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We have recently reported the efficient stereoselective syntheses of 1,2,3,4-tetrahydroisoquinolines (i.e., 

arene-fused azacyclic compounds) via the intramolecular Friedel-Crafts type alkylation of the benzylic 

carbenium ion intermediates derived from anti-α-hydroxy-β-amino esters.4 For example, treatment of 

α-hydroxy-β-amino ester 5 with Tf2O and 2,6-di-tert-butyl-4-methylpyridine gave 

1,2,3,4-tetrahydroisoquinoline 9 in 72% yield as a single diastereoisomer. This outcome is consistent with 

a mechanism involving activation of the hydroxyl group within 5 as the corresponding triflate 6, 

displacement by the adjacent amino group to give aziridinium intermediate 7 [with inversion of 

configuration at C(2)], and subsequent rupture of the C(3)–N bond forming the corresponding benzylic 

carbenium ion 8, which undergoes rapid Friedel-Crafts type cyclisation to give 

1,2,3,4-tetrahydroisoquinoline 9 (Scheme 1).  

 

 
Scheme 1. Reagents and conditions: (i) Tf2O, 2,6-di-tert-butyl-4-methylpyridine,  

CH2Cl2, 0 °C to rt, 6 h 
 
In order to develop further this methodology and to expand the structural diversity of the resultant 

arene-fused azabicyclic products accessible, α-hydroxy-β-amino esters 12, bearing a variety of 

heteroarylmethyl N-substituents, were recognised as cyclisation precursors. It was envisaged that 

α-hydroxy-β-amino esters 12 could be synthesised via the conjugate addition of the corresponding 

heteroaryl substituted lithium amides 11 to α,β-unsaturated esters 10 followed by in situ enolate oxidation 

with (camphorsulfonyl)oxaziridine (CSO) 14.5 The resultant α-hydroxy-β-amino esters 12, incorporating 

the corresponding heteroaryl motif, would then be exposed to Friedel-Crafts alkylation type conditions to 
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The Friedel-Crafts alkylation type cyclisation protocol employed in our previous syntheses of 

1,2,3,4-tetrahydroisoquinolines15 was applied to N-heteroaryl substituted α-hydroxy-β-amino esters 45 

and 47–51: these substrates were treated with Tf2O and 2,6-di-tert-butyl-4-methylpyridine in CH2Cl2 to 

give 4,5,6,7-tetrahydrothieno[3,2-c]pyridine 55 and 4,5,6,7-tetrahydrofura[3,2-c]pyridines 56–60 in 42–

81% yield and ≥88:12 dr in each case. The relative configurations within 55–60 were tentatively assigned 

from the 1H NMR 3J coupling constants between the C(6)H and C(7)H protons of the heteroaryl fused 

tetrahydropyridines 55–60 (3J6,7 = 1.9–2.5 Hz) by analogy to those shown to be diagnostic for the 

corresponding anti-disubstituted 1,2,3,4-tetrahydroisoquinolines.16 The formation of 

4,5,6,7-tetrahydrothieno[3,2-c]pyridine 55 and 4,5,6,7-tetrahydrofura[3,2-c]pyridines 56–60 and the 

stereochemical outcomes of these reactions is consistent with the proposed mechanism for 

1,2,3,4-tetrahydroisoquinoline formation: treatment of 45 and 47–51 with Tf2O activates the hydroxyl 

group as the corresponding triflate 52 and intramolecular displacement of the resultant triflate by the 

amino group [with inversion of configuration of C(2)] forms the corresponding aziridinium intermediate 

53. Regioselective ring-opening of 53 gave carbenium ion 54, which was rapidly trapped by the most 

nucleophilic α-position of the N-hereoarene ring17 [with retention of configuration at C(3)] to give the 

bicyclic compounds 55–60 (Scheme 8).  

 

 
Scheme 8. Reagents and conditions: (i) Tf2O, 2,6-di-tert-butyl-4-methylpyridine, CH2Cl2, 0 °C to rt, 6 h  

 

The preparation of these heteroarene-fused azacycles in enantiopure form could be readily achieved by 

employing the analogous synthetic route using an enantiopure heteroaryl substituted lithium amide 
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reagent in the conjugate addition step. As a representative example, enantiopure amine (R)-22 [prepared 

in 82% yield from (R)-α-methylbenzylamine (R)-19] was reacted with α,β-unsaturated ester 24 followed 

by NH4Cl, which gave the corresponding β-amino ester (3S,αR)-31 in 62% yield and >95:5 dr. The 

relative configuration within (3S,αR)-31 was unambiguously established via single crystal X-ray 

diffraction analysis and the absolute (3S,αR)-configuration of 31 was assigned relative to the known 

(R)-configuration of the N-α-methylbenzyl fragment (Figure 3). The corresponding aminohydroxylation 

of 24 with (R)-27 and (–)-CSO 14 gave α-hydroxy-β-amino ester (R,R,R)-47 in 50% yield and >95:5 dr. 

The Friedel-Crafts type cyclisation protocol applied to (R,R,R)-47 gave enantiopure heteroarene-fused 

azacycle (6S,7R,αR)-56 in 64% and >95:5 dr (Scheme 9). 

       

 
Scheme 9. Reagents and conditions: (i) (R)-22, s-BuLi, THF, –78 °C, 2 h; (ii) (R)-22, s-BuLi, THF,  

–78 °C, 2 h then (–)-CSO 14, –78 °C to rt, 16 h; (iii) Tf2O, 2,6-di-tert-butyl-4-methylpyridine, CH2Cl2, 
0 °C to rt, 6 h 

 

 
Figure 3. X-Ray crystal structure of (3S,αR)-31 (selected H atoms are omitted for clarity) 
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respect to amine). The resultant mixture was stirred at rt for 24 h before being cooled to 0 °C. NaBH4 

(1.00 equiv) was then added and the resultant suspension was stirred at rt for 48 h. The resultant 

suspension was concentrated in vacuo and the residue was partitioned between 10% aq citric acid solution 

and CH2Cl2. The aqueous layer was extracted with CH2Cl2, and the combined aqueous extracts were 

neutralised with 2.0 M aq NaOH, extracted with CH2Cl2, and washed with brine, then dried and 

concentrated in vacuo. 

General procedure 2 - Lithium amide conjugate addition: s-BuLi (1.4 M in cyclohexane, 1.55 equiv) 

was added dropwise via syringe to a stirred solution of the requisite secondary amine (1.60 equiv) and the 

requisite α,β-unsaturated ester (1.00 equiv) in THF (0.4 M with respect to amine) at –78 °C. The reaction 

mixture was stirred at –78 °C for 2 h before the addition of satd aq NH4Cl. The resultant mixture was 

allowed to warm to rt over 15 min then concentrated in vacuo. The residue was then partitioned between 

CH2Cl2 and 10% aq citric acid solution. The aqueous layer was extracted with CH2Cl2 and the combined 

organic extracts were washed sequentially with satd aq NaHCO3, H2O and brine, then dried and 

concentrated in vacuo. 

General procedure 3 - Lithium amide conjugate addition with α-hydroxylation: s-BuLi (1.4 M in 

cyclohexane, 1.55 equiv) was added dropwise via syringe to a stirred solution of the requisite secondary 

amine (1.60 equiv) and the requisite α,β-unsaturated ester (1.00 equiv) in THF (0.4 M with respect to 

amine) at –78 °C. The resultant solution was stirred at –78 °C for 2 h. (–)-CSO 14 (1.6 equiv) was then 

added and the reaction mixture was allowed to warm to rt, then stirred at rt for 18 h. Satd aq NH4Cl was 

added and the reaction mixture was stirred at rt for 5 min, then concentrated in vacuo. The residue was 

then partitioned between CH2Cl2 and 10% aq citric acid solution. The aqueous layer was extracted with 

CH2Cl2 and the combined organic extracts were washed sequentially with satd aq NaHCO3, H2O and 

brine, then dried and concentrated in vacuo. 

General procedure 4 - Rearrangement/Friedel-Crafts alkylation: Tf2O (1.5 equiv) was added to a 

stirred solution of the requisite -hydroxy- -amino ester (1.0 equiv) and 

2,6-di-tert-butyl-4-methylpyridine (3.0 equiv) in CH2Cl2 (0.08 M with respect to -hydroxy- -amino 

ester) at 0 C, and the resultant mixture was stirred at rt for 6 h. H2O was then added and the aqueous 

layer was extracted with CH2Cl2. The combined organic extracts were then dried and concentrated in 

vacuo. The residue was dissolved in Et2O then the resultant solution was filtered and concentrated in 

vacuo. 

(RS)-N-(Thiophen-3-ylmethyl)-N-(α-methylbenzyl)amine 20: Following General procedure 1, 15 (7.81

mL, 89.3 mmol) was reacted with (RS)-19 (10.9 mL, 85.0 mmol) in EtOH (48.0 mL) then NaBH4 (3.23 g, 

85.0 mmol) to give 20 as a pale yellow oil (15.8 g, 85%); νmax (ATR) 3330 (N–H); δH (400 MHz, CDCl3) 
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128.0 (o,m,p-Ph), 128.6 (C(2′), C(6′)), 133.6 (C(1′)), 141.8 (C(2)), 145.1 (i-Ph), 148.6 (C(7a)), 158.4 

(C(4′)), 171.3 (CO2
tBu); m/z (ESI+) 434 ([M+H]+, 100%); HRMS (ESI+) C27H32NO4

+ ([M+H]+) requires 

434.2326; found 434.2320. 
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