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Attract-Anilides 4a-c,e-k, lla-d in which the amide function is 
tenzylated, or silylated and having different electron-withdrawing groups 
(acx;) at the msthyl moiety in the ortho position of the amide functicn, 
cyclize urder the influence of potassiumert-butoxide to the corresponding 
indole derivatives %-c,e-k and 9a-d, respectively. Under these conditions 
the chloroacetamides &!,a and lle are converted into the 
tetrahydrcquinolines 6a,b and 12, respectively. Treatment of 
chloroacetamide & with KDt-Ear gave, in addition to starting material, 
indole W, tetrahydroquidine 6c and Z(lH)-quinolinone 7. tielen 3- 
indolecarbonitrile h is treated with scdiTnn in liquid arrmonia de- 
tenzylation takes place, while after catalytic hydrogenation with 5% W/C 
the corresponding 2,3-dimethylirxIole 9 is formed. 

The dsvelownt of new synthetic methods for the construction of the indole nucleus remains of 

great importance. This is due to the fact that the indole ring system constitutes part of a large 

variety of natural products.l Specifically, many 3-substituted indoles are well known to have a 

biological function, either as intermediates or as natural drugs.’ 

One of the approaches to this class of heterocycles is the Madelung indole synthesis,2 which 

involves the intramolecular condensation of an N_acylated-ortho-alkylaniline using a strong base 

at temperatures of 200-400°. Although Houlihan et al.3 performed the reaction at lower 

temperatures, the excess of n_butyllithium or lithium diisopropylamide required, restricts the use 

of this reaction. Arrong related methods for the synthesis of indoles ws can en-rate those of 

Schulenberg,4 Bergnan et al.,’ Le Corre et a1.,6 and Makosza et a1..7 

Recently we have published a modified Madelurq indole synthesis for the preparation of 2,3- 

dihydro-lE-pyrrolo[1,2-alindoles and 6,7,8,9-tetrahydrqyrido[1,2-&]indoles.* In the present paper 

wz describe the results of cur work on the tiified Madelung indole synthesis under mild 

conditions of N-nror0acylated~rtho-alkylaniline.s in which the nitrogen is also benzylated, or in -- 

which the amide function is also silylated and carrying different electron-withdrawing groups 

(EX) at the methyl moiety in the e position of the amide function to give the 3-W 

substituted-N_-benzylindoles 5 or the indoles 9. 

The starting amides 4 for the intralecular condensation were synthesized in gad overall 

yields by reductive alkylation of the anilines 1, via fornmticn of the imines 2 and subsequent 

reducticn to the N_benzylanilines 3, followed by acylaticn to afford the amides 4. 

The anilines Izx,~ lb,1° l~,~ and le,ll were obtained according to the literature. The cor- 
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responding imines 2a-c,e could be easily synthesized using benzaldehyde in benzene under 

azeotropic removal of water. Selective reduction of the imines 2 using NaCNEH312 in nmthanolic HCl 

gave the N-bensylated anilines 3 in gcod overall yields fran 1 (75-86%). Ihe aniline derivatives 3 

were converted into the amides 4 usiq different conditions, dependent on the ES. In mDst cases 

the mnides 4 were formed under acid catalysis (plbsoH). However, when a tert-butyl ester is 

applied as kW (4b and lib these conditions \*xlld result in the loss of the tert-butyl grcxlp. 
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Therefore these amides were synthesized under basic conditions [ethyldiisopropylamine (EtiPr2N), 

dinvathylaminopyridina (IMAP), cH2C121. 

‘Ihe foraylation reaction to give 4e was carried out with a mixed anhydride fotnmd fmn formic 
acid and acetic anhydride. l3 'lhe methoxyacetyl group was inttcduced using the acid chloride of 

msthoxyacetic acid,14 while the other amides were synthesized using cammrcially available acid 

anhydrides or acid chlorides. 

In order to examine the behaviour of a different ester function as Ew; on the intranolecular 

condensation we decided to transform the 2-(cyanansthyl)anilide 4a into 4k using a Pinner 

synthesis." men a solution of 4a in methanol was exposed to a continuous stream of Kl gas and 

subsequently refluxed for 2 hr 4k was obtained in a yield of 79%. 

In most cases the axqxwnds 4 displayed hindered rotation arcund the amide bond as can be 

d&ced from their ‘H-t+U? spectra, viz -' the KHZ and the adB?.3 signals are present as A6 

quartets. Carpound 4e even consisted of two conformars (3:7) as was revealed by the spectral 

data. In this case of steric hindrance the C=O moiety of the minor conformer is located in the 

vicinity of the aranatic ring. This is revealed in the 'H-MR spectm by an upfield shift of the 

CKO absorption of the minor confonmar at 6 8.55 as carpared with a value of 6 8.13 for the main 

conformer. In addition the 13C-NMR spectrum S~WZ double absorptions, e.g. for the CHO doublets at 



Synthesis of 3-substituted indoles 3819 

6 162.4 (main conformer) and 6 161.9 (minor conformer). 

‘Ihe intramolecular condensation reaction of the amides 4a-c.e-k was carried out by treabnent 

with 1 equivalent of potassim tert-butoxide (~_+!a~) in ?HF at roan tenqerature to yield the 

corresponding indoles w&-k within 10 min (Table 2). Proof for the structures of the indoles 5 

was obtained fran the spectral data. The molecular ion @I+) value in the mass spectra of the 

indoles 5 is found 18 daltons lower than the M+ value of the starting anilides 4. In the lH-NMR 

spectra the original CRREW; signals are missing. ‘Ihe NC=0 absorptions are lacking in both the IR 

and 13C-t?4R spectra. In addition the 13C-M4R spectra reveal the presence of a C=C bond (Table 2). 

The 5,6dimethoxyirdoles Sa,e-b,k were found to be sensitive to oxidation and therefore stored 

under argon.16 

EWG 

Bn 

S a-c 

a H H CK 

b CCH3 CCH3 CN 

c Cl H s21’h 

Ii” 
I 

‘&en the chloroacetamides 4d,m,n wet-e treated with 1 equivalent of KOt-Eu - 

intranolecular condensation reaction was observed. Urrder these ccnditions the 

a deviation of the 

chloroacetamide 4d 

gave 2*xo-1,2,3,4-tetrahydroguinoline 6a as a single product in a yield of 7R%. Proof for the 

structure of 6a was obtained fran the spectroscopic data. Ihe M+ value of the guinoline 6a is 36 

daltons lower than that of the starting amide Id. In the lH-t+lR spa&run a doublet at 6 2.84 (J = 

7.8 Hz: H-3) and a triplet at 6 3.98 (J = 7.8 Hz; H-4) are present. ‘lhe NC=0 bond is still 

present as revealed by the IR and 13C-EM~ spectra. Apparently in this case substitution of the 

activated chlorine atan is preferred over the intranolecular condensation reaction. In the same 

way 4n could be converted into the corresponding tetrahydroguinoline 6b. Starting from 

chloroacetamide 4m, in addition to starting material (15%), three products could be isolated, viz. - 

the indole s (16%1, the tetrahydroguinoline 6c (29%), and the known 2(1!)-guinolinone 717 (17%). 

Ihe latter product is derived frcan 6c by a thermal elimination reaction of tenzenesulfinic acid, 

as could be confirmed by stirring 6c in THF at rccm terqerature. With the exception of the 

chloroacetamide h, the guinolines 6 derived fmn the corresponding chloroacetamides 4 could be 

obtained in goal yields (Table 3). Ib the best of our knowledge this methodology can be considered 

a new synthetic approach for the construction of 2-oxo-1,2,3,4-tetrahydroguinline systems 

containing an SWS at position 4. Similar guinoline derivatives have also been obtained via 

different rcutes.18avb 

In principle, starting franN_benzylated indoles, also the corresponding N_unprotected itiles 

are accessible. It is kncwn fran the literature’ that debanzylatico of indolic nitrcgen can ba 

acccnplished by treatment with scdiun in liquid ansonia or using hydrogen over 10% 

palladirnn+Aarcoal. However, a similar substituted indole, viz. - ethyl 2+&hyl-1-(phenylnethyll- 

lI&Lndole-3-cartoxylab3, could not bs transfornmd into the corresponding unblocked indole 

derivative in these ways.lg Wz therefore decided to study the tenoval of the protecting group 

using 3-indolecarbonitrile 5a as an exarPple. *en h *as subjected to catalytic hydrogenation with 

5% W/C during 1 week, 5,6~inmthoxy-2,3-dinrethyl-l-(phenylnmthyl)-1H-irxlole (8) was obtained in a - 
yield of 85%. ‘Ihe structure of 8 is clearly shown by the spectral data. Ihe mass spectrun 

exhibits a molecular ion value of 295.156 (Cl9~2lNo2). In the IR spectrum the CN absorption is 

missirq, while the lH-NMR spectrwn shows the presence of 2 CH3 groups at 6 2.24 (s, 6H). In 
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addition the 13C-NMR spectrum also reveals 2 CH3 quartets at 6 10.2 and 9.0. Apparently, under 

these conditions the nitrile moiety is reduced to an aminanethyl group, which undergces 

elimination of the amino part with assistance of the indolic nitrogen lone pair, followed b 

reduction of the resulting methylene function to a methyl group. Houzver, the desired indole 9a 

could be obtained by treatment of h with sodium in liquid ammonia in a yield of 85%. 

Although we were able to perform the desired transformation we reasoned that the whole op- 

eration, e.g. protection and later &protection is laborious. Therefore wa decided to examine the 

US of a potentially nore easily resovable group, viz. the trimethylsilyl group. In this case it - 
was even possible to perform our modified Madelung reaction in a one pot process starting fran the 

anilides 10 (Scheme 1). The starting anilines la,d,e were converted into the corresponding amides 

10 by reaction with the appropriate acid chloride in THF in the presence of EtiPrp at raxn 

temperature for 0.5 hr in gaxl yields (81-95%). 

CH,CN 

l Cl Eti Pr2 N EGA, or 

NH, 
THF * NaHITMSC 

Id R1 = H, K2 = ~~ 

la-e 

10 a-e 

A solution of the anilides lOa in ‘IIIF was treated either with excess of bis(tris&h- 

ylsilyl)acetmnide20 (EGA) for 45 min at 40°, or with trinmthylsilyl chloride (‘IWC) after the 

addition of 1 equivalent of NaH, followed by adding 1 equivalent of KC&-au at ram temperature to 

give the corresponding indoles 9 after work up. The silylated amide may undergo an intranolecu- 

lar modified peter-son type reacticnll to afford a 3IJ-indole, which undergoes tautcsmrizaticn to 

give the corresponding l;-itxlole. hhen E!SA was used as silylatiq agent, even in excess (2-4 

equivalents) the indoles 9ad were obtained in moderate yields (SO-58%), probably the equilibrium 

for the transfer of a silyl group to the anilide 10 is unfavourable. Hcwever, treatment with 

NaH/‘lWC gave the desired irdoles 9zA in good yields (80-89%). Proof for the structure of the 

indoles was obtained fran the spectral data (Table 2). When anilide 1Oe was treated with 2 

equivalents of BSA, followed by 1 equivalent of K~-E!u the k- tetrahydroquinoline 1$8a could 

be obtained in a yield of 51%. 

In sunmary we can ccnclude that our nrdified Madelurq reaction represents a very useful and 

simple synthetic method for the preparation of indoles and E-alkylirdoles containing an EX at 

positian 3. In general we can state that our method is highly anpetitive with other routes to 

this tvpe of indoles.7’1gP22-30 
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The indoles 5 and 9 are useful synthetic intermediates, since the ester or nitrile group at 

position 3 can be easily converted into a variety of other functicnalities. The easy availability 

of the startirq materials and the mild conditions used for transforming the amides into the 

corresponding indoles, provides a convenient access to highly functionalized indoles, that may 

serve as startirq materials for the synthesis of biological active mnpounds. Further studies for 

applying our method are in progress. 

M.ps were determined with a Peichert melting point apparatus and are uncorrected. 'H-NMR 

spectra were recorded with a Bruker HP-80 spectrometer and 13C-W4R spectra were recorded with a 

Nicolet MT 200 spectronkater, using ClX13 as a solvent with Me4Si as an internal standard, unless 

otherwise stated. Mass spectra were obtained with a Varian MAT 311A spectraneter and IR spectra 

with a Perkin-Elmer 257 spectrophotometer. Elemental analyses were carried out by A. Christenhusz 

of the Laboratory of Chemical Analysis of the University of 'IWente. 

Solvents were distilled prior to use as follows: CH2C12, benzene and toluene from P205, 'IliF 

fmm scdium/benzophenone ketyl. 

Column chranatcgraphy was performed with silica gel , unless othen*ise stated. 

All reactions were carried cut under a nitrogen a-sphere. 

P.e. is the abbreviation of petroleum ether (b.p. 60-80'1. 

2-Amino-4-methoxybenzeneacetonitrile (ld) was prepared analogously to 2-amino-Smethoxyben- 

zeneacetonitrile.31 Starting fran P-chloro-Smethoxy-1-nitrobenzene the chlorine atom is substi- 

tuted with ethyl cyanoacetate, follcnred by decarboxylaticn of the resulting product and reduc- 

tion of the nitro group. 

M.p. 83-84O (diisopropyl ether). 'H-NMR 5 : 7.08 (d, lH, J = 7.8 Hz, H-6], 6.35 (dd, lH, J = 7.8 

and 2.2 Hz, H-51, 3.8-3.1 (br s, 2H, NH,), 3.76 (s, 3H, CCH3), 3.50 (s, W, CH2CN]. 13C-NMR 5 : 
160.7 (C-41, 145.3 (s, C-21, 130.5 (d, C-61, 117.5 (s, CN), 107.4 (s, C-l), 104.9 (d, C-5), 102.3 

(d, C-31, 55.2 (q, C.CH3), 19.2 (t, CH2CN). IR (KBr) cm-l: 2250 (CN). MS: m/e 162.079 CM+, talc. 

162.079). (Found: C, 66.40; H, 6.25: N, 17.32. Calc. for C9H10N20: C, 66.65; H, 6.21; N, 17.27.) 

General procedure for the synthesis of the N-(phenylmethyl)anilines 3a-d 

To a soln of the aniline 1 (10.7 rmol) in benzene (200 ml] was added benzaldehyde (1.17 ml, 

11.5 mmol) and a catalytic amXlnt of p-'IWOH, subsequently water was retmved by azeotropic 

distillation, using a Dean-Stark trap. After 16 hr the reaction mixture was evaporated. The 

resulting crude imine 2 (10.7 mnol) was suspended in MeOH (200 ml) and a small quantity of the 

indicator bronrzcresol green was added. To this soln was added a small portion of a 3M methanolic 

HCl solution followed by a portion of NaCNBH3 until the soln turned blue, then the whole sequence 

was repeated several times until the yellow colour persisted. Usually, the entire reaction 

requires 1 equivalent of NaCNBH3. [Xlring the reduction product 3c precipitated and could be 

collected by filtration, while the others were worked up as follows: the MeOH was removed and the 

residue was taken up in CHC13 (150 ml) and water (150 ml). The water layer was extracted once am-e 

with CHC13 (150 ml). Ihe cunbined extracts were dried (Mgs04) and evaporated. The crude products 3 

were purified by recrystallization. 

4,5-Dimethoxy-2-[(phenylmethyl)amino]benzeneacetonitrile (h) 

Yield 76%, m.p. 74-7E" (MeCXI]. 'H-tWR 6 : 7.5-7.25 (m, SH, PhH), 6.80 and 6.35 (s, lH, ArH), 4.82 

and 4.77 (s, 3H, 0CH31, 4.35 (br s, 2H, CH2), 3.53 (s, 2H, CH2CN]. 13C-NMR 6 : 150.0 (s, C-4 and 
C-S], 141.7 (s, C-21, 117.5 (s, CN), 57.0 and 56.0 (q, 0CH3), 49.5 (t, CH2), 20.0 (t, CH2CN). IR 

(KBr) cm-l: 2250 (CN). MS: m/e 282.137 (M+, talc. 282.136). (FounJ: C, 72.25: H, 6.39; Y, 9.89. - 
Calc. for C17H18WD2: C, 72.32: H, 6.43: N, 9.92.) 

l,l-Dimathylethyl 2-[(phenylmethyl)anino]benzeneacetate (3b) 

Yield 75%, m.p. 63-64.5O (p.e.1. 'H-tWR 6 : 7.4-7.0 and 6.8-6.55 (m, 9H, ArH and PhH), 5.2-4.8 (br 

s, lH, NH], 4.37 (br s, 2H, NCH21, 3.48 (s, W, CH2C=0,), 1.38 [s, 9H, C(CH3)3]. 13C-tWR 6 : 171.1 

(s, GO], 146.6 (s, C-21, 139.4 (s, C-11, 81.3 (9, *3), 48.0 (t, =H2), 40.2 (t, CH2C=O), 28.0 

(9, CH31. IR (KBr] cm-': 1700 (GO,). MS: m/e 297.173 (M+, talc. 297.169). - (Found: C, 76.70; H, 
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7.74; N, 4.74. Calc. for C19H23tW2: C, 76.74; H, 7.80; N, 4.71.) 

4-Chlorc-N-(phenylmethyl)-2-(phenylsulfonylmathyl)benrenamine (3c) 

Yield 85%, m.p. 16+170c' (MeCH). 'H-NMR 6 : 7.8-7.2 (m, 5H, PhH), 7.08 (dd, lH, J = 8.8 and 2.5 
Hz, H-5), 6.61 (d, lH, J = 8.8 Hz, H-6), 6.51 (d, lH, J = 2.5 Hz, H-3), 4.35 (d, 2H, J = 4.3 Hz, 

NCH2), 4.34 (s, 2H, CH2S). 13C-tWR 6 : 146.3 (s, C-l), 138.5 (s, C-2), 137.4 (s, Arc-S), 115.5 (s, 
C-4), 59.9 (t, CH2S), 48.1 (t, NZH2). IR (KBr) an-': 1325 and 1145 (.S02). M9: m/e 371.075 (M+, 

talc. 371.072). (Found: C, 64.55; H, 4.85; N, 3.74. Calc. for C20H18C1tW2S: C, 64.60; H, 4.88; N, 

3.77.) 

2-((Phenylmethyl)amino]benzeneacetonitrile (3e) 

Yield 76%, m.p. 101-102° (MeCH). 'H-tWR 6 : 7.5-7.1 and 6.8-6.6 (m, 9H, ArH and PhH), 4.36 (s, 2H, 
NCH2), 3.9-3.7 (br s, lH, NH) 3.51 (s, 2H, CH2C=O). 13C-WR 6 : 145.2 (s, C-2), 138.6 (s, C-l), 

117.2 (s, CN), 48.0 (t, NCH2), 20.1 (t, CH2CN), 28.0 (q, CH3). IR (KBr) an-l: 2250 (CN). MS: m& 

222.116 (M+, talc. 222.116). (Found: C, 81.25; H, 6.36: N, 12.57. Calc. for C15H14N2: C, 81.05; H, 

6.35: N, 12.60.) 

General procedure for the synthesis of the N-(phenylmethyl)amides ba,c-h,j,r,n 

m the acid anhydride, acid chloride or mixed anhydride 32 (50 nnol) was added the N- 

(@enylmathyl)aniline 3a*,e (5 nmol) and a catalytic amount of p-lbsoH. 'lhe mixture was refluxed 

and when the reaction was carplete as followed fran TIC (EtCAc/p.e. l:l), the excess of reagent 

was removed under reduced pressure and the residue taken up in EtOAc (200 ml) and water (100 ml). 

Ihe water layer was carefully neutralized using sat NaHC03 aq, the layers Ware separated and the 

organic soln dried (MgSO4) and evaporated to give the crude E-(phenylmethyl)amides la,c-M,j,r,n. 

Ihe co~nds 4c,f,r,n were recrystallized fran MeoH, while the others were purified by 

chromatography using EtOAc/p.e. 1:l as eluent. The yields, melting points, characteristic W4R data 

and molecular ion values (M+) are given in Table 1. 

General procedure for the synthesis of the N-(phenylmethyl)amides 4b,i 

XI a soln of the N_(phenylmethyl)aniline 3b (1.40 g, 4.7 nmrA), CY4W (0.24 g, 2 nmol), and 

EtiPr2N (1.16 g, 9 mwol) in CH2C12 (100 ml) was added acetic anhydride or banzoyl chloride (5 

mmol) and the resulting soln was refluxed for 3 days. ?he reaction mixture was washed with sat 

NH4C1 aq (100 ml) and dried (Mgs04). Evaporation afforded the crude N_(phenylnuathyl)amides Ib,i, 

of which 4i was purified by recrystallization fran Et20/p.e., while 4b was purified by 

chromatography (EtWvc). The yields, melting points, characteristic NMR data and molecular ion 

values (M+) are presented in Table 1. 

Methyl 4,5-dimethoxy-2-N-(acetyl(phenylmathyl)mninolbenxeneacetate (4k) 

Hydrogen chloride was bubbled through a soln of N_(phenylnuathyl)amide 4a (0.97 g, 3 aeol) in 

MeCH (50 ml) and the mixture was refluxed for 2 hr. The resulting soln was poured into water (75 

ml), carefully neutralized (NaHC03) and extracted with EtW (3 x 100 ml). The dined extracts 

were washed with brine (1 x 200 ml), dried (MgS04) and evaporated to give 4k (79%) as an oil which 

muld not be crystallized. The characteristic NMR data and nrolecular ion value @I+) are given in 

Table 1. 

general procedure for the synthesis of the amides 1Oa-e 

TO a soln of EtiPr2N (1.16 g, 9 nnol) and the aniline la,d,e (8 anal) in 'lIiF (25 ml) was added 

a soln of the acid chloride or acetic anhydride (8 nnol) in 'IHF (5 ml) at rccxn temp. After 

stirring for 1 hr the reaction mixture was concentrated, EtCI& (100 ml) added and the resulting 

soln washed with sat NH4Cl aq (2 x 75 ml). Drying (f4gs04) and evaporation of the solvent afforded 

the crude products 10, which wire purified by trituraticn. compound LOa could be obtained as a 

very oxidation-sensitive solid after trituration with EtOAc in a yield of 89%, m.p. 179.5-180.5° 

(ref. 16: 179-1800). Ihe amide l&was isolated after recrystallization frun benzene in a yield of 

al%, m.p. 119-1200 (ref. 33: 1200). The anilides 1oCe were purified by trituration with MeCH. The 

yields, melting points, characteristic NMR data and molecular ion values (M+) of the amides 1oC-e 

are given in Table 1. 
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General procedure for the synthesis of the 1-(phenylmethyl)indoles Se-c,e-m, the tetrahydm 

2-oxo-1-(phanylmethy1)quinoline.s 6&-c and 6-chloro-1-(phenylauathyl)-2(1H)-quinolimne (7) 

'lo a soln of the amide 4a-n (2.6 anal) in THF (100 ml) was added K~_-BJ (0.3 g, 2.7 nil). 

After 10 min the reaction was quenchsd with water (2 ml) whereupon the reaction mixture was 

concentrated. EtQAc (100 ml) was added and the resulting soln was washed with sat NH4Cl aq (2 x 

100 ml) and dried (MgsO4). Evaporation afforded the crude 1-(phenylmathyl)indoles Sa-c,ti or the 

tetrahydro-2<xo-1-(phenylnmthyl)quinolines 6a,b, which were purified by chromatography using 

Table 1. Yields, Melting points, Selected Spectroscopic Data of the Amides 4 and l@ 

Yield m.p. (OC) 

(8) (solvent) 

Q 79 

4b 94 

4c 82 

4d 83 

4e 98 

4f 79 

rS 98 

4h 88 

4i 81 

4j 95 

UC 79 

C 85 

4n 91 

lot 95 

1Od 92 

108 81 

108-110 

(Et20) 

94-96 

(p.e.) 

138-139 

(MeoH) 

57-58 

(MeoH) 

oil f 

110-111 

(Ht20) 

59-61 

(Et20) 

125-126 

(MecH) 

92-94 

i 

134-137 

(Mecm) 

oil 

147-148 

(Mecm) 

135-136 

(MeoH) 

174-175 

(EtaAc) 

161-163 

(MeoH) 

161-162 

(MeOH) 

lH-WIR,b d 

KHZ CH2a"JG ArH R3 

(AH q, J) (AH q, J) (s, 1H) (s) 

4.92, 4.67 

(13.8) 

5.40, 4.19 

(13.9) 

5.41, 3.99 

(14.0) 

4.96, 4.71 

(13.8) 

4.80, 4.71 

(s) (s) 

5.09, 4.61 

(13.7) 

5.00 

(s) 

4.97, 4.64 

(13.7) 

5.70, 4.32 

(13.9) 

5.79, 4.37 

(14.3) 

5.38, 4.18 

(13.8) 

5.38, 4.22 

(13.9) 

5.06, 4.60 

(13.7) 

3.32, 3.02 

(18.3) 

3.37 

C 

4.12 

(s) 

3.47, 3.18 

(18.6) 

3.23 

(s) 

3.43, 3.10 

(15.5) 

2.95 

(s) 

3.48, 3.04 

(18.4) 

3.43 

3.90, 3.77 

(14.2) 

3.36 

(s) 

4.07 

(s) 

3.43, 3.11 

(18.5) 

3.96 

(s) 

3.64 

(s) 

3.63 

6.90 1.81 

6.30 (3H) 

7.45-6.65 1.79 

d (3H) 

8.0-7.0 6.64 1.71 

e 6.54 (3H) 

7.6-6.9 3.72 

(m)d (2H) 

6.90 6.38 8.13 

6.29 8.55 

6.93 6.25 - 

6.68 6.53 7.4-7.1 

(m)d 

6.91 6.25 3.66h 

(2H) 

7.3-6.55 

WC 

6.60 8.2-7-r 

6.56 (m)e 

6.82 6.08 1.80 

(3H) 

8.0-7.0 6.81 3.79 

e 6.70 (2H) 

6.92 6.29 3.75 

(2H) 

8.1-7.75 

7.6-7.1 

7.27 6.9-6.7 2.21 

(d)k (m, 2H) (3H) 

6.89 6.86 4.22 

(s) (2H) 

‘3C-NMR,b 6 MS(M+) 

r?.z=o cli2m found 

(s) (t) (talc.) 

170.4 18.9 324.147 

(324.146) 

170.7 37.2 339.183 

(339.184) 

170.7 56.4 413.088 

(413.085) 

166.3 19.7 298.087 

(298.087) 

162.4 19.7 310.131 

161.9 19.2 (310.132) 

157.2 19.2 378.119 

g (378.120) 

169.7 19.2 386.163 

(386.162) 

169.0 19.0 354.158 

(354.158) 

170.0 37.6 401.199 

(401.202) 

171.5 56.9 475.100 

(475.101) 

171.5 35.4 357.148 

(357.150) 

167.2 56.8 447.049 

(447.046) 

167.1 19.3 358.108 

(358.110) 

165.5 19.9 236.094 

(236.095) 

169.4 19.9 204.087 

(204.090) 

165.1 20.3 268.061 

(268.062) 

a) Satisfactory elemental analyses (3.4% for C, H and N) were obtained for all crystalline amides 

4 and 10. b) The NMR spectra of 1oC were reaxded in md. c) d, J = 1.5 Hz. d) Werlap with Rh 

signals. e) (kerlap with Ph ard S02Ph signals. f) Mixture of 2 isaners. g) q, J = 35.9 Hz. h) Also 

6 3.34 (s, 3H, CCH3). i) Macrystallized fmn EQO/p.e.. j) d, J = 4.9 Hz. k) H-6, Jortho = 8.0 

Hz. The NCH2 absorptions in the 13C-W spectra were found at 6 50.1 - 55.1. 
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EtOAc/p.e. 1:l as eluent. Starting from amide C the reaction mixture consisted of starting 

material (15%), indole w (16%), tetrahydroquinoline 6c (29%) and 2(~+guinolinone 717 (17%), 

which could be separated by chranatcgraphy using CH2Cl2 as eluent. Carpound 7was recrystallized 

from MeOH, m.p. 127-12R" (ref. 17: m.p. 129O). The yields, melting points , characteristic NMR data 
and molecular ion values (M+) of the 1-(phenylmethyl)indoles 5a+,e+ and of the 

tetrahydro-2dxo-1-(phenylnmthyl)guinolines 6%-c are smrized in Tables 2 and 3, respectively. 

General procedure for the synthesis of the indoles 9 and 1,2,3,4-tetrahydro-6,7disethoxy-2- 

oxo-4quinolinecarbitrile (12) 

a) Using RSA. TO a soln of the amide 10 (5 ml) in 'IHF (50 ml) was added HSA (lo-20 nnol) and the 

reaction mixture was heated for 45 min at 40° , after which the soln was allowed to cool to rozxn 

Table 2. Yields, Melting points, Selected Spectroscopic Data of the 1-(Pfienylnethyl)irxloles 5 and 

the Indoles Ya 

a) 

'H-tSlR, 6 

EH2 ArH R3 C-2 

(s) (s, 1H) (s) (s) 

5a 79 

5b 79 

5c 74 

56 79 

5f 81 

ss 90 

5.h 84 

51 83 

5j 73 

5k 72 

5m 16 

9a 80i 

56j 

9d 88i 

57j 

%tmR, 6 MM+) 

Yield m.p. (OC) C-3 NCH2 found 

(%) (solvent) (s) (t) (talc.) 

168-169 5.27 7.13 6.70 2.50 143.5 85.3 47.4 306.135 

PlsoH) (3H) (306.137) 

120-121 5.33 7.3 - 6.9 2.71 144.7 116.2 46.4 321.174 

@@OH) b (3H) (321.173) 

141-142 5.28 8.2 - 7.9 2.68 144.0 100.3 47.1 395.075 

PIeoH) 7.6 - 6.9' (3H) (395.075) 

156-157 5.30 d 6.75 d 133.0 85.8 51.1 292.122 

(MeoH) (292.121) 

13+141 5.47 e 6.61 - 131.6 89.0 49.3 360.107 

(MeoH) (360.109) 

153-154 5.31 f 6.64 7.46 146.5 86.0 48.5 368.152 

(MeoH) (5H) (368.153) 

120-121 5.43 7.15 6.68 4.68 141.1 87.0 47.9 336,148 

(Et20) (2H) (336.147) 

130-131 5.15 7.5 - 6.7Sb 146.0 107.2 47.5 383.190 

(MeoH) (383.189) 

157-158 5.07 8.5 - 8.3h 143.6 114.8 47.9 457.091 

(MeoH) 7.8 - 6.7h (457.091) 

149-150 5.30 7.67 6.69 2.67 142.9 103.0 46.7 339.147 

(MeoH) (3H) (339.147) 

135-136 5.48 8.2 - 8.0h 5.22 142.7 113.6 47.5 429.028 

(MeoH) 7.6 - 6.gh (2H) (429.036) 

150-155 7.07 6.84 2.57 142.4 83.5 - 216.090 

k (3H) (216.090) 

168-169 7.5 - 7.3h 2.55 144.4 83.9 - 186.080 

&leoH) 6.9 - 6.7h (3H) (186.079) 

Satisfactory elemental analyses (3.4% for C, H and N) were obtained for the if-doles 5 and 9d; 

indole 9a was found to bs very unstable. b) m, overlap with Ph signals. c) m, overlap with Ph and 

s02Fh absorptions. d) m, overlap with Ph signals 6 7.7 - 7.0. e) m, overlap with Ph signals 

6 7.4 - 6.9. f) m, overlap with Ph signals 6 7.35 - 6.8. g) Also 6 3.36 (s, 3H, 0X3). h) m. i) 

With NaH/lMSC. j) With HSA. k) Cmpound 9a could not be recrystallized, due to its sensitivity to 

oxidation. 
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temp. Subsequently KO@u (0.6 g, 5.5 mnol) was added and after stirring for 1 hr water (2 ml) was 

added whereupon the reaction mixture was concentrated. Et.& (100 ml) was added and the resulting 

soln washed with sat W4Cl aq (2 x 100 ml) and dried (MgsO4). Evaporation afforded the cnxle 

indoles 9 or the 2-oxo-tetrahydrquirline 12, which were purified by trituration or 

chrunatography. Tetrahydrcquinoline 12 could be isolated after chrwnatcgraphy [neutral Al203 90 

(II-III), Etacjbenzene 4:l) in a yield of 51%, m.p. 199-201° (ref. 18a: 200-2020) and conpounds 

!h,d by chrunatography using EtfXc as eluent. Canpound 9b was obtained after trituration with 

cHc13 in a yield of 58%, m.p. 204-205.5O (ref. 34: 204-206O, ref. 35: 205-208O), while indole 9~ 

was isolated after trituration with M~OH in a yield of SO%, m.p. 246.5-248O (ref. 34: 246-248', 

ref. 36: 2400). 

b) Using NaH/I?&SC. Tb a suspension of 80% NaH (0.12 g, 5 ml) in mF (100 ml) was added the amide 

1Oa-d (5 ml) at O" and when no rare hydrogen gas evolved, MSC (0.55 g, 5 mrol) was added. The 

reaction mixture was stirred for 15 min at room tenp and then Km_-m (0.56 g, 5 -1) was added. 

After 30 min the reaction was worked up as above. 'lhe indoles 9b.c cculd be obtained in yields of 

89% and 80%, respectively. The yields, mltiq pints, characteristic NMR data and molecular ion 

values (M+) of the indoles 9a.d are sumrarized in Table 2. 

5,6-Dimethoxy-2,3-dithyl-l-(phenyln&hyl)-lH-indole (8) 

Indole 5a (0.05 g, 0.16 mrpl) was hydrqenated in EtC&c/!XC+l (l:l, 10 ml) containing a cat- 

alytic ancunt of 5% W/C for 7 days. 'Ihe reaction mixture was filtered over hyflo and the sol- 

vent evaporated. After chrarratography (EtQAc/p.e. 1:l) 8 could be isolated in a yield of ES%, m.p. 

83-86O. tiis indole was very sensitive to oxidation and therefore no satisfactory elemental anal- 

ysis could be obtained. 'H-NMR 6 : 7.4-6.75 (m, 6H, Ph and H-4), 6.68 (s, lo, H-7), 5.22 (s, 2H, 

NCH2), 3.92 and 3.82 (s, 3H, a3H3), 2.24 (s, 6H, CH3). 13C-EplR d : 146.3 and 144.7 (s, C-5 and 

C-6), 138.3 and 138.2 (s, C-2 and C-7a), 121.5 (s, C-3a), 106.6 (s, C-3), 56.6 (q, CCH3), 46.7 (t, 

NCH2), 10.2 and 9.0 (q, CH3). MS: m/e 259.156 CM+, talc. for C12H12N202: 259.157). 

Table 3. Yields, Melting points, Selected Spectroscopic Data of the Quinolines Sa 

Yield m.p. C°C) 

(%) (solvent) 

6a 78 130-131 

(MeoH) 

6b 74 172-173 

(MeOH) 

6c 29 181-182 

(EQO) 

'H-m, 6 

*2 H-3 H-4 

(AS g, J) (d, J) (t, J) 

5.07, 4.81 2.84 3.98 

(16.3) (7.8) (7.8) 

5.35, 5.02 3.07 4.15 

(16.1) (7.4) (7.4) 

5.53 5.35 2.84 

(s) (18.0) (18.0) 

WNMR, 5 

x=0 c-3 c-4 

(s) (t) (d) 

166.2 34.9 28.5 

166.1 35.2 28.1 

162.0 47.6 63.7 

MS(M+) 

found 

(talc.) 

262.110 

(262.111) 

322.132 

(322.132) 

411.070 

(411.070) 

a) Satisfactory elemental analyses (+0.4% for C, H and N) were obtained for all quinolines 6. 
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