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1. General Information

All reactions were performed in flame-dried reaction vessels under an argon atmosphere, unless
otherwise stated. Anhydrous solvents were obtained from MBRAUN SP-5 solvent purification system
and were dried by passage through double filtration columns under nitrogen. Anhydrous
benzylamine (299.5%, purified by redistillation) was purchased from Sigma Aldrich. All other
reagents were acquired from Sigma Aldrich, Fluorochem, Acros Organics, Alfa Aesar or TCl and used

without further purification. Brine refers to a saturated aqueous solution of NaCl.

Reactions were monitored by TLC using Merck Silicagel 60 F,s4 aluminium-backed silica plates
(particle size 0.20 mm) and visualised by exposure to UV light (A = 254 nm) and/or staining and
heating with phosphomolybdic acid, vanillin or potassium permanganate as appropriate. Flash
column chromatography was performed using Merck Geduran® Silicagel 60 (40—-63 um) according to
the method of Still and co-workers.! The required solvent system is specified in parentheses and
where mixtures of solvents are described, the ratios are given as volume:volume. N-Benzyl
piperidine and pyrrolidine products were purified on pre-basified silica (as noted in General
Procedure A and B) which was prepared as follows; silica (400 g), pentane (250 mL), Et,O (250 mL)
and triethylamine (5 mL) were combined in a 1 L beaker and stirred for 15 minutes. The solvent was
allowed to evaporate overnight, and the resulting silica could be stored in a sealed bottle for a few

weeks.

Nuclear magnetic resonance (NMR) spectra were recorded on 400 or 500 MHz spectrometers at
ambient temperature, unless otherwise stated. H and 3C spectra were referenced to residual
solvent peaks. Chemical shifts (8) are recorded in parts per million (ppm) to the nearest 0.01 ppm for
'H NMR or 0.1 ppm for *C and ®F NMR, except where additional precision was required to
distinguish two close peaks. Coupling constants (/) are measured in hertz (Hz) and quoted to the
nearest 0.1 Hz. Peaks are assigned as singlet (s), doublet (d), triplet (t), quartet (q), pentet (p), heptet
(hept), multiplet (m), broad (br.) or a combination such as doublet of doublets (dd), doublet of
triplets (dt) etc. Multiplicities are based on appearance rather than interpretation. For cyclic
compounds, the abbreviation ‘ax’ denotes the axial proton and ‘eq’ the equatorial proton. For
diastereotopic CH; groups in acyclic molecules or in cases where it was not possible to definitively
assign axial vs equatorial environments, the CH, protons are labelled ‘a’ and ‘b’. *H NMR yields were
calculated by integration with respect to an internal standard (1,1,2,2-tetracholoroethane) run with

an extended relaxation delay of 25 seconds.

Chiral phase HPLC was performed on an Agilent 1260 Series HPLC unit equipped with UV-vis diode-

array detector, fitted with the appropriate Daicel Chiralpak column (dimensions: 0.46 cm @ x 25 cm)



along with the corresponding guard column (0.4 cm @ x 1 cm). Wavelengths (A) are reported in nm,
retention times (tg) are reported in minutes and solvent flow rates are reported in mL min™. The Cbz-
protected saturated heterocycles are extremely non-polar and we observed significant variation in
their retention times from day to day. It was therefore essential to run enantiopure samples back to

back with the corresponding authentic racemic sample.

Fourier-transformed infrared (FT-IR) spectra were recorded as a thin film or solid on a Bruker Tensor
27 FT-IR spectrometer equipped with a Pike Miracle Attenuated Total Reflectance sampling
accessory. Absorption maxima are quoted in wavenumbers (cm™). The abbreviation br. denotes a

broad peak.

Electrospray ionisation (ESI) HRMS were recorded on a Thermo Exactive orbitrap spectrometer
equipped with a Waters Equity LC system, with a flow rate of 0.2 mL/min using
water:methanol:formic acid (10:89.9:0.1) as eluent. The system uses a heated electrospray
ionisation (HESI-Il) probe for ESI* and has a resolution of 50,000 FWHM under conditions for
maximum sensitivity, with an accuracy of better than 5 ppm for 24 h following external calibration
on the day of analysis. The mass reported is that containing the most abundant isotopes, with each

value rounded to 4 decimal places and within 5 ppm of the calculated mass.

Melting point analysis was carried out using a Lecia VMTG heated-stage microscope equipped with a

Testo 720 thermometer.

Optical rotations were recorded on a Schmidt Haensch Unipol L2000 polarimeter in a cell with a path
length of 1 dm (using the sodium D line, 589 nm). Concentrations are reported in g/100 mL.

Temperatures are reported in °C.



2. Extended Optimization Table for Enantiospecific Annulation®

1 mol% [IrCp*Cl,], AN Me
Ph/\NHz HO/\/\‘/\OH 2 mol% base P N
Me -
solvent (2 M)
1 (-)-2i T, 16 hrs (+)-3i
1.5 equiv. >99:1 er
Entry Base Solvent T/°C Yield / %" er

1 - Toluene 110 (54) 57:43
2 NaHCOs Toluene 110 92(80) 71:29
3 KHCO; Toluene 110 85 73:27
4 CsHCO3 Toluene 110 98 74:26
5 NaOAc Toluene 110 90(86) 62:38
6 KOAc Toluene 110 95 62:38
7 Na,COs Toluene 110 94 67:33
8 K,COs Toluene 110 61 54:46
9 Cs,CO3 Toluene 110 21 78:22
10 NaOH Toluene 110 94 76:24
11 KOH Toluene 110 92 71:29
12 CsOH.xH,0 Toluene 110 n.r. -
13 'BuOK Toluene 110 88 69:31
14 'BuOK (5 mol%) Toluene 110 n.r. -
15 ‘BuOK (10 mol%) Toluene 110 n.r. -
16 CsHCOs Heptane 110 82 76:24
17 CsHCOs ‘BuOH 110 84 76:24
18 CsHCOs TFE 110 69 56:44
19 CsHCO; 1,4-dioxane 110 85 79:21
20 CsHCO; CPME 110 81 80:20
21 CsHCO; - 110 93 82:18
22 CsHCO; Water 110 79 84:16
23 - Water 110 79 83:17
24 - Brine 110 81 65:35
25 CsHCO; 1:1 Water:CPME 110 95 81:19
26 - Water 65 11 80:20
27 - Water 70 41 85:15
28 - Water 75 61 88:12
29 - Water 80 69(72) 90:10
30 - Water 90 78 86:14
31 - Water 100 82 85:15

(a) Reaction conditions: diol (—)-2i (1 equiv), benzylamine (1.5 equiv), [Cp*IrCl2]2 (1 mol%), base (2 mol%),
solvent (2 M), 65-110 °C, 16 h. (b) Yields determined by *H NMR analysis with 1,1,2,2-tetrachloroethane as an
internal standard. Yields in parentheses refer to isolated material after column chromatography. (c)
Enantiomeric purity determined after conversion to the corresponding Cbz-protected amine by HPLC using a
chiral stationary phase (see Experimental Procedures for details).



3. General Procedures

3.1 General procedure A: Hydrogen borrowing alkylation of amines with diols in toluene

To a 2-5 mL Biotage® microwave vial equipped with a stirrer bar was added the appropriate alcohol
substrate (1.0 equiv.), [IrCp*Cl;]; (1.0 mol%) and NaHCOs (2.0 mol%). The vial was sealed with a
microwave vial crimp cap (containing a Reseal® septum), evacuated under vacuum and refilled with
argon three times. Anhydrous toluene (2 M) was added via syringe, followed by the appropriate
amine (1.5 equiv.). The vial was sealed with Parafilm®, placed in a preheated oil bath and stirred at
110 °C for 16 hours. The reaction mixture was cooled to room temperature and concentrated under
a flow of nitrogen. Purification by column chromatography (SiO, was basified with EtsN prior to use,

see General Information for details) afforded the piperidine product.

3.2 General procedure B: Hydrogen borrowing alkylation of amines with diols in water

To a 2-5 mL Biotage® microwave vial equipped with a stirrer bar was added the appropriate alcohol
substrate (1.0 equiv.) and [IrCp*Cl;]> (1.0 mol%). The vial was sealed with a microwave vial crimp cap
(containing a Reseal® septum), evacuated under vacuum and refilled with argon three times.
Deionised water (2 M) was added via syringe, followed by the appropriate amine (1.5 equiv.). The
vial was sealed with Parafilm®, placed in a preheated oil bath and stirred at the appropriate
temperature for 16 hours. The reaction mixture was cooled to room temperature and extracted with
CH,Cl; (3 x 10 mL). The organic phase was dried over MgSQ,, filtered and concentrated in vacuo.
Purification by column chromatography (SiO, was basified with EtsN prior to use, see General

Information for details) afforded the title compound.

3.3 General procedure C: Carboxybenzyl (Cbz) protection for HPLC analysis

To a 2-5 mL Biotage® microwave vial equipped with a stirrer bar was added the appropriate N-benzyl
substrate (1.0 equiv.). Benzyl chloroformate (3 M in toluene, 6.0 equiv.) was added slowly via
syringe. The vial was sealed with a microwave vial crimp cap (containing a Reseal® septum) and
equipped with a balloon (caution: gas evolution!). The reaction mixture was stirred at 80 °C for 2
hours. The reaction mixture was cooled to room temperature and transferred directly onto a silica

column. Purification by column chromatography (SiO,) afforded the title compound.



4. Experimental Procedures

4.1 Synthesis of Starting Materials

2-Benzylpentane-1,5-diol, rac-2k

2
HO/\(\/\OH
4
6

Ph

LiAIH, (1.20 g, 38.0 mmol) was suspended in anhydrous THF (150mL) at 0 °C and a solution of
3-benzyltetrahydro-2H-pyran-2-one? (2.00 g, 10.5 mmol) in anhydrous THF (25 mL) added dropwise.
The reaction mixture was warmed to room temperature and stirred for 1 hour. The reaction was
cooled to 0 °C, diluted with a further portion of THF (100 mL) and quenched with dropwise addition
of water (1.2 mL) followed by 15% aq. NaOH (1.2 mL) and water (3.6 mL). The mixture was warmed
to room temperature and stirred for 10 minutes after which MgSO,4 was added, and the mixture was
stirred for a further 30 minutes at room temperature. The mixture was filtered through Celite®
eluting with Et,0 and concentrated in vacuo. Purification by column chromatography (CH,Cl,:MeOH
95:5) afforded diol rac-2k as a viscous, colourless oil (1.74 g, 85%).

IH NMR (500 MHz, CDCls) & = 7.30-7.26 (2H, m, ArH), 7.21-7.17 (3H, m, ArH), 3.66-3.55 (3H, m,
CHz-1, and CH,-5), 3.50 (1H, dt, J = 10.7, 5.3 Hz, CHy-1}), 2.67-2.59 (2H, m, CH,-6), 2.03-2.01 (1H, m,

OH), 2.00-1.98 (1H, m, OH), 1.86-1.79 (1H, m, CH-2), 1.67-1.54 (2H, m, CH-4), 1.52-1.45 (1H, m,

CH»-3,), 1.41-1.34 (1H, m, CH»-3p).
13C NMR (101 MHz, CDCls) & = 140.8, 129.2, 128.4, 126.0, 64.5, 63.0, 42.3, 37.9, 29.8, 26.9.

The data are consistent with the literature.?

(S)-2-Phenylpentane-1,5-diol, (+)-2j

1 3 5

2
HO Y oH

Ph
Racemic: LiAlH, (1.45 g, 38.3 mmol) was suspended in anhydrous THF (50 mL) at 0 °C and
2-phenylglutaric anhydride (2.43 g, 12.8 mmol) was added portionwise. The reaction mixture was
warmed to room temperature and then heated at reflux, with stirring, for 4 hours. The reaction was
cooled to 0 °C, diluted with a further portion of THF (50 mL) and quenched with dropwise addition of
water (1.5 mL) followed by 15% aq. NaOH (1.5 mL), and water (4.5 mL). The mixture was warmed to
room temperature and stirred for 10 minutes after which MgS0O, was added and the mixture stirred

for a further 30 minutes. The mixture was filtered through Celite® (eluting with Et,0) and



concentrated in vacuo. Purification by column chromatography (CH.Cl,:MeOH 95:5) afforded the
title compound rac-2j (1.70 g, 74%) as a viscous, colourless oil.

Enantioenriched: (+)-2j (>99:1 e.r.) was prepared by preparative SFC separation of racemic diol rac-
2j using a Chiralpak® ID column, 80:20 CO,:MeOH, 10 mL min, 260 nm, 35°C, 20 pL injections of 100
mg/mL diol rac-2j in MeOH; t, (S) = 4.3 min, t; (R) = 5.0 min. Absolute configuration was determined
to be (S) by comparison of the optical rotation value with literature data.*

'H NMR (400 MHz, CDCls) & = 7.35-7.19 (5H, m, ArH), 3.80-3.71 (2H, m, CH,-1), 3.63-3.56 (2H, m,
CH,-5), 2.84-2.76 (1H, m, CH-2), 1.87-1.79 (1H, m, CH,-3,), 1.70-1.19 (5H, m, CH,-35, CH,-4, 2 x OH).

13C NMR (101 MHz, CDCl3) & = 142.3, 128.8, 128.2, 126.9, 67.6, 62.8, 48.5, 30.5, 28.3.

These spectral data are consistent with the literature.”

[a]3® = +22.5 (c = 1.0, EtOH). Literature value [a]3° = +18.3 (c = 1.0, EtOH, 80% ee);*

Enantiomeric excess was determined by SFC; Chiralpak® ID column (5-50% MeOH:CO; gradient over

3.5 min, 2 mL min't, DAD 210-400 nm, 40 °C):
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1.2833 9194984 321196.88 49.32 1.2750 12656653 48357259 99.86
1.3833 6952907 330014.28 50.68 1.3833 11786 660.40 0.14

(S)-2-1sobutylbutane-1,4-diol, (-)-2al

1 3
Ho/\z/\“/OH

< Me
Y
Me
7
Racemic: LiAlH4 (661 mg, 17.4 mmol) was suspended in anhydrous THF (40 mL) at O °C and a solution
of isobutylsuccinic acid (1.01 g, 5.80 mmol) in anhydrous THF (15 mL) was added dropwise. The
reaction mixture was warmed to room temperature and then heated to 70 °C for 16 hours. The

reaction was then cooled to 0 °C, diluted with Et,O (50 mL) and quenched by dropwise addition of

water (0.66 mL) followed by 15% aq. NaOH (0.66 mL) and water (2.0 mL). The mixture was warmed



to room temperature and stirred for 10 minutes after which MgS0, was added, and the mixture was
stirred for a further 30 minutes at room temperature. The mixture was filtered through Celite®
eluting with Et,0 and concentrated in vacuo. Purification by column chromatography (CH,Cl,:MeOH
95:5) afforded diol rac-2al as a viscous, colourless oil (671 mg, 79%).

Enantioenriched: LiAlH, (678 mg, 17.9 mmol) was suspended in anhydrous THF (40 mL) at 0 °C and a
solution of (S)-(—)-2-isobutylsuccinic acid 1-methyl ester (1.12 g, 5.95 mmol) in anhydrous THF
(15 mL) was added dropwise. The reaction mixture was warmed to room temperature and then
heated to 70 °C for 16 hours. The reaction was then cooled to 0 °C, diluted with Et,O (50 mL) and
guenched by dropwise addition of water (0.68 mL) followed by 15% ag. NaOH (0.68 mL) and water
(2.1 mL). The mixture was warmed to room temperature and stirred for 10 minutes after which
MgSO, was added, and the mixture was stirred for a further 30 minutes at room temperature. The
mixture was filtered through Celite® eluting with Et,0 and concentrated in vacuo. Purification by
column chromatography (CH,Cl,:MeOH 95:5) afforded diol (—)-2al as a viscous, colourless oil (691
mg, 79%).

IH NMR (400 MHz, CDCls) & = 3.75 (1H, ddd, J = 10.7, 6.4, 4.4 Hz, CH,-4.), 3.66 — 3.58 (4H, m, CH,-4s,

CH»-1, and 2 x OH), 3.41 (1H, dd, J = 10.5, 7.3 Hz, CHy-1p), 1.76 — 1.47 (4H, m, CH-2, CH-6, CH,-3), 1.15

(1H, dt, J=13.9, 7.0 Hz, CH,-5.), 1.06 (1H, dt, J = 13.9, 7.1 Hz, CH,-5;), 0.88 (3H, d, J = 6.4 Hz, CHs-7a),

0.86 (3H, d, J = 6.4 Hz, CHs-7b).

13C NMR (101 MHz, CDCl3) = 66.6, 61.2, 41.3, 37.2, 36.2, 25.4, 23.0, 22.8.
HRMS: ESI+ found [M+H]* = 147.1380, CsH190; requires 147.1380, A = 0.20 ppm.
FTIR (film): Vmax = 3286 (br), 2954, 1466, 1367, 1036 cm™.

[a]3® =-12.6 (c = 1.0, CHCls).

(R)-2-Isopropylbutane-1,4-diol, (-)-2am

1 3
H O/\:/YOH

Me/;\Me
6

LiAlH, (1.64 g, 43.1 mmol) was suspended in anhydrous THF (100 mL) at 0 °C and a solution of (R)-2-
isopropylsuccinic acid-1-methyl ester (2.50 g, 14.4 mmol) in anhydrous THF (30 mL) was added
dropwise. The reaction mixture was warmed to room temperature and then heated to 70 °C for
16 hours. The reaction was then cooled to 0 °C, diluted with Et,0 (100 mL) and quenched by
dropwise addition of water (1.6 mL) followed by 15% ag. NaOH (1.6 mL) and water (4.9 mL). The
mixture was warmed to room temperature and stirred for 10 minutes after which MgSO, was added,

and the mixture was stirred for a further 30 minutes at room temperature. The mixture was filtered



through Celite® eluting with Et,0 and concentrated in vacuo. Purification by column
chromatography (CH2Cl,:MeOH 95:5) afforded diol (—)-2am as a viscous, colourless oil (1.53 g, 81%).
The corresponding racemic diol rac-2am was prepared by an identical procedure starting from
racemic 2-isobutylsuccinic acid 1-methyl ester.

'H NMR (400 MHz, CDCls) & = 3.77 (1H, ddd, J = 10.7, 6.3, 4.3 Hz, CH,-4,), 3.71 — 3.63 (3H, m, CH»-1,
and 2 x OH), 3.60 (1H, ddd, J = 10.4, 8.1, 4.1 Hz, CH,-4s), 3.51 (1H, dd, / = 10.2, 7.8 Hz, CH,-1;), 1.79 —
1.65 (2H, m, CH,-3, and CH-5), 1.55 (1H, dtd, J = 14.3, 8.3, 4.1 Hz, CH,-3;), 1.45 (1H, dddd, J = 11.7,
8.3, 4.8, 3.2 Hz, CH-2), 0.89 (3H, d, J = 7.0 Hz, CH3-6a), 0.87 (3H, d, / = 7.4 Hz, CHs-6b).

13C NMR (101 MHz, CDCl3) 6 = 65.1, 62.0, 45.7, 33.1, 29.8, 20.0, 19.5.

HRMS: ESI+ found [M+H]* = 133.1223, C;H1,0; requires 133.1223, A =-0.17 ppm.

FTIR (film): vmax = 3296 (br), 2957, 1465, 1387, 1369, 1023 cm™.

[a]3® =-20.1 (c = 1.0, CHCls).

(2R,5R)-2-methylhexane-1,5-diol, (+)-20

1 ) 3

Me
7

Racemic: We have previously reported the synthesis of diol rac-20 (12:88 d.r.).®

Enantioenriched: According to a modified literature procedure,” to a pre-cooled vial at 0 °C was
added (S)-(-)-a,a-diphenyl-2-pyrrolidinemethanol trimethylsilyl ether (1.00 g, 3.10 mmol), methyl-
3,4-dihydroxybenzoate (1.90 g, 12.3 mmol), propanal (4.43 mL, 61.4 mmol) and methyl vinyl ketone
(7.48 mL, 92.2 mmol). The vial was sealed and stirred at 0 °C for 24 hours. The reaction solution was
transferred into pre-cooled ethanol (500 mL) at O °C via syringe and sodium borohydride (11.6 g,
0.31 mol) was added portionwise. The reaction mixture was allowed to warm to room temperature
and stirred for a further 16 hours. The mixture was poured onto ice and allowed to warm to room
temperature. The solution was concentrated in vacuo to remove the majority of the EtOH and then
extracted with Et;0 (3 x 400 mL). The combined organic phases were dried over MgSQ,, filtered and
concentrated in vacuo. Purification by column chromatography (CH,Cl,:MeOH 95:5) afforded diol
(+)-20 (1.23 g, 15%, ~53:47 dr,” 94:6 er) as a colourless oil and an inseparable mixture of
diastereomers. The enantiomeric purity of (+)-20 was determined by chiral HPLC analysis after

conversion to the corresponding dibenzoyl ester (see below).

* It was not possible to calculate dr of the crude reaction mixture or purified compound due to overlapping
peaks in the *H NMR spectrum, but a dr of ~53:47 was estimated by HPLC for the benzoyl ester derivative S1.
N.B. the major diastereoisomer of racemic and enantioenriched diols were opposite.

9



IH NMR (400 MHz, CDCls) & = 3.81-3.77 (1H, m, CH-5), 3.49-3.43 (2H, m, CH,-1), 2.29-1.39 (6H, m, 2 x
OH, CH-2, CH,-3, and CHy-4,), 1.29-1.11 (1H, m, CH,-4s), 1.19 (3H, d, J = 6.2 Hz, CH3-6), 0.94-0.90 (3H,
m, CHs-7). N.B. no separate signals were observed for the minor diastereoisomer.

13C NMR (101 MHz, CDCls) 6 = 68.6, 68.1, 36.6, 35.9, 29.2, 23.7, 16.8. N.B. the minor diastereoisomer
displays signals at 6 = 68.3, 68.2, 36.3, 35.6, 29.0, 23.8, 16.7.

HRMS: ESI+ found [M+Na]* = 155.1040, C;H160,%Na requires 155.1043, A = —1.69 ppm.

FTIR (film): vmax = 3318, 2927, 2872, 1459, 1374, 1112, 1021, 984, 943 cm™.

[a]3® = +11.0 (c = 1.0, CHCls).

(2R,5R)-2-Methylhexane-1,5-diyl dibenzoate, S1
7
o s Me O
Ph)LOWOJLPh

Me

6
To a solution of (2R)-2-Methylhexane-1,5-diol (+)-20 (26 mg, 0.20 mmol, ~53:47 d.r.) in anhydrous
CH,Cl; (5 mL) was added pyridine (0.05 mL, 0.60 mmol) and benzoyl chloride (0.06 mL, 0.50 mmol).
The resulting solution was stirred at room temperature for 2 hours before addition of saturated
aqueous NH4Cl solution (10 mL). The mixture was extracted with CH,Cl, (3 x 10 mL) and the
combined organic phases dried over MgSO,, filtered and concentrated in vacuo. Purification by
column chromatography (CH,Cl,) afforded diester S1 (9.5 mg, 14%, ~53:47 dr,” 94:6 er) as a
colourless oil and an inseparable mixture of diastereomers. The corresponding racemic diester rac-
S1 (~13:87 d.r.) was prepared by an identical procedure starting from rac-2o0.

1H NMR (400 MHz, CDCls) & = 8.04-8.00 (4H, m, ArH), 7.57-7.52 (2H, m, ArH), 7.43-7.38 (4H, m, ArH),
5.22-5.13 (1H, m, CH-5), 4.22-4.13 (2H, m, CH»-1), 2.03-1.94 (1H, m, CH-2), 1.90-1.56 (3H, m, CH,-3

and CH,-4.), 1.45-1.28 (1H, m, CH,-4y), 1.36 (3H, d, J = 6.3 Hz, CH3-7), 1.05 (3H, d, J = 6.8 Hz, CH3-6).

N.B. no separate signals were observed for the minor diastereoisomer.

13C NMR (101 MHz, CDCl5) 6 = 166.7, 166.3, 133.0, 132.9, 130.9, 130.5, 129.6 (two overlapping
signals), 128.5, 128.4, 71.5, 69.5, 33.6, 33.8, 29.4, 20.3, 17.2. N.B. the minor diastereoisomer displays
signals at 6 = 166.7, 166.3, 133.0, 132.9, 130.9, 130.5, 129.6 (two overlapping signals), 128.5, 128.4,
71.7,69.6,33.4,33.7,29.2,20.3,17.0.

HRMS: ESI+ found [M+H]* = 341.1749, C1H,504 requires 341.1747, A = 0.47.

FTIR (film): vmax = 1714, 1451, 1314, 1272, 1109, 1070, 1026, 710 cm™.

[a]3® = +1.6 (c = 0.79, CHCls).

* It was not possible to calculate dr of the crude reaction mixture or purified compound due to overlapping
peaks in the 'H NMR spectrum, but a dr of ~53:47 was estimated by HPLC.

10



HPLC: Enantiomeric excess was determined by HPLC with a Chiralpak® IA column
(99.7:0.3 hexane:IPA, 1.0 mL min?, 210 nm, room temperature), ~53:47 dr; major diastereomer
tr (major) = 33.6 min, t, (minor) = 50.0 min, 94:6 er; minor diastereomer t. (minor) = 31.0 min,

tr (major) = 42.3 min; 94:6 er. [N.B. racemate with ~13:87 d.r.].

= ¥ wad
]

I - - S — AN - . _J \“ —
P = - 0 & 2 i
# Time Type Area Height Width Area% Symmetry # Time Type Area Height Width Area% Symmetry
1 30.274 BB 2066.9 44.3 0.7003 43,804 0.521 1 31.039 EE 207 S 0.6157 2.747 0.738
2 34.007 EE 273.9 5.3 0.731 5,606 071z 2 33.564 BB 37614 61.5 0.8958 49.913 0.357
3 42,438 EE 20209 249 11159 42.827 0.427 3 42,31 BB 3321.3 39.4 1.1645 44.074 0.337
4 50.925 MM 356.9 3.8 1.5701 7.563 0.51 4 49.95 MM 248.1 3.5 1.1826 3.266 0.672

11



4.2 Hydrogen Borrowing Annulation

Ph” N
2 4
3 Me

Commercially available 4-methylpentane-1,5-diol 2a (118 mg, 1.0 mmol), anhydrous benzylamine

N-Benzyl-4-methylpiperidine, 3a

(0.16 mL, 1.5 mmol), [IrCp*Cl;]> (8.0 mg, 1.0 mol%), NaHCO; (1.7 mg, 2.0 mol%) and anhydrous
toluene (0.5 mL) were subjected to general procedure A. Purification by column chromatography
(pentane:Et,0 50:50) afforded piperidine 3a (182 mg, 96%) as a yellow oil.

'H NMR (400 MHz, CDCl5) 6 = 7.32-7.21 (5H, m, ArH), 3.48 (2H, s, NCH,Ph), 2.87-2.82 (2H, m,
2 x CHy-2¢), 1.93 (2H, td, J = 11.5, 2.4 Hz, 2 x CH»-24), 1.62-1.56 (2H, m, 2 x CH,-3,), 1.41-1.30 (1H,
m, CH-4), 1.29-1.19 (2H, m, 2 x CH»-3,), 0.91 (3H, d, J = 6.2 Hz, CHs).

13C NMR (101 MHz, CDCl3) 6 = 138.9, 129.4, 128.2, 127.0, 63.7, 54.1, 34.5, 30.9, 22.1.

The data are consistent with the literature.®

N-Benzyl-4-phenylpiperidine, 3b

e
2 4"Ph
3

3-Phenylpentane-1,5-diol® 2b (180 mg, 1.0 mmol), anhydrous benzylamine (0.16 mL, 1.5 mmol),
[IrCp*Cl,]2 (8.0 mg, 1.0 mol%), NaHCO; (1.7 mg, 2.0 mol%) and anhydrous toluene (0.5 mL) were
subjected to general procedure A. Purification by column chromatography (pentane:Et,O 60:40)
afforded piperidine 3b (208 mg, 83%) as a yellow oil.

IH NMR (400 MHz, CDCls) & = 7.18-7.39 (10H, m, ArH), 3.58 (2H, s, NCH,Ph), 3.06-3.01 (2H, m,
2 x CHy-2,), 2.58-2.46 (1H, m, CH-4), 2.16-2.08 (2H, m, 2 x CH»-2), 1.86-1.80 (4H, m, 2 x CH,-3).

13C NMR (101 MHz, CDCl5) 6 = 146.7, 138.7, 129.4, 128.5, 128.3, 127.1, 127.0, 126.2, 63.7, 54.4, 42.9,
33.7.

HRMS: ESI+ found [M+H]* = 252.1742, C1sH2:N requires 252.1747, A = -2.09 ppm.

FTIR (film): vmax = 3027, 2934, 2798, 2750, 1493, 1452, 1366, 991, 735, 696 cm™.
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N-Benzyl-4-(4-fluorophenyl)piperidine, 3¢

2

PR N 3
4
F

3-(4-Fluorophenyl)-pentane-1,5-diol® 2¢ (198 mg, 1.0 mmol), anhydrous benzylamine (0.16 mL,
1.5 mmol), [IrCp*Cl,]; (8.0 mg, 1.0 mol%), NaHCOs (1.7 mg, 2.0 mol%) and anhydrous toluene (0.5
mL) were subjected to general procedure A. Purification by column chromatography (pentane:Et,0
60:40) afforded piperidine 3c (215 mg, 80%) as a yellow oil.

IH NMR (400 MHz, CDCl3) 8 = 7.37-7.31 (4H, m, ArH), 7.29-7.24 (1H, m, ArH), 7.21-7.15 (2H, m, ArH),
7.01-6.94 (2H, m, ArH), 3.55 (2H, s, NCH,Ph), 3.05-2.98 (2H, m, 2 x CHj-2q), 2.48 (1H, tt, J = 10.3,
5.2 Hz, CH-44), 2.08 (2H, td, J = 11.2, 3.7 Hz, 2 X CH2-24), 1.83-1.75 (4H, m, 2 x CH,-3).

13C NMR (101 MHz, CDCls) 6 = 161.3 (d, J = 243.3 Hz), 142.2 (d, J = 3.1 Hz), 138.4, 129.3, 128.2, 128.2,
127.0,115.1 (d, J = 20.9 Hz), 63.5, 54.2, 42.0, 33.7.

19F NMR (376 MHz, CDCl3) § = —117.5.

HRMS: ESI+ found [M+H]* = 270.1651, CisH,1FN requires 270.1653, A —0.46 ppm.

FTIR (film): vmax = 2935, 2800, 1604, 1509, 1453, 1366, 1342, 1223, 1159, 1031, 992, 832, 795, 773,
737,698, 613 cm™.

N-Benzyl-4-(4-methoxyphenyl)piperidine, 3d

2

Ph” N 3
4
OMe

3-(4-Methoxyphenyl)-pentane-1,5-diol® 2d (198 mg, 1.0 mmol), anhydrous benzylamine (0.16 mL,
1.5 mmol), [IrCp*Cl,]; (8.0 mg, 1.0 mol%), NaHCO; (1.7 mg, 2.0 mol%) and anhydrous toluene (0.5
mL) were subjected to general procedure A. Purification by column chromatography (pentane:Et,0
50:50) afforded piperidine 3d (258 mg, 92%) as a colourless solid.

IH NMR (400 MHz, CDCls) § = 7.80-7.31 (4H, m, ArH), 7.29-7.24 (1H, m, ArH), 7.18-7.14 (2H, m, ArH),
6.87-6.83 (2H, m, ArH), 3.79 (3H, s, OCHs), 3.56 (2H, s, NCH;Ph), 3.04-2.98 (2H, m, 2 x CH»-2¢), 2.46
(1H, tt, J= 11.0, 5.5 Hz, CH-4,), 2.08 (2H, td, J = 10.9, 3.8 Hz, 2 x CH»-24), 1.83 — 1.70 (4H, m, 2 x
CH,-3).

13C NMR (101 MHz, CDCls) & = 157.9, 138.8, 138.5, 129.3, 128.2, 127.7, 127.0, 113.8, 63.6, 55.3, 54.4,
41.8, 33.8.
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HRMS: ESI+ found [M+H]* = 282.1851, C19H.4NO requires 282.1852, A —0.54 ppm.

FTIR (film): vmax = 2941, 2795, 2752, 1608, 1512, 1467, 1365, 1327, 1244, 1176, 1146, 1115, 1033,
989, 833, 808, 766, 739, 696, 613 cm™.

Melting point = 68—71 °C.

N-Benzyl-4-(naphthalen-2-yl)piperidine, 3e

2

PhA
4

3-(Naphthalene-1-yl)-pentane-1,5-diol® 2e (230 mg, 1.0 mmol), anhydrous benzylamine (0.16 mL,
1.5 mmol), [IrCp*Cl,]; (8.0 mg, 1.0 mol%), NaHCOs (1.7 mg, 2.0 mol%) and anhydrous toluene (0.5
mL) were subjected to general procedure A. Purification by column chromatography (pentane:Et,0
60:40) afforded piperidine 3e (261 mg, 87%) as a colourless solid.

IH NMR (400 MHz, CDCl5) 8 = 8.11 (1H, d, J = 8.4 Hz, ArH), 7.87 (1H, dd, J = 7.6, 2.0 Hz, ArH), 7.72
(1H, dd, J = 6.8, 2.6 Hz, ArH), 7.55-7.33 (8H, m, ArH), 7.31-7.27 (1H, m, ArH), 3.63 (2H, s, NCH,Ph),
3.34 (1H, tt, J = 10.7, 5.2 Hz, CH-44), 3.15-3.07 (2H, m, 2 X CHy-2eq), 2.27 (2H, td, J = 11.1, 4.2 Hz, 2 X
CH2-24), 2.03-1.92 (4H, m, 2 x CH,-3).

13C NMR (101 MHz, CDCl5) & = 142.2, 138.5, 133.9, 131.4, 129.3, 129.0, 128.2, 127.0, 126.5, 125.7,
125.7,125.3, 123.0, 122.5, 63.6, 54.6, 37.6, 33.2.

HRMS: ESI+ found [M+H]* = 302.1902, C3;H24N requires 302.1903, A —0.44 ppm.

FTIR (film): vmax = 3048, 2936, 2799, 1597, 1494, 1453, 1396, 1366, 1343, 1144, 988, 778, 737,
699 cm™.

Melting point = 76—78 °C.

N-Benzyl-4-(trifluoromethyl)piperidine, 3f

ool
2
Y 4 CF;

4-(Trifluoromethyl)-pentane-1,5-diol® 2f (172 mg, 1.0 mmol), anhydrous benzylamine (0.16 mL,
1.5 mmol), [IrCp*Cl,]; (8.0 mg, 1.0 mol%), NaHCOs (1.7 mg, 2.0 mol%) and anhydrous toluene (0.5
mL) were subjected to general procedure A. Purification by column chromatography (pentane:Et,0

90:10) afforded piperidine 3f (192 mg, 79%) as a pale yellow oil.

14



IH NMR (400 MHz, CDCls) & = 7.36-7.24 (5H, m, ArH), 3.51 (2H, s, NCH,Ph), 2.97 (2H, m, 2 x CHz-2eq),
2.05-1.91 (3H, m, CH-4 and 2 x CH,-2,), 1.85-1.78 (2H, m, 2 x CH-3eg), 1.64 (2H, qd, J = 12.7, 3.9 Hz,
2 x CH-34).

13C NMR (101 MHz, CDCls) & = 138.3, 129.2, 128.4, 127.7 (q, J = 278.4 Hz), 127.2, 63.2, 52.5, 40.5 (q,
J=27.1Hz),24.8.

19F NMR (376 MHz, CDCl3) & = -73.7

The data are consistent with the literature.*’

N-Benzylmorpholine, 3g

Ph/\N/\l

o
2

Commercially available diethylene glycol 2g (106 mg, 1.0 mmol), anhydrous benzylamine (0.16 mL,
1.5 mmol), [IrCp*Cl;]; (8.0 mg, 1.0 mol%) and deionised water (0.5 mL) were subjected to general
procedure B at 110 °C. Purification by column chromatography (pentane:Et,O 80:20) afforded
piperazine 3g as a colourless oil (74 mg, 35%) as an inseparable mixture with dibenzylamine (14
mol%, the spectral data for dibenzylamine are consistent with the literature?).
IH NMR (400 MHz, CDCls) 8 = 7.36-7.24 (5H, m, ArH), 3.72-3.70 (4H, m, 2 x CH,-2), 3.50 (2H, s,
NCH,Ph), 2.46-2.43 (4H, m, 2 x CHa-1).
13C NMR (101 MHz, CDCl3) 8 = 137.9, 129.3, 128.4, 127.3, 67.2, 63.6, 53.8.

The data are consistent with the literature.!

N, N’-Dibenzylpiperazine, 3h
Ph/\N/\
K/N\/

Commercially available N-benzyldiethanolamine 2h (195 mg, 1.0 mmol), anhydrous benzylamine

Ph

(0.16 mL, 1.5 mmol), [IrCp*Cl,], (8.0 mg, 1.0 mol%) and deionised water (0.5 mL) were subjected to
general procedure B at 110 °C. Purification by column chromatography (pentane:Et,O 80:20)
afforded piperazine 3h (48 mg, 16%) as a pale yellow solid as an inseparable mixture with
dibenzylamine (15 mol%, the spectral data for dibenzylamine are consistent with the literature ?).

IH NMR (400 MHz, CDCls) & = 7.35-7.22 (10H, m, ArH), 3.51 (4H, s, 2 x NCH,Ph), 2.48 (8H, br. s, 4 x
CH>-2).

13C NMR (101 MHz, CDCl3) & = 138.3, 129.4, 128.3, 127.1, 63.2, 53.2.

The data are consistent with the literature.’?
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1-Benzyl-3-methylpiperidine, 3i

PN 2 3_Me
1@
5
2-Methylhexane-1,5-diol® rac-2i (118 mg, 1.0 mmol, >99:1 er), anhydrous benzylamine (0.16 mL,
1.5 mmol), [IrCp*Cl;], (8.0 mg, 1.0 mol%) and anhydrous toluene (0.5 mL) were subjected to general
procedure A. Purification by column chromatography (pentane:Et,O 90:10) afforded piperidine 3i
(122 mg, 64%) as a colourless oil.

'H NMR (400 MHz, CDCl3) & = 7.33-7.22 (5H, m, ArH), 3.48 (2H, s, NCH2Ph), 2.79 (2H, m, CH,-2, and
CH2-6eq), 1.85 (1H, td, J = 11.1, 3.7 Hz, CH,-64), 1.72-1.51 (5H, m, CH,-2p, CH-3, CH,-4, and CH,-5),

0.90-0.86 (1H, m, CH,-4s), 0.83 (3H, d, J = 6.4 Hz, CH3).

13C NMR (101 MHz, CDCl3) 6 = 138.8, 129.3, 128.2, 126.9, 63.8, 62.1, 54.1, 33.2, 31.3, 25.7, 19.9.
HRMS: ESI+ found [M+H]* = 190.1590, C13HxN requires 190.1590, A = -0.04 ppm.
FTIR (film): vmax = 2927, 2794, 2756, 1454, 1346, 1120, 1073, 1028, 976, 737, 698 cm™.

N-Benzyl-3-phenylpiperidine, 3j

2
Ph
P NN
6 4
5
2-Phenylpentane-1,5-diol® rac-2j (180 mg, 1.0 mmol), anhydrous benzylamine (0.16 mL, 1.5 mmol),
[IrCp*Cl,); (8.0 mg, 1.0 mol%), NaHCO; (1.7 mg, 2.0 mol%) and anhydrous toluene (0.5 mL) were
subjected to general procedure A. Purification by column chromatography (pentane:Et,O 90:10)
afforded piperidine 3j (162 mg, 64%) as a colourless solid.

'H NMR (400 MHz, CDCls) § = 7.39-7.22 (10H, m, ArH), 3.55 (2H, s, NCH,Ph), 3.01 (1H, ddt, J= 11.0,
3.6, 1.7 Hz, CHa-2eq), 2.96-2.91 (1H, m, CHx-6,), 2.85 (1H, tt, J = 11.6, 3.7 Hz, CH-3), 2.05 (1H, t,

J=11.1 Hz, CH»-24), 2.03-1.90 (2H, m, CH,-6, and CH,-4.), 1.81-1.67 (2H, m, CH,-5), 1.51-1.41 (1H, m,
CHz-4p).

13C NMR (101 MHz, CDCl5) & = 145.0, 138.5, 129.3, 128.4, 128.3, 127.4, 127.0, 126.4, 63.7, 61.2, 53.9,
43.1,31.8, 25.9.

Melting point = 45-47 °C.
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1,3-Dibenzylpiperidine, 3k

7 2 8
Ph” N Ph
6 4
5

2-Benzylpentane-1,5-diol rac-2k (194 mg, 1.0 mmol), anhydrous benzylamine (0.16 mL, 1.5 mmol),
[IrCp*Cl3]2 (8.0 mg, 1.0 mol%), NaHCOs (1.7 mg, 2.0 mol%) and anhydrous toluene (0.5 mL) were
subjected to general procedure A. Purification by column chromatography (pentane:Et,O 90:10)
afforded piperidine 3k (208 mg, 78%) as a colourless oil.

IH NMR (400 MHz, CDCls) & = 7.34-7.13 (10H, m, ArH), 3.57-3.40 (2H, m, CH,-7), 2.81 (1H, dd,
J=10.9, 3.0 Hz, CH,-2¢q), 2.76 (1H, d, J = 11.0 Hz, CH,-64), 2.61-2.43 (2H, m, CH,-8), 1.96-1.86 (2H, m,
CH-3 and CHy-6), 1.79 (1H, t, J = 10.4 Hz, CH-24), 1.71-1.61 (2H, m, CH,-4, and CH,-5.), 1.56-1.45

(1H, m, CH,-4p), 1.00-0.92 (1H, m, CH,-5p).
13C NMR (101 MHz, CDCl5) & = 140.8, 138.8, 129.3, 129.2, 128.3, 128.2, 127.0, 125.9, 63.7, 60.4, 54.1,
41.1, 38.2,30.7, 25.3.

The data are consistent with the literature.**

N-Benzyl-3-methylpyrrolidine, 3l
e’
Me
%
2-Methylpentane-1,4-diol®® rac-2l (104 mg, 1.0 mmol), anhydrous benzylamine (0.16 mL, 1.5 mmol),
NaHCOs (1.7 mg, 2.0 mol%), [IrCp*Cl,], (8.0 mg, 1.0 mol%) and anhydrous toluene (0.5 mL) were
subjected to general procedure A. Purification by column chromatography (pentane:Et,O 90:10)
afforded pyrrolidine 31 (74 mg, 42%) as a colourless oil.
IH NMR (400 MHz, CDCl5) 8 = 7.35-7.21 (5H, m, ArH), 3.63-3.56 (2H, m, NCH,Ph), 2.82 (1H, dd,
J=9.0, 7.4 Hz, CH»-2,), 2.70 (1H, ddd, J = 9.2, 8.0, 5.4 Hz, CH»-5,), 2.45 (1H, td, J = 8.8, 6.4 Hz,
CH,-5p), 2.32-2.19 (1H, m, CH-3), 2.07-1.96 (2H, m, CH»-2, and CH»-4,), 1.34 (1H, dddd, J = 12.6, 8.5,
6.3, 5.4 Hz, CHx-4y), 1.01 (3H, d, J = 6.8 Hz, CH3).
13C NMR (101 MHz, CDCl3) & = 139.6, 129.0, 128.3, 126.9, 62.4, 61.0, 54.3, 32.8, 32.0, 20.6.
HRMS: ESI+ found [M+H]* = 176.1434, Cy;H1sN requires 176.1434, A = —0.03 ppm.
FTIR (film): vmax = 2955, 2783, 1453, 1375, 1155, 1136, 1124, 1029, 907, 739, 698 cm™.
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rac-(2R,3R)-1-Benzyl-2,3-dimethylpiperidine, 3m

6

Ph™ N7 5

2 4

7Me 3

Me 4
4-methylhexane-1,5-diol® rac-2m (132 mg, 1.0 mmol), anhydrous benzylamine (0.16 mL, 1.5 mmol),
[IrCp*Cl3]2 (8.0 mg, 1.0 mol%), NaHCOs (1.7 mg, 2.0 mol%) and anhydrous toluene (0.5 mL) were
subjected to general procedure A. NMR analysis of the crude reaction mixture indicated the
presence of two diastereomers in 89:11 dr. Purification by column chromatography (pentane:Et,0
90:10) afforded piperidine 3mmaj (132 mg, 65%, >95:5 d.r.) as a colourless oil and piperidine 3Mmin
(20 mg, 10%, >95:5 d.r.) as a colourless oil. The relative stereochemistry was determined by J-

coupling constant analysis.

Data for the major diastereoisomer:

H H
3 —
Bn-N Me H-2,qd, J=6.7,4.0 Hz
1 4H H-3, dqt, J=10.9, 7.0, 4.0 Hz
Me H

IH NMR (400 MHz, CDCl3) & = 7.37-7.20 (S5H, m, ArH), 3.66-3.50 (2H, m, NCH.Ph), 2.77 (1H, qd,
J=6.7, 4.0 Hz, CH-2), 2.45 (1H, ddd, J = 11.7, 9.9, 3.9 Hz, CHy-6a), 2.32 (1H, dt, J = 11.7, 4.1 Hz,

CHy-6cq), 1.89 (1H, dqt, J = 10.9, 7.0, 4.0 Hz, CH-3), 1.61-1.40 (3H, m, CHo-4 and CHy-5¢g), 1.32-1.21

(1H, m, CHx-54), 0.90 (3H, d, J = 6.7 Hz, CHs-7), 0.86 (3H, d, J = 7.0 Hz, CH-8).

13C NMR (101 MHz, CDCl3) & = 140.5, 128.7, 128.2, 126.7,59.3, 57.8, 46.8, 35.1, 28.1, 25.2, 18.1, 6.7.
HRMS: ESI+ found [M+H]* = 204.1747, C14H2:N requires 204.1747, A = 0.26 ppm.
FTIR (film): vmax = 2926, 2793, 1494, 1452, 1373, 1142, 1122, 1090, 1027, 955, 731, 697 cm™.

Data for the minor diastereoisomer:

'H NMR (400 MHz, CDCl5) & = 7.34-7.21 (5H, m, ArH), 3.99 (1H, d, J = 13.6 Hz, NCH2,Ph), 3.28 (1H, d,
J=13.6 Hz, NCHxPh), 2.75 (1H, dtd, J = 11.6, 3.9, 1.5 Hz, CH»-6¢q), 2.07-1.96 (2H, m, CH-2 and
CH,-644), 1.71-1.64 (1H, m, CH,-4.), 1.54-1.48 (2H, m, CH,-5), 1.44-1.35 (1H, m, CH-3), 1.21 (3H, d, J =
6.1 Hz, CH3-7), 1.09-0.97 (1H, m, CH»-4), 0.95 (3H, d, J = 6.6 Hz, CH3-8).

13C NMR (101 MHz, CDCls) & = 139.9, 129.2, 128.2, 126.7, 62.8, 58.1, 52.3, 37.0, 33.1, 24.8, 20.1,
17.0.

HRMS: ESI+ found [M+H]* = 204.1747, C14H2:N requires 204.1747, A = 0.11 ppm.

FTIR (film): vmax = 2928, 2787, 1494, 1454, 1368, 1119, 1028, 733, 698 cm™.
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rac-(2S,4S)-1-Benzyl-2,4-dimethylpiperidine, 3n
6
Ph” N5
4
Me” 2 Y Me®
7

3-Methylhexane-1,5-diol® rac-2n (132 mg, 1.0 mmol), anhydrous benzylamine (0.16 mL, 1.5 mmol),
[IrCp*Cl3]2 (8.0 mg, 1.0 mol%), NaHCOs (1.7 mg, 2.0 mol%) and anhydrous toluene (0.5 mL) were
subjected to general procedure A at 110 °C. Purification by column chromatography (pentane:Et,0
75:25) afforded piperidine 3n (126 mg, 62%, 82:18 d.r.) as a colourless oil as a mixture of
diastereoisomers. The relative stereochemistry was determined by J-coupling constant analysis. A
small quantity of diastereoisomerically pure cis-3n (34 mg, >95:5 d.r.) was isolated by column
chromatography (pentane:Et,0 85:15).

HRMS: ESI+ found [M+H]* = 204.1747, C14H2:N requires 204.1747, A = 0.26 ppm.

FTIR (film): vmax = 2949, 2916, 1494, 1453, 1373, 1328, 1192, 1135, 1123, 1065, 1029, 730, 697 cm™.

Data for the major diastereoisomer:

H
BnN\,
MeWMe H-3,,q,J=12.0Hz
H

H H

'H NMR (400 MHz, CDCls) & = 7.30 — 7.11 (5H, m, ArH), 4.03 (1H, d, J = 13.3 Hz, NCH2.Ph), 3.03 (1H,
d, J = 13.3 Hz, NCHpPh), 2.71 (1H, ddd, J = 11.6, 3.9, 2.8 Hz, CHa-6), 2.11 (1H, dqd, J = 12.0, 6.0, 2.7
Hz, CH-2), 1.81 (1H, ddd, J = 12.5, 11.6, 2.6 Hz, CHy-64), 1.56 — 1.25 (3H, M, CHy-3cq, CHa-5eq, CH-4),
1.13 (3H, d, J = 6.1 Hz, CH3-7), 1.04 (1H, qd, J = 12.6, 3.8 Hz, CH,-54,), 0.97 (1H, g, J = 12.0 Hz, CH2-3y),

0.81(3H, d, J = 6.6 Hz, CH3-8).
13C NMR (101 MHz, CDCls) & = 139.6, 129.3, 128.2, 126.7, 58.3, 57.0, 53.2, 44.1, 34.6, 31.5, 22.2,
21.6.

Data for the minor diastereoisomer:

'H NMR (400 MHz, CDCls) & = 7.30 — 7.11 (5H, m, ArH), 3.55 (1H, d, J = 13.5 Hz, NCH2.Ph), 3.45 (1H,
d, J = 13.5 Hz, NCHxPh), 2.93 — 2.85 (1H, m, CH-2), 2.44 — 2.31 (2H, m, CH,-6), 1.70 — 1.58 (1H, m,
CH-4), 1.56 — 1.25 (3H, m, CH»-3 and CH,-5,), 1.15 — 1.09 (1H, m, CHx-5), 0.95 (3H, d, J = 6.7 Hz,

CHs-7), 0.84 — 0.81 (3H, m, CH3-8).
13C NMR (101 MHz, CDCls) & = 140.2, 128.9, 128.2, 126.7, 59.2, 52.0, 45.9, 40.7, 34.1, 25.2, 21.8,
11.9.
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rac-(2R,5R)-N-Benzyl-2,5-dimethylpiperidine, 30

6 8
Ph/\)N\/B“Me

Me S *

7 3
2-Methylhexane-1,5-diol® rac-20 (132 mg, 1.0 mmol), anhydrous benzylamine (0.16 mL, 1.5 mmol),
[IrCp*Cl3]2 (8.0 mg, 1.0 mol%), NaHCOs (1.7 mg, 2.0 mol%) and anhydrous toluene (0.5 mL) were
subjected to general procedure A at 110 °C. *H NMR analysis of the crude reaction mixture indicated
the presence of two diastereomers in 71:29 dr. Purification by column chromatography
(pentane:Et,0 90:10) afforded piperidine 30 (138 mg, 68%, 72:28 d.r.) as a colourless oil as a mixture
of diastereoisomers. An small quantity of each diasterecisomer was obtained by column
chromatography (pentane:Et,0 90:10). The relative stereochemistry was determined by a
combination of J-coupling constant and nOe analysis.
HRMS: ESI+ found [M+H]* = 204.1748, C14H2;N requires 204.1747, A = 0.63 ppm.
FTIR (film): Vmax = 2925, 1494, 1454, 1370, 1144, 1125, 1064, 732, 697 cm™.

Data for the major diastereomer:

a N H-2,, dqd, J = 12.0, 6.1, 2.7 Hz
43 H

Qﬂe N Me H-5,, was not fully resolved but contains large J values
6H énHZ indicative of .axial geometr.y. .

nOe correlations shown with solid blue arrows.
'H NMR (400 MHz, CDCl3) 8 = 7.34-7.21 (5H, m, ArH), 4.07 (1H, d, J = 13.5 Hz, NCH2,Ph), 3.14 (1H, d,
J= 13.5 Hz, NCHxPh), 2.74-2.70 (1H, m, CH»-6.), 2.12 (1H, dqd, J = 12.0, 6.1, 2.7 Hz, CH-24),
1.70-1.33 (5H, m, CH,-3, CH,-4,, CH-5, and CH,-6p), 1.21 (3H, d, J = 6.1 Hz, CH3-7), 0.96-0.85 (1H, m,
CHz-4p), 0.76 (3H, d, J = 6.2 Hz, CH3-8).
13C NMR (101 MHz, CDCls) & = 139.5, 129.3, 128.2, 126.7, 61.1, 58.3, 56.7, 35.3, 33.7, 31.4, 22.3,
19.9.

Data for the minor diastereomer:

H
K\Q"\Z/Fﬁsn H-6, dd, J = 116, 9.0 Hz

me” ®| |6 nOe correlations shown with solid blue arrows.
MeH

IH NMR (400 MHz, CDCls) & = 7.37-7.21 (5H, m, ArH), 3.66-3.46 (2H, m, NCH,Ph), 2.81-2.88 (1H, m,
CH-2), 2.34 (1H, dd, J = 11.6, 4.2 Hz, CHy-6¢g), 2.17 (1H, dd, J = 11.6, 9.0 Hz, CH»-6), 1.81-1.61 (2H,
m, CHy-4, and CH-5), 1.55-1.44 (2H, m, CH,-3, and CHy-4), 1.30-1.16 (1H, m, CH-3p), 1.01 (3H, d, J =

6.6 Hz, CH3-7), 0.87 (3H, d, J = 6.7 Hz, CH3-8).
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13C NMR (101 MHz, CDCls) & = 140.4, 128.7, 128.2, 126.7, 59.2, 54.7, 52.8, 31.4, 30.8, 28.4, 19.4,
11.9.

rac-(2R,6S)-1-Benzyl-2,6-dimethylpiperidine, 3p

Me
2
Ph™ N7 N3
Me 4

Heptane-2,6-diol® rac-2p (132 mg, 1.0 mmol), anhydrous benzylamine (0.16 mL, 1.5 mmol),
[IrCp*Cl>]> (8.0 mg, 1.0 mol%), NaHCOs3 (1.7 mg, 2.0 mol%) and anhydrous toluene (0.5 mL) were
subjected to general procedure A. Purification by column chromatography (pentane:Et,O 60:40)
afforded piperidine 3p (135 mg, 66%, 80:20 dr) as an orange oil as an inseparable mixture of
diastereoisomers. The major diastereomer was identified as cis by comparison with literature data.®
HRMS: ESI+ found [M+H]* = 207.1747, C14H2:N requires 204.1747, A = 0.03 ppm.

FTIR (film): vmax = 2927, 1494, 1453, 1374, 1340, 1312, 1201, 1121, 1094, 1056, 1028, 943, 753, 723,
696 cm™.

Data for the major diastereomer:

IH NMR (400 MHz, CDCls) & = 7.42-7.37 (2H, m, ArH), 7.33-7.25 (2H, m, ArH), 7.24-7.18 (1H, m, ArH),
3.82 (2H, s, NCH,Ph)), 2.54-2.45 (2H, m, 2 x CH-2), 1.69-1.51 (3H, m, 2 x CH,-3, and CHa-4,), 1.39-1.26

(3H, m, 2 x CH2-3p and CH,-4y), 1.09 (6H, d, / = 6.3 Hz, 2 x CH3).

13C NMR (101 MHz, CDCl3) & = 142.7, 128.7, 128.5, 126.7, 58.0, 54.3, 35.4, 25.0, 22.9.

Data for the minor diastereomer:

IH NMR (400 MHz, CDCls) & = 7.42-7.37 (2H, m, ArH), 7.33-7.25 (2H, m, ArH), 7.24-7.18 (1H, m, ArH),
3.93 (1H, d, J = 13.8 Hz, NCH:Ph), 3.42 (1H, d, J = 13.9 Hz, NCHxPh), 2.92-2.82 (2H, m, CH-2 and
CH-6), 1.69-1.51 (3H, m, 2 x CH»-3, and CHy-4,), 1.39-1.26 (3H, m, 2 x CH»-3, and CH,-4y), 1.02 (6, d,

J=6.5Hz, 2 x CHa).
13C NMR (101 MHz, CDCl3) & = 142.7, 129.0, 128.7, 126.9, 54.0, 50.3, 33.5, 20.1, 16.6.

N-Benzyl-4,4-dimethylpiperidine, 3q

Ph” >N
4
2 ~Me
3 Me

3,3-Dimethylpentane-1,5-diol® 2q (132 mg, 1.0 mmol), anhydrous benzylamine (0.16 mL, 1.5 mmol),
[IrCp*Cl,]2 (8.0 mg, 1.0 mol%), NaHCO; (1.7 mg, 2.0 mol%) and anhydrous toluene (0.5 mL) were
subjected to general procedure A. Purification by column chromatography (pentane:Et,O 80:20)

afforded piperidine 3q (149 mg, 73%) as a colourless oil.
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'H NMR (400 MHz, CDCls) & = 7.35-7.21 (5H, m, ArH), 3.51 (2H, s, NCH,Ph), 2.40-2.37 (4H, m,
2 x CHy-2), 1.41-1.38 (4H, m, 2 x CH,-3), 0.92 (6H, s, 2 x CH).

13C NMR (101 MHz, CDCls) & = 138.9, 129.4, 128.2, 127.0, 63.7, 50.2, 38.9, 28.6, 28.4 (br).

HRMS: ESI+ found [M+H]* = 204.1749, C14H2:N requires 204.1747, A = 0.85 ppm.

FTIR (film): Vmax = 2948, 2910, 2803, 2760, 1473, 1454, 1385, 1118, 1028, 988, 919, 736 cm.

8-Benzyl-8-azaspiro[4.5]decane, 3r

2,2'-(Cyclopentane-1,1-diyl)bis(ethan-1-o0l)® 2r (158 mg, 1.0 mmol), anhydrous benzylamine (0.16 mL,
1.5 mmol), [IrCp*Cl,]; (8.0 mg, 1.0 mol%), NaHCOs (1.7 mg, 2.0 mol%) and anhydrous toluene (0.5
mL) were subjected to general procedure A. Purification by column chromatography
(pentane:Et,0:EtsN 79.5:19.5:1) afforded piperidine 3r (170 mg, 74%) as a pale yellow oil.

IH NMR (500 MHz, CDCls) & = 7.33-7.22 (5H, m, ArH), 3.48 (2H, s, NCH,Ph), 2.37 (4H, br. s, 2 x CH,-2),
1.59-1.55 (4H, m, 2 x CH,-6), 1.49-1.46 (4H, m, 2 x CH»-3), 1.41-1.38 (4H, m, 2 x CH,-5).

13C NMR (125 MHz, CDCls) 8 = 138.9, 129.4, 128.2, 127.0, 63.8, 51.6, 40.9, 38.2 (br), 37.8, 24.5.
HRMS: ESI+ found [M+H]* = 230.1905, C16H.4N requires 230.1903, A = 0.65 ppm.

FTIR (film): vmax = 2940, 2917, 2867, 2801, 2759, 1468, 1366, 1342, 1122, 735, 697 cm™.

3-Benzyl-3-azaspiro[5.5]undecane, 3s
Ph” N

2

2,2'-(Cyclohexane-1,1-diyl)bis(ethan-1-0l)® 2s (172 mg, 1.0 mmol), anhydrous benzylamine (0.16 mL,
1.5 mmol), [IrCp*Cl,]; (8.0 mg, 1.0 mol%), NaHCOs (1.7 mg, 2.0 mol%) and anhydrous toluene (0.5
mL) were subjected to general procedure A. Purification by column chromatography (pentane:Et,0
80:20) afforded piperidine 3s (166 mg, 68%) as a pale yellow solid.

IH NMR (500 MHz, CDCl3) & = 7.33-7.22 (5H, m, ArH), 3.50 (2H, s, NCH,Ph), 2.37 (4H, t, J = 5.6 Hz,
2 x CH,-2), 1.46 (4H, t, J = 5.7 Hz, 2 x CH,-3), 1.42-1.39 (6H, m, 2 x CH,-6 and CH,-7), 1.33-1.31 (4H,
m, 2 x CH»-5).

13C NMR (125 MHz, CDCl3) 6 = 138.8, 129.4, 128.2, 127.0, 63.8, 49.5, 36.8 (br), 36.4, 30.9, 27.0, 21.7.
HRMS: ESI+ found [M+H]* = 244.2058, C17H26N requires 244.2060, A =-0.72 ppm.

FTIR (film): vmax = 2919, 2848, 2802, 2763, 1450, 1125, 987, 914, 736, 697 cm™.
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Melting point = 44-46 °C.

(1S,65)-3-Benzyl-6-isopropyl-2-methyl-3-azabicyclo[4.1.0]heptane, 3t

nOe observed q nOe observed
7
Me H
o~
Ph N N
8
6 4',’
5 /ﬁMe 9 5 /HMe 9
Me
1
3t (major) 3t (minor)

2-((1S,25)-2-(1-Hydroxyethyl)-1-isopropylcyclopropyl)ethan-1-0l® 2t (172 mg, 1.0 mmol), anhydrous
benzylamine (0.16 mL, 1.5 mmol), [IrCp*Cl,]; (8.0 mg, 1.0 mol%), NaHCO; (1.7 mg, 2.0 mol%) and
anhydrous toluene (0.5 mL) were subjected to general procedure A. Purification by column
chromatography (pentane:Et,0 90:10) afforded piperidine 3t (174 mg, 71%, 62:38 dr) as an orange
oil as an inseparable mixture of diastereoisomers. The relative stereochemistry was assigned by nOe
analysis.

FTIR (film): vmax = 3061, 2955, 2793, 1494, 1452, 1365, 1156, 1028, 734, 698 cm™.

HRMS: ESI+ found [M+H]* = 244.2060, C17H26N requires 244.2060, A = 0.07 ppm.

[a]3® = +19.8 (c = 1.0, CHCls).

Data for the major diastereomer:

IH NMR (500 MHz, CDCls) & = 7.34-7.19 (5H, m, ArH), 3.69 (1H, d, J = 14.0 Hz, NCH2.Ph), 3.34 (d,
J=13.9 Hz, NCHPh), 2.83 (1H, @, J = 6.4 Hz, CH-2), 2.51-2.39 (1H, m, CH,-6,), 1.95 (1H, ddd, J = 12.2,
7.1, 5.3 Hz, CHy-6p), 1.72-1.59 (1H, m, CH,-5,), 1.54 (1H, ddd, J = 12.8, 6.9, 5.3 Hz, CH,-5), 1.24-1.18
(3H, m, CHs-7), 1.04-0.81 (7H, m, CHs-9, CH-10, CHs-11), 0.56-0.49 (2H, m, CH-3 and CHy-8,),

0.36-0.32 (1H, m, CHy-8p).
13C NMR (125 MHz, CDCls) § = 140.2, 128.5, 128.0, 126.5, 57.6, 54.1, 43.6, 37.5, 25.8, 24.6, 23.6,
19.1, 18.4, 18.1, 16.4.

Data for the major diastereomer:

IH NMR (500 MHz, CDCls) 8 = 7.34-7.19 (5H, m, ArH), 3.99 (1H, d, J = 14.0 Hz, NCH,,Ph), 3.04 (d, J
= 14.0 Hz, NCHxPh), 2.62 (1H, qd, J = 6.0, 4.1 Hz, CH-2), 2.51-2.39 (1H, m, CHy-6c), 1.77 (1H, td, J =

11.7, 4.6 Hz, CHy-64y), 1.72-1.59 (1H, m, CHy-5.), 1.47-1.39 (1H, m, CH,-5p), 1.24-1.18 (3H, m, CH3-7),

1.04-0.81 (7H, m, CH3-9, CH-10, CH3-11), 0.71 (1H, ddd, J= 9.4, 5.5, 4.3 Hz, CH-3), 0.56-0.49 (1H, m,

CH>-8.), 0.25 (1H, dd, J=9.0, 3.7 Hz, CH,-8y).
13C NMR (125 MHz, CDCl5) & = 140.3, 128.6, 128.0, 126.5, 58.5, 53.8, 50.5, 37.8, 26.7, 25.1, 23.5,
20.0,18.9,18.2, 14.4.
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3-Benzyl-3-azabicyclo[3.3.1]nonane, 3u

6
Ph
\/”;R

2 3 a4
((1R,3S)-Cyclohexane-1,3-diyl)dimethanol®® 2u (144 mg, 1.0 mmol), benzylamine (0.16 mL,
1.5 mmol), [IrCp*Cl;]; (8.0 mg, 1.0 mol%), NaHCOs (1.7 mg, 2.0 mol%) and anhydrous toluene (0.5
mL) were subjected to general procedure A. Purification by column chromatography (pentane:Et,0
98:2) afforded piperidine 3u (162 mg, 75%) as a colourless oil.
'H NMR (400 MHz, CDCl5) 8 = 7.36-7.28 (4H, m, ArH), 7.26-7.20 (1H, m, ArH), 3.37 (2H, s, NCH,Ph),
2.88 (2H, d, J=11.3 Hz, 2 x CH»-2.), 2.74 (1H, qt, J = 12.7, 6.1 Hz, CH,-5.4), 2.22 (2H, d, J=10.9 Hz, 2 x

CH,-2b), 1.83-1.47 (9H, m, 2 x CH-3, CHa-4, 2 x CH2-5, CH,-5¢g).

13C NMR (101 MHz, CDCl3) & = 139.9, 128.7, 128.1, 126.5, 64.2, 59.9, 34.4, 31.5, 29.7, 22.6.

HRMS: ESI+ found [M+H]* = 216.1746, CisH2:N requires 216.1747, A =—-0.32 ppm.

FTIR (film): vmax = 3387, 2909, 1644, 1495, 1454, 1391, 1250, 1146, 1073, 1017, 968, 830, 764, 728,
698 cm™.

(1R,55)-3-Benzyl-1,8,8-trimethyl-3-azabicyclo[3.2.1]octane, 3v

((1R,35)-1,2,2-Trimethylcyclopentane-1,3-diyl)dimethanol® 2v (172 mg, 1.0 mmol), benzylamine
(0.16 mL, 1.5 mmol), [IrCp*Cl;]; (8.0 mg, 1.0 mol%), NaHCO; (1.7 mg, 2.0 mol%) and anhydrous
toluene (0.5 mL) were subjected to general procedure A. Purification by column chromatography
(pentane:Et,0 90:10) afforded piperidine 3v (163 mg, 67%) as a yellow oil.

IH NMR (400 MHz, CDCls) & = 7.36-7.20 (5H, m, ArH), 3.55 (2H, s, NCH,Ph), 2.59 (1H, dd, J = 10.5, 2.3
Hz, CHy-6,), 2.45 (1H, dd, J = 10.5, 3.7 Hz, CH-61), 2.35 (1H, d, J = 10.5 Hz, CH,-2,), 2.17 (1H, d,
J=10.5 Hz, CH,-2), 1.84-1.65 (3H, m, CH,-7, and CH»-8), 1.61-1.49 (2H, m, CH,-7, and CH-5), 0.91

(3H, s, CH3-11), 0.86 (3H, s, CH3-10), 0.76 (3H, s, CH3-9).

13C NMR (101 MHz, CDCls) & = 139.9, 128.6, 128.1, 126.6, 61.9, 61.2, 54.6, 46.1, 42.8, 41.7, 35.6,
26.8,24.4,18.3,17.9.

HRMS: ESI+ found [M+H]* = 244.2058, C17H26N requires 244.2060, A = -0.87 ppm.

FTIR (film): vmax = 2952, 2803, 1653, 1454, 1366, 1343, 1276, 1097, 1028, 799, 746, 727, 698 cm™.
[a]3° = +37.5 (c = 1.0, CHCl3).
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N-Methyl-1-(4-(trifluoromethyl)benzyl)piperidine, 3w
ISR
) 4
CF; 3 Me
3-Methylpentane-1,5-diol 2a (118 mg, 1.0 mmol), p-(trifluoromethyl)benzylamine (0.21 mL,
1.5 mmol), [IrCp*Cl;]; (8.0 mg, 1.0 mol%), NaHCOs (1.7 mg, 2.0 mol%) and anhydrous toluene (0.5
mL) were subjected to general procedure A. Purification by column chromatography (pentane:Et,0
90:10) afforded piperidine 3w (220 mg, 86%) as a pale yellow oil.
IH NMR (400 MHz, CDCls) & = 7.57-7.54 (2H, m, ArH), 7.45-7.42 (2H, m, ArH), 3.52 (2H, s, NCH,Ph),
2.83-2.78 (2H, m, 2 x CHy-2¢q), 1.95 (2H, td, J = 11.5, 2.5 Hz, 2 x CH»-24), 1.63-1.57 (2H, m, 2 x CH,-
3a), 1.42-1.31 (1H, m, CH-4), 1.29-1.19 (2H, m, 2 x CH>-3p), 0.92 (3H, d, J = 6.4 Hz, CH3).
13C NMR (101 MHz, CDCl3) & = 143.4, 129.3, 129.2 (q, J = 32.4 Hz), 125.2 (q, J = 3.9 Hz), 124.5 (q, J =
271.7 Hz), 63.1, 54.2, 34.5, 30.9, 22.1.
F NMR (376 MHz, CDCls) 6 = —62.3.
HRMS: ESI+ found [M+H]* = 258.1466, C14H15F3N requires 258.1475, A = -3.61 ppm.
FTIR (film): vmax = 2924, 2797, 1324, 1161, 1123, 1102, 1066, 847, 812 cm™.

N-(4-Fluorobenzyl)-4-phenylpiperidine, 3x

3-Phenylpentane-1,5-diol® 2b (180 mg, 1.0 mmol), p-fluorobenzylamine (0.17 mL, 1.5 mmol),
[IrCp*Cl,]2 (8.0 mg, 1.0 mol%), NaHCO; (1.7 mg, 2.0 mol%) and anhydrous toluene (0.5 mL) were
subjected to general procedure A. Purification by column chromatography (pentane:Et,O 90:10 =
80:20) afforded piperidine 3x (167 mg, 62%) as a colourless solid.

IH NMR (400 MHz, CDCls) 8 = 7.34-7.28 (4H, m, ArH), 7.25-7.18 (3H, m, ArH), 7.05-6.99 (2H, m, ArH),
3.52 (2H, s, NCHzAr), 3.02-2.97 (2H, m, 2 x CH»-2,), 2.56-2.45 (1H, m, CH-4), 2.12-2.05 (2H, m,
2 x CHy-2p), 1.85-1.72 (4H, m, 2 x CH,-3).

13C NMR (126 MHz, CDCl) & = 163.1 (d, J = 244.6 Hz), 146.6, 134.3 (d, J = 3.0 Hz), 130.8 (d, J = 8.0 Hz)
128.5,127.0, 126.2,115.1 (d, J = 21.1 Hz), 62.8, 54.4, 42.8, 33.6.

19F NMR (376 MHz, CDCls) & = -116.13.

HRMS: ESI+ found [M+H]* = 270.1651, CisH21FN requires 270.1653, A = —0.67 ppm.

FTIR (film): vmax = 2936, 2795, 2756, 1603, 1507, 1221, 1154, 1090, 992, 835, 755, 699 cm™.

Melting point = 69-70 °C.
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N-(4-Methoxybenzyl)-4-phenylpiperidine, 3y

N
2 4
MeO Ph

3

3-Phenylpentane-1,5-diol® 2b (180 mg, 1.0 mmol), para-methoxybenzylamine (0.20 mL, 1.5 mmol),
[IrCp*Cl3]2 (8.0 mg, 1.0 mol%), NaHCOs (1.7 mg, 2.0 mol%) and anhydrous toluene (0.5 mL) were
subjected to general procedure A. Purification by column chromatography (pentane:Et,O 60:40)
afforded piperidine 3y (95 mg, 34%) as a colourless oil.

'H NMR (400 MHz, CDCls) & = 7.30-7.15 (7H, m, ArH), 6.88-6.84 (2H, m, ArH), 3.80 (3H, s, OCHjs), 3.48
(2H, s, NCH,Ph), 3.02-2.97 (2H, m, 2 x CH,-2), 2.51-2.44 (1H, m, CH-4), 2.08-2.02 (2H, m, 2 x CH,-2s),
1.81-1.76 (4H, m, 2 x CH,-3).

13C NMR (125 MHz, CDCls) § = 158.8, 146.7, 130.6, 130.6, 128.5, 127.0, 126.2, 113.7, 63.0, 55.4, 54.3,
42.9,33.7.

HRMS: ESI+ found [M+H]* = 282.1847, C19H,4NO requires 282.1852, A =-1.76 ppm.

FTIR (film): vmax = 2933, 2796, 2754, 1611, 1510, 1453, 1243, 833, 757, 699 cm™.

N-(Naphthalen-1-ylmethyl)-4-phenylpiperidine, 3z

Yege!

2 N Ph

3

3-Phenylpentane-1,5-diol® 2b (180 mg, 1.0 mmol), 1-naphthylethylamine (0.22 mL, 1.5 mmol),
[IrCp*Cl,]2 (8.0 mg, 1.0 mol%), NaHCOs (1.7 mg, 2.0 mol%) and anhydrous toluene (0.5 mL) were
subjected to general procedure A. Purification by column chromatography (pentane:Et,O 95:5)
afforded piperidine 3z (137 mg, 45%) as a colourless solid.
'H NMR (400 MHz, CDCls) & = 8.38-8.36 (1H, m, ArH), 7.87 (1H, d, J = 7.8 Hz, ArH), 7.79 (1H, d,
J=7.8Hz, ArH), 7.57-7.42 (4H, m, ArH), 7.32-7.17 (5H, m, ArH), 3.96 (2H, s, NCH,Ar), 3.09 (2H, dt, J =
11.0, 3.6 Hz, 2 x CHj-2¢q), 2.55 (1H, tt, J = 10.8, 5.6 Hz, CH-4), 2.23-2.16 (2H, m, 2 x CHj;-2.),
1.85-1.74 (4H, m, 2 x CH»-3).
13C NMR (101 MHz, CDCl3) & = 146.8, 134.8, 134.0, 132.8, 128.52, 128.48, 127.9, 127.4, 127.0, 126.2,
125.8,125.7,125.3,125.0, 61.6, 54.8, 43.0, 33.8.
HRMS: ESI+ found [M+H]* = 302.1901, C;H24N requires 302.1903, A = -0.67 ppm.
FTIR (film): vmax = 1598, 1493, 1452, 1365, 1334, 1167, 1108, 988, 784, 699cm.
Melting point = 106—-107 °C.
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4-Phenyl-N-(1-phenylethyl)piperidine, 3aa

Me
/]\ 6 s Me Me
Ph Q Ph)\N)\Ph
2 Y Ph H
2b S2

3-Phenylpentane-1,5-diol® 2b (180 mg, 1.0 mmol), a—methylbenzylamine (0.19 mL, 1.5 mmol),
[IrCp*Cl3]2 (8.0 mg, 1.0 mol%), NaHCOs (1.7 mg, 2.0 mol%) and anhydrous toluene (0.5 mL) were
subjected to general procedure A. Purification by column chromatography (pentane:Et,O 60:40)
afforded piperidine 3aa (184 mg, 65%) contaminated with 8% meso-bis(1-phenylethyl)amine S2 as a
yellow oil.

Data for 3aa:

'H NMR (400 MHz, CDCls) & = 7.33-7.05 (10H, m, ArH), 3.40 (1H, g, J = 6.8 Hz, NCH(CHs)Ph), 3.11 (1H,
dtd, /=11.1, 3.5, 2.1 Hz, CH,-2¢q), 2.86 (1H, dtd, J = 11.3, 3.4, 2.0, CH»-6¢g), 2.40-2.32 (1H, m, CH-4),
2.06-1.97 (1H, m, CH»-24), 1.88 (1H, td, / = 11.2, 3.4 Hz, CH,-64), 1.81-1.51 (4H, m, CH»-3 and CH,-5),
1.34 (3H, d, J = 6.5 Hz, CHa).

13C NMR (125 MHz, CDCls) & = 146.8, 144.0, 128.5, 128.1, 127.8, 126.9, 126.8, 126.0, 65.1, 51.4, 51.3,
43.1, 33.9, 33.8, 19.7.

HRMS: ESI+ found [M+H]* = 266.1904, C19H24N requires 266.1903, A = 0.27 ppm.

FTIR (film): vmax = 3026, 2932, 2796, 1493, 1451, 1129, 1022, 756, 699 cm™™.

Data for S2:

IH NMR (400 MHz, CDCls) & = 3.69 (2H, g, J = 6.5 Hz, NCH(CHs)Ph), 1.28 (6H, d, J = 6.6 Hz, CH).

13C NMR (125 MHz, CDCl3) 6 = 146.1, 128.6, 127.0, 126.7, 55.0, 23.3.

The data are consistent with the literature.*’

4-Phenyl-N-(2-phenylpropan-2-yl)piperidine, 3ab
Me, Me
Ph/(N
) 4
y Ph
3-Phenylpentane-1,5-diol® 2b (180 mg, 1.0 mmol), cumylamine (0.22 mL, 1.5 mmol), [IrCp*Cl]>
(8.0 mg, 1.0 mol%), NaHCO; (1.7 mg, 2.0 mol%) and anhydrous toluene (0.5 mL) were subjected to

general procedure A. Purification by column chromatography (pentane:Et,0O 95:5) afforded

piperidine 3ab (185 mg, 66%) as a colourless solid.
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IH NMR (400 MHz, CDCls) & = 7.60-7.57 (2H, m, ArH), 7.35-7.17 (8H, m, ArH), 2.95-2.93 (2H, m,
2 x CHp-2¢q), 2.47 (1H, tt, J = 11.8, 4.3 Hz, CH-44), 2.22 (2H, td, J=11.4, 2.7 Hz, 2 x CH»-24), 1.82-1.68
(4H, m, 2 x CH,-3), 1.39 (6H, s, 2 x CH).

13C NMR (101 MHz, CDCl;5) 6 = 150.0, 147.1, 128.5, 128.1, 127.1, 126.2, 126.13, 126.08, 60.1, 47.3,
43.5,34.6, 24.5.

HRMS: ESI+ found [M+H]* = 280.2060, C0H2sN requires 280.2060, A = 0.17 ppm.

FTIR (film): vmax = 2972, 2930, 1493, 1446, 1271, 1177, 1073, 1024, 959, 759, 698 cm™.

Melting point = 101-102 °C.

(25,4S5)-1-Benzyl-2-methyl-4-phenylpiperidine, (+)-3ac
M

e
P
P N7 N3
6 4
<" Ph

(35)-3-Phenylhexane-1,5-diol® (-)-2ac (110 mg, 0.56 mmol, 60:40 d.r., >99:1 e.r.), anhydrous
benzylamine (0.09 mL, 0.84 mmol), [IrCp*Cl,], (4.5 mg, 1.0 mol%), NaHCOs (0.9 mg, 2.0 mol%) and
anhydrous toluene (0.28 mL, 2 M) were subjected to general procedure A. Purification by column
chromatography afforded piperidine (+)-3ac as a colourless oil as an inseparable mixture of
diastereoisomers (169 mg, 64%, 80:20 d.r., >99:1 e.r.). The corresponding racemic piperidine rac-3ac
was prepared by an identical procedure starting from rac-2ac.® The enantiomeric purity was
determined by chiral HPLC analysis after conversion to the corresponding benzyl carbamate (see
below).

HRMS: ESI+ found [M+H]* = 266.1902, C19H.4N requires 266.1903, A =—-0.32 ppm.

FTIR (film): vmax = 3027, 2931, 2790, 1602, 1494, 1451, 1374, 1329, 1137, 1066, 1028, 756, 732,
698 cm™.

[a]3® = +45.3 (c = 1.00, CH,Cl,).

Data for the major diastereomer:

H
PhJ :Q—Bn H-3,, td, J = 12.8, 10.9 Hz
H 372 Me nOe correlations shown with solid blue arrows.
H H
'H NMR (500 MHz, CDCls) & = 7.38-7.17 (10H, m, ArH), 4.17 (1H, d, J = 13.4 Hz, NCH2,Ph), 3.21 (1H, d,
J =13.3 Hz, NCHx,Ph), 2.94 (1H, dt, J = 11.7, 3.4 Hz, CH2-6¢4), 2.58 (1H, tt, J = 12.0, 4.1 Hz, CH-4,),
2.37 (1H, dqd, J = 12.1, 5.9, 2.6 Hz, CH-2.), 2.07 (1H, td, J = 11.6, 3.4 Hz, CH»-6.4), 1.87-1.82 (1H, m,
CH3-3eq), 1.78-1.65 (2H, m, CH,-5), 1.60 (1H, td, J = 12.8, 10.9 Hz, CH»-34), 1.28 (3H, d, / = 6.1 Hz,

CHa).
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13C NMR (126 MHz, CDCls) 6 = 146.6, 139.3, 129.4, 128.5, 128.3, 126.94, 126.89, 126.2, 58.2, 57.3,
53.4,43.2,43.1, 33.5, 21.5.
Data for the minor diastereomer:

ﬂ:%\-sn H-3,, td, J = 12.7, 4.8 Hz

Ph4 3 Y3 nOe correlations shown with solid blue arrows.
HH Me

H NMR (500 MHz, CDCls) & = 7.39 (2H, d, J = 7.5 Hz, ArH), 7.34-7.17 (8H, m, ArH), 3.70-3.54 (2H, m,
NCH.Ph), 3.24-3.19 (1H, m, CH-2¢,), 2.88-2.81 (1H, m, CH-4.,), 2.64-2.61 (2H, m, CH,-6), 2.03 (1H, td,
J=12.7, 4.8 Hz, CHy-34), 1.78-1.74 (2H, m, CHx-5), 1.68 (1H, dt, J = 12.9, 3.1 Hz, CHa-3eq), 1.12 (3H, d,
J=6.7 Hz, CHs).

13C NMR (126 MHz, CDCls) & = 146.9, 140.0, 128.8, 128.5, 128.3, 127.1, 126.9, 126.1, 59.3, 52.2, 45.8,
39.5, 36.6, 33.6, 10.0.

Benzyl (25,4S)-2-methyl-4-phenylpiperidine-1-carboxylate, S3

O Me
2
Ph/\oJ\N 3
6 4
<" Ph

(2S,4S5)-1-Benzyl-2-methyl-4-phenylpiperidine (+)-3ac (30 mg, 0.11 mmol, 80:20 d.r.) and benzyl
chloroformate (3 M in toluene, 0.23 mL, 0.68 mmol) were subjected to general procedure C.
Purification by column chromatography (80:20 pentane:Et,0) afforded Cbz-piperidine S3 (34 mg,
97%, 76:24 dr, >99:1 e.r.) as a colourless oil. The corresponding racemic piperidine rac-S3 was
prepared by an identical procedure starting from rac-3ac.

IH NMR (400 MHz, CDCls) & = 7.42 — 7.17 (10H, m, ArH), 5.21 — 5.13 (2H, m, NCH,Ph), 4.05 (1H, dp, J
= 10.2, 6.4 Hz, CH-2), 3.89 (1H, dddd, J = 13.9, 7.6, 3.3, 0.7 Hz, CH,-6.), 3.34 (1H, ddd, J = 13.9, 9.8,
6.4 Hz, CH,-6y), 2.77 (1H, dddd, J = 12.9, 10.4, 7.6, 3.3 Hz, CH-4), 2.18 (1H, ddtd, /= 13.5,9.9,7.6, 1.4
Hz, CH,-5.), 1.94 (1H, dddd, J = 13.5, 6.3, 3.3, 1.4 Hz, CH,-3,), 1.74 — 1.55 (2H, m, CH>-3p and CH,-5),

1.24 (3H, d, J = 6.4 Hz, CHs). The minor diastereoisomer displays diagnostic signals at 8 = 4.72 — 4.55
(1H, m, CH-2), 4.30 — 4.10 (1H, m, CH»-64), 3.15 — 3.01 (1H, m, CH,-6y), 2.98 — 2.85 (1H, m, CH-4).

13C NMR (101 MHz, CDCl3) & = 155.8, 145.8, 137.1, 128.5, 128.5, 127.9, 127.8, 126.8, 126.2, 66.8,
50.5, 38.0, 38.0, 37.0, 31.2, 19.9.

HRMS: ESI+ found [M+Na]* = 332.1620, C0H2302NNa requires 332.1621, A =-0.16 ppm.

FTIR (film): vmax = 2970, 1696, 1454, 1421, 1334, 1281, 1243, 1212, 1140, 1066, 1029, 757, 699 cm™.
[a]3° = +42.1 (c = 1.0, CHCl3).
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HPLC: Enantiomeric excess was determined by HPLC with a Chiralpak® IA column

(99.5:0.5 hexane:IPA, 1.0 mL min?, 210 nm, room temperature), major diastereomer t. (major) =

42.1 min, t. (minor) = 47.2 min, >99:1 er; minor diastereomer t, (major) = 44.2 min, t. (minor) =52.4

min; >99:1 er.

- g s
" i o N - 8 &
ity g s e
| [ |
I % \
[ I I
1 | r \
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| | [\ #
[ &
RNV |\ E
; Wa
~ | A | YA P
- N /N / . i
) =
# Time Type Area Height Width Area% Symmetry . ~ N
1 42.088 MF o188 1062 0.9575 20,523 o # Time Type Area Height Width Area% Symmekry
T %e15z e 1 18 T s | ooE 1 4226 |MF 120957 191.2 R e
3 | 47299 |FM 6176.3 86,1 11954 | 40,884 | D.408 2 | 44.393 1P 3562 49.7 11936 | 22689 | 0616
4 | Seaza |MF 1527 4 18 L2261 8787 | 0701 3 | 45634 | FM 40.2 6.1E-1 L1057 | 0.256 | 0721

(S)-1-Benzyl-3-methylpiperidine, (+)-3i

PN 2 3,Me
@)
5

(S)-2-Methylpentane-1,5-diol ® (-)-2i (132 mg, 1.0 mmol, >99:1 er), anhydrous benzylamine (0.16 mL,
1.5 mmol), [IrCp*Cl,]; (8.0 mg, 1.0 mol%) and deionised water (0.5 mL) were subjected to general
procedure B at 80 °C. Purification by column chromatography (pentane:Et,O 90:10) afforded
piperidine (+)-3i (136 mg, 72%, 90:10 er) as a colourless oil. The spectral data was identical to that of
the corresponding racemate described above.

[a]3® = +8.9 (c = 1.0, CHCl3).

The enantiomeric purity was determined by chiral HPLC analysis after conversion to the

corresponding benzyl carbamate (see below).

Benzyl (S)-3-methylpiperidine-1-carboxylate, S4
(o)

2
M
Ph/\O)LN 2 e
6 4
5
(5)-1-Benzyl-3-methylpiperidine (+)-3i (26 mg, 0.14 mmol) and benzyl chloroformate (3 M in toluene,
0.5 mL, 1.5 mmol) were subjected to general procedure C. Purification by column chromatography

(75:25 pentane:Et,0) afforded piperidine S4 (27 mg, 82%, 90:10 er) as a colourless oil. The
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corresponding racemic Cbz-piperidine rac-S4 was prepared by an identical procedure starting from
rac-3i.

IH NMR (400 MHz, CDCls, 298 K) & = 7.36-7.28 (5H, m, ArH), 5.13 (2H, s, OCH,Ph), 4.10-4.02 (1H, m,
CHy-6eg), 3.99-3.92 (1H, m, CHy-2,), 2.76 (1H, td, J = 12.9, 3.0 Hz, CHy-64), 2.50-2.36 (1H, m, CHy-2s),
1.82-1.75 (1H, m, CH,-4.), 1.66-1.54 (2H, m, CH»-5, and CH-3), 1.49-1.40 (1H, m, CH,-5p) 1.11-1.01
(1H, m, CH,-4p), 0.88 (3H, d, J = 6.6 Hz, CH3).

13C NMR (101 MHz, CDCls, 298 K) & = 155.4, 137.2, 128.6, 128.0, 127.9, 67.0, 51.5, 44.5, 33.1, 31.1,
25.3 (br), 19.0.

The data are consistent with the literature.’®

'H NMR (500 MHz, ds-toluene, 363 K) & = 5.11-5.06 (2H, m, OCH,Ph), 3.97-3.92 (2H, m, CH,-2.q and
CHy-6¢q), 2.55 (1H, ddd, J = 13.1, 11.2, 3.5 Hz, CH,-64), 2.25 (1H, dd, J = 13.0, 10.1 Hz, CH»-24),

1.45-1.41 (1H, m, CHy-4,), 1.37-1.16 (3H, m, CH-3, CH,-5), 0.78-0.70 (1H, m, CHy-4s), 0.63 (3H, d, J =

6.6 Hz, CHs). Signals corresponding to the aromatic protons are obscured by the ds-toluene solvent
signals. The aromatic signals can be clearly observed in the room temperature CDCl; data above.

13C NMR (125 MHz, ds-toluene, 363 K) & = 155.3, 138.3, 128.6, 128.3, 128.0, 67.1, 51.8, 44.8, 33.4,
31.2,25.4,18.8.

HRMS: ESI+ found [M+H]* = 234.1491, C14H,0NO; requires 234.1489, A = 1.08 ppm.

FTIR (film): Vmax = 2929, 2852, 1697, 1428, 1257, 1235, 1154, 1097, 972 cm™.

[a]3® = +19.1 (c = 1.7, CHCls).

HPLC: Enantiomeric excess was determined by HPLC with a Chiralpak® IC column (99:1 hexane:IPA,

0.7 mL min?, 210 nm, room temperature):

# Time Type Area Height Width Area% Symmetry # Time Type Area Height Width Area% Symmetry
1 | 2tes4 [ | 51513 | zie6 | 03669 | 49503 [ 0,863 | [ ] etzze e [ 13995 | 812 [ 0308 [ to408 | oo |
2 | 22055 |¥e | oS4 | 2092 | 0387 | 50497 | 0859 | [z | zross [wF | 1408 | 4794 | 04189 | 89594 | 0815 |
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(S)-3-Methyl-1-(4-(trifluoromethyl)benzyl)piperidine, (+)-3ad
CF; 6 : 4

(S)-2-Methylhexane-1,5-diol® 2i (118 mg, 1.0 mmol, >99:1 er), para-(trifluoromethyl)benzylamine
(0.21 mL, 1.5 mmol), [IrCp*Cl;]; (8.0 mg, 1.0 mol%) and deionised water (0.5 mL) were subjected to
general procedure B at 80 °C. Purification by column chromatography (pentane:Et,0 90:10) afforded
piperidine (+)-3ad (166 mg, 65%, 91:9 er) as a colourless oil.

'H NMR (400 MHz, CDCl5) 6 = 7.57-7.55 (2H, m, ArH), 7.45-7.43 (2H, m, ArH), 3.51 (2H, s, NCH2Ph),
2.79-2.71 (2H, m, CHz-2, and CH»-6¢¢), 1.89 (1H, td, J = 11.1, 3.4 Hz, CH,-64), 1.73-1.51 (5H, m,
CHz-2p, CH-3, CH»-4,, CH»-5), 0.92-0.84 (1H, m, CH,-4.), 0.84 (3H, d, J = 6.3 Hz, CH3).

13C NMR (101 MHz, CDCls) & = 143.4, 129.3, 129.2 (q, J = 32.4 Hz), 125.2 (q, J = 3.8 Hz), 124.5 (q, J =
272.1 Hz), 63.2, 62.2, 54.2, 33.1, 31.3, 25.7, 19.8.

1F NMR (376 MHz, CDCl3) § = —62.3.

HRMS: ESI+ found [M+H]* = 258.1463, C14H1sF3N requires 258.1464, A = -0.31 ppm.

FTIR (film): vmax = 2930, 1323, 1162, 1123, 1103, 1066, 1019, 836, 819 cm™™.

[a]3® = +6.7 (c = 1.0, CHCl3).

HPLC: Enantiomeric excess was determined by chiral HPLC analysis of the corresponding N-Cbz
compound S4 (synthesised using general procedure C, analytic sample isolated by preparative TLC.
For full characterisation data for this compound, see S4, page S31). Chiralpak® IC column (99:1

hexane:IPA, 0.7 mL min, 210 nm, room temperature):

e 4 5 ™ A
: § o s

# Time _ Type Area Height width  Area% ¥
1 923 |ev [ 1337 45.3 | oa4sz9 [ s727
2 | =217 |m | 14s7ea | 4281 | ose7s | 92w

=1
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(S)-1-(4-Fluorobenzyl)-3-methylpiperidine, (+)-3ae

2
/@/\"O?Me
F e

(S)-2-Methylhexane-1,5-diol® 2i (118 mg, 1.0 mmol, >99:1 er), 4-fluorobenzylamine (0.17 mL,
1.5 mmol), [IrCp*Cl,]; (8.0 mg, 1.0 mol%) and deionised water (0.5 mL) were subjected to general
procedure B at 80 °C. Purification by column chromatography (pentane:Et,O 90:10) afforded
piperidine (+)-3ae (150 mg, 72%, 90:10 er) as a colourless oil.

'H NMR (400 MHz, CDCl;) & = 7.29-7.21 (2H, m, ArH), 7.01-6.96 (2H, m, ArH), 3.43 (2H, s, NCH,Ph),
2.79-2.71 (2H, m, CH-2, and CHy-6cq), 1.84 (1H, td, J = 11.2, 3.3 Hz, CH-64), 1.72-1.49 (5H, m,
CHy-2, CH-3, CHy-44, CH,-5), 0.91-0.82 (1H, m, CH,-4s), 0.84 (3H, d, J = 6.4 Hz, CH3).

13C NMR (101 MHz, CDCl3) 8 = 162.0 (d, J = 244.0 Hz), 134.6 (d, J = 3.2 Hz), 130.7 (d, J = 7.9 Hz), 115.0

(d, J=20.8 Hz), 62.9, 62.0, 54.1, 33.2,31.3, 25.7, 19.9.

1F NMR (376 MHz, CDCl3) § = —-116.40.

HRMS: ESI+ found [M+H]* = 208.1497, C13H1sFN requires 208.1496, A = 0.48 ppm.

FTIR (film): vmax = 2928, 1604, 1508, 1465, 1458, 1356, 1293, 1221, 1154, 1120, 1091, 1078, 1039,
844,822 cm™,

[a]3® = +8.7 (c = 1.0, CHCl3).

HPLC: Enantiomeric excess was determined by chiral HPLC analysis of the corresponding N-Cbz
compound S4 (synthesised using general procedure C, analytic sample isolated by preparative TLC.
For full characterisation data for this compound, see S4, page S31). Chiralpak® IC column (99:1

hexane:IPA, 0.7 mL min, 210 nm, room temperature):

— a0

- Time Type Area Height Width Area%s  Symmetry
[T 24032 Jev | 247 .6 T 316.3 [ 04042 | 49.76 | 0.8 | [
L

2] =0 |vw | ess2 | 19 | 04277 | 502M | 085 |

# Time Type Area Height Width Area% Symmebry
1 | 24051 [BVE | 1212 | 478 [ 0.4085 9524 | 0919
2 | 2soes  [wver | 118859 | 4162 | 04432 | 90476 | 1324 |
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(S)-1-(3,5-Difluorobenzyl)-3-methylpiperidine, (+)-3af
2
F Me
N 3
6 4
5
F
(S)-2-Methylhexane-1,5-diol® 2i (118 mg, 1.0 mmol, >99:1 er), 3,5-difluorobenzylamine (0.18 mL,
1.5 mmol), [IrCp*Cl;]; (8.0 mg, 1.0 mol%) and deionised water (0.5 mL) were subjected to general
procedure B at 80 °C. Purification by column chromatography (pentane:Et,0 95:5) afforded
piperidine (+)-3af (152 mg, 67%, 93:7 er) as a colourless oil.
H NMR (400 MHz, CDCl3) & = 6.90-6.84 (2H, m, ArH), 6.66 (1H, tt, J = 9.0, 2.4 Hz, ArH), 3.42 (2H, s,
NCH;Ph), 2.77-2.69 (2H, m, CH2-2, and CH»-6¢4), 1.89 (1H, td, J = 11.1, 3.4 Hz, CH»-64), 1.72-1.52 (5H,

m, CH,-2p, CH-3, CH»-4,, CH,-5), 0.92-0.82 (1H, m, CH,-4y), 0.85 (3H, d, / = 6.2 Hz, CH3).

13C NMR (101 MHz, CDCls) & = 162.1 (dd, J = 247.8, 12.7 Hz), 142.7 (t, J = 8.7 Hz), 110.5-110.3 (m),
101.2 (t,J=25.6 Hz), 61.8 (t, /= 1.9 Hz), 61.1, 53.2, 32.0, 30.3, 24.7, 18.8.

F NMR (376 MHz, CDCls) 6 = -110.9.

HRMS: ESI+ found [M+H]* = 226.1403, Ci3H1sF2N requires 226.1402, A = 0.61 ppm.

FTIR (film): vmax = 2930, 1626, 1597, 1458, 1438, 1346, 1317, 1115, 976, 965, 846 cm™.

[a]3® = +11.5 (c = 1.0, CHCls).

HPLC: Enantiomeric excess was determined by chiral HPLC analysis of the corresponding N-Cbz
compound S4 (synthesised using general procedure C, analytic sample isolated by preparative TLC.
For full characterisation data for this compound, see S4, page S31). Chiralpak® IC column (99:1
hexane:IPA, 0.7 mL min', 210 nm, room temperature):

= I g =

I} 8 VF“ e"““\“

= B8 8 EB H &

# Time Type Area Height Width Area% Symmetry # Time Type Area Height Width Area% Symmetry
[+ ] 2oms3 [evw [ 47816 | 1336 | 05575 | 50028 | 0848 | [1 ] 2vozve [mF | s&s4 | 6.9 [ o5 [ 7189 [ o |
(2 [ soer [we | 47re2 | 1241 | 05992 | 49.972 | 0847 | 2] aoses [fm | 114639 [ sese | osson | geEs | oa4e |
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(S)-3-Methyl-1-(3,4,5-trifluorobenzyl)piperidine, (+)-3ag
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(S)-2-Methylhexane-1,5-diol® 2i (118 mg, 1.0 mmol, >99:1 er), 3,4,5-trifluorobenzylnitrile (0.19 mL,
1.5 mmol), [IrCp*Cl;]; (8.0 mg, 1.0 mol%) and deionised water (0.5 mL) were subjected to general
procedure B at 80 °C. Purification by column chromatography (pentane:Et,O 90:10) afforded
piperidine (+)-3ag (137 mg, 56%, 90:10 er) as a colourless oil.
IH NMR (400 MHz, CDCls) & = 7.00-6.92 (2H, m, ArH), 3.47 (2H, s, NCH,Ph), 2.75-2.66 (2H, m, CHx-2,
and CHj-6eq), 1.88 (1H, td, / = 11.1, 3.2 Hz, CH»-64), 1.73-1.49 (5H, m, CH,-2p, CH-3, CH;-4,, CH,-5),

0.92-0.83 (1H, m, CHa-4s), 0.84 (3H, d, J = 6.3 Hz, CHs).

13C NMR (101 MHz, CDCl3) 8 = 151.2 (ddd, J = 249.4, 10.1, 4.0 Hz), 138.6 (dt, J = 249.6, 15.4 Hz), 135.9
(td, J=6.8,4.6 Hz), 112.4 (d, /= 20.8 Hz), 62.4, 62.0, 54.1, 33.0, 31.3, 25.6, 19.8.

F NMR (376 MHz, CDCl3) 6 = -135.3, -163.6.

HRMS: ESI+ found [M+H]* = 244.1308, C13H17F3N requires 244.1308, A = 0.34 ppm.

FTIR (film): vmax = 2930, 1621, 1526, 1445, 1372, 1360, 1350, 1231, 1131, 1122, 1039, 980 cm™™.

[a]3® = +10.4 (c = 1.0, CHCls).

HPLC: Enantiomeric excess was determined by chiral HPLC analysis of the corresponding N-Cbz
compound S4 (synthesised using general procedure C, analytic sample isolated by preparative TLC.
For full characterisation data for this compound, see S4, page S31). Chiralpak® IC column (99:1

hexane:IPA, 0.7 mL min', 210 nm, room temperature):

= g = o I
~ - T

f .Jx

| ezoss [ev [ 7a009 | 2818 | 0402z | 49195 | 0837 | [t [ zzm0a [mF_ | 76659 | 308 [ oaw4s | 10165 | 0909 |
| ea7rra |ws | 75398 | 2715 | n4eel | 50.805 | 0.835 | 2 [ esesa [P | 67778 | 2855 | o442t | 89835 | 0849 |

# Time Type Area Height Width Area% Symmekry # Time Type Area Height Width Area% Symmekry
1 1
2 2
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(S)-1-(4-Methoxybenzyl)-3-methylpiperidine, (+)-3ah

/@/\@Me

MeO 6 5 4

(S)-2-Methylhexane-1,5-diol® 2i (118 mg, 1.0 mmol, >99:1 er), p-methoxybenzylamine (0.20 mL, 1.5
mmol), [IrCp*Cl;]); (8.0 mg, 1.0 mol%) and deionised water (0.5 mL) were subjected to general
procedure B at 80 °C. Purification by column chromatography (pentane:Et,O 75:25) afforded
piperidine (+)-3ah (148 mg, 67%, 72:28 er) as a colourless oil.

'H NMR (400 MHz, CDCls) & = 7.24-7.20 (2H, m, ArH), 6.87-6.83 (2H, m, ArH), 3.80 (3H, s, OCHjs), 3.42
(2H, s, NCH,Ph), 2.82-2.74 (2H, m, CH,-2, and CH,-6¢q), 1.83 (1H, td, J = 11.2, 3.5 Hz, CH,-64),
1.72-1.49 (5H, m, CHz-2, CH-3, CH,-4,, CH»-5), 0.89-0.80 (1H, m, CH,-4), 0.83 (3H, d, J = 6.4 Hz, CH3).
13C NMR (101 MHz, CDCl5) 6 = 158.7, 130.8, 130.5, 113.6, 63.1, 62.0, 55.4, 54.0, 33.3, 31.3, 25.7,
19.9.

HRMS: ESI+ found [M+H]* = 220.1696, C14H2;NO requires 220.1696, A = 0.12 ppm.

FTIR (film): vmax = 2927, 1613, 1511, 1464, 1300, 1243, 1179, 1121, 1038, 830, 815 cm™™.

[a]3® = +5.2 (c = 1.0, CHCl3).

HPLC: Enantiomeric excess was determined by chiral HPLC analysis of the corresponding N-Cbz
compound S4 (synthesised using general procedure C, analytic sample isolated by preparative TLC.
For full characterisation data for this compound, see S4, page S31). Chiralpak® IC column (99:1

hexane:IPA, 0.7 mL min', 210 nm, room temperature):

A g -

# Time Type Area Height Width Area®% Symmetry # Time Type Area Height Width Area% Symmetry
1| zmane [mv | az3zae | 115 [ n4z38 [ snose | nass | [1 ] 2a@rt [ev [ 3396 | 1246 | 04216 | 28138 | 087
2 | 24957 [ws |  a@z57 | 1108 | 04492 | 49.944 | 0856 | [z [ za903 [we [ seoss | zes8 | oa4s | 7ieez | 0824 |

(S)-1-(Benzo[d][1,3]dioxol-5-yImethyl)-3-methylpiperidine, (+)-3ai
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(S)-2-Methylhexane-1,5-diol® 2i (118 mg, 1.0 mmol, >99:1 er), piperonylamine (0.19 mL, 1.5 mmol),

[IrCp*Cl;]2 (8.0 mg, 1.0 mol%) and deionised water (0.5 mL) were subjected to general procedure B
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at 80 °C. Purification by column chromatography (pentane:Et,O 50:50) afforded piperidine (+)-3ai
(68 mg, 29%, 64:36 er) as a colourless oil.

IH NMR (400 MHz, CDCls) & = 6.85 (1H, t, J = 1.0 Hz, ArH), 6.74-6.72 (2H, m, ArH), 5.93 (2H, s,
OCH,0), 3.38 (2H, s, NCH,Ph), 2.81-2.73 (2H, m, CHa-2, and CHa-6¢q), 1.83 (1H, td, J = 11.2, 3.4 Hz,
CH»-64x), 1.72-1.49 (5H, m, CH,-2;, CH-3, CH»-4,, CH,-5), 0.89-0.83 (1H, m, CH,-4;), 0.83 (3H,d, J=6.4
Hz, CHs).

13C NMR (101 MHz, CDCl5) 6 = 147.6, 146.5, 132.8, 122.3, 109.7, 107.9, 100.9, 63.5, 62.0, 54.0, 33.2,
31.3, 25.7,19.9.

HRMS: ESI+ found [M+H]* = 234.1488, C14H20NO; requires 234.1489, A = —-0.03 ppm.

FTIR (film): vmax = 2927, 2762, 1502, 1488, 1440, 1369, 1339, 1240, 1181, 1159, 1112, 1039, 932 cm™.
[a]3® = +3.9 (c = 1.0, CHCl3).

HPLC: Enantiomeric excess was determined by chiral HPLC analysis of the corresponding N-Cbz
compound S4 (synthesised using general procedure C, analytic sample isolated by preparative TLC.
For full characterisation data for this compound, see S4, page S31). Chiralpak® IC column (99:1

hexane:IPA, 0.7 mL min', 210 nm, room temperature):

# Time Type Area Height Width Area% Symmetry # Time Type Area Height Width Area% Symmetry
1 [ eraer e | svosz | 1zm4 | 04632 | 49854 | 0862 | [A ] =719 [wF [ w4152 | 2377 | o052 [asaer | 0 |
z | 2863 |we | 38155 | 123 | o481 | soi4s | oases | [z | 2as0s [Fm | 1e91as | 3864 | 05572 | 63533 | 09736 |

(S)-3-Methyl-1-(naphthalen-1-ylmethyl)piperidine, (+)-3aj

2
M
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J

(S)-2-Methylhexane-1,5-diol® 2i (118 mg, 1.0 mmol, >99:1 er), naphthalene-1-ylmethanamine
(0.22 mL, 1.5 mmol), [IrCp*Cl>]> (8.0 mg, 1.0 mol%) and deionised water (0.5 mL) were subjected to
general procedure B at 80 °C. Purification by column chromatography (pentane:Et,0 90:10) afforded
piperidine (+)-3aj (82 mg, 34%, 73:27 er) as a colourless oil.

'H NMR (400 MHz, CDCl3) & = 8.35-8.32 (1H, m, ArH), 7.86-7.84 (1H, m, ArH), 7.77 (1H, dt, J=7.9, 1.1
Hz, ArH), 7.54-7.39 (4H, m, ArH), 3.92-3.80 (2H, m, NCH,Ph), 2.89-2.83 (2H, m, CH;-2, and CH»-6¢q),
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1.97 (1H, td, J = 11.1, 3.4 Hz, CH»-64), 1.73-1.49 (5H, m, CH»-2p, CH-3, CH»-4,, CH,-5), 0.96-0.82 (1H,
m, CH,-4,), 0.85 (3H, d, J = 6.1 Hz, CH3).

13C NMR (101 MHz, CDCl5) & = 135.0, 134.0, 132.8, 128.5, 127.7, 127.2, 125.7, 125.6, 125.3, 125.0,
62.5,61.8,54.5,33.3, 31.3, 25.8, 19.9.

HRMS: ESI+ found [M+H]* = 240.1746, C17H2:N requires 240.1747, A = 0.48 ppm.

FTIR (film): vmax = 2926, 2801, 2756, 1509, 1465, 1457, 1370, 1341, 1168, 1126, 1117, 975, 791, 783,
772 cm™,

[a]3® = +10.1 (c = 1.0, CHCls).

HPLC: Enantiomeric excess was determined by chiral HPLC analysis of the corresponding N-Cbz
compound S4 (synthesised using general procedure C, analytic sample isolated by preparative TLC.
For full characterisation data for this compound, see S4, page S31). Chiralpak® IC column (99:1

hexane:IPA, 0.7 mL min', 210 nm, room temperature):

,u 3 E U )

# Time Type Area Height Width Area% Symmetry # Time Type Area Height width Area% Symmetry
[f | eaase  [ev | seeee | 1ze7 | 040L | 4987 | 0662 | [+ ] zsse6 [ev [ 23671 | o04 | o408z | 26761 | 0,668 |
[z | et178 |ve | sesas | 11e& | 0434 | So.des | ocsl | [ 2 | 24348 [we [ esas [ 2252 | o4ws | 73238 | o784 |
(S)-3-Methyl-1-((R)-1-phenylethyl)piperidine, (+)-3ak
8
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(S)-2-Methylhexane-1,5-diol® 2i (118 mg, 1.0 mmol, >99:1 er), (R)-a-methylbenzylamine (0.19 mL,
1.5 mmol), [IrCp*Cl,]; (8.0 mg, 1.0 mol%) and deionised water (0.5 mL) were subjected to general
procedure B at 80 °C. Analysis of the crude reaction mixture by 'H NMR indicated a dr of 83:17.
Purification by column chromatography (pentane:Et,O 80:20) afforded piperidine (+)-3ak (161 mg,
79%, 76:24 er, 85:15 dr) as a colourless oil.
IH NMR (400 MHz, CDCls) & = 7.35-7.21 (5H, m, ArH), 3.41 (1H, q, J = 6.8 Hz, NCH(CHs)Ph), 2.98-2.88
(1H, M, CHy-6eg), 2.76-2.70 (1H, m, CHa-2¢q), 1.85 (1H, td, J = 11.1, 3.3 Hz, CHy-64), 1.70-1.51 (4H, m,
CH-3, CHy-4,, CH,-5), 1.45 (1H, t, J = 10.6 Hz, CHy-24,), 1.37 (3H, d, J = 7.0 Hz, CH3-8), 0.87-0.74 (1H, m,
CH,-4s), 0.78 (3H, d, J = 6.4 Hz, CH3-7). The minor diastereomer displays diagnostic signals at 6 = 3.50
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(1H, g, J = 6.8 Hz, NCH(CH3)Ph), 1.76 (1H, td, J = 11.3, 3.0 Hz, CH»-64), 1.27 (3H, d, J = 6.7 Hz, CH3-8),
0.68 (3H, d, J = 6.3 Hz, CH3-7).

13C NMR (101 MHz, CDCl5) & = 144.1, 128.1, 127.9, 126.8, 65.0, 59.0, 51.1, 33.4, 31.5, 26.0, 20.0,
19.5. Not all of the signals for the minor diastereoisomer could be distinguished, but peaks were
observed at 6 =65.1, 59.2, 51.1, 33.4, 25.6, 19.5, 20.0.

HRMS: ESI+ found [M+H]* = 204.1748, C14H2:N requires 204.1747, A = 0.78 ppm.

FTIR (film): vmax = 2927, 1492, 1453, 1373, 1125, 1081, 760, 700 cm™.

[a]3® = +38.9 (c = 1.0, CHCls).

HPLC: Enantiomeric excess was determined by chiral HPLC analysis of the corresponding N-Cbz
compound S4 (synthesised using general procedure C, analytic sample isolated by preparative TLC.
For full characterisation data for this compound, see S4, page S31). Chiralpak® IC column (99:1

hexane:IPA, 0.7 mL min', 210 nm, room temperature):

=) § ¥ o

[ 24547 [ev [ 29252 [ 101 [ oaese [ 40756 | asse | [ [ 24453 [Bv | 3604 | 1319 | 0422 | z3o01 | 0.857 |
[ esers [we | 29539 [ 1016 [ o449t [ 50244 [ oeme | | [ essi5 [we | 11se71 | as4& | 04815 | 76099 | 0987 |

# Time Type Area Height Width Area% Symmetry # Time Type Area Height Width Area%  Symmetry
1 1
2 2

(S)-N-Benzyl-3-phenylpiperidine, (-)-3j

2
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(5)-2-Phenylpentane-1,5-diol (+)-2j (144 mg, 0.8 mmol, >99:1 er), anhydrous benzylamine (0.13 mL,
1.2 mmol), [IrCp*Cl,], (6.3 mg, 1 mol%) and water (0.4 mL) were subjected to general procedure B at
80 °C. Purification by column chromatography (pentane:Et,0 90:10) afforded piperidine (-)-3j (107
mg, 43%, 67:33 er) as a colourless solid. The spectral data was identical to that of the corresponding
racemate described above.

[a]3® =-10.6 (c = 1.0, CHCls).

The enantiomeric purity was determined by chiral HPLC analysis after conversion to the

corresponding benzyl carbamate (see below).
Benzyl (S)-3-phenylpiperidine-1-carboxylate, S5

39



(o)
Ph/\O)Ll\(z)},‘Ph
6 4
5

(5)-N-Benzyl-3-phenylpiperidine (—)-3j (30 mg, 0.12 mmol) and benzyl chloroformate (3M in toluene,
0.5 mL, 1.5 mmol) were subjected to general procedure C. Purification by column chromatography
(pentane:Et,0 75:25) afforded piperidine S5 (36 mg, 99%, 67:33 er) as a colourless oil. The
corresponding racemic piperidine rac-S5 was prepared by an identical procedure starting from
rac-3j. The data is consistent with the literature.*
'H NMR (400 MHz, CDCl;5) & = 7.37-7.21 (10H, m, ArH), 5.16 (2H, s, OCH,Ph), 4.38-4.20 (2H, br. m,
CH»-2, and CH»-6,), 2.89-2.66 (3H, br. m, CH,-2p, CH-3 and CH,-6), 2.07-2.02 (1H, m, CH,-4.),
1.84-1.55 (3H, m, CH;-4y and CH,-5). Some of the signals appear broad due to the rotameric nature of
the carbamate.
13C NMR (101 MHz, CDCl3) 6 = 155.4, 143.4, 137.1, 128.7, 128.6, 128.1, 128.0, 127.2, 126.8, 67.2,
50.8, 44.5, 42.8, 31.9, 25.6. Some of the signals appear broad due to the rotameric nature of the
carbamate.
[a]3® =-18.8 (c = 1.0, CHCls).
HPLC: Enantiomeric excess was determined by HPLC with a Chiralpak® IB-N column (99:1

hexane:IPA, 1.0 mL min', 210 nm, room temperature):

# Time Type Area Height width Area% Symmetry # Time Type Area Height Width Area% Symmetry
[t ] 14778 [ee | 102153 | 4820 | 03328 | 49.899 | 0.823 | [t 1484 |BB | 7esis 3845 | 04208 | 32585 | 04z |
2] teste e | tosses | 4e06 | omses | sodoi | 0794 | [z ] test  |es | 62491 |  &e71 | 036802 | 675 | 0757 |
(R)-N-Benzyl-3-methylpyrrolidine, (-)-3I
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To a 2-5 mL Biotage® microwave vial equipped with a stirrer bar was added (R)-2-methylpentane-
1,4-diol?® (R)-2l (104 mg, 1.0 mmol, >99:1 er), [IrCp*Cl2]2 (8.0 mg, 1.0 mol%) and CsHCOs (3.9 mg, 2.0
mol%). The vial was sealed with a microwave vial crimp cap (containing a Reseal® septum),

evacuated under vacuum and refilled with argon three times. Cyclopentyl methyl ether (0.5 mL) was
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added via syringe, followed by anhydrous benzylamine (0.16 mL, 1.5 mmol). The vial was sealed with
Parafilm®, placed in a preheated oil bath and stirred at 110 °C for 24 hours. The reaction mixture was
cooled to room temperature and concentrated under a flow of nitrogen. Purification by column
chromatography (pentane:Et,O 80:20, SiO, was basified with EtsN prior to use, see General
Information for details) afforded pyrrolidine (=)-31 (126 mg, 72%, 94:6 er) as a colourless oil. The
spectral data was identical to that of the corresponding racemate described above.

[a]3® =-5.2 (c = 1.0, CHCl3).

The enantiomeric purity was determined by chiral HPLC analysis after conversion to the

corresponding benzyl carbamate (see below).

Benzyl (R)-3-methylpyrrolidine-1-carboxylate, S6
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(R)-N-benzyl-3-methylpyrrolidine (-)-31 (19 mg, 0.08 mmol) and benzyl chloroformate (3 M in
toluene, 0.5 mL, 1.5 mmol) were subjected to general procedure C. Purification by column
chromatography (pentane:Et,0 80:20) afforded pyrrolidine S6 (28 mg, 38%, 94:6 er) as a colourless
oil. The corresponding racemic Cbz-pyrrolidine rac-S6 was prepared by an identical procedure
starting from rac-3l. The data are consistent with the literature.?

'H NMR (400 MHz, CDCls) & = 7.39-7.26 (5H, m, ArH), 5.13 (2H, s, OCH,Ph), 3.63-3.50 (2H, m, CH»-2,
and CH,-5.), 3.40-3.30 (1H, m, CH,-5), 2.98-2.85 (1H, m, CH,-2;), 2.31-2.17 (1H, m, CH-3), 2.02-1.94
(1H, m, CH,-4,), 1.55-1.45 (1H, m, CHz-4}), 1.05 (3H, m, CHs).

13C NMR (101 MHz, CDCls) 8 = 155.0, 137.3, 128.6, 128.0, 127.9, 66.72, 66.69, 53.4, 53.0, 46.2, 45.8,
33.8, 33.7, 33.0, 32.9, 17.8. N.B. The majority of the signals are doubled due to the rotameric nature
of the carbamate.

HRMS: ESI+ found [M+Na]* = 242.1153, C13H17NO;Na requires 242.1152, A = 0.54 ppm.

FTIR (film): vmax = 2959, 2874, 1702, 1419, 1358, 1216, 1177, 1149, 1133, 1103, 1074 cm™.

[a]3® = +18.5 (c = 1.0, CHCls).
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HPLC: Enantiomeric excess was determined by HPLC with a Chiralpak® IB-N column (99:1

hexane:IPA, 1.0 mL min', 210 nm, room temperature):

i )

R

# Time Type Area Height Width Area% Symmetry # Time Type Area Height Width Area% Symmetry
1 | aneve  [Bv | is4s0F | 2994 | oFees | 40820 | o058 | I 1 [ 41045 [MF I 770 | 18.2 [ o743 | 6446 | 0014 |
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(S)-1-Benzyl-3-isobutylpyrrolidine, (+)-3al
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To a 2-5 mL Biotage® microwave vial equipped with a stirrer bar was added (S)-2-isobutylbutane-1,4-
diol (-)-2al (146 mg, 1.0 mmol), [IrCp*Cl,], (8.0 mg, 1.0 mol%) and CsHCO; (3.9 mg, 2.0 mol%). The
vial was sealed with a microwave vial crimp cap (containing a Reseal® septum), evacuated under
vacuum and refilled with argon three times. Cyclopentyl methyl ether (0.5 mL) was added via
syringe, followed by anhydrous benzylamine (0.16 mL, 1.5 mmol). The vial was sealed with
Parafilm®, placed in a preheated oil bath and stirred at 110 °C for 24 hours. The reaction mixture was
cooled to room temperature and concentrated under a flow of nitrogen. Purification by column
chromatography (pentane:Et,0 75:25, SiO, was basified with EtsN prior to use, see General
Information for details) afforded pyrrolidine (+)-3al (169 mg, 78%, 89:11 er) as a colourless oil. The
corresponding racemic pyrrolidine rac-3al was prepared by an identical procedure starting from rac-
2al.

'H NMR (400 MHz, CDCl3) & = 7.35 - 7.21 (5H, m, ArH), 3.61 (1H, d, J = 12.8 Hz, NCH2,Ph), 3.57 (1H, d,
J=12.8 Hz, NCHx,Ph), 2.84 (1H, dd, J = 9.0, 7.4 Hz, CH,-2.), 2.72 (1H, ddd, J = 9.2, 8.0, 5.2 Hz, CH,-5,),
2.39(1H, td, J = 8.9, 6.5 Hz, CH,-5p), 2.31 — 2.18 (1H, m, CH-3), 2.04 — 1.94 (2H, m, CH,-2;, and CH,-4.),

1.60—1.45 (1H, nonet, J = 6.7 Hz, CH-7), 1.36 (1H, dddd, / =12.2, 8.6, 6.7, 5.3 Hz, CH»-4y), 1.24 (2H, t,
J=7.2 Hz, CH,-6), 0.87 (3H, d, J = 6.6 Hz, CH3-8a), 0.85 (3H, d, J = 6.6 Hz, CH3-8b).

13C NMR (101 MHz, CDCls) & = 139.6, 129.0, 128.3, 126.9, 61.1, 61.0, 54.1, 45.2, 35.5, 31.1, 26.9,
22.9,22.9.

HRMS: ESI+ found [M+H]* = 218.1904, Ci5H24N requires 218.1903, A = 0.26 ppm.

FTIR (film): vmax = 2954, 2783, 1467, 1454, 1382, 1351, 1155, 1132, 738, 698 cm™.
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[a]3° = +10.2 (c = 1.0, CHCl3).
The enantiomeric purity was determined by chiral HPLC analysis after conversion to the

corresponding benzyl carbamate (see below).

Benzyl (S)-3-isobutylpyrrolidine-1-carboxylate, S7

O Me
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(5)-1-Benzyl-3-isobutylpyrrolidine (+)-3al (30 mg, 0.14 mmol) and benzyl chloroformate (3 M in
toluene, 0.28 mL, 0.83 mmol) were subjected to general procedure C. Purification by column
chromatography afforded piperidine S7 (19 mg, 53%, 89:11 e.r.). The corresponding racemic Chz-
pyrrolidine rac-S7 was prepared by an identical procedure starting from rac-3al.
'H NMR (400 MHz, CDCl3) 6 = 7.40 — 7.27 (5H, m, ArH), 5.13 (2H, s, OCH,Ph), 3.67 — 3.47 (2H, m, CH,-
2. and CH»-5.), 3.37-3.26 (1H, m, CH,-5p), 2.96 — 2.83 (1H, m, CH,-2;), 2.29 — 2.12 (1H, m, CH-3), 2.06

—1.93 (1H, m, CHy-4), 1.64 — 1.39 (2H, m, CH-7 and CH,-4p), 1.31 — 1.21 (2H, m, CH,-6), 0.95 — 0.86

(6H, m, 2 x CHs-8).

13C NMR (101 MHz, CDCls) 8 = 155.0, 137.3, 128.6, 128.0, 128.0, 128.0, 127.9, 66.7, 66.7, 52.1, 51.7,
46.2, 45.7, 42.6, 42.6, 37.2, 36.3, 32.3, 31.5, 26.9, 26.8, 23.0, 22.9, 22.8, 22.8. N.B. The majority of
the signals are doubled due to the rotameric nature of the carbamate.

HRMS: ESI+ found [M+Na]* = 284.1621, C16H230.NNa requires 284.1621, A = -0.08 ppm.

FTIR (film): Vmax = 2955, 1704, 1418, 1359, 1109, 768, 697 cm™.

[a]3® =-21.4 (c = 1.0, CHCl3).

HPLC: Enantiomeric excess was determined by HPLC with a Chiralpak® IA column (99:1 hexane:IPA,

1.0 mL min’, 210 nm, room temperature):
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# Time Type Area Height Width Area%  Symmekry # Time Type Area Height Width Area% Symmekry
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(R)-1-Benzyl-3-isopropylpyrrolidine, (+)-3am

ph/\,r:2>3—<Me
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To a 2-5 mL Biotage® microwave vial equipped with a stirrer bar was added (R)-2-isopropylbutane-
1,4-diol (-)-2am (132 mg, 1.0 mmol), [IrCp*Cl,], (8.0 mg, 1.0 mol%) and CsHCOs (3.9 mg, 2.0 mol%).
The vial was sealed with a microwave vial crimp cap (containing a Reseal® septum), evacuated under
vacuum and refilled with argon three times. Cyclopentyl methyl ether (0.5 mL) was added via
syringe, followed by anhydrous benzylamine (0.16 mL, 1.5 mmol). The vial was sealed with
Parafilm®, placed in a preheated oil bath and stirred at 110 °C for 24 hours. The reaction mixture was
cooled to room temperature and concentrated under a flow of nitrogen. Purification by column
chromatography (pentane:Et,0 75:25, SiO, was basified with EtsN prior to use, see General
Information for details) afforded pyrrolidine (+)-3am (155 mg, 76%, 92:8 er) as a colourless oil. The
corresponding racemic pyrrolidine rac-3am was prepared by an identical procedure starting from
rac-2am.

'H NMR (400 MHz, CDCl3) 8 = 7.29 — 7.13 (5H, m, ArH), 3.54 (1H, d, J = 12.8 Hz, NCH.Ph), 3.49 (1H, d,
J=12.8 Hz, NCH2Ph), 2.74 (1H, dd, J = 9.0, 7.4 Hz, CH»-2,), 2.71 — 2.63 (1H, m, CH,-5.), 2.28 (1H, td, J
=8.9, 6.2 Hz, CH»-5), 1.98 (1H, t, J = 8.6 Hz, CH»-2;), 1.92 — 1.72 (2H, m, CH»-4, and CH-3), 1.45-1.31
(2H, m, CH,-4p and CH-6), 0.81 (3H, d, J = 6.6 Hz, CHs-7a), 0.77 (3H, d, J = 6.6 Hz, CH3-7b).

13C NMR (101 MHz, CDCl5) & = 139.6, 129.0, 128.3, 126.9, 61.2, 59.2, 54.4, 45.6, 33.2, 29.2, 21.5,
21.3.

HRMS: ESI+ found [M+H]* = 204.1747, C14H2:N requires 204.1747, A = 0.33 ppm.

FTIR (film): vmax = 2956, 2784, 1453, 1377, 1154, 737, 698 cm'™.

[a]3® = +5.5 (c = 1.0, CHCl3).

The enantiomeric purity was determined by chiral HPLC analysis after conversion to the

corresponding benzyl carbamate (see below).

Benzyl (R)-3-isopropylpyrrolidine-1-carboxylate, S8

0
7
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(R)-1-Benzyl-3-isopropylpyrrolidine (+)-3am (30 mg, 0.15 mmol) and benzyl chloroformate (3 M in

toluene, 0.29 mL, 0.89 mmol) were subjected to general procedure C. Purification by column
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chromatography afforded piperidine S8 (13 mg, 36%, 92:8 e.r.). The corresponding racemic Cbz-
pyrrolidine rac-S8 was prepared by an identical procedure starting from rac-3am.

IH NMR (400 MHz, CDCl3) & = 7.41 — 7.27 (5H, m, ArH), 5.13 (2H, s, OCH,Ph), 3.70 — 3.52 (2H, m, CH,-
2, and CH,-5,), 3.34 — 3.24 (1H, m, CHa-5b), 2.99 — 2.89 (1H, m, CHz-2p), 2.06 — 1.95 (1H, m, CH,-4.),
1.90-1.74 (1H, m, CH-3), 1.57 — 1.41 (2H, m, CH-6 and CH,-4), 0.95 — 0.89 (6H, m, 2 x CH3-7).

13C NMR (101 MHz, CDCl3) & = 155.0, 137.3, 128.6, 128.1, 128.0, 128.0, 66.7, 66.7, 50.9, 50.4, 46.9,
46.7,46.3, 46.1, 32.1, 30.6, 29.8, 21.6, 21.3, 21.3. N.B. The majority of the signals are doubled due to
the rotameric nature of the carbamate.

HRMS: ESI+ found [M+H]* = 248.1646, C15H,20:N requires 248.1645, A = 0.55 ppm.

FTIR (film): vmax = 2959, 1703, 1418, 1359, 1106, 798, 697 cm™.

[a]3® =-32.4 (c = 1.0, CHCl3).

HPLC: Enantiomeric excess was determined by HPLC with a Chiralpak® IA column (99:1 hexane:IPA,

1.0 mL min™, 210 nm, room temperature):
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(2R,5R)-2-Methylhexane-1,5-diol (+)-20 (132 mg, 1.0 mmol, ~53:47 dr, 94:6 er), anhydrous
benzylamine (0.16 mL, 1.5 mmol), [IrCp*Cl,], (8.0 mg, 1.0 mol%) and water (0.5 mL) were subjected
to general procedure B at 110 °C. *H NMR analysis of the crude reaction mixture indicated the
presence of two diastereomers in 63:37 dr. Purification by column chromatography (pentane:Et,0
95:5) afforded piperidine (—)-30major (105 mg, 52%, >95:5 dr, 75:25 er) as a colourless oil and
piperidine (+)-30minor (50 Mg, 25%, >95:5 dr, 75:25 er) as a colourless oil. The spectral data for both
diastereoisomers was identical to that of the corresponding racemate described above.
(=)-30major: [@]3° =—65.2 (c = 2.1, CHCl3).

(+)-30minor: [@]3° = +2.4 (c=0.7, CHCls).
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The enantiomeric purity of each diasterecisomer was determined by chiral HPLC analysis after

conversion to the corresponding benzyl carbamate (see below).

Benzyl (2R,5R)-2,5-dimethylpiperidine-1-carboxylate, S9

(o)
6 8
Me
Ph/\o)jlg‘;
M7e 2 4

3
N-benzyl-(2R,5R)-2,5-dimethylpiperidine (—)-30major (26 Mg, 0.13 mmol) and benzyl chloroformate (3
M in toluene, 0.5 mL, 1.5 mmol) were subjected to general procedure C. Purification by column
chromatography afforded piperidine $9 (31 mg, 98%, 75:25 er, >95:5 dr). The corresponding racemic
piperidine rac-S9 was prepared by an identical procedure starting from rac-3omajor.

'H NMR (400 MHz, CDCls) 8 = 7.37-7.28 (5H, m, ArH), 5.16-5.10 (2H, m, OCH,Ph), 4.46-4.39 (1H, m,
CH-2), 3.73 (1H, dt, J = 13.6, 2.3 Hz, CH»-64), 3.13 (1H, dd, J = 13.5, 3.4 Hz, CH,-6y), 1.96-1.78 (3H, m,
CH,-3a, CH-45 and CH-5), 1.32-1.25 (2H, m, CHz-3p and CH,-4p), 1.13 (3H, d, J = 6.9 Hz, CH3-7), 0.98
(3H, d, J = 6.9 Hz, CH3-8).

13C NMR (101 MHz, CDCls) & = 156.1, 137.3, 128.6, 127.9, 127.8, 66.9, 46.8, 44.0, 27.8, 24.9, 24.8,
16.7, 16.3.

HRMS: ESI+ found [M+H]* = 248.1646, C15H,20:N requires 248.1645, A = 0.24 ppm.

FTIR (film): vmax = 2936, 1693, 1423, 1355, 1336, 1308, 1260, 1244, 1159, 1076, 1029, 697 cm™™.

[a]3® = -14.2 (c = 1.4, CHCl3).

HPLC: Enantiomeric excess was determined by HPLC with a Chiralpak® IA column (99:1 hexane:IPA,

1.0 mL min’, 210 nm, room temperature):

# Time Type Area Height Width Area% Symmetry # Time Type Area Height Width Area% Symmetry
1 | 11953 [Bv | 101996 | 7834 | 01978 | 49.62F | 0717 | [t ] 1wres [mF | 37083 | 2893 | 02137 | 25.243 | 0764 |
2 | 1259 |we | 103szs | 7499 | 0.2091 | 50373 | 0722 | L2 [ 1z [P | tossza | sz | ozesr | 74757 | 07z |
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Benzyl (2S,5R)-2,5-dimethylpiperidine-1-carboxylate, $10
(o)

6 8
Me
Ph/\oJ‘l\O%\
7 \‘2 4
Me* >

N-benzyl-(2S,5R)-2,5-dimethylpiperidine (+)-30minor (25 mg, 0.12 mmol) and benzyl chloroformate
(3M in toluene, 0.5 mL, 1.5 mmol) were subjected to general procedure C. Purification by column
chromatography afforded piperidine S10 (29 mg, 95%, 75:25 er, >95:5 dr). The corresponding
racemic piperidine rac-S10 was prepared by an identical procedure starting from rac-30minor.

IH NMR (400 MHz, CDCls,) & = 7.39-7.28 (5H, m, ArH), 5.13 (2H, s, OCH,Ph), 4.53-4.40 (1H, m, CH-2),
4.02-3.86 (1H, m, CHy-6,), 2.53-2.43 (1H, m, CHy-61), 1.74-1.63 (1H, m, CH,-3,), 1.60-1.44 (3H, m, CHa-
3y, CHy-4, and CH-5), 1.30-1.19 (1H, m, CH,-4s), 1.13 (3H, d, J = 7.0 Hz, CHs-7), 0.89 (3H, d, J = 6.3 Hz,
CHs-8).

13C NMR (101 MHz, CDCls) § = 156.1, 137.3, 128.6, 128.0, 127.9, 67.0, 45.8, 31.5, 30.2, 27.6, 19.4,
16.2. N.B. the carbonyl peak was not observed presumably due to restricted N-CO bond rotation on
the NMR timescale.

HRMS: ESI+ found [M+H]* = 248.1646, C15H,20:N requires 248.1645, A = 0.55 ppm.

FTIR (film): vmax = 2936, 1693, 1423, 1336, 1308, 1260, 1244, 1159, 1146, 1076, 1029, 697 cm™.

[a]3® = +5.0 (c = 1.6, CHCl3).

HPLC: Enantiomeric excess was determined by HPLC with a Chiralpak® IA column (99:1 hexane:IPA,

1.0 mL min’, 210 nm, room temperature):

— ® § -

# Time Type Area Height Width Area% Symmetry # Time Type Area Height Width Area% Symmetry
I | 20471 [B¥ | 116693 | 4891 | 0704 | 49751 | 0773 | [+ ] 2058 [ew [ 7asez [ a158 | ossse | 74707 | o6 |
2 | et1es v | 11786 | 4el.a | 03938 | Sne4d | 0785 | [z ] 2157 [ve [ eeeme | 1mi7 | o442 | 25203 | 0853 |
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4.3 Resubjection Experiment

To test whether the saturated aza-heterocycle products can undergo epimerization under the

reaction conditions, isomerically pure cis-3n was resubjected to the optimized reaction conditions:

Bn\N [Cp*IrCl5], (1 mol%) Bn\N Bn\N
)::L w NaHCO5 (2 mol%) )::L CL
Me HO OH > Me Me \*Me

Me
PhMe, 110 °C, 16 h Me
cis-3n 2q cis-3n 3q
(1.5 equiv) (1.0 equiv) 80% vyield not observed
>95:5d.r. >95:5d.r.

Procedure: 3,3-Dimethylpentane-1,5-diol® 2q (15 mg, 0.12 mmol), cis-3n (35 mg, 0.17 mmol,
>95:5d.r.), [IrCp*Cl;]; (0.9 mg, 1.0 mol%), NaHCOs (0.2 mg, 2.0 mol%) and anhydrous toluene
(0.06 mL) were subjected to general procedure A at 110 °C. Purification by column chromatography
(pentane:Et,0 75:25) afforded piperidine cis-3n (28 mg, 80%, >95:5 d.r.) as a colourless oil. The
spectral data of cis-3n (>95:5 d.r.) was identical to that described above. No signals corresponding to
the minor diastereoisomer were observed in the *H-NMR spectra of either the purified material or
the crude reaction mixture. Additionally, no formation of crossover product 3q was observed. These
results imply that epimerization of the products does not occur under the reaction conditions via

reversible amine dehydrogenation.
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6. NMR Spectra

OH

HO

Ph

2k

i

6'0
6'0
6'T

Fvr
Feet

Www.N
92

T
0.0

T
1.0 0.5

1.5

2.5

3.5

4.0
f1 (ppm)

£48°9C —
96T —

68°LE —

€T —

16779 —
6v'9 —

€0°92T —
bP8ZT ~L
Y6 —

SLOPT —

T T T T T T T T T
140 135 130 125 120 115 110 105 100

T
145

T
150

f1 (ppm)

S50



(+)-2j
O e T T g
- o ® bl e ~
I’ P S = <
T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
& 328 a 9 ~ N
o @® ® O n ® b no
3 S8a & & 2 88
N b I
" " e W Iy i " |
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
150 145 140 135 130 125 120 115 110 105 100 95 9 8 8 75 70 65 60 55 50 45 40 35 30 25 20 15 10

f1 (ppm)

S51



)

(-)-2al

To.w

0T
20°T

FOHA
e

1 (ppm)

€8°7C
00°€C /s
VAN Taum

02°9€ ~
ozLe—

9Ty —

ST'19—

19°99 —

€1DAd 9T LL —

1 (ppm)

S52



HO

.

(-)-2am
A-M_M_A_‘J S
o ®~Q Qe S
- N - - O o
T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.(
f1 (ppm)
o~ ~ n < — T
— [} ~N — @ o
N R P @ g S o
R 3 B < @4 2 R
I (- I I \/
Wk " g YA ST Al n \ p " I " ™
Ay Il Wl WA A At P AR Wit Wy et
T T T T T T T T T T T T T T T T T T T T T T
110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 0

1 (ppm)

S53



Me

HO OH
Me

(+)-20 (~53:47 d.r.)

!

g I 3 I
e < - S ] el
g 3 : s 8 i
T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)
conon NN tneTEna
O MmN OMAOANNONNO®O
0 @ W W COWW AR MMMG S
22383 ggnnaadanes
e VIRV

T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
f1 (ppm)

S54



\.J

Me

47 d.r.)

S1(~53

Froe

Foot

Feee
Feet

f1 (ppm)

€0°LT~
9T LT —
sToz
mN.oNV.
6T°6C
SE'6C
o0Lze
£8'CE

wil

1569
wm.mwy.

ww.ﬁnw

¥8'1L

vb'8ZT

8b'8ZT /.
£9°6CT ~\O
8V’ 0ET —F
98°0€T A
68°CET \

66'CET

ZE'99T ~
v2'991 <

IO N [

T
120

T
130

T
140

T
150

T
160

T
170

T
180

f1 (ppm)

S55



ot
Me
3a

J»L

7.5

Fsez

5

Fooz
Feet

Fest

Fooz

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

4.0
f1 (ppm)

4.5

6.0 5.5 5.0

6.5

7.0

8.0

607 —

¥6'0€ —

0S'vE —

TS —

e —

€1000 +8°9L L

€100 9T°L,
€1000 8¥°LL

S6'97T ~
€781 —
Le'621

S8'8ET —

1 T ————— WWWWMNWWMWM«WWMJWWWWWM

T
100

T
110

T
120

T
130

T
140

T
150

T
160

f1 (ppm)

S56



dael
Ph

3b

Feov
Feoz

Foor

Froz

0.C

5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

5.5

6.0

6.5

7.0

7.5

8.0

L9°EE

98ty —

EV'bS

§9'€9 —

€100D ¥8'9L
€10ad 9T°LL W
€100 8¥'LL

mﬁ.mNﬁ /
oc.mNa
90°L2T V.
62'8CT w

05'821 \
s'621
S9'8€T —

99°'9bT —

T

T

140

100

110

120

130

150

160

f1 (ppm)

S57



Fere

Foot

Ferz

Ph” >N

3c

Fooz

F60
iog: T

Fese

0.0

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

8.0

TLeE—

66'TF —

ETPS —

05°€9 —

6P~
8T'STT

00221
v1'8CT W
17°821 \

9Z'6CT

EP'BET —
LTTrT
[yardgy V

80°09T —
057291 —

110

T T
140 130

T
150

f1 (ppm)

S58



-117.48

Oy
F

3c

T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180
f1 (ppm)

S59



Ph™” >N

OMe

3d

Fooz

Foot

86T
80T
Fose

0.0

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

8.0

8L°€E —

S8 Ty —

9EPS ~
LTSS~

L5°€9 —

8LETT —

£6'9CT /

L V
617821
6T°6CT 7

05'8ET ~
ger "

68°£ST —

WFJPMWMJMWWMWMWWWWWWW MMWWWWWWWWWM

T T T T T
160 150 140 130 120 110

T
170

T
180

f1 (ppm)

S60



b/

3e

Ph” N

WB&
Foz

Froz
ot

o0z

it
Lot

Fe60
F€60

Foot

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

9.0

LTEE—

wLe—

09'vS —

65°€9 —

15°Cen
T0°€2T
[4314}
€£°5TT
SL°STT
¥5921 —

- s
iy
+0°62T
e
ECBEE —

0Tyt —

L% E—————— Mwwmwmwwmwwmwwmmw

T

T
110

120

T

100

130

140

150

160

f1 (ppm)

S61



0,
CF;
3f

L

Fooz

Fooz

0.0

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

7.0

7.5

8.0

8LvT
8'vC
¥8'vT

98'%C

100
'ob W
890
56°0t \

0S¢ —

6T°€9 —

Ao

9S"ETT ~\
91
wLen y
6E'8TT ~
60°6CT
LT6TT N.

98'TET s

TEBET —

gy

T
100

110

T
120

T
130

T
140

T
150

T
160

f1 (ppm)

562



Ph” >N

3f

CF;

-73.71

-5

T
-10

T
-15

T T
-20 -25

T
-30

T
-35

T
-40

T
-45

T
-50
1 (ppm)

S63

T
-55

T
-60

T
-65

T
-70

T
-75

T
-80

T
-85

T
-90

T
-95

T
-100



I

)

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

8.0

0E°ES ~
9L°€5

T9°€9 —

LT°L9 —

oLz
e /
LT8TT
8€°8ZT W
5°821 \\‘
€E°6CT

68°LET —
9 0bT —

S S | —

T
100

110

T
130

T
140

T
150

T
160

f1 (ppm)

S64



Ph” >N

N_Ph

-

oz'8

=00t

890

TN.MA

0.0

0.5

3.0 25 2.0 1.5 1.0

3.5

4.0
f1 (ppm)

6.0 5.5 5.0 4.5

6.5

7.0

7.5

8.0

€TES —

€T°E9 —

TTLTE~
1€82T —
Le621 "

8T'8ET —

|| VRS IOINPURI RTINS YN SO A

T
100

110

T
120

T
130

T
140

T
150

T
160

f1 (ppm)

S65



A

1.0

I

L

Ph/\UM9

rac-3i

!

°0°S

e

Tm.v

0.

0.5

1.5

2.0

25

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

f1 (ppm)

68'6T —
Tse—

8T 1€~
8ree—

TYs —

0129 ~
LL€9

€Dad 9T 4L —

€6'9¢T
0z'8¢T
NN.wNaW
°E6CT

78'8ET —

T T T T T T T
180 170 160 150 140 130 120 110

T
190

T
200

f1 (ppm)

S66



Ph/\UPh

rac-3j

Feot
Feoz
To.m

60
0T
10T

Feoz

156

T6°5C—

£8°'TE —

80°€r —

06°€S —

6T°'T9 —
0L'€9 —

€100D +8'9L \
€10aD 91°£L 7
€10aD 8v°LL

f1 (ppm)

8€°9¢CT
vc.hwﬂ/r
6€°LCT ~E
8C'8¢T
bb'8CT
ceeeT

LY'8ET —

€0°SHT —

T T T T T T T
180 170 160 150 140 130 120 110

T
190

f1 (ppm)

S67



e

6°0
%oé

Feso
= Toor

Ph

3k

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

8.0

st —

coe—

L1°8E —
YT —

0T'vS —

w09 —
bLE9—

cw.mNﬁ /
mm.mNﬁ
[aa:14y /
97'821

zeeet \

62°6CT

SL'8ET —
647001 —

T
100

110

T
120

T
130

T
140

T
150

T
160

f1 (ppm)

S68



Ph/\N

Me

rac-3l

i

Feoe

Frot

?m.ﬁ
L0
H\ﬂo.ﬂ

Fe60
660

Fooz

-

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

85°0C —

66'TE ~.
ssee

°EPS —

20719 ~
6£79

€0Aad 91°LL —

f1 (ppm)

26'92T
0£'82T —
86’821

6S°6ET —

il

o

"
WY

Lt

i

T

110

190 180 170 160 150 140 130 120

200

1 (ppm)

S69



Ph” >N

Me
Me
3mmajor
AmLiL L M
1 11 I bl SSe 2%
~N Qe < Qe 3 a = Q s
g s s R az2 a
T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
b R84 0o 0 o © o -
=] 0 © O N @ ~ - e - hed 2
g 88§ an ¢ 4 g 4 2 g
N i I
|
|
ks b e A Ll e oa
i R e e L T S
T T T T T T T T T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

S70



PR
Me'
3mminor

6T

€T
(A%4
m\mﬁ.ﬁ

Feo

Fss0

L8

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

8.0

86°9T —
L0702 —

6LvT —

80°€E —

96°9€ —

vETS —

£0°85 —

0829 —

T£°92T ~
L1°82T ~
81621~

T6'6ET —

N

-

T
100

110

T
120

T
130

T
140

T
150

T
160

f1 (ppm)

571



3n (82

P
Me

Ph

18 d.r.)

T0°€

6C'C
ST

Fozo
Feot

E810
Esr0

Feso

s

f1 (ppm)

L8°TT —

2912
R.:W
veze
1wsz”

6v'TE ~
0T'bE~_
85'bE —

1290y
TTvb ~
88'Sh ~

96°TS ~
YTes —
1045\
9T°85 ~
065 —

€1Dad9T°LL —

€921
SL°9TT H/
81'8CT
(44143 v
mw.mmﬁ\
SE'6CT

P9'6ET ~
Lrovt

L)

T

110 105

T T T T T
140 135 130 125 120 115

T

150 145

95 9 8 8 75 70 65 60 55 50 45 40 35 30 25 20

100

1 (ppm)

572



VS

Ph

Me
20

30 (72:28 d.r.)

Me

€T
260
12°0
K180
25T
180
56'T
250
640
6b°0
160

79'0
€0
Fezo

Fizo
Fszo

Feco

Fszo
Fszo

Feco

-

2.0 1.5 1.0 0.5 0.0

2.5

3.0

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0
f1 (ppm)

8.0

68°TT —

8E'6T
S8'6T
sz1z’
€587\
6L°0E~\
6€'TE—
| 7430
zese

817s
%emﬂ
§9°95 ~
e85 —
NN.mm“
v0'T9

€10aD +8'9L

10U55T
€100D 8v°LL

99°92T
vn.wNﬁ/
81°8¢T
0z'8eT
mm.mwﬂu\
bE6LT

8b'6ET ~
9€'0bT

L N‘WMWNJIW

T T T T T T
160 150 130

180

T

190

110

120

140

170

200

f1 (ppm)

S73



Me

0

3p (80:20 dr)

Me

Jow MLML

=TT
6

Fesz

Fost

=091
Fozo

25 2.0 1.5 1.0 0.5 0.0

3.0

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5
f1 (ppm)

8.0

0991 7
2007 ~
98T~
AN

05°€€ —
€6 —

62705~
20b5 ~
ers
9625 ~\_

04921
€6'9CT /
¥S'8CT

£9°8TT
04821
86'8CT

TL2T —

L

L

N

——= %0

- —T1€0

T
100

110

T
120

T
130

T
140

T
150

T
160

f1 (ppm)

S74



Ph” N
—Me

3q

oo

Fuse

Fuse

Fooz

;_,Vﬁmé

0’87~
2987

£(8'8€ —

0T'0s —

0L'€9 —

€100D ¥8'9L N
€10ad 9T°LL w
€100 8¥'LL

f1 (ppm)

96'92T ~_
vT'82T —
oe6et 7

T6'8ET —

| AR

T T T T T T T T
190 180 170 160 150 140 130 120 110

T
200

f1 (ppm)

S75



PhANCb

3r

0y
16'€
16’

0.C

0.5

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.0 2.5 2.0 1.5 1.0
f1 (ppm)

8.0

W —

e~
srge
s8'0b

651§ —

9L'€9 —

€100D €8'9L

€100 L¥'LL

$6'92T ~_
£2'8er —
A

06'8€T —

wwwwmmmmmwmm A A A

T

T T T T
170 160 140 130

T

T

190

110

120

150

180

200

f1 (ppm)

S76



6°€
79
A4

Aq\j
3s

0.0

0.5

1.0

1.5

§9'1C —

€04 —
68°0€ —

e~

9r9e "

ov'6r —

18°€9 —

f1 (ppm)

96'92T ~_
€e'8er —
eeer -

LLBET —

ot

™

l . %mewmwmwmm WWMWNJ—LJ»WWMW

T
110

T T T T T T
180 170 160 150 140 130

T
190

T
00

f1 (ppm)

S77



NN

3t (62:38 d.r.)

H/ém.o
L0

Feot

;_,Vﬁﬁ.m
Fooe
H/ﬁv.o
meo
o
7

Feoo

Feo0

Fseo

Wﬂﬂ.m

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

7.0

7.5

8.0

j2a4}

LE9T
80°8T
fa4:18
LE°8T

68T~
01’61~/
ooz
8b'€z
i
[£)ed
50°52
z8'sz
[ 2214

[AWASaNE
orLe”"

S9'Er —

505 —
08'€5~\_
TYs —
(SIS~
L85 —

Ly'9TT
$5°92T /
00°82T
+0°8Z1 V.

15°821 \
09821

61001 v

PEOPT

| “A

|

m

T T

140

T

100

110

120

130

150

160

f1 (ppm)

S78



\/N\/
3u
Py Y I e L
] < e Q Q Q M
B ] S 3 3 EREM
T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
8 RN w o [ =
3 £8% i @ isa S
8 888 ¥ 8 58 B
N/ I /AN

T T T T T T T T T T T T T T T T
150 145 140 135 130 125 120 115 110 105 100 95 90 8 80 75 70 65 60

f1 (ppm)

579



Me

Me

Ph/\N

3v

oot
FI10T
00T

H\.Do.ﬁ

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

8.0

88T~
€81

e —

6497 —

19°6€ —

1910
srzy
Trer ~

vops —

WWI9~
0619~

85921 ~_
L0781 ~
09821 ="

€6'6ET —

T T T T T T T T T T

T

150 145 140 135 130 125 120 115 110 105 100

9 85 80 75 70 65 60
f1 (ppm)

95

S80



Faoe

10C
10T

Froz

_ To z
Fooz
(]
=
4
3
o™
[y}
(18
(&]
Fost
Feuer

f1 (ppm)

S0'CT —

£8°0€ —
0S'be —

8T'HS —

60°€9 —

LE°0TT

et
[a%-T49
FAN-TAS
st

veser
185217

15°821 -
£0°6TT
TE'62T
6€°67T

LEEYT —

T T T T T T T
180 170 160 150 140 130 120

T
190

T
200

f1 (ppm)

S81



CF;

3w

Me

-62.32

T
-10

T
-15

T
-20

T
-25

T
-30

T
-35

T
-40

T
-45

T
-50
f1 (ppm)

582

T
-55

T
-60

T
-65

T
-70

T
-75

T
-80

T
-85

T
-90

T
-95

T
-100



N

Ph

3x

@
=4

o

T T

o
Fooe

0.0

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

8.0

S9'€E —

vy —

9E'ps —

1879 —

€100 ¥8'9L N
€10aD 9T°LL w
€100 8¥'LL

86'VTIT ~
6T'STT

£2°92T
107221~
€5°87T —

TL0ET V.

6L°0ET
LEPET
Ov'vET N

65°9vT —

68°09T —
TEE9T —

L S

"
L

WS

ol
Ui

Gl

el

T

T
150

160

T

170

110

120

130

140

180

f1 (ppm)

S83



-116.13

3x

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
9 80 70 60 50 40 30 20 10 O -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240

f1 (ppm)

S84



Wm.\é
TQ.N

Toot

Ph

MeO

3y

U M\B.N
F8o0€

o

2.0 1.5 1.0 0.5 0.0

2.5

3.0

3.5

4.0
f1 (ppm)

6.0 5.5 5.0 4.5

6.5

7.0

7.5

8.0

L9°€E —

w6 —

TEPS ~
6€'SS

T0°€9 —

€100 ¥8'9L
€100 mﬁ.nnw
€100 8v'LL

69°ETT —

61°92T ~_
20°Ler —
15821 <
ss0e1

0L'9pT —

78'85T —

L8 S— T ——" MWuwwwwammwm

T T T T T T
150 110

160

T

170

120

130

140

180

f1 (ppm)

S85



S

3z

il

Ll

TN.N

TN.N

Tm.m
Tﬁ.v
F00T

F66'0

Fsot

3.0 2.5 2.0 1.5 1.0 0.5 0.0

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35
f1 (ppm)

9.0

8L€E —

86'Cy —

08'vS —

09'79 —

€100 ¥8'9L N

.
WPy

PNy

ol
Ll

A

€100 9T°L,
€100 8¥°LL

86421
82'seT
L9521
18'521
or'9zT
0Tt
oe szt
68°221
8v'82T W
T5°8er
08'ZET ~_
00°bET —
PR

LL9YT —

T
100

T
110

T
120

T
130

T
140

T
150

T
160

f1 (ppm)

586



Ph

[
=

3aa

w90
v0'E

€01
660

M\ 460

Foot
Foot
F oot
Fsro

v 0T

0.0

0.5

2.0 1.5 1.0

2.5

3.0

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5
f1 (ppm)

8.0

wer —
€T —

68°€E
00'v€ v
S0'eEr —

LY'1S
Nm.ﬁmv

86'vS

01'S9 —

ST9ZT
0L'92T
26'9CT
16921
To'zt

oyxas
j24 148
6v'8CT

S5°8CT

86'€EPT ~
80°9bT ~
08'9pT -~

IR RO B

y

T

170

T

150 140 130 120 110

160

190 180

200

f1 (ppm)

S87



Me Me

Ph/'(N

Ph

3ab

Foe

8'€

—

0.0

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

f1 (ppm)

4.5

6.0 5.5 5.0

6.5

7.0

7.5

8.0

TSvTe —

T9ve —

0S'er —

8T LY —

S0°09 —

€100 ¥8'9L

€100 91"
€100 8¥'LL /

80°9¢T

£1°92T W.

9Tzt
A

sozzr
S0'8CT “\
Sb'8ZT

60°LbT —
S6'6VT —

N AN Nl o WWWLMWWWWWMMWWMW

T
100

110

T
120

T
130

T
140

T
150

T
160

f1 (ppm)

588



Me
et
Ph

ka Ll

(+)-3ac (80

Fz90

Fevz

B
80
Frot
020

Eoz0

Foso

%mw.m

0.(

6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

7.0

7.5

566 —

PSTC—

LY'EE~
09ge
299~
Ly'6E —
90°€l

or'ey >
6Ly~

07'25 ~\
1£7€5 —
LTLS
£7'85 ~
€€'65 "

L.

01°921
0z'9z1
£8°9CT
06°9¢T
§6°9¢T
v1LeT
£2°8T
1€'8CT
6v'8CT
75'8¢T
£€8'8CT
6T
CE6ET —

29°9vT —

T
100

T
110

T
120

T
130

T
140

T
150

1 (ppm)

589



24.d.r)

S3 (76

Fooe

%Nm.N
me.H

Foro

L0
0
T4l

Wmm.o

Roro

L0
0
TN.D

Fest

o

0.C

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

7.0

7.5

8.0

66T —

vTTE—
v0'LE
mm.nmw
+0°'8€

L¥'0S —

5899 —

€Toet
vw.mNﬂ/r
[4:WA49
06°L2T
om.wwﬁ\‘
¥S'8¢T
90°LET —

¥8'SHT —

78'SST —

"

™
i

T

150

ke

110

120

130

140

160

170

1 (ppm)

S90



Me

Ph” >N

(+)-3i

i

To.w

Foes

Fort

WNO.N

Feoz

me.w

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

8.0

06'6T —
€5 —

0€'1E ~
Teee—

vI'pS —
€179~

6L°€9

€DAad9T°LL —

£6'97T
£2'82T —
[T

98'8ET —

110

T T T T T T
180 170 160 150 140 130

T
190

T
200

f1 (ppm)

S91



Me

Ph/\OJLN

sS4
CDCl;, 298 K

[

I

]

Tﬁ.m
o

11T
6°T

M\‘No.ﬁ

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5
f1 (ppm)

8.0

v0'6T —
SE€'ST —
80'TE —
S0'€E —
0S'vy —

WIS —

0049 —

06°£2T
86°LTT W
95'8¢T

oTLer —

TH'SST —

T

T

T

190 180 170 160 150 140 130 120 110

200

f1 (ppm)

592



Me

Ph/\OJLN

S4
dg-toluene, 363 K

To.a
=

9°0

mm.o

6'T

J Foor

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

f1 (ppm)

68T —
8E'ST —
8T'1E —
SE'EE—
8LvY —

8T —

6049 —

L6°LTT
TE'8CT W
£€9'8CT

f1 (ppm)

6C°8ET —

0€°SST —

T

140

T

150

100

110

120

130

160

f1 (ppm)

593



Me

M@Q

Fs;C

(+)-3ad

JUL,JL

Fest
st

86T —

89'ST —

0€'1E —
L0°€e —

€TYS —

ST'79 ~
Lre9

f1 (ppm)

wozt

ET'€TT
E£T'STT
L1°STT
TSt

Fra-T4y
£8'9TT \

£5°87T
90°6CT
8E'6CT

9E'EPT —

AN

|
Ll

TSR VRSN TR | MUY e

N Wy

AMERY

110

T T T T T T
180 170 160 150 140 130

T
190

T
200

f1 (ppm)

594



-62.34

Me
N
F,C
(+)-3ad
-‘5 -‘10 -‘15 -‘20 -‘25 -‘30 -‘35 -110 -1‘15 -5‘30 -“55 -éo -éS -‘70 -‘75 -‘80 -éS -éo -§5 -1‘00
1 (ppm)

595



Me

(+)-3ae

1

A

Tm.ﬁ

0.0

0.5

2.0 1.5 1.0

2.5

3.0

3.5

4.0
f1 (ppm)

6.0 5.5 5.0 4.5

6.5

7.0

7.5

8.0

£48°6T —
04'ST—

62°TE —
LT°EE—

90°'vS —

€079 ~
2629

68°HTT ~
60'STT

79°0€T v

0£°0ET
8SPET
T9'vET v

78091 —
YTEIT —

STRFFRPI! WA PPV, MUSIN | YOTW VUVURFRPTI 1 W WOTH AT

110

T
120

T
130

T
140

T
150

T
160

f1 (ppm)

S96



-116.40

N Me
(+)-3ae
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
9 80 70 60 50 40 30 20 10 O -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240
f1 (ppm)

597



Me

(+)-3af

0.0

0.5

3.0 2.5 2.0 1.5 1.0

3.5

4.0
f1 (ppm)

6.0 5.5 5.0 4.5

6.5

7.5 7.0

8.0

6481 —
S9vT—

8C°0€ —
€072 —

8T°€§ —

60°T9
Nwéw/

mw.ﬁww
S8'T9

86°00T
¥ 10T W
6 10T

6C°0TT
SE0TT
LYOTT
€S°0TT

09°ZkT
89°THT W.
LLTT

8091 V.

S6°09T
8C'€9T
T¥'E9T N

WNUNMMJMWWWWWMJW WMW'W&MMMMWWMMMWWWW

110

T
120

T
130

T
140

T
150

T
160

T
170

f1 (ppm)

598



-110.88

F Me

(+)-3af

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
9 80 70 60 50 40 30 20 10 O -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240
f1 (ppm)

S99



Me

(+)-3ag

Feet

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

7.0

7.5

8.0

96T —

°9'sT—

8T1E —
66°C€ —

rPs —

66'T9~
9e'79 "

8TTIT~,
6v'ZTT

MMMWWWW wauw«w« TR AT . Apm——

T
120

T
130

T
140

T
150

T
160

f1 (ppm)

5100



-135.30
-163.27

F Me

(+)-3ag

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
9 80 70 60 50 40 30 20 10 O -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240
f1 (ppm)

5101



Me

MeO

(+)-3ah

-
.
-

-

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

8.0

1661 —

vLST—

621 —
STEE—

00'%S —
LE°SS

"

L v ey —————

(L

00729 ~ —
e —

09°€1T —

9'0ET ~
¥8°0eT -

69°85T — -

WWMMMiWMWWMMMWMWWWWMWMMWWMMWMWWWWWWWWWMWWme;ﬁ

T

T

T

100

110

120

130

140

150

160

170

f1 (ppm)

5102



#JMQJL_

(+)-3ai

L

Tooz

Wmm.a

Wmm.ﬁ
180

0.0

5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

5.5

7.5 7.0 6.5 6.0

8.0

06'6T —

wse—

671 —
TTEE—

00'pS —

96'T9 —
Ly'E9 —

+6°00T —

88°£0T —
89°60T —

9z'zer —

€8°TET —

TS9PT ~
Yo'LPT

Mumwﬂmmtwwmwmmmwmwmm PRGN PREHS ENPPNIRUN ¥ DOV FRVS ORI

110

T
120

T
130

T
140

T
150

T
160

f1 (ppm)

5103



Te
0T

1
fl

4.0

Me

(+)-3aj

Wcm.o
£8'0

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

8.5

9.0

98'6T —
SL°ST—

0€'TE —
0£°€E —

6v'S —

08'T9 ~
6v°29 "

+0°SZT
9z'szt
09°'sTT
0/°sz1

wLen V
€L

SP'8CT \
T8ZET ~
96°€ET —
00561~

A i A S AN 3 WMWWWWWMWWMWWWM-

T T T T T T T T T

T

150 145 140 135

9 8 80 75 70 65 60 55 50
f1 (ppm)

120 115 110 105 100 95

125

130

5104



Me

Me

(+)-3ak (85:15 d.r.)

o Ml

]

0.(

7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

7.5

8.0

wc.ﬁmv

60°TS
96°bS ~.
€2ss
S6'85 ~.
8165~

L6'%9
90°'S9 v.

0s/9zt
S£°921
647921
06'92T

06°L2T ~f
$1'82T
75821
S5°821

6061
9T bbT v.
86'sy1~"

T T T T T T
90

T

T

e A A S wiMme |

T T T
135

T

T

150 145 140

95

100

120 115 110 105

130 125

f1 (ppm)

$105



\Ph

Ph” N

-3j

-)

—

Feot
F eoe
W 20'e

4670
660
T0°T

Fe61

To.oﬁ

0.0

1.0

1.5

2.0

2.5

3.0

3.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

¥6'SC —

98°'TE —

ey —

€6°€S —

w9 —
TL€9—

Ay D N

EDASHE

f1 (ppm)

££°9CT
wo.nmﬂ/r
0b"L2T ~E
67'8T
SH'8CT
TE6CT
§S'8ET —

90°SHPT —

L MMW

T T T T T T T T
190 180 170 160 150 140 130 120 110

T
200

1 (ppm)

5106



Ph

.

o}
Ph/\OJLN
S5

9Te

S0°T

L i

me

60T

WOO.N

T@.ca

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

4.0
f1 (ppm)

5.0 4.5

5.5

6.0

6.5

7.0

7.5

8.0

19°S2 —

S8'TE—

08¢y —
YS'by —

805 —

819 —

8921
vzt H/
66°L2T
£0°8TT V.
29821 \

£9°8TT

90°LET —

6EEYT —

E€p'SST —

T

130

LTSRS —————_ M-Lw

100

110

120

140

150

160

f1 (ppm)

5107



Ph’A\N

lllMe

()3

T.\m

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

L4500 —

20°7E~
6L2e "

°EPs —

20°T9 ~
e

€DAd 9T LL —

f1 (ppm)

26'92T
0£'82T —
86’821~

€9'6ET —

A AR — WMmumMmmemm»

T T T T T T T
180 170 160 150 140 130 120 110

T
190

T
200

1 (ppm)

5108



Froe
TN.H
wﬁo.«
Tm.o
Tc.ﬁ
wﬁo.u
Ler

1Me

4

o
Ph/\o/u\

S6

Fo-

0.C

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

7.0

7.5

8.0

08°LT —

98°2€
c0'ee
TL€E
9L°€EE

SLSh
619y~

P0O'ES ~
Le'es 7

6999
°sL99 >

v6°LCT
meNﬁW
§5°8CT

8T LET —

20°SST —

WWMMM

T

T

160

110

120

130

140

150

170

f1 (ppm)

5109



(+)-3al

kol

Fsoo

WNO.N
S0'T
Tm.o
TO.N
Tm.o
Foor

Foot
Foot

WNO.N

%hm.v

0.C

4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

5.0

5.5

6.0

6.5

7.5 7.0

8.0

6T
S6°7C
58'9¢ /
[t
75°SE~

STSy—

0T'vs —

¥0°'T9
mc.ﬂwv

€10ad 9T°LL —

£6'921
7e'821 ~
o006zt 7

85'6ET —

MWWWMWWMWW%WMMMMWWNWWWMLMMMWMWWWMWHMMMWWWWWMWMWMWMWWMNWMWWWMMWWWWWMWWWMWMWWW

T T T T T T T
180 170 160 150 140 130 120 110

T
190

T
200

1 (ppm)

5110



y

Wmm.m
med

%mz
Frot
T”o.ﬁ

Feot
Feot

Faee

Feoe

Feew

6L°2C
£8'77
£6'2C
96'2Z
08'9Z
98'92 >
05°TE~
8zze "
€€°9E~
e
85°Zh
S.N.\V
€Sy T
D.wv\
[ 78
60°2S /

8999 v

°L99

9T 4L —

f1 (ppm)

v6'LCT
§6°LTT
£6°LTT
00'82T
§5'8CT

9TLET —

86'¥ST —

T T T T
170

180

T

190

150 140 130 120 110

160

200

1 (ppm)

5111



Ph/\N

(+)-3am

Who.m

TO.N
Feot

Feeo

Wmm.o
0T

Tm.w

0.(

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

8.0

0€'TC
El a4

6T°6C —
oT'EE —

SS'Sy —

La<he
0265 ~\_
ST'T9~

€1Dad91°LL —

26'921
7e'821 ~
968717

09'6€T —

T T T T
180 170 160 150

T
190

T
200

1 (ppm)

5112



Ph/\o/U\N

pik s

S8

Y

Freo

WMN.N
WNQ:H

Frot

To.ﬁ
Feot
To.~

Fooz

Feev

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
f1 (ppm)

7.0

7.5

8.0

971z
mN.EW
0912

0862~
85'0€ —
1z’

L0°9%
[4xi4
[4A14
€69
w0s
88°0S

0499
wn.wov

96°LCT
oo.wNHW.
90°8¢T
95°8¢T \\‘

6CLET —

66'PST —

— ]

T T T T T T T
180 170 160 150 140 130 120 110

T
190

T
200

1 (ppm)

S113



M
Ph/\)N\/)“ €
Me

(_)'3°major
“ L _J M ﬁ
e Y 0T S Rl Ul
o 53 S 2 o T oo N o
¢ 3 2 2 3 S]3R SR
T T T T T T T T T T T T
7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 15 1.0 0.5 0.0

f1 (ppm)

—35.33
~33.71
—31.39

—21.26
— 19.84

b f2x 1 o0
2 q849 gne
g L 288
N, Y
M M AN A A A g
T T T T T T T T
140 130 120 110 100 90 80 70

f1 (ppm)

5114



TE
) WQ.N L

WNﬁ.ﬁ
TD.N r

wmo.u

Foot
Fot

Tm.o

M\ﬁo.ﬁ [
pu—

Me

(+)'3°minor

Ph” N
Me*'

4.0
f1 (ppm)

4.5

7.5 7.0 6.5 6.0 5.5 5.0

8.0

88'TT —

LE6T —

bp'8T ~
6L70€ ~_
6E'TE

082S —
0L'vS —

€765 —

€100 ¥8'9L
€10a2 mﬁ.nnw
€100 8¥'LL

99921 ~_
07'82T ~
€r8e1 "

8E0VT —

[

LA

T T

140

T

150

100

110

120

130

160

f1 (ppm)

S115



Me

Ph/\OJLN

Me

S9

L

10°€
e

H\hv.

wmo.m

Feos

Frot
Fsoo

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

8.0

TEIT~
9991~

€897
£L8'vT V
o8z~

20y —
8L°9v —

68°99 —

9L°LTT
167421 W
85821

0€LET —

€T°9ST —

WNJMWWMMMWMMWW iblaiipssbiiobhomnshishiov bl i

T

T T T T
170 160 140 130

T

T

190

110

120

150

180

200

f1 (ppm)

5116



1 I =g _ . PR SR SR R
b = E 5 3 8§ 8 8 K8 A
a N 3 3 2 [ B L
T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
4 K88 n < RS
N oSnKN a S ERARCI
o aad 8 < RRRN 298
[N NG T

WWWMW memmﬁmmw

T T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10  -20
f1 (ppm)

S117



cis-3n (>95:5 d.r.)
from resubjection experiment

P
Me

M

E100
F100

Foot

060
Fese

0.0

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

8.0

T9°TT~
[xaiad

6V’ TE —
8GHE —

ETvb —

STES —
1025~
9785 —

SL9TT~_
81'821 —
ee6e1

89°6ET —

T T T T T T T
180 170 160 150 140 130 120 110

T
190

T
200

1 (ppm)

5118



