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Summary Syntheses of potent antioxidants utiising indenoindole or 1ndenomndoline
pharmacophores are described The antioxidant behaviour and the oxidation potentials of these
compounds are correlated, and some of their reactions wath radicals are noted

Indol-3-ylmethanol (1, R=OH), the nitrile (1, R=CN) and di-(indol-3-yl)methane (1, R=1ndol-3-yl)
onginating from vegetable sources are eaten as part of the normal human diet These compounds
offer some protection agamnst chemically induced carcinogenesis! Certain phenols such as
2,6-d1-*butyl-4-methylphenol (BHT) (2) and 2-‘butyl-4-methoxyphenol (BHA) (3) protect in the
same manner>> and because the last two compounds are antioxidants 1t seemed possible that the
indoles could exert their activity by functioning as radical scavengers For the indoles the disparate
nature of the C-3 substtuents could be explained if a hydrogen atom were to be abstracted from the
methylene bridge In this way the radical so formed would then be stabilised by delocalization with
either the electron withdrawing cyanide function of the minle (1, R=CN), or with the electron
donating 1ndol-3-yl or hydroxyl groups of the di-(indolyl)methane (1, R=indol-3-yl) and the alcohol
(1, R=0H) respectively

In order to develop better chemoprotective indoles with lower intrinsic toxicities than the dietary
indoles, we have synthesised a number of structurally related compounds (see table) and tested them
1n a screemng model developed by Shertzer* to rank antioxidant ability through their mnhibition of
ron/ascorbate 1mtiated lipid peroxidation 1 liposomes We note that 3-benzylindoles (4) wath
electron donating substituents n the 4-position of the benzyl umt shows greater activity than the
dietary indoles and 3—(4-N,N—d1methylarmnobenzyl)mdoles 1s far supernior to a-tocopherol (vitamin
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E) (5) and almost as good as BHT 1n the Shertzer assay Sigmficantly, however, the presence of two
methyl groups at the methylene bndge does not mmparr antioxidant behaviour and
3-(2-methylphenylethyl)indole (6, R=Me) 1s a better antioxidant than 3-benzylindole (6, R=H) The
effect 15, however, destroyed by the presence of a carbonyl group at this site and 3-benzoylindole (7)
1s unresponsive 1n the wron/ascorbate test
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A major increase 1n activity 1s demonstrated once the benzyhic ning of 3-benzylindole 1s fused to the
indolic system, as mn 5,10-dthydromndeno[1,2-blindole (DHII) (8, 1R=>2R=3R=H),6 and this extra
activity 1s further enhanced by the presence of electron releasing groups mn ring A of the tetracycle at
sites conjugated wath the mdolic mitrogen atom Indeed 8-methoxy-DHII (8, 'R=OMe,R>=R3=H) 15 a
superior antioxidant 1n this test to BHT

1,2,3,4-Tetrahydrocarbazole (9), 1,2,3,4-tetrahydropent{b]indole (10), and 1ndeno[2,1-bhndole
(1so-DHIL, 11)8 all show relatively good antioxidant properties, and 1n the assay the 1s0-DHII 1s as
effective as DHII (see the table)
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We observed that there 1s some correlation between the activity of the early entries 1n the table in
the 1ron/ascorbate assay and their first 10nisation potential as measured by cyclic voltammetry, this
caused us to consider 4b,5,9b,10-tetrahydroindenoindoles (THHs) (12) as potenttal antioxidants
Such compounds, which have the cisoid geometry shown, contain an indoline rather than an indole
chromophore and would be expected to be more easily oxidised Ths 1s the case and the 10msation
potential of THII utself (12, 'R="R="R=H) 1s +0 67 volts (versus S C E ) compared with +0 74 volts
for DHII THII exiibats a hagh efficiency 1n the ron/ascorbate test with a IC5, value 0 14uM Thas 1s
further mmproved by the substutution of electron donating groups in rning A For example,
6,8-dimethyl-THII (12, 'R=?R=Me,’R=H), which 1s oxidised at +0 46 volts, has a won/ascorbate
rating of 005uM, which 1s only bettered by the commercially available, but toxic, substance
ethoxyquin (13)(ICso 0 03pM) Thus, certain THII derivatives are remarkably effective antoxidants
which 1n the 1ron-ascorbate assay show activity levels as low as any of the known antioxidants
Furthermore, 1n mammals the THII compounds appear to be non-toxic and have a protective effect
agaimnst a vanety of hepatopathogenic chemicals ¥

An ethanol solution of THII exposed to sunlight becomes coloured, and when THII in various
solvents 1s treated with radicals coloured solutions form which exhibit weak poorly resolved e st
signals The colour and the e sr signals persist over many weeks We have also demonstrated that
THII inhabats the autoxidation of cumene Thus after a week, the lHnmr spectrum of a solution of
cumene (1 mol eq ), contaiming THII (1 mol eq) and AIBN (01 mol eq) 1n deuteniochioroform
sealed under an atmosphere of oxygen showed no resonances due to cumene hydroperoxide, but
some conversion (less than 5% ) of THII into DHII was observed The colour of the solution changed
from colourless to dark red during the course of the experiment When the experiment 1s repeated
and THII 1s omitted cumene hydroperoxide is progressively formed and, after 20h, the relanve
integral height of the singlet resonance of the hydroperoxide methyl protons indicates that a 8-10%
conversion has taken place The oxidation product of DHII mught be thought to be
dibenz[b f,-1]azapentalene (14), however, this antiaromatic compound has never been observed 10
We note that when DHII 1s treated with dimethylamino radical cations, 1n the presence of sulphuric
acid the colourless dehydrodimer (15) 1s formed, but 1n only 20% yield In order to define more
closely the behaviour of THII and 1ts analogues we have examined their electroxidation The parent
compound THII undergoes a rapid ece process leading in part to DHII However, the imital
oxidative event 1s rapidly followed by another two electron oxidation step On a preparative scale
these two oxidative steps cannot be differentiated and a dark green intractable resin 1s formed as the
overall product This material exhibits a broad e s r signal which 1s stll observable after the matenal
has been stored for many weeks
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Table Correlation between iron-ascorbate data and iorisation potential

Compound 1CsouM Ox Pot(vs SCE)
Indol-3-ylacetomtrile >1250 -
Indole 800 -
Indol-3-ylmethanol 300 -
3-Benzylindole 36 106
3-(4-Methoxybenzyl)indole 24 107
3-(1-Methyl-1-phenylethyl)indole 18 1.02
Di(indol-3-yl)methane 15 103
3-(4-Hydroxybenzyl)indole 12 101
3-(2,4,6-Tnmethylbenzyl)indole 11 100
o-Tocopherol 10 100
Tetrahydrocarbazole 85 -
5-Methyl-DHII 85 -
6-Chloro-DHH 70 108
1,2,3,4-Tetrahydrocyclopent[blindole 46 -
8-Fluoro-DHII 25 104
8-Methyl-DHII 20 063
DHII 15 062
150-DHII 15 098
3-(4-Dimethylaminobenzyl)indole 15 065
BHT 12 156
10,10-Dimethyl-DHII 09 077
6,8-Dimethyl-DHII 08 065
8-Methoxy-DHII 07 065
1,2,3,3a,4,8b-Hexahydrocyclopenta[b]indole 023 -
THII 014 067
1so-THII 013 089
10,10-Dimethyl-THII 013 068
8-Methoxy-5-methyl-THII 012 040
4b,9b-Dimethyl-THII 007 071
8-Methoxy-THII 006 046
6,8-Dimethyl-THII 005 057
Ethoxquin (santoquin) 003 -

It seems probable that the mitial site of electron loss 1s from the p1 system of the indoline unit and
to prevent the formation of DHII from THII we have synthesised the 4b,9b-dimethyl-THII derivative
(16, 'R=R="R=H) The cyclic voltammogram of this compound now exhibits a partal redox couple
and this becomes a perfect couple when further methyl groups are present at N-5, C-6 and C-8 s as in
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compound (16, 'R=R=>R=Me), indicating that the radical cation (17, 'R=>R="R=Me) survives the
timescale of the experiment, typically 6-20 seconds.

Interestingly, for the THII (12, 'R=Et,N,2R=H,>R=Et) the oxidation potential 1s so low (+0 14
volts) that the compound 1s oxidised merely by passage through a silica gel column, and the product
1s a muxture of the THII and 1ts radical cation, which appear to be 1n equilibrium The lifetime of the
radical cation 1s at least several days, but further oxidation then leads to second product which 1s
presumably the dicaton (18) Simlar behaviour has been noted for 1,4-di-(N,N-di-
methylamino)benzene (19) which on oxidation affords a stable radical cation known as Wurster’s
blue 1!

E0

(12) (13)

(14) (15) (16)
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DHII and 1ts derivanves were normally prepared by Fischer indohsation reactions using the
appropriate phenylhydrazine hydrochlonide and indanone 12 Most frequently, heating these reagents
1n ethanol contaiming 2-5% concentrated hydrochloric acid (by vol.) for up to 4h was sufficient to
provide acceptable yields of the tetracycles. In some cases the phenylhydrazines were used and now
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the reactions were conveniently carried out by heating the reagents in glacial acetic acid, or under
Dean Stark conditions, 1solating the intermediate hydrazone, and effecting ring closure 1n a separate
step through the agency of phosphorus oxychlonde, polyphosphoric ester or 2 Lewas acid In some
nstances the hydrazone was ring closed simply by adsorption onto silica gel and heating the matenal
at 140°C The tetracycle was then eluted from the silica Reduction of the DHIIs to the
corresponding THII denivatives was effected by reduction with either sodium cyanoborohydnde in
glacial acetic acid,!3 triethylsilane, or morpholino borane Catalytic hydrogenation was not effective
Care had to be exercised during reductions with sodium cyanoborohydrde for if the temperature of
the reaction was allowed to nise above 18°C sigmificant amounts of N-boranyl-, or N-ethyl- THIIs
were formed

4b-Methyl-THIIs were synthesised by a method developed by Katnitzky and Senguptal? for the
methylation of indolines thus the THII was reacted with "butyllithium and then with carbon dioxide
The product lithum carbamate was not 1solated, but reacted further with ‘butyllithium-potassium
tbutoxide and then with methyl 1odide

9b-MethylTHIIs (23) were obtained through the Fischer indolisation of 2-methylindanones (21),
followed by sodium borohydnide reduction of the intermediate indolinenes (22), and 4b,9b-dimethyl
analogues (24) were formed from the indolinenes by reaction with methyllithium (scheme 1)

(23) 24

SCHEME 1 Indolisations of 2-methylindanone

On two occastons phenylhydrazones were heated mn diethylene glycol solution at reflux!S in
attempts to effect thermal cychsations In one such example the phenylhydrazone of
2-methylindanone afforded a complex mixture of products from which 4b,5,9b,10-tetra-
hydro-9b-methylindeno[1,2-blindole (23, 'R=2R=H) was 1solated (28%), the source of the hydnde
10n equivalent necessary to convert the anticipated product (22, !R=?R=H) into this compound 1s
nnknown We note, however, that indolinenes of this type are prone to nucleophhc attack,'? and if
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excess phenylhydrazine was used 1n the formation of the indohmene (25) from 2-methylindanone the
adduct (26) was produced In the other example, the hydrazone of 6-acetamidoindanone, when
heated, gave the indenoindole (8, 'R=2R=H,R*=NHCOMe) 1n 53% yield, compared to a 20% yield
using polyphosphoric ester as the acidic "catalyst” in a Fischer indolisation reaction

I O O — 1R O .O

—_—
(25) 26)

Iso-DHIIs (28) were sometimes prepared through the Fischer indohsation of indan-2-ones,®
however, yields were inferior to those from indan-1-ones One reason for this 1s the propensity of the
mndanone (27) to undergo acid catalysed aldolisation This problem was first detected during a
reaction with indan-2-one and 4-'butylphenylhydrazine (30) In addition to the required DHII (28,

='Bu,R=H) the 9b-inden-2-ylindolinene (31) was obtained If the enone (32) was preformed,
reaction with 4-'butylphenylhydrazine led to the 1somer (33) as the only compound 1solated (31%)
This suggests that in the first reaction the substrate 1s indeed the aldol compound (28), and that the
regioselectivity of the reaction 1s determined by the retention of the tertiary hydroxyl group until
after the heterocychc nng 1s formed

R
ANHNH, O
28¢ o
e
v
R H
(e)] (28)

As an alternative route to the 1s0-DHII series of compounds, we investigated the Wender synthesis
of indoles 1 Thus, 2,4-dimethyl-3-methoxy-1s0-DHII (37) was prepared by reacting the dilithio
denivative (34) of 2-bromo-N-tnfluoroacetylamline with the 2-chloroindanone (35, X=Cl) An
intermediate in this preparation 1s the hydroxyphenylindane (36), which cyclised to the 1so-DHII
when 1t was treated with potassium 'butoxide, followed by an aqueous work up procedure However,
1f the bromoindanone (35, X=Br) was reacted with the dulithio compound the regioselectivity of the
first nucleophilic attack was altered to give the indanone (38) as the reaction product Obwviously the
use of the bromoindanone allows an alternative approach to the DHII compounds, and indeed a small
amount of the 1,3-dimethyl-2-methoxy-DHII (39)!7 was 1solated from the reaction mixture mn this
case
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SCHEME 2 Indolisation of 2-indanone

Lt OMe
N + X

(34) (35)
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SCHEME 3 Modified Wender synthesis of indeno- and 1so-indenoindoles
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We expected the modified Wender procedure to provide a general route to both DHIIs and
1s0-DHIIs, however, the presence of an electron donating group at C-5 1n the bromoindanone seems
to be important When 1t 1s absent the reaction fails, tnfluoroacetamlide 1s returned and products
resulting from an aldolisation reaction between two molecules of the bromoindanone are formed

EXPERIMENTAL

Petrol refers to petroleum ether b p 60-80°C, 1t and all other solvents were distilled prior to use and
where necessary dned and punfied by standard methods Medium pressure (flash) column
chromatography was used 1n general for the purification of reaction mixtures "Sihica gel" refers to
Amicon 84072 silica gel (230-400 mesh), or Merck 9385 silica gel Thin layer chromatography (t.1¢)
was performed on alormmum plates coated with Kieselgel 600 Fys4 Electronic spectra were
recorded 1n 95% ethanol solution with a Perkin Lambda 3 spectrometer, infra red spectra were
recorded using a Perkin Elmer 938G mstrument and nmr spectra were obtained with either JEOL
GX FT 400 or 270 instruments, or with a Bruker AM 200 spectrometer Mass spectra were measured
with a VG 7070E spectrometer linked to a 2000 data system

Cychic voltametric data were recorded with a EG&G 362 Scanming Potentiostat and
Condecon™300 software Anodic potentials were measured for solutions 1n acetonitnle contaning
5% sodmm perchlorate as supporting electrolyte at a platinum bead electrode versus S CE as
reference

3-(1-Methyl-1-phenylethyljindole

3-Methyl-3-phenylbutanal (from 3-methyl-3-phenylbutanoic acid!®) (490mg), phenyihydrazine
hydrochlonde (460mg) and ethanol (10cm®) were surred under mirogen atmosphere at room
temperature and tnethylamine (0 4cm) added The solvent was then removed and the residue heated
at reflux with polyphosphoric ester 1n chloroform (16cm3,20% w/v) for Srun The solvent was
removed and the residue stured with water (30cm?), after 3h, the reaction mixture was extracted with
diethyl ether (3x20cm®) The combined ether extracts were washed with water (10cm?), dnied and
evaporated to yield a pale yellow gum This was chromatographed on silica eluting with 5% ethyl
acetate 1n petrol to give the title compound as a gum (560mg, 80%) [Found C,867,H,71,N,59
Cy7Hy 7N requires C,867, H, 7 3, N, 595].
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5,10-Dihydroindeno[1,2-bJindole (DHII) (8, 'R=2R="R=H)

A mixture of 1-indanone (13 2g, 0.1mol), and phenylhydrazine hydrochlonde (14 5g, 0 1 mmol),
was heated 1n glacial acetic acid (150cm®) As the temperature of the solution approached reflux, the
hydrazine hydrochlonde dissolved. Soon after, a brown solid precipitated out of solution The heat
was 1mmediately removed, and the reaction muxture allowed to cool The solid was filtered off,
washed with water, and allowed to dry on a sinter, 1t was then redissolved 1n hot ethanol (150cm?)
and the solution filtered On cooling the title compound crystallised as beige prisms, 1t was collected,
washed with cold ethanol (150cm3), and dried 1n a vacuum oven (18 5g, 90%), mp 258-9°C (dec )
(chloroform) (ltt 1% 245°C [dec]), Vypax(Nujol) 3400 cm™!, S(DMSO-dg) 3 67 (2H, s), 7 07 (1H,
ddd), 7 14 (1H, ddd), 7 20 (1H, ddd), 7 36 (1H, dd), 7 51 (1H, d), 7 52 (1H, d), 7 57 (1H, d), 7 67
(1H, d), 11 6 (1H, br) §c(DMSO-dg) 300 (1), 1126 (d), 1179 (d) 1187 (d), 1195 (d), 1200 (s),
121 2 (d), 124 3 (s), 124 7 (d), 125 6 (d), 126 8 (d), 135 3 (s), 1409 (s), 143 7 (s), 147 8 (s), m/z (%)
205 (100 M), 204 (73), 102 (33), 103 (20), 206 (16) [Found C, 87 8, H, 535, N, 685 calc for
CisH;N C,878,H,54,N, 6 8%]

5,10-Dihydro-5-methylindeno[1,2-bjindole (5-Methyl-DHII)

Sodium hydnde (375mg, 156mmol) was added to DMSO (13cm®) under an atmosphere of
nitrogen, and the solution then heated to 70°C until no more gas evolved The solution was cooled to
room temperature and 5,10-dihydroindeno[1,2-b)indole (2 7g, 13 1mmol) dissolved mn the mmmum
amount of DMSO was added After sturing at room temperature for 1 h, dimethyl sulphate (1 S5cm?,
15mmol) was mntroduced, and the stnng continued for a further 1 h Water (3cm®) was cautiously
added, and the reaction then poured 1nto 1ce/water The solid thus formed was collected, washed with
water, dned on the water pump, and then washed with petrol Crystallisation from ethanol yielded
colourless needles (1 5g 53%), mp 152°C (it 20 153 5°C) [Found C, 875, H, 60, N, 64 calc for
Ci¢HisN C, 8765,H, 595, N, 64%]

5,10-Dihydro-10-methylindeno{1,2-bJindole (10-Methyl-DHII)

3-Methyl-1-1ndanone (500mg, 3 42mmol) and phenylhydrazine (0 35cm?, 3 5Smmol), were heated
to reflux 1 glacial acetic acid (20cm®) After 2 minutes, conc hydrochlonc acid (1cm?) was added
via the reflux condensor Boiling was continued for 75 minutes, and then the reaction was cooled
The solution was poured 1nto 1ce/water, and extracted into ethyl acetate The combined extracts were
washed with brine and then with water, and dned (MgSO,) Evaporation of solvent in vacuo, and
column chromatography of the residue (10% EtOAc/petrol) yielded a cream sohd [Rg (30%
EtOAc/petrol) 0 7], (320mg, 43%) mp. 153-155°C (from CHCL,), A.(0) (EtOH) 246 (18,700),
3245 (20,100)nm, v, (Nujol) 3420cm’), s(MOMSO-dg) 150 (3H, d, J=73Hz), 385 (1H, q,
J=73Hz), 70-76 (8H, m), 11 55 (1H, s), §-(DMSO-d¢) 17 8 (q), 368 (d), 1125, 1178, 118 4,
119 4,121 0, 124 3, 1259, 126 8 (d), 123 9, 125 8, 134 4, 140 8, 142 1, 153 5 (s), m/z (%) 204 (100),
219 (52, M) [Found C, 87 6,H,59,N, 62 C;cH; 3N requires C, 87 6, H, 60, N, 6 4%]

8-Fluoro-5,10-dshydroindeno(1,2-bjindole (8-Fluoro-DHII) (8, IR=F,2R=3R=H)

A 11X () 1 lvadid ) DVATIOCINOTIAE f 1nhli ang 10430006
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was continued for 5 h, and then the reaction muixture was cooled The product which crystallised
from the cold solution as coloured platelets, was collected by filtration and dried (1 9g, 75%), m p
225-227°C (ethyl acetate/petrol), Ve, 3400cm, &y 8 3 (1H, brs), 7 6-69 (TH, m), 3.70 2H, s), m/z
(%) 223 (100 M), 222 (85), 111 (18) [Found C, 805, H, 46, N, 6 2 C;sH,(NF requires- C, 807, H,
45,N, 6 3%])

5,10-Dihydro-8-methoxyindeno{1,2-bJindole (8-Methoxy-DHII) (8, 'R=OMe,’R="R=H)

To a stirred solution of p-methoxyphenylhydrazine hydrochlonide (3 5g, 20mmol), and 1-indanone
(235g, 20mmol) m absolute ethanol (80cm3), was added dropwise tnethylamune (2 Olcm?,
20mmol) Strring was continued until the t1c analysis of the reaction mixture indicated that no
starting matenals remained (about 1 h) The solvent was removed, and the yellow residue heated at
reflux 1n a solution of polyphosphoric ester 1n chloroform (made by boiling phosphorus pentoxide
(50g) 1n chloroform (100cm?) and ether (50cm?) for 12 h) After 1 h, the solvent was removed, and
the black residue sturred 1 water (200cm?) This mixture was extracted 3 times with diethylether, the
combined orgamic phases were washed with water, and dned (MgSO,) Removal of the solvent
yielded a beige sohid, which was crystalhised from ethyl acetate/petrol to give platelets (3 8g, 78%),
mp 207°C (it ,2! 206°C) [Found C, 814, H, 56, N, 58 calc for C;gH;3NO C, 816, H, 56, N,
595%])

6-Chloro-5,10-dihydoindeno[1,2-b]indole (6-Chloro-DHII) (8, 'R=>R=H,2R=Cl)

The o-chlorophenylhydrazone of 1-indanone (650mg, 2 5mmol) was heated at reflux m a
chloroform solution of polyphosphonate ester for 30 minutes The solvent was removed, and the
residue stired 1n water (75cm?) for 1 h Extraction into diethylether gave a green solution which was
washed with water, dnied (MgSQ,), and evaporated Punfication by column chromatography (Rg 5%
EtOAc/petrol 0.5), yielded a colourless sohd (500mg, 82%), mp 139°C, vp,,(Nujol) 3460cm’,
Sp(CDCly) 372 (2H, s), 70-76 (TH, m), 8 5 (1H, br), 3c(CDCly) 303 (1), 1175, 1177, 120.8,
1209, 1252, 1255, 126 7 (d) 117 0, 122 4, 126 1, 134 5, 137 5, 143 8, 147 7 (s), m/z (%) 239 (100,
M), 204 (57), 238 (42), 241 (36), 240 (29), 102 (25), 203 (21) [Found C, 753, H, 56, N, 43
C;sH;oCIN requires C,752,H,58, N, 4 2%)

5,10-Dihydro-6,8-dimethylindenof 1,2-bJindole (6,8-Dimethyl-DHII) (8, 'R=?R=Me,’R=H)

A solution of 2,4-dimethylhydrazine hydrochloride (1 27g, 7 35mmol), and 1-indanone (1g, 1 leq),
mn glacial acetic acid (15cm>), was heated to reflux for 30 minutes The reaction was cooled, and
poured 1nto 1ce/water (200cm?®) This solutton was saturated with salt, and extracted 1nto
diethylether The ethereal solution was dried (MgSOy), and evaporated in vacuo The excess acetic
acid was removed by azeotropic distillation in vacuo with toluene and petrol (60-80°C), to leave a
dark coloured solid The product was purified first by "suction flash" chromatography, and then
crystallisation from petrol to yield a colourless sohd (R [30% EtOAc/petrol} 0 8), (0 53g, 31%),
m p 182°C [Found' C, 87 4; H, 6 35, N, 59 C;H,5N requires C, 87 5, H, 6 5, N, 6 0%]
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5,10-Dihydro-10,10-dimethylindeno[1,2-b]Jindole (10,10-Dimethyl-DHII)

A solution of 3,3-dimethyl-1-indanone?? (200g, 0125mol) and phenylhydrazine (12 3cm?’,
0 125mol) 1n glacial aceuc acid (200cm®) was heated to reflux Concentrated hydrochloric acid
(10cm3) was added via the condensor, and the heaung continued for a further 2 h The solution was
allowed to cool, and then poured mto water (500cm®) The aqueous phase was extracted with
diethylether (3x50cm’), the combmed extracts were washed with brine and water, and then dried
(MgSO,) The solvent was removed, and petrol added to the residue The suspension was heated
until boithng, the sohd remaining was discarded, and the mother hiquor concentrated. On cooling, the
title compound crystallised out as colourless needles Further concentration of the mother hquor, and
recrystallisation of the product afforded the utle compound (10 2g, 35%), m p 160°C, v, (Nujol)
3410cml, §(CDCl3) 1 60 (6H, s), 7 1-7 7 (8H, m), 8 16 (1H, s), 8c(CDCl3) 25 8 (q), 43 2 (s), 112 1,
117 4, 1184, 1200, 121 5, 122 4, 1252, 126 5 (d), 123.6, 131 7, 133 0, 1399, 140.7, 158 6 (s), m/z
(%) 218 (100), 233 (46, M), 217 (31), 108 5 (18), 219 (16), 109 (15) [Found C, 87 5,H, 64, N, 585
Cy7H;sN requires* C, 87 5, H, 6 5, N, 6 0%}

9b,9b-Bis-(10H-indenof 1,2-bJindole (15)

5,10-Dihydroindeno[ 1,2-bhindole (1 02g, 5 Ommol) was added to a muxture of glacial acetic acid
(50cm?), sulphuric acid (98%, 150cm?), and chlorodimethylamine (0 33g, leq), at 0°C The solution
was stirred, and won(Il)sulphate heptahydrate (0 34g, 025eq) added portionwise String was
continued for 30 minutes, and then the reaction was poured onto ice/water (150cm3) The solution
was neutralised (NaOH), causing a white solild to precipitate This was collected by vacuum
filtration, and washed with water Column chromatography of this product (20% EtOAc/petrol)
yielded a colourless solid which was shown to be 9b,9b’-bis-(10H-indeno{1,2-blindole), (205mg,
20%) mp >280°C (softens at ca 220°C), vy, (Nujol) 1620-1580cm’), A, (EtOH) (e) 240 (33,150),
248 (34,720), 287 (24,510) 315 (27,060), dg(DMSO-dg) 272 (2H, d, J=17 6Hz), 3 46 (2H, d,
J=17.6Hz), 6.8-8 1 (16H, m), m/z (%) 408 (100 M), 409 (30), 407 (29), 204 (19) [Found C, 88 3, H,
515, N, 6 72 C3oHyoN, requires C, 88 2, H, 4 95, N, 6 86%]

c1s-4b,5,9b,10-Tetrahydroindeno[1,2-bJindole (THII) (12, 'R=2R=R=H)

To a suspension of 5,10-dihydroindeno[1,2-blindole (19 16g, 93mmol) in glacial acenc acid
(300cm?) was added sodium cyanoborohydnde (24g, 400mmol) 1n small portions over 0 5h The
muxture was stred for 3 h, unul all the matenal had dissolved The solution was poured into
1ce/water (500cm3) and stiured for 1 h to break down the borohydnde complex The clear solution
was carefully neutralised with sodium hydroxide causing a white precipitate to form This was
collected and washed with water untl the washings were free from cyamide 1on After drying the title
compound was obtained a colourless prnisms (19g, 98%), mp 107°C (ethyl acetate/petrol),
Amax(BtOH) 243, 297nm, vy, (CHCl3) 3740, 1600cm™, 8(CDCly) 3 20 (1H, dd, J=16 3, 2 0Hz),
351 (1H, dd, /=16 3, 8 4Hz), 3 99 (1H, br), 4 18 (1H, ddd, J=8 4, 8 4, 2 0Hz), 5 25 (1H, d, J=8 4Hz),
6 60 (1H, d, J=7 8Hz), 6 74 (1H, dd, J=7 4Hz), 6 99 (1H, dd, J=7 6Hz), 7 15-7 22 (4H, m), 7 32 (1H,
d, J=7 5Hz), 8c(CDCls) 391 (1), 457 (d), 673 (d), 1103, 119 3,123 8, 1244, 1250, 1269, 127 7,
127 9 (d), 132 8, 142 3, 1439, 149 7 (s), m/z (%) 207 (100, M), 206 (65), 208 (16), 102 5 (9) [Found
C,865,H, 625, N,675CysH 3N requres C,869,H,63,N, 675%]
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c1s-4b,5,9b,10-Tetrahydro-5-methylindeno[ 1,2-bJindole (5-Methyl-THIT) (12, 'R=2R=H,’R=Me)

A flame dnied flask was charged with sodium hydride (60mg, 2 Smmol), and THF (5cm>) protected
under an atmosphere of mitrogen To the string suspension was added 4b,5,9b,10-tetra-
hydroindeno[1,2-blindole (500mg, 2 4mmol) in THF (Scm®) dropwise The reaction mixture was
stired for 1h, 10domethane (0 2cm®) was added, and the solution was stirred overmght Water
(5cm?) was introduced and the THF removed in vacuo to leave a colourless solid which was dnied 1n
a vacuum desiccator This product was redissolved 1n 5% ethyl acetate/petrol and filtered through a
pad of flash sihca to yield, after evaporation of the solvent in vacuo, the title compound (450mg,
85%) mp 76-77°C (DCM/petrol) (it .23 79 5-80 0°C), vy, (CHCl3) 1600cm™, §3(CDCl5) 3 0 (3H,
s), 31 (1H, dd, J=16 4, 5 2Hz), 34 (1H, dd, J=16 3, 92Hz), 41 (1H, ddd, /=8 8, 92, 52Hz), 49
(1H, d, /=8 8Hz), 6 4 (1H, d, J=7 THz), 6 7 (1H, dd, J=7 8Hz), 7 1-7 5 (6H, m), 3-(CDCl3) 33 5 (q),
399 (1), 456 (d), 758 (d), 106 4, 117 3,124 1, 1251, 126 6, 128 0, 128 2 (d), 132 8, 1422, 144 2,
152 0 (s) m/z 221 (100%, M), 220 (60), 206 (19), 222 (15) [Found C, 869, H, 6 8, N, 6 35 calc for
Ci¢HisN C,8685,H, 68, N, 6 35%]

c1s-5-Ethyl-4b,5,9b,10-tetrahydroindeno[1,2-bJindole (5-Ethyl-THII) (12, !R=2R=H;’R=Et)

5,10-Dihydroindeno[1,2-bJindole (60 Og, 029M) was vigorously stirred in glacial acetic acid
(1000cm?) and to 1t was added sodm cyanoborohydnde (79g, 1 25M) portionwise over 40 min
After 3h sturing the reaction mixture was poured onto ice-water (2000cm?) and the gelatinous solid
which formed was separated and surred with a muixture of ethyl acetate (75cm?) and water (100cm?)
A colourless solid remamned this was found to be unreacted starting matenal (19 0g) The onginal
filtrate was extracted with ethyl acetate (2x75cm?®) and the combmed orgamic phases dried and
evaporated The residue was then partly dissolved 1n a mixture of petrol (20cm?) and ethyl acetate
(40cm®) The residual sohd was removed and shown to be impure starting matenal (2 5g) The
filtrate was extracted with 2M hydrochlonc acid (8x25cm?) and the combned acid extracts were
washed with ethyl acetate (2x15cm3), prior to basificatton with 089 ammoma The o1l which
separated was extracted mto ethyl acetate (6x25cm?) and the combined organic layers were then
dried and evaporated to give the utle compound as a colourless o1l (34g, 75% corrected for unreacted
starting matenial), v, 3080-3010, 2960, 1595cm™!, 8y 120 (3H, t, J=7 OHz), 3 05(1H, dd, J=16 5
and 50Hz), 3 38(2H, q, J=7 0Hz), 340(1, dd, J= 16 5 and 9 0Hz), 4 12(1H, ddd, J=9 0,50 and
50Hz), 511 (1H, d, /=9 0Hz), 6 33(1H, d, J=7 OHz), 6 57(1H, dt, J=7 5 and 10Hz), 7 02(1H, t,
J=8 OHz), 7 08(1H, d, /=8 OHz), 7 14-7 20(3H, m), 7 34-7 40(1H, m) [Found (for the HI salt)
C,56 3,H,50, N, 3 85 C;7H ;gNIrequires C, 562, H, 50, N, 3 9%]

c1s-8-‘Butyl-4b,5,9b,10-tetrahydroindeno[1,2-bindole (8-Butyl-THIH) (12, IR='"Bu,2R=>R=H)

A solution of 8-'butyl-5,10-dihydroindeno{1,2-bhindole* (0 57g, 2 2mM) 1n tnfluoroacetic acid
(5cm3) was stured rapidly, and tnethylsilane (0 7cm?, 2 eq ) added 1n one portion The reaction was
stured overmght, poured 1nto water (10cm?) and neutralised by the addition of sodium hydroxide
The product was extracted 1nto diethyl ether (2x5cm?), and the combined extracts were washed with
water, dned (Na,SO,) and evaporated to yield a pink solid This was washed with cold petrol, and
then crystalhised from petrol to yield a colourless solid (0 47g, 81%), mp 103-105°C, vy, (CHCl,
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solution) 3380cm™!, &y 7 4-69 (6H, m), 6 58 (1H, d, J=8Hz), 525 (1H, d, J=8 5Hz), 4 15 (2H, br
m) 3.5 (1H, dd, /=16 0 and 9Hz), 3 2 (1H, d, /=16Hz), 1 2 (9H, s), m/z (%) 248 (100), 263 (34, M)
[Found C,870,H,8 1, N, 54 C;oHy;Nrequires C, 86 65; H, 8 05, N, 5 3%].

*From 4-‘butylphenylhydrazine hydrochlonde and 1-indanone, m p 202°C [Found C, 873, H, 73,
N, 57 CgHoN requires C, 87 3,H,73, N, 59]

c1s-8-‘Butyl-4b,5,9b,10-tetrahydro-5-methyhndeno[1,2-b]indole (8-'Butyl-5-methyl-THII)

(12, 'R='"Bu,?R=Me,’R=H)

A flame dned flask was charged with 8-'butyl-4b,5,9b,10-tetrahydroindeno(1,2-bJindole (309mg,
117mM), and tetrahydrofuran (2 Scm®) The solution was cooled to -78°C, and a solution of
“putyihthium (0 75cm? of 1 6M solution 1 hexanes, 1 1 eq ) added dropwise The reaction nuxture
was stured at -78°C for 1h, and 10domethane (0 1cm?, 1 3eq) was then added After allowing the
reaction to warm slowly to room temperature, a saturated solution of ammonium chlonde was
introduced, and the organic material extracted into diethyl ether The organic phase was washed with
brine, and dnied (MgSO,) Evaporation of the solvent yielded a light brown o1l, which solidified on
cooling as a beige solid (311mg, 96%), mp 74°C, Ve, (iquid film) 1605cm!, 8y 7 5-7 0 (6H, m),
6 32 (1H, d, J=8 3Hz), 491 (1H, d, J=8 8Hz), 4 16 (1H, ddd, /=90, 8 8 and 5 3Hz), 3 44 (1H, dd,
J=163 and 9 1Hz), 3 10 (1H, dd, /=16 3 and 5 3Hz), 2 95 (3H, s), 1 29 (91, s), m/z (%) 277 (37, M),
262 (100), 263 (20), 217 (15) [Found C, 867, H, 8 3, N, 50 C,gHy3N requires C, 866, H, 84, N,
505%]

c1s-8-‘Butyl-4b,5,9b,10-tetrahydro-4b-methylindeno(1,2-bJindole (8-"Butyl-4b-methyl-THII)

A flame-dned flask was purged with mtrogEn and charged with 8-'butyl-4b,5,9b,10-tetra-
hydroindeno[1,2-bJindole (240mg, 091mM) and freshly distilled tetrahydrofuran (3em®)  The
solution so formed was cooled to -78°C, and "butyllithtum (0 60cm3 of 1 6M solution i hexane, 1 1
eq ) added dropwise The pale yellow solution was allowed to warm to room temperature, and dry
carbon dioxide gas was bubbled through the solution until 1t became virtually colourless The solvent
was carefully removed at reduced pressure and an atmosphere of dry mitrogen introduced The
colourless residue was redissolved 1n dry tetrahydrofuran (3cm?), and the solution cooled to -78°C,
and 1 1 equivalents of "butyllithum added The reaction mixture was surred at -78°C for 2 h, and
then treated with 10domethane (0 06cm3, 11 eq) After allowing the reaction to warm to room
temperature, the solvents were removed and 2M HCl solution (20 cm’®) added When the gas
evolution had ceased (ca 20 minutes), the solution was neutralised with solid sodium carbonate The
organic material was extracted into dichloromethane (3xScm?), and the combmned extracts were
washed with brine, and dned (Na,SO,4) After removal of solvent, the sohd product remaining was
purified by flash chromatography [Rg = 0 4 (10% EtOAc/60-80°C petrol)] eluting with 10% ethyl
acetate/petrol This afforded a pale yellow oil which solidified at -20°C as a waxy solid (0 86mg,
34%), mp 82-84°C, vy, (hqud film) 3360 (br), 1600cm™, &; 74-70 (6H, m), 649 (1H, d,
J=9 0Hz), 4 15 (1H, brm), 371 (1H, br m), 3 51 (1H, dd, J=16 0 and 9 OHz), 3 17 (1H, dd, J=160
and 5Hz), 1 61 (3H, s), 1 27 (9H, s), m/z (%) 262 (100), 277 (40, M) [Found C,864,H,84, N, 52
CyoHpsN requires C, 86 6, H, 8 4, N, 5 05%]
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9b,10-dihydro-9b-methyhindeno[1,2-bJindole (22, '"R=*R=H)

A flame dried flask was charged with a solution of the hydrazone of 2-methyl-1-indanone (1 47g,
6 22mmol) n DCM (30cm?), followed by phosphorus trichlonide (3 4cm® of 2 OM solution 1n DCM)
The solution was heated to reflux for 2h, cooled, and poured into a saturated solution of sodium
hydrogen carbonate After string for 1h, the orgamic matenial was extracted with more DCM The
basic components were back-extracted mnto 2M hydrochlonic acidd This aqueous solution was made
basic, and re-extracted with DCM Evaporaton of the combined extracts and column
chromatography of the residue (20% EtOAc/petrol) gave a clear gum (Ry 10% EtOAc/petrol 0 1)
which could be further punfied by bulb to bulb distillation (0 4g, 30%) to afford an unstable gum,
bp 170°C (0 2mmHg), 8;(CDCl3) 139 (3H, s), 2 84 (1H, d, %/ 14 6Hz), 3 11 (1H, d, %/ 14 5Hz),
6 4-8 0 (8H, m), m/z (%) 218 (100), 219 (82, M), 204 (40), 217 (34), 108 5 (20), 219 (14)

c18-4b,5,9b,10-Tetrahydro-9b-methylindenof 1,2-bJindole (9b-Methyl-THII) (23, IR=2R=H)

The phenylhydrazone of 2-methyl-1-indanone (1 44g, 6 1lmmol) was heated 1n diethylene glycol
(20cm?) to near 1ts reflux temperature, until ammoma started to evolve from the air condenser
Heating was continued overnight, or until the ammonia ceased to evolve The solution was cooled,
poured into an equal volume of water, and extracted into diethylether The ethereal solution was
back-extracted with 2M hydrochlonc acid, the aqueous extract was made basic with sodium
hydroxide, and re-extracted with diethylether The first extract contained no major products (tlc
30% EtOAc/petrol) The basic component contained many products, the least polar of which (R¢
30% EtOAc/petrol 0 8) was purified by column chromatography (5% EtOAc/petrol) to yield a
colourless sohd (0 38g, 28%), m.p 72°C (from petrol), Vg, (melt) 3400 (br), 1610 cm™, §4(CDCl3)
146 (3H, s), 3 10 (1H, d, %/ 16 2Hz), 3 30 (1H, d, 27 16 3Hz), 4 05 (1H, s), 4 69 (1H, s), 6 52 (1H,
dd, 3J 7 THz, J 0 55Hz), 6 71 (1H, ddd, 3J 7 3, 7 3Hz, 470 55, 1 0Hz), 6 95 (1H, ddd, 37 79, 7.3Hz,
4J 13Hz), 70-72 (5H, m), 8c(CDCl3) 26 5 (q), 465 (1), 533 (s), 742 (d), 1101, 1190, 1228,
1239, 124 6, 126 8, 127 6, 127 7 (d), 137 1, 142 3, 144 0, 149 0 (s), m/z (%) 221 (100 M), 220 (52),
130 (20), 204 (17), 222 (16), 206 (10) [Found C, 87 0, H, 6 8, N, 6 25 C,¢H,sN requires C, 870, H,
68,N,63%]

c154b,5,9b,10-Tetrahydro-8-methoxyindeno[ 1 ,2-b]Jindole (8-Methoxy-THII)

(12, 'R=OMe,?R="R=H)

5,10-Dihydro-8-methoxyindeno[1,2-blindole (770mg, 3 3mmol) was reacted with sodium
cyanoborohydride (1 0g, 16mmol), 1n glacial acetic acid (17cm?) solution After 30 minutes, the
solution was poured into 1ce/water, stured for 1h, and neutralised with sodium hydroxide The
colourless suspension was extracted into diethylether, the organic layers drmied (Na,SO,), and
concentrated in vacuo The residue was column chromatographed (10% ethyl acetate/petrol) to yield
the product (R; [30% EtOAc/petrol] 05) as a colourless solid (520mg, 66%), mp 101°C
(EtOAc/petrol), v,y (CHCl3) 3330cm’!, &, (CDCls) 3 28 (1H, dd, 27 16 1Hz, 37 1 9Hz), 3 57 (1H,
dd, 27 16 1Hz, 3J 8 4Hz), 3 80 (3H, s), 3 85 (1H, br), 4 24 (1H, ddd, 37 8 4, 8 4, 1 9Hz), 5 30 (1H, d,
37 84Hz), 6 6-7 4 (TH, m), 5c(CDCl3) 38 8 (1), 46 3 (d), 55.8 (q), 679 (d), 1109, 1112, 1129,
1239,1249, 1269, 1279 (d), 134 6, 142 1, 143 5, 144 2, 154 1 (s), m/z (%) 237 (100, M), 222 (65),
238 (18)) [Found C, 810, H, 6 35, N, 59 C;¢H;sNO requires C,810,H,64, N, 5 9%)
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c1s-8-Fluoro-4b,5,9b,10-tetrahydroindeno[1,2-bJindole (8-Fluoro-THII) (12, R=F,?2R="R=H)

A solution of 8-fluoro-5,10-dihydroindeno[1,2-bindole (0 8g, 3 6mM) wn tnfluoroacetic acid
(5cm?) was stirred rapidly, and triethylsilane (0 86cm>, 1 5eq) added 1n one portion The reaction
was stirred for 4h and the excess trifluoroacetic acid removed 1n vacuo Water (10cm’) was added to
the solid, and the suspension neutrahsed by the addition of sodium hydroxide The product was
extracted into diethyl ether, which was washed with water, dried and evaporated to yield an off white
solid This was crystallised from ethyl acetate/petrol to yield a colourless solid (0 53g, 81%), mp
92-94°C, v, (CHCl3) 3380, 1605cm’), 8y 7 34 (1H, m), 7 8-72 (3H, m), 6 87 (1H, m) 6 69 (1H,
m), 6 52 (1H, dd, J=8 4 and 4 4Hz)), 5 27 (1H, d, /=8 8 Hz), 4.16 (1H, ddm, /=8 8 and 8.3Hz), 4 1
(1H, brs), 3 51(1H, dd, J=16 5 and 8 3Hz)), 3 18 (1H, dd, /=16 5 and 2 OHz) [Found C, 795, H,
54,N, 6 15, C;sH;,NF requires C, 800,H,54, N, 62%]

c1s-8-Nitro-4b,5,9b,10-tetrahydroindeno( 1,2-bjindole (8-Nitro-THII) (12, 'R=NO,,’R="R=H)

5-Acetyl-8-mtro-4b,5,9b,10-tetrahydroindeno{ 1,2-blindole (200mg) was vigorously stured n a
solution of concentrated sulphuric acid (8cm3) and water (20cm?) for 6h at 90°C On cooling, a solid
was obtamned, this was filtered off and treated with dilute ammonium hydroxide solution to give the
title compound as a bright orange prisms This was collected and crystallised from ethanol (120mg,
68%), mp 181-182°C, vy, 3340, 1610cm™, &y 3 20(1H, dd, J=16 5 and 2 OHz), 3 58(1H, dd,
J=165 and 8 5Hz), 4 25(1H, dddd, /=8 5, 8 5, 20, and 1 5Hz), 5 13(1H, s), 5.46(1H, d, J=8 5Hz),
6 44(1H, d, J=8 5Hz), 7 24-7 26(3H, m), 7 30(1H, m), 797(1H, ddd, J=85, 20, and O 5Hz),
8 03(1H, J=2 0, and 1 5Hz [Found C,717,H,470, N, 11 1 C;sH;,N,0, requres C, 714, H, 48,
N, 11 1%]

cis-(E)- and (Z)-5-Acetyl-8-amino-4b,5,9b,10-tetrahydroindeno[1,2-bjindole (E- and Z- 5-Acetyl-
8-amino-THII (12, 'R=NH,,’R=H, 3R=Ac)

(E)- and (Z)-5-Acetyl-8-mtro-4b,5,9b,10-tetrahydroindeno[ 1,2-blindole (4 2g) 1n glacial acetic acid
(250cm3) and water (25¢m>) were stirred and treated with 30% aqueous titamum trichlonde (42cm?)
over a pertod of 5 min After a further 15 min, the reaction mixture was poured on to ice and water
(800cm?) and the pH of the solution adjusted to 4 5 with 0 89 ammomum hydroxide The product
was then extracted as rapidly as possible into dichloromethane (6x75cm?) The combined extracts
were dried and evaporated to give a sohid which was triturated wath diethyl ether to afford the title
compounds as a colourless solid (29g, 77%), mp 196-198°C, v,,,3500-3100, 1600cm™, 8y
2 42(3H,s), 2 55(3H,), 3 16(1H, d, J=16Hz), 3 22(1H, d, J=16Hz), 3 45(2H, m), 3 65(4H, exchanged
by D,0), 4 01(1H, dd, J==8Hz), 4 13(1H, dd J==7 5Hz), 5 72(1H, d, /=7 5Hz), 6 26(1H, d, /=8Hz),
6 46(2H, d, J=8 5Hz), 6 57(1H, s), 6 64(1H, ), 6 82(1H, d, J=8 5Hz), 7 16-7 25(6H, m), 7 38(1H, d,
J=7 5Hz), 7 64(1H, d, J=7 5Hz), 7 85(1H, d, J=8 5Hz), m/z 264, 222, 221,91 The same muxture of
1somers can be obtained mn similar yield by catalytic hydrogenation of the mixed isomeric nitro
compounds over 10% palladium on carbon catalyst using chloroform as the solvent. These
compounds were analysed as the 8-acetates cis-(E)- and (Z)-5-Acetyl-8-(N-acetyl-
amino)-4b,5,9b,10-tetrahydroindeno[1,2-bJindoles [Found 741, H, 58, N, 90 C;oH;sN,0;
requires C,745,H,59, N, 92%]
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cis-(E)- and (Z)-5-Acetyl-8-(N,N-diethylamino)-4b,5,9b,10-tetrahydroindeno[1,2-b indole [E- and
Z-5-Acetyl-8-(N N-diethylamuno)-THIT] (12, !R=NEt,2R=H,3R=Ac)

(E)- and (Z)-5-Acetyl-8-amino-4b,9b-tetrahydroindeno(1,2-bJindole (1 Og) sodium carbonate (1g)
and ethyl 10dide (2 Ocm?) were heated together at reflux m a mixture of tetrahydrofuran (80cm?) and
water (15cm?), with sturing, for 24h More ethyl 10dide (0 Scm) was then added and the heating
continued for a further 3h The solvents were evaporated and dichloromethane added to the residue
Sohds were removed by filtration and these were then washed thoroughly with diethyl ether Filtrate
and washings were combined and reduced in volume to about 15cm® On cooling, the utle
compounds separated as pale yellow prisms (0 75g, 62%), mp 176-178°C, v, 1635 cm’l, 8y
1 10(6H, t, J=7 OHz), 1.13(6H, t, J=7 0Hz), 2 43(3H, s),2 54(3H, s), 3 21(1H, d, J=16Hz), 3 29(10H,
m), 4 06(1H, dd, J=J/=8Hz), 4 16( 1H, dd, J=/=7 5Hz), 5 56(1H, d, J=2Hz), 5 72(1H, d, J=7 5Hz),
6 27(1H, d, J=8Hz), 6 47(2H, ddd, J=7 5, J=2Hz), 6 63(1H, d, J=2Hz), 6 90(1H, d, J=9Hz),
7 15-7 23(6H, m), 7 41(1H, m), 7 60(1H, m), 7 89(1H, d, J=9Hz) [Found C, 789, H, 76, N, 87
Cy1HyyN,O requires C,787, H,7 55, N, 8 7%]

c1s-5-Ethyl-8-(N,N-diethylamino)-4b,5,9b,10-tetrahydroindeno(1,2-bindole ~ [5-Ethyl-8-(N,N-di-
ethylamino)-THIT] (12, IR=NEt,,2R=H;3R=Et)

cis-(E)- and (Z)-5-Acetyl-8-(N,N-diethylamino)-4b,5,9b,10-tetrahydroindeno[ 1,2-b]indoles (0 32g,
ImM) 1n dry tetrahydrofuran (60cm?) were treated with Iithium aluminium hydnde (0 38g, 10mM)
1 portions over a perniod of 30min  The reaction mixture was then heated at reflux for 3h and then
excess reagent was destroyed by the additon of 30% sodium ammonium tartrate The organic
solvent was then decanted and the residue extracted with tetrahydrofuran (3x10cm>) Solvent and
extracts were combined, dried and evaporated to yield an o1l which was absorbed onto silica (1g) and
added to the top off a column of silica (5g), pnior to elution with 10% ethyl acetate 1n petrol The
colour of the column became dark blue but the title compound was eluted off as a colourless o1l
(02g, 65%) The compound 1s unstable 1n air becoming blue and then dark red 3y 109 (6H, t,
J=70Hz), 127(3H, tJ =70Hz), 3 1-3 3(5H, m), 3 3-3 5(3H, m), 4 18(1H, brs), 5 07(1H, br.s),
6 40(1H, d, J=7 0Hz), 6 57(1H, d, J=7 0Hz), 6 74(1H, s), 7 22(3H, s), 743(1H, m), m/z (%)
306(100), 291(43), 27(20) [Found 306 21052 C,;H,N, requires 306 20960}

c18-4b,5,9b,10-Tetrahydro-4b,9b-dimethylindeno[ 1,2-bjindole (4b,9b-Dimethyl-THII)
(16, IR=2R="R=H)

Methyllithium (1 Scm?, 2eq of 1 5M solution 1n hexane) was added dropwise at -78°C to a solution
of 9b,10-dihydro-9b-methylindeno[1,2-blindole (260mg, 1 19mmol) 1n THF (10cm3) After strrng
at -78°C for 1h, water (1cm?) was added to the dark red solution, and the reaction allowed to warm
The reaction mixture was quenched wath saturated ammomum chlonde solution (10cm3), the organic
phase separated, and dried (Na;SO,) Evaporation of solvent, and flash chromatography (10%
EtOAc/petrol) of the residue gave a colourless gum (R [10% EtOAc/petrol 0.5) which sohdified to a
colourless sohid (87mg, 31%), mp 79°C, Vpax (iq film) 3400 (br), 1600cm! (s), 84(CDCly) 135
(3H, 5), 146 (3H, s), 307 (1H, d, 2J 15 9Hz), 3 36 (1H, d, 27 15 SHz), 4 27 (1H, br), 6 53 (1H, d, 3/
7 8Hz), 671 (1H, ddd, 3J 7 3Hz, 4/ 1 1Hz), 696 (1H, ddd, 3/ 7 THz, J 1 5Hz), 7 1-7 3 (5H, m),
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3c(CDCly) 223,224 (q), 453 (), 548 (s), 752 (s), 1097, 119 0, 121 9, 123.0, 124.4, 126 9, 127 4,
127 5 (d), 1377, 140 8, 148 4, 148 8 (s), m/z (%) 220 (100), 235 (95, M), 204 (31), 205 (28), 234
(26), 236 (17) [Found C,867,H,7.3, N, 6 0 C;;H ;N requires C, 86.8, H,7 3, N, 5 95%].

¢154b,5,9b,10-Tetrahydro-6,8-dimethylindeno[ 1,2-b]Jindole (6,8-Dimethyl-THII)

(12, IR="R=Me,R=H)

6,8-Dimethyl-DHII (323mg, 1 38mmol) was reacted with sodium cyanoborohydnde (400mg, Seq)
1n glacial acetic acid solution (7cm3) for 30 munutes The solution was poured mnto ice/water, and
sturred for a further 30 minutes The aqueous solution was neutralised with sodium hydroxide, and
the suspension was extracted mto diethylether The combined organic extracts were washed with
water, dried (NaySO4) and evaporated in vacuo Punfication of the residue by suction flash
chromatography, gave a colourless solid (244mg, 75%), m p 147°C (EtOAc/petrol), v, (CHCl3)
3400, 1600 cm’!, 53(CDCls) 2 03 and 2 07 (3H, s), 3 18 (1H, dd, 2/ 16 3Hz, 37 2 OHz), 3 48 (1H, dd,
2J 16 3Hz, 37 8 4Hz), 416 (1H, ddd, 3J 8 4, 8 4, 2 0Hz), 524 (1H, d, 3/ 8 4Hz), 6 66 (1H, s), 6 84
(1H, s), 7 1-7 4 (4H, m), 8c(CDCl3) 16 8 and 20 8 (q), 392 (1), 462 (d), 677 (d), 1225, 1239,
1251,1270, 1279, 1294 (d), 1197, 1290, 132 5, 142 4, 144 5, 146 1 (s), m/z (%) 235 (100 M), 234
(37), 220 (24), 236 (16) [Found C, 865, H, 735, N, 58 C;7H;;N requires C, 8675, H, 73, N,
5 95%]

c15-4b,5,9b,10-Tetrahydro-10,10-dimethylindeno[1,2-bJindole (10,10-Dimethyl-THII)

5,10-D1hydro-10,10-dimethylindeno[1,2-b]indole (1 00g, 4 29mmol) was treated with sodium
cyanoborohydnde (1 0g, 16mmol) 1n glacial acetic acid (20cm®) After 10 munutes, the reaction
muxture was poured into water, stirred for 30 minutes, and extracted into diethylether (3x10cm?)
The combined organic extracts were washed with water (10xScm?), dried (Na,;S0O,), and the solvent
removed in vacuo The residue was dissolved 1n 5% ethyl acetate/petrol and filtered through a pad of
"flash” silica, yielding, on removal of solvent, a gum which sohdified to give a colourless sohd
(098g, 98%), m p 57-59°C (DCM/petrol), Vy,.,(melt) 3360 cml, S3(CDCl3) 1 17 (3H, s), 143 (3H,
s), 3 86 (1H, d, 3J 8 8Hz), 3 9 (1H, br), 5 29 (1H, d, 3/ 8 8Hz), 6 59 (1H, d, 3/ 7 THz), 6 71 (1H, ddd,
37 73, 7.4Hz), 702 (1H, ddd, 3J 7 3Hz), 7 2-7 3 (5H, m), 8-(CDCl3) 272 (q), 322 @), 475 (s),
591 (), 668 (d), 1101, 1185, 1228, 124 2, 1262, 127 1, 127 8, 128 3 (d), 129 5, 142 3, 151 3,
153.0 (s), m/z (%) 235 (100 M), 106 (99), 220 (49), 204 (21), 234 (20), 236 (16) [Found C, 86 75, H,
7 3,N,59Cy;Hy 7N requires C, 86 75, H,7 3, N, 5 95%]

c15-4b,5,9b-Trimethyl-4b,5,9b,10-tetrahydroindeno( 1 2-bJindole (4b,5,9b-Trimethyl-THII)

(16, 'R=2R=H,3R=Me)

The preparation of 4b,9b-dimethyl-THII was repeated using 9b-methyl-9b,10-dihydroindeno-
[1,2-bjindole (0 86g, 4 Ommol), THF (8cm’), and methyl hthum (4 Ocm3 of 14M solution),
quenching the amion with 10domethane instead of with water After work-up, the least polar
component was separated by column chromatography (1% EtOAc/petrol), to give a gum which was
further punified by bulb to bulb disullation (0 46g, 46%), bp 175°C (0 02mmHg), v, (g film)
1605 cml, §3(CDCl,) 132 (3H, s), 140 (3H, s), 2 86 (3H, s), 2 94 (1H, d, 2J 15 9Hz), 3 27 (1H, d,
27 15 9Hz), 6 30 (1H, d, 3J 7 THz), 6 65 (1H, ddd, 3/ 7 3Hz), 7 05 (1H, ddd, 3J 7 7Hz), 7 10 (1H, dd,
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377 3Hz, 9-H), 7 15-7 4 (4H, m); 5c(CDCl;) 170 (q), 21.1 (q), 28 8 (q), 46 2 (t), 549 (s), 80 2 (s),
1056, 1169, 122 1, 123 8, 124 7, 126 2, 127 6, 127 7 (d), 127 1, 136 3, 142 6, 144.8 (s), m/z (%) 234
(100), 249 (93, M), 219 (49), 218 (34), 56 (30), 235 (21), 250 (18), 158 (16), 109 (12), 110 (12)
[Found 249 1520 C,gH;oN requires 249 1517]

c18-4b,5,9b,10-Tetrahydro-8-methoxy-5-methylindeno( 1,2-bJindole (8-Methoxy-5-methyl-THII)

(12, 'R=OMe,?R=H,3R=Me)

Using the same procedure as for 4b,59b,10-tetrahydro-5-methylindeno[1,2-blindole,
8-methoxy-THII (239mg, 1 0 mmol) was methylated with iodomethane, usmg sodium hydnde
(25mg, 11mmol) as the base, n THF (2cm®) Extracton work-up (into diethylether), and
punification by suction flash chromatography, yielded a clear gum (158mg, 63%) which sohdified
after bulb to bulb distillaon (180°C at 02mmHg), mp 72°C, vy, (Iiqud film) 1600cm’!,
84(CDCl,) 2 87 (3H, s), 3 03 (1H, dd, 2/ 16 3Hz, 3J 5 5Hz), 3 36 (1H, dd, 2/ 16 2Hz, 3J 9 2Hz), 3 70
(3H, s), 4 08 (1H, ddd, 3/ 8 6, 92, 5 SHz), 4 80 (1H, d, 3J 8 6Hz), 6 28 (1H, d, 3/ 8 4Hz), 6 61 (1H,
dd, 3J 8 4Hz, 4J 2 7Hz), 6 77 (1H, dd, 47 27, 0 6Hz), 7 1-7 5 (4H, m), 5o(CDCl;) 347 (g), 392 (1),
456 (d), 558 (9), 764 (d), 107 0, 111.4, 1121, 1247, 1250, 126 3, 1279 (d), 1340, 142 1, 143 8,
146 4, 152 6 (s), m/z (%) 251 (100, M), 236 (95), 237 (19), 252 (17) [Found C, 81 6; H, 6 8, N, 555
C,7H;7NO requires C, 81 25, H, 6 8, N, 5 55%]

c1s-4b,5,9b,10-Tetrahydro-8,9b-dimethyl-4b-(4-methylphenylhydrazin-Ny-ylindeno[ 1,2-b]indole
(26, 'R=2R=H, Ar=4-MeC4Hs)

To a suspension of 4-methylphenylhydrazine hydrochlonde (8 15g, 0 051mol) n water (30cm?)
was added dropwise 2M sodium hydroxide solution until pH 11 was achieved The mixture was
extracted with diethyl ether (3 x 50cm?), the combined organic extracts were washed with brine,
dried (Na,SO,) and evaporated The residue was then dissolved 1 glacial acetic acid (100cm?) and
2-methyl-1-indanone (5 Og, 0 034mol) added in small portions to the solution The mixture was
stirred at room temperature for 1/, h  Saturated sodium bicarbonate solution was then added until pH
9 was attained The mixture was then extracted with diethyl ether (3 x 50cm®). The combined
organic extracts were washed with brine (2 x 20cm?), dned (Na,SO,) and evaporated The residuce
was crystallized from methanol/water to yield pale yellow prims (2 18g, 27%) A small sample was
recrystallized from ethyl acetate/petrol for analytical purposes, mp 156°C v, (Nujol) 3450, 3360,
3290, 1600 cm'!, 3 (CDCly) 7 80 (1H, m), 7 42 (1H, s, D,0 exchanged), 7 35 (1H, 5), 7 27 (3H, m),
699 (1H, s), 6 94 (2H, d, J = 8 5Hz), 6 59 (2H, d, J = 8 5Hz) 6 50 (1H, d, J = 79Hz), 3 63 (1H,d, J
= 16 9Hz), 3.38 (2H, s(br), exchanged by D,0), 2 86 (1H, d, J = 16 9Hz), 2 36 (3H, s), 2 20 (3H, s),
172 (3H, s), miz (%) 355 (M, 5) 234 (100) 232 (80) 218 (30) 122 (40) [Found, C, 81 10, H, 7 06, N,
11 70 Co4Hy5N3 requires C, 81 10, H, 7 09, N, 11 82%]

c15-9b,10-Dihydro-8,9b-dimethylindeno[ 1,2-bJindole (22, 'R=Me,2R=H)

To a soluton of 4-methylphenylhydrazine hydrochlonde, (9 73g, 0 061mol) 1n absolute ethanol
(240cm?) was added dropwise 2-methyl-1-indanone, (8 14g, 0 056mol), followed by concentrated
hydrochloric acid (3cm®) The muxture was boiled for 2h, the solvents removed, and the residue
portioned between diethyl ether and water, and the layers separated The aqueous phase was
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extracted with diethyl ether (3 x 50cm®) The combined orgamic phases were washed sequentially
with saturated sodium bicarbonate solution and bnine, dned (NaySO,), and evaporated The crude
matenial thus obtained was purified by flash chromatography on silica gel, eluting with 7-12% ethyl
acetate/petrol to yield a low m.p sohd (5 05g, 39%), 8y (CDCl;) 787 (1H, m) 751 (1H, d, J =
7 9Hz), 7 39 (3H, m), 7 25 (1H, s), 7 15 (1H, d,J =8 0Hz), 3 07 (1H, d, J = 14 THz), 2 81 (1H, d, J =
14.7Hz), 2 41 (3H, s), 1 37 (3H, 5)

9b,10-Dihydro-9b-methyl-8-'propylindeno{1,2-bJindole (22, 'R="Pr;2R=H)

To a solution of 4-'propylphenylhydrazine hydrochlonde, (6 50g, 0.035mol) mn absolute ethanol
(140cm?) was added dropwise 2-methyl-1-indanone, (4 6g, 0 032mol) followed by concentrated
hydrochloric acid (2 Scm®) The muxture was refluxed for 2h and the ethanol evaporated The
residue was partitioned between diethyl ether (100cm?) and water (100cm?) and the layers separated
The aqueous phase was extracted with diethyl ether (2 x 30cm?) and the combined organic extracts
were washed sequentially with saturated sodium bicarbonate solution and brine, and then dned
(Na,SO4) Removal of the solvent gave the title compound which was punfied by flash
chromatography on silica gel eluting with 10% ethyl acetate/petrol, to yield a yellow gum, (1 62g,
25%), &y (CDCl3) 7 88 (1H, m), 7 55 (1H, d, J = 8 1Hz), 7.41 (3H, m), 7 30 (1H, d, / = 1 8Hz), 7 23
(1H, dd,J = 1 8Hz and 7 1Hz), 3 10 (1H, d, J = 14 THz), 2 98 (1H, sept ,J =7 OHz), 285 (1H,d,J =
14 7THz), 1 39 (3H, s), 1 30 (6H, d, J = 7 OHz)

c15-4b,5,9b,10-Tetrahydro-4b,8,9b-trimethylindeno[ 1,2-bJindole (4b,8,9b-Trimethyl-THII)

(24, 'R=Me,’R=H)

To a soluton of 9b,10-dihydro-5,9b-dimethylindeno[1,2-bJindole, (505g, 0.022mol) mn dry
tetrahydrofuran (100cm?®) at -78°C, under mitrogen, in a flame dried flask, was added dropwise
methyllithum, (1 4M solution in diethyl ether, 23 2cm?, 0032mol) The muxture was stured at
-78°C for 2h, and then at -15°C for a further 1h Saturated ammomum chloride solution (3cm?) was
then added and the mixture allowed to warm to room temperature The reaction mixture was
portioned between ether and saturated ammonium chlonde solutton and the layers separated The
aqueous phase was extracted with dicthyl ether (2 x 25cm?) and the combined organic extracts were
washed with brine, dried (Na;SO,4) and evaporated to afford the title compound as an off whte solid
This was punified by flash chromatography on silica gel eluting with 3-10% ethyl acetate/petrol to
yield a colourless solid, 2 73g (51% overall yield, or 78% based on recovered starting matenal), m p
208-212°C, vy, (hiquid film) 3340, 2900, 1600cm™, & (CDCls) 7 1-7 3 (4H, m), 6 94 (1H, m), 6 77
(1H,d, J =7 8Hz), 6 46 (1H, d, J = 7 8Hz), 335 (1H, d, J = 15 9Hz) 3 06 (1H, d, J = 15 9Hz), 2.22
(3H, s), 146 (3H, s), 1 34 (3H, 5), m/z (%) 249 (M, 100) 234 (70) [Found, C, 866, H, 799, N, 5 5
CygH gN requires C, 86 7, H,7 7, N, 5 6%]

c1s-4b,5,9b,10-Tetrahydro-4b,9b-dimethyl-8-*propylindeno( 1,2 -b]indole(4b,9b-Dimethyl-
8-'propvl-THII) (24, 'R="Pr;>R=H)

To a solution of methyllithium (1 4M 1n ether, 14 Scm®, 12 4mmol) 1n dry tetrahydrofuran (20cm?),
at -78°C, under mtrogen, 1n a flame dned flask, was added dropwise over 1h a solution of 9b,
10-dihydro-9b-methyl-8-'propylindeno[ 1,2-blindole (1 62g, 620mmol) 1 dry tetrahydrofuran
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(30cm’) After addition, the mixture was stirred for a further 0.5h at -78°C  Saturated ammonium
chloride solution (2cm’) was then added and the mixture allowed to warm to room temperature  The
reaction mixture was then portioned between diethyl ether (50cm®) and saturated ammonium
chlonide solution (25cm3), and the layers separated. The aqueous phase was extracted with diethyl
ether (2 x 10cm3) and the combined organic extracts were washed with brine, dried (Na;SOy) and
evaporated The crude matenal thus obtained was punfied by flash chromatography on silica gel
eluting with 3-10% ethyl acetate/petrol to yield a pale yellow gum ( 0 77g 45%), Vypex (1quad film)
3340, 2900, 1600 cm!, 3y (CDCl3) 7 1-7 3 (4H, m), 6 98 (1H,d,J =1 8Hz), 6 82 (1H,dd, /=1 8Hz
and 7 9Hz), 6 47 (1H, 4, J = 79Hz), 3 36 (1H, d, J = 159Hz), 306 (1H, d, J = 159Hz), 2 78 (1H,
sept J =6 8Hz), 145 (3H, s) 134 (3H, 5), 1 18 (6H, dd, J = 1 3Hz and 6 SHz), m/z (%) 277 M, 75)
262 (100) 105 (30) [Found 277 1821 C,gHxN requires 277 1829)

cis-(E)- and (Z)-5-Acetyl-4b,5,9b,10-tetrahydro-8-mtroindeno[1,2-bJindole (E- and Z- 5-Acetyl-
8-nitro-THII) (12, IR=NO,,?R=H,R=Ac)

5—Acetyl-4b,5,9b,10—tetrahydromdcno[1,2—b]mdole" (57g) mm glacial acetic acid (250m3) was
treated dropwise over 5 mun with concentrated mtric acid (11.5cm3), during this time the reaction
mxture was vigorously stired The solution was then heated with summng for 1 5h at 55-60°C,
before 1t was poured onto 1ce and the muxture left stirring overnight. The yellow solid which formed
was then collected and crystalhised from hot ethanol (350cm®) as needles (5 5g, 82%), mp 210°C,
Vnax 1655 eml, 84 2 55,2 65 (2x3H, br s), 3 36(2H, br &, J=16Hz), 3 58(2H, dd, /=16 and 8Hz), 4 20,
4 30(2x1H, brs), 595, 6 35(2x1H, brs), 7 0-7 6(9H, m), 8 05-8 13(SH, m), m/z 294, 252, 206, 204
[Found C,694,H,47,N,94C7H;4N,0O; requires C, 694, H, 4 8, N, 9 5%]

*Obtained from THII by treatment with sodium hydnde and then acetyl chlonide as a mixture of E-
and Z- 1somers, Ry (30% EtOAc 1n hexane) 033, mp 150°C [Found C, 819, H, 61, N, 56
C;7H;5sNO requires C, 819, H, 6 1, N,5 6%)

5,6-Dihydroindeno(2,1-bJindole (1so-DHII) (28, 'R=2R=H)

2-Indanone (5 25g, 39 7mmol) and phenylhydrazine hydrochlonde (5 74g, 39 7mmol) were heated
to reflux n glacial acetic acid (60cm?®) for 1h, and then cooled The solution was poured into
ice/water, and the solid precipitate collected by filtration After partial punfication by column
chromatography [Rg (30% EtOAc/petrol) 0 6], and crystallisaton (charcoal) from ethyl acetate, the
product was recrystallised from chloroform to yield colourless needles (0 64g, 8%) mp 205°C (dec )
(lit ,2 200°C), vy, (Nujol) 3400, 1600 cm!, S(DMSO-dg) 3 65 (2H, ), 7 0-7 2 (8H, m), 10 40 (1H,
br), m/z 205 (%) (100 M), 204 (69), 88 (22), 102 (19), 206 (17)

5,6-Dihydro-9-methoxyindeno[2,1b]indole (9-Methoxy-1so-DHII) (28, IR=MeO,?R=H)

4-Methoxyphenylhydrazine hydrochlonde (3 5g) and 2-indanone (2 6g) were dissolved in ethanol
(25cm?) containing concentrated hydrochloric acid (0 5cm®) and the solution was heated at reflux for
2h The solvent was then removed under reduced pressure to give a black restdue which was treated
with ethyl acetate and filtered The filtrate was mixed with silica (25g) and the solvent removed
under reduced pressure, the residue was then placed at the top of a silica column and eluted with
ethyl acetate petrol (1 10) to afford the indole (2 35g, 50%) as pale brown needles, mp 170-171°C,
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VUpmax 3370, 1605 cml, 8y 3 65(2H,s), 3 90(3H,s), 6 84(1H, dd, J=8 5 and 2 5Hz), 7 08 (1H, ddd,
J=75,75 and 10Hz), 720 (1H, d, J=8 5Hz), 7 24( 1H, ddd, /=7 5, 7 5 and 0 SHz), 7 30(1H, d,
J=2 5Hz), 7 39(1H, d, J=7 5Hz), 7 61(1H, d, J=7 5Hz), 8.09(1H, br s), m/z (%) 235 (100), 220 (25),
192 (30), 191 (20) [Found C, 816,H,57, N, 6 0 C;gH;3NO requires C,817, H,5 6, N,5.95%]

5.6-Dihydro-9-isopropylindeno(2,1-bJindole (9-'Propyl-1so-DHII) (28, 1R="Pr,2R=H)

A suspension of 4-1sopropylphenylhydrazine hydrochlonde (3 13g, 16 8mM) and 1-indanone
(2 22g, 1eq) was heated to reflux 1n absolute ethanol (20cm®) contaiming concentrated hydrochloric
acid (0 5cm>) for 4h The ethanol was removed in vacuo, and the product partially punfied by
column chromatography, eluting with 10% ethyl acetate/petrol and finally punfied by crystallisation
from ethyl acetate/petrol This gave pale green needles (0 84g, 18 7%), mp 144°C, 3y 8 05 (1H,
brs), 77-70 (7H, m), 3 65 (2H, s), 3 07 (1H, septet, J=7 OHz), 1 35 (6H, d, J=6 9Hz) [Found C,
877,H,695,N, 56, CigH;;N requires C, 87 4, H, 695, N, 5 65%]

5,6-Dihydro-9-butylindeno[2,1-bjindole (9-'Butyl-1so-DHII) (28, !R='Bu,?R=H)

2-Indanone (2 Og, 15 2mM) 1n ethanol (25cm?) containing 30% aqueous hydrochloric acid (0 5cm?)
was stirred and heated with 4-'butylphenylhydrazine hydrochloride (3 Og, 15 2mM) for 4h Silica gel
(3 Og) was then added and the solvents removed under reduced pressure The residue was then added
to the top of a column of silica (28g) and eluted with 5% ethyl acetate in petrol Early fractions gave
9-‘Butyl-5,10b-dihydro-10b-(inden-2-yljindeno(2,1-bJindole (31), mp 220°C, vp,,cm™ 1620, 1595,
Sy 146 (9H, s), 3 89(2H, s), 4 02(2H, s), 6 87(1H, 5), 7 13(1H, ddd, J=6 5, 6 5, and 1 0Hz), 7 19(1H,
ddd, /=6 5, 6 5, and 1 OHz), 7 32(1H, dd, J=7 S and 7 5Hz), 7 35-7 42(3H, m), 7 45(1H, d, J=7 5Hz),
7 47(1H, d, J=7 5Hz), 7 70(1H, d, J=7 5Hz), 7 76(1H, d, J=7 0Hz), 7 86 (1H, d, J=2 0Hz), m/z (%),
375(15, M), 237(12), 57 (100) [Found C, 89 6, H, 67, N, 3 7 CogHysN requires C, 896, H,67, N,
3 7%], whereas later fractions afforded a mixture of this compound and the utle compound These
fractions were combined and rechromatographed to give 5,6-Dihydro-9-'‘butylindeno(2,1-bJindole
(28, 1R='Bu,?R=H), (0 35g, 9%), mp 182°C, v, 3390, 1610 cm’}, &y 144(9H, s), 371(2H, s),
7 10(1H, ddd, J=75, 75, 15Hz), 7 22-7 42(4H, m), 7 68(1H, brd, J=7 OHz), 7 84(1H, brs),
8 15(1H,s), m/z (%) 261 (100, M), 246(95), 204 (25) [Found C,872,H,72, N, 535 C;gH\yN
requires C, 87 3, H,7 3, N, 5 4%}

5,6-Dihydro-9'butyl-5-(2-indanylidene)indeno(2,1-b]indole (33)

The enone (32)% (0 25g) was heated in boihing ethanol (5cm?) contamning 4-'butylphenylhydrazine
(0 2g) and concentrated hydrochlonc acid (0 lem3) for 4h The solvent was then removed and the
residue chromatographed on stlica (10g) eluting with 7% ethyl acetate 1n petrol to yield the uitle
compound as yellow-geen prisms (0 13g, 35%), mp 232-235°C sinters, Uy 3420, 1600 cm™, 3y
144(9H, s), 440(2H, s), 445(Q2H, s), 7 10(1H, ddd, J=75, 75, 20Hz), 7 24-7 32(4H, m),
7 38-7 46(3H, m), 7 S6(1H, d, J=7 OHz), 7 59(1H, d, J=8 OHz ), 7 77(1H, d, J=2 OHz), 8 16(1H,
brs), m/z(%) 375(100), 360(20), 318(30) [Found C, 872, H, 72, N, 535 C;gHgN requires C,
873,H,73,N,54%]
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c1s-5,5a,6,10b-Tetrahydroindeno(2,1-bJindole (1so-THII)

6-Dihydroindeno[2,1-blindole (185mg, 09mmol) was reacted with sodium cyanoborohydride
(310mg, Smmol), 1n glacial acetic acid (5cm?), for 6h. The solution was poured 1nto ice/water, and
stirred for 1h It was then neutralised with sodium hydroxide, and the white solid which formed was
collected by filtration, washed with water, dnied and punfied by flash chromatography (10%
EtOAc/petrol, Rg 30% EtOAc/petrol 0 6) to yield a colourless solid (81mg, 43%), mp 85-86°C,
Vna(CHCl3) 3380, 1600 cmt, S(CDCls) 309 (1H, dd, J=16 3, 1 5Hz), 333 (1H, dd, /=164,
6 2Hz), 345 (1H, br), 474 (1H, d, /=8 5Hz), 4 82 (1H, ddd, J=85, 62, 18Hz), 6.55 (1H, d,
J=77Hz), 6 73 (1H, ddd, J=7.5, 7.5, 1 1Hz), 7 00 (1H, ddd, J=7 5, 75, 1 1Hz), 7 1-7 4 (4H, m),
8c(CDCl3) 411 (1), 537 (d), 637 (d), 1092, 1188, 1240, 1242, 1251, 1270, 127 1, 127 8 (d),
1415, 1432, 1503 (s), m/z (%) 207 (100, M), 206 (84), 204 (18), 178 (17), 208 (15), 103 (10)
[Found C,872,H, 63, N, 6.75 C;sH 3N requires C,869,H, 63, N, 6 75%]

c1s-5,5a,6,10b-Tetrahydro-9-methoxyindeno[2,1-b]indole (9-Methoxy-1so-THII)

5,6-Dihydro-9-methoxyindeno[2,1b]indole (0 56g), as a suspension 1n glacial acetic acid (25cm’) at
16°C, was treated with sodium cyanoborohydnde (1 Og) 1in small portions over 6h The resulting
solution was stured for a further 1h, and then poured 1nto ice-water (100cm’) The solution was
separated from a small amount of resinous material and the filtrate treated with sodium carbonate
(2 5g) 1n small portions with vigorous stirring The colourless solid which separated was collected
and crystallised from ethanol as needles (0 31g, 55%), mp 129-130°C, v, 3340, 2730, 1600 cm’!,
oy 306 (1H, dd, J=16 5 and 1 SHz), 3 2-3 8(1H, brs), 3 31(1H, dd, J=16 5 and 6 OHz), 3 76(3H, s),
4 71(1H, d, J=8 OHz), 4 80(1H, ddd, /=8 0, 6 0 and 2 OHz), 6 5(1H, d, /=8 5Hz), 6 58(1H, dd, /=8 5
and 2 5Hz), 6 99(1H, d, J=2 5Hz), 7 15-7 24(3H, m), 7 33-7 36 (1H, m) [Found C, 806; H, 6 3, N,
59C,¢H;sNOrequires C,810,H,64,N,59%]

c1s-5,5a,6,10b-Tetrahydro-9-1sopropylindeno[2,1-b]indole (9-'Propyl-iso-THII) and cis-5-Ethyl-
-5,5a,6,10b-tetrahydro-9- isopropylindeno(2,1-bJindole (5-Ethyl-9-'propyl-1so-THII)

To a suspension of 5,6-dihydro-9-1sopropylindeno([2,1-blindole (2 3g, 9 3mmol) n glacial acenc
acid (30cm?) was added sodium cyanoborohydnde (2g) 1n small portions over 30 min The muxture
was sturred for 3h, and the solution then obtained was poured nto 1ce/water (50cm?) and stirred for 1
h The clear solution was carefully neutralised with sodium carbonate causing a white precipitate to
form This was extracted into diethyl ether (3x10cm?), and the combined extracts were washed
copiously with water, dried (Na,SO,) and evaporated Tlc analysis of the residue indicated two
products had formed these were 1solated by column chromatography eluting with 10% ethyl
acetate/petrol to yield first a small amount of cis-5-Ethyl-5,5a,6,10b-tetrahydro-9-1sopropyl-
indeno[2,1-bJindole (0 07, 3%), and then the title product (0 93g, 40%), both as colourless ols)
Further punfication of the latter product was achieved by distllation, v, (liquid film) 3380, 2960,
1610 cm™!, & 7 4-7 1 (5H, m), 6 87 (1H, dd, J=8 1, 1 8Hz), 6 50 (1H, d, J=8 1Hz), 4 81 (1H, ddd,
J=81, 62 and 2 OHz), 4 73 (1H, d, /=8 1Hz), 3 32 (1H, dd, J=16 6 and 6 2), 3 08 (1H, dd, J=16 6
and 2 OHz), 2 83 (1H, septet, J=6 9Hz), 123 (6H, d, 6 9Hz) [Found C, 866, H,7 8, N, 55 C;gH;,N
requires C,867,H,7 7, N, 5 6%]
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c1s-5,5a,6,10b-Tetrahydro-9-fluorosndenof2,1-bjindole (9-Fluoro-1so-THII)

5,6-Dihydro-9-fluoroindeno(2,1-blindole (0.55g, 2 5SmM) 1n glacial acetic acid (25¢m>) was stured
and treated with sodium cyanoborohydnde (2 1g, 36 5 mM) n small portions over 10 h, maintaining
the temperature below 18°C The amount of the reducing agent appears crucial since mixtures form
if more 15 added The reaction mixture was then added to ice-water (100cm?) and the yellow o 1l
which was formed was separated from the aqueous phase

The pH of the aqueous phase was then adjusted to 6 by the addition of sodium carbonate (30g), and
the colourless o1l which was liberated was extracted mnto diethyl ether (4x20cm’) The combined
extracts were dnied and evaporated to yield an o1l which was extracted with hot petrol (6x10cm?) and
the residue tnturated with ethanol (lcm®) This treatment caused the compound to crystallise as
colourless prisms which recrystallised from ethanol to give the title compound (60mg, 11%) , mp
116-117°C, Vpay 3380 cml, &y 3 06(1H, dd, J=16 5 and 1 5Hz), 3 06(1H, dd, J=16 5 and 1 5Hz),
3 31(1H, dd, /=16 5 and 6 OHz), 3 67(1H, br s), 4 70(1H, d, /=8 OHz), 4 82(1H, ddd, J=8.0, 6 0 and
1 5Hz), 6 43(1H, dd, J=8 5, and 4 OHz), 6 70( 1H, ddd, J=8 5, 8 5 and 2 5Hz), 7 07(1H, dd, J=8 §
and 2 5Hz), 7 16-7 25(3H, m), 7 33(1H, m) {Found C, 800, H, 545, N, 6 0 C,5H,,NF requires C,
800,H,54,N, 62%]

c1s-9-*-Butyl-5,5a,6,10b-tetrahydroindeno[2,1-bJindole (9-'Butyl-1so-THII)

9-'Butyl-5,6-dihydroindeno[2,1-blindole (0 16g, 0 6mM) 1n glacial acetic acid (25c¢m3) was stured
and treated with sodium cyanoborohydnde (0,7g, 11 mM) 1n small portions over 3 h, maintaining the
temperature below 18°C The reaction mixture was then added to ice-water (80cm?) and the yellow
o1l which was formed was separated from the aqueous phase The pH of the aqueous phase was then
adjusted to 6 by the addition of sodium carbonate (25g), and the colourless o1l which was liberated
was extracted nto diethyl ether (6x10cm>) The combined extracts were dried and evaporated to
yield an o1l which was chromatographed on silica eluting with 5% ethyl acetate in petrol This gave
the title compound as colourless prisms (0 11g, 7%), mp 92°C, V. 3380 cm’l, 8y 1 3009H, s),
3 05(1H, d, J=16 5 Hz), 3 28(1H, dd, J=16 5 and 6 OHz), 3 79(1H, s), 4 70(1H, d, J=8 0Hz), 4 75(1H,
ddd, /=8 0, 6 0 and 2 OHz), 6 48(1H, d, J=8 0Hz), 7 03(1H, dd, J=8 0, and 2 OHz), 7 14-7 24(3H, m),
7 34(1H, m), 7 40(1H, d, J=2 OHz) [Found C, 865, H, 8 3, N, 55 C;¢HyN requires C, 86 65, H,
80, N, 53%]

2-Chloro-5-methoxy-4,6-dimethylindan-1-one (35, X=Cl)

Sulphonyl chlonde (ca 1 eq) was added dropwise over 30 munutes to a solutton of 5-met-
hoxy-4,6-dimethylindan-1-one (0 65g, 3 4mmol) 1n dry diethyl ether (10cm®), with surnng and 1n
absence of light at O°C After the addiion was complete, the reaction was allowed to warm up to
room temperature, and sturing continued for a further 2h The solvents were removed and the sohid
residue chromatographed, eluting with 50% dichloromethane/petrol and then with dichloromethane,
to yield the dichloro derivative [Ri(DCM) 0 85, 0 14g, 14%] wiich was discarded, and the required
product [Re(DCM) 0 7] The latter 1s a colourless solid (0 65g, 85%) m p 109-110°C, v, (CHCly)
2960, 1730, 1600 cm™!, 34(CDCl3) 7 53 (1H, s), 4 54 (1H, dd, J=7 8, 3 THz), 379 (3H, s), 3 64 (1H,
dd, /=17 5, 7 8Hz), 3 13 (1H, dd, J=17 5, 3 5Hz), 2 33 (3H, s), 2 25 (3H, s) [Found C, 639, H, 585
CypH;(ClO; requires C, 64 15, H, 5 83%]
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2-Bromo-5-methoxy-4,6-dimethylindan-1-one (35, X=Br)

Bromme (04cm?) was added dropwise over 30 mnutes to a solunon of
5-methoxy-4,6-dimethylindan-1-one (1 25g, 6 6mmol) 1n dry diethylether (10cm?), with stumng and
1n the absence of light at 0°C After the addiion was complete, the reaction mixture was allowed to
warm to room temperature, and strring was continued for a further 20 min. The solvents were
removed 1n the absence of hight and the solid residue chromatographed, eluting first with 10% ethyl
acetate/petrol and then with dichloromethane, to yield the title compound as a pale yellow sohd
(108g), mp 72°C

5-Methoxy-4,6-dimethyl-2-(2’ -trifluoroacetamidophenyl)indan-1-one (38) and 5,10-Dikydro-2-met-
hoxy-1,3-dimethylindeno(1,2-bJindole (1,3-Dimethyl-2-methoxy-DHII) (39)

A solution of o-bromotrifluoroacetanihide (565 mg, 2 1 mM) 1n tetrahydrofuran (40cm3) was cooled
to -78°C and to this was added methyl lithium (1 molar equivalent of a 1.4M solution 1n pentane)
This addinon was followed 10 munutes later by the introduction of rert-butyllithum (2 molar
equivalents of a 1 7M solution 1n pentane) The reaction mixture was stirred for 1h at -78°C, and then
a solution of 2-bromoimdanone (567 mg) 1 tetrahydrofuran (Scm’) added dropwise, the reaction
mixture was stured for 2h and then allowed to warm slowly to room temperature, and stirred for a
further 24h After this ime, a 10% solution potassium hydroxide 1n methanol (5cm®) was introduced
and the reaction mixture stirred for 90 minutes It was then poured into 2M HCI containing some ice,
and extracted with dichloromethane (3x20cm’) The combined orgamic extracts were dned (NaySOy)
and evaporated i1 vacuo to afford a solid residue which was chromatographed on silica, eluting with
dichloromethane/ petrol mixtures of increasing polarity to yield firstly unchanged
trifluoroacetanilide (Rg 0 4) (16 mg), and a pale brown solild This was rechromatographed to give
firstly  5,10-  dihydro-2-methoxy-1,3-dimethylindeno[1,2-blindole  (30mg)[Rg 08  (30%
EtOAc/petrol)], mp 177°C (EtOAc/petrol) (lit,!”7 184 2-184 5°C), Ve (Nujol) 3290 cm’!, 8y
(CDCly) 8 20 (1H, br), 7 6-7 1 (SH, m), 3 76 (3H, s), 3 56 (2H, s), 2 36 (6H, s), 8¢ (CDCls) 154 8 (s),
146 0 (2), 143 5 (s), 1400 (s), 130 4 (s), 128 9 (s), 121 2 (d), 120 1(d), 118 6 (d), 117 2 (d), 1119
(d), 602 (q), 29 4 (1), 16 5 (q), 12 4 (q), m/z (%) 263 (75, M), 249 (20), 248 (100), 205 (15),204 (20)
[Found C, 820, H, 64, N, 52 calculated for C;gH;sNO C, 821, H, 65, N, 53%], and then
5-Methoxy-4,6-dimethyl-2-(2’-triflucroacetamidophenyl)indan-1-one, mp 182°C (130mg, 16 5%),
Vpax (CHCLy) 1735, 1690cm?, §(CDCl3) 10 4 (1H, br), 7 82 (1H, dd), 7 46 (1H, s), 7 46-7 17 (4H,
m), 427(1H, m ), 3 83(3H, s), 3 73(2H, 2 x 2nd order muluplets), 2 37 (3H, s), 2 33 (3H, s), &¢
1853,1551,1324,1297,1280, 127 1,126 0,125 8, 1247,60 0,48 7,30 1, 16 5, m/z (%) 377(100,
M), 205(25), 177(48)

5,6-Dihydro-3-hydroxy-2,4-dimethylindeno(2,1-bJindole (1,2-Dimethyl-2-hydroxy-DHII)

5,6-Dihydro-2,4-dimethyl-3-methoxyindeno[2,1-bjindole (50mg) i dichloromethane (lem®) was
cooled to -78°C and treated with boron tnbromude (0 1cm®) After surring for a few munutes, the
reaction mixture was allowed to warm to room temperature and poured onto crushed ice After the
addition of excess sodium hydrogen carbonate the product was extracted from the reaction muxture
with dichloromethane and the combined dnied extracts were evaporated to give a colourless solid
This was chromatographed on silica eluting with dichloromethane to afford the title compound as a
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mucrocrystalline solid, mp 192-194°C, 3y 10 2(1H, br s), 7 8(1H, brs), 7 5-7 0 (SH, br m), 3 62(2H,
8), 2 35(3H, s), 2 30(3H, s), m/z (%) 249(100, M), 234(55), 204(15)
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