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Abstract: Two new methods for the oxtdat~on of 3-aryl-3.4~dzhy&owqumoluuum salts to 3-arylrsoqtunoltnones have been 
developd the duectfemcymde oxadotwn and the aw-ozdataon of l-cyono~oqumolme mtermeoiates 

In spite of theu scarce presence m nature, 1 1-lsoqmnolmone denvanves have provoked considerable 

mterest due to their pharmacologcal acavIty* Thus, analgesic, anamflammatory. anaconvulslve, and tranqmhzer 

are some of the physlologcal acaons atmbuted to tius land of alkaloids Therefore, several synthetic methods 

have been developed m order to prepare 1-uoqumolmone denvaaves On the other hand, dunng the last years we 

have accomph~hed the preparation of 3-aryhsoqumolme type compounds3 and we have also camed out studies 

on their reactlvlty and stereochemlstry 4 With these precedents 111 mmd and talang mto account that, to the best of 

our knowledge, only a httle number of this sort of compounds have been syntheazed,s we decided to explore the 

preparaaon of a senes of 3-axyhsoqumolmone denvaaves 

It IS well known that oxt&zmg reagents such as Mn@, DDQ6 or aenal oxldatlon m KOH/tBuOH7 @ve 

good results when apphed to simple lsoqumolmes However, m our hands the already mentloned reagents faded 

when aymg to oxldlze 3-aryhsoqumolme denvatlves 8 Consequently, we were mterested In finding a convenient 

and high yleldmg procedure for oxldlsmg 3-aryhsoqumolmes to 3-aryhsoqumolmones Thus, we have explored 

the acaon of KjFe(CN)h as oxldlzmg reagent and also the aenal oxldatlon of the correspondmg 1-cyano 

denvatlves as alternative routes for the preparation of 3-aryhsoqumolmone compounds 3 starting from the 

corre$pondmg N-methyl~soqumolm~um salts 1. 

The lsoqumohmum denvaaves selected as precursors were obtamed from the appropnate deoxybenwms by 

reductive ammaaon, followed by Blschler-Napleralskt cychzatlon and subsequent N-methylanon 9 Ferncyanide 

oxldatlon of the so-obtained compounds la and lb under basic conditions gave a mixture of two 

lsoqumolmones the expected 3,4-Qhydrolsoqumolmone (3a and 3b) together with the correspondmg aromatic 

lsoqumolmone (4a and 4b) as the minor product Formaaon of denvatlves 4 can be explamed m view of the 

stabilized st&emc system obtamed On the other hand, oxldatlon of the pentamethoxy substituted lsoqmnohmum 

iodide lc, under sm~lar reaction condmons, yielded not the expected oxigenated product but the fully aromatic 

lsoqumohmum salt Formation of this compound can be explamed assuming that the oxygen entry at C-l IS 

mhlblted nrobablv due to a stencal hmdrance of the methoxv subshtuent at C-8 
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SCHEME 1 
?CH3 

8: R’= R3=H RZ=OCH3 

h: R’=R’=H R3=OCH3 

c: R’=H R’=R3=OCH3 

CH30 

R’ 0 

4 8: R’=OCH3 R2=H 

g: R’=H R2=OCH3 

The other procedure explored m order to oxldlze 3-aryl-3,4-&hydrolsoqumoltmum salts ImplIes the 

preparation of 1-cyanotsoqumohne type intermediates followed by aenal oxidation 10 Thus, addlnon of sodmm 

cyanide to 3,4-~ydrolscqumohnmm salts afforded regoselecnvely the conespondmg l-cyan0 denvahves 2. 

The IH-NMR spectra of the so-obtamed compounds showed the presence of an ABX system due to the H- 

3 and H-4 protons, the coupling constants (J=4 4-5 3 and 10 l-10 7 Hz) being consistent with an equatonal 

onentanon for the 3-aryl group m the heterocychc half-char With respect to the 2,3-dlmethoxyphenyl substituted 

denvatlve 2a, the H-3 proton appears at lower field (4 38 ppm) than m compounds 2b (3 74 ppm) and 2c (3 71 

ppm), probably due to the deshleldmg effect of the methoxy group at C-2’ This means that, as it has been 

established for snrnlar 3-aryltetrahydro~soqmnohnes by X-ray dlffractton techmques,ll the aromatic subsmuent at 

C-3 must be located nearly perpendicular to the lsoqumohne system and has the two methoxy groups In the same 

duecbon as the H-3 
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the 3,4&hydrolsoqumolmones 3 the mam feature 1s the ABX system due to H-3 and H-4 protons, the value of 

these couplmg constants J3,4 (2 3-3 0 and 6 2-7 5 Hz) is lower than that observed by our reseach group in 

sun& non-oxl&zed tetrahydrolsoqumolme systems (4 and 10 Hz) Smular values have been referred to m the 

hterahue concemmg 3-aryhsoqumohnones, 15 and show a greater plananty of the heterocychc half-c&, probably 

due to the presence of an armde-type function In fact, snmlar couplmg constants have been observed for 3,4- 

dlhydro~soqumohmum salts where the hetcrocychc rmg 1s nearly planar9 

EXPERIMENTAL 

General All meltmg pomts are uncorrected Tetrahydrofuran (THF) was freshly destllled from 
benzophenone-sodmm ketyl Hexamethylphosphoranude (HMPA) (Cauaonl cancer suspect agent) was used as 
received from manufacturer All other solvents used were technical grade and punfied accordmg to standard 
procedures 16 Thm layer chromatography was performed on s&a gel 60 F254 plates and vlsuahzed by W hght 
or Dragendorfs reagent 17 Flash column chromatographyt* was performed usl~g s&a gel 60 (230-400 mesh 
ASTM). arr-uressure column chromatoaranhv was cl-ned out with s&a eel 60 (70-230 mesh ASTM) Infrared 
spec&kere*obtamed using a Perkm-Elm& R-1430 spectrometer as KBrklates,‘as neat liquid or m &Cl3 and 
peaks are reported m cm-* lH NMR spectra were recorded 111 a Bruker ACE-250 apparatus at 250 MHz with 
CHCl3 (7 26 ppm) as a internal reference m CDC13 solutions t3C NMR spectra were recorded in the same 
suectrometer at 62 8 MHz ~nth CHClq (77 0 unrnj as a mtemal reference m CDCl? solutions Chermcal shifts 
& @ven m ppm (6), multiphclties are in&cad by s (smglet), d (doublet), t (trrplet):m (mulaplet) or dd (doublet 
of doublets) Coupling constants, J, are reported m hertz Mass spectra (EI) were obtamed on a MS902 model 
Kratos apparatus Data are reported m the form m/z (mtenslty relative to base =lOO) 

emcvan de o dat o . 
(5 0 gy105 mm& m’ka& ?3$ I& and tetrahydrofurane (300 ml), a solution of potassium femcyamde (13 75 

VD cal Procedure To a refluxmg solution of la (2 00 g 4 20 mmol) and KOH 

g, 42 00 mm01) m water (300 ml) was added dropwlse The reaction was refluxed for 15 h and then the organic 
solvent was evaporated, the aqueous layer was extracted with chloroform 111 contmuous, dned (s&urn sulfate) 
and then concentrated under reduced pressure The oily yellow crude consisted m a rmxture of two products 
which were separated by column chromatography, with dlchloromethane/ethyl acetate 9 5/O 5 to 6 4 ratio The 
followmg two pure compounds were obtamed 
3-(2,3-dlmethoxyphenyl)-6,7-dlmethoxy-2-me~yl-3,4-dlhy~o-l(2H)-lsoqulnollnone 3a (900 mg, 60%) Rf 
0 35 (dlchloromethane/ethyl acetate 8 2) lH NMR 6 2 98 (dd, J=2 3, J=lJ 8, lH, H-4), 3 10 (s, 3H, 
NCHj), 3 62 (dd, J=7 5, J=15 8, lH, H-4), 3 81 (s, 3H, CH30), 3 83 (s, 3H, CH30), 3 96 (s, 6H, 
2xCH3O), 5 13 (dd, J=2 3, J=7 2, lH, H-3), 6 45 (dd, J=7 4, J=l 2, lH, H-4’), 6 46 (s, lH, H-5), 6 81 (dd, 
J=7 4, J=l6, lH, H-6’), 6 83 (t, J=7 5, lH, H-5’), 7 70 (s, lH, H-8), IR (KBr) u 1650 (C=O, lactam), 13C 
NMR 6 34 20 (C-4), 34 40 (NCH$, 56 00 (CH30), 56 20 (CH30), 56 90 (CH30), 61 20,613O (C-3 and/or 
CH30), 111 10, 111 30, 112 10, 118 90, 124 20 (C-5, C-8, C-4’, C-5’ and/or C-6’), 122 20, 129 50, 133 90 
(C-4a, C-8a and/or C-l’), 146 60, 148 20, 152 20, 152 50 (C-6, C-7, C-2’ and/or C-3’), 165 50 (C-l), EI/MS 

m/e 357(M+, 72), 355(5), 342(8), 220(36), 178(72), 150( lOO), 107(22), 92(24) 
3-(2,3-dlmethoxyphenyl)-6,7-dlmethoxy-2-methyl- 1(2H)-lsoqumolmone 4a (370 mg, 25%) Rf 0 28 
(dlchloromethane/ethyl acetate 8 2) 1H NMR 6 3 42 (s, 3H, NCH3), 3 70 (s, 3H, CH30), 3 95 (s, 3H, 
CH30), 4 00 (s, 3H, CH30), 4 05 (s, 3H, CH30), 6 44 (s, lH, H-4), 6 87 (s, lH, H-5), 6 90 (dd, J=7 1, 
J=15, lH, H-4’), 7 06 (dd, J=7 5, J=l 5, lH, H-6’), 7 17 (dd, J=7 5, J=7 2, lH, H-5’), 7 90 (s, lH, H-8), 
IR u 1640 (C=O, lactam), 13C NMR 6 33 20 (NCH3), 55 87 (CH30). 56 25 (CH30), 56 27 (CH30). 60 67 
(CH30),105 82, 106 92, 107 84, 113 55, 122 34, 124 35 (C-33, C-4, C-5, C-8, C-4’. C-5’ and/or C-6’), 
119 03, 130 80, 13190, 139 60 (C-3, C-4a, C-8a and/or C-l’), 146 91, 149 23, 152 79, 153 45 (C-6, C-7, 
C-2’ and/or C-3’), 162 34 (C-l), EYMS m/e 355(M*, 100). 340(25), 324(12), 178(8), 150(5) 
When this procedure was applied to the lsoqumolmmm l&de lb, the followmg compounds were separated and 
CharactCrlZCd 
3-(3,4-d~methoxyphenyl)-6,7-d~methoxy-2-methyl-l(2H)-~soqu~nol~none 4b (22%) as a pure 011 Rf 0 34 
(dlchloromethane/ethyl acetate 8 2) EI/MS m/e 355(M+, lOO), 340(26), 220(6), 178(49), 150(27) 
3-(3,4-dlmethoxyphenyl)-6,7-d~methoxy-2-methyl-3,4-d~hydro-l(2H)-lsoqu~nollnone 3b (68%) Rf 0 30 
(dlchloromethane/ethyl acetate 8 2) 1H NMR 6 2 89 (dd, J=3 0, J=l5 7, lH, H-4), 3 05 (s, 3H, NCH$, 
3 56 (dd, J=6 7, J=15 7, lH, H-4), 3 74 (s, 3H, CH30), 3 80 (s, 3H, CH30), 3 82 (s, 3H, CH30), 3 91 (s, 
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3H, CH30), 4 65 (dd, J=3 0, J=6.6, 1H. H-3), 6 46 (s, 1H. H-5), 6 60 (m, W, H-S, H-6’), 6 72 (d, J=8 0, 

lH, H-2’), 7 63 (s, lH, H-S), IR u 1640 (GO, lactam), 13C NMR 6 34.05 (NCH3), 35 42 (C-4), 55 71 
(CH30), 55 72 (CH30), 55 88 ((X30), 55 99 (CH30), 6170 (C-3). 109 31. 109 72, 110.01, 110 95, 118 46 
(C-5, C-8, C-2’, C-S and/or C-6’). 121 62, 128 72, 132 54 (C-4a, C-8a and/or C-l’), 147 85, 148 39, 
148 97, 151 84 (C-6, C-7, C-3’ and/or C-4’), 164 79 (C-l), EI/MS m/e 357(M+, 60), 355(21), 340(6), 
22O( 1 l), 178( 100). 150(56) 
When the same procedure was applied to the iodide lc, after flash column chromatography 
(&chloromethan&ethanol9 5 0 5) only the 3-(3,4-d.unethoxyphenyl)-6,7.8-tnmethoxy-2-methykoqnnoluuum 

salt 5 was obtamed (62%) M p. 200-202’C 1~ NMR 6 3 84 (s, 3H, CH30), 3 86 (s, 3H, CH30), 3 89 (s, 
3H, CH30). 3 98 (s. 3H, CH30), 4 21. 4 25 (2s, 6H, CH30, NCH$, 6 82 (d, J=8 2, lH, H-5’ or H-6’), 
695 (d, J=8,2, lH, H-5’ or H-6’), 7 16 (s, lH, Har,,,), 7 18 (s, lH, H,om), 8 02 (s, lH, H,,,), 9 48 (s, 
lH, H-l), IR v 1640 (C=N+), 13C NMR 6 47 89 (NCH3), 55 89 (CH30), 56 93 (CH30), 57 60 (CH30), 
61 58 (CH30), 62 61 (CH30), 101 33, 11104, 112 91, 122 38, 124 55 (C-4, C-5, C-2’, C-5’ and/or C-6’), 
118 89, 12401, 136 52, 142 41 (C-3, CXa, C-8a and/or C-l’), 144 84, 145 78, 149 21 (2x), 150 75 (C-6, C- 
7, C-8, C-3’ and/or C-4’), 162 99 (C-l) 

Oxldahon wa l-cvano denvanves 

1 arts-1-cvano-3-(2.3-dImethoxvohenvll-6.7-dlmetho 
kcedu 

xv-2-methvl-1.2.3-tetrahvdrolsoaumohnp 2a Typical 
re To a stirred solution of lsoqumohmum iodide la (2 00 g, 4 20 mmol) 1n 50 ml of methanol-water 

(2 1) at room temperature, a saturated solution of potassmm cyanide (4 09 g, 63 00 mmol) was added slowly 
Stunng was conhnued until reaction was completed (tic, d1chloromethane/methanol9 5 0 5) After evaporation 
of the solvent, the crude was chromatographed with Qchloromethane/methanol, 8 5 1 5 to afford 3a (960 mg, 

62%) M p 162’C (decomposes) 1H NMR 6 2 32 (s, 3H, NC&), 2 88 (dd, J=4 8, J=16 6, lH, Hkc), 
3 02 (dd, J=lO 3, J=16 5, lH, H-4ax), 3 83 (s, 3H, CH,O), 3 86 (s, 3H, CH30), 3 88 (s, 6H, CH30), 4 38 
(dd, J=4 8, J=lO 2, lH, H-3), 4 88 (s, lH, H-l), 6 56 (s, lH, H-5), 6 71 (s, lH, H-S), 6 86 (d, J=S 0, lH, 
H-4’ or H-6’), 7 01 (d, J=7 7, lH, H-4’ or H-6’), 7 09 (m, lH, H-S), IR u 2220 (C=N, mtnle), l3C NMR 
6 36 66 (C-4), 40 70 (NCH3), 54 04 (C-l), 55 58 (CH30), 55 81 (CH30), 55 97 (CH30), 57 99,60 83 (C-3, 
CH30), 109 01,110 88, 110 93, 119 68, 124 40 (C-5, C-8, C-4’, C-5’ and/or C-6’), 116 74 (CN), 121 15, 
126 92, 134 83 (C-4a, C-8a and/or C-l’), 147 23, 147 74, 149 24, 152 82 (C-6, C-7, C-2’ and/or C-3’), 
EUMS m/e 368(M+, 3), 343(19), 342(30), 341(74), 340(86), 326(19), 324(19), 310(20), 205(35), 204(100), 
189(13), 188(24), 165(26), 164(88), 151(12) 

Apphcat1on of the same procedure to lb and lc afforded 2b and 2c respectively 
rrans-l-cyano-3-(3,4-dimethoxyphenyl)-6,7-~methoxy-2-me~yl-1,2,3,4-tetrahy~o~soqu1nol1ne 2b (75%) M 

p 214216’C (after recrystallization from MeOHKHC13) 1H NMR 6 2 28 (s, 3H, NCH3), 2 92 (dd, I=5 3, 
J=16 5, lH, H-4ec), 3 09 (dd, J=lO 1, J=16 5, lH, H-4ax), 3 74 (dd, J=5 3, J=lO 1, lH, H-3), 3 85 (s, 3H, 
CH30), 3 86 (s, 3H, CH30), 3 89 (s, 3H, CH30), 3 90 (s, 3H, CH30), 4 86 (s, lH, H-l), 6 85 (s, lH, H-5), 
6 70 (d, J=l 8, lH, H-2’), 6 86 (d, J=8 4, lH, H-5’), 6 93 (s, lH, H-S), 6 94 (dd, J=S 1, J=l 8, lH, H-6’), 
IR u 2230 (C=N, nitnle), l3C NMR 6 37 39 (C-4), 40 82 (NCH$, 55 90 (C-l and 2x CH30), 56 05 
(CH30), 58 00,6196 (C-3 and/or CH30), 109 04, 110 34, 110 90, 120 43 (C-5, C-8, C-2’, C-5’ and/or C- 
6’), 116 80 (CN), 12101, 126 80, 133 73 (C-4a, C-8a and/or C-l’), 147 92, 148 66, 149 27, 149 42 (C-6, C- 
7, C-3’ and/or C-4’), EI/MS m/e 368(M +, 13), 342(10), 341(38), 340(53), 326(9),324(12), 205(14), 
104(100), 189(55), 151(11) 
trans-l-cyano-3-(3,4-~methoxyphenyl)-6,7,8-rnmethoxy-2-methy1-1,2,34-tetrahydro1soqu1nol1ne 2c (78%) M 

p 119-121’C (after flash column chromatography, dlchloromethane/methanol9 5 0 5) 1H NMR 6 2 30 (s, 
3H, NCH$, 2 90 (dd, J=4 4, J=17 0, lH, H4ec), 3 09 (dd, J=lO 7, J=16 9, lH, H-4ax), 3 71 (dd, J=4 4, 
J=lO 7, lH, H-3), 3 84 (s, 3H, CH30), 3 86 (s, 3H, CH30), 3 89 (s, 3H, CH30), 3 91 (s, 3H, CH30), 4 08 
(s, 3H, CH30), 5 08 (s, lH, H-l), 6 38 (s, lH, H-5), 6 88 (d J=7 9, lH, H-5’ or H-6’), 6 92 (s, lH, H-2’), 
6 94 (d, J=7 8, lH, H-5’ or H-6’), IR u 2230 (C=N, nltrde), l3C NMR 6 37 82 (C-4). 40 71 (NCH3), 
53 48 (C-l), 55 87 (CH30), 55 91 (CH30), 55 94 (CH30), 60 77.60 83,6175 (2x CH30 and C-3), 106 28, 
110 33, 110 95, 120 45 (C-5, C-2’, C-5’ and/or C-6’), 115 69, 116 85 (C-4a and/or CN), 130 18, 133 75 (C- 
Sa, C-l’), 139 86, 148 66, 149 28, 149 78, 154 06 (C-6, C-7, C-8, C-3’ and/or C-4’), EI/MS m/e 398(M+, 
24), 371(31), 370(29), 358(23), 356(19), 234(53), 220(19), 219(100), 204(69), 194(43), 179(61), 178(32), 
176(31), 151(70), 148(21), 133(23) 
- _ d1methoxwhenvl~-6.7.8-tnmethoxy-2-~hvl 3.4 dlhvdro_l _ _ 3c xwical Proced rq 

TO a stirred solution of the 1-cyanolsoqumohne 2c (0 15 g, 0 37 mmol), m 4 ml of hexamethylphosphorade 
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(HMPA) at room temperature, NaH (80%, 0.03 g, 113 mmol) was added Reaction was stmed for 3 h and then 
quenched urlth water and extracted wfth &chloromethane (6x10 ml) The orgamc layers were washed ~th water 
(8x20 ml), &ed (sodmm sulfate) evaporated in vucuo and chromatographed on a s&a-gel column 
(duhloromethane/ethyl acetate 6 4) to gve 3c (117 mg, 82%). M p 132-134’C (after recrystalhzauon from 
methanol) lH NMR 6 2 87 (dd, J=2 9, J=15 5, lH, H-4), 3 08 (s, 3H, NCH$, 3 54 (dd, J=6 3, J=15 5, 
lH, H-4), 3 74 (s, 3H, CH30), 3 79 (s, 3H, CH30), 3 81 (s, 3H, CH30), 3 88 (s, 3H, CH30), 3.99 (s, 3H, 
CH30), 4 61 (dd, J=2 8, J=6 2,1H, H-3), 6 28 (s. lH, H-5), 6 57 (d, J=l6, lH, H-2’), 6 65 (dd. J=8 2, 
J=l 6, lH, H-6’), 6 73 (d, J=8 2, lH, H-5’), IR u 1635 (GO, lactam), 13C NMR 6 34.01 (NC!H$, 36.87 
(C-4), 55 66, 55 76 (3x0$0), 60.99,6175 (2 x CH30 and/or C-3), 106 45, 109 23, 110.94, 118 56 (C-5, 
C-2’, C-S and/or C-6’), 116.24, 132 07, 132.84 (C-4a, C-8a and/or C-l’), 142 13, 148.32, 148 91. 154 63, 
155 70 (C-6, C-7, C-8, C-3’ and/or C-4’), 162 91 (GO); EI/MS m/e 387(M+, 28), 323(14). 208(85), 
193(67), 180(46), 179(19), 178(33), 165(100), 162(45), 151(43), 150(33), 148(21). 121(72) 
Followmg the same procedure lsoqumohnone 3a (88%) and 3b (79%) were also obtamed 
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