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Abstract - Dioxopyrrol[2,3-blindoles and their structural analogue, 

diaza[n,3,3]propellanediones were reduced by lithium aluminum hydride affording 

their hydrogenated derivatives (1) and (z), each of them representing a mixture of 

diastermmers. Under equal reaction conditions an openxhain compound (3) was 

obtained by reduction of 2,3dioxo-8,8adiphenyl-1,2,8,8a-lelrahydropymolo[2,3- 

blindole. 3 cyclize with oxalyl chloride affording 4. Under acidic conditions 1 

and 2 could be decomposed to the indole derivatives (5) and (6), respectively. 

The basic structural skeleton (I) of the alkaloid physastigmine, which has found an interest in the treatment of 

Alzheimer disease,' is also found in pyrrolo[2,3-blindole derivatives, synthesized by Kollcnz et al. through a 

* dedicated to Prof.kKatritzky on the occasion of his 65' birthday. 
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themicalFischer-indolerearrangementof4,5-disubstituted ldiphenylaminopyrmle-2,3diones, rrsultingfrom 

cyclocondensation reactiom of N,Ndiphenylhydrazones and oxalyl chloride? 

ified - the benzene ring and the pym In structure (I) two parts could be mod oldione moiety. Chemical 

modifications of the benzene ring, in particular at C-5 position, have been done by Huller? The modification 

of pyrroldione moiety we tried was to reduce one ( or both )carbony1 groups by lithium aluminum hydride 

into the CH-OH ( or  CH, ) moieties . Recently, it was reported that from a- diketones a stereoselective 

reduction to OH - groups can be achieved by using a carbonyl reductase? In all our experiments only one 

carbonyl group was reduced. This can be explained reasonably from the reduction mechanism. LiAlH, prefers 

to attack that carbonyl carbon in o-diketo compounds which exhibits higher reactivity within that reduction 

process due to a lower electron density: The experimental findings are in agreement with the hehaviour of 

LiAIH,. As shown in the Scheme, the primary Fischer-indolization process of the pyrrol-2,3diones into the 

pyrrolo[2,3-blindoles leads to an equimolar mixture of two enantiomeric molecules since from sterical reasons 

the "cis"<onfiguration of the substituents at C-3a and C-Sa, respectively, is only possible. An extraordinaly 

high ring strain would prevent the corresponding "transu-products to be formed. 

Reduction of that racemate should now lead lo 4 stereoisomers, always two of them representing a pair of 

diastereomers (lA,B). It is interesting to note, that the experimental (=spectroscopic) finding show a 

remarkable diastereoselectivity with l a  and even diastereospecifity with l b !  The reason for that selectivity 

comes from the fact, that due to sterical hinderance the LiAIH, attacks predominantly la or even exclusively 

l b  the C=O from the side opposite to the substituent at C-3a!6 



HETEROCYCLES, Vol. 37, No. 3,1994 1605 

diastereome ratio 

The structurt: of reduction products was confirmed, besides the analytical data, by spectroscopic 

measurements: 

Their spectrum of l a  shows characteristic absorption bands of N-H, 0 - H  (2900-3500), and C=O (1695 cm-I). 

In the 'H nmr spectrum, the signals of higher intensity at 2.75, 4.30 ppm (d,J=7.8 Hz) were assigned to OH 

and C-Hof lA, clarified by a NOE-experiment. Irradiating the proton at 4.30 ppm no resonance of the methyl 

group ( 1.12 ppm) was observed thus indicating their " anti "-position. In the second diastereomer(lB).the 

position of CH&-H is " syn "-, the signal of methyl group slightly shifted upfield (0.93 ppm); the low intense 

signals at 2.85 and 4.50 ppm (d,J=4.6 Hz) were assigned to the corresponding OH and C-H, respectively. 

From the integration of signals the ratio of diasterwmers (1AIB) is found approximately 84/16. The ir 

spectrum of l b  is nearly identical with that of la .  Surprisingly, in the 'H nmr spectrum of l b  only one 

diastereomer was detected: The corrcvponding OWCH-protons are found at 2.46, 4.72 ppm (d, J=4.8 Hz), 

respectively. The two protons Y and IE, of the benzyl group are chemically uncquivalent (d,'J = 12.5 Hz); 

y which is claser tc~ the OH- group, should get a downfield shift ( 2.75 ppm ) compared to & (2.2 ppm). 
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Tht: reason for the absence of the second diastereomer in l b  could be seen in the more bulky Ph-CH2- group 

which allows the LiAIH, to attack the C=O from the non-hindered side only. 

Using C-4, C-5 bridged pyrroldiones the thermal Fisher-indolization affords diaza[n,3,3]propellanes, the 

pyrroldione moiety of which again can be reduced by LiAIH, leading to the propellanes (2). 

The ir spectra of 2 exhibit characteristical absorption bands at 2900-3500 cm-' (NH, OH, CH) and 1695 cm" 

(2a)/1690 cm" (2b) (GO).  The 'H nmr spectrum of 2a makes evident a ratio of diastereomers (2AlB) of 

about 6:4. One signal of H, appeared at 4.64 ppm (higher intensity = less hindered attack of LiH, = "anti"- 

position to the -C&- bridge) coming from 2A, H, of ZB is found at 4.43 ppm (lower intensity = attack of 

LiAIH, slightly unfavoured = "syn"-position to the -C&- bridge). The corresponding OH-protons absorb at 

2.92 and 3.19 ppm (broad, exchangeable by D20). The two protons of the -CH2- bridge OL, and H,,d,%16.3 

Hz) are unequivalen1.In addilion, q is splitted into two signals (3.61, 3.82 ppm, respectively) coming from 

interaction through space with the OH- group (2A). H, is detected at 3.34 ppm. 
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The 'H nmr spectrum of Z b  exhibits He of the dia.tereomers (ZAIB) at 4.4 ppm (ZA) and 4.62 ppm (ZB) 

as singlets, their relative intensities indicate a ratio of diastcreomers of approximately 90:lO. In 2A the 

chemical shift values of the two protons (H, HJ of that CH,- group influenced by the -OH group, are found 

at 2.62 ppm (HJ and 1.95 ppm (&). The shift difference again comes from the "through space" interaction 

of the -OH group. Both signals a n  splitted due to geminal- and vicinal (-CHI group) coupling ('J=15 Hz, 'J=3 

Hz). The lower-intensity signal of H, of the diastercomer (2B) appears at 2.26 ppm. The henzylic CH, is 

observed at 2.7-2.9 ppm (multiplet). 

As an additional example the reduction of the 2,3dioxo-8,8a-diphenyl-1,2,8,8a-tetrahydropyrrolo[2,3-b]- 

indoleZd with LiAIH, was investigated. Product (3) was further subjected to react with oxalyl chloride 

aflording the indole derivative (4): 

ether 
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In contrary to the results discussed above, the primary formed reduced product is not stable but undergoes 

an elimination reaction to afford the racemic ring-opened indole derivative (3). This elimination p r o w s  has 

been observed with the d u c t  itselfd and corresponds to the la?t step of the Fischer-indolization, the 

elimination of NH,.' In the ir spectrum of 3 the NH, group absorbs at 3350,3470 cm-', the absorption bands 

at 2900-3300,1680 cm.' were assigned to OH and C=O respectively. In the 'H nmr spectrum, the signals of 

OH and C-H appeared at 3.55 and 5.32 ppm (d, J 2 . 8  Hz) respectively. The lwo protons of the amide-group 

are chemical nonequivalent (5.55,6.12 ppm, respectively), demonstrated by a D20-exchange experiment. The 

open-ring structure of 3 was further confirmed by "C nmr measurement?: Only one sp3 carbon was detected 

at 67  ppm (d, J=137.5 Hz). the signal at 176 ppm was assigned to the amide-carhonyl. 

The ir spectrum of 4 shows the characteristic absorption bands of 0-H (3000-3300), 0-C=O (1770) and N- 

C=O (1725 cm"). In the 'H nmr spectrum the signals at 6.42 and 12.55 ppm were assigned to the C-H and 

OH protons respectively. The element analytical data as well as the 'H nmr spectrum ( s, 2.36ppm, PhCH,) 

indicated the product crystallizing with one half mole of solvent (toluene). From the1" nmr spectrum of 4 

the assignment of signals is easy : 75.5 (d,J= 135 Hz, chiral carbon), 168.6 (s, 0 - G O ) ,  154.0 

(s, N-GO), 141,7 ppm (s, ring-C=N). 

Indole derivatives (5) and (6). respectively, were obtained in yields of 76-93%, when compounds (1) and (2) 

werr: treated with acidic ethanol. Using oxalyl chloride instead of acidic ethanol gave the same results: 

It is interesting to note, that the indoles (Sa, 6a and 6b) were also obtained from the corresponding non- 

reduced pyrrol[2,3-b]indoledionw: or  diaza[n,3,3]propellanediones by hydrolysis with alkaline H20, or 

heating.&=% In contrast, hydrolysis in acidic medium leads to quite different products." The structure of the 

indoles were determined and confirmed by spectroscopic and analytical data or compared with the 

corresponding data from the literature.*x," 
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EXPERIMENTAL 

Melting points were determined on a Tottoli Apparatus and ate uncorrected. Elemental Analyses were 

performed with a Carlo Erba Elemental Analyzer. Ir spectra were recorded on a Perkin-Elmer 421. 'H and 

"C-nmr spectra were obtained on a Varian 200 Gemini spectrometer with TMS as internal standard. 

General Procedure of Reduction: To a stirred suspension of the educt (pyrrolo[2,3-blindola or 

diazapropellanes) (0.6 mmol) in 50 ml of dry ether, 0.8 mmol(30.4 mg) of lithium aluminum hydride (1 M 

solution in ether) were added dropwise. Then the mixture was stirred at room temperature for about 4 h. The 

complex formed was decomposed by adding water. After filtration, the ether layer was washed with water 

twice, dried over anhydrous magnesium sulfate. Ether was removed and the crude products were recrystallized 

from cthanol (la, 2a, 2b) or benzene (lb,  3). 

2-0x0-3-hvdroxv-8,8a-di~henvl-1.2.3.3a.8.8a-hexahvdro-3a-methvlnvrroo2.3-lindole (la): Yield 0.15 g 

(70%), mp 234°C. Ir(KBr): 3320 (NH), 2900-3500 (OH), 1695 cm-' (GO).  'H Nmr (CDCI,): 0.93 (s, CH, 

of IB), 1.12 (s, CH, of lA), 2.75 (d, I= 7.8 Hz, OH of IA), 2.85 (d, J= 4.6 Hz,OH of lB), 4.30 (d, J=7.8 
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Hz, C-H of lA), 4.50 (d, J= 4.6 Hz, C-H of lB), 6.28 (s, lH, NH), 6.6-7.6 (m, 14H , Ph-H). Anal. Calcd 

for%w20,: C.77.51; H, 5.66; N, 7.86. Found: C, 77.47; H, 5.51; N, 7.80. 

2-0xo-3-hvdroxv-8.8adinhenvl-1.2.3.3a.8.8a-hexahvdm-3a-benl~volo2,3-blindoe (lb): Yield 0.15 g 

(59%), mp 228°C. Ir(KBr): 3330 (NH), 2900-3500 (OH), 1685 cm-' (C=O). 'H Nmr (CDCl3: 2.29 (d, 

k12.5 Hz, IH, CH& 2.46 (d, J=4.8 Hz, lH, OH), 2.75 (d, J=12.5 Hz, IH, CHJ, 4.72 (d, J=4.8 Hz, lH, 

C-H), 6.32(s, IH, NH), 6.6-7.7 (m, 14H, Ph-H). Anal. Calcd for C&HxN20, : C, 80.53; H, 5.59; N, 6.48. 

Found : C, 80.50; H, 5.26; N, 5.97. 

12-0xo-13-hvdroxv-5-~henvl-5H.10H-9h.4b-iminoeihanoindeno1.2-blindole (Za): Yield 72 mg (34%), mp 

244°C. Ir(KBr): 3300 (NH), 2900-3500 (OH), 1690 cm-' (C=O). 'H Nmr(CDC13: 2.92 (s, OH of 2B), 3.19 

(s, OH of ZA), 3.34 (d, J=16.3 Hz, IH, HJ, 3.61 (d, J=16.3 Hz, K of ZB), 3.82 (d, J=16.3 Hz, II, of ZA), 

4.43 (s, q of ZB), 4.64 (s, Y of ZA), 6.2-7.6 (m, 14H, Ph-H and NH). Anal. Calcd for C&H,,N,O, : C, 

77.94; H, 5.12; N, 7.91. Found: C, 78.09; H, 5.15; N, 7.83. 

13-0x0-14-hvdroxv-1 I-~henvl-5.6dihvdro-6a.l la-iminoethanohenzolalcarbaml(2b): Yield66rng(30%),rnp 

216°C. Ir(KB1): 3360 pH), 2900-3500 (OH), 1690 cm-' (GO). 'H Nmr(CDC1,): 1.95 (td, %I5 Hz, 'J=3 

Hz, H,,), 2.26 (dd, 'J=12.5 Hz, 'J=3 Hz, q of ZB), 2.62 (dl, 5=15 Hz, 3J=3 Hz, H, of ZA), 2.70-2.90 

( m, 2H, CHd, 4.40 (s, H, of ZA), 4.62 (s, H, of ZB), 6.3-7.7 (m, 13H, Ph-H). Anal. Calcd for GH,N20, 

: C, 78.24; H, 5.47; N, 7.61. Found: C, 78.38; H, 5.24; N, 7.82. 

2-Hvdroxv-2-f1.2di~henvl-indol-3-vl~acevlamide (3): Yield 115 mg (56%), mp 210°C. Irmr): 3350,3470 

2900-3500 (OH), 1680 cm-' (C=O). 'H Nmr (CDC13: 3.55 (d, J=2.8 Hz, lH, OH), 5.32 (d, J=2.8Hz, 

IH, H), 5.55, 6.12 (2% 2fk ma, 7.0-7.8 (m, 14H, Ph-H). NNI (CDCI,): 176 (GO), 141, 138, 132.6, 

131, 129.8, 127.8, 126.8, 125.8, 124.8, 122.9, 121.5, 119.8, 118.3, 112.6, 111.9, 109.4, 67 (d, 'Jz137.5 Hz, 
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C-H). Anal. Calcd for C&H,,N20, : C, 77.17; H, 5.30; N, 8.18. Found : C, 77.17; H, 5.32; N, 8.07. 

1,2-Dinhenvl-3-lhvdroxv-(4,5dioxo-4.5dihvdro-1,3~xawl-2-vl~methvllindole (4): To 0.12 g (0.35 mmol) 

of 3, mixed with 20 ml of ether, diluted oxalyl chloride (0.08 ml (0.92 mmol) + 2 ml ether) was added 

dropwise. The mixture was stirred at room temperature for 40 min. Then the solvent was removed in vacuo 

and the residue was triturated with ether and petroleum ether. After suction the crude product was 

recrystallized from toluene. Yield 87 mg (63%), mp 170°C (decomp.). Ir(KBr): 3000-3300 (OH), 1770 

(0-GO), 1725 cm"(N-C=O). 'H Nmr (DMSO-d,): 6.42 (s, IH, CH), 7.1-7.85 (m, 14H, Ar-H), 12.55 (s, IH, 

OH). '% Nmr(DMSO4,): 168.6 (0-GO), 154.0 (N-GO), 141.7 (C=N-), 137.3, 136.7, 131.2, 130.4, 129.4, 

128.6, 127.6, 126.9, 125.1, 124.1, 122.1, 120.5, 118.9, 111.4, 109.7, 107.4, 75.5 (d, C-H). Anal. Calcd for 

GH,,N,O,+ 112 Toluene : C, 74.64; H, 4.56; N, 6.33. Found : C, 74.84; H, 4.58; N, 6.36. 

3-Methvl-1.2-dinhenvlindole (5a): a) The solution (2 ml) of concentrated HCI and ethanol (1:l) was added 

to the ethanol solution (3 ml) of l a  (30 mg, 0.08 mmol) until the mixture gets turbid. Keep stirring at room 

temperature for I h, then a white solid is obtained by suction and recrystallized from ethanol. Yield 21 mg 

(93%), mp 116°C (lit.,48 115'C). 

h) To 0.2 g (0.56 mmol) of la ,  suspended in 20 ml ether, diluted oxalyl chlorid (0.08 ml (0.92 mmol) in 5 

ml ether) was added dropwise with stirring at room temperature for half an hour. After removing part of the 

ether a solid precipitated and was recrystallized from ethanol. Yield 0.14g (88%), mp 114°C (lit.,"' 115°C). 

Anal. Calcd for G,H,,N : C, 88.99; H, 6.05; N, 4.94. Found : C, 88.93; H, 5.90; N, 4.92. 

1.2-Dinhenvl-3-henzvlindole (Sb): A solution (2mI) of conc. HCI and ethanol (1:I) was added to 0.1 g (0.23 

mmol) of l b ,  dissolved in 10 ml of ethanol, and stirred at room temperature for 2 h. Then the solvent was 

removed and the residue treated with ether and water. The ether layer was separated and washed with waler 

twice, dried over anhydrous magnesium sulfate. After evaporation, the residue was recrystallized from ethanol 



to give colorless crystals. Yield 63 mg (76%), mp 104°C. Anal. Calcd for C&H,,N : C, 90.23; H, 5.89; 

N, 3.90. Found : C, 90.16; H, 5.89; N, 3.84. 

General Procedure for the Svnthesis of 6% 6b : 

To 0.1 g of 2a (0.28 mmol) or 2b (0.27 mmol), suspended in 3 ml of ethanol, 5 ml of a mixture of 

concentrated HCI and ethanol (1:l) was added and stirred at room temperature for 2 h. Afler suction, the 

crude product was recrystallized from ethanol. 

5-Phenvl-5.10dihvdroindenoll.2-blindole (6a): 

Yield 42 mg (54%), mp 102°C (lit.,Y 103-104°C). 

11-Phenvl-5.6dihvdrobenzdalcarbazole f6bk 

Yield 6 4  mg (80%), mp 13S°C (lit.,"' 140°C). 
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