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Abstract: The synthesis of the marine alkaloid hyellazole and the non-natural regioisomer isohyella-
zole is reported starting from the tricarbonyliron-compiexed cyclohexadienylium cation and the fuily
functionalized arylamines by electrophilic aromatic substitution and oxidative cyclization.
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alkaloids which were isolated from natural sources? led to the development of novel synthetic methodologies.#
Our strategy for the construction of the carbazole framework is based on a consecutive iron-mediated C—C and
C-N bond formation.5 This method originally established for the synthesis of 3-oxygenated carbazoles® proved
to be useful for the preparation of 1-oxygenated carbazole alkaloids as well.” Herein we describe full details of
the iron-mediated total synthesis of hyellazole®? (3-methoxy-2-methyl-1-phenyl-9H-carbazole) and the non-
natural regioisomer isohyellazole (3-methoxy-1-methyl-2-phenyl-9H-carbazole).

N7 o
Mcu OCKF \ ~ =

p— N « o
V. L NP

Hyellazole 1 2
Scheme 1

e front matter © 1999 Elsevier Science Ltd. All rights reserved.

Se ont
aO\NN&AN_ 2
77 jJUu3ou-3

0040-4020/99/% -

DIr. ennAn A{\’)G

4
4 . OUUSUTSTU LU



10392 H.-J. Kndlker et al. / Teirahedron 55 (1999) 1039110412

The retrosynthetic analysis of hyellazole based on the iron-mediated construction of the carbazole framework
provides the iron-complex salt 1 and the arylamine 2 as precursors (Scheme 1). The precursors for the synthesis
of the regioisomeric isohyellazole (3-methoxy-1-methyl-2-phenyl-9H-carbazole) are the complex salt 1 and the
corresponding arylamine (4-methoxy-2-methyl-3-phenylaniline). The iron-complex salt 1 can be prepared in
quantitative overall yield by a 1l-azabuta-1,3-diene catalyzed complexation of cyclohexa-1,3-diene with

pentacarbonyliron!0:11 followed by a hydride abstraction using triphenylmethyl tetrafluoroborate. 12

Preparation of 4-methoxy-3-methyi-2-phenylaniline (2)

Diels-Alder reaction of 1-methoxycyclohexa-1,3-diene (3) and ethyl 3-phenylprop-2-ynoate (4) in a sealed tube
afforded the required biphenyl derivative as a mixture of two regioisomers in 91% yield (Scheme 2).13 In con-
trast to the original assignment by Bateson,!3b ethyl 3-methoxy-2-phenylbenzoate (5) was obtained as the major
regioisomer and ethyl 2-methoxy-6-phenylbenzoate (6) as the minor isomer (ratio of 5/6: 2:1). Our assignment

was confirmed by IH-NMR NOE studies and an X-ray analysis at a later stage of our synthesis (see below),
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For the synthesis of hyellazole the ester group of the minor isomer 6 had to be transformed to a methyl group
which was achieved in 66% overall yield. Reduction of the benzoate 6 with lithium aluminum hydride provided
the benzyl alcohol 7 which was converted to the benzyl bromide 8 with phosphorus tribromide in dichloro-
methane at room temperature. A further reduction of the benzyl bromide 8 with lithium aluminum hydride
afforded 2-methyl-3-phenylanisole (9). The nitration of compound 9 afforded the desired 2-methyl-4-nitro-3-
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phenylanisole (10) as the major product (43% yield) along with 2-methyl-6-nitro-3-phenylanisole (22% yield).
Catalytic hydrogenation of the nitro derivative 10 provided the arylamine 2 in 88% yield.

The drawback of the sequence described above is the low yield (30%) of the desired regioisomer 6 in the Diels-
Alder reaction. Therefore, the overall yield of the intermediate 9 by the route shown in Scheme 2 is limited to

20%. However, compound 9 is also available by an alternative procedure described by Azzena (Scheme 3).14
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Scheme 3

Regioselective reductive electrophilic substitution of 1,2-dimethoxy-3-methoxymethoxybenzene (11) by
reaction with potassium in THF and subsequent addition of iodomethane to the resulting carbanion provided

vf tuv MﬂM ether led }'l 1 11 which was
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Pd(PPh;), as catalyst afforded compound $ in an overall yield of 48% (four sieps based on 11).!4

Synthesis of hyellazole by the iron-mediated quinone-imine cyclization

The iron-mediated quinone-imine cyclization was previously shown to provide a general and efficient route to
3-hydroxycarbazoles.!3 Therefore, this method was initially selected for the projected total synthesis of
hyellazole. Electrophilic substitution at the arylamine 2 by the cation 1 provided complex 15 quantitatively
(Scheme 4). Sequential highly chemoselective oxidations of such tricarbonyliron complexes became feasible by

using manganese dioxides of different activity. 16 Oxidation of complex 15 with commercial manganese
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afforded the 3-hydroxy-2-methyi-1-phenyl-9H-carbazole (18). Selective O-methylation with iodomethane in the
presence of potassium carbonate in acetone at reflux provided hyellazole.

The present synthesis by the iron-mediated quinone-imine cyclization provides hyellazole in five steps and 57%
overall yield based on the iron complex salt 1. All spectral data (UV, IR, IH-NMR, 13C-NMR, and MS)
reported for the natural hyellazole (m.p. 133-134°C) by Moore ef al.2 are in full agreement with those of our
synthetic hyellazole (m.p. 129-130°C).
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Figure. Molecular structure of complex 17 in the crystal. Selected bond lengths [A]:
Aipuat. avavabLlans S ' % J B L4
Fe-C4 2.089(3), Fe-C5 2.048(3), Fe-C6 2.055(3), Fe-C7 2.112(3), C4-C5 1.408(4),
C5-C6 1.390(4), C6-C7 1.410(4), C7-C8 1.514(4), C8-C9 1.536(4), C9-C4 1.507(4).
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The structural assignment for tricarbonyl[(5-8-11)-4b,8a-dihydro-2-methyl-1-phenyl-3 H-carbazol-3-one]iron
(17) was additionally confirmed by an X-ray crystal structure determination (Figure). The X-ray analysis of 17
also constitutes an unequivocal proof of our reassignment of the regioselectivity of the Diels-Alder reaction

which provides compound 6 as the minor isomer as described above (compare Scheme 2).

Synthesis of hyellazole by the iron-mediated arylamine cyclization

An alternative method for the oxidative cyclization of the arylamine-substituted tricarbonyi(n4-cyclohexa-1,3-
diene)iron complexes is the iron-mediated arylamine cyclization which can be performed as a one-pot reaction
with concomitant aromatization and demetalation. We envisaged to use this transformation for a more direct
approach to hyellazole. The oxidation of complex 15 with ferricenium hexafluorophosphate20 in the presence of
sodium carbonate at room temperature afforded hyellazole in 59% yield along with the tricarbonyliron-
complexed dihydrocarbazolone 17 in 29% yield (Scheme 5). Complex 17 could be transformed in two steps and

iy of e

88% overall yield to hyellazole using the same protocol as described above (Scheme 4).

The synthesis by the iron-mediated arylamine cyclization affords hyellazole in three steps and 83% overall yield
based on the iron complex salt 1. Thus, for the synthesis of hyellazole this method of oxidative cyclization is
superior to the iron-mediated quinone-imine cyclization.
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Scheme 5

Preparation of 4-methoxy-2-methyl—3-phenylaniline ( 4)
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carbazole), a non-natural isomer of ..ye‘.lazele ThereAere, in analogy to Scheme 2, the benzoate 5 had to be
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transformed to the corresponding arylamine (Scheme 6). Reduction of the benzoate § with lithium aluminum

hydride to the benzyl alcohol 19 (98% yield) and subsequent bromination with phosphorus tribromide provided
the benzyl bromide 20 (95% yield). Reduction of the benzyl bromide 20 with lithium aluminum hydride
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afforded 3-methyl-2-phenylanisole (22) (84% yield). The overall yield with chromatographic purification after
each step is 78%. This result for the transformation of 5§ to 22 can be improved to 92% over the three steps by
using the intermediates 19 and 20 as crude products without further purification.
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a strong base according to a procedure
of Benkeser.2! Thus, the benzoate 5 was transformed to the benzoic acid 21 in 97% yield by saponification with

potassium hydroxide in a mixture of ethanoi/water at reflux (Scheme 6). The reduction of the benzoic acid 21
with trichlorosilane and treatment with tri-z-propylamine and potassium hydroxide provided 3-methyl-2-
phenylanisole (22) (81% yield). The reductive silylation afforded the anisole 22 in two steps and 79% overall
yield. However, the three-step sequence described above is superior (92% overall yield).

Nitration of the anisole 22 provided the desired 3-methyl-4-nitro-2-phenylanisole (23) in 52% yield along with
the regioisomeric 3-methyl-6-nitro-2-phenylanisole as by-product (17% yield). Catalytic hydrogenation of 23

afforded guantitatively 4-methoxy-2-methyl-3-phenylaniline (24), which represents the arylamine precursor for
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Synthesis of isohyellazole by the iron-mediated quinone-imine cyclization

Isohyellazole was synthesized first by the iron-mediated quinone-imine cyclization via the corresponding
3-hydroxycarbazole. The C-C bond formation by reaction of the arylamine 24 with the iron complex salt 1
afforded the tricarbonyliron complex 25 (Scheme 7). Oxidation of complex 25 using commercial manganese
dioxide!7 in dichloromethane at room temperature provided the quinone imine 26 in 58% yield along with the
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corresponding substituted p-benzoquinone as a by-product (14% yield).
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Complex 26 was cyclized to the tricarbonyl(n4-4b,8a-dihydrocarbazol-3-one)iron complex 27 by oxidation with
very active manganese dioxide!® at room temperature. Demetalation of the iron complex 27 with

1lidlladll

trimethylamine N-oxide!? in acetone at room temperature provided the 3-hydroxycarbazole 28. Compound 28

was transformed to isohyellazole (2-phenyl-3-methoxy-1-methyl- 9H-carbazole) by selective O- methylatlon The

iron-mediated quinone-imine cyclization affords isohyellazole in

Synthesis of isohyellazole by the iron-mediated arylamine cyclization

Finally, we also utilized the iron-mediated arylamine cyclization for the synthesis of isohyellazole. Oxidation of
complex 25 with ferricenium hexafluorophosphate2? in the presence of sodium carbonate at room temperature
provided isohyellazole in 61% yield along with the iron complex 27 as a by-product in 30% yield (Scheme 8).
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Complex 27 was converted to isohyellazole in two steps and an overall yield of 73% using the sequence
described above (Scheme 7). The iron-mediated arylamine cyclization provides isohyellazole in three steps and
78% overall yield based on 1, which is clearly superior to the quinone imine cyclization.

In summary, using the iron-mediated arylamine cyclization as a key-step we have developed highly efficient
routes to the marine carbazole alkaloid hyeliazoie as well as to its non-natural isomer isohyeliazole, which
provide both alkaloids in three steps with 83% and 78% overall yield respectively.

EXPERIMENTAL SECTION

All reactions were carried out in dry solvents under an inert gas atmosphere. Flash chromatography: Baker or
Merck silica gel (0.03-0.06 mm). Melting points: Leitz hot-stage and Biichi 535. UV spectra: Perkin-Elmer
Lamda 2 (UV/VIS spectrometer). IR spectra: Bruker IFS 88 (FT-IR), Perkin-Elmer 882, and Perkin-Elmer 1710
(FT-IR); V incm — 1. TH-NMR and 13C-NMR spectra: Bruker WM-250 and Bruker AM-400; 5 in ppm, J in
Hz. Mass spectra: Finnigan MAT-90; ionization potential: 70 eV. Elemental analyses: Heraeus CHN-Rapid.

Ethyl 3-methoxy-2-phenylbenzoate (5) and Ethyl 2-methoxy-6-phenylbenzoate (6)

R I P 71 &

A mixture of 1-methoxycyciohexa-1,3-diene (3) (1.57 ml, content: 65 %; 0.95 g, 8.6 mmol of 1,3-diene) and
ethyl 3-phenyiprop-2-ynoate (4) (1.5 g, 1.42 mi, 8.6 mmoi) was heated in a sealed giass tube for 4 d at 130°C to
provide the regioisomers 5 and 6 in a ratio of 2:1 as a light yellow oil. Flash chromatography (hexane/EtOAc,
12:1) of the crude product on silica gel afforded 5 as the less polar fraction and 6 as the more polar fraction. The
regioisomer 6 was subjected again to flash chromatography (hexane/EtOAc, 12:1) on silica gel to provide the

product 6 in high purity.
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5: Colorless solid, yield: 1.35 g (61%), m.p. 41-44°C. IR (KBr): v = 3021, 2979, 2933, 2838, 1705, 1598,
1577, 1457, .1388, 1301, 1279, 1253, 1184, 1142, 1058, 768, 736, 698 cm — 1. IH-NMR (400 MHz, CDCl;): 8 =
0.90 (t,J=7.1,3 H), 3.76 (s, 3 H), 3.98 (q, J=7.1,2 H), 7.09 (dd, /= 6.7, 2.7, 1 H), 7.26-7.28 (m, 2 H), 7.33-
7.41 (m, 5 H). !H-NMR NOE experiments (400 MHz, CDCl3): 1. Irradiation at 3.76, observed NOE's 7.09,
7.33-7.41; 2. irradiation at 3.98, observed NOE 0.90; 3. irradiation at 7.09, observed NOE's 3.76, 7.33-7.41.

13C.NMR and DEPT (100 MHz, CDCls): & = 13.55 (CH3), 56.01 (CH3), 60.83 (CH,), 113.66 (CH), 121.
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(21). HRMS: Calc. for CygH; 403 (M*): 2
6: Colorless oil, yield: 655 mg (30%). IR (ﬁlm) v = 3062, 2982, 2941, 2903, 2840, 1730, 1583, 1569, 1498,
1467, 1431, 1387, 1363, 1309, 1248, 1176, 1154, 1127, 1102, 1065, 1037, 1018, 863, 800, 762, 738, 701, 643
cm - 1. TH-NMR (400 MHz, CDCly): =097 (t, /= 7.1, 3 H), 3.88 (s, 3 H), 4.10 (g, J= 7.1, 2 H), 6.94 (d, J =
8.4, 1 H), 6.98 (dd, J = 7.7, 0.7, 1 H), 7.33-7.42 (m, 6 H). 'H-NMR NOE experiments (400 MHz, CDCl,): 1.

Irradiation at 3.88, observed NOE 6.94; 2. irradiation at 4.10, observed NOE 0.97. 13C-NMR and DEPT
HY 121 Q8§ mm 123 34 I(“) 127

(100 MHz, CDCL3): § = 13.72 (CH3), 56.04 (CH3), 61.06 (CH,), 109.92 (CH), 121.95 (CH), 123.36 7.53
(CH), 128.23 (2 CH), 128.38 (2 CH), 130.41 (CH), 140.17 (C), 141.34 (C), 156.44 (C), 167.86 (C=0). MS
(30°C): m/z (%) = 256 (M*, 56), 227 (3), 211 (100), 196 (7), 168 (14), 152 (13), 139 (13). HRMS: Calc. for
C16H;603 (M*): 256.1099, found: 256.1087

2-Methoxy-6-phenylbenzyl alcohol (7)

A suspension of lithium aluminum hydride (732 mg, 19.3 mmol) in diethyl ether (10 ml) was cooled to — 15°C
and a solution of the benzoate 6 (2.47 g, 9.64 mmol) in diethyl ether (7 ml) was added over a period of 25 min.
After the addition was completed, the reaction mixture was heated at reflux for 2 h. The mixture was quenched
with ice-water and the resulting precipitate was dissolved in a small amount of H,SO,4 (10%). The layers were

nd tha nna layar W tron

qannratad an 1vaniie lax g av d eL Dl e IK X ‘.m Ml Tha camhinad Avgnnis 1o . sraohad
SCpardiCd aiil ui a{juciud iayCi was CAl ¢4

Witil £ipU (U X 5U ). 10€ COMOINCa Organic 1aycrs were wasnea
TTN & I . 1 N7

with a saturated solution of Na FLU3 and tnen aried (I 32304). The solvent was evaporalea and the residue was

/-

subjected to flash chromatography (hexane/EtOAc 2:1) on silica gel to afford the alcohol 7 as a viscous oil,
yield: 1.77 g (86%). IR (film): vV = 3413 (br), 3058, 3022, 2938, 2898, 2837, 1581, 1568, 1464, 1430, 1317,
1253, 1206, 1124, 1020, 1000, 961, 760, 739, 704 cm — 1. IH-NMR (400 MHz, CDCl3): 8 = 2.71 (br s, 1 H),
393 (s,3H),4.67(s,2H),695(d,/=82,1H),699(d,J=7.5,1H),7.35(@,J=79,1H), 7.37-7.50 (m, 5
H). 13C-NMR and DEPT (100 MHz, CDCl3): & = 55.69 (CHj3), 58.63 (CH,), 109.45 (CH), 122.76 (CH),
126.67 (C), 127.30 (CH), 128.26 (2 CH), 128.65 (CH), 129.55 (2 CH), 140.65 (C), 143.47 (C), 158.59 (C). MS
Q0°CY: m/z (%) =214 (M*, 100), 213 (12), 197 (10), 196 (15), 195 (17), 185 (26), 182 (22), 181 (30), 165 (23),

\7 U 13814) wav) 10D 10 ) 184 (£2), 181 2V
182 MM 182 (D8 LIDMC. Cals for O .. NO. (AMH. 214 0004 fannd: 214 NOQKS
103 £V}, 104 (&J). NRIVID. LaIC, 10T L4014V UVl ). &£19,.V7 74, IOUIG. £159.U500.

2-Methoxy-6-phenyibenzyi bromide (8)

Phosphorus tribromide (784 mg, 275 pl, 2.89 mmol) was added slowly to a solution of the alcohol 7 (1.77 g,
8.27 mmol) in dichloromethane (10 ml) at — 10°C. The mixture was stirred for 30 min at room temperature and
for additional 4 h at reflux. The reaction mixture was quenched by addition of ice-water, the layers were
separated, and the aqueous layer was extracted with CH,Cl, (3 x 30 ml). The combined organic layers were
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Cn
-

washed with a saturated solution of NaHCO3 and dried over sodium sulfate. Evaporation of the solvent in
vacuo afforded compound 8 in high purity as a colorless solid, yield: 2.22 g (97%), m.p. 2100°C (dec.). IR
(drift): vV =3058, 3008, 2978, 2942, 2843, 1594, 1583, 1572, 1500, 1470, 1436, 1312, 1260, 1218, 1180, 1161,
1019, 922, 890, 802, 764, 749, 706, 689 cm — 1. TH-NMR (400 MHz, CDCls): 8 = 3.94 (s, 3 H), 4.49 (s, 2 H),
6.87 (dd, J = 7.5, 0.8, 1 H), 6.90 (d, J = 8.3, 1 H), 7.32 (t, /= 7.9, 1 H), 7.36-7.49 (m, 5 H). 13C-NMR and
DEPT (100 MHz, CDCl5): 8 = 27.78 (CHj,), 55.90 (CH3), 109.84 (CH), 122.54 (CH), 123.81 (C), 127.47 (CH)

Asiii A \AV AL Réug NoRSNSR (N VA AN i)y 2™\l R)y 24702 ALl VR

128.19 (2 CH), 128.93 (2 CH), 129.45 (CH), 140.17 (C), 143.87 (C), 158.13 (C). MS (20°C): m/z (%) = 278
) n O\ 1

£ r /'7\ l/t‘ /IO\

10 7 1:“! 11\ 1E’\ 11’\\
0), 16218), 100 (/), 102 (15), 12

TIMY
1), 152 {(12). HRMS: Calc. for

f‘\

2-Methyl-3-phenylanisole (9)
A solution of the benzyl bromide 8 (2.22 g, 8.01 mmol) in toluene (10 ml) was added to a suspension of lithium
aluminum hydride (700 mg, 18.4 mmol) in toluene (10 ml) over a period of 40 min. The mixture was stirred at

room temperature for 1.5 h and the reaction was completed by heating for further 30 min. After addition of ice-
unt of ,.sn lﬂ‘%\ the oL

water and a small amount of H,SOy (1 uecu was extracted with diethyl eth: ).
nnmbinad Araganis logvars Ao achad urith a gatnratad caliitian AFNGIIOO. Amad ~Avar andiiies cnilfata and tha
WOLHLIUVILHICUE utgmu\.« I yClD WELC WaddiiTu wWilll a satulatcu duiuLivulil Ut 1N ll\JU3, UL UOVOL DU 11 dUllidic, dliu uIv
solvent was evaporated in vacuo. The residue was subjecied to flash chromatography (hexane/EiOAc 9:1) on

silica gel to afford the anisole 9 as a colorless oil, yield: 1.26 g (79%). IR (film): vV = 2954, 2834, 1582, 1572,
1469, 1433, 1312, 1255, 1173, 1135, 1042, 788, 760, 720, 703, 686 cm — 1. IH-NMR (400 MHz, CDCl;): § =
226 (s,3H),3.96 (s,3H),6.96 (d,J=82,1H),699(d,/=77,1H), 731, J=179,1H), 7.41-7.44 (m, 3
H), 7.48-7.52 (m, 2 H). 13C-NMR and DEPT (100 MHz, CDCly): § = 13.42 (CHj), 55.60 (CH3), 108.94 (CH),
122.28 (CH), 124.40 (C), 126.07 (CH), 126.84 (CH), 128.08 (2 CH), 129.44 (2 CH), 142.00 (C), 143.40 (C),
158.01 (C). MS (20°C): m/z (%) = 198 (M*, 100), 197 (18), 183 (9), 167 (13), 165 (19), 153 (10), 152 (10).
HRMS: Calce. for C, ") (M*”\ 198.1045, found: 198.1034
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2-Methyi-4-nitro-3-phenylanisoie (18) and 2-Methyi-6-niiro-3-phenyianisoie

A mixture of HN O3 (65%, 0.54 ml, 7.80 mmol) and H,S0O4 (96%, 0.57 ml, 10.3 mmol) was added to a solution
of the anisole 9 (1.03 g, 5.22 mmol) in dichloromethane (5 ml) at 0°C over a period of 40 min. Afier the
addition was completed, the reaction mixture was stirred for further 60 min at room temperature. The mixture
was quenched with ice and neutralized with NaHCO;. The layers were separated and the aqueous layer was
extracted with Et;O (5 x 30 ml). The combined organic layers were dried over sodium sulfate, the solvent was
evaporated in vacuo, and the residue was subjected to flash chromatography (hexane/EtOAc 5:1) on silica gel to

ioisomer 2-methyl-6-nitro-3-phenylanisole and then the 4-nitro derivative 10 as the

afford first the minor
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10: Orange-yellow solid, yield: 543 mg (43%), m.p. 38-40°C. IR (drift): v = 3058, 302
2863, 1590, 1578, 1522, 1500, 1466, 1456, 1444, 1402, 1376, 1355, 1230, 1115, 1002, 835, 805 cm — 1. 1H-
NMR (250 MHz, CDCl3): 8 = 1.94 (s, 3 H), 3.95 (s, 3 H), 6.90 (d, J=9.0, 1 H), 7.15 (m, 2 H), 7.37-7.46 (m, 3
H), 7.88 (d, J = 9.0, 1 H). IH-NMR NOE experiments (400 MHz, CD,Cl,): 1. Irradiation at 1.94, observed
NOE 3.95; 2. irradiation at 3.95, observed NOE's 1.94, 6.90; 3. irradiation at 6.90, observed NOE's 3.95, 7.88;

4. irradiation at 7.88, observed NOE 6.90. 13C-NMR and DEPT (100 MHz, CDCly): 8 = 12.52 (CHj3), 54.97
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(CH3), 107.33 (CH), 122.52 (CH), 126.45 (C), 126.55 (CH), 127.29 (2 CH), 127.35 (2 CH), 135.94 (C), 136.71
(C), 142.05 (C), 159.89 (C). MS (20°C): m/z (%) = 243 (M, 87), 226 (20), 200 (12), 198 (100), 197 (21), 181
(13), 172 (26), 170 (15), 169 (24), 165 (12), 153 (18), 152 (19), 141 (13), 116 (11), 115 (43), 82 (18). HRMS:
Calc. for Cy4H;3NO3 (M*): 243.0895, found: 243.0903.

2-Methyl-6-nitro-3-phenylanisole: Yellow solid, yield: 274 mg (22%), m.p. 38-42°C. IR (CCly): v = 3065,
3029, 2943, 2871, 1585, 1519, 1466, 1439, 1401, 1352, 1306, 1266, 1231, 1162, 1114, 1004, 828, 701 cm — 1.

T NMD /A0 MU COTYI Y-8 =295 (¢ 2N 2048 (¢ 2 I\ ’71| d 7=24 1TH\ 72N (m DI\ 720_7 AQ
M=-INIVIR AUV IVINZ, CIRCI3 )L 0= 2,23 (8, 5 11, 3.79 (8, 3 1), /.11 (G, J = 0.5, 1 1), .0V (Il}, & I1), /.55-7.90
rs - TT\ 1 1 r 1Y ATR AT ATAATY FANN L ITY Fal aYWal I 1 -~ AL
{m, 3 1), ri-NIVIK NU expenmems (4UU NNz, Cbylls) 1. Irradiation at 2. LD,

observed NOE's 3.95, 7.30; 2. irradiation at 3.95, observed NOE 2.25. 13C-NMR and DEPT (100 MHz,
CDCl): 8 = 13.76 (CHj3), 61.67 (CHjy), 121.94 (CH), 125.01 (CH), 127.66 (CH), 128.15 (2 CH), 128.50 (2
CH), 132.15 (C), 139.58 (C), 142.76 (C), 148.45 (C), 151.75 (C). MS (20°C): m/z (%) = 243 (M, 100), 213
(7), 196 (42), 182 (10), 168 (20), 167 (17), 166 (13), 165 (32), 153 (24), 152 (36). HRMS: Calc. for
C,4H3NO; (M™): 243.0895, found: 243.0887.

n (15%, 80 mg) was added to a solution of the nitrobenzene 10 (538 mg, 2.21 mmol) in

10

memanm (v ml ) ine l'll[l'() acnvauve lU was nyarogenatea Uy VlgOI‘OUS surnng OI [ﬂlS mlxture lﬂ a
H,-atmosphere (800-900 Torr) untii no further H, uptake was detected. The reaction mixture was filtered over a
short path of silica gel/Celite (which was subsequently washed with diethyl ether) under an inert gas atmosphere
and the solvent was evaporated. The residue was subjected to flash chromatography (hexane/EtOAc 5:1) on
degassed silica gel to afford the amine 2 as colorless crystals, yield: 414 mg (88%), m.p. 112-115°C. IR (drift):
v = 3425, 3350, 3186, 3065, 3051, 3039, 3023, 2952, 2936, 2833, 1616, 1601, 1480, 1452, 1438, 1290, 1275,

1252, 1191, 1173, 1135, 1070, 1039, 1021, 826, 766, 702 cm ~ 1. TH-NMR (400 MHz, CDCl;): § = 1.90 (s, 3

W
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(20°C): m/z (%) = 213 (M*, 100), 198 (78), 181 (14) HRMS: Calc. for C14H15N0 (M*): 213.1154, found:
213.1140. Anal. Calc. for C;4H;sNO: C, 78.84; H, 7.09; N, 6.57. Found: C, 78.67; H, 7.03; N, 6.60.

[(1-4-1)-5-(2-Amino-5-methoxy-4-methyl-3-phenylphenyl)cyclohexa-1,3-diene]tricarbonyliron (15)

A solution of the arylamine 2 (410 mg, [.92 mmol) and tricarbonyl(n3-cyclohexadienylium)iron
tetrafluoroborate (1) (291 mg, 0.952 mmol) in degassed acetonitrile (10 ml) was stirred for 3 h at reflux. The
solvent was evaporated in vacuo, diethyl ether (3 ml) was added to the residue, and the suspension was stirred

nndar an inart oag atmagnhere nntil tha inenluhlae nratanated amine wae finelv dienarecad Tha enlutian wae
lIMNLL Gl AN s‘ls) utllluﬂ}lu\(l\l CHILEL Iy 1lloViIuVAW PLUGUIIMLUU CUiLLLINV YV QO Lulvl! WAL OV 4 i OUIIALIUIL YYAOD

mtnd oemd oal ot Ll rac wxrachad rith csanall maancisada o Aald Al adled adle s catraral $Emaane Tla adbaoo 1
Sepdraicd aild U1C ICSIaUC wdd WddIIcU Wil Silidil HOUIIL U1 COIU UICLULY1 CUICL dOVOEal WICS. 111IC CUICICdl

layers were combined, the soivent was evaporated, and the crude product was subjected to flash
chromatography (hexane/EtOAc 4:1) on degassed silica gel to provide the iron complex 15 as a light yellow
solid, yield: 404 mg (98%), m.p. 122-123°C. IR (drift): v = 3433, 3358, 3054, 3031, 2985, 2940, 2849, 2832,
2044, 1960, 1927, 1595, 1491, 1463, 1440, 1420, 1286, 1233, 1193, 1173, 1155, 1128, 1021, 842, 780, 710,
625,614 cm — 1, IH-NMR (400 MHz, CDCl3): 8 =1.68 (brd, J=15.2, 1 H), 1.84 (s, 3 H), 2.40 (ddd, J = 15.2,
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11.1,3.9,1 H), 3.12 (br s, 2 H), 3.21 (m, 2 H), 3.44 (dt, J=11.1, 3.7, 1 H), 3.83 (s, 3 H), 5.52-5.57 (m, 2 H),
6.73 (s, 1 H), 7.19 (m, 2 H), 7.37 (m, 1 H), 7.46 (m, 2 H). 13C-NMR and DEPT (100 MHz, CDCl3): = 13.38
(CHj3), 31.31 (CH,), 39.43 (CH), 56.44 (CH3), 60.30 (CH), 64.81 (CH), 84.81 (CH), 85.69 (CH), 109.33 (CH),
123.92 (C), 127.36 (CH), 128.37 (C), 129.12 (2 CH), 129.86 (2 CH), 130.40 (C), 134.86 (C), 138.47 (C),
150.68 (C), 211.90 (3 CO). MS (85°C): m/z (%) = 431 (M, 5), 403 (1), 375 (11), 347 (34), 345 (42), 291 (7),

290 (11), 289 (6), 274 (7), 269 (100). HRMS: Calc. for Cy3H,FeNO, (M*): 431.0820, found: 431.0827. Anal.

LT\ LYy HOF\V )y & P LR A WY Qiv. 282 3“‘1‘ i NS AV,

Calc. for C93H51FeNOy: C, 64.06; H, 4.91; N, 3.25. Found: C, 64.29; H, 4.93; N, 3.45.

Tricarbonyl[(1-4-1)-5-(6-imino-4-methyl-5-phenylcyclohexa-1,4-dien-3-onyl)cyciohexa-1,3-dienejiron (16)
Commercial manganese dioxidel7 (405 mg) was added to a solution of the iron complex 15 (81 mg, 0.188
mmol) in toluene (3 ml). The mixture was stirred for 1 h at room temperature and filtered over a short path of
Celite, which was subsequently washed with diethyl ether several times. The filtrate was evaporated and the
yellow crude product was subjected to flash chromatography (hexane/EtOAc 5:1) on degassed silica gel to
provide the complex 16 as a yellow solid, yield: 66 mg (85%), m.p. > 80°C (dec.). IR (drift): v = 3252, 3060,

3005, 2924, 2851, 2043, 1972, 1648, 1631, 1608, 1595, 1443, 1409, 1375, 1335, 1239, 1143, 1074, 1013, 912,
201 7467 T14 TNE 50 £24 om — 1 1T NMDR 7400 M OIS =180(he d T=159 1IN} 174 (e 2 LT
071, I1UJ, 1J3%, /UU, UJU, ULT LII1 « THISINIVIIN \TUV 1V 1 s A1) O Vvl 4, v lJiky 1 I1), 1.70 D, J 11},
~ N r 111 ¥F_—_ 1t~ 11 A Y £ 1 TIN Y N"T 7 __ 1 TN ‘i1L‘I 1Y\ -~ ONn £ 1. 1=11A'\A 14 TTI\ &~ Ar rf._._. 1 ¥YTI\
£.37(004,J = 15.4, 11.4,3.0, 1 1), 2.7 (M, 1 1), 5.10(m, 1 n), 2.0¥ (A, v = 11.4, 3.4, 1 1), 5.40 (In, 1 1),
5.53 (m, 1 H), 6.61 (s, 1 H), 7.07 (d, J = 6.9, 2 H), 7.46 (m, 3 H), 10.40 (s, 1 H). 13C-NMR and DEPT (100

MHz, CDCl;): 8 = 13.64 (CH3), 32.79 (CH,), 37.17 (CH), 60.45 (CH), 62.83 (CH), 84.76 (CH), 86.24 (CH),
127.47 (CH), 129.04 (2 CH), 129.17 (2 CH), 133.51 (C), 136.21 (C), 142.93 (C), 157.03 (C), 165.74 (C=N),
187.82 (C=0), 211.55 (3 CO) (the signal of one CH-group is missing due to overlapping). MS (130°C): m/z (%)
=415 (M, 0.2), 387 (13), 359 (16), 331 (48), 329 (100), 274 (4), 273 (4), 254 (14), 253 (64). HRMS: Calc. for
CypH 7FeNO,4 (M1): 415.0507, found: 415.0484.

Tricarbonyl[(5-8-n)-4b,8a-dihydro-2-methyl-1-phenyl-3H-carbazol-3-one]iron (17)

Very active manganese dioxide!® (320 mg) was added to a solution of complex 16 (63 mg, 0.152 mmol) in
dichioromethane (3 mi) and the heterogeneous reaction mixture was stirred for 2 h at room temperature. By
addition of very active MnO, (80 mg) and stirring for additional 2 h at room temperature the reaction was
completed. The mixture was filtered through a short path of silica gel/Celite, which was subsequently washed
with ethyl acetate. The solvent was removed in vacuo and the residue was subjected to flash chromatography
(hexane/EtOAc 5:1) on silica gel to afford the carbazolone iron complex 17 as yellow crystals, yield: 49 mg

(78%), mp >165°C (dec.). IR (drift): v = 3230, 3024, 2937, 2899, 2054, 2043, 1975, 1968, 1936, 1659, 1628,
7, 1128, 1041, 1028, 973, 954, 944, 864, 778, 754,
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NMR and DEPT (100 MHz, CDCl5): 8 = 13.98 (CH3), 45.10 (CH), 56. 96 (CH), 59.21 (CH), 78.70 (CH), 85.22
(CH), 86.29 (CH), 122.60 (CH), 128.10 (2 CH), 128.37 (CH), 129.42 (2 CH), 134.41 (C), 139.50 (C), 141.73
(C), 155.65 (C), 163.48 (C=N), 187.71 (C=0), 210.36 (3 CO). MS (120°C): m/z (%) = 413 (M*, 4), 385 (39),
357 (5), 329 (100), 327 (16), 273 (2), 271 (2). HRMS: Calc. for CpyH;sFeNO, (M™): 413.0350, found:
413.0355. Anal. Calc. for Cy,H;sFeNOy: C, 63.95; H, 3.66; N, 3.39. Found: C, 64.03; H, 3.67; N, 3.44.
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Table. Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (A2 x 103)
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for 17. U(eq) is defined as one third of the trace of the orthogonalized Uj; tensor.

X y z U(eq)
Fe 613(1) 6715(1) 9514(1) 43(1)
C( -697(3) 6760(2) 10275(2) 53(1)
O) -1506(3) 6784(2) 10778(2) 78(1)
C(@ -950(4) 6391(2) 8386(2) 54(1)
0(2) -1959(3) 6177(2) 7677(2) 77(1)
C(3) 1555(3) 5759(2) 9962(2) 53(1)
0@3) 2200(03) 5151(2) 10263(2) 84(1)
C4) 2352(3) 7415(2) 10587(2) 44(1)
C(5) 1383(3) 7913(2) 9784(2) 51(1)
C(6) 1295(3) 7689(2) R778(2) 52(1)
C(7h) 2221(3) 6998(2) 8705(2) 46(1)
C(8) 3892(3) 6923(2) 9448(2) 43(H
Cc® 3967(3) 7162(2) 10560(2) 41(1)
N(1) 5084(2) 7859(1) 10904(2) 41(1)
C(10) 5602(3) 8060(2) 10151(2) 37(1)
can 5021(3) 7537(2) 9221(2) 41(1)
C(12) 5514(3) 7652(2) 8405(2) 51(D)
C(13) 6601(3) 8323(2) 8406(2) 51(D
0(4) 7101(3) 8431(2) 7676(2) 78(1)
C(14) 7116(3) 8888(2) 9322(2) 41(1)
C(22) 8070(%) 9614(2) 5185(3) 53(1)
C(15) 6680(3) 8750(2) 10176(2) 36(1)
C@16) 7217(3) 9267(2) 11132(2) 38(1)
caa7n 6135(4) 9667(2) 11506(2) 50(1)
C(18) 6622(4) 10154(2) 12385(2) 64(1)
Cc(19) 8220(4) 10234(2) 12908(3) 67(1)
C(20) 9304(4) 9838(2) 12560(2) 66(1)
C2n £810(3) 9358(2) 11678(2) 50(1)

8.909(2) A, b=16.166(4) A, ¢ = 13.556(2) A; B = 108.530(10)°; V = 1851.2(7) A3;Z=4; pcalc. = 1.483g/cm?;
T =2932) K; p = 0.843 mm — 1; A = 0.71069 A; 0 range: 2.02 - 21.98°; reflections collected: 6609,

independent: 2271; R = 0.0243, wR, = 0.0614 [1 > 25(1)}; maximal residual electron density: 0.154 e/A3.

The data were collected on a STOE STADI-4 diffractometer using Mo-K, radiation. The structure was solved
by direct methods (SHELXS-86) and refined anisotropically by full-matrix least squares based on all unique F2
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(SHELXL-93); the program SCHAKAL-97 has been used for the graphical representation of the crystal
structure (E. Keller, a computer program for the graphic representation of molecular and crystallographic
models, Universitit Freiburg, Germany, 1997).22

3-Hydroxy-2-methyl-1-phenyl-9H-carbazole (18)
The dihydrocarbazolone iron complex 17 (49 mg, 0.119 mmol) was dissolved in acetone (2 ml), trimethylamine
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subsequently washed with ethyl acetate several times. The solvent was evaporated in vacuo and the residue was
subjected to flash chromatography (hexane/EtOAc, 8:1) on silica gel to provide the carbazole 18 as a light
yellow solid. Recrystallization from toluene/hexane/EtOAc afforded 18 as colorless crystals, yield: 31 mg
(95%), m.p. 176-180°C. UV (MeOH): A = 219, 303, 355 nm. IR (CHCl3): v = 3600, 3466, 3064, 3009, 2927,
1615, 1588, 1508, 1489, 1459, 1431, 1379, 1315, 1263, 1150, 1122, 1108, 1015, 982, 860, 704, 660, 614
cm~ L 1H-NMR (400 MHz, acetone-dg): 6 = 2.18 (s, 3 H), 7.08 (dt, /= 0.8, 7.5, 1 H), 7.26 (dt, J=1.0, 7.5, 1

H), 738 (d,J 1 H), 7.42-7.56 (m, 6 H), 796 (d, J= 7.5, 1 H), 8.00 (s, 1 H), 9.43 (br s, 1 H). 13C-NMR
and DEPT (100 MHz acetone-dg): 8 = 14.71 (CH3), 105.23 (CH), 112.54 (CH), 119.61 (CH), 121.14 (CH),
122.38 (C), 123.15 (C), 124.70 (C), 126.29 (CH), 127.11 (C), 128.82 (CH), 130.28 (2 CH), 131.50 (2 CH),
134.85 (C), 139.64 (C), 142.17 (C), 150.94 (C). MS (90°C): m/z (%) = 273 (M, 100), 272 (9), 170 (66), 141
(51), 97 (10), 77 (50). HRMS: Calc. for C;oH;sNO (M*): 273.1154, found: 273.1144.

Hyellazole (3-Methoxy-2-methyl-1-phenyl-9H-carbazole)

By alkylation of the 3-hydroxycarbazole 18

A mixture of the hydroxycarbazole 18 (30 mg, 11.0 pmol), K,CO3 (136 mg, 0.98 mmol), and iodomethane
(0.67 ml, 1.53 g, 10.8 mmol) in acetone (3.5 ml) was heated at reflux for 6 h. The solvent was removed in

vacuo and the residue was dicsolved in dieth vl ether (10 m\ The enlntion wace filtered aver a chart nath of
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was subjected to flash chromatography (hexane/EtOAc 5:1) on silica gel to provide hyeliazoie as a coloriess
solid, yield: 29.5 mg (93%), m.p. 129-130°C (ref.2: 133-134°C). UV (EtOH): A = 221, 232, 239 (sh), 250 (sh),
260 (sh), 293 (sh), 304, 338, 352 nm. IR (CCly): v = 3473, 3063, 2935, 2832, 1612, 1587, 1504, 1490, 1453,
1424, 1307, 1291, 1256, 1208, 1178, 1156, 1149, 1044, 1028, 704 cm — 1. IR (drift): V = 3403, 3360, 3061,
3024, 2954, 2931, 2833, 1612, 1586, 1503, 1491, 1480, 1447, 1424, 1309, 1293, 1258, 1205, 1146, 1111, 1040,
1024, 842, 781, 773, 754, 747, 738, 704, 668, 646, 621 cm — 1. IH-NMR (400 MHz, CDCl,): 8 =2.22 (s, 3 H),
4.01 (s, 3 H), 7.19 (m, 1 H), 7.29-7.36 (m, 2 H), 7.43-7.48 (m, 3 H), 7.53-7.57 (m, 3 H), 7.61 (br s, 1 H), 8.04

.8 859 _ i1} WVils & 1 LA

{r1 J=128, II-I\ TH-NMR (400 MHz, acetone-d¢): §=2.15 (s 'ZT—“ 300(q '2]'—1\ 7.12 (m 1 H) 7’)9(
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7.43 (m, 4 H), 7.53 (m, 2 H), 7.70 (s, 1 H), 8.09 (dJ 7.8, 1 H), 9.52 (br s, 1 H). 13C-NMR and DEPT (100
MHz, CDCly): 8 = 13.70 (CHy), 56.16 (CHj), 100.23 (CH), 110.58 (CH), 118.83 (CH), 119.88 (CH), 120.27

- —~ ~ s T e ~T T ney

(C), 123.64 (C), 123.78 (C), 125.04 (CH), 125.50 (C), 127.56 (CH), 128.93 (2 CH), 129.84 (2 CH), 133.21 (C),
137.50 (C), 139.44 (C), 152.64 (C). MS (70°C): m/z (%) = 287 (M™, 100), 286 (2), 272 (46), 271 (6), 254 (14),
242 (7), 241 (8). HRMS: Calc. for CgH7;NO (M*): 287.1310, found: 287.1299. Anal. Calc. for C5oH;7NO: C,
83.60; H, 5.96; N, 4.87. Found: C, 83.84; H, 6.20; N, 5.03.
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Hyellazole

By oxidation of complex 15 with ferricenium hexafluorophosphate

Ferricenium hexafluorophosphate (16 mg, 48 umol) was added to a solution of complex 15 (105 mg, 0.244
mmol) in CH,Cl, (40 ml) at room temperature. After stirring the dark violet reaction mixture for 15 min the

12, 48 u nh was added. The mixture was stirred until th

color turns to vellnw and additional
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portions of FeCp,PF¢ (81 mg, 0.244 mmol per portion) were added each after additional 40, 70, 120, 200 min,
5 and 8 h; and Na,CO; (252 mg, 2.38 mmol) was added afier 5.5 h. Afier a ftotal reaction time of 22 h the
heterogeneous mixture was filtered over a short path of silica gel/Celite, which was subsequently washed with
EtOAc several times. The solvent was evaporated and the residue was subjected to flash chromatography
(hexane/EtOAc 7:1) on silica gel to provide first hyellazole (yield: 41 mg, 59%) and as the more polar fraction
complex 17 (29 mg, 29%). Complex 17 was converted to hyellazole (18 mg, 88% overall yield) in two steps as

described above. Total yield of hyellazole: 59 mg (84.4% based on 15). Spectral data, see above.

3-Methoxy-2-phenylbenzyl alcshel (19)
ceshistion fabio el 2 b Y b AL . 96 mmol) in Et-O (5 ml) was added over -
A solution of the ethyl 3-methoxy-2-phenylbenzoate (5 96 mmol) in Et;O (5 ml) was added over a

5) (503 mg, 1.
period of 30 min to a suspension of lithium aluminum hydride (110 mg, 2.90 mmoi) in Et,0 (15 mi) at - 10°C.
The reaction mixture was subsequently heated at reflux for 1 h. The mixture was carefully quenched with ice-
water and the resulting precipitate was dissolved in a small amount of H,SO4 (10%). The organic layer was
separated and the aqueous layer was extracted with diethyl ether (4 x 15 ml). The combined organic layers were
washed with a saturated solution of NaHCO3, then dried (Na,SOy), and the solvent was evaporated in vacuo.

The residue can be purified by flash chromatography (hexane/EtOAc 2:1) on silica gel. Recrystallization of the

product from hexane/Et;O (8:1) afforded the alcohol 19 as colorless crystalline needles, yield: 413 mg (98%),
m.p. 88-90°C. IR (KBr): v =3257, 3062,2924, 1601, 1578, 1466, 1435, 1259, 1031, 1013, 780, 765, 737, 701
cm - 1. IH-NMR (400 MHz, CDCl3): 8 = 1.64 (br s, 1 H), 3.73 (s, 3 H), 4.42 (s, 2 H), 6.95 (d, /= 8.2, 1 H),

7.18 (d,J=7.6, 1 H), 7.25-7.27 (m, 2 H), 7.36-7.46 (m, 4 H). 'H-NMR NOE experimenis (400 MHz, CDCly):
1. Irradiation at 3.73, observed NOE 6.95; 2. irradiation at 4.42, observed NOE's 7.18, 7.25-7.27. 13C-NMR and
DEPT (100 MHz, CDCl3): 8 = 55.84 (CHj), 63.22 (CH,), 110.20 (CH), 110.58 (C), 120.07 (CH), 127.23 (CH),
128.22 (2 CH), 128.68 (CH), 129.88 (2 CH), 136.14 (C), 140.26 (C), 156.80 (C). MS (50°C): m/z (%) = 214
(M*, 100), 212 (11), 196 (19), 195 (10), 181 (50), 165 (14), 153 (19), 152 (26), 139 (9), 115 (9), 77 (3). HRMS:
Calc. for C14H 40, (M*): 214.0994, found: 214.0975.

3-Methoxy-2-phenylbenzyl bromide (20)
A solution of phosphorus tribromide (1.56 g, 0. 54 ml, 5.76 mmol) in diethyl ether (4.5 mi) was added siowly to
a stirred solution of the benzyl alcohol 19 (3.35 g, 15.6 mmol) in diethyl ether (50 ml) at — 10°C. The reaction

mixture was stirred for further 30 min at room temperature and heated at reflux for additional 12 h. The mixture
was poured onto ice (30 g) and the organic layer was separated. The aqueous layer was extracted with diethyl
ether (3 x 10 ml). The combined organic layers were washed with a saturated solution of NaHCO3, dried over

sodium sulfate, and the solvent was evaporated in vacuo. The crude product can be used without further
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purification. For characterization the residue was subjected to flash chromatography (hexane/EtOAc 2:1) on
silica gel to afford 20 as a colorless oil. Storage at — 20°C provided the benzyl bromide 20 as a colorless solid,
yield: 4.11 g (95%), m.p. 40-42°C. IR (KBr): v = 3003, 2959, 2935, 2833, 1960, 1602, 1577, 1497, 1465,
1439, 1298, 1255, 1206, 1124, 1094, 1060, 1005, 934, 797, 703, 644, 592 cm ~ 1. IH-NMR (400 MHz, CDCl,):
5=13.70 (s, 3H), 4.26 (5,2 H), 6.90 (d, J= 8.3, 1 H), 7.14 (d, J= 7.7, 1 H), 7.31-7.46 (m, 6 H). 13C-NMR and
DEPT (100 MHz, CDCl3): 8 = 31.99 (CH,), 55.89 (CHj3), 110.91 (CH), 122.63 (CH), 127.41 (CH), 128.10 (2

I 179 Q1 (CIIY 179004 /) I 121 1Q /Y 125 £A Y 1T 187 0OV (Y NAC /MINOMMNe safm {0/ = DTQ
\Jll}, 1£40.01 \\/11}, 17,77 \L \.411}, 1J1.17 \\Jl’ 1J20.U7 \\.a}, 11 .2 \Lf}, 107.VL \\_/}. Vi \LU \/}. R \/ } LIO
AV e ~ L T4 ol FANA VYV e T4 107 71NN 10NL 717N 107 ronnN 101 7™ AN 1 re 711N VL8 7€ 1L 1IN 1L /70N
(M™ + 2, 35), 276 (M™, 36), 197 (100), 196 (13), 182 (60), 181 (24), 166 (11), 165 (56), 153 (17), 152 (28).
. P ~ P - O o~ rm oa e ma mn A o~ o m
HRMS: Calc. tor Cy4H 3/7BrO (M7): 276.0150, tound: 2/6.0136.

3-Methyl-2-phenylanisole (22)
By reduction of the benzyl bromide 20 with lithium aluminum hydride

A solution of the benzyl bromide 20 (3.83 g, 13.8 mmol) in ether (15 ml) was added slowly to a suspension of
lithium aluminum hydride (1.6 g, 42.2 mmol) in ether (15 ml) at — 10°C. The reaction mixture was stirred at
room temperature for 30 min, then heated at reflux for 17 h, carefully quenched by addition of ice-water, and
the resulting precipitate was dissolved in diluted HySO,4. The organic layer was separated and the aqueous layer
was CX[I'aCte(l Witfl (llClIlyl eﬁ'lﬂl' \.) X lD mu lﬂC LOleIlCU Ofgaﬁlb myers were wasnea w1m a samralea
solution of NaHCO3 and dried over Na,SO,4. Evaporation of the soivent and flash chromatography of the
residue (hexane/EtOAC 3:1) on silica gel afforded the anisole 22 as a colorless liquid, yield: 2.3 g (84%). By
using the benzyl alcohol 19 and the benzyl bromide 20 (see above) without purification the overall yield of the
anisole 22 can be improved to 92% based on the benzoate 5 (3 steps). IR (film): V = 3060, 3024, 2954, 2834,
1602, 1578, 1497, 1466, 1437, 1292, 1256, 1084, 1007, 994, 919, 901, 777, 762, 737, 701, 685 cm — 1. 1H-
NMR (400 MHz, CD,Cl,): 8 = 2.12 (s, 3 H), 3.74 (s, 3 H), 6.88 (d J=83,1H),695(,J=176,1H), 727
m, 3 H), 7.38 (m, 1 H), 7.47 (m, 2 H). |H-NMR NOE experiment:

rved NOFE
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CH), 131.16 (C), 137.89 (C), 138.24 (C), 157.24 (C). MS O°C) miz (%) =19
165 (20), 152 (7). HRMS: Calc. for C14H;40 (M*): 198.1045, found: 198.1033.
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3-Methoxy-2-phenylbenzoic acid (21)
The benzoate 5 (500 mg, 1.95 mmol) was added to a solution of potassium hydroxide (328 mg, 5.87 mmol) in
ethanol (3 ml) / water (0.5 ml). The reaction mixture was heated at reflux for 3 h and the solvent was

subsequently removed in vacuo. A 4 M solution of HC] was added to the residue until a pH = 1 was detected.

The mivture wacg caturated with Na('l and then extracted with diethyl ather (§ v 10 mIY The comhined aroanic
A ldlw LI1AALULW YYTUOD DULUWL LWL TYLLIL L VAW L Uil WiWIL vAWWWILWWY VYA “l‘i‘l]l Wwhidlwi \-’ [ 90 Y4 llll}- A dl%w WAIILAIULLANAL Ulbmllh
b PE—— N JL g, [ coen ciilfnta nemd thha anlerané na munmaeatad Dlasle alecies e Lo 0 ol 2.1
IaycCid WCIT JlCU OVCD SOUJLULIL sulldaic 10 UIC DSLUIVUIIL wWad CvapulaiCl. rlasil CINUIIALOEIapily 01 Ui 1CS1auc

)

(hexane/EtOAc 6:1) on silica gel provided a crystalline solid. Recrystallization from acetonitrile/diethyi ether
(3:2) afforded the benzoic acid 21 as colorless crystals, yield: 430 mg (97%), m.p. 170-173°C. IR (KBr): v =
3060, 2963, 2936, 2837, 1690, 1671, 1600, 1576, 1498, 1458, 1398, 1303, 1260, 1056, 942, 919, 761, 732, 699
cm -1, TH-NMR (250 MHz, CDCl3): 8 =3.74 (s, 3 H), 7.13 (d, J= 8.1, 1 H), 7.23-7.27 (m, 3 H), 7.33-7.41 (m,
3 H), 7.50 (d, J = 7.8, 1 H), 10.41 (br s, 1 H). 13C-NMR and DEPT (100 MHz, CDCl3): § = 56.07 (CHj3),
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114.67 (CH), 122.16 (CH), 127.21 (CH), 127.73 (2 CH), 128.37 (CH), 129.49 (2 CH), 131.63 (C), 131.76 (C),
136.23 (C), 157.06 (C), 172.99 (C=0). MS (20°C): m/z (%) = 228 (M*, 100), 211 (10), 181 (14), 168 (12), 152
(8), 139 (26). HRMS: Calc. for C;4H;,03 (M™): 228.0786, found: 228.0804.

3-Methyl-2-phenylanisole (22)
By reduction of the benzoic acid 21 with trichlorosilane

v vlhanzain anid (1Y 7400 mo 171 mmal) was dissalve A in a PN T R, Af
3-Methoay-/.-pucu_ylbemﬁc acid (21) (400 mg, 1.71 i‘i‘imﬁl) was dissolved in a small amount of warm
1 3 NnorM kg AN 1

acetonitrile and then cooled to 0°C. Trichlorosilane (1.40 g, 1.04 mil, 10.3 mmol) was added slowly at this
temperature and then the reaction mixture was heated at reflux for 1 h. After cooling to 0°C, tri-n-propylamine
(648 mg, 0.86 ml, 4.52 mmol) was added slowly and the mixture was heated at reflux for additional 16 h.
Diethyl ether was added and the cold mixture was filtered. The solvent was evaporated, the residue was
dissolved in MeOH (10 ml, p.a.), and the solution was heated at reflux for 1 h. A solution of KOH (960 mg) in
H>O (3 ml) / MeOH (10 ml) was added slowly, the resulting suspension was heated at reflux for additional 19
h, and the reaction mixture was quenched with H,O (20 ml). After extraction with hexane (5 x 5 ml), the

combined nrgnn!r lnw—\re were neutralized with diluted HCl, and then washed with a saturated solut

AvLa i (S 33 ¢E 1 Ewl ) VaSiivae

NaHCOs. The solution was dried (Na;SOy4) and the solvent was evaporated. The residue was purified by flash

Lnromatograpny‘ (nexane/mUAc J 1) on sulca gel to provme me amsoxe LL as a COlOI'leSS Oll YIClCl 270 mg
(81%). The overall yield of the anisole 22 was 79% based on the benzoate 5 (2 steps). Spectral data, see above.

3-Methyl-4-nitro-2-phenylanisole (23) and 3-Methyl-6-nitro-2-phenylanisole

A mixture of HNO;3 (65%, 0.52 ml, 7.51 mmol) and H,SO4 (96%, 0.56 ml, 10.1 mmol) was added to a solution
of the anisole 22 (1.00 g, 5.04 mmol) in dichloromethane (5 ml) at — 10°C over a period of 30 min while the
color of the mixture turns to dark blue. After the addition was completed, the reaction mixture was stirred for

further 60 min at — 5°C. The mixture was quenched with ice and the aqueous layer was extracted with Et;0 (5 x
30 ml). The combined organic la"ers were washed with a saturated solution of NaHCO;, dried over sodium
£ P, 1 T o S 4 o

fate, and the solvent was evaporated in vacuo. The residue was subjected to flash chromatography
(hexane/EtOAc 5:1) on silica gel to afford first the minor regioisomer 3-methyl-6-nitro-2-phenylanisole and
then the 4-nitro derivative 23 as the more polar regioisomer.

23: Orange-yellow solid, yield: 633 mg (52%), m.p. 60-62°C. IR (KBr): ¥V = 3093, 3055, 2977, 2941, 2845,
1599, 1572, 1510, 1466, 1441, 1431, 1338, 1269, 1076, 1030, 1002, 934, 850, 833, 819, 759, 736, 697 cm — 1.
TH-NMR (400 MHz, CD,Cl,): & = 2.21 (s, 3 H), 3.78 (s, 3 H), 6.91 (d, J=9.1, 1 H), 7.16 (m, 2 H), 7.27-7.48
(m, 3 H), 8.00 (d, J= 9.1, | H). IH-NMR NOE experiment (400 MHz, CD,Cl,): Irradiation at 3.78, observed

NOE 6.91. I3C-NMR and DEPT (100 MHz, CDCl;): 8 = 17.85 (CH3), 56.10 (CHj), 107.96 (CH), 125.98
(CH), 127.56 (CH), 128.41 (2 CH), 129.82 (2 CH), 132.87 (C), 134.05 (C), 135.97 (C), 143.93 (C), 160.36 (C).
MS (40°C): m/z (%) = 243 (M, 100), 226 (67), 211 (6), 196 (10), 182 (12), 181 (18), 165 (12), 153 (20), 152
£~ b2 W ial ~ ral ry AT J. -~ A~ Fa %

(22). HRMS: Calc. for C4H3NO3 (M™): 243.0895, found: 243.0910.

3-Methyl-6-nitro-2-phenylanisole: Yellow crystals, yield: 213 mg (17%), m.p. 43-45°C. IR (KBr): v = 3083,
3025, 3014, 2942, 2871, 1601, 1580, 1522, 1491, 1465, 1441, 1403, 1355, 1258, 1218, 1076, 1046, 1021, 996,
928, 868, 839, 789, 763, 704, 636 cm ~ 1. IH-NMR (400 MHz, CDCl3): 8 =2.16 (s, 3 H), 3.45 (s, 3 H), 7.12 (d,
J=8.4,1H),7.26 (m, 2 H), 7.38-7.49 (m, 3 H), 7.74 (d, J = 8.4, 1 H). H-NMR NOE experiments (400 MHz,
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CDCls): 1. Trradiation at 7.12, observed NOE 7.74; 2. irradiation at 7.74, observed NOE 7.12. 13C-NMR and
DEPT (100 MHz, CDCl5): & = 20.98 (CHj3), 61.96 (CH3), 123.80 (CH), 125.44 (CH), 127.81 (CH), 128.46 (2
CH), 129.60 (2 CH), 135.36 (C), 138.22 (C), 142.36 (C), 144.15 (C), 151.29 (C). MS (20°C): m/z (%) = 243
(M, 100), 198 (64), 197 (9), 196 (31), 183 (17), 182 (41), 181 (27), 168 (34), 167 (13), 166 (11), 165 (34), 154
(10), 153 (27), 152 (34), 139 (10), 77 (6). HRMS: Calc. for C;4H;2NO, (M*): 243.0895, found: 243.0912.
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Palladium on carbon {15%, 500 mg) was added to a solution of the nitrobenzene 23 (4.40 g, 18.1 mmol) in

methanol (100 ml). The nitro derivative 23 was hydrogenated by vigorous stirring of this mixture in a hydrogen
atmosphere (1.1 atm) until no further H, uptake was detected. The reaction mixture was filtered over a short
path of silica gel/Celite, which was subsequently washed with dichloromethane. Evaporation of the solvent in
vacuo afforded the amine 24 as colorless crystals, yield: 3.81 g (99%), m.p. 102-104°C. IR (KBr): v = 3463,
3433, 3361, 3051, 3018, 2987, 2936, 2903, 2830, 1617, 1594, 1476, 1435, 1292, 1252, 1082, 1003, 992, 800,
763, 729, 701 cm — 1, TH-NMR (400 MHz, CDCl3): 6=1.91(s,3H),3.45(brs,2 H),3.63 (s,3H),6.71(d,J=

fHz, CDCl»):
8.7, 1H),674(d, J=87,1H), 7.22 (m, 2 H), 7.34 H), 7.43 {m, 2 H). 13C-NMR and DEPT (100 MHz,

{m 1

,2H), 7.34 (m, 1

CDCl3): & = 14.82 (CHj), 56.61 (CH3), 110.13 (CH ) 14.55 (CH), 122.96 (C), 126.71 (CH), 128.00 (2 CH),
50.40

130.19 (2 CH), 132.19(C), 138.13 (C), 138.60 (C), 150.40 (C). MS (40°C): m/z (%) = 213 (M™, 100), 198 (57),
183 (58). HRMS: Calc. for C;4H;5NO (M*): 213.1154, found: 213.1136.

[(1-4-1)-5-(2-Amino-5-methoxy-3-methyl-4-phenylphenyl)cyclohexa-1,3-diene]tricarbonyliron (25)

A solution of tricarbonyl(n>-cyclohexadienylium)iron tetrafluoroborate (1) (2.65 g, 8.67 mmol) in degassed
acetonitrile (25 ml) was added slowly to a refluxing solution of the arylamine 24 (3.79 g, 17.8 mmol) in
degassed acetonitrile (10 ml). The reaction mixture was heated at reflux for 80 min. The solvent was evaporated

in vacuo, diethvl ether was added to the residue, and the resultine susnension was stirred under an inert oas

n , diethyi ether was added to the residue, and the resulting suspension was stirred under an inert gas

atrmaamhara 11nti]l tha ingalihkla nratanatad amine wae finaly dienarcad Tha enliitinn ng gamaratad amd tha
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residue was washed with small amounts of cold diethyl ether several times. The ethereal layers were combined
and the solvent was evaporated. The crude product was subjected to flash chromatography (hexane/EtOAc, 6:1)
on degassed silica gel to provide the iron complex 25 as a light yellow solid, yield: 3.50 g (94%), m.p. 163-
165°C. IR (KBr): v = 3450, 3379, 3223, 3066, 3024, 2998, 2937, 2854, 2833, 2043, 1950, 1620, 1602, 1498,
1474, 1416, 1380, 1334, 1309, 1275, 1220, 1188, 1155, 1116, 1063, 1008, 995, 941, 880, 866, 848, 800, 768,
705, 675, 617 cm — 1. IH-NMR (400 MHz, CDCl3): & = 1.71 (br d, J=15.2, 1 H), 1.90 (s, 3 H), 2.47 (ddd, J =
15.2,11.1, 3.8, 1 H), 3.24 (m, 2 H), 3.41 (brs, 2 H), 3.50 (dt, J=11.1, 3.7, 1 H), 3.64 (s, 3 H), 5.54-5.60 (m, 2

H), 6.72 (s, 1 H), 7.20 (m, 2 H), 7.33 (m, 1 H), 7.41 (m, 2 H). !H-NMR NOE experiments (400 MHz, CDCl5):

1 Teradiatinn 171 224 50
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and DEF1 (1UU MHZz, L,IJL,13) 6 = 135.17 [bﬂ3), 31.36 (bﬂz)’ 39.46 (CH), 50.80 (bﬂ_’i), 0uU.L/ (LH), 04.04

(CH), 84.89 (CH), 85.78 (CH), 108.64 (CH), 122.83 (C), 126.64 (CH), 127.93 (2 CH), 129.77 (C), 130.27 (2
CH), 130.41 (C), 135.87 (C), 138.02 (C), 149.91 (C), 211.91 (3 CO). MS (120°C): m/z (%) = 431 (M*, 41), 403
(2), 375 (41), 347 (66), 345 (91), 330 (41), 293 (25), 291 (36), 290 (34), 289 (53), 274 (20), 269 (100), 259



(32), 255 (13), 254 (75). HRMS: Calc. for Cp3H, FeNO, (M*): 431.0820, found: 431.0809. Anal. Calc. for
C,p3Hy FeNOy: C, 64.04; H, 4.91; N, 3.25. Found: C, 64.07; H, 5.03; N, 3.62.

Tricarbonyl[(1-4-1)-5-(6-imino-5-methyl-4-phenylcyeclohexa-1,4-dien-3-onyl)cyclohexa-1,3-diene]iron (26)
and Tricarbonvl[( 1-4-11)-5 (5—methvl—4-phenvlcvclohexa-l 4- dien-3 6-dionvl)cvclohexa-l,3 diene]iron
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dichloromethane several times. The filtrate was evaporated and the crude product was subjected to flash
chromatography (hexane/EtOAc 5:1) on degassed silica gel to provide the desired complex 26 as the more polar
fraction. The less polar fraction contained the corresponding p-benzoquinone as a by-product.

26: Yellow solid, yield: 112 mg (58%), m.p. 134-136°C. IR (KBr): v = 3415 (br), 3282, 3064, 3000, 2920,
2851, 2053, 1963, 1639, 1619, 1441, 1407, 1368, 1317, 1215, 1198, 1130, 874, 763, 705, 623 cm — 1. ITH-NMR
(400 MHz, (“I‘)(‘I ):8=1.49(brd)and 1.52 (brd, J=15.3, £ 1H), 1.98 (s)and 2.12 (s, £ 3 H), 2.43 (ddd, J =

15.3, 11.4, 3.8, 1H),296(m)and309(m,21H),317(m,1H),336(dtJ 11.5,3.6) and 3.94 (dt, J = 11.4,

28 1IN\ £ AL (oen IN £ 8A (Y 0ind £ N v TTIN £ &1 ool and £ 80 /e s T 1 LN '7’\0"1 14

3.5,Z 1 H), 5.46 (im, 1 H), 5.54 (m) and 5.60 (m, T 1 H), 6.51 (br s) and 6.52 (br s, £ 1 H), 7.08-7.14 (in, 2 H),
7.35-7.44 (m, 3 H), 10.87 (br s) and 11.04 (br s, £ 1 H). 13C-NMR and DEPT (100 MHz, CDC Cl3) (anti-imine
stereoisomer): & = 14.85 (CH3), 32.71 (CHy), 37.16 (CH), 60.42 (CH), 62.74 (CH), 84.82 (CH), 86.24 (CH),

127.30 (CH), 128.09 (CH), 128.16 (2 CH), 129.50 (2 CH), 134.07 (C), 137.90 (C), 140.31 (C), 157.20 (C),
166.65 (C=N), 186.57 (C=0), 211.57 (3 CO). MS (140°C): m/z (%) = 415 (M*, 1), 387 (9), 359 (32), 331 (97),
330 (25), 329 (100), 257 (11), 255 (16), 254 (18), 253 (64), 251 (19). HRMS: Calc. for CoyH,;FeNO, (M*):
415.0507, found: 415.0537.

Tricarbonyl[(1-4-1)-5-(5-methyl-4-phenylcyclohexa-1,4-dien-3,6-dionyl)cyclohexa-1,3-dieneiron: Yellow
solid. vield: 27 mo (14%). m.n. 152-155°C. IR (KBr): v = 3060. 2998 2925 2852 2053. 1970 1643 160
uuuuu s JAVEG. &7 UG (1570, LLp. 1047100 S AN \ANDE . Y PVOVy L7 T0, LLdy, LUJLy &UVDy 371Uy 2 USI, A0V,
1441 1274 1214 1202 1701 17724 711 11872 QK2 Q04 T7£Q T11 £0Q £79A4 AN s — 1 IRA RNV
18%1, 1374, 1310, 15UD, 1ZY1, 14345, 142ii, 1133, Y03, 0¥4%, /00, /11, B30, Oi4, OU

1
(400 MHz, CDCl3): 8 =1.45 (brd, J=15.4, 1 H), 1.93 (s, 3 H), 2.40 (ddd, J=15.4, 11.5,
H), 3.16 (m, 1 H), 3.50 (dt, J = 11.5, 3.3, 1H),340(m 1 H), 5.51 (m, 1 H), 6.67 (d, J= 0.6, 1 H), 7.13 (m, 2
H), 7.39-7.45 (m, 3 H). I3C-NMR and DEPT (100 MHz, CDCl;): 8 = 14.08 (CH3), 31.77 (CH,), 36.39 (CH),
60.01 (CH), 61.29 (CH), 84.58 (CH), 86.37 (CH), 128.12 (2 CH), 128.59 (CH), 129.41 (2 CH), 129.93 (CH),
132.69 (C), 141.69 (C), 143.34 (C), 153.37 (C), 187.13 (C=0), 187.75 (C=0), 211.25 (3 CO). MS (95°C): m/z
(%) = 416 (M*, 7), 388 (8), 360 (29), 332 (96), 330 (34), 276 (28), 274 (15), 256 (10), 254 (100), 252 (11).
HRMS: Calc. for C55H,6FeO5 (M™): 416.0347, found: 416.0360.
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mmol) in dichloromethane (3 ml) at room temperature. After a reaction time of 60 min, the heterogeneous
mixture was filtered over a short path of silica gel/Celite, which was subsequently washed with ethyl acetate.
The solvent was evaporated in vacuo and the residue was subjected to flash chromatography (hexane/EtOAc
5:1) on silica gel to afford the carbazolone 27 as yellow crystals, yield: 47 mg (67%), m.p. 175-177°C.
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IR (KBr): v = 3434, 3058, 3022, 2918, 2060, 1994, 1965, 1728, 1651, 1623, 1599, 1441, 1412, 1370, 1302,
1282, 1263, 1208, 1160, 881, 702, 652, 616 cm ~ . IH-NMR (400 MHz, CDCls): 8 = 2.10 (s, 3 H), 3.14 (ddd, J
=59,43,1.8, 1 H), 3.48 (ddd, J= 5.9, 4.2, 1.7, 1 H), 3.56 (ddd, J= 6.4, 4.3, 1.9, 1 H), 4.98 (dd, J=6.4,4.2, 1
H), 5.46 (m, 2 H), 6.29 (d, J = 1.9, 1 H), 7.13 (m, 2 H), 7.34-7.43 (m, 3 H). 13C-NMR and DEPT (100 MHz,
CDCly): & = 15.10 (CHy), 45.19 (CH), 57.08 (CH), 58.87 (CH), 78.38 (CH), 85.31 (CH), 86.41 (CH), 122.66
(CH), 128.01 (3 CH), 129.62 (2 CH), 134.32 (C), 139.49 (C), 142.67 (C), 155.41 (C), 164.44 (C=N), 186.43

(C=0), 210.34 (3 CO). MS (140°C): m/z (%) = 413 (M*, 2), 385 (32), 357 (5), 329 (100), 327 (22), 273 (2), 271
(N LUDNMQ. Cala Ffae O LI _TaNO, (MP 4172 NWEN Ffanind 412 N249
\J}. LT1INIVIOD. O . 1UlL \42211151 CL‘U4 LLVL } T1I.VIOJIV, IUVUIIU,. 1. VI,

3-Hydroxy-1-methyl-2-phenyl-9H-carbazole (28)

Trimethylamine N-oxide dihydrate (67 mg, 0.603 mmol) was added to a solution of the dihydrocarbazolone iron
complex 27 (30.5 mg, 73.8 pumol) in acetone (5 ml) and the reaction mixture was stirred at room temperature
for 14 h. The heterogeneous mixture was filtered over a short path of silica gel/Celite, which was subsequently
washed with ethyl acetate several times. The solvent was evaporated and the residue was purified by flash
chromatography (hexane/EtOAc 6:1) on degassed silica gel to provide the carbazole 28 as a colorless solid,
yield: 17 mg (84%), m.p. 2185°C (dec.). UV (MeOH): A = 212, 239, 253 (sh), 302, 346 nm. IR (drift): vV =

/
.35 (m, 5 H), 7.45 (m, 3 H), 7.52 (s, 1 H), 8.00 (d, J = 7.9, 1 H), 10.00 (br s, 1 H). 13C-NMR and DEPT
(100 MHz, acetone-dg): & = 15.84 (CHs), 104.23 (CH), 112.44 (CH), 119.76 (CH), 120.37 (C), 121.51 (CH),
123.48 (C), 124.84 (C), 126.68 (CH), 128.15 (CH), 129.47 (2 CH), 129.86 (C), 132.31 (2 CH), 135.70 (C),
139.73 (C), 142.38 (C), 149.78 (C). MS (90°C): m/z (%) = 273 (M*, 100), 272 (10), 271 (5), 257 (5), 254 (8).
HRMS: Cale. for C1gll;sNO (M*): 273.1154, found: 273.1135.

28272 2817 28N1T 14292 1A 10Q0 INSS 1NDQ 1A145 1800 1821 1&8N7T7 1489 144N 1404 1221 1217 17Q4
JIIIy IILIy IIVL, ITIO0, JIIU, JLOT, JUIT, JULO, 1ULJ, LJITT, 1 IO0Ly 1JUI, L1TJO, 177U, 174U, 1331, 2J1L17, ILJU,
1AL 1 1~ TN 1TN1T A 3y ~ -7 Al L 72 % BN ._l 1" NI AT FANN % ATT PRy Ry J N\ S NN ~ TTIN Lo S Wa TRV SRPRSY 1 TTIY
1225, 1179, 1014, 773,767, 741, 703 cm — *. *H-NMR (400 MHz, acetone-dg): 0 =2.30 (s, 3 H), 7.12 (m, 1 H),
7 - o

A mixture of the 3-hydroxycarbazole 28 (18.4 mg, 67.3 umol), K,CO3 (186 mg, 1.35 mmol) and iodomethane
(958 mg, 0.42 mi, 6.75 mmol) in acetone (4 mi) was heated at reflux for 24 h. The solvent was evaporated and
the residue was dissolved in diethyl ether (10 ml). The solution was filtered over a short path of Celite, which
was subsequently washed with diethyl ether. Removal of the solvent, flash chromatography (hexane/EtOAc 5:1)
of the residue on silica gel, and recrystallization from hexane/CH,Cl, afforded isohyellazole as colorless
crystals, yield: 16.8 mg (87%), m.p. 159-161°C. UV (MeOH): A = 210, 239, 250 (sh), 302, 337 nm. IR (drift):

v =3421, 3061, 3028, 2957, 2938, 2838, 2544, 1600, 1581, 1503, 1490, 1480, 1456, 1420, 1380, 1312, 1281,

hahafiedt ] 1 3 3 11755 H 5 = b4
(400 MHz acetone-d- Y § =230(c. 3. 376 (. 3 H). 716(dd4. J=79.70. 09 1 H\ 727-730 (m. 2
\TUV 1Vilid, aviWiivTigf. U LIV Dy & ELJy J TV Dy T Ld)y 11U (B, v Te7y TeVy ety X Kijfy 7 edui ™7 eV \Midy & 1ij,
TAA T A0 fane VI T AT T AL fene DI T X1 /(A T=01 NAQ 1TTITIN\ TEL£L /2 1IN Q11 /e d 770 1 1IN 1IN 1N
1. 99-7.00 \Il}, &« I1), /.91~ /.FO 11, £ K1), /.01 \UL, J 0.1, V.7, 1 I1), 7.UJ D, 1 I1),0.11\Ul U, /1.7, 1 11}, 1V.1V
(br s, 1 H). 13C-NMR and DEPT (100 MHz, acetone-dg): 8 = 15.79 (CHjy), 57.15 (CHj), 101.10 (CH), 112.57

(CH), 119.96 (CH), 120.86 (C), 121.56 (CH), 123.09 (C), 125.19 (C), 126.66 (CH), 127.96 (CH), 129.24 (2
CH), 131.47 (C), 132.16 (2 CH), 136.07 (C), 140.04 (C), 142.21 (C), 153.17 (C). MS (80°C): m/z (%) = 287
(M*, 100), 272 (25), 257 (54), 241 (6). HRMS: Calc. for CooH{7NO (M™*): 287.1310, found: 287.1305.
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Isohyellazole

By oxidation of complex 25 with ferricenium hexafluorophosphate

Ferricenium hexafluorophosphate (20 mg, 60 pmol) was added to a solution of complex 25 (108 mg, 0.250
mmol) in CH,Cl, (75 ml) at room temperature. After stirring the dark violet reaction mixture for 15-20 min the
color turns to yellow and additional FeCp,PF¢ (18 mg, 54 pmol) was added. The mixture was stirred for further
40 min until the color turns to yellow and after 1 h Na,CO3 (269 mg, 2.54 mmol) was added. While stirring at

room temperature 7 portions of FeCp,PFg (65 mg, 0.196 mmol per portion) were added each after additional 5,
- B, Ty J- N I § (Y oV AV & Be IV, RN D, VUi ) S Al Afan DL AL o dbn]
2, dlil £ /0 1111, 1 N 2\4U3 L1249 111g, 1.20 1HHIVI) wdd duucd ter 5 Ii. Aller 4 totai reaction

)
]

1. e Iy}

time of 22 h the heterogeneous mixture was fiitered over a short paih of silica gel/Celite, which was
subsequently washed several times with EtOAc. The solvent was evaporated in vacuo and the residue was
subjected to flash chromatography (hexane/EtOAc 5:1) on silica gel to provide first isohyellazole (yield: 44 mg,
61%) and as the more polar fraction complex 27 (31 mg, 30%). Complex 27 was converted to isohyellazole
(15.7 mg, 73% overall yield) in two steps as described above. Total yield of isohyellazole: 59.7 mg (83% based
on 25). Spectral data, see above.

We thank the RAQF A(GG T uduwiochafen for

Q a a
AIVUS UL AV, ¥V & LUIGUIN Wi LF0AJ1 LANT, AU V'Asﬂllu‘\tll’ ivi a 5\!11

KReferences and Notes
1. Part 52: H.-J. Knolker, H. Hermann, D. Herzberg, Chem. Commun. 1999, 831.
2. J. H. Cardellina II, M. P. Kirkup, R. E. Moore, J. S. Mynderse, K. Seff, C. J. Simmons, Tetrahedron Lett.
1979, 4915.
3. Reviews: R. S. Kapil in The Alkaloids; R. H. F. Manske, Ed.; Academic Press: New York, 1971; Vol. 13;
p. 273. D. P. Chakraborty in Prog. Chem. Org. Nat. Prod.; W. Herz, H. Grisebach, G. W. Kirby, Eds.;
Springer Verlag: Wien, 1977; Vol. 34; p. 299. H.-P. Husson in The Alkaloids; A. Brossi, Ed.; Academic

L. 1Ciy, 111k

Press: New York, 1985; Vol. 26; p. 1. P Bhattacharyya, D. P. Chakraborty in Prog. Chem. Org. Nat.

~ i, AFUS, VUL LYV, P KL T TG

Prod.; W. Herz, H. Grisebach, G. W. Kirby, C. Tamm, Eds.; Springer Verlag: Wien, 1987; Vol. 52; p.

~ n.

1. £ro

7 YTY__ ~aL Ty v i

W. Herz, H. Grisebach, G. W. Kirby, C

120 =

159. D. P. Chakraborty, S. Roy in Prog. Chem. Org. N d.;
Tamm, Eds.; Springer Verlag: Wien, 1991; Vol. 57; p. 71. D. P. Chakraborty in The Alkaloids; G. A.
Cordell, Ed.; Academic Press: New York, 1993; p. 257.

4. Reviews: U. Pindur, Chimia 1990, 44, 406. J. Bergman, B. Pelcman, Pure Appl. Chem. 1990, 62, 1967.
H.-J. Knélker in 40 Jahre Fonds der Chemischen Industrie 1950-1990; Verband der Chemischen
Industrie, Ed.; Frankfurt, 1990; p. 219. T. Kawasaki, M. Sakamoto, J. Indian Chem. Soc. 1994, 71, 443. C.
J. Moody, Synlett 1994, 681. H.-J. Knélker in Advances in Nitrogen Heterocycles; C. J. Moody, Ed.; JAI

enwich, CT (USA), 1995; Vol. 1; p. 173. M. Toyota, M. Thara, Nat. Prod. Rep. 1998, 15, 327.

USA), 1995; ; P Thar Rep
5. For reviews, see: H.-J. Knélker in Organic Synthesis via Organometallics; K. H. Dotz, R. W. Hoffmann,

TRIECID Vs T B

Sy e s

Eds.; Vieweg: Braunschweig, 1991; p. 119, H.-J. Knoélker, Synlett 1992, 371. H.-J. Knélker in Transitio
Metals for Organic Synthesis; M. Beller, C. Bolm, Eds.; Wiley-VCH: Weinheim, 1998; Vol. 1; p. 534.
H.-J. Knolker, Chem. Soc. Rev. 1999, 28, 151.

6. H.-I1. Knolker, M. Bauermeister, D. Bliser, R. Boese, J.-B. Pannek, Angew. Chem. 1989, 101, 225; Angew.
Chem. Int. Ed. Engl. 1989, 28, 223. H.-J. Knélker, M. Bauermeister, J. Chem. Soc. Chem. Commun. 1989,



(=]
R
Juany
~

oo

16.
17.
18.
19.
20.

c‘/n rr qn r\nnn Yy Tr e 1t - [ 5

1468. H.-J. Kndlker, M. Bauermeister, Heferocycles 1991, 32, 2443. H.-J. Knélker, M. Bauermeister, J.-B.
Pannek, Chem. Ber. 1992, 125, 2783. H.-J. Knolker, M. Bauenneister, J.-B. Pannek, D. Bliser, R. Boese,
Tetrahedron 1993, 49, 841. H.-J. Knélker, M. Bauermeister, Helv. Chim. Acta 1993, 76, 2500. H.-J.
Knélker, F. Budei, J.-B. Pannek, G. Schlechtingen, Synlett 1996, 587. H.-J. Knélker, G. Schlechtingen, J.
Chem. Soc. Perkin Trans. 1 1997, 349,

H.-J. Knolker, M. Baucrmeister, J. Chem. Soc. Chem. Commun. 1990, 664. H.-J. Knélker, M.

Bauermeister, Tetrahedron 1993, 49, 11221.

For alternative syntheses of hyellazole, see: S. Kano, E. Sugino, S. Hibino, J. Chem. Soc. Chem. Commun.
1980, 1241. S. Kano, E. Sugino, S. Shibuya, S. Hibino, J. Org. Chem. 1981, 46, 3856. S. Takano, Y.
Suzuki, K. Ogasawara, Heterocycles 1981, 16, 1479. T. Kawasaki, Y. Nonaka, M. Sakamoto, J Chem.
Soc. Chem. Commun. 1989, 43. C. J. Moody, P. Shah, J Chem. Soc. Perkin Trans. 1 1989, 376. C. ].
Moody, P. Shah, J Chem. Soc. Perkin Trans. 1 1989, 2463. R. L. Danheiser, R. G. Brisbois, J. J.
Kowalczyk, R. F. Miller, J. Am. Chem. Soc. 1990, 112, 3093. T. Kawasaki, Y. Nonaka, M. Akahane, N
Maeda, M. Sakamoto, J Chem. Soc. Perkin Trans. 1 1993, 1777. E. M. Beccalli, A. Marchesini, T. Pilati,
J. Chem. Soc. Perkin Trans. 1 1994, 579. T. Choshi, T. Sada, H. Fujimoto, C. Nagayama, E. Sugino, S.

Thhina Toetrabodraon Tort 1006 27 2081 T f‘l-\nal-n T Qada H Eniimata O Nagavama anu-u\ Q
loInG, feiranearon Leil, 1559, 3/, £75335. 1. LN0S, 1. 5aGa, &, fUjimois, . INagayaia, u DUgiJ, 3.
TTIL S T N, AL 1Q0M £ NENE

0ino, 4. Urg. Lnem. 1371/, 04, £230.

I
H.-J. Knéiker, P. Gonser, Synlett 1992, 517. H.-J. KnSlker, P. Gonser, P. G. Jones, Syniett 1994, 405.

H.-J. Knoélker, G. Baum, N. Foitzik, H. Goesmann, P. Gonser, P. G. Jones, H. Réttele, Fur. J. Inorg.
Chem. 1998, 993. H.-J. Knélker, E. Baum, P. Gonser, G. Rohde, H. Réttele, Organometallics 1998, 17,
3916.

E. O. Fischer, R. D. Fischer, Angew. Chem. 1960, 72, 919.
a) C. C, Kanakam, N. S. Mani, H. Ramanathan, G. S. R. Subba Rao, J. Chem. Soc. Perkin Trans. 1 1989,
1907. b) J. H. Bateson, C. F. Smith, J. B. Wilkinson, .. Chem. Soc. Perkin Trans. 1 1991, 651.
L.P a ett. 1993, 34, 5635.

H.-J. Knolker M. Bauermeister, J.-B. Pannek, M. Wolpert, Synthesis 1995, 397. H.-J. Knélker, T.
Hopfmann, Synieft 1995, 981.

H.-J. Knélker, J. Prakt. Chem. 1995, 337, 75.
Manganese dioxide (precipitated active) from Merck-Schuchardt (art. 805958).
A. J. Fatiadi, Synthesis 1976, 65.
Y. Shvo, E. Hazum, J. Chem. Soc. Chem. Commun. 1974, 336.
For applications of ferricenium hexafluorophosphate in transition-metal-mediated oxidative cyclizations,

see: D. B. Grotjahn, K. P. C. Vollhardt, J Am. Chem. Soc. 1990, 112, 5653. H.-J. Knilker, M.
etrahedron 1993, 49, 841. H.-J. Knélker

aullm L, 8 Tannck, s 18, D y 4 anearo Z, LNITOIKCT, A=A £l
Y Watngimnan Cialay 1004 104 TT T Tnilbar (3 Daneme T Dannaly Totunlinoden. 100£L §9 772485

J. v CINGAruiclr, Syr€ll 174, 174, 11.-4. allOIKCT, U. Dauill, 4.-0. 1 a0NCK, 1 EIFArnearon 1779, J4, 134J5.

n A ™. 1. ____ T7 A& 14 AL m T T 10mN NY 3NN

K. A. bCNKECSCI, K. IVl UICy, J. M. Udlu, U Ll J. Am. Chem. Soc. 19 U, Y4, 3434

Atomic coordinates, bond lengths and angles, and thermal parameters for the structure reported in this
paper have been deposited at the Cambridge Crystallographic Data Centre as supplementary publication.



