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SmrY Syntheses of potent annoxuiants unhsmg mdenomdole or mdenomdohne 

pharmacophores are described The antioxIdant behavlour and the oxtdanon potent& of these 

compounds are correlated, and some of thetr reacnons wth radicals are noted 

Indol-3-ylmethanol (1, R=OH), the mmle (1, R=CN) and &-(mdol-3-yl)methane (1, R=mdol-3-yl) 

ongmatmg from vegetable sources are eaten as part of the normal human &et These compounds 

offer some protecnon agamst chermcally induced carcmogenesls 1 Certam phenols such as 

2,6-dl-8utyl-4-methylphenol (BHT) (2) and 2-‘butyl-4-metboxyphenol (BHA) (3) protect m the 

same manne?*3 and because the last two compounds are annoxidants it seemed possible that the 

mdoles could exert their activity by funcnomng as radical scavengers For the mdoles the hsparate 

nature of the C-3 subsntuents could be explamed If a hydrogen atom were to be abstracted from the 

methylene bndge In this way the radical so formed would then be stablhsed by delocahzatlon with 

either the electron withdrawing cyanide function of the mmle (1, R=CN), or with the electron 

donating mdol-3-yl or hydroxyl groups of the &-(mdolyl)methane (1, R=mdol-3-yl) and the alcohol 

( 1, R=OH) respectively 

In order to develop better chemoprotecnve mdoles with lower mmnsic toxlclhes than the dietary 

mdoles, we have synthesised a number of structurally related compounds (see table) and tested them 

m a screemng model developed by Shertzefl to rank antioxidant ablhty through their mhlbmon of 

Iron/ascorbate mmated hpld peroxldauon in hposomes We note that 3-benzyhndoles (4) with 

electron donatmg subsntuents m the 4-posmon of the benzyl unit shows greater achvlty than the 

dietary mdoles and 3-(4-N,&Qmethylammobenzyl)mdole5 1s far supenor to a-tocopherol (vnamm 
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E) (5) and almost as good as BHT m the Shertzer assay Slgmficantly, however, the presence of two 

methyl groups at the methylene bndge does not unpau anaoxuiant behavlour and 

3-(2-methylphenylethyl)mdole (6, R=Me) 1s a better antioxIdant than 3-benzylmdole (6, R=H) The 

effect IS, however, destroyed by the presence of a carbonyl group at this site and 3-benzoylmdole (7) 

1s unresponsive m the Iron/ascorbate test 
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A major increase m acnvlty 1s demonstrated once the benzyhc nng of 3-benzyhndole IS fused to the 

mdohc system, as m 5,10-&hydromdeno[l,2-blmdole (DHII) (8, 1R$RdR=H),6 and this extra 

actlvlty 1s further enhanced by the presence of electron releasmg groups m nng A of the tetracycle at 

sites conjugated with the mdohc mtrogen atom Indeed 8-methoxy-DHB (8, *R=OMe,R2=R3=H) 1s a 

supenor antloxldant m this test to BHT 

1,2,3,4-Tetrahydrocarbazole (9), 1,2,3,4-tetrahydropent[&ndole (1O),7 and mdeno[2,1-b]mdole 

(iso-DHII, 11)8 all show relanvely good armoxidant propeaes, and m the assay the ISO-DHII 1s as 

effective as DHII (see the table) 
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We observed that there 1s some correlation between the acnvlty of the early enmes m the table m 

the Iron/ascorbate assay and thex first lomsatlon potential as measured by cychc voltammetry, this 

caused us to cons&r 4b,5,9b,lO-teeahydromdenomdoles (THIIs) (12) as potenhal annoxldants 

Such compounds, which have the asord geometry shown, contam an mdolme rather than an mdole 

chromophore and would be expected to be more easily ox&sed This 1s the case and the lomsation 

potential of THII itself (12, ‘RARdR=H) 1s +0 67 volts (versus S C E ) compared Hrlth +0 74 volts 

for DHII THII exhibits a high efficiency m the Iron/ascorbate test with a ICso value 0 14pM This 1s 

further improved by the subsntuaon of electron donatmg groups m nng A For example, 

6,8-&methyl-THII (12, 1RdR=Me,3R=H), which 1s oxldlsed at +0 46 volts, has a u&ascorbate 

ratmg of 0 05pM, which 1s only bettered by the commercially avalable, but toxic, substance 

ethoxyqum (13)(IC50 0 03m) Thus, certam THII denvatwes are remarkably effechve annoxldants 

whtch m the Iron-ascorbate assay show acmvlty levels as low as any of the known ant~oxtdants 

Furthermore, m mammals the THII compounds appear to be non-toxic and have a protecnve effect 

agamst a variety of hepatopathogemc chermcals 9 

An ethanol solunon of THII exposed to sunlight becomes coloured, and when THII m various 

solvents 1s treated with ra&cals coloured solutions form which exhlblt weak poorly resolved e s r 

signals The colour and the e s r signals persist over many weeks We have also demonstrated that 

THII inhibits the autoxldahon of cumene Thus after a week, the ‘H n m r spectrum of a solution of 

cumene (1 mol eq ), contaming THII (1 mol eq ) and AIBN (0 1 mol eq ) 111 deutenochloroform 

sealed under an atmosphere of oxygen showed no resonances due to cumene hydroperoxtde, but 

some conversion (less than 5% ) of THII mto DHII was observed The colour of the solution changed 

from colourless to dark red durmg the course of the expenment When the expenment 1s repeated 

and THII 1s ormtted cumene hydroperoxlde IS progressively formed and, after 2Oh, the relaave 

integral height of the singlet resonance of the hydroperoxlde methyl protons m&cates that a 8-10% 

conversion has taken place The oxldatlon product of DHII rmght be thought to be 

dlbenz[bf,-llazapentalene (14), however, this annaromahc compound has never been observed lo 

We note that when DHII 1s treated with dlmethylammo tical canons, in the presence of sulphunc 

acid the colourless dehydrodrmer (15) 1s formed, but m only 20% yield In order to define more 

closely the behavlour of THII and its analogues we have exammed ther electroxldanon The parent 

compound THII undergoes a rapid e c e process leading m part to DHII However, the unual 

oxldanve event 1s rapidly followed by another two electron oxldatlon step On a preparative scale 

these two oxldauve steps cannot be dlfferennated and a dark green Intractable resm 1s formed as the 

overall product This matenal exhibits a broad e s r signal which 1s still observable after the matenal 

has been stored for many weeks 
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Table Correlation between won-ascorbate data and tomatron potentral 

Compound IcsoFM 
Indol-3-ylacetomtnle >1250 

Indole 800 

Indol-3-ylmethanol 300 

3-Benzylmdole 36 

3-(4-Methoxybenzyl)mdole 24 

3-(1-Methyl-1-phenylethyl)mdole 18 

Dl(mdol-3-yl)methane 15 

3-(4-Hydroxybenzyl)mdole 12 

3-(2,4,6_Tnmethylbenzyl)mdole 11 

a-Tocopherol 10 

Tetrahydrocarbazole 85 

5-Methyl-DHII 85 

6-Chloro-DHII 70 

1,2,3,4-Tetrahydrocyclopent[b]mdole 46 

8-Fluoro-DHII 25 

8-Methyl-DHII 20 

DI-UI 15 

uo-DHII 15 

3-(4-Dlmethylammobenzyl)mdole 15 

BHT 12 

10, IO-I)lmethyl-DHII 09 

6,8-Dimethyl-DHII 08 

8-Methoxy-DHII 07 

1,2,3,3a,4,8b-Hexahydrocyclopenta[b]mdole 023 

THII 0 14 

lSO-THII 0 13 

10, lo-Dimethyl-THII 0 13 

8-Methoxy-5-methyl-T1 0 12 

4b,9b-Dimethyl-THII 007 

8-Methoxy-THII 006 

6,8-Dimethyl-THII 005 

Ethoxqum (santoqum) 003 

Ox Pot(vs S C E ) 

106 

107 

1.02 

103 

101 

100 

100 

108 

104 

063 

062 

098 

0 65 

156 

077 

0 65 

065 

067 

0 89 

0 68 

040 

071 

046 

057 

It seems probable that the mltlal site of electron loss 1s fmm the pl system of the mdolme umt and 

to prevent the formahon of DHII from THII we have synthesised the 4bQb-dnnethyl-THII denvatlve 

(16, ‘RGRdR=H) The cychc voltammogram of this compound now exhlblts a pamal 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, 1RAR=3R=Me), m&catmg that the tical canon (17. ‘RsRsR=Me) survives the 

hmescale of the expenment, typically 6-20 seconds. 

h%resMgly, for the ‘II-III (12, 1R=EbN,2R=H,3R=Et) the oxldaaon potential IS so low (+0 14 

volts) that the compound IS oxl&sed merely by passage through a s&a gel column, and the product 

IS a rmxture of the THJI and its rad~cal canon, whch appear to be m eqmhbnum The hfetune of the 

radical cauon is at least several days, but further oxidation then leads to second product which IS 

presumably the &canon (18) Sunk behavlour has been noted for 1,4-&-(NJ+dl- 

methylammo)benzene (19) which on oxidation affords a stable radical cation known as Wurster’s 

blue ’ 1 

1 
R 

(12) 

(14) 

H p: 
Et0 T 3 / 

(13) 

1 
R 

(15) (16) 

(17) (18) (19) 

DHII and Its denvanves were normally prepared by Fischer mdohsanon reacnons using the 

appropnate phenylhydxazme hydrochlonde and mdanone l2 Most frequently, heatmg these reagents 

m ethanol contammg 2-596 concentrated hydrochlonc acid (by vol.) for up to 4h was suffiaent to 

provide acceptable yields of the tetracycles. In some cases the phenylhydrazlnes were used and now 
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the reacttons were conveniently camed out by heatmg the reagents m glacial acetic acid, or under 

Dean Stark condmons, lsolatmg the mtermtiate hydrazone, and effectmg rmg closure m a separate 

step through the agency of phosphorus oxychlonde, polyphosphonc ester or a Lews acid In some 

instances the hydrazone was rmg closed simply by adsorpnon onto s&a gel and heatmg the mate& 

at 140°C The tetracycle was then eluted from the dica Reduction of the DHIIs to the 

correspondmg THII denvanves was effected by reductton with either sodmm cyanoborohydnde in 

glacial acetic actd,13 methylsllane, or morpholmo borane Catalyttc hydrogenation was not effecttve 

Care had to be exercised dunng reducnons wtth sodmm cyanoborohydnde for if the temperature of 

the reaction was allowed to nse above 18T significant amounts of N-boranyl-, or N-ethyl- THIIs 

were formed 

4b-Methyl-THIIs were synthesised by a method developed by Kamtzky and Sengupta14 for the 

methylanon of mdolmes thus the THII was reacted with “butylhthmm and then wth carbon &oxide 

The product hthmm carbamate was not isolated, but reacted further urlth tbutyll~thmm-potassmm 

‘butoxide and then with methyl iodide 

9b-MethylTHIIs (23) were obtamed through the Fischer mdohsation of 2-methylmdanones (21), 

followed by sodium borohydnde reduction of the mterm&ate mdolmenes (22), and 4b,9b&methyl 

analogues (24) were formed from the mdolmenes by reaction with methylllthmm (scheme 1) 

lRyLNW2 + 9 - “p 
2R 

(20) (21) 
(22) 

1 
MeLI 

1 
R 

a) (24) 

SCHEME 1 Zndolrsatrons of 2-methylmdanone 

On two Occasions phenylbydrazones were heated m dlethylene glycol solution at reflux15 m 

attempts to effect thermal cychsatlons In one such example the phenylhydrazone of 

2-methylmdanone afforded a complex mixture of products from which 4b,5,9b,lO-tetra- 

hydro-9b-methylmdeno[1,2-b]mdole (23, 1R=2R=H) was isolated (28%), the source of the hydnde 

ion equivalent necessary to convert the anhclpated product (22, ‘R=*R=H) into this compound 1s 

lmknown We note, however, that mdolmenes of this type are prone to nucleophlhc attack,12 and if 
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excess phenylhydrazme was used m the formahon of the mdolmene (25) from 2-methylmdanone the 

adduct (26) was produced In the other example, the hydrazone of 6_acetanndomdanone, when 

heated, gave the mdenomdole (8, lRdR=H,R3=NHCOMe) in 53% yield. compared to a 20% yield 

using polyphosphonc ester as the acidic “catalyst” m a Fischer mdohsauon reacuon 

(2.9 (26) 

Iso-DHIIs (28) were sometunes prepared through the Fischer mdohsanon of mdan-2-ones,8 

however, yields were mfenor to those from mdan-l-ones One reason for this 1s the propensity of the 

mdanone (27) to undergo acid catalysed aldohsanon This problem was first detected dunng a 

reaction with mdan-Zone and 4Jbutylphenylhydrazme (30) In ad&non to the requved DHII (28, 

R=‘Bu,R=H) the 9b-mden-2-ylmdohnene (31) was obtamed If the enone (32) was preformed, 

reaction with 4-‘butylphenylhydrazme led to the Isomer (33) as the only compound Isolated (31%) 

This suggests that 111 the first reaction the substrate 1s indeed the aldol compound (28), and that the 

regioselecnvlty of the reaction 1s determmed by the retention of the tertuuy hydmxyl group untd 

after the heterocychc nng 1s formed 

Cm (28) 

As an altemauve route to the SO-DHII senes of compounds, we investigated the Wender synthesis 

of mdoles l6 Thus, 2,4&methyl-3-methoxy-lso-DHII (37) was prepared by reactmg the dlhthlo 

denvanve (34) of 2-bromo-N-tnfluoroacetylanllme with the 2-chloromdanone (35, X=Cl) An 

intermediate m this preparation 1s the hydroxyphenyhndane (36), which cychsed to the lso-DHII 

when it was treated with potassmm ‘butoxide, followed by an aqueous work up procedure However, 

if the bromomdanone (35, X=Br) was reacted with the dd~thlo compound the reposelecnvlty of the 

first nucleophlhc attack was altered to gwe the mdanone (38) as the reaction product Obviously the 

use of the bromomdanone allows an altemanve approach to the DHII compounds, and indeed a small 

amount of the 1,3-Qmethyl-2-methoxy-DHII (39)t7 was isolated from the reaction rmxture in this 

case 
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0 4-'BuCgH4NHNH2 

SCHEME 2 Inabhsanon of 2-mdanone 

a Ll :I Ll 
N' 
I 
CCXF3 

(34) 

-b 

+ 

-_) 

(37) 

(36) 

SCHEME 3 Modified We&r synthem of mdeno- and no-mdenorndoles 
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We expected the modified Wender procedure to provide a general route to both DHIIs and 

uo-DHIIs, however, the presence of an electron donatmg group at C-5 m the bromomdanone seems 

to be Important When it 1s absent the reaction fads, mfluoroacetamhde 1s returned and products 

resulhng from an aldolnatzon reacnon between two molecules of the bromomdanone are formed 

EXPERIMENTAL 

Petrol refers to petroleum ether b p 60-8O’T, it and all other solvents were dlstllled pnor to use and 

where necessary dned and punfied by standard methods Medmm pressure (flash) column 

chromatography was used 111 general for the punfication of reachon rmxtures “Sdma gel” refers to 

Amlcon 84072 s&a gel (230-400 mesh), or Merck 9385 slhca gel Thm layer chromatography (tl c) 

was performed on alummmm plates coated wth leselgel 600 Fm Electromc spectra were 

recorded in 95% ethanol solution with a Perkm Lambda 3 spectrometer, mfra red spectm were 

recorded usmg a Perkm Elmer 938G mstrument and n m r spectra were obtamed wnh either JEOL 

GX FT 400 or 270 mstruments, or with a Bruker AM 200 spectrometer Mass spectra were measured 

with a VG 707OE spectrometer linked to a 2000 data system 

Cychc voltamemc data were recorded with a EG&G 362 Scanning Potentlostat and 

CondeconTM300 software Anodlc potentials were measured for solutions in acetomtnle contammg 

5% sodmm perchlorate as suppomng electrolyte at a plahnum bead electrode versus S C E as 

reference 

3-(I-Methyl-I-phenylethyl)mdole 

3-Methyl-3-phenylbutanal (from 3-methyl-3-phenylbutanolc acld18) (49Omg), phenylhydrazme 

hydrochlonde (460mg) and ethanol (10cm3) were stmed under nitrogen atmosphere at room 

temperature and methylamme (0 4cm3) added The solvent was then removed and the residue heated 

at reflux with polyphosphonc ester m chloroform (16cm3,20% w/v) for 5mm The solvent was 

removed and the residue stmed wltb water (30cm3), after 3h, the reachon nuxture was extracted with 

&ethyl ether (3x20cm3) The combmed ether extracts were washed with water (10cm3), dr& and 

evaporated to yield a pale yellow gum This was chmmatographed on sdica elutmg with 5% ethyl 

acetate m petrol to give the title compound as a gum (56Omg, 80%) Found C, 86 7, H, 7 1, N, 5 9 

C17H1,N reqmres C, 86 7, H, 7 3, N, 5 951. 
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5,lO-Dihydroindeno[1,2-b]indole (DHII) (8, lR=2R=3R=H)

A mixture of 1-indanone (13.2g, O.lmol), and phenylhydrazine hydrochloride (14.5g, 0.1 mmol),

was heated in glacial acetic acid (150cm3) . As the temperature of the solution approached reflux, the

hydrazine hydrochloride dissolved. Soon after, a brown solid precipitated out of solution. The heat

was immediately removed, and the reaction mixture allowed to cool. The solid was filtered off,

washed with water, and allowed to dry on a sinter, it was then redissolved in hot ethanol (15Ocm3)

and the solution filtered. On cooling the title compound crystallised as beige prisms, it was collected,

washed with cold ethanol (150cm3) , and dried in a vacuum oven (18.5g, 900/0), m.p. 258-9°C (dec.)

(chloroform) (lit.,19 245°C [dec]); umax(Nujol) 3400 em:"; DH(DMSO-d6) 3.67 (2H, s), 7.07 (lH,

ddd), 7.14 (lH, ddd), 7.20 (lH, ddd), 7.36 (lH, dd), 7.51 (lH, d), 7.52 (lH, d), 7.57 (lH, d), 7.67

(lH, d), 11.6 (lH, br). Dc(DMSO-d6) : 30.0 (r), 112.6 (d), 117.9 (d) 118.7 (d), 119.5 (d), 120.0 (s),

121.2 (d), 124.3 (s), 124.7 (d), 125.6 (d), 126.8 (d), 135.3 (s), 140.9 (s), 143.7 (s), 147.8 (s); mlz (%)

205 (100 M), 204 (73), 102 (33), 103 (20), 206 (16) [Found: C, 87.8; H, 5.35; N, 6.85 calc. for

C15HllN: C, 87.8; H, 5.4; N, 6.8%].

5,1O-Dihydro-5-methylindeno[1,2-b]indole (5-Methyl-DHII)

Sodium hydride (375mg, 15.6mmol) was added to DMSO (13cm3) 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 in the minimum

amount of DMSO was added. After stirring at room temperature for 1 h, dimethyl sulphate (1.5cm3,

15mmol) was introduced, and the stirring continued for a further 1 h. Water (3cm3) was cautiously

added, and the reaction then poured into ice/water. The solid thus fanned was collected, washed with

water, dried on the water pump, and then washed with petrol. Crystallisation from ethanol yielded

colourless needles (1.5g 53%), m.p. 152°C (lit.,2° 153.5°C) [Found: C, 87.5; H, 6.0; N, 6.4 calc. for

C 16H13N: C, 87.65; H, 5.95; N, 6.4%]

5,lO-Dihydro-lO-methylindeno[1,2-b]indole (10-Methyl-DHII)

3-Methyl-l-indanone (500mg, 3.42mmol) and phenylhydrazine (0.35cm3, 3.5mmol), were heated

to reflux in glacial acetic acid (20cm3) . After 2 minutes, cone. hydrochloric acid (Icm') was added

via the reflux condensor. Boiling was continued for 75 minutes, and then the reaction was cooled.

The solution was poured into ice/water, and extracted into ethyl acetate. The combined extracts were

washed with brine and then with water, and dried (MgS04) . Evaporation of solvent in vacuo, and

column chromatography of the residue (10% EtOAc/petrol) yielded a cream solid [Rp (30%

EtOAc/petrol) 0.7], (320mg, 43%) m.p. 153-155°C (from CHCI 3) ; Amax(E) (EtOH) 246 (18,700),

324.5 (20,100)nm; umax(Nujol) 342Ocm-I ; DH(DMSO-d6) 1.50 (3H, d, J=7.3Hz), 3.85 (IH, q,

J=7.3Hz), 7.0-7.6 (8H, m), 11.55 (1H, s); Dc(DMSO-d6) 17.8 (q), 36.8 (d), 112.5, 117.8, 118.4,

119.4,121.0,124.3,125.9,126.8 (d), 123.9, 125.8, 134.4,140.8,142.1,153.5 (s); mlz (%) 204 (100),

219 (52, M) [Found: C, 87.6; H, 5.9; N, 6.2 C16H13N requires: C, 87.6; H, 6.0; N, 6.40/0].

8-Fluoro-5,lO-dihydroindeno[1,2-b]indole (8-Fluoro-DHII) (8, lR=F;2R=3R=H)

A mixture of 4-fluorophenylhydrazine hydrochloride (1.8l;, 11.25 mM) and l-indanone (1.5 g) in

ethanol (20 cm'') was heated to reflux, and concentrated hydrochloric acid (1crrr') added. Heating
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was contmued for 5 h, and then the reactton nuxture was cooled The product which crystalhsed 

from the cold solution as coloured platelets, was collected by filtranon and dned (19g, 754x6), m p 

225227V (ethyl acetate/petml), u_34OOcm-‘, S, 8 3 (1H. br s). 7 6-6 9 (7H. m), 3.70 (2H. s). m/z 

(96) 223 (100 M), 222 (85). 111 (18) [Found C, 80 5, H, 4 6, N, 6 2 CISHl&IF reqnres- C. 80 7, H, 

45,N,63%] 

5,I0-D&ydro-8-methogwuieno[l,2-b]mdole (8-Methoxy-DHII) (8, 1R=OMe,2R=3R=H) 

To a stuTed solunon of p-methoxyphenylhydrane hydrochlonde (3 5g. 2Ommol), and 1-mdanone 

(2 35g, 20mmol) m absolute ethanol (8Ocn?), was added dropw~se methylamme (201cm3, 

2Ommol) Sturmg was contmued until the t 1 c analysts of the reachon rmxture m&cated that no 

startmg matenals remamed (about 1 h) The solvent was removed, and the yellow residue heated at 

reflux m a solution of polyphosphmc ester m chloroform (made by boiling phosphorus pentoxlde 

(50g) m chloroform (looCm3) and ether (50cm3) for 12 h) After 1 h, the solvent was removed, and 

the black residue stmed m water (20Ckm3) Th1.s mixture was extracted 3 times with dethylether, the 

combmed organic phases were washed with water, and dned (MgSOJ Removal of the solvent 

yielded a beige solid, which was crystalhsed from ethyl acetate/petrol to gwe platelets (3 8g, 78%), 

m p 207’C (ht ,*l 206oC) [Found C, 814, H, 5 6, N, 5 8 talc for C1&I13N0 C. 816, H, 5 6, N, 

5 95%] 

6-Chloro-S,IO-drhydorndenollZ-b]mdole (6-Chloro-DHII) (8, 1R=3R=H,2R=Cl) 

The o-chlorophenylhydrazone of l-u&none (65Omg. 2 Smmol) was heated at reflux m a 

chloroform solunon of polyphosphonate ester for 30 mmutes The solvent was removed, and the 

residue stvred m water (75cm3) for 1 h Extracnon into Qethylether gave a green solution which was 

washed with water, dned (MgSO& and evaporated Punficatlon by column chromatography (RF 5% 

EtOAc/petrol 0.5), yielded a colourless sohd (5OOmg, 82%), mp 139“C, u_(NuJo~) 346Ocd, 

&(cDcl3) 3 72 (2H, s), 7 O-7 6 (7H, m ), 8 5 (lH, br), k(CDCl3) 30 3 (t), 117 5, 117 7, 120.8, 

120 9, 125 2, 125 5, 126 7 (d) 117 0, 122 4, 126 1, 134 5, 137 5, 143 8, 147 7 (s), m/z (96) 239 (100, 

M), 204 (57), 238 (42), 241 (36), 240 (29), 102 (25), 203 (21) [Found C, 75 3, H, 5 6, N, 4 3 

CI~H&lN requires C, 75 2, H, 5 8, N, 4 2%) 

5,lO-Dthydro-6,8-dmethylmdeno[l,2-b]mdole (6,8-Dimethyl-DHII) (8, lR=*R=Me:R=H) 

A solunon of 2,4-dlmethylhydrazme hydrochlonde (1 Ug, 7 35mmol), and 1-mdanone (lg. 1 leq), 

In glacial acenc acid (15cm3), was heated to reflux for 30 mmutes The reacuon was cooled, and 

poured mto ice/water (200cm3) This solution was saturated with salt, and extracted into 

dlethylether The ethereal solution was dned (MgSOJ, and evaporated m vacua The excess acetic 

acid was removed by amtropIc dlsallatron m vacua wrth toluene and petrol (60-8O“C), to leave a 

dark coloured solid The product was punfied first by “sucaon flash” chromatography, and then 

crystalhsanon from petrol to yield a colourless solid (Rf [30% EtOAc/petrol] 0 8), (0 53g, 31%), 

m p 182’C [Found’ C, 87 4; H, 6 35, N, 5 9 C17H15N requves C. 87 5, H, 6 5, N, 6 O%] 
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5,lO-D~h>ldro-lO,lO-drmethyl~~e~[l~-b]~ndoZe (lO,lO-Dlmethyl-DHII) 

22 A solunon of 3,3-&methyl-1-mdanone (20 Og, 0 125mol) and phenylhydrazme (12 3cm3. 

0 125mol) m glacial acetic acid (200cm3) was heated to reflux Concentrated hydrochlonc acid 

(10cm3) was added via the condenser, and the heating contmued for a further 2 h The soluaon was 

allowed to cool, and then poured mto water (500cm3) The aqueous phase was extracted wltb 

Qethylether (3x50cm3), the combmed extracts were washed with bnne and water, and then dned 

(MgSOJ The solvent was removed, and petrol added to the residue The suspensmn was heated 

until bolhng, the solid remammg was Qscarded, and the mother liquor concentrated. On coohng, the 

title compound crystal&d out as colourless needles Further concentration of the mother liquor, and 

recrystalhsanon of the product afforded the ntle compound (10 2g, 35%), m p 160°C, u,,,,(Nu~ol) 

341Ocm-‘, ii&ZDC13) 1 60 @I-I, s), 7 l-7 7 (8H, m), 8 16 (1H. s), &$ZDC13) 25 8 (q), 43 2 (s), 112 1, 

117 4, 118 4, 120 0, 121 5, 122 4, 125 2, 126 5 (d), 123.6, 131 7, 133 0. 139 9, 140.7, 158 6 (s), m/z 

(%) 218 (lOO), 233 (46, M), 217 (31). 108 5 (18), 219 (16), 109 (15) [Found C, 87 5, H, 6 4. N, 5 85 

C,,HtsN reqmres C, 87 5, H, 6 5. N, 6 0561 

9b,9b-Bu-(IOH-~~~[l~-b]mdole (15) 

5,lOXhhydromdeno[l,Zb]mdole (102g, 5 Ommol) was added to a texture of glactal acetic acid 

(50cm3), sulphunc acid (9896, 150cm3), and chl&methylamme (0 33g, leq), at PC The solunon 

was stmed, and Iron(II)sulphate heptahydrate (0 34g, 0 25eq) added pomonurlse Snmng was 

contmued for 30 minutes, and then the reacnon was poured onto ice/water (150cm3) The solunon 

was neutrahsed (NaOH), causing a white solid to precipitate This was collected by vacuum 

filtrahon, and washed mth water Column chromatography of this product (20% EtOAc/petrol) 

yielded a colourless solid which was shown to be 9b9b’-bls-(lOZf-mdeno[l,2-blmdole), (205mg, 

20%) mp >28oOC (softens at cu 22oOC), u_(Nu~ol) 1620-1580cm-1, k,&EtOH) (E) 240 (33,190), 

248 (34,720), 287 (24,510) 315 (27,060), GH(DMSO-4) 2 72 (W, 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) pound C, 88 3, H, 

5 15, N, 6 72 t&J-I& requu-es C, 88 2, H, 4 95, N, 6 86961 

as-4bJ,9b,IO-Tenuhydrolndeno[l,2-b]zndole (THII) (12, ‘RdRdR=H) 

To a suspension of 5,10-&hydromdeno[l,Zb]mdole (19 16g, 93mmol) m glacial acetic acid 

(300cm3) was added sodmm cyanoborohydnde (24g, 400mmol) m small potions over 0 5h The 

rmxture was stmed for 3 h, unul all the matenal had dissolved The solution was poured mto 

ice/water (500cm3) and stmed for 1 h to break down the borohydnde complex The clear solution 

was carefully neutrahsed with sodmm hydroxide causing a white preclpltate to form This was 

collected and washed with water unnl the washmgs were free from cyanide ion After drying the ntle 

compound was obtamed a colourless pnsms (19g, 98%), m p 107’C (ethyl acetate/petrol), 

&,&EtOH) 243, 297nm, u,,(CHC13) 3740, 16OOcm-I, GH(CDC13) 3 20 (lH, dd, J=16 3, 2 OHz), 

3 51 (lH, dd,J=16 3,8 4Hz), 3 99 (lH, br), 4 18 (lH, ddd,J=8 4,8 4,2OHz), 5 25 (lH, d,J=8 4Hz), 

6 60 (lH, d, 5=7 8Hz), 6 74 (lH, dd, J=7 4Hz), 6 99 (lH, dd, J=7 6Hz), 7 15-7 22 (4H, m), 7 32 (lH, 

d, J=7 5Hz), k(CDC1,) 39 1 (t), 45 7 (d), 67 3 (d), 110 3, 119 3, 123 8, 124 4, 125 0, 126 9, 127 7, 

127 9 (d), 132 8,142 3, 143 9,149 7 (s), m/z (%) 207 (100, M), 206 (65), 208 (16), 102 5 (9) [Found 

C, 86 5, H, 6 25, N, 6 75 C&113N requires C, 86 9, H, 6 3, N, 6 75%] 
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as-4b,5,9b,10-Tetrahydro-S-methylmdeno[l,2-b]mdole (5Methyl-THII) (12, 1RsR=H,3R=Me) 

A flame dned flask was charged ~rlth sodmm hydnde (6Omg. 2 Smmol), and THF (5cm3) protected 

under an atmosphere of nitrogen To the sturmg suspension was added 4b,5,9b,lO-tetra- 

hydromdeno[l,2-b]mdole (5OOmg. 2 4mmol) m THF (5cm3) dmpHrlse The reaction rmxture was 

s&red for lh, mdomethane (0 2cm3) was added, and the solution was st&d overnight Water 

(5cm3) was mtroduced and the THF removed vz vacua to leave a colourless solid which was dned m 

a vacuum desiccator This product was r&ssolved m 5% ethyl acetate/petrol and filtered through a 

pad of flash silica to yield, after evaporation of the solvent m vacua, the mle compound (45Omg, 

85%) m p 76-77“C @CM/petrol) (la ,= 79 5-80 0°C). u,,(CHC13) 16OOcm-I, GH(CDC13) 3 0 (3H, 

s), 3 1 (lH, dd,J=164. 52Hz). 34 (lH, dd,J=163, 92Hz), 41 (lH, ddd,J=88, 92, 52Hz), 49 

(lH, d, J=8 8Hz), 6 4 (lH, d, J=7 7Hz), 6 7 (lH, dd, J=7 8Hz), 7 l-7 5 (6H, m), 8&DC13) 33 5 (q), 

39 9 (t), 45 6 (d), 75 8 (d), 106 4, 117 3, 124 1, 125 1, 126 6, 128 0, 128 2 (d), 132 8, 142 2, 144 2, 

152 0 (s) m/z 221 (10096, M), 220 (60), 206 (19). 222 (15) Pound C, 86 9, H, 6 8, N, 6 35 talc for 

Ct6H15N C, 86 85, H, 6 8, N, 6 35%] 

cn-5-EthyMb,5,9b,lO-tetrahydromdeno[l,2-b]mdole (5-Ethyl-THII) (12, 1R=2R=H;3R=Et) 

5,10-Dlhydromdeno[1,2-blmdole (6OOg, 0 29M) was vigorously surred m glacial aceac acid 

(1000cm3) and to it was added sodmm cyanoborohydnde (79g, 125M) pomonHnse over 40 mm 

After 3h stunng the reactlon rmxture was poured onto ice-water (2000cm3) and the gelatmous sohd 

which formed was separated and stmed with a nuxture of ethyl acetate (75cm3) and water (10Qcm3) 

A colourless sohd remamed this was found to be unreacted starting matenal (19 Og) The ongmal 

filtrate was extracted with ethyl acetate (2x75cm3) and the combmed organic phases dned and 

evaporated The residue was then partly dissolved m a mixture of petrol (20cm3) and ethyl acetate 

(40cm3) The residual sohd was removed and shown to be impure startmg matenal (2 5g) The 

filtrate was extracted with 2M hydrochlonc acid (8x25cm3) and the combined acid extracts were 

washed with ethyl acetate (2x15cm3), pnor to baslfication with 0 89 ammonia The 011 which 

separated was extracted into ethyl acetate (6x25cm3) and the combined orgamc layers were then 

dned and evaporated to give the ntle compound as a colourless 011(34g, 75% corrected for unreacted 

starting matenal), u,,, 3080-3010,2960, 1595cm-‘, St., 1 20 (3H, t, J=7 OH@, 3 05(1H, dd. J=16 5 

and 5 OH& 3 38(2H, q, J=7 OHz), 3 40(1, dd, J= 16 5 and 9 OHz), 4 12(1H, ddd, J=9 0,5 0 and 

5 OH& 5 11 UH, d, J=9 OHz), 6 33(1H, d, J=7 OHz), 6 57(1H, dt, J=7 5 and 1 OHz), 7 02(1H, t, 

J=8 OH& 7 08(lH, d, J=8 OHZ), 7 14-7 20(3H, m), 7 34-7 40(1H, m) [Found (for the HI \dlt) 

C,56 3, H, 5 0, N, 3 85 Cr7H18NI requires C, 56 2, H, 5 0, N, 3 9%] 

cm8-tButyl-4b,5,9b,IO-tetrahydromdenoll,2-blmdole (8-‘Butyl-THII) (12, ‘R=‘Bu,~R~R=H) 

A solution of 8-tbutyl-5,10-dlhydromdeno[ 1,Zblmdole’ (0 57g, 2 2mM) m tnfluoroacetlc acid 

(5cm3) was stu-red rapidly, and methylsdane (0 7cm3. 2 eq ) added m one pomon The won was 

stu-red ovemlght, poured into water (10cm3) and neutrahsed by the addmon of sodunn hydroxide 

The product was extracted into dlethyl ether (2x5cm3), and the combined extracts were washed with 

water, dned (Na2S04) and evaporated to yield a pmk solid This was washed mth cold petrol, and 

then crystalhsed from petrol to yield a colourless solid (0 47g, 81%), m p 103-105oC, u,, (CHC13 
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soluaon) 338Ocm-‘, 8~ 7 4-6 9 (6H, m), 6 58 (lH, d. J=8Hz), 5 25 (lH, d, J=8 5Hz), 4 15 (W, br 

m) 3.5 (lH, dd, J=160 and 9Hz), 3 2 (1H. d, J=16Hz), 12 (9H, s), m/z (%) 248 (lOO), 263 (34, M) 

round C, 87 0, H, 8 1, N, 5 4 Ct&tN reqmres C, 86 65; H, 8 05, N, 5 3%]. 

*From 4Jbutylphenylhydrae hydrochlonde and 1-mdanone, m p 202’C [Found C, 87 3, H, 7 3, 

N, 5 7 C19H19N reqmres C, 87 3, H,7 3, N, 5 91 

cis-8-‘Bury14bJ,9b,10-fe~ahydro-5-~fhy1~~e~[1,2-b]rndole (8-tButyl-5-methyl-THHI) 

(12, 1R=tBu:R=Me,3R=H) 

A flame dned flask was charged with 8-tbutyl-4b,5,9b,10-tetrahydromdeno[l,2-bJmdole (309mg, 

1 17mM), and tetrahydrofuran (2 5cm3) The solution was cooled to -78“C, and a solution of 

“butylhthmm (0 75cm3 of 1 6M solution m hexanes, 1 1 eq ) added dropw~se The reaction mucture 

was stmed at -78Y! for lh, and mdomethane (0 lcm 3 , 1 3e4) was then added After allowing the 

reaction to warm slowly to room temperature, a saturated solunon of ammonium chlonde was 

introduced, and the orgamc matenal extracted mto &ethyl ether The organic phase was washed with 

bnne, and dned (MgS04) Evaporatton of the solvent yielded a light brown 011, which solldtfied on 

cooling as a bage s&d (3 1 lmg, 96%), m p 74OC, II,,,, (hqmd film) 1605cm-‘, S, 7 5-7 0 (6H, m), 

6 32 (IH, d, J=8 3Hz), 4 91 (lH, d, 5=8 8Hz), 4 16 (lH, ddd, J=9 0, 8 8 and 5 3Hz), 3 44 (lH, dd, 

J=16 3 and 9 lHz), 3 10 (lH, dd, J=16 3 and 5 3Hz), 2 95 (3H, s), 129 (9H, s), m/z (%) 277 (37, M), 

262 (100). 263 (20), 217 (15) [Found C, 86 7, H, 8 3, N, 5 0 C~,-J-IDN requires C, 86 6, H, 8 4, N, 

5 OS%] 

c~s-8-‘Bu~1-4bJ,9b,10-retrahydro-#b-~thy1~~e~[1,2-b]~ndo1e (VButyl-4b-methyl-THII) 

A flame&ted flask was purged with mtrogen and charged with Vbutyl-4b,5,9b,lO_tetra- 

hydromdeno[l,2-blmdole (24Omg, 0 91mM) and freshly dlstdled tetrahydrofuran (3cm3) The 

solunon so formed was cooled to -7PC, and “butylhtbmm (0 60cm3 of 1 6M soluhon in hexane, 1 1 

eq ) added dropwlse The pale yellow solunon was allowed to warm to room temperature, and dry 

carbon dioxide gas was bubbled through the solution until it became vntually colourless The solvent 

was carefully removed at reduced pressure and an atmosphere of dry nitrogen mtroduced The 

colourless residue was redissolved m dry tetrahydrofuran (3cm3), and the solution cooled to -78V, 

and 1 1 equivalents of “butylhthmm added The reaction mixture was snrred at -78Y! for 2 h, and 

then treated with mdomethane (0 06cm3, 1 1 eq ) After allowmg the reaction to warm to room 

temperature, the solvents were removed and 2M HCl soluhon (20 cm3) added When the gas 

evolution had ceased (cu 20 mmutes), the solution was neutrahsed with soltd sodmm carbonate The 

orgamc matenal was extracted mto &chloromethane (3x5cm3), and the combined extracts were 

washed with bnne, and dned (Na#OJ After removal of solvent, the solid product remammg was 

punfied by flash chromatography [RF = 0 4 (10% EtOAc/6OXPC petrol)] elutmg with 10% ethyl 

acetate/petrol This afforded a pale yellow or1 which solidified at -2oOC as a waxy solid (0 86mg, 

34%), mp 82-84OC, II,, (hqmd film) 3360 (br), 16OOcm-‘, 8~ 7 4-7 0 (6H, m), 6 49 (lH, d, 

J=9 OHz), 4 15 (lH, br m), 3 71 (lH, br m), 3 51 (lH, dd, 3=16 0 and 9 OHz), 3 17 (lH, dd, J=160 

and 5Hz). 161 (3H, s), 127 (9H, s), m/z (%) 262 (lOO), 277 (40, M) [Found C, 86 4, H, 8 4, N, 5 2 

C2,,Hz3N reqmres C, 86 6, H, 8 4, N, 5 05%] 
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A flame dried flask was charged wrth a solution of the hydrazone of 2-methyl-1-mdanone (147g, 

6 22mmol) m DCM (30cm3), followed by phosphorus mchlonde (3 4cm3 of 2 OM solution m DCM) 

The solution was heated to reflux for 2h, cooled, and poured Into a saturated soluaon of sodmm 

hydrogen carbonate After stnnng for Ih, the orgamc matenal was extracted with more DCM The 

basic components were backextracted mto 2M hydrochlonc acid This aqueous solution was made 

basic, and re-extracted urlth DCM Evaporation of the combmed extracts and column 

chromatography of the residue (20% EtOAc/petrol) gave a clear gum (Rf 10% EtOAc/petrol 0 1) 

which could be further punfied by bulb to bulb dlsnllatton (0 4g, 30%) to afford an unstable gum, 

b p 17oOC (0 2mmHg), GH(CDC13) 1 39 (3H, s), 2 84 (lH, d, 2J 14 6Hz), 3 11 (lH, d, 2J 14 5Hz), 

6 4-8 0 (8H, m), m/z (%) 218 (lOO), 219 (82, M). 204 (40), 217 (34), 108 5 (20), 219 (14) 

cw4b,5,9b,1O-Tetrahydro-9b-methylmieno~l,2-bJmdole (9b-Methyl-THII) (23, ‘RsR=H) 

The phenylhydrazone of 2-methyl-1-mdanone (1 44g, 6 lmmol) was heated m &ethylene glycol 

(20cm3) to near Its reflux temperature, unnl ammonia started to evolve from the Qr condenser 

Heatmg was conanued ovenught. or unnl the ammonia ceased to evolve The solution was cooled, 

poured mto an equal volume of water, and extracted into dlethylether The ethereal solunon was 

back-extracted with 2M hydrochlonc acid, the aqueous extract was made basic with sodmm 

hydroxide, and re-extracted with dtethylether The fmt extract contamed no mayor products (t 1 c 

30% EtOAc/petml) The basic component contamed many products, the least polar of which (Rf 

30% EtOAc/petrol 0 8) was punfied by column chromatography (5% EtOAc/petrol) to yield a 

colourless solid (0 38g, 28%), mp 72’C (from petrol), u,,,,(melt) 3400 (br), 1610 cm-‘, G&DC13) 

1 46 (3H, s), 3 10 (lH, d, 2J 16 2Hz). 3 30 (lH, d, 2J 16 3Hz), 4 05 (lH, s), 4 69 (lH, s), 6 52 (lH, 

dd, 3J 7 7Hz, J 0 55Hz), 6 71 (lH, ddd, 3J 7 3, 7 3Hz, 4J0 55, 1 OHz), 6 95 (1H. ddd, 3J 7 9,7.3Hz, 

4J 1 3Hz), 7 O-7 2 (5H, m), &-(CDC13) 26 5 (q), 46 5 (t), 53 3 (s), 74 2 (d), 110 1, 119 0, 122 8, 

123 9, 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 Ct&t5N reqmres C, 87 0, H, 

68,N,63%] 

c~s4b,5,9b,lO-Tetrahydro-8-mthoxymdeno[l,2-bJmdole (8-Methoxy-THII) 

(12. 1R=OMe,2RdR=H) 

5,10-Dthydro-8-methoxymdeno[ 1,2-blmdole (77Omg, 3 3mmol) was reacted with sodmm 

cyanoborohytide (1 Og, 16mmol), in glacial acettc acid (17cm3) solution After 30 minutes, the 

solution was poured into ice/water, stirred for lh, and neutrahsed with sodium hydroxide The 

colourless suspension was extracted mto dlethylether, the orgamc layers dned (Na2S04), and 

concentrated tn vacua The residue was column chromatographed (10% ethyl acetate/petrol) to yield 

the product (Rf [30% EtOAc/petrol] 0 5) as a colourless solid (52Omg. 66%), mp 101°C 

(EtOAc/petrol), u,, (CHCl,) 333Ocm-‘, &(C!DC13) 3 28 (lH, dd, 2J 16 lHz, 3J 19Hz), 3 57 (lH, 

dd, 2J 16 lHz, 3J 8 4Hz), 3 80 (3H, s), 3 85 (lH, br), 4 24 (lH, ddd, 3J 8 4, 8 4, 1 9Hz). 5 30 (lH, d, 

3J 8 4Hz), 6 6-7 4 (7H, m), G(CDCl3) 38 8 (t), 46 3 (d), 55.8 (q), 67 9 (d), 110 9, 111 2, 112 9, 

123 9, 124 9, 126 9, 127 9 (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, 5 9 ClbH15NOrequ~re~ C, 810, H, 6 4, N, 5 9%] 
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c1s-8-Fluoro-4bJ,9b,lO-tetrahydromdeno[l,2-b]mdole (8-Fluoro-THII) (12, 1R=F,2RdR=H) 

A solution of 8-fluoro-5,10-dlhydromdeno[l,Zb]mdole (0 8g, 3 6mM) m tnfluoroacetic acid 

(5cm3) was stmed rapidly. and methylsdane (0 86cm3, 15eq) added 111 one pomon The reaction 

was stmed for 4h and the excess mfluoroaceac acid removed in vacua Water ( 10cm3) was added to 

the sohd, and the suspension neutrahsed by the addmon of sodmm hydroxide The product was 

extracted mto dlethyl ether, which was washed ~rlth water, dned and evaporated to yield an off white 

sohd This was crystalhsed from ethyl acetate/petrol to yield a colourless solid (0 53g, 81%), m p 

92-94”C, u-(CHC13) 3380, 1605cmS1, S, 7 34 (lH, m), 7 8-7 2 (3H, m). 6 87 (1H. m) 6 69 (lH, 

m), 6 52 (lH, dd, J=S 4 and 4 ~Hz)), 5 27 (lH, d, J=8 8 Hz), 4.16 (lH, ddm, J=8 8 and 8.3Hz), 4 1 

(lH, br s), 3 51(1H, dd, J=16 5 and 8 ~Hz)), 3 18 (lH, dd, J=16 5 and 2 OHz) [Found C, 79 5. H, 

5 4, N, 6 15, C15Ht2NF reqmres C, 80 0, H, 5 4, N, 6 281 

cn-&Mtro46,5,9b,lO-tetrahydromdeno[l,2-b]mdole (&N1tro-THII) (12, 1R=N02,2RgR=H) 

5-Acetyl-8-n~tro-4b,5,9b,1O-tetrahydromdeno[1,2-b]mdole (200mg) was vigorously stmed m a 

soluhon of concentrated sulphunc acid (8cm3) and water (20cm3) for 6h at 90°C On cooling, a sohd 

was obtamed, thus was filtered off and treated with &lute ammomum hydroxide solution to gve the 

title compound as a bnght orange prisms This was collected and crystalked from ethanol (12Omg, 

68%), mp 181-182’C, u, 3340, 161Ocm-‘, S, 3 20(1H, dd, J=16 5 and 2 OHz), 3 58(1H, dd, 

J=16 5 and 8 5Hz), 4 25(1H, dddd, J=8 5, 8 5, 2 0, and 15Hz), 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( lH, m), 7 97(1H, ddd, J=8 5, 2 0, and 0 5Hz), 

8 03(1H, J=20, and 15Hz [Found C, 717, H, 470, N, 11 1 ClsH12N20,reqmres C, 714, H, 48, 

N, 11 l%] 

m-(E)- and (Z)-5-Acetyl-8-armno-4bJ,9b,lO-tetrahydro~ndeno[l~-b]mdole (E- and Z- 5-Acetyl- 

8-ammo-THII (12, 1R=NH2,2R=H, 3R=Ac) 

(E)- and (Z)-5-Acetyl-8-mtro-4b,5,9b,lO-tetrahydromdeno[ l,Zb]mdole (4 2g) m glacial acetic acid 

(250cm3) and water (25cm3) were stmed and treated with 30% aqueous titamum mchlonde (42cm3) 

over a penod of 5 mm After a further 15 mm, the reacnon rmxture was poured on to tee and water 

(800cm3) and the pH of the solunon adjusted to 4 5 ~rlth 0 89 ammomum hydroxide The product 

was then extracted as rapldly as possible into &chloromethane (6x75cm3) The combmed extracts 

were dned and evaporated to gve a sohd which was mturated with &ethyl ether to afford the title 

compounds as a colourless sohd (2 9g, 77%), m p 196-198”C, u,,,,3500-3100, 16OOcm-‘, S, 

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 D20), 4 Ol(lH, dd, J==8Hz), 4 13(1H, dd J==7 5Hz), 5 72(1H, d, J=7 5Hz), 6 26(1H, d, J=SHz), 

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 rmxture of 

isomers can be obtamed m slmdar yield by catalyuc hydrogenation of the rmxed lsomenc mtro 

compounds over 10% palladmm on carbon catalyst using chloroform as the solvent. These 

compounds were analysed as the I-acetates Cl@)- and (Z)-5-Acetyl-S(N-acetyl- 

ammo)-4b,5,9b,lO-tetmhydromdeno[1,2-b]mdoles [Found 74 1, H, 5 8, N, 9 0 C19HtsN202 

reqmres C, 74 5, H, 5 9, N, 9 2%] 
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w-(E)- and (Z)-S-Acetyl-8-(N~-~ethylammo)46J,9b,lO-tenahydrorndeno~l,2-b ]mdole @i- and 

Z-S-Ace@-8-(N,N&ethylammo)-THIrj (12, 1R=NEt,2R=H,3R=Ac) 

(E)- and (Z)-5-Acetyl-8-ammo-4b,9b-tetrahydromdeno[1,2-b]mdole (1 Og) sodmm carbonate (lg) 

and ethyl iodide (2 0cm3) were heated together at reflux m a rmxture of tetrahydrofuran (80cm3) and 

water (15cm3), wth stmmg. for 24h More ethyl l&de (0 5c&) was then added and the heatmg 

contmued for a further 3h The solvents were evaporated and dchloromethane added to the residue 

Sohds were removed by filaaton and these were then washed thoroughly with &ethyl ether F&rate 

and washings were combined and reduced m volume to about 15cm3 On coolmg, the title 

compounds separated as pale yellow pnsms (0 75g, 625(b), mp 176-178OC, u,,1635 cm-‘, S, 

1 10(6H, t, 5=7 OHz), l.l3(6H, t, J=7 OHz), 2 43(3H, s),2 54(3H, s), 3 21(1H, d, J=16Hz), 3 29(1OH, 

m), 4 06(1H, dd, J=J=8Hz), 4 16( IH, dd, J=J=7 5Hz), 5 56(1H, d, J=2Hz), 5 72(1H, d, 5=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 6O(lH, m), 7 89(1H, d, J=9Hz) [Found C, 78 9, H, 7 6, N, 8 7 

C21H2aN20 reqmres C, 78 7, H, 7 55, N, 8 721 

cn-5-Ethyl-8-(N~-d~et~l~~~~-4bJ,9b,lO-tetrahydro~ndeno[I~-b]mdole 

ethylammo)-THII] (12, 1R=NEt2,2R=H;3R=Et) 

[5-Ethyl-8-(NJ-Q- 

ns-(E)- and (Z)-5-Acetyl-8-(N~d~e~ylam~no)-4b,5,9b,lO-tetrahy~olndeno[1,2-b]lndoles (0 32g, 

1mM) m dry tetrahydrofuran (60cm3) were treated with hthmm alumm~um hydnde (0 38g, 1OmM) 

in pornons over a penod of 30mm The reacnon rmxture was then heated at reflux for 3h and then 

excess reagent was destroyed by the ad&non of 30% sodmm ammomum tartrate The orgamc 

solvent was then decanted and the rendue extracted with tetrahydmfuran (3x10cm3) Solvent and 

extracts were combined, dned and evaporated to yield an 011 which was absorbed onto slhca (lg) and 

added to the top off a column of silica (5g), pnor to elunon with 10% ethyl acetate m petrol The 

colour of the column became dark blue but the title compound was eluted off as a colourless 011 

(0 2g, 65%) The compound IS unstable in air becommg blue and then dark red S, 109 (6H, t, 

J=7 OHz), 1 27(3H, tJ =7 OHz), 3 l-3 3(5H, m), 3 3-3 5(3H, m), 4 18(1H, br s), 5 07(1H, br.s), 

6 4O(lH, d, .I=7 OHz), 6 57(1H, d, 3=7 OHz), 6 74(1H, s), 7 22(3H, s), 7 43(1H, m), m/z (96) 

306(100), 291(43), 27(20) [Found 306 21052 Cz1H26N2 reqmres 306 209601 

c~s-4b,5,9b,lO-Tenahydro~b,9b-drmethyhndeno[l,2-b]~ndole (4b,9b-Bmethyl-THII) 

(16 , 1R=2R=3R=H) 

Methyllithmm (1 5cm3, 2eq of 1 5M solunon m hexane) was added dropwlse at -78V to a solunon 

of 9b,lO-dhydro-9b-methylmdeno[1,2-blmdole (26Omg, 1 19mmol) m THF (lOcm3) After snmng 

at -78“C for lh, water (lcm3) was added to the dark red solution, and the reactlon allowed to warm 

The reacnon mixture was quenched with saturated ammomum chlonde solution (10cm3), the organic 

phase separated, and dned (Na2S0J Evaporanon of solvent, and flash chromatography (10% 

EtOAc/petrol) of the residue gave a colourless gum (Rf [lO% EtOAc/petrolO.5) which sohdtfied to a 

colourless solid (87mg, 31%), m p 79oC, II,,,, (hq film) 3400 (br), 16UOcm-* (s). &&CDCl,) 135 

(3H, s), 146 (3H, s), 3 07 (lH, d, 2J 15 9Hz), 3 36 (lH, d, 2J 15 9Hz), 4 27 (lH, br), 6 53 (lH, d, 3J 

7 8Hz), 6 71 (lH, ddd, 3J 7 3Hz, 4J 1 lHz), 6 96 (IH. ddd. 3J 7 7Hz, J 1 5Hz), 7 l-7 3 (5H, m), 
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&$DC13) 22 3,22 4 (q), 45 3 (t), 54 8 (s). 75 2 (s), 109 7, 119 0, 121 9, 123.0, 124.4, 126 9, 127 4, 

127 5 (d), 137 7, 140 8, 148 4, 148 8 (s), m/z (%) 220 (lOO), 235 (95, M), 204 (31). 205 (28), 234 

(26), 236 (17) pound C, 86 7, H, 7.3, N, 6 0 C17H17N reqmres C, 86.8, H. 7 3, N, 5 95963. 

c~s4b,S,9b,lO-Tenahydro-6,8-d~~t~l~~~[l,2-b]andole (6,8-Dimethyl-THIl) 

(12, 1R=2R=Me,3R=H) 

6,8-Dunethyl-DHII (323mg, 1 38mmol) was reacted ~rlth sodium cyanoborohydnde (4OOmg, 5eq) 

m glacial acetic acid solution (7cm3) for 30 mmutes The solution was poured mto &water, and 

stmed for a further 30 mmutes The aqueous solution was neutrahsed with sodmm hydroxide. and 

the suspension was extracted mto hethylether The combmed organic extracts were washed with 

water, dned (Na2S04) and evaporated 112 vacua Punficahon of the residue by suction flash 

chromatography, gave a colourless sohd (244mg, 75%), m p 147OC (EtOAc/petrol), u_(CHC13) 

3400,160O cm-‘, &.t(CDC13) 2 03 and 2 07 (3H, s), 3 18 (lH, dd, 2J 16 3Hz, 3J 2 OHz), 3 48 (lH, dd, 

2J 16 3Hz, 3J 8 4Hz), 4 16 (lH, ddd, 3J 8 4, 8 4, 2 OH@, 5 24 (lH, d, 3J 8 4Hz), 6 66 (lH, s), 6 84 

(lH, s), 7 l-7 4 (4H, m), &(CDCl$ 16 8 and 20 8 (q), 39 2 (t), 46 2 (d), 67 7 (d), 122 5, 123 9, 

125 1,127 0,127 9,129 4 (d), 119 7,129 0,132 5.142 4,144 5,146 1 (s), m/z (8) 235 (100 M), 234 

(37), 220 (24), 236 (16) [Found C, 86 5, H, 7 35, N, 5 8 C17H17N reqmres C, 86 75, H, 7 3, N, 

5 95%] 

c~s-4b,5,9b,lO-Tenahydro-lO,IO-d~methyl~ndeno[J,2-b]~ndole (lO,lO-Dlmethyl-THII) 

5,10-Dlhydro-IOJO-dtmethyhndeno[l,Zblmdole (1 OOg, 4 29mmol) was treated with sodium 

cyanoborohydnde (1 Og, 16mmol) in glacial acetic acid (20cm3) After 10 mmutes, the reachon 

rmxture was poured mto water, stmed for 30 mmutes, and extracted mto dlethylether (3xKkm3) 

The combined orgamc extracts were washed with water ( 10x5cm3), dned (Na2S04), and the solvent 

removed lta vacua The residue was Qssolved in 5% ethyl acetate/petrol and filtered through a pad of 

“flash” s&a, yieldmg, on removal of solvent, a gum which soh&fied to give a colourless sohd 

(0 98g, 98%). m p 57-59oC @CM/petrol), u,(melt) 3360 cm-‘, G&XX&) 1 17 (3H. s), 143 (3H, 

s), 3 86 (lH, d, 3J 8 8Hz), 3 9 (lH, br), 5 29 (lH, d, 3J 8 8Hz), 6 59 (lH, d, 3J 7 7Hz), 6 7 1 (IH, ddd, 

3.J 7 3, 7.4Hz), 7 02 (lH, ddd, 3J 7 3Hz), 7 2-7 3 (5H, m), &-(CDCl,) 27 2 (q), 32 2 (9). 47 5 (s), 

59 1 (d), 66 8 (d), 110 1, 118 5, 122 8, 124 2, 126 2, 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) pound C, 86 75, H, 

7 3, N, 5 9 C17H17N reqmres C, 86 75, H, 7 3, N, 5 95%] 

c~s46,5,9b-Trrmethyl-4bJ,9b,lO-tetrahydro~~e~[l~-b]~ndole (4b,5,9b-Trnnethyl-THHII) 

(16 , lRsR=H . 3R=Me) 

The preparation of 4b,9b-dunethyl-THII was repeated usmg 9b-methyl-9b,lO-dlhydromdeno- 

[1,2-blmdole (0 86g, 4 Ommol), THF (8cm3), and methyl hthmm (4 oCm3 of 1 4M soluaon), 

quenching the amon with mdomethane mstead 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 punfied by bulb to bulb &stdlatlon (0 46g, 46%), b p 175’C (0 02mmHg). u_(hq film) 

1605 cm-‘, 6&ZDC13) 1 32 (3H. s). 140 (3H, s), 2 86 (3H, s), 2 94 (lH, d, 2J 15 9Hz), 3 27 (lH, d, 

2J 15 9Hz), (lH, d, 7Hz), (lH, ddd, 6 30 3J7 6 65 3J 7 3Hz), 7 05 (lH, ddd, 3J 7 7 10 7Hz), (lH, dd, 
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3J 7 3Hz. 9-H), 7 15-7 4 (4H, m); &$DC13) 17 0 (9). 21.1 (9). 28 8 (q). 46 2 (0. 54 9 (s). 80 2 (s), 

105 6. 116.9. 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&HI@ xequnes 249 15171 

c~s4b~,9b,IO-Tetrahydro-8-methoxy-5-~thylt~~[l~-b]t~le (8-Methoxy-5-methyl-THII) 

(12, ‘R=OMe>R=H>R=Me) 

Using the same procedure as for 4b,5,9b,lO-tetrahydro-5-methylmdeno[ 1,2-b]mdole, 

I-methoxy-THII (239mg, 10 mmol) was methylated unth rodomethane, using sodmm hydnde 

(25mg. 1 lmmol) as the base, in THF (2cm3) Extraction work-up (into hethylether), and 

punficanon by suction flash chromatography, yielded a clear gum (158mg, 63%) which sohddled 

after bulb to bulb &stdlatlon (18O“C at 02mmHg), mp 72°C u_(hqmd film) 16OOcn1-~. 

&.#ZDCl,) 2 87 (3H, s), 3 03 (lH, dd, *J 16 3H2, 3J 5 5Hz), 3 36 (lH, dd, *J 16 2Hz, 3J 9 2Hz), 3 70 

(3H, s), 4 08 (lH, ddd, 3J 8 6, 9 2, 5 5Hz), 4 80 (lH, d, 3J 8 6Hz), 6 28 (lH, d, 3J 8 4Hz), 6 61 (lH, 

dd, 3J 8 4Hz, 4J 2 7Hz), 6 77 (lH, dd, 4J 2 7, 0 6Hz), 7 l-7 5 (4H, m), S&JDC13) 34 7 (9). 39 2 (t), 

45 6 (d), 55 8 (q). 76 4 (d). 107 0, 111.4, 112 1, 124 7, 125 0, 126 3, 127 9 (d), 134 0, 142 1, 143 8, 

146 4,152 6 (s), m/z (96) 251(100, M), 236 (95), 237 (19), 252 (17) [Found C, 816; H, 6 8, N, 5 55 

C17H17N0 requires C, 8125, H, 6 8, N, 5 55%1 

c~s-4bJ,9b,lO-Tenahydro-8,9b-d~mt~l~b-(4-methylp~nylhy~az~n-N~-yl~~~[l~-b]mdole 

(26 ‘RsR=H AI= 4-MeC&) 

Ti a suspension of 4-methylphenylhydrazme hydrochlonde (8 15g, 0051mol) m water (30cm3) 

was added dropwlse 2M sodium hydroxide soluaon until pH 11 was achieved The rmxture was 

extracted Hnth dlethyl ether (3 x 5Oc&), the combmed orgaruc extracts were washed with bnne, 

dned (Na2S04) and evaporated The residue was then dissolved m glacial acetic acid (100cm3) and 

2-methyl-l-u&none (5 Og, 0 034mol) added In small potions to the solunon The rmxture was 

stn-red at room temperature for l/2 h Saturated sodmm bicarbonate solunon was then added untd pH 

9 was attamed The mature was then extracted with &ethyl ether (3 x 50cm3). The combined 

organic extracts were washed with bnne (2 x 20cm3), dned (Na2S04) and evaporated The residue 

was crystalhzed from methanol/water to yield pale yellow pnms (2 18g, 27%) A small sample was 

recrystalhzed from ethyl acetate/petrol for analyhcal purposes, m p 156’X! u,,(Nu~ol) 3450, 3360, 

3290, 1600 cm-‘, S, (CDCI,) 7 80 (lH, m), 7 42 (1H. s, D20 exchanged), 7 35 (lH, s), 7 27 (3H, m), 

6 99 (lH, s), 6 94 (2H, d, J = 8 5Hz), 6 59 (2H, d, J = 8 5Hz) 6 50 (lH, d, J = 7 9Hz), 3 63 (lH, d, J 

= 16 9Hz), 3.38 (2H, s(br), exchanged by DzO), 2 86 (lH, d. J = 16 9Hz), 2 36 (3H, s). 2 20 (3H, s), 

172 (3H, s), m/z (%) 355 @I, 5) 234 (100) 232 (80) 218 (30) 122 (40) [Found, C, 81 10, H, 7 06, N, 

1170 CaHZSN3 requires C, 81 10. H, 7 09, N, 1182%1 

cn-9b,lO-D~hydro-8,9b-dmethylmieno[l,2-b]mdole (22, ‘R=Me,*R=H) 

To a solution of 4-methylphenylhydrane hydrochloride. (9 73g. 0 061mol) m absolute ethanol 

(240cm3) was added dropwlse 2-methyl-1-mdanone, (8 14g. 0 056mol), followed by concentrated 

hydrochlonc acid (3cm3) The rmxture was boded for 2h, the solvents removed, and the residue 

pomoned between Qethyl ether and water. and the layers separated The aqueous phase was 
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extracted with &ethyl ether (3 x 50cm3) The combined orgamc phases were washed sequenhally 

with saturated sodmm bicarbonate solution and brme, dned (Na#O,), and evaporated The crude 

matenal thus obtamed was punfied by flash chromatography on slllca gel, elutmg with 7-12% ethyl 

acetate/petrol to yield a low m.p solid (5 05g, 39%), S, (CDC13) 7 87 (lH, m) 7 51 (lH, d, J = 

7 9Hz), 7 39 (3H, m), 7 25 (lH, s), 7 15 (lH, d, J = 8 OHz), 3 07 (lH, d, J = 14 7Hz), 2 81 (lH, d, J = 

14.7Hz), 2 41 (3H, s), 1 37 (3H, s) 

9b,lO-Dthydro-9b-methyl-8-~ropyluuieno[l,2-b]wdole (22, 1R=1pr,2R=H) 

To a solution of 4Jpropylphenylhydne hydrochloride, (6 5Og, 0.035mol) m absolute ethanol 

(140cm3) was added dropwlse 2-methyl-1-mdanone, (46g, 0 032mol) followed by concentrated 

hydrochlonc acid (2 5cm3) The mtxture was mfluxed for 2h and the ethanol evaporated The 

residue was partmoned between &ethyl ether ( 100cm3) and water ( 100cm3) and the layers separated 

The aqueous phase was extracted with dtethyl ether (2 x 30cm3) and the combmed orgamc extracts 

were washed sequentially with saturated sodmm bicarbonate solunon and brme, and then dned 

(Na2S04) Removal of the solvent gave the atle compound which was punfied by flash 

chromatography on silica gel eluting with 10% ethyl acetate/petrol, to yield a yellow gum, (1 62g, 

25%), SH (CDC13) 7 88 (lH, m), 7 55 (lH, d, J = 8 lHz), 7.41 (3H, m), 7 30 (lH, d. J = 18Hz), 7 23 

(lH, dd,J= 18Hzand7 lHz), 3 10 (lH, d,J= 147Hz), 298 (lH, sept ,J=7OHz),285 (lH,d,J= 

14 7Hz), 139 (3H, s), 1 30 (6H, d, J = 7 OHz) 

c~s-4b,S,9b,IO-Te~ahydro-4b,8,9b-~~~thylrndeno/l,2-b]~ndole (4b,8,9b-Tnmethyl-THII) 

(24, 1R=Me,2R=H) 

To a soluhon of 9b,lO-dlhydro-5,9b-dunethyhndeno[1,2-blmdole, (5 05g, 0.022mol) m dry 

tetrahydrofuran (100cm3) at -78”C, under mtrogen. m a flame dned flask, was added dropwlse 

methylhthmm, (14M soluaon m &ethyl ether, 23 2cm3, 0 032mol) The mtxture was stured at 

-78°C for 2h, and then at -15OC for a further lh Saturated ammonium chlonde solunon (3cm3) was 

then added and the nuxture allowed to warm to room temperature The reacnon rmxture was 

poruoned between ether and saturated ammonium chlonde solution and the layers separated The 

aqueous phase was extracted with &ethyl ether (2 x 25cm3) and the combined organic extracts were 

washed with brme, dned (Na2S04) and evaporated to afford the title compound as an off white solid 

This was punfied by flash chromatography on sdica gel elutmg with 3-10% ethyl acetate/petrol to 

yield a colourless solid, 2 73g (51% overall yield, or 78% based on recovered startmg matenal), m p 

208-212”C, II,, (hquld film) 3340,2900,16OOcm-‘, 8~ (CDCl3) 7 l-7 3 (4H, m), 6 94 (lH, m), 6 77 

(lH, d, J = 7 8Hz), 6 46 (lH, d, J = 7 8Hz), 3 35 (lH, d, .I = 15 9Hz) 3 06 (lH, d, J = 15 9Hz), 2.22 

(3H, s), 146 (3H, s), 134 (3H, s), m/z (%) 249 (M, 100) 234 (70) [Found, C, 86 6, H, 7 99, N, 5 5 

C1sH19N reqmres C, 86 7, H, 7 7, N, 5 6%] 

c~s-4bJ,9b,l0-Te~ahydroydro-4b,9b-cirmethyl~-1pro~l~~~[l,2-b]~ndole(4b,9b-D~methyl- 

8+ropvl-THII) (24, *R=‘&,‘R=H) 

To a solution of methylhthmm (1 4M m ether, 14 5cm3, 12 4mmol) m dry tetrahydrofuran (20cm3), 

at -78V, under nitrogen, m a flame dned flask, was added dropwlse over lh a solution of 9b, 

lo-dlhydro-9b-methyl-8Jpropyhndeno[ 1 ,Zb]mdole (1 62g, 6 2Ommol) m dry tetrahydrofuran 
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(SOL&) After ad&non. the rmxture was stmed for a further OSh at -78V Saturated ammomum 

chlonde soluhon @cd) was then added and the tmxture allowed to warm to room temperature The 

reaction rmxture was then pomoned between &ethyl ether (50cm3) and saturated ammomum 

chlonde solunon (25cm3), and the layers separated. The aqueous phase was extracted w-~th &ethyl 

ether (2 x 10cm3) and the combined organic extracts were washed with bnne, dned (Na2S04) and 

evaporated The crude matenal thus obtamed was punfied by flash chromatography on s&a gel 

elutmg ~th 3-10% ethyl acetate/petrol to yield a pale yellow gum ( 0 77g 45%), u,, (liquid film) 

3340,2900,1600 cm-l, S, (CDC13) 7 l-7 3 (4H, m), 6 98 (lH, d, J = 18Hz), 6 82 (IH, dd, J = 1 8Hz 

and 7 9Hz), 647 (lH, d, J = 7 9Hz), 3 36 (lH, d, J = 15 9Hz), 3 06 (lH, d, J = 15 9Hz), 2 78 (lH, 

sept J = 6 8Hz), 145 (3H, s) 134 (3H, s), 1 18 (6H, dd, J = 13Hz and 6 9Hz), mlz (8) 277 (M, 75) 

262 (100) 105 (30) Found 277 1821 C#=N reqmres 277 18291 

IX-(E)- and (Z)-5-Acetyl-4bJ,9b,lO-te~ahydro-8-n~trorndeno[l,2-b]mdole @- and Z- 5-Acetyl- 

8-mtro-THII) (12, ‘R=NOZ,~R=H,~R=AC) 

5-Acetyl-4b,5,9b,lO-tetrahydromdeno[l,2-b]mdole* (5 7g) in glacial acehc acid (25cm3) was 

treated dropwlse over 5 mm with concentrated mmc acid (1 1.5cm3), dunng this tune the reacnon 

mixture was vigorously stu~ed The solution was then heated ~th surnng for 1 5h at 55-6O”C, 

before it was poured onto ice and the rmxture left stm-mg overnight. The yellow solid which formed 

was then collected and crystalhsed from hot ethanol (350Cm3) as needles (5 5g, 82%), m p 210°C, 

u,,1655 cm-‘, sH 2 55,2 65 (2x3H, br s), 3 36(2H, br d, J=16Hz), 3 58(2H, dd, 3=16 and 8Hz), 4 20, 

4 30(2xlH, br s), 5 95, 6 35(2xlH, br s), 7 O-7 6(9H, m), 8 05-8 13(5H, m), m/z 294, 252, 206, 204 

[Found C, 69 4, H, 4 7, N, 9 4 C17Ht4N203 reqmres C, 69 4, H, 4 8, N, 9 581 

*Obtamed from THII by treatment with sodmm hydnde and then acetyl chlonde as a nuxture of E- 

and Z- isomers, Rf (30% EtOAc in hexane) 0 33, m p 150°C [Found C, 819, H, 6 1, N, 5 6 

C17H15N0 requires C, 81 9, H, 6 1, N,5 6%] 

5,6-DlhydrolndenolZ,l-bllndole (iso-DHII) (28, 1R=2R=H) 

2-Indanone (5 25g, 39 7mmol) and phenylhydrazme hydrochlonde (5 74g, 39 7mmol) were heated 

to reflux m glacial acenc acid (60cm3) for lh, and then cooled The solution was poured mto 

ice/water, and the solid precipitate collected by filtration After pamal punficatlon by column 

chromatography [RF (30% EtOAc/petrol) 0 61, and crystalhsanon (charcoal) from ethyl acetate, the 

product was recrystalhsed from chloroform to yield colourless needles (0 64g, 8%) m p 205oC (dec ) 

(lit ,8 2OO”C), u,(NuJo~) 3400, 1600 cm-‘, GH@MSO&) 3 65 (2H, s), 7 O-7 2 (8H, m), 10 40 (lH, 

br), m/z 205 (%) (100 M), 204 (69), 88 (22), 102 (19X 206 (17) 

5,6-Dthydro-9-methoxyrndenol2,Ib]miole (9-Methoxy-lso-DHII) (28, 1R=Me0,2R=H) 

4-Methoxyphenylhydrazme hydmchlonde (3 5g) and 2-mdanone (2 6g) were &ssolved m ethanol 

(25cm3) contammg concentrated hydrochlonc acid (0 5cm3) and the solution was heated at reflux for 

2h The solvent was then removed under reduced pressure to gve a black residue which was treated 

with ethyl acetate and filtered The filtrate was rmxed with nhca (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 mdole (2 35g, 50%) as pale brown needles, m p 170-171°C, 
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U, 3370, 1605 cm-‘, S, 3 65(2H,s), 3 90(3H,s), 6 84(1H, dd, J=8 5 and 2 5Hz), 7 08 (lH, ddd. 

J=7 5, 7 5 and 1 OHz), 7 20 (lH, d, J=8 5Hz), 7 24( lH, ddd, J=7 5, 7 5 and 0 5Hz), 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 (96) 235 (100). 220 (25), 

192 (30), 191(20) [Found C, 816, H, 5 7, N, 6 0 C1&13N0 requtres C,817, H,5 6, N.5.9581 

5,6-D&&o-9-rsopropylmdeno[2,1-b]mdole (9-‘Propyl-lso-DHlI) (28, 1R-‘Fr,2R=H) 

A suspension of 4-uopropylphenylhydrazme hydrochlonde (3 13g, 16 8mM) and 1-mdanone 

(2 22g, leq ) was heated to reflux m absolute ethanol (20cm3) contauung concentrated hydrochlonc 

acid (0 5cm3) for 4h The ethanol was removed tn vacua, and the product partially punfied by 

column chromatography, elutmg with 10% ethyl acetate/petrol and finally punfied by cxystalhsatlon 

from ethyl acetate/petrol This gave pale green needles (0 84g, 18 7%), m p 144OC, S, 8 05 (lH, 

br s), 7 7-7 0 (7H, m), 3 65 (2H, s), 3 07 (lH, septet, J=7 OHz), 1 35 (6H, d, J=6 9Hz) [Found C, 

87 7, H, 6 95, N, 5 6, ClsHt7N requires C, 87 4, H, 6 95, N, 5 65%] 

5,6-D~hydro-9-tbufyhndeno[2,1-b]mdole (9-‘Butyl-lso-DHII) (28, ‘R=‘Bu,~R=H) 

2-Indanone (2 Og, 15 2mM) m ethanol (25cm3) contammg 30% aqueous hydrochlonc acid (0 5cm3) 

was steed and heated with 4-Butylphenylhydrazme hydrochlonde (3 Og, 15 2mM) for 4h Slhca 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 slllca (28g) and eluted with 5% ethyl acetate m petrol Early fractions gave 

9-*B~l-5,lOb-drhydro-IOb-(~~en-2-yl)mdeno[2,1-b]~ndole (31), m p 220°C, .u,,cm-’ 1620, 1595, 

8, 146 (9H, s), 3 89(2H, s), 4 02(2H, s), 6 87(1H, s), 7 13(1H, ddd, J=6 5,6 5, and 1 OHz), 7 19(1H, 

ddd, J=6 5.6 5, and 1 OHz), 7 32( lH, dd, J=7 5 and 7 5Hz), 7 35-7 42(3H, m), 7 45( lH, d, J=7 5Hz), 

7 47(1H, d, J=7 5Hz), 7 70(1H, d, J=7 5Hz), 7 76(1H, d, J=7 OHz), 7 86 (lH, d, J=2 OHz), mlz (%), 

375(15, M), 237(12), 57 (100) [Found C, 89 6, H, 6 7, N, 3 7 C2sH2=,N requires C, 89 6, H, 6 7, N, 

3 7%], whereas later fracnons afforded a mixture of this compound and the title compound These 

fractions were combined and rechromatographed to give 5,6-Dlhydro-9-tburylmdeno[2,1-b]mdole 

(28, ~R=~Bu,~R=H), (0 35g, 9%), m p 182’C, u,, 3390, 1610 cm-‘, 8~ 1 44(9H, s), 3 71(2H, s), 

7 lO(lH, ddd, J=7 5, 7 5, 1 5Hz), 7 22-7 42(4H, m), 7 68(1H, br d, J=7 OHz), 7 84(1H, br s), 

8 15(1H,s), m/z (%) 261 (100, M), 246(95), 204 (25) Pound C, 87 2 , H, 7 2 , N, 5 35 C1$-I19N 

reqmres C, 87 3, H, 7 3, N, 5 4%] 

5,6-D~hydro-9’butyl-5-(2-mdanylrdene)mdeno[2,l-b]mdole (33) 

The enone (32)” (0 25g) was heated m boiling ethanol (5cm3) contaming 4-Butylphenylhydrazme 

(0 2g) and concentrated hydrochlonc acid (0 lcm3) for 4h The solvent was then removed and the 

residue chromatographed on silica (log) elutmg with 7% ethyl acetate m petrol to yield the atle 

compound as yellow-geen pnsms (0 13g, 35%), m p 232-235’C smters, u,, 3420, 1600 cm-‘, S, 

1 44(9H, s), 4 40(2H, s), 4 45(2H, s), 7 lO(lH, ddd, J=7 5, 7 5, 2 OHz), 7 24-7 32(4H, m), 

7 38-7 46(3H, m), 7 56(1H, d, J=7 OHz), 7 59(1H, d, J=8 OHz ), 7 77(1H, d, J=2 OHz), 8 16(lH, 

br s), m/z(%) 375(100), 360(20), 318(30) Found C, 87 2 , H, 7 2 , N, 5 35 C&lt9N requves C, 

873,H,73,N,54%] 
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cu-5,.5a,6,I0b-Tetrahydromdivw[2,I-b]rndole (SO-THII) 

6-Dlhydromdeno[Z,l-b]mdole (185mg, 0 9mmol) was reacted w& sodmm cyanobomhydride 

(31Omg. Smmol), in glacial acenc acid (SC&). for 6h. The solution was poured mto ice/water, and 

stu~ed for lh It was then neutrahsed v&h sodmm hydroxide, and the white solid which formed was 

collected by f&anon, washed ~th water, dned and punfied by flash chromatography (10% 

EtOAc/petrol, RF 30% EtOAc/petrol 0 6) to yield a colourless solid (81mg, 43%), m p 8586OC, 

u,,(CHC13) 3380, 1600 cm-‘, GH(CDC13) 3 09 (IH, dd, J=16 3, 1 SIG), 3 33 (lH, dd. J=16 4. 

62Hz), 3 45 (lH, br), 474 (lH, d, J=8 5Hz), 4 82 (lH, ddd. 5=8 5, 6 2. 18Hz). 6.55 (lH, d, 

5=7 7Hz), 6 73 (lH, ddd, J=7.5, 7.5, 1 lHz), 7 00 (lH, ddd, 3=7 5, 7 5, 1 lI-Iz), 7 l-7 4 (4H, m), 

&$DCl,) 41 1 (t), 53 7 (d), 63 7 (d), 109 2, 118 8, 124 0, 124 2, 125 1, 127 0. 127 1, 127 8 (d), 

141 5, 1432, 1503 (s), m/z (%) 207 (100, M), 206 (84), 204 (18), 178 (17). 208 (15), 103 (10) 

[Found C, 87 2, H, 6 3, N, 6.75 Ct5H13N reqmres C, 86 9, H, 6 3, N, 6 75%] 

c1s-5,.5a,6,l0b-Tetrahydro-9-methoxymieno[2,l-b]mdole (9-Methoxy-lso-THE) 

5,6-Dihydro-9-methoxymdeno[2,lb]mdole (0 56g), as a suspension m glacial acetic acid (25cm3) at 

16’C, was treated ~th sodmm cyanoborohydnde (1 Og) m small poruons over 6h The resultmg 

soluaon was stmed for a further lh , and then poured mto Ice-water (100cm3) The solunon was 

separated from a small amount of resmous matenal and the filtrate treated with sodmm carbonate 

(2 5g) in small pomons with vigorous sarnng The colourless solid which separated was collected 

and crystalhsed from ethanol as needles (0 31g, 55%), m p 129-130°C, u,, 334Q2730, 1600 cm-l, 

S, 3 06 (lH, dd, 5=16 5 and 15Hz), 3 2-3 8(1H, br s), 3 31(1H, dd, J=16 5 and 6 OH@. 3 76(3H, s), 

4 71(1H, d, J=8 OHz), 4 80(1H, ddd, 5=8 0,6 0 and 2 OHz), 6 5(1H, d, 5=8 5Hz), 6 58(lH, dd, J=8 5 

and 2 5Hz), 6 99(1H, d, 5=2 5Hz), 7 15-7 24(3H, m), 7 33-7 36 (lH, m) [Found C, 80 6; H, 6 3, N, 

5 9 C1,&NO requves C, 810, H, 6 4, N. 5 9%] 

c1s-5,5a,6,10b-Te~ahydro-9-~sopropyl~~~[2,~-bl~~le (9-Fropyl-1so-THII) and as-S-Ethyl- 

-5,.5a,6,lOb-tetrahydro-9- rsopropylmdenol2,1-bIndole (5-Ethyl-9-‘propyl-1so-THII) 

To a suspension of 5,6-dlhydro-9-lsopropylmdeno[2,1-b]md (2 3g. 9 3mmol) m glacial acetic 

acid (30cm3) was added sodmm cyanoborohydnde (2g) m small pomons over 30 mm The nuxture 

was shrred for 3h , and the solution then obtamed was poured mto Ice/water (50cm3) and stmed for 1 

h The clear solution was carefully neutrahsed with sodmm carbonate causmg a white preclpltate to 

form This was extracted into diethyl ether (3x10cm3), and the combmed extracts were washed 

copiously with water, dned (Na$O,) and evaporated Tic analysis of the residue m&cat& two 

products had formed these were isolated by column chromatography elutmg with 10% ethyl 

acetate/petrol to yield first a small amount of crs-5-Ethyl-5,5a,6,1Ob-tetrahydro-9-lsopropyl- 

mdeno[2,1-blmdole (0 07, 3%), and then the title product (0 93g, 40%), both as colourless 011s) 

Further punficanon of the latter product was achieved by dlstilation, u,(hqmd film) 3380, 2960, 

1610 cm-‘, S, 7 4-7 1 (5H, m), 6 87 (lH, dd, J=8 1. 1 8Hz), 6 50 (lH, d, J=8 lHz), 4 81 (lH, ddd, 

J=8 1,6 2 and 2 OHz), 4 73 (lH, d, J=8 lHz), 3 32 (1H. dd, J=16 6 and 6 2), 3 08 (lH, dd, 5=16 6 

and 2 OHz), 2 83 (lH, septet, J=6 9Hz), 123 (6H, d, 6 9I-k) pound C, 86 6, H, 7 8, N, 5 5 C1sH19N 

requires C,86 7, H, 7 7, N, 5 6%] 
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cls-5,.5a,6,10b-Tetrahydro-9-fluoromdeno[2,1-b]maWe (9-Fluoro-lso-THII) 

5,6-Dlhydro-9-fluommdeno[2,1-b]mdole (O.Sg, 2 5mM) m glacial acenc acid (25cm3) was stmed 

and treated urlth sodium cyanoborohydnde (2 lg, 36 5 mM) III small potions over 10 h, mamtammg 

the temperature below 18’C The amount of the reducing agent appears cruaal smce nurtures foxm 

if more 1s added The reachon rmxture was then added to ice-water (10Ckm3) and the yellow o 11 

which was formed was separated from the aqueous phase 

The pH of the aqueous phase was then adlusted to 6 by the ad&non of sodmm carbonate (3Og), and 

the colourless ofi whuzh was liberated was extracted mto &ethyl ether (4x20cm3) The combmed 

extracts were dned and evaporated to yield an 011 which was extracted with hot petrol (6x10cm3) and 

the residue mturated with ethanol (lcm3) This treatment caused the compound to crystalhse as 

colourless prisms which recrystalhsed from ethanol to gve the title compound (6Omg, 11%) , m p 

116-l 17’C!, u,, 3380 cm-‘, S, 3 06(1H, dd, J=16 5 and 15Hz), 3 06(1H, dd, J=16 5 and 15Hz), 

3 31(1H, dd, J=16 5 and 6 OHz), 3 67(1H, br s), 4 70(1H, d, J=8 OHz), 4 82(1H, ddd, J=8.0,6 0 and 

15Hz), 6 43(1H, dd, J=8 5, and 4 OH& 6 70( lH, ddd, J=8 5, 8 5 and 2 5Hz). 7 07(1H, dd, J=8 5 

and 2 5Hz), 7 16-7 25(3H, m), 7 33(1H, m) [Found C, 80 0, H, 5 45, N, 6 0 C15H1$VF reqmres C, 

8OO,H,54,N,62%] 

cls-9-t-Butyl-5Ja,6,lOb-tetrahydrovadeno[2,l-b]miole (9-Butyl-lso-THII) 

9-‘Butyl-5,6-&hydromdeno[2,1-b]mdole (0 16g, 0 6mM) m glacial acetic acid (25cm3) was steed 

and treated with sodmm cyanoborohydnde (0,7g, 11 mM) m small pomons over 3 h, mamtammg the 

temperature below 18°C The reaction nuxture was then added to ice-water (80cm3) and the yellow 

011 which was formed was separated from the aqueous phase The pH of the aqueous phase was then 

adjusted to 6 by the addmon of s&urn carbonate (25g), and the colourless 011 which was liberated 

was extracted into &ethyl ether (6x10cm3) The combined extracts were dned and evaporated to 

yield an 011 which was chromatographed on silica elutmg with 5% ethyl acetate m petrol This gave 

the htle compound as colourless prisms (0 1 lg, 7%), m p 92’C, u,, 3380 cm-l, S, 1 30(9H, s), 

3 05(1H, d, 5=16 5 Hz), 3 28(1H, dd, 5=16 5 and 6 OHz), 3 79(1H, s), 4 70(1H, d, J=8 OHz), 4 75(1H, 

ddd, 3=8 0,6 0 and 2 OHz), 6 48(1H, d, 5=8 OHz), 7 03( lH, dd, 3=8 0, and 2 OHz), 7 14-7 24(3H. m), 

7 34(1H, m), 7 4O(lH, d, J=2 OHz) [Found C, 86 5, H, 8 3, N, 5 5 C#zlN reqmres C, 86 65, H, 

8 0, N, 5 3%] 

2-Chloro-5-methoxy-4,6-dmethylmakn-I-one (35, X=Cl) 

Sulphonyl chlonde (ca 1 eq) was added dropwlse over 30 minutes to a solution of 5-met- 

hoxy-4,6-dlmethylmdan-l-one (0 65g, 3 4mmol) m dry &ethyl ether (10cm3), urlth sbmng and m 

absence of light at OOC After the addition was complete, the reaction was allowed to wam~ up to 

room temperature, and stm-mg contmued for a further 2h The solvents were removed and the sohd 

residue chromatographed, elutmg with 50% &chloromethane/petrol and then with dlchloromethane, 

to yield the dlchloro denvatlve [R#CM) 0 85, 0 14g, 14%] which was discarded, and the reqmred 

product [R@CM) 0 71 The latter 1s a colourless solid (0 65g, 85%) m p 109-l loOC, u,,,, (CHC13) 

2960, 1730, 1600 cm“, G#Z!DC13) 7 53 (lH, s), 4 54 (lH, dd, J=7 8,3 7Hz), 3 79 (3H, s), 3 64 (lH, 

dd, J=17 5,7 8Hz), 3 13 (lH, dd, J=17 5,3 5Hz), 2 33 (3H, s), 2 25 (3H, s) [Found C, 63 9, H, 5 85 

C,2Hl&102 reqmres C, 64 15, H, 5 83%] 
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2-Bromo-S-methoxy4,6-drmethyhndan-l-one (35, X=Br) 

Bmmme (0 4cm3) was added drop~se over 30 mmutes to a soluhon of 

S-methoxy-4,6-dnnethyhndan-l-one (1 25g, 6 6mmol) m dry dlethylether (10cm3), ~th stnrmg and 

m the absence of hght at PC After the &non was complete, the reaction rmxture was allowed to 

warm to mom temperature, and sturmg was continued for a further 20 rmn. The solvents were 

removed m the absence of hght and the solid residue chromatographed, elutmg fist ~th 10% ethyl 

acetate/petrol and then with dlchloromethane, to yield the tttle compound as a pale yellow solid 

(108g), m p 72’C 

S-Methoxy-4,6-drmethyI-2-(2’-trrfluoroacetamrdophenyl)lndan-l-one (38) and SJO-Dihydro-2-met- 

hoxy-l,3-d~methylmdeno[Z,2-6]mdofe (1,3-I)lmethyl-2-methoxy-DHII) (39) 

A solution of o-bromomfluoroacetamhde (565 mg, 2 1 mM) m tetrahydrofuran (40cm3) was cooled 

to -78“C and to this was added methyl hthmm (1 molar equivalent of a 1.4M soluaon in pentane) 

This tinon was followed 10 mmutes later by the mtroductton of rert-butylhthmm (2 molar 

eqmvalents of a 17M soluaon m pentane) The reaction rmxture was stirred for lh at -78oC, and then 

a solution of 2-bromomdanone (567 mg) m tetrahydrofuran (5cm3) added dmpwse, the reaction 

rmxture was stmed for 2h and then allowed to warm slowly to room temperature, and stured for a 

further 24h After thus rime, a 10% soluuon potassmm hydroxide m methanol (5cm3) was mtroduced 

and the reaction rmxture stmed for 90 minutes It was then poured mto 2M HCl contammg some Ice, 

and extracted with drchloromethane (3x20cm3) The combined organic extracts were dned (Na$Od) 

and evaporated rn vacua to afford a sohd residue which was chromatographed on nhca, elutmg with 

&chloromethane/ petrol rmxtures of increasing polanty to yield fitly unchanged 

tnfluoroacetamlrde (RF 0 4) (16 mg), and a pale brown solid This was rechromatographed to @ve 

firstly 5,10- &hydro-2-methoxy- 1,3-dlmethylmdeno[ 1 ,Zb]mdole (30mg)[RF 0 8 (30% 

EtOAc/petrol)], m p 177°C (EtOAc/peaol) (lit ,17 184 2-184 5°C). u,,,, (NuJo~) 3290 cm-l, S, 

(CDCl3) 8 20 (lH, br), 7 6-7 1 (5H, m), 3 76 (3H, s), 3 56 (2H, s), 2 36 (6H, s), S, (CDC13) 154 8 (s), 

146 0 (2), 143 5 (s), 140 0 (s), 1304 (s), 128 9 (s), 121 2 (d), 120 l(d), 118 6 (d), 117 2 (d), 1119 

(d), 60 2 (q), 29 4 (t), 16 5 (q), 12 4 (q), m/z (8) 263 (75, M), 249 (20), 248 (lOO), 205 (15),204 (20) 

[Found C, 82 0, H, 6 4, N, 5 2 calculated for C1sHt7N0 C, 82 1, H, 6 5, N, 5 3%], and then 

5-Methoxy-4,6-dlmethyl-2-(2’-tnfluoroacet~dophenyl)ln~-l-one, m p 182V (13Omg, 16 5%), 

U,, (CHCl3) 1735, 169Ocm-‘, &(CDC13) 10 4 (lH, br), 7 82 (IH, dd), 7 46 (IH, s), 7 46-7 17 (4H, 

m), 4 27(1H, m ), 3 83(3H, s), 3 73(2H, 2 x 2nd order mulnplets), 2 37 (3H, s), 2 33 (3H, s), S, 

185 3,155 1,132 4,129 7,128 0, 127 1,126 0,125 8, 124 7,60 0,48 7,30 1,16 5, m/z (%) 377(100, 

M), 205(25), 177(48) 

5,6-D~hydro-3-hydroxy-2,4-dunethyhndeno[2,1-b]rndole (1,2-Dimethyl-2-hydroxy-DHII) 

5,6-Dlhydro-2,4-&methyl-3-methoxymdeno[2,l-b]mdole (50mg) m dlchloromethane (lcm3) was 

cooled to -78°C and treated wttb boron mbronude (0 lcm3) After stlmng for a few mmutes, the 

reacnon mixture was allowed to warm to room temperature and poured onto crushed ice After the 

ad&non of excess sodmm hydrogen carbonate the product was extracted from the reacnon mixture 

with hchloromethane and the combmed dned extracts were evaporated to gve a colourless sohd 

This was chromatographed on slhca elutmg with dchloromethane to afford the ntle compound as a 
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rmcrocrystallme solid, m p 192-194’C, 8~ 10 2(1H, br s), 7 8(1H, br s), 7 5-7 0 (SH, br m), 3 62(2H, 

s), 2 35(3H, s), 2 30(3H, s), m/z (%) 249(100, M), 234(55), 204(15) 

ACKNOWLEDGEMENTS 

Part of this work was supported by the Cancer Research Camprugn m the United Kmgdom, and by 

U S P H.S grant ES-03373 m the United States of Amenca The authors also wish to thank the staff 

of A B Hilssle m Sweden for contmumg support of this work, and m partxular Dr Chnster Westlund 

and Professor Bertll Samuelsson 

RBFERENCES 

1 L W.Wattenberg, Cancer Res., 1975,35,3326 

2 L W.Wattenberg, J B Coccla, and L K T Lam, Cancer Res ,1980,40,2820 

3. H G Shertzer, Chem Blol Interactions, 1984,48,81 

4. H G Shertzer, M W Tabor, and ML Berger, Blochem Pharmacol , 1988,37,333 

5 J Thesmg, Chem Ber , 1925,58,2825 

6 H G Shertzer and M Samsbury, Fd Chem Toxrc., 1988,26,517 

7 W H Perkm and S G P Plant, J Chem Sot ,1923,3242, 1924,125 

8 S R Crawley and S G P Plant, J Chem Sot , 1922,827, J W Arrmt and R Robinson, J Chem 

Sot , 1922,1562 

9 H G Shertzer, M Samsbury, P R Graupner. and M L Berger, Chem Blol Znreracaons, m the 

press 

10 J Elsch and T Abraham, Tetrahedron Letters, 1976, 1647, T Abraham and D Curran, 

Tetrahedron, 1982,38,1019, T Abraham, Momztsh Chem , 1989,120,117 

11 S I WeIssman, J Townsend, D E Paul, and G E Pake, J Chem Physxs, 1953,21,2227, 

K H Hausser, Z Naturforsch , 1959,14a, 425, Naturwssenschafen, 1960,47,251, Mol Physics, 

1963,7, 193,251, W R Knolle, PhD Thesis, Umverslty of Minnesota, 1970 

12 B Robinson, ‘The Fischer Indole Synthesis’, J Wiley and Sons, Chichester, 1982 

13 G W Gnbble, P D Lord, J Skotmclu, S E Dletz, J T Eaton, and J L Johnson, J Amer Chem 

Sot , 1974, %, 7812, Y Kumar and L Florvall, Synrh Commun , 1983,13,489 

14 A R Kamtzky and S Sengupta, J Chem Sot Perkm Trans I, 1989,17 

15 A H Kelly and J Parr&, Canad J Chem , 1966,44,2455 

16 P A Wender and A W White, Tetrahedron, 1983,39,3767 

17 Y Suzti, Telkoku Hormone Manufactunng Co Ltd , Japanese Patent, 194916,1985 

18 F C Whitmore, C A Welsberger, and A C Shablca, J Amer Chem Sot , 1943,65, 1469 

19 F S Klppmg 1894,245, H Leuchs and G Kowalsln, Chem Ber , 1925,58,2825 

20 J W Anmt and R Robinson, J Chem Sot , 1927,827 

21 G Kempter, M Schwalba, W Stoss, K Walter, J Prakr Chem , 1962, 38 

22 G Baddley and R Wllhams, J Chem Sot ,1956,4647 

23 A G Anastasnou, H S Kasma, and D Hauger, J Chem Sot Chem Commun 

24 W Trelbs and W Schroth, Ann, 1961,239,204 

1981,647 


	Binder2.pdf
	4392




