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OXIDATIVE CYCLIZATION OF 3—ANILINO-CYCLOHEX—-2-ENONES TO

TETRAHYDROCARBAZOLES'!

Hans J. Schifer* and Wolf Ellenberg

Organisch-Chemisches Institut der Universitidt, Correns-Str. 40, 4400 Miinster, FRG

Abstraet— 3-Anilino-cyclohex-2-enones la—-1c¢ are prepared from anilines and
5,6~dimethyl—-1,3-cyclohexanedione. Anodic oxidation of 1a affords the
Pp-benzoquinone monoimine dimethyl acetal 4, that s cyclized with CFgzCO,H
to the tetrahydrocarbazzole 6. Lead tetraacetate oxidation of lc¢ leads directly

to the tetrahydrocarbazole 9.

Enaminones can be dimerized at the anode to 3.4—d1ketopyrroles2. Similarly aryl ethers can be
coupled to blarylsa. We were interested to find out, whether the combined electrophores can be
anodically coupled to afford heterocyclic compounds4. Here we report on the cyclization of
3-anilino-cyclohex—-2-enones to tetrahydrocarbazoles. N-2—Haloaryl substituted enaminones can be
eyclized to tetrahydrocarbazoles by phot.cnlysls5 or copper(l)-catalysiss. N-Arylenaminones without a
halo substituent cyclize photochemically to hexah}.rdrocarbazoles""l or by subsequent

dehydrogensation to carbazoles"b.

The 3-anilino—cyclohex-2-enones 1a,b were prepared according to rei’.a from 5,6~-dimethyl—-1,3~cy-
cy clohexanedione and 3,4~dimethoxyaniline or aniline in 85% or 65% yleld, respectively. Enone lec

was obtalned in 81% yield by methylatlon of 1la with sodium hydride and methy! jodide in toluene.

+ HJS wishes to dedicate this paper to Sir Derek Barton on the occasion of his 70th birthday.
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In cyclic voltammetry (glassy carbon anode, 0.1 M NaClo, in MeOH) 1a exhibits three irreversible
oXidation peaks at Ep = 0.90, 1.07 and 1.60 V {vs. SCE). Those of lc are found at Ep = 1.00, 1.25
and 1.66 V (SCE), whilst those of 1b appear at potentials of 1.50 V and higher. More anodle
oxidation potentials for ib are reasonable as here the two electrondonating methoxy groups of la,c

are missing.

Controlled potential electrolysis (cpe) of 1a at 1.00 V {SCE) at a graphite snode in an undivided
cell at 10°C afforded after current congsumption of 2.6 F/Mol and the total conversion of 14 in 72%
vield the imino acetal 4, which exhibits in its cyclovoltammogram three oxidation peaks at Ep =
1.38, 1,63 and 1.86 V {SCE). At the applied anode potential of 1.00 V (SCE} it is thus inert
against further oxidation. The imine 4 is probably formed by oxidation of la to the radical cation,

its methanolysis to 2a, further oxidation of 2a to the cation 3 and deprotonatlon to 4 {eq. 1).
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The intermediate radical cation 1a+‘ did not undergo the expected cyclization, presumably because
it was trapped by methanolysis prior to the cyclization. The imine 4, however, seemed to be a good
precursor to form with acids a azapentadienyl cation 5, that could undergoe an electrocyclic ring

closure to the tetrahydrocarbazol 6 {eq. 2), analogous to the eyclization of pentadieny) cations?.

When 2 was treated in methylene dichloride at -35%C with a catalytic amount of CFSCOZH/
(CFGCO)zo (20:1) 41% of the tetrahydrocarbazole € was ylelded. Side products were polymers of
unknown structure. Other acids, as p—toluenesulfonic acid did not increase the yleld of 8,

BF3 etherate led to tars.

The enone l¢ was chosen as the next substrate, because here the deprotonation at nitrogen, which
perhaps prevented the cyclization of the radical cation of la, was not possible. When 1c was
electrolyzed under similar conditions as la after consumption of 6§ F/Mol and total conversion of lc

the compounds 4 (15%), 7a (39%), 7b (6%) and 7c¢ {6%) were found. The formation of the products

can be raticnalized the following way {eq. 3). The radical cation of 1¢ reacts to 3b that undergoes

410

demethylation to or hydrolysis to 7a. The enaminocketone 7a is further oxidized at the methyl

group to 7b and 7ell,

—CH_v,e .
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Controlled potential electrolysis of 1b at 1.60 V {SCE) In methanol led to an unseparable product
mixture, possibly at this potential the products are further oxidized. The eoxidation with lead
tetraacetate proved to be more successful, although the oxidation In methylene dichloride was not
encouraging, because chlorination to 8 {(eq. 4) was found. However, in acetic acid within 3 h at
room temp 66% tetrahydrocarbazole 9§ was obtained. The yield is two~ to threefold higher than this

found with the more expensive palladium acetates.
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The anodic cyclizations of N-benzyl— and N«2-phenethylenaminones™ are published in a separate

paper.
Support of this work by the Arbeltsgemeinschaft industrieller Forschungsvereinigungen {(AIF) and

the Fonds der chemlischen Industrie Is gratefully acknowledged.

EXPERIMENTAL

Equipment for cyclovoltammetry (CV) and preparative electrolysesm.

Preparative electrolyses were conducted in methanol (0.1 M Nacloq) in an undivided cell {(anode:
105 cm® graphite cyclinder [P 127, Sigri—Meitingen, FRG], cathode: graphite red) at 10°C. For work-
up the electrolyte was rotaevaporated in the cold, the residue extracted with GH,Cl, (6250 ml),
insoluble supporting electrolyte was filtered off, the CHZClz-sulutlon drieq (Mgso4) and the crude
product was purified by chromatography [high pressure liquid chromatography (HPLC) on silica gel

St 80, 7Tum (Merck)],

8-Aniifng=§ 6-dimethylcyclohex—2~enone (1b): A sclution of aniline (3.00 g, 32.3 mmol},

6,6-dimethyl-1,3-cyclohexanedione (4.51 g, 32,26 mmol) and 2 drops of conc. sulfuric acid in 200
ml of abs. toluene were heated 6 h In a Dean-Stark trap. After concentrating the solution and
recrystallization (acetone : hexane, 1:1) 1b (4.6 g, 20.96 mmol, 66%) was obtained, mp 181-182%C
ie.'3 mp 181°C). Ir (CH,CL,) v 3890, 1610, 1675, 1600 em™L; 'H-nmr (CDCly) &(ppm) 1.04 (s, 6H),
2.18 (s, 2H), 2.37 (s, 2M), 4.66 (s, 1H), 7.09-7.29 {m, 5H), 7.81 (s, 1H; ms (70eV) m/z (%) 215 (M+,

82), 198 (18), 169 {100).
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3—(3,4-Dimethoxyvanilino} -5 6-dimethyvicyclohex—-2-enone (1a): 3,4-Dimethoxyaniline (1.00 g, 6.53
mmeol) and 5,56-dimethyl-1,3-cyclohexanedione (0.951 g, 6.63 mmoi} in 150 ml of abs. toluene

yielded as above after recrystaliization (n-hexane:acetone, 1:1} 1a (1.62 g, 5.66 mmol, 85%) in
yellow needles, mp 208-204%C. Ir (KBr) v 3400, 1610, 1580, 1500; uv (ethanol) Amax(e) 810 (18098),
236 (8368); IH-nmr(CDCia) & 1.11 (s, 8H), 2,20 (s, 2H), 2.84 (s, 2H), 3.83 (s, 3H), 3.88 (s, 3H), 6.42
{8, 1H), 6.40 (s, 1H), 6.70-6.83 (m, 3H); ms (70eV) m/z (%) 276 (M++1. 20}, 276 (M+. 100), Anal.
Caled for CIGHZINO:!: G, 69.79; H, 7.68; N, 65.08. Found: C, 69.70; H, 7.76; N, 5.00.

3—(N~-Methyi-3 4-dimethoxyaniline)-56-dimethylecyclohex-2-enone (1c): A solution of 1b (0.60 g,
1.81 mmol) in 100 ml of abs. toluene was heated with sodlum hydride (48 mg, 2 mmol} for 1 h at
reflux. After addition of methyl lodide (0.26 g, 1.81 mmol) in 10 ml of abs. teluene and refluxing
for 2 h, 60 ml of lce water was added, the organic layer was separated, the aqueous layer was
extracted with chloroform {(3x50 ml) and the combined organic layers were dried (Mgsod).
Chromatography of the crude product (HPLC, methylene dichloride : ethyl acetate : methanol, 4:4:2)
Ylelded lec (0.42g, 1.46 mmol, 81%) as a light yellow oil. Ir (CH,Cl,) v 2880, 1810, 15560, 1500; L
nmr(CDCls) 4 1.25 (s, 6H), 2.16 {5, 2H), 2.26 (s, 2H), 3.30 (s, 3H), 3.93 (s, 3H), 3.97 (s, 3H), 6.36
(s, 1H), 6.66-6.90 (m, 3H); ms (70eV} m/z (%) 289 (100}, 272 (98). Anal. Caled for CqHoqNO4: C,

70.56; H, 8.01; N, 4.84. Found: C, 70.44; H, B.07; N, 4.94.

Electrolysis of 1b: 1b (0.30 g. 1.09 mmol} was electrolyzed in 50 ml of methanol (0.1 ¥ NaClO,) at
a graphite anode at 1.00 V (SCE) until 2.6 F/Mol and all of 1b (DC-control) was consumed. After

work—up and HPLC-purification {methylene dichloride : ethyl acetate : methanol, 4:4:2) N~1-(6,6-

dimethyleyclohex-1-an-3-one)-1,1,2-trimethoxy-2,6-c¢yclohexadien~4-imine (4) {0.239g, 0.78 mmeol,
72%) was obtalned as a brown cil. Ir (CH,Cl,) v 2900, 2820, 1645, 1690; uv {ethanol) A, (e) 266
(12910} ll-I-nmr(CDCls) § 1.17 (s, 6H), 2.3 (s, 2H), 2.33 (s, 2H), 3.32 (s, 6H), 3.78 (s, 3H), 5.36 (s,
1H}, 5.68 (s, 1H}, 6.34 {d, 1H, J=12Hz), 6.56 (4, 1H, J=12Hz); ms (70eV) m/z (%) 306 (M+, 20}, 290

(40), 274 (84). u* (MS) Caled for Cl7H23N04: 306.1628. Found: 305.1617.

Conversion of 4 into 6 4 (0.10g, 0.32 mmo!} in 35 ml of methylene dichloride was stirred for 2 h
at -36°C under nitrogen with 0.1 ml of trifluoroacetic acid/trifluoroacetic anhydride (20:1). The
brown-bilack solution was then neutralized to pH ~8 with a saturated sodium bicarbonate solution.
Work-up and chromatography (HPLC, methylene dichloride : ethyl acetate : methanoi, 4:4:2} ylelded
2,3-dlhydro-6,7-dimethoxy-2,2-dimethylcarbazol-4(1H}~one (8) {35 mg, 0.13 mmol, 41%) as a
yellow oil. Ir (CH,Cl,)v 3430, 1640, 1590 cm™!; 'H-nmr(cDCL,) & 1.16 (s, 6H), 2.45 (s, 2H), 5.88 (s,
3H), 3.95 (s, 3H), 6.8 (s, 1H), 7.68 (8, 1H), 8.68 (s, 1H); ms ('70EV) m/z (%) 2.73 (M+, 100}, 268
(30), 217 (29). Anal. Calcd for CmngNOs: C, 70.30; H, 7.00; N, 5.12. Found: G, 70.40; H, 7.04; N,

5.19.
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Electrolysis of 1¢ 1¢ (150 mg, 0.519 mmol) was electroiyzed, as 1b, until 6 F/Mol was consumed.

Usual work—up and chromatography ylelded three fractions: a) 4 (22 mg, 0.077 mmol, 16%); b) 16
mg of & l:1-mixture of 3-(N-methoxymethylamino)-6,6-dimethyleyclohex-2—enone {7b} [Ge/Ms
(70eV)) m/z (%) 184 (M*, 10), 169 (70), 163 (100)] and 3-(N-dimethoxymethylamino)-5,6-dimethyl-
cyclohex-2-enone (7¢) [Ge/Ms(70eV) m/z (%) 290 (M*, 6), 216 (20), 199 (100}]; ¢} 31 mg (0.2 mmol,
39%) of 5,5-dimethyl-8-methylaminocyclohex-2-enone (7a); mp 158-154°c (1it.'% mp 153-164%C); ir
(CH,Cl,)v 3440, 2880, 1686, 1530 em '; 'H-nmr(cDCl,) 3 1.08 (s, 6H), 2.18 (s, 3H), 2.80 (s, 2H),

2.82 (s, 2H), 4.90 (s, 1H), 5.09 (s, 1H); ms (70eV) m/z (%) 154 (M7 +1, 6), 163 (M7, B5).

Pb{CAe} l-ogidation of 1b

a: In methylene dichloride: 1b (0.50 g, 2.32 mmol) in 50 ml of methylene dichloride was stirred
under nitrogen at 0%C for 12 h with lead tetraacetate {2.00 g, 4.64 mmol). Neutrallzation with a
sodium blcarbonate solution, work-up and chromatography (HPLC, methylene dichloride : ethyl
acetate, 1:1) yielded 2-chloro—3—anilino—5,6—dimethylcyclohex—2-enone (8) (0.24 g, 0.97 mmol, 42%)
as white prisms {acetone : hexane, 1:1), mp 183°C; Ir {CH,Cl,) v 3360, 1630, 1565, 1370;
IH—nmr(CDCls) 3 1.06 (5, 6H), 2.43 (s, 2H), 2.44 (s, 2H), 7.31 (s, 1H), 7.12-7.456 {m, 5H); ms (70eV)
m/z (%} 251 (M+. 86), 249 (M+. 100). Anal. Caled for G]4H16NOCI: C, 67.33; H, 6.46; N, 14.19; Cl,
5.80. Pound: C, 67.21; H, 6.67; N, 14.29; Cl, 5.47. Furthermore 1b {0.174 g, 0.81 mmol, 35%) was

eluted.

b: In acetic acid: 1b (50 mg, 0.23 mmol) In 256 ml of acetlc acld was stirred with lead tetraacetate
{0.164 g, 0.34 mmol) for 3.6 h, when 1b was nearly consumed. After neutralization (aqueous
NaHCOs) and usual work—up by chromatography (HPLC, methylene dichloride : ethyl acetate, 3:2)
2,8-dihydro—-2,2-dimethylcarbazol-4{1H)~one (9} (32 mg, 0.15 mmol, 66%) was obtalned; mp 208-
209°C (11t.5 mp 209-211°C); ir (CH,Cly) v 5440, 1640 em™!; 'H-nmr(CDCLy) 8 1.21 (s, 6H), 2.62 (s,
24), 2.88 (s, 2H), 7.22-8.20 (m, 4H); ms (70eV} m/z (%) 214 (M++l. 103, 213 (M+. 78), 167 (100). -

Furthermore 1b {6 mg, 0.025 mmol, 11%) was eluted.
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