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AbstlBet- 3-Anillno-eyclohex-2-enones la- lc  are prepared from anlllnes and 

5.6-dlmethyl-1.3-cydohex~nedlone. Anodic oxldatlon of l a  affords the 

pbenzoqulnone monolmlne dimethyl aeetal 4, that  is cyeilzed with CFQC02H 

to the tetrahydrocarbazole 6. Lead tetraacetate oxldatlon of l c  leads directly 

t o  the tetrahydrocarbazole 9. 

Enamlnones can be dlmerlzed a t  the anode to 3.4-dlketopyrroles2. Slmllarly aryl ethers can be 

coupled to blaryls3. W e  were Interested to flnd out, whether the comblned electrophores can be 

anodically coupled to afford heterocycllc compounds4. Here we report on the cycllzatlon of 

3-anillno-cyclohex-2-enones to tetrahydmesrbazoles. N-2-Haloaryl aubstltuted enamlnones can be 

wellzed to tetrahydrocarbasoles by photolyels5 or copper(])-catalysis6. N-Arylenamlnones without a 

halo substftuent cycllze photachemleally to h e x a h y d r a ~ a r b a z a l e s ~ ~  or by subsequent 

dehydrogenation to c a r b a ~ o l e s ~ ~ .  

The 3-anillno-cyclohex-2-enones la ,b  were prepared accordlng to ref.' from 6.6-dlmethyl-1.3-cy- 

cyclohexanedlone and 3.4-dlmethoxyanlllne or aniline in 86% or 66% yleld, respectively. Enone l e  

was obtained In 81% yleld by methylatlon of l a  with sodium hydride and methyl iodide in toluene. 

+ HJS wishes to dedicate thls paper to SLr Derek Barton on the occasion of his 70th blrthday 



In cyclic voltammetry (glassy carbon anode. 0.1 M NaCL04 in MeOH) l a  exhibits three lrreverslble 

oxldation peaks at E = 0.80. 1.07 and 1.60 V (vs. SCE). Those of l e  are found a t  E = 1.00. 1.25 
P P 

and 1.66 V (SCE). whllst those of l b  appear a t  potentiale of 1.50 V and hlgher. More anodlc 

oxldation potentfals for l b  are  reasonable as here the two electrondonating methoxy groups of l a , c  

are misslng. 

Controlled potentlal electrolysis (cpe) of l a  a t  1.00 V (SCE) a t  a graphlte anode in an  undlvlded 

cell a t  1 0 " ~  afforded after current cansumptlon of 2.6 FIMol and the total conversion of l a  in 72% 

yield the lmino aeetal 4, whlch exhlblts in Its cyclovoltammogram three oxidatlon peaks at  E = 
P 

1.38. 1.63 and 1.86 V (SCE). At the  applied mode potentlal of 1.00 V (SCE) i t  i s  thus  lnert 

against further oxidatlon. The lmlne 4 i s  probably formed by oxldatlon of la to  the  radlcal catlon. 

Its methanolysis to 2a. further oxidation of 2a to  the cation 3 and deprotonatlon to 4 (eq. 1). 



HETEROCYCLES, Vol 28, No 2, 1989 

The Intermediate radlcel cation la" did not undergo the  expected cycllzation. presumably because 

I t  was trapped by methanolysls prior to  the  cycllzatlan. The lmlne 4, however, seemed to be a good 

precursor to form with acids a azapentadlenyl cation 6, that  could undergo an  electrocycllc ring 

closure to  the tetrahydrocarbazol 6 (eq. 2). analogous to the eyellzatlon of pentadlenyl eatlons8. 

When 2 was treated in methylene dlehloride a t  - 3 5 ' ~  wlth a catalytic amount of CF3C02H/ 

(CF3CO)Z0 (20:l) 41% of the tetrahydrocarbazole 8 was ylelded. Side products were polymers of 

unknown etructure. Other acids, as ptoluenesulfonlc acld dld not increase the  yleld of 6.  

BF3 etherate led to  tars. 

The enone l c  was chosen as the  next substrate,  because here the  deprotonatlon at nltrogen, which 

perhaps prevented the  cycllzation of the  radical cation of la. was not possible. When l c  was 

electrolyzed under slmllar eondltlons as In after consumption of 8 FlMol and total eonverslon of l c  

the compounds 4 (16%). 7a (38%). 7b (6%) and 7c (8%)  were found. The formation of the  products 

can be ratlonallzed the following way (eq. 3). The radlcal cation of l c  reacts to  3b tha t  undergoes 

demethylatlon to 4'' or hydrolysis to  78. The enaminoketone 7a is further oxidized a t  the  methyl 

group to 7b and 7c1'. 



Controlled potential electrolysis of I b  a t  1.60 V (SCE) in methanol led to  an  unseparabie product 

mixture, posalbly at this potentlal the products are further oxidized. The oxidation wlth lead 

tetraacetate proved to  be more successful, although the  oxidation in methylene diehloride was not 

encouraging, because chlorination to 8 (eq. 4) was found. However, in acetic acid within 3 h a t  

room temp 66% tetrahydrocarbazole 9 was obtained. The yield i s  two- to  threefold higher than this 

found with the more expensive pailadlum acetate8. 

The anodic eyellzstlons of N-benzyl- and N-2-phenethylenamlnone~~ are published In a semra te  

paper. 

Support of this work by the  Arbeitsgemelnschaft lndustrleller Porschungsverelnlgungen (AIF) and 

the  Fonds dsr  chemlschen lndustrie i s  gratefully acknowledged. 

EXPERIMENTAL 

Equipment far ~Yciovoltammetry (CV) and preparative e l e c t r o ~ y s e s ~ ~ .  

Preparative electrolyses were conducted in methanol (0.1 M NaCi04) in an undivlded cell (anode: 

LO6 ern2 graphite eyelinder IP 127. Sigri-Meltingen. FRGI, cathode: graphite rod) at I O ~ C .  For work- 

UP the  electrolYte was rotaevaporated in the  cold, the  residue extracted with CH2ClZ (6x60 mi), 

insoluble supparting electrolyte was filtered off, the CH2Ci2-solution dried (MgSO4) and the  crude 

product was Purified by chromatography lhigh pressure liquid chromatography (HPLC) on silica gel 

Si 00. 7um (Merck)I. 

3-Anlllno-6.6-dlmeth~Ie~c10hex-2-enone (Ib): A solution of anlline (3.00 g, 32.3 mmol). 

6.6-dlmethyl-1.3-cyclahexanedione (4.61 g. 32.26 mmol) and 2 drops of cone. sullurie acld in 200 

mi of abs. toluene were heated 6 h in a Dean-Stark trap. After concentrating the  solution and 

recryetallizatlon (acetone : hexane. 1 : l )  l b  (4.6 g. 20.96 mmol. 66%) was obtained, mp 181-182'~ 

(lit.I3 mp 1 8 1 ~ ~ ) .  Ir (CH2C12) u 3390. 1610, 1676. 1600 cm-l; 'H-nmr (CDC13) Nppm) 1.04 (s, 6H). 

2.18 (8 ,  ZH), 2.37 (a, 2H). 4.66 (s, in),  7.09-7.29 (m, 6H), 7.81 (s, 1H):ms (70eV) m/z (%I 216 (M+. 

82). 198 (18). 169 (100). 
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2 2  (la): 3.4-Dimethoxyanlllne (1.00 g. 6.63 

mmol) and 6.6-dlmathyl-1.3-cyclohexanedlone (0.951 g, 6.63 mmol) In 160 ml of abs. toluene 

ylelded as above after recrystalllzation (n-hexane:acetone, 1:l)  l a  (1.62 g, 6.66 mmol, 86%) In 

yellow needles. mp 2 0 3 - 2 0 4 ~ ~ .  Ir (KBr) v 3400. 1610. 1680. 1600; uv (ethanol) ;ma,(€) 310 (19098), 

236 (8366); 1 ~ - n m r ( ~ ~ ~ ~ 3 )  d 1.11 (s, BH), 2.20 (s, 2H), 2.34 (s, 2H), 3.83 (s, 38). 3.88 (s, 3H), 5.42 

(s. IH), 6.40 (8. 1H). 6.70-6.83 (m, 3H); ms (70eV) mlz (90 276 (M++l. 20). 276 (H+. 100). Anal. 

Calcd for C16H21N03: C. 69.79; H. 7.68; N, 6.08. Found: C. 69.70; H. 7.76; N. 6.00. 

0 ( l d :  A solutlon of l b  (0.60 g, 

1.81 mmol) in 100 ml of abs. toluene was heated wlth sodlum hydrlde (48 mg. 2 mmol) for 1 h a t  

reflux. Aher addltlon of methyl lodlde (0.26 g. 1.81 mmol) In 10 ml of abs. toluene and refluxlng 

for 2 h. 60 m1 of Ice water was added, the argsnlc layer was separated, the aqueous layer was 

extracted wlth chloroform (3x60 ml) and the comblned organlc Layers were drlad (MgS04). 

Chromatography of the crude product (HPLC, methylene dlchlorlde : ethyl acetate : methanol, 4:4:2) 

ylelded l e  (0.42g. 1.46 mmol, 81%) as a llght yellow oll. Ir (CH2C12) v 2680, 1610, 1660. 1600; 'H- 

nmr(CDC13) d 1.26 (8, BE). 2.16 (8 .  28). 2.26 (s. 28). 3.30 (8. 3H). 3.93 (s. 3H). 3.97 (6 .  3H). 6.36 

(e, lH), 6.66-6.90 (m, 38); ms (70eV) m/z (%I 289 (100). 272 (98). Anal. Calcd for Cl7HZ3NO3: C, 

70.66; H, 8.01; N, 4.64. Found: C, 70.44; 8 ,  8.07; N, 4.94. 

Electrolvsls of lb: l b  (0.30 g. 1.09 mmol) was electrolyzed in 90 ml of methanol (0.1 M NaCIO4) a t  

a graphlte anode a t  1.00 V LSCE) untll 2.6 P/Mol and all of l b  (DC-control) was consumed. After 

work-up and HPLC-purlflcatlon (methylene dlchlorlde : ethyl acetate : methanol, 4:4:2) N-1-6.6- 

d l m e t h y l c y c l o h e x - l - e n - 3 - o n e ) - 1 . 1 . 2 - t r i m e e x a d l e n - 4 - l m l n e  (4) (0.239~. 0.78 mmol. 

72%) WBB obtalned as a brawn 011. Ir (CH2C12) v 2900. 2820. 1646. 1690; uv (ethanol) ;max(e) 266 

(12910): 1 8 - n m r ( ~ ~ ~ 1 3 )  6 1.17 (8,  BH), 2.3 (s, 2H), 2.33 (8, 2H), 3.32 (8, 6H), 3.78 (8, 3H), 6.36 ( 8 ,  

IH). 6.68 (s, 1H). 6.34 (d. 1H. J112Hz). 6.56 (d. 1H. J=12Hz); mS (70eV) m/z (96) 306 (M+, 20). 290 

(40). 274 (64). M +  (MS) Calcd fop C17H23N04: 306.1626. Found: 306.1617. 

Conversion of4 Into 6: 4 (0.10g. 0.32 mmal) In 36 ml of methylene dlchloride was stirred for 2 h 

a t  -36% under nltrogen wlth 0.1 ml of trlfluoraacetlc acld/trlfluoraaeetle anhydrlde (20:l). The 

brawn-black solutlon was then neutralized to pH -8 with a saturated sodium bicarbonate solutlon. 

Work-up and chromatography (HPLC, methylene dlchlorlde : ethyl acetate : methanol. 4:4:2) yielded 

2.3-dihydro-6.7-dlmethoxy-2,2-dlmethylcarbazol-4lH-one (6) (36 mg. 0.13 mmol. 41%) as  a 

yellow all. Ir (CH2CI2)v 3430. 1640. 1690 em-'; 1 ~ - n m r ( ~ ~ ~ 1 3 )  6 1.16 (s, BH), 2.46 (s. 2H), 3.88 (s, 

3H). 3.86 !s. 3H). 6.86 (6. In). 7.68 (s. 1H). 8.68 (s. 1H): m s  (70eV) mlz 0 6 )  2.73 (M+. 100). 268 

(30). 217 (29). Anal. Calcd for C16HlgN03: C, 70.30; H, 7.00; N. 6.12. Found: C, 70.40; H, 7.04: N, 

6.19. 



&&ctrolvsls of l q  l c  (160 mg. 0.619 -01) was electrolyzed. as  lb ,  until 6 FlMol was consumed. 

Usual work-up and chromatography yielded three fractions: a) 4 (23 mg. 0.077 mmol. 16%): b) 16 

mg of a 1:l-mixture of 3-(N-methoxymethylamlno)-6.6-dlmethylcyclohex-2-enone (7b) ICclMs 

(7OeV)) m/z (%) 184 (M+.  10). 169 (70). 163 (100)l and 3-(N-dimethoxymethylamino)-6.6-dimethyl- 

cyclohex-2-enone ( 7 4  IGclMd70eV) mlz (H) 230 (M+. 6). 216 (20). I99 (100)l: c) 31 mg (0.2 mmol. 

39%) of 6.6-dimethyl-3-methylamlnocyciohex-2-enone (7.1; mp 163-154°~ (lit.14 mp 163-164'~): i r  

(CH2Ci2)v 3440. 2880. 1686. 1630 ern-'; 1 ~ - n m r ( ~ ~ ~ 1 3 )  d 1.08 (s. 6H). 2.18 (8. 3H). 2.80 (8. 2H). 

2.82 (s, 2H). 4.90 (s, In) ,  6.09 (8. In); ms (70eV) mlz (5 )  154 (M++I, 6), 163 (M+, 56). 

PbfOAcJ .-oxtdatlon of 1h 

a: In methylene dlehloride: I b  (0.60 g. 2.32 mmol) In 60 mi of methylene dlchloride was stirred 

under nltragen a t  O'C for 12 h with lead tetraacatste (2.00 g. 4.64 mmal). Neutralization with a 

sodium bicarbonate salutlon, work-up and chromatography (HPLC, methylene dichlarlde : ethyl 

acetate, 1:l) yielded 2-chloro-3-anilino-6.6-dimethyley~10he~-2-enone (8) (0.24 g. 0.97 mmol. 42%) 

as white prisms (acetone : hexane. 1:l). mp 1 8 3 ~ ~ ;  ir (CH2C12) v 3360. 1630. 1665. 1370; 

'H-nmr(c~c l~)  6 1.06 (s. 6H). 2.43 (a. 2H). 2.44 (a. 2H). 7.31 (s. 1H). 7.12-7.46 (m. 6H); m s  (70eV) 

mlz ((0 261 (M+. 36). 249 (M+. 100). Anal. Caled for C14H16NOCI: C. 67.33; H. 6.46; N. 14.19; C1. 

6.60. Pound: C, 67.21; H. 6.67; N. 14.29; C1. 6.47. Furthermore l b  (0.174 g. 0.81 mmol. 36%) was 

eluted. 

b: In acetlc acld: I b  (50 mg. 0.23 mnol) in 26 mi of acetlc acld was stirred wlth lead tetraacetate 

(0.164 g. 0.34 mmol) lor 3.6 h, when l b  was nearly consumed. After neutrallzatlon (aqueous 

NaHC03) and usual work-up by chromatography (HPLC, methylene dichlorlde : ethyl acetate. 3 2 )  

2.3-dlhydro-2.2-dimethylcarbazol-4(1H)-one (9) (32 mg. 0.16 mmol, 66%) was obtained: mp 208- 

2 0 9 ~ ~  (lit.' mp 209-211°c); lr (CH2CL2) v 3440. 1640 em-'; 1 ~ - n m r ( ~ ~ ~ i 3 )  d 1.21 (8. 6H). 2.62 (8. 

2H), 2.88 (st  2H), 7.22-8.20 (m. 4H); m s  (70eV) mlz (%) 214 (M++I, lo) ,  213 (M+, 78), 167 (100). - 
Furthermore i b  (6 mg. 0.026 mmol. 11%) was eluted. 
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