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Abstract - Photocyclization of N-Benzylenaminone (7) led to azacarbolinones 

products which were fragmented to unexpected aldehydes (9) and (11). 

Interest in carbazole alkaloids has increased considerably during the past years13 and this was the result of the 

potential pharmacological activity4 of new types of substances including pyrido[b]carbazoles e.g. ellipticine.5 

Moreover, carbazoles are part of the framework of many complex alkaloids isolated from plants belonging for 

example to the As~idoswrma and Stwchnos families. In  spite of thar structural specifmty, most of.carbazole 

alkaloids, especially when they are selectively functionalized, are d~fficult to prepare.'-3 Recently, a new 

approach to this framework by using a photocyclizatlon of aq4enaminones as the key step has k e n  described6 

and used for the elaboration of Asoidosmnna alkaloids.'Our program consists of an extent of t h ~ s  methodology 

and is more reliable to azaindolic structures since it has k e n  demonstrated that nitrogen atom led to potentiality or 

modification of pharmacological a c t i ~ i t y . ~  We present here our results on the photocyclmtion of amenaminones 

(1) precursors of azacarbazoles synthons (2) (Scheme 1). 

1 R s H or benryl 2 R=Horbenzyl 
Scheme 1 
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The first step in the synthesis is the preparation of the starting materials (1). This was realized by slight changes 

of the reaction parameters (concentration, temperature, stoichiometry) of the previously described methcdology.6 

So, condensation of 2 and 3-aminopyridines (3.4) with an excess of cyclohexanedione at low concentmtlon gave 

high yields of the enamino ketones (5 )  and (6). The use of the same approach with 

4aminopyridine failed. 

Transformation of secondary enaminone (6) to tertiary enamino ketone (7) by N-alkylation was realized in 

quantitative yield (see experimental part). In the same conditions or even under drastic reaction conditions 

(DMF, reflux, 3 h.) it was impossible to protect compound (5) (Scheme 2). 

5 X=N Y;CH 7 
6 Xa- H Y-N 

Reagents and conditions : (1) cyclohexanedione, p-toluenesulfonic acid I toluene . reflux (7 h) ; (ii) NaH, 

dry toluene, benzyl chloride, reflux (2 h) 

Scheme 2 

Photocyclizat~on of enamino ketones (5.6 and 7) was conducted In a deoxygenated benzene or  benzeneIMeOH 

(1: 1) solution at 22'C with a medium pressure mercury uv lamp (400 W) during 2 or 3 hours. Photccylization of 

5 or 6 gave only starting materials as prev~ously reported from arylenaminones.6 In the photocychzation of 7, 

formatron of two regioisomers were e ~ p e c t e d . ~  Irradiation of 7 gave a mlxture of compounds (8). (9) and (11) 

in 60%, lo%, 5% y~eld, respectively. No hexahydrocarbazole structures were identified in the crude mlxture 

(Scheme 3). 

Structure of 8 and unexpected and unstable bicyclic compounds (9) and (11) were well established on the basis 

of their spectral data. The smcture of the regioisomeric compound (8) [m/z : 276(M+), 248 and 91(100%)] was 

supported by spectral data with in particular Vmax (KBr) 1680(C=0) and 8 (CDC13) 8.14 (IH, d, H-9), 

8.41(1H, d, H-8) and 8.70(1H, s, H-6) which prove that cyclization occurs at the position of the pyridinlc 

azote. In addition, the aldehydic compound (9) is issued @ the indolic structure (8). The 1H-nmr spectrum 
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showed the E-methyl and CHO signals at 6 :2.85 and 9.90, respectively. This structural assignment was 

consistent by mass spectral evidence [mlz : 294(MC), 225 and 91(100%)]. For compound (11). ir spectrum 

(KBr) indicated the presence of two wbonyl  absorptions at vmax 1680 and 1693. In the l ~ - n m r  spectrum, the 

formyl proton was found at 6 (CDC13). 9.49(1H, d). In additron to the benzyl srgnals, proton assignment was 

made on the basis of NOE effects, proton coupling consrants and gave unequivocally the following values : 

H-3(7.20), H-5, 5'(2.78), H-6,6'(2.19), H-7,7'(2.55). Tu-re la t ionship  between H-1' and H-2' was evldent 

from the observation of a positive NOE effect. The '3C-nmr spectrum, in accord with the proposed structure, 

revealed the presence of 14 sp2 carbons, panrcipatmg In two carbonyl groups and an olefinic double bond 

conjugated with the aldehydic carbon. 

10 11 

Reagents and conditions : C6HdMeOH. rrradlation (400W Uv lamp, 3 h), Pyrex reactor 

Scheme 3 

These results showed that 7 cyclizes to either of the two pos~tions on the pyridine ring preferentially to the 

y-position to glve 8 rather than 10. In addition, uv spectrum of 8 showed a large absorption in a range near 300 

nm and could act as an internal filter for the reaction (some starting compound still r emand) .  Compounds (9) 

and (11) were photoreactive products issued from C-N cleavage of azacarbazoles (8) and (lo), respectively. 
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EXPERIMENTAL 

General. Ir spectra were recorded with a Perkln-Elmer 377 spectrophotomekr. Absorption bands are expressed in 

centimeters (cm-1) using polystyrene calibration and only noteworthy absorptions are listed. IH- and L3C-nmr 

spectra were recorded on a Briiker EM-360 spectrometer working at 300 MHz (IH-nmr) and 75  MHz 

('3C-nmr). Chemical shift data are reported in ppm downfield 6 from TMS. Coupling constants, J, are given in 

Hz; s, d, t and m indicate singlet, doublet, triplet and multiplet, respectwely. Mass spectrometry was done on a 

LKB 2091 instrument. lrmdiatlons were carried out in a pyrex glass vessel using a medlum pressure mercury 

lamp (Philips 400 W). Before irradiation, the reaction mixture was flushed wlth a stream of argon to remove 

oxygen. TIC was carried out on Sil& (Silica gel 60, Merck 0.0063-0.20 mm) and the spots were located with uv 

Ilght. Hash column chromatography was carried out on SiOz (Silica gel 60, Merck 0.040-0.063 mm). 

Pre~aration of enaminone (5) :A mixture of 2-aminopyridine (3) (3.3 g, 0.035 mol), 1,3-cyclohexanedlone (3.8 

g, 0.035 mol), ptoluenesulfonic acid (0.05 g) and toluene (175 ml) was refluxed under a Dean-Stark head for 

7 h. After neutralization with solid K2C03, the benzene solution was filtered. On cooling the filtrate gave a 
- 

crystalline product. The precipitate was washed with ether, and extracted three times with CHzCI2. After solvent -- 
-> 

removal, the residue was purified by chromatography on sillca gel with CH2CI2-MeOH (90:10, vlv) to provide 5 

as a colorless oil. Treatment of the mixture wlth cold ether resulted in the crysrallization of 5 as colorless prisms 

mp 180-182°C; ir (KBr) V-3480,3250, 1978, 1523: 1H-nmr (300 MHz, DMSO-6) 6 1.91(m, 2H, H-5.5'). 

2.20(t, 2H, J = 6.5 Hz, H-6.6'). 2.55(t, 2H, J = 6 Hz, H-4.47, 6.85(s, IH, H-2). 6.96(m, IH. 

H-1 I), 7.02(d, IH, J I Z , I ~  = 8.5 Hz, H-13), 7.69(td, IH, J ~ ~ J z  = 9 Hz, J10,12 = 2 HZ, H-12). 8.28(d, IH, 

Jlo.1 I = 5 Hz, H-10). 9.24(s, lH, NH); I3C-nmr (75 MHz, DMSO-ds) 6 21.51(C-5). 28.68(C-6), 36.38(C-4). 

104.78(C-2), 113.62(C-13). 1 7 9 C - 1 1 ,  137.56(C-l2), 147.37(C-lo), 154.17(C-3). 158.04(C-8). 

197.36(CO); Anal. Calcd for Cl1HlzNzO : C : 70.21; H : 6.38; N : 14.89. Found : C : 70.25; H : 6.31: 

N : 14.71. 

Enaminone 16) :Enaminone (6), recrystallized from benzene, was obtained by the above procedure mp 165- 

167'C; ir (KBr) v,, 3402,3208, 1550, 1503; 'H-nmr (300 MHz, DMSO-d6) 6 1.90(m, 2H, H-5.57, 2.18(t, 

2H, J = 6.5 Hz, H-6,6'), 2.51(t, 2H, J = 6 Hz, H-4.4'). 3.34(s, IH, NH), 7.40(m, IH, H-10). 7.62(m, IH, 

H-9). 8.32(dd, IH, J9.11 = 1.5 Hz, JIOJI = 5Hz ,  H-11). 8.40(d, J9.13 = 2 HZ, H-l3), 8.95(s, IH, H-2); 



HETEROCYCLES, Vol. 38, No. 6,1994 1245 

13C-nmr (75 MHz, DMSO-d6) 6 21.41(C-5). 28.33(C-6), 36.3qC-4). 98.56(C-Z), 123.84(C-9). 129.99 

(C-lo), 135.8(C-8). 144.32(C-13), 145.05(C-11). 161.78(C-3), 195.67(CO); Anal. Calcd for C I I H ~ ~ N Z O  : 

C :  70.21; H :  6.38; N :  14.89. Found : C :  70.31; H :  6.25; N :  14.75. 

N-Benzvlation of enaminone (6) :To a suspens~on of sodium hydride (60 % dispersion in oil) (245 mg, 10.3 

mmol) in 30 ml of dry toluene, under nitrogen, was added dropwise a solution of enaminone (6) (1.5 g, 7.9 

mmol) dissolved in 200 ml of toluene. The mixture was refluxed for 1 h, followed by stirring at room 

temperature for another 1 h. The mixture was then cwled in an ice bath, and benzyl chloride (1.62 g, 12.9 mmol) 

was added portionwise and the solution was refluxed for 2 h. The reaction mixture was poured Into cold water 

and the layers were separated. The aqueous phase was extracted (CH2C12) and the organlc extracts were dried 

(MgS04). After solvent removal, the res~due was purified on s i l m  gel ( S i q )  with CHZCl2-MeOH (90: 10, vlv) 

as eluent to glve 2.13 g (97% yield) of ketone (7) as an oil : IH-Nmr (300 MHz, CDCI3) 6 : 1.69(m, ZH, 

H-5.5'). 2.27(m, 4H, H-6.6' and H-4,4'), 4.81(s, 2H, CH2). 5.35(s. 1H. H-2). 7.13(d, IH, Jl2.13 = 7,Hz. 

H-13). 7.23(m, 5H. H-Ph), 7.44dd. IH, J11.12 = 4 Hz, H-12). 8.39(d, lH, Js, l l= 2 Hz, H-9). 8.45(d, IH, 

J11.12 = 4 HZ, H-11);I3C-nmr (75 MHz, CDCl3) 6 22.18(C-5). 28.21(C-6), 35.82(C4), 56.29(NCH2), 

102.45(C-2). 123.90(C-12). 126.72(C-Ph), 127.53(C-Ph), 128.65(C-Ph), 135.08(C-13), 135.81(C-Ph), 

140.61(C-8), 148.19(C-9). 149.01(C-11). 164.18(C-3). 197.43(CO); Anal. Calcd for ClgHlsN20 : C : 77.70; 

H :  6 .47;N:  10.07. Found: C :  77.65;H: 6.52;N: 9.89. 

Photccvclization of enaminone (7) : A solut~on of enaminone (7) (200 mg, 0.72 mmol) in C&JMeOH (300 ml, 

1:l) was irradiated under argon during 3 h in a Pyrex reactor wlth a 400 W medium pressure uv lamp. After 

evaporation of the solvent, the res~due was purified by flash chromatography (SiOz), with AcOEt as eluent to 

give 10 mg (5% yield) of vinyl aldehyde (11) as viscous oil : Ir (KBr) v,, 1693, 1680, 1120; IH-nmr (300 

MHz, CDC13) 8 : 2.19(m, 2H, H-6.6'). 2.55(t, 2H, J = 6 Hz, H-7.7'). 2.78(t, 2H, J = 5.5 Hz, H-5.5'). 

5.28(s, 2H. NCHz), 6.49(dd, lH, J I - 2  = 13 Hz, JT,CHO = 8 HZ, H-27, 6.97(m, 2H, H-Ph), 7.20(s, IH, H- 

3). 7.21(d, lH, JI.,T= 13 Hz, H-I'), 7.35(m, 3H. H-Ph), 9.49(d, IH, JZ*,CHO = 8 Hz, CHO) ; 13C-nmr (75 

MHz, CDC13) 6 : 22.16, 23.17, 37.85, 47.58, 110.24, 122.04, 125.54, 126.18, 128.30, 129.40, 130.53, 

135.51, 138.78, 148.19, 192.87, 193.90 ; ms (mlz, relat~ve intensity) 279(Mf.25), 250(8), 188(22), 91(100); 

&id. Calcd for ClgH17Nq : C : 77.42; H : 6.09, N : 5.02. Found : C : 77.40, H : 7.14; N : 4.92. 
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Further elution gave keto aldehyde (9) recrystallized from benzene (21 mg, 10%). mp 80-82°C : Ir (KBr) v- 

1732, 1670, 1477, 1262, 1110 ; 'H-nmr (300 MHz, CDC13) 6 : 2.21(m, 2H, H-6.69, 2.58(t, 2H,J = 5.5 Hz, 

H-7,7'), 2.75(t, 2H, J = 5 Hz, H-5.5'). 2.85(s, 3H, CH3). 5.18(s, 2H, NCHz), 6.42(s, IH, H-1'). 7,01(m, 

2H, H-Ph), 7.42(m, 3H, H-Ph), 9.90(s, 1H. CHO); ms (mlz, relative intensity) 294(M+, 2), 281(10), 238(12), 

225(24), 91(100); Anal. Calcd for ClgH18N202 : C : 73.47; H : 6.12; N : 9.52. Found : C : 73.39; H : 6.27; 

N : 9.41. Fractions eluted with AcOEVMeOH (9: 1) on evaporation gave 60% (121 mg) of 8 as very pale yellow 

prisms (recrystallization solvent : benzene) and 20 mg (10% yield) of recovered enaminone (7). Compound (8) : 

mp 120-122°C; ir (KBr) V,, 1680; IH-nmr (300 MHz, CDC13) 6 : 2.24(m, 2H, H-3,3'), 2.59(t, 2H, J = 5 Hz, 

H-4,4'), 2.91(t, IH, J = 5.5 Hz, H-2'). 5.39(s, 2H, NCH2), 7.06(m, 2H, H-Ph), 7.30(m, 3H, H-Ph), 8.14(d, 

1H. J = 5 Hz, H-9). 8.41(d, IH, J = 5 Hz, H-8), 8.70(s, lH, H-6) ; I3C-nmr (75 MHz, CDCI3) 6 22.22, 

23.08, 37.64, 47.847, 115.72, 126.14, 128.14, 129.13, 130.60, 132.45, 134.06, 135.18, 141.90. 154.43, 

193.58. ms (mlz, relative intensity) 27qMf. 35), 248(30), 219(15),91(100); Anal. Calcd for C18HL6N20 : C : 

78.26: H : 5.80; N : 10.14. Found : C : 78.09; H : 5.65; N : 10.11. 
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