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General methods. 
1
H NMR spectra were recorded on Varian Gemini 200, Varian Mercury 400 and 

Inova 600 spectrometers. Chemical shifts are reported in ppm from TMS with the solvent resonance 

as the internal standard (deuterochloroform: δ = 7.27 ppm). Data are reported as follows: chemical 

shift, multiplicity (s = singlet, d = duplet, t = triplet, q = quartet, dd = double duplet, dt = double 

triplet, bs = broad signal, pd = pseudo duplet, pt = pseudo triplet, m = multiplet), coupling constants 

(Hz). 
13

C NMR spectra were recorded on Varian Gemini 200, Varian MR400 spectrometers. 

Chemical shifts are reported in ppm from TMS with the solvent as the internal standard 

(deuterochloroform: δ= 77.0 ppm). If rotamers are present, the splitted signals are labeled as A 

(major rotamer) and B (minor rotamer). GC-MS spectra were taken by EI ionization at 70 eV on a 

Hewlett-Packard 5971 with GC injection. LC-electrospray ionization mass spectra (ESI-MS) were 

obtained with Agilent Technologies MSD1100 single-quadrupole mass spectrometer. They are 

reported as: m/z (rel. intense). Chromatographic purification was done with 240-400 mesh silica gel. 

Purification on preparative thin layer chromatography was done on Merck TLC silica gel 60 F254 

and on Merck TLC aluminum oxide 60 F254 neutral. Determination of diastereomeric ratio and of 

enantiomeric excess was performed on Agilent Technologies 1200 instrument equipped with a 

variable wave-length UV detector (reference 420 nm), using Daicel Chiralpak
®

 columns (0.46 cm 

I.D. x 25 cm), Phenomenex
®
 Lux columns and HPLC grade isopropanol and n-hexane as eluting 

solvents. Optical rotations were determined in a 1 mL cell with a path length of 1 dm (NaD line). 

 

Materials. If not otherwise stated, all reactions were carried out in sealed vials in open air without 

nitrogen atmosphere. Anhydrous solvents were supplied by Aldrich in Sureseal® bottles and were 

used as received avoiding further purification. 

 

Reagents were purchased from Aldrich and used without further purification unless otherwise 

stated. The aldehydes 5a and 5c were supplied by Aldrich and used after distillation. 

The isoquinolines
 
2e,

S1
 2f,

S2
 2g,

S2
 2i,

S3
 and aldehyde 5e

S4 
were prepared according to literature 

procedure. 
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Synthesis of 6,7-dimethoxy-isoquinoline (2d). 

 

 

In a 25 mL balloon under nitrogen atmosphere, 10% palladium on carbon (10% wt, 393 mg) and 

xylene (4 mL) were added. The mixture was refluxed for 1 h (T = 140°C), then it was allowed to 

cool and 6,7-dimethoxy-1,2,3,4-tetrahydroisoquinoline (2.7 mmol, 532 mg) was added. The mixture 

was refluxed for other 3 hours until complete conversion of the starting material. Then the mixture 

was allowed to cool to room temperature, diluted with CH2Cl2 (5 mL) and filtered thought Celite
®

. 

After solvent removal under reduced pressure, the crude mixture was purified by flash 

chromatography on silica gel (CH2Cl2/MeOH, 95/5) to give 6,7-dimethoxy-isoquinoline (2d) in 

77% yield as orange sticky solid. 

(2d): 
1
H NMR (200 MHz, CDCl3, 25°C): δ = 4.04 (s, 6H), 7.07 (s, 1H), 7.20 (s, 1H), 7.51 (d, J = 

5.5 Hz, 1H), 8.39 (d, J = 5.5 Hz, 1H), 9.05 (s, 1H). 

 

Synthesis of 5-(N)-pyrrolidin-isoquinoline (2h). 

 

 

In a Schlenck tube were added toluene (0.5 mL), BINAP (0.003 mmol, 1.9 mg) and Pd2(dba)3 

(0.001 mmol, 1.0 mg) under nitrogen atmosphere. The violet solution was stirred at room 

temperature for 1 hour during which it turned red. Then t-BuONa (0.14 mmol, 13.4 mg), pyrrolidine 

(0.12 mmol, 10 μL) and 5-bromo isoquinoline 2b (0.1 mmol, 20.8 mg) were added and the 

temperature was raised to 100°C. The mixture was stirred at this temperature for 12 h, then it was 

allowed to cool to room temperature and it was filtered through Celite
®
 washing with CH2Cl2 (4 x 

20 ml). The organic layer was concentrated under reduced pressure and 5-(N)-pyrrolydin-

isoquinoline (2h) was isolated after flash chromatography on silica gel (cyclohexane/ethyl acetate 

9/1) in 70 % yield as white sticky solid.  

(2h):
 1

H NMR (200 MHz, CDCl3, 25°C): δ = 1.99–2.09 (m, 4H), 3.46 (t, J = 5.6 Hz, 4H), 7.00-7.06 

(m, 1H), 7.44-7.49 (m, 2H), 7.96 (d, J = 5.9 Hz, 1H), 8.43 (d, J = 5.9 Hz, 1H), 9.18 (s, 1H). 
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Synthesis of adducts 3a and 3b. 

 

 

To a solution of 2a (2.0 mmol, 240 μL) in CH2Cl2 (5 mL), Boc2O (2.0 mmol, 440 μL) was added. 

The mixture was stirred under at room temperature for 6 h and the solvent was evaporated to give 

pure 3a that was stored at -20°C without purification. 

 

 

To a solution of 2a (2.0 mmol, 240 μL) in MeOH (5 mL), Boc2O (2.0 mmol, 440 μL) was added. 

The mixture was stirred under at room temperature for 6 h and the solvent was evaporated to give 

pure 3b that was stored at -20°C without purification. 

Spectral properties of 3a and 3b were according with the literature.
S5 
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Stereoselective alkylation of isoquinolines activated with Boc2O. 

 

Entry
a
 Product Yield

b
 dr

c
 ee%(syn)

c
 ee%(anti)

c
 

1 6a 57
 

88/12 97 93 

2
d 

6a 80 87/13 97 85 

3 6b 44(35/9)
e 

79/21 97 93 

4 6c 26 -
 

60
f
 - 

[a] All reactions were conducted on 0.2 mmol of 2a, 0.2 mmol Boc2O, 0.8 mmol of 5a-c and 

0.02 mmol 4a, in 1 mL of a mixture of TME/DCM 8/2 at 0°C. After 15 hours the mixture 

was reduced with NaBH4 in MeOH at 0°C. [b] After chromatographic purification. [c] 

Enantiomeric excesses and diastereomeric ratios were determined by HPLC-analysis after 

reduction and chromatographic purification. Dr were reported as syn/anti. [d] Isolated 3b was 

used as starting material. [e] The compound 6b was isolated as pure diastereoisomers 

after chromatographic purification. In all other cases, the adducts were obtained as 

inseparable mixture of syn and anti stereoisomers. The dr for 6b was determined by 
1
HNMR of the crude mixture after reduction. [f] Enantiomeric excess of the product. 

When isoquinolines 2b, 2c, 2d were reacted with Boc2O at room temperature, no adducts 

corresponding to 3a were isolated. Attempted in situ activation of these isoquinolines with Boc2O 

according to the procedure described below did not afford any product. 

 

Entry
a
 Product Yield

b
 dr

c
 ee%(syn)

c
 ee%(anti)

c
 

1 18b 0
 

- - - 

2 18c 0 - - - 

3 18d 0 -
 

- - 

[a] All reactions were conducted on 0.2 mmol of 2a, 0.2 mmol Boc2O, 0.8 mmol of 5a-c and 

0.02 mmol 4a, in 1 mL of a mixture of TME/DCM 8/2 at 0°C. After 15 hours the mixture 

was reduced with NaBH4 in MeOH at 0°C.  
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General procedure for the in situ activation of isoquinoline with Boc2O: To a 5 mL vial 

equipped with a stirring magnetic bar, 1 mL of t-BuOMe/CH2Cl2 (8/2), isoquinoline 2a (0.2 mmol, 

24 μL) and Boc2O (0.2mmol, 44 μL) were added. The mixture was stirred at room temperature for 1 

h. Then the temperature was lowered to 0°C and aldehyde 5a (0.8 mmol, 54 μL), Jørgensen catalyst 

4a (0.02 mmol, 12 mg) were added. After 15 hours, a few drops of MeOH and NaBH4 (2 mmol, 76 

mg) were added. When complete conversion was obtained (monitored by TLC), water (2 mL) was 

added. The organic layer was separated and the aqueous layer was extracted with Et2O (2 x 10 mL). 

The collected organic layers were washed with brine (10 mL), dried over MgSO4 and concentrated 

under reduced pressure to afford 6a. 

The racemic products were synthesized with the same procedure except for using pyrrolidine (0.1 

mmol, 8.3 μL) instead of 4a and dichloromethane as reaction solvent. 

 

General procedure using 3a or 3b as starting materials: 3a (0.2 mmol, 60.6 mg) was dissolved 

in 1 mL of t-BuOMe/CH2Cl2 (8/2). Then the temperature was lowered to 0°C and aldehyde 5a (0.8 

mmol, 54 μL), Jørgensen catalyst 4a (0.02 mmol, 12 mg) were added. After 15 hours, a few drops 

of MeOH and NaBH4 (2 mmol, 76 mg) were added. When complete conversion was obtained 

(monitored by TLC), water (2 mL) was added. The organic layer was separated and the aqueous 

layer was extracted with Et2O (2 x 10 mL). The collected organic layers were washed with brine (10 

mL), dried over MgSO4 and concentrated under reduced pressure to afford 6a.  

The same procedure was followed using 3b instead of 3a. 

 

Note: the enantiomeric excesses and diastereomeric ratios of the compounds remain unaltered after 

column flash chromatography or after preparative thin layer chromatography on neutral alumina. 

 

(6a): yellowish oil; 57% yield; the title compound was isolated by 

preparative thin layer chromatography on neutral alumina 

(cyclohexane/acetone 85/15) as mixture of diastereoisomers in 88/12 

ratio (syn-6a:anti-6a). Syn diastereoisomer ee = 97%; anti 

diastereoisomer ee = 93%. The dr and ee were determined by HPLC 

analysis Phenomenex
®
 Lux Amylose-2 column: hexane/i-PrOH from 93:7 to 90:10 in 20 min., then 

90:10, flow rate 0.70 mL/min, 40°C, λ = 295 nm: syn diastereoisomer τmajor = 17.75 min., τminor = 

19.29 min.; anti diastereoisomer τmajor = 26.41 min., τminor = 16.94 min. 
1
H NMR (400 MHz, CDCl3, 

25°C) (two rotamers A:B, 7:1 ratio): δsyn= 0.68 (d, J = 6.6 Hz, 3HA), 0.96 (d, J = 6.6 Hz, 3HB), 1.53 
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(s, 9HA), 1.56 (s, 9HB), 1.92-2.01 (m, 1H), 3.30 (pt, J = 11.2 Hz, 1H), 3.34-3.45 (m, 1H), 4.17-4.24 

(m, 1H), 5.61 (d, J = 3.2 Hz, 1H), 5.75 (d, J = 7.4 Hz, 1H), 6.81 (d, J = 7.4 Hz, 1H), 7.00-7.07 (m, 

1H), 7.10-7.16 (m, 1H), 7.17-7.24 (m, 2H); δanti= 0.86 (d, J = 6.6 Hz, 3H), 1.53 (s, 9H), 1.92-2.01 

(m, 1H), 3.30 (pt, J = 11.2 Hz, 1H), 3.34-3.45 (m, 1H), 3.60 (d, J = 11.2 Hz, 1H), 5.09 (d, J = 10.4 

Hz, 1H), 5.91 (d, J = 7.6 Hz, 1H), 6.73 (dd, J1 = 7.6 Hz, J2 = 0.9 Hz, 1H), 7.00-7.07 (m, 1H), 7.08 

(d, J = 1.2 Hz, 1H), 7.10 (d, J = 1.4 Hz, 1H), 7.17-7.24 (m, 1H); 
13

CNMR (100 MHz, CDCl3, 

25°C): δsyn= 10.5, 28.2 (3C), 46.6, 54.0, 63.8, 82.3, 109.2, 124.2, 126.4, 126.5, 127.2, 127.4, 131.0, 

132.1, 154.0; δanti= 14.1, 28.1 (3C), 36.7, 55.9, 63.6, 82.4, 109.7, 124.6, 126.3, 126.5, 127.4, 127.6, 

130.42, 130.9, 153.4; ESI-MS: m/z = 290.4 [M+H]
+
, 312.3 [M+Na]

+
; HMRS calcd for C17H23NO3 : 

289.16779; found 289.16769. 

 

(6b): reddish oil; 44% yield (35% syn, 9% anti); the title compounds 

were isolated by preparative thin layer chromatography on neutral 

alumina (cyclohexane/acetone 80/20). Syn diastereoisomer ee = 97%; 

anti diastereoisomer ee = 93%. The dr was determined by integration of 

the NC(1)H signals of the two diastereoisomers in the 
1
HNMR of the 

crude mixture after reduction. The ee were determined by HPLC analysis Phenomenex
®
 Lux 

Amylose-2 column: hexane/i-PrOH 95:5, flow rate 0.70 mL/min, 40°C, λ = 295 nm: syn 

diastereoisomer τmajor = 17.18 min., τminor = 19.12 min.; anti diastereoisomer τmajor = 21.86 min., 

τminor = 12.70 min. 
1
H NMR (400 MHz, CDCl3, 25°C) (two rotamers A:B, 8:1): δsyn= 0.72 (t, J = 7.8 

Hz, 3H), 1.05-1.14 (m, 1H), 1.34-1.42 (m, 1H), 1.53 (s, 9HA), 1.56 (s, 9HB), 1.67-1.77 (m, 1H), 

3.26-3.33 (m, 1HA), 3.37-3.42 (m, 2HB), 3.60-3.68 (m, 1HA), 4.12-4.18 (dd, J1 = 10.2 Hz, J2 = 4.6 

Hz, 1H), 5.63 (d, J = 3.1 Hz, 1H), 5.77 (d, J = 7.5 Hz, 1H), 6.78 (d, J =7.5 Hz, 1H), 7.02-7.06 (m, 

1H), 7.13-7.17 (m, 1H), 7.18-7.23 (m, 2H); δanti= 0.77 (t, J = 7.1 Hz, 3H), 1.04-1.16 (m, 1H), 1.41-

1.57 (m, 2H), 1.53 (s, 9HA), 1.56 (s, 9HB), 3.22-3.32 (bs, 1H), 3.48 (pd, J = 12.3 Hz, 1H), 3.58 (pd, 

J = 12.3 Hz, 1H), 5.12 (d, J = 10.1 Hz, 1H), 5.92 (d, J = 7.8 Hz, 1H), 6.72 (d, J = 7.8 Hz,1H), 7.05-

7.10 (m, 2H), 7.11-7.26 (m, 2H); 
13

CNMR (100 MHz, CDCl3, 25°C): δsyn (two rotamers A:B, 8:1) = 

12.5, 17.9, 28.2 (3CA), 28.4 (3CB), 53.2, 54.0, 61.0, 82.2, 109.5, 124.3, 126.4, 126.6, 127.3, 127.4, 

131.2, 132.3, 154.0; δanti= 11.8, 19.2, 28.2 (3C), 43.0, 55.5, 58.8, 82.4, 110.0, 124.6 (2C), 126.3, 

127.6, 128.1, 130.5, 130.9, 153.5; ESI-MS: m/z = 304.3 [M+H]
+
, 326.2 [M+Na]

+
; HMRS calcd for 

C18H25NO3: 303.18344; found 303.18359. 
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(6c): colourless oil; 26% yield; 60% ee; the title compound was isolated 

by preparative thin layer chromatography on neutral alumina 

(cyclohexane/acetone 85/15). The ee was determined by HPLC analysis 

Phenomenex
®
 Lux Amylose-2 column: hexane/i-PrOH 95:5, flow rate 

1.00 mL/min, 40°C, λ = 295 nm: τmajor = 12.02 min., τminor = 19.74 min. 

1
H NMR (400 MHz, CDCl3, 25°C) (two rotamers A:B, 9:1 ratio): δ = 1.54 (s, 9HA), 1.58 (s, 9HB), 

1.60-1.71 (m, 1H), 1.85-1.95 (m, 1H), 3.45 (pt, J = 11.3 Hz, 1H), 3.50-3.61 (bs, 1H), 3.61-3.69 (bs, 

1H), 5.49 (dd, J1 = 11.3 Hz, J2 = 2.3 Hz, 1H), 5.86 (d, J = 7.5 Hz, 1HA), 5.93 (d, J = 7.5 Hz, 1HB), 

6.72 (d, J = 7.8 Hz, 1HA), 6.92 (d, J = 7.8 Hz, 1HB), 7.04-7.09 (m, 1H), 7.11-7.15 (m, 1H), 7.17-

7.22 (m, 2H); 
13

CNMR (100 MHz, CDCl3, 25°C): δ = 28.2 (3C), 37.9, 51.3, 58.0, 82.3, 109.0, 

124.1, 124.7, 125.9, 127.3, 127.5, 129.9, 133.4, 153.4; ESI-MS: m/z = 276.4 [M+H]
+
, 298.3 

[M+Na]
+
, 573.5 [2M+Na]

+
;  HMRS calcd for C16H21NO3 : 275.15214; found : 275.15228. 

 

Screening test for the alkylation of isoquinolines activated with CbzCl 

 

 

Entry
a
 Product Yield

b
 dr

c
 ee%(syn)

c
 ee%(anti)

c
 Base 

1 8b 21 83/27 86 88 NaHCO3 

2
d
 8b - 68/32 94 83 NaHCO3 

3 7a 15 75/25 98 88 NaHCO3 

4 7a 0 - - - t-Bu4NOH∙30H2O 

5 7a 0 - - - K2HCO3 

6 7a 0 - - - Cs2HCO3 

7 7a traces - - - NaHCO3 aq.sat. 

8
e
 7a 42 - - - NaHCO3 

9
e
 7a 33 - - - NaHCO3

f 

a
 All reactions were conducted on 0.2 mmol of 2a-b, 0.3 mmol CbzCl, 0.8 mmol of 5a, 0.6 mmol of base 

and 0.02 mmol 4a, in 0.5 mL of a mixture of TME/DCM 8/2. After 15 hours the mixture was reduced 

with NaBH4 in MeOH at -40°C. 
b 

After chromatographic purification. 
c
 Enantiomeric excesses and 

diastereomeric ratios were determined by HPLC-analysis after reduction and chromatographic 

purification. Dr were reported as syn/anti. 
d
 reaction conducted in presence of 0.02 mmol p-

NO2PhCOOH. 
e 
Reaction conducted using 0.45 mmol CbzCl, 1.0 mmol of 5a and 0.04 mmol 4a; 11a was 

detected in 17% yield after chromatographic purification. 
f 

Reaction conducted using 1.0 mmol of 

NaHCO3. 
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Temperature effect in the reduction step and rate effect in the addition of CbzCl 

 

 
 

Entry
[a]

 Yield
[b] 

7a Yield
[b]

 11a Temperature (°C) CbzCl addition time (h) 

1 42 17 0 15 

2 44 8 -20 15 

3 traces - -20 2 

4 42 traces -30 28 

5 53 0 -40 15 

[a] All reactions were conducted on 0.2 mmol of 2a, 0.45 mmol CbzCl, 1.0 mmol of 5a, 0.6 mmol 

of NaHCO3 and 0.04 mmol 4a, in 0.5 mL of a mixture of TME/DCM 8/2. After the CbzCl 

addition was completed the mixture was reduced with NaBH4 in MeOH at the indicated 

temperature. [b] After chromatographic purification. 

Stereoselective alkylation of isoquinoline activated with CbzCl with aldehydes 

 

 

General procedure: To a solution of isoquinoline 2a (0.2 mmol) in 0.5 mL t-BuOMe/CH2Cl2 (8/2) 

inside a round-bottomed flask equipped with a stirring magnetic bar and cooled at 0°C, NaHCO3 

(0.6 mmol, 51 mg), Jørgensen catalyst 4a (0.04 mmol, 24 mg) and aldehyde 5a-h (1.0 mmol) were 

added. To the mixture a solution of CbzCl (0.45 mmol, 78 μL CbzCl in 1 mL tBuOMe/CH2Cl2 8/2) 

was added dropwise by a syringe pump during 15 h. After that 2 mL of an aqueous saturated 

solution of NH4Cl were added and the organic layer was extracted with Et2O (3 x 5 mL). The 

collected organic layers were dried over MgSO4. The residue was diluted in MeOH and the 

resulting solution was cooled at -40°C. Then NaBH4 (2 mmol, 76 mg) was added. When complete 

conversion was obtained (monitored by TLC), HCl 1N was added (at -40°C) until pH = 1. The 

organic layer was separated and the aqueous layer was extracted with Et2O (2 x 10 mL). The 
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collected organic layers were washed with brine (5 mL), dried over MgSO4 and concentrated under 

reduced pressure to give 7a-h. 

The racemic products were synthesized with the same procedure except for using pyrrolidine (0.1 

mmol, 8.3 μL) instead of 4a, CH2Cl2 as reaction solvent and for conducing the reaction at room 

temperature.  

 

Note: the enantiomeric excesses and the diasteromeric ratios of the compounds remain unaltered 

after flash chromatography or after preparative thin layer chromatography on neutral alumina. 

 

(7a): yellowish oil; 53% yield; the title compound was isolated by preparative 

thin layer chromatography on neutral alumina (cyclohexane/acetone 85/15) as 

mixture of diastereoisomers in 74/26 ratio (syn-7a:anti-7a). Syn 

diastereoisomer ee = 96%; anti diastereoisomer ee = 87%. The dr and ee were 

determined by HPLC analysis Daicel Chiralpak
®
 AD column: hexane/i-PrOH 

from 90:10 to 70:30 in 20 min., flow rate 0.70 mL/min, 40°C, λ = 295 nm: syn diastereoisomer 

τmajor = 23.87 min., τminor = 14.64 min.; anti diastereoisomer τmajor = 13.79 min., τminor = 20.95 min. 

1
H NMR (400 MHz, CDCl3, 25°C): δsyn (two rotamers A:B, 7:1 ratio) = 0.70 (d, J = 6.8 Hz, 3HA), 

0.90 (d, J = 6.8 Hz, 3HB), 1.89-2.04 (bs, 1H), 3.35-3.48 (bs, 2H), 3.90-4.00 (bs, 1H), 5.22-5.32 (m, 

2H), 5.64 (d, J = 3.0 Hz, 1H), 5.81 (d, J = 7.8 Hz, 1HA), 5.99 (d, J = 7.8 Hz, 1HB), 6.87 (d, J =7.8 

Hz, 1H), 7.03-7.07 (m, 1H), 7.13-7.17 (m, 1H), 7.20-7.24 (m, 2H), 7.38-7.42 (m, 5H); δanti =  0.87 

(d, J = 6.83 Hz, 3H), 1.89-2.04 (bs, 1H), 3.31 (pt, J1 =  11.7 Hz, J2 =  11.2 Hz, 2H), 3.59 (d, J = 11.7 

Hz, 1H), 5.16 (d, J = 10.1 Hz, 1H), 5.22-5.32 (m, 2H), 5.95 (d, J =7.6 Hz, 1H), 6.80 (d, J = 7.6 Hz, 

1H), 7.08-7.12 (m, 2H), 7.20-7.24 (m, 2H), 7.38-7.42 (m, 5H); 
13

CNMR (100 MHz, CDCl3, 25°C): 

δsyn = 10.5, 46.4, 54.9, 63.8, 68.5, 110.3, 124.5, 125.5, 126.5, 127.4, 127.5, 128.1 (2C), 128.4, 128.6 

(2C), 130.6, 132.0, 135.6, 154.9; δanti = 14.0, 36.0, 56.6, 63.6, 68.5, 110.7, 123.8, 124.7, 126.6, 

127.7, 127.8, 128.2 (2C), 128.6 (2C), 128.7, 130.2, 130.8, 135.5, 154.3; ESI-MS: m/z = 324.4 

[M+H]
+
, 347.3 [M+Na]

+
, 669.5 [2M+Na]

+
; HMRS calcd for C20H21NO3 : 323.15214; found 

323.15228. 

 

(7b): reddish oil; 51% yield (39% syn, 12% anti); the title compounds were 

isolated by preparative thin layer chromatography (cyclohexane/acetone 97/3) 

on neutral alumina. Syn diastereoisomer ee = 98%; anti diastereoisomer ee = 

98%. The dr was determined by integration of the NC(1)H signals of the two 

diastereoisomers in the 
1
HNMR of the crude mixture after reduction. The ee 
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were determined by HPLC analysis Daicel Chiralpak
®
 AD column: hexane/i-PrOH from 90:10 to 

70:30 in 20 min. then 70:30, flow rate 0.70 mL/min, 40°C, λ = 295 nm: syn diastereoisomer τmajor = 

25.46 min., τminor = 16.41 min.; anti diastereoisomer τmajor = 14.20 min., τminor = 20.20 min. 
1
H 

NMR (400 MHz, CDCl3, 25°C) (two rotamers A:B, 12:1 ratio): δsyn = 0.73 (t, J = 7.8 Hz, 3HA), 0.84 

(t, J = 7.8 Hz, 3HB), 1.04-1.19 (m, 1H), 1.32-1.42 (m, 1H), 1.75-1.80 (m, 1H), 3.31 (dd, J1 = J2 =  

10.5 Hz, 1H), 3.56-3.66 (bs, 2H), 3.71-3.80 (bs, 1H), 5.24 (d, J = 12.3 Hz, 1H), 5.28 (d, J = 12.3 

Hz, 1H), 5.66 (d, J = 3.1 Hz, 1H), 5.76 (d, J = 7.9 Hz, 1HB), 5.82 (d, J = 7.9 Hz, 1HA), 6.85 (d, J 

=7.9 Hz, 1H), 7.03-7.07 (m, 1H), 7.15-7.18 (m, 1H), 7.19-7.24 (m, 2H), 7.35-7.42 (m, 5H); δanti = 

0.73 (t, J = 7.1 Hz, 3HB), 0.78 (t, J = 7.1 Hz, 3HA), 1.07-1.19 (m, 1H), 1.42-1.54 (m, 1H), 1.56-1.64 

(m, 1H), 3.03-3.11 (bs, 1H), 3.45-3.52 (bs, 1H), 3.55-3.63 (bs, 1H), 5.18 (d, J = 9.9 Hz, 1H), 5.24 

(d, J = 12.2 Hz, 1H), 5.30 (d, J = 12.2 Hz, 1HA), 5.35 (d, J = 12.2 Hz, 1HB), 5.97 (d, J = 7.5 Hz, 

1HA), 6.02 (d, J = 7.5 Hz, 1HB),  6.78 (dd, J1 = 7.3 Hz, J2 = 0.9 Hz, 1HA), 6.96 (d, J = 7.3 Hz, 1HB), 

7.05-7.10 (m, 2H),  7.13-7.23 (m, 2H), 7.26-7.42 (m, 5H); 
13

CNMR (100 MHz, CDCl3, 25°C): syn 

= 12.4, 18.0, 52.8, 54.8, 60.9, 68.5, 110.6, 124.5, 125.4, 126.6, 127.4, 127.5, 128.2 (2C), 128.4, 

128.7 (2C), 130.8, 132.1, 135.6, 154.9; anti = 11.8, 19.2, 43.1, 56.1, 58.7, 68.6, 111.1, 123.7, 124.8, 

126.5, 127.7, 128.1, 128.3 (2C), 128.5 (2C), 128.6, 130.2, 130.9, 134.6, 154.9; ESI-MS: m/z = 

338.3 [M+H]
+
, 360.2 [M+Na]

+
; 360.50 [2M+Na]

+
;  HMRS calcd for C21H23NO3 : 337.16779; found 

337.16743. 

 

(7c): colourless oil; 9% yield; 50% ee; the title compound was isolated by 

preparative thin layer chromatography on neutral alumina 

(cyclohexane/acetone 85/15). The ee was determined by HPLC analysis 

Daicel Chiralpak
®
 AD column: hexane/i-PrOH from 90:10 to 70:30 in 20 min. 

then 70:30, flow rate 0.70 mL/min, 40°C, λ = 295 nm: τmajor = 23.87 min., 

τminor =  13.79 min. 
1
H NMR (400 MHz, CDCl3, 25°C) (two rotamers A:B, 9:1 ratio): 1.66-1.75 (m, 

1H), 1.88-1.97 (m, 1H), 3.33-3.40 (bs, 1H), 3.41-3.50 (dd, J1 = J2 =  11.7 Hz, 1H), 3.51-3.60 (bs, 

1H), 5.23 (d, J = 12.4 Hz, 1HB), 5.25 (d, J = 12.4 Hz, 1HA), 5.30 (d, J = 12.4 Hz, 1HA), 5.34 (d, J = 

12.4 Hz, 1HB), 5.53 (dd, J1 = 10.9 Hz, J2 =  3.3 Hz, 1H), 5.90 (d, J = 7.8 Hz, 1HA), 5.98 (d, J = 7.8 

Hz, 1HB), 6.78 (dd, J1 = 7.8 Hz, J2 =  1.0 Hz, 1HA), 6.95 (dd, J1 = 7.8 Hz, J2 =  1.0 Hz, 1HB), 7.06-

7.10 (m, 1H), 7.12-7.15 (m, 1H), 7.20-7.24 (m, 2H), 7.35-7.42 (m, 5H); ESI-MS: m/z = 

310.4[M+H]
+
, 332.3 [M+Na]

+
; HMRS calcd for C19H19NO3 : 309.13649; found 309.13673. 
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(7d): yellowish oil; 65% yield; the title compound was isolated by preparative 

thin layer chromatography on neutral alumina (cyclohexane/acetone 97/3) as 

mixture of diastereoisomers in 79/21 ratio (syn-7d:anti-7d). The dr ratio was 

determined by integration of the  δmajor= 6.86 and  δminor= 6.79 
1
H NMR 

signals relative to the proton on the C3 carbon of the isoquinoline ring. Syn 

diastereoisomer ee = 99%; Anti diastereoisomer ee = 96%. The ee were determined by HPLC 

analysis Daicel Chiralpak
®
 AD column: hexane/i-PrOH from 95:5 to 70:30 in 40 min., flow rate 

0.70 mL/min, 40°C, λ = 295 nm: syn diastereoisomer τmajor = 23.20 min., τminor = 18.94 min.; anti 

diastereoisomer τmajor = 16.97 min., τminor = 17.56 min. 
1
H NMR (400 MHz, CDCl3, 25°C) (two 

rotamers A:B, 10:1 ratio): δsyn = 0.81 (t, J = 7.3 Hz, 3HA), 0.82 (t, J = 7.3 Hz, 3HB), 1.03-1.13 (m, 

2H), 1.13-1.24 (m, 2H), 1.24-1.42 (m, 6H), 1.78-1.88 (m, 1H), 3.27-3.36 (m, 1H), 3.54-3.62 (bs, 

1H), 3.79-3.87 (bs, 1H), 5.23 (d, J = 12.2 Hz, 1H), 5.29 (d, J = 12.2 Hz, 1H), 5.66 (d, J = 3.9 Hz, 

1H), 5.83 (d, J = 7.8 Hz, 1HA), 5.99 (d, J = 7.8 Hz, 1HB), 6.86 (d, J =7.8 Hz, 1H), 7.03-7.07 (m, 

1H), 7.14-7.17 (m, 1H), 7.18-7.25 (m, 2H), 7.32-7.46 (m, 5H); δanti = 0.90 (t, J = 6.9 Hz, 3H), 1.03-

1.13 (m, 2H), 1.13-1.24 (m, 2H), 1.24-1.42 (m, 6H), 1.78-1.88 (m, 1H), 3.11-3.17 (bs, 1H), 3.27-

3.36 (m, 1H), 3.46-3.54 (bs, 1H), 5.24 (d, J = 12.2 Hz, 1H), 5.30 (d, J = 12.2 Hz, 1H), 5.41 (d, J = 

7.2 Hz, 1H), 5.75 (d, J = 7.8 Hz, 1HB), 5.97 (d, J = 7.8 Hz, 1HA), 6.79 (dd, J1 = 7.4 Hz, J2 =  1.1 Hz, 

1H), 7.01-7.13 (m, 2H), 7.18-7.25 (m, 2H), 7.32-7.46 (m, 5H);
 13

CNMR (100 MHz, CDCl3, 25°C): 

syn (two rotamers, A:B 5:1 ratio) = 14.0, 22.5, 24.9 (1CA), 25.3 (1CB), 27.5, 29.2, 31.4 (1CA), 33.4 

(1CB), 50.7, 54.9 (1CA), 56.4 (1CB), 60.8 (1CB), 61.3 (1CA), 68.4, 110.5, 124.5, 125.4, 126.6, 127.4, 

127.5, 128.1 (2C), 128.4, 128.6 (2C), 130.7, 132.1, 135.7, 154.8; anti = 14.1, 22.6, 25.7, 27.2, 29.3, 

32.1, 41.5, 56.2, 59.5, 68.5, 111.0, 123.7, 124.7, 126.5, 127.4, 127.7, 128.0, 128.2 (2C), 128.5 (2C), 

130.7, 132.1, 135.6, 154.2; ESI-MS: m/z = 394.2 [M+H]
+
; HMRS calcd for C25H31NO3 : 

393.23039; found 393.23068. 

 

(7e): colourless oil; 13% yield; the title compound was isolated by preparative 

thin layer chromatography on neutral alumina (cyclohexane/acetone 90/10) as 

mixture of diastereoisomers in 79/21 ratio (syn-7e:anti-7e) containing some 

impurities. Further purification by preparative thin layer chromatography on 

silica (cyclohexane/ethyl acetate 80/20) lead to pure compound as mixture of 

diastereoisomers in 53/47 ratio (syn-7e:anti-7e). Syn diastereoisomer ee = 97%; anti 

diastereoisomer ee = 80%. The dr and ee were determined by HPLC analysis Daicel Chiralpak
®
  

AD column: hexane/i-PrOH from 95:5 to 70:30 in 40 min., flow rate 0.70 mL/min, 40°C, λ = 295 

nm: syn diastereoisomer τmajor = 32.23 min., τminor = 26.01 min.; anti diastereoisomer τmajor = 24.71 
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min., τminor = 28.00 min. 
1
H NMR (400 MHz, CDCl3, 25°C) (two rotamers A:B, 10:1 ratio): δsyn = 

1.18-1.32 (m, 1H), 1.33-1.51 (m, 1H), 1.54-1.76 (m, 2H), 1.76-1.86 (m, 1H), 3.24-3.38 (m, 3H), 

3.48-3.58 (m, 1H), 3,74 (dd, J1 = 9.1 Hz, J2 =  4.8 Hz, 1H), 5.16-5.41 (m, 2H), 5.66 (d, J = 3.5 Hz, 

1H), 5.85 (d, J = 7.5 Hz, 1HA), 6.04 (d, J = 7.5 Hz, 1HB), 6.87 (dd, J1 = 7.5 Hz, J2 =  0.8 Hz, 1HA), 

7.02 (d, J = 7.5 Hz, 1HB), 7.05-7.18 (m, 2H), 7.18-7.29 (m, 2H), 7.32-7.48 (m, 5H); δanti =  1.18-

1.32 (m, 1H), 1.33-1.51 (m, 1H), 1.54-1.76 (m, 2H), 1.76-1.86 (m, 1H), 3.11 (t, J = 7.3 Hz, 1H), 

3.35 (t, J = 7.0 Hz, 2H), 3.48-3.58 (m, 2H), 5.19 (d, J = 10.2 Hz, 1H), 5.16-5.41 (m, 2H), 5.97 (d, J 

= 7.9 Hz, 1HA), 6.00 (d, J = 7.9 Hz, 1HB), 6.79 (dd, J1 = 7.9 Hz, J2 =  1.3 Hz, 1HA), 6.97 (d, J = 7.9 

Hz, 1HB), 7.05-7.18 (m, 2H), 7.18-7.29 (m, 2H), 7.32-7.48 (m, 5H); 
13

CNMR (100 MHz, CDCl3, 

25°C): syn (two rotamers, A:B 7:1 ratio) = 22.7 (1CA), 24.2 (1CB), 30.8, 44.8, 50.1, 54.7, 61.3, 66.9 

(1CB), 68.5 (1CA), 110.5, 124.7, 125.4, 126.6, 127.7, 127.9, 128.2 (2C), 128.4, 128.7 (2C), 130.7, 

131.7, 135.5, 154.9; anti = 24.1, 30.5, 41.7, 44.8, 55.9, 59.5, 68.6, 111.0, 123.7, 124.9, 126.8, 127.6, 

127.9, 128.0 (2C), 128.5, 128.7 (2C), 130.2, 130.3, 135.6, 153.2; ESI-MS: m/z = 386.3 

[M(
35

Cl)+H]
+
, 388.3 [M(

37
Cl)+H]

+
, 408.2 [M(

35
Cl)+Na]

+
, 410.1 [M(

37
Cl)+Na]

+
; HMRS calcd for 

C22H24ClNO3 : 385.14447; found 385.14415. 

  

(7f): yellowish oil; 9% yield (7% syn, 2% anti); the title compound was 

isolated by column chromatography on silica (cyclohexane/ethyl acetate, 

gradient elution from 90/10 to 80/20) as separated diastereoisomers in  81/19 

ratio (syn-7f:anti-7f). Syn diastereoisomer ee = 91%; anti diastereoisomer ee = 

93%. The dr was determined by integration of the NCHC(4)H signals of the 

two diastereoisomers in the 
1
HNMR of the crude mixture after reduction. The ee were determined 

by HPLC analysis Daicel Chiralpak
®
 AD column: hexane/i-PrOH from 90:10 to 70:30 in 20 min. 

then 70:30, flow rate 0.70 mL/min, 40°C, λ = 295 nm: syn diastereoisomer τmajor = 19.50 min., τminor 

= 17.22 min.; anti diastereoisomer τmajor = 25.36 min., τminor = 23.21 min. 
1
H NMR (400 MHz, 

CDCl3, 25°C): δsyn (two rotamers A:B, 7:1 ratio) = 2.13-2.20 (m, 1H), 2.27 (dd, J1 = J2 = 13.2 Hz, 

1H), 2.53-2.61 (m, 1HB), 2.72 (dd, J1 = 13.2 Hz, J2 = 1.4 Hz, 1HA), 3.20-3.41 (m, 2H), 3.59-3.76 

(bs, 1H), 5.22-5.37 (m, 2H), 5.57 (d, J = 5.8 Hz, 1HB), 5.78 (d, J = 3.0 Hz, 1HA), 5.89 (d, J = 7.7 

Hz, 1HA), 6.01 (d, J = 7.7 Hz, 1HB), 6.86-6.94 (m, 3H), 6.97-7.33 (m, 7H), 7.35-7.46 (m, 5H);  δanti 

(two rotamers A:B, 9:1 ratio)= 1.91-2.04 (m, 1H), 2.36 (dd, J1 = J2 = 12.9 Hz, 1HB), 2.44 (dd, J1 = 

12.9 Hz, J2 = 2.8 Hz, 1HA), 2.53 (dd, J1 = 12.9 Hz, J2 = 2.8 Hz, 1HB), 2.73 (dd, J1 = J2 = 12.9 Hz, 

1HB), 3.12-3.44 (m, 3H), 5.18 (d, J = 21.0 Hz, 1HB), 5.25 (d, J = 12.1 Hz, 1HA), 5.31 (d, J = 12.1 

Hz, 1HA), 5.32 (d, J = 10.9 Hz, 1HA), 5.36-5.44 (m, 2HB), 6.03 (d, J = 7.4 Hz, 1HA), 6.07 (d, J = 7.4 

Hz, 1HB), 6.79 (d, J = 7.4 Hz, 1HA), 6.93 (d, J = 7.4 Hz, 1HB), 6.95-6.99 (m, 2H), 7.08-7.33 (m, 
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7H), 7.35-7.46 (m, 5H); 
13

CNMR (50 MHz, CDCl3, 25°C): syn (two rotamers, A:B 8:1 ratio) = 

31.8, 52.6, 54.9, 60.7, 68.6, 107.6 (1CB), 110.6 (1CA), 124.7, 125.3, 125.9, 126.6, 127.7, 127.8, 

128.2 (2C), 128.3 (2C), 128.5, 128.6 (2C), 128.7 (2C), 130.7, 131.8, 135.6, 140.2, 154.9; anti = 

32.7, 44.2, 55.9, 58.3, 68.6, 111.0, 123.7, 125.0, 125.7, 126.7, 128.0, 128.1 (2C), 128.2 (2C), 128.5, 

128.7 (2C), 129.0, 129.1 (2C), 130.2, 130.5, 135.5, 140.4, 154.3; ESI-MS: m/z = 400.2 [M+H]
+
, 

422.3 [M+Na]
+
, 821.6 [2M+Na]

+
; HMRS calcd for C26H25NO3: 399.18344; found 399.18361. 

 

(7g): yellowish oil; 23% yield; the title compound was isolated by column 

chromatography on silica (cyclohexane/ethyl acetate, gradient elution from 

95/5 to 90/10) as mixture of diastereoisomers in  68/32 ratio (anti-7g:syn-7g). 

Anti diastereoisomer ee = 94%; syn diastereoisomer ee = 81%. The dr and ee 

were determined by HPLC analysis Daicel Chiralpak
®

 AD column: hexane/i-

PrOH from 90:10 to 70:30 in 30 min. then 70:30, flow rate 0.70 mL/min, 40°C, λ = 295 nm: anti 

diastereoisomer τmajor = 20.39 min., τminor = 18.82 min.; syn diastereoisomer τmajor = 12.66 min., 

τminor = 16.12 min. 
1
H NMR (400 MHz, CDCl3, 25°C): δanti (two rotamers, A:B  9:1 ratio) = 0.86 (t, 

J = 7.6 Hz, 3H), 1.71-1.97 (m, 4H), 2.24-2.38 (m, 1H), 3.11-3.19 (m, 1H), 3.47-3.60 (m, 2H), 5.05-

5.17 (m, 1H), 5.19-5.39 (m, 4H), 5.97 (d, J = 7.9 Hz, 1HA), 6.02 (d, J = 7.9 Hz, 1HB), 6.78 (d, J = 

7.9 Hz, 1H), 7.08-7.15 (m, 2H), 7.18-7.26 (m, 2H), 7.33-7.45 (m, 5H); δsyn = 0.85 (t, J = 7.6 Hz, 

3H), 1.71-1.97 (m, 3H), 1.98-2.12 (m, 2H), 3.28-3.37 (m, 1H), 3.47-3.60 (m, 1H), 3.77-3.82 (bs, 

1H), 5.05-5.17 (m, 1H), 5.19-5.39 (m, 3H), 5.66 (d, J = 2.7 Hz, 1H), 5.84 (d, J = 7.9 Hz, 1H), 6.87 

(d, J = 7.9 Hz, 1H), 7.08-7.15 (m, 2H), 7.18-7.26 (m, 2H), 7.33-7.45 (m, 5H); 
13

CNMR (100 MHz, 

CDCl3, 25°C): anti = 14.1, 20.3, 24.3, 42.5, 55.8, 59.5, 68.6, 111.0, 123.7, 124.8, 126.6, 126.7, 

127.8, 127.9, 128.2 (2C), 128.5, 128.7 (2C), 130.2, 130.6, 133.5, 135.6, 154.2; syn = 14.0, 20.3, 

23.1, 51.2, 54.6, 61.3, 68.4, 110.5, 121.9, 124.6, 125.2, 126.8, 127.5, 127.6, 128.1 (2C), 128.4, 

128.7 (2C), 130.7, 131.8, 133.1, 135.7, 154.8; ESI-MS: m/z = 378.4 [M+H]
+
, 400.2 [M+Na]

+
, 777.5 

[2M+Na]
+
; HMRS calcd for C24H27NO3 : 377.19909; found 282.1114. 

 

(7h): the compound was prepared according to the general procedure using 

DCM as reaction solvent. Yellowish oil; 62% yield; the title compound was 

isolated after column chromatography on silica (cyclohexane/ethyl acetate 

9/1) as mixture of diastereoisomers in 67/32 ratio (anti-7h:syn-7h) determined 

by integration of the COOCH2Ph signals of the Cbz groups. Anti 

diastereoisomer ee = 90%; syn diastereoisomer ee = 82%. The ees were determined by HPLC 

analysis Daicel Chiralpak
®
 AD column: hexane/i-PrOH from 90:10 to 80:20 in 20 min., flow rate 
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1.0 mL/min, 25°C, λ = 295 nm: anti diastereoisomer τmajor = 10.79 min., τminor = 11.87 min.; syn 

diastereoisomer τmajor = 13.32 min., τminor = 14.70 min. 
1
H NMR (400 MHz, CDCl3, 25°C) (anti:syn 

1:1 mixture): δanti (two rotamers A:B, 4:1 ratio) = 2.93-3.06 (m, 1H+1HA), 3.16-3.27 (m, 1HB), 

3.67-3.83 (m, 1H), 3.84-3.93 (m, 1H), 5.27 (d, J = 12.5 Hz, 1H), 5.32 (d, J = 12.5 Hz, 1H), 5.49 (d, 

J = 10.5 Hz, 1HB), 5.61 (d, J = 10.5 Hz, 1HA), 5.85 (d, J = 7.9 Hz, 1HB), 5.94 (d, J = 7.9 Hz, 1HA), 

6.29 (d, J = 7.8 Hz, 1HA), 6.46 (d, J = 7.8 Hz, 1HB), 6.74-6.82 (m, 2H), 6.98-7.48 (m, 12H); δsyn 

(two rotamers A:B, 3:1 ratio) = 3.06-3.14 (m, 1HA), 3.16-3.27 (m, 1HB), 3.67-3.81 (m, 2H), 3.84-

3.93 (m, 1H), 5.13 (d, J = 12.5 Hz, 1H), 5.20 (d, J = 12.5 Hz, 1H), 5.45 (d, J = 7.0 Hz, 1HA), 5.53 

(d, J = 7.0 Hz, 1HB), 5.81 (d, J = 5.3 Hz, 1HA), 5.94 (d, J = 7.9 Hz, 1HB), 6.56 (d, J = 7.0 Hz, 1H), 

6.84-6.92 (m, 3H), 6.98-7.48 (m, 11H); 
13

CNMR (100 MHz, CDCl3, 25°C) (two rotamers A:B, 6:1 

ratio) δanti = 50.0 (1CA), 51.2 (1CB), 56.8 (1CA), 58.2 (1CB), 63.0 (1CA), 63.1 (1CB), 68.3 (1CB), 

68.5 (1CA),  110.2 (1CB), 110.9 (1CA), 123.3, 124.4, 126.2, 126.9, 127.4, 127.5, 128.0 (2C), 128.2, 

128.5, 128.6 (2C), 128.7 (2C), 129.4, 129.8, 130.5, 135.8 (1CA), 138.1 (1CB), 139.3 (1CA), 141.0 

(1CB), 154.0; δsyn = 52.5 (1CB), 54.6 (1CA), 56.0 (1CA), 59.9 (1CB), 61.7 (1CA), 62.2 (1CB), 67.9 

(1CB), 68.2 (1CA), 109.7, 124.6, 125.0, 126.6, 127.0, 127.1, 127.7 (2C), 127.8, 128.0 (2C), 128.3, 

128.6, 129.0, 129.1 (2C), 130.7, 131.1, 135.6, 137.5 (1CA), 138.2 (1CB), 154.1; ESI-MS: m/z = 

386.3 [M+H]
+
, 408.2 [M+Na]

+
. 

 

Stereoselective alkylation of isoquinolines activated with CbzCl with propionaldheyde 

 

 

General procedure: To a solution of isoquinoline 2b-i (0.2 mmol) in 0.5 mL t-BuOMe/CH2Cl2 

(8/2) inside a round-bottomed flask equipped with a stirring magnetic bar and cooled at 0°C, 

NaHCO3 (0.6 mmol, 51 mg), Jørgensen catalyst 4a (0.04 mmol, 24 mg) and aldehyde 5a (1.0 
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mmol) were added. To the mixture a solution of CbzCl (0.45 mmol, 78 μL CbzCl in 1 mL 

tBuOMe/CH2Cl2 8/2) was added drop wise by a syringe pump during 15 h. After that 2 mL of an 

aqueous saturated solution of NH4Cl were added and the organic layer was extracted with Et2O (3 x 

5 mL). The collected organic layers were dried over MgSO4. The residue was diluted in MeOH and 

the resulting solution was cooled at -40°C. Then NaBH4 (2 mmol, 76 mg) was added. When 

complete conversion was obtained (monitored by TLC), HCl 1N was added (at -40°C) until pH = 1. 

The organic layer was separated and the aqueous layer was extracted with Et2O (2 x 10 mL). The 

collected organic layers were washed with brine (5 mL), dried over MgSO4 and concentrated under 

reduced pressure to give 8b-i. 

The racemic products were synthesized with the same procedure except for using pyrrolidine (0.1 

mmol, 8.3 μL) instead of 4a, CH2Cl2 as reaction solvent and for conducing the reaction at room 

temperature.  

 

Note: the enantiomeric excesses and the diasteromeric ratios of the compounds remain unaltered 

after flash chromatography or after preparative thin layer chromatography on neutral alumina. 

 

(8b): colourless oil; 40% yield; the title compound was isolated by preparative 

thin layer chromatography on neutral alumina (cyclohexane/acetone 85/15) as 

mixture of diastereoisomers in 73/27 ratio (syn-8b:anti-8b). Syn 

diastereoisomer ee = 95%; anti diastereoisomer ee = 88%. The dr and ee were 

determined by HPLC analysis Daicel Chiralpak
®
 AD column: hexane/i-PrOH 

from 90:10 to 70:30 in 20 min., flow rate 0.70 mL/min, 40°C, λ = 295 nm: syn 

diastereoisomer τmajor = 16.16 min., τminor = 13.42 min.; anti diastereoisomer τmajor = 12.71 min., 

τminor = 14.51 min. 
1
H NMR (400 MHz, CDCl3, 25°C) (two rotamers A:B, 7:1 ratio): δsyn = 0.72 (d, 

J = 7.0 Hz, 3HA), 0.86 (d, J = 7.0 Hz, 3HB), 1.92-2.02 (bs, 1H), 3.31 (dd, J1 = 12.1 Hz, J2 = 10.0 

Hz,  1H), 3.37-3.45 (m, 1H), 3.67-3.90 (bs, 1H), 5.27 (s, 2HA), 5.28 (s, 2HB), 5.60 (d, J = 3.1 Hz, 

1H), 6.20 (d, J = 8.0 Hz, 1HA), 6.35 (d, J = 8.0 Hz, 1HB),  6.96 (d, J = 8.0 Hz, 1H), 7.02-7.10 (m, 

2H),  7.34-7.41 (m, 5H), 7.44 (dd, J1 = 7.3 Hz, J2 = 1.7 Hz,  1H); δanti =  0.60 (d, J = 7.0 Hz, 3HB), 

0.85 (d, J = 7.0 Hz, 3HA), 1.92-2.02 (bs, 1H), 3.37-3.45 (m, 1H), 3.58 (dd, J1 =  12.1 Hz, J2 =  2.4 

Hz, 1H), 3.67-3.90 (bs, 1H),  5.14 (d, J = 10.1 Hz, 1H), 5.18-5.33 (m, 2H), 6.24 (d, J = 8.0 Hz, 

1HB), 6.31 (d, J = 8.0 Hz, 1HA), 6.89 (d, J = 8.0 Hz, 1H), 7.02-7.10 (m, 2H), 7.34-7.41 (m, 5H), 

7.47 (dd, J1 =  6.7 Hz, J2 =  2.3 Hz, 1H); 
13

CNMR (100 MHz, CDCl3, 25°C): δsyn = 10.7, 43.8 (1CB), 

46.1 (1CA), 55.0, 63.5, 68.7, 108.9, 120.1, 125.8, 127.2, 128.2 (2C), 128.3, 128.6, 128.7 (2C), 

130.2, 131.6, 134.0, 135.4, 154.7; δanti = 14.0, 36.5, 56.8, 63.4, 68.7, 109.3, 120.5, 125.5, 127.0, 
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127.5, 128.2 (2C), 128.5, 128.6 (2C), 129.8, 131.9, 132.5, 135.3, 153.4; ESI-MS: m/z = 402.4 

[M(
79

Br)+H]
+
, 404.3 [M(

81
Br)+H]

+
, 425.3 [M(

79
Br)+Na]

+
, 427.2 [M(

81
Br)+Na]

+
; HMRS calcd for 

C20H20BrNO3 : 401.06266; found 401.06251. 

 

 

(8c): colourless oil; 23% yield; the title compound was isolated by preparative 

thin layer chromatography on neutral alumina (cyclohexane/acetone 85/15) as 

mixture of diastereoisomers in 87/13 ratio (syn-8c:anti-8c). Syn 

diastereoisomer ee = 99%; anti diastereoisomer ee = 94%. The dr and ee were 

determined by HPLC analysis Daicel Chiralpak
®
 AD column: hexane/i-PrOH 

from 95:5 to 85:15 in 40 min. then 85:15, flow rate 0.70 mL/min, 40°C, λ = 295 nm: syn 

diastereoisomer τmajor = 41.21 min., τminor = 30.31 min.; anti diastereoisomer τmajor = 21.58 min., 

τminor = 31.20 min. 
1
H NMR (400 MHz, CDCl3, 25°C): δsyn= 0.71-0.80 (bs, 3H), 1.96-2.05 (m, 1H), 

2.14-2.24 (bs, 3H), 3.37-3.51 (bs, 3H), 5.17 (d, J = 12.5 Hz, 1H), 5.26 (d, J = 12.5 Hz, 1H), 5.50-

5.58 (bs, 1H), 5.94-5.99 (bs, 1H), 7.02-7.10 (m, 1H), 7.13-7.18 (m, 1H), 7.18-7.25 (m, 1H), 7.29-

7.34 (m, 1H), 7.34-7.40 (m, 4H), 7.40-7.43 (m, 1H); δanti=  0.90 (d, J = 6.9 Hz, 3H), 1.68-1.76 (bs, 

1H), 2.14-2.24 (bs, 3H), 3.37-3.51 (bs, 1H), 3.76-3.81 (bs, 2H), 5.12 (d, J = 10.9 Hz, 1H), 5.14-5.28 

(m, 2H), 5.99-6.02 (bs, 1H), 7.02-7.10 (m, 1H), 7.13-7.18 (m, 1H),  7.18-7.25 (m, 1H), 7.29-7.34 

(m, 1H), 7.34-7.40 (m, 4H), 7.40-7.43 (m, 1H); 
13

CNMR (100 MHz, CDCl3, 25°C): δsyn (two 

rotamers, A:B 5:1 ratio) = 11.8 (1CA), 13.8 (1CB), 21.7, 29.7 (1CA), 33.8 (1CB), 57.4, 64.0, 65.4 

(1CB), 68.4 (1CA), 115.2, 124.2, 126.0, 126.8, 127.0, 127.4, 128.4 (2C), 128.5, 128.6 (2C), 131.4, 

133.2, 135.6, 140.9; δanti = 14.1, 21.7, 35.8, 59.0, 63.8, 68.6, 115.0, 124.2, 126.1, 127.2, 127.5, 

127.6, 128.5, 128.6 (2C), 128.7 (2C), 130.8, 132.1, 135.4, 140.9; ESI-MS: m/z = 338.3 [M+H]
+
, 

360.4 [M+Na]
+
, 697.5 [2M+Na]

+
; HMRS calcd for C21H23NO3 : 337.16779; found 337.16789. 

 

 (8d): (Reaction carried out in CH2Cl2 as reaction solvent);  yellowish 

oil; 53% yield; the title compound was isolated by preparative thin 

layer chromatography on neutral alumina (cyclohexane/acetone 80/20) 

as mixture of diastereoisomers in 71/29 ratio (anti-8d:syn-8d). Anti 

diastereoisomer ee = 91%; syn diastereoisomer ee = 77%. The dr and 

ee were determined by HPLC analysis Daicel Chiralpak
®
 AD column: hexane/i-PrOH 80:20, flow 

rate 0.70 mL/min, 40°C, λ = 295 nm: anti diastereoisomer τmajor = 19.62 min., τminor = 25.51 min.; 

syn diastereoisomer τminor = 21.04 min., τmajor = 24.99 min. 
1
H NMR (400 MHz, CDCl3, 25°C): δanti  

(two rotamers A:B, 13:1 ratio) = 0.74 (d, J = 7.2 Hz, 3HB),0.89 (0.74 rotamer) (d, J = 7.2 Hz, 3HA), 
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1.86-2.00 (m, 1H), 3.02-3.18 (bs, 1H), 3.38 (dd, J1 = 12.0 Hz, J2 = 2.6 Hz, 1H), 3.57 (dd, J1 = 12.0 

Hz, J2 = 2.6 Hz, 1H), 3.87 (s, 6H), 5.11 (d, J = 9.8 Hz, 1H), 5.23 (d, J = 12.2 Hz, 1H), 5.29 (d, J = 

12.2 Hz, 1H), 5.87 5.90 (d, J = 7.9 Hz, 1HA), 5.90 (d, J = 7.9 Hz, 1HB), 6.63 (s, 1H), 6.65 (s, 1H), 

6.70 (dd, J1 = 7.6 Hz, J2 = 1.0 Hz,  1H), 7.28-7.42 (m, 5H);  δsyn =  0.69 (d, J = 7.2 Hz, 3H), 2.00-

2.04 (m, 1H), 3.00-3.02 (bs, 1H), 3.27-3.33 (bs, 1H), 3.48 (dd, J1 =  10.9 Hz, J2 =  4.7 Hz, 1H), 3.88 

(s, 6H),  5.20 (d, J = 11.9 Hz, 1H), 5.33 (d, J = 11.9 Hz, 1H), 5.60 (d, J = 3.0 Hz, 1H), 5.73 (d, J = 

7.9 Hz, 1H), 6.58 (s, 1H), 6.68 (s, 1H), 6.78 (d, J = 7.3 Hz, 1H), 7.16-7.22 (m, 1H), 7.28-7.42 (m, 

3H), 7.43-7.48 (m, 1H); 
13

CNMR (100 MHz, CDCl3, 25°C): anti = 14.1, 37.3, 55.9, 56.1, 56.3, 

63.7, 68.4, 108.1, 110.6, 111.5, 122.2, 123.4, 126.9, 128.1 (2C), 128.4, 128.6 (2C), 135.6, 147.8, 

148.4, 154.3; syn = 10.3, 46.2, 54.6, 56.1, 56.3, 65.3, 68.4, 107.8, 109.8, 110.2, 123.2, 123.9, 127.6, 

128.5 (2C), 128.6 (3C), 135.7, 147.8, 148.4, 154.3; ESI-MS: m/z = 384.4 [M+H]
+
, 406.4 [M+Na]

+
, 

789.5 [2M+Na]
+
; HMRS calcd for C22H25NO5 : 383.17327; found 383.17338. 

 

(8e): colourless oil; 56% yield; the title compound was isolated by preparative 

thin layer chromatography on neutral alumina (cyclohexane/acetone 80/20) as 

mixture of diastereoisomers in 81/19 ratio (syn-8e:anti-8e). Syn 

diastereoisomer ee = 54%; anti diastereoisomer ee = 48%. The dr and ee were 

determined by HPLC analysis Daicel Chiralpak
®
 AD column: hexane/i-PrOH 

from 90:10 to 70:30 in 20 min., flow rate 0.70 mL/min, 40°C, λ = 295 nm: syn 

diastereoisomer τmajor = 16.18 min., τminor = 12.19 min.; anti diastereoisomer τmajor = 11.53 min., 

τminor = 14.23 min. 
1
H NMR (400 MHz, CDCl3, 25°C): δsyn (two rotamers A:B, 10:1 ratio) = 0.70 (d, 

J = 7.3 Hz, 3HA), 0.94 (d, J = 7.3 Hz, 3HB), 1.97-2.04 (m, 1H), 3.27-3.35 (m, 1H), 3.35-3.47 (m, 

3H), 3.83-3.92 (bs, 1H), 4.96 (d, J = 17.0 Hz, 1H), 5.06 (d, J = 9.8 Hz, 1H), 5.21-5.32 (m, 2H), 5.61 

(d, J = 2.6 Hz, 1H), 5.89-6.01 (m, 1H), 5.97 (d, J = 7.8 Hz, 1HA), 6.15 (d, J = 7.8 Hz, 1HB), 6.88 (d, 

J = 7.8 Hz, 1H), 6.96-7.11 (m, 2H), 7.12-7.19 (m, 1H), 7.33-7.44 (m, 5H); δanti=  0.86 (d, J = 7.3 

Hz, 3H), 1.97-2.04 (m, 1H), 3.01-3.08 (bs, 1H), 3.27-3.35 (m, 1H), 3.35-3.47 (m, 2H), 3.55-3.61 

(bs, 1H), 5.00 (d, J = 17.0 Hz, 1H), 5.12 (d, J = 9.8 Hz, 1H), 5.21-5.32 (m, 2H), 5.29 (d, J = 10.6 

Hz, 1H), 5.89-6.01 (m, 1H), 6.10 (d, J = 7.8 Hz, 1H), 6.80 (d, J = 7.8 Hz, 1H), 6.96-7.11 (m, 2H), 

7.12-7.19 (m, 1H), 7.33-7.44 (m, 5H); 
13

CNMR (100 MHz, CDCl3, 25°C): δsyn = 10.7, 29.6, 36.8, 

46.3, 55.1, 68.5, 107.1, 115.9, 125.0, 125.5, 127.4, 128.2 (2C), 128.5, 128.6  (2C), 128.7, 128.9, 

132.5, 133.7, 135.6, 136.7, 154.8; δanti = 14.1, 22.7, 36.9, 46.4, 56.9, 63.8, 107.6, 115.9, 123.8, 

126.3, 126.5, 128.3 (2C), 128.5, 128.6  (2C), 128.8, 128.9, 132.5, 133.7, 135.6, 136.6, 154.8; ESI-

MS: m/z = 364.2 [M+H]
+
, 386.3 [M+Na]

+
, 749.6 [2M+Na]

+
; HMRS calcd for C23H25NO3 : 

363.18344; found 363.18362. 
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 (8f): yellowish oil; 56% yield; the title compound was isolated by 

preparative thin layer chromatography on neutral alumina 

(cyclohexane/acetone 85/15) as mixture of diastereoisomers in 54/46 

ratio (syn-8f:anti-8f). Syn diastereoisomer ee = 78%; anti 

diastereoisomer ee = 25%. The dr and ee were determined by HPLC 

analysis Daicel Chiralpak
®
 AD column: hexane/i-PrOH from 90:10 to 70:30 in 20 min. then 70:30, 

flow rate 0.70 mL/min, 40°C, λ = 295 nm: syn diastereoisomer τmajor = 31.40 min., τminor = 17.33 

min.; anti diastereoisomer τmajor = 16.58 min., τminor = 25.73 min. 
1
H NMR (400 MHz, CDCl3, 

25°C) (two rotamers A:B, 10:1 ratio): δsyn = 0.72 (d, J = 7.0 Hz, 3HA), 0.90 (d, J = 7.0 Hz, 3HB), 

1.87-2.00 (m, 1H), 3.31 (pt, J1 = 12.5 Hz, J2 = 10.0 Hz, 1H), 3.35-3.44 (bs, 1H), 3.80 (s, 3H), 3.88-

3.95 (bs, 1H), 5.21-5.32 (m, 2H), 5.59 (d, J = 3.0 Hz, 1H), 5.77 (d, J = 8.2 Hz, 1HA), 5.94 (d, J = 

8.2 Hz, 1HB),  6.64 (d, J = 3.5 Hz, 1H), 6.76 (dd, J1 = 15.1 Hz, J2 = 2.3 Hz, 1H), 6.89 (d, J = 7.5 Hz, 

1H), 7.06 (d, J = 8.2 Hz, 1H), 7.33-7.45 (m, 5H); δanti = 0.72 (d, J = 7.0 Hz, 3HB),  0.86 (d, J = 7.0 

Hz, 3HA), 1.87-2.00 (m, 1H), 3.04-3.12 (bs, 1H), 3.35-3.44 (bs, 1H), 3.57 (dd, J1 = 12.0 Hz, J2 = 3.6 

Hz, 1H), 3.80 (s, 3H), 5.13 (d, J = 10.0 Hz, 1H), 5.21-5.32 (m, 2H), 5.89 (d, J = 7.8 Hz, 1H), 6.60 

(d, J = 3.5 Hz, 1H), 6.75-6.77 (bs, 1H), 6.81 (d, J = 7.5 Hz, 1H), 7.02 (d, J = 7.8 Hz, 1H), 7.33-7.45 

(m, 5H); 
13

CNMR (100 MHz, CDCl3, 25°C): syn = 10.6, 46.4, 54.5, 55.3, 63.8, 68.5, 109.7, 110.2, 

112.8, 124.2, 125.9, 127.4, 128.1, 128.2, 128.6 (2C), 128.7, 131.7, 135.6, 154.8, 159.1; anti = 13.9, 

37.4, 55.3, 56.2, 63.2, 65.2, 110.0, 110.6, 112.0, 123.2, 124.3, 126.9, 127.5, 128.42, 128.45, 128.5 

(2C), 131.3, 135.6, 154.1, 158.9; ESI-MS: m/z = 354.4 [M+H]
+
, 376.3 [M+Na]

+
, 729.5 [2M+Na]

+
; 

HMRS calcd for C21H23NO2 : 353.16271; found 353.16277. 

 

(8g): (Reaction carried out in CH2Cl2 as reaction solvent); colourless oil; 

68% yield; the title compound was isolated by preparative thin layer 

chromatography on neutral alumina (cyclohexane/acetone 85/15) as 

mixture of diastereoisomers in 53/47 ratio (anti-8g:syn-8g). Syn 

diastereoisomer ee = 88%; anti diastereoisomer ee = 92%. The dr and ee 

were determined by HPLC analysis Daicel Chiralpak
®
 AD column: hexane/i-PrOH from 90:10 to 

70:30 in 20 min. then 70:30, flow rate 0.70 mL/min, 40°C, λ = 295 nm: syn diastereoisomer τmajor = 

27.05 min., τminor = 14.04 min.; anti diastereoisomer τmajor = 13.30 min., τminor = 21.83 min. 
1
H 

NMR (400 MHz, CDCl3, 25°C) (two rotamers A:B, 10:1 ratio): δanti = 0.70 (d, J = 7.0 Hz, 3HA), 

0.90 (d, J = 7.0 Hz, 3HB),1.87-2.01 (m, 1H), 2.32 (s, 3H), 3.32 (dd, J1 = J2 = 10.2 Hz, 1H), 3.36-

3.45 (bs, 1H), 3.90-3.99 (bs, 1H), 5.23-5.32 (m, 2H), 5.60 (d, J = 3.0 Hz, 1H), 5.77 (d, J = 7.7 Hz, 

1HA), 5.94 (d, J = 7.7 Hz, 1HB), 6.87 (d, J = 7.7 Hz, 1H), 6.88 (s, 1H), 6.98-7.05 (m, 2H), 7.34-7.41 
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(m, 5H); δsyn = 0.74 (d, J = 6.9 Hz, 3HB), 0.87 (d, J = 6.9 Hz, 3HA), 1.87-2.01 (m, 1H), 2.33 (s, 3H), 

3.06-3.15 (bs, 1H), 3.36-3.45 (bs, 1H), 3.59 (dd, J1 = 12.2 Hz, J2 = 2.5 Hz, 1H), 5.14 (d, J = 10.0 

Hz, 1H), 5.23-5.32 (m, 2H), 5.90 (d, J = 7.7 Hz, 1HA), 5.93 (d, J = 7.7 Hz, 1HB), 6.78 (dd, J1 = 7.6 

Hz, J2 = 1.0 Hz, 1H), 6.92 (s, 1H), 6.98-7.05 (m, 2H), 7.34-7.41 (m, 5H); 
13

CNMR (100 MHz, 

CDCl3, 25°C): anti (two rotamers, A:B 8:1 ratio) = 10.6, 21.0, 46.3, 54.7, 63.8 (1CA), 65.3 (1CB), 

68.4, 110.4, 125.1, 125.4, 126.3, 127.6, 127.9, 128.1, 128.2, 128.6 (2C), 129.1, 130.5, 135.7, 137.0, 

154.9; syn (two rotamers A:B, 5:1 ratio)= 14.0 (1CA), 14.1 (1CB), 21.1, 37.2, 56.4, 60.2 (1CB), 63.6 

(1CA), 63.9, 110.8, 123.8, 125.5, 127.0, 127.3, 127.5, 128.0 (2C), 128.3, 128.4 128.5, 130.0, 135.6, 

137.3, 154.2; ESI-MS: m/z = 338.3 [M+H]
+
, 360.4 [M+Na]

+
, 697.5 [2M+Na]

+
; HMRS calcd for 

C21H23NO3 : 337.16779; found 337.16761. 

 

(8i): yellowish oil; 60% yield; the title compound was isolated by preparative 

thin layer chromatography on neutral alumina (cyclohexane/acetone 85/15) as 

mixture of diastereoisomers in 81/19 ratio (syn-8i:anti-8i). Syn 

diastereoisomer ee = 97%; anti diastereoisomer ee = 74%. The dr and ee were 

determined by HPLC analysis Daicel Chiralpak
®
 AD column: hexane/i-PrOH 

from 90:10 to 70:30 in 20 min. then 70:30, flow rate 0.70 mL/min, 40°C, λ = 

295 nm: syn diastereoisomer τmajor = 27.42 min., τminor = 15.48 min.; anti diastereoisomer τmajor = 

13.65 min., τminor = 24.98 min. 
1
H NMR (400 MHz, CDCl3, 25°C) (two rotamers A:B, 8:1 ratio): 

δsyn = 0.69 (d, J = 7.1 Hz, 3HA), 0.92 (d, J = 7.1 Hz, 3HB), 1.88-2.03 (m, 1H), 3.33 (pt, J1 = 11.9 Hz, 

J2 = 10.2 Hz, 1H), 3.37-3.47 (m, 1H), 3.72 (d, J = 16.0 Hz, 1H), 3.80 (d, J = 16.0 Hz, 1H), 3.93-

4.01 (bs, 1H), 5.22 (d, J = 12.3 Hz, 1HB), 5.23 (d, J = 12.3 Hz, 1HA), 5.28 (d, J = 12.3 Hz, 1HA), 

5.32 (d, J = 12.3 Hz, 1HB), 5.62 (d, J = 3.2 Hz, 1H), 6.70 (s, 1HA), 6.92 (s, 1HB), 7.15-7.27 (m, 6H), 

7.27-7.33 (m, 3H), 7.33-7.47 (m, 5H); δanti = 0.73 (d, J = 6.9 Hz, 3HB), 0.88 (d, J = 6.9 Hz, 3HA), 

1.88-2.03 (m, 1H), 3.12-3.21 (bs, 1H),  3.37-3.47 (m, 1H), 3.59-3.66 (m, 1H), 3.72 (d, J = 16.0 Hz, 

1H), 3.89 (d, J = 16.0 Hz, 1H), 5.15 (d, J = 10.4 Hz, 1H), 5.24 (d, J = 12.3 Hz, 1H), 5.30 (d, J = 

12.3 Hz, 1H), 6.66 (s, 1HA), 6.88 (s, 1HB), 7.01-7.14 (m, 2H), 7.15-7.27 (m, 4H), 7.27-7.33 (m, 

3H), 7.33-7.47 (m, 5H); 
13

CNMR (100 MHz, CDCl3, 25°C): syn = 10.7, 36.2, 45.9, 54.9, 63.8, 68.3, 

119.0, 122.2, 124.1, 126.3, 126.6, 127.3, 127.5, 127.9 (2C), 128.2, 128.4 (2C), 128.6 (2C), 128.7 

(2C), 131.3, 133.0, 135.7, 139.0, 154.9; anti = 14.1, 35.9, 37.2, 56.8, 63.6, 68.4, 119.8, 122.2, 122.5, 

126.3, 126.7, 126.9, 127.6, 128.0 (2C), 128.3, 128.5 (2C), 128.60 (2C), 128.7 (2C), 129.1, 131.7, 

135.6, 139.2, 154.2; ESI-MS: m/z = 414.2 [M+H]
+
, 436.1 [M+Na]

+
, 849.2 [2M+Na]

+
; HMRS calcd 

for C27H27NO3 : 413.19909; found 413.19979. 
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Synthesis of compound 9a 

 

 

Procedure starting from 6a: To a 25 mL balloon equipped with a magnetic stirring bar, 3 mL 

MeOH and 10% Pd/C (20% wt, 60 mg), were added and the mixture was stirred under hydrogen 

atmosphere (1 atm) for 30 min. Then 6a (0.2 mmol, 58.7 mg) was added and the mixture was stirred 

under hydrogen atmosphere for 48 hours. After that the mixture was diluted with CH2Cl2 (5 mL), 

filtered trough Celite
®
 and concentrated under reduced pressure. The crude product was dissolved in 

CH2Cl2 (7.5 mL) and trifluoroacetic acid (33 mmol, 2.5 mL) was added and the mixture was stirred 

for 4 h. The solution was concentrated under reduced pressure, water (5 mL) was added and the 

solution was basified with NaHCO3 and subsequently extracted with Et2O (3 x 5 mL). The organic 

layers were collected and washed with HCl 1N (3 x 5 mL). The aqueous layers were collected and 

basified at 0°C with KOH and subsequently extracted with Et2O (3 x 5 mL). The collected organic 

layers were washed with brine (5 mL), dried over MgSO4 and concentrated under reduced pressure 

to give pure 9a in 71% yield. 

 

 

Procedure starting from 7a: To a solution of 7a (0.24 mmol, 77.5 mg) in CH2Cl2 (2 mL) at 0°C, 

triethylsilane (3.7 mmol, 586 μL) and trifluoroacetic acid (46 mmol, 3.5 mL) were added and the 

mixture was stirred at 0°C. After 3 hours the solution was concentrated under reduced pressure. 

The residue was diluted in AcOEt (1 mL) and trifluoroacetic acid  (1 mL). 10% Pd/C (10% wt, 45 

mg) was added and the mixture was kept under hydrogen atmosphere (1 atm) for 2 hours. Then the 

mixture was diluted with CH2Cl2 (10 mL) and filtered through Celite
®
. The solution was 

concentrated under reduced pressure, water (5 mL) was added and the solution was basified with 
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NaHCO3 and subsequently extracted with Et2O (3 x 5 mL). The organic layers were collected and 

washed with HCl 1N (3 x 5 mL). The aqueous layers were collected and basified at 0°C with KOH 

and subsequently extracted with Et2O (3 x 5 mL). The collected organic layers were washed with 

brine (5 mL), dried over MgSO4 and concentrated under reduced pressure to give pure 9a in 76% 

yield.  

 

(9a): yellowish oil; 
1
H NMR (400 MHz, CDCl3, 25°C): δsyn  = 0.91 (d, J = 7.2 Hz, 3H), 2.34-2.44 

(m, 1H), 2.29-2.74 (bs, 2H), 2.66-2.75 (m, 1H),  2.81-2.95 (m, 1H), 2.96-3.05 (m, 1H), 3.24-3.34 

(m, 1H), 3.76 (dd, J1 = 10.9 Hz, J2 = 3.4 Hz, 1H), 4.00 (dd, J1 = 10.9 Hz, J2 =  5.0 Hz, 1H), 4.30 (d, 

J = 2.65 Hz, 1H), 7.07-7.21 (m, 4H); δanti  = 1.22 (d, J = 7.2 Hz, 3H), 2.17-2.27 (m, 1H), 2.29-2.74 

(bs, 2H), 2.66-2.75 (m, 1H),  2.81-2.95 (m, 1H), 2.96-3.05 (m, 1H), 3.24-3.34 (m, 1H), 3.45 (ddd, J1 

= 10.8 Hz, J2 = 4.6 Hz, J3 = 0.9 Hz, 1H), 3.66 (dd, J1 = 10.8 Hz, J2 =  2.4 Hz, 1H), 4.17 (d, J = 4.60 

Hz, 1H), 7.07-7.21 (m, 4H); 
13

CNMR (100 MHz, CDCl3, 25°C): syn (two rotamers, A:B 10:1 ratio) 

= 10.7, 29.7 (1CA), 30.2 (1CB), 37.9, 42.3, 59.6, 67.9, 125.3, 126.1, 126.2, 129.5, 135.7, 137.3; anti 

= 15.1, 29.6, 37.8, 41.6, 61.6, 66.1, 125.8, 126.3, 126.4, 129.3, 135.7, 137.3; ESI-MS: m/z = 192.2 

[M+H]
+
; HMRS calcd for C12H17NO : 191.13101; found 191.13152. 

 

Synthesis of 1-alkyl isoquinoline 10a 

 

 

A mixture of 10% Pd/C (10% wt, 15 mg) was stirred under hydrogen atmosphere for 30 min. Then 

7a (0.12 mmol, 39.2 mg) was added and the mixture was stirred under hydrogen atmosphere (1atm) 

for further 3 hours. The mixture was diluted with CH2Cl2 (10 mL) and filtered through Celite
®
. The 

solvent was concentrated under reduced pressure to give crude 10a. The title compound was 

isolated by column chromatography on silica (cyclohexane/acetone 75/25) as colorless oil (80% 

yield; 93% ee). The ee was determined by HPLC analysis Daicel Chiralpak
®

 IC column: hexane/i-

PrOH  90:10, flow rate 0.70 mL/min, 40°C, λ = 214 nm: τmajor = 17.48 min., τminor =  18.40 min. 

(8aa): []D
20

=-52.4 (c=1.7, CHCl3); 
1
H NMR (400 MHz, CDCl3, 25°C): δ = 1.48 (d, J = 7.0 Hz, 

3H), 3.82-3.90 (m, 1H), 4.04 (dd, J1 = 10.9 Hz, J2 =  5.1 Hz, 1H), 4.21 (dd, J1 = 10.9 Hz, J2 =  3.1 
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Hz, 1H), 4.75-4.97 (bs, 1H), 7.52 (d, J = 5.6 Hz, 1H), 7.60 (ddd, J1 = 8.2 Hz, J2 =  6.9 Hz, J3 = 1.1 

Hz, 1H), 7.67 (ddd, J1 = 8.2 Hz, J2 =  6.9 Hz, J3 = 1.1 Hz, 1H), 7.82 (d, J = 8.2 Hz, 1H), 8.16 (d, J = 

8.2 Hz, 1H), 8.38 (d, J = 5.6 Hz, 1H); 
13

CNMR (100 MHz, CDCl3, 25°C): = 17.8, 37.2, 66.3, 

119.5, 124.7, 126.4, 127.2, 127.5, 130.0, 136.4, 140.9, 165.3; ESI-MS: m/z = 188.1 [M+H]
+
; HMRS 

calcd for C12H13NO : 187.09971; found 187.09964. 

 

Determination of the relative configuration of 9a 

 

To determine the relative configuration of the obtained products 6, 7 and 8, the oxazolidinone 11a 

was prepared starting from 9a. The major and the minor diastereoisomers were separated by 

preparative TLC and the relative configuration of the stereogenic centers 1 and 2
’
 was determined 

by NOESY1D NMR analysis. 

 

 

 

Preparation of the oxazolidinone: In a 5 mL vial equipped with stirring bar, 9a (dr syn:anti 

2.57:1.0) (0.06 mmol, 12.0 mg) was dissolved in 1 mL of CH2Cl2. The solution was cooled to 0°C 

and 1 mL of a saturated solution of NaHCO3 was added under vigorous agitation. Then triphosgene 

(0.24 mmol, 56 mg) was added in two portions after a two hours gap. After six hours the reaction 

was allowed to warm to room temperature overnight. Et2O (10 mL) and water (1 mL) were added 

and the organic layer was separated. The aqueous layer was extracted with Et2O (2 x 5 mL). The 

combined organic layers were washed with brine (5 mL), dried over MgSO4 and concentrated under 

reduced pressure. The crude product was purified with preparative thin layer chromatography on 

silica (cyclohexane/AcOEt 6/4) to afford product 11a in 64% yield. 

(11a)
 1

H NMR (400 MHz, CDCl3, 25°C): δsyn = 0.78 (d, J = 6.8 Hz, 3H), 2.48-2.57 (m, 1H), 2.65-

2.74 (m, 1H), 2.89-3.00 (m, 2H), 4.21 (dd, J1 = 10.7 Hz, J2 = 1.9 Hz, 1H), 4.52 (dd, J1 = 10.7 Hz, J2 

= 2.4 Hz, 1H), 4.68-4.73 (m, 1H), 4.99 (d, J = 3.8 Hz, 1H), 7.10-7.29 (m, 4H); δanti = 1.32 (d, J = 

6.9 Hz, 3H), 2.46-2.56 (m, 1H), 2.79 (dt, J1 = 15.9 Hz, J2 = 4.9 Hz, 1H), 3.04-3.13 (m, 1H), 3.18-

3.26 (m, 1H), 3.98 (dd, J1 = 10.8 Hz, J2 = 8.3 Hz, 1H), 4.14 (dd, J1 = 10.8 Hz, J2 = 3.8 Hz, 1H), 

4.22 (dt, J1 = 12.7 Hz, J2 = 5.3 Hz, 1H), 4.32 (d, J = 6.7 Hz, 1H), 7.18-7.28 (m, 4H); 
13

C NMR (100 

MHz, CDCl3, 25°C): syn = 16.2, 28.5, 31.9, 43.8, 60.3, 69.3, 126.5, 126.7, 127.5, 129.0, 135.9, 
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136.5, 153.7; anti = 10.2, 29.0, 32.1, 41.3, 58.4, 70.9, 124.1, 125.3, 126.8, 129.3, 133.9, 135.6, 

152.8; ESI-MS: m/z = 218.1 [M+H]
+
, 435.2 [2M+H]

+
, 457.1 [2M+Na]

+
; HMRS calcd for 

C13H15NO2 : 217.11028; found 217.11014. 

 

Selective excitation of the C1 methyl signal of the major diastereoisomer, shows a positive n.O.e. 

on the proton H
11

 that could be estimated 0.2 considered 100 the intensity of the irradiated signal. 

The same analysis was conducted on the minor diastereoisomer and a positive n.O.e. was observed 

for the proton H
11

 with an intensity of 2.1 considered 100 the intensity of the irradiated signal. On 

the basis of this evidence the relative configuration syn was assigned to the major diastereoisomer 

and the relative configuration anti was assigned to the minor diastereoisomer. 

 

Figure S1. Major diasteroisomer syn 11a (Obtained 600 MHz in CDCl3 using a DPFGSE-NOE 

sequence with a 50 Hz 'rsnob' pulse and a mixing time of 2 s) 
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Figure S2. Minor diasteroisomer anti 11a (Obtained 600 MHz in CDCl3 using a DPFGSE-NOE 

sequence with a 50 Hz 'rsnob' pulse and a mixing time of 2 s) 

 

syn-11a 
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anti-11a 

 

 

11a,  syn-anti 1.2:1 
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Determination of the absolute configuration of 10a 

 

To determinate the absolute configuration of the products 6, 7 and 8 the -methoxy--

trifluoromethylphenylacetyl (MPTA) esters of 10a was prepared. As during the rearomatisation the 

stereogenic center on the C1 position of the tetrahydroisoquinoline is lost, the obtained result 

indicates that the remaining stereocenter has the same absolute configuration for both the obtained 

diastereoisomers. Furthermore, considering that 9a was obtained with the same relative 

configuration of the major diastereoisomer starting either from 6a or from 7a, the configuration of 

the stereocenters of the compounds obtained using either Boc2O or CbzCl is the same.  

 

 

 

(19a-TfOH). In a Schlenk tube under nitrogen atmosphere equipped with a stirring bar, (S)-MPTA 

(0.2 mmol, 46.8 mg) and DMF (0.005 mmol, 0.3 L) were dissolved in 400 L of dichloromethane. 

Then oxalyl chloride (1.6 mmol, 137 L) was added and the solution was stirred for 4 hours. 

Subsequently the solvent and the excess of oxalyl chloride were evaporated under reduced pressure. 

To the residue a solution of racemic alcohol 10a (0.1 mmol, 18.7 mg), triethylamine (0.4 mmol, 56 

L) and 4-dimethylaminopyridine (0.02 mmol, 2.5 mg) in dichloromethane (500 L) were added 

under nitrogen atmosphere. The mixture was stirred overnight, then a solution of satured NaHCO3 

(2 mL) and Et2O (10 mL) were added and the organic layer was separated. The aqueous layer was 

extracted with Et2O (2 x 10 mL). The combined organic layers were washed with brine (5 mL), 

dried over MgSO4 and concentrated under reduced pressure. The crude product was purified with 

preparative thin layer chromatography on silica (cyclohexane/AcOEt 8/2) to afford product 19a as 

1:1 mixture of the two diastereoisomers.  

Mosher ester 19a was dissolved in DCM (2 mL) and trifluoromethansulfonic acid (0.1 mmol, 9 L) 

was added under stirring. After two hours the solvent and the excess of trifluoromethansulfonic acid 

were evaporated under reduced pressure to afford triflate salt 19a∙TfOH in quantitative yield. 

The same procedure was used to obtain Mosher ester 19a∙TfOH as single diastereoisomer 

(quantitative yield) using active alcohol 10a (ee 93%) as starting material. The 
1
HNMR samples 
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were prepared dissolving 19a∙TfOH in solution of deuterated chloroform and deuterated 

acetonitrile in a 2.5/1.0 ratio.  

The absolute configuration of chiral centers of primary alcohols with a branched methyl at C2 could 

be determinate by Modified Mosher’s method.
S6 

1
HNMR spectra of the mixture of (S,S)-19a∙TfOH and (R,S)-19a∙TfOH showed a clear separation 

between one of C1 methylene protons relative to the two diasteroisomer. 

From the literature, in (S)-MPTA ester of a C2 branched primary alcohol the distance between the 

double doublet signals for the diastereomeric protons on C1 is larger if the absolute configuration of 

the C2 chiral center is S, while it is closer for the R stereoisomer. The reverse is also true for the 

(R)-MPTA ester. Considering this, it is possible to attribute the correct diastereoisomer to 
1
H NMR 

signals: the double doublet signals for the diastereomeric protons of (R,S)-19a∙TfOH were closer 

(0.06 ppm), while the same signal relative to (S,S)-19a∙TfOH were more separated (0.15 ppm). 

The same analysis was conducted to 19a∙TfOH prepared from enantioriched 7a (see above) 

obtained from the organocatalytic alkylation of isoquinoline. Based on the 
1
H NMR signals it is 

possible to attribute (S) absolute configuration of the stereocenter in the C2 position. In conclusion 

the absolute configuration of the syn-7a was assigned (2’S,1S) while for the anti-7a was (2’S,1R). 

The same absolute configuration were suggested for 6a-c, 7a-h and 8b-i. 

Note: free 19a did not present an adequate splitting of the two diasteroisomeric protons for the 

assignment of the absolute configuration. 
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Figure S3. 
1
H NMR (600 MHz, CDCl3/CD3CN 2.5/1, 25°C) spectra of (S,S)+(R,S)-19a∙TfOH 

above and (S,S)-19a∙TfOH below. 
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Stereochemical proposal for the nucleophilic addition of Jørgensen enamine to isoquinolinium 

ions. 

 
 
 

 
 
 
 
 
 
 
Synthesis of (+)-13-methyl tetrahydroprotoberberine 1g using Boc as activating group. 

 

The alkylation reaction of adduct 3a with phenylacetaldehyde 5h afforded 12 as mixture of 

diastereoisomers. After reduction of the enamide double bond, syn-13 and anti-13 were separated. 

Starting from anti-13, 13-methyl tetrahydroprotoberberine 1g was obtained, while syn-13 lead to 

product 25 (diastereoisomer of 1g). 

Compound 1g was synthesized in both active and racemic form, while 25 was synthesized in 

racemic form. 

The relative configuration of the enamides 17 and 24 was determined by n.O.e analysis. 
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Synthesis of active 12. 
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(12): To a 5 mL vial equipped with a magnetic stirring bar, CH2Cl2 (1 mL), phenylacetaldehyde 5h 

(0.6 mmol, 68 μL) and 4a (0.2 mmol, 120 mg) were added. After 5 h the reaction mixture was 

cooled at 0°C and 3a (0.2 mmol, 60.6 mg) was added. 500 μL MeOH and NaBH4 (1.2 mmol, 48 

mg) were added after 16 hours. When reduction reaction was complete (monitored by TLC), the 

reaction was quenched with aqueous HCl 1M until pH = 1. The mixture was diluted with diethyl 

ether (3 mL), the organic layer was separated and the aqueous layer was extracted with Et2O (2 x 3 

mL). The collected organic layers were washed with brine, dried on MgSO4 and concentrated under 

reduced pressure. The crude mixture was purified by column chromatography on silica gel 

(cyclohexane/ethyl acetate 90/10) to afford 12 (64.7 mg, 92% yield, colourless oil) and enamine 20 

as yellowish oil (112 mg, 0.16 mmol, 80% recovered catalyst). 

(12): diastereomeric ratio 77/23 (anti-12:syn-12); anti diastereoisomer ee = 95%; syn 

diastereoisomer ee = 66%. The d.r. and e.e. were determined by HPLC analysis Daicel Chiralcel 

AD column: hexane/i-PrOH 95:5 for 20 min, then gradient elution from 95:5 to 85:5 in 10 min, 

flow rate 0.70 mL/min, 40°C, λ = 295 nm: anti diastereoisomer τmajor = 29.93 min., τminor = 15.60 

min.; syn diastereoisomer τmajor = 19.74 min., τminor = 24.17 min. 
1
H NMR (400 MHz, CDCl3, 

25°C): δanti (two rotamers A:B, 9:1 ratio) = 1.57 (s, 9HA), 1.60 (s, 9HB), 2.50-2.76 (bs, 1H), 2.98-

3.04 (m, 1H), 3.76 (dd, J1 = 12.2 Hz, J2 = 2.9 Hz, 1H), 3.93 (dd, J1 = 12.2 Hz, J2 = 4.9 Hz, 1H), 

5.44 (d, J = 9.8 Hz, 1HB), 5.59 (d, J = 9.8 Hz, 1HA), 5.94 (d, J = 7.7 Hz, 1HA), 5.99 and 5.88 (d, J = 

7.7 Hz, 1HB), 6.27 (d, J = 7.7 Hz, 1HA), 6.40 (d, J = 7.7 Hz, 1HB), 6.77 (d, J = 7.7 Hz, 1H), 6.88-

6.94 (m, 1H), 6.97-7.34 (m, 7H); δsyn= 1.44 (s, 9H), 2.50-2.76 (bs, 1H), 3.05-3.15 (m, 1H), 3.73-

3.76 (m, 1H), 3.88-3.96 (m, 1H), 5.44 (d, J = 7.7 Hz,1H), 5.78 (d, J = 5.6 Hz,1H), 6.52 (d, J = 7.7 

Hz,1H), 6.74-6.77 (m,1H), 6.88-6.94 (m, 1H), 6.97-7.34 (m, 7H); 
13

C NMR (100 MHz, CDCl3, 

25°C): δanti (two rotamers A:B, 9:1 ratio) = 27.7 (3CB), 28.2 (3CA), 46.3 (1CB), 49.8 (1CA), 56.0 

(1CA), 56.5 (1CB), 61.0 (1CB), 63.0 (1CA), 79.9 (1CB), 82.5 (1CA), 109.6 (1CB), 109.9 (1CA), 124.1 

(1CA), 124.2 (1CA), 125.2 (1CB), 125.7 (1CB), 125.9 (1CA), 126.2 (1CB), 126.3 (1CB), 126.5 (1CB), 

126.7 (1CA), 127.3 (1CA), 127.4 (1CB), 127.5 (1CA), 127.7 (1CA), 127.9 (2CA), 128.0 (2CB), 128.41 

(1CB), 128.43 (1CB), 129.5 (1CA), 130.0 (1CA), 130.6 (1CA), 134.6 (1CB), 134.7 (1CB), 139.6 (1CA), 

142.3 (1CB), 153.0 (1CB), 153.3 (1CA); δsyn = 28.1 (3C), 54.4, 55.2, 61.8, 81.9, 108.6, 124.4, 125.8, 

126.6, 126.8, 126.9,  127.6, 128.3, 128.5, 129.1 (2C), 131.0, 131.2, 137.8, 157.1; ESI-MS: m/z = 

374.0 [M+Na]
+
, 390.2 [M+K]

+
. 

 

(20): 
1
H NMR (400 MHz, CDCl3, 25°C): δ  = -0.14 (s, 9H), 0.33-0.47 (m, 1H), 1.50-1.62 (m, 1H), 

1.76-1.86 (m, 1H), 2.11-2.23 (m, 1H), 2.52 (td, J1 = 9.1 Hz, J2 = 2.8 Hz, 1H), 2.94 (q, J  = 10.5 Hz, 
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1H), 4.63 (dd, J1 = 9.1 Hz, J2 = 1.5 Hz, 1H), 5.12 (d, J  = 13.9 Hz, 1H), 6.97-7.25 (m, 4H), 7.74-

8.03 (m, 8H). 

 

Preparation of enamine 21. 

 

In a two necked round bottomed flask, molecular sieves 4 Å (1g) were heated under vacuum for 10 

minutes. Then the flask was cooled at room temperature and filled with nitrogen. DCM (5 mL), 

phenylacetaldehyde (10 mmol, 1.11 mL), pyrrolidine (10 mmol, 830 μL) and p-toluenesulfonic acid 

monohydrate (0.1 mmol, 19 mg) were added. After 1 hour the yellow and sluggish solution became 

clear. After 5 hours the solution was filtered through Celite pad under nitrogen atmosphere and 

concentrated to give enamine 21 as a yellow oil in quantitative yield. It was used without further 

purification in the next steps and it can be stored under nitrogen atmosphere for several weeks 

without any appreciable hydrolysis. Spectroscopic data was according to the literature
S7

. 

 

Synthesis of racemic 12 

 

To a solution of isoquinoline 2a (8.67 mmol 1.02 mL) in DCM (5 mL), Boc2O (8.67 mmol, 2.0 mL) 

was added. The resulting solution was stirred for 2 hours at room temperature, then enamine 21 

(8.67 mmol, 1.5 g) was added. After 24 hours the reaction was quenched with HCl 1M (10 mL) and 

the mixture was vigorously stirred for 1 hour. The organic phase was separated and the aqueous 

layer was extracted with DCM (2 x 8 mL). The collected organic layers were dried over Na2SO4. 

The residue was diluted with MeOH (3 mL) and cooled to 0°C, then NaBH4 (13 mmol, 494 mg) 

was added. After 2 hours complete conversion was observed by TLC analysis and the reaction was 

quenched by careful addition of HCl 1M until pH = 1. The organic layer was separated and the 

aqueous layer was extracted with DCM (2 x 10 mL). The collected organic layers were dried over 

Na2SO4 and concentrated under vacuum. The crude product was purified by column 

chromatography on silica gel (cyclohexane/ethyl acetate 90/10) to afford racemic 12 (974 mg, 2.77 

mmol, 32% yield, diastereomeric ratio anti-syn 75:25) as colourless oil. 



S35 
 

Preparation of compounds 13 

 

In a 25 mL two necked round bottomed flask, 12 (0.57 mmol, 200 mg), MeOH (5 mL) and 10%  

Pd/C (50%, 100 mg) were sequentially added and kept under H2 (1 atm). The reaction mixture was 

stirred for 16 hours, then it was filtered through Celite pad and was washed with DCM (15 mL). 

The solvent was removed under reduced pressure to afford a mixture of syn-13 (Rf = 0.4, 8:2 

cyclohexane:ethyl acetate) and anti-13 (Rf = 0.2). The two diasteroisomers were separated by 

column chromatography (cyclohexane/ethyl acetate 85/15). 

The same procedure was followed to obtain racemic anti-13 and syn-13. 

 

(anti-13): sticky white solid, 109 mg, 54% yield; [α]D
20 

= -37.3 (c=1.4, 

CHCl3); 
1
H NMR (400 MHz, CDCl3, 25°C) (two rotamers A:B, 8:1 

ratio): δanti = 1.53 (s, 9H), 2.50-2.61 (m, 2HB), 2.79-2.90 (m, 2HA), 2.90-

2.97 (m, 1H), 3.21-3.30 (m, 1HB), 3.40-3.49 (m, 1HB), 3.61-3.69 (m, 

2HA), 3.82 (dd, J1 = 11.9 Hz, J2 = 3.0 Hz, 1H), 3.86-3.98 (bs, 1H), 4.07 

(dd, J1 = 11.9 Hz, J2 = 4.5 Hz, 1H), 5.29 (d, J = 6.2 Hz, 1HB), 5.43 (d, J = 10.2 Hz, 1HA), 6.31 (d, J 

= 7.9 Hz, 1HA), 6.37 (d, J = 5.7 Hz, 1HB), 6.76-6.82 (m, 1HA), 6.84-6.92 (m, 1HB), 7.02-7.13 (m, 

2H), 7.15-7.23 (bs, 4H), 7.25-7.30 (bs 1H); 
13

C NMR (100 MHz, CDCl3, 25°C) (two rotamers A:B, 

8:1 ratio): δanti = 27.9, 28.4 (3C), 39.6 (1CB), 41.3 (1CA), 53.5 (1CA), 54.2 (1CB), 56.8 (1CA), 58.0 

(1CB), 63.8, 80.6, 125.3, 126.8 (2C), 127.6, 128.1 (2C), 128.3, 129.5 (2C), 134.4 (1CA), 134.9 

(1CB), 135.4 (1CB), 136.0 (1CA), 139.8 (1CB), 140.6 (1CA), 155.2 (1CB), 156.7 (1CA); ESI-MS: m/z 

= 376.2 [M+Na]
+
, 392.2 [M+K]

+
, 729.4 [2M+Na]

+
. 

 

(syn-13) colourless oil, 47 mg, 23% yield; [α]D
20 

= +4.7 (c=0.8, CHCl3); 

1
H NMR (400 MHz, CDCl3, 25°C): δ (two rotamers A:B, 9:1 ratio) = 

1.50 (s, 9H), 1.85 (dt, J1 = 16.1 Hz, J2 = 5.6 Hz, 1H), 2.40-2.50  (m, 

1HA), 2.51-2.58 (m, 1HB), 2.64-2.72 (m, 1HA), 2.73-2.84 (m, 1HB), 

3.34-3.40 (m, 1H), 3.59 (dt, J1 = 13.1 Hz, J2 = 5.7 Hz, 1H), 3.81 (dd, J1 

= 11.9 Hz, J2 = 4.9 Hz, 1HA), 3.86-4.05 (m, 2HB), 4.10 (t, J = 11.4 Hz, 1HA), 4.43-4.63 (bs, 1H), 

5.41 (d, J = 4.2 Hz, 1HB), 5.65 (d, J = 3.4 Hz, 1HA), 6.84 (d, J = 6.8 Hz, 2H), 6.94 (d, J = 7.8 Hz, 
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1H), 7.09-7.19 (m, 4H), 7.20-7.36 (m, 1H), 7.42 (d, J = 7.8 Hz, 1H); 
13

C NMR (50 MHz, CDCl3, 

25°C) (two rotamers A:B, 4:1 ratio): δsyn = 27.8, 28.3 (3CA), 28.5 (3CB), 40.9, 45.8, 54.5, 62.4, 79.5 

(1CB), 80.5 (1CA), 126.2, 126.5, 126.9, 127.3, 128.0 (2C), 128.3, 128.9 (2C), 135.3, 136.1, 138.5, 

154.8 (1CB), 157.3 (1CA); ESI-MS: m/z = 376.2 [M+Na]
+
, 392.2 [M+K]

+
, 729.4 [2M+Na]

+
. 

 

General procedure for the Mitsunobu reaction. 

 

 

(14). In a 10 mL round bottomed flask under nitrogen atmosphere, triphenyl phosphine (1.21 mmol, 

317 mg) was dissolved in 1 mL THF at 0°C. Then diethyl diazodicarboxylate (DEAD) (40% 

solution in toluene, 1.24 mmol, 568 μL) was slowly added and the solution stirred for 30 min. while 

its color turned from yellow to orange. A solution of thioacetic acid (1.24 mmol, 90 μL) and anti-13 

(0.31 mmol, 109 mg) in 1 mL THF, was rapidly added to the reaction mixture, whose color changed 

rapidly to dark brown and then to yellow. After 30 min the reaction mixture was allowed to warm to 

room temperature and stirred for 15 hours. The solvent was evacuated under vacuum, the solid 

residue dissolved in DCM (3 mL) and revacuated under vacuum for three times to eliminate any 

trace of thioacetic acid. The crude mixture was purified by column chromatography 

(cyclohexane/diethyl ether from 95/5 to 90/10) to afford the desired product. 

The same procedure was followed to obtain racemic 14. 

 

(14): pinkish oil, 80% yield (102.5 mg), [α]D
20 

= + 42.2 (c=1.1, CHCl3). 
1
H 

NMR (400 MHz, CDCl3, 25°C): δ (two rotamers A:B, 1.4:1 ratio) = 1.53 (s, 

9HA), 1.57 (s, 9HB), 2.24 (s, 3HB), 2.25 (s, 3HA), 2.44-2.56 (m, 2HB), 2.68-

2.85 (m, 2HA), 3.00-3.09 (m, 2HB), 3.12-3.24 (m, 2HA), 3.49-3.88 (m, 3H), 

5.22 (d, J = 9.7 Hz, 1HB), 5.35 (d, J = 9.7 Hz, 1HA), 6.19 (d, J = 7.9 Hz, 

1HB),6.30 (d, J = 7.9 Hz, 1HA), 6.78-6.96 (m, 2H), 6.98-7.05 (bs, 1H), 7.06-

7.18 (m, 2H), 7.21-7.28 (m, 3H); 
13

C NMR (100 MHz, CDCl3, 25°C): δ (two rotamers A:B, 1.4:1 

ratio) = 27.5 (1CB), 27.8 (1CA),  28.4 (3CA), 28.5 (3CB), 30.4 (1CB), 30.5 (1CA), 32.2 (1CB), 32.3 

(1CA), 39.7 (1CB), 40.8 (1CA), 51.5 (1CB), 52.0 (1CA), 59.6 (1CA), 60.3 (1CB), 79.9 (1CA), 80.3 

(1CB), 125.1 (1CB), 125.2 (1CA), 126.9 (1CA), 127.0 (1CB), 127.1 (1CA), 127.3 (1CB), 127.7 (1CB), 

127.8 (1CA), 127.9 (1CA), 128.2 (2CA + 1CB), 128.3 (2CB), 128.4 (1CB), 128.9 (1CA), 129.0 (1CB), 
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129.1 (1CA), 134.7 (1CA), 135.0 (1CB), 135.1 (1CB), 135.7 (1CA), 140.5 (1CB), 140.9 (1CA), 154.9 

(1CB), 155.9 (1CA), 195.4 (1CB), 196.0 (1CA); ESI-MS: m/z = 434.2 [M+Na]
+
, 845.2 [2M+Na]

+
. 

 

(rac-22): Obtained carrying out the Mitsunobu reaction on rac-syn-13 

following the procedure described for 14. Pinkish oil, 87% yield; 
1
H NMR 

(400 MHz, CDCl3, 25°C): δ (two rotamers A:B, 1.1:1 ratio) = 1.37  (s, 9HA), 

1.42 rotamer) (s, 9HB), 2.25 (s, 3H), 2.51-2.58 (m, 1H), 2.59-2.88 (m, 2H), 

3.28-3.42 (m, 2H), 3.43-3.60 (m, 2HA), 3.78-3.89 (m, 2HB), 5.33 (bs, 1HA), 

5.50 (bs, 1HB), 6.98-7.13 (m, 3H), 7.17-7.30 (m, 6H); 
13

C NMR (50 MHz, 

CDCl3, 25°C): δ (two rotamers, 1.1:1 ratio) = 27.6 (1CB), 27.9 (1CA), 28.3 (3C), 30.5, 32.4, 38.6 

(1CA), 40. (1CB), 51.4 (1CA), 51.9 (1CB), 58.0 (1CA), 59.3 (1CB), 79.5 (1CB), 80.3 (1CA), 125.9, 

127.0, 127.7, 127.9, 128.2, 128.6 (3C), 129.0, 134.9 (1CB), 135.2 (1CA), 136.1 (1CB), 135.7 (1CA), 

139.2 (1CA), 139.5 (1CB), 154.9 (1CA), 155.4 (1CB), 195.9. ESI-MS: m/z = 434.2 [M+Na]
+
, 845.2 

[2M+Na]
+
. 

 

Preparation of compound 15 

 

 

In a round bottomed flask, to a solution of 14 (0.25 mmol, 102.5 mg) in THF (4 mL), Ni/Raney (1.5 

g, slurry in water) was added. The reaction mixture was stirred for 16 hours at room temperature 

until TLC analysis revealed complete conversion. The solution was separated and Nickel/Raney 

washed 4 times with DCM (5 mL). The collected organic phases were filtered through a Celite pad 

and concentrated under vacuum. The resulting oil was dissolved in DCM (750 μL) and 

trifluoroacetic acid (2.5 mL) was added. The solution was stirred at room temperature for 4 hours 

until complete conversion (monitored with TLC). The solvent was evaporated under reduce 

pressure and the residue was dissolved in DCM (10 mL) and washed with NaHCO3 sat. sln. until 

basic pH. The organic layer was separated and the aqueous layer was extracted with DCM (3 x 10 

mL). The collected organic layers were dried over Na2SO4 and concentrated under vacuum to give 

pure 14 (49.8 mg, 91% yield). This compound is air sensitive, but it can be stored as its 

hydrochloride salt at -20°C for several weeks without any appreciable decomposition. 

The same procedure was followed to obtain racemic 15. 
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(15): Colourless oil, 49.8 mg, 91% yield, [α]D
20 

= +31.4 (=1.1, CHCl3); 
1
H 

NMR (400 MHz, CDCl3, 25°C): δ = 1.18 (d, J = 7.2 Hz, 3H), 1.72-1.80 (bs, 

1H), 2.61-2.68 (m, 1H), 2.81 (dt, J1 = 10.9 Hz, J2 = 2.7 Hz, 1H), 2.90-3.00 (m, 

1H), 3.13-3.20 (m, 1H), 3.50-3.58 (m, 1H), 4.25 (d, J = 3.4 Hz, 1H), 7.08-7.29 

(m, 5H), 7.33-7.39 (m, 4H); 
13

C NMR (100 MHz, CDCl3, 25°C): δ = 12.7, 

30.6, 42.7, 43.7, 61.8, 125.9, 126.1 (2C), 126.6, 128.4 (2C), 128.7 (2C), 129.4, 136.7, 138.0, 144.7; 

ESI-MS: m/z = 238.3 [M+H]
+
. 

 

(rac-23): Obtained from 22 following the procedure described for 15. 

Colorless oil, 82% yield; 
1
H NMR (400 MHz, CDCl3, 25°C): δ  = 1.45 (d, J = 

6.7 Hz, 3H), 2.57-2.66 (m, 1H), 2.71-2.81 (m, 1H), 2.82-2.90 (m, 1H), 3.17-

3.31 (m, 2H), 3.40 (dq, J1 = J2 = 6.7 Hz, 1H), 4.24 (d, J = 6.7 Hz, 1H), 7.06-

7.09 (m, 1H), 7.16-7.26 (m, 6H), 7.27-7.33 (m, 2H); 
13

C NMR (100 MHz, 

CDCl3, 25°C): δ = 19.3, 29.2, 39.9, 44.0, 61.0, 125.1, 126.2, 126.4, 127.9 (2C), 127.9, 128.3 (2C), 

129.1, 135.5, 137.0, 143.2; ESI-MS: m/z = 238.3 [M+H]
+
. 

 

Preparation of compound 17. 

 

 

To a solution of 15 (0.20 mmol, 49.8 mg) in DCM (1 mL) under nitrogen atmosphere, triphosgene 

(0.11 mmol, 33 mg) and DIPEA (0.44 mmol, 76 μL) were subsequently added at room temperature. 

The reaction mixture was stirred for 16 hours until complete conversion was observed by TLC 

analysis. The solution was diluted with MeOH (500 μL) and NaHCO3 sat. sln. (3 mL) was added 

after 10 min.. The organic phase was separated, and the aqueous layer was extracted with DCM (2 x 

5 mL). The collected organic layers were washed with brine, dried over Na2SO4 and concentrated 

under vacuum. 

The obtained crude product (16) was dissolved in toluene (1 mL) in a sealed tube under nitrogen 

atmosphere and aluminium trichloride (0.36 mmol, 48 mg) was added. The reaction mixture was 

refluxed for 6 hours (until complete conversion was observed by TLC), was cooled at 0°C and 

quenched with ice. DCM (3 mL) was added, the organic phase was separated and the aqueous layer 
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was extracted with DCM (4 x 3 mL). The collected organic layers were washed with brine, dried 

over Na2SO4 and concentrated under vacuum. 

The crude mixture was purified by column chromatography (cyclohexane/ethyl acetate from 90/10 

to 70/30) to give pure 17 (53% yield, 28 mg). 

The same procedure was followed to obtain racemic 17. 

 

(17): Yellow sticky solid; [α]D
20 

= +491 (c=1.9, CHCl3); 
1
H NMR (400 MHz, 

CDCl3, 25°C): δ  = 0.83 (d, J = 7.0 Hz, 3H), 2.78-2.89 (m, 1H), 2.90-3.03 (m, 

2H), 3.21-3.29 (m, 1H), 4.98-5.03 (m, 1H), 5.13 (d, J = 3.4 Hz, 1H), 7.20-

7.33 (m, 5H), 7.38 (dt, J1 = 7.8 Hz, J2 = 1.3 Hz, 1H), 7.48 (dt, J1 = 7.3 Hz, J2 

= 1.6 Hz, 1H), 8.16 (dd, J1 = 7.8 Hz, J2 = 1.3 Hz, 1H); 
13

C NMR (50 MHz, 

CDCl3, 25°C): δanti = 14.7, 29.2, 38.1, 40.8, 58.6, 125.9, 126.3, 126.6, 126.8, 127.1, 127.9, 128.6, 

128.8, 131.9, 134.5, 136.2, 144.1, 164.3; ESI-MS: m/z = 264.2 [M+H]
+
, 286.2 [M+Na]

+
, 549.2 

[2M+Na]
+
. 

 

(rac-24): Obtained from 23 following the procedure described for 17.  

Yellow sticky solid, 66% yield; 
1
H NMR (400 MHz, CDCl3, 25°C): δ  = 1.44 

(d, J = 7.2 Hz, 3H), 2.81-2.91 (m, 1H), 3.10-3.20 (m, 2H), 3.39 (p, J = 6.9 Hz, 

1H), 4.63 (d, J = 6.4 Hz, 1H), 4.88-4.98 (m, 1H), 7.14-7.23 (m, 4H), 7.34 (t, J 

= 7.5 Hz, 2H), 7.47 (dt, J1 = 7.5 Hz, J2 = 1.6 Hz, 1H), 8.09 (dd, J1 = 8.4 Hz, J2 

= 1.7 Hz, 1H); 
3
C NMR (50 MHz, CDCl3, 25°C): δ = 19.2, 29.3, 36.3, 41.9, 62.2, 125.7, 125.8, 

126.3, 127.0, 127.3, 128.3, 128.5, 129.1, 132.1, 135.3, 136.8, 142.3, 164.4; ESI-MS: m/z = 264.2 

[M+H]
+
, 286.2 [M+Na]

+
, 549.2 [2M+Na]

+
. 

 

Preparation of compound 1g 

 

 

In a 10 mL round bottomed flask under nitrogen atmosphere, diethyl ether (600 μL) and LiAlH4 (1 

M in THF, 0.11 mmol, 110 μL) were added at 0°C. A solution of 17 (0.07 mmol, 18.8 mg) in THF 

(750 μL), was added dropwise, and the reaction mixture was allowed to warm to room temperature. 

After two hours complete conversion was observed by TLC analysis. The reaction mixture was 
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cooled to 0°C and quenched following Fieser Method. The mixture was filtered through a Celite 

pad and was washed with DCM (15 mL). The collected organic layers were washed with brine, 

dried over Na2SO4 and concentrated under vacuum. The crude mixture was purified by column 

chromatography on silica gel (cyclohexane/ethyl acetate from 100/0 to 90/10) to give pure 1g (94% 

yield, 16.4 mg). Such compound is air sensitive, but it can be stored as its hydrochloride salt at -

20°C without any appreciable decomposition. 

The same procedure was followed to obtain racemic 1g. 

The spectroscopic data for 1g and 25 are according with literature,
S8

 confirming the relative 

configuration assigned for such compounds. 

 

(1g): Colourless oil, [α]D
20 

= +266 (c=1.0, CHCl3); 95% e.e. determined by 

HPLC analysis Daicel Chiralcel OD-H column: hexane, flow rate 0.70 

mL/min, 40°C, λ = 210 nm: τmajor = 21.51 min., τminor = 15.75 min.; 
1
H NMR 

(400 MHz, CDCl3, 25°C): δ = 1.00 (d, J = 6.8 Hz, 3H), 2.59-2.74 (m, 2H), 

3.14-3.25 (m, 2H), 3.34-3.42 (m, 1H), 3.72 (d, J = 14.7 Hz, 1H), 3.87 (bs, 1H), 

4.07 (d, J = 14.7 Hz, 1H), 7.07-7.29 (m, 8H); 
13

C NMR (50 MHz, CDCl3, 25°C): δ = 18.3, 29.7, 

38.8, 51.1, 58.9, 63.5, 125.7 (2C), 125.8, 126.0, 126.1, 126.2, 128.6, 128.9, 134.1, 136.0, 136.7, 

141.5; ESI-MS: m/z = 250.2 [M+H]
+
; HMRS calcd for C18H19N: 249.15175; found 249.15166. 

 

(rac-25). Obtained from 24 following the procedure described for 1g. The title 

compound was isolated by column chromatography on silica gel 

(cyclohexane/ethyl acetate 70/30). Colourless oil, 84% yield; 
1
H NMR (400 

MHz, CDCl3, 25°C): δ = 1.53 (d, J = 6.9 Hz, 3H), 2.82-2.91 (m, 1H), 2.96-

3.08 (m, 2H), 3.09-3.20 (m, 2H), 3.79 (d, J = 7.4 Hz, 1H), 3.85 (d, J = 15.8 

Hz, 1H), 4.23 (d, J = 15.8 Hz, 1H), 7.08 (d, J = 7.3 Hz, 1H), 7.13-7.31 (m, 7H); 
13

C NMR (100 

MHz, CDCl3, 25°C): δ = 22.2, 28.2, 35.0, 46.8, 56.5, 64.8, 125.2, 125.8, 126.5, 126.7, 126.8, 127.0, 

127.7, 129.2, 132.8, 133.7, 138.0, 139.3; ESI-MS: m/z = 250.2 [M+H]
+
. 

 

Organocatalytic alkylation performed with recovered Jørgensen enamine 20 

  

In a 5 mL vial, chiral enamine 20 (0.1 mmol, 70 mg) and phenylacetaldehyde 5h (0.2 mmol, 22 μL) 

were dissolved in DCM (500 μL) at 0°C. After 10 minutes, 3a (0.1 mmol, 30 mg) was added and 

the solution was stirred for 16 hours at 0°C. Then MeOH (250 μL) and NaBH4 (0.6 mmol, 23 mg) 

were added and the reaction was stirred until TLC analysis showed complete conversion. The 
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reaction was quenched with aqueous HCl 1M until pH = 1. The mixture was diluted with diethyl 

ether (3 mL), the organic layer was separated and the aqueous layer was extracted with Et2O (2 x 3 

mL). The collected organic layers were washed with brine, dried on MgSO4 and concentrated under 

reduced pressure. The title compound was purified by column chromatography on silica gel (90:10 

cyclohexane/ethyl acetate) to afford product 12 (Rf = 0.4, 8:2 cyclohexane/ethyl acetate, 0.099 

mmol, 34.7 mg, 99% yield) and enamine 20 (Rf = 0.7 eluting mixture 8:2 cyclohexane/ethyl acetate, 

53 mg, 0.076 mmol, 76% recovered catalyst). 

 

Determination of the relative configurations of amides 17 and 24 

 

 

The 
1
HNMR signals of 17 and 24 were assigned by g-COSY experiments of such compounds 

(Figure S4 and S6).  

The relative configuration was established by comparison of the 1DNOESY NMR experiments 

carried on these two compounds. 

Selective excitation of the Me
3
 signal of 17, showed a positive n.O.e on the proton H

1
 that could be 

estimated 0.26 considering 100 the intensity of the irradiated signal (Figure S5).  

Instead, when the same experiment was conducted on 24, the positive n.O.e observed was 

respectively 1.14 (Figure S7).  

On the basis of such results the relative configuration of 17 (referred to the protons H
1
 and H

2
) was 

assigned syn, while the relative configuration of 24 was assigned anti. 
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Figure S4: g-COSY spectra of 17. 

 

Figure S5. selective n.O.e excitation of Me
3
 of 17. 
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Figure S6: g-COSY spectra of  24. 

 

Figure S7. selective n.O.e excitation of Me
3
 of 24. 
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Attempted synthesis of (+)-13-methyl tetrahydroprotoberberine 1g with Cbz as activating 

group 

 

 

 

We had first attempted the synthesis of 1g starting from 7h. We evaluated the feasibility of this 

synthetic route on racemic 7h. After reduction of the enamide double bond, the two 

diastereoisomers could be separated by column chromatography and we proceeded on parallel 

synthesis on both syn-26 and anti-26. The Mitsunobu reaction proceeded smoothly, but the removal 

of the thioester moiety and of the Cbz protecting group lead to desired product 15  in low yield and 

to a mixture of by-products, the major of which was pyridine 28. We suppose that during the 

reaction with Ni/Raney also the Cbz was removed causing the re-aromatisation to the isoquinoline 

ring. When the reaction mixture was placed under hydrogen atmosphere the benzene ring was 

reduced leading to pyridine 28. In an attempt to avoid the re-aromatisation the reaction was 

conducted directly under hydrogen atmosphere, but the same mixture of by-products was obtained. 

Due to the low yields of the desired product 15, we turned on the Boc as activating agent. 
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Synthesis of racemic 26 

To a stirred solution of isoquinoline (8.00 mmol, 939 μL) and enamine 21 (8.0 mmol, 1.38 g) in 

DCM (5 mL), a solution of CbzCl (8.00 mmol, 1.15 mL) in DCM (4 mL) was added by syringe 

pump over the course of 15 hours. After the addition was complete the solution was stirred for 2 

more hours, then the HCl 1M (10 mL) was added and the mixture was vigorously stirred for 1 hour. 

The organic layer was separated and the aqueous layer was extracted with DCM (2 x 8 mL). The 

collected organic layers were dried over Na2SO4 and diluted with MeOH (3 mL). The solution was 

cooled to 0°C and NaBH4 (13 mmol, 494 mg) was added. After 2 hours complete conversion was 

observed by TLC analysis and the reaction was quenched by cautious addition of HCl 1M until pH 

= 1. The mixture was diluted with DCM (3 mL), the organic layer was separated and the aqueous 

layer was extracted with DCM (2 x 10 mL). The collected organic layers were washed with brine, 

dried on MgSO4 and concentrated under reduced pressure. The crude product was transferred in a 

two necked round bottomed flask under nitrogen atmosphere and dissolved in DCM (7 mL), then 

TFA (15 mL) and triethlysilane (40 mmol, 6.3 mL) were added. The mixture was stirred for 18 

hours at room temperature, then solvent was removed under reduce pressure. The residue was 

dissolved in diethyl ether (20 mL) and washed with NaHCO3 sat. sln. until basic pH. The organic 

layer was separated and the aqueous layer was extracted with diethyl ether (2 x 10 mL). The 

collected organic layers were washed with brine, dried on MgSO4 and concentrated under reduced 

pressure. The crude product was purified by column chromatography on silica gel 

(cyclohexane/ethyl acetate 85/15) to give anti-26 (774 mg of 3.5:1 mixture anti-26: N-Cbz 

pyrrolidine, 672 mg anti-26, 1.74 mmol, 22% yield) and syn-26 (235 mg of 1.2:1 mixture syn-26: 

N-Cbz pyrrolidine, 164 mg syn-26, 0.42 mmol, 5% yield).  

 

(anti-26): Colourless sticky solid. 
1
H NMR (400 MHz, CDCl3, 25°C) (two 

rotamers A:B, 3:1 ratio): δ = 2.41-2.53 (m, 2HB), 2.76-2.85 (m, 2HA), 3.00-

3.06 (m, 1H), 3.20-3.32 (m, 1H), 3.48-3.57 (m, 2HB), 3.68-3.76  (m, 2HA), 

3.86 (dd, J1 = 11.9 Hz, J2 = 3.7 Hz, 1HA), 3.96-3.92 (m, 2HB), 4.06 (dd, J1 = 

11.9 Hz, J2 = 4.9 Hz, 1HA), 5.23 (d, J = 12.2 Hz, 1H), 5.27 (d, J = 12.2 Hz, 

1H), 5.39 (d, J = 10.2 Hz, 1HB), 5.47 (d, J = 10.2 Hz, 1HA), 6.36 (d, J = 7.7 Hz, 1HA), 6.42 (d, J = 

6.5 Hz, 1HB), 6.79-6.86 (m, 1H), 6.88-6.98 (m, 1H), 7.03-7.47 (m, 11H); 
13

CNMR (100 MHz, 

CDCl3, 25°C) δanti = 27.6, 41.1, 53.3, 57.4. 63.7, 67.6, 125.5, 126.9, 127.0, 127.7, 127.9 (2C), 128.1 

(2C), 128.2, 128.3, 128.6 (2C), 129.5 (2C), 134.2, 135.3, 136.4, 140.1, 157.1; ESI-MS: m/z = 388.3 

[M+H]
+
, 797.6 [2M+Na]

+
. 
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(syn-26): Colourless oil. 
1
H NMR (400 MHz, CDCl3, 25°C) (two rotamers 

A:B, 4:1 ratio): δ = 1.58-1.81 (bs, 1H), 1.82-1.91 (m, 1H), 2.43-2.57 (m, 1H), 

2.69-2.79 (m 1H), 3.27-3.34 (m, 1HB), 3.35-3.45 (m, 1HA), 3.70 (dt, J1 = 13.0 

Hz, J2 = 5.2 Hz, 1H), 3.81 (dd, J1 = 11.8 Hz, J2 = 5.2 Hz, 1HA), 3.84 (dd, J1 = 

11.8 Hz, J2 = 5.2 Hz, 1HB), 3.98-3.91 (m, 1HB), 4.10 (dd, J1 = J2 = 11.8 Hz, 

1HA), 5.01 (d, J = 12.2 Hz, 1HB), 5.09 (d, J = 12.2 Hz, 1HB), 5.20 (d, J = 12.2 Hz, 1HA), 5.24 (d, J 

= 12.2 Hz, 1HA), 5.51 (d, J = 6.8 Hz, 1HB), 5.70 (d, J = 3.0 Hz, 1HA), 6.82 (d, J = 7.5 Hz, 1H), 6.95 

(d, J = 7.5 Hz, 1HA), 7.00 (d, J = 7.5 Hz, 1HB), 7.08-7.21 (m, 4H), 7.24-7.44 (m, 8H); 
13

CNMR 

(100 MHz, CDCl3, 25°C) δ = 27.6, 40.7, 54.4, 55.0, 62.3, 67.6, 126.2, 126.6, 126.9, 127.1, 127.6 

(2C), 127.9 (2C), 128.0, 128.3, 128.4 (2C), 128.7 (2C), 134.8, 135.6, 136.4, 138.1, 157.8; ESI-MS: 

m/z = 388.3 [M+H]
+
, 797.6 [2M+Na]

+
. 

 

The Mitsunobu reaction was performed on anti-26 and syn-26 according to the procedure described 

for 13 to obtain respectively anti-27 and syn-27. The products were isolated by column 

chromatography on silica gel (cyclohexane/diethyl ether from 99/1 to 8/2). 

 

(anti-27). Colourless oil, 66% yield. 
1
H NMR (400 MHz, CDCl3, 25°C) 

(two rotamers A:B 2:1 ratio): δ = 2.21 (s, 3HB), 2.26 (s, 3HA), 2.49-2.58 

(m, 1HB), 2.62-2.71 (m, 1HA), 2.74-2.88 (m, 1H), 2.97-3.06 (m, 1HB), 

3.08-3.22 (m, 1H+1HA), 3.50 (dd, J1 = 13.5 Hz, J2 = 5.5 Hz, 1HB), 3.59-

3.66 (m, 1HA), 3.69-3.80 (m, 1H), 3.83-3.92 (m, 1H), 5.14-5.31 (m, 

2H+1HB), 5.38 (d, J = 8.7 Hz, 1HA), 6.26 (d, J = 8.0 Hz, 1HA), 6.28 (d, J = 8.7 Hz, 1HB), 6.79-6.90 

(m, 2H), 6.92-6.97 (m, 1H), 7.04-7.14 (m, 2H), 7.16-7.26 (m, 3H), 7.29-7.47 (m, 5H); 
13

CNMR 

(100 MHz, CDCl3, 25°C) (two rotamers A:B 2:1 ratio): δ = 27.3 (1CB), 27.5 (1CA), 30.4 (1CB), 30.5 

(1CA), 32.1 (1CB), 32.3 (1CA), 40.2 (1CB), 40.7 (1CA), 51.4 (1CB), 51.7 (1CA), 60.1 (1CB), 60.4 

(1CA), 67.2 (1CA), 67.5 (1CB), 125.5 (1CB), 125.2 (1CA), 126.9 (1CA), 127.0 (1CB), 127.1 (1CA), 

127.2 (1CB), 127.5 (1CB), 127.6 (2CA+1CB), 127.8 (1CA), 127.9 (2C), 128.0 (1CB), 128.1 (2C), 

128.2 (1CA), 128.3 (1CB), 128.4 (2C), 128.5 (1CA), 129.0 (1CB), 134.5 (1CA), 134.6 (1CB), 134.7 

(1CB), 135.1 (1CA), 136.4 (1CB), 136.7 (1CA), 140.2 (1CB), 140.4 (1CA), 155.5 (1CB), 156.4 (1CA), 

195.3 (1CB), 195.7 (1CA); ESI-MS: m/z = 446.3 [M+H]
+
, 468.4 [M+Na]

+
. 
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(syn-27). Colourless oil, 76% yield. 
1
H NMR (400 MHz, CDCl3, 25°C) 

(two rotamers A:B 1.2:1 ratio): δ = 2.23 (s, 3HB), 2.28 (s, 3HA), 2.44-2.54 

(m, 1HA), 2.58-2.89 (m, 2H+1HB), 3.20-3.30 (m, 1HB), 3.31-3.45 (m, 2H), 

3.55 (dd, J1 = 12.5 Hz, J2 = 5.7 Hz, 1HA), 3.63-3.72 (m, 1HA), 3.82-3.91 

(m, 1HB), 4.98 (d, J = 13.0 Hz, 1HB), 5.08 (d, J = 13.0 Hz, 1H), 5.14 (d, J 

= 13.0 Hz, 1HA), 5.41 (d, J = 3.6 Hz, 1HB), 5.58 (d, J = 4.7 Hz, 1HA), 6.96 (d, J = 6.7 Hz, 1H), 

7.00-7.13 (m, 2H), 7.14-7.42 (m, 11H); 
13

CNMR (100 MHz, CDCl3, 25°C) (two rotamers A:B 1.2:1 

ratio): δ = 27.5 (1CB), 27.9 (1CA), 30.4 (1CB), 30.5 (1CA), 32.1 (1CB), 32.2 (1CA), 39.5 (1CB), 40.1 

(1CA), 51.3 (1CB), 52.0 (1CA), 58.8 (1CA), 59.0 (1CB), 67.1 (1CA), 67.5 (1CB), 125.9 (1CB), 126.1 

(1CA), 127.0 (1CA), 127.08 (1CB), 127.09 (1CB), 127.2 (1CA), 127.6 (1C), 127.7 (1CB), 127.8 (1C), 

128.0 (1C), 128.1 (1CA), 128.2 (1C), 128.38 (1C), 128.41 (1CB), 128.45 (1C+1CA), 128.48 (1CA), 

128.49 (1CB), 128.50 (1CA), 128.6 (1C), 129.0 (1CB), 134.6 (1CA), 134.9 (1CB), 135.3 (1CB), 135.6 

(1CA), 136.3 (1CB), 136.8 (1CA), 139.0 (1CB), 139.2 (1CA), 155.6 (1CB), 156.3 (1CA), 195.4 (1CB), 

195.7 (1CA); ESI-MS: m/z = 446.3 [M+H]
+
, 468.4 [M+Na]

+
. 

 

Reaction with Ni-Raney of compounds anti-27 and syn-27. 

 

In a two necked round bottomed flask, to a solution of anti-27 (0.34 mmol, 150 mg) in THF (5 mL) 

and Ni/Raney (2.0 g, slurry in water) was added. The mixture was stirred for 24 hours at room 

temperature until complete conversion was observed by TLC analysis. The reaction mixture was 

kept under H2 atmosphere (1 atm) and stirred for further 16 h. The solution was separated and 

Nickel/Raney washed 4 times with DCM (5 mL). The collected organic phases were filtered 

through a Celite pad and concentrated under vacuum. The reaction was subjected to column 

chromatography on silica gel (cyclohexane/ethyl acetate from 9/1 to 5/5) to give 15 (8.1 mg, 0.034 

mmol, 10% yield) and 28 (5.5 mg, 0.023 mmol, 7 % yield). 

 

In a two necked round bottomed flask, to a solution of anti-26 (0.31 mmol, 136 mg) in THF (5 mL) 

and Ni/Raney (2.0 g, slurry in water) was added. The reaction mixture was kept under H2 

atmosphere (1 atm) and stirred for 24 h at room temperature until complete conversion was 

observed by TLC analysis. The solution was separated and Nickel/Raney washed 4 times with 

DCM (5 mL). The collected organic phases were filtered through a Celite pad and concentrated 

under vacuum. The reaction crude was a complex mixture of products and after column 

chromatography on silica gel (cyclohexane/ethyl acetate from 9/1 to 5/5) 23 (18 mg, 0.076 mmol, 

24% yield) and 28 (15 mg, 0.063 mmol, 20 % yield) were isolated. 
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28: Yellowish oil. 
1
H NMR (400 MHz, CDCl3, 25°C): δ = 1.53-1.86 (m, 4H), 

1.70 (d, J = 7.0 Hz, 3H), 2.41-2.51 (m, 1H), 2.80-2.69 (m, 3H), 4.36 (q, J = 7.0 

Hz, 1H), 6.90 (d, J = 5.1 Hz, 1H), 7.14-7.19 (m, 1H), 7.21-7.28 (m, 4H), 8.36 

(d, J = 5.1 Hz, 1H); ESI-MS: m/z = 238.3 [M+H]
+
. 
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Copies of HPLC traces of compounds 6a-c, 7a-h, 8b-i and 10a 
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Racemic product was not obtained using either pyrrolidine or racemic Hayashi catalyst 4c. 
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Copies of NMR spectra of compounds 2d, 2h, 6a-c, 7a-h, 8b-I, 9a, 10a 
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Copies of the HPLC traces of 12 and (+)-1g 
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Copies of NMR spectra of (+)-1g, of the intermediates 12-17 and of enamine 20 
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Copies of the NMR spectra of 25 and of the intermediates syn-13, 22-24 
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