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Abstract – A stereospecific skeletal rearrangement of isoindoline to 

tetrahydroisoquinoline was developed under Appel reaction conditions using a 

combination of PPh3 and CCl4. This reaction involves a sequential ring 

formation/opening of a labile aziridine and enables the construction of a 

quaternary carbon center, offering a highly useful method for accessing 

3,3,4-trisubstituted tetrahydroisoquinolines.

INTRODUCTION 

Nitrogen-containing heterocycles have long attracted the attention of chemists and biologists due to the 

particular importance of these compounds in medicinal chemistry.1 Tetrahydroisoquinolines are a major 

class of alkaloids abundant in bioactive natural products and pharmaceuticals, as represented by 

ecteinascidin 743.2 To date, extensive efforts have been devoted to constructing this key framework, 

establishing some robust synthetic methods, such as the Pictet-Spengler reaction.3 

In our research on the synthesis of bioactive heterocycles, we developed a PPh3/CCl4-mediated 

stereospecific skeletal rearrangement of indoline-2-methanol to 2,2,3-trisubstituted tetrahydroquinoline, 

which was applied to the total synthesis of the natural product virantmycin (Scheme 1).4 During the 

reaction, an aziridine ring formation and subsequent ring opening via nucleophilic attack of a chloride ion 

formed a 2,2,3-trisubstituted tetrahydroquinoline with adjacent quaternary and tertiary stereocenters. 
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4-Chloro-3,3-diethyl-1,2,3,4-tetrahydroisoquinolinium trifluoroacetate (12b) 

Compound 12b (17.3 mg, 74% yield, brown amorphous solid) was obtained from 8b (14.2 mg, 69.2 

μmol) by a procedure similar to the one used to synthesize 12a. IR (CHCl3) 3420, 2978, 1682, 1670, 1619, 

1434, 1203, 1130, 760 cm-1; 1H NMR (400 MHz, DMSO-d6) δ 0.93 (t, J = 7.2 Hz, 3H), 1.01 (t, J = 7.2 Hz, 

3H), 1.45-1.61 (m, 2H), 1.84-2.04 (m, 2H), 4.33 (d, J = 17.2 Hz, 1H), 4.42 (d, J = 17.2 Hz, 1H), 5.64 (s, 

1H), 7.33 (d, J = 8.0 Hz, 1H), 7.41 (t, J = 7.2 Hz, 2H), 7.49 (d, J = 7.6 Hz, 1H), 9.17 (br s, 1H), 9.78 (br s, 

1H); 13C NMR (100 MHz, DMSO-d6) δ 6.6, 7.5, 22.1, 25.7, 59.7, 61.6, 79.3, 116.8*, 126.7, 127.4, 128.2, 

129.2, 130.2, 132.0, 158.1* (*These signals are split into a quartet by three fluorine atoms.); HRMS 

(FAB+) m/z calcd for C13H19ClN [M+H]+: 224.1206 found 224.1211. 

 

(3R*,4R*)-4-Chloro-3-ethyl-3-methyl-1,2,3,4-tetrahydroisoquinolinium trifluoroacetate (12ca) 

Compound 12ca (24.1 mg, 83% yield, yellow amorphous solid) was obtained from 8ca (17.2 mg, 89.9 

μmol) by a procedure similar to the one used to synthesize 12a. IR (CHCl3) 3393, 2985, 1672, 1616, 1456, 

1201, 1136, 722 cm-1; 1H NMR (400 MHz, DMSO-d6) δ 0.94 (t, J = 7.2 Hz, 3H), 1.50 (s, 3H), 1.64 (dq, J 

= 14.8, 7.2 Hz, 1H), 1.74 (dq, J = 14.8, 7.2 Hz, 1H), 4.38 (d, J = 17.2 Hz, 1H), 4.45 (d, J = 17.2 Hz, 1H), 

5.62 (s, 1H), 7.32 (d, J = 8.4 Hz, 1H), 7.37-7.45 (m, 2H), 7.47-7.54 (m, 1H), 9.34 (br s, 1H), 10.12 (br s, 

1H); 13C NMR (100 MHz, DMSO-d6) δ 7.4, 20.5, 26.8, 58.8, 60.3, 79.2, 117.0*, 126.6, 127.3, 128.1, 

129.1, 129.9, 131.8, 158.2* (*These signals are split into a quartet by three fluorine atoms.); HRMS 

(FAB+) m/z calcd for C12H17ClN [M+H]+: 210.1050 found 210.1046. 

 

(3S*,4R*)-4-Chloro-3-ethyl-3-methyl-1,2,3,4-tetrahydroisoquinolinium trifluoroacetate (12cb) 

Compound 12cb (47.0 mg, 80% yield, yellow amorphous solid) was obtained from 8cb (34.7 mg, 181 

μmol) by a procedure similar to the one used to synthesize 12a. IR (CHCl3) 3394, 3019, 2982, 1673, 1456, 

1437, 1394, 1202, 1135, 755 cm-1; 1H NMR (400 MHz, DMSO-d6) δ 1.06 (t, J = 7.2 Hz, 3H), 1.25 (s, 3H), 

1.85 (dq, J = 14.4, 7.2 Hz, 1H), 1.99 (dq, J = 14.4, 7.2 Hz, 1H), 4.44 (br s, 2H), 5.59 (s, 1H), 7.33 (d, J = 

7.6 Hz, 1H), 7.41 (t, J = 7.6 Hz, 2H), 7.48 (d, J = 7.6 Hz, 1H), 9.08 (br s, 1H), 10.18 (br s, 1H); 13C NMR 

(100 MHz, DMSO-d6) δ 6.9, 17.2, 29.9, 58.9, 59.6, 79.2, 116.2*, 126.7, 127.3, 128.1, 129.3, 130.3, 131.9, 

158.6* (*These signals are split into a quartet by three fluorine atoms.); HRMS (FAB+) m/z calcd for 

C12H17ClN [M+H]+: 210.1050 found 210.1052. 
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