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Abstract. A new synthesis of (-)-esermethole, based on the 

asymmetric alkylation at C(3) of racemic 1,3-dimethyl- 

5-methoxyoxindole (3), is described. The chloroacetyl 

derivatives of (-)-menthol and (S)-N-methyl-(1-phenylethyl) 

amine were chosen as chiral alkylating agents and used under 

different reaction conditions (temperature, solvent and base). 

In particular, the latter reacted with 3 in toluene at lO'C, in 

the presence of t-butyllitium, giving (3S,l'S)-N-methyl-N-(l'- 

phenylethyl)-1,3-dimethyl-5-methoxyoxindol-3-ilacet~ide (10) 

with a 63% d.e.. This intermediate was easily separated from the 

undesired minor (3R,l'S) diastereomer (11) and converted to 

(-)-esennethole (99.6% e.e.) in two steps. 

In our previous communication1 we had described a new synthesis of (-)- 

and (+)-esermethole , penultimate intermediates to (-)- and 

(+)-physostigmine respectively, via chemical resolution of their precursor 

1,3-dimethyl-3-(2-aminoethyl)-S-methoxyoxindole with optically active 

tartaric acids. As a continuation of our studies we searched for an 

alternative asymmetric synthesis of (-)-esermethole (1). The synthetic 

plan is outlined briefly in Scheme I. Rey features of the approach, as 

revealed in this s-ary, included (1) the preparation of 

1,3-dimethyl-5-methoxyoxindole 3 from N-methyl-p-anisidine 2, (2) the 

asymmetric alkylatian at C(3) of the indolic intermediate 3 with the 

chloroacetyl derivative of the appropriate chiral auxiliary, (3) the 

removal of the latter and (4) the formation of the cis-fused pyrrolidine 
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ring C. 

Scheme I 

Intermediate 3 was prepared according to the procedure described by 

Julian and Pikl' for the corresponding 5-ethoxy derivative with some minor 

modifications (Scheme II). 

Scheme II 

a) 2-brampropimylbrtids, (CH$Zl)2; b) AICIJ; c) (CH&S04. oq KOH. 

In order to accomplish the asymmetric alkylation at C(3), menthol 

initially selected as stoicheiometric chiral auxiliary, both 

enantiomers being cheap and readily available. In particular, 

was 

its 

the 

initially chosen laevorotatory isomer was esterified with chloroacetyl 

chloride and used to alkylate 3. The results of the diastereoselective 

alkylation are compiled in Table I, where the different reaction 

conditions (solvent, temperature, deprotonating agent) are specified with 
the corresponding yields and diastereomeric excesses. 

As shown in this summary, only moderate degrees of stereoselectivity were 

achieved. Moreover, the two diastereomers were not easily separable by 

silica gel chromatography; on the other hand, the oily consistency of 

their isolated mixture precluded further diastereomeric enrichment by 

selective crystallization. On account of these disadvantages, the use of 

(-)-menthol as chiral auxiliary was discarded as well as successive 

multistep conversion to optically active esermethole. Therefore the 

induced absolute configuration of C(3), assignable on the basis of the 

above conversion, was not determined. 

1-Phenylethylamine was then selected as alternative chiral auxiliary. The 
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Boivent '1' -~-C-J yield,% * ii.e.,% c 

31 NaOR 
(TBAB as phase 

CH,Cl, 25 35 1 

aq NaOH (15%) 
transfer catalyst) 

B ('Gisj,C~_-tY t-butanol 25 38 30 

J (I toluene 5 50 49 

4 II II 10 55 37 

a) Obtained a* a white solid in quantitative yield by reaction of (-)-menthol with 

chlocnacrtyl chloride in refiurisg benzene. Ihie 
1 

StrUCt”Te. b’ Isolated 

H NM?B spectrum agreed with the 

assigned yield, after flash chromatography on silica gel 

(el., hexane/EfOAc 7:3), of the diastereomeric mixture. 
1 

H NMR analysis confirmed 

that the isolated mixture cossisre6 OP two diasrereomeric menthy 1,3-dimethyL5- 

methaxyoxindol-3-ilacetates. C) Determined by HPLC an chiral stationary phase 

(Chiralcel OJ column from Daicel, 250x4.6 mm I.D.) using hexane/2-propanol 92: 8 

(flaw-rate 0.6 ml/min). The first-eluting isomer (tR 9 min) alway* exceeded the 

second (tR 11.3 min) The HPLC diastereomeric excesses were consistent vith those 

evaluated via ‘H NMR analysis on the baser of the relative intensities of the two 

distinct doublets due to C(s)CH, of the menthyl residue. 

chloroacetamide of its N-methylated s isomer 9 was prepared from 

(S)-(1-phenylethyl)amine 6 via conversion to carbamate 7, successive 

reduction to (S)-N-methyl-(1-phenylethyl)amine 8 and final reaction with 

chloroacetyl chloride, as outlined in Scheme III. According to lH NMR 

analysis performed at 20-C in three different solvents (DMSO-d6, methyl-d3 

alcohol-d, acetone-d6), intermediate 9 consisted of a mixture of two 

rotamers in a ratio 3:l. In fact, the two methyl groups and the methylene 

and methine protons were all represented by two distinct signals, showing 

identical multiplicity and relative intensity consistent with the above 

mentioned ratio (see "Experimental Section"). Moreover, it is to be noted 

that this doubling of the signals disappeared when NMR analysis was 

performed at higher temperature (80-C). The observations are a consequence 

of hindered rotation about the amidic bond owing to its partial double 
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Scheme III 

6 7 

a) C~COOCHS, Et$4; b) CiAlH~. THF; C) CICH~COCI, bmzma. 

8 9 

bond character which leads to steric interaction. 

The use of the chiral derivative 9 entailed a slight modification of the 

strategy shown in Scheme I. In fact, it was expected that 9 would 

asymmetrically alkylate the intermediate 3, and construct, after removal 

of phenylethyl fragment and reductive cyclization, the N-methylated 

pyrrolidine ring C of esermethole. Obviously, such an approach precluded 

the final recovery of the chiral auxiliary, but, on the other hand, it 

could result in a shortened synthetic sequence, as outlined in Scheme IV. 

Scheme IV 

3+9 
(W&Xi, tdur* 

lOC.4h 
> 

71 x 

1 
NH' 
CH, CR, 12 ;H:, 

Crude 10, obtained with a 63% d-e. by reaction of 3 with 9 in toluene in 

the presence of tert-butyllitium at 1O'C , was easily separated from its 

3R epimer 11 by chromatography on silica gel. lR NMR analysis of isolated 

10 indicated the presence of two rotamers in a ratio 2:1, due to the 

hindered rotation about the amidic bond, analogously to what had been 

observed in the case of intermediate 9 (see "Experimental Section"). The 

subsequent two step conversion to (-)-esermethole, vi a hydrogenolytic 

removal of the phenethyl fragment and reductive cyclization, proved the 

feasibility of the above synthetic strategy and allowed the assignment of 
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the S configuration to the C(3) of 10. 

Chiral HPLC analyses of 12 and 1 showed enantiomeric excesses greater 

than 99.5% indicating that the hydrogenolysis and the subsequent reduction 

did not affect the optical purity of intermediate 10. 

Alkylation of intermediate 3 with (R)-N-methyl-N-(l- 

phenylethyl)chloroacetamide afforded the enantiomer of 10 in analogous 

chemical and optical yields. Subsequent two step conversion to 

(+)-esermethole confirmed the opposite asymmetric induction at C(3) of the 

indolic nucleus. 

In summary, we have demonstrated that alkylation of oxindole 3 with the 

chloroacetyl derivative of the appropriate chiral auxiliary proceeds with 

a good degree of stereoselectivity. In particular, the chloroacetamide of 

N-methylated (S)-(1-phenylethyl)amine alkylated intermediate 3 with the 

highest diastereoselectivity (63% d-e.). The major component of the 

resultant diastereomeric mixture could be easily separated from its epimer 

and readily converted to enantiomerically pure (-)-esermethole. 

Experimental Section 

Melting points are uncorrected. Optical rotations were measured in a 1-dm 

cell of 1 ml capacity using a Perkin-Elmer 241 polarimeter. IR spectra 

were determined on a Perkin-Elmer 1310 instrument. lH NMR spectra were 

recorded on a Bruker AC 200 instrument. Mass spectra were recorded on a 

Finnigan TSQ-70 mass spectrometer. HPLC analyses were performed on 

Chiralcel columns (250x4.6 mm I.D.) from Daicel using a Waters 510 pump 

and a Pye Unicam PU 4025 UV detector (analytical wavelength 254 nm). 

Chromatographic data were collected and processed on a Waters 740 Data 

Module. 

N-~e~thoxyph~~~~)-~~hy~--2_br~p~pionyiamirIe I&). 2-Bromopropionyl 

bromide (12 ml, 114.6 mmol.) was added dropwise to a stirred solution of 

N-methyl-p-anisidine (I5 g, 109.3 mmol) in dichloroethane (100 ml) at room 

temperature. The reactian mixture was b&z.& under reflex until ewhtian 

of HBr had ceased (2 h) and, after cooling to room temperature, added with 

EtCAc (I00 ml) and washed, in sequence, with 4 N H2S04 (2X50 ml), 4 N 

NaCK (2x50 ml) and aq NaCl (30%, 2x50 ml). The organic phase was dried 

with Na2S04 and concentrated in vacua to give 4 (29.4 g, 99%) as a tick 

brown oil: 'H NMR (CDC13) 6 1.7 (d, 3 H), 3.25 (s, 3 Ii), 3.85 (s, 3 H), 

4.3 (q, 1 H), 6.9 (d, 2 H), 7.2 (d, 2 H). 

1,3-Dimethyl-5-hydroxyoxindole (5). To N-(4-methoxyphenyl)-N-methyl- 

2-bromaprapianylamide 4 (25.6 g, 93.9 nunol) AIcX3 (22 g) was added. The 

mixture was heated at 200 ‘c fur 1 h, while stirring. The resulting 
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liquefied mass was poured while hot into a mortar and allowed to solidify. 

After pulverizing, the brownish solid was treated with crushed ice, 

removed by filtration from the resulting aqueous suspension 

crystallized from ethanol to give 5 (14.1 g, 85%): mp 211-213-C; 'Ii 

(DMSO) 6 1.35 (d, 3 II), 3.1 (s, 3 Ii), 3.45 (q, 1 H), 6.65-6.85 (m, 3 

9-l (s, 1 H). 

1,3-Dimethyl-5-methoxyoxindole (3). To a stirred solution 

1,3-dimethyl+-hydroxyoxindole 5 (10 g, 56.4 mmol) in aq KOH (5%, 70 

and 

NMR 

H), 

of 

ml) 

dimethyl sulfate (7.2 ml, 76.1 mmol) was added dropwise at room 

temperature. After warming to 90 'C for 30 min, the reaction mixture was 

allowed to cool to room temperature and extracted with EtOAc. The Organic 

phase was concentrated and the oily brownish residue distilled in vacua 

(bp 170'c, 0.3 mbar) yielding a yellow oil, which solidified upon 

standing. Recrystallization from Et20 gave 3 (4.3 g, 40%) as white 

crystals: mp 84-86'C; IR (KBr) 3000, 2950, 2900, 1700, 1590 Cm-'; 'H NMR 

(CDC13) 6 1.5 (d, 3 H), 3.2 (s, 3 H), 3.4 (q, 1 H), 3.8 (s, 3 Ii), 6.7-6.9 

(m, 3 H); MS m/z (relative intensity) 191 (M, loo), 176 (75). Anal. Calcd 

for CllH13N02: C, 69.09; H, 6.85; N, 7.32. Found: C, 69.11; H, 6.91; N, 

7.26. *_ 
(S)-M-Methoxycarbonyl-(1-phenylethyl)amine (7). Methyl chloroformate (6.8 

ml, 88 mmol) was added to a stirred solution of (S)-(1-phenylethyl)amine 6 

(10 g, 82.5 mmol) and Et3N (13 ml, 93.3 mmol) in CH2Clz (150 ml) at 5'C. 

The reaction mixture was allowed to warm to room temperature over 1 h. 

After rinsing with 3N HCl (50 ml) and water (3x50 ml), the organic layer 

was concentrated and the resulting residue taken up in Et20. The formed 

white precipitate was removed by filtration and the solvent evaporated, 

yielding a solid residue which was crystallized from Et20-hexane to give 7 

(8.21 gr 56%) as white crystals: mp 56-57'C; [a]o*' -105 (c 1, EtOH); 'H 

NMR (CDC13) 6 1.5 (d, 3 II), 3.7 (s, 3 H), 4.7-5.1 (m, 2 H), 7.2-7.4 (m, 5 

H). 

(S)-l-Methyl-(1-phenylethyl)amine (8). A solution of (S)-N- 

methoxycarbonyl-(1-phenylethyl)amine 7 (7.5 g, 41.8 mmol) in THF (30 ml) 

was added dropwise to a stirred suspension of LiAlH4 (3.18 g) in THF (150 

ml) at 5'C. The reaction mixture was heated under reflux for 1 h and, 

after cooling to lO'C, added with ice, filtered through a Celite pad and 

concentrated in vacua. The residue was taken up in EtOAc (150 ml) and 

extracted with 3N HCl (80 ml). The acidic aqueous phase was basified with 

NaOH and extracted with EtOAc (3x100 ml). The combined organic extracts 

were washed with water (3x50 ml), dried (Na2S04) and concentrated. The 

oily residue was distilled yielding 8 (4.25 g, 75%) as a pale yellow oil: 

bp 80-C/15 mmHg; [a]oZo -67 (c 1, EtOH); 'H NMR (CDC13) 6 1.35 (d, 3 Ii), 
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1.45 (s, 1 H), 2.3 (s, 3 Ii), 3.65 (q, 1 H), 7.15-7.4 (m, 5 H). 

(S)-N-Methyl-I+(l-phenylethyl)chloroacetamide (9). Chloroacetyl chloride 

(2.95 ml, 37 mmol) was added dropwise to a stirred solution of 

(8)-N-methyl-(1-phenylethyl)amine 8 (10 g, 74 mmol) in benzene (150 ml) at 

g?i-c, T&e re.?z+b es m aJt_z&z& $0 :w_m 2s _r_sa f_z??$Wz_&z&z_* c*TYsT _X* 

min. EtOAc (100 ml), ice and 3N HCl (80 ml) were added. The organic phase 

was separated, washed with water (2x70 ml), dried (Na2S04) and 

c.T32fi=TkYa 'i^u r$Xa P t3.4 XJ, 44.?& ca'lcGkate& on ch'loroaceQ_1 ch'loriirej 

W d QXZr pall'crw- ullr 1-a J'~"' -I/i@ ('c 1, CtMj; TR (heat)' SUZG, %;rsU, TtXU, 

3LGd cm.-"':, :'E m (.m;, a 3__&> :_a,. ><35> _v>_, 3,5_5_ :_B, 0,>5 s;>, 3-53 :_s,- 

(0.75 H>, 2.70 js, 2.25 u,,, 4.44 JAB 4a?TY.&, 2-3 U), 4.4# /Aa +W.?k&~ D.5 

H), 5.19 (q, 0.25 Ii), 5.76 (q, 0.75 H), 7.22-7.43 (m, 5 H); MS m/z 

(relative intensity) 211 (M, 42), 176 (94), 134 (65), 119 (loo), 105 (83). 

Anal. Calcd for C11H14C10N: C, 62.41; H, 6.67; cl, 16.75; N, 6.62. Found: 

cc, 62.19,: J3/ 6-7-I; fTJ, f&P_+ _N< I;<_W, 

._ 
,lS;,-WTQ@,v~ +-j_) -~~~~~g~~YI,)~~~-~ 9 ,1_z3 A- 

IX.4 m.WL> W?!s &&s&u& <;D Q&!&pa* a_ti &&& &.TG&&_rp %,h B misrUz? r--f 

1,3-dimethyl-5-methoxyoxindole 3 (2 g, 10.4 mmol) and tert-butyllitium 

(1.7 M solution in pentane, 6.1 ml) in toluene at 1O'C. The mixture was 

~kk?T& a* &k?? L?.GflpWzztUzV f.X- 4 ?r arrd t&?fi dr'lcri?ed wit& lW0i&z, W*s&& 

with water, dried (Na,S04) and concentrated to give an oily residue. HPLC 

andi_vsis $ctiz&c& m Tr~rn s~k-Pjj S~BED*: _bS2SD,P-2-pr~BD3 -~,-D-F~~&aB, 

88:12:0.4:0.98; flDW-J-&Z JcP _ZP~,&P>O) .& kk~&~ I.SS>dBS S_bD.WE?Lj .i-_hS p.?-BS&"LY? 

of two prevalent components, namely the desired product 10 (tR 5.86 min) 

z&-i& the 3% epirmer XX j+ T/X0 D3,)r ?&k> 2 bZQ dc&=. & k&' ~D_?ZZW?_r~ =D>XZZtW 

chromatography on silica gel (eluent: EtOAc-hexane, 55:45) allowed to 

isolate, in sequence, 10 (2.2 g, 58%) and 11 (0.4 g), both as white 

WX?&S. 28: z?p 22+JJz*z; {QT]D 2% -238 I$- 2.8, &Y&Y); b.e. W.d% <LYL?X 

under the above mentioned conditions); IR (KBr) 3040, 2950, 1700, 1640, 
ICu^u^ a-1; 'fi NlW (CDCi~j 6 1.24 (6, 2 H), 1.58 (d, 1 H), 1.31 (s, I H), 

I.39 <s, 2 HZ, 2.54 (s, I A), 2.60 (s, 2 H), 2.98 (AB quartet, 1.3 Hj, 

3-22 {AB quartet, 0.7 H), 3.27 (s, 3 a), 3.78 (s, 3 H), 5.12 (q, 0.3 H), 

s.zX \'q, 0.7 HZ, 6.6-G-6.85 {m, 3 Kj, 7.12-7.44 cm, 5 Kj; EIS m/z <re?XGve 

fntensityj 366 (a, IUUj, 204 Clrsj, I90 (47j, 134 (94j, IO5 (591. Anal. 

(IJalca for Czz~zc5hlpD33 C, 22.22; H, 7.25; N, 7.64. Fu.!.c&: C, 72.29; .S'r 

Y.,??; lt-, T.9.F. Comparison of the 'H NMR spectrum of the second-efuting 

minor product 11 with that of the desired major product 10 confirmed that 

the former was a diastereomer of the latter, the same signals being 

cobservdbSe, w:Yk snrole -22 dlf.k?XW~~ Zn G?i&?z?T,k~.? s.J.Gfk? a.& .zW&Qi.T~ 

ccostants. 
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(S)-N-Methyl-l,3-dimethyl-5-methoxyoxindol-3-ilacetamide (12). A solution 

of (3S,1'S)-N-methyl-N-(l'-phenylethyl)-l,3-dimethyl-5-metho~oxindol-3- 

ilacetamide 10 (4 g, 10.9 mmol) in EtOH (200 ml) was poured into a 

stainless steel autoclave and added with 10% palladium-charcoal (700 mg). 

After pressurizing to 4 atm with hydrogen, the mixture was vigorously 

shaken at 1OO'C for 20 h. The catalyst was removed by filtration and the 

filtrate concentrated under reduced pressure to give 12 (2.86 g, 100%) as 

a white solid: e.e. 99.6% (HPLC under the same conditions adopted to 

determine the d.e. of 10); lH NMR (CDC13) 6 1.4 (s, 3 H), 2.55-2.8 (m, 5 

H), 3.2 (s, 3 H), 3.8 (s, 3 H), 6.55 (br s, 1 H), 6.7-6.9 (m, 3 H). 

(-)-Esermethole (1). (S)-N-Methyl-1,3-dimethyl-5-methoxyoxindol-3- 

ilacetamide 12 (2.65 g, 10.1 mmol) was dissolved in THF and added dropwise 

to a stirred suspension of LiAlH4 (1.85 g) in THF at room temperature. The 

mixture was heated at 5O'C for 8 h and then cooled to 1O'C. Crushed ice 

was cautiously added while diluting with more THF to ensure a vigorous 

stirring. After filtering through a Celite pad, the solvent was 

evaporated. The residue was dissolved in Et*0 and extracted with 1 N HCl. 

The aqueous acidic phase was separated, washed with EtzO, basified with 

Na2C03 and extracted with EtOAc. The organic extract was concentrated to 

give a residue which was chromatographed on silica gel eluting with a 20% 

2-propanol-hexane mixture. The eluant was concentrated yielding 1 (0.95 g, 

40.5%) as an oil, which crystallized on standing: mp 53-54-C; [alo 20 

-137.5 (c 0.35, benzene) [ Lit.3 [aID -136.7 (c 0.35, benzene)]; 99.6% 

e.e. (determined by HPLC on the chiral stationary phase Chiralcel OJ 

(Daicel), using hexane-2-propanol 95/5, flow-rate 0.6 ml/min); lH NMR 

(CDC13) 6 1.4 (s, 3 H), 1.95 (m, 2 H), 2.55 (s, 3 H), 2.6-2.8 (m, 2 H), 

2.9 (s, 3 H), 3.75 (s, 3 H), 4.05 (s, 1 H), 6.4 (dd, 1 H), 6.65 (m, 2 H). 
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