m.p. 177.C. R, 0.56 (eluant as indicated above), [Found C, 67.18; H. 4.82; 
N. 11.27; C,,H,,N,O, (343.4) x 1 methanol (375.4) requires C, 67.19; H, 4.56; N, I l.l9%]; IR (KBr): umu 
3380. 1750. 1700, 1620. 1530, 1450, 1420, 1345, 1240. 1155, 810, 745 cm-‘; ‘H NMR (acetone-d,): 6 = 

6.23 (1 H, dd, J 8.4, 2.1 Hz), 6.67 (2 H, dd, J 8.4, I Hz). 6.82 (1 H, dd. / 2.1, 0.7 Hz), 6.98 (2 H, “dt”, J 
7.7, 1 Hz), 7.39 (1 H, “dt”, J 7.7, 1 Hz), 7.72 (1 H, “dd”, J 2.8, 1 Hz), 7.80 (1 H, “dd”, / = 2.8, I Hz). 7.93 
(I H, s, br). 9.67 (1 H. s. br), 10.51 (I H. s, br). 10.77 (1 H. s, br); “C NMR (acetone-d,): 6 = 97.6, 
107.5, 110.8. 112.3, 120.3. 122.4, 122.7. 122.9. 126.9, 128.3. 128.7, 129.7, 137.2, 138.4, 154.4, 173.4; MS 
(180°C): m/g = 343.0955 (100%. M+‘. talc. for C,,H,,N,0, 343.0957), 326 (I l.7), UV (MeOH): Xmox = 463 
(lg ( - 3.87). 346 (3.65), 281 (4.01). 201 nm (4.70). 
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