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All manipulations were performed under an inert atmosphere of argon using standard 
Schlenk techniques and oven-dried, argon-flushed glassware. Dry, oxygen-free solvents 
were employed. 1H and 13C NMR spectra were recorded on Varian Inova 300 and Bruker 
Avance 300 spectrometers.  
 
Synthesis of cyclic iminium salt 4b 
2b: Two oven dried, argon flushed Schlenk flasks were respectively loaded with 1b (3.00 
g, 13.0 mmol), THF (20 mL) and Me2NLi (0.662 g, 13.0 mmol). Both flasks were cooled 
to - 78oC and the Me2NLi/THF solution was slowly added to the amine/THF solution. 
After 15 minutes at - 78oC the mixture was left to warm to room temperature and stirring 
was continued for an additional four hours. The volatiles were then removed under 
vacuum affording an oily yellow/orange residue which was dissolved in Et2O (30 mL) 
and cooled to - 78oC. At this point 3-bromo-2-methylpropene (1.44 mL, 14.3 mmol) was 
slowly added. After 15 minutes at - 78oC the solution was left to warm to room 
temperature and stirring was continued for an additional 12 hours. Removal of the 
volatiles under vacuum and extraction with hexanes afforded 2b as a light yellow oil in 
97% yield. NMR (CDCl3) 13C{1H}: d 173.5 (N=CH), 148.9 (C1-DIPP), 142.5 (C=), 137.6 
(C2,6-DIPP), 123.9 (CH4-DIPP), 123.0 (CH3,5-DIPP), 115.2 (=CH2), 47.7 (CH2), 40.9 (C), 27.7, 
25.2, 23.6; 1H: d 7.63 (s, 1H, CH=N), 7.13 (d, JHH = 7.2 Hz, 2H, Haryl), 7.09 (t, JHH = 7.2 
Hz, 1H, Haryl), 4.96 (s, 1H, =CH2), 4.82 (s, 1H, =CH2), 2.98 (sept, JHH = 6.8 Hz, 2H, CHi-

Pr), 2.37 (s, 2H), 1.88 (s, 3H), 1.32 (s, 6H), 1.21 (d, JHH = 6.8 Hz, 12H, CH3
i-Pr). MS(EI) 

m/z: 286 [M + H]+. 
 
3b: An oven dried, argon flushed Schlenk flask was loaded with 2b (1.00 g, 3.5 mmol), 
hexanes (10 mL) and was cooled to - 78oC, at which point was added a solution of HCl in 
Et2O (1.75 mL, 2.0 M, 3.5 mmol). Precipitation of a white powder was immediately 
observed. After 15 minutes at - 78oC the mixture was left to warm to room temperature 
and stirring was continued for an additional 15 minutes. Filtration of the white 
precipitate, washing with hexanes (2 × 10 mL), and drying under vacuum furnished 3b in 
95% yield. M.p. 65oC; NMR (CDCl3) 13C{1H}: d 189.7 (NH=CH), 142.3 (C2,6-DIPP), 
140.3 (C=), 134.3 (C1-DIPP), 129.9 (CH4-DIPP), 123.9 (CH3,5-DIPP), 116.0 (=CH2), 47.5 
(CH2), 42.5 (CCy), 28.1, 25.4, 24.3, 23.2; 1H: d 15.83 (br s, 1H), 8.15 (s, 1H, CH=N), 7.16 
(t, JHH = 7.6 Hz, 1H, Haryl), 6.99 (d, JHH = 7.6 Hz, 2H, Haryl), 4.74 (s, 1H, =CH2), 4.60 (s, 
1H, =CH2), 2.70 (sept, JHH = 6.6 Hz, 2H, CHi-Pr), 2.38 (s, 2H), 1.60 (s, 3H), 1.42 (s, 6H), 
1.01 (d, JHH = 6.6 Hz, 12H, CH3

i-Pr).  
 
4b: An oven dried, argon flushed Schlenk flask was loaded with 3b (0.900 g, 2.8 mmol) 
in CHCl3 (5 mL). The mixture was heated at 50oC for 24 hours, at which point the 
volatiles were removed under vacuum to afford 4b in 87% yield. Alternatively, a one-pot 
procedure analogous to that for the preparation of 4a was used, starting from 2b, the 
mixture being heated at 50oC for 24 hours. Cyclic iminium salt 4b was obtained in 92% 
yield. M.p. 150oC; NMR (CDCl3) 13C{1H}: d 193.2 (N=CH), 144.3 (CDIPP), 131.8 
(CHDIPP), 128.8 (CDIPP), 125.2 (CHDIPP), 83.6 (NC(CH3)2), 49.1 (CH2), 48.3 (CCy), 29.8, 
28.4, 26.6, 22.1; 1H: d 10.28 (s, 1H, CH=N), 7.44 (t, JHH = 7.8 Hz, 1H, Haryl), 7.25 (d, JHH 

= 7.8 Hz, 2H, Haryl), 2.57 (sept, JHH = 7.1 Hz, 2H, CHi-Pr), 2.40 (s, 2H), 1.63 (s, 6H), 1.48 
(s, 6H), 1.26 (d, JHH = 7.1 Hz, 6H, CH3

i-Pr), 1.11 (d, JHH = 7.1 Hz, 6H, CH3
i-Pr); MS(FAB) 



m/z: 286 [M]+. All spectroscopic data are comparable to those observed for the 
corresponding triflate salt.[13a] 
 
 
Synthesis of cyclic iminium salt 4c  
The syntheses of 2c-4c were performed analogously to those of 2b-4b above, instead 
using aldimine 1c. 2c was isolated in 91% yield. NMR (CDCl3) 13C{1H}: d 174.5 
(N=CH), 148.6 (CMes), 142.5 (C=), 132.5 (CMes), 128.8 (CHMes), 126.8 (CMes), 115.0 
(=CH2), 48.3 (CH2), 40.8 (C(CH3)2), 25.3, 25.0, 20.8, 18.2; 1H: d 7.65 (s, 1H, CH=N), 
6.90 (s, 2H, Haryl), 4.96 (s, 1H, C=CH2), 4.82 (s, 1H, C=CH2), 2.37 (s, 2H), 2.33 (s, 3H), 
2.14 (s, 6H), 1.87 (s, 3H), 1.34 (s, 6H); MS(EI) m/z: 244 [M + H]+. 
 
 3c was isolated in 96% yield. M.p. 76oC; NMR (CDCl3) 13C{1H}: d 191.7 (NH=CH), 
140.1 (C=), 139.0 (CMes), 133.2 (CMes), 131.5 (CMes), 129.1 (CHMes), 115.5 (=CH2), 47.1 
(CH2), 42.5 (C(CH3)2), 24.9, 23.9, 20.4, 17.6; 1H: 14.57 (br s, 1H), 8.58 (s, 1H, CH=N), 
6.59 (s, 2H, Haryl), 4.61 (s, 1H, =CH2), 4.47 (s, 1H, =CH2), 2.27 (s, 2H), 2.00 (s, 3H), 1.92 
(s, 6H), 1.45 (s, 3H), 1.26 (s, 6H).  
 
Heating 3c in acetonitrile at 70oC for 24 hours provided 4c in 78% yield. Alternatively, a 
one-pot procedure analogous to that for the preparation of 4a was used, starting from 2c, 
the mixture being heated at 70oC for 24 hours. Cyclic iminium salt 4c was obtained in 
87% yield. NMR (CDCl3) 13C{1H}: d 192.8 (N=CH), 141.2 (CMes), 133.3 (CMes), 130.7 
(CHMes), 130.3 (CMes), 84.4 (NC(CH3)2), 49.2 (CH2), 48.1 (C(CH3)2), 28.6 (C(CH3)2), 
26.5 (C(CH3)2), 21.0 (CH3

Mes), 19.3 (CH3
Mes); 1H: 9.15 (s, 1H, CH=N), 7.00 (s, 2H, Haryl), 

2.37 (s, 2H), 2.30 (s, 3H), 2.20 (s, 6H), 1.63 (s, 6H), 1.54 (s, 6H). 
 
 
Attempted synthesis of cyclic iminium salt 4d 
The synthesis of 2d was performed analogously to that of 2b above, instead using 
aldimine 1d. 2d was isolated in 87% yield. NMR (CDCl3) 13C{1H}: d 165.0 (N=CH), 
143.3 (C=), 114.2 (=CH2), 56.3 (C(CH3)3), 48.9 (CH2), 39.0 (C(CH3)2), 29.7 (C(CH3)3), 
25.6 (C(CH3)2), 24.8 (CH3). 1H: 7.27 (s, 1H, CH=N), 4.55 (s, 1H, =CH2), 4.42 (s, 1H, 
=CH2), 1.93 (s, 2H, CH2), 1.44 (s, 3H, CH3), 0.92 (s, 9H, C(CH3)3), (s, 6H, C(CH3)2). 
 
A solution of 3d was generated in situ and detected by 13C{1H} NMR spectroscopy. 
Further heating at 110 oC in toluene did not induce ring closure to cyclic product 4d. 
NMR (CDCl3) 13C{1H}: d 182.6 (N=CH), 140.9 (C=), 116.5 (=CH2), 53.9 (C(CH3)3), 
49.4 (CH2), 41.5 (C(CH3)2), 28.3 (C(CH3)3), 26.3 (C(CH3)2), 24.8 (CH3). 
 
 
Synthesis of cyclic iminium salt 4e 
2e: A solution of lithium diisopropylamide (0.928 g, 8.66 mmol) in Et2O (10 mL) was 
cooled to - 78oC, and to this was added a solution of imine 1a (2.35 g, 8.66 mmol) in 
Et2O (10 mL). The mixture was allowed to warm to room temperature and was stirred 
overnight. The volatiles were then removed in vacuo, and the remaining off-white solid 
was stored in a glovebox. A portion of this solid (1.00 g, 3.61 mmol) was dissolved in 



Et2O (10 mL), and to this was added allyl bromide (0.374 mL, d = 1.398 gmol-1, 0.523 g, 
4.33 mmol, predominantly trans) slowly at room temperature. The mixture was stirred 
for a further 2 hours, and the Et2O and excess allyl bromide were removed in vacuo. 
Hexanes (10 mL) were added and the mixture was reduced to dryness. Hexanes (10 mL) 
were again added, and the resulting suspension was filtered through Celite. The filtrate 
was reduced to dryness, more hexanes (10 mL) were added, and the suspension was 
filtered again through Celite. The volatiles were removed from the resulting filtrate in 
vacuo to provide 2e as a colorless oil in 83% yield. NMR (CDCl3) 13C{1H}: d 173.2 
(N=CH), 149.2 (C1-DIPP), 137.5 (C2,6-DIPP), 134.1 (CH=), 123.9 (CH4-DIPP), 122.9 (CH3,5-

DIPP), 117.8 (=CH2), 43.6 (CCy), 42.9 (br, CH2), 33.2 (CH2
Cy), 27.6 (CHi-Pr), 26.1 (CH2

Cy), 
23.7 (CH3

i-Pr), 22.4 (CH2
Cy); 1H: d 7.66 (s, 1H, CH=N), 7.29-7.16 (m, 3H, Haryl), 6.13-

5.99 (m, 1H, CH=), 5.29-5.23 (m, 2H, =CH2), 3.17 (sept, JHH = 6.9 Hz, 2H, CHi-Pr), 2.52 
(d, JHH = 7.4 Hz, 2H, CH2), 2.06, 1.75, 1.59 (3 × m, 10H total, CH2

Cy), 1.33 (d, JHH = 6.9 
Hz, 12H, CH3

i-Pr); MS(HR-ESI) m/z: 312.2691 [M + H]+ (calcd. 312.2691). 
 
3e: To a solution of 2e (0.926 g, 2.97 mmol) in hexanes (10 mL) at room temperature 
was added a solution of HCl in Et2O (1.63 mL, 2.0 M, 3.27 mmol). The resulting white 
suspension was stirred for two hours then filtered, washed with hexanes (10 mL) and 
dried, providing 3e as a white solid in 70% yield. M.p. 73-76oC; NMR (CD3CN) 
13C{1H}: d 191.2 (N=CH), 143.5 (C2,6-DIPP), 136.6 (C1-DIPP), 133.0 , 130.8 (CH4-DIPP and 
CH=), 125.1 (CH3,5-DIPP), 120.4 (=CH2), 47.3 (CCy), 42.0 (br, CH2), 33.6 (CH2

Cy), 29.2 
(CHi-Pr), 25.8 (CH2

Cy), 23.8 (CH3
i-Pr), 23.1 (CH2

Cy); 1H: d 8.42 (s, 1H, CH=N), 7.47 (t, 
JHH = 7.71 Hz, 1H, Haryl), 7.33 (d, JHH = 7.80 Hz, 2H, Haryl), 5.90-5.85 (m, 1H, CH=), 
5.30-5.20 (m, 2H, =CH2), 2.96 (sept, JHH = 6.76 Hz, 2H, CHi-Pr), 2.70 (d, JHH = 7.26 Hz, 
2H, CH2), 2.34, 1.71, 1.49, (3 × m, 2+4+4H, CH2

Cy), 1.21 (d, JHH = 6.81 Hz, 12H, CH3
i-

Pr); MS(HR-ESI) m/z: 312.2685 [M]+ (calcd. 312.2691). 
 
4e: A solution of 3e (0.400 g, 0.442 mmol) in acetonitrile (5 mL) in a sealable Schlenk 
tube was heated to 110oC for 8 hours. The acetonitrile was then removed and hexanes (10 
mL) were added. The resulting suspension was filtered, washed with hexanes (5 mL) and 
dried to provide 4e as a white solid in 81% yield. Alternatively, a one-pot procedure 
analogous to that for the preparation of 4a was used, starting from 2e, the mixture being 
heated at 70oC for 48 hours. Cyclic iminium salt 4e was obtained in 90% yield. M.p. 149-
150oC; NMR (CD3CN) 13C{1H}: d 193.5 (N=CH), 145.0, 143.8 (C2,6-DIPP), 132.6 (C4-

DIPP), 131.6 (C1-DIPP), 126.0 (C3,5-DIPP), 73.4 (N-CH), 55.0 (CCy), 40.1, 34.6, 32.2, 25.6, 
22.4, 22.0 (CH2), 29.8, 29.7 (CHi-Pr), 25.8, 25.2, 23.4, 22.7 (CH3

i-Pr) 18.5 (NCHCH3); 1H: 
d 10.58 (s, 1H, CH=N), 7.58-7.38 (m, 3H, Haryl), 4.90 (m, 1H, N-CH), 2.80-2.73 (m, 3H, 
includes 1H from CH2

ring and CHi-Pr), 2.13-1.43 (m, 14H, remaining CH2 plus NCHCH3), 
1.29-1.16 (overlapping d × 4, 12H, CH3

i-Pr); MS(HR-ESI) m/z: 312.2688 [M]+ (calcd. 
312.2691). 
 
 
 
Synthesis of cyclic iminium salt 4f 
2f: A solution of lithium diisopropylamide (0.928 g, 8.66 mmol) in Et2O (10 mL) was 
cooled to - 78oC, and to this was added a solution of imine 1a (2.35 g, 8.66 mmol) in 



Et2O (10 mL). The mixture was allowed to warm to room temperature and was stirred 
overnight. The volatiles were then removed in vacuo, and the remaining off-white solid 
was stored in a glovebox. A portion of this solid (1.00 g, 3.61 mmol) was dissolved in 
Et2O (10 mL), and to this was added crotyl chloride (0.422 mL, 4.33 mmol, 
predominantly trans) slowly at room temperature. The mixture was stirred for a further 3 
hours, and the Et2O and excess crotyl chloride were removed in vacuo. Hexanes were 
added and the suspension was cooled to - 20oC for one hour, then filtered through Celite. 
The filtrate was reduced to dryness, and more hexanes were added, at which point the 
above cooling and filtration procedures were repeated. The volatiles were removed from 
the resulting filtrate in vacuo to provide 2f as a pale yellow oil in 69% yield. NMR 
(CDCl3) 13C{1H}: d 173.6 (N=CH), 149.4 (C1-DIPP), 137.5 (C2,6-DIPP), 128.2, 126.5 (CH=, 
E isomer), 126.3, 125.6 (CH=, Z isomer), 123.8 (C4-DIPP), 122.9 (C3,5-DIPP), 43.8 (CCy), 
41.6 (br, CH2, both Z and E), 33.3 (CH2

Cy), 27.6 (CHi-Pr), 26.2 (CH2
Cy), 23.7 (CH3

i-Pr), 
22.5 (CH2

Cy), 18.2 (=CCH3, E isomer), 13.2 (=CCH3, Z isomer); 1H: d 7.60 (s, 1H, 
CH=N), 7.24-7.13 (m, 3H, Haryl), 5.64 (br m, 2H, CH=), 3.14 (sept, JHH = 6.81 Hz, 2H, 
CHi-Pr), 2.46, 2.41 (2 × unresolved d, 2H total, =CCH2 for both Z and E isomers), 2.03-
1.59 (m × 3, 11H, CH2

Cy), 1.80 (unresolved d, 3H, =CCH3), 1.30 (d, JHH = 6.90 Hz, 12H, 
CH3

i-Pr); MS(EI) m/z: 326 [M + H]+. 
 
3f: To a solution of 2f (0.805 g, 2.47 mmol) in hexanes (10 mL) at room temperature was 
added a solution of HCl in Et2O (1.36 mL, 2.0 M, 2.72 mmol). The resulting white 
suspension was stirred for one hour, then filtered and dried, providing 3f as a white solid 
in 65% yield. M.p. 81-83oC; NMR (CD3CN) 13C{1H}: d 191.5 (N=CH), 143.6 (C2,6-DIPP), 
136.7 (C1-DIPP), 131.4, 130.9 (CH=, E isomer), 129.6, 124.3 (CH=, Z isomer), 125.4 (C4-

DIPP), 125.2 (C3,5-DIPP), 47.8 (CCy, Z isomer), 47.6 (CCy, E isomer), 41.0 (br, =CCH2, both 
Z and E), 33.3, 25.9, 23.6, 23.2 (CH2

Cy), 29.3 (CHi-Pr), 23.8 (CH3
i-Pr), 18.4 (=CCH3, E 

isomer), 13.6 (=CCH3, Z isomer); 1H: d 8.31 (s, 1H total, N=CH, both Z and E isomers), 
7.44 (t, JHH = 7.74 Hz, 1H, Haryl), 7.32 (d, JHH = 7.71 Hz, 2H, Haryl), 5.75-5.46 (m × 2, 
2H, CH=), 2.95 (sept, JHH = 6.81 Hz, 2H, CHi-Pr), 2.67, 2.61 (2 × d, JHH = 7.20 Hz, 2H 
total, =CCH2 for both Z and E isomers), 2.34-1.59 (m × 3, 11H, CH2

Cy), 1.69 (unresolved 
d, 3H, =CCH3), 1.21 (d, JHH = 6.84 Hz, 12H, CH3

i-Pr); MS(FAB) m/z: 326 [M]+.  
 
4f: A solution of 2f (0.789 g, 2.42 mmol) in toluene (10 mL) in a sealable Schlenk tube 
was cooled to - 78oC and to this was added a solution of HCl in Et2O (2.42 mL, 2.0 M, 
4.84 mmol). The mixture was then warmed to room temperature and the tube was closed 
and heated to 90oC for 14 hours. The volatiles were removed in vacuo to provide 4f in 
93% yield. M.p. 142oC; NMR (CD3CN) 13C{1H}: d 194.4 (N=CH), 145.4, 144.3 (C2,6-

DIPP), 132.9 (C4-DIPP), 132.4 (C1-DIPP), 126.4 (C3,5-DIPP), 78.7 (N-CH), 55.3 (CCy), 38.8, 
35.0, 32.5, 26.9, 26.2, 26.0, 25.7 (CH2), 30.2, 30.1 (CHi-Pr), 23.9, 23.1, 22.8, 22.3 (CH3

i-

Pr) 11.3 (CH3
Et); 1H: d 10.31 (s, 1H, CH=N), 7.44 (t, JHH = 7.80 Hz, 1H, Haryl), 7.32 (m, 

2H, Haryl), 4.67 (m, 1H, N-CH), 2.80-2.57 (m, 3H, 2H from CHi-Pr plus 1H from 
NCHCH2

ring), 2.11-1.92 (m, 3H, includes 1H from NCHCH2
ring), 1.81 (m, 4H), 1.67-1.46 

(m, 6H, includes CH2
Et), 1.30-1.17 (d × 4, JHH = approx. 6.8 Hz, CH3

iPr), 0.87 (t, JHH = 
7.40 Hz, 3H, CH3

Et). Assignments for the aliphatic region of the 1H NMR spectrum were 
made based on HH coupling correlations of the N-CH and CH3

Et protons from a COSY 
spectrum; MS(HR-ESI) m/z: 326.2846 [M]+ (calcd. 326.2842). 



 
 
 
Synthesis of cyclic iminium salt 4g: 
2g: A solution of lithium diisopropylamide (0.928 g, 8.66 mmol) in Et2O (10 mL) was 
cooled to - 78oC, and to this was added a solution of imine 1a (2.35 g, 8.66 mmol) in 
Et2O (10 mL). The mixture was allowed to warm to room temperature and was stirred 
overnight. The volatiles were then removed in vacuo, and the remaining off-white solid 
was stored in a glovebox. A portion of this solid (1.16 g, 4.19 mmol) was dissolved in 
Et2O (15 mL) and to this was added cinnamyl bromide (0.619 mL, d = 1.332 gmol-1, 
0.825 g, 4.19 mmol) slowly at room temperature. The mixture was stirred for a further 3 
hours, and the Et2O was removed in vacuo. Hexanes were added and the suspension was 
cooled to - 20oC for one hour, then filtered through Celite. The filtrate was reduced to 
dryness, and more hexanes were added, at which point the above cooling and filtration 
procedures were repeated. The volatiles were removed from the resulting filtrate in vacuo 
to provide 2g as a pale yellow oil, which solidified upon cooling, in 76% yield. NMR 
(CDCl3) 13C{1H}: d 173.2 (N=CH), 149.2 (C1-DIPP), 137.6 (C1-Ph), 137.5 (C2,6-DIPP), 134.6, 
127.2 (CH=), 128.6, 126.1 (CPh), 126.0 (CHPh)), 123.9 (C4-DIPP), 122.9 (C3,5-DIPP), 44.2 
(=CCH2), 41.6 (CCy), 33.4 (CH2

Cy), 27.7 (CHi-Pr), 26.0 (CH2
Cy), 23.7 (CH3

i-Pr), 22.3 
(CH2

Cy); 1H: d 7.56 (s, 1H, CH=N), 7.33-7.04 (m, 8H, Haryl), 6.51-6.31 (m, 2H, CH=), 
3.03 (sept, JHH = 6.87 Hz, 2H, CHi-Pr), 2.55 (d, JHH = 6.99 Hz, 2H, =CCH2), 1.93-1.60 (m 
× 2, 11H, CH2

Cy), 1.17 (d, JHH = 6.87 Hz, 12H, CH3
i-Pr); MS(EI) m/z: 388 [M + H]+. 

 
3g: A solution of 2g (0.760 g, 1.96 mmol) in toluene (10 mL) was cooled to - 78oC and to 
this was added a solution of HCl in Et2O (0.981 mL, 2.0 M, 1.96 mmol). The mixture 
was then warmed to room temperature, whereupon a white solid precipitated. The 
suspension was then stirred overnight, filtered, rinsed with toluene (5 mL), and dried to 
provide 3g as a white powder in 57% yield. M.p. 93-96oC; NMR (CDCl3) 13C{1H}: d 
189.6 (N=CH), 142.6 (C2,6-DIPP), 136.4, 135.5 (CPh and C1-DIPP), 135.3, 130.1 (CH=), 
127.8 (C4-DIPP), 128.6, 126.3 (CHPh), 124.3 (C3,5-DIPP), 122.3 (CHPh), 46.8 (CCy), 40.7 
(=CCH2), 33.7 (CH2

Cy), 28.6 (CHi-Pr), 24.5 (CH2
Cy), 23.7(CH3

i-Pr), 22.4 (CH2
Cy); 1H: d 

7.90 (s, 1H, N=CH), 7.40-7.20 (m, 8H, Haryl), 6.66 (d, JHH = 15.7 Hz, 1H, PhCH=), 6.29 
(m, 1H, CH2CH=), 3.02 (sept, JHH = 6.75 Hz, 2H, CHi-Pr), 2.94 (d, JHH = 7.35 Hz, 2H, 
=CCH2), 2.43, 1.86, 1.57 (m × 3, 11H, CH2

Cy), 1.19 (d, JHH = 6.72 Hz, 12H, CH3
i-Pr); 

MS(HR-ESI) m/z: 388.3009 [M]+ (calcd. 388.2999). 
 
4g: A small sample of 3g (150 mg, 0.354 mmol) was added to a sealable Schlenk tube, 
the tube was closed and the sample heated neat at 150oC for 24 hours. The resulting solid 
was found by 1H NMR to be a 56:44 mixture of starting material 3g and product 4g. 
Heating at this temperature for a further 48 hours increases the ratio of the species to 
39:61 (3g/4g). No traces of isomeric cyclized products were observed. Diagnostic data 
for 4g (as determined from NMR spectroscopy of the 3g/4g mixture): NMR (CDCl3) 
13C{1H}: d 193.8 (N=CH), 76.9 (N-CH), 54.4 (CCy); 1H: d 10.90 (N=CH), 4.76 (br m, 
1H, N-CH), 2.70 (unresolved dt, 1H, CH2

benzyl or CH2
ring), 2.08 (unresolved dt, 1H, 

CH2
benzyl or CH2

ring). A correlation is found between the N-CH proton (d 4.76) and signals 
at d 2.9, 2.7, 2.5 and 2.1 by means of a COSY 1H NMR spectrum. 



 
 
 
Synthesis of cyclic iminium salt 4h: 
2h: A solution of lithium diisopropylamide (0.928 g, 8.66 mmol) in Et2O (10 mL) was 
cooled to - 78oC, and to this was added a solution of imine 1a (2.35 g, 8.66 mmol) in 
Et2O (10 mL). The mixture was allowed to warm to room temperature and was stirred 
overnight. The volatiles were then removed in vacuo, and the remaining off-white solid 
was stored in a glovebox. A portion of this solid (1.00 g, 3.61 mmol) was suspended in 
hexanes (10 mL) and to this was added 4-bromobutene (0.403 mL, d = 1.33 gmol-1, 0.535 
g, 3.97 mmol) slowly at room temperature. The mixture was stirred for a further 3 hours, 
the hexanes were removed in vacuo, and the residue was dried thoroughly. More hexanes 
were added and the suspension was cooled to - 20oC for one hour, then filtered through 
Celite. The filtrate was once more reduced to dryness, and more hexanes were added, at 
which point the above cooling and filtration procedures were repeated. The volatiles were 
removed from the resulting filtrate in vacuo to provide 2h as a pale yellow oil in 81% 
yield. NMR (CDCl3) 13C{1H}: d 173.6 (N=CH), 149.3 (C1-DIPP), 139.0 (CH=), 137.6 
(C2,6-DIPP), 123.9 (C4-DIPP), 123.0 (C3,5-DIPP), 114.5 (=CH2), 43.4 (CCy), 37.5 (br, =CCH2), 
33.5 (CH2

Cy), 28.2 (=CCH2CH2), 27.7 (CHi-Pr), 26.2 (CH2
Cy), 23.8 (CH3

i-Pr), 22.5 
(CH2

Cy); 1H: d 7.48 (s, 1H, CH=N), 7.15-7.03 (m, 3H, Haryl), 5.91-5.78 (m, 1H, CH=), 
5.07-4.96 (m, 2H, =CH2), 2.99 (sept, JHH = 6.89 Hz, 2H, CHi-Pr), 2.13, 1.88, 1.66, 1.57 (4 
× m, 14H total, CH2), 1.18 (d, JHH = 6.87 Hz, 12H, CH3

i-Pr); MS(HR-ESI) m/z: 326.2839 
[M + H]+ (calcd. 326.2842). 
 
3h: A solution of 2h (0.954 g, 2.93 mmol) in hexanes (15 mL) was cooled to - 78oC and 
to this was added a solution of HCl in Et2O (1.61 mL, 2.0 M, 3.22 mmol). The mixture 
was then warmed to room temperature, whereupon a white solid precipitated. The 
suspension was then stirred for one hour, filtered, rinsed with hexanes and dried to 
provide 3h as a white powder in 57% yield. M.p. 64-66oC; NMR (CD3CN) 13C{1H}: d 
192.6 (N=CH), 143.9 (C2,6-DIPP), 138.6 (CH=), 135.8 (C1-DIPP), 131.4 (C4-DIPP), 125.3 
(C3,5-DIPP), 116.0 (=CH2), 47.6 (CCy), 37.7 (br, =CCH2), 33.9 (CH2

Cy), 29.5 (CHi-Pr), 29.0 
(=CCH2CH2), 25.8 (CH2

Cy), 23.8 (CH3
i-Pr), 23.5 (CH2

Cy); 1H: d 14.77 (NH), 8.41 (s, 1H, 
CH=), 7.50 (t, JHH = 7.74 Hz, 1H, Haryl), 7.33 (unresolved d, 2H, Haryl), 5.93-5.82 (m, 1H, 
CH=), 5.15-5.82 (m, 2H, CH2=), 2.96 (sept, JHH = 6.81 Hz, 2H, CHi-Pr), 2.39, 2.17, 1.98, 
1.73, 1.48 (m × 5, 2+2+2+6+2H, CH2), 1.24 (d, JHH = 6.78 Hz, 12H, CH3

i-Pr); MS(HR-
ESI) m/z: 326.2851 [M]+ (calcd. 326.2842). 
 
4h: A solution of 3h (0.160 g, 0.442 mmol) in acetonitrile (0.5 mL) in a sealable Schlenk 
tube was heated to 90oC for 40 hours. The acetonitrile was then removed and the residue 
was stirred with Et2O (15 mL). The resulting powdery suspension was filtered and dried 
to provide 4h as a white solid in 68% yield. Alternatively, a one-pot procedure analogous 
to that for the preparation of 4a was used, starting from 2h, the mixture being heated at 
90oC for 40 hours. Cyclic iminium salt 4h was obtained in 89% yield. M.p. 129-130oC; 
NMR (CD3CN) 13C{1H}: d 191.5 (N=CH), 144.0, 143.4 (C2,6-DIPP), 137.6 (C1-DIPP), 132.3 
(C4-DIPP), 126.2, 126.0 (C3,5-DIPP), 63.8 (N-CH), 42.8 (CCy), 32.7, 31.6, 26.1, 25.4, 23.5, 
20.3, 20.2 (CH2), 29.6 (CHi-Pr), 25.6, 25.2, 23.0, 22.7 (CH3

i-Pr), 18.0 (NCHCH3); 1H: d 



9.09 (s, 1H, CH=N), 7.59 (t, JHH = 7.79 Hz, 1H, Haryl), 7.44 (m, 2H, Haryl), 4.20 (m, 1H, 
N-CH), 2.72-2.56 (overlapping sept × 2, 2H, CHi-Pr), 2.35-2.24 (m, 1H, 1H from 
NCHCH2

ring), 2.08-1.60 (br m, 13H, CH2 plus 1H from NCHCH2
ring), 1.36-1.29 (m, 9H, 

CH3
iPr plus NCHCH3), 1.22-1.16 (m, 6H, CH3

iPr). A correlation is found between the N-
CH proton (d 4.20) and signals at d 2.3 (1H of CH2), 2.1 (1H of CH2) and 1.3 (CH3) by 
means of a COSY 1H NMR spectrum; MS(HR-ESI) m/z: 326.2847 [M]+ (calcd. 
326.2842). 
 

 

 


